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Quality  
When we buy something we know almost without thinking about it whether it has a high 
‘quality’ or not. Producing items of the highest possible quality has become more and more 
important over recent years due to ever increasing competition between the companies who 
manufacture the items and the ever increasing demands of the consumer for better quality 
items that perform better and last longer. Therefore the pursuit of quality has developed into 
a science among manufacturing companies and much time and effort is spent in this area. 
  
What is Quality? 
Quality can be a confusing concept as it has different meanings to different people depending 
on whether they are the producers of a product or the users of it. Also, as the management of 
quality has developed over the years the understanding of what quality means has changed 
accordingly. 
 
There are a number of definitions that are generally accepted however and quality can be 
variously thought of as: 
 

• Conformance to specification 
• Fitness for purpose 
• Meeting customers requirements 
• Doing things right first time 
• The features and characteristics of a product or service which bear upon its ability to 

satisfy a stated need (BS 4778) 
 
From these definitions, we can obtain nine dimensions (or characteristics) to describe the 
quality of an item. The nine dimensions are:  
 

• Performance – A product’s primary operating characteristics – Using a Motor car as an 
example, these would include things such as acceleration, braking distance, steering and 
handling. 

 
• Features of a Product – The car may have power steering, alloy wheels or a CD player 

 
• Reliability – The probability of the product surviving over a specified period of time 

under specified conditions. A car’s ability to start on cold days and how often it breaks 
down are examples of reliability factors. 

 
• Conformance –The degree to which the physical and performance characteristics meet 

established standards. The standard of finish and freedom from squeaks and rattles 
would be an example of this as would be the level of emissions from the engine. 

 
• Durability – The amount of use one can get from a product before it needs to be 

replaced. For a car this might include corrosion resistance or hard wearing upholstery. 
 

• Serviceability - The ease with which the product may be serviced or repaired. For 
example the availability of spare parts, number of miles between services, expense of 
service would be of concern here. 

 
• Aesthetics – How the product looks, feels, tastes etc. The body styling, the instrument 

layout or the road handling of a car might make it aesthetically pleasing. 
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• Safety - Assurance that the customer will not be injured or hunt when using the product.  
 

• Perceived Quality - This is a subjective assessment resulting from image, advertising, 
or brand names. For a Car, this might be shaped by advertising or magazine reviews. 

 
Depending on our point of view some of these dimensions may be of more interest to us than 
others. In the case of a car, each will be affected to a greater or lesser degree by each of the 
nine areas shown above. For example, aesthetics may be most important to the owner of a 
car, conformance may be more important to the manufacturer, perceived quality may be most 
important to the sales distributor.  
 
Therefore, how quality is defined depends on whether one is the designer, manufacturer, 
distributor or customer.   
 
For simplicity, ‘conformance to specification’ will be used as a working definition for 
quality in the rest of the section. 
 
Managing Quality 
In order to manage all aspects of the quality of a product, such as those above, a well defined 
method needs to be used. The starting point for managing the quality of a product is to first 
define the user requirements i.e. what the person using the product needs. However it is not 
always possible to measure these directly. Therefore they need to be translated into 
measurable attributes that can be controlled measured as the product is being designed and 
manufactured.  
 
Quality Attributes and Customer Requirements 
One of the most demanding challenges is to design and manufacture a product that actually 
meets the needs of the customer. The problem is that the requirements of the customer are 
often expressed in a different format and language than that used by the designer. For 
example, the customer-important characteristics of a mobile phone (portable, make and 
receive calls, send text, take pictures, store phone numbers) are not quite the same as the 
product specification (weight, size, screen resolution, number of mega-pixels, memory 
capacity, etc) used by the manufacturer. However these are the characteristics that need to be 
measured in order to control the quality of the product while it is being manufactured. These 
characteristics are known as the quality attributes of a product. Once they have been defined, 
the manufacturing processes needed to achieve them and the means to measure them can be 
determined. 
 
Example 1: 
A person wishes to buy a laptop for work. As the customer the person has a number of 
requirements: 

• Portable 
• Internet access 
• Play CDs/DVDs 
• Fast processor 
• Large memory 
• Connectivity to peripheral devices 
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The related quality attributes might be: 
• Weight and size 
• Wireless capacity 
• Format capability of optical drive 
• Processor speed 
• RAM capacity 
• Number of USB ports 

 
Each of the attributes would have a predefined value. If the values vary from predefined ones 
they would not be acceptable. Therefore the quality attributes can be used to provide a 
measure of the quality of the laptop. 
 
Example 2: 
A new design is required for a fizzy drink bottle. As a result of a user survey, the following 
characteristics have emerged as the customer requirements. The bottle should be: 

• Easy to hold 
• Easy to open 
• Leak-proof 
• Non-Toxic 

 
These requirements can be converted first into product characteristics and then into quality 
attributes that are measurable. The attributes in turn, will determine the features of the 
manufacturing processes as shown below. 
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Example 3: 
In the design of a water level alarm for use in a garden pond the following product features 
have been identified. It should: 

• Be sensor-based 
• Make a loud noise when the water reaches a specified level 
• Be waterproof 

 
Possible quality attributes of the product and the process variables that will affect them are 
shown in the table below. 
  

Quality Attribute Process Variables 

Water level at which alarm is triggered Type of Sensor, Circuit component 
values. Initial set up of alarm 

Reliability of circuit Circuit Design, Quality of soldering. 
Correct population of the PCB 

Loudness of siren in dB ( decibels ) Specification of siren or buzzer used. 
Type of power supply available 

Effectiveness of casing seal Conformance of casing to manufacturing 
tolerances. 

 
Activity 1: 
Come up with three user requirements that you would have for a new bicycle. 
Use these to decide on three product characteristics for the bicycle. Then use these 
product characteristics to find the quality attributes. 
 
 
  User Requirements: 
 
  1. 
 
  2. 
 
  3. 
 
 
 
  Product Characteristics  State which requirement it relates to 
 
 
  1.      Requirement: 
 
 
  2.  
 
 
  3. 
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  Quality Attributes  State which product characteristic it relates to  
 
  1.     Characteristic 
 
  2. 
 
  3. 
 
  4. 
 
 
 
 Activity 2: 
 Carry out the same analysis on the Requirements/Characteristics/Attributes for each  
  of the following:  

• A toy suitable for a small child 
• Earphones for a MP3 player 
• Wristwatch 

 
  User Requirements - Toy 
  1. 
 
  2. 
 
  3. 
 
 
 
  Product Characteristics - Toy State which requirement it relates to  
 
  1.      Requirement: 
 
 
  2.  
 
 
  3. 
 
 
  Quality Attributes - Toy State which product characteristic it relates to.  
 
  1.     Characteristic 
 
  2. 
 
  3. 
  
  4. 
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  User Requirements – Earphones for MP3 Player 
 
  1. 
 
  2. 
 
  3. 
 
 
 
  Product Characteristics – Earphones    State which requirement it relates to. 
 
  1.      Requirement: 
 
 
  2.  
 
 
  3. 
 
 
 
  Quality Attributes – Earphones    State which product characteristic it relates to.  
 
  1.     Characteristic 
 
  2. 
 
  3. 
 
  4. 
 
 
 
 
  User Requirements - Wristwatch 
 
  1. 
 
  2. 
 
  3. 
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  Product Characteristics- Wristwatch    State which requirement it relates to 
 
 
  1.      Requirement: 
 
 
  2.  
 
  
  3. 
 
 
 
  Quality Attributes- Wristwatch State which product characteristic it relates to  
 
  1.     Characteristic 
 
  2. 
 
  3. 
 
  4. 
 
 

 
Product Life Cycle 
This theory states that four separate developmental stages exist in the life span of a product, 
with each stage characterized by its own distinct marketing opportunities and restraints.  It is 
primarily a marketing theory and it guides marketing managers in developing marketing 
strategy and decisions. 
 

1. When a new product (such as a MP3 player or a 3G phone) first appears, this is called 
the introductory stage. The product is relatively expensive as the manufacturers are 
trying to recover the development cost of the item. Growth is slow, with minimal 
profits, since many people will not be aware of the product. 

 
2. If the product is successful, it goes into a growth stage, where its growth rapidly 

expands as it becomes adopted by the mass market. It is still relatively expensive but 
demand is strong. 

 
3. A maturity stage follows, where sales and profits stabilize. Many competing 

products enter the market and prices fall.  
 

4. Finally, the product goes into a decline, where sales and profits decrease. 
 
 
 The product life cycle theory states that a typical product's life cycle follows the form of an 
S-shaped curve, although some products may have a very rapid growth stage or an 
immediate decline. Also, some mature products can have their life cycle reversed. For 
example, when baking soda was launched, it was used only for cooking and quickly reached 
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the maturity stage of its life cycle. When it was discovered that baking soda deodorized 
refrigerators, however, the product's sales soared and its new use put it back in the growth 
stage of its life cycle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The type of user or customer for a technology varies over its life cycle. The type of quality 
attributes that are important to them will vary also.  
 
Introduction Stage – Innovators 
Innovators buy products that move technology forward. People who buy technologies in the 
early stages are known as Innovators. They are usually technically competent and willing to 
tolerate flaws in the product in order to have the latest technology. They are often interested 
in the technology for its own sake. 
 
Growth Stage – Early Adaptors 
Early adopters buy products that give them a strategic break-through. The early adopters, 
also called visionaries, want to apply a new technology to provide a solution to an existing 
problem. i.e. for solutions to “broken mission-critical processes.” The specific solution needs 
to be a complete solution, not just most of the solution, as in the case of the previous group. 
 
Maturity Stage – Early Majority and Late Majority 
Early majority buyers move in a pack. The early majority market wants a product that is 
complete and will be useful to a range of users rather than on an individual basis. 
Standardisation of the technology and the support for it is important. 
 
Late Majority - Main Street Customers 
This is the point at which even conservatives adopt the product. The conservatives are 
looking for the basic product, at the cheapest price, with features that are most suited to 
them. They have no use for extra features. They want to buy a commodity. 
 
 



Quality Management 

 © t4 Galway Education Centre     9 

The following table summarises the relationship between the quality attributes and the 
product life cycle. 
 

 
 
  Activity 3:  
  Take the following products and decide what part of the product life cycle they currently 
  occupy and what type of quality attributes would be most applicable to them. 
 

• Formula 1 Racing car  
• Wii computer game 
• Mobile Telephone 
• The Internet 

 
 
Quality Problem Solving Tools 
 
The process as described so far has involved converting the customer requirements into a set 
of product characteristics. These in turn were used to generate quality attributes that can be 
measured and controlled during the manufacturing process. It is often the case in practice 
that when they are measured while the item is being produced, the values for these attributes 
will differ from the ideal. In other words, even though the ideal value for a given quality 
attribute is known beforehand, it is not always to achieve it in practice. The purpose of 
quality management techniques is to continually strive to improve the process by all means 
possible. 
 
In practical terms this means collecting data from the manufacturing process, analysing the 
data and suggesting ways to improve it. 
 
Often the way to improve the process (or how to find the factor causing the problem) is not 
easy to see directly. Problem solving strategies such as those described in the following 
section are used to extract this information from the data and to suggest means for 
improvement. 
 

Quality 
Concerns 

Innovator Early Adopter Early Majority Late Majority 

Demand for 
new features 
 

Innovative Specific to 
problem 

Incremental 
changes 

Little 

Timing Early to 
market 

Must meet 
demanding 
timeframe 

Must exceed 
competition 

Slow to adopt 
new versions 

Quality 
Attributes 

None    

Customisable  By Customer General  
Reliable  X X X 
Usable   X X 
Affordable   X X 
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As with most disciplines, the tools and strategies are most effective if used within some form 
of framework or methodology. The so called ‘Deming Cycle’ is a common method 
employed for this. The Deming cycle is aimed at continuous improvement and can be 
applied to any process that runs on a continuous basis. The Deming cycle consists of four 
stages that are carried out as a continuous loop. 
 
Plan – Do – Study - Act 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Stage 1: Plan 
This Deming Cycle commences with the planning stage which analyses the current situation, 
collects data and makes plans for improvement. The problem solving tools described below 
are used in unravelling the problem and the effects of last ‘Act’ phase are taken into account. 
  
Stage 2: Do 
At the ‘doing’ stage, some sort of pilot or trial solution is put in place, usually on a small part 
of the manufacturing process. 
 
Stage 3: Study 
During this stage, the trial conducted in the previous stage is critically evaluated and either 
problems or opportunities are examined. 
 
Stage 4: Act 
In the final stage, the improvement is implemented in a standardised manner (i.e. formally 
adopted as part of standard procedure and fully documented) before embarking on the next 
plan as part of a continuous loop. 
 

Plan 

Do 

Study 

Act 
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  Activity 4: 
  Congestion is a problem in the main corridor of a school building at the end of class periods 
  as the pupils move from one room to another. How would you use the Deming Cycle to  
  improve the problem? State the general steps you might take during each stage of the cycle.  
  The first stage has been partially completed as an example 
 
 

Plan:  
Current Situation: -  
Find out what classes are moving, and from where to where. 
Identify the most congested areas. 
Identify the groups most often caught up in congestion. 
Are there peak times for congestion? 
 
Do: 
 
 
 
 
 
 
Study: 
 
 
 
 
 
 
Act: 
 
 
 

 
 
 
 
 
As can be seen from above, studying the cause of the problem is a major part of the process. 
Analysing and identifying the problem is a key element to solving it. To assist with this a 
number of problem solving tools are commonly used. These are: 
 

• Flow Charts 
• Bar Charts 
• Cause and Effect Diagrams 
• Scatter Diagrams 

 
These individual techniques are described next in the context of a practical example. The 
emphasis is on systematically describing the process and its associated problems. 
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Flow Charts 
A flow chart is a systematic technique for describing the process to which the problem 
belongs. The main purpose is to understand all of the stages of the process and how they 
relate to one another. By mapping the process in this manner it can help to: 
 

• Eliminate duplicate or unnecessary steps 
• Identify critical areas 
• Identify areas that need improvement 

 
The flowchart below takes the manufacture of a PCB in a Technology project as an example. 
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Checksheets and Tally Charts 
A checksheet or tally chart is a simple method of assisting in collection and classification of 
data. They are useful when it is necessary to gather data quickly as during the course of a 
production run or when producing a cumulative list of problem areas as shown below. In the 
imaginary case below, a list of circuit related problems have been gathered by the students 
over a week in order to identify the most common problem areas in their soldering projects. 
 

 
Bar Chart 
A Bar Chart is used to display data graphically and often this form of ordered distribution 
shows some fundamental properties of the problem. For example, when looking at the 
variation of sizes in a batch of components made by a particular machine the chart might 
look like that shown below. The target size is 20mm. Say 39 components were measured in 
all. The chart shows that the sizes tend to cluster around the target size of 20mm. As the 
amount of error increases on either side of 20mm, the number of parts decreases.  
 
Now consider the data obtained for the same part but from a different machine. In the second 
diagram it can be seen that the distribution of sizes follows the same general pattern but now 
the graph is centred around 20.2mm. This might indicate a problem such as a tool setting 
error by the operator causing the machine to produce oversize parts. 
 

0

1

2

3

4

5

6

7

19.7 19.8 19.9 19.9 20 20.1 20.2 20.3 20.4

Machine A

 
Data from machine ‘A’ 

Problem by category  Total
Dry joint 
Over solder 
Not soldered 
Incorrect placement 
Faulty component 
Tracks Damaged on PCB 
Design error in circuit 
Heat damage to component 

1111 1111 1111 1111 1111 1111 1111 1111 1 
1111 1111 1111 1111 1111 1111 11 
1111 1111 1111 1111 1111 1 
1111 1111 
1111 
111 
111 
 

33 
26 
21 
8 
4 
3 
3 
2 
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0
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Data from machine ‘B’ 
 
 
This type of chart can also be useful for looking at data such as that gathered from the tally 
sheet above. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Bar chart of PCB manufacture faults. The most common problems can be easily identified 
from the chart. 
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Cause and Effect Diagrams 
This technique makes use of a ‘cause and effect diagram’ to get to the root cause of a 
problem. Cause and effect diagrams are sometimes known as ‘Ishikawa diagrams’ after 
Kaoru Ishikawa who originally applied the technique. There are sometimes called ‘Fishbone 
diagrams’ due to their shape.  
 
The problem or effect is drawn at the end of a main horizontal stem and the causes are drawn 
as branches onto the main stem. The contributing causes are then drawn onto these as 
follows. 
 

 
 
 
It is common to group the causes according to the ‘Three Ms and P’ namely, 

• Materials 
• Machinery 
• Methods 
• People 

 

 
 
 
 
 

EFFECT 

Materials Machinery/ 
Equipment 

People Methods 

Contributing Cause 

Contributing Cause 

EFFECT 

Cause A Cause B 

Cause C Cause D 

Contributing Cause 

Contributing Cause 
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The effect can be stated as either a positive (i.e. desired outcome) or a negative (problem to 
be dealt with). To achieve the best effect the process should be carried out as a team exercise 
along the lines of a brainstorming session. 
 
The following steps are involved in drawing up the diagram: 

1. Identify and define the effect. Phrase the effect as a positive (an objective) or a 
negative (a problem) 

2. Draw the effect box and the spine of the chart and write in what the effect is. 
3. Establish the main causes contributing to the effect being studied. These are the 

labels for the major branches of the diagram using the 3Ms and P as categories 
4. For each of the major branches, identify other specific factors that may be causes of 

the effect. 
5. For each of these causes, identify increasingly more detailed causes and organise 

them under related causes or categories. Asking a series of ‘Why’ questions can be of 
help in defining these. 

 
The following example uses the solder joint problem from the previous examples to illustrate 
the process. 
 
First the categories are set up and some contributing causes are added as horizontal lines off 
each of the branches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tip Burnt 

Poor quality 
Joints 

Materials 
Machinery/ 
Equipment 

People 

Methods 

Wrong Shape Tip 

Careless work 

Wrong type of solder 

Wrong Technique 
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For each of the causes, ask the question ‘why’ in order to find the detail contributing causes. 
These are added in as lines parallel to the branches. 
By asking further ‘why’ questions, the detailed causes can be identified. 
 
 
 
 
 

Wrong type of solder 
Tip Burnt 

Wrong Shape Tip 

Wrong Technique 

Don’t know how 

Impatience 

Careless work 

Poor quality 
Joints 

Materials 
Machinery/ 
Equipment 

People 

Methods 

Too hot 
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By repeating the process the root causes of the problem can be approached as seen from the 
partly completed diagram below. 
 

 
 
 
  Activity 5: 
  Take a project that your class has completed recently. Identify two significant problems and 
  use a cause and affect analysis to try to find the reasons for the problems. 
 
 
Scatter Diagrams 
Scatter diagrams are useful in establishing (or dispelling) whether a causal link exists 
between two factors. Scatter diagrams do not prove that one factor (x) is responsible for 
causing the second factor (y), but they do point towards a relationship. They also indicate the 
type of relationship that exists between the two factors. These can be: 

• A Positive correlation 
• A Negative correlation 
• A Weak correlation 
• No correlation 

 
Often, having established a link, the solution to a problem becomes much easier to identify 
The scatter diagrams are drawn as X-Y plots in which the data for a number of instances are 
shown on the diagram. 
 
 
 

Poor quality 
Joints 

Materials 
Machinery/ 
Equipment 

People 

Methods 

Careless work 

Wrong type of solder 
Wrong Shape Tip 

Tip Burnt 

Wrong Technique 

Impatience 

Behind Schedule 

Don’t know how 

Absent during Demo 

Too hot 
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A positive correlation occurs when ‘y’ increases as ‘x’ increases.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A negative correlation occurs when an increase in ‘x’ causes a decrease in ‘y’. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Weak Correlation can be positive or negative. A weak correlation indicates that other factors 
may be the cause. 
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No correlation occurs when there appears to be no relationship between ‘x’ and ‘y’. The 
plotted data appears to have no pattern and be randomly positioned on the graph. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example: 
Consider the following scenario. A technology room has a number of small drills that could 
potentially be used for drilling through holes on PCBs prior to soldering. Using a slightly 
larger diameter drill will reduce the chance of breakage but may affect the quality of the 
joint. The following data was gathered over a two week period to investigate this possibility. 
The number of holes drilled with each drill was the same for each size drill. 
 
 
 
 
 
 
 
 
 
 
 
The data can be plotted in a number of ways. Looking at the scatter plots, the following can 
be noted. 
 
The overall trend is for the amount of faulty joints to increase along with the hole diameter. 
This would be more or less as expected.  However, the plot shows that above 0.9mm 
diameter, there is a marked increase in the number of defective joints. This can be seen by 
the change of slope of the line at this point. Above 1mm diameter, the amount of drill 
breakage levels off. This can be seen from the change of slope. Finally, the time taken to drill 
the hole reduces as the drill size increases. 
 
 
 
 
 
 
 

Drill Dia No. of 
Defective 
Joints 

Time taken to  
drill  hole 

No. of Drills 
Broken 

0.8 6 30 sec 7 
0.9 7 25 sec 6 
1.0 12 15 sec 5 
1.2 15 10 sec 5 
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  Activity 6: 
  Examine the plots and findings above and try and decide what the optimum size drill to  
  use is. Note that a compromise will be involved and there is no ‘right’ answer. 
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Simple Statistical Measures 
 
Average values  
An average is a useful and common method of measuring the central tendancy (central 
value) of a variable and can take three forms:  

• The Mode 
• The Median 
• The Mean 

 
The mode is the most common value from a group. For example if the following a record of 
drill sizes found in a drill box in mm. 

 
2  2 3  3  3  4  4  4  4  5 (mm) 

 
The mode is 4mm which is the most common value, appearing on four occasions 
 
The median is the middle value when all outputs are arranged in numerical order. 

 
2  2 3  3  3  4  4  4  4  5 (mm) 
 

 
In the example above, the middle values are 3mm and 4mm, so the median would be 3.5mm, 
halfway between 3mm and 4mm. 
 
The mean is the value represented by the following equation: 
 

valuesofnumber
togetheraddedvaluesindividualtheall  

For the example above 
 

mmmean 4.3
10

5444433322
=

+++++++++
=  
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Degradation of Quality Attributes during Design and Manufacture 
 
 
 
 
 
 
 
 
 
 
 
 
Consider the casing shown above for a pond alarm. An important product characteristic is 
that it should be waterproof. Another would be resistance to corrosion. This might give rise 
to quality attributes as follows: 
 

• Effectiveness of the seal between casing and housing 
• Corrosion resistance of the casing and housing material 

 
In an ideal situation the seal would be completely waterproof and the housing completely 
corrosion resistant. However during the design stage, realistic choices must be made 
regarding the materials and manufacturing processes for the components. In this example, 
the cover can be produced from plastic on a milling machine, and the body will be 
manufactured from tinplate. 
 
The manufacturing processes and materials chosen will dictate how accurately the parts can 
be manufactured so there will be some inherent degradation of the effectiveness of the seal 
due to the manufacturing tolerances on the parts - for example the design might mean that 
the alarm may not be waterproof if submerged but will function satisfactorily if left outside 
in the rain. 
 
As the tinplate is not infinitely corrosion resistant, there is a resulting degradation in this 
quality attribute. The design might be a compromise to give a finite life – say a given number 
of months or years - for the product. 
 
Finally during the manufacture or realisation stage of the project the student may have had 
difficulty forming the corner radii on the casing to the design specification resulting in 
further degradation of the effectiveness of the seal. Furthermore, the flux used in the 
soldering process caused some surface corrosion of the protective coating on the tinplate, 
further shortening the life of the product. 
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The Cost of Quality 
Putting a quality system in place in an organisation involves an outlay in time, resources and 
people. While quality measures will add to the cost of a product in the short term, these costs 
tend to be balanced out over time by the benefits offered. There are two questions therefore 
that need to be considered. 

1. What is the cost of quality management? 
2. What are the returns from quality improvement? 

 
If the definition of quality as ‘conformance to specification’ is taken then there are two costs 
involved. These are: 

1. The cost of conformance 
2. The cost of non-conformance 

 
The cost of conformance is the cost of putting quality measures in place and maintaining 
them. The cost of non-conformance refers to the losses associated with errors and waste, 
reject components and scrap, repair under warranty etc. The overall cost is the sum of these 
two costs and the relationship between them is shown below. 

 
 
 
 
Quality and Market Share 
Competitive advantage is the term used to describe a company’s ability to out perform their 
competitors. Quality is very important to being able to do this.  

• The quality of the product being offered plays a large part in its market share. 
• Businesses that offer premium-quality products usually have large market shares and are 

usually among the first to enter their markets. Being the first to market usually means 
more sales in the long run.  

• High Quality producers can usually charge premium (higher) prices for their product. 
• However, quality improvement can reduce profitability, i.e. the amount of profit per 

product, due to increased costs in maintaining quality. 
• The increase in market share will normally cancel out the extra cost involved. 

Cost of non-
conformances 
 
Warranty claims 
Rejects & Scrap 
Errors & Waste 
Poor Service/Delivery 
Loss of Customers 
etc 

Cost of conformance 

Cost of non-
conformance 

Cost of conformance 
 
Quality systems 
Process control 
Reliability  
etc

Cost of good quality 
product 

Cost of poor quality 
product 

Cost of poor quality product > cost of good quality product 

+ 

+ 
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   Activity 7: 

Japanese manufactured goods were seen to be poor quality imitations of western 
(European and American) items around the middle of the 20th century. From the 1950s 
onwards Japan became a pioneer in manufacturing quality. Taking consumer electronic 
goods such as a CD player or using the motor industry as an example, examine how their 
market share in western countries has changed since then. Use the web to research who 
were the main manufacturers of these items in 1955 and compare those names to today’s 
manufacturers. 

 
 
Activity 8: 
Taking motor manufacturers, give two examples of manufacturers who manufacture high 
quality premium-priced cars. How much do you think the market of the product is based on 
the image projected rather than the actual performance and reliability? 
Use the web to look up the reliability figures for two high-quality cars and compare them 
to two ‘ordinary’ models. 

 
  Which model had the fewest breakdowns last year?  Was it a ‘premium’ model? 
 
  Is price always a good indication of quality? 
  Are there other aspects of quality (aesthetic, performance etc) that may affect the overall  
  quality of a car? 
 
 
Relation between Quality, Market Share and Costs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Higher prices

Improved quality 
of design 

Higher Perceived value 

Increased market share 
Increased 
revenues 

Improved quality  of 
conformance 

Lower manufacturing 
and service costs 

Higher profitability 
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Classification of Quality Costs 
The costs described previously can amount to 20% of sales for a manufacturing company 
and can be classified as: 
 

• Prevention Costs - These are the costs associated with the planning and operation of a 
quality system in a company. These costs might be the money spent on test equipment, 
training and carrying out quality audits to help set up the system 

 
• Appraisal Costs - These are the costs associated with monitoring and inspecting the 

product, and the cost of processing the data gathered during product inspections. 
Gathering and analysing data is a key part of a quality system as will be seen later. 

• Internal Failure Costs - These are the failure costs associated with the non-
conformance of a product that is detected prior to delivery to the customer i.e. before the 
product leaves the factory. These costs include scrap, rework, modification, selling at a 
reduced price, etc.  

 
• External Failure Costs - These costs are associated with non conformance that is 

detected by the customer after delivery. Typical costs would be for rejected/returned 
components, warranty claims and product liability. These costs can be significantly in 
excess of the value of the product, for example a claim due to an injury caused by a 
defective product. Loss of sales due to customer dissatisfaction is another significant 
cost in this area. 

 
Example: Measuring the cost of quality. 
The pictures below show a possible configuration for a pond alarm project. It consists of a 
PCB based circuit for the alarm and a housing consisting of a base and a lid. Using the 
headings given above, analyse the quality costs associated with the project. Costs considered 
can be either money, time or potential loss of marks for the project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Moisture Probe PCB for moisture detection circuit 
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Activity 9: 
  Choose a project from your own experience and analyse the quality costs associated with 
   it using a similar set of headings as given above. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PCB Cost  Housing Cost 
Prevention Costs 
 
Practice of correct 
soldering technique 
Learn to use PCB and 
circuit design software 

 
 
1 Day 
 
1 Day 

 Prevention Costs 
 
Set up gauge blocks to measure 
casing opening. 
Correct tolerance of mating parts 

 
 
1 hour 
 
 
2 hours 

Appraisal costs 
Inspection of  solder 
joints  
Check component 
placement against 
drawing 
Simulation of circuit 

 
1 hour 
 
½ hour 
1 hour 

 Appraisal 
 
Measure and inspect before 
assembly 

 
 
½ hour 

Internal Failure 
Replacement IC 
Replacement PCB 
Rework time 

 
€5  
€1 
1 Day 

 Internal Failure 
Rework 
Scrap material 

 
2 Days 
€5  

External Failure 
Loss of marks 

 
? 

 External Failure 
Loss of marks 

 
? 
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Reliability 
In today's world nearly everyone depends upon the continued functioning of a wide array of 
complex machinery and equipment for their everyday life. Cars, computers, electrical 
appliances, are expected to function whenever they are needed - day after day, year after 
year. When they fail the results can be catastrophic such as in the case of an aircraft. More 
often, repeated failure leads to annoyance, inconvenience and a lasting customer 
dissatisfaction with a product. 
 
Quality versus Reliability 
In the minds of many people, reliability and quality is the same thing. In fact, reliability was 
defined as one of the aspects of quality at the beginning of the section on Quality 
Management. Remembering the definition of quality as being ‘conformance to 
specification’, a more accurate way to compare quality and reliability would be to consider 
quality to be a ‘snapshot’ of the conformance at the start of the life of a product and 
reliability is a ‘motion picture’ of its conformance to specification during the day-by-day 
operation. 
 
In this regard, where Quality Management is concerned with the manufacturing process and 
conformance of a new product, Reliability Management is concerned with its performance 
(and conformance) over the expected life of the product. While quality management is 
concerned with reducing uncertainty in the manufacturing process in order to control 
conformance, there are many uncertainties in how the product will behave over its lifetime. 
No two identical products will have identical lifetimes.  Therefore the study of reliability is 
concerned with the study of probability and depends heavily on statistical methods. This 
section will explain the basic ideas behind reliability management without involving these. 
 
Reliability is defined as: ‘the probability that a product or a  piece of equipment performs its 
intended function for a stated period of time under specified operation conditions’ 
 
The definition has four important elements: 

• Probability 
• Time 
• Performance 
• Operating conditions 

 
First, reliability is defined as a probability, that is, a value between 0 and 1. Therefore it is a 
numerical measure with a precise meaning. Expressing reliability in this way makes it 
possible to compare the reliability of different products or systems. A probability of 0.97 
means that, on average, 97 out of 100 items will perform their function for a given amount of 
time under given operating conditions. 
 
The second element of the definition is time. Time is important because a product having, 
say, a reliability of 0.97 for 1000 hours service is not as good as one that has the same 
reliability at 5000 hours. 
 
The third term of the definition relates to performance. The term failure is used when the 
performance of the product differs from its original specification by a given amount. Using 
the engine of a car as an example, this might be specified by the amount of bearing 
clearances or the amount of emissions produced. 
 



Quality Management 

 © t4 Galway Education Centre     29 

The final component of the definition is operating conditions. These describe the operating 
conditions that correspond to the given product life. These conditions define the product’s 
intended environment. For the engine of a car, this might mean the speed and loading that it 
is run at as well as the effects of an expected amount of misuse such as being over-revved or 
stalled a given number of times. 
 
 
Reliability Management 
If the life of a product can be accurately assessed then there are a number of uses it can be 
put to. Some of these are: 
 
Maintenance Management 
Products can be removed from service and repaired or replaced before they fail in use. 
Aircraft have detailed maintenance programmes based on reliability information. The service 
intervals for a motor car are decided by a similar process. 
 
Guarantees and Warranties 
If a manufacturer can establish the reliability of the product then this will help to establish 
the guarantee period for it. The period would be chosen to end some time before the 
anticipated lifetime of the product. 
 
Marketing and Market Share 
If a product can be engineered to improve reliability, this can be used as a marketing point 
and used to increase market share. 
 
Reliability Measurement 
In practice, reliability is determined by the number of failures per unit time for the period 
being considered. i.e.  
 

TimeOperatingTotal
FailedItemsrateFailure =

 
 
This is termed the failure rate. Some products must be scrapped when they fail; other 
products can be repaired. For example, it would be common to repair a broken washing 
machine but a hair dryer would normally be thrown out. The failure rate will usually vary 
over the life of the product and will fall into three categories. 
 
Early Failure (A-B on curve) 
At the start of the product life, over a group of identical products, the failure rate will be high 
usually due to a design or raw material failure. (This type of failure can be reduced by 
quality management) 
 
Constant Failure (B-C on curve) 
This type of failure occurs in the normal working life of the product and the failure rate is 
approximately constant. The rate is somewhat lower than the initial failure rate and will 
remain so until towards the end of the product life when it increases again 
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Wear-out Failure (CD on curve) 
This type of failure occurs due to components of systems failing through incurring wear 
beyond their designed life. 
 
The variation of failure rate over the life of the product when represented graphically gives 
the so-called Bathtub Curve as shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variation of the failure rate over time. 
 
 
The bathtub distribution intuitively mirrors the failure performance of many manufactured 
products. The motor car for example, often shows unreliability when new due to ‘teething’ 
problems not detected before delivery. Following this, a period of use follows where the car 
is fairly reliable (around 100,000 miles for modern cars) followed by a final period where the 
vehicle becomes unreliable as major components in the steering, engine or transmission 
begin to fail. 
 
Calculating the Failure Rate 
In simple terms the failure rate is the number of items failed divided by the total time taken. 
The failure rate is usually expressed by the Greek letter lambda (λ) 
 
 

Failure rate TimeOperatingTotal
FailedItems

=λ
 

 
It should be remembered that the estimated time to failure is based on probability theory 
(which is mathematically complex) and a number of simplifying assumptions are made here. 
 
These are:  

• The probability of failure is distributed in what is known as an exponential 
distribution over the life of the product.  

• This results in the failure rate remaining constant over the life of the product. In other 
words, the bathtub curve described above is approximated as a straight line. 

 
 
 
 

A 
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Simplified failure rate for exponential distribution 
 
This simplifies the calculation considerably and the probability of a product surviving until a 
given time(t) can be found by the following expression: 
 
 

Reliability at time t = 
te λ−

 
 
Where, λ is the failure rate and e is the exponential function.  
 
The exponential function is very similar to antilogs you are already familiar with and is used 
in the same way. To use the reliability function, first calculate the failure rate lambda by 
dividing the total number of failures by the total time taken. 
 
To find the reliability of the item at a given time (t) proceed as follows: 

• Multiply lambda by the required time(t) and multiply the result by minus one. This 
gives -λt 

• With this result displayed on the calculator, press either ex (or else inv then ln 
depending on your calculator) 

• The answer will be a number between 0 and 1 such as 0.568. This is the probability 
that the item will survive until the time t that is of interest. 

 
The usual way of establishing the reliability of an item is to conduct a series of tests until a 
number of them fail. This allows the failure rate to be found. If the failure rate is known, the 
reliability for a given time can be found using Reliability at time (t) = e-λt 
 
Example: 
Trial data shows that 105 items failed during a test with a total operating time of 1 million 
hours. (For all items i.e. both failed and passed). 
 

The failure rate 
41005.1

1000000
105 −== xλ

 
 
Find the reliability of the product after 1000 hours i.e. t =1000 
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Reliability at 1000 hours: R(1000) 
te λ−=  

)10001005.1( 4 xxe−=  
          =0.90 

 
Therefore, the item has 90% chance surviving for 1000 hours. 
 
Example: 
A project requires a lightweight belt to drive a pulley in a situation where space is limited. It 
is proposed to use an office elastic band for the purpose. The particular situation requires the 
belt to survive for 90 seconds without breaking, after which time it will have fulfilled its 
function and will not be needed again. 
 
A programme of testing was devised where a number of belts were run under the same 
conditions for a total of one hour. During this time two belts failed. Find the failure rate and 
the probability of a belt surviving for its design life of 90 seconds. 
 
Answer: 
    

Total test time  3600 
 
Seconds  

    
Failures  2  
    
Failure rate Lambda (λ) 
( Failures divided by test 
time) 2 ÷ 3600  = 0.000556  
    
Reliability at 90 Seconds  
 =  ℮-(0.00056 x 90)

 
 0.951229 

 
There is 95% probability that the belt will survive for the time specified. 
 
 
Activity 10:   How reliable is your team? 
 
Using the number of matches played so far this season, take the Soccer or GAA team of your 
choice and count scores conceded as ‘failures’. Establish a failure rate based on the number 
of matches played so far. 
 
Starting from the present date, what is the reliability of them being able to proceed to:  

• the end of the next match 
• the end of the next two matches 
• the end of the season 

without conceding any more scores? 
 
Hint: It might be easier to use minutes of play as a basis to calculate the reliability. 
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Activity 11:  Reliability of bicycle tyre. 
 
Conduct a survey of your class to find out how many people have had punctures in their 
bicycles during the last six months. Record the total number of ‘bicycle days’ involved i.e. 
the number of days multiplied by the number of bicycles (all bicycles, including those who 
did not have a puncture during this time). Use this information to calculate a failure rate for 
the occurrence of punctures. 
 
Find the reliability of a given bicycle not getting punctured in the next 300 days? 
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