
Unit 1 Working 
practices in 
engineering 

Summary

The unit provides you with an essential tool kit that will help you to embark on a career in 
engineering and the skills and knowledge that you gain will be put to good use in your 
everyday working life. When you complete this unit you should be able to:
1.   Understand statutory regulations and organisational safety requirements
2.   Work efficiently and effectively in engineering.

The ability to work safely in an engineering environment is essential for your own well-
being as well as the well-being of others around you. This unit will introduce you to the 
essential working practices of engineering and it will also help you to appreciate some of the 
potential hazards that exist in the work place.

The unit starts by considering how materials and equipment should be handled as well as
the most appropriate personal protective equipment (e.g. eye or hand protection) to use when
undertaking particular engineering activities. You will examine some of the hazards and risks
associated with an engineering activity including the environment in which engineering 
activities are performed (e.g. working at height), the use of tools and equipment, as well as
working with materials and substances that may cause harm. 

The unit will also take you through some of the typical incidents that you may have to deal
with at some point in your career (e.g. summoning help, contacting the first aider, sounding 
alarms, stopping machinery). Because most work in engineering requires the co-operation of
others, the unit also looks at ways in which good working relationships can be maintained 
with colleagues and other people who provide support, assistance and advice. 

1.1 Regulations 
and safety

Before you get started on developing your engineering skills it is 
essential to have an understanding of the appropriate statutory 
regulations as well as the safety rules that apply in your school or 
college (and also the company in which you might be working). We 
begin by  taking a look at the Health and Safety at Work Act and the 
duties that it imposes on both the employer and the employee. Later 
you will put this knowledge to good use as you begin to practice your 
skills and get to experience some real engineering activities.
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What do you already know?       

You are probably already well aware that many engineering 
processes, such as welding, casting, forging and grinding, can be 
potentially dangerous. You will probably also be aware that some of 
the materials used in engineering can be dangerous. These materials 
include fuels and fluids such as isopropyl alcohol and ferric chloride.
    What you might not be aware of is that many processes and 
materials that are usually thought of as being ‘safe’ can become 
dangerous as a result of misuse or mishandling. For example, 
soldering is generally considered to be a safe process however the 
fumes produced from molten solder can be highly toxic. Here, the 
combination of the process (soldering) with the material (flux) can 
result in a hazardous condition (the generation of toxic fumes).

Health and Safety at Work Act

All work activities are covered by the Health and Safety at Work Act 
1974. The Act seeks to promote greater personal involvement 
coupled with the emphasis on individual responsibility and 
accountability.
     You need to be aware that the Health and Safety at Work Act 
applies to people, not to premises. The Act covers all employees in 
all employment situations. The precise nature of the work is not 
relevant, neither is its location. The Act also requires employers to 
take account of the fact that other persons, not just those that are 
directly employed, may be affected by work activities. The Act also 
places certain obligations on those who manufacture, design, import 
or supply articles or materials for use at work to ensure that these can 
be used safely do not constitute a risk to health.

Duty of the employer

Under the Act, It is the duty of the employer to ensure, so far as is 
reasonably practicable, the health, safety and welfare at work of all 
the employees. The employer also needs to ensure that all plant and 
systems are maintained in a manner so that they are safe and without 
risk to health. The employer is also responsible for:

• the absence of risks in the handling, storage and transport of 
articles and substances.

• instruction, training and supervision to ensure health and 
safety at work

• the maintenance of the workplace and its environment to be 
safe and without risk to health

• to provide where appropriate a statement of general policy 
with respect to health and safety and to provide if appropriate, 
arrangements for safety representatives and safety 
committees.

• conduct his or her undertakings in such a way so as to ensure 
that members of the public (i.e. those not in his or her 
employment) are not effected or exposed to risks to their 
health or safety.

Materials and equipment handling

List THREE duties of an 
employer under the Health and 
Safety at Work Act. 

Test your knowledge 1.1 
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• give information about such aspects of the way in which he 
conducts his undertakings to persons who are not his 
employees as might affect their health and safety.

• in addition to  having responsibilities for employees, the 
employer also has responsibilities to persons such as the 
general public (including clients, customers, visitors to 
engineering facilities and passers-by). 

Duty of the employee

Under the Act, it is the duty of every employee whilst at work, to take 
all reasonable care for the health and safety of himself and other 
persons who may be affected by his acts and omissions. Employees 
are required to:

• co-operate with the employer to enable the duties placed on 
him (the employer) to be performed

• have regard of any duty or requirement imposed upon his 
employer or any other person under any of the statutory 
provisions

• not interfere with or misuse any thing provided in the interests 
of health, safety or welfare in the pursuance of any of the 
relevant statutory provisions.

Production and manufacturing processes

Many engineering processes are potentially hazardous and these 
include activities such as casting, cutting, soldering, welding, etc. In 
addition, some processes involve the use of hazardous materials and 
chemicals. Furthermore, even the most basic and straightforward 
activities can potentially be dangerous if carried out using 
inappropriate tools, materials, and methods.
    In all cases, the correct tools and protective equipment should be 
used and proper training should be provided. In addition, safety 
warnings and notices should be prominently placed in the workplace 
and access to areas where hazardous processes take place should be 
restricted and carefully controlled so that only appropriately trained 
personnel can be present. In addition, the storage of hazardous 
materials (chemicals, radioactive substances, etc) requires special 
consideration and effective access control.
    Processes that are particularly hazardous include:

• casting, forging and grinding
• welding and brazing
• chemical etching
• heat treatment
• use of compressed air.

Operation and maintenance

Hazards are associated with the operation and maintenance of many 
engineering systems. These include those that use single-phase or 
three-phase AC mains supplies, compressed air, fluids, gas, or 
petrochemical fuels as energy  sources. They also include those 
systems that are not in themselves particularly hazardous but which 
are used in hazardous environments (for example in mining or in the 
oil and gas industries).  Operations such as refuelling a vehicle can be 

List THREE examples of 
hazardous engineering 
processes. 

Test your knowledge 1.3 

List THREE duties of an 
employee under the Health and 
Safety at Work Act. 

Test your knowledge 1.2 
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potentially dangerous in the presence of naked flames or if electrical 
equipment is used nearby. A static discharge, for example, can be 
sufficient in the presence of petroleum vapour, to cause an explosion. 
Similar considerations apply to the use of mobile phones or 
transmitting apparatus in the vicinity of flammable liquids.

Lifting and manual handling

 Safe working practices need to be adopted for manual operations 
(such as lifting, stacking and loading). Personnel need to be trained to 
perform these tasks and managers should insist that the correct 
procedures and protective clothing are used at all times. The use of 
hard hats should be made obligatory wherever overhead work is 
being carried out and when personnel are working underground or on 
building sites.

Electrical safety

It should go without saying that, with the exception of portable low-
voltage equipment (such as hand-held electronic test equipment) all 
electrical equipment should be considered potentially dangerous. 
This applies to all mains operated equipment. There are three basic 
hazards associated with electricity:

• electric shock
• explosion due to the presence of flammable vapours, and
• fire due to overheating of cables and appliances. 

Housekeeping and tidiness

A sign of a good worker is a clean and tidy working area. Only the 
minimum of tools for the job should be laid out at any one time. 
These tools should be organised in a tidy and logical manner so that 
they immediately fall to hand. Tools not immediately required should 
be cleaned and properly stored away (see Fig. 1.1). All hand tools 
should be regularly checked and kept in good condition. Spillages, 
either on the workbench or on the floor should always be cleaned up 
immediately.

Activity 1.1

Medium density fiberboard (MDF) is a widely used material 
in wood working and furniture construction that may appear 
to be perfectly safe from a simple external inspection. Use 
the Internet to find out more about this material and answer 
the following questions:
1. What processes involving MDF are considered to be 

hazardous?
2. What constituents of MDF cause it to be a hazardous 

material?
3. What are the symptoms of exposure to MDF dust and 

airborne particles?
4. What protection should be used when processing MDF?

It is your legal responsibility to 
take reasonable care for your 
own health and safety. The law 
expects you to act in a 
responsible manner so as not to 
endanger yourself or other 
workers or the general public.  

Key point 

The Health and Safety at Work 
Act makes both the employer and 
the employee (you) equally 
responsible for safety. Both can 
be prosecuted for violations of 
safety regulations and 
procedures.  

Key point 

Employees have general health 
and safety duties to: 
• Follow appropriate system of 

work laid down for their safety 
• Make proper use of equipment 

provided for their safety 
• Co-operate with their 

employer on health and safety 
matters 

• Inform the employer if they 
identify hazardous handling 
activities 

• Take care to ensure that their 
activities don’t put others at 
risk. 

Key point 



Human carelessness

Most accidents are caused by human carelessness or negligence. This 
can range from ‘couldn’t care less’ and ‘macho attitudes’, to the 
deliberate disregard of safety regulations and codes of practice. 
Carelessness can also result from fatigue and ill-health and these, in 
turn, can result from a poor working environment. 

Personal habits

Personal habits such as alcohol and drug abuse can render workers a 
hazard not only to themselves but also to other workers. Fatigue due 
to a second job (or ‘moonlighting’) can also be a considerable 
hazard, particularly when operating machines. Smoking in prohibited 
areas where flammable substances are used and stored can cause 
fatal accidents involving explosions and fire.

Supervision and training

Another cause of accidents is lack of training, inadequate or poor 
quality training. Lack of supervision can also lead to accidents if it 
leads to safety procedures being disregarded.

Environment

Unguarded and badly maintained plant and equipment are obvious 
causes of injury. However the most common causes of accidents are 
falls on slippery floors, poorly maintained stairways, scaffolding and 
obstructed passageways in overcrowded workplaces. Noise, bad 
lighting, and inadequate ventilation can lead to fatigue, ill-health and 
carelessness. Dirty surroundings and inadequate toilet and washing 
facilities can lead to a lowering of personal hygiene standards.

Working practices in engineering    5

Figure 1.1 Example of a tidy workshop layout with specialist 
tooling clearly displayed



Figure 1.2 Different types of guard used with machine tools
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Elimination of hazards

The work place should be tidy with clearly defined passageways. It 
should be well lit and ventilated. It should have a well maintained 
non-slip flooring. Noise should be kept down to acceptable levels. 
Hazardous processes should be replaced with less dangerous and 
more environmentally acceptable alternatives. For example, asbestos 
clutch and brake linings should be replaced with safer materials.

Guards

Rotating machinery, drive belts and rotating cutters must be securely 
fenced to prevent accidental contact. Some machines have 
interlocked guards. These are guards coupled to the machine drive in 
such a way that the machine cannot be operated when the guard is 
open for loading and unloading the work. All guards must be set, 
checked and maintained by qualified and certificated staff. They 
must not be removed or tampered with by operators. Some examples 
of guards are shown in Fig. 1.2.

Maintenance

Machines and equipment must be regularly serviced and maintained 
by appropriately trained and experienced personnel. This not only 
reduces the chance of a major breakdown leading to loss of 
production, it lessens the chance of a major accident caused by a 

It is an offence under the Health 
and Safety at Work act  to misuse 
or interfere with equipment 
provided for your health and 
safety or the health and safety of 
others.  

Key point 

Describe ways of reducing 
THREE different hazards found in 
an engineering workshop. 

Test your knowledge 1.4 
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Figure 1.5 A selection of different types of sign 

Figure 1.3 A grinder with 
appropriate warning and 
prohibition signs. Notice 
also that a copy of the 
A b r a s i v e  W h e e l 
Regulations has been 
prominently displayed

Figure 1.4 An aircraft 
hangar fire exit clearly 
marked with safe condition 
signs

plant failure. Equally important is attention to such details as 
regularly checking the stocking and location of First Aid cabinets and 
regularly checking both the condition and location of fire 
extinguishers. All these checks must be logged. 

Warning signs

Appropriate warning and prohibition signs should be prominently 
displayed.  The five main types of sign, shown in Fig. 1.5, are as 
follows:

• Prohibition signs (things that you must not do, for example, 
No Smoking)

• Warning signs (signs that warn you about something that is 
dangerous, e.g. Danger High Voltage)

• Mandatory signs (signs that indicate things that you must do, 
for example, Eye Protection must be used) 

• Safe condition signs (signs that give you information about 
the safest way to go, for example, Fire Exit)

• Fire signs (signs that indicate the location of fire fighting 
equipment, for example, Fire Point).

Note that different colours are used to make it easy to distinguish the 
types of sign. For example, safe condition signs use white text on a 
green background, mandatory signs use white text on a blue 
background, and so on. It is essential that you familiarise yourself 
with the different types of sign and what they mean!



8    Working practices in engineering 

Classify each of the signs shown 
in Fig. 1.6 as either: 
• a prohibition sign 
• a mandatory sign 
• a warning sign 
• a safe condition sign 
• a fire sign. 

Test your knowledge 1.5 

Figure 1.6 See Test your 
knowledge 1.5

Figure 1.7 A selection of caution signs

Activity 1.2

Visit your engineering workshop and carry out a detailed 
survey of the warning signs and notices that are displayed. 
Make a sketch plan of the workshop area and mark on the 
location of each sign or notice. Classify the signs as either 
prohibition signs, mandatory signs, warning signs, safe 
condition signs, and fire signs. Also find out who is 
responsible for placing and maintaining the workshop signs 
and notices.

Activity 1.3

Fig. 1.9 shows a power guillotine suitable for cutting sheet 
metal. Identify the three signs displayed on the front of the 
machine and state the purpose of each sign. How is the 
guillotine stopped in an emergency?
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Personal protective equipment (PPE)

Clothing and footwear

Suitable and unsuitable working clothing for use in an engineering 
workshop is shown in Fig. 1.10.  Overalls or protective coats should 
be neatly buttoned and sleeves should be tightly rolled. Safety shoes 
and boots should be worn (not trainers!). Overalls and protective 

Identify each of the signs shown 
in Fig. 1.8 and give an example 
of where each one might be 
found. 

Test your knowledge 1.6 

Figure 1.10 Correct and incorrect clothing and footwear

Figure 1.9 Typical examples of personal protective equipment

Figure 1.8 See Test your 
knowledge 1.6
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Figure 1.13 Typical examples of PPE

Figure 1.12 Example of a 
bench sander with PPE 
provided

Figure 1.11 Personal 
protective equipment (PPE) 
is usually provided close to 
the point at which it is 
needed (in this case the 
safety goggles are housed 
close to the bench sander 
shown below)

Activity 1.4

Visit your engineering workshop and identify THREE items 
of personal protective equipment (PPE). Explain what each 
is used for, where it is stored and how it is used.

clothing should be sufficiently loose in order to allow easy body 
movement but not so loose that they interfere with engineering tasks 
and activities.

Special equipment

Some processes and working conditions demand even greater 
protection, such as safety helmets, earmuffs, respirators and eye 
protection worn singly or in combination. Such protective clothing 
must be provided by the employer when a process demands its use. 
Employees must, by law, make use of such equipment. Some 
examples are shown in Fig. 1.13.



Hazards and risks
You will need to be fully aware of the hazards and health risks 
associated with handling and processing engineering materials. Some 
materials that might appear to be harmless can be hazardous if they 
exist in certain forms (for example, as fine airborne particles that can 
readily inhaled). Some of the most common hazards include:

• Exposure to fibres (either glass or carbon) may cause skin 
rashes (occupational dermatitis) as well as irritation to the 
eyes, nose and throat

• Contact with adhesives and uncured resins may cause skin 
sensitisation

• Resin fumes and solvent vapours may cause irritation to the 
eye and  nose

• Sanding dust can be an irritant if it is inhaled
• Protective coatings, paints and solvents may produce vapours 

that cause irritation to the eyes, nose, throat and lungs
• Etching solutions and acids can cause skin irritation and 

burns.
• Powdered material (and dust) may cause explosions and an 

increased risk of static discharge
• Use of welding, brazing and soldering equipment may result 

in the production of toxic fumes
• Use of welding, brazing, hot gas and soldering equipment may 

cause burns
• Incorrect use of tools (particularly machine tools, drills, 

lathes, etc.) may cause injury to operators and other personnel.

Engineering companies need to have effective procedures and 
training in place to in order to minimise these hazards. For example, 
the use of a grinding wheel should be restricted to personnel who 
have received appropriate training and appropriate eye, hand and 
body protection should be provided. Furthermore, the relevant health 
and safety advisory notices together with any legal requirements 
must be prominently displayed. Fig. 1.3 on page 7 shows an example 
of good practice.

Risk Assessments 

Engineering companies are required to carry out Risk Assessments 
should be performed in order to identify hazardous activities and to 
inform action plans designed to improve safety and eliminate 
hazards. Correct storage and handling of materials. is essential and 
protective clothing (gloves, goggles, overalls, etc), correct lighting 
and workspace organisation, adequate ventilation and efficient fume 
and dust extraction all have a part to play in making the workplace 
safe. The level of risk is determined by the probability of an event as 
well as the likely severity of its outcome. The evaluation of the risk 
involved in a given process or activity is usually based on the 
following questions:

1. What is the hazard?
2. How likely is it to occur?
3. Under what circumstances might it occur?

Working practices in engineering    11

List THREE substances found in 
an engineering workshop that 
could be a risk to health. 

Test your knowledge 1.7 
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4. What controls are in place to prevent it occurring?
5. What is the likely outcome if it does occur?

The process of identifying hazards can be a little daunting if you 
have never done anything like this before. To make things a little 
more manageable, you can divide the task into a number of smaller 
stages by answering questions like:

In order to answer all of these questions you need to observe the 
activity that is being performed as well as the circumstances in which 
it is being carried out. Further hazards may be identified by study of 
accident/incident reports, insurers reports, inspection reports and 
other specialist survey reports. Most engineering companies use 
standard forms when carrying out their risk assessments. Typical 
guidelines and reporting forms are shown in Fig. 1.00 and 1.00 
respectively.

Material safety data sheets 

All hazardous materials should have a Material Safety Data Sheet 
(MSDS) supplied by, or at least available from, the material 
manufacturer or supplier. The sheet should be identified by the 
description and part number of the product and should contain 
comprehensive information about the product including details 
relating to handling, use and transportation. Details of the protective 
clothing or equipment required to work safely with the product 
should also be included. Personnel working with hazardous materials 
should have access to the MSDS for the materials concerned.

What – processes are being used?

– plant, materials and tools are being used?

– is the effect on people/plant/other activities?

– are the statutory requirements?

Who – is doing the job? (and what training have they had) 

– is exposed to risk?

– might also be affected?

– is supervising/monitoring the process?

Where – is the process/activity performed?

– is the process documented?

– do waste materials go?

When – is the process carried out?

– were the safety procedures last reviewed/updated?

Why – is the process being performed?

– is the risk not being controlled?

– is exposure not controlled at source?

How – can the hazard be controlled?

– can an accident occur?

– may people be affected?

Explain briefly how the level of a 
particular risk is evaluated when 
a risk assessment is being 
carried out. 

Test your knowledge 1.8 

The appropriate Materials Safety 
Date Sheet (MSDS) will provide 
you with essential information 
about the constituents, storage, 
use, handling, transport and 
disposal of materials used in an 
engineering workshop. 

Key point 



Working practices in engineering    13

Figure 1.14 Typical guidance given for carrying out a risk assessment. Notice that the level of 
risk is assessed as being either ‘high’, ‘medium’, or ‘low’
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Figure 1.15 Typical risk assessment form (the types of hazard can be changed according to 
the type of work performed)
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Activity 1.5

Use the following checklist to help you carry out a detailed 
and meaningful risk assessment of the electrical/electronic 
workshop in your school/college. You should copy the list and 
write brief notes against each question. Note that your risk 
assessment must be based on the activities that are carried 
out in the workshop so it is a good idea to start off by finding 
out who uses the workshop and what it is used for. 
    Present your findings in the form of a brief presentation (no 
more than 10 minutes) using appropriate visual aids and with 
supporting notes classifying risks as ‘high’, ‘medium’ and 
‘low’ (see Fig. 1.15). The following questions should help you 
to get started:

1. Where is the electrical circuit breaker? (It should be in a 
prominent and immediately accessible position!)

2. Has a residual current circuit breaker (RCCB) been fitted 
and, if so, has the RCCB been tested lately?

3. Are all of the electrical outlets in a safe condition?

4. Does each item of test equipment have a mains lead that 
is in a safe condition?

5. Does each item of test equipment have a mains plug that 
is in a safe condition?

6. Is each item of test equipment correctly fused?

7. Have portable items of electrical equipment been tested 
in accordance with Portable Appliance testing (PAT) 
regulations? If so, when was the last PAT test carried 
out?

8. Is the soldering equipment safe? Are soldering irons 
fitted with heatproof leads?

9. Is there any provision for solder fume extraction?

10. Are safety glasses available? What condition are they in 
and where are they stored?

11. Is the lighting adequate?

12. Are the safety exits properly marked and unobstructed?

13. Are appropriate fire extinguishers available and when 
were they last tested?

14. Is there appropriate safety information on display? 

15. Is there a First Aid kit available? Where is it kept?

Your presentation should include recommendations on the 
safety of materials and equipment handling, use of personal 
protective equipment and the potential hazards that you have 
identified in the area. You should also suggest ways in which 
a work activity (such as PCB etching, bench drilling or 
soldering) could be improved (for example, by improving the 
lighting or the use of fume extraction equipment).



Activity 1.6

Use the MSDS shown in Figure 1.16 to answer the following 
questions:
1. When was the MDSDS produced?
2. Which company produced the MSDS?
3. What are the dangers associated with inhalation?
4. What protective equipment is recommended for handling 

the material?

Figure 1.16 Extract from a Material Safety Data Sheet for Ferric Chloride solution
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Electrical hazards

All mains-operated electrical equipment is potentially dangerous. The 
hazards that are present can include electric shock, fire and/or smoke 
fumes due to the overheating of cables and equipment. Explosions set 
off by sparks when using unsuitable equipment when flammable 
vapours and gasses are present.
    Before using any electrical equipment it is advisable to carry out a 
number of visual checks. For example:
1. Check that the cable is not damaged or frayed
2. Check that the plug is in good condition and not cracked
3. Check that the voltage and power rating of the equipment is 

suitable for the supply available.
It is important to remember that bodily contact with mains or high-
voltage circuits can be lethal. The most severe path for electric 
current within the body (i.e. the one which is most likely to stop the 
heart) is that which exists from one hand to the other. The hand-to-
foot path is also dangerous but somewhat less dangerous than the 
hand-to-hand path.
    Voltages in many items of electronic equipment, including all 
items that derive their power from the AC mains supply, are at a level 
which can cause sufficient current flow in the body to disrupt normal 
operation of the heart. The severity of such a shock will depend upon 
a number of factors including the magnitude of the current, whether it 
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Figure 1.17 Example of some serious problems identified during a risk assessment of a 
mechanical workshop area used for CNC and manual drilling operations
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is alternating current (AC) or direct current (DC), and its precise path 
through the body. The magnitude of the current depends upon the 
voltage which is applied and the resistance of the body. The 
electrical energy developed in the body will depend upon the time 
for which the current flows; the duration of contact is also crucial in 
determining the eventual physiological effects of the shock. As a 
rough guide, and assuming that the voltage applied is from the 250 V 
AC 50 Hz mains supply, the effects shown in Table 1.1 are typical. It 
is important to realize that these figures are only quoted as a guide. 
In particular, you should note that there have been cases of lethal 
shocks resulting from contact with much lower voltages and at quite 
small values of current. Furthermore, an electric shock is often 
accompanied by burns to the skin at the point of contact. Such burns 
may be extensive and deep even when there may be little visible 
external damage to the skin. Burns may be particularly severe when 

Figure 1.18 Wiring a mains plug

Figure 1.19 Some typical faults with plug wiring

It is essential to avoid bodily 
contact with ‘live’ electrical 
conductors and components. 

Key point 
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relatively high voltages and currents are encountered.
    In general any potential in excess of 50V should be considered 
dangerous. Lesser potential may, under unusual circumstances, also 
be dangerous. As such, it is wise to get into the habit of treating all 
electrical and electronic circuits with great care and avoid bodily 
contact at all times.

Table 1.1 Effect of electric current on the human body

Current  Physiological Effect 

less than 1 mA   Not usually noticeable 

1 mA to 2 mA   A slight tingle may be felt 

2 mA to 4 mA   Mild shock felt 

4 mA to 10 mA   Serious shock (painful) 

10 mA to 20 mA   Nerve paralysis may occur (unable to let go) 

20 mA to 50 mA   Loss of consciousness (breathing may stop) 

more than 50 mA  Heart failure 

Figure 1.20 Ways in which an electric shock can be received 
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Shock prevention

Residual current circuit breakers (RCCB), residual current devices 
(RCD), or earth leakage circuit breakers (ELCB) can provide a very 
worthwhile safety measure which can be instrumental in very 
significantly reducing the risk of electric shock. An RCCB senses the 
imbalance of current that occurs whenever current is returned to the 
AC mains supply via the earth rather than the neutral wire. This 
current may result from equipment failure (e.g. insulation breakdown 
in a mains transformer) or from bodily contact with the live (line) 
wire. Most RCCB will trip at currents of about 30 mA within a time 
interval of 30 ms, sufficient to ensure that heart failure does not 
occur. RCCB are not expensive and are available in various forms 
(ideally they should be wired into the mains circuit to your workshop 
so that all of the mains outlets are protected).

Fire hazards

Fire is the rapid oxidation (burning) of flammable materials. For a 
fire to start, the following are required:

• a supply of flammable materials
• a supply of air (oxygen)
• a heat source.

Once the fire has started, the removal of one or more of the above 
will result in the fire going out.

Fire prevention

Fire prevention is largely a matter of ‘good housekeeping’. The 
workplace should be kept clean and tidy. Rubbish should not be 
allowed to accumulate in passages and disused storerooms. Oily rags 
and waste materials should be put in metal bins fitted with airtight 
lids. Plant, machinery and heating equipment should be regularly 
inspected, as should fire alarm and smoke detector systems. You 
should also know how and where to raise the fire alarm.
    Electrical installations, alterations and repairs must only be carried 
out by qualified electricians and must comply with the current IEE 
Regulations. Smoking must be banned wherever flammable 
substances are used or stored. The advice of the fire prevention 
officer of the local brigade should be sought before flammable 
substances, bottled gases, cylinders of compressed gases, solvents 
and other flammable substances are brought on site.

Activity 1.7

Visit the Health and Safety Executive (HSE) website at 
www.hse.gov.uk and obtain information on safety in the gas 
welding and cutting process. Identify at least FIVE main 
hazards associated with the process and explain what a 
backfire and a flashback is. Present your answer in the form 
of a brief written advice notice to be displayed in the welding 
area of an engineering workshop.

Describe TWO ways in which an 
electric shock can be received. 

Test your knowledge 1.9 

List THREE checks you would 
make before using a portable 
electric power tool. 

Test your knowledge 1.10 
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Emergency procedures

Electric shock procedure

The following procedure should be adopted in the event of electric 
shock:

• Switch off the supply of current if this can be done quickly.
• If you cannot switch off the supply, do not touch the person’s 

body with your bare hands (human flesh is a conductor and 
you would also receive a severe shock) but drag the affected 
person clear using insulating material such as dry clothing, a 
dry sack, or any plastic material that may be handy.

• If the affected person has stopped breathing and you have 
received appropriate training, commence artificial respiration 
immediately. Don’t wait for help to come or go to seek for 
help—get someone else nearby to do this.

If the affected person’s pulse has stopped, heart massage will also be 
required. If you are not confident to do this it is important to find 
another person to help who has received the appropriate First Aid 
training.

Fire procedure

In the event of you discovering a fire, you should:

• Raise the alarm and call the fire service.
• Evacuate the premises. Regular fire drills must be held. 

Personnel must be familiar with normal and alternative escape 
routes. There must be assembly points and a roll call of 
personnel. A designated person must be allocated to each 
department or floor to ensure that evacuation is complete. 
There must be a central reporting point.

• Keep fire doors closed to prevent the spread of smoke. Smoke 
is the biggest cause of panic and accidents, particularly on 
staircases. Emergency exits must be kept unlocked and free 
from obstruction whenever the premises are in use. Lifts must 
not be used in the event of fire.

• Only attempt to contain the fire until the professional brigade 
arrives if there is no danger to yourself or others. Always 
make sure you have an unrestricted means of escape. Saving 
lives is more important than saving property.

The order in which you perform these tasks will depend on the 
individual circumstances. If a fire point is nearby you should raise the 
alarm immediately. If, however, you have to leave the room in order 
to raise the alarm you should close doors and windows in order to 
prevent the fire spreading before you exit and sound the alarm. In all 
cases you should alert other people to the emergency at the earliest 
possible stage.

Fire extinguishers

Several different forms of fire extinguisher are usually provided 
according to the types of material and processes that are present. The 
main types are as follows:

Figure 1.21 A typical fire 
point with CO2 and dry 
powder extinguishers
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Activity 1.8

Produce an A3 poster that can be displayed in your school 
or college workshop with information on how to deal with 
electric shock.  Make sure that the poster is easy to read 
and understand and include information on switching off the 
electricity supply together with emergency first aid contact 
details.

• The most common form of fire extinguished for general use is 
the water type This type of extinguisher has a RED label and 
is suitable for use on wood, paper, textile and solid material 
fires. It MUST NOT be used on liquid electrical or metal 
fires. Where a hose reel is available (and provided that the reel 
is long enough to reach all areas)  there may be no need for 
separate water-type extinguishers.

• Dry powder extinguishers have a BLUE label and suitable for 
liquid and electrical fires. They are safe up to 1,000 V but 
should not be used for metal fires.

• Carbon dioxide (CO2) extinguishers have a BLACK label. 
They can be used on liquid and electrical fires and are safe at 
high voltages. They should NOT be used on metal.

• Foam type extinguishers have a CREAM coloured label. This 
type of extinguisher can be used on liquid fires should not be 
used on electrical or metal fires.

These latter extinguishers act by replacing the air with an atmosphere 
free from oxygen. They are no good in draughts which would blow 
the foam or gas away. Remember also that if the fire can’t breathe 
neither can any living creature. Evacuate all living creatures before 
using one of these types of extinguisher. When using this type of 
extinguisher, keep backing away from the gas towards fresh air, 
otherwise it will put you out as well as the fire! For this reason it is 
important to have appropriate training in the operation and 
application of fire equipment. If your school or college can provide 
you with this training you should take full advantage of it!

Activity 1.9

Produce an A3 poster that can be displayed in your school 
or college workshop with information on how to deal with 
fire. Include in your poster information on the different types 
of fire extinguisher that might be present and what they 
should (and should not) be used for. Make sure that the 
poster is easy to read and understand and include 
information on evacuation in the event of fire (including the 
fire assembly or fire reporting point).

It is essential to get to know the 
emergency procedures for 
evacuation, accident, fire, etc. in 
your school or college. You need 
to know where the fire exits, 
alarms and fire points are and 
how to get assistance from a first 
aider or fire warden. 

Key point 
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Engineering work activity1.2 The work 
environment

State which type of fire 
extinguisher you would use in 
each of the following cases: 
(a) Paper burning in an office 

waste bin 
(b) A pan of fat burning in the 

kitchen of the works canteen 
(c) A fire in a mains voltage 

electrical machine. 

Activity 1.10

Visit an engineering workshop or laboratory that is used 
mainly by first year students in your school/college. Prepare 
a safety policy for this work area and include references to 
relevant legislation (for example, the Health and Safety at 
Work Act 1974, Management of Health and Safety at Work 
Regulations 1999, Manual Handling Operations Regulations 
1992, Control of Substances Hazardous to Health 
Regulations 2002). Your health and safety policy should take 
into account the fact that the main users of the area will be 
newcomers to engineering and your policy should be worded 
so that it can be easily understood. 
    You should arrange your health and safety policy under 
the following headings:

1. A general statement explaining what the policy is about 
and who needs to know about it

2. Procedure for accident and incident reporting (what 
needs to be reported and who should it be reported to)

3. Manual handling and lifting

4. Hazardous substances and materials

5. Hazardous equipment and processes

6. Electrical safety

7. Fire and emergency evacuation

8. Personal protective equipment

9. Safety training

10. Risk assessments and safety inspections

11. Health and safety roles and responsibilities (names and 
responsibilities of individuals having a specific health and 
safety role such as a Health and Safety Office, First 
Aider, Fire Warden, etc.). 

Your health and safety policy should include a paragraph on 
each of the above. Present your findings in the form of a 
word-processed A4 document (no more than THREE pages).

As part of this unit you will be expected to show that you can work 
efficiently and effectively in an engineering environment. In order to 
do this you will need to carry out a simple engineering activity which 
will usually involve the following steps:

1. Prepare the work environment ensuring that it is area free from
hazards and that relevant safety procedures are implements. You 
will also need to ensure that appropriate PPE and tools are 
selected and checked before use (ensuring that each is in a safe 
and usable condition)

Test your knowledge 1.11 

A fire breaks out near to a store 
for paints, paint thinners and 
bottled gases. What action 
should be taken and in what 
order? 

Test your knowledge 1.12 
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Activity 1.11

Which of the actions listed below (and in what order) should 
you take in each of the following scenarios:

Scenario

A. A colleague has cut his hand on a broken light fitting.
B. A strong smell of burning appears to be coming from a 

small store cupboard in which flammable materials are 
kept.

C. Whilst operating some rotating machinery you notice 
that a guard has become detached and is unsafe

D. You have been taking medication for flu and have 
become drowsy whilst working on some equipment

E. A stranger who is not carrying any identification is found 
wandering in the workshop area

F. A colleague appears to have received an electric shock 
and is lying unconscious across some electrical trunking

G. An access way has become blocked by a pallet loaded 
with boxes

H. A mains connector on an arc welding set appears to 
have become damaged and the electrical conductors 
have become exposed

I. You notice that an important item of test equipment is 
missing from its normal place in the test lab.

Possible actions

1. Locate a fire point and sound the alarm

2. Leave the building by the nearest exit

3. Operate a fire extinguisher

4. Operate the emergency stop button

5. Summon help

6. Switch off the electrical supply

7. Close all nearby windows and doors

8. Summon a first aider

9. Stop what you are doing and take a break

10. Report the incident to site security

11. Place a ‘do not use’ notice on the equipment

12. Attempt to clear up

13. Inform your manager/supervisor

14. Attempt to carry out a repair before use.

Present your answer as a set of written notes with a brief 
explanation for each action. Choose no more than THREE 
actions for each scenario and ensure that you list them in 
the correct sequence.



Working practices in engineering    25

2. Prepare for the work activity by ensuring that all necessary
drawings, specifications, job instructions, materials and 
component parts are obtained and ensuring that appropriate 
storage arrangements are made for the work. In addition you will 
need to ensure that you have the necessary authorisation to carry
out work from your teacher, lecturer and/or workshop supervisor.

3. Complete the work activity including all specified tasks and 
associated documentation. You will also need to ensure that your 
completed work complies with the original specification. When 
your work is complete you should return drawings, instructions 
and tools to the correct storage location and dispose of unusable 
tools, equipment, components and waste materials (such as oil, 
soiled rags, swarf, and off-cuts) following the procedures that are 
in place in the work area.

In addition to demonstrating that you are competent to carry out a 
basic engineering task, will you need to show that you can contribute 
to effective working relationships. This means:

1. Working with other students (including those that you may not 
already be familiar with), schools and college staff, specialist 
staff (technicians and workshop supervisors), as well as those 
who are ‘external’ to the organisation (e.g. customers, suppliers, 
contractors, and visitors)

2. Dealing with problems that affecting engineering work and the 
processes that you may be using. This may involve arranging 
access to, and assistance with, restricted processes and materials 
(for example etching tanks, power guillotines, etc) as well as 
access to drawings, technical libraries and quality assurance 
documentation

3. Conforming with institutional practices (for example, 
arrangements for emergency evacuation or reporting security 
issues) ass well as contributing to organisational issues (for 
example, recommending and or implementing safe and effective 
working practices, relevant quality procedures, internal 
communication and teamwork.

The processes and tasks that you will carry out as part of the 
engineering activity will depend on the individual circumstances and, 
in particular, the resources and material available in your school or 
college. To provide you with examples of the processes  that you 
might need to be familiar with we shall consider two representative 
activities, drilling and soldering.

Drilling

Drilling is a process for producing holes. The holes may be cut from 
the solid or existing holes may be enlarged. The purpose of the 
drilling machine is to:

• Rotate the drill at a suitable speed for the material being cut and 
the diameter of the drill.

• Feed the drill into the workpiece.
• Support the workpiece being drilled; usually at right-angles to the 

axis of the drill. On some machines the table may be tilted to 
allow holes to be drilled at a pre-set angle.

Drilling and soldering are typical 
engineering activities that you will 
need to be familiar with. When 
carrying out these activities you 
will need to demonstrate that you 
can work safely and effectively. 

Key point 
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Figure 1.22 A hand-held electric power drill

Figure 1.23 A pillar drill
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Drilling machines come in a variety of types and sizes, including the 
hand-held electrically driven power drill that you may have used at 
home (see Fig. 1.22). Unfortunately, when it comes to producing an 
accurately drilled hole, hand-held drills have a number of serious 
shortcomings including the difficulty of positioning the drill correctly 
above the work-piece and at right-angles to it. The feed force is also 
limited to the muscular strength of the user. 
    Figure 1.23 shows a more powerful, floor or bench mounted 
machine. The spindle rotates the drill. It can also move up and down 
in order to feed the drill into the workpiece and withdraw the drill at 
the end of the cut. Holes are generally produced with twist drills. 
Figure 1.24 shows a typical straight shank drill and a typical taper 
shank drill and names their more important features.
    Large drills have taper shanks and are inserted directly into the 
spindle of the machine, as shown in Figure 1.25(a). They are located 
and driven by a taper. The tang of the drill is for extraction purposes 
only. It does not drive the drill. The use of a drift to remove the drill 
is shown in Figure 1.25(b).
    Small drills have straight (parallel) shanks and are usually held in a 
self-centring chuck. Such a chuck is shown in Figure 1.25(c). The 
chuck is tightened with the chuck key shown. SAFETY: The chuck 
key must be removed before starting the machine. The drill chuck has 

Figure 1.24 Straight shank and taper shank twist drills
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Figure 1.25 Methods of holding a twist drill
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Figure 1.26 Cutting edges of a twist drill

Figure 1.27 Point angles for a twist drill



a taper shank which is located in, and driven by, the taper bore of the 
drilling machine spindle.
    The cutting edge of a twist drill is wedge-shaped, like all the tools 
we have considered so far. This is shown in Figure 1.26.
    When regrinding a drill it is essential that the point angles are 
correct. The angles for general purpose drilling are shown in Figure 
1.27(a). After grinding, the angles and lip lengths must be checked as 
shown in Figure 1.27(b). The point must be symmetrical. The effects 
of incorrect grinding are shown in Figure 1.27(c).
    If the lip lengths are unequal, an oversize hole will be drilled when 
cutting from the solid. If the angles are unequal, then only one lip 
will cut and undue wear will result. The unbalanced forces will cause 
the drill to flex and ‘wander’. The axis of the hole will become 
displaced as drilling proceeds. If both these faults are present at the 
same time, both sets of faults will be present and an inaccurate and 
ragged hole will result.

Work holding

It is dangerous to hold work being drilled by hand. There is always a 
tendency for the drill to grab the work and spin it round. Also the 
rapidly spinning swarf can produce some nasty cuts to the back of 
your hand. Therefore the work should always be securely fastened to 
the machine table. Small work is usually held in a machine vice 
which, in turn, is securely bolted to the machine table. This is shown 
in Figure 1.28(a). Larger work can be clamped directly to the 
machine table, as shown in Figure 1.29(b). In both these latter two 
examples the work is supported on parallel blocks. You mount the 
work in this way so that when the drill ‘breaks through’ the 
workpiece it does not damage the vice or the machine table.
    Figure 1.28(c) shows how an angle plate can be used when the 
hole axis has to be parallel to the datum surface of the work whilst 
figures 1.29(a) and 1.29(b) show how cylindrical work is located and 
supported using vee-blocks. 

Other drilling operations

Figure 1.30 shows some miscellaneous operations that are frequently 
carried out on drilling machines. These include countersinking, 
counterboring, and spot-facing.

Countersinking

Figure 1.30(a) shows a countersink bit being used to countersink a 
hole to receive the heads of rivets or screws. For this reason the 
included angle is 90°. Lathe centre drills are unsuitable for this 
operation as their angle is 60°.

Counterboring

Figure 1.30(b) shows a piloted counterbore being used to counterbore 
a hole so that the head of a capscrew or a cheese-head screw can lie 
below the surface of the work. Unlike a countersink cutter, a 
counterbore is not self-centring. It has to have a pilot which runs in 
the previously drilled bolt or screw hole. This keeps the counterbore 
cutting concentrically with the original hole.

30    Working practices in engineering 
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Figure 1.28 Work-holding

Figure 1.29 Work-holding cylindrical components



32    Working practices in engineering 

Spot facing

This is similar to counterboring but the cut is not as deep. It is used to 
provide a flat surface on a casting or a forging for a nut and washer to 
‘seat’ on. Sometimes, as shown in Figure 2.64(c), it is used to 
machine a boss (raised seating) to provide a flat surface for a nut and 
washer to ‘seat’ on.

Safety when drilling

Before carrying out a drilling activity it is essential to observe 
appropriate safety precautions. These include ensuring that:

• the drill guard is serviceable and fitted correctly
• the correct speed is set for the size of drill
• the drill bit is in good condition and correctly fitted centrally in 

the chuck
• there is an appropriate means of work holding
• appropriate clothing and PPE is worn
• the work area is uncluttered and clear of swarf and other waste 

material
• you know where the emergency power off switch is located.

Before drilling you will need to mark out your work using a scriber 
where necessary to mark straight lines and a centre mark is made 
with a dot punch as shown in Figure 1.31(b) or with a centre punch, 
as shown in Figure 1.31(c). A dot punch has a fine conical point with 
an included angle of about 60°. A centre punch is heavier and has a 
less acute point angle of about 90°. It is used for making a centre 
mark for locating the point of a twist drill and preventing the point 
from wandering at the start of a cut.

Soldering

Soldering is the process used for joining electrical conductors in 
order to produce a joint that is both mechanically and electrically 
sound. Soldering involves introducing a molten material (solder) 
which surrounds a mechanical joint between electrical conductors 
which are usually tinned copper wires, tags, pins, or printed circuit 
board (PCB) pads.

Figure 1.30 Countersinking, counterboring and spot facing

Figure 1.31 Scriber and 
centre punch
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Solder

Solder is an alloy of two metals; tin (Sn) and lead (Pb). The 
proportion of tin and lead is usually expressed as a percentage or as a 
simple ratio. For example, the term ’60-40 solder’ refers to an alloy 
which comprises 60% tin and 40% lead by weight. The proportion of 
tin and lead is instrumental in determining the melting point of the 
solder alloy and the proportion of the constituents is usually clearly 
stated. Electronic solder has a low melting point temperature 
(typically 185°C) and is used for making joints on printed circuit 
boards. Joint would normally involve a single component lead and its 
associated copper pad and excessive temperature would have to be 
avoided in order to prevent damage both to the component (whose 
connecting lead might be of a very short length) and the PCB itself 
(where copper pads and tracks might lift due to the application of 
excessive heat).
The flux used in soldering has two roles. Firstly it helps with the 
removal of any oxide coating that may have formed on the surfaces 
that are to be soldered and secondly it helps to prevent the formation 
of oxides caused by the heat generated during the soldering process 
itself. Flux is available in both paste and liquid form. However, in 
the case of solder for electronic applications, it is usually 
incorporated within the solder itself. In this case, the flux is 
contained within a number of cores that permeate through the solder 
material rather like the letters that appear on a piece of souvenir 
seaside rock.

Soldering technique

Before a soldering operation is carried out, it is vitally important that 
all surfaces to be soldered are clean and completely free of grease 
and/or oxide films. It is also important to have an adequately rated 
soldering iron fitted with an appropriate bit. The soldering iron bit is 
the all-important point of contact between the soldering iron and the 
joint and it should be kept scrupulously clean (using a damp sponge) 
and free from oxide. To aid this process, and promote heat transfer 
generally, the bit should be regularly ‘tinned’ (i.e. given a surface 
coating of molten solder).
    The selection of a soldering bit (see Figures 1.32 and 1.33) 
depends on the type of work undertaken. Figure 1.33 shows a 
number of popular bit profiles, the smaller bits being suitable for 
sub-miniature components and tightly packed boards. The procedure 
for making soldered joints to terminal pins and PCB pads are shown 
in Figures 1.35 and 1.37, respectively. In the case of terminal pins, 
the component lead or wire, should be wrapped tightly around the 
pin using at least one turn of wire made using a small pair of long-
nosed pliers. If necessary, the wire should be trimmed using a small 
pair of side cutters before soldering. Next, the pin and wire should 
then be simultaneously heated by suitable application of the 
soldering iron bit and then sufficient solder should be fed on to the 
pin and wire (not via the bit) for it to flow evenly around the joint 
thus forming an airtight ‘seal’. The solder should then be left to cool 
(taking care not to disturb the component or wire during the process).
The finished joint should be carefully inspected and re-made if it 
suffers from any of the following faults:

(a) Sketch a typical drilling 
machine spindle/chuck/drill 
guard assembly. 

(b) Explain why it is necessary 
to have an effective means 
of work holding when using 
a pillar drill.  

Test your knowledge 1.13 

Describe ONE method of locating 
the work under a drill so that the 
hole will be cut in the required 
position. 

Test your knowledge 1.14 

When drilling explain why: 
(a) the packing pieces must be 

parallel and the same size 
(b) the work should not be held 

by hand when drilling large 
diameter holes. 

Test your knowledge 1.15 

Nowadays, manually operated 
drilling machines (as well as 
lathes and milling machines) are 
being increasingly replaced by 
computer numerically controlled 
(CNC) machines. These 
machines can be programmed in 
order to perform repetitive tasks 
quickly and accurately. 

Key point 
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1. Too little solder. The solder has failed to flow around the entire 
joint and some of the wire or pin remains exposed.

2. Too much solder. The solder has formed into a large ‘blob’ the 
majority of which is not in direct contact with either the wire or 
the pin.

3. The joint is ‘dry’. This usually occurs if either the temperature of 
the joint was insufficient to permit the solder to flow adequately 
or if the joint was disturbed during cooling.

In the case of a joint to be made between a component and a PCB 
pad, a slightly different technique is used (though the requisites for 
cleanliness still apply). The component should be fitted to the PCB 
(bending its leads appropriately at right angles if it is an axial lead 
component) such that its leads protrude through the PCB to the 
copper foil side. The leads should be trimmed to within a few 
millimetres of the copper pad then bent slightly (so that the 
component does not fall out when the board is inverted) before 
soldering in place. Opinions differ concerning the angles through 
which the component leads should be bent. For easy removal, the 
leads should not be bent at all while, for the best mechanical joint, 
the leads should be bent through 90°. A good compromise, and that 
preferred by the author involves bending the leads through about 45°. 
Care should again be taken to use the minimum of solder consistent 
with making a sound electrical and mechanical joint.

Finally, it is important to realize that good soldering technique 
usually takes time to develop and the old adage ‘practice makes 
perfect’ is very apt in this respect. So, don’t despair if your first 
efforts fail to match with those of the professional!

Safety when soldering

Whilst soldering is not a particularly hazardous operation, there are a 
number of essential safety and other precautions that should be 
observed. These are listed below:

Fumes

Solder fumes are an irritant and exposure, particularly if prolonged, 
can cause asthma attacks. Because of this it is essential to avoid the 
build up of fumes, particularly so when a soldering iron is in 
continuous use. The best way to do this is to use a proprietary system 
for fume extraction. In addition, many professional quality irons can 
be fitted with fume extraction facilities which are designed to clear 
fumes from the proximity of the soldering iron bit. 
    Even when a soldering iron is only used intermittently it is 
essential to ensure that the equipment is used in a well-ventilated area 
where fumes cannot accumulate. Fume extraction should be fitted to 
all soldering equipment that is in constant use. Most good quality 
soldering irons that are designed for professional use can be fitted 
with fume extraction equipment. 

Damage to eyes

Molten solder or flux additives can cause permanent eye damage. 
Some means of eye protection is essential. This can take the form of 
safety glasses or the use of a bench magnifier. Ordinary reading or 
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Figure 1.32 Heat transfer in a soldering iron bit

Figure 1.33 Typical soldering iron bits

Figure 1.34 Construction of a temperature controlled soldering iron

Explain what is meant by a ‘dry 
joint’ and how this can be 
avoided. 

Test your knowledge 1.17 

State the typical constituents of 
electronic solder and explain why 
flux is used when making a 
soldered joint. 

Test your knowledge 1.16 



prescription glasses will also offer a measure of protection and may 
also be of benefit when undertaking close work.

Static hazards

Many of today’s electronic devices are susceptible to damage from 
electric fields and stray static charges. Unfortunately, simply earthing 
the tip of a soldering iron is not sufficient to completely eliminate 
static damage and additional precautions may be required to avoid 
any risks of electro-static damage (ESD). These may involve using a 
low-voltage supply to feed the heating element fitted in the soldering 
iron, incorporating low/zero-voltage switching, and the use of 
conductive (antistatic) materials in the construction of the soldering 
iron body and the soldering station itself. 

Burn, melt and fire hazards

The bit of a soldering iron is usually maintained at a temperature of 
between 250°C and 350°C. At this temperature, conventional plastic 
insulating materials will melt and many other materials (such as 
paper, cotton, etc) will burn. It should also go without saying that 
personal contact should be avoided at all times and the use of a 
properly designed soldering iron stand is essential.

Shock hazards

Mains voltage is present in the supply lead to a mains operated 
soldering iron and also in the supply lead to any soldering station 
designed for use with a low-voltage iron. If the soldering iron bit 
comes into contact with a mains lead there can be a danger that the 
insulation will melt exposing the live conductors. In such situations, 
heatproof insulation is highly recommended both for the supply to 
the iron itself and also to any power unit.
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Figure 1.36 Example of a work holder which provides support 
for a PCB during soldering

Figure 1.35 Method of 
m a k in g  a  s o l d e r e d 
connection to a terminal pin
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Activity 1.12

Working as a member of a small team of two or three 
students, you are to manufacture a simple drill gauge which 
will allow users to rapidly check the size of twists drills 
having diameters ranging from 1 mm to 5 mm in increments 
of 0.5 mm. Your tutor will provide you with suitable materials 
from which to manufacture the gauge together with a 
drawing showing the location and size of each of the holes 
that you must accurately drill. In order to complete this 
activity you will need tools for marking out (and centre 
punching) as well as access to a pillar drill. 
    Each member of the team should contribute to the work 
activity and each should produce his or her own drill gauge. 
In addition, you should keep a record of how your team 
organised the activity, who did what, and what decisions 
were made as the activity progressed. 
    You should also note down the safety precautions that 
you took as well as listing any PPE or other safety devices 
that you make use of. Finally, suggest what changes and 
improvements could be made as a result of your experience 
of carrying out this activity.

Activity 1.13

Working as a member of a small team of two or three 
students, you are to manufacture a simple electrical 
continuity tester which will allow users to rapidly check 
fuses, cables and electrical connectors. Your tutor will 
provide you with suitable materials from which to 
manufacture the continuity checker together with a circuit 
diagram and wiring layout. In order to complete this activity 
you will need tools for cutting and bending electrical wires 
and components as well as access to a soldering station.  
    Each member of the team should contribute to the work 
activity and each should produce his or her own continuity 
checker. In addition, you should keep a record of how your 
team organised the activity, who did what, and what 
decisions were made as the activity progressed. 
    You should also note down the safety precautions that 
you took as well as listing any PPE or other safety devices 
that you make use of. Finally, suggest what changes and 
improvements could be made as a result of your experience 
of carrying out this activity.Figure 1.37 Method of 

m ak ing  a  s o ld e r e d 
connection to a PCB 
mounted component
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Activity 1.14

Working as a member of a team of three to four students 
you are to design a layout for a new ‘multi-workshop’ 
designed to support a group of sixteen first year engineering 
students. The workshop is to provide resources for marking 
out, drilling (two pillar drills), turning (one small lathe), bench 
fitting, sheet metal cutting, folding and bending. You should 
create a floor plan showing the workshop layout as well as 
arrangements for the storage of tools, materials, and work in 
progress. You should also include some general purpose 
benches as well as a ‘clean area’ for paperwork and two 
networked PCs. Your floor plan should include appropriate 
dimensions and should show doors, windows, and the 
location of services such as electrical, gas and water 
supplies and the location of fire, safety and first aid 
equipment. At the early stages of this activity, you should 
ensure that you have consulted appropriate school or 
college staff (such as a workshop technicians, health and 
safety officers, fire wardens, etc). You should present your 
recommendations to the rest of the class in the form of a ten 
minute presentation with appropriate visual aids and 
handouts. You should also show how each member of the 
team contributed to the activity and indicate how effective 
working relationships were established and maintained 
between team members as the activity progressed. Finally, 
you should acknowledge the contribution made by others 
(such as specialist school or college staff).

Working relationships

In engineering, as with any other work activity, it is essential to have 
good working relationships with colleagues and other people that 
you might have contact with in your day-to-day working life. Such 
relationships will not only help you to be effective in doing your own 
job but they will also allow others to be effective in their own job 
roles.     
    Good working relationships are based on a positive attitude to 
work coupled with good communications skills and an ability to 
identify and respond to the needs of others. These skills can be easily 
acquired but they do involve you in being aware of what it going on 
around you and being willing and able to respond to the needs of 
others. 
    Few engineering activities are performed in complete isolation and 
all major engineering projects involve teamwork and cooperation. As 
you start your career in engineering you will inevitably become a 
member of a team and other people will depend on you just as you 
depend on them. A good starting point is that of gaining the respect 
and support of those around you by listening to other people’s needs 
and being prepared to give advice and support whenever necessary. 



Review 
questions

1    List THREE duties of the employer under the Health and Safety 
at Work Act.

2    List THREE duties of the employee under the Health and Safety 
at Work Act.

3   Identify the signs shown in Figure 1.38 and explain where each 
would be placed.

4    Explain what is meant by a Risk Assessment. Who should be 
involved with carrying out a Risk Assessment?

5    List FOUR items of information that would be found in a 
Materials Safety Data Sheet (MSDS). Where would you expect to be 
able to find an MSDS for a material used in an engineering 
laboratory?

6    Describe THREE different hazardous engineering processes and, 
for each process, describe ways in which the risks associated with the 
process can be reduced.

7    Describe TWO ways in which a person can receive an electric 
shock from a workshop AC mains supply.

8.   Apart from causing heart failure, what else may occur when a 
person receives an electric shock?

9.   What actions, and in what order, should be taken when a person 
receives an electric shock? 
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Activity 1.15

Working as a member of a team of three to four students 
you are to plan and demonstrate an engineering activity 
(such as drilling, turning or soldering) at a school or college 
open-day. You should ensure that visitors are able to 
observe safely and that members of the team are available 
to provide guidance and to answer questions. You should 
also prepare a handout (using a single A4 page) that 
describes the activity that you are performing and gives 
details of the processes, materials, tools, resources, and 
safety precautions. Following the open-day, you should hold 
a team meeting to carry out an evaluation of your activity 
and indicate what worked well, what didn’t work well, and 
why this was. You should also consider the contributions 
made by individual members of the team and make specific 
recommendations for future improvements. If the event was 
to be repeated in the future what changes would you make 
and why?

Figure 1.38 See Question 3
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10    Explain the meaning of each of the signs shown in Fig. 1.39.

11    What type of fire extinguisher is shown in Fig. 1.40?

12    Identify the two engineering operations shown in Fig. 1.41.

13   With the aid of a sketch, explain the construction of a vee-block 
work holder. What is the purpose of this device?

14    Identify an item of personal protective equipment (PPE) for use 
when (a) drilling and (b) soldering. In each case explain why the 
item should be used. 

15   With the aid of a sketch, explain how heat is conducted from the 
element of a soldering iron to a joint that is being made.

16   Identify the fluid shown in Fig. 1.42 and state the precautions 
that should be observed with its handling and storage.

17    Explain why good working relationships are important in 
engineering. Illustrate your answer with an example.

Figure 1.41 See Question 12

Figure 1.42 See Question 16

Figure 1.39 See Question 
10

Figure 1.40 See Question 
11


