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Abstract:   A Bachelor of Engineering should help provide its graduates with the skills and abilities to succeed in their industrial career.  This paper describes how, the Australian Maritime College (AMC) develops a naval architecture student's ability to plan, research, carry out and manage a complex ship design task. In particular it has incorporated the teaching and learning of industry-relevant generic graduate attributes into a 25 credit point final year unit Ocean Vehicle Design (OVD). 

OVD enables naval architecture students to integrate all knowledge acquired during their previous years of study and helps ensure that students are equipped to enter the workforce as practicing naval architects.   OVD Projects are conducted in groups allowing a focus on the development of teamwork skills as well as systems engineering proficiency and communication skills, including oral presentations and interviews.  These projects are industry driven, requiring interaction by the team with external clients and relevant industry sectors.
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Introduction

The Department of Maritime Engineering at the Australian Maritime College provides four-year full time Bachelor of Engineering Degrees in:

· Naval Architecture,

· Ocean Engineering,

· Marine and Offshore Systems.

Design activities are considered to be a very important part of BE courses at the AMC because they provide students with the opportunity to integrate subject material developed in other units into holistic projects.  Design projects assist in the learning process because “the process of solving problems is one that demands full use of existing knowledge applied to solve a particular problem and which has the inherent characteristic of advancing or adding to the existing knowledge in the quest for a solution” (McLernon and Hughes, 2006).  The final year BE unit “Ocean Vehicle Design” has always been regarded as a key unit that enables naval architecture students to consolidate the knowledge acquired during their previous years of study. It is a 25-credit point unit making it a significant component of a naval architecture student’s final year of study as it comprises one quarter of their work load, and helps ensure that students are equipped to enter the workforce as practicing naval architects.   Naval architect graduates require a wide range of skills, competences and knowledge in order to design modern marine vehicles. In any design activity, there are a number of often-conflicting requirements that need addressing before a successful design may be achieved.   Problems are increasingly complex and they do not have neat solutions (Hadgraft, 2005). For naval architects these include stability (both intact and damage), powering, aesthetics, structural integrity, sea keeping and manoeuvring.

The unit Ocean Vehicle Design (OVD) has undergone significant development in recent years. Previously each student undertook an individual design for a vessel of his/her choice, to make a presentation of that design to a panel of industrial experts and to submit a formal report of the design upon completion of the design process.  There were a number of drivers for changing the delivery of the unit. The fundamental reason was to simulate industrial reality to a greater extent. In addition it became apparent that most students used the mechanism of choice to stay in their design comfort zones by working predominantly in areas matching their skills and avoided difficult design issues.  A problem based learning approach was adopted for the delivery of this unit.  Problem based learning had been defined as “A constructivist learning paradigm where small groups of students, engage in cooperative learning and collaborative problem solving to solve problems in complex and authentic projects” (Brodie and Borch, 2004). The OVD unit was redeveloped for implementation in 2004 as follows:

· Students work throughout the year in teams of three or four members.

· Industry supplies design specifications and act as clients for the design teams.

· Industrial representatives provide guest lectures on relevant topics to students.

· The industry clients provide regular feedback to students on their design.

· Individual oral assessment of every team member.

The changes were discussed with third year students in 2003, prior to them taking OVD in 2004. Whilst students understood the logic of the changes, many were worried about working on the project in teams. Students were particularly anxious that not all team members would work equally hard and therefore that some students would not be getting full credit for the work they were doing. These concerns were allayed somewhat by explaining that Engineers Australia and industry were encouraging universities to incorporate more teamwork into the curriculum and that when students were in industry they would be working predominantly in teams. It was also explained that the assessment methods were designed to allow for individual contributions to be established, especially by the weekly design meetings and oral examinations.

This paper describes the final year unit Ocean Vehicle Design and how it is used to prepare naval architecture students to take their places as practicing engineers in the maritime industry.

Implementation

A number of activities take place, prior to the start of each academic year, to set up the OVD unit; including sourcing the design specifications and establishing the design teams. The students are surveyed for their specific vessel interests and these are taken into account when obtaining design specifications from industry. Representatives from industry who have agreed to act as a ‘client’ through the year are asked to supply a realistic design specification. This document focuses on the mission requirements and any specific vessel requirements and/or limitations. Industry support in providing specifications has come from a range of Australian companies including Austal Ships, Tenix, North West Bay Ships, the Department of Defence, McAlpine Marine Design, Incat-Crowther, Sinclair Knight Mertz and Murray, Burns and Dovell.
The teams are established without input from the students; they are created by the lecturers based on performance in previous design orientated units with the aim of resulting in teams of similar overall ability. Each team comprises of either three or four students. Due to the teamwork aspect the unit is provided as an ‘on-campus’ unit only and there is no facility for completing the unit by distance.

In the curriculum delivery process, “learning activities are integrally related to content and curriculum intent” (Print,1993), and consequently it was decided to run the unit in a design workshop environment with two sessions per week. These sessions are focussed on student/lecturer consultations with a view to continually tracking each team’s progress through the design.  In problem based learning mode, lecturers are facilitators rather than supervisors and a Socratic approach is used whereby through a series of questions from the lecturers the students will arrive at answers to their own initial problems and questions. A major advantage of completing intensive design work is the high level of learning through undertaking activities (Biggs 2003). In addition, by working in teams students will often be in the position where they teach others in the group; this provides for a very beneficial learning experience for the teacher. Other visible advantages of working in teams include gaining planning and plan implementation experience, experiencing personal management situations and the opportunity to use quality system techniques. 
Early in the year a series of special lectures is provided for the students on a range of topics using visiting industry experts. Subjects include structural design, ergonomics, stability regulations, aesthetics and classification society rules. 
Whilst the unit is directed at being student centred, it is also directed learning. The students need support through the design process and this is provided by the lecturers and the industry ‘clients’.  One emphasis which is clearly made is that design is predominantly about decision making and that to make decisions, information is required. 

Case Study
The following section provides an example of the design process as undertaken by students during the OVD unit. The starting point was the design specification as supplied by the industry ‘client’; in this case an offshore support vessel. The vessel specification, which was supplied by Sinclair, Knight, Mertz, detailed that the vessel needed to be capable of performing multifunctional operations including construction support, flexible pipes handling, maintenance support and mooring placement and retrieval. Operational support for a heavy duty remotely operated vehicle (ROV) was also to be provided. For supply duties the vessel was to be capable of accommodating a range of cargoes including drilling consumables (mud, water, cement, brine) and pipes. The superstructure of the vessel needed to contain accommodation for up to 80 personnel whilst also housing a large bridge and possess the ability to support helicopter operations. 
As the vessel was intended for charter operation, no particular area of operation was specified. However two fundamental operational profiles were developed: transiting to and from service areas, covering a total of 4000 nm, in sea state 2 (significant wave height = 0.75m); and station keeping with full dynamic positioning engaged for 50 day duration.

A number of key considerations were identified for the design:
· Operational efficiency including: deadweight capacity, operational flexibility, crew comfort, operability in severe weather and trim and stability.

· Established design implementation ensuring the integration of proven reliable technologies and arrangements.

· Legalities ensuring compliance to all governing bodies

The students utilized a convergent process to arrive at their final design, as demonstrated by the design spiral shown in Fig. 1. Such an approach is required due to the interactive and iterative nature of ship design. The spiral begins with the choice of the principal parameters of the vessel. These are based on the fundamental operational requirements of the ship and students are required to complete a study of similar vessels which have been previously built. Each separate stage of analysis is then completed during a full cycle of the design process. On the next full iteration these analyses are repeated in increasing detail and confidence.
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Fig. 1: The design spiral

Of central importance in the ship design process is the weight estimate. Many of the other analyses are dependent on an accurate indication of the mass of the vessel and the location of its centre of gravity e.g. trim and stability, seakeeping and resistance predictions. Whilst initial estimates may be gained from a similar vessel survey, more accurate values can only be determined from a detailed approach whereby each component in the vessel is itemized with its mass and centre of gravity location. The confidence in the weight estimate will increase as progress is made through the design. For example, initially little information is available on the structural design therefore an ‘equivalent plate thickness’ approach is taken to estimate structural mass whereby the structure is combined as an equivalent shell plating. However as the design progresses and the structural design is detailed, individual components of structure may be incorporated into the weight estimate.
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Fig. 2: Worst case scenario for stability analysis

The shape of the hull, or hull form, has a number of influences and has a major impact on the behaviour of the vessel in a number of respects including: trim and stability, resistance and seakeeping. For the offshore support vessel a preliminary, or parent hull form, was initially established, see Fig. 2. Then a number of iterations through the design spiral were required to ensure that all the limiting design criteria were achieved prior to a final hull form being produced, see Fig. 3. Computer-based design tools are available for a number of ship design analyses. The Maxsurf suite supplied by Formation Design Systems is currently utilized by students undertaking the OVD unit. This includes programs for calculating trim and stability (Hydromax) and predicting resistance (Hullspeed) and ship motions (Seakeeper). 
The general arrangement of a ship can be a particularly challenging problem. Use was made of space blocks and flow lines to ensure that adequate space was available for each compartment and it was suitably located. Additional factors such as minimizing the influence of ship motions on key activities were also accounted for.   The major part of the design detail is orientated towards a structural design of the vessel. Classification Societies such as Det Norske Veritas and Lloyd’s Register of Shipping provide guidance on the magnitude of expected loads and the size of structural components. Careful progression through these rules provided the structural design, although a number of decisions were required throughout this process e.g. choice of framing system, optimum frame spacing (see Fig. 4).
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Fig. 3:  Hull Form
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Fig. 4:  Structural configuration at midship section

A number of additional aspects were investigated including engine and machinery selection, propulsor design and dynamic positioning system design. The final design, as shown in Fig. 5, satisfied the entire industry client’s specified requirements.
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Fig. 5:  Final design of offshore support vessel

Assessment

From a student’s perspective, assessment defines the curriculum (Ramsden, 1992) and so a broad range of formative and summative assessment techniques are employed in OVD to assess student learning. There are two major written submissions, including extensive drawings, which are submitted at the end of each semester; though the emphasis of these submissions is on providing the required design information in a concise though well-expressed manner. To ensure that good progress is made through the year four checkpoint submissions are also required. Each team has flexibility in nominating which component of design will be submitted e.g. hydrostatics, structures, resistance or seakeeping. It should be noted that whilst it is compulsory that these checkpoints are submitted and their content is appraised by the lecturers, they are not formally assessed. 
At the end of the academic year each team makes an oral presentation of their design to an audience comprising academic staff, students and industrially-based naval architects. A judging panel, comprised of industry representatives and lecturers, assesses the presentations (70% is a team mark and 30% an individual mark) and provides feedback on design progress.

In order to determine an individual component mark, two oral interviews are conducted through the year. In these interviews, each student is individually questioned on a range of topics concerning the design process and their actual design. These interviews are an effective method to ascertain each individual’s understanding of, and contribution to, the project. These oral interviews contribute towards an individual project management mark awarded for performance through year, this mark accounts for 25% of the total mark, the rest being based on the team’s performance.

Assessment of team and individual components (i.e. submissions and oral interviews) is undertaken simultaneously, but independently, by the two subject lecturers and the awarded mark is the mean of these two independent assessments.  Interestingly, minimal divergence in the two lecturers’ markings has occurred since the inception of the new format in 2004.  Immediately following each assessment teams are provided with feedback in hardcopy from each lecturer outlining specific areas where improvements can be made and those areas which were viewed as satisfactory or better.  Such feedback is elaborated upon with each team during subsequent workshops.

Assessment of all components is kept limited to the two subject lecturers since they develop the assessment regime and the minimum required standards for submissions and interviews; it also provides transparency and strict accountability in the marking process.  Industry client satisfaction with the design and its reporting is monitored by the lecturers and does influence assessment to a degree.

Formulating an optimum assessment regime for the subject as a whole, and for each component, has been arguably the one aspect of the subject’s management under greatest and perpetual review.  Tuning assessment component weightings in order to strike the correct balance between standards and competency sought by industry with a rational means of assessment of such a holistic educational project has been a challenge.  Furthermore, the timeframe for the project (2 academic semesters) has to be reconciled with the standard of submission desired by the lecturers.  Most recent reviews have resulted in a streamlining of submission reports permitting a greater emphasis being placed on assessment of design and analytical processes and techniques without diminishing the importance placed on the communication of the design via reports and presentation. Another challenge has been developing a satisfactory breakdown between the marks allocated to the team as a collective unit compared with the marks allocated to the individual team members. Currently 75% of marks are awarded on a team basis whilst the remaining 25% is an individual mark based predominantly on the oral interviews and presentation.

Feedback

Student Perspective

Students at AMC have the opportunity to assess their learning experience for each unit of study. This has provided valuable feedback on students’ perspectives on the changes to the OVD unit. The following sample comments taken from these surveys demonstrate that the incorporation of the increased industry involvement in the unit has appeared to meet with universal student approval. 
· “Most directly related unit to the ‘real world”.

· “I believe the decision to source project topics from industry has significantly increased the students’ awareness of the true state of the Australian industry”.
· “The best aspects of the unit were combining everything we have learnt in the last three years and being able to apply our skills in vessel design to practical applications”.

·  “Group work is hard, but I find it rewarding”.

· “One of the best aspects of the unit was the group work”.

· “Very good subject!”
Industry Perspective
Industry participants have been canvassed to gain their perspective of the OVD unit. The representative from Incat-Crowther stated: “The industry participation provides the following advantages to the students: setting realistic technical briefs for the design; achievable milestones (guidance on specific/required time spent on individual design steps);   guidance on design compromises and exposure to state of the art design techniques. The industry involvement in the OVD project presents the following advantages to the industry partner: introduction and experience working with possible future employees; exposure to state-of-the-art design tools and thinking from a leading academic institution and fresh thinking to solve complicated design problems which industry does not have time to think about.” 

The view from the Sinclair, Knight Mertz representative is that: “the OVD Unit, as implemented at the Australian Maritime College is designed to provide the final year students with some direct interface to their peers in the marine industry which will assist the student in the transition process after they graduate. This  contact with industry provides them with a “reality check” when undertaking their OVD assignment by having the industry representative acting as a “ship owner”, providing comment and appropriate guidance on the design proposals being developed by the students. The OVD Unit is not designed to be restrictive, requiring the students to produce a “one dimensional” design. The students are encouraged to be creative and to examine options, providing the “ship owner” with their assessment, including the supporting technical and cost justification. The students are encouraged to engage with the “ship owner” in the traditional designer/ship owner role and have the “ship owner” select his preferred option so that the design process can progress along the design spiral. As the design process matures there are the inevitable conflicts in requirements. The students are encouraged to discuss these conflicts with the “ship owner” and for the “ship owner” to respond with his preferred course of action, which should be appropriately justified to the student.

Austal Ships’ representative provided the following insight into the process from industry’s perspective: “the Ocean Vehicle Design project is an integral part of the training of undergraduate naval architects as it allows them the chance to put into practice the theoretical skills learned during the course. From an industry perspective, it is essential for graduates to have a practical understanding of the requirements of a naval architect. For the development of the students, the current format of the OVD project provides the chance for the students to learn the importance of scheduling, team work, communication (suppliers, their lecturers and their industry partner), mitigation of risk and the various commercial aspects of design. These skills can then be used as a base from which to develop further during their subsequent employment. We see our involvement as important in developing the quality of Naval Architects graduating from the AMC which in turn assists us as an employer of its graduates. In addition, it allows us the opportunity to witness some of the students in the working environment which in turn may lead to their employment at Austal Ships.”

Conclusions

There has been significant increase in the quality of the design work being completed by the students under the new system. Working in teams has enabled the students to work to a higher standard and greater depth. To reach this standard requires considerable input from the unit lecturers. Firstly design specifications need to be sourced from industry; their suitability is then assessed to ensure they possess an appropriate level of complexity. As the students then engage in their projects a continual oversight of design activities by the lecturers is important. This is achieved by conducting design workshop sessions twice a week which involve the two unit lecturers: discussing progress with each team; examining aspects of their design; considering their design decisions; assessing future plans and providing feedback. Interaction during these sessions is focussed on the lecturers guiding the students to discover the answers to their problems and questions themselves.

Industry participants consider that “as both a 'client' of the OVD subject and as an employer of junior naval architects, participation in the OVD work is a good way for them to observe the quality of work being produced by the students at AMC.  By interacting with 'industrial clients', the students gain an appreciation for the issues affecting naval architecture that they will have to deal with upon graduation, and have an insight into how the industry works.”

Students have responded well to the strong links with industry through both the design brief and regular guest lectures.   However the change from working on the project as an individual to being team based did meet some initial student resistance and it took time for some students to embrace the new system. The primary concern of students has been focussed on being appropriately rewarded for their individual efforts whilst working in a group. 
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