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[bookmark: _Toc504488382]Abstract
QinetiQ Pendine conduct static trials activity involving the use of small arms weapons and ammunition.  The process for operating these trials depends on the following key factors:
· Availability of facility space to conduct the trial.
· Availability of qualified / experiences staff to work on the trial.
· Availability of the weapon(s) for the test(s).
· Availability of the ammunition for firing.
· Quality and type of data captured and recorded.
· The final reporting and presentation of findings.
Henry Ford who perhaps could be credited as being a pioneer of quality automation once said:
“If you need a machine and don’t buy it, then you will ultimately find that you have paid for it and don’t have it.”[footnoteRef:1] [1:  Henry Ford. (n.d.):  Taken from AZQuotes.com:  http://www.azquotes.com/quote/752404 - accessed 10:45 on 4th January 2018.] 

This quote in terms of explaining a concept, shows that if a system can be automated, then do so, otherwise you end up paying for it in the long run.  Therefore by automating a process, you are improving the existing system.  This document details the static trials activity for small arms weapons and ammunition and a process of analysis has taken place as to whether it could be improved on.
To analyze this process and produce findings in this respect, one starting point for any process of improvement is to examine the 5 principles of Lean:[footnoteRef:2] [2:  BMA Inc.  The Lean Accounting Leaders:  http://www.maskell.com/lean_accounting/subpages/lean_manufacturing/lt_the_principles_of_lean_manufacturing.html - accessed 11:00 on 8th January 2018.] 

1. Value.
2. The Value Stream.
3. Flow.
4. Pull.
5. Perfection.
Whether or not Lean principles are appropriate to this methodology will also be considered as the more business improvement methodology such as Agile may be deemed to be more appropriate.  This will also be explored within the context of this document.


The system of analyzing the process to possibly derive improvements will be based on the seven concepts of “Muda” – the Japanese term for uselessness/wastefulness.
These are:
1. Overproduction.
2. Waiting.
3. Transporting.
4. Inappropriate Processing.
5. Unnecessary Inventory.
6. Unnecessary / Excess Motion.
7. Defects.
Confirmation of any issues with the system in terms of likelihood of failure will be dealt with via an FMEA (Failure Mode Effect Analysis) investigation of the current system.  Any issues with this will be flagged and as such recommendations for improvement can be found.  Such issues will also be further demonstrated using a Pareto Chart to define the importance of these.


[bookmark: _Toc504488383]Introduction
QinetiQ Pendine carry out a number of assessments on Small Arms weapons and ammunition.  For each assessment, there is in place a standard way of carrying out the tasks of setting up a trial activity.
While the activity itself cannot be modified (and therefore no improvements can be investigated as part of this body of work)[footnoteRef:3], there is the distinct probability that the design, planning and perhaps the preparation process of the trial can be improved upon, thus creating a structured and more organized approach. [3:  Trial conductivity is carried out in accordance with Multi-Calibre MOPI and STANAGS [1], [2], [3], [4], [5].] 

During the planning and preparation of trials the following comments are often made:
· “We cannot do the trial that week because facility “X” is unavailable.”
· “Person “X” cannot go on holiday because there is a trial scheduled.”
· “The weapon is broken.”
· “There weapon has not been security cleared.”
· “The ammunition has not arrived.”
· “The ammunition is past its In-Service life and may not be safe to fire.”
In terms of any activity or process the following can be asked in terms of its analysis:
1. What is the activity?  Once the process itself has been defined and documented it can be broken down into its constituent parts and analyzed.
2. What are the key components?  Is there any activity that is reliant on a previous step?
3. What are the priorities of the process?  Are there key points of potential failure?
4. Can the process be improved?  Can the likelihood of the potential failures be reduced or eliminated?



[bookmark: _Toc504488384]Analysis – the theory behind the application
[bookmark: _Toc504488385]LEAN Principles
Lean principles were once seen as only being relevant to a factory environment involved with the manufacture of a particular product.  More recently, these principles have been adopted by a wider range of organizations.  It has been said that Lean is perhaps “the only system that reliably enables companies to increase output and quality”.[footnoteRef:4]  So what is the meaning behind each of the 5 Principles of Lean? [4:  A Factory of One: Applying Lean Principles to Banish Waste and Improve Your Personal Performance -  Markovitz. D, Productivity Press, 2011, ISBN:  9781439859933.] 


VALUE – Historically within the world of manufacturing “Value” was defined by the customer – in other words, what the customer was willing to pay.  Should the customer not be willing to pay for a product or service then this was to be considered as “waste”.  However, where the Lean principles are being applied to a process, then value can be defined as how much of a contribution a particular step (or set of steps) have to the running and efficiency of the process.

VALUE STREAM – This covers the process from start to finish.  The idea is to work through each step of the process and create a process map showing how the process flows.

FLOW – The value stream flows from the start of the process to the end.  Mapping the Value Stream allows for an assessment as to the “Flow” of the process to see for improvements of efficiency.

PULL – Traditionally, the deliverable has been based on the supply and availability (or PUSH) of raw materials.  Lean emphases that the process can be “pulled” from the customer (or the end of the process).  This allows for the process to be adapted based on demand and therefore eliminate waste product or process.

PERFECTION – The quality of a product or output is nearly always defined by the customers interpretation of their expectation of what that product or output should be.  This expectation will always change through time.  As such, perfection cannot really be achieved, only aspired towards.  Lean allows for this through continually improving the process flow through:

· Constant incremental improvements
· Best practice and willingness to experiment
· Learning
· Feedback from customers and other stakeholders
· Innovation and technological changes.
In summary, Lean thinking reduces waste and increases customer value.


[bookmark: _Toc504488386]Agile
An Agile approach to business / systems analysis differs from LEAN in that the organization will look towards streamlining their operations in a flexible and responsive manner as opposed to being customer lead.

Agility within an organization can be analyzed in the same manner as software project management in an Agile approach to Risk Management.

Project Risk can be defined as “uncertainty that has an impact on project objectives.”[footnoteRef:5]  This definition links through to the aim of Agile Risk Management[footnoteRef:6]: [5:  Managing risk in projects - Hillson D, 2009, ISBN:  9780566088674).]  [6:  Agile Risk Management – Moran. A, Springer, 2014, ISBN:  9783319050072.] 
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In addition, Agile promotes the following which could prove useful in analyzing the business process defined in this review:
· Resource optimization.
· Productivity – highest value tasks are addressed first.
· Enhancement of product quality.


[bookmark: _Toc504488387]MUDA
The concept of Muda (waste – or the elimination of) is one of the three main activities of Kaizen (“the simultaneous achievement of excellence in quality, cost, and delivery”[footnoteRef:7]) with the others being the 5S (sort, straighten, scrub, systemize, standardize) and Standardization. [7:  Selecting the Right Manufacturing Improvement Tools: What Tool? When? – Moore. R, Butterworth-Heinemann, 2007, ISBN:  9780750679169.] 


The components to examine when looking at the elimination of waste are:
· Overproduction
· Inventory
· Repair/rejects
· Motion
· Processing
· Waiting
· Transport
The analysis of the Small Arms process looking through the “eyes” of these components should allow for improvements to be highlighted.



[bookmark: _Toc504488388]Fishbone Diagram (Ishikawa)
Ishikawa diagrams are a mind mapping technique used to identify potential causes of failure.

Developed by Kaoru Ishikawa in the 1960’s, the diagrams themselves resemble a basic structure of a fish skeleton (hence the nickname).

[image: ]
This example shows the potential failures for a light bulb.[footnoteRef:8] [8:  Systems Failure Analysis – Berk. J, ASM International, 2009, ISBN:  9781615030125.] 


Such cause and effect diagrams allow for the mapping of the causes of problems within a system and their corresponding effects.  This therefore allows for the following questions to be highlighted:
1. How likely is this cause to be the major source of the issue or variation?
2. How easy would it be to fix or control?

Following on from this and to answer these questions, further analysis can take place, such as Failure Mode Effects Analysis (FMEA).


[bookmark: _Toc504488389]Failure Mode Effects Analysis
Failure Mode Effects Analysis (FMEA) is a systematic approach to the analysis of a process or system.  It follows a step by step system to identify all failures.  The system then allows for these to be evaluated and structured in terms of priority and severity with actions that can be put in place to eliminate them from happening.

The following highlights an example layout of an FMEA analysis and its purpose:[footnoteRef:9] [9:  Six Sigma:  Quick Guide to Failure Mode and Effects Analysis:  https://www.isixsigma.com/tools-templates/fmea/quick-guide-failure-mode-and-effects-analysis - accessed 11:00 on 8th December 2017.] 

	Function or Process Step
	Failure Type
	Potential Impact
	SEV
	Potential Causes
	OCC
	Detection Mode
	DET
	RPN

	Briefly outline function, step or item being analysed
	Describe what has gone wrong
	What is the impact on the key output variables or internal requirements?
	How severe is the effect to the customer?
	What causes the key input to go wrong?
	How frequently is this likely to occur?
	What are the existing controls that either prevent the failure from occurring or detect it should it occur?
	How easy is it to detect?
	Risk priority number



	Recommended Actions
	Responsibility
	Target Date
	Action Taken
	SEV
	OCC
	DET
	RPN

	What are the actions for reducing the occurrence of the cause or improving the detection?
	Who is responsible for the recommended action?
	What is the target date for the recommended action?
	What were the actions implemented? Now recalculate the RPN to see if the action has reduced the risk.
	
	
	
	



Severity, Occurrence and Detection are all given a grade from 1 to 10 with 1 being the lowest and 10 being the highest.  Using this grading, each step can be assessed and prioritized in order to provide a potential resolution before a problem occurs.


[bookmark: _Toc504488390]Pareto Chart
A Pareto Chart (named after Vilfredo Pareto[footnoteRef:10]) is combined column / line chart.  The columns display valid groups of data or occurrences of issues and are ordered in terms of decreasing relative frequency from left to right.  The right vertical axis relates to the line chart showing the cumulative percentage of the occurrences. [10:  Wikipedia – Pareto Chart:  https://en.wikipedia.org/wiki/Pareto_chart - accessed 09:45 on 5th January 2018] 

The result is a graphical representation showing which variables have a cumulative effect on a system.  As such, this demonstrates the theory that 80% of problems can be resolved by completing 20% of the tasks.


[bookmark: _Toc504488391]Analysis – defining the problem
[bookmark: _Toc504488392]Current process









By mapping out the process in a Flow Chart, the fundamental functions that the process relies can be identified.  To map out what these are and their effect, the following diagram has been used.


[bookmark: _Toc504488393]Ishikawa Diagram






[bookmark: _Toc504488394]Key components
Using the Ishikawa diagram, it can be seen that there are key depending factors that could inhibit the success of the trial.  These are in effect single points of failure in the process:
1. Facility availability.
2. Staff availability and competence of staff.
3. Weapon availability.
4. Ammunition availability.
5. Serviceability and reliability of data capture equipment.
6. Delays in the report writing / data processing element of information delivery to the customer.
Within each of these areas, there are underlying sub-factors that can each cause the process to fail:
· If the facility is unavailable can another facility be utilized for the task?
· Are there sufficiently trained staff available to cover the workload?
· If the weapon systems are unavailable for a particular reason can the trial go ahead?
· Without ammunition can we still fire the weapon?
· Are the instrumentation systems serviceable and calibrated?
· Is the data captured reliable and presentable for reporting to the customer?
Some of these issues occur more than once but in different contexts within the Ishikawa diagram.  These are obviously of significance due to their occurrences.  In order to understand the importance of these questions and answer them a process of analysis is required.  This analysis once carried out can assist with an outline of improvements and reduce the risk of process failure.


[bookmark: _Toc504488395]LEAN or AGILE
Looking at the type of process under investigation in this review and the key components listed above that the Ishikawa diagram shows to be causes of delay or even a stop to work progression, an Agile approach rather than Lean may be better suited to an analysis of this process.
This is due to the fact that Agile focuses on resource optimization for a business as opposed to a customer lead approach.
As such, following on from the explanation of an Agile approach earlier in the document, the main things to consider in terms of process improvement in this context are:
· Resource optimization.
· Productivity – highest value tasks are addressed first.
· Enhancement of product quality.
[bookmark: _Toc504488396]Resource optimization
As shown, there are finite resources in terms of planning, scheduling and conducting a trial.  These are:
· Space.
· Staff.
· Ammunition.
· Weapons.
For the purposes of this investigation, transport is also being considered.

Should any of these be unavailable then the trial cannot go ahead.  Further analysis is to be carried out on prioritizing these aspects in order apply resolutions in order of importance.

[bookmark: _Toc504488397]Productivity
One of the key issues here is waiting for a component to complete in order to proceed.  This has a detrimental impact on productivity.  If the amount of waiting around is reduced / eliminated then productivity will be increased.  What items cause delay?
· Ammunition not being available.
· Weapons not cleaned.
· Availability of staff.
· Data capture equipment not being serviced or in calibration.

[bookmark: _Toc504488398]Enhancement of product quality
In terms of a product within this process, the main output is either a customer report or data pack for the customer containing the results from the trial.  Should this output be incorrect or not in the correct format based on the customer specification then that can lead to delays in payment from the customer and customer dissatisfaction.  To resolve this, inclusion of the team producing the output into the planning process of the trial will result in greater interaction with the customer at an early stage as opposed to the final stage of the process.  This will ensure that the output is correct and timely.

[bookmark: _Toc504488399]MUDA
Utilizing the seven concepts of MUDA, the system has been analyzed as follows:
[bookmark: _Toc502835274][bookmark: _Toc504048080][bookmark: _Toc504407414][bookmark: _Toc504488400]Overproduction.
As the process being analyzed is one where the output does not result in a final product (except for the trial report), overproduction is not an issue.  The process is for a system of work as opposed to product creation.
[bookmark: _Toc502835275][bookmark: _Toc504048081][bookmark: _Toc504407415][bookmark: _Toc504488401]Waiting
Some of the processes require a previous step to have taken place.  Should a step be delayed then this can cause unnecessary waiting.  For example, at the start of the day of work, a weapon is required for the trial.  Should this not have been cleaned and serviced from previous work then staff will have to wait for this to take place.  As described in the flow chart of the process, there is more than one step that could cause issue and therefore an improvement could be made in terms of controlling efficiency and minimizing any waiting.  In addition, waiting for a facility to be available to conduct an item of work is also an unnecessary waste.  Having more than on facility available would reduce time delay.
[bookmark: _Toc502835276][bookmark: _Toc504048082][bookmark: _Toc504407416][bookmark: _Toc504488402]Transporting.
Throughout the trial, there is the requirement to transport weapons, staff and ammunition.  The weapons and ammunition should be transported separately as weapons are not allowed in the ammunition storage area and ammunition is not allowed in the weapons armoury enclosure.  As such, the process is (depending on transport availability):
1. Collect item (weapon(s) or ammunition).
2. Drop item off at firing facility with member(s) of staff.
3. Collect remaining item (weapon(s) or ammunition).
Should transport availability be plentiful then these steps can be carried out in a concurrent manner thus saving on preparation time each day and de-prep time each evening.  However, this then has a further underlying issue of extra vehicles that are on the vehicle inventory and are then not deployed during the working day.

A solution to this would be to have the weapons and ammunition delivered to the range and perhaps collected each day?
[bookmark: _Toc502835277][bookmark: _Toc504048083][bookmark: _Toc504407417][bookmark: _Toc504488403]Inappropriate Processing.
Report writing and data processing is the final element of the process and the customer deliverable.  Should work on this be carried out where it is not needed due to customer requirements then this is a clear indication of waste.  This has been seen and therefore highlighted within the scope of this investigation.  The cause of this is the result of poor communication between the customer, trials manager and those members of instrumentation staff working on the trial.  Improvements on this are required and will be discussed in the investigation summary.
[bookmark: _Toc502835278][bookmark: _Toc504048084]

[bookmark: _Toc504407418][bookmark: _Toc504488404]Unnecessary Inventory.
In terms of inventory assets for a small arms trial, they are essentially weapons and ammunition.  A lot (if not all) of the data capture equipment and staff for the trial is present at the facility anyway as it is in use for the trial.  Also discussed has been the use of vehicles and range space under other concepts of Muda.  The question therefore is whether or not it is wasteful in this context to have additional weapons and ammunition stored at Pendine just in case they are needed.  Pendine has a license for the amount of explosive stores that can be located at the site.  As such, too much inventory would result in non-compliance of a legal statement so this is already being managed to some extent.  This does not necessarily mean that it is being managed effectively.  It could be that there are stores of ammunition that are not currently in test and have not been used for some time that need to either be returned or disposed of.  There is very often a lead time for specialist ammunition (and weapons) and this is a current cause for delay at Pendine (this will be highlighted later in this document).
[bookmark: _Toc502835279][bookmark: _Toc504048085][bookmark: _Toc504407419][bookmark: _Toc504488405]Unnecessary / Excess Motion.
As discussed in the under Transport, items and also human resources have to be collected and dropped off each day by the trials conducting staff.  To have these delivered to each location and collected would reduce multiple trips around the site and perhaps reduce the requirement for vehicles therefore reducing cost.
[bookmark: _Toc502835280][bookmark: _Toc504048086][bookmark: _Toc504407420][bookmark: _Toc504488406]Defects.
The Ishikawa diagram shows that any defects in the equipment being used means that the trial simply cannot go ahead.  This is why regular maintenance and assurances that the equipment is serviceable and where appropriate calibrated is important.  Currently, this is a serious issue in this process as there is not a dedicated team available to make sure that maintenance, servicing and compliance is carried out.


[bookmark: _Toc504488407]Failure Mode Effects Analysis (FMEA)
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The FMEA shows that the main risks are within the area of data capture and reporting.  As such, it is the Instrumentation Team (those responsible for this area) who need to be given the upmost in priority of communication, timings and scheduling to ensure that there systems are on track for the success of the trial.  


[bookmark: _Toc504488408]Pareto Chart


As shown in the chart, the availability of ammunition is critical for the trial to take place.  Although under the concept of Muda, excess inventory is a waste, in this context, it can be shown that having extra ammunition will significantly reduce the likelihood of there being a delay in a trial.


[bookmark: _Toc504488409]Can the process be improved?
In a word, yes.  Working through each item of analysis the improvements can be defined as described below.
Applying the concepts learnt through the Agile methodology, the overall process needs to not necessarily be streamlined, but it needs to be made more robust.  The high risk dependencies need to have better organizational controls instilled in conjunction with a formal line of communication.  At the very least, redundancy needs to be built in to allow work to continue even when things go wrong.
The Muda investigation has shown the following:
· Time delays caused by waiting for staff and range space are fundamental.  This was highlighted in the Ishikawa diagram.  The proposed solution to this is to have more than one trained team in the technical areas of such a trial.  Having people trained in more than one skill set helps for the team(s) to feel greater empowerment and thus will go towards any establishment of a motivated quality culture.
· Transporting from one place to another can be improved on through the delivery of resources rather than the collection.  This will save time by not having the same people going from place to place and also cost potentially through having less vehicle movements.
· Greater communication between the customer, trials management and the instrumentation team who carry out data capture and reporting is needed.  As supported through the FMEA analysis (see also below), it can be seen that this is the greatest analyzed risk.  Ineffective communication in this area can cause unnecessary delay in the process of report production / data output resulting in late payment from the customer.
· As a slight contradiction to unnecessary inventory, having extra inventory of the right product (provided that storage is available) will speed up the start of the trial (work can get going straight away), reduce delays in the trial due to issues with weapons and ammunition as well as potentially allow for any repeat of work should results of testing prove inconclusive.  This could also be a cost saving the customer as buying extra stock at today’s prices could eliminate cost issues from future price rises.


Looking at the key factors and the results of the FMEA analysis the following can be implemented as an approach to system improvement.
1. More than one facility to carry out a task.  This would require financial investment in terms of setting up the infrastructure needed to reproduce the existing facilities in more than one place.  However, this financial impact can be justified and recovered through the insurance that work can proceed as planned and perhaps allow for additional work to take place.
2. Staff training.  By doubling up on skill sets assurances can be made that there are no single points of failure and lead to increased staff motivation as they feel valued through the level of training engagement being provided by the company.
3. By far the greatest risks outlined by the FMEA analysis is that of the instrumentation team.  Better communication from the start of the statement of work arriving at QinetiQ is required.  Customer feedback has stated that Instrumentation need to be involved at the start of the work process from the time that the work request comes in, rather than simply at the end (as is often the case).  The FMEA analysis supports this observation.  This shows that the planning of the trial needs to work around the deliverable (a Lean objective).
The Pareto Chart shows that the availability of Ammunition and then the Weapons being used is the cause of the most difficulty in terms of potential issues effecting the package of work.  As discussed, additional inventory will resolve this issue.


[bookmark: _Toc504488410]Conclusion
As part of this process of investigation, research into what Critical Path Analysis is and how it can be used was considered.  The reason for not including it in this report is that Critical Path Analysis is based on the length of time that each task can take and taking a look at the worst case scenario.
As the flow charts of the process being investigated demonstrates an approach from a different angle (that of process dependency) was required.  Therefore, the Ishikawa (Fish Bone) diagram was used to determine key causes and effects.
The detrimental impact of these causes were discussed using the principles of Muda and solutions were then provided.
Carrying out the FMEA analysis highlighted a couple of causes of concern.  These were that there were no controls in place for:
1. Trials activity being scheduled in, but all staff were already allocated to work / trials activity.
2. No formal maintenance schedule is in place – this is due to an overload of trials activity.
3. Data Capture and Reporting perhaps being delayed or unnecessary work being carried out due to the customer requirements not being communicated effectively.
Without the FMEA analysis taking place, the importance of these raised issues would not be seen and therefore the resolution of these would not be prioritized.
The Pareto Chart shows how having additional inventory of ammunition and weapons can produce a quick win reducing a significant amount of occurrence of issues effecting trials.
In summary, for this, I believe that the following were of greatest use because:
· Ishikawa diagram – this highlighted what issues could cause delay or even cancel work.
· Muda – showed how a resolution to these issues could be broken into constituent components and a resolution applied.
· FMEA – showed which area had the greatest risk of failure and therefore perhaps the most important priority to be resolved.
· Pareto Chart – showed which areas had the greatest impact to the process and therefore demonstrated where a quick win could be achieved.
[bookmark: _GoBack]While using the tools, it has been seen that they can be used in conjunction with each other.  The same items were appearing consistently allowing for visibility of the issues to be seen and therefore prioritised based on quick wins and importance.  The tools used allowed for this to be possible.


[bookmark: _Toc504488411]References
[1] [bookmark: _Ref495926622]MULTI-CALIBRE MOPI FOR 5.56 MM, 7.62 MM, 9 MM AND 12.7 MM AMMUNITION.  Ref:  PFP(NAAG-LCG/1-SG/1)WP(2010)0002, dated 17th December 2010.
[2] [bookmark: _Ref495921392]STANAG 4172 – 5.56mm Ammunition.
[3] [bookmark: _Ref495921397]STANAG 4090 – 9mm Ammunition.
[4] [bookmark: _Ref495921401]STANAG 2310 – 7.62mm Ammunition.
[5] [bookmark: _Ref495921405]STANAG 4383 – 12.7mm Ammunition.
[6] [bookmark: _Ref500495881]Six Sigma:  Quick Guide to Failure Mode and Effects Analysis:  https://www.isix - sigma.com/tools-templates/fmea/quick-guide-failure-mode-and-effects-analysis - accessed 11:00 on 8th December 2017.
[7] [bookmark: _Ref502827317]Henry Ford. (n.d.):  Taken from AZQuotes.com:  http://www.azquotes.com/quote/752404 - accessed 10:45 on 4th January 2018.
[8] [bookmark: _Ref502827305]BMA Inc.  The Lean Accounting Leaders:  http://www.maskell.com/lean_accounting/subpages/lean_manufacturing/lt_the_principles_of_lean_manufacturing.html - accessed 11:00 on 8th January 2018.
[9] [bookmark: _Ref502908246]Tutor2u, Critical Path Analysis study notes:  https://www.tutor2u.net/business/reference/critical-path-analysis - accessed 09:15 on 5th January 2018.
[10] [bookmark: _Ref502909127]Wikipedia – Pareto Chart:  https://en.wikipedia.org/wiki/Pareto_chart - accessed 09:45 on 5th January 2018.
[11] [bookmark: _Ref503956940]A Factory of One: Applying Lean Principles to Banish Waste and Improve Your Personal Performance - Markovitz. D, Productivity Press, 2011, ISBN:  9781439859933.
[12] [bookmark: _Ref504046829]Selecting the Right Manufacturing Improvement Tools: What Tool? When? – Moore. R, Butterworth-Heinemann, 2007, ISBN:  9780750679169.
[13] [bookmark: _Ref504050202]Systems Failure Analysis – Berk. J, ASM International, 2009, ISBN:  9781615030125.
[14] [bookmark: _Ref504383916]Agile Risk Management – Moran. A, Springer, 2014, ISBN:  9783319050072.
[15] [bookmark: _Ref504383627]Managing risk in projects - Hillson D, 2009, ISBN:  9780566088674).
[16] Agile Project Management for Business Transformation Success – Paquette. P, Frankl. F, Business Expert Press, 2016, ISBN:  9781631573231.


[bookmark: _Toc504488412]Bibliography
[1] Design for Six Sigma + Lean Toolset – Lunau. S, Et Al, Springer Verlaq, 2013, ISBN:  9783642414558
[2] Learn about Quality – Failure Mode Effects Analysis (FMEA):  http://asq.org/learn-about-quality/process-analysis-tools/overview/fmea.html - accessed 10:00 on 8th December 2017.
[3] The FMEA tool: Prevention is Better than Cure!  http://www.educational-business-articles.com/fmea-tool - accessed 10:30 on 8th December 2017.
[4] Failure Mode and Effects Analysis (FMEA):  https://quality-one.com/fmea - accessed 10:45 on 8th December 2017.
[5] WhatIs.com - Pareto chart (Pareto distribution diagram):  http://whatis.techtarget.com/definition/Pareto-chart-Pareto-distribution-diagram - accessed 10:00 on 5th January 2018.
[6] iSixSigma – Pareto Chart:  https://www.isixsigma.com/tools-templates/pareto/pareto-chart-bar-chart-histogram-and-pareto-principle-8020-rule/ - accessed 10:00 on 5th Janaury 2018.
[7] Agile Readiness: Four Spheres of Lean and Agile Transformation – Wise. T, Daniel. R, Gower Publishing Limited, 2009, ISBN:  9781472417435.

Avg Annual Occorance	Ammunition	Weapon	Facility Space	Data Capture	Staff	Reporting	80	60	40	10	7	2	Cumulative %	0.4020100502512563	0.70351758793969854	0.90452261306532666	0.95477386934673369	0.98994974874371855	1	image3.png
Bulb Unscrewed|

Human Erros

Bulb Broken

Wiring Oper Glass Fractured

Wiring Not Connected Filament Broker

Light Bulb
Does Not Illuminate

Wrong Size Fusee
Switch Fails Oper
Fuse Blown

Human Errop





image4.emf
Trial Request

Where is the trial 

being conducted?

Is the usual facility free 

on requested date(s)?

Assign Staff

Order / request 

ammunition

Order / request 

weapon(s)

Have the staff 

conducted the trial 

before?

Are they the usual 

staff for this activity?

Is ammunition 

currently in stock

Has ammunition been 

assigned to another trial?

Is weapon system(s) 

currently in stock?

Are weapon system(s) 

assigned to any other trial?

Is ammunition still in 

date?

Has weapon maximum 

testing life been achieved?

Day of Trial

Are staff 

present?

Is ammunition still 

available?

Is the weapon 

system(s) still 

available?

Staff sign out 

weapon(s)

Staff sign out 

ammunition

Trial conductivity

Can anyone else do the 

trial?

Yes

Yes

Yes

Yes Yes

No No

No

No

No

No No

No No

No

Yes Yes

Yes

Yes

No

Yes

Re-Schedule 

Trial


oleObject1.bin
Trial Request


Where is the trial being conducted?


Is the usual facility free on requested date(s)?


Assign Staff


Order / request ammunition


Order / request weapon(s)


Have the staff conducted the trial before?


Are they the usual staff for this activity?


Is ammunition currently in stock


Has ammunition been assigned to another trial?


Is weapon system(s) currently in stock?


Are weapon system(s) assigned to any other trial?


Is ammunition still in date?


Has weapon maximum testing life been achieved?


Day of Trial


Are staff present?


Is ammunition still available?


Is the weapon system(s) still available?


Staff sign out weapon(s)


Staff sign out ammunition


Trial conductivity


Can anyone else do the trial?


Yes


Yes


Yes


Yes


Yes


Yes


No


No


No


No


No


No


No


No


No


No


Yes


Yes


Yes


No


Yes


Re-Schedule Trial



image5.emf
Trial conductivity

Record results

Check results

Hand results over 

for reporting

Return 

ammunition

Return Weapon(s)

Produce Report  /

Data Pack

Review Report / 

Data Pack

Is this correct?

Send to customer

Yes

No


oleObject2.bin
Trial conductivity


Record results


Check results


Hand results over for reporting


Return ammunition


Return Weapon(s)


Produce Report  /Data Pack


Review Report / Data Pack


Is this correct?


Send to customer


Yes


No



image6.emf
Man

Management Maintenance Measurements Environment

Materials Machines Methods

A

r

m

o

u

r

y

 

S

t

a

f

f

Availability

Competance

P

r

o

c

e

d

u

r

e

Has this been 

done before?

W

e

a

p

o

n

s

Availability

Serviceability

A

m

m

u

n

i

t

i

o

n

Is there plenty 

in Stock?

Is it in service 

Date?

Is it scheduled 

for another 

task?

F

i

r

i

n

g

 

R

a

n

g

e

 

A

v

a

i

l

a

b

i

l

i

t

y

I

s

 

e

q

u

i

p

m

e

n

t

 

a

v

a

i

l

a

b

l

e

 

o

r

 

b

o

o

k

e

d

 

o

n

t

o

 

a

n

o

t

h

e

r

 

t

r

i

a

l

?

I

s

 

e

q

u

i

p

m

e

n

t

 

i

n

 

C

a

l

i

b

r

a

t

i

o

n

?

W

h

a

t

 

a

r

e

 

t

h

e

 

R

e

p

o

r

t

 

D

e

l

i

v

e

r

a

b

l

e

s

?

Ammunition 

Management

Safety Management

Technical Management

W

h

a

t

 

L

e

g

i

s

l

a

t

i

o

n

 

n

e

e

d

s

 

t

o

 

b

e

 

a

d

h

e

r

e

d

 

t

o

?

I

s

 

w

o

r

k

i

n

g

 

f

a

c

i

l

i

t

y

 

i

n

 

s

t

a

t

e

 

o

f  

w

o

r

k

i

n

g

 

o

r

d

e

r

?

I

s

 

D

a

t

a

 

C

a

p

t

u

r

e

 

E

q

u

i

p

m

e

n

t

 

i

n

 

s

t

a

t

e

 

o

f  

w

o

r

k

i

n

g

 

o

r

d

e

r

?

I

n

s

t

r

u

m

e

n

t

a

t

i

o

n

 

S

t

a

f

f

T

r

i

a

l

s

 

S

t

a

f

f

Is a new process required?

Is a HSEA review required?

Does Data Capture 

equipment need testing to a 

new procedure?

D

a

t

a

 

C

a

p

t

u

r

e

 

E

q

u

i

p

m

e

n

t

Is calibration 

required?

What other trials are 

scheduled?

Is there an issue with 

overlapping weapon 

danger area?

H

a

s

 

e

q

u

i

p

m

e

n

t

 

b

e

e

n

 

P

A

T

 

t

e

s

t

e

d

?

Trial 

Delay or 

failure to 

proceed.


oleObject3.bin
Man


Management


Maintenance


Measurements


Environment


Materials


Machines


Methods


Armoury Staff


Availability


Competance


Procedure


Has this been done before?


Weapons


Availability


Serviceability


Ammunition


Is there plenty in Stock?


Is it in service Date?


Is it scheduled for another task?


Firing Range Availability


Is equipment available or booked onto another trial?


Is equipment in Calibration?


What other trials are scheduled?


Is there an issue with overlapping weapon danger area?


What are the Report Deliverables?


Ammunition Management


Safety Management


Technical Management


What Legislation needs to be adhered to?


Is working facility in state of working order?


Has equipment been PAT tested?


Is Data Capture Equipment in state of working order?


Trials Staff


Instrumentation Staff


Is a new process required?


Is a HSEA review required?


Does Data Capture equipment need testing to a new procedure?


Data Capture Equipment


Is calibration required?


Trial Delay or failure to proceed.



image7.emf
Actions 

Taken

S

e

v

O

c

c

D

e

t

R

P

N

Booking facility 

space

The facility is not 

available

Delay or cancellation of 

work.

10Double booking of work. 5

Negotiation with other 

staff to see if work can be 

re-allocated.

3 150

Have more than one 

facility available

5 5 1 25

Staffing the trial Staff availability

Delay or cancellation of 

work.

10Staff are absent due to illness 2 None 9 180

More than one member 

of staff available for trials 

activity.

0

Delay or cancellation of 

work.

10Staff are on holiday. 2

Staff request leave and 

this is assessed prior to 

authorisation.

2 40

More than one member 

of staff available for trials 

activity.

0

Delay or cancellation of 

work.

10

Staff are already operating on another item 

of work.

5 None 1 50

Only schedule work in 

where adequate staff are 

available and not already 

assigned to other trials 

activity.

0

Delay or cancellation of 

work.

10Staff are not competent to operate the trial. 2 3 60

More than one member 

of staff available for trials 

activity.

Requesting 

ammunition

Ammunition is not 

available

Delay or cancellation of 

work.

10Ammunition is not in stock 5 2 100

Ammunition is regularly 

inspected and accounted 

for.

0

Delay or cancellation of 

work.

10Ammunition is not in date 2 2 40

Ammunition is regularly 

inspected and accounted 

for.

Delay or cancellation of 

work.

10Ammunition has been found to be defective 1 3 30

Ammunition is regularly 

inspected and accounted 

for.

Requesting 

weapon(s)

Weapon systems are 

not available

Delay or cancellation of 

work.

10

Weapon system(s) have been booked to 

another trial.

1 2 20

More than one weapon is 

stocked on site.

0

Work can be delayed. 10

Weapon system(s) have not been cleaned or 

serviced.

1 1 10

More than one weapon is 

stocked on site.

0

Work can be delayed. 10Weapon system(s) are faulty. 4 5 200

More than one weapon is 

stocked on site.

0

Delay or cancellation of 

work.

10

Weapon system(s) have reached their service 

life.

2 3 60

More than one weapon is 

stocked on site.

Data Capture

Data Capture 

Equipment used on 

trials activity

Work can be delayed. 10

Equipment may not be available - already in 

use.

6 4 240

More than one item of 

equipment is kept onsite.

Work can be delayed. 7 Equipment may not be calibrated. 4 6 168

Creation of In-House 

calibration lab.

Work can be delayed. 7 Equipment may be broken. 6 None 9 378

Service and testing 

regime to be put in place.

Work can be delayed. 7 Equipment may be out of PAT test. 7 6 294

PAT testing can be carried 

out onsite

Reporting

Presentation of results 

to customer

Final payment of work may 

not be made.

10Delay in process due to staff availability. 6 8 480

More than one member 

of staff is trained on 

reports delivery.

Final payment may be split in 

line with different project 

milestones rather than final 

lump sum.

9 Delay due to data having to be processed. 2 8 144

Processing is carried out 

at time of testing.

Final payment may be split in 

line with different project 

milestones rather than final 

lump sum.

8

Delay / communication breakdown between 

data capture team and trials management.

2 9 144

Communication on 

delivereable take place 

before the trial.

Final payment may be split in 

line with different project 

milestones rather than final 

lump sum.

8 Misundertanding of customer requirements. 2 9 144

Communication on 

delivereable take place 

before the trial.

Current 

Process 

Controls

D

e

t

e

c

R

P

N

Recommended Action(s)

Action Results

O

c

c

u

r

Process FunctionPotential Failure Mode Potential Effect(s) of Failure

S

e

v

Potential Cause(s)/ Mechanism(s) of Failure


image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

J University of Wales
Trinity Saint David




image2.png
Understand project objectives, context and risk environment

. Identify Risk Drivers and Appetite

Embed Risk Management in Agile Process

Aldenti . Analyse, Manage and Monitor




