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B.E.

Sixth Semester Examunation, Dec., 2008
Measurements and nstrumentation (ME-310-E)

MNote : Atempt any FIFE questions,

Q. 1. Explain gencralized measurement system with the help of bourdor tube pressure gauge with
VT

Ans. A generalised measuring instrument should have various essential features. There are three catego-
ries of clements present in the generalized measuring instrument. These are

(i} Initial sensing element

{1 Signal conditioning element

(i) Reading recording elements.

liyput ) Sensor Transduced F"E' m.'1
S Wy Franeducer ¥ condiboning
Clenent Signal clament
# T
“Hitan eading :Imakfﬂus
¢——L—o recording signal
Reading clement

(i) Initial Sensing Element ; It is also called sensor transducer element or simply transducer element. It is
the first element which detects or sense the measurand. It 18 the part which first receive energy from the
measured medium and convert this input into a more practically convenient form of outpur,

(i) Signal Conditioning Element : Input signal sensed are not of vur important because of many reasons,
Fhes need to be converted m skenificant amuonat, that 15 of our use

This is done by signal conditioning element. There are three colegories in il

{a) Variable Transformation : Initthe transduced signals are further transformed into the form, which is
more convenient

(b} Variable Manipulation : In vanable manipulation the transformed signals are manipulated, either we
mcrense their strength or amphtude or we decrease

(c) Data Transmission ; In signal transmizsion or dale o wission we doesn't change the form of signal
bt only transmit i from one part W other,

(iii) Reading and Recording Eleiment : This is used to represent the data finally obtained for comparing
with standard.

In the exampie of bourdan tube with LYY there are two integrated transducers which are used to perform
measurement.
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(). 2. Define and hence derive the equations for response of a second order system subjected to step
inpat.
Amns. The behaviour ot a second order system is given by the following differential equation obtained by
putting n= 2 i the general cquation,
Nk
L "E—L - .-\l L-jl{l- '|'.-'"|..:.I” = ﬂ'l'_llf
i i

eviding the anove equanion by Ay we gel

3
Ay Ml By
'I""h d'- 'ﬂ"'i] dt P‘\J
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A
Let, W, = At—’ = Undamped natural frequency rad's.
2

A . i .
¥ = —————— = Damping ratio, dimensionless.
2 ApA

5= FE-"". = Static sensitivity or steady state gain.
]
Then by substituting the values, we get

d’, 2r di
B . B ST
wWe o dre W, dt

Or, in terms of D-operator

D 2
== +=Lpstflg =81
w2 W,

ly _ 5
o 2
Cr, L %[)14_"_1'5_”
Wy Wa

Steady state response is given by
(1+ CDJly ¢ =1,

Or lgs=(1+CD) 'L,

={{'! - CD) + Terms in D? & higher ][-,

For step input, since the input is a step of constant magnitude, it's differential equals zero and subse-
quentiy, we gel

Iys =(1 ~-CDJI, =1,
Total response = Transient response + steady state response
1o = Ae " 451,
The constant A is evaluated from the initial condition as follow
t=10., ]'u =0
0=A+5l or A =-5I;
lp==le™""+
i s
Transient  Steadystate

lo=H(1-e"")

Ip _ (1- E-m)

I_ Ans,
I
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). 3. Define load cell. Explain how Hydraulic and Preamatic load cells are used for the measurement of
Foree.

Ans. Load cell is the arrangement for the measurement of force by absorbing it in the fluid.

Hydraulic Load Cell : [t can be used 10 measure force of very high magnitude (of the order of millions of
newtons), 1L consists of a closed container filled with oil and covered with diaphragm as shown. A pressure
imeasuting device such as Bourdon tbe pressure gauge is connected fo the container. When load (P) acts on
the disphragm. it gets detlected and transmits force to the oil as a result of which pressure develops in the oil.
[ magnitude of pressure developed is indicated by the pressure gauge which can be converted into force,
The pressure gauge can be directly calibrated in units of force,

Load (")

i
T

Elastic diaphragm

L L

----------- < Hydraulic il

— e -
- ———

Hydraulic Load Cell
Pneuvmatic Load Cell : [t is used to measure force upto 20.000M. It consists of a chamber with a nozzle as
shown in figure and covered with elastic diaphragm. Pressurized air is supplied through a pipe to the chamber.
The pressure in the chamber is detected by the pressure gauge,

Load ()
E/1Jiaphragm
Nozzle
\& U.¢—_ Air supply at
pressure P,

Chamber at pressure P

Preamatic Load Cell
As load I acts on the diaphragm, it deflects and the cap between diaphragm and nozzle decreases while
pressure I on the chamber increases. Rise in pressure Pe applies outward force on the diaphragm opposite
the foree P For any force P, the diaphragm attains equilibrium under the impact of two equal and opposite
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farces

(). 4. What is calibration? How pressure measuring instruments are calibrated? Explain the method of
calibration using dead weight piston tester.,

Ans. Calibration is the process of defining the system response to known, controlled signal inputs.

In this process. magnitude of the output of measuring instrument is related to the magnitude of the input
derivinge the instrument.

Ihe calibration of raoderate pressure measuring instruments is done with dead weight tester or manom-

cler.

— Weights

Iressure piuge ;
to be caliberated Piston

Plunger

f Degred weighe tester)

The plunger is pushed mto sulficient build up pressure in tester, till the weights just seem to be lifted
upwirds {Noating condition). At this point, fluid gauge pressure is equal to the pressure exerted by dead
weights (e, weight/piston area).

Thus, the gauge can be calibrated for different leads or weights,

For calibrating very low nressure measuring devices, Me, leod gauge can be used.

Different types of elastic elements have been emploved successfully to design and manufacture pressure
measuring instruments
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). 5. Obtain the best linear relationship in accordance with a least square analysis for the following
data, Calculate its standard deviation from the result.

Piezoelectric
crystal

Pa

fe} Expandable Helical tube

T Pressure

X 0.9 2.3 33 4.5 5.7 6.7
Y 1.1 1.6 2.6 32 4.0 5.0
Ans. Let,
X 0.9 21 i3 43 57 6.7
Y 1.1 1.6 26 32 40 5.0
X ¥ X Xy Y=mx+C | ¥-¥Y'
09 1.1 0.8l 099
13 16 529 368
33 26 10.8% 858
45 32 2025 14.40
37 40 3249 2280
67 50 4489 3350

n o lid EY =175 x! = 11462 Ixy = 8395
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By least sequence method,

Ty = mIx + nC A
Txy = mEx® + Czx i)
175=mx(234)+(6)C i)
84 = mx (114.6) +C(234) Aiv)

Fquation (i) = (23.4) - (i) < 6
4095 = m(547.6) +(234 x 6)C
504.0 = m{687.6) + (234 x 6)C
=1 = =D
B
140
- 175-(234)=(0.68)
6

it

& on solving

C=0.28

The equation is.

[y'=(068)x +028 |

Standard deviation is the square root of variance,

N erd
Z{XI_K}
_1li=t
= W

. J (09-39)" +(23-139)" +(33-39)" +(45-39)" +(52-39)" +(6.7-39)*
i 6

s J3+15ﬁ+u_16+u.3ﬁ+324 +7.84
&

o= Ea{g =+/556

o=235 Ans.

(). 6. What do you mean by a metallic resistance strain gauge? Describe their types, theory of operation
and different material and their properties used for the construction of these types of gauges.

Ans, Metallic resistance strain gauge are based on measurement of change in resistance.
Types of Resistance Strain Gauges !

I. Wire Wound Gauges : Based on method of fabrication, wire wound gauges are can be classified as

/
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(i} Bonded Strain Gauges : Dveunded sirain gauges are bonded directly to the surface of specimen being
exantimed with thin laver of adhesive vement, Depending on the requirement, bounded strain gauges can have
various structures through basically they consist of 2rid of fine resistance wire of 25um diameter or even less,

e ii—— Feh
i . ..: Strain gauge wires
N BV VER §

—— Backing

lerminnl ——3
leads
{ii) Unbonded Metal Wire Strain Gauges : These couges does not have backing material, so strain is
trarsterred to the resistance wire directly.
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2. Foil Strain Gauge : |1 15 an extension of wire sirain zauge but instead of wires, 1t makes use of thin
sheets or foils as sensing elements. Lising the process of photoetching or masked vaccum deposition, the foil

van be spread in suitable form on the backing (substrate ). The foil with thickness less than 5um is made from

platinum tungsten alloy. li has higher neat dissipation capability, thermal stability larger available bonding area
on account of larger surface area of foil,

Stretched unbounded wires

1' Strain direction

It.i.: uee width

—— Copper coated terminate

Ssubsiratye

+

Caupe widlh


http://studentsuvidha.in/forum

downloaded from http://studentsuvidha.in/

3. Semiconductor Stain Gauge ; Doped silicon and germanium have a unigue property called piezo
resistivity that 15 when these materials are stressed. they undergo a change in their resistivity,

Stheon water

¢

L —— Gold wire

' T

Terminate

Theory of Operation : When axial load is applicd on metallic bar in the outward direction, it leads to
mcrease i bength of the bar. But it 1s also accompanied by decrease in area of cross-section perpendicular to
e lamid]

Pavisson's Bano =y = iD-_D
Alf1
Consider a conductor of length |, crogs-sectional area A and resistivity P.
Pl
R=-—
A

log, R =log, P+log, 1-log, A
dR _dP +dl. dA

R P L A

LI L

R P L D
_dR/R _dP/P
S dL/L dLiL
Different matenial used for strain gauges

i +1+2V

Constantan, Nichrome, Karma etc.
Properties

() Gauge factor is 2.

iy Poisson's ratio is spproximately 0.5,
i Piczoresistance effect is nearly zero,

(2. 7. What is radiation pyrometer? Explain different principles used for radiation measuring tempera-
ture devices. Discuss infrared py rometers in detail,

Ans. Radiation Py rometers : The device used to measure temperature using radiation method are called
radiation pyrometers.

Difterent principles used for radiation measuring temperature devices
(a) Stefan Holtzmann Law ; |t states that the total cnergy emitted by a unit area of a perfect radiator per
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second is proportional to the fourth power of its absolute temperature.
Q=o(rh -1

{b) Plank's Law : [t stares that encrey levels in the radiation emitted by a not body are distributed in
differem wavelengths. As the temperature of the hot body rises, the emissive power shifts towards shorter
wavelengths. The radiations from a hot body at high temperatures fall within visible region of electromagnetic
*-;.|:‘_I£'CIFLI'H'I.

Anfrared Pyrometer : The disappearing filament type optical infrared pyrometer is shown in

Objective lens

2 < Red filier 4

N
7 E Hot body

Eye piece gj LQ emitting radiation

N A
N N V4
T T W W W WY

I_L \ Lamp filament
-

Meter
Lising the rheostat, current can be varied in the tungsten temperature, so as 1o very the brightness of
light. The image of radiating source. produced by the objective lens system, is made to superimpose on filament
ol vleetric lamp. The electrie current through the filament is varied while being viewed through a filter and eve-
piece. I the filament temperature is higher than the hot body, it becomes two bright as compared to superim-
posed image of hot body.

). 8. Write short notes on the following :
{1) Pneumatic Type of Amplifying elements.
{it) Data Acguisition System.

Ans. (i) Pneumatic Type of Amplifying Elements : Pneumatic transmission elements can be easily adopied
for transmission of signals and can be designed according to the requirement. The advantage of pneumatic
transinssion is that its is less expensive as compared to the hydraulic system because air is used as working
fluid instead of hydraulic oil,

Restriction Nozzle & Motion from transducer
Tw
Pressorised L
air supply —*
(Fs) i
e
Amplifier

Preumatic Transmission Unit (Flapper-Nozzle Mechanism)

/
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The above figure shows a basic preumatic transovssion unit. It comprise of flapper-nozzle arrangement as
shown in the figure with flapper being positioned close to the mouth of nozzle. The linear displacement from the
wransducer. moves the free end of the flapper towards the nozzle, while the spring brings it back to the original
positon (vertical position). Pressurised air is forced through the restriction when the flapper is away from the
nuzzle mouth, the ar posses through the nozzle so that a low pressure through the amplifier. But when the

MTapper touches the nozzle mouth, maximum available air pressure (P, ) is passed through the amplifier. Hence,

the aer pressure in the amplifier is directly proportional to displacement of the flapper towards the nozzle,

(i} Data Acquisttion System : These are automatic control system with components to condition and
interpred the data and take decision accordingly, They have the capability to store data as benchmark and they
take comparative action accordingly to the previous instances. They can take corrective actions by matching
the previous instances occured in the past and they store this instance in the memaory.

Errot Load torque
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Relerence | -
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Sehemaiie View of Daia Acguivition System
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