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e Institute a vigorous programme of education and retraining
¢ Create a structure in top management that will push on the above points every day

He believed that adoption of, and action on, the fourteen points was a signal that management intended to stay in
business. Deming also encouraged a systematic approach to problem solving and promoted the widely known Plan,
Do, Check, Act (PDCA) cycle.

PLAN: identify an opportunity and plan for change
DO: implement the change on a small scale

DEMING CHECK: use data to analyse the results of the change to determine whether
it made a positive difference.

Circle

cale and
gin the

ACT: if the change was successful, implement it on a
continuously assess the outcome. If the change di

cycle again.
The Deming Cycle
The PDCA cycle is also known as the Deming cycle, although it was deve ague of Deming, Dr Shewhart.
It is a universal improvement methodology, the idea being to const 0 ereby reduce the difference
between the requirements of the customers and the performaanie s. The cycle is about learning and

ongoing improvement, learning what works and what does not i ; and the cycle repeats; after one

cycle is complete, another is started.

1.2 DrJoseph M Juran
Juran developed the quality trilogy — qualit i lity control and quality improvement. Good quality
management requires quality actions to be pla and controlled. The process achieves control at one
level of quality performance, then plans e performance on a project by project basis, using
tools and techniques such as Paretg
which is again controlled, to preve

Holding the Quality

®

%, o ¢
2 &9
% : RS
Quality -

Project-by-

Juran believed quality is associated with customer satisfaction or dissatisfaction with the product, and emphasised the
necessity for ongoing quality improvement through a succession of small improvement projects carried out throughout
the organisation. His ten steps to quality improvement are:

¢ Build awareness of the need and opportunity for improvement
e Set goals for improvement
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¢ Organise to reach the goals

* Provide training

¢ Carry out projects to solve problems

® Report progress

¢ Give recognition

e Communicate results

» Keep score of improvements achieved
¢ Maintain momentum

He concentrated not just on the end customer, but on
other external and internal customers. Each person along
the chain, from product designer to final user, is a supplier .
and a customer. In addition, the person will be a process, Supplier Custom
carrying out some transformation or activity.

1.3 Armand V Feigenbaum

Aramand Feignbaum was the originator of “total quality control”, often referr Y. He defined it as:
“An effective system for integrating quality development, qualit i
efforts of the various groups within an organisation, so as to e
economical levels that allow full customer satisfaction”.

He saw it as a business method and proposed three steps to qualit
¢ Quality leadership

e Modern quality technology
¢ Organisational commitment

1.4 Dr Kaoru Ishikawa

e Stratification:
¢ Check sheets:
look like?

ips between factors?

e Scatter charts: what are the relatj
i ions to control and how?

¢ Process control: charts

He believed these seven tools should be known widely, if not by everyone, in an organisation and used to analyse
problems and develop improvements. Used together they form a powerful kit.

One of the most widely known of these is the Ishikawa (or fishbone or cause and effect) diagram.
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Like other tools, it assists groups in quality improvements. The diag : esents and analyses the real

causes behind a problem or effect. It organises the major and g causes leading to one effect (or
problem), defines the problem, identifies possible and pro ng down the possible ones. It also

process, rather than attempt to control a during actual manufacture. To put this idea into
practice, he took the already establish xperimental design and made it more usable and practical

into three stages:
¢ System design

e Parameter desi
¢ Tolerance design

erform verification experiment

Analyze data/predict optimum levels

4
I/ Conduct Matrix Experiment

‘/ Select the Orthogonal array matrix of experiment

/ Identify the objective function to be optimized

/ Identify Noise Factors, Testing conditions, quality characteristics

/ Identify main functions, side effects and failure mode
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The original five stages of grief — denial, anger, bargaining, depression a e dapted over the
years. There are numerous versions of the curve in existence; however, jori m ar nsistent in their

use of the following basic emotions, which are often grouped into three disti
Stage 1 Shock and Denial

Stage 2 Anger and Depression
Stage 3 Acceptance and Integration

ase. Some people may spend a lot of
ve fairly swiftly into stage 3. Although

Each person reacts individually to change, and not all
time in stages 1 and 2, whilst others who are more a

The term custom ith someone who purchases goods or services. However, Joseph
Juran (see 1.2 a ganisations have both internal and external customers, and, internal
customers have ive external customer experience. The external customer is the person who
purchases the goo rvices, w the internal customer is anyone within an organisation who at any time is
dependent on anyone else within rganisation. So, an internal customer can be a co-worker, another department,
or a distributor who dep n organisation to provide products or services which in turn are utilised to create
a deliverable for the external customer. In the diagram below, the ‘Customer’ in the centre is the focus for the

departments and functions surrounding it: these are the ‘internal customers’.
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In recent years, there has been a move toward gauging internal cust uch the same way as
organisations have been polling external customers’ views for many yea sfaction/survey. One model
comprises five steps:
1. Have each department identify who is/are their internal customeg i eir internal supplier/s.
2. Request each department to talk to their internal customer/s : ifically what is needed for them
to do their jobs that they provide.
3. Have them ask these internal customers what they c dpoints them in delivering what they

provide.

4. Request they ask these internal customers
easier.

5. Document all of the above.

When employees (internal custome vith their treatment and given the correct tools to do their jobs,
external customers i

2.6 Quality ma ion of supporting theories

Quality manageme nents; quality planning, quality assurance, quality control and continual
improvement. These include pro es, tools and techniques that are used to ensure that the outputs and benefits
meet customer requirements.

The first component, quality planning, involves the preparation of a quality management plan that describes the
processes and metrics that will be used. The quality management plan needs to be agreed with relevant stakeholders
to ensure that their expectations for quality are correctly identified. The processes described in the quality
management plan should conform to the processes, culture and values of the host organisation.

Quality assurance provides confidence to the host organisation that its projects, programmes and portfolios are being
well managed. It validates the consistent use of procedures and standards, and ensures that staff have the correct
knowledge, skills and attitudes to fulfil their project roles and responsibilities in a competent manner. Quality

Page 15 of 48 edexcel

Approved Centre



Unit Workbook 1 - Level 4 ENG — U17 Quality and Process Improvement
© 2018 UniCourse Ltd. All Rights Reserved

Board ¢
Directc

Executive

= Chief’
Infarmation : General Counsel
Ottcer

Europe, Middle

Engineering East & Africa
ast, & Cad

Research g Asia Pacific

er. Decision making may
need to take account of several groups within a layer. Howe ommunication is usually more effective. Flat

e Matrix structures. Sometimes i eds to'Use people with a variety of skills who are drawn from
many parts or fu h as marketing, operations, finance and human resources.
These can be e projects.

General Manager

L

1
LI
Finance Marketing
Manger Manager

1
Production R&D

Manger Manager

1
ProjectA Production Finance Marketing Personal
Manager Group Group Group Group
Project B Production ce Marketing Personal
Manager Group Group Group Group
ProjectC Production Finance Marketing Personal
Manager Group Group Group Group

Page 17 of 48 edexcel

Approved Centre



Unit Workbook 1 - Level 4 ENG — U17 Quality and Process Improvement
© 2018 UniCourse Ltd. All Rights Reserved

Research presented at 11th International Conference on Manufacturing Research (ICMR2013), Cranfield University,
UK, in Sept 2013 identified 20 frequently quoted barriers to the implementation of a Total Quality Management
strategy. These are given below (in no particular order):

e Employees are not trained in problem identification and problems solving techniques.
e Employees are not trained in quality improvement skills.

e Employees are not empowered to implement quality improvement efforts.

e Teams involving all departments are not employed.

e There is frequent turnover of employees.

e Quality is not everyone’s responsibility.

e Top management is not committed to quality.

e Quality is treated as a separate initiative.

e There are excess layers of management.

e The best practices and/or products of other companies are not benchmarked.
e Strategic plans do not include quality goals.

e There is no joint planning with suppliers.

e The strategic plan is not customer driven.
e Quality action plans are often vague.

e Quality is not effectively measured.
e Management’s compensation is not linked to achieving qua
e Time constraints prohibit effective TQM implementati
e There are inadequate resources to employ TQM.
e Employees are resistant to change.

e The high costs of implementing TQM outwei

4. TQM Techniques

When planning and implementing
one solution for every situation. Ea
processes used to ¢
organizationto o

ent system or quality management strategy, there is no
nique in terms of the culture, management practices, and the
d services. The quality management strategy will then vary from
mary elements or tools should be present in some format or other.

4.1 Thesevenb

1) Flow chart

This is one of the basic quality tools that can be used for analysing a sequence of events. The tool maps out a
sequence of events that take place sequentially or in parallel. The flow chart can be used to understand a complex
process in order to find the relationships and dependencies between events. You can also get a brief idea about the
critical path of the process and the events involved in the critical path.

Flow charts can be used for any field to illustrate complex processes in a simple way. There are specific software
tools developed for drawing flow charts, such as MS Visio.
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2) Check list

A check list (also referred to as a check sheet, tally list, tally sheet or er ther names) is probably the
most basic tool for quality. A check sheet is basically used for gathe and isin a. When this is done with
the help of software packages such as Microsoft Excel, you can further a sis e.g. graphs, and automate
through macros. Therefore, it is always a good idea to use a softwa eck she r information gathering and
organising needs. You can always use a paper-based che whe i ation gathered is only used for

backup or purposes other than further processing.

Rusted Items 0ooo 0o 0
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Dirty i} 101} uli}
Broken/ Cra. oo 1]
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3) Fishbone diagram

Cause and effect diagrams (Ishikawa Diagram) are used for understanding organisational or business problem
causes. Organisations face problems every day, and it is required to understand the causes of these problems in
order to solve them effectively. A cause and effect diagrams exercise is usually a teamwork exercise: a brainstorming
session is required in order to come up with an effective cause and effect diagram. All the main components of a
problem area are listed and possible causes from each area is listed. Then, most likely causes of the problems are
identified to carry out further analysis.
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Fishbone Diagram: Shorted Motor Coils
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4) Control chart
A control chart is the best tool for monitoring the performance offa process:
monitoring any processes related to function of the organisatio
conditions related to the process that has been monitored

s of charts can be used for
llow you to identify the following

= Stability of the process
= Predictability of the process

= |dentification of common cause of variatio

— — — — — UCL = 10.860

\\"/\‘ Center line = 10.058

LCL = 9.256

15

5) Histogram

A histogram is a chart with columns, and is used for illustrating the frequency and magnitude in the context of two
variables. This represents the distribution by mean. If the histogram has a normal distribution, the graph takes the
shape of a bell curve. If it is not normal, it may take different shapes based on the condition of the distribution.
Histograms can be used to measure and compare one thing against another thing.
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Pareto charts are used for identifying a set of priorities. You can chart any number of issues/variables related to a
specific concern and record the number of occurrences. In this way you can identify ameters that have the
highest impact on the specific concern. This helps you to work on the most impg in order to get the
condition under control.

6) Pareto chart
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7) Scatter diagram

When it comes to the v ari S, SCa diagrams are the best way to present data. Scatter diagrams
present the relatio aria and illustrate the results on a Cartesian plane.
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The seven basic quality tools help to address different quality concerns in an organisation, therefore, use of such
tools should be a basic practice in the organisation in order to enhance the efficiency and effectiveness of
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operations. Trainings on these tools should be included in the organisational orientation program, so all the staff
members get to learn these basic tools.

4.2 Hazard Analysis Critical Control Point (HACCP)

HACCP is an approach to food safety that is systematic and preventive. It is recommended by the Codex Alimentarius
Commission, the United Nations international standards organization for food safety. HACCP is used by most
countries around the world, and has been in use since the 1960s. Under Article 5 of Regulation (EC) 852/2004, food
businesses must put in place, implement and maintain a food safety management system based on Hazard Analysis
Critical Control Points (HACCP) principles to ensure the food produced from their premises is safe to eat.

There are seven universally-accepted HACCP principles: every country that uses HACCP follows these principles.

Principle 1: The first principle is hazard analysis. At this stage, a plan is laid out to identify all possible food safety
hazards that could cause a product to be unsafe for consumption, and the measures th taken to control
those hazards.

For example: at the cooking step of the production process, one of the i
due to inadequate cooking time or temperature.

Principle 2: The second principle is identifying critical control points. These a i e production process
where an action can be taken to prevent, eliminate, or reduce a foog , acceptable level.

Principle 3: The third principle is establishing critical limi i ol point. A critical limit is the limit at
which a hazard is acceptable without compromising foo

at each critical control point.
For example: monitoring procedures

Principle 5: The fi g corrective actions. These actions must be taken to bring the

production proc ite ndicates that deviation from critical limits has occurred. In food

production, corr end-stage production is far more effective than waiting until a product is
finished to test it.
For example: if the required inter mperature has not been reached, a corrective action would require that the
product be cooked furth oking temperature cannot be reached, another corrective action would call for
the product to be held and destroyed.

Principle 6: The sixth principle is establishing verification procedures. Verification means applying methods,
procedures, tests, sampling and other evaluations (in addition to monitoring) to determine whether a control
measure at a critical control point is or has been operating as intended. Verification activities also ensure that the
monitoring and the corrective actions are done according to a company's written HACCP program.

Principle 7: The seventh principle is record keeping. Records must be kept by the company to demonstrate the
effective application of the critical control points, and assist with official verification. Records must be established to
document the monitoring and verification results, and all information and actions taken in response to any
deviations found through monitoring and verification.
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For example: the plant employee responsible for monitoring a cooking critical control point completes a cooking log
sheet. This sheet includes the date, the start and finish time, the temperature and the employee's signature. If a
deviation has occurred in the production process, the responsible plant employee records the details in a deviation
log book.

4.3 Statistical Process Control (SPC)

(SPC will be covered in detail in Workbook 3 — for the moment, just try to understand the concepts)

The concepts of Statistical Process Control (SPC) were initially developed by Dr. Walter Shewhart of Bell Laboratories
in the 1920's, and were expanded upon by Dr. W. Edwards Deming, who introduced SPC to Japanese industry after
WWII. After early successful adoption by Japanese firms, SPC has now been incorporated by organisations around
the world as a primary tool to improve product quality by reducing process variation.

Shewhart identified two sources of process variation:

e Chance variation that is inherent in process, and stable over time, and

e Assignable, or Uncontrolled variation, which is unstable over time - the re ic eve utside the
system. (Deming relabelled chance variation as Common Cause variation, an i tion as Special
Cause variation).

4.3.1 Process Variability
Many histograms of process data approximate a Normal Distributio

In order to evalu istai it i prtant to have a measure of the data dispersion, or spread. This can be
expressed by the - lowest value), but is better captured by the standard deviation o (sigma).
The standard devia culated from a group of numbers using a scientific calculator, a spreadsheet
or statistics software program.

Often we focus on average values, but understanding dispersion is critical to the management of industrial
processes. Consider two examples:

e If you put one foot in a bucket of ice water (2°C) and one foot in a bucket of scalding water (82 °C), on average
you'll feel fine 48°C), but you won't actually be very comfortable!

e If you are asked to walk through a river and are told that the average water depth is 3 feet, you might want
more information. If you are then told that the range is from zero to 15 feet, you might want to re-evaluate the

trip.

4.2.1 Control Limits
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Statistical tables have been developed for various types of distributions that quantify the area under the curve for a
given number of standard deviations from the mean. These can be used as probability tables to calculate the odds
that a given value (measurement) is part of the same group of data used to construct the histogram.

Shewhart found that control limits placed at three standard deviations from the mean in either direction provide an
economical trade-off between the risk of reacting to a false signal and the risk of not reacting to a true signal -
regardless of the shape of the underlying process distribution.

If the process has a normal distribution, 99.7% of the population is captured by the curve at three standard
deviations from the mean (+30). Stated another way, there is only a 1-99.7%, or 0.3% chance of finding a value
beyond 3 standard deviations. Therefore, a measurement value beyond 3 standard deviations indicates that the
process has either shifted or become unstable (more variability).

The illustration a) below shows a normal curve for a distribution with a mean (*
of 69 and a standard deviation of 1.87 giving a mean less 3 standard deviati
standard deviations of 74.6 (X + 30). Values, or measurements, less than
unlikely. These laws of probability are the foundation of the control chart.

»ferred to as x- bar)
a mean plus 3
are extremely

PSR |
Process Distribution = Process Mean

\ I

F3Process amme— =m0 e o AR - o A - e - -

- 3 Process
e Std. Deviatio

Std, Deviation

634 69 4.6

a) Normal distribution b) normal distribution turned on its side

Now, consider that the distribution own in b) above, and the lines denoting the mean and +
30 are extended. This ¢ uction i S e Control Chart. Time series data plotted on this chart can be

compared to the li mits for the process. Comparing the plot points to the control
limits allows a si

We know from ou
a very low probability (0.3%) of co
indicates that there is a i

hat a point plotted above the upper control limit (or lower control limit) has
from the same population that was used to construct the chart - this
e - a source of variation beyond the normal chance variation of the process.

4.4 Benchmarking

Benchmarking is a way of discovering what is the best performance being achieved — whether in a particular
company, by a competitor or by an entirely different industry. This information can then be used to identify gaps in
an organization’s processes in order to achieve a competitive advantage. Although there are many forms of
benchmarking, they can be classified into three categories — internal, competitive and strategic:

e Internal benchmarking:
is used when a company already has established and proven best practices and they simply need to share them.
Depending on the size of the company, it may be large enough to represent a broad range of performance (i.e.,
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cycle time for opening new accounts in branches coast to coast). Internal benchmarking also may be necessary
if comparable industries are not readily available.

e  Competitive benchmarking:
is used when a company wants to evaluate its position within its industry. In addition, competitive
benchmarking is used when a company needs to identify industry leadership performance targets.

e  Strategic benchmarking:
is used when identifying and analysing world-class performance. This form of benchmarking is used most when
a company needs to go outside of its own industry. Often, these benchmarks are obtained from outside sources.

4.4.1 Steps Involved in Benchmarking

The following is a list of the vital steps involved in benchmarking. These steps should based on company

policies, resource availability and the project or process one is dealing with:

1. Understand the company’s current process performance gaps. This will i nchmarking.

. Document the current process. Without up-to-date k
. Time and resources can be wasted collecting process
. The project may lack focus, purpose and/or de
. Benchmarking visits may appear to be rando

moo oo A

. To determine t pcess improvements.
. To use a meas sis (MSA):
These comparis i if everyone participating in the study measures performance in exactly the
same way — every time.
g. It is important to mak cs are being established that potential benchmarking partners are probably
already tracking or that can be easily derived from existing measurements.

mo o0 oToew

6. The metrics should be put in writing. In particular:
a. What is being measured

b. How the units of measure will be classified.

¢. What should be included in the measurement.

d. What should not be included.

e. How to make any necessary calculations.

f. Examples of typical measurements.
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7. Agree on what to benchmark. Everyone must be in agreement on what to benchmark prior to any benchmark
gathering initiative in order to:

a. Understand gaps of low performers.

b. Understand impact to customers, associates and shareholders.

c. Prioritize and select one to three metrics to benchmark.

8. Develop a data collection plan.
9. Identify research sources and initiate data gathering.

10. Design a screening survey to assist with partner selection. Characteristics of the survey are important:
a. Crisp focus on indicators of excellence

b. Two pages maximum

¢. 30 minutes maximum to complete

d. Objective, multiple-choice questions

e. Communicates the plans, objectives and resource requirements for t
f. Reflects focus areas for subsequent in-depth questionnaires

dy

11. Determine how to contact and screen companies.

12. Design a detailed survey to gather information.

13. Decide if gathered information meets original objective
14. Conduct a site visit.

15. Apply the learnings to performance gaps.
16. Communicate to the executive leadership to support.

17. Develop a recommended imple tatio i cess owner.

18. Know when to u recalibra

ndards

5 Compliance

There are a significant n ndards’ that an organisation is required to adhere to: these range from internal
company standards, indus andards and international standards, most notably those set by the International
Organisation for Standardisation (ISO).

Internal standards are those that are set by the organisation e.g. quality standards, which may include specifications,
processes and procedures.

Industry standards are a set of criteria within an industry relating to the standard functioning and carrying out of
operations in their respective fields of production. In other words, it is the generally accepted requirements followed
by the members of an industry.

Examples:
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SO/TS 16949 was jointly developed by The International Automotive Task Force (IATF) members and submitted to
the International Organization for Standardization (ISO) for approval and publication. The document is a common
automotive quality system requirement based on ISO 9001, and customer specific requirements from the
automotive sector. ISO/TS 16949 emphasizes the development of a process oriented quality management system
that provides for:

e continual improvement
e defect prevention
e reduction of variation and waste in the supply chain

The goal is to meet customer requirements efficiently and effectively.

The Electronic Industries Alliance (EIA) standards direct component marking, data modelling, colour coding and
packaging materials. Products and services covered under this collection range from the smallest electronic
component to the most complex systems used by the defence, space and consumer p industry. The American
National Standards Institute (ANSI) accredits EIA standards, which help you:
e Increase market share

e Boost quality levels

e Elevate customer satisfaction

Good manufacturing practice (GMP) is the minimum standard that rer must meet in their
production processes. Products must:
¢ be of consistent high quality

¢ be appropriate to their intended use

¢ meet the requirements of the marketing authorisatio

Good distribution practice (GDP) requires that m i ensed supply chain and are
consistently stored, transported and handled i nditions, as required by the product specification.
Organisations that may have to comply with go ractice (GMP) and/or good distribution practice
(GDP) include:

¢ manufacturer licence holders

* wholesale dealer licence holders
¢ blood establishmen
¢ non-UK sites em

ings. They could be about manufacturing products, managing
Is, and can cover a huge range of activities. BSI Standards represent the
condensed knowledge of a group of, ple who have a huge amount of experience or expertise regarding a given

Standards, all of which a rily written to help businesses work more efficiently and to higher standards. The
BSI Kitemark™ is a quality mark owned and operated by BSI. It is one of the most recognised symbols of quality and
safety and confirms conformity certification to consumers, businesses and procurement practices.

Investors in People is the standard for people management. The Standard defines what it takes to lead, support and
manage people well for sustainable results. The Investors in People Standard is underpinned by a rigorous
assessment methodology and a framework which reflects the latest workplace trends, essential skills and effective
structures required to outperform in any industry.

International Standards reflect agreements on the technical description of the characteristics to be fulfilled by the
product, system, service or object in question. They are widely adopted at the regional or national level and are
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applied by manufacturers, trade organizations, purchasers, consumers, testing laboratories, governments, regulators
and other interested parties. Some of the more common standards are:

ISO 14001: 2015 Environmental Management

ISO 14001 is an internationally accepted standard that sets out how an organisation can go about putting in place an
effective Environmental Management System (EMS). The standard is designed to address the delicate balance
between maintaining profitability and reducing environmental impact; with the commitment of your entire
organisation, it can enable you to achieve both objectives.

BS OHSAS 18001: 2007 Health & Safety Management
BS OHSAS 18001 is the internationally recognised assessment specification for occupational health and safety
management systems. It was developed by a selection of leading trade bodies, international standards and
certification bodies to address a gap where no third-party certifiable international standard exists. BS OHSAS 18001
has been designed to be compatible with ISO 9001 and ISO 14001, to help organisatio eir health and safety
obligations in an efficient manner.

ISO/IEC 27001: 2013 Information & Data Security
ISO 27001 is the only auditable international standard which defines the requ ation Security
Management System (ISMS). The standard is designed to ensure the selecti
security controls. This helps you to protect your information assets 3 , i 0 any interested parties,
especially your customers. The standard adopts a process approa g, i menting, operating,

monitoring, reviewing, maintaining, and improving your ISMS.

5.1 ISO 9001: 2015 Quality Management
ISO 9001 is the world’s most established quality frame ingUsed by over 1 million organisations in

178 countries worldwide, and sets the standard n i ystems, but management systems
in general. It helps all kinds of organisations to h improVved customer satisfaction, staff motivation and

I. Customer focus
The primary fo - {0/meet customer requirements and to strive to exceed customer
expectations.
Rationale
Sustained succ
interested parties on whom it d
more value for the cu
contributes to sustaine

n organisation attracts and retains the confidence of customers and other
ds. Every aspect of customer interaction provides an opportunity to create
erstanding current and future needs of customers and other interested parties
ss of an organisation

Il. Leadership
Leaders at all levels establish unity of purpose and direction and create conditions in which people are engaged in
achieving the organisation’s quality objectives.
Rationale
Creation of unity of purpose and direction and engagement of people enable an organisation to align its
strategies, policies, processes and resources to achieve its objectives.

lll. Engagement of people
Competent, empowered and engaged people at all levels throughout the organisation are essential to enhance its
capability to create and deliver value.
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The best way to make sure your products are up to quality is to undergo quality control (QC). It is vital that
any business is giving the customer high quality products that are excellent value for money. Customer
satisfaction should be the priority for a business, a satisfied customer is one that will come back and spend
more money.

1.1 Six Sigma Quality Control Techniques

Six Sigma are a well-recognised institution for business education, they believe that QC can be measured
using seven tools, which are:

e cause and effect diagrams,
e check sheets,
e control charts

e histograms

e pareto charts

e scatter diagrams
e stratification

By implementing these techniques, it is possible to notice tr st voided if a company is to
produce high quality products.

1.1.1 Cause and Effect Diagrams
Cause and Effect, or Fishbone or Is
and a way to sort useful ideas i
statement and writes it on the right-hand sj
diverge into major categories of possible ¢

used as a brainstorming technique,
The team agrees on the problem
row pointing to the statement, which will
categories are:

e methods,
e materials,
e equipment,
e measure
e worker’
e environ

The team then starts to brainst the potential causes of the problem and writes it as a branch from the
appropriate category. ill drop one level deeper and ask, “why do these causes happen?” and we
can delve deeper and deeper into the fundamental flaws that can build to the problem, and the team can
look for solutions to mitigate this. Fig.1.1 shows a fishbone diagram template.
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1.1.2 Check Sheet
A check sheet is a very basic method of actively collecting data to collect quantitative data
or qualitive. In the case of quantitative data, it becomes a tall t in very basic formats to

1.1.3 Control Chart
Control charts are used to reduce variation in the i arts will have a control limits, and if
the products go beyond these limits, then it i
source of the variation.

1.1.4 Histograms
Histograms are similar to bar cha over a range of values, instead of a singular value and

quency of achieved production rates over a 24-hour period.

Production rate
(products/hour) | Frequency
0-5

6-10
11-15
16-20
21-25
26-30
31-35

Total 24

RINON(P W
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O B N W B U O N 0

0-5 6-10 11-15 16-20 21-25 26-30 31-35

Fig.1.2: Histogram example

1.1.5 Pareto graph
Pareto graphs are used to quantify the amount of a certain probl a percentage of
the total problems caused. With this information, we can quickly s problems are, and
which need to be addressed first, the pareto graph is used to visua ( itieS by looking at the
“significant many” that accounts for 80% of the problems the com

Example 1
Our company has been failing to meet production tar e have started to analyse why
the problems have been occurring, Table 1.2 show en collected, showing delays that

% of total | Cumulative %
47.3 47.3
37.8 85.1
2.7 87.8
8.1 95.9
4.1 100.0
100
This is a very basic tabl ear what the main problem is here. Sometimes there are a vast range of

errors, or service manag s€ this to analyse customer complaints and what needs to be fixed to improve
the restaurant. The table is then converted to a pareto graph in Fig.1.3 below.
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80%
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70%
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30%
10
20%
5 10%
0 I

1 2 4 5 3

Fig.1.3: Example 1 pareto graph

So, in order to reduce or eliminate the top 80% of problems face he co Ve nged to replace our

supplier and improve our machine reliability.

1.1.6 Scatter Graphs
Scatter graphs are used to show check for any linear correlati th relation try to confirm a
causation. It’s always important to see if there are relations etween two quantitative pieces

two variables does not mean there is a causation.

Let’s say we run an ice cream van, we record t er the hour, and record how many

sales we make for that hour. Fig.1.4 shows t e data Collected over 14 days.
250
200
50
- o®
< °
3 P )
y o %o
0
0 5 10 15 20 25 30

Average Temperature (°C)

Fig.1.4: Average temperature compared to ice cream sales

We can see there is a strong positive correlation between the temperature outside, and the number of ice
creams sold, and in this case, we know the causation (everyone wants an ice cream when its hot outside).
This would be defined as a strong positive correlation, Fig.1.5 shows different correlations that a graph can
show.
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Fig.1.5: Possible correlations (clockwise from top left): Strong positive, weak positive, e, gfd strong negative

Sometimes there can be too much data to realise there is a correla it i tant to use the

equations discussed in Unit 2: Engineering Maths.
Example 2

Consider the following 15-point data set:

Table 1.3: Resistance of a compQg

4
2
8
2
4
3
6
5
4
2
1
3
5
8
7

8
4
3
5
8
7
9
4
3
2
1

Recalling the general equation for a straight-line graph, shown with Eq.1.1.
y=mx+c (Eq.1.1)
Eqg.1.2 shows the equation with linear regression analysis variables:

y =ai;x+ag (Eq.1.2)
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Use Eq.1.3 and 1.4 to calculate ay and a;, where N is the number of points.

Yyi=aoN+a; Xx

YXiyi = a9 L Xj + a3 L X}

Table 1.4 gives more information needed to calculate a, and a;.

(Eq.1.3)

(Eq.1.4)

Table 1.4: x;,y;, x;y;, x? and their respective totals

Xj Yi XiYi Xj
1 4 4 1
5 2 10 25
1 8 8 1
6 2 12
8 4 32
4 3 12
3 6 18
5 5 25
8 4
7 2
9 1
4 3
3 5]

2 4
1 1
67 401

With the following information weg
simultaneous equations.

Multiply [1] by 6 ]by 15t t [3] and [4]

4288 = 10052, + 44 [3]
3390 = 1005a, + 60152, [4]

Subtract [3] from [4]

—898 = 15264, - a

_ 64— 67(—0.588)

ay(67) +a,(401)

—898

~ 1526

% Qg

[2]

—0.588

= 6.89

Page 39 of 48

edexcel

Approved Centre



Unit Workbook 1 - Level 4 ENG — U17 Quality and Process Improvement
© 2018 UniCourse Ltd. All Rights Reserved

The equation for linear regression is therefore:
y = —0.588x + 6.89

The scatter graph with the line of regression is shown by Fig.1.6.

Current Drawn
.
[ ]

However, just because there is a correlation, does n : ation. In Example 2 we know that
on a hot day everyone loves an ice cream, so we cafy'li t If | were to say, “let’s compare the
height of a person and the number of times
happens to look like Fig.1.6 below. You co e data obtained, more people who have skydived
were tall” but you can’t say “people skydiv

®
L ]
®
=
b L ] ®
® ®
—
[=]
@
=]
S
® ® *
o
Height

Fig.1.6: Height compared to number of times skydived

1.1.7 Stratification

We've collected a lot of data at this point, and stratification is used to organise into different groups and
sub-groups. You’ve probably seen stratification before with the food pyramid, you have the 5 main groups
(fats, dairy, meats, fruit and veg, carbohydrates) which themselves can be broken down into smaller groups
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1.2 Attributes and Variables

Data can be classified into two types, attributes or variables. Both have their advantages and disadvantages.

1.2.1 Variable Data

Variable data is numerical information about the product (height, weight, brightness etc.) it is something
that can be quantified. If we look at the height of five people who are: 6”3’, 5”4, 6”0’, 5”11’, and 5”1’. We
can use this variable data to answer, “who’s the tallest?” or “what’s the average height?”. Variable data gives
precise information about the product.

1.2.2 Attribute Data
Attributes consider the quality of a product rather than a quantifiable measurement. Attribute data is more
to do with looking at whether the product is “this attribute” or not. If we were pok at the heights of 5
people, we look at whether or not they are “tall” or “short”. We aren’t conc heir actual height
value, but we can count that there are 3 tall people, and two shor
number of products that fall into specific classifications. We cannot i S ate averages or
rankings, as it is more obscure than variable data, and they are bettersui alculating ratios,
percentages or generating charts.

1.3 Testing Processes
The easiest way to make sure the quality is in your pro
or not the product meets the quality standards. B
testing

isto s different ways to test whether
o destructive and non-destructive

1.3.1 Destructive Testing

Destructive testing is used to test the dura se or its safety. For example, to test if a car is
safe, its crashed into walls at varyin e crash test dummy being used to simulate the potential
damage that would be donetoa mstances. Or the reason we know a standard Lithium-
lon battery can be re 000 cycles, all depending on the chemistry, temperature,
charging currents . ey last this long due to factory testing to completely draining

arging. It cannot give a precise measurement, because real
f a l[aboratory, nor will every battery be perfectly identical.

the battery fro
world conditio

Destructive tests are carried ou
specimen's performan
to undertake/analyse an

the point of failure for a test specimen. This helps us to understand a
s material behaviour under various loads. These tests are generally simple
more information than non-destructive testing.

Destructive testing is best suited to mass-produced objects, as the cost of destroying a small number of
objects is small. It is not economical to perform destructive testing where only a few items exist (e.g. a
spacecraft).

Analysing and recording the destructive failure mode is often achieved using a high-speed camera which
records continuously until the failure appears. Detecting the failure can be achieved using a sound detector
or stress gauge which will produce a signal to start the high-speed camera, which will have various recording
modes to evidence virtually any type of destructive failure. Once the failure has occurred the high-speed
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that more satisfactory products are made in the same amount of time, so a boost in productivity is shown.
Less waste also means less costs, and production errors can be found and fixed almost immediately.

1.5 Quality Function Deployment

1.5.1 What is Quality Function Deployment?

Quality Function Deployment (QFD) is a tool that companies use to ensure that what the final product that
you are working towards is what is required to satisfy the customer. There several names for it such as matrix
product planning, decision matrices and customer-driven engineering.

1.5.2 QFD Methodology
We typically begin with the “house of quality” shown in Fig.1.8 to focus on what the customer needs and
wants, and we can also include features that would “wow” them. Once we ha ised these qualities,
we use QFD to work back and deploy them at the specific points.

Interaction
Matrix
Product Ch istics
Volce of " g
OtII:e ° ;403_'] E Competitive
© 2 2 Value

Customer | o £
The house of quality is a useful grap orporate an integrated style of thinking. It also provides
a capability to plan tackling requi se it as a useful method of communications to newer
members of the team to any inconsistencies between the needs of the customer,

C ompany that makes bicycles, we are Company O. We are building
ed feedback to keep up with competing companies in the market. The
erpreted into the priorities, which have been ranked by importance
. The competitive benchmarking is Company O, against Company A,

the house of g
voice of the customer has bee
through customer int
Company B and Compa

The voice of the customer has been broken down into five priorities, with the weightings of the importance
also included. The company has looked into six different product characteristics of the bike that could affect
each of the priorities (Realistically, there could be an unlimited number of product characteristics, but for
the purpose of this example, it is just kept to six). The competitive benchmarking has shown that Company
O is a strong competitor in terms of style, price and safety however, Company O is struggling in terms of
comfort and weight.

The relationship matrix is used to compare the product characteristics and their effect on the priorities.
Which can be broken down as:
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e ++:Strong positive effect
e +: Positive effect

e No sign: No effect

e -: Negative effect

e --:Strong negative effect

For example, if the frame of the bicycle was made with different materials (e.g., from steel to Carbon
Fibre) the frame would be a lighter weight, Carbon Fibre is a stronger than steel and will make the bike
safer from dangers such as buckling, as well as improve the balance. Carbon fibre is much more expensive
than steel, and hence the negative effect with regards to the price.

+ +
+
+ +
L ) w w = [ee]
Characteristics | 3 c I 3
3 < -~ | & =
o o 3 o] ®
3 @ a | S
9 =] 2 | a
T = S o
=, @ o
I N <
Priorities ]
Lightweight 23
Comfortable | 20

Safe 30
Cheap 10
Stylish 15

puse of Quality for Company O

The interaction
of comparing h
detrimental to the other it is no
detrimental effect on

the product characteristics interact with each other. It is a way
ristics complement each other when they are adjusted, when one is
ith a —ve (in this case, gears add mass to the system, which will have a

With this system in place, it is used to prioritise what will need to be done first. It is clear that the bikes are
not comfortable, we can see that the best method of quickly improving the comfort is to improve the seat
padding, as well change the frame material to something more lightweight. The seat padding will improve
the comfort but will not be detrimental to the weight of the bike, unlike the gears and suspension.
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