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2.1 Measurement Systems and Terms

2.1.1 Measurement Systems
Measurement systems inevitably collect some form of information from the real world and increasingly the
information collected will be processed and stored in a computer. We will deal with the process of making
the information compatible with computers later, but it is sufficient to say at this point that most real-world
events and their measurements are in an analogue form. That is, the measurements can take a wide and
continuous range of values. The physical quantity of interest could be temperature, pressure, velocity,
position or any other aspect of the system under consideration. In order that the measurement of interest
can be processed by our measuring system, these physical quantities need to be converted to some form
that can be recognised by the measuring system. These will usually be electrical quantities such as voltage,
current, or impedance and the device which undertakes this conversion is a trans
or current is then converted into a digital signal which can be interpreted and
System (DCS) or computer system. Thus, the general arrangement
below.
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.2.1: General arrangement of a measuring system

2.1.2 Transducers

Most data acquisition signals can be described as analogue, digital, or pulse. While analogue signals typically
vary smoothly and continuously over time, digital signals are present at discrete points in time. In most
control applications, analogue signals range continuously over a specified current or voltage range, such as
4 —20mA DC or 0 — 5V DC. While digital signals are essentially on or off, analogue signals represent
continuously variable entities such as temperatures, pressures, or flow rates. Because computer-based
controllers and systems understand only discrete on/off information, conversion of analogue signals to
digital representations is necessary.

Transduction is the process of changing energy from one form into another. Hence, a transducer is a device
that converts physical energy into an electrical voltage or current signal for transmission. There are many
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different forms of analogue electrical transducers. Common transducers include load cells for measuring
strain via resistance, and thermocouples and resistance temperature detectors (RTDs) for measuring
temperature via voltage and resistance measurement, respectively. Transmission channels are many and
varied and we will discuss these later in this workbook.

The operation of a transducer can be described by Eg.2.1, where H is the transfer function.
Output Quantity = H - Input Quantity (Eq.2.1)

For the purposes of this course, all transducers convert physical quantities into electrical ones; in other
words, they convert one form of energy into another. Given that the transducer is at the front end of
measurement operations, its properties and performance are critical to the performance of the
measurement system as a whole. Some of these properties are as follows;

e Dynamic Response — The change in the output y caused by a change in ¢
functions of time t.

sensitivity.
e Transfer Function — The ratio of the ou
e Stability - A measure of how the accura
In other words, it is a measure o output drifts in the face of a constant input. Stability will

determine the required inter n of the measurement system.
e Noise — There are many sou glectronic systems, but all electronic systems are subject to
it and exhibit tfor no discernible input.

noise. Obvi iti e SNR is as high as possible.

e Dynamic Ra is a term used to describe the ratio between the smallest and largest
signals that can be measur a system. The dynamic range of a data acquisition system is defined as
the ratio between um and maximum amplitudes that a data acquisition system can capture.

e Linearity - Describes how accurate measurements are across the complete expected range of the
measurements. It answers the question about how accurate the system is across the dynamic range of
the system.

2.1.3 Types of Transducers
There are a large number of different types of transducers available, the idea behind most of them are to
convert the physical attributes they detect into an electrical signal which is then processed by the controller.

e Temperature Sensors — Used to measure variations with transfer with temperature, following well-
characterised transfer functions. This should be no surprise since nearly all electronic components have
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2.2 Automation

The goal for an industrial system is to reduce the amount of human intervention required, and so automating
as many processes as possible is desired. For this we need to choose the right component for the job.

2.2.1 Relays

Relays are used as a switch to activate a high current circuit, but to save energy they can be used on a low
circuit current on the side. Once the low circuit current is complete, the relay uses a small coil to generate a
magnetic field. The magnetic field will pull the switch in the high current circuit, which will complete the
circuit. Once the low circuit is disconnected, the magnetic field disappears, and the high circuit switch will
also disconnect by using a spring to pull it away.

2.2.2 Solenoids

Solenoids are used to convert an electrical signal into a linear displagement, t to push and pull
an object or can be used to “pinch” something into place. Solen nal to create a
magnetic field through a coil, the metal casing completes the magne ircui j in turn begin to

move the pole.

2.2.3 Motors

Motors convert the electrical signal into a rotational displace
than enough detail in Workbook 1.

already been discussed in more

2.2.4 Pneumatics
Pneumatics is the principle of using air pre in atbollow cylinder to create a linear
displacement. By using an external compr ir that is pumped into the cylinder, the piston will

rough a cylinder, but in this case the fluid is incompressible.
on, the “Master” and the “Slave” piston, the master piston is the
by the operator, while the slave piston is the one that will move as a
result. One of the most commo draulic systems in day-to-day life are the brakes in cars. Fig.2.2 shows a
basic schematic of a hy: i em in place, the master piston is shown as the one receiving the operator’s
“effort force” F;, and the slave piston is applying the “load force” F,.

Effort Force
F1

Hydraulics also
Hydraulics ope
dictator in the s

Load Force
Fs

Ao

Fig.2.2: Hydraulic diagram
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The force on each piston F can be given as Eq.2.2, where P is the pressure and A is the area of the piston.
F=P-A (Eq.2.2)

Since hydraulics are closed systems then the energy and work transmitted out of the system is zero, which
means that the pressures on each piston is the same, which means that the load force generated can be
calculated using Eq.2.3.

A
F, =F, -A—i (Eq.2.3)

Example
A master piston, which has a cross sectional area of 0.4m? receives an effort force of 25N to push a slave
piston with a cross-sectional area of 1.0m?. Calculate:

1. The pressure created on the fluid by the effort force.
2. The load force exerted.

Effort Force Force

5
= 62.5Nm™2

A, 04

the resultant load force can be calculated as:
F, =P-A, =625-1.0 =62.5N

Hydraulics can be found in a lot of heavy equipment, such as cranes, diggers, etc. However, one of the most
common uses is found in the brakes of a car. As the driver pushes the pedal, the small master cylinder pushes
down on the hydraulic fluid, which will then push the slave pistons and clamp down on the brake discs, which
will slow the turning speed of the wheels. A basic schematic of a car’s brakes can be seen in Fig.2.3.
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Fig.2.3: A schematic of a vehicle’s braking system

This is a basic system, and one that is prone to “locking”, in which oes rotate, and the

eter and several
“bleed” valves in the hydraulics. Once the system detects that 3 ocking (the tachometer will

performance.

2.2.6 Electronic Actuators
An electronic actuator converts electrical e
which, in turn, will start to twist a nut that |
rotates, the nut begins to move up (@
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https://www.youtube.com/watch?v=fdY5gVvozEo

	INTRODUCTION
	GUIDANCE
	2.1 Measurement Systems and Terms
	2.1.1 Measurement Systems
	2.1.2 Transducers
	2.1.3 Types of Transducers

	2.2 Automation
	2.2.1 Relays
	2.2.2 Solenoids
	2.2.3 Motors
	2.2.4 Pneumatics
	2.2.5 Hydraulics
	2.2.6 Electronic Actuators

	2.3 Practical Examples
	2.3.1 Temperature Sensitive Fan
	2.3.2 Pressure Sensitive Glow Plug




