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1. [bookmark: _Toc504406190]Introduction

In a small scale weapons trial there are many important factors that together bring the successful completion; good data, completing each phase on time, keeping to budget, keeping staff safe and building customer confidence. Most of the points listed above rely on a good system of working. Delays cause a problem to the trial. Just a few delays can cause a knock on effect that could cause greater problems down the line. Some of the downfalls from delays are; cost escalation, lost revenue, demoralised staff and, as a result an unhappy customer that has little to no confidence in the company’s ability to complete a weapons trial to schedule and cost. 
This report details the strengths and weakness of a small scale weapons trial. The author aims to delve into the weaknesses and use proven systems engineering techniques to suggest ways to improve the efficiency and streamlining of the schedule. This will overall assist in keeping the trial on schedule, meeting milestones and hit the all important deadline.

2. [bookmark: _Toc504406191]Trial Overview

The small scale trial is around 114 days’ total duration based on sequential and non-sequential testing. The small scale weapons trial is focused around three main sections of testing. Two of these sections, climatic and handling drop testing are sequential and the vibration is a non-sequential test. The rest of the trial involves Trial Delivery Documentation, Pre and Post Inspection, Setups and Prep and Dispatch. A full schedule is provided in Appendix 2.













3. [bookmark: _Toc504406192]Risk Management 
[bookmark: _Toc504406193]3.1 Risk 
There are many risks involved in trials work, a selection of which are provided below.

	Risk 
	Explanation 

	Not meeting customer expectations
 
	Setting the customers expectation is key to them being happy. They need to understand the process. Get it wrong and you have: unhappy customer, lost customs, lost revenue, potential brand damage.


	Data captured

	The data captured takes a lot of time to get through advanced testing, the customer usually wants as much data as possible.


	Failure to scope the trial at the outset

	Costs can snowball as testing gets more intricate, the amount of staff needed to control the trial can also increase, as well as the need for more materials.


	Delays to trial

	Delays come from late delivery of test item, system faults to human error. These; Increase costs, agitate customer, decrease staff morale, prevent other trials from taking place reducing revenue.


	Errors 

	Errors come from various areas; customer specifications, wrong input of data into test controllers, scaling errors.


	System faults 

	There is a constant risk to the trial due to faults with the complex systems used to run the testing.


	Extra testing 

	Customers will almost certainly try to get as much for their money as they can, they will also add pressure to include more testing to the trial.


	Safety 

	Safety in explosive trials work takes a precedence over everything. If testing, or a process is deemed unsafe then it will be stopped, reviewed and the process rewritten.


	Staff
	Staff availability due to holiday, sickness and courses. Also are they qualified to carry out the specific testing. Because of this the non-continuity of staff mean loss of knowledge on the test item and testing.



[bookmark: _Toc504406207]Table 1


[bookmark: _Toc504406194]3.2 Risk Controls
Risks are controlled by set processes used by the company. An example of this is the schedule seen in Appendix 2. The schedule controls the risk produced by delays to the trial, system faults and extra testing. Contingency, or float is used to allow time for unforeseen circumstances which could involve system down time, or any of the risk listed in Table 1.
Another example to prevent project slippage is a staff handover. A handover takes place and involves the previous engineer, the new engineer for the project and the project engineer. All the necessary information is passed on about; the trial and testing, where to find certain information in the documents and data on the system, how the test item behaves and any occurrences. This gives the new engineer the best start possible and resolves potential errors due to lack of knowledge, mitigating the risk of delays.
4. [bookmark: _Toc504406195]Schedule Analysis and Critical Path Analysis (CPA)

The schedule provided in Appendix 2 provides an overview of the Small Scale Weapons Trials day to day running over a period of 114 Days. 
It can be noted in the Documentation and Preparation section that specific parts of the safety documentation are repetitive. Trials risk assessment, Certificate of Technical Competence (CTC) Validation, Hazard Assessment Safety Panel (HASP), Safety certificates are all defined as a need by the Health and Safety Executive (HSE) and they are all separate processes.
Similarly, Procedures, Trial Instruction & Briefing notes are more defined by the company, but again the documentation seems to be repeated. The repetitive use of safety documentation and trial documentation is an accurate example of type two Muda, it [1] ‘Adds no value, but is required for the way things are currently done’. Whilst repetitiveness of documentation is a type of Muda, or waste that might come under both overproduction, and/or over processing there are other types of Muda. Motion and waiting are another two types of Muda from the repetitive documentation. An example of waste from motion is driving from office to office to get signatures on each document, whereas an example of waiting is waiting for each document to collect signatures.
The second half of the schedule, notably the vibration section of the schedule labelled as Transport Vibration, has a long duration of testing throughout the trial and the trial end date is dependent on this testing’s completion. It is also important to mention that Transport Vibration is part of the critical path as defined in Appendix 1.
The final section of the schedule Post-Trial Inspections and Dispatch shows a large amount of time used on reporting. The reporting phase takes a lot of time due to; manually inputting the data, adjusting the template, copying and pasting data plots onto the report. The reports can become enormous, 300 pages plus, as the trial can go on for years and there are vast amounts of data captured.  The reporting process is comparable to safety and trial documentation in that throughout the trial, test certificates are produced for each separate test. The report is basically a collation of these test certificates, data and occurrences with test engineer notes, a summary and conclusion. This is a more specific example of one of the 8 types of waste, overproduction.
CPA as described a J Riley; [2] ‘This process determines which activities are "critical" (i.e., on the longest path) and which have "total float" (i.e. can be delayed without making the project longer). The critical path determines the shortest time possible to complete the project.’ As shown in Appendix 1 there are five key contributing sections of the schedule that make up the critical path. Documentation & Prep and Inspection are the main two. If either of these are delayed in anyway, there will be a follow on effect for both streams of the trial that continue from Inspection.

5. [bookmark: _Toc504406196]Root Cause Analysis and Failure Modes & Effects Analysis (FMEA) of Occurrences

[3] ‘If the root cause of a problem is not identified, then one is merely addressing the symptoms and the problem will continue to exist’. Occurrence reports are a short report on a test error, system fault, human error that has taken place whilst testing. They are processed and include a detailed description of what went wrong. In this section the author will analyse each occurrence using what is known as the Fishbone Diagram, or Ishikawa Diagram and FMEA to attain the root cause(s) of the “problem” and to work out solutions and actions to the problem.
[bookmark: _Toc504406197]5.1 Occurrence 1 – Equipment Failure
Whist conditioning the test assets for the final vibration test; Axis 3 Hot Conditioning. The conditioning plant tripped whilst ramping up to test temperature, it was reset and was unable to restart. This consequently delayed testing for 2 days until the fault was found. 
On assessment, the friction fan bearing was found to be the cause of the problem and was replaced.

[bookmark: _Toc504406198]5.2 Occurrence 2 – Human Error 
On the Cold test axis 3, an extra 10 shocks were inputted on the test asset in error. The test was stopped and the customer informed.
The original test engineer handed over the testing as he was due to go on skiing holiday, the new engineer was confused between two similar tests and consequently made a mistake.

[bookmark: _Toc504406199]5.3 Analysis 
The Ishikawa Diagram, or Fishbone diagrams for each Occurrence can be found in Appendix 3. They delve into the reasons and root causes behind the occurrences. As shown on the bearing failure fishbone diagram for Occurrence 1 there are many background problems that when combined to another problem can cause a failure. Similarly, on Occurrence 2 there were many aspects that happened on the lead up to that error: 
· The snow had made getting to work hard, with some staff not making it in.
· The test engineer was new to the job, had little training and was supported by an inexperienced technician.
· The test equipment was complicated and involved set processes. 
· The computer programmes on screen interface were confusing. 
· Document print and layout made it difficult to distinguish between two very similar tests.
· The new engineer struggled to remember the trial handover and was unable to consult experienced staff, as the snow had prevented them from getting to work.
This build-up of problems caused stress and other human factors on the engineer, blurring his judgement and ultimately concluding in him making an error. Both Occurrences 1 and 2 would come under Muri, or overburden this is described as [4] ‘Overburdening equipment or operators by requiring them to run at a higher or harder pace with more force and effort for a longer period of time than equipment designs and appropriate workforce management allow.’
Occurrence 2 would also come under Mura, or unevenness [4] ‘Unevenness in an operation; for example…an uneven work pace in an operation causing operators to hurry and then wait.’
Most occurrences seem to repeat themselves over long periods of time. They may be as simple as the one in occurrence 2 which was an over test of the store, but little occurrences like that have large implications for the company. Customers can lose confidence in the company’s ability, consequently reducing revenue. 
In both occurrences whilst many causes have been identified, the underlying root cause is the process itself. In occurrence 1, there doesn’t seem to be a maintenance process. This is identified as a solution, lowering the Risk Priority Number (RPN) in the FMEA (Appendix 4). Therefore, the maintenance team will not know:
When – to do it
What – to do when they have to do it
Where – where they should/shouldn’t look 
Why – they should do the maintenance and be checking certain important components
How – they should go about the maintenance task 
This along with other external/environmental factors is the root cause for the occurrence.
Similarly, with occurrence 2, the underlying root cause is again the process. The new engineer was failed by the company’s process for new starters, allowing an untrained engineer, with an inexperienced supporting technician, to make a potentially embarrassing and costly mistake.
6. [bookmark: _Toc504406200]Suggestions and Improvements to processes

Companies should look to improve constantly, which is one benefit of competition. Kaizen [5] ‘originated in Japan and the word translates to mean change (kai) for the good (zen).’ Any change, or solution should be a balance between performance, time and cost. It is all about risk vs reward. Will the cost of setting up these solutions be paid off in the long run with the efficiencies gained? Kaizen in the form of continuous improvement, is an initiative that should be focused on by everyone, including the very top management of the company and should not be concentrated on by one dedicated group. [6] ‘Unless the management are seen to be pushing for improvements and giving support for them then the ideas will cease to flow. Continual Improvement Kaizen is about individual and team creativity and harnessing the ideas and knowledge of everyone within the organization.’



[7]
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[bookmark: _Toc504406208]Figure 1

[bookmark: _Toc504406201]6.1 Schedule Analysis and Critical Path Analysis
There are historic lessons that can be utilised to solve the problems of today [8] ‘Factory efficiency had been enhanced by standardisation of product design, component parts, and by the widespread use of standard engine-driven machine tools.’ 
R. J. Schonberger’s example could be modernised to improve efficiency as well. Safety documentation should be standardised to use all the information and produce one safety risk assessment that will be a set standard. Therefore, a safety brief and other documentation could be derived from the standard document, similar to the [8] “component parts”. The standardised safety risk assessment could be conducted using a software macro ([8] “engine-driven machine tools”) to derive the necessary data for the brief and would streamline the whole process increasing efficiency.
For vibration testing, using multi (or, tri) axial vibration to reduce the duration of Transport Vibration section, potentially down to one third of the amount for testing. To put simply, most vibration testing is performed on a single axis at one time, tri-axial vibration would allow the test subject to be tested in all 3 axes and 6 senses in one test, reducing 3 months of testing down to 1 month. Whilst this would have a heavy up front cost for equipment, the efficiency it creates allows more testing to be carried out, meaning that three trials could be completed in the timescale it would have taken one to complete. Though this improvement increases output, it also increases the revenue made in the same timeframe.
Reporting, again using software to produce a report from template, adding the test results and data with a click of the button without having to manually complete every section, would save an enormous amount of time. Of course the conclusion and other certain sections of the report would need to be manually typed and filled, but it would increase the efficiency and allow the project engineer to spend valuable time on more important sections of the report and general trials tasks rather than just template setup and copying data into certain sections. The costing of this would be negligible for the efficiency that it would allow, making the idea a relatively quick win.
Another available option is to tie the end report to the starting documentation, setting out the report template at the very start of the trial and filling the report in as the trial progresses. There are certain sections where 5 days’ duration is set aside for test certificates. These are very similar to the end report so the time spent on these could be reduced and spent on the end report. 
As mentioned in section 4, the critical path has two main sections - Documentation & Prep and Inspection - that any delay could affect both streams of the trial. The CPA analysis may echo that of the Pareto Principle of systematic and predictable lack of balance, also known as 80/20. [9] ‘The 80/20 Principle asserts that a minority of causes, inputs or effort usually lead to a majority of the results, outputs or rewards… that 80 per cent of consequences flow from 20 per cent of causes’.  Further analysis and scrutiny on the trial processes should be undertaken to understand which 20% of the failure groups are causing 80% of the delay and inefficiencies. Also increasing the amount of experienced staff and staff availability by making a priority call, or offering overtime will build resilience to a potential delay in the meantime.
[10]


[image: ]
[bookmark: _Toc504406209]Figure 2 Pareto Principle of 80/20


[bookmark: _Toc504406202]6.2 Root Cause Analysis and Failure Modes & Effects Analysis
Occurrence 1 could be solved by implementing Poki Yoke (Error Proof) [11] ‘Workers, engineers, and managers all must work together to write procedures and design devices to prevent errors from occurring at their source. Errors made within any process can lead to problems, including multiple wastes such as defects, overproduction, waiting, not utilizing people, transportation, inventory, motion, and excess processing…Error proofing is implemented to prevent human error.’ Improvements by producing a set process for maintenance that includes: the use of a two man checking system, quality control, training and the other recommended actions listed in Appendix 4 would prevent this error. The recommended actions and actions taken in Appendix 4 cut the RPN greatly, reducing the overall likelihood of an occurrence of a system fault and by improving the detectability if a problem were to arise.
Occurrence 2 could be solved by the project engineer producing a steady schedule that doesn’t go up and down in hours worked, thereby eliminating Mura. The managers should endeavour to not overstress and overburden (Muri) their staff, paying careful attention to the pace and rate of work. This has the added effect of boosting moral and when working with the customer, it will improve their overall experience. A process should also be implemented for staff training and competency, in order to grade their ability to run systems.
To solve the problem of similar and repetitive occurrences, once a trial has ended a Trial Debrief and/or Lessons Learnt meeting could be used. It would list all the occurrences, errors and problems with the trial and a team will work to find solutions to the problems, be it training, new processes etc. The solutions could even be timesaving streamlining the process. Debriefs should also identify what went well, so the good experiences can be recorded for next time.
Each solution, or action to the solution, would have an action owner who is responsible for turning the action into a viable solution, putting the training/process/outcome in place to prevent the same occurrences happening again.

7. [bookmark: _Toc504406203]Conclusion

Whilst the suggestion of streamlining the safety and trials documentation has benefits, it can also affect the quality of the work and safety on the trial. Measures should be taken to make sure that increasing the overall efficiency of the trial does not degrade in any way the quality, or safety of the work. Efficiency as mentioned in section 6.1 has implications in the way of upfront cost. The company should take a realistic look at this and have the foresight to see the overall the savings and potential gains in the way of revenue and time saving which overlook the original upfront cost.
The RCA and FMEA proved that there were multiple layers, or building blocks that lead to the eventual faults and errors captured in the occurrences, with the most significant failure being the lack of a set process. Overall, most root causes are linked to a systemic failing rather than just a physical, or human factor. 
Although new processes can be created and systems put in place to prevent further occurrences, failures and delays, without the right organisational culture and proactive mentality within the company, the staff will not report issues, near misses, or errors in case of consequences. 
Implementing the suggested processes will assist in winning back contracts, gaining additional work and overall create a good system of work. Using the findings in this report and, building upon the solutions presented - such as new processes - allows the ability to improve the output, driving forward procedures and efficient changes to improve the customer experience. Kaizen in the form of continuous improvement in the team from; commitment, customer satisfaction, staff retention will help with the continuation of good working practices and aid staff morale. Competitiveness will not only improve hitting deadlines, but increase output.
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