. LT /
o TA pressure gauge with a range between 0 - 10 bar is found to have an error of +
v 0.15 bar when calibrated by the manufacturer. :
3 Calculate:
a. The error percentage of the gauge.
f b. The error percentage when the reading obtained is 2.0 *b"%?r"" ,,
; 2. Two pressure gauges (pressure gauge A and B) have a full scale accuracy of + 5%.
§ Sensor A has a range of 0-1 bar and Sensor B 0-10 bar. Which gauge is more suitable
_to be used if the reading is 0.9 bar? ’
: 3. A pressure gauge of range 0-20 bar is said to have an error of +0.25 bar when :
calibrated by the manufacturer. Calculate the percentage error on the basis of ’
maximum scale value. What would be the possible error as a percentage of the ,
indicated value when a reading of 5 bar is obtained in a test? | g
4. A spring scale requires a change of 15kgfin'the applied weight.to produce a 2 cm »
change in the deflection of the spring scale. Determine the static sensitivity.
f S. Explain the followmg statements:
(1) A galvanometer has a sensitivity specified of 15 mrn/ UA.
- (i) A Platinum Resistance Thermometer has a sensitivity specified of 0.5 Q/°C |
6. The output of a platinum resistance thermometer (RTD) is as follows: §
Input(°C) Output(Ohm)| %
0 | o |
z
100 1 200 i
200 400 1
300 600 .
400 | 800

Calculate the sensitfvity of the equipment.
: \
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Transfer sensitivity K1
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' 7. A measuring system consists of a transducer, an amplifier and a recorder, and their

individual sensitivities are stated as follows:
= (.25 mV/°C
Amplifier gain K2 =2.5 V/mV

Recorder sensitivity K3 = 4 mm/V

What would be the overall sensitivity of the measuring system?

8. A pressure measuring system consists of a piezoelectric transducer, a charge
amphﬁer and a ultra violet charge recorder. The 'sensitivities of these %qfnents are
stated as follows :

Piezoelectric transducer, K1 = 8.5 PC/bar

Charge amplifier, K2 = 0.004 V/PC

Ultraviolet charge recorder, K3 =20 mm/V

What would be the deflection on the chart due to a pressure change of 30 bar?

k3

9. (a) An instrument is calibrated in an environment at a temperature of 20°C and

the following output readings y are obtained for various input values x:

y | 131 | 262 | 393 | 524 | 655 | 786
X 5 10 | 15 20 | 25 | 30

Determine the measurement sensitivity, expressed as the ratio y/x.

- (b) When the instrument is subsequently used in an environment at a temperature

“of 50°C, the input/output characteristic changes to the following:

v | 147 | 294 | 441 | 588 | 735 | 882
x| 5 10 | 15 | 20 25 30

Determine the new measurement sensitivity. Hence determine the sensitivity

drift due to the change in ambient température of 30°C.
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10. A load cell is calibrated in an environment at a temperature of 21°C and has the

:
%
&
:

following deflection/load characteristic:

Load (kg)

50

100

150

200

Deflectiori (mm)

2

4

When used in an environment at 35°C, its characteristic changes to the following:

Load (kg)

0

50

100

150

200

Deflection (mm)

0.2

13

2.4

3.5

4.6

(a) Determiric the sensitivity at 21°C and 35°C.

i@
¥
K
?
&
i
%

(b) Calculate the total zero drift and senéitivity drift at 35°C.

(¢) Hence determine the zero drift and sensitivity drift coefﬁc1ents (in units of um/°C

and (um per kg)/(°C)).

11. An unmanned submarine is equipped with temperature and depth measuring

instruments and has radio equipment that can transmit the output readings of these
instruménts back to the surface. The submarine is initially floating on the surface of ’
the sea with the instrument output readings in steady state. The depth measuring ‘

instrument is approximately zero order and the temperature transducer first order with

a time constant of 50 seconds. The water temperature on the sea surface, 7,,is20°C

B e A

and the temperature 7, at a depth of x metres is given by the relation:

T,=T,—0.0lx

(a) If the submarine starts diving at time zero, and thereafter goes down at a Velomty
. of0.5 metres/second, draw a table showing the temperature and depth measurements
reported at mtervals of 100 seconds over the first 500 seconds of travel. Show also in

the table the error in each temperature reading.

S e e 5

(b) What temperature does the submarine report at a depth of 1000 metres?

F 3




STATIC CHARACTERISTICS

- The difference between the measured value (Vm) and the true value (Vt) of the
quantity represents static error or absolute error of measurement (Es)

Es=Vm- Vt
The static correction is defined as the difference between the true value énd

V'

the measured value of a quantity.

Cs=Vt—-Vm

: Cs=-Es
ACCURACY

The accuracy of an instrument is a measure of how close the output reading of
the instrument is to the correct value.
* Accuracy is the ability of an instrument to show the exact reading.

¢ Always related to the extent of the wrong reading/non accuracy.

* Normally shown in percentage of error which of the full scale reading percentage.

Answer of P1:

a.  Error Percentage = + O-15 bar x 1 0OEEIIRT
» bar

b.  Error Percentage = iw x100=%7.5 %
2 bar

The gauge is not suitable for use for low range reading.

Alternative : use gauge with a suitable range.

Answer of P2:

‘SensorA:

Equipment max error =+ x1 bar ==+0.05 bar-..

Equipment accuracy

0.9bar (in%) =+ 2009 100=45.6 %
0.9 bar- o e

T

i e e S




Sensor B :

Equipment max error ==+ x10 bar = +0.5 bar

Equipment accuracy
0.9 bar (in %) =+-22 29 100 = 455 %
0.9 ey ,

Conclusion :

Serisor A is more suitable to use at a reading of 0.9 bar because the error percentage

( 5.6%) is smaller compared to the percentage error of Sensor B (& 55%).

Answer of P3:

. Percentage error (accurac
Pressure gauge max error == 5 = ( y)

x 20 bar=+0.25 bar

0%5 x100=1.25 %

Percentage error (accuracy) = =+

Pressure gauge accuracy '

S bar (in %) = 22229 L 100 = 45 %
, S bar
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SENSITIVITY

T #

« Iefined as the ratio of change in output towards the change in input at a steady

state condition.

A6
Sensitivity (k) = —2
ty ( ). G,
A g, : change in output; A, : change in input

Example :
The resistance value of a Platinum Resistance Thermometer changes when

the temperature increases. Therefore, the unit of sensitivity for this equipment is
Ohm/°C. ' | s
Pressure sensor A with a value of 2 bar caused a deviation of 10 degrees.

Therefore, the sensitivity of the equipment is 5 degrees/bar. |

T A ’




Scale deflection
Value of measurand producing deflection

Sensitivity (k) =

Answer of P4:

e Scale deflection
Sensitivity (k) = — : .
Value of measurand producing deflection

2cm

15k

Sensitivity (k) = =1.333 mm/ kg

Answer of P6:

Draw an input versus output graph. From that graph, the sensitivity is the slope
of the graph. ‘

Sensitivity (k) = AG, _(400-200)ohm

A6 (200-100)°C

=2 ohm/°C

Sensitivity of the whole systemis k=4 xk, x...x £,

Y

~——~ﬁ Ky m..wm,.. Ky

8, 8, 85 » 8o g, 8y
k}:—@— kz:i’i | k3=£°-
) ) 0,
e Z,
OverallSensitivity (k) = —2 = 9 X % - B0
. 6 6 6,
=k, X ky xky

Example: | 4 |

Consider a measuring system consisting of a transducer, amplifier and a recordef,

with éEnsitiV'ify for each equipfnent givén below: |
Transducer sensitivity 0.2 mV/°C
Amplifier gain 2.0 VimV,
Recorder sensitivity 5.0 mV/V

Therefore, Sensitivity of the whole system:

02mV 2V SmV

°C mV
| v

=k xk,xk, = =2 mV/°C

A

.

A,

B ;
i
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At;swer of P7:

Sensitivity of the whole system:

0.25mV y 2.5V y 4 mm
2 mV

k=kxky,xk, = =2.5 mm/°C

Answer of P8:

Sensitivity of the whole system:

85pr(Mm4Vx20mm
bar pC

=0.68 mm/bar

k=hy xkyxk =

-+ Sensitivity (k) = Scale deﬂectzon' (mm) .
~ Value of measurand producing deflection (bar)

. deflection = 0.68x30=20.4 mm

Answer 6f P9:

Ay 262-13.1

At 20°C Sensitivity = =2.62
‘ p =5 |
At 50°C Sensitivity = ay - AN =2.94
Ax  10-5

Sensitivity drift= Sensitivity s, - Sensitivity,, = 2.94 — 2.62 = 0.32

Answer of P10:

.. Ay 1-0 -
a. At21°C Sensitivity = = — =20 /k
G Ax 50-0 e
.. Ay 13-02
At 35°C Sensitivity = = =22 umlk
! ty Ax  50-0 H g

b. Zerodrift=0.2 mm =200 um
Sensitivity drift= Sensitivityss - Sensitivity,; =22-20=2 um/ kg

¢. Zerodrift/°C = %%9 =14.2857 um/°C

Sensitivity drift/°C = —122 =0.1429 (um per kg)/°C

-




DYNAMIC CHARACTERISTICS

A general measurement system can be mathematically described by the followmg

differential Q\quatlon

A\
3
50 d""'q dgo
d 'i_ n—1 o1 ar- I 5l + 4y "(? + aoqo
s am i ;
== bm kL Sy ) m—g + -4 bi i b(}ifz

[

Zero order instrument:

If all the coefficients qy....a, other than a, are assumed zero, then

OZJbOVQi S 2 V 'QO:bo'Qi/ao:in

where K is the sensitivity of the system.

theasarecd T
gri@ntity
o N
g <
; e,
, 1 =
. O 4 Tirme
RS '
R §
4 Anstrurnent A 2
L oustpout q
: ¥
|3
- ) .
O 4 Time

‘ . il
First order instrument: The behavior of a first-order system is represented by a b
first-order differential equation of the form - ] %
ddo : il %
a1 =L 4 aygy = bog |

dr , . g

q, = (bo /ao )Qz » g = k q, . 5
° [+ (q /aO)D] Ty D - ‘ ‘ 4 g

where ‘T’ is the time constant (r = a la ) and ‘K is the static’ sensmVlty K= b [a )

WI
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{time constant)

‘ Second—order instrument:

Magnitude o ‘
| / Measured quantity
/i
¢
E 1 -
i \- Instrument output
’63%’& Ao A S ok i ! ﬁﬁﬁﬁﬁ
|
i
}
i
i
i
|
| -
0 t 1 .
Time

{}"f iy d
] +(tt—§~— +£m€?{} = bpg; -
J (b, /'a,)q;
¢ [1+(a1/a YD +(a, /a,)D?]
9o _ k
g [1+2§D/a)+D2/a)2] -
Magnituds
§ E T
".?\ .
_"‘/: T Measured
quantity
N: 5
y
[
o f Time
1

it
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