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B.E.
Sixth Semester Examination, Dec.-2009
Measurements& Instrumentation (ME3IOE)

Mote o Auemplany ffve guestions,
O 1, fa) What is static calivration? How it is done in mechanical measuring instruments?

Ans, Static Calibration : All the static pertormance charactenistics are obtained in one form or another by
d proweas cafled static calibration. The calibration ot all instruments is important since it affords the opportunity
i chieck the instrument agamst a known standard and subsequently to find errors and accuracy. Calibration
procedures involve a comparison of the particular instrument with either { 1) a primary standard (2} a secondary
standard with a higher accuracy than the instruments to be calibraled {3) an instrument of known accuracy,

Actually. all working instrumerts ie. those instruments which are actually used the measurement work
instroments i twen must be calibrated against instrument of sull higher zrade of accuracy. Thus, reference
instraments in um must be calibrated against instrument of still higher grade of accuracy or against primary
standard or aeamst other standards of known accuracy

Mechanical Instrumients : These instruments are very reliable for static and stable conditions byt they
sutfer Frenn a very major disadvantage which iz because, they are unable to respond rapidly to measurements
of dyvnimmic and transient conditions. This is due to the fact that there instruments have moving parts that are
ripid. heavy and bulky and consequently have a large mass. Mass presents inertia problems and hence these
mstrwinents cannot {aithfully follow the rapid changes which are invalved in dynamic measurements. Thus, it
would be virually impossible to measure a 50Hz voltage by using 4 mechanical instruments but it is relatively
vt medsure a slowly varying pressure using these instruments. Another disadvantage of mechanical
instruments 15 that most of themn are a potential source of noise and cause noise pollution,

1). L. () Deseribe the difference between deflection and null type of instruments with suitable examples.
Auis. Difference Between Deflection and Null Type Instruments ;

it The accuracy of null type of instruments is higher than that of deflection type. This is because the
opposing effects is calibrated with the help of stds which have high degree of accuracy. On the other
hand, accuracy of deflection type of instruments is dependent upon their calibration which depends
upon the instrument consists which are normally not known to a high degree of accuracy.

(il In the null type of instruments, the measured quantity is balanced out. This means the detector has
to cover a small range around the balance (null) point and therefore can be made highly sensitive.
Also the derector need not be calibrated since it has only to detect the presence and direction of
unbalance and not the magnitude of unbalance. On the other hand, a deflection type of instrument
miust be larger in size, more sagged, thus less sensitive ifit is to measure large magnitude of unknown
quantity,

)y MNull type of instruments require many manipulation before null conditions are obtained and hence
are apparently not suitable for dynamic measurements where in the measured quantity changes with
time. On the otherhand, deflection type of instruments can follow the variations of the measured
quantity more rapidly and hence are more suitable for dynamic measurements on account of their
faster response, However. there are commercially automatic control instruments that maintain a

continuous null under rapidly changing conditions and thereby eliminate the need for manipulate
n]mmrmns /
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{il Mull type of instriments are more accurate then deflection type instruments,

{i}
i)

Mull type instrunients can be highly sensitive as compared with deflection type instruments.
Defiection type of mstruments are more suited for measurements under dynamic conditions than

null type of instruments whose intrinsic response is slower,

(. 2. Derive the equations for time response of a first order system subjected to step input, Draw the
respaunse curve and find steady state error, Give some example.

Ans. Response of a First Order System to a Unit Step Input : Leta unit step input u(t) be applied to a first

order sy aieny. Mow,

r{t)=u(t)
Ly R{s} =|ls
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Dynamic ervor for a first order
system when subjected to o step inout

Cltj=t-exp(l-1/1)
T'he output rises exponentially from zero value 1o the final value of unity. The initial slope of the curve is

aiven by,
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Thus, it the initial rate of change in maintained, the system will reach its final value in time 1, the time
cimstant.,

The output al t =t is
C(t) =1—exp(=t/1)=0632

‘Thus. for arising exponential function the time constant 1 is defined as the time to reach 63.2% of its final
vilue. 1t is obvious that null all first order systems will settle to their final value at t = . For a decaying
Funetion the time constant s defined as the time 1aken to fall to 0.368 of its initial value.

I he dynamic or measurement error 15 defined as,
e (t)=r(t).clt)
= 1=[1-exp(-t/)]

= exp(=tit)
[ e steady state error is.
e, = lim e (t) = exp(-t/1)=0 .
I3 [

Thus, the first order system tracks the unit step input with zero static error,

['hus. ifone speaks of 5% setlling time, it means that the system has reached its specified value after a time
which 15 thrice the time constant. The system reaches .95 of its final steady value at t = 3¢,

After time interval { = 57, the system reaches 0.993 of its final steady value and therefore it is often
asstimed that the mstrument or system has reached its final steady or maximum value after an interval of 51,

M
f Step input r(t) = 4{1
i i Final steady value .1; 1.0 Binpute(t) = 40)
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Fwo curves with time constants 1) and 15 where 1) < 2. System with time constant 1, is faster than
the system with time constant Tp.

In some cases the initial conditions are not zero.
i.et us consider the case of thermometer subjected to a step input,
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t}; = Imitial temperature °C

tyy = Fmnal steady temperature *C
v = Time constant; 8
‘The temperature at any instant is t after the application of a step input is given by,

= -Eb{,[l —expl—t/ 1}} +8; exp(-1/1)
= ﬁﬂ +{'ﬂi '—'B“IEXP{"U'T}]
(3. 3. Describe the method of measuring torque in transmission shaft under axial and bending loads.

Ans. Measuring Torque in Transmission Shafi Under Axial:

Strain Gauge Torque Meters : Two strain gauges are mounted on a shaft at an angle 45° to each other.
The torque ’

?:G( RY - r? } O
et e ~BNm i
2L
(i = Modulus of rigidity: N/ w? , R = Outer radius of shafi; in
r = Inner radivs of shaft; m. L = Length of shaft, m
t = Angular Jeflection of shait; rad.

I'he strain gauge attached at 457 to the axis of the shaft indicate strains of.

Aid)

3 - Sernin
o ' Fnuges

fa)  Shafr with straingauges

Wvastoreine b of stress g

frinddes: slierft (hi Measurement of torque of

rolating shaft (bridge) using
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4 strain may be measured by electrical means to indicate the torque, Multiple strain gauges may be
inatalled and connected in a bridge circuit configuration so that any deformation due to axial or traverse loads
is cangelled out in the final readout, !

I'he arrangenment has the following advantages :

iy dnas fully temperature compensated.

iy 1t provides automatic compensation for bending and axial loads.

imd 1 eives the maximum sensitivity for a given torque. The main difficulties associated with the use of
this arrangement is the connection of the bridge to its power source and display arrangement. Slip
rings connected 1o cach of the bridge terminals. Rubbing contact is made between the rings and the

stationary brushes which are connected to the input and output equipmen..
i}. 4. Deseribe construction and working of Electromagnetic flow meter. Explain the relative advantages
wad disadvantages of AC and DC excitations used for these meters.
Ans. Electromagnetic Flow-Meter : Electromagnetic flow meters are particularly suitable for the flow
mcisurements of slurries. shudge and any electrically conducting liquid.

Core

P Non- metallic
Steady ——= q4— portion of

Ii.lll..‘ _ L‘Cltl plpﬂ

Apply
L ]

Electrode

Pipe

Fluid
It consists basically of pair of insulated electrodes buried flush in the opposite sides of a non-conducting,
e neagznetic pipe carving the liguid where flow is to be measured. The pipe is surrounded by an electromag-
net which produces a magnetic field. The arrangement in analogous to a conductor moving across a magnetic

fieid Theretore, voliage i induced across the electrodes. This voltage is given by : E = Blv volt where B =

Mus - densits . wh/m”
! length of conductor = diameter of pipe; m and v = velocity of conductor { flow); m's.

I'hni=. assuming a constant magnetic field, the magnitude of the voltage appearing across the electrodes
will be directly preportional to velocity. Non-conducting pipe has to be used as the output voltage gets short
opted of metallic pipes are used. This is true when liquids of low conductivity are being measured. But when
Peguids of lngh conductivity are measured the short circuiting has effect stainless steel pipes can then be used.
v veltage produced are small specially at low flow rates. Therefore, the meter relies greatly on a high gain
amplhilier toconvert the induced voliage into a usable form.
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Addvantages and Disadvantages of D.C. and A.C. Excitation :
ith - When d.c. excitation in used for materials of very low conductivity and flowing at slow speeds, the
ontpul emi s too small to be easily read off. The accomplishers have many inherent problems
especially a fove levels. High amplification can be more easily cheaply and more reliably done with
a.c. than with doe.
tir Many hvdrozen bearing or aqueous solutions exhibits polarization effects when the excitation 15
de. The positive jons migrate to the negative electrode and disassociate forming an insulating
pocket of gaseous hydrogen, There is in no such action when a.c. in used.
tin Anwther phenemenon which happens with use of d.c. is that the d.c. field may distort the fluid
veloctly profile by inagnetohvdrodynamic (MHD) action.
tivg Simee the output of electromaznetic low meters s quite smali interferring voltage input due to
thenmocouple tvpe of efiects and salvame action of dissimilar metals used in meter construction
ity be of the same order as the signal.
ivi While ac. svstems predominate, d.c. tvpe of systems have been used for flow measurements of
liquid metals like mercury. Here, no polarization problem exists.
(). 5. Explain the construction of thermocouples, Describe the different methods used for reference
junction compensation Mo, thermocouples.
Ans, Construetion of Thermocouples : In industrial application the choice of materials used 10 make up
i thermeeouple depends upon the temperature range to be measured, the kind of atmosphere to which the
eiteril will be exposed, to output emf and its stability, mechanical strength and the accuracy required in
swsurements Fhennocouple materials are divided inte two categories
prr Pase metal b pes wsing platinam, rhodium ete
i Phase metal tvpe.
Severil combinations of dissimilar metals make zood thermocouples for industrial use. These combina-
o apart [romm having linear response and high sensitivity should be physically strong to withstand high
temperntures, rapid temperature changes and the effect of corrosive and reducing atmospheres.

Exposed Un ground Crrounded
W W W

A pair of two dissimilar metals that are in phyvaical comact with each other form a thermocouple, These
muhiths e be twisted, serewed, peened, clamped o - wded together, The most commonly esed method for
lubricatme = tvweld metals together,

Thernecoupbes do aot use back conductors except in applications where atmospheric conditions permit
lrcin ansac,

[ hesae conditions obtain when temperatures to be measured are line and the atmosphere is non-corrosive.

tdustrial thermocouples emplay protective sheathing surrounding the junction and a portion of the
eatension leads Fhe Jeads and the junction are internally insulated from the sheath, using various potting
contionnds, coramic beads or axides,
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Hiermocouples are normally met installed in pipelines, vessels and other pieces of equipment directly,
e are wsuall paced inside protective wells so that may be easily removed or replaced without interruption
e bt down of plant. Protective wells are made of stainless steel or some other special alloy material. They
are vermally 12,5 mm to 23mm in diameter. The use of protective wells slows the response appreciably as they
increase the mass of thermocouple. However, in applications, where response time is primary consideration,
base or (hin sheathed thermocouples are used.

Reference Junction Compensation : A factor which is important in the use of thermocouple in the
requirement of a known reference temperature of the reference junction. This is because when the reference
iuneuion is not held at €°C, the observed value must be corrected by adding to it a voltage that has resulted from
i temperature difference equal to the amount by which the reference junction is above 0°C,

Now. Fy = B, ¢« £, . where Ey isthe totalemfat temperature T, E isthe emfon account of temperature

difference between detecting (hot) and the reference junction and Ey is the emf due to temperature of the
relerence junciion being above 0°C. Since, there exists a non-linear relationship between the emf and the
temperature, it is important that temperatures are determined by the above process rather than converting an
vited to temperatuee and then adding it to embient temperature.

1). 6. () Explain the significance of confidence interval and confidence level in statistical analysis of
ati

Ans. Significance of Confidence Internal and Confidence Levelin Statistical Analysis of Data : Itis
prassibhe Lo state through statistical analysis of the data that a range of deviation from the mean value within
which o certain fraction of all values are expected to lie. This range is called the confidence interval. The
prethabilite that the value of a randomly selected observation will lie in this range is called the confidence level,

H the number of observations is large and their errors are random and follow the normal Gaussian distri-
bution, the various confidence intervals about the mean value % are :

Confidence Confidence Values lying Outside
level interval confidence intervals

| osw X £0674a lin2

! 0.800) X = 12820 lins

| 0900 X 16450 lin10

I 0950 X £ 19605 lin20

I (.99 X+25760 [ in 100

|

N X+31291g 1in 1000

e number of observations in small and the standard deviation is not accurately known, the confidence
mitcrval must be broadened. Here, the standard deviation is computed as,

e
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In order to obtain confidence intervals for mean of a group of observations from the corresponding
imernals for an individual observation, the later is divided by junction.

Confidence mierval of individual observation

Jn

I'hus, the expectation that the mean of a group of observations will not differ by more than a certain
ansonint from the theoretical mean of an infinite set of observations can also be expressed in tenms of a
cimbidenee interval and a confidence level.

(). 6. {b) Explain Chauvenet's eriterion for the rejection of test data.

Ans. Chawvenet's Criterion ; Suppose on observations are made for measurement of a quantity, We
assune that nois laree enough that the results will follow a normal Gaussian distribution.

I'his distribution may be used 1o computer the probability that a given reading will deviate by a certain
amount from the mean, Chauvenet's criterion specifies thal a reading may be rejected if the probability of
nbtaining the particular deviation from the mean is less than |/ 2p.

Confidence interval of mean =

Number of readings Ratio of maximum acceptable deviation
to standard deviationsd /o,

f 2 115
| 38

LFF)

B

L]

15

7%

0 257 -
oo 281

300 3.4

00 229

1000 348

The values of the ratio of deviation to standard deviation for various values of according 1o this criterion.

When applying Chauvenet's criterion in order to eliminate any devious data, the man value and the
[standard deviation are first calonlated using all data points. The deviations of individual readings are then
compared with standard deviation. If the ratio of deviation of a reading to the standard deviation exceeds the
[mits

Q. 7. Explain how dynamic strains can be measured with the help of a bailast cireuit. Derive an expres-
sion for the sensitivity of such a circuit and obtain the condition for maximum sensitivity.
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Ans. Strain Gauges and Measvrement of Strain :
Strain Gauge Circuits : The theory and construction of strain gauges have already been explained.

The gavuge facior of a strain gauge in given,

* AR/R 2p/
Cipnge factor F= = =1+2v+ L[.E A1)

Fhe various svmbeis have already been explained when we consider the sensitivity of a metallic strain

sange, we find that it 1s extemely versatile and reliable.
Twpical values of gauge factor and recistance for commenly vsed strain gauges are ;

Gp=2and R=12002
Strain gauges are used for measurements of strains as low as | microstrainand therefore the correspond-
mg change in resistance is
AR = GrER.
=2x107" x120= 10°0) = 0.00024Q

Raliast Regular Capacitor

AW

R

P . /P

1 Re |Strain i

“i £ oatge Voltage
€0

Strain Gauge using Hallast civcwit
This small change in resistance which is 0.002% of original resistance has to be measured It is quite
evident that in order to measure a change in resistance of this low order will require the use of extremely

sensitive and sophistical instrumentation.
Ballest Cireuit : I the R, is the resistance of strain gauge the output voltage when the gauge is not

strapned is,
R
ey = —t—¢;
Ry + Ra
o Change in output voltage when the gauge in strained,
. R,

_ RpRy dRy
B g Al e T
(Ry +Re)

8 =— —=g;

dR -
(Ry+Rg)” Re v

d 8

RyR
_—E 2 GrEE‘.‘

. (Ry+Ry)
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. Ubange in output voltage when the gauge is strained in directly proportional to the strain maximum
sepsitivity is ubtained when the ballast resistance is equal to the strained resistance of the gauge or Rp =R,
Fon tliw arvangement, change mn output voltage when the gauge is strained

Ae, =(Gyeld)e,

Sume ol the inherent limitations in the ballast circuit can be explaiend by the following example. Consider
seriss the strain gauze when it 5 not strained in

ey =¢/2=4V.
When the strain gauge is subjected 1o strain, the change in output voltage i3
A, =2x(814)e =4e
Now. if « strain equal o 1 microstrain is to be measured the change in output voltage is
Aoy =dx1x107% =4x100pv
i hus, the indicator connected to output terminals to provide indication of strain must sense a change of
valtage of 4V inarange of 4V ie., a change 0.000 1%,
). ¥ Explain :
(v A-D Converters and
{ii} Magnetic Tape Recorders.
Ans. (i) A-D Converters : They are five types :
(4} Successive approximation method (potentiometric type)
i) Voltage to time conversion method (ramp type)
ich Vaoltage to frequency conversion method (Integration type)
id} Dual slope integration method
i) Re-cwrcutating remainder system
{#) Successive Approximation Method (potentiometric type) :

Digital
ot T

. Coumer
kesarom
Programmed 3
switches
Ref. T
Voltage
source
Voltage
. Caomparator
1 Input
voltage
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It is used on account of its high resolution and high speed. Works on successive approximation. This
conveiter compares the analog input to a Decade Assembly Counter (DAC) reference voltage which is repeat-
iy divided m half. It contains the voltage divider network with coarse and time steps.

Analon
[npu Ref,
D-A Counter & Voltage
supply
Comp 3 ol R | T i
> Digital
Chutput
|——) — Control register
l[emp 7 1
delay set
M5B
Start  Stop
F'F' . FF TR
[Histribution

register

End of connection

Stomplifivd blockdiagram of succes. ve approximate method
e converter uses a digital control register with gateful binary input of | and 0, a D/A converter with a
reivrenee voliaze supply, a comparison circuit, a control timing loop, and a distribution register,
e start of conversion cycle, both the control register and the distribution register are set with a/in the
WIS ad a0 all bils of less sienificance, '

(b Ramp Type:

Input
Comparator Stop Signal
t
Input Ramp o
Vidliage aen, Oscillator
¢
Ciround J Main
Comparator T Gate
L
Start Counter > Digital
signal Cutput
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I fed to two voltage comparators. The ramp voltage may have either a negative or a positive going slope
fer s consider a ramp voltage with a positive going slope. When the input voltage is equal to the ground
volli the sround comparator emits a start signal to a gate which opens and permiis the passage of pulses of

avlock frovn acrystal oscillator to a digital counter.

ey Integrating Tyvpe :

The integrator produces a ramp signal whose slope is proportional to the input voltage signal level, When
this ramp signal reaches a preset threshold level, a trigger pulse is produced. Also a current pulse is produced
which discharges the capacitor of the integrator, after which a hence ramp in initiated,

\/ F0

Time between

two thousand levels

{l) Dual Slope Integration A/D Converter

[t Switch

L}

"i'.l.?
| Kelerenee

| volage

c
|
I
: R C(‘Il?j paraior
: Integrator
Clock > C‘m_ﬂrm
logic

Lifnunl

Count |——» Digial

Cutput

Integrator
output

Output

I
W Comparator Counter |—> Digital
[t [ntegrator
Pulse Lrun
FLFT: gen. Pulse trigger output
Outpul
integrator vovesens Zero level
.............. Trigger level
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I'he reference voltage and the input analog voltage are sequentially connected to the integrator with the
fielp of aswitch, The output from the integration during a conversion cycle. The difference in the slopes of the

curve s due to difference in voltage level of input voltage E; and reference voltage E, .
T, = Counts when the input voltage is applied
Ty = Counts when the reference m-ltagr,e m applied.
E, =|T/T))xE,

i¢) Recirculating Remainder System ¢ The counters found in the methods of conversion so for de-
seribed have been fairly conventional. that is a complete circuit had been used for each decode of display,

: Clock '—J(
Ranging -FI + ] To <: chin | To Display
Metwork Switches resy. |
-—AI“ Oy
=

Polarity [+;;{Jp.|mp =
SCTeW = Comparator —
4d’/;-—- ] L low Current
; ref, controlled
BCD i
!'_ lLad dv ‘!’
&
P ) BCD
| - Counter
_J_’(: _{ _{ _{ Decoder
Y drum
Readout

This svstem. which reduces the number of component parts of the instrument, is made possible by a
sequence of operations as follows

i Sample the unknown voliage

{it)  Determination of the most significant digit of the unknown

{iiiy  Storing the difference between the first digits worth and the unknown is a capacitor
tivl  Amplifving this remainder by a factor often

iv) Determine the next most significant digit

(vi} Storing the remainder, /
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