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Q.2 a. Define the following:

8
(1) Accuracy ®

(i1) Linearity
(ii1) Dead zone
(iv) Hysteresis

Answer:

b. Explain the following errors giving suitable example & write methods to minimize

these (4+4)
(1) Gross errors

(i1) Random errors

Answer (i)

Q.3

Gross Errors

These ermors are neainly due o hbuman mistakes in readding LR R R T
instmements or crros= 1n recording observations. Ermors may also oscour doe B

incormect adjonstmment ol trestruceeeats s .n.l||||_'l.|I:|.I|l.'II:I| mastakes. The=e crrors
cammpot e treaned pmarbvernsn o sy
e .._-\-||||1||,-|.._ EE N TR A RERT wl eross ervors is ot passible, by L e uE
mitnimmase thent. Some cmrors oorse easily detectasd while cthers mioy be clu=siwvie
O oef e =i P i ol b e ] i I||;|I--.,_'-L;;:h|'x|||-|||:|_'||I|-\. is thee bmyprogyer weses oo f G
instrument. The crror can be minimizec by taking proper care an reademee ool

recordumg the mcasure mment prarsurrreber
In cemeral, indicating instruments change ambient conditions (o sonye ox et

when conmected into o complege-circatt { Refer Examples 1. 3(a) and (b

Random Errors

These are errors that remain after gross anid systematie’ errors have been
substantially reduced or at least accounted for. Random-€rrors are generally an
accumulation of a large number of small effects and may be of real concern
only in measurements requiring a high degree of accuracy. Such errors can be
analyzed statistically.

These errors are due to unknown causes, not determinable in the ordinary
process of making measurements. Such errors are normally small and follow
the laws of probability. Random errors can thus be treated mathematically.

For example, suppose a voltage is being monitored by a voltmeter which is

_read at 15 minutes intervals. Although the instrument operates under ideal
environmental conditions and is accurately calibrated before measurement, it
still gives readings that vary slightly over the period of observation. This
variation cannot be corrected by any method of calibration or any other known
method of control.

a. Calculate current passing through

unbalanced Wheatstone bridge’s R1==1K R2<2.2.5K
galvanometer .

=

1o
ovV—T—

Resistance of galvanomet =
o g er Rg R3< 3.5 R4 < 10K

Fig. 1
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b. A sample of insulation was placed in arm AB of a schering bridge, when the
bridge, was balanced at a frequency of S0Hz the other arms of bridge were (8)
Arm BC— A non inductor R of 100Q2
Arm CD — A non inductive R of 300Q in parallel with a capacitor of 0.5uF
Arm DA — A loss free capacitor of 100 pf
Determine the capacitance, equivalent series resistance and power factor of the
insulation in test arm AB.
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a. Design a multirange ammeter with range of 0-1A, 5SA & 10A employing
individual shunt in each. A D’Arsonal movement with an internal resistance of
50002 and a full scale deflection of 10 mA is available.

®
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b. Calculate the value of the multiplier resistance for a 50 V rms ac range on the

voltmeter as shown in Fig.2 3
Zr

Rs = 10K
€in=50Vrms
Lfgg = 100p~
@ Rm = 1000

Fig.2
Answer:

Tagd = loo AR 4 Rm=1o0 5L~

d £ WM% g(:’(C. — 15—’»& oo DA

@X L \oo L

Q.5 a. Draw block diagram of integrating type DVM and explain its working. 3)
Answer:

INTEGRATING TYPE DVM (VOLTAGE
TO FREQUENCY CONVERSION)

Ahe principle of operation of an integrating type DVM is illustrated in Fig 5.5.
A constant input voltage is inte-

grated and the slope of the output o451 1 eSZI

ramp is proportional to the input ef s (}[ ?f)lfa_:j’ g
voltage. When the output reaches a : &
certain value, 1t is discharged to 0
and another cycle begins. The fre-
quency of the output waveform is
propor-tional to the input voltage. Fig. 5.5 mam Voltage to Frequency
The block diagram is illustrated in Conversion

Fig- 5.6. >

© IETE 4



AE60/AE111 INSTRUMENTATION AND MEASUREMENTS | JUN 2015

o
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Fig. 5.6 mme Block Diagram of an lntegr;slting Type DVM

The input voltage produces a charging current, ¢/R,, that charges the
capacitor “C” to the reference voltage e,. When ¢, is reucliul the comparator
changes state, so as to trigger the precision pulse gencrator. The pulse generator
produces a pulse of precision charge content that rapidly discharges the capaci-

tor. T he rate of charging and discharging produces a signal frequency that is
directly proportional to e,

Waveforms e,

at 1
Output of,
the Integrator =

Time :
(Along X-axis)

]
i
1
1
1

At = i —Pulse
Output of the I_l U I l

Pulse Generator

' Fig. 5.7

The voltage-frequency conversion can be considered to be a dual slope
method, as shown in Fig. 5.7.
Referring to Eq. 5.3 we have

But in this case e, and 1, are constants /

Let . Kz = €, 12

e;=K, [i) =K, (fp)

,tl
The output frequency is proportional to the input voltage e;. This DVM has

the disadvantage that it requires excellent characteristics in linearity of the
ramp. The ac noise and supply noise are averaged out.
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b. Draw block diagram of digital capacitance meter & explain its working. 8

Answer:
DIGITAL CAPACITANCE METER

Since the capacitance is linearly proportional to the time constant, when a
capacitor is charged by a constant current source and discharged through a fixed
resistance, we can use a 555 timer along with some digital test equipment to
measure capacitances.

One obvious way is to measure the time period of the oscillations. By
choosing the right size of charging resistance, we can get a reading directly in
microfarads or nanofarads. Unlike many capacitance measuring schemes, this
one easily handles electrolytics up to the tens of thousands of microfarads.

A better way is to measure only the capacitor discharge time, as shown in L
Fig. 6.27. With this method, any leakage in the capacitor under test will make
the capacitor appear smaller in value than it actually is, and is an effective

indicator of how the test capacitor will behave in most timing and bypass
circuits.

100 kHz
Clock
s| |a Rs 1 Block Freq, Ref. :
3 e O pass l
= s l V Gate
B - . -
Unknown e = = T _]—C!ear E

P+V
Cal
¥ 4
6 +
2 R1 "‘
apcitor Xi = \
= Ra | i

s i Display

i

Counter

C1

1l -
lfprrred bt

s i Rs

— >0 —
Ra

1.[ Up Date

I[FWh—w-e

"ig. 6.27 == Block Diagram of a Basic Digital Capacitance Meter

In this circuit, the 555 timer is used as an astable multivibrator. At the peak
ol the charging curve, a digital counter is reset and a clock of 100 kHz pulses is
\

turned on and routed to the counter. When the discharge portil . Z cleBls
completed, the disﬁlay is updated and the value of the capacitor 1s rea out. Y
selecting the prope;‘ reference frequency and ch?lrgmg currents, one can obtain
1gi i tance.
direct digital display of the value of the capaci | -
i Be sure:g to properly shield the leads and keep them sho-rt for .lc_>w capacity
measurements, since the 50 Hz hum can cause some slight instability.
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Q.6 a. Using circuit diagram & output wave form explain working of triggered sweep in
CRO. @®)
Answer:

TRIGGERED SWEEP CRO

The continuous sweep is of limited use in displaying periodic signals of
constant frequency and amplitude. When attempting to display voice or music
signals, the pattern falls in and out of sync as the frequency and amplitude of
the music varies resulting in an unstable display.
A triggered sweep can display such signals, and those of short duration, e.g.
narrow pulses. In triggered mode, the input signal is used to generate substantial / !
pulses that trigger the swesp. Thus ensuring that the sweep is always in stepr
with the signal that drives it. \
As shown in Fig. 7.10, resistance R; and R, form a voltage divider such that ~——
the voltage V/, at the cathede of the diode is below the peak voltage Vp for UJT

conduction. When the circuit is . o+ Vas

switched on, the UJT is in the non-

conducting stage, and C; charges : g/
exponentially through R, towards Vp, T!rr'g%‘t’r Ra Ry Rs /?"i
until the diode becomes forward i Vo @
biased and conducts; the capacitor g ghpi. P
yoltage never reaches the peak voltage ,

required for UJT conduction but is i » §R4

clamped at V},. If now a —ve pulse of B T ‘3
sufficient. amphtude .8 applied to the

base and the peak voltage V/, is - = & .

_ omentanly lowered, the UJT ﬁres :
As a result, the C discharges rapidly Fig. 7.10 Triggered Sweep
ough the UJT uniil the maintaining .

tage of the UJT is reached; at this B e

nt the UJT switches off and the C, - | Trigger
rges  towards Vg, until it is  -ve = al
ol wmain at V. Fipwwe 21 -} 0= n

ws the output waveform. .

1
! Qutput '\
 Waveform

t
i
I
[
i
!
!
|
!
T

Time

Tr Ts Th

7. — Sweep Period
T, — Retrace Period

g Ty, — Hold Off Period

-Fig. 7.11 OutputWaveform
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b. Draw block diagram of function generator and explain its working.

Answer:
FUNCTION GENERATOR

@®)

A function generator produces different waveforms of adjustable frequency
triangular and sawtooth

The common output waveforms are the sine, square.
waves. The frequency may be adjusted, from a fracuon of a Hertz to several
hundred kiHz.

The various outputs of the generator can be made
>xample, the generator can provide a square wave
ifier and simultaneously provide a sawtooth to drive the horizontal
ection amplifier of the CRO to provide a visual display.

available at the same time.

For to test the linearity of an

finction generator can be phase locked to an external source. One function

‘ator can be used to lock a second function generator, and the two output

s'can be displaced in phase by adjustable amount.

In addition, the fundamental frequency of one generator can be phase locked —_—
armonic of another generator, by adjusting the amplitude and phase of the
monic, almost any waveform can be generated by addition.

The function generator can also be phase locked to a frequency standard and
fits output waveforms will then have the same accuracy and stability as the
indard source.

i The block diagram of a function generator is illustrated in Fig. 8.5. Usually
the frequency is controlled by varying the capacitor in the LC or RC circuit. In
jis instrument the frequency is controlled by varying the magnitude of current
ich drives the integrator. The instrument produces sine, triangular and square
waves with a frequency range of 0.01 Hz to 100 kHz.

age.

© IETE
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frequency controlled voltage regulates two current sources.
t source supplies constant current to the integrator whose output voltage
ases linearly with time, according to the equation of the outp_flt signal—

0! ,{
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An increase or decrease in the current increases or decreases the slope of the
itput voltage and hence controls the frequency.
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Q.7 Explain the following with the help of block diagram.
(1) Spectrum Analyzer
(i1) Self balancing bolometer bridge (16)
Answer: (i) Spectrum Analyzer
The most common way of observing signals is to display them on an
oscilloscope, with time as the X-axis (i.e. amplitude of the signal versus time).
This is the time domain. It is also useful to display sigmals in the frequency
domain. Thc instrument pmwdm“lhls flequem,y donmm view is the bpcctrum
analyzer. il
A spectrum analyzer provides a calibrated oraphu al display on its CRT, with
frequency on the horizontal axis and amplitude (voltage) on the vertical axis.
Displayed as vertical lines against these coordinates are sinusoidal
components of which the input signal is composed. The height represents the
absolute magnitude, and the horizontal location represents the frequency.
These instruments provide a display of the frequency spectrum over a given
frequency band. Spectrum analyzers use either aparallel™filter bank or a swept

frequency technique. | _
2/
& 4

7

n a parallel filter bank analyzer, the frequency range is covered by a series
f11ters whose central frequencies and bandwidth are so selected that they
rlap,each other, as shown in Fig. 9.9(a). ”’ﬁ:

Typically, an audio analyzer will have 32 of these filters, each covering one (\ ’2 E

d of an octave.

. For wide band narrow resolution analysis, particularly at RF or microwave
- Output

gnalé, the swept technique is pretferred.

H Simultaneous
Output to CRT
Display

Qut
. [eier P

Parallel Filter Bank Analyzer

b
Amplitude

n Parallel
Fllters

J ]

Overlapping Filter Bank

Fig. 9.9 === (a) Spectrum Analyzer
(Parallel Filter Bank Analyzer)
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(ii) Self balancing bolometer bridge
The term self balancing is used to describe bridges which are automatically
rebalanced when unknown RF power is applied to the bolometer. A typical
circuit is illustrated in Fig. 20.4.

Blocking Capaciter-..

=
1€
R R4
: : R g
R ge -~
i Bias —
R4
R
Bolometer - /
Element
- ‘ Tuned Audio
Amplifier =

Fig. 20.4 ms» Self Balancing Bolometer Bridge

The bolometer bridge is used as the coupling network between the output
and input of a high gain frequency selective audio amplifier. The feedback 1s in
proper phase to produce sustained AF oscillations-of such amplitude as well
_ . maintain the resistance of the bolometer at the fixed value which nearly
£ \balances the bridge: = e SR s g
{ When the supply is switched ON, the bridge is unbalanced. The gain of the
\k Jamplifier is large, so that oscillations are allowed to build up until the bridge is
/ almost balanced. The higher the gain of the amplifier, the more closely the

#  bridge balances. : =
The test RF is now dissipated into the bolometer element, which causes an
imbalance in the bridge circuit. The AF output voltage automatically adjusts
itself to restore the bolometer resistance to its original value. The amount by
which the AF power level in the bolometer is reduced equals the applied RF

power. The voltmeter reads the AF voltage and can be calibrated to read the

magnitude of RF power directly.
A typical bridge circuit offers seven power ranges, from 0.1 — 100 mW full
scale, for use with bolometers having a resistance within + 10% of five selected

values from 50 — 250 Q.

© IETE 10
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Q.8 Discuss the working of the following using block diagrams.
(1) Potentiometric recorders
(i1) Magnetic recorders (16)

Answer (i) Potentiometric recorders
The basic disadvantage of a galvanometer type recorder is that is has a low
input impedance and a limited sensitivity.

This disadvantage can be overcome by using an amplifier between the input
terminals and the display or indicating instruments. This amplifier provides a-
‘high input impedance and improved sensitivity at the cost of low accuracy.
/ Toimprove the accuracy of the instrument, the input signal is compared with
areference voltage using a poteniometer circuit,

The self-balancing feature is obtained with a servo motor, a motor whose
speed and direction of rotation follows the output of an amplifier. In a dg
system, this is simply a reversible motor, such as the type that uses a permanent
_;magnet for its field. In the ac system, it takes the form of a two-phase motor.

- Fgure 123152 basic circuit-of a potentiometric or self- balanung recorder.

Calibrated
e =t
|‘_—/\//\VI{/ v”w‘
Unknown I_‘_,,*i | ——
E 7| Amplifie?

= Diﬁerénwé‘é
in EMF

Fig. 12.3 @ Basic Circuit of a Self-Balancing or Potentiometric Recorder

¢ difference between the input signal and the potentiometer voltage is the
&ior signal. This error signal is amplified and is used to energize the field coil
ﬁf a dc motor. In this circuit, instead of obtaining a balance between two
@F{‘{hmﬂ voltages by rotating ¢ _ the arm of the voltage divider, an error current is

© IETE 11
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allowed to flow, either clockwise or counter clockwise, depending on which
voltage is higher. {I‘hls error serves as the input to the electronic detector, and
the amplified errér is then fed to the balancing motor. This motor is so
connected that it turns in a direction that rotates the voltage divider arm (geared)
to it in the direction that reduces the error. As the error becomes smaller, the
motor slows down and finally stops at the point where the error is zero, thus
producing the null balance.
This is achieved by mechanically connecting the wiper/v amable arm to the
armature of the dc motor. The pen is also mechanically connected to the wiper,
Hence as the wiper moves in a particular direction, the pen also moves in
synchronism in the same direction, thereby recording the input waveform. The
wiper comes to rest when the unknown signal voltage is balanced against the
voltage of the potentiometer. This technique results in graphical recorders
»~=._ having a very high input impedance.
: A sensitivity of 4 V/mm is attained with an error of less than + 0.25% with a
<) ) \bandwidth of 0.8 Hz.
¥ A+motor synchrombed to power line frequency is used to drive the chart
drive for most potentiometer recorders.
Hence the speeds of the chart drive can be changed by the use of a gear train
which uses different gear ratios.
Potentiometer recorders .are mostly used for the recording and control of
process temperature.
Figure 124 is the basic block diagram of a dc self balancing system.
Instrument that record changes of only one measured variable are called smgle
point recorders.

S—

Potentiometer l ‘
— Stable //’“"*"\
',.«"'4 o \

_{ J__-_ Internal

DC Supply

B
\

= it
EEEialSS e
=+ g Field
= i b
Drive Motor L

Fig. 12.4 === Block Diagram of Self-Balancing Potentiometer Recorder

Multipoint recorders are those in which one recorder may be used for record-
ing several inputs. These may have as many as 24 inputs, with traces displayed
in six colours. The data is recorded on an 8 inch chart, at frequencies from dc to
5 kHz, models up to 36 channels are also available.
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(11) Magnetic recorders
3[1;; major advantage of using a magnetic tape recorder is that once the data is
recorded it can be replayed an almost indefinite number of times.

 The recording period may vary from a few minutes to several days. Speed
ﬁ-anslatlon of the data captured can be provided, i.e. fast data can be slowed
‘down and slow data speeded up by using different record and reproduce speeds.
" The recorders described earlier have a poor high frequency response.
Magnetic tape recorder, on the other hand, have a good response to high
frequency, i.e. they can be used to record high frequency signals. Hence,
magnetic tape recorders are widely used in instrumentation systeimns.

Basic Componenis of a Tape Recorder

A magnetic tape recorder consists of the follow;ngb\sw components.
-+ 1. Recording Head : =

2. Magnetic Head /7
- 3. Reproducing Head f"
4. Tape transport mechanism /
- 5. Conditioning devices
Magnetic Recording

The basic elements of a simple magnetic recording system are illustrated in
Fig. 12.10(a).

Record Reproduce
Amplifier I Amplifier ——
Input =
l/ Output
Bias = L
: Supply < Tape-~ / gl
Transport =
. - . P
= - Magnetic 3
: : - — Tape :
Record :
il Reproduce
: Magnetic Head
z -+ Heads

Fig. 12.10(a) m=m Elementary Magnetic Tape Recorder

um“netu, m[x s made of a lhm sheet of tough dnnensmnﬂly StdblL
stic. ene side of which 1s coated with a magnetic material.
sSeme form of finely powdered iron oxide is usually cemented on the plastic
fape w1th a suitable binder. As the tape is transferred from one reel. it passes
#cross a magnetising head that impresses a 1es1dual magnetic pattern upon it in
lﬁzspuhe to an amplified input signal. s

The methods employed in recording data on to e magnetic tape include

direct recording, frequency modu]atmn d pulse code modulation

fT}CIai) e \ :
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Q.9 Write short notes on the following: (4x4)
(1) Selection of transducers (i) Thermistors
(ii1) Flow measurement (iv) Objectives of a DAS
Answer:

(ii) Thermistors

The electrical resistance of most materials changes with temperature. By
selecting materials that are very temperature sensitive, devices that are useful j m;
temperature control circuits and for temperature measurements can be made. |

Thermistor (THERMally sensitive resSISTOR) are non-metatlic resmtors
(semiconductor material), made by sintering mixtures of met hc:;\d\es such
as manganese, nickel, cobalt, copper and uranium. | ‘

Thermistors have a Negative Temperature Coefficient (NTO), T ’1stancef§
decreases as temperature rises. Figure 13.12 shows a graph of resistance vs
temperature for a thermistor. The resistance at room temperature (25°C) for
typical commercial units ranges from 100 Q to 10 MQQ. They are suitable for
use only up to about 800°C. In some cases, the resistance of thermistors at room
temperature may decrease by 5% for each 1°C rise in temperature. This high
sensitivity to temperature changes makes the thermistor extremely useful for
precision temperature measurements, control and compensation. :

10,000

" 1000
8 100 Max. Safe Continuous
8 o Temperature
w L=
o2
g’ 1.0 T T T T T ]
=

0 50 100 150 200 250 300
> Temperature °C

= Fig. 13.12 = Resistance vs Temperature Graph of a Thiermistor

The smallest thermistors are made in the form of beads. Some are as smallas
0.15 mm (0.006 in.) in diameter. These may come in a glass coating or sealed i
the tip of solid glass probes. Glass probes have a diameter of about 2. 5 mm and
a length which varies from 6 — 50 mm. The probes are used for measuring the

temperature of liquids. The resistance ranges from 300 €2 to 100 MQ.

gl
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(iii) Flow measurement

The measurement of flow rate and quantity is the oldest of all measurements of
process variables in the field of instrumentation. It is used to determine the
amount of materials flowing in or out of a process.

Without flow measurements, plant material balancing, quality control and
the operation of any continuous process would be impossible. Flow velocities
are also measured by inductive tran sduc,eu The measurement of liquids

- containing suspended solids, such as sewage or feed to paper mills, present
considerable problems. This is overcomed by the use of a flowmeter.
| The transducer can be used to measure the flow of any flowing material that
/1s electrically conductive. (The meter can be regarded as a section of pipe thatis
" lined with an insulating material.)

Two saddle coils are arranged opposite each other and electrodes
diametrically opposite are arranged flush with the inside of the lining. If the
coils are energised, the moving liquid, (as a length of conductor) cuts the lines
of force, resulting in the generation of an electromotive force that is picked up
by the clectrodes. By suitable circuitry and amplification, an electrical signal
proportional to the flow can be obtained.

Many accurate and reliable methods are available for measuring flow, some
ot which are applicable only to liquids. some only to gases and some others to
both. Fluids measured may be clear or opaque, clean or dirty, wet or dry, erosive
or corrosive. Fluid streams may be multiphase, vapour, liquid or slurries. The

~flow may be turbulent or laminar, and viscosity and pressure may vary from
vacuum to many atmospheres. Temperature may range from cryogenic to
hundreds of °C.

(iv) Objectives of a DAS

i 1&8

It must acquire the necessary data, at correct |speed and at the correct
time. e‘\v/

Use of all data efficiently to inform the operator about the state of the
plant. .

It must monitor the complete plant operation to maintain on-line optimum
and safe gperations. -

It must provide an effective human communication system and be able to
1dentify problem areas, thereby minimising unit availability and maxi-
mising unit through point at minimuire cost.

It must be able to collect, summarise and store data for diagnosis of
operation and record purpose.

It must be able to compute unit performance indices using on-line, real-
tume data. B ' :
[t must be flexible and capable of [Cj 12 expanded for future require-
ments.

It must be reliable, and not have a down time greater than 0.1%.

L.

IL.

TEXT BOOKS

A Course in Electrical and Electronic Measurements and Instrumentation, A.K Sawhney,
Dhanpat Rai & Co., New Delhi, 18th Edition 2007
Electronic Instrumentation, H.S Kalsi, Tata McGraw Hill, Second Edition 2004

© IETE 15



