SECTION 4 - ANALYSIS AND MAPPING
TECHNIQUES

Quality Management (Tools & Techniques)
Flowcharting (including IDE10)
Iatroduction
Process Flow Charting and Document Flow Charting arc techniques that can e
employed to provide a visual representation of a procedure. Flat text can be bori 2 and
an uninteresting way of describing a process; the reader is likely to lose terest and
concenlration, A picture can el a thousand words - it can convey, in eerlaim
circumstances, a betler graphical indication of the sequence and methods emploved
within a process.  The flow chart can be used to describe a number of aclivilies,
sequence of lasks, the way documents flow around an organisation, a compuler
program cte.  Once the chart has been completed, the Process Flow Charts can be
employed fo analvse all the activitics mvolved in processes or systeins. This may he
used fo explain why a process is done ina particular sequence or why a particular ronte
was faken. The flow chart will also show the supplicrs and customers of g particular
task or activity, The MNow charts can be used to determine ihe stages that require special
quality control activities. With the flow chart being a comprehensive description ol the
process. identification of value added and non-valye added activitics and any
anaccessary transportation and delays, becomes mucly casicr. Boundarics can be added
to the flow chart to dendte when (he respansibility for a particular set of activities
changes front one person to another.

There are a number of difierent methods and approaches (o representing a process using
a flow charting method.

© IS0 5807 The specification for data processing flow chart symbofs, rules and
conventions.

© Cross Functional or Swimlance - A charting mcthod that displays the process lasks,
indicating the ow of information and materials across dillerent departments.
Sametimes known us swimlanes or document {low charting.

© IDLFO - Integration Definition for Function Modelting. A methed develaped by the
USA Air lForce (o graphically represent process aclivities, showing process activi y
inputs, oulputs, controls and reseurces, IDLTFO - is the Integration Definition for
Information Modelting.

When selecting the process charting methad 1here are some consideraiions. What is
being displaved:; information, data or material? What will provide the information in
a suitable format for the user? What level of detail is required? What is the business

type (service, manufaciuri o, cle)?
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ISO 5807 - Process Flow charting

There are a number of different standards that can be used {or the process flow symbols.
150 5807 contains the most gencrally aceepted symbols.

Process - Identifies the activily or task and contains a bricef description of the work
performed.

Decision - The point where a decision is made and the flow chart can slip into two
paths. The paths are labelled true/false. yes/no ete. depending on the outcome.
Terminator - Identifies the beginning or end of the process.

Document - Where a document is required, used or created then this symbol can be
employed.

Flow lincs - Used to represent the next step in the process, connecting activities and
Lasks.

Connector - Used Lo indicate a conncction between {low charts on separate pages.
Visual - When a computer is used to convey information this symbol ¢an be used.

Ciuidelines for Process Flow Charting

L. Sclect the process or system to be examined.

2. Complete the Process Flow Chart shown in Table 25 representing cach of the
activitics diagrammatically with the appropriate symbol (See Figure 61). The

table necds to be completed by discussion with the person imaost knowledgeable
aboul the process under investization (the person doing the job?).
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Table 25 Process Flow Chart Form

Operation:
Departinent:
Name:

Date:

Stage | Svmbol | Description

Remarks

_ an_.‘_...ﬂ . ,
D 3 _
Redundant Operation

Inspection

Lr,\, | Deacision

Figure 61 Process Symbols

Table 26 Activity Summary

Activily

No. of Activities

Current

Proposed

Opecralions

Redundant Operations

Delays

Unfile

Files

Transports

Inspections

Decisions

Total
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Examples of this type of Process Flow chart can be found in the section on Quality
Planning - specifically a Service Quality Plan.

3. Critically analysc the chart to identify;

a. Whether the objectives of the process are being met? Are (here any
omissions or duplications?

h. Whether the activitics are necessary? (Use the activity SUMmmary (o
show the number of current and praposed activitics).

C. Whether the process is under control? {Where could the process g0
wrong and have all the necessary reviews or checks been included and
are they being pertormed?).

d. Wihether all the resources and information arc available to perform the
aclivities
c. Whether there arc any redundant operations and unnceessary delays.

f. Whether there are any non-valuc added activities (sce section Non-

Value Added Activilies).
4. Complete Table 26 indicating the current proposed number of activi ies,
showing the savings made.
The finally completed flow chart then nceds acceptance and approval by the
appropriale authority,

Cross Functional Process Flow Charting
Introduction

This wechnique is very similar to Process Flow Charting but provides the factlity to
analyse the process flow of materials or information (paperwork} across diflcrent
departments. Rather than use the term Cross Functional Flow Charts the shorter term
swimlane, will be used.

Guidelines for Docnment Flow Charting
1. Select the process 10 be examined.

chart for

[

. Complete the Swimdane charl.  Figure 62 shows a Swimlanc

information or paperwork.
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“igure 62 Document Ulow Char

Lnter the name of cach department, scction or operator at the head of cach

Mo_:_:: Complete the chart by ys ing a symbol to denate cach stage and
ocument employed. Ararrow is drawn be

belween the stage heale the

e o the stages to indicale the

4 around the departments,  Other examples of Swimlane flow

charts can be found in the section Business Process Analvsis.
Analysc the Chart 1o idengify:

a. Arce the objectives of the
QIMissions or duplications?)

procedure being mel? (Are

h. Arc all the activities/documents ne ceessary?
C. Is the procedure under ro::o_qu {Wherc could the process go wrong?
Tave all the necessary reviews or checks been _:c:_aoa and are they

being performed?)

d. Are all the resources and mformation available {o perform the
activities?

c. Are there any redundant operations/documents and  unnecess
delays?
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IFlowchart
IDEFQ) or Input/Output Diagrams

IDEFO means Integration
Definition for Function
Modelling (level zero).
There are other levels but
level 0 is the most basic.
It is a Processes Flow
charting method which is
based around defining
the process in terms of
activily or task; inputs,
outputs, controls and
resources, These
activities are then linked
together to form the
process and provide a
| process model.

Inputs

Figure 63 shows the

) basic IDEFO model.

Controls

3

Activity Qutputs

Resources

Figure 63 Basic TDEFO diagram

Quality Management (Tools & Techniques)

Asan example, Figure 64 shows the process of making tea,

LG4

Figure 64 Making Tea
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Now using IDEFO format, Figure 64 would

Book on ho

art

become as show in Figure 65.

w to make

a great cut of tea

Y

—I{ngredients-P Makin

Activity Cup

g Tea of Tea

Equipment
&
Power

Figure 65 IDEFO version of making, (ca

The arrows represent:

fnputs - Nems that are used (consumed) in the activity,

Resources - ltems that are used or employed in the activily but are not consumed by the

activity.

Controls - Ttems that ensure that the activity is performed correetly for quality.

Ctput - The product of the activity.

Thie box represents

Aetivity - The box that is labelled with task to be performed, using the verb (making)

and netin (tea) approach.,
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Figuie 6

6 Quality System Model in IDEFO Forat
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. . . S Prodct Product
Figure 66 shows how a Quality System model would Jook if drawn in IDEI0 format. —Ennancamesd - Managmen
w . 0 - . . L 3 s i (o o
The diagram uses the same methodology of inputs, outputs, confrols, resources and the t r AR Guldys & QMS
X > . T a4 L
verb/noun approach to describe the activities. 1n the botlom right hand cormner of cach e 020t} 5 et
s L. e s~ - . e ] ar ragETe . i i .
box is the activity reference number. The process activity information can be entered s h niwag_w%,ew.
into a database which, together with process performance data, can be used to measure ﬁL|| A,
process performance. The sort of process dala that could be in each record of the dialals
process activity database includes: L
o Time to complcte conforming activities
) [ime to complete any nonconforming activities - See Cost ol Quality L 2 s
o Activity waiting time e
o Activily queuing time |
b - 3 ~ Design
o Activily action time - See Business Process Analysis J
o Benchmarking data to compare performance against similar proces v, e, _|J-  smwo ﬂ
o Target sctting and Key Performance Indicators {KPls) - S - S
Performance Measurcment and Benchmarking, Dwsign 1?__5.5 oS
n...v..:_nn__:.x_
._.Qu—.
Nexl is another example of IDELF0, n this case it is a software process. __:u_mim:_ﬂ_
m_ba.m_hJ ‘
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Figure 67 LExample of a Software Process in IDEFO Torm

| Inthis example an input/outpul table has been provided below. These tables can Ix
_ useful addition to the IDFEQ process flow chart. Where the floyw chart can s
diagrammatically the process scquence, it is sometimes difficull o show the corr
level of detail.” In this situation an Input/Output table can be used to further descri

the detail of the process. For example, in the Input/Output table the process us

attention is drawn 1o the av ailability of certain guides and codes of practics, fomn
L reference. software codine, ele.

¢
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ivi ctivity Input Activity Output Activity Control
’ MMM_M__‘N:o: A inp andfor Resource
SW01 |Product Product Prcduct Guide for ToRs
Management Enhancement Dmxm_onam:ﬁ
Request Policy
Preduct Terms of
Reference (ToR)
_ [ ide for &
; lysis Preduct wc:oﬁ_.o:m.ﬁ Gui .
R Development Srecification Function .
Poiicy Specification
Preduct Terms
of Reference
[ . . ide for Design
Wi n Functional Design mc_am. |
SY03 |Desig Sgecification Specification Specifications
Becumentation
synopsis
[ i Guide for Test
3 Implementation Design .ﬂmmﬂ Plans
S fim Specification Preliminary Test  (Plans .
Documentation [resuits DQ.EBQ,_E:O:
SYNOOSsis Bocumentation Guide .
_ Code Code writing code
of practice
i f
! . Test Plans Test Resuits Amm:qm Cede o
S5 | Final Test Cede NCRs Practice
Deccumentation Accepted cede
SWO0E |Bets Accepted cede  |Product
Programme
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Risk Analysis Techniques (including Fayg Tree Analysis)
There are numerous techniques available for risk analysis, some of the most popular
techniques are described in the following pages.
Risk analysis is a Preventive approach 1o determine the potential risk associated with
a product, service, project or process. Typically. the aims of risk analysis are to identify
the potential risks, quantify and determine A appropriate course of actiop to eliminate
or mitigaie the cftoets ofthe risk. In (he case of products, not on iv witl the organtsation
want to produce attractive products, the organisations need 1o continually strive to
improve, not only the range and performance of the product, but also evaluate new
techniques that prevent any possibitity of customer problems {safely). The techniques
listed below address these aims and objectives. Fach technique has its own particutar
strengths and weaknesses and is often used in sSpecific circumstances and applications,

Hazard Analysis Critica] Contral Pointg {(HACCP) see page 199

Hazard ang Operability study (HAZOP) sec bage 200

Failure Mode and Elfecrs Analysis (FMEA) sometimes known ag Fatlure Mode,
Effects and Criticality Analysis (FMECA) see page 201

Fauit Tree Analysis see hage 208

—

Hazard Analysis Critical Control Points {HACCP)

i b —

-

Nazard apalysis Jike the other analysis te
avoiding problems. The approach
(HACCP) consists of:

chniques is 4 Preventive approach aimed at
for Hazard Analysis Critical Control Points

i Description and assessment of the hazards associated with a)) stages
in the process, from raw material to defivery of the finished product.
i Identification of e critical control points.

fii “stablishment of procedures to monijtor and regut
control points.

ate the critical
One major problem ol this analysis is that no account is taken of the likelihood of
occurrence, the seriousness of'the fatlure, and the liketihood of detection. The analysis
also does not rank the risk or exposure to problems, not just hcalth and safety issues but
also problems of waste, _.:oao_.o:ow and rejects. The technique also tends fo
concentrate on the process and there is g need (o analyse the product as well. The
technique is often used to identify any possible health or safety problems with the
product and its methed owqfxo_ongozr production and defivery, While this technique
s successhy in helping to cataloguc logicaliy the issyes surrounding health and « fors.
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it is felt that the analysis could go further, not only in terms of ensuring health and
) H . - . e ~ 2y . - . OCCSS.
safety but also possibly improving the overall performance of the product and process

2. HAZdard and OPerability study (HAZOP)

This technique tends to be applicable to the o:o:_:w: of _,m_c._.::ome_:_ c._m_.:..ﬂ .ao”_m_,___.___m“
the controls necessary to ensure the continued sale operation of the Ec__._:ov.. y J
HAZOP study is carried out by using guide words. \_,:80_ words are ao::._v al
deviations m.mE the objectives of the facility or plant, E_:.c: :.____ :.:.,.c :_:_Om._;_m_u.mw
effecks on safety or operability. The overall aim of the study is (o identily any potentia
hazards.

The 1HAZOD study report should contain:

i Technical information about the facility, its design and operation of
the plant or instaliation.

ii Dretails on how safely will be managed. . .

i Information about the particular hazards of the plant or installation,

These hazards will need 1o be systematically identificd  and
documented by means of salety studics. .
iy Information about the safety precautions taken to prevent major
accidents, together with (he emergeney provisions that u..:o:_a be taken
; i a safety problem or accident occurs. The object then is (o reduce the
elfeets of such accidents or safety problems.

.

i Operation, control and safety procedures m:.; inslructions, _:c:_&:m..
procedures for the management of changes in technology. operations
and cquipment. .

Adequate maintenance and monitoring of key operations.

Adequate inspection and repair.

iv Proper training of workers and contractors.

Part of the study will also be to determine the possible causes of ucc:_o_:w. ::u
analysis of hazards should lead to ihe identification cwto_o::m_,:,N_?_Em_.o and m:_.,r.f are
wm._._:.qom, process and design deliciencics and human errar. The m..::_v. m_uw:_g _"_u._.nc
determine  what action is necessary to counteract these failures (including
abnormal/mormal operation, c.g. start-up and shut-down).

Loy
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Such causes could include: comiponent failure, corrosion, lemperature, mallunciion o
control and safety devices, deviations from normal apcration, failure in the monitoriny
of crucial process paramcters. human and organisational crrors, incorreel FCpRLir o
maintenance work, efe.

A HAZOP study should be performed by a multi-disciplinary expert group, alway:
including personnel familiar with the installation.

One problem with this (HAZOPY approach is that it tends (o concentrate on the plan
and facilitics and not the process or the product. It does not provide the ability t
identify arcas of waste and incfTicieney.

3. Fatlure Mode and Lffeets (and Critically) Analysis (FMEA or IFMECA)

ntrochiction

Faiture Modc and FiiTecls Analysis (FMEA) is a logical technique used to identify and
climinate possible causes of failure. The technigue requires a sequential, disciplined
approach by cnginecrs to assess systems, products or processes in order to establisis the
modes of failure and the ¢ffects of failure on the svstem, product or process. This is to
cnsure that all possible failure modes have been fully identified and ranked in order of
their importance.  The FMEA discipline requires the enginecrs 1o document their
cvaluation with regard Lo the failure mode, cffect and criticality. The analysis work can
be applicd at any stage; design, manufacture, test, installation or use. but is hes(
performed at the design stage. Ina simple system the study may be pecformed on (he
total system or product but with more complex systems it may he nceessary 1o break
the product down into various sub-systems or sub-assemblics.

The addition of the “C™ in FMECA relers 1o the criticality analysis and risk priority
number generated when carrying out this analysis. The caleulation of the risk priority
number is included in the Guidelines for FMEA.

The reason for FAMEA

With ever increasing demands to ensurc that QUALITY is achieved RIGHT FIRST
TIMLE then still greater pressures are placed on the Design i gincer, This is to cnsure
that the Engincer's design performs consistently, reliably and safely throughout the life
of the product. thus providing a quality product that completely meets the demands of
the customer. Desieners are only human, they can make mistakes and have ofT days
ustlike everyone clse. 'MEA ensures that any inadequacics in the design are quickly
identifizd, preventing the possibility of releasing sub-s ;

e

dard products. Product 1
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will of course help identily any design deficiencies. There are however, possible
limitations with this approach:

i) if the product fails the trial, then the modified and hopefully improved
design will need 1o be retested - this can lead to inefficient use of
Fesources.

i) tests and trials can usually only be performed on a limited number of

products, conscquently all the possible variations in specilication and
build standard cannot always be cvatuated. Using smal) samples may
also not be sufficiently accurate to predict field failure raes,
particularly when attempting to identify causes of potentially Tow field
lailure rates (V4 or 1%%). These missed potential failures may resultin
the neced for product recall or the issuing of advisory notices,
(particularly in the case of safety critical failurcs). This can be not
only expensive but also damaging for both the company and produet's
credibility and reputation.

So FMEA provides the potential for:

i) Reducing the likelihood of service failures

ii) Reducing the chance of campaign changes

iii) Reducing maintenance and warranty costs

iv) Reducing the possibility of safety failures

v) Reducing the potential of extended life [ailures

vi) Reducing the likelihood of Product Liability claims

With FMEA the emphasis is on removal of the likely cause of any potential failures,
However. FMEA can dlso indicate to the Engincer the [catures in the design which
require sophisticated quality control monitoring, possibly with the use of Statistical
Qualily Conirol (see section Statistica) Quality Control).

Responsibility for FMEA

The analysis can be pesformed by either the Destgn, Manufacture or Quality Engincer.
but the most suitable is the person wha knows the system, product or process best. The
Design Engincer is the person most likely to conduct this analysis as they have the most
complete knowledge of the product and can therefore best anticipate the failure made
and the effect of (he failure mades. The FMEA technique can be completed by an
individual but is best carried out as a team excreise led by the engincer responsible for
the product or sub-assembly. ‘The (cam could include the Designer, Quality Lngineer,
Manulacturing Lagincer, Customer and where appropriate any sub-contractors.
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Somc benefits of the application of FMLEA can be:

i Identifyving patential and known failures

i) [dentilying the cause and effect of such a tailure mode

iit) Ranking the identified tailure modes in terms of risk factor

V) Following up or taking action on the patential fatlure modes

v) Providing detailed documentation for the purpose of quality audit
vi) Checeking on the FMEA decisians in the event of a major failure
vil) Making clear the accountability for the system, product or process

Limitations of I'AL1A

FMEA invalves a considerable amount of time and labour resource in perlonming the
study bui in any case, this is only tme that would need o be spent in order to
satisfactorily evaluate the design. Conducting an FMEA docs require the completion
of paperwork but at the end of the analysis documentary cvidence is available proving
an assessiment was performed. Even afier completing an FMEA, it may be that the key
design failurcs may have been gverlooked by the team and failures still occur.
However, the likelihood of such an event has been reduced. 1 may also be that afler
completing the FMUA no action is taken regarding the potential failures identified.
This may be the casc but clear responsibilitics for taking action will have been
cstablished.

Guidelines for FMEA

The key stages in any failure mode and effects anaivsis on a design, product or syster
are detailed belosy and should be followed in conjunction with Table 27 shown at the
end of this scction.

1. Logistics
The syslem, sub-system or item and the FMEPA cam members need o be selecied
All the relevant intormation needs to be collated: examples, drawings, custome
bricf, field failure information ele.

2. lleader details

Complete the details at the top of the form including the name of the Engineer wh:
performed the study and is responsible for the design. [nclude the revision staty
of the drawing and the FMEA. Note, if the study was performed by a teant the
the name of the team leader,
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Part. Process or System name and mumber
Complete deiails regarding the part, process or systein name and numnber.,
Dreseribe the function

The engineer must identify as briefly as possible the function of the part,
component or system being analysed. The question needed (o be asked is: “What
is the purpoesc of this par(?"

Describe the anticipated failure mode

The engincer must consider how this part could fail to complete its intended
function. For example, could it break, bind, corrode, wear, deform, leak, short,
cte. Itis important at this stage, that the engineer should be asking the question:
“How could it fail?” not whether or not it will fail,

Describe the eflects of failure
The engincer must describe what the effects of failure on the (inal component or
the assembly would be. The question, "What will happen as a result of the failure
mode described?" needs 1o be posed.  Will the component or assembly be
inoperative, intermitlent or noisy, inefficient, nol durable, inaccurate ete?

Causc - describe the cause of {ailure

Anticipation as to the causc of faiture 1s necessary al this stapge. What is being
sought is wlhich set ol conditions or factors can bring about the (atdure mode? Far
example:
o could a forcign body jam the mechanism?

would poor or wrong material cause the imechanism 1o break?
> would poor soldering cause the wire to short ar cause an open circuit?
0 made outside specification or unable 1o achieve specification?

c
o]

The engineer must analyse what conditions could bring about the faiture mode.

9.
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Estunate the frequency of occurrence of the fatlure

Here iLis necessary to eslimale the probability that a failure imode will occur. This
estimation will be evaluated on a scale of 1 10 10, A onc would indicate a very
low probabibity of occurrence, ten would indicate near certainty of” occurrence,
The cngincer needs to assess the probability of an occurrence based on his
knowledge and experience of the product. The following evalpation scale is used:

1 = 1 in 1,000,000 chance of occurrence
2483 = 1 in 100,000 chance of occurrence
4 &3 = 11 10,000 chance of occurrence
6&7 = 1 in 1,000 chance of oceurrence

b = 1 in 100 chance of oceurrence

9 = 1 in 10 chance of oceurrence

10 = 100% chance of occurrence

Estimate the severity of (ailure

At this stage it is necessary to determine the hkely severity of failure and again the
scale of 1 1o 10 is used, where a one would indicate a minor nuisance and ten
would indicate severe conscquences such as a high voltage shock. An estimate
tmust be made of the severily of the failure. The engincer must consider the
consequence of Taifure nsing the following scverity scale:

1 = unlikely to be detected

2 = 25% chance of service v

3 = 30% chance of service call

4 = 75% chance of service call

5 = [00% chance of service call

) = failure on installation or {irst use

7 = (ailurc results in customer complaint

8 - failure results in a serious costomer complaing

9 = failure results in a fire, aceident or injury

10 = failurc results in non-compliance with statutory  safcty

standard or a fatatity
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Ailure

Hstimate the detection of

Al estimate must be made ol the probability that a potential failure will be
detected before it reaches a customer. Again the evaluation scale of 1 to 10 is
used. A one would indicate a very high probability that failure would be detected
before reaching the customer and ten would indicate a very low probability that
the failure would be detected in-house and thercfare is likely to be expericneed by
the customer. g Ifa 100% conclusive Lest is performed on the component, it is
unlikely that the fault will reach the customer and is thercfore assiencd one,
Alternatively il no checks are performed then it is highly likely that, if faulty, the
defective product will reach the customer and is theretore assigned ten.

I = failure will be detected

2 - 80% chance of detection

3 = 70% chance of detection

4 = 60% chance of detection

5 = 30% chance ol detection

6 = 40% chance of delection

7 = 30% chance of detection

8 = 20% chance of detection

9 = 0% chance of detection

10 = no chance of detection

Calculate the risk priority number

By multiplving together the assessed likelihood of oceurrencee, severity and
detection, the risk priority number (rpny is found. The highest number being 100,
the smallest number being 1. From this number it is possible to delermine which
the high priority items are in terins of fajlurc made. The higher the risk number
the more critical the component or itemn failure {5,

Corrective action

The basic purpose of failure mode and effects analysis is to highlight the potential
failure mode so that the engineer can take steps to elitminate or reduce the risk, Al
this stage il is necessary (o analyse the risk number and determine what
appropriate action is necessary. Obviousty a high risk number would indicate
iminediate action, a low risk number may be ignored or could require some minor
checks (0 be included.
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[3. Tollow up

Having determined what the appropriate corrective action should be it is pow
neeessary (o perform a firher FMEA 10 ensure thay the resultj | ot e
been reduced 1o an aceeplable risk. 1 is also ,
date that the proposed action has b

ng risk number has
advisable 1o confinm af some futyre
cen suceessiully and cffeetiy, cly implemented.

Table 27 PMEA Form

Cngineer:
Dates:
Report Number
Sheet of Sheets:
Revision Number:
Last Updated:

omponent Number:
evision Number:
ffect on Purchasing: Yes/No

Part, Function

Possible Effect of | Cause of

o /
Process Failure Failure failure g >wwmﬂmh_wm.\,
or system Mode 5 il o
name & m b
nurmber 5
I.I.JII.IIIIIIIIII!I,,] Ol&




Risk Analysis
4. Fault Tree Analysis
Iniroduction

“aull Tree Analysis (FTA) is a powerful, widely-recopnised method for delermining
system reliability and possible risks. 1t is a logical technique for analysing and deducing
the various combinations of hardware and sotiware failures and human errors that could
result in the occurrence of specified undesired events (usually referred to as the top
cvent) al the system level. The deductive analysis begins with the top event, then
attermpls 1o determine the specific causes of this top event. The main objective of FTA
is to detcrmine the probability of this top evenl. The calculation involves sysiem
quanfitative reltability information, such as failure probability or failure rate. I
provides key information reparding the likelihoad of failure and the means by which
failurc could occur. Focussing on and refining the results of the IF'TA can be used to
minimise risk and improve systém safety and reliability.

Definitions and Fundamentals

Top Ivent: The double box contains the description of the | ——

system level faull or undesired event. The Top Livent Fire
appears only once at the end or the top of the tree and must ‘ or

be measurable, definable and inclusive ol all Tower events. ]
The input 1o the Top Livent double box is from a logic gate. ‘ Explosion

The top undesired cvent is often the tault which upon — :
occurrence results in complete (ailure of the system and is ‘igure 68 Top cvent
considered catastrophic (ailure.

Fandt Event. The rectangle should contain a briel
description of the fauli event such as combustible malerial
or source of ignition. I'ault events should appear at the
output or input of a logic gate.

Source of _
lgnition |

Figure 69 Fault Event

Source of 1_
lgnition A
0.02 __
faults/year

Fvent Probahility: The event probability figure is defined as
the prebabilitv of being m 4 flailed state or of failure to
respond (possibly in the case of an operator). Thesc ligures
arc detined at the component level and arc usually in the form
of number of faults per vear, e.g. 1P = 0.02 {aults per year. |
FFurther up the tree, the figures are caleulated from combining
the inputs (o the ANDAOR pales.

Figure 70 Event
Probability
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AND P =P, x PoxPix.P,

OR P, =P, +P.+ P, r.P,
Fawir Tree ic Gates: /
o T n hgch? .O:R? >7_._ YOR gates are used 10 deseribe the relationship betweer
puland output events in a faull tree. The main gales used in FTA are ﬂ_cmc_._._” ”
A S il W h Ce

F

a.

b. Determine the system tevel [aults,
c.

d.

belosy,
Description S
Svimbol Truth
Table
S sl it
=R R=A =2
Sl =15
HEE
AND Gale, e
._.:o AND gate indicates that the oulput oceurs __ _, __, _,,
it all of the input events occur. | __ o
. N A AT
_ L e
OR Gate,
he OR gate indicates that (he output oceurs ir [ N ._ _, \_.
at least one of the input events occur, H | % o
j .. R I
...N\ - I+ I I

ault Tree Analysis Process
Determine the scope and depth of the FT'A

Ucmo.:._uo alt events which cause this svsiem level Tl
Continue 1o describe cach lower _c,..o_l_.m:: a._.a :_c:. .
m.: a component level, failure or human error ¢
s _wm:m:.,._ best to complete each tree b
_Nﬁc_.o starting a new branch.

Construct the fault (ree using the block diagran.

immediaie causes, untit
an be attributed 1o the Gt i
ranch until component Jevel is reached

Determine probability of cach event.
Combine probability input to AN OR gales as follows:
AND P =P, XP, XP.X_p f .
OR P =P +p, +p i p
:,::_ the top event probability is determined.
w.\,.ﬂ:.::_c :..:,E action can be taken 10 reduce (e
fikelibood of the top event occurrin,

il

probability or eliminale e
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- PR,
Example of a Fault Tree Analysis lor a Mixing Plant

and heating two chemicals. Onc ofthe chemicals
An explosion could be caused by :‘_o,
¢ fed through a serics of

Figure 71 shows a facility _dea mixing
has the potential to cateh fire and wmn_oao. . o
nilammmable material being ignited. Two materials, 1 & .q.a_ﬂ. e D e
valves. The first being an isolation valve, the sccond controls flow re

mixing vat.

Controd Walve
Waive

Coritred Vakm Sensor A gEige A

Figure 71 Chemical mixing facility

o A 7
Figure 71 has been developed into a Lault Tree Analysis as shown in Figure

Figure 72 l'ault Tree Analysis for Chemical laciity

2 ¥
Quality Management (Toals & Techniques)
The Top event probability is calculated 10 be 0.0077 faults per vear, which whilst very

low may be significant, it very much depends on the application and location of the
facility. There are a number af actions that could be taken to reduce this risk.

Comimienty

This is a relatively stmple Fault tree and if the process was expanded to embrace the
whole chemical mixing facility, a considerably more complex faul{ tree would result,
The technique is heavily dependent on the accuracy of the data used (or cvent
probability and a good understanding of the specific process under investigation,

limplementing failure analysis

here are a number of approaches that can be adopted for the suceesslul introduction
of failure analysis. There are gencrally two clements fo any failure analysis approach;
initially @ clear understanding of the responsibility and authority, then the creation of
the failure analysis process, implementation and revicw of progress and cvaluation of
sueeess. An understanding of the responsibility and authority should be established
first as this will influcnee the approach adopted. In any event the approach adopted will
require management commitment to the establishment of an environment dedicated 1o
reliability and safcty.

To achicve th

i) Identify the authority, roles and responsibility of engincers or senior
managers o complele any failure analysis,

i) Ensure that [ailure analysis procedures are agrecd and incorporated
mto any formal enginceting or process manuals.

i) The established procedures should not anly clearly identify sho holds

overall responsibility for the Tailure analysis but make clear that this
responsibibity extends to ensuring that all recommended zctions are
carried oul.

1v) Ensure that any resultant failure analysis actions and decisions arc
supparted by documentary evidence justifving the action and
caufinming resolution or closure. Note; any design, project or process
changes that have been implemented (as the result of 4 lailure
analysis). should be subjeeted to a further analvsis on (he new svsten,

v) The scope of the Tailure analysis should be made clear. Does it on ly
apply 0 products or do all projects and processes needs o be
included? Are all products, projects and processes st jccied Lo this
failure analysis rigour?

vi} Istablish who will be involved in conducting the failure ar
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vil) Ensure thal the active participants in the {ailure analysis activity have
been trained.  Ensuring that the tcam members have a uniform
comprehension of the FMEA methodology and rating system and a

consistent interpeetation of the words used in these scales.

vili)  De aware that ratings used in FMLEAs are subjective and arc only
comparable within the subject and organisation being studicd and

cannot be dircetly compared with other.

Fuilure Analysis Selection

FMEA

Fault Tree Analysis

Assembles, subassemnblies and sub-
systems. Projects.

Large facilitics and installation where
catastrophic events are possiblc.

A large number of changes or variations
in svstem functional outputs may lead to
unacceplable conditions.

There is a possibility of multiple failure
modes, including human errors, causing
scriols top event.

1L is suspected that ihe system may
produce unwanted or hazardous outputs
and it is not known what these arc.

A single systent output giving loss of
main function has been identified as
being of prime importance.

The system contains new or
unconventional items of equipment
hardware (of known delailed design).and
the effeets of Taults in this hardware are
not fully understood.

A single unintended system output has
been recoghised as a possible and
signilicant hazard.

The system contains very little or no
redundant clements, standby equipment
or alternative modes ol operation.

The system contains an appreciable
number of redundant elements. standby
cquipment or alternative mades of
operation.

Determining the need for redundancy.,
design features increasing the
probability of "fail sale" outcomes of
{ailure, (urther derating and/or design
simplificalion.

The fault "logic™ within the system can
be more conveniently represented in
diagrammatic rather than tabular form.

The fault "logic” within the system can
he more convenicntly represented in
siatements on tabular form rather than
rramenatic form.
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For a process of vour choice complete an 'MEA
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Nominal Group Technique and Brainstorming
Nominal Group Technique and Brainstorming
Mtroduction

“brainstorming is cnerale as many ideas as poss
Brainstorming: The purpose ol c:‘::uS:::ﬁ. 5 o genera _ﬂ _J,. o o L
___m.ﬁ come from many different perspectives. The coneept is that rnh o e
indivi s indivi S we may run out ol ides ¥.
¢ ideas the Aduoals.  As individuals we y . iekly
ntore ideas than indivic . : o s
Brainstorming in tcams is an cfleclive way of obtaining more new _M_Q_ _ I o
st ‘1l e 1t ol by themselves.
ideas may trigger ideas that others would not have thought of by :_m__f Ml
s v that 1 's ideas whicli trigger an individus
this way that the team build on cach other's ideas whicli trigger c_ 0 indviduals
" ul in te: ilding and colresion. There ¢
imagination. The technique is also useful in team building and colic
imagination. [
N . - b . ~ yut.
many ways in which brainstonming can be carried out

/ e i oy Cbrainslorming
Nominal Group Teclnigue is a deyelopment of brainstorming

into a problem analysis process. Nominal Grroup _r_r_::ﬁ_.:p . fu.;::m .
i . ) I : 10 people. tramed i [ =
(NGT), is based on a nomtinal group of 8 to 10 peop _ AT

NGT, from various functions and ﬁ_m._um:_:o:.? ;.._.H:_“du_,_p__.ﬁa_\.o_f
disciplined backgrounds, who have mmmw_.:ﬂ_a.n._ (o fc lec et B
cvaluate an issuc, problem or opportunity _c,_ __:._.#.cég.n - .
The NTG process uses all the E._(._E:.mm@ ol _:_u_.:v.ﬂoﬂz,:_w.w_ <
encouraging creativity and :mﬂ:n_g:c:.m_:.“ E.__o._ﬂ_:rwp‘.ﬁ:,_:.w:
psychological dynamics c_;m.qo:n co:m,:ﬁ_o:__,..((Lm_”wM#::MﬂH_M
group decisions. Thus, cumﬁ__:m:ﬂa_._”__m_«__“__wa”m__n_wuao_._._n m_._ e & ;
inating the group and specific duals g .
Mﬂ“ﬂ““ﬂﬁ‘__”ﬂ._ﬁﬁ Mﬁ | _M_Q:.:_M. This gets a tm_ﬁ.m.mmj.“wmm__um.rr“_Mc:t lo H w“ﬂ_qun_wﬂ
focus on very speetfic issues in a m_._.ﬁ._c::.oa‘_ﬁ/_o_ c.ﬁ.w,oﬁ? | ==
Below is described the steps in a (ypical NG c_,c,umv.f
LExperience has shawn ﬁ,c__cﬁ..:_m these steps m:a;.,_F et
brainstorming rules outlined in the next fow pages, will greatly
contribule towards a successfully managed meeting and
valuable outcomes.

Agree problem
definition

4

Found Robin
Brain Storm

I Liefine the issue or problem. The NGT leader n_.o.m,_wm a
. statement that predelines the issue that. the group _U.EJ _
focus on. A copy of this problem statement is providee

cach group member.

2 Mm.nﬁ.ﬁ,”,,..._twc?&%: statement. The group then o«\m_pﬁ‘#w,ﬂ_ ”_uo _ :
problem statement. The group is Q.Hoc:_.mmoa 1y _o”_‘s.,r
and reslate or clarily the statement in their own words.
Care must be taken at this stage not to m_._o:‘ .:8 .
possible vested interests 1o change the g:.oc:o_.ﬂ or mait
thrust of' the stated problem. Once agreement is reached

Idea
Clanfication

_ Voling &
_ Prionitising

Figure 73 NGT
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the statement can be augmented by the NG Jeader mline with the Broup’s
wishes.
Stlent ideq generation. The group is then givenr time Lo think about the
problem. Giving the individual time for focussed and minterrupled thought
1 a creative sciting. llach aroup member is “hcouraged withoul pressy
then to write down {Nolchook siyle) as many idea associated with the
as they can. Creating the correct, almost academic, quier, library ike
atmosphere is importan( for mental concentration. During, this period, which
usually lasts about 10 (o 13 minules, no lalking should be allowed.
4. Round Robin Brain Storm. The NG'T leader, having ended (he sifent generation
step, will advise the group that the need for creativity has not finish
Lach group member now in turn calfs out one ot their ideas, 10 be wrilten down
by the NGT Leader, The NGT Icader iy request clarification from the
individual idea provider, but the other group members should remai, silent
during (his exchange. This Slepis continued intil cach member of the group
has said “pass™ ic. run out of ideas,
ledea Clarificetion, With all the ideas recorded on a fTip chart or Possibly usiny
StCk-it Lype notes around the room, “The group members are then cncouraged

(o seck clarification of cach idea in turn and suggest amendments oy additions,
but not ¢rit

v AUt siep the ideas can also be organised into similar
themes or approaches. seltimg a time limi can be helpfut 1o avoid any
vanecessary discussion, bu( cacly idea should be given equal opportunity.

8. Foting and priovitising. 1ach mdividual aroup member now anonymously
identifics heir lop five ideqs. Rating, them on the basis of criteria sueh as
practicality, feasibility, simplicity, applicability, validity, case ol
implementation. suitability, cost, ete. Their top idea getling five points, the
next four and so on. Onee voling is complete the seores are added up for each
idea. This ensurcs thay 10 premature decisions are made apd avoids dominance
by any strong group member. Now no decision has vet been made, discussion
A lake place of (e rankings.  This is where group members have the
opportunity 1o dehate (he voling and the suitabj iy of the preferred ideas,
Preparing themselves for the final decision. Onee this bricl discussion S
has been completed. anonvmous voling ag

"

sing
problem

ed el

L

age
ain takes place to finalise the ideas
ranking. There is now 4 complete wrilten record of fhe idea development ang
selection.

This NGT provides apy excetlent framework for idea gene
members sense of achievement. Hopefally, motivating
phases of jdea lesting and implementation,

ration and gives (he aroup
them for the mare difficult




silly before attempting to brain storm the chosen theme, ¢.g
brick? This can make the team more relaxed.

Rule |

There are difler
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Brainsiorming Guidelines

¢ following puidelines have been created to help ensure a successful brainstorming

session.,

tcam should be sitting in a room away from distraction. [dentily the theme or

problem that the tcam wishes to discuss. Sometimes it helps to brain storm something
. How many uses for a

To get the Uom_ out ol brainstorming
e are some simple reles swhich have been found to work.

Lincourage everyone w parlicipate by presenting only onc idea per “rurn”
One way is by taking turns 1o m:mm est one idea at a time. 1f an individual
cannot think of anything then say “pass.”

Rule 2 There arc no silly or bad ideas. So. team members should not 9: each
other dowwn hy making them feel stupid. Encourage cach c_:c_. tos
whatever comes nlo their lieads.

not allowed.  Team miembers should not
The ideca is 10 be open minded and

Rule 3 Criticisin or judgement i
criticise the ideas of othe
construclive.

Rulc 4  Discussion ol the ideas should not take place until after the brainstorming
has finished. Accept everything without comment - it could trigger of! new
ideas.

Rule 5 Lxaggeration and r:::_ur?:. are helpful - there is no such thing as a crazy
idea. Very olten so-called crazy ideas lead 1o new ways of thinking and
imaginative solutions.

Rule 6 Look for possible combinations of ideas, in this way the tcam may arrive
at new ideas.

Rule 7 1 you run out of ideas try using the six key words - What, When, Where,

Why, Who and Tow,
Rule 8 Build on other people’s ideas where possible.

Rule 9 Record all the ideas.

isted below. 1t can also help to

nt types of brainstorming, some are
cturn to the problem at some later date - fncubation.

TV A
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Table 28

Brainstorming Approaches : |_

Advantapes _ Disad

ntagces “

Ihe team calling out ideas to be written down (usually on white board
or :6 n_S: by the FE: leader).

Spontancou i
p ] i) Strong ?__.E_E__:oﬁ may dominate

Can be more creative the session
) a1 & H i Tal o1 M . ¥
Possible 10 build an cach others jdexs i) Can be confusing; listing ideas and

loo many talking at once

i)
i)
iii)

iv)

v)

z:: nd _wo::_. Fach team imember in turn call

ing o_: __F: idea (o cr Wrilien acﬁ:.

3.:?:: tex zo_:_:n:o the sessian

_u::'o:: to wail one's lurn

Loss of spantaneity

Entbarrassing if cannot :::r of any
ideas - puls participants unde
pressure

Reluctance (o pass

V) Notag casv Lo build on others ideas

Discussion iends to be more focussed
[Everyone is encouraped 1o take part
with equal sharing and participation
Possible to build on cach others ide
Talerates cenflicting ideas iv)

otebook Style:  Fach tcam member writes on a pad or sheet of paper their awn ideas

later to be nc__n: >d by the tecam _omaoﬂ

Ensures anonyimity i sensitjve EC:} ﬁ i 79 Ucfﬁ__u_ o by Q on :_cum oﬂ
are (o be discussed others

QE be used with very large groups Sume ideas may not be lep
s hecessary Lo speak understandable
Provides time to think Difficult to ¢larify

idcas

v} Focussed and ::__:r::_ﬁrg thoug o possible o hear ar !
¥i)  Avoids competition and status e e
differences
vii) Encourages each member 10 search
for ideas
viii) Avoids conformity pressures
_

Brain storm
“Why do improvement teams sometimes fai]?
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Benchmarking and Performance Measurcment

Introduction:

All organisations need to establish and quantify the key factors with which Lo monitor
their quahity performance. L is not enough to believe that the organisation's gquality
performance has always been satislactory. Agrecrment needs to be reached as to what
the key lactors are by which to judge the organisation's guality performance. What is
the organisation's current performance against these factors and how can the current
yuality performance be improved? I mecasures of Qualily Performance are not
established and monitored, then adverse and possibly catastrophic trends may not be
identificd with possible dire consequences for the organisation coneerned. Juran talks
about breakthrough and control o new levels of quality performance: orpanisations that
can achicve this objective will always be successtid beeause they will continually be
making never-ending iinprovements.

Quality Performance measures need to be established. not unly ala corporate level but
at all levels throughout the organisation, even down to an individual unit or person.
Quality Performance measurement is onc ol the most important ways of improving the
quality performance of arganisations. If the current quality performance is not known
then improvements can only be subjective and not quantifiable.

Having cstablished and measured an organisation’s or department’s performance
indicators these values need o be compared (henchmarked) against recognised leaders
or pacesetters. This is to determine il the current pertormance is ol the correct standard
(World Class).

NG
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Guidelines for Benchmarking:

Firstly, there 1s a -
need to agree the

necessity for . |
establishing £ N
quality _
performance
measurcs wilh

senior

managenmenl. The o
necessity ol f
establishing

quality /

performance

tanagemen

v Commitmenl

\ e
\ ™

§ Selec]
I Process &
Crnes

Monior

il Ir.///
Alelating.

[ Quality
__. Perlgrmance
“Measurag,

e

‘igure 74 A Denchmarking Scquence

ne ;
communicated 1o | Collect the
all levels \ Sonpren Py : . \

gl Analyse the

gain commitment
and understanding
improvements in quality perlformance. Departmental Purpose Analysis and
Customer/Supplier investigations can be used Lo help convinee personnel of the need

_zmmm:ﬁo_:c_:_:o: . ..
needs to be /Delerr R e

[ Bench Mark ﬂ

- Dala

throughout the
organisation Lo | Data
for the need to
continually make
for quality performance measurciment, The TQM team needs to agree the
performance measurement.
Mext, the actual processes that need 10 be monitored have 1o be established and

agreed. tlaving established the process to be monitored then the factors eritical 1o
suecess need 1o be determined.

Thesc critical success factors or quality performance measurements should be:

i) Suitable for the particular process, department or orpanisalion
cvaluated.

Consislent, so that there is no doubt about the method ol caleulation
ol the performance measure and so that the data for performance
meiasurement can be accurately and reliably obiained.




Lo
Benchmarking

Clear and owned by a particular group or ccll so that responsibility or
ownership for achieving the performance criteria understood.
iv) Basily and regularly caleulated, usually numbering between 3 and 7

performance measures.

Clearly delined start and finish.

Defined direction not a solution.

Achicvable and within the group™s capability.

Possibly determined from the customer/supplicr relationship and the

department’s purpose analysis.
The performance measurement categories can be broken down into two main
categories, quantifiable “Hard Standards™ and non-guantifiable (subjective) “Soft
Standards™. These categorics can be broken down still further in terms of:
o customer satisfaction; product and service performance, reliability,
complaints and claims
o process elficieney; serap, rejects, wasted time. change, rework. Tabour
and process utilisation
o environmental losses; pollution, unsatisiactory performance, disposal
and decommissioning, waste of resources both human and cnergy.

“[ard Standards” are mecasurable such that an agreed performance target can be set.
Lixamples of such standards could be:

Cost a. Costs per item, transactions per employee

Qualily b. Number of rejects, [ailure rates, complaints

Service c. Average responsc and down time, fead time, delivery
time

“Solt Standards”, although not always dircctly measurable, are equally important as
hard standards.  These soft standards can make the difference between an exasting
custoner returning, oblaining a new customer or placating a dissatisfied customer.

An example of soft standards could be the way in which the service engincer deals with
the customer. This can often make the difference between the customer renewing their
service contract and (the customer advising possible new customers of the excellent
service the customer has reecived. Or aliernatively, the poor service the customer has
received which may result in the cusiomer not returning and advising potential future
customers of the unsatisfactory service.

)
R
—_—
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Sofl Standards can include:

_u,c,_..mc.::o_ style d. Friendly. helpful, positive approach

LlTicient Service . Anticipate needs, be (lexible, provide clear
information, professionalism

Concern C. Manage problems - when troubles do gceur

understanding the customer's difTicultics and
help to resolve the problem,

Gh:z. callection: Ttaving determined the quality performance standards that need (o he
nonitored, the next stage is to agree how to quantify the current performance levef and
to start fo collect the data on a regular basis. The data collected could include:

o o:m_c.ao_. satisfaction; which could be quantificd by surveys of both
c.x_.m:.:.m and  potential customers (sce cxample of :do‘r.:mS:_o_.
L:m:_o.:o: survey). Surveys of competing products and services
Analysis of service and product performance in terms of _.o__.“,__:.::..
numbers and types of complaints and claims, B
process cfficiency: by monitoring serap, rejects and rework levels
Analysis of processes to determine wasted H,:__o, labour and Eocof.w”
utilisation, examination of the number of changes.  (See Cost 2
Quality). ,
cnvironmental losses: waste of resources, human and cnergy, could be
quantified and monitored by employee surveys, ::o_.ic,.mw {c.g. exil
or leaving interviews) und cnergy audits. o o

o]}

Analysis: With the current performance fevel determined. the TOM team or
%E:_:Q.:m_ personnel need to agree new targets. These new targets can cither be
agreed with (he custumer (internal or cxlernal). or alternatively. ﬁ_w_uo fargets may bhe
_uumog on other recognised leaders or pacesctters - (he o_.mm_:_mm._:,,__; :S_U.n:.m el as
being World Class or best in class. This information can be obtained from- w::‘o“m
(euslomer and corpetition), technical journals, review ol advertisements Qn.u ) B
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Obtaining, the Benchmark Source: There are a number c_,ccmm:u_o _uw:.o._:_z:”_m mw:._,.,oc,n.
haternal Benchmarking, against a similar national or __:o_.:.ﬂ:_c_ﬁ_ v sion. :_._v 5 Ea
easiest, as access to the required information should be _.o_.._:no_w straightforward.
hadustrial Benchmarking, against the competition. This is .os.,‘_c:m_./_“ more di .
competitors are unlikely to be keen on releasing Q.::,:‘_S.o_.ﬂ.w__v. mo.:m_:.,..o _:._c__:..,:__ﬁ.é.
lHowever, Trade Associations can be helpful but information mn_w_:_,im can Eo,._.ao
uselul information. Alternatively, recruiting stalf from the competition oc:E provide
a more ellective route. There are also best practice clubs now available, which share

approaches and information.

Action Plan & Monitoring: Having obtained what is scen as being a suitable E,ﬂmo_ then

1 H . -, .. A s 17 < STe]
work can commence towards establishing an action plan for improving the performance
1o mecl the new performance criteria.

more difficult as’

“requirements and needs, The
'S
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Departmental Purpose Analysis
I I k

fntroduction
Departimental purpose analvsis is used Lo clearly understand the relationship between
your departinent. the supply departments and user/customer departiments. This analysis

can extend all the way down Lo individuals.

The analysis will ensure:

o The department’s objectives coincide with the company's objecti
and plans

o) The mter-relationship hetween internal customers and suppliers is
clearly understood

o The levels of performance are understood. agreed and achieved.

A good cxamiple of this is the sceeretary/manager relationship. When the manager
dictates a letier to the seeretary, the sceretary becomes the customer. The manager (the
supplier), needs to supply all the information and provide all necessary resource for 1the
secrefary 1o successfully accomplish the task.

Subsequently, the sccretary | :
completes and retums the lever e _W,/_ CXaTE il
to the manager. 1lere the \ Department =
manager becomes the customer. _ - |

The seeretary (the supplier), o B - - € =
needs to supply a finished _.\.Il.,..,\“!... _-\. Y e
prodluct, which completely % .
safisfics the manager's

. _ :
_ Suppller | Customer
|Departments _Dmu.m._.E...m:F

The Organisation

manager’s requircments could
include: time taken to complete
the letter, letter lavout, grannnar
and spelling. (Sce Figure 75),
Figure 75 Internal Custoniers
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This supplicr/customer process can be extended to include everyone within the
organisation {from

the person /ey Marketing & Order Processing
receiving the _\mﬁﬂi

customer’s :

order

through to
the person
delivering the
procduct or service Lo a

sutisfied customer. tn this ﬁ { i

) Intermal ~ | r.\.i
way cach person in the Cus s iz
process can be seen as an / Suppliers //

important link in a chain of

events. Any breakdown or quality failure at any
stage or link in the sequence will have an immiediate
and catastrophic elfect on the process as a whole and the

a customer of the previous person's work. As
an example of this approach, possibly instead
ol the inspector inspecting each stage i the
process, the next person in the process could be seen as the customer. The supplicr
or deliverer will need to completely check their own work to ensure customer
satisfaction. The customer or receiver will check the incoming work as well as their

Figure 76 Customer/Supplier Chain

own oulgoing work.

Figure 76 shows such a process in action.  Initially from the external customer's
requirements o Marketing (and hopefully a customer's order). Faving reviewed and
accepted the order. the next step in the c¢hain is for Order Processing (an internal
supplier) needs o supply Planning & Purchasing (an internal customer) with suflicient
information, This information should be adequate (e.g. complete, accurate, reliable
ete.) lor Planning & Purchasing to satislactorily complete their task in the chain. Next
Purchasing (the internal supplier) to supply Preparation (the internal customer) with ali
the materials and facilities Preparation requires. This ¢hain is then continued until
delivery and handover to the satisfied external customer.

Diepartmental Purpose Analysis is an opportunity to evaluate the contribution of all
departments 1o the overall quality performance of the organisation. For example the
people in the indirect arcas “indirects” (c.g. Planning and Purchasing, Administration,
Training - areas that do not directly add valuc) may feel that they cannot contribute to
die overall quality performance ol the orpanisation. The *indirects” may feel that this

comtiribulion can only cemce from the people in the dircet areas “directs’ (e.g.
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manufactiring, lest) - arcas or tunciions that add v
bill is often split 60% indirect/40%% dircer.
_,Em mcans £600K is spent on indireels angd
Hwoc.ox worth of support from the indirects?  [f not why not? If not what are the
ndireets doing, about providing value for mopey - CocE.::o:.E_ Purpose Aa..:.\:_ra.ﬁ.dw
Departmental Purpose Analysis gives the ctcc::‘::,_ to show how th " v
“an contribule, )

! alue. The proportion of the salary
[In monetary terms (or a salary hill o [1M
£400K on directs - are the dircets getling

ese indirect arcas

__uo assist o In mvestigating  the customer/supplier  relationship  the technique
cpartmental Purpose Aualvsis can be cmployed.  Establishing:

O Are we doing the RIGHT (asks?

O Are we doing fasks RIGH ™

O Can we do the RIGHT tasks betler?

__wdw__ﬁ_u:w_, the 9.,9.&: approach is to cstablish that the department s perfonming the right
a5ks - the tasks its customers needs {whal are the depatiment's customers needs?) :
Am_rrc:&{,_c _cwo,f.__:z_m: that the departiment is completing the tasks correcily - fullillins
e needs of the customer (what are sl { Js

R : ¢ the characteristics that the customer necds
il ¢ customer needs

Finally, to establish it'it is possible to do the tasks

even better - s it possible o improve
c ’ 3 S rov'e
the performance of the departiment (what are _

the quality performance incasures tor
| < | ) 3 casures for the
departiment, what are the important factors to achieve customer satisfaction?)

Guidelines for Departmental Py rpose Analvsis
Definitions

i ! N 8 Sy h . ~ ey ) H 1
fnternal Custonter; _.rc_:r or departments inside the argantsation who reccive the
M:GE (product or services) from the supplicr {your) department

xters N FRITEI PR ~ . . . e o

X M.::‘ Customer: | ¢oc_.( or departments outside the orgamisation who receive the
c.:EE (product ar services) from the supplicr (your) department
h_.:_.ic__:mw neads: The actual produets or services the custome
(right tasks).
nx.:.QE.Q. m.:Q‘.Q.n._‘@,.ﬁ..,,:.n,,_.. Aninterpretation of products or services thal the
__Fa.,,. into ,.J,toc_:c individual altributes of the product or service
specification) , .

ris prepared Lo pay for

customer
(Customer

Quality Performance Level: he perlormance thal the

/ : customer requires v :
prodduct or service pravided. e e



Note: Although reference is made throughout this scction (o the

i B 1Y%
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departiment, this

analysis can equally be performed by an individual.

Table 29 Right Tasks

Are we doing the right tasks?

List the Supplicrs (Inpuls).

1.ist the Customers (Outpuls).

{Jetnil what is passed Lo the department (inputs).
[he information, waterial. products and services
provided.

Detail what is passed onto the custorers (he
outputs). The information, make jal, products and

services provided.

Detail all the deparimental 1asks - the purpose efihe department.

#uc:_‘:‘_:ca by Supplicrs: Confinmed by Costomer:
Name: Mame:

Drate: Dalc:

litle: Title:

IDepariment: Company:

Are we doing the right tasks?

Using Table 29:

Detail the names of all the departments customers and supplicrs. 1L may help to

detail all the various tasks performed by the departiment.

Detail the output from the department. What arc the products produced, what is
(he information or data supplicd, what arc the services provided?

C.

d.

L
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Istablish the purpose ol the department, What does the departnient exist for, what

arc the aims and objectives of the department?

What are the tasks of the depariment? What work is perlormed to bring about the
oulput from the department? T

1 b.rn” E..,.f. _‘_r.,._.mm_H do not need to be detailed specific tasks but an overview of the major
activities within the depariment. . ’

Compare the departmental purpose with the departiment tasks:

o) are they compatiblc?

O arc there any inconsisiencics?

o arc all the departmental purposes lufly addressed?

o arc there any customer requirements that have been overlooked?

o arce there any non-value added activitics which can be m:_:.#.:o% (See
Non-Value Added Activities) o

Identify which of the tasks are of highest priority.
iTaving established the above information, it is essentia! that the customer has the

opportunity Ef confirm its accuracy and emphasis and to formally accepl the
apreed level of service, )

.,._..4... afarr]r o Tiape - M ¥
~_ C A_;Eu_ __: g.rr:__:m the supplicrs and customers the diagram (Figure 77) can be drawn
o show the mputs 1o the departiment (process) anc ¢ he dey

S : pracess) and the outputs from the departme
@.oco%.v. | cpartment
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At
nspuction & Tesf
Process Conirols o0 oo
Folicy
Proceies
Cactag of Praciics
— R Fi ss Culpils
Frocess Inpuls - —= — % e P
. The Process | paer
iorig . .. ] ._ B mlr Products
Sehindlang A |L\ [y .f_ ; T.%  —- ¢ DLy
Papar _ll. | Task A == q Task B _ ,._».._ Task C _.....__\ m. .. (afm :
Matorial v._ ﬁ fo o | | _I. M”..u.:__n
d
Data

B AR
Peoply
Malerial
Equiprmean!

Process Resources cnmest

Faciifes

Figure 77 Process input/outpul diagram

Are we doing the tasks right?
Having established Table 30 Tasks Right
that only the right
tasks are being
performed then it is
necessary o
compare the actual
practice with the
customer
specification. The
activitics, tasks and
sequence (hat
tollows coincides
with whal the .
customer necds.
Tuble 30 opposite
can be used in
conjunction with
this procedure.

Customer:

Meed scification or Characteristic

. Por each internad or external customer identified decide; what are the customer
teeds, what does the customer require in lerms ol a product or service’

.N.m.‘lmw
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Once these needs have been listed, how can these needs be characlerised, what is
the specification that the customer requires? Break down cach need nio specific
characteristics or customer specifications.

Lo Lxamine what is currently supplicd 1o the customer, with what the customer necds.
Are the current prioritics the same as the customer priorities? For example. for the
Purchasing Department the priority may be the placing of'a £1M contract, whercas
the Purchasing Department's customer may sce the delivery ofa £2.00 bolt, whiclh
is stopping production, the priority.

). Confirm the tasks arc being performed correctly and in the proper sequence, (is
there an agreed method, is the method documented?). Internal quality audits may
help.

K. Review any problems or complaints that the customer has identificd and which are
not being corrected ar addressed,

Again the irput/output diagram shown Figure 77 can be used by adding to the diggram
the controls and the resources necessary for the department (process) o successlully
coinplete all the right tasks.

The output from this departmental purpose analysis stage can be to establish some
Service Level Agreements (SLA) or an informal contracl between the supplier and
customer departments. These SLA can define a specification which the supplier
commits to meel. Fstablishing these SIA can be a useful vehicle for debate between
the internal customer and internal supplier. SLA give the opportunity for the internal
custormner to express clearly the level of performance expeeted from the internal
supplier. rather than just saying things must Improve, e.g ainimum response time |
hour, maximum down time 5 hours. They actually place some measurable largel or
performance figures against which the supplicr can be judged, not only for current and
future reference butl against external perlormance, i.e. the performance of similar
exlernal bodies that do similar work (Benchmarking).  How does the supplicr’s
perlormance compare with the performance of an ouiside apency or contractor? Iow
docs the supplicr’s performance compare with departments doing similar activitics jn
other organisations? Would i be cheaper and would a betrer service be provided by
buying in the service?
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Can we do the right (asks better?

Having cstablished that the customer needs are completely understood and that the right
tasks are being performed correctly, then improvements need to be made to the task
eflicicucy. This establishes what factors need 1o be measured. what the current level
of quality performance is and what quality performance level the customer demands
and deserves,

ni.

Determine what — Table 31 Tasks Belter
{actors need (o

be measured,

Customer:
C.g. average
:__,q._o 0 h Need Spucification or Perform- Perform-
. Characterislic anee Level ance Level
nc:.:w_c_o an Required Achieved
activity, ——— Illﬂl

average cost ol
cach task,
AVerage service
ievel provided.
inreal (crms,
for the
Purchasing
Department,
this could be
average time
place an order,
average time (o receive goods, cosls per transaction, cost per order placed.
Table 31 shows how Table 30 lias been extended 1o include the Quality
Performance Levels requited by the customer and the actual Performance Level
achieved, (See section Performance Mcasurement)

Maving  cstablished appropriate  performance  criteria, the current  quality
performance level necds (o be determined. Taking the Purchasing Departiment as
an cxample again, this could be average time (o place an order - six wecks, average
time to receive goods - six months, costs per transaction or cost 10 place an order -
£50 perorder. On this basis is the customer getling a satisfactory service from the
Purchasing Department - would it be considered world class, is it possible to do
betlcy?

Note: Although this is for the Purchasing Department it could fust ax equally be applicd
{0 the Marketing, Administration or other departiments.

1.

B X
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These current performance ‘

E c curent performance levels can pow be campared with what he
requires or deserves. What performance does our
fequirements be met, can the )

cusltomer
: customer require?  Can the
rerformance be improved stil} further?

pn 1 Hn-/ ~ 0l —. [2 2 <
D RG COMDIIC QO NlaKe m s hC 2 Maore clieien
- { ~ \ — (¢ are a: i 7 e S0t ~u B
ﬁ& 1 MVJ ¢ Afﬁxf. seelio) rocess _C’J
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Root Cause Analysis

Root Cause Analysis

Root cause analysis is a relatively new methadology _._:: is currently n.,.kﬁ.,_.,\:_umm_.:__ﬂmm
vet to be Tormalised, ie. there are currently no oméu_;:o.; ,n.:::_.:_,_% __ﬁu____ﬁw.,\___c M :H
w:E.oo:.. covered by this book, it is _.5_ magic: J:o].o is no u__,,,mﬂ .u;y‘__om_:._: :nﬂm 3
application in a different way ol a serics p_.%,,,.o: ._m_,.E,__r nc_:E.:_._,f.r:ur: _.c_p_:,..hu '
is these technigues which when used in a difierent .oc_:c.__.dw:ﬁ.:_ cégm.é:&:a
systematic, quantified and documented E::cwc: to the aw:.:.__ﬁ_:m:r. .F,:_ﬂ. r._M :ﬁo,m
and resolution of underlying causes of under achicved n.:m__r,, in o_mn::,é ions.

is a detinition which encapsulates the main points of this technigue:

Identify the V

o J problem | -
7 Monilor the % Define the
“ system | 7 problem
) - h )
N 4 Y
,, Corrective _ _ c:gmam_:a
action | _ the problem .
L U e
e _ |dentify the -

M root cause

Figure 78 Root causc analysis eycle

*An abjective, thorough and disciplined _:c__::_c_cmv_. cmployved _.o mo—w::_w_o_ EM ﬂw_ﬂ
_:.c_Ec,_o underlying causes of problems and ::awﬁ%a cvents ,,_.:_:J an EGA :w,m.__o,,
with the aim of formulating and agrecing, oo_._.oc:,..omn:c:m to at Icasi :::mﬁf A

eliminaie, those causes and so produce significant long term  perlormance

inprovements,”
Carrving Gut a roor canse analysis

i i chni i5 ‘crall approach
Root cause analysis is not just a problem selving technique. 11 is an overall L_W.E ;.
Jab A | ' ! S e g : g
to the identilication, understanding and resolution of underlying causes of u
achieved quality in compiex organisations.

S e e

LR
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Root cause analysis is a lour-phase process:

Phase I: Problem identification
Phasc 1 Problem deseription
Phase 1T: Cause analvsis

Phasc TV: Solution development

& o Cc o

Phases T to 1] need fo be carried out by one person or team whilst Phase [V shaotedd
usualtly be carried out by a second team. Unlike many quality or TOM initiatives, root
causc analysis is ofien better undertaken. particularly in Phase 1V, by the peopte
carryviing out the processes following training in the techniques 10 be used. [ is not the
preserve of the Qualily Manager alone. Like athers however, for it o sueceed. there
must be an acknowledgement by the top management of the organisation that there arc
problems that need ro be addressed and a commitment to providing the access and
TeSOUrees necessary o do so,

Phase I Probiem identification

I order to identify problemts, the person or team carrying oul the rool canse analysis
process must have full access o all arcas of the organisation, with the freedom to
communicate, where necessary, with others outside the arganisation. [Lis also cssent(jaf
that there is complete visibility, i.e. they must be able to see all aspects of the situation
with personal bias totally removed. In any process within an organisation, specialists
associated with it are inevitably going 1o view it from their point of view; the pranager,
production engineer, store manager cte. All these subjective views need 1o he put aside
and the overview clearly scen.

Strategics for facl gathering will include looking at customer complaints, interropating
the accounts including credit records, mterviews, warkshops ete. The objective is 1o
gather as much information as possible on problems or quality deficicncics. Selection
is carried out in the next phase.

Phase 11 Problem description

The second phasc, carricd ou by the samce person or people conducting the 1irst, is 1o
fully describe the information collected. The eriteria for mcluding problems in the
malysis need to be fully understood. These will include the nse of flowcharts, critical

incidents, spider chans, purpose and application matrices and problem understanding
theeklists.
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Phase H: Cause analysis

Cmee [ully described the information needs to e analysed into types. Stralegics .?:
danalysis mL:u the use ol various ools, either separately or in ,.,,c:,, groups, 1o cstabtish
internal causes, external causes and their separate ar combined effects. Root causes also
nced to be separated from other causes.

Cause analysis tools that Emw be wsed are histograms, parcte charts, scatter charts,
relation’s diagrams and altinity diagrams. Some but not ,m: ﬁ%,_:o,ﬂo.:_,c:_a _uo, :\mom
dccording to their sutability in particular n__.c_.__:,f.z:_cw,ﬁ. _d__n:,_,m:m this the cause an ;
elleet stage has been reached and the effects and therefore co_o:_._m_ rool catscs, c..w,:‘@r
identified. Tools for this are canse and clfeet charts, matrix diagrams and the “live
whys” or the “why, why” chart.

‘ Mo one lo __
B . postit | o ——— ¢ r——— |._
_ _ | ~ [ i Not enough
] Mol posted | 4 T g Insuffient sta money __
" T . - ' Lost en route | _
|
; I
Addressed __
e | _ incorrecily | i o]
[ w | | _ __ Problems al ‘ Recruitmenl
| Parcel nol Mis directed { S Fosl Office prohlems
_ defivared _ 1 ~ sorling g |
| = —— _ Sorled [ = T
v wrgngly ’
N b e ._1_ | Mot erougt: |
cuti
| Van raided |+ it [ slaff

_ breakdown | screening

Los(

o — | : : .
e s | Landedina _ — Fost Ofiice _ - _ Overwnrked
ditch _ _ staff problem W siaff

_mmn.r ve 79 Why, why chart
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Onee ddentified problems need 1o be fully understood and
similar 1o risk analvsis, i.c

ranked using techniques

a. ldentify the causes. ‘ T

b. Weight the causes R : 2 M!!;Twrll
according o 1 i 2 3 ]
oceurrence () 1 1o 4 3
(where 4 oceurs most w2 2 4 6 ¥
often). =

c. Weight the causes %vw $ 3 6 Y 2
according (o severiy A 4 g 2 _E
(S5} of consequences |

to 4 (where 4 produces

[he most severe

CONSCYUCNUCS).

d. Caleulate O x S = index for cach cayse,
List causes according to their indic

Frequencey of Qconrrence=»

[

¢S Lo give a prioritised action ljst,
The causes are (hen addressed in order,

Phese 1V: Sulution development

The last phase, solution development, is ofien done by cither a differ
Having fully identificd the problem, the solution may be de
more abaut the

CNLperson or team.
veloped by those who know
specilic processes involved. Polential solations need 1o be dey
and preseiied (o the decision makers and the comparative b
effectivencss ol all prevention options shown.

cloped
cnefis and  cost

In some circumstances the organisation may not be i control ol the root cause. 11 this

is the case then ways may need o be found to cither cireumvent the cause or 1o mj igafc
s eflects. This will entirely depend upon the circumstances.

Anather pointto consider is the difference between interim action and corrective action.
Solution of the root canse shouid result from corrective action that fully addresses (he
probicm. Interim actions may however provide

a rquick \x7 which needs (o be
followed up by the (ormer 10 ensure that the problem does not reaceur.

The last function is 1o ensure that controls are in place 1o hold the gains made. 1 hey
should assuve the solution prevents recurrence of the root cause,

Sty
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There are a number of proprictary soliware and training packages available for carrying
out root cause analysis, primarily from the United States where the imperaiive has been
liealth and safety critical organisations, c.g. health and the petrochemical industry. The

technigue has vet to be applied widely in the UK.

In conclusion, rool cause analysis should be the objective and systematic process of
gathering and ordering all relevant data about counier guality within an arganisation,
It should identify the internal causes that have generated or allowed the problem and
produce an analysis [or decision makers that gives the comparative benelits and cost
cflectiveness of all prevention options. To accomplish this the analysis methodology
must provide visibility of all causes and understanding of the nature of the causal
systems they form, together with a way to measurc and compare the causal systems and
should have a visibility ol all internal opportunitics for the organisation to contral the

systems.

—
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SECTION 5 - OPTIMISATION
TECHNIQUES




