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[bookmark: _Toc504517321]Introduction
All processes have elements. Each element takes time to complete. Any excess time taken to complete a task is an inefficiency. It is wasteful of resources, labour, materials and/or time.
Systems Engineering looks to each process and breaks it down into the smallest possible component part for analysis. Is the element adding value to the process? Is it necessary? Can it be done a more efficient way – whether by material or time standards?
These questions, and many more, can be and should be asked in such a way that it is possible to produce even a marginal gain in performance in whichever task you are undertaking.
[bookmark: _GoBack]The tools available will be discussed and then applied to a process applicable to a task regularly undertaken by QinetiQ personnel to identify and perhaps implement an improvement in efficiency.



[bookmark: _Toc504517322]Climbing the Corporate Ladder.
All United Kingdom Ministry of Defence (MoD) forces, and any form of civilian sub-contractor, conducting any task on MoD owned sites or structures must comply with the regulations laid down in Joint Service Publication (JSP) 375 – Management of Health and Safety in Defence [A].
QinetiQ is sub-contracted by the MoD to operate the Hebrides Test and Evaluation Range. This includes the responsibility for the operation, maintenance and repair of various equipment installed at height. The JSP details the minimum requirements that must be met during working at height (WaH) tasks which are covered in Part 2, Vol. 3, Ch. 7 [1].
Experience has shown that within the MoD Hebrides Range a typical WaH task of thirty minutes duration can require up to three hours of documentation preparation and equipment selection.
It was decided to investigate the Working at Height process using Systems Engineering techniques to identify and analyse individual elements to reduce the overall preparation time, while still operating within the strict guidelines laid out in JSP 375. 
QinetiQ policy regarding working at height is simply to comply with all aspects of JSP375, Pt 2, Vol. 3, Ch. 7 in all respects.  



[bookmark: _Toc504517323]Systems Engineering vs. Working at Height
INCOSE defines a System as “a construct or collection of different elements that together produce results not obtainable by the elements alone.” and that “Systems Engineering considers both the business and technical needs of all customers with the goal of providing a quality product that meets the users’ needs.” [2]
In this example, the elements identified will be the individual stages that collectively enable a Working at Height task to occur. Each will be examined for what value it adds to the process and if the element can be manipulated within the overall process so that it might provide more value or lead to a reduction in waste.
In most circumstances there is a clear difference between the Business and the Customer. However, in this situation, while the customer was initially identified as those who were required to perform this process i.e. the working at height team, it was also noted that both QinetiQ and ultimately the MoD were also customers and the working at height team could be considered the business. As “Time is money” [3], wasted time is wasted money for any customer or business.
The goal of this analysis is to reduce the total process time thereby making the process more streamlined and efficient. 

[bookmark: _Toc504517324]Analysis Tools.
Quality Function Deployment (QFD), also referred to as House of Quality due to the shape of the finished diagram, is a product design tool which is driven by engineers and designers from what the customer would like to have. The tool aids product development by identifying key, value-adding components that the customer has identified as desirable. These components are then compared to the customers perception of competing products. If the design has not satisfied the customer, the tool can be re-run until a successful, desirable design has been found.
Failure Modes and Effects Analysis (FMEA) can be easily described as a Risk Assessment for new designs. As the name suggests, failures or flaws that could occur and their possible effects they would have on in the new design are identified and analysed for possible remedial action. As with QFD, this is a circular process as once actions have been taken, the nature of the design has changed and needs re-analysis. Process FMEA analyses the process used in the manufacture of a component or sub-system. Possible failures are out of specification components, operator error, organisation of component bins, etc. Design FMEA analyses the function of the component or sub-system. A component could fail due to inappropriate material choice, finish or dimensions. An example is shown in Annex A.
[image: ]The Lean Principles are a five-step process designed for the “elimination of waste in every aspect of a company’s operation.” [5] It begins by identifying what the customer perceives as value-adding, identifying the steps that creates that value and remove those non-value-adding steps. Rationalisation in this manner reduces the number of steps which increases throughput, making it easier for the customer to create a unique order which is then custom built. Traditionally, Western manufacturers “pushed production according to a forecast and schedule. Whereas a “a pull approach states that we do not make anything until the customer orders it.” [5] Once these four principles have been implemented the circle continues round in the strive for perfection, where there is no waste in any part of the business. [bookmark: _Toc504517334]Figure 1: Five Lean Principles

[image: ]Single-Minutes Exchange of Die (SMED) is a manufacturing system designed to reduce equipment downtime during any change-over activity by identifying non-value adding tasks, tasks that can be completed while the manufacturing equipment is still running and by streamlining any others identified to reduce the overall change-over time and thus increase efficient use of plant and personnel. See Figure 2. Additional benefits include smaller production run sizes, lower inventory levels and an improved responsiveness to customer demands, or pull.[bookmark: _Toc504517335]Figure 2: SMED example

Muda, Mura and Muri, translates to Waste, Unevenness and Overburden. These are three fundamental concepts in lean thinking “that collectively describe wasteful practices to be eliminated”. [6] Muda defines any activity which requires resourcing but does not add value for the customer. Mura describes the unevenness in an operation or production system caused by an uneven schedule or fluctuating work pace. Muri is the overburdening of plant and personnel. These are often described as the 3Ms or The Seven Wastes. More recently two more have been added to reflect modern life:	
• Motion		• Overproduction
• Rework		• Production waste
• Waiting		• Natural resources
• Inventory		• Human resources
• Transport

Critical Path Analysis (CPA) is a project management tool that identifies “the longest sequence of activities in a project plan which must be completed on time for the project to complete on due date.” [7] and can also identify non-critical activities that can be rescheduled or allow the reallocation of resources elsewhere within the plan. This can be presented as an Activity on Arrow diagram or Activity on Node. 
A Flow Chart is a useful tool for visualising the process or system to “communicate often complex processes in clear, easy to understand diagrams.” [8] Due to the simple presentation, clear decision-making steps and resulting actions to be taken they can be a very powerful tool.
Root Cause analysis (RCA), often referred to as the Five Whys, is a simple method of determining the root cause of a problem. Each successive Why produces more evidence that either eliminates a possible cause or provides more evidence toward the root cause of the problem. There may be more than five steps in the process.
Cause and Effect diagrams, also known as Ishikawa or Fishbone diagrams, is a diagram based method that “pushes you to consider all the possible causes of a problem, not just the ones that are most obvious.” [9] 
Other useful diagrams are, but not limited to, Tree diagrams, Preto charts, Scatter diagram, Histogram and Control charts.
For the purposes of this investigation, Brainstorming was deemed the most appropriate initial data gathering tool at our disposal. The data provided would be collated and organised into a logical progression using a flow diagram. Once collated, this flow diagram would be compared to the JSP Permit to Climb process flow chart shown in Part 2, Vol. 3, Ch. 7, Fig. 7.3 (Pg. 7-23).



[bookmark: _Toc504517325]Identifying Elements of a Working at Height task.
The first stage was to identify the elements of the system being analysed. A brain-storming session was held with several qualified climbers, results shown below. 
[image: ]
[bookmark: _Toc504517336]Figure 3: Brain-storming results



[bookmark: _Toc504517326][image: ]Understanding the sequence of events.
From the elements identified above, a rudimentary flow diagram (Fig. 4, right) was produced to further understand the sequence of events. As the flow diagram grew, the enormity of the process became apparent. Therefore, some of the elements identified in Fig. 3 were discarded and others added for further clarity. Additionally, the process under scrutiny was reduced to the preparation phase only as this is the primary area of investigation.
The linearity of the completed flow diagram was immediately apparent. As this did not reflect reality, some elements were moved to progress concurrent with other tasks as the Person in Charge (PiC), team members and AP(Wah) worked independently.
The updated flow diagram was converted to Activity on Node (AoN) format for further analysis. This can be seen in Annex B.


[bookmark: _Toc504517337]Figure 4: Rudimentary WaH Flow diagram

[bookmark: _Toc504517327]Further Analysis
[image: ]The Traditional WaH AoN diagram (Appendix B) was analysed and again found to be misrepresentative of actual events. The AoN was modified to show each person involved in the task. [bookmark: _Toc504517338]Figure 5: Final AoN (part)

Each entry was scrutinised by Staff and were asked to identify any bottlenecks or time-consuming activities that might be improved.
Bottlenecks were identified at the following elements of the process:
· Collection & Deployment of Cones

· Writing Log Book

· Writing Method Statement

· Equipment Sign-out.



[bookmark: _Toc504517328]Bottlenecks.
	Problem

1
	Collecting and Deploying cones is a linear element taking approximately 10 minutes to complete. 

	Solution
	A Ground Assist was added to perform any non-WaH activities thus freeing the WaH team to concentrate on their specific tasks.


	Benefit
	WaH team can prioritise tasks which require their specific skills, reducing total preparation time.

	Problem

2
	Writing up the Personal Climbers Log book is a linear and repetitive hand-written task taking approximately 5 minutes to complete. Each blank page must have several titles written before any data entry can begin.

	Solution
	Find existing or design and have manufactured a specific Working at Height Log Book with ‘required data’ titles for each WaH task.

	Benefit
	Having a pre-printed format reduces the volume of writing to complete. Pre-printed ‘required data’ titles will prompt each Climber to enter the correct data, reducing errors of omissions and reducing total preparation time.

	Problem

3
	Writing the Method Statement. As these are tailored to each WaH task, this takes approximately 1 hour to complete.

	Solution
	Produce a generic WaH Method Statement with all required Chapters and Sub-headings. Pre-populate multiple Method Statements for each specific mast or tower. Further populate each Method Statement with repetitive task details thereby reducing any specific entries to the absolute minimum.

	Benefit
	Pre-population would greatly reduce document preparation time, perhaps as much as 55 minutes.

	Problem

4
	Climbing equipment sign-out. Each item description and serial number must be hand written and the document signed before being removed from a secure storage area.

	Solution
	As the turn-over of items requiring signing out is relatively static, a pre-populated form with similar items grouped and with the correct serial number will turn the form into a tick out/tick in sheet.

	Benefit
	This would greatly reduce the time taken to collect, correctly identify and sign out. In addition, it would present the AP(WaH) a verification that all equipment has been returned.



Problem 4, Climbing equipment sign-out has already been implemented to the satisfaction of all concerned team members. The Traditional and Updated Sign-out sheets can be seen in Annexes D and E respectively.
Some of these solutions are marginal gains. “The approach comes from the idea that if you break down a big goal into small parts, and then improve on each of them, you will deliver a huge increase when you put them all together” [10] This approach is very applicable in this situation due to the number of elements involved. This approach can still be used in conjunction with Lean and SMED to further streamline the complete process.


[bookmark: _Toc504517329]Further considerations.
There were several ideas suggested during the Brainstorming and Evaluation sessions held at the Hebrides Range. Three of note require discussion.
Utilisation of RF identification tags on required equipment was suggested. This would further simplify the element and reduce the time taken to complete it. However, due to the robust nature of the tasks undertaken with the equipment, the likelihood of damage or loss of the RF tag was too great for implementation.
Documentation auto-filling was also suggested. While this is an attractive and feasible suggestion, the benefits are outweighed by the simplicity of pre-population of multiple, task-specific copies. 
Auto-pulling electronic weather data for inclusion in the Method Statement was the final point of note. Again, while attractive, the benefits are outweighed but for a different reason. The weather data is hard copy from the UK Met. Office and we require a hard copy of the Method Statement for signatures. It is therefore much simpler to add the hard copy to the Method Statement document set after printing.



[bookmark: _Toc504517330]Conclusion.
Brainstorming is a well-known and understood process which was vital for having buy-in from the Working at Height team members and other members of staff occasionally involved with such activities.
A significant volume of data generated from the initial session could not be used within this report as the scope was too great. A similar investigation to the After-Task Process may yield similar results.
The utilisation of the AoN method was not rigidly held to. There were no accurate timings made due to work constraints however, familiarity with the process and elements involved have provided reasonably accurate timing data.
Frustration at the length of time it takes to complete the mandated documents has been present for quite some time at the Hebrides Range. The analysis of our actions, and those mandated in JSP 375, will be of benefit in our working environment.
The AoN data that has been gathered will be built upon as, with all Lean Systems, there is always room for improvement.
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Annex A: FMEA example with notes.
[image: ]


Annex B: Traditional WaH sequence (1/2).
[image: ]
[bookmark: _Toc504517339]Figure 6: Traditional Working at Height sequence (1 of 2)


	
Annex B: Traditional WaH sequence (2/2).
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Annex C: Final WaH sequence (1/2).
[image: ]

Annex C: Final WaH sequence (2/2).
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Annex D: Traditional Sign-out Log
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Annex E: Updated Sign-out Log
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