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This report provides an opportunity to practically apply a range of design and analysis methodologies in an effort to further develop a maritime barge. A series of methodologies are explored which drive the entire concept further towards a complete redesign. The end product is presented in the form of a parametric model, accompanied by drawings for the purpose of implementing manufacture.  
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[bookmark: _Toc2115923]Chapter 1 - Realisation
[bookmark: _Toc2115924]1.1 Introduction
The current economic climate has imposed certain implications on the operational strategy of the Aberporth Range; a focus has been placed on increasing output quality to address this situation. An ongoing transformation programme has underlined a number of processes requiring review with the intention of increasing the range utilisation. This report will attempt to identify and improve a specific element in relation to these highlighted processes.  
[bookmark: _Toc2115925]1.2 The Problem
The range relies on the deployment of bespoke maritime barges that provide at sea platforms for the purpose of positioning targets around the test and evaluation area in Cardigan Bay. Up until recently, the amount of stock barges had been maintained through just in time manufacturing based on forecasted requirements. A considerable, co-ordinated effort is required by several departments and contractors to successfully operate these barges. As a general summary of this activity, the following tasks must be completed to prepare a stock barge for use on the range:
· Customer requirements must be agreed and translated into specific target and instrumentation requirements.
· A design process must develop and illustrate the said requirements on a stock barge.
· A production process will carry out the manufacture and fitting of the designed elements.
· A hired crane will load a large goods vehicle with the prepared barge where it will be hauled to a suitable launching area, the crane will then transfer the barge to a workboat.
· A marine contractor will utilise a heavy workboat in order to transport and moor the barge in a specified location and orientation. 
The requisite change in strategy confirms that the range is unable to sustain the costly activities associated with deploying prepared barges in this way. It is imperative that an enhanced system is developed which facilitates a reduced operational cost while maintaining or indeed improving output quality. 
The end goal is simple to understand; however, understanding how to reach that goal through the synthesis of an implementable solution is neither clear nor straightforward. Hence, the use of several design and analysis tools and techniques are intended to provide direction and informed decision making. 
In addition, there are a number of visually identifiable issues with the current maritime barge design; these defects will provide a good base for building the analysis. Some insight into the issues are shown from Figure 1 through to 5.  The current barge design: 5m long, 2.4m wide, 1m tall with a mass of 3250kg.
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Severe corrosion and evidence of impact damage.
[image: C:\Users\jakem\Desktop\Photos Barge\3D.jpg]
[bookmark: _Toc2115666]Figure 1- Barge Corrosion

Heavy corrosion and mechanical failure of marine mammal barrier.
[image: C:\Users\jakem\Desktop\Photos Barge\IMG_0487.JPG]
[bookmark: _Ref2084599][bookmark: _Toc2115667]Figure 2 - Barge damage

Instrumentation bracket supported via bespoke plate- due to hole pattern misalignment.
[image: C:\Users\jakem\Desktop\Photos Barge\IMG_0481.JPG]
[bookmark: _Ref2084609][bookmark: _Toc2115668]Figure 3 - Instrumentation bracket
Non-standard mooring eye displaying excessive wear.
[image: C:\Users\jakem\Desktop\Photos Barge\IMG_0486.JPG]
[bookmark: _Toc2115669]Figure 4 - Mooring Eye
Condition of barrier when removed- fragile.
[image: C:\Users\jakem\Desktop\Photos Barge\IMG_0482.JPG]
[bookmark: _Toc2115670]Figure 5 - Removed barrier

[bookmark: _Toc2115926]Chapter 2 - Analysis
[bookmark: _Toc2115927]2.1 Root Cause Analysis
The root cause analysis model is used to address problems of non-conformance by identifying the root cause and laying a path for preventative methods (Vorley, 2008). In this instance, it is applied to develop an understanding of how the barge operations have reached the current situation. The ‘5 Whys’ technique exercised below aims to cut through the observed effects to unveil the actual problem. Defined as, “a simple process that gives you great leverage when properly deployed because it takes you to the root of the problem” (Casey, 2009). 
Why is the use of the current maritime target deemed unsustainable?
The costs associated with its deployment and transportation are no longer affordable.

Why are these factors so costly to sustain?
There is a reliance on heavy workboats, cranes and large goods vehicles to complete the task.

Why is the listed equipment required to complete the task?
The maritime target is of a large and heavy design.

Why is the design large and heavy?
The size and weight of the barge is a result of legacy concept development. The design remains highly valuable nonetheless; it was designed in times-past and appropriate for the requirements of that period.

Why is legacy equipment being used to address today’s problems?
A design review has not taken place which encapsulates today’s requirements.

Consequently, a direction for research has now been identified and a new set of requirements are to be established through the use of further design analysis tools. It would be prudent to revisit the design stage with these requirements in mind; summarised as specific design objectives in the form of a Product Design Specification.
[bookmark: _Toc2115928]2.2 Failure Mode and Effect Analysis
In this instance, the FMEA method is used to establish an understanding of a barge’s potential mechanical failures and its corresponding operational effects. The purpose of this analysis is to rank each potential mechanical failure mode in reference to its combined severity, occurrence and detectability and provide consideration to prospective improvements. Responsibility for these improvements are assigned to relevant roles, and the failure mode is reassessed to highlight potential gain (Case & Teoh, 2004). The application of FMEA prior to the design review adds significant value as it provides the designer with specific faults to address for the reasons stated. 
The completed FMEA shown in Figure 6 highlights six operational processes and discusses each relevant failure mode. To exhibit the highest ranking potential failure mode and arguably the most safety critical; it is discussed how a possible lack of consideration for this process has resulted in potential exposure to a hazardous situation. 
· If mechanical fitting is to be conducted on the barge during operation,
· The barge has no suitable system to prevent falling from height,
· There are risks to consider,
· There is no evidence to suggest the risks where considered during the initial design,
· Personnel take measures which are insufficient of ensuring their own safety, 
· An action to introduce a guard rail will address this situation.
A specific objective of introducing a guard rail system is appropriately actioned upon the designer for immediate review- for the purpose of mitigating the risks associated with working at height (HSE, 2019).
[image: ][bookmark: _Ref1849319][bookmark: _Ref1849311][bookmark: _Toc2115671]Figure 6 - FMEA (Nandini, 2012)

[bookmark: _Toc2115929]2.3 House of Quality
Quality Function Deployment techniques are used to better understand the importance of customer requirements; The House of Quality in particular, indicates relationship and importance of specific requirements (Hessing, 2013). The completed HOQ  shown in Figure 7 compares design quality characteristics with customer demanded quality in an attempt to highlight the most beneficial areas for improvement. The highest relative weight value shown in the HOQ identifies that if the overall size of the barge were to be reduced; more value would be delivered to the demands. The relationship markers are indicative of the influence that reducing overall size has on adding value to the demanded quality.
The roof element in the HOQ provides an insight into how correlation between the design characteristics can interact and aid one another. Again, using the overall size as an example: it has strong positive correlation with reducing the cost of manufacture, which is a reasonable finding that can substantiate reducing the overall size. The competitive analysis section highlights the current benchmark for the barge design in terms of the demanded quality characteristics and compares against potential, readily available alternatives. As shown, the expected outcome of the design review will be to propose an asset which fulfils the demanded quality as far as reasonably practicable (ASQ, 2019). 
The results of the HOQ will be used to guide the development of the PDS; this will ensure appropriate prominence is placed on the correct product characteristics.  
[bookmark: _Toc2115930]2.4 Design for Assembly
The purpose of the Lucas DFA tool is to evaluate the current assembly process with the aim of highlighting areas for improvement in terms of: amount of parts, handling complexity, assembly orientation etc. (Chan & Salustri, 2005). In essence, the Lucas DFA is a combination of both assembly and manufacturing optimisation techniques (Stienstra, 2012). The completed DFA shown in Figure 8 lists the components associated with the construction of the current design; they are individually graded against each criteria from the value tables- appendix 1. The design efficiency outcome is calculated as 40% which highlights a need to reduce the number of non-essential components when compared to the recommended value, for the purpose of optimising manual production. Equally, both feeding and fitting ratio outcomes are higher than that of the recommended value; any highlighted areas for improvement are to be translated into actions included in the PDS.
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[bookmark: _Ref1954171][bookmark: _Toc2115672]Figure 7 - HOQ (QDF Online, 2010)
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[bookmark: _Ref1942483][bookmark: _Toc2115673]Figure 8 - DFA (Chan & Salustri, 2005)
[bookmark: _Toc2115931]2.5 Product Design Specification
The PDS has captured the critical points from the design and analysis tools and techniques; allowing a fluid set of design objectives to base the barge design review. The PDS is clear and concise to allow for fast and easy reference during the design stage. Ogrodnik (2013) illustrates the importance of a PDS which is in agreeance with the requirements for the sole reason of eliminating future discrepancies of delivered quality. This factor is relevant, due to the fact that once a production run is completed to the calculated quality standard- any modifications arising from discrepancies would be unjustifiable in regards to cost. 
Product Design & Performance
1. External barge dimensions no greater than 2m wide, 1m tall, 4m long. Significant reduction in size to accommodate recommendations of HOQ. Also, to enable additional transportation methods- potential for trailer haulage rather than large goods vehicle. Potential to reduce reliance on heavy workboat by utilising smaller vessel for deployment.  
2. Maximum permissible mass to be no greater than 2 tonnes. Significant reduction in mass to remove the reliance on hired crane and haulage; enabling lifting operations and transportation with current assets. 
3. Simple design to reduce manufacture/repair cost.
4. Provide appropriate attachment method for target face, instrumentation and ancillary equipment. 
5. Able to sustain travel speed 30 knots during deployment.
6. Sustain continuous travel and stationary mooring with continuous movement.
7. Resist moderate force loadings during travel and mooring, high stress concentrations on occasion.
8. Resist shock loading presented by slack and tension of mooring chain- factor of safety.
9. Provide 20-year shelf by resisting significant weathering and corrosion on land.
10. Sustain 1-year permanent mooring before inspection.
11. Consideration for operation in ambient conditions of Cardigan Bay.
12. Consideration for operation in highly corrosive environment for mild steel- adequate paint system.
13. Provide good consideration for visibility safety- yellow paint.
14. Provide good consideration for personnel safety (lifting regulations, work equipment regulations) - dedicated barge lifting points, fall from height guard rail.
15. Provide error-proofing wherever practical.
16. Offer good reliability- no failures during standard operation.
17. Provide appropriate buoyance.
18. Operator consideration: accessibility, room to work, simple, standard/common tooling.  
19. Consider professional maintenance: welding, mechanical fitting, electronic fitting.
20. Make good use of standard parts: fasteners, mooring/lifting eyes.
21. Ensure minimum 90% by weight of barge is conveniently recyclable.
22. Minimise environmental impact through logical manufacturing process targeting waste reduction. 
23. Adherence to ISO standards and internal compliance for safety and assurance.
24. Maintain design records and review- pro-active design authority.
[bookmark: _Toc2115932]Chapter 3 - Design
[bookmark: _Toc2115933]3.1 Introduction
By reviewing the existing barge design and applying methods of analysis to develop specific objectives within the PDS; the redesign is considered to be straightforward. The Solidworks parametric assembly model, associated components, sub-assemblies and drawings are available for review. The incorporation of specific design elements within the improved redesign are discussed.

[bookmark: _Toc2115934]3.2 Solidworks Model
The model shown in Figure 9 is the fully assembled barge redesign; it includes a reduced hull size, improved instrumentation attachment options, safety guard rail among other key elements to satisfy the PDS or customer requirements for quality. A consideration towards the integrity of the safety guard rail is shown in Figure 10 through the use of finite element analysis. The section under analysis displays a deflection of 30mm with the application of 10,000N; which is a colossal improvement on the original design. This modular redesign is expected to be of sufficient strength, unlike the original welded mesh system shown in Figure 2 and Figure 3.
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[bookmark: _Ref2083969][bookmark: _Ref2083965][bookmark: _Toc2115674]Figure 9 - Solidworks barge model
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[bookmark: _Ref2084252][bookmark: _Toc2115675]Figure 10 - FEA Guard Rail

[bookmark: _Toc2115935]3.2 Drivers for Change
The following section will summarise how the barge design review has addressed the drivers for change 
Manufacturing - Reduced overall size and weight of sections and sheets used; improved handling and positioning of welded parts.
Assembly - Original high number of bracketry attachment points on the deck have been consolidated into two convenient and adaptable rails; reducing assembly complexity.
Disassembly - Consideration has been given towards hole tolerance to ensure sufficient clearance is provided; to reduce problematic seized bolt removal due to the salt water operating environment.
Reliability - Removal of small, easily damageable brackets will reduce the need for last minute alterations etc.
Maintainability - The incorporation of a modular guard rail as oppose to a single piece mesh barrier will allow smoother maintenance activity; only required sections to be removed instead of entire mesh. Maintaining a stock of replacement modular sections for immediate fitting as and when required would also be advantageous.
Serviceability - Considerations towards appropriate corrosion resistant paint coating will provide a maintainable level of serviceability, unlike the original where paint coating failure has resulted in corrosion beyond economical repair, appendix 2.
Environment - As a driver for change; the operating environment of the barge has changed considerably over recent years and the appropriate steps have now been taken to address this.
Life Cycle Cost - There is potential for a reduced life cycle cost due to the above improvements to the original design. A rough bill of materials for the main steel components is included to represent the bulk of material cost for manufacture, appendix 3.

[bookmark: _Toc2115936]3.3 Design Factors
Technical - Consideration is given to appropriate standards for design and manufacture to ensure compliance with ISO standards, approved codes of practice set out by the HSE and marine regulation.
Economic - The main driving force behind the redesign is current economics and the requirement to make better use of the available facilities. The utilisation of in-house transportation for the new barge will give rise to large scale cost saving.
Social - Considerable social impact may be observed among operations personnel; it will be essential to provide informative communications throughout the organisation with regards to change in operations and equipment. 
Ethical - Test and evaluation activity is naturally surrounded by ethical issues; the success of any related project will be judged by the way in which those issues are managed. 
Human - Ergonomics and anthropometrics have been considered to provide ease of use to operators; the original mesh barrier hosts many sharp edges and points for impalement. The redesigned guard rail is of a suitable design which follows current guidelines for fall protection. Manual handling impact during the manufacture process will also be reduced due to reduced section weights. 
Environmental - The barge design lends protection to marine mammals by repelling mounting on to the deck. The entire structure is fabricated from steel which is currently recycled at a titanic rate; the environmental impact of a steel barge against its plastic counterpart is incomparable. 

[bookmark: _Toc2115937]Conclusion
This report has successfully directed a design review of a maritime barge for multiple reasons- economic factors being the main driver. This has facilitated the development of other associated areas such as operator safety by way of the introduction of an appropriate fall prevention system. Analysis tools and techniques have provided an outstanding breakdown of the identified issues. Root cause analysis is arguably the most valuable tool as it has the ability to break through any bureaucracy that may be obscuring the issue; in this case it has identified a complete non-existence of a much needed design review. FMEA has been highly effective in identifying and providing actions for barge operation mechanical failure; there are arguments against its use which apply. Hodge (2014) explains that the process can only detect issues within the realms of the user’s knowledge; a consideration for the future would be for group or cross-department involvement. The HOF has provided excellent guidance in terms of defining the most important areas to focus on during development. Walniak (2018) describes both advantages and disadvantages of the process for varying applications; a commonly discussed theme is the time consuming nature of the process, which is true of the completed HOF. The DFA exercise has added some value, mainly through the identification of not essential parts. Some optimisation of the barge bracketry will have increased the functional efficiency; however, care has been taken not to design multi-use components of impractical complexity for their application- which can often be the case when acting on the DFA findings (Chan & Salustri, 2005).
The analysis techniques have structured a concise PDS which has permitted the creation of a lean influenced design model. The opportunity to step out of the process to consider the actual issues from an analysis point of view has proven to be incredibly valuable. Considerations for the future include re-evaluating this design review after a small production run to address any further issues, followed by an annual review of the customer requirements in case of updated demands.
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Tables for the Lucas DFA Method

Lucas DFA method - Manual Handling Analy:

Lucas DFA method - Manual Fi

ing Analysis

Handling Index = A+B+C+D

A. Size & Weight of Part
One of the following

Very small - requires tools
Convenient - hands only
Large and/or heavy
requires more than 1 hand
Large and/or heavy
requires hoist or 2 people

15

1.5

B. Handling difficulties
All that apply
Delicate 0.4
Flexible 0.6
Sticky 0.5
Tangible 0.8
Severely nest 0.7
Sharp/Abrasive 0.3
Untouchable 0.5
Gripping problem / slippery 0.2

No handling difficulties 0

Fitting Index = A+B+C+D+E+F

A. Part Placing and Fastening
One of the following

D. Access and/or Vision
One of the following

C. Orientation of Part
One of the following:

End to end, easy to see
End to end, not visible

Symmetrical, no orientation req'd 0

0.1
0.5

D. Rotational Orientation of Part
One of the following
Rotational Symmetry 0
Rotational Orientation, easy to see 0.2
Rotational Orientation, hard to see 0.4

Self-holding orientation 1.0{ Direct 0
Requires holding 2.0 |Restricted 15
Plus 1 of the following
Self-securing (i.e. snaps) 13
Screwing 4.0
Riveting 4.0
Bending 4.0

B. Process Dire E. Alignment

One of the following One of the following
Straight line from above 0| Easy to align 0
Straight line not from above 0.1 | Difficult to align 0.7
Not a straight line 1.6

C. Insertion F. Insertion Force

One of the following One of the following
Single 0|[No resistance to insertion 0
Multiple insertions 0.7 [Resistance to insertion 0.6

Simultaneous multiple insertions 1.2





image13.JPG
Technical Data Sheet

Jotacote Universal

Product description

This is a two component polyamine cured pure epoxy coating. It is a fast drying, abrasion resistant, high solids,
high build product. Designed as a niversal, al round, al year, new building coating where fast dry to handle is
required. Can be used as primer, mid coat, finish coat or as single coat system in atmospheric and immersed
environments. Suitable for properly prepared carbon stel, galvanised steel, shop primed steel, stainless steel,
aluminium and concrete substrates. It can be applied at sub zero surface temperatures.

Typical use

Marine:
Exterior and interior areas, including outside hulls, superstructures, decks, cargo holds and water ballast tanks.

Protective:
Recommended for offshore environments, including splash zones, refineries, power plants, bridges, buldings,

mining equipment and general structura steel.

Approvals and certificates
Approved for PSPC for Water Ballast Tanks according to MO Res. MSC 215(82)

When used as part of an approved scheme, this material has the following certification:
- Low Flame Spread in accordance with EU Directive for Marine Equipment. Approved in accordance with parts 5
and 2 of Annex 1 of IMO 2010 FTP Code, or Parts 5 and 2 of Annex 1 of IMO FTPC when in compliance with
1M 2010 FTP Code Ch. 8

Consult your Jotun representative for details.
Additional certificates and approvals may be avalable on request.

Colours.
aluminium, aluminium red toned, aluminium lumi, buff, red, grey
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Steel Stock

50X 50 X 5 EN10025 S275R
Mild Steel Equal Angle
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Sub-Total (exvar):

Price (ex VAT)

£26.06 /bar
Total
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£235.25 sheet
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£55.98 / sheet
Total
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