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A Collaborative Design in Shipbuilding: Two Case Studies Marina Z. Solesvik



Abstract—The recent increase of information flow in the shipbuilding industry due to the implementation of computeraided design and tougher market requirements for ship design stipulates a need for effective collaboration between ship designers, shipowners, shipyards, suppliers, classification societies, and other supply chain partners. This paper presents two-dimensional collaborative models for vessel design and sheds light on the features of inter-organizational and intraorganizational collaboration. Two case studies show how two different ship design companies have organized cooperative work during the design process and how they employed computer-aided collaborative tools.



T



I. INTRODUCTION



HE design of a merchant ship is an initial stage of a shipbuilding process. Shipbuilding has an individual nature and mass production is rather seldom in this industry. Ships are often tailor-made and designed to meet the specific needs of shipowners (or, in other words, shipping companies). It is rare that naval architects create a new design and try to sell it in the market. Vessel design has always been collaborative in nature. There are at least two agents cooperating tightly during the design development – the shipowner and the ship designer. The number of participants in the design of a modern ship is not limited to these two. In this paper, I will also consider the role of classification societies, shipyards, maritime international organizations, suppliers of materials and equipment, and others. The design phase is one of the most important in the vessel production cycle. Here the key parameters and qualities of the ship are determined: the main dimensions, hydrodynamic performance, speed, stability, seakeeping, cargo carrying capacity, propulsion systems, passengers’ safety and environment protection standards, and fuel consumption. It is worth mentioning some recent trends in the design of ships. First, naval architects widely use computer-aided design (CAD) tools in producing the classification, workshop, and detailed drawings. This gives them an opportunity to dramatically shorten the duration of the design cycle. There are several software packages that are utilized in shipbuilding to make two and three-dimensional drawings, such as AutoCAD, TRIBON, FORAN, and NUPAS CADMATIC. Some of these are compatible with Manuscript received January 15, 2007. This work was supported by the Maritime Research Program at Stord/Haugesund University College. M. Z. Solesvik is with the Stord/Haugesund University College, Bjørnsonsgate, 45, 5528, Haugesund, Norway (phone: +47-4813-3882; fax: +47-52702747; e-mail: [email protected]).



programs for steel cutting machines and files may be used directly to cut details with minimal off-cuts. Second, the Internet allows for new forms of collaboration between contributors who may be geographically remote. Much time, effort, and resources are spent by all parties, especially by shipowners, shipyard engineers, and naval architects in coordinating all design details of the vessel under construction. The elaborated models of inter-organizational and intra-organizational cooperation in ship design explain the nature of collaboration between the organizations participating in project and inside the ship design agent. The goal of the present manuscript is to contribute to optimization of existing collaboration methods in ship design. A comparative case study method is used to describe benefits and drawbacks of two software platforms that are currently used in the collaborative ship design practice. The paper is organized as follows. The next part explores the cooperative nature of ship design and the role of particular actors. The next section describes the collaboration model of ship design. The final section presents two case studies from marine design firms. The manuscript terminates with the conclusion. II. COLLABORATION APPROACH TO VESSEL DESIGN An increasing body of literature [1], [2], [3], [4] focuses on cooperative design issues. N. Cheng [5] divides the collaboration design research into two main categories. She argues that one part of the studies concentrates on information technology issues assisting collaboration, such as information flow and data organization. The second group of researchers investigates social issues of cooperative work. T.Kvan [1] defines two modes of collaborative design. The first is the close coupled design process, when parties interface tightly on design. Second is the loosely coupled design process, when each participant contributes within his/her scope and expertise. Examples of both close and loosely coupled design processes in collaborative design can be found in the area of shipbuilding. The researchers of collaborative design in shipbuilding mostly explore possibilities of computer-supported collaborative work [6], [7], [8], [9], [10]. A number of research papers stress the importance of different software and hardware interoperability [11], [12], since producers of different CAD tools are reluctant to create compatible software to competitors’ products. “One of the most difficult tasks in co-design is to construct
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interoperability commitments enabling to communicate and coordinate the distributed design support systems” [12, p.6]. A. Main Stages of Cooperative Design in Shipbuilding There are five main phases in ship design: (1) conceptual design; (2) preliminary design; (3) functional design; (4) transitional design; and (5) detail design [13]. Different software tools are used in each stage. In the first stage IT instruments are applied marginally [12]. At the same time some studies find it useful to apply software in the early design stages. For example, Krömker and Thoben [14] proposed a computerized system for the ship pre-design process. Further, AutoCAD is widely employed in shipbuilding to create 2D drawings of classification projects (preliminary and functional stages). For detail design TRIBON, FORAN, NUPAS, and AutoCAD are utilized. The prevalence of knowledge-based expertise on the early stages of ship design rather than on the phase of the detailed projection is stressed in [15]. B. Information Systems in Cooperative Ship Design In the process of work on the creation of a new ship or modernization of the existing vessel, information is exchanged among several actors. Bronsart et al. [7] elaborated on a model for an information system in ship design and production. I have extended the proposed model. In particular, several key participants were added into the model: shipbrokers, and national and international maritime organizations (Fig. 1). In addition, I will describe the role of each participant in the cooperative ship design. Shipbroker
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Fig. 1. Information system in cooperative ship design and production Source: [7] and own research



The shipowner initializes the process of ship design by coming with the idea of the future vessel or general concept. The specialists from shipping companies know the market where the vessel is supposed to run, the cargo type, and the geography of the expected area of operations. They collect information from the crew members working on board the existing fleet about equipment performance and they get feedback on constructional features of the hull and
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machinery. All these factors are reflected in the ship design. For example, if the vessel is intended to go through the Panama Canal or the Suez Canal, the width and draught of the ship should correspond to parameters of the canals. Or, for example, the installation of cargo handling equipment on board the vessel depends on the facilities of the ports in which the vessel will visit. If the ship is intended to operate between large ports with perfect cargo treatment, it does not need cranes on board. But vessels serving smaller local ports would definitely need derricks for loading and unloading operations. The shipowner’s philosophy determines the vessel’s type. The same cargo can often be transported by several types of vessels. For instance, it is possible to carry frozen fish in reefers and in container vessels in refrigerated containers. Some shipping companies prefer to own a specialized fleet in order to benefit from the economy of scale and high expertise. Others tend to reduce risks and have multipurpose vessels that are able serving several markets. This gives them an opportunity to operate on the most profitable markets or avoid losses when freight rates in a particular market are low. These are only a few aspects that determine and influence ship design. The shipowner may choose among several alternatives: (1) to build a sister vessel; (2) to build a similar vessel with minor changes; (3) to order a new design; and (4) to have fundamentally novel design. Sometimes ship designers are forced to make changes in existing projects even if the shipowner wants to order a sister vessel. This is the case when the procurement lead time is too long (sometimes two to three years in the periods of shipbuilding booms). An alteration in machinery also causes changes in design. The shipping company announces a tender for making project documentation and sends it to several design agents. Interested naval architects prepare an outline specification for the vessel (2-3 pages), a general arrangement plan (3 views of the proposed vessel), the quotation for the classification, and, eventually, workshop drawings together with a rough delivery schedule. Having a preliminary specification and a general arrangement plan, the shipowner may forward requests to prospective shipyards in order to get a rough estimate for the vessel construction. The final price will be determined when the yard has a complete specification and a materials list from the designer. Furthermore, the shipping company chooses the suitable design agent, and negotiates a contract to produce the design. Some shipyards and shipbuilding groups have their own in-house naval architect companies (e.g. Aker Yards ASA) and may offer the price including both the design and production of the vessel. In this case, some time efficiency for coordination and price reduction may be achieved as the naval architects are aware of shipyard’s production facilities, technical standards, and features. The owner of the vessel chooses a classification society (CS). The role of the latter is, first, to check classification drawings for compliance with strengths, stability, and



safety regulations. Second, the chosen classification society - through the site offices situated in the main shipbuilding centers around the world - observes the whole process of the ship manufacture in order to control the quality of the construction. Detailed and workshop drawings (that show what separate details look like) are made either by the same design agent that elaborates the class project, or by the shipyard’s naval architects, or by the third-party designer. The decision is usually made by the shipyard as this is its responsibility. Basic input data for making transition design and workshop drawings are parameters of shipyard facilities: for example, carrying capacity of lifting cranes that move sections from the workshops to the slipway and attributes of cutting machines. This means that workshop drawings for sister vessels produced at various shipyards with other equipment characteristics can be different. It is rather common, especially in European shipbuilding practice, to build a vessel at two or even three shipyards. The Western European shipyards often only outfit the ship and outsource a hull construction to the Eastern European shipyards. In this case the number of collaborators and the information flow are increasing. That is why I have separated hull shipyard and outfitting yard in the scheme of the information system of the cooperative ship design (Fig.1). A bulk of important information comes to participants of the collaborative design from the shipyards: details on the production process and welding capabilities, berth size, crane capacities, size of doors and transportation features, block sizes, and building strategy. Simultaneously, the shipowner together with consultants and shipyard engineers carries out negotiations with the suppliers of the materials and equipment. A list of equipment and dimensions of appliances are input data for naval architects. Since the number of producers and suppliers for a single vessel may add up to 350 and the process of selection and negotiations is rather enduring, design occurs iteratively. It is not rare in shipbuilding that the shipowner changes the design of assemblies that have already been fabricated. The influence of national and international maritime organizations (such as the International Maritime Organization), has increased during recent years. The reason for this process is safety and environmental issues. The world community was concerned with the sea accidents that took lives and caused environmental damage. That is why national maritime organizations control newbuilds’ and rebuilds’ designs for compliance with international rules, conventions, and regulations. Regulations, such as the Safety of Life at Sea Convention (SOLAS), the Convention for the prevention of pollution from ships (MARPOL), and the Convention on tonnage measurement of ships [16] serve as input data for the collaborative design in the preliminary design stage. The model basin specialists collaborate directly with the design agent. The model of the vessel is tested in the basin



for seaworthiness, hydrodynamic characteristics, and buoyancy. In some cases shipowners act through shipbrokers and get the help of technical consultants. This is typical for smaller shipping companies. They often do not hire technical experts on a permanent base. As can be seen from this brief description of the shipbuilding design process, the information flow is enormous. That is why an effective system of collaboration for ship design is vitally important. III. COLLABORATION MODEL FOR SHIP DESIGN Analysis shows that collaboration in the process of ship design goes across two dimensions. On the one hand, there is inter-organizational cooperation between the shipping company, shipyard, naval architects, classification society, model basin, suppliers, etc. On the other hand, there is intra-organizational or interdisciplinary collaboration (IDC) between divisions and branches of the same organization and perhaps subcontractors, if the party does not have enough capacity or expertise to fulfill a part of their work in time. The naval design company is usually a central part of the collaboration team. Figure 2 illustrates the nature of external collaboration between the main participants during the design phase in shipbuilding. As can be seen from Figure 2, the shipping company, design firm(s), and shipyard(s) are actors that are mostly engaged in collaboration with other participants. Shipowner Design agent Shipyard/s CS Suppliers Model basin Shipbroker
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Fig. 2. Inter-organizational cooperation in ship design



As for intra-organizational cooperation inside the design firm, it may be divided into collaboration between the steel structure department, the machinery and piping section, the electrical design unit, the subdivision for 3D-drawings, and a sector of workshop drawings (Fig.3). The collaboration inside each department (DC) favors knowledge and expertise sharing.
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Fig. 3. Interdisciplinary cooperation in ship design



IV. THE CASE STUDIES An effective computer-based collaborative tool is of key importance for productive co-design in shipbuilding. Several options are possible here. The first is to use universal systems designed not only for shipbuilding but applied in other spheres for collaboration and information sharing. The second possibility is to create a proprietary collaborative platform to satisfy the specific needs of a company’s cooperative work. The following two case studies illustrate both approaches and analyze their benefits and disadvantages. A. Case 1 - Company A The Norwegian ship design consultant firm A has experience in the design of commercial, offshore, and naval ships. The company belongs to the category of small and medium-sized firms. The company has no branches and operates in Norway. On demand, they outsource work to subcontractors. Firm A opts to use a standardized system called “It’s Learning” [17]. This tool was initially developed for educational institutions, but is now used by governmental organizations and businesses as well. Each participant of the specific design project has access to this system. Using a login name and password, users have access to the project room. There are three types of users in this system. First, there is an administrator, the person who is an employee of the ship design company whose task it is to maintain rooms for different projects, open accounts for participants, and so on; in other words, to manage the whole system. The second category is modeler(s) – Company A’s employees, i.e., members of the design team of each specific project. This means that they have rights to edit and add drawings only for the project in which they are involved. They do not have access to all the company’s documentation. The third user type is a viewer. They are users from the shipyard, shipping company, classification society, and other parties that might need to download drawings. They have read-only right to the documents.
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This tool has a user-friendly interface and allows several collaboration functions. First, each project page has the participant lists with the affiliation, telephone number, and e-mail address. It allows e-mail messages to be sent quickly to everyone or to particular persons and groups of collaboration teams. In the ‘Forum’ they can discuss design issues. For example, naval architects may explain design features to shipyard engineers and shipowner representatives. This allows reducing travel time by communicating on-line. Contributors may also provide links to useful Webresources under the section ‘Links’. Here, references to national standards, rules and regulations can be published. Finally, the tool provides storage for the project’s drawings. This avoids sending them by e-mail, and represents a well-structured place for particular sets of drawings in separate folders. B. Case 2 - Company B A Norwegian family-owned and managed ship design company B has its headquarters in Norway and has several branches, both inside the country and around the world, essentially close to shipbuilding centers in Poland, China, Brazil, India, Russia, and Serbia. Firm B specializes in the design of fishing, research and seismic, offshore, and passenger vessels, and tugs, bulk and container ships, tankers, and reefers. The company has established or purchased subsidiaries for two reasons: (1) to meet a growing demand for design services by hiring a significant number of new personnel in Norway and lower-cost countries; (2) to enter into the new ship design markets (this was the case when Company B acquired a ship design firm specializing in tanker design); and (3) to be situated closer to the shipyards where the main customers build their vessels. It is not surprising, that shipowners also prefer to order vessels built completely or partially in the countries where it is cheaper. Additionally, while a set of class drawings is usually performed in English, detailed drawings are regularly made in the language of the shipyard’s nationality. So the collaboration between the naval architects and shipyards is much easier when they speak the same language, are familiar with national technical standard, are situated closer to each other, and have a common cultural background. Thus Firm B has a two-fold collaboration task: external (between the collaboration partners) and internal (inside the organization’s branches and divisions). The company’s management has paid a lot of attention to improvement of the collaboration culture inside the organization. The main and regional offices are equipped with videoconferencing utilities and have special soundproofed rooms. Additionally, they widely use videoconferencing. Company B uses a special collaboration system for information exchange between the parties. A tool called Kronodoc was developed by IT-specialists from Company B together with a software vendor as a collaborative platform and an information management system in 2003.



This is a real-life design tool [18]. Three years of its operation have shown positive results. This software tool allows, first, to cope efficiently with a larger information flow that has a tendency to grow; second, to transfer a part of the personnel that were previously involved in information sharing work to other departments; and, finally, to save money and to reduce the amount of paper-based drawings. The principal scheme of the Kronodoc information logistics tool is in Fig. 4. There are three parts in the Kronodoc system: solution set, applications, and functional modules. The latter part is optional and may be obtained if the customer has a demand for the additional functions. The ‘Hours Reporting’ tool is used for time registration by Company B’s employees worldwide. Each time when they log in and out of the system, the number of hours worked for the particular project is recorded automatically. The purpose of this instrument is twofold. First, it allows the accounting department to know the exact time and overtime performed by individual employees. Second, it serves the purposes of planning and control in the design process. Solution set Project structure, document types & lifecycles, user groups and access control Fixed scope implementation project + Applications Information Management



Functional Modules Partner Collaboration



Project viewer



Progress Follow Up



Hours Rep & Res. Mgmt



CAD Viewer



+ Kronodoc IL Platform Fig. 4. Kronodoc collaboration tool Source: Adapted from [18].



The ‘CAD Viewer’ option is designed for those customers who do not have professional CAD software installed. This is a convenient instrument for reviewing purposes. However, ‘CAD Viewer’ has some drawbacks in comparison with the CAD software and is designed more for clients’ convenience than for designers’ purposes. It is important to note that ‘CAD Viewer’ is compatible with other CAD programs. The Kronodoc tool is employed both for interorganizational and intra-organizational collaboration. This is a special tool for companies having branches overseas and outsourcing their activities.



In the process of the collaborative design many versions of the same drawing are created and finally may lead to a chaotic situation. This has actually happened in the past. Prior to the Kronodoc system adaptation, drawings were sent to the design parties by e-mail. The system provides the possibility of working with a particular drawing by only one naval architect at one time. If, for example, one engineer is working with a specific drawing, other contributors may only access the previous version of this document. When the drawing is ready, a project manager checks it and posts it on the project’s Web site in order to get comments and corrections from the shipowner and the shipyards. Only the latest version of the particular drawing is visible to all participants. The external contributors may either make changes in a proposed design in CAD systems directly or send written remarks by e-mail. Access is password protected. When corrections are made, the drawing may be sent to the classification society for approval. If the engineer from the classification society has accepted the drawing, the document may be directed to the shipyard marked ‘approved for production’. Otherwise, additional work is necessary to implement design change in accordance with classification rules. In an in-depth interview, Company B manager pointed out that some customers feel uncomfortable using this collaborative tool. One shipowner refused to get drawings over the Web and insisted on receiving them by e-mail. But these are only isolated instances. The system is highly praised by external collaborators for Company B as wellstructured and convenient. The collaboration platform has proven to be rather effective. It has a library of previous projects for internal use where engineers may easily find information on previous projects. This possibility allows significant shortening of the design time to produce drawings for new projects as well as a reduction in time for the approval by the classification society. The time factor is an important characteristic of the design instrument. The Kronodoc platform has a high level of security. Full access to the Kronodoc files is possible only from Company B offices. Others may access the system with the limited rights through a secure HTTP connection (HTTPS). The Kronodoc tool is used by world leaders in maritime industry, such as large shipyards, design companies, classification societies, and shipping companies. But the sphere of the Kronodoc information logistics platform application is not restricted to maritime businesses; this collaborative tool is also purchased by energy industries, sporting goods and paper manufacturers, as well as research institutions. C. Discussion In the two case studies, I have considered organization issues and collaborative tools that are applied by two companies. In case A, the company has a simpler organizational structure and uses a standard collaboration
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tool. In the case of Company B we deal with a multinational enterprise having a more complicated organizational structure, with several branches around the world, more people employed, and a larger international customer base. The company’s management is concerned about the effectiveness of cooperative work within the group and with external parties. They try to minimize travel costs, which are rather significant when taking into account the geographical dispersion of the local offices, the shipowners, and the shipyards. For these purposes the company utilizes modern computer-supported cooperative design tools. The collaborative instruments in Company B are more complicated, customer-designed, and serve to overcome a dual collaborative problem: cooperation with the external parties and successful teamwork. The benefits of the ready system used by Company A include simplicity of administration and use, diversity of available tools, and lower maintenance costs. They have a smaller IT-department compared to Company B. The advantages of the Company B’s collaborative system include adjustment to specific needs and high speed of information sharing. The high price for such a collaborative instrument might be a disadvantage for some design companies since smaller firms often cannot afford such an investment. Thus, the customer-made collaboration tools are more appropriate for companies with a broad network of collaborative partners and internal collaborators. V. CONCLUSION There are several partners that contribute to the ship design process during the whole life cycle of ship construction. The main participants are the shipowner, the shipyard(s), and a marine designer. The maritime business traditionally has an international nature. And this trend has only intensified lately. The process of design coordination is both time consuming and expensive. That is why scientists and business owners seek ways to reduce coordination costs, and to improve design quality. The use of software tools assists in the process of collaborative design. Effective software helps to accelerate collaboration procedures, reduces the need for travel, and improves knowledge and data sharing. In the article, I have considered two collaborative systems utilized by the Norwegian naval architect companies. The first one is a standard tool. It is cheaper, but proposes only a reduced number of collaboration possibilities for the parties in the ship design process. This system suits the smaller companies with simple internal collaboration needs when personnel are located at the same location. The second system is a customer-made platform that supports both inter-organizational and intraorganizational collaboration. This instrument is useful for larger design companies with dispersed customer locations and a high degree of information flows inside the firm.
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