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STATIC CHARACTERISTICS OF INSTRUMENTS AND MEASUREMENT SYSTEMS @
(1i7) Zonal Drift. In casc the drift occurs only over a portion of span of an instrument, it 1s called

zonal drift,
" There are many environmental factors which cause drift. They may be stray clectric and magnetic
fields, thermal ernfs, chances in temperature, mechanical vibrations, wear and tear, and high mechanical

stresses developed in some parts of the instruments and systems.

al instruments because it is r
ainst by continuous prevention, inspect
ented from affecting

Drift is an undesirable quantity mn industri arely apparent and cannot be
lly guarded ag on and
and electromagnetic fields can be prev
vibrations can be minimized by having proper

s should be preferably avoided or otherwise

easily compensated for. Thus it must be carefu
maintenance. For examble. stray electrostatic
the measurements by proper shielding. Effect of mechanical
mountings. Temperature changes during the measurement proces
be properly compensated for. ‘

Example 2.6. A dial gauge is used to measure pressure
are subject to a systematic error. It w

in a vessel. The pivot is not cxactly at the

as found that the imperfection

m?2 for a dial reading of zero
00 ?

centre and as a resnlt of which the readings

makes the readings too|large in a linear fashion. The readings are 6.895 KIN/
e of pressure f

and 27.58 KN/m? for a reading of 150. What would be the valu
The djal reading is offset by 6.895 KN/m? al zero pressure and
iqa=at dial reading

or a dial reading of 1

Soliition. Tigis is a case offgero drift. :
reading af 150 ihdicatioff of\dfal | 27.58 CRUZ. Bty B riattgn S incargthe ipehic ab
of 100 is™ & | '

27.58 — 6.895 &

= % 100 + 6.895 = 20. 685 kN/m?2

50
2.13. NOISE

A spurious current or voltage extrancous (o the cu
cireuit is called MNoise. In fact, noise is a signal that does
be generated external to a particular system of interest anc
generated inside the system of interest.

rrent or voltage of interest in an electrical or clectronic
aot convev any vseful information. Noise may
| cnter the system in various ways ot it may be

" The cffect of noise in a measurement system may be an annoying ‘‘hum’ in the speaker of a radio
feceiver owing to 50 Hz power line frequency noise, to the transmission of incorrect data in telemetering
systems or data communication systems, to life threatening situations caused by incorrect interpretation of
waveforms related to vital human organs in biomedical instrumentation systems where the expected (desired)
signals are intrinsically weak. This is because the extraneous noise signals constitute a background against

which the desired signal may be read.

2.13.1.] Siznal tc Noise Ratio (S/M).. Noise is an unwanted signal superimposed upon the signal of
a deviation of the output from its expected value, The expected value of the~output
is the one that is obtained only when desired signal or signal of interest is present. The: extent to which
noise becomes important in the measurement systems depends upon the relative value of magnitude of

v . 0 . L > 3 « =

unwanted signal (noize) fo that of signal of interest. If the magnitude of unwanted signal (noise) is samll
as compared with that of signa! of interesi, then signal to noise ratio (S/N) is large and therefore the noise
becomes unimportant. _ - ‘

. The ratio of desired signal to the nnwanted nojse is called signal te noise ratio and is expressed as :

S signal power _ (signal of interest expressed in ol o
N noise power  (unwanfed noise expressed ir volt)* R

Scanned by CamScanner



MECHANICAL MEASUREMENTS AND INSTRUMENTATION -

. In arTy HeAsUrement system. it is desirable to have a large signzx]-lO-l\O%SC ratio. T‘lns cun. be fxchl‘cvcd i
by ‘ncteasing the signal level without increasing the noise level or decreasing the noise level with some i
suitable technique, i ‘ :
o 132 Sources of Noise. The noise i i
gencm?;(;pu: 1§‘br0ad.l.y oi thrc‘c types : Fi) Input Signal Amplifier . s
: 1018¢,  (2f) conducted noise, O— e - Signalusigiee
(ifd) radiated noise. This can be illustrated by~ Without Noise )
considering the case of an amplifier which i
f:omrTlonly used in measurement systems to P
dentify the different sources of noise. The
: bl‘ock diagram of the amplifier is shown in
Fig. 2.3. O Power Supply
: (¢) Generated Noise. Supposc the
Iput signal contains no noise. The power  Fig. 23. an amplifier for illustrating the different types of noise signals. |
Supply serves as a source of energy for the operation of amplifier. The output signal is amplifier gain times'i_
the input signal plus a noise signal. One of the possibie sources of noise is on account of internal components &
at the amplifier like resistors, capacitors and transistors ete. Therefore the noise ia this case is generated
inside the amplifier and therefore is called Generated noise, The internally generated noise is on account. =
o components like resistors, capacilors, transistors ete. as stated above. :
The conductive portion of a resistor consists of a regularly arranged groups of atoms that maintain
the same general physical position'in the conductor. These atoms congribute conduction electrons due to &
which a current flows. Although the atoms maintain their geaeral physical position, they are in a state of
rapid vibratory motion on account of temperature and thermal effects. This vibratory motion of atoms is ‘
- ransierred to the conduction electrons, thereby producing a noise component of current. Since this noise ¢
1s temperafure dependent, it increases with internal heating (2R loss) or with an increase in the ambient
temiperature. This noise 1s called Johnson noise.
"The vibrations produced by thermal effecis within a resistor cover a wide freguency range, and therefore
the noise generated consists of a wide specteum of frequencies. This wideband noise is sometimes called
Wihite noise.

e mternaily generated nosse in resistors can be reduced by lowerin

s e

O o

o N ) AP e
S SR

gty

¢ the nternal ieingerature. Specal

film and glass substrates are used for minimizing this noise. .‘

As the noise 1s mternally generated, external shielding cannot help in reducing this noise. Also since |

the noise has a wide frequency band, selective filtering is ineffective in reducing the magnitude of this noise. |

A second type of noise is generated internally by short time electrical events within an active device
like a transistor. In semi-conductor devices charges cross junctions (for example p-n junction) within the
device, and therefore move from one energy level to another. This movement results in aceeleration of charges
which generate electromagnetic disturbances, which in turn produce an internaily generated noise. Since,

the period of transition from one. energy ievel to another is shori, the period of acceleration is also short, |
and hence the resulting frequency spectrum of generated noise is widebgnd. The same type of noise is generated-
asrelectrons pass through various electrode weas o a vacuum tube which have different electric field intensites

thereby causing clectrons to accelerate and cause electromagnetic disturbances.

The internally generated noise in semi-conductor and vacuum (ube devices on account of random
movement of charges is called Shot Noise. Not niuch can be done to reduce the internally generated noise
in semi-conductor and vacuum tube devices as this noise is on account of acceleration of charges, a phenomenon

% v 4 e I . . LU 1 . (e v . - b . 4
so essential for operation of these devices, Selective filtering may be helpful to Some extent in reduction

¥ TOT

]

of this noise.
Changing electric fields in the region between plates of a capacitor and changing magnetic fields arougd‘i
- in an inductor are other sourges of internally generated noise, However, in these cases, the electric and magnetic
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_":"ST'ATIC CHARACTERISTICS OF INSTRUMENTS AND MEASUREMENT SYSTEMS : 15

fields change in an orderly manner and therefore the noise signal has a f ixed frequency and hence its magnitude
can be reduced by, using a filter tuned to this frequency.

~ (i) ‘Conducted Noise. The power supply to the amplifier could be the source of noise since it may
have spikes, ripples or random deviations that are conducted to the amplifier circuit through power wiring.
This type of necise is called Conducted Noise.

One of the most common sources for conducted noise is the S0 Hz power supply and the harmonics
contained in it. The conducted noise can be reduced to use filters in the Ieads to trap out the noise.

(itf) Radiated Noise. There may be electric or magnetic fields or disturbances in the environments
around the amplifici because of which unwanted signals arc radiated into the interior of the amplifier and
this is called Radiated Noise. ‘

One of the common sources of
radiated noise arc the electromagnetic
impulses radiated from the ignition
wiring of spark plugs. The radiated
noise can be reduced by proper
shielding.

2.13.3. Johnson Noise. As
stated earlier, Johnson noise is the
thermally generated noise in a resistor.

The noise power P, generated
in-a conductor is

L Sl R
where k = Boltzmann constant
=BR[22 T/K, . Fig, 2.4. Circuit representation of noise signals.

Load Resistance

R

T = absolute temperature of resistor ; K|
Af = bandwidth of noise signal ; Hz.
|

The noise gencration system can be represented by a voltage source of magnitude in series with an
equivalent resistance, R, as shown in Fig 2.4. 4

If the noise generator is connected to an external load resistance, R;, the noise energy will be
transferred to the lead. Under conditions of maximum power t/rans{'cr (R, = R)). the noise power delivered

to load 1s.

5} EHZ X
G = (2.12)
or =R R
. \
= 4 kTR, Af
or noise voltage E = 2NkTR Af | (2.13)

Suppose (wo resistors K| and R, are connected in series, the total noise is the sum of the noises of
individual resistors.

Er=E 2+ Bt
= d4hTR Af + 4kTR, Af ,
. = 4hTR of
i 2% l ‘ i X . E, = 2N ;"7‘/‘5:?\} W A2.34)
where , ‘ . By=m R+ R, ‘

~ Similarly, the total noise voltage for parallel connected resistors 1s,
SRR E, = 2NKTR, of

) 208
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Ignated i) to provj ; 4 |
7l Accor dingly the peffg )10 provide an output (called measurement gnd designated

- transfer function G.Th
that: 0 =G ; :

Input | Output

O0=Gi

Y

Fig 1.9 Input-output relation of a measurement system

The various inputs to a measurement system can be classified into three categories :

“"] 4

Desired input : a quantity that the instrument is specifically intended to measure.
The desired input 7, produces an output component according to an inp&t-output
relation symbolised by G ; here"GD‘ represents the mathematical operation
necessary to obtain the output from the input.

. Interfering input : a quantity to which the instrument is unintentionally sensitive.

The interfering input i, would produce an output component according to
mput-output relation symbolised by G.,.

. Modifying input : a quantity that modifies the input-output relationship for both the

desired and interfering inputs. The modifying input i/, would cause a change in G,
and/or G, The specific manner in which /, affects G, and G, is represented by the
symbols G, and G, , respectively.

A block diagram of these various aspects has been illustrated in Fig 1.10.

—

G, :
- | Qutput component
due to interfering input

Interfering input

!
|
|
L

GMl
.
Modifying input
Gup
i,
—- Gp
Desired input Output component

due to desired input

Fig 1.10 Generalised input-outpul configuration
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: : ‘ \13
al‘ for¢e, An output will resul‘tﬁ‘ even when there is no

s ’re'?tl,‘_),n* Of gravitation
W Pressure difference,
1ere the angular tilt acte ac o o . |
. The scgl'e:f t;]t e as the interfering inpu |
Al i R ! ac N 1 o y . - A .
i (a)- t .orr : esgthheS the input - output relation, and this gets»modnﬁed dueto:
L ‘ehmp.era.tu;e variations which change the value of density of mercury
S Aél‘ %) change in gravitational force due to change in location of manometer
L fes In ambient temperature also changes the lengths of calibrated scale and that
- alsoleadsto modlﬁcatiQn of proportionality factor, ‘
'Tl'xe temperature variations and change in gravitational force then constitute the
modifying inputs.
- Asanother example, consider an electrical resistance strain gauge set-up used for the
Measurement of strain induced in an element due to mechanical loading. When the gauge is

strained, the change in output voltage is

dp =
4 R

where I/ is the battery supply voltage and dR is the change in resistance of the strain gauge
which constitutes -one arm of the Wheat stone bridge circuit (Refer Art 11.9.2,
Deflection mode). Here it has been presumed that all the limbs-of the Wheat-stone bridge
‘have equal resistances, i.e,
: 4 RSR=R=R=R
In terms of applied strain € and the strain gauge factor F,
v

dVy =~F e
| / , 4
i ~ Evidently the change in output voltage d¥; is directly proportional to the applied strain.
In the above cited éxamplé of strain measurement, the typical interfering inputs are :
(i) stray electrostatic and electric fields
. (i) variations in ambient temperature
These effects cause drift and the instrument gives an output even though the element
might not have been subjected to any load, i.e., even though the desired input (strain) is
- zero. The influence of temperature is better understood as it causes a change in length (and
hence a change in gauge resistance) even in the absence of any mechanical strain.
_Further, the gauge factor F" also depends upon the temperature. Accordingly, thé
ambient temperature and the battery voltage change the proportionality constant between
the desired input and the bridge output voltage, and as such constitute the typical modifying
inputs. | ‘
Often it is desired to nullify or reduce the effect of spurious inputs on the indicated
. output of an instrument. The various methods used to accomplish this task are:
T g_;__;«:l‘;Signalﬂltelri_ng : Certain elements called filters are introduced into the instrument
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: _»m the patb/ef spun jus inputs. The filters are desi gned to be selective, i.e., they pass wanted
~ signal d reject OF considerably decrease the unwanted signal. The ﬂlters can be introduced
~into the measurﬁ.ment system at one of its three stages (input, intermediate and output

b s’cage)A the ehome depends upon the application (Refer Article 5.8 Chapter 5).

* A similar purpose is achieved by _

- (1) correct grounding and electrical shielding of the instrument

(li) mounting a vibration sensitive instrument on a spring-mass damping system
i Compensation by opposing inputs : This method consists in intentionally
o mtroducmg mto the instrument certain interfering and/or modifying inputs that tend to cancel
o _v;thebad effects of unavoidable spurious inputs. For example, the effect of ambient temperature
e changes atthe capillary and bourdon tube of filled-in-system thermometers can be reduced

_or compensated by employing case compensation, full compensation or self-compensating .
'_'caplllary tubes (Refer Article 10.6.4, Chapter 10).

The influence of ambient temperature in the act of strain measurement by an |
electrical resistance strain gauge is nullified by the use of a temperature compensatmg :
(dummy) strain gauge. The dummy gauge is identical to the active gauge (a gauge mounted | SkHev
on the test-piece and subjected to loading) and the two form a matched pair. However, the | py.
dummy gauge is bonded to a separate, unstrained component identical to that of the loaded | wne
o ‘member. Evidently the dummy gauge remains unstrained throughout the test-run and suffers hw‘t’_
changes in resistance due to temperature only. The active and the dummy gauges are YTW‘P’
- connected in the adjacent arms of the Wheatstone bridge, and the bridge would be (s wipta
= temperature compensated as long as both the gauges are at the same temperature. The Smuﬂ
~ ‘oufput voltage would then be a function of only the direct load (applied strain) and the|
: temperature effects would get cancelled (Refer Article 11.10; Chapter 11).

o 3. Output correction : The method involves in calculating the corrections which
“may be added to or subtracted from the indicated output so as to ]eave only that component
*"whlch is associated with the desired input.
_ The glass thermometers are generally graduated for total immersion of bulb and stem.
: Whllst in use, the thermometer may only be partially immersed. The error - proportional to
; ?the exposed ‘portion of the stem (stem- -emergence effect) is evaluated and neccesary
correction is a applied to the indicated value of temperature. Likewise in strain gauge
i A arrangement, a knowledge of the temperature coefficient of resistance, temperature
~ sensitivity of gauge and the operating temperature helps to obtain the correction to the
| -output ‘ :
o e effect of spunous mputs are also reduced by using : ;
() hlgh amphﬁcatlon and a stable/accurate feed back dev:ce :
i »«(2) 2 mstrument elements which are mherently sensitive only to the desired input.
5 ':F or examples the strain gauge may be made of a material with a very low
ure. cuefﬁcxent of resnstance and temperature mdependent gauge factor
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