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Administrative information

• Lecturer: Giuseppe Durisi

• Teaching assistant: Jesper Pedersen, Sven Jacobsson

• English used for lectures but. . .

• . . . book as well as some course material and exercise sessions in
Swedish
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Book

Also available as ibook in English
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Administrative information

• Organization: lectures, exercises, 4 lab sessions

• Solving the lab assignments is required to pass the course

• Compulsory report to hand in after Lab 4.

• 4 extra points available by solving extra tasks in Lab 3 and Lab 4

• All course material in pingpong
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Changes from previous year

• Labs have been updated (new hardware, new lab lectures) in
2016; Lab4 shortened as requested

• One extra Labview support lecture added: step-by-step
introduction

• Extra compendia on thermocouples and measurement errors to
be uploaded in pingpong to replace the corresponding chapters
in the book

• Tried to harmonize the notation in the statistical part of the
course with the one used in the parallel course mathematical
statistics

your feedback is important to us!

Do compile the student questionnaire at the end of the course!
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What is a measurement system?

• A measurement system
provides info about the
magnitude of a physical
quantity that needs to be
measured.
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Modern measurement systems
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Modern measurement systems

sensor amplifier filter

AD convertersignal 
processor
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Will touch many di↵erent fields

LET271statistics

digital 
signal 

processing
physics

digital 
converters

Analog 
electronics LabVIEW
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Strain gauges

Source: wikipedia
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Piezo-electric sensors
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Position sensors—strain gauges
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Position sensors—potentiometer

component in measurement systems, where some other physical quantity, such as pressure,

force, acceleration, or temperature, is translated into a translational motion by the primary

measurement transducer. Many different types of translational displacement transducers

exist and these, along with their relative merits and characteristics, are discussed in

the following sections of this chapter. Factors governing the choice of a suitable type

of instrument in any particular measurement situation are considered in the final section

at the end of the chapter.

19.2.1 Resistive Potentiometer

The resistive potentiometer is perhaps the best-known displacement-measuring device. It

consists of a resistance element with a movable contact as shown in Figure 19.1. A voltage, Vs,
is applied across the two ends A and B of the resistance element, and an output voltage, VO, is

measured between the point of contact C of the sliding element and the end of resistance

element A. A linear relationship exists between the output voltage, VO, and distance AC, which
can be expressed by

VO
Vs

¼ AC

AB
: ð19:1Þ

The bodywhosemotion is beingmeasured is connected to the sliding element of the potentiometer

so that translational motion of the body causes a motion of equal magnitude of the slider along

the resistance element and a corresponding change in the output voltage, VO.

Three different types of potentiometers exist, wire wound, carbon film, and plastic film, so

named according to the material used to construct the resistance element. Wire-wound

potentiometers consist of a coil of resistancewire wound on a nonconducting former. As the slider

moves along the potentiometer track, it makes contact with successive turns of the wire coil.

This limits the resolution of the instrument to the distance from one coil to the next. Much better

BA

C

V0

Vs

Resistance element

Sliding contact

Figure 19.1
Resistive potentiometer.
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Position sensors—variable inductance

to the displacement for small movements of the core. Instruments in this second form are

available to cover a wide span of displacement measurements. At the lower end of this span,

instruments with a range of 0!2 mm are available, while at the top end, instruments with a

range of 0!5 m can be obtained.

19.2.5 Strain Gauges

The principles of strain gauges were covered earlier in Chapter 13. Because of their very small

range of measurement (typically 0–50 mm), strain gauges are normally only used to measure

displacements within devices such as diaphragm-based pressure sensors rather than as a

primary sensor in their own right for direct displacement measurement. However, strain gauges

can be used to measure larger displacements if the range of displacement measurement is

extended by the scheme illustrated in Figure 19.5. In this, the displacement to be measured is

applied to a wedge fixed between two beams carrying strain gauges. As the wedge is displaced

downward, the beams are forced apart and strained, causing an output reading on the strain

gauges. Using this method, displacements up to about 50 mm can be measured.

19.2.6 Piezoelectric Transducers

The piezoelectric transducer is effectively a force-measuring device used within many

instruments designed to measure either force itself or the force-related quantities of pressure

and acceleration. It is included within this discussion of linear displacement transducers

because its mode of operation is to generate an e.m.f. proportional to the distance by which

Winding a

Winding b

d V0

Vs

L

L R

R

(b)(a)

Figure 19.4
(a) Variable inductance transducers; (b) connection in a bridge circuit.
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Position sensor—di↵erential transformer

Because of the series opposition mode of connection of secondary windings, Vo¼Va"Vb, and

hence with the core in the central position, Vo ¼ 0. Suppose now that the core is displaced

upward (i.e., toward winding A) by distance x. If then Ka ¼ K1 and Kb ¼ K2 , we have

Vo¼ (K1"K2)sin(ot"f).

If, alternatively, the core were displaced downward from the null position (i.e., towardwindingB)
by distance x, the values of Ka and Kb would then be Ka ¼ K2 and Kb ¼ K1, and we would have:

Vo ¼ K2 " K1ð Þ sin ot" fð Þ ¼ K1 " K2ð Þ sin otþ p" f½ 'ð Þ:

Thus for equal magnitude displacements þx and "x of the core away from the central (null)

position, the magnitude of the output voltage, Vo, is the same in both cases. The only information

about the direction of movement of the core is contained in the phase of the output voltage,

which differs between the two cases by 180(. If, therefore, measurements of core position on

both sides of the null position are required, it is necessary to measure the phase as well as

the magnitude of the output voltage. The relationship between the magnitude of the output

voltage and the core position is approximately linear over a reasonable range of movement

of the core on either side of the null position and is expressed using a constant of proportionality

C as Vo¼Cx.

The only moving part in an LVDT is the central iron core. As the core is only moving in the

air gap between the windings, there is no friction or wear during operation. For this reason,

the instrument is a very popular one for measuring linear displacements and has a quoted

life expectancy of 200 years. The typical inaccuracy is )0.5% of full-scale reading and

measurement resolution is almost infinite. Instruments are available to measure a wide span of

measurements from)100 mm to)100 mm. The instrument can be made suitable for operation

in corrosive environments by enclosing the windings within a nonmetallic barrier, which leaves

Displacement

Vs V0

Va

Vb

A

B

Figure 19.2
Linear variable differential transformer.
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Accelerometer

19.4 Acceleration

The only class of device available for measuring acceleration is the accelerometer. These are

available in a wide variety of types and ranges designed to meet particular measurement

requirements. They have a frequency response between zero and a high value, and have a form

of output that can be integrated readily to give displacement and velocity measurements.

The frequency response of accelerometers can be improved by altering the level of damping in

the instrument. Such adjustment must be done carefully, however, because frequency response

improvements are only achieved at the expense of degrading the measurement sensitivity.

In addition to their use for general-purpose motion measurement, accelerometers are widely

used to measure mechanical shocks and vibrations.

Most forms of accelerometer consist of a mass suspended by a spring and damper inside a

housing, as shown in Figure 19.14. The accelerometer is fastened rigidly to the body undergoing

acceleration. Any acceleration of the body causes a force, Fa, on the mass,M, given by Fa ¼ M€x.

This force is opposed by the restraining effect, Fs, of a spring with spring constantK, and the net
result is that mass is displaced by a distance, x, from its starting position such that Fs¼Kx.

In steady state, when the mass inside is accelerating at the same rate as the case of the

accelerometer, Fa¼Fs, and so

Kx ¼ M€x or €x ¼ Kxð Þ=M: ð19:4Þ

This is the equation of motion of a second-order system, and, in the absence of damping, the

output of the accelerometer would consist of nondecaying oscillations. A damper is therefore

included within the instrument, which produces a damping force, Fd, proportional to the

Accelerometer case

Accelerating body

Displacement
transducer

M

K
B

x

Figure 19.14
Structure of an accelerometer.
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Accelerometer—piezoelectric sensor
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Pressure sensors
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Pressure sensors
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Bosch BMP180 pressure sensor

• Sensitive to light?

• Piezo-resistive material (semiconductor) ) photo-currents
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Level sensors
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Level sensors
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Flow sensors—Venturi tube

measure the volume flow rate as described later. As noted in the introduction, these all assume

laminar flow. In addition, flowing liquids are sometimes carried in an open channel, in which

case the volume flow rate can be measured by an open channel flowmeter.

16.3.1 Differential Pressure (Obstruction-Type) Meters

Differential pressure meters involve the insertion of some device into a fluid-carrying pipe

that causes an obstruction and creates a pressure difference on either side of the device. Such

meters are sometimes known as obstruction-type meters or flow restriction meters. Devices

used to obstruct the flow include the orifice plate, Venturi tube, flow nozzle, andDall flow tube,
as illustrated in Figure 16.3. When such a restriction is placed in a pipe, the velocity of the fluid

through the restriction increases and the pressure decreases. The volume flow rate is then

proportional to the square root of the pressure difference across the obstruction. The manner in

which this pressure difference is measured is important. Measuring the two pressures with

different instruments and calculating the difference between the two measurements is not

satisfactory because of the large measurement error that can arise when the pressure difference

is small, as explained in Chapter 3. Therefore, the normal procedure is to use a differential

pressure transducer, which is commonly a diaphragm-type device.

The pitot static tube is another device that measures flow by creating a pressure difference

within a fluid-carrying pipe. However, in this case, there is negligible obstruction of flow in the

pipe. The pitot tube is a very thin tube that obstructs only a small part of the flowing fluid

and thus measures flow at a single point across the cross section of the pipe. This measurement

(a)

P2 P2

P2P1

P1 P1

(d)

(b)

(c)

Figure 16.3
Obstruction devices: (a) orifice plate, (b) Venturi, (c) flow nozzle, and (d) Dall flow tube.

430 Chapter 16
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Resistance thermometers

In the case of noncorrosive and nonconducting environments, resistance thermometers are

used without protection. In all other applications, they are protected inside a sheath. As in the case

of thermocouples, such protection reduces the speed of response of the system to rapid changes in

temperature. A typical time constant for a sheathed platinum resistance thermometer is 0.4

seconds. Moisture buildup within the sheath can also impair measurement accuracy.

The frequency at which a resistance thermometer should be calibrated depends on the

material it is made from and on the operating environment. Practical experimentation is

therefore needed to determine the necessary frequency and this must be reviewed if the

operating conditions change.

14.3.2 Thermistors

Thermistors are manufactured from beads of semiconductor material prepared from oxides of

the iron group of metals such as chromium, cobalt, iron, manganese, and nickel. Normally,

thermistors have a negative temperature coefficient, that is, resistance decreases as temperature

increases, according to:

R ¼ R0e
b 1=T"1=T0ð Þ½ &: ð14:8Þ
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Figure 14.8
Typical resistance–temperature characteristics of metals.
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Block diagram of measurement systems

sensor amplifier filter

AD convertersignal 
processor
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