INSTRUMENTATION AND CONTROL

TUTORIAL 2—-SENSORSAND PRIMARY TRANSDUCERS

This tutoria provides an overview of instrument sensors used in process and automatic
control. It is useful to anyone studying measurement systems and instrumentation but it is
provided mainly in support of the EC module D227 — Control System Engineering. This
tutoria is mainly descriptive.

Control is a broad concept and the following might apply to an automated system such as
a robot or to a process control system such as a pneumatic vave controlling the flow of
steam in a pipe.

On completion of this tutorid, you should be able to do the following.

Explain a basic measurement system.

Explain the basic working principles of avariety of temperature sensors.
Explain the basic working principles of a variety of pressure sensors.
Explain the basic working principles of avariety of speed transducers.
Explain the basic working principles of avariety of flow meters.

Explain the basic working principles of a variety of force gauges.
Explain the basic working principles of avariety of displacement gauges.
Explain the basic working principles of avariety of level (depth) gauges.

Explain in some detail the theory and use of strain gauges.

In order to complete the theoretical part of this tutorial, you must be familiar with basic
mechanical and electrical science.

O D.JDunn 1



1 INTRODUCTION

A basic ingrument system consists of three eements:.

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

This tutorid is devoted to input devices but you can never separate it from the rest of the system asin many cases
they are dl integral (e.g. a mechanica pressure gauge incorporates dl of these eements). A block diagram of a
basic system is shown but they are usudly more complex.

Input | Sensor

Processor Receiver [ Qutput

w

h 3

Figure 1

Most modern anadogue equipment works on the following stlandard signd ranges.

Electric 4t0 20 mA

Pneumatic 0.2 to 1.0 bar
Older dectricad equipment use 0 to 10 V. Increasingly the instruments are digitd with a binary digitd encoder
built in to give a binary digitd output. Pneumatic sSgnals are commonly used in process indudtries for safety
especidly when thereisarisk of fire or exploson.

The advantage of having a standard range or udng digitd sgnds is that dl equipment may be purchased ready
cdibrated. For andogue systems the minimum sgnd (Temperature, speed, force, pressure and O on ) is
represented by 4 mA or 0.2 bar and the maximum signd is represented by 20 mA or 1.0 bar.

This tutorid is an atempt to familiarise you with the many types of input sensors on the market today. Usudly
such sensors are called PRIMARY TRANSDUCERS.

Things that we commonly measure are:

Temperature Pressure

Speed Flow rate

Force Movement, Velocity and Acceleration
Stressand Strain Level or Depth

Mass or Weight Density

Size or Volume Acidity/Alkalinity

Sensorsmay operate Smple on/off switchesto detect the following:

Obj ects(Proximity switch) Empty or full (leve switch)
Hot or cold (thermostat) Pressure high or low (pressure switch)

The block diagram of a sensor is shown below.

FRIMARY

INPUT—*| TRansDucer [ OUTFUT

Figure 2
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2 TEMPERATURE TRANSDUCERS

21 THERMOCOUPLES

When two wires with dissmilar electrica properties are joined at both ends and one junction is made hot and the
other cold, a smal dectric current is produced proportiona to the difference in the temperature. Seebeck
discovered this efect. It is true no matter how the ends are joined so the cold end may be joined at a sengitive
millivolt meter. The hot junction forms the sensor end.

METER 15.23
T

.
HOT JUNCTION @
P »
/
]

PAIR OF DISSIMILAR WIRES
Figure3

The picture shows atypica indudtrid probe with aflexible extenson and standard plug.

Pdltier showed that hest is absorbed at the hot end and rejected at the cold end. Thompson showed that part of
the emf. is due to the temperature gradient in the wire as wel as the temperature difference between the
junctions. Most thermocouple metals produce a relationship between he two temperatures and the em.f as
follows

e=a(g1- q) +b(@12- q2?

a and b are congants for the type of thermocouple. The relationship is nearly linear over the operating range.
The actud characteristic and suitable operating temperatures depends upon the metas used in the wires. The
various types are designated in internationa and nationa standards. Typica linear operating ranges are shown for
standard types.

It is important that thermocouples are standard so that the same em.f will dways represent the same
temperature.
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TypeJ 0 to 8000C Thermocouples come in severa forms. They may be wires
Type K 0 to 12000C insulated from each other with plastic or glass fibre materias.
TypeT -199to 2500C || For high temperature work, the wire pairs are put insde a
TypeE 0 to 6000C tube with minerd insulation. For industrial uses the sensor
TypeR/S 0 to 1600°C comesin ametal enclosure such as sainless sed.

TypeB 500 to 1800°C

TypeN 0to 12000C

TypelL 0 to 800°C

2.2 RESSTANCE TYPE SENSORS

Gange Head and Indicator

Sensor
, . Armonured Cahble H - 635.2 o
S 7 :
B i U ﬂ\.ﬂ . .
Sheath
Fgure5

These work on the principle that the dectrical resstance of a conductor change with temperature. If a constant
voltage is gpplied to the conductor then the current flowing through it will change with temperature. The resstivity
of the conductor change with temperature. This usualy means the resistance gets bigger as the conductor gets
hotter. The following law relates the resistlance and temperature.

R=Rp(1+aq)

a isthe temperature coefficient of resistance. R, isthe resistance at 00C. Sometimes the equation is given as
R=Ro(l aq-ba?)

A basic temperature sensor is made by winding a thin resstance wire into a smal sensor head. The resstance of
the wire then represents the temperature. This has an advantage over athermocouple in that it is unaffected by the
temperature of the gauge end. The main type of wire used isPLATINUM. The sensors are usudly manufactured
to have aresistance of 100 W at 0°C and the value of a is 0.00385 to 0.00390. A typicd operaing rangeis -
200 to 4000C.

A specid type of resstance sensor is cdled a THERMISTOR. They are made from a smal piece of semi-
conductor materid. The materid is specid because the resstance changes alot for asmal change in temperature
and so can be made into a small sensor and it codts less than platinum wire. The temperature range is limited.
They are only used for atypica range of -20 to 1200C and are commonly used in smdl hand held thermometers

for every day use. The relationship between resstance and temperatureisof theform R = AeBlg

Thermistor

(.
[t e ) i
’ &

Sheath
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WORKED EXAMPLE No.1

A Plainum resstance thermometer has a resistance of 100 W at ’C and the vadue of a is 0.00385. In
operation the resstance is 101 W. Cdculate the temperature.

SOLUTION

Rearrange the formula to make q the subject and evauate.

R.q 105
2=Re - 100 _g5087°¢
a  0.00385

WORKED EXAMPLE No.2

A thermocouple produces an em.f. in mV according to the temperature difference between the sensor tip g1
and the gauge head gp such that

e=a(q-dp) +b(q1%-a2?9)
a=35x102 and b =82 x 106 The gauge head is a 20°C. The mV output is 12 mV. Caculate the
temperature at the sensor.

SOLUTION

10=0.035(?; - 20)+8.2x 10" 6(?2 - 20?)
10=0.035?, - 0.7 +8.2x 10" 622 - 0.00328
10=8.2x10" 622 +0.035?, - 0.69672

8.2x 10 6?12 +0.035?; - 9.30328=0
Solving the quadratic equation yidlds g; = 251°C

SELF ASSESSMENT EXERCISE No.1

1. A thermocouple produces an em.f. in mV according to the temperature difference between the sensor tip g1
and the gauge head g such that e = a(qq-qp) + b(q12-g22)
Givena = 35x 102 and b = 82 x 10-6 determine the mV output when the tip is a 220°C and the
gauge head at 200C.
(Answer 7.394 mV)

2. Describe the basic congtruction of a resstance type temperature sensor and State the reason why it is
unaffected by the temperature of the gauge head.

3. State two reasons why ingrument systems use standard transmisson sgnd of either 4 - 20mA or 0.2- 1
bar.
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2.3 LIQUID EXPANSI ON and VAPOUR PRESSURE SENSORS

These are thermometers filled with either a liquid such as mercury or an evaporating fluid such as usad in
refrigerators. In both cases the ingde of the sensor head and the connecting tube are completely full. Any risein
temperature produces expansion or evaporation of the liquid so the sensor becomes pressurised. The pressure is
related to the temperature and it may be indicated on a smple pressure gauge.

Ways and means exist to convert the pressure into an eectrica signal. The movement may aso directly operate a
thermodtat. These instruments are robust and used over awide range. They can be fitted with ectric switchesto
st off darms.

Figure 6
24  BIMETALLICTYPES

It is a wdl-known principle that if two metas ae rigidly joined together as a two-layer strip and hested, the
difference in the expangon rate causes the strip to bend.

Figure 7

In the indudirid type, the strip is twisted into a long thin coil ingde a tube. One end is fixed & the bottom of the
tube and the other turns and moves a pointer on a dia. The outward gppearance is very smilar to the pressure
type. They can be made to operate limit switches and set off alarms or act as athermodtat. (e.g. on aboiler).
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25 GLASSTHERMOMETER

The ordinary glass thermometer is aso a complete sysem. Again the bulb is the sensor but the column of liquid
and the scale on the glass is the processor and indicator. Mercury is used for hot temperatures and coloured
acohol for cold temperatures.

Figure 8

The problems with glass thermometers are that they are

Brittle

Mercury solidifies at -40°C.

Alcohol boils at around 120°C.

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

Glass thermometers are not used much now in indugtry but if they are, they are usudly protected by a shield from
accidenta breskage. In order to measure the temperature of something insde a pipe they are placed in
thermometer pockets.
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3. PRESSURE TRANSDUCERS

Pressure sensors either convert the pressure into mechanical movement or into an dectrica output. Complete
gauges not only sense the pressure but indicate them on adia or scale.

Mechanical movement is produced with the following ements.
Bourdon Tube.
Spring and Piston.
Belows and capsules.
Digphragm.

3.1. BOURDON TUBE

Scale

Pointer

End Piece

(—)

. Section through
Link the tube
Shoulder
Screw
Picture
Presiure
Figure9

The Bourdon tube is a hollow tube with an dliptica cross section. When a pressure difference exists between the
indde and outside, the tube tends to straighten out and the end moves. The movement is usudly coupled to a
needle on a did to make a complete gauge. It can aso be connected to a secondary device such as an air nozzle
to control air pressure or to a suitable transducer to convert it into an eectric sgna. This type can be used for
measuring pressure difference.
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3.2 PISTONTYPE

The pressure acts directly on he piston and compresses the spring. The
position of the piston is directly related to the pressure. A window in the
outer case dlows the pressure to be indicated. This type is usudly used in
hydraulics where the ability to withstand shock, vibration and sudden
pressure changes is needed (shock proof gauge). The piston movement may
be connected to a secondary device to convert movement into an electrica
sgnd.

Figure 10
Pressure
3.3. CAPSULESAND BELLOWS
A bdlows is made of severa cgpsules. These are hollow flattened
Sructures made from thin meta plate. When pressurised the bellows Movement
expand and produce mechanica movement. If the bellows is encapsulated Bellows
indde an outer container, then the movement is proportiond to the ~.

difference between the pressure on the indde and outside. Bellows and
sngle capaules are used in many insruments. They are very useful for
measuring small pressures.

Figure 11
Applied Pressure

34 DIAPHRAGMS

These are Smilar in principle to the capsule but the digphragm is

usudly very thin and perhaps made of rubber. The diaphragm Diaphragm
expands when very small pressures are applied. The movement N
is transmitted to a pointer on a dia through a fine mechanica tttrr ot
linkage. case 1

Figure 12

Applied Pressure T
3.5 ELECTRICAL PRESSURE TRANSDUCERS

There are various ways of converting the mechanical movement of the preceding types into an dectric Sgnd. Th
following are types that directly produce an eectric sgnd.

Strain Gauge types.

Piezo eectric types.
Other eectric effects.
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351 STRAIN GAUGE TYPES

cable

diaphragm and
strain gauges
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Figure 13

The principles of eectric strain gauges are covered later. Strain gauges are smdl dements that are fixed to a
surface that is strained. The change in length of the dement produces changes in the eectrica resstance. Thisis
processed and converted into a voltage. A typica pressure transducer would contain a meta digphragm which
bends under pressure.

3.5.2. PIEZO ELECTRIC TYPES

The dement used here is a piece of cryddline materia that produces an eectric charge on its surface when it is
mechanicaly stressed. The eectric charge may be converted into voltage. This principle is used in the pick up
crystd of a record player, in microphones and even to generate a spark in a gas ignitor. When placed ingde a
pressure transducer, the pressure is converted into an dectric sgnd.

3.53. OTHERELECTRIC EFFECTS

Other dectric effects commonly used in transducers are CAPACITIVE and INDUCTIVE. In these cases, the
pressure produces a change in the capacitance or inductance of an eectronic component in the transducer. Both
these effects are commonly used in an dectronic oscillator and one way they may be used is to change the
frequency of the ostillation. The frequency may be converted into a voltage representing the pressure.

4, SPEED TRANSDUCERS
Speed transducers are widdly used for measuring the output speed of a rotating object. There are many types
using different principles and most of them produce an dectrical outpt.

4.1 OPTICAL TYPES

Light source Photo sensitive
Teceiver.

( @ )

Figure 14

These use a light beam and a light sengitive cell. The beam is either reflected or interrupted so that pulses are
produced for each revolution. The pulses are then counted over a fixed time and the speed obtained. Electronic
processing is required to time the pulses and turn the result into an andogue or digita sgndl.
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42  MAGNETIC PICK UPS

(I @ ]

Notch

Pick up
coil

Figure 15

These use an inductive coil placed near to the rotating body. A small magnet on the body generates a pulse every
time it passes the cail. If the body is made of ferrous materid, it will work without a magnet. A discontinuity in the
surface such as a notch will cause a change in the magnetic fiddld and generate a pulse. The pulses must be
processed to produce an analogue or digital output.

43 TACHOMETERS

There are two types, A.C. and D.C. The A.C. type generates a snusoidd output. The frequency of the voltage
represents the speed of rotation. The frequency must 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 is built into eectric motors to measure their speed.

Figure 16
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5. FLOW METERS

There are many hundreds of types of flow meters depending on the make and application. They may be classfied
roughly asfollows

POSITIVE DISPLACEMENT TYPES
INFERENTIAL TYPES

VARIABLE AREA TYPES
DIFFERENTIAL PRESSURE TYPES

5.1. POSTIVE DISPLACEMENT TYPES

These types have a mechanical dement that makes the shaft of the meter rotate once for an exact known quantity
of fluid. The quantity of fluid hence depends on the number of revolutions of the meter shaft and the flow rate
depends upon the speed of rotation. Both the revolutions and speed may be measured with mechanica or
electronic devices. Some of the most common listed below.

Rotary piston type.
Vanetype.
L obe type or meshing rotor.

Reciprocating piston type
Futed spird gear.

5.1.1 MESHING ROTOR

ouTt

IN
Figure 17

The MESHING ROTOR type consists of two rotors with lobes. When 1uid is forced in, the rotors turn and
operate the indicating system.

5.2. INEFERENTIAL TYPE METERS

The flow of the fluid is inferred from some effect produced by the flow. Usudly thisisa rotor which is made to
spin and the speed of the rotor is sensed mechanicdly or dectronicdly. The main types are

Turbine rotor types

Rotary shunt types
Rotating vane types

Helicd turbine types
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5.2.1 TURBINE TYPE

turhine

Figure 18

The pictures show two indugtrid flow meters.

B

Figure 19

The turbine type shown has an axid rotor which is made to spin by the fluid and the speed represents the flow

rate. This may be sensed dectricadly by coupling the shaft to a small eectric tachometer. Often this consds of a
magnetic dug on the rotor which generates a pulse of dectricity each time it passes the sensor.

5.2.2 ROTATING VANE TYPE

v

Figure 20

The jet of fluid spins around the rotating vane and the speed of the rotor is measured mechanicaly or
eectronicaly.
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5.3.3. VARIABLE AREA TYPES

There are two main types of this meter
Float type (Rotameter)

Tapered plug type.

5331 FLOAT TYPE

R

The float is insde a tgpered tube. The fluid flows through the annular gap around the edge of the float. The
restriction causes a pressure drop over the float and the pressure forces the float upwards. Because the tube is
tapered, the redtriction is decreased as the float moves up. Eventudly a leve is reached where the redtriction is
just right to produce a pressure force that counteracts the weight of the float. The level of the float indicates the
flow rate. If the flow changes the float moves up or down to find a new balance position.

Figure 21

When dangerous fluids are used, protection is heeded againgt the tube fracturing. The tube may be made of a
non-magnetic metd. The float has a magnet on it. As it moves up and down, the magnet moves a follower and
pointer on the outside. The position of the float may be measured dectricaly by building a movement transducer
into the float.

5.3.3.2 TAPERED PLUG TYPE.

Figure 22

In this meter, atapered plug is digned ingde ahole or orifice. A spring holdsiit in place. The flow is redtricted as
it passes through the gap and a force is produced which moves the plug. Because it is tapered the redtriction
changes and the plug takes up a pogition where the pressure force just balances the spring force. The movement
of the plug is transmitted with amagnet to an indicator on the outside.
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54 DIFFERENTIAL PRESSURE FLOW METERS

These are arange of metersthat convert flow rate into a differentid pressure. The important types conform to BS
1042 and are

ORIFICE METERS.
VENTURI METERS
NOZZLE METERS
PITOT TUBES.

The diagram shows a cross section through the four types of d.p. meters.

Figure 23
The working principle for dl these is that something makes the
velocity of the fluid change and this produces a change in the
pressure S0 that a difference Dp = p, - p; is created. It can be
shown for al these meters that the volume flow rate Q is
related to Dp by the following formula

Q=K(Dp)0->

K is the meter congtant. A full explanation of these meters is
covered in the tutorids on fluid mechanics. The picture shows
an indugrid d.p.meter. Extra insrumentation heads can be
fitted to produce an eectricad output (4 — 20 mA) or a
pneumatic output (0.2 — 1 bar).

Figure 24
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WORKED EXAMPLE No.3

A Venturi meter has ameter constant of 0.008 n* N%-° s*. Calculate the flow rate when Dp = 180 Pa
SOLUTION

Q = K(Dp)0-5 = 0.008 m* N** s%(180)0.5 = 0.1073 (m* N> sH(N°° m*) or nt*/s

SELF ASSESSMENT EXERCISE No.2

An Orifice meter has a meter constant of 0.004 nf N°° s, Caculate the flow rate when a differentia
pressure of 200 Pais obtained.

(Answer 0.0566 n’/s)
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6. FORCE SENSORS

Themain types of force sensors are

Mechanica types.

Hydraulic types.
Electricd strain gauge types.

6.1. MECHANICAL TYPES

Mechanicd types are usudly complete measuring systems involving some form of spring such as in asmple
spring baance or bathroom scale. It is a basc mechanicd principle that the deflection of a spring is directly
proportiona to the applied force so if the movement is shown on a scale, the scale represents force.

Spring

%

Pointer
and scale

Force or weight

Figure 25
6.2. HYDRAULIC TYPES

Hydraulic types are often referred to as hydraulic load cdls. The cell is a capsule filled with liquid. When the
capsule is squeezed, the liquid becomes pressurised. The pressure represents the force and may be indicated with
a calibrated pressure gauge. The cagpsule is often a short cylinder with a piston and the pressure produced is
given by p = F/A where F isthe force and A the piston area.

Pressure
Gauge \

Force

Figure 26
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6.3 STRAIN GAUGE TYPE

A typicd load cdl condgts of a meta cylinder with strain gauges fixed to it. When the cylinder is stretched or
compressed, the strain gauges convert the force into a change in resistance and hence voltage. Since the dements
require a supply voltage, the cdll usudly has 4 wires, two for the supply and two for the output.

)

Strain —]

Gauges ﬂ D D
inside
outer cover

Applied
force

Figure 27

7. POSITION SENSORS

Pogition sensors are essentid eementsin the control of actuators. The position of both linear and rotary actuators
is needed in roboatic type mechanisms. There are three principle types.

RESISTIVE
OPTICAL
INDUCTIVE

7.1. RESSTIVETYPES

. Faotary
Linear Track
Slider
0y 10
out oy ¢|®10v
oLt

Figure 28

A potentiometer is a variable dectricd resistance. A length of resstance material has a voltage gpplied over its
ends. A dider moves dong it (either linear or rotary) and picks off the voltage at its postion or angle. The tracks
may be made from carbon , resstance wire or piezo resstive materid. The latter is the best because it givesa

good andogue output. The wire wound type produces smal step changes in the output depending on how fine
thewireis and how closdly it is coiled on the track.
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7.2 OPTICAL TYPES

=ensar head

engraved strip

light receiver - Li ;Jalight emitter
I u

~

Mirrar
Figure 29

Optica types are mainly used for producing digita outputs. A common example is found on machine tools where
they measure the pogition of the work table and display it in digits on the gauge head. Digital micrometers and
verniers o use this idea. The basic principle is as follows. Light is emitted through a transparent strip or disc
onto a photo dectric cdl. Often reflected light is used as shown. The drip or disc has very fine lines engraved on
it which interrupt the beam. The number of interruptions are counted eectronicaly and this represents the position
or angle. This is very much over smplified and you should refer to more advanced text to find out how very
accurate measurements are obtained and aso the direction of movement.

7.3. INDUCTIVE TYPES
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— Cutput g
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Figure 30

The most common of these is the Linear Varigble Differentid transformer or LVDT. The transformer is made
with one primary coil and two secondary coils, one placed above and the other below the primary. The coils are
formed into along narrow hollow tube. A magnetic core dides in the tube and is attached to the mechanism being
monitored with a non magnetic sem (e.g. brass). A congant dternating voltage is gpplied to the primary cail. This
induces a voltage in both secondary coils. When the coreis exactly in the middle, equd voltages are induced and
when connected as shown, they cancel each other out. When the core moves, the voltage in one secondary coil

grows but reduces in the other. The result is an output voltage which represents the postion of the core and
hence the mechanism to which it is atached. The output voltage is usudly converted into D.C. With suitable
electronic equipment for phase detection, it is possble to detect which direction the core moves and to switch the
DC voltage from plus to minus as the core passes the centre position. These can be very accurate and are widely
used for gauging the dimensions of machined components.

O D.JDunn 19



8. DEPTH GAUGES

Depth gauges measure the depth of liquids and powder in tanks. They use a variety of principles and produce
outputs in ectrica and pneumatic forms. The type to use depends on the substance in the tank. Here are afew.

o i
L I'_'=I_7 115 WAC or 24 VDO
¥ regulated air supply
.‘_
| —
Y pressure out 0.2 - 1 bar
I
)
=
3 5
e
L 18
L&
electronic level gauge i t
; gang Al pressure.system pressure gauge system
ultrasonic level gauge
Figure 31

The ultrasonic system reflects sound waves from the surface and determines the depth from the time taken to
receive the reflected sound. The eectronic version uses a variety of dectrica affects induding conduction of the
fluid and capacitance. The pneumatic verson bubbles air through the liquid and the pressure of the air is rdated to

the depth. A simple pressure gauge attached to a tank is aso indicates the depth since depth is proportiona to
pressure.
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9. STRAIN GAUGES

Strain gauges are used in many insruments that produce mechanical strain because of the affect being measured.
Intheir own right, they are used to measure the strain in a structure being stretched or compressed.

The drain gauge dement is avery thin wire that is formed into the shape shown. This produces along wire dl in
one direction but on a smal surface area. The eement is often formed by etching a thin foil on a plastic backing.
The completed element is then glued to the surface of the materid or component that will be strained. The axis of
the strain gauge is digned with the direction of the strain. When the component is stretched or compressed, the
length of the resstance wire is changed. This produces a corresponding change in the eectrica resistance.

L et the length of the gauge be L and the change in length be DL.

Themechanica grain e = DL/L

L et the resistance of the gauge be R (typicaly 120 W) and the changein resistance be DR.

Thedectricd strain x= DR/R.

The dectrica and mechanica drain are directly proportional and the congtant relating them is called the gauge
factor (typicaly 2).

Gauge Factor = Electricd Strain/Mechanica strain = x/e =L DR/R DL

WORKED EXAMPLE No.4

A drain gauge is glued to astructure. It has a gauge factor of 2.1 and aresistance of 120.2 W. The structure

is stressed and the resistance changes to 120.25 W. Cdculate the srain and convert this into stress.
Take E = 205 GPa

SOLUTION

DR =120.25—-120.2=0.05W x = DR/R; = 0.05/120.2 = 4.16 x 10™*

e=x/G=416x10%2.1=1981x 10" s =eE= 1.981 x 10* x 205x 10° = 40.61 MPa
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STRAIN GAUGE ARRANGEMENTS

A drain gauge is of little use unless we can convert the change in resstance into a voltage. This is best done with
aWheatstone bridge.

If only one active gauge is used, this would be R or Rp. R
I and R must be equal, so must Rz and R4. In this casg, the
R = voltage a points 1 and 2 are equal to V42 and so the output Vg
3 is zero. In order to ensure this, the balancing resstor Ry is
Vo ]2 R adjusted to make the output zero with no strain gpplied to the
1 —r——| B Vs gauge. Suppose that Ry is the active gauge. If the bridge is
= ] 5 balanced then the voltage at points 1 and 2 is haf the supply

2 4 voltage. V1 = V2 = Vg2

. 2
Figure 32

When Rq changesits resstance by DR the voltage a point 1 becomes:

VJR/(2R + DR) (using retio of resistances)
The output becomes Vo=V2-V1=Vd2-V{R/(2R+DR)
Vo= Vg DRA (4R + 2DR)}

Dividing top and bottom by Rweget V= Vg (DR/R){4 + 2DR/R}
The gauge factor is defined as G = dectricd srain/mechanicd drain
G=(DR/R)e so (DR/R)=Ge

Subgtituting we get Vo= Vg Gel{4 + 2Ge}

WORKED EXAMPLE No.5

Four gtrain gauges are formed into bridge with only one active gauge. The nomind resstance of dl of them is
120 W. The gauge factor is 2.1 and the supply voltage is 10 V. Cdculate the strain when the output from the
bridgeis20 mV.

SOLUTION

Vo= VsGe{4+2Ge} e=4V,, G(Vs-2Vo)=(4x0.02), {2.1(10- 0.04)} =3.825x 10°
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TEMPERATURE EFFECTS

One of the problems with gtrain gauges is that the resstance aso changes with temperature and so it is vitd that
esch pair of resstorsis maintained at the same temperature.

If one active gauge is used, say Rp, then the other resistor Ry
must be placed near to it and this is best done by using a
/ l DUMMY GAUGE fixed dose to the active gauge but in a

position where it is ungtrained. Better till, make Ry another
| active gauge and so double the output from the bridge. For
\ example, if abeam is used to produce the gtrain, one gauge is

placed on top and the other on the bottom as shown. Let Ry
incresse and Ry decrease by DR. The voltage a point 1
becomes

Zauge 1 intension

zauge 2 in compression

Figure 33
V4R - DR)/2R (using ratio of resistances)
The output becomes Vo=V2-V1=Vd2-V(R-DR)/2R
Vo= Vg DRA2(2R + DR)}
Dividing top and bottom by R we get Vo= VgDR/2R
Vo=VsGe/2 whichisadmos double the output.

If the load cdll only produces tension or compression, the active gauges are Ry and Rq with Ry and Rz being
dummy gauges. All 4 gauges are then a the same temperature. Thisis shown in the diagram.

Gauge 4 (Tension)

Gauge 2 (dummy)

Gauge 1 (Tension) Gauge 3 (dummy)

Figure 34
The voltage at point 1 becomes VR /(2R + DR)
and a point 2 becomes V4R + DR)/(2R + DR)
The output becomes Vo= V2-V1=VgDR/(2R + DR)

Dividing top and bottomby Rweget Vo= Vs (DR/R){2 + DR/R}
Vo= Vs Ge/(2+Ge)
Thisis double the output of a Sngle active gauge and fully temperature sable.

Gauge 14and 4 Intension If & beam is used in the load cdll, all 4 gauges may be made

/ active as shown.
LA l The output at point 1 becomes
| V1 =V{R-DR) /2R
\ and at point 2 becomes
Vo= V4R + DR)/2R

Zauge 2 and 3 in compression

Figure 35
The output becomes Vo= V2-V1=VPRR Vo= Vg Ge
Thisis 4 times the output of a single active gauge and fully temperature steble.
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SELF ASSESSMENT EXERCISE No.3

1. A draingaugeisglued to astructure. It has a gauge factor of 2.1 and aresstance of 120.2 W. The structure
is stressed and the resistance changes to 120.25 W. Cdculate the strain and convert this into stress.

Take E = 205 GPa
(Answer 40.6 MPa)

2. A grain gauge has aresistance of 120.6 Ohms at 200C. Caculateits resistance at 300C.
a =8x 106 wwoc.

(Answer 120.61 W)
3. Describe how to diminate temperature error in a strain gauge bridge when it has

a one active galige.
b. two active gauges.

4. A STRAIN GAUGE has a gauge factor of 2.2. It is glued to tensile test piece and the resstance before
draining is 119.8 W. The test piece is stretched and the resistance goes up to 120 W. Cdculate the
fallowing. The modulus of eadticity E for the test pieceis 200 GPa.

i. Thedrainin thetest piece. (7.588 x 10™)

ii. Thesdressin thetest piece. (15.18 MPa)
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SELF ASSESSMENT EXERCISE No.4

1. Statewhat each of the sensors below measures (flow, temperature and so on)

Thermocouple.
Potentiometer.
Thermitor.

Optica fringes.
Venturi meter.

Pitot tube.
Bimetdlic type.
Platinum resistance probe.
D.C. type generator.
LV.D.T.

Bourdon tube.
Orifice meter.

Piezo electric.

XTI SQ D0 OO0 T

3

N

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

Speed of revolution.
Flow rate of liquids.
Pressure.
Temperature.

o0 oo

O D.JDunn 25




