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General Measurement System

Sensor-transducer stage

* Convert the sensed information into a detectable
signal

Signal conditioning stage
» Modifies to a desired magnitude

Output stage

 Indicates or records the value measure

Feedback control stage

* Interprets the measured signal and make a
decision regarding the control process




General Measurement System

Figure 1.1 Componems of u generul measurement system.
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Experimental Test Plan

« Parameter Design Plan

— Test objective and identification of process
variables and parameters

« System and Tolerance Design Plan

— Selected of measurement technique,
equipment and test procedure

» Data Reduction Design Plan

— Analyze, present and use the anticipated
datas

Experimental Test Plan

Variable

— Independent variable: A variable that can be changed independently of
other variables

— Dependent variable: A variable that is affected by changes in one or
more other variables

— Extraneous variable: Variables that cannot be controlled during
measurement, but that affect the value of the variable measured

Parameters
— Control parameter: A parameter that has an affect on the behavior of
the measured varible
Noise is random variation of the value of the measured signal as a
conseqguence of the variation of extraneous variable

Interference imposes undesirable deterministic trends on the
measured value




Variables

Temperatare °F

Figure L3} Resulis of o borhing point test fur water.

Noise and Interference

Experimental Test Plan Pressure Calibration System
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Figure 1,5 Pressure calibration system




Calibration

Static Calibration
Dynamic Calibration
Static Sensitivity
Range

Resolution
Accuracy and Error

Static Calibration

b Measured values

Curve ity = flx)

Oulpul value, v lunits)

Input value, x |units|

Figure 1.6 Rcpresentative static calibration curwve.
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Precision and Accuracy

s ELLS M - S g
Precision f , Accuracy A1 Precision 11, Accuracy §11 |

.. a- =
Precision @1 , Accuracy # s =
Precision #1 , Accuracy %

Calibration

 Random and systematic errors and
Uncertainty

» Sequential test
« Random Test
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Table 1.1 Manufacturer’s Specifications: Typical
B Pressure Transducer
| Apparent measured average :
3 . . . Operation
= k‘.“'r"".""r“.“' Joghter due [nput range 0-1000 cm H,0
E Tast systematic error Excitation =I5V dc
L — Output range 0-5V
g ‘ True ar known valug Performance
[ Lincarity crror +0.5% FSO
L @ Hysteresis error Less than =0.15% FSO
3 Sensitivity error =0.25% of reading
‘ i R :;ﬁu_f;ﬁ Ij;i’“iﬁ;ﬁ::“(‘;n random Thermal sensitivity error =0.02% /°C ol reading
and systems p w0
Measured reading number calibration rezdires. Thermal zero drift =0.02% /"C FSO
Temperature range 0-50 °C
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Calibration: Error

Hysteresis and Linearity Errors

» Hysteresis Error
o Linearity Error | Aetual catzirgna s
« Sensitivity Error =
i Zero Shlft Error E— ; \/u/_/ Best linear curve fit
» Repeatability Error =
e Overall Instrument Error R
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Sources of Error in Measurements

 Natural errors
e |[nstrument errors
e Personal errors
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Types of Errors

Systematic errors Random errors
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Table 1.6 Voltmeter Calibration Data

Increasing [nput [mV] Decreasing Input [mV]

X ¥ X Y
0.0 0.1 3.0 3.0
1.0 1.1 4.0 4.2
2.0 2.1 3.0 3.2
3.0 30 2.0 2.2
1.0 4.1 1.0 1.2
5.0 3.0 0.0 0.2
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Its indicated value is compared directly with a
reference value

 Dimension

— define a physical variable that is used to
describe some aspect physical system

e Unit
— define a quantitative measure of dimension
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Primary Standard
Transfer Standard
Local Standard

Working Standard

The National Institute of Standards and Technology (NIST)

Hierarchy of Standards

Table 1.3 Hierurchy of Stundards”

Primary Standaid Maintained as Absolute Unit Standard
Transfer Standard Used 1o calibrae Local Standards
Lacul Standard Used w calibrate Working Standards
Working Stundard Used s culibrate Iocal instrumeants

There may be addittonal intenneduite standards between cach hicrarchy
level.
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Hierarchy of Standards:Temperature
lable 1.4 Example of a Temperature Standard Traceability ° Base DImenSIOnS and thelr Unlts
Standard — Mass
Level Method ) Frror | CJ - Tlme and frequency
Primary Fixed thermodynamic points 0 - Length
Iranster Platinum resistance thermometer =0.005 _ Temperatu re
Working Platinum resistance thermometer 0.05
Local Thermocouple =0.5 — Current
Tvpical instrument systematic and random errors. — Measure Of Substance
— Luminous Intensity
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» Derived Units
— Force
— Energy
— Power
— Electrical Dimensions
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Dimensions and Units

Table 1.2 Dimensions and Units

Ditmension
Unit S1 1P
Primary
l.enoth meter (m) ineh (in)
Mass Kilogram (kg) pound-mass (I,
Time second (s) second (8)
Temperature kelvin (K rankine ("R}
Current ampere (A) ampere (A)
Substance mele imol} mole (mal)
Light mntensity candela (cd) canclela (ed)
Derived
Force newton (Ny pound-forez (1b)
Voltage valt (V] volt (V)
Resistance ohm (40} ohm (th
Capacitance turad () larad (F)
Inductance Teney (H) henry (Hy
Stress, Pressure pascal (Pa) pound-force/inch” (psi)
Tmerey joule (J) British thermal unit (BTU)
Powcer wall (W) foct pound-force (ft-1b)

ST dimensions and units are the internatonal standazds, TP uniis are presented For

convenicne 34

Time and frequency

One second is define as the time elapsed during
9,192,631,770 periods of the radiation emitted
between two excitation levels of the fundamental
state of cesium-133

_lcycle  2zrad

1Hz =
second 1s
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Length

One meter is defined exactly as the length traveled
by light in 1/299,792,458 of a second
(velocity of light 299,792,458 m/s)

1ft =0.3048 m
1in =0.0254 m
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Voltmeter Calibration Data (Sequential Test)

Voltmeter Calibration Data (Random Test)

x (mV) y(mv) Y%Error
Upscale Downscale 12
V \% V v 0 0 0
x ymv) * (mV) y(mv) 10 - y=1.005x- 0.002 4
0 0 0 05 1 0.97 3 e
8 ra
1 0.97 1 1.23 2 2.05 25 »
6 "/ + Seriesl
2 198 2 2.15 3 298 | 0.666667 & Serfes
4 - ,’/ — Linear {Series1)
3 2,98 3 3.03 4 a1 25
P
4 3.92 4 412 3 »
5 4.98 0.4 P
5 4.98 5 52 o0&
6 6 0
6 6 6 6.12 0 2 a 5 8 10 12
7 7.08 -1.14286 2 -
7 6.99 7 7.1
s 797 s 12 8 7.97 0.375
9 9.01 9 9.05 9 9.12 -1.33333
10 10.03 10 10.02 10 10.03 0.3
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Voltmeter Calibration Data (Random Test)
No. x (mV) y(mv) Y%Error
1 5 4.85 3.0000 oo
2 5 481 3.8000
S A P
3 5 49 2.0000
4 5 4.82 3.6000 P
*5 1
5 5 4.83 3.4000 - - eries
4.9 o W series?
6 5 4.92 1.6000 -
LB u n
7 5 4.86 2.8000 . " -
8 5 487 2.6000 az .
0 2 4 B a8 10 12
9 5 491 1.8000
10 5 4.83 3.4000
mean 4.86 2.8
Sx 0.0392 0.7832
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