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ol your understimding on calibration of measarement systen,
Dyistingoish between netive and passive transdacers,
Explihn sensors in mensirenent
Wiite short notes on thermistors,
Foxpliin the prineiple of thermocouple,
List ont ditferent instroments for high pressure measurement,
Wirite short notes on eryogenic fuel level indicator
Stte ndvantages nnd Himitations of n rotameter,
Classily shalt power measurement technicues
What nre the basie elements ol a control system
Unit -1
Fistand Deline different static charneteristics of nomensurement system,
xpliin with noneat sketeh constraction and working ol a LVD'T,
(OR)
Derive, from first prineiple, the relationship for gauge factor of a strain pnoge.
Deline Strain rosette, Classily strain rosette, How it is used for strain measurement,
Unit -1
Clussily temperntare measoring, instraments and explain working of bi-metallic strip
(hermometer for the mensurement of temperature,
Explain principle and operation of optical pyrometer with neat sketeh?
(OR)
Sketeh and explain bellows pressure gaage for the measurement ol differential
pressure,
Sketeh & Fixplnin Me,Loed gauge for measurement of Vacuum,
Unit =111
Explain the working principle of Capacitance liguid level sensor,
List out the disadvantages of liquid level measurement by resistive method.,
(OR)
Lixplain the Construction, working and applications of Magnetic Tow meter,
With the help of hot wire bridge cireuit explain the working of hot wire anemometer in
constant current mode and constant temperature mode,
Unit -1V
How does o pneamatic load cell work? Explain the principle of measuring foree using
pneumatic lond eell?
Describe the constructional and operation of hydraulic dynamometer with a neat
skereh,
(OR)
Diseuss advantages and disadvantages ol open loop and closed control systems?
Deseribe servo mechanism. Draw block dingram of a servo mechanism.
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A) Calibration is a comparison between a known measurement (the standard) and the measurement using your
instrument. Typically, the accuracy of the standard should be ten times the accuracy of the measuring device
being tested.

B) An active transducer can be defined as, a transducer which gives the output in different forms like current
or voltage without using any exterior source of energy. The passive transducer can be defined as the internal
parameters of transducer like resistance-capacitance as well as inductance are changed due to the input signal.
C) A Measurement Sensor is a device that measures the dimensions of an object by converting changes in
amount of light into electrical signals when the object interrupts a wide laser beam.

D) A thermistor is a resistance thermometer, or a resistor whose resistance is dependent on temperature. The
term is a combination of “thermal” and “resistor”. It is made of metallic oxides, pressed into a bead, disk, or
cylindrical shape and then encapsulated with an impermeable material such as epoxy or glass.

E) The thermocouple can be defined as a kind of temperature sensor that is used to measure the temperature at
one specific point in the form of the EMF or an electric current.

F) 1. The Barometer 2.Piezometer or Pressure Tube 3. Manometers 4. The Bourdon Gauge 5. The Diaphragm
Pressure Gauge

G) A cryogenic tank contains multiple sensors on the interior. These sensors play an important role in
detecting the amount of fluids that are present within the tank itself. The level indicator is located on the
control panel of the cryogenic tank — and the sensors connect to this particular part of the tank.

H) The cost of rotameter is low, It provides linear scale, It has good accuracy for low and medium flow

rates, The pressure loss is nearly constant and small, Usability for corrosive fluid.

The rotameter is used in process industries, for monitoring gas and water flow in plants or labs,It is used for
monitoring filtration loading.
I) Torision dynamometer, Strain gauge dynamometer, Hydraulic and Electrical dynamometer.
J) There are four basic elements of a typical motion control system. These are the controller, amplifier,
actuator, and feedback.
Unit -1
List and Define different static characteristics of a measurement system.

Accuracy: It is the degree of closeness of readings from an instrument to the true value. Always accuracy is
measured relative to the true value or actual value.

Sensitivity: It refers to the least change in measured value to which instrument or device responds. The ratio
of change in the output of an instrument to a change in the value of the quantity to be measured is known as
sensitivity.

Precision: It is the degree of closeness of reading with the previous reading. An instrument is said to be
precise when there is negligible difference between successive readings.

Linearity: The linearity is defined as the ability to give the input characteristics symmetrically and linearly
(Straight line). In other words, the ability to measure maximum deviation from the ideal linear line.
Instruments are said to be linear when there is an increment in input and output arc constant over the specified
range.

Resolution: It refers to a small change in input value does not affect the output value of an instrument. This
continues until both the increment value and output valuc exceed the threshold value. This increment is called
a resolution.

Repeatability: It defines how consistent is the output of an instrument for the same input tried again and again
under the same conditions.

Range: The left extreme and right extreme values of"a quantity for which the instrument is designed to
function. The range is equal to Maximum value minus minimum value.

Tolerance: It is the highest allowable error that is specified in terms of certain values while measurement, it is
called tolerance.

Hysteresis: It is defined as an instrument showing different output values during loading and unloading
conditions.

o . . T
Explain with a ncat sketch construction and working of a LVDT.

LVDT stands for Linear Variable Diffcrential Transformer. It is an important type of inductive transducer;
those transducers that work on the principle of transduction mechanism are known as inductive
transducers. The structure of LVDT is similar to the transformer; it consists of one primary winding, i.c., P
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: indings are wounded on a hojg#®
and two secondary windings, i.c., S1 and S2. The primary and sccongar}’f}”'l’;‘ils'f;nforced polymer wrap
cylindrical shaped structure, called former. The former is usyally made ]0 g imary winding is at the centrc}
ina highly permeable material and then covered with cylindrical steel. Tle.zn : tl:ythe rimary winding at o
the cylindrical former and the secondary windings are present on both sides o i P F rumns, and thoy arc\RRR
¢qual distance from the centre. Both the secondary windings consis‘t of an ec_]ual number ob t e,connected =
linked with cach other in series opposition, i.e., they are wounde(! in opposite dlrect,lorlls u farl st
series with cach other. The working of LVDT is based on the principle of Farqday s law of electr " goetie
induction (hat states that “the net induced emf in the circuit is directly proportlfJnal t.o the rate of ¢ angzi :
magnetic flux across the circuit, and the magnetic flux of the coil wounded V'Vlth wires can be change e};
moving a bar magnet through the coil.”As the primary winding of the LVD_T is conne-cted to the AC pOthVhe
supply, the alternating magnetic field is produced in the primary winding, which r.esqlts in the induced em y
secondary windings. Let us assume that the induced voltages in the secondary windings sl and S2 l.)e El an
E2 respectively. Now, according to Faraday’s Law, the rate of change of magnetic flux, i.e., d@/dt is directly
proportional to the magnitude of induced emf’s, i.e., El and E2. Hence, the induced emf in the sec.onda}f}’
windings will be more if the value of ‘dt’ will be low (d@/dt o« E1 and E2), and the low value of‘dt.’ lmpllt?S
that the soft iron core present inside the LVDT is moving faster. Thus, emf of large magnitude will induce in
the secondary windings S1 and S2 if the movement of the core is faster inside the LVDT.
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3. A ) Derive, from first principle, the relationship for gauge factor of a strain gauge.
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B) Define Strain rosette. Classify strain rosette. How it is used for strain measurement,

A strain gauge roscttc is a term for an arrangement of two or more str'a‘in gauges that arc‘:.po's‘ilit?l‘\:]:d clos\c ‘ N
strains along different directions qflhc component under evaluation. These strain gnugur are u-su‘ ‘lo‘ !\lt'll‘hlllrc‘f.l':, "
normal strain in those three directions, Dcpcndmg on the arrangement cffslr:un.gnugcs, slrx_‘u\n tomtua are classified in
to:- 1. Rectangular strain gauge rosette 2. Delta strain gauge rosette 3. Star strain gauge rosctle

ly to measure
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\§. A) Classity temperature measuring instruments and explain working of bi-metallic strip theomemeter tor the
measurcment of temperature.

A thermometer which uses two different metal strips for cony erting the displacement of temperature into mechanical,
The metals used in the thermometer are steel, copper & brass. These strips are connected and they will enlarge at
different rates once they heated. This change will compare with the real temperature & moves a needle beside the
<cale. These thermometers are low-cost, simple. and strong. The bimetallic thermometer diagram is shown below,

The working principle of this thermometer mainly depends on two basie temperature propertics of the metal like the
following. Once the temperature changes. then there will be a change in the physical dimension ot the metals,
Whenever the temperature rises, the metal strip tums in the direction of the less temperature coctlicient metal.
Similarly. when the temperature reduces. then the strip turns in the direction of a high-temperature coeflicient metal,
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Advantages of Bimetaltic Thermometer

The advantages are Installation is casy Simple maintenance, Accuracy is good,Less cost, Temperature range is wide,
Lincar response, Robust and simple

b}  Explam principle and operation of optical pyrometer with neat sketch?

Pyrometer also 1s known as an Infrared thermometer or Radiation thermometer or non-contact thermometer used to
detect the temperature of an object’s surface temperature, which depends on the radiation (infrared or visible) emitted
from the object. Pyrometers are the temperature measunng devices used to detect the object’s temperature and
clectromagnetic radiation emitted from the object. These are available in difTerent spectral ranges. Based on the
spectral range, pyrometers are classified into t-color pyrometers, 2-color pyrometers, and high-speed pyrometers

The basic panciple of the pyrometer 15, it measures the object’s temperature by sensing the heat/radiation emitted
from the object without making contact with the object. It records the temperature level depending upon the intensity
of radiation emitted The pyrometer has two basic components hike optical system and detectors that are used to
measure the surface temperature of the object. When any object is taken whose surface temperature is to be measured
with the pyrometer, the optical system will capture the energy emitted from the object. Then the radiation is sent to the
detector, which 15 very seasitive to the waves of radiation. The output of the detector refers to the temperature level of

the object due 1o the radiation. Note that, the temperature of the detector analyzed by usinyg the level of radiation s
directly proportonal to the object’s temperature.
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5 Sketch and explamn beflows pressure gauge for the measurement of ditferenual pressure
&

The bellow type pressure gauge consists of thin-walled metallic dises with concertinacd srdes to allow it 1o oxpand and
 em het end remains open. When the pressure s applied from the open sxle of the
Dcliows, it cxpands the suzc of discs The closed-end maoves freely and the rod connected between the open ond and the
Sosed-end move spwards and rotate the pointer which wall show the value of pressure. Most bellow gauges are
spring-losded  The sprng opposes the bellow and preventing it trom full expansion. The limiting of full expansion of
¢ mg-toaded bellow eleraent, the dellection i3 the result of the foree

¢ spring
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Sketeh & Explain Mc.|

oced pr .
gauge for mcasurement of Vacuum.

A Mcleod gauge is a devie B
its inventor, Hirhcr;] SI(;,\;'LC i measure very low pressures at approximately 107 torr. The device is named after
i s . cod. It was invented by e s at app : T named afte
similar to that of g mercury manome ¢d by Herbert McLeod in the ycar 1874. The size of the mac load gauge is
This Mcleod gauge also has i .Om('te'j W!Hch’ is the most common instrument used for the measurement of pressure.
mercury level, The kli()wl; 'vg};':‘{ryr‘n-‘ildc i, ‘and the pressure measurement is done by observing changes in the
mdication of the applicd pressure '(I:IO the gas is compressed into a sr.nall volume .whose final ‘valuc provides an
the temperature and Volum(.:‘()f ' '10 Mc'lcod gauge works on the principle of Boyle’s law. Bo_\:/lc's law states that if
invcrscly proportional 1o its gas rcmaln- unchanged, the absolute pressures exerted by a given mass of gas are

s volume. According to Boyle’s law: P1V1 = P2V2

St Comipressed Qos HHUnk:;m'h Preveure Gas (Ven Low Preseure)
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The Macleod gauge works by taking a sample of the gas from the vacuum chamber and then tilting it and infecting it
with mercury. As in this Mcleod gauge, the pressures are calculated using Boyle’s law. Therefore, we must first
pressurize a known amount of gas. So the pressure we want to measure, or the initial pressure (P1), is applied at the
top of the reference column. The mercury levels are raised by pressing the piston down. As the pistons are pressed
down, the mercury level in the mercury reservoir decreases, and the level of mercury in the measuring capillary
increases. The level of mercury in measuring capillary is brought just below the cut-off point, & at this point. the

applied pressure fills the bulb & capillary.
6. a) Explain the working principle of Capacitance liquid level sensor.

The principle of capacitive level measurement is based on the capacitance change of a capacitor. The probe and the
tank wall form a capacitor whose capacitance is dependent on the amount of product in the tank: An empty tank has a

lower, a filled tank a higher capacitance.
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The Capacitive liquid level sensor is used to measure the change of capacitance to measure the level of the liquid
level. The capacitive liquid level sensor is used to measure the change of capacitance to measure the unevenness of the

liquid level. The capacitive liquid level sensor is a metal rod pierced into the liquid container. The metal rod serves as
a pole of the capacitor. The container wall serves as the other pole of the capacitor. The medium between the two

electrodes is the liquid and the gas above it.
— A

b) List out the disadvantages of liquid level measurement by resistive method.

Unsafe to use this transducer in explosive atmosphere due to arcing at the contact points, Large number of contact
rods are required, The contact rods are corroded by corrosive liquids.
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Advantages of Magnetic Flow meter

| It can handle shurries and greasy materials,
' Itean handle corrosive fluids.
3. It has very low pressure drop,
It 1s totally obstruction Jess,
5 Itis available in large pipe sizes and capacity a-
Disadvantage of Magnetic Flow meter:

s well as in several construction materials,

1. Itis relatively expensive,
2. It works only with fluids which are adequate clectrical conductors. —_— g N\

3. Itis relatively heavy, especially in larger sizes,

Maugrratho o
c.on s

Flg. 13.00 e Working f2rinciple of Magnetlio FFlowrmetaer
Pamd -

by  With the help of hot wire bridge circuit explain the working of hot wire anemometer in constant current mode and
constant temperature mode,

A hot wire anemometer is one kind of instrument, used to measure the direction as well as the_velocity of the fluid.
So, this measurement can be done by measuring the loss of heat within the wire that is situated in the fluid stream.
These devices use a thin wire and it is heated up clectrically o some stage of temperature approximately higher than
the range of ambient temperature. The hot wire anemometer basic working principle is that once an clectrically
heated up wire is placed within the flow of the gascous strcam, after that the heat gets moved from thin wire to gas so
that the wire temperature levels can be reduced. Due to this reason, the resistance value of the wire can also be
changed. So this change within wire resistance permits us to measure the liquid flow rate. The hot wir¢ ancmometer
can be designed with two essential parts namely wheat stone bridge as well as conducting wire. In this construction, a
conducting wire is located in the ceramic material. The wires which come from the ceramic material can be conncct’cd
toward the Wheatstone bridge so that it measures the changes within the resistance value.

Constant Current Mcethod: In the constant current method, the arrangement of a hot wire anemometer can be done
within the flow of fluid wherever the flow of liquid speed can be measured. So, a constant magnitude level of current
can be supplicd from the wire. Also, the wheat stone bridge can be maintained at a fixed voltage level.

Constant ’l'cmpcruturc: Mcthod: In the constant temperature method, when the clectric current supplics through
wire then it gets heated. The arrangement of a hot wire anemometer can be done within the flow of fluid whércvcr the
speed of the fluid flow can be measured. Once the wire is arranged within the flow of liquid, and then heat can be
transferred toward the fluid from the wire. , o e e
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8. a) How doesa pneumatic load ccll work? Explain the principle using preumatic load cell?
Principle of Pneumatic Load Cell: 1f a force is applied to one side of a diaphragm and an air pressure is applied ‘\‘
the other side, some particular value of pressure will be necessary to exactly bal:mc.c the force. This pR‘S:\‘llR‘ 18
proportional to the applied force. Since it is pneumatic, we kKnow that it will deal with air pressure. A pueumatic load
cell consists of an elastic diaphragm which is attached to a platform surface where the weight will be mgasumd.

There will be an air regulator that will limit the flow of air pressure to the system auge. Thus, whenan

and a pressure &
object is placed on a pneumatic load cell it uses pressurized air or gas to balance out the ‘\\‘mght of the object.
The air required to balance out the weight will determine cavy the object wel

how h ohts. The pressure gauge can
convert the air pressure reading into an electrical signal.
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b)  Describe the constructional
It works on the principle of dissipating the powe
rotating member or impeller coupled to the output shaft of e1
The heat developed due to dissipation of power is carried aw

water. « The output can be controlled by regulating the sluice ga

obstructive flow of water between impeller and the casing.
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0. q) Discuss advantages and disadvantages of open loop and closed control systems? ° >
Open Loop System:
Advantages:

I. Simplicity and stability: they are simpler in their layout and hence are economical and stable too due to
their simplicity.

.3 Construction: Since these are having a simple layout so are easier to construct.
Disadvantages:
I Accuracy and Reliability: since these systems do not have a feedback mechanism, so they are very
inaccurate in terms of result output and hence they are unreliable too.
2, Due to the absence of a feedback mechanism, they are unable to remove the disturbances occurring
from external sources.

Closed Loop System: = 9 N\

Advantages:

1. Accuracy: They are more accurate than open loop system due to their complex construction. They are
equally accurate and are not disturbed in the presence of non-linearities.

2. Noise reduction ability: Since they are composed of a feedback mechanism, so they clear out the
errors between input and output signals, and hence remain unaffected to the external noise sources.

Disadvantages:

1. Construction: They are relatively more complex in construction and hence it adds up to the cost
making it costlier than open loop system.

2. Since it consists of feedback loop, it may create oscillatory response of the system and it also reduces

the overall gain of the system.

Lo ]

3. Stability: It is less stable than open loop system but this disadvantage can be striked off since we can
make the sensitivity of the system very small so as to make the system as stable as possible.

— 2N

b)  Describe servo mechanism. Draw block diagram of a servo mechanism.

servomechanism, automatic device used to correct the performance of a mechanism by means of an error-sensing
feedback. The term servomechanism properly applies only to systems in which the feedback and error-correction
signals control mechanical position or one of its derivatives such as velocity or acceleration. Servomechanisms were
first used in gunlaying (aiming) and in fire-control and marine-navigation equipment. Today, applications of
servomechanisms include their use in automatic machine tools, satellite-tracking antennas, celestial-tracking systems
on telescopes, automatic navigation systems, and antiaircraft-gun control systems. All servomechanisms have at least
these basic components: a controlled device, a command device, an error detector, an error-signal amplifier, and a
device to perform any necessary error corrections (the servomotor). In the controlled device, that which is being
regulated is usually position. This device must, therefore, have some means of generating a signal (such as a voltage),
called the feedback signal, that represents its current position. This signal is sent to an error-detecting device.
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