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1. INTRODUCTION

A basic mstrament system consists of three elements:

1 SENSOR or INPUT DEVICE
i SIGNAL PROCESSOR
m RECEIVER or OUTPUT DEVICE

This tutonal 15 devoted to mput devices but you can never separate it from the rest of the system as m many cases
they are all integral (e g. a mechanical pressure gauge incorporates all of these elements). A block diagram of a
basic system 1s shown but they are vsually more complex.
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Figure 1

Most modem analogue equipment works on the following standard signal ranges.

» Flectnc 4 to 20 mA

» Ppeumatic 0.2 to 1.0 bar
Older electrical equipment use 0 to 10 V. queasdngl&*ﬂrinﬂrm:ﬂamdigibludﬂ:abﬁmytﬁgmlmcndﬂ
built m to grve a bmary digiftal output. Pneumatic signals are commonly used m process mdustnes for safety
especially when there 5 a nsk of fire or explosion

The advantage of having a standard range or usmg digital signals 1s that all equipment may be purchased ready
calibrated For analogue systems the punsmum signal (Temperature, speed, force, pressure and so on ) is
represented by 4 mA or 0.2 bar and the mastnmim signal 1s represented by 20 mA or 1.0 bar.

This tutonal 1s an attempt to fanmlianse vou with the many types of input sensors on the market today. Usually
such sensors are called PRIMARY TRANSDUCERS.




Things that we commonly measure are:

Temperature Pressure

Speed Flow rate

Force Movement, Velocity and Acceleration
Stress and Strain Level or Depth

Mass or Weight Density

Size or Volume Acidity/Alkalinity

Sensors may operate simple on/off switches to detect the followang:

Objects(Proximity switch) Emptv or full (level switch)
Hot or cold (thermostat) Pressure high or low (pressure switch)
The block diagram of a sensor 15 shown below.
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2 TEMPERATURE TRANSDUCERS

2.1 THERMOCOUPLES

When two wires with dissimular electncal properties are jomed at both ends and one pmction 15 made hot and the
other cold. a small electric current is produced proportional to the difference in the temperature. Seebeck
discovered this effect. It is true no matter how the ends are joined so the cold end may be joined at a sensitive

muliivolt meter. The hot jumction forms the sensor end.
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The pichre shows a tvpical industrial probe with a flexible extension and standard plug.
s —

Peltier showed that heat 1s absorbed at the hot end and rejected at the cold end Thompson showed that part of
the emf is due to the temperatwe gradient in the wire as well as the temperatwe difference between the

junctions. Most thermocouple metals produce a relationship between he two temperatures and the emfas
follows.

e=a(8] - 62)+ B(6;2 - 622




e . =& ad

o and P are constants for the type of thermocouple. The relationship 15 nearly lmear over the operating range.
The actual charactenstic and sufable operating temperatures depends upon the metals used m the wires. The
various types are desigated m mtemational and national standards. Typical near operatmg ranges are shown for
standard fypes.

It 15 mportant that thermocouples are standard so that the same emf will always represent the same
temperature.

Typel 0 to 8000C Themocouples come in several forms. They may be wires
Type K 0 to 12000C msulated from each other with plastic or glass fibre matenials.
Type T _199 19 2500¢ | For lugh temperahue work, the wire pawrs are put mside a
Type E 0 to 6O0CC fube with mneral msulation. For mdusinal uses the sensor
Type RS 0 to 160000 comes In a metal enclosure such as stanless steel

Type B 500 to 12000C

Type N 0 fo 12000C

Type L 0 fo 8000C
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These work on the principle that the electrical resistance of a conductor change with temperature. If a constant
voltage is applhed fo the conductor then the current fowine through it will change with temperature. The resistivaty
of the conductor change with temperatoe. This wsually means the resistance gets bigger as the conductor gets
hotter. The follvwing law relates the resistance and temperature.

R=FR,(1 +as)

ot 15 the temperature coefficient of resistance. B, is the resistance at 09C. Somefimes the equation 1s grven as
R=Fy(1 a8-pad)

A basic temperahure sensor 1s made by windng a thin resistance wire into a small sensor head. The resistance of
the wire then represents the temperafure. This has an advantage over a thermocouple m that it is unaffected by the
temperature of the gauge end The main fype of wire used is PI 4 TINTM The sensors are usually mamifachmed
to have a resistance of 100 02 at (PC and the vahee of o 15 0.00385 to 0.00320. A typical operating range is -
200 to 400°C.

A special type of resistance sensor is called a THERMISTOR. They are made from a small piece of semd-
condunctor material.  The material is special becanse the resistance changes a lot for a small change In temperaturs
and 50 can be made mifo a small sensor and 1t costs less than platimm wire. The temperature range 15 lmited.
They are only used for a typical mnge of -20 to 1202C and are conmmenly used m small hand held themnometers
fior every day use. The relationship hetween resistance and temperature is of the form B = A<B/S
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WORKED EXAMPLE No.l

A Platimum resistance thermometer has a resistance of 100 0 at (FC and the vale of o is 0.00385. In
operation the resistance 15 101 03, Calculate the temperature.

SOLUTION

Rearrange the fornmla to make © the subject and evahate.
R, 105

R, 100 o
- ~12.987°C
2 000385

g -

WOREED EXAMPLE No.2

A thermocouple produces an em £ in mV according to the temperature difference between the sensor fip 81
and the gauge head &7 such that

e=a(8]-87) + B(B12-622)
a=35x10-2 and p =82 x 10- The gange head is at 20°C. The mV output is 12 mV. Calculate the
temperature at the sensor.

SOLUTION

~

10=0.035(?,-20)+82 x107%(7{ -20%)
10=0.0357,-0.7+8.2x107%7{ —0.00328
10=82x10"%7 +0.0357, - 0.60672
8.2x107%7{ +0.0357, -9.30328=0

Solving the quadratic equation yields 6, =251°C
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SELF ASSESSMENT EXFRCISE No.l

A thermocouple produces an em f i mV according fo the temperature difference between the sensor tip &
and the gauge head 6y such that e = (8¢-87) + B(612-672)

Given o =35 % 10-2 and f =82 x 10-0 determmine the mV output when the fip is at 2200C and the
gange head at 200C

(Answer 7394 mV)

Describe the basic construction of a resistance type temperafure sensor and state the reason why it
unaffected by the temperature of the gauge head.

State two reasons why mstrument systems use standard transmission signal of either 4 - 20mA or 02 -1
bar.




2.3 LIQUID EXPANSION and VAPOUR PRESSURE SENSORS

These are thermometers filled with erther a liquud such as mercury or an evaporating fluid such as used in
refrigerators. In both cases the mside of the sensor head and the connecting tube are completely full Any nse
temperature produces expansion or evaporation of the liquid so the sensor becomes pressunised. The pressure is
related to the temperature and it may be mdicated on a simple pressure gauge.

Ways and means exist fo convert the pressure mto an electncal signal. The movement may also directly operate a
thermostat. These mstruments are robust and used over a wide range. They can be fitted with electric switches to
set off alanms.

Figure 6

24  BIMETALLIC TYPES

It is a well-known principle that if two metals ae ngidly joined together as a two-layer stnp and heated. the
difference in the expansion rate causes the strip to bend.




14  BIMETALLIC TYPES

It 15 a well-known principle that 1f two metals are rigidly joined together as a two-layer stnp and heated, the
difference in the expansion rate causes the strip to bend.

Figuee 7

In the industnial type. the strip 15 twisted tnfo a long thin cotl mside a tube. One end 1s fixed at the bottom of the
fube and the other fums and moves a potnter on a dial. The outward appearance 1s very similar to the pressure
type. They can be made to operate linut switches and set off alanms or act as a thermostat. (e.g. on a botler).




25 GLASS THERMOMETER

The ordinary glass thermometer is also a complete system. Again the bulb 1s the sensor but the column of liquid
and the scale on the glass is the processor and indicator. Mercury 1s used for hot temperatures and coloured
alcohol for cold temperatures.

Figure 8
The problems with glass thermometers are that they are

Bnttle

Mercury solidifies at -40°C.

Alcohol boils at around 120 °C.

Accurate manufacture 1s needed and this makes accurate ones expensive.
It is easy for people to make mistakes reading them

Glass thenrmometers are not used much now m mdustry but 1f they are, they are usually protected by a shield from
accidental breakage. In order to measure the temperature of something inside a pipe they are placed in
thermometer pockets.




3. PRESSURE TRANSDUCERS

Pressure sensors either convert the pressure info mechanical movement or into an electrical output. Complete
gauges not only sense the pressure but mndicate them on a dial or scale.

Mechanical movement is produced with the following elements.
* Bourdon Tube.
e Spnng and Piston.
e Bellows and capsules.
e Diaphragm
3.1. BOURDON TUBE

Picture




The Bourdon fube 15 a hollow tube with an elliptical cross section. When a pressure difference exists between the
mside and outside, the tube tends to straighten out and the end moves The movement 15 usually coupled to a
needle on a dial to make a complete gauge. It can also be comnected to a secondary device such as an air nozzle
to control air pressure or to a switable transducer to convert it into an electnc signal. Ths type can be used for

3.2 PISTON TYPE

The pressure acts directly on the piston and compresses the sprnng. The
posttion of the piston iz directly related to the presswre. A window i the
ourter case allows the pressume to be indicated. This type is usually used in
brypdraulics where the ability to withstand shoclc vibration and sudden
pressure changes is needed (shock proof gauge). The piston movement may
be comnected to a secondary device to comvert movement into an electrical
sigmal

Figure 10

3.3. CAPSULES AND BETTLTOWS

A bellows 1= made of several capsules. These are hollow flattened

stuchmes made from thin metal plate. When pressumised the bellows Movement
expand and produce mechanical movement. If the bellows is encapsulated Ballows I
mside an outer container, then the movement is proportional to the .y
difference between the pressure on the inside and outside. Bellows and = =
single capsules are used in many mstnmments. They are very usefil for —_——
measming samall pressures.

Figmre 11

Applied Pressure



34 DIAPHRAGMS

These are similar i principle to the capsule but the diaphragm is
usually very thin and perhaps made of rubber. The diaphragm Dlephragm
expands when very small pressures are applied. The movement b

15 transmitted to a pointer on a dial through a fine mechanical Pttt
linkage.

Case —

Figure 12 Applied Pressure ]
35 ELECTRICAL PRESSURE TRANSDUCERS

There are various ways of converting the mechanical movement of the preceding types nto an electric signal Th
following are types that directly produce an electric signal

¢ Stram Gauge types.
*  Piezo electric types.
o Other electnc effects.



351 STRAIN GAUGE TYPES

Figure 13

The principles of electnc strain gauges are covered later. Stramn gauges are small elements that are fixed to a
surface that is strained. The change i length of the element produces changes m the electncal resistance. This 1s
processed and converted info a voltage. A typical pressure transducer would contain a metal diaphragm which
bends under pressure.

3.5.2. PIEZO ELECTRIC TYPES

The element used here 1s a piece of crystalline matenal that produces an electnc charge on its surface when it is
mechanically stressed The electric charge may be converted info voltage. This principle 1s used in the pick up
crystal of a record plaver. in microphones and even to generate a spark i a gas ignifor. When placed mside a
pressure transducer. the pressure is converted info an electric signal

3.53. OTHERELECTRIC EFFECTS

Other electnc effects commonly used in transducers are CAPACITIVE and INDUCTIVE. In these cases. the
pressure produces a change in the capacitance or inductance of an electronic component m the transducer. Both
these effects are commonly used m an electronic oscillator and one way they may be used 1s to change the
frequency of the oscillation. The frequency may be converted info a voltage representing the pressure.




4. SPLED TRANSDUCERS
Speed transducers are widely wsed for measuring the output speed of a rotating object. There are many types
using different principles and most of them produce an electncal output

41 OPTICAL TYPES

Light source Phaoto sensitive
FECRIVEL
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Figure 14

These use a light beam and a light sensttive cell. The beam 15 either reflected or mtemupted so that pulses are
produced for each revolution. The pulses are then counted over a fixed tme and the speed obtained. Electronic
processing 15 required to time the pulses and tum the resulf info an analogue or digital signal



42  MAGNETIC PICK U'PS
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These use an inductive coil placed near to the rotating body. A small magnet on the body generates a pulse every
fime it passes the coil If the body 1s made of ferrous matenal. 1t will work without a magnet. A disconfimuty in the
surface such as a notch will cause a change in the magnetic field and generate a pulse. The pulses must be
processed to produce an analogue or digital output.

43 TACHOMETERS

There are two fypes. AC. and D.C. The A C. type generates a sinusoidal output. The frequency of the voltage
represents the speed of rotation The frequency mmst be counted and processed. The D.C. type generates a
voltage directly proportional to the speed Both types must be coupled to the rotating body. very often the
tachometer 1s built info electnic motors to measure their speed.
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SELF ASSESSMENT EXFRCISE No.4

State what each of the sensors below measures (flow, temperature and so on)

Thermocouple.
Potentiometer.

Themmistor.

Optical fnnges.
Ventun meter.

Pitot tube.
Bimetallic type.
D.C. type generator.
LVDT.

Bourdon tube.
Onfice meter.

Piezo electnc.

State two types of sensors that could be used to measure each of the following.
Speed of revolution

Flow rate of liquids.
Pressure.

Temperature.




