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Abstract

Designed as a tool for business intelligence, resource planning is used to man-
age the essentials of a business by integrating processes into a single system.
Enterprise Resource Planning (ERP) solutions ensure all the organizational,
operational, and procedural structures interconnection, which can be both an
advantage and a disadvantage, knowing that inefficiency within one structure
will lead to inefficiency in others. The originality of the approach consists in
the unitary analysis of all processes which shipbuilding involves (design;
evaluation of ship construction possibilities; contracting of works; contracting
of supply of materials and equipment; presentation of inspections for the
completed works reception; delivery of the ship into operation). The systemic
approach is a notable contribution by highlighting the input and output
quantities for the analyzed processes. Also, where it was found relevant, the
diagrams highlight the owners of the process and show the interconnectivity
of the functional departments within a shipyard. Although it is obviously the
expression of in-depth knowledge of the peculiarities of Romanian shipyards,
the authors hope that the work can support any shipyard that may be inter-
ested in knowing these structures (as a logical scheme mandatory to design a
custom ERP software system).
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1. Introduction

Anyone who reads this paper might ask, as the authors did before they set to
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work, “why would it be necessary to structure the shipbuilding processes in a
shipyard?” Using the available research resources [1], the authors were interest-
ed in the results published by other authors and, consulting an extensive biblio-
graphy (published in journals or presented at conferences) contributed to out-
lining some interesting conclusions.

At present, the main concern of any shipyard is to ensure that ships are deli-
vered on time, with as low possible costs, are following quality requirements and
a high level of customer satisfaction is ensured. Thus, since 1979 Cpt. Kaune [2]
found that there is a basic management plan which controls the shipyards. The
entire process can and must be optimized, but maximizing any part without re-
garding the total, will lead to problems. They suggest a method of developing a
successful process and discuss management methods to assure its success after
its development.

A shipyard’s competitiveness is determined by the level of production man-
agement capability that it possesses. Many shipyards have made great efforts to
improve their productivity by introducing higher level planning systems and
process management systems, by applying the Product, Process, Resource, and
Schedule (PPR-S) model [3] [4] which is suitable for a shipyard production en-
vironment. The notorious relevance of shipbuilding in the global context has led
shipyards to improve their production processes [5] seeking to reduce construc-
tion costs as well as manufacturing and outfitting time, to meet the increasingly
competitive market that demands greater productivity. One of the biggest prob-
lems of the shipyards is planning and controlling the production development,
so scheduling method [6], which is updated based on current performance and a
production control system must be investigated. Through a reasonable arrange-
ment of the production plans (including the virtual flow operation) can be
achieved all production activities of the shipbuilding enterprise, with high effi-
ciency and flexibility [7].

A shipyard is a complex shipbuilding and/or ship repair business comprising:
workshops, slideways, docking docks, berths and numerous installations and
technical means capable of carrying out the entire design, execution and neces-
sary testing process for the shipbuilding (including launching) and the ships re-
pair works. The functional organization (sections, workshops, team works, work-
ing places) in a shipyard includes workspaces and equipment for all processes
and depends on both the technical capabilities of the operational structures and
the human resources, in terms of quantity, quality and structurally, these condi-
tioning the choice of the strategy with reference to the type and number of
newbuilding that the shipyard can contract in a determined period. There are
authors concerned with the organization, reorganization, and modernization of
shipyards, especially in crisis situations, when the international socio-economic
and financial context becomes difficult. The operational structure of a shipyard
(with reference to dimensions, technical characteristics, number of workspaces

and equipment needed to carry out the processes) is designed to allow the op-
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timal development of shipbuilding processes, considering the number of projects
that it is intended to run simultaneously. The intense competition in this field of
activity has determined the shipyards to take care of: application of CAD-CAM-
CAE techniques related to design processes; use of advanced production tech-
nologies (robotics, automation, programming); the information technologies
implementation within various operational structures. Due to the rational sizing
of this paper, the authors did not retain bibliographic references on the previous
mentioned topics. It was found that some quantitative and qualitative factors in-
fluence competitiveness of shipyards. In general, regarding performance, quan-
titative variables are analyzed through mathematical and linear models. Howev-
er, the qualitative variables, due to its subjectivity because it deals with human
perceptions, it is not common for organizations to work on the performance of
these factors [8]. Also of interest are topics such as: the application of the prin-
ciples of continuous improvement of organizational performance [9], the appli-
cation of quality control theory to shipyard practices [10] and the concept of to-
tal value management (introduction to the concept of “zero defects” versus “to-
lerance of construction” [11]).

If the concept of Industry 4.0 is considered, the authors of this paper were not
surprised to find that there are many researchers interested in programming,
modelling, and simulating different processes, even going so far as to virtualize
shipyards. Simulation is a powerful tool that is used to understand and analyze
the effect of changes on real systems, including in shipbuilding industry [12]. It
is interesting to follow the chronological evolution of this concept in the works
consulted by the authors of this paper. In 2003, the System Dynamic Continuous
Computer Simulation Model of the Organization Production Shipbuilding Process
was introduced [13]. Having a multilevel function of its goal, the most important
ones to mention are: enabling business production managing structure to con-
tinuously check the dynamics of shipbuilding process; efficiently giving the
forecast of the possible effect of “bottleneck” in shipbuilding process; optimiz-
ing the particular process parameters; finding the most valuable scenario of the
future realization of the shipbuilding process [14]. Then, in 2005, followed the
Decision Support System (DSS), which uses discrete event simulation models
and heuristic optimization, enabling efficient use without detailed knowledge
of methodologies [15]. The year 2010 brought to attention a simulation frame-
work that manages both DEVS (Discrete Event System Specification) and DTSS
(Discrete Time System Specification) to meet different requirements [16]. Then
in 2013 the process improvement model, OPT (Optimized Production Technol-
ogy) [17] together with the active discrete event simulation using probability
distribution of shipbuilding process was proposed [16]. Next, in 2016, the data
model for shipyard production simulation model generation was defined by
analyzing the iterative simulation modeling procedure [18]. Also in 2016, a si-
mulation system called SIMSON (SIMulation System Of New production plan-

ning) was presented, which emphasizes that the simulation results are in har-
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mony with the real situation and the application of SIMSON to the simulation of
production planning in shipyards is quite feasible [19]. The following year, a
heuristic simulation approach was introduced to address the issue of shipbuild-
ing programming in a multi-stage production system. It allows the evaluation of
the actual production of many blocks and sub-blocks, while satisfying a large set
of constraints [20]. In 2020 some authors propose a simulation method based on
backward simulation and process-oriented simulation to consider the characte-
ristics of shipbuilding production. The shipyard production planning process
was investigated to analyze the detailed process, variables, and constraints of
mid-term production planning. Backward and process-centric simulation me-
thods were applied to the mid-term production planning process and an im-
proved planning process, which considers the shipbuilding characteristics, was
proposed [21]. In 2000, for the first time, the authors [22] discovered that dis-
crete event simulation could be used for virtual prototyping of new production
units. Models built for this purpose must be easy to use, flexible and provide a
realistic graphical view of the proposed system. The approach allows for quick
analysis of the technology. In 2007, one paper [23] referred to simulation-based
approaches in the shipbuilding industry, such as digital shipbuilding, Simula-
tion-Based Design (SBD), and a virtual shipyard. Shipbuilding 4.0 [24] to the
principles of Industry 4.0, transform the design, production, operation, trans-
portation, services, production systems, maintenance, and value chains in all as-
pects of the shipbuilding industry. Among the various Industry 4.0 technologies,
some works focus on augmented reality, the application of which in the indus-
trial field has led to the concept of Industrial Augmented Reality (IAR). The pa-
per [25] first describes the basics of IAR and then conducts an in-depth analysis
of the latest IAR systems for industrial and shipbuilding applications. Then, to
build a practical IAR system for shipyard workers, the main hardware and soft-
ware solutions are compared. Recently, various production technologies [26]
have been developed to promote the production environment of the shipyard
under the influence of Industry 4.0 towards automation, smart factories, and
smart planning systems. In 2021, an overview of current state-of-the-art digital
twin and digital technology in industrial operations [27] was provided (the twin/
thread framework encompasses specifications that include organizational archi-
tecture layout, security, user access, databases and hardware and software re-
quirements).In the paper [27] it was highlighted that the framework is expected
to be applicable to improve the optimization of operational processes and the
traceability of information in the physical world, especially in an industrial shi-

pyard 4.0.

2. Method and Contribution

An effective way to understand complex industrial processes is to outline them.
The scheme is a formal language for the management system of an organization

and is a tool to simplify the structure, organize it in a logical sequence and in-
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terpret the information to exercise the decision-making act. The authors of this
paper approached the schematization of processes as a working method, having
in mind their experience of shipbuilding activity.

Regarding the original contributions made by this paper, they could be listed
and summarized as follows:

The inclusion, in the analysis, of all the processes leading to the construction
of a ship, given that the consulted literature usually highlights the singular ap-
proach of the processes, and some of them are not targeted (e.g., the process of
assessing the shipbuilding construction possibilities or the process of the fina-
lized works presentation for reception inspections).

The schemes have been constructed in such a way that process owners can be
identified, which is particularly important for the shipyard management system.

The schematization approach from a systemic perspective, with the input and
output quantities indication for the analyzed processes.

The schemes allow the informational routes between the functional depart-
ments observation and highlight the relations between them (collaboration/
subordination).

In addition to the schematization of all the processes carried out in a shipyard
for a shipbuilding execution, perhaps the most important contribution brought
by this paper refers to the decomposition of the processes into stages and phases
of work. This decomposition, together with the schematic construction, signifi-
cantly contributes the processes evolution understanding and the works succes-
sion in the execution which makes it possible to be able to build algorithms
(logic schemes) that define ERP software.

The construction stages of a ship represent milestones in the development of
the construction processes, being characterized by the completion of the execu-
tion of a volume of works (defined quantitatively and qualitatively). In principle,
the construction stages of a ship are: design, construction of the ship’s hull,
launching of the ship’s hull, outfitting on board the ship laid on berth, trials of
the ship on dockside and at sea, delivery of the ship in operation.

The execution phases represent the ship’s stages of evolution by carrying out
the execution of the works related to the respective stage. Thus, in principle, the
execution phases related to the stages previously mentioned are:

The phases for the ship design stage: the basic design; the technical project;
the detail project.

The phases for the shipbuilding stage: the steel plates and profiles cutting; the
panels construction; the modulated section blocks construction and superblocks
construction; assembly of the ship’s hull on the platform and in the dock.

The phases for launching the ship’s hull: the outfitting on the ship; installation
on the ship the superstructure and the exhausted gases funnel; execution and in-
stallation of hull marks, draft scales, name, and port of registry of the vessel;
mounting the anodic protection on the hull; execution of the treatment works

for the surface of the hull external; launching the ship.
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The phases for the outfitting completing on board the ship in floating condi-
tion: execution of works for the completion of the installation of equipment,
pipes and valves, electrical cables; execution of commissioning works for equip-
ment, installations, and on-board systems; execution of the final painting works
of the ship (exterior and interior); execution of superstructure arrangement
works.

The phases for the ship delivery stage: execution of the dockside and at sea
trial test; execution of works for the delivery of inventories, spare parts, and
technical documentation.

The sequences schemes establish that the works carried out in an execution
phase and are part of the Project Management activity which streamlines the
development of the ship construction process in case of distortions in the devel-
opment of other processes (designing, contracting of materials and equipment,
approval, certification, and inspection of the works).

The process flow in a newbuilding shipyard is described in Figure 1 and in-
cludes:

The process of design with the phases of the basic design project, the technical
project and the detail project of the shipbuilding works development.

The process of evaluating the possibility of the shipbuilding works execution.

The process of contracting the execution of shipbuilding works.

The process of the materials and equipment necessary for the construction of
the ship contracting and supplying.

The process of the execution of shipbuilding works developing.

The process of the shipbuilding works execution.

The process of presentation to inspections (Classification Society and Client)
for the reception of the ship’s construction works execution.

The process of delivery the ship in operation with dock and sea trials.

The development of the ship’s construction processes in a shipyard is in a re-
lation of mutual conditioning, the disturbances that may occur in the evolution
of a process causing the disruption of the development of other processes, at dif-
ferent intensities, the consequences being possible to be quantified only at the
ship’s delivery in operation.

In the followings, will be explained, commented, and detailed by illustrative
schemes, the processes identified for the execution of the shipbuilding works re-

lated to the process flow presented in Figure 1.

2.1. Evaluating the Execution Possibilities of the Shipbuilding

The process is presented in Figure 2, and consists, in principle, in the develop-
ment of a market study, a design theme and a design project.

The market research is performed by the Marketing Department. It prospects
the maritime shipping market in order to assess: type of ships required by ship
ownership at the moment, the technical characteristics that the ship have to

comply with, the level of prices charged on the new buildings market by other
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Figure 1. The process flow for the execution of the shipbuilding works.
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Figure 2. The process of evaluating the execution possibilities of the ship construction works.

shipyards.

The design study is developed by the Marketing Department, being the result

of the market research and is submitted to the Design Department for a design
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specification preparation. The Design Department proposes the Classification
Society which must approve the design project and supervise the execution of
the shipbuilding works at the shipyard. The preliminary technical specification is
made by the Design Department, based on the design and the market research
studies. So, it develops the basic design phase which is corelated with the basic
technical requirements (necessary to be met in terms of materials and equip-
ment) to be included in the development of the technical design phase, accord-
ing to the rules and requirements of the classification societies, at the estimated
date of delivery of the ship. The basic design, as part of the design process, is
based on the conclusions of the design study. Thus, having defined and identi-
fied the requirements, the obtained minimum volume of initial information is
used, by the Design Department, for the preparation of the general arrangement
and preliminary technical specification of the ship.

The structure and composition of the basic design project is shown in Fig-
ure 3.

Based on the basic design project, the Planning & Programming Department
will evaluate the level of resources and the possibilities of execution of the
project, depending on the technical characteristics of the existing capacities of
the shipyard. The Marketing Department and the Supply Department, based on
the information provided by the basic design project regarding technical charac-
teristics of the equipment and materials, will contact different manufacturers/
suppliers, requesting detailed information regarding the description of the tech-
nical characteristics, price, and delivery time. The shipyard management, based
on the information provided by the above-mentioned departments, will assess
the need for resources (human, technical and financial) to carry out the project
and, if deemed appropriate, the Board of Directors will recommend this project
for the Board of Administration analysis. After the Board of Administration ap-
proves the shipbuilding project, the development phase of the technical project
(part of the design process and the contracting process for the execution of the

shipbuilding works) will begin.

2.2. Contracting the Execution of a Newbuilding
Works in a Shipyard

The process is presented in Figure 4, its composition including the development
phase of the technical project, the bidding phase of the construction of the ship
and the phase of contracting the execution of shipbuilding works. In the phase
for the ship technical project developing, the Design Department elaborates the
preliminary technical project which constitutes the necessary documentation to
obtain the approval of the project by the Classification Society under the super-
vision of which the construction works of the ship will be carried out. In the
phase of bidding for the execution of shipbuilding works, the Marketing De-
partment is the process owner for the phase of bidding for the execution of

shipbuilding works, consisting in the elaboration of the offer for the execution
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Figure 3. The structure and composition of the basic design project.

works, based on the prices and the necessary period, according to the prelimi-
nary technical project requirements. In the contracting phase for the execution
of the shipbuilding works, the Marketing Department is still the process owner
for the contracting phase, activities consisting in the execution of the contract
proposal for the shipbuilding works elaboration, based on the terms agreed with
the Client and approved by the Management of the Shipyard in the bidding
phase. The condition for the shipbuilding contract entering into force is the
Boards of Administration of the two partners (Shipyard and Client) approvals
obtaining. Figure 4 highlight that the information (concerning the preliminary
technical design and the estimated internal costs related to: the necessary mate-
rials and equipment supplying according to the preliminary technical project
specifications; the execution of shipbuilding works manpower costs) represents
the input data to the Marketing Department for the bidding phase. The negotia-
tions of this phase also represent the input data for the contracting phase whose
output data are represented by the shipbuilding contract which entered into

force.
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Figure 4. The process of contracting the execution of a newbuilding works in a shipyard.
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The Technical Project was illustrated in Figure 5.

2.3. Developing the Execution of Shipbuilding Works Shipyard

The process is presented in Figure 6, its composition including the development
phase of the technical project, the bidding phase of the construction of the ship
and the phase of contracting the execution of shipbuilding works.

After the shipyard Board of Administration approval, the Marketing Depart-
ment informs the Planning & Programming Department which will act for:

e The nomination of the coordinator of the project (Project Manager) for the
execution of the shipbuilding works according to the contractual obligations.

e The contractual technical project analysis together with the Design, Technical
and Production Departments for establishing the hull construction sequences
scheme in the shipbuilding works development phases necessary to be car-
ried out to meet the completion deadline assumed by the shipyard, according
to the contract. drawing up the of the shipbuilding construction works de-
tailed schedule, which establishes deadlines for the completion by types of
works, up to the level of workshop/production section and compartment/
department according to the flow of stages and execution phases (Figure 6).

The flow of stages and phases for execution of shipbuilding works includes:

o The stage of the hull building with the following execution phases: the hull
steel plates and hull profiles cutting; the panels construction; the block-
modulated sections construction; the hull assembly on the platform and in
the dock.

o The stage of the ship's hull launching, with the following execution phases:
outfitting; the accommodation and the exhaust gases funnel installation on-
board; the execution and installation of waterlines marks, loading lines, draft
scales, the ship’s name and port of registry; the hull anodic protections
mounting; the treatment works for execution the hull external areas coating
protection.

o The stage of outfitting on board the ship berthed with the following execu-
tion phases: execution of the works for finalizing the assembly of equipment,
pipes and valves, electrical cables; execution of works for the commissioning
of equipment, installations, and systems; execution of the final painting
works of the ship (internal and external); the execution of the superstructure
arrangement works.

e The stage of the ship delivery, with the following execution phases: execution
of dockside and the sea trials; execution of works for the inventories, spare
parts, and technical documentation delivery.

Figure 7 details the process of the shipbuilding works execution developing.
The owner developing the execution of the ship’s building works process is the
Planning & Programming Department through the Project Manager. The input
information of the execution of the ship’s building works development process is

constituted by the contractual terms for:
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Figure 5. The structure and composition of the technical project.
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Figure 6. The stages and phases flow for shipbuilding works execution.
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e The date of the hull steel plates and profiles cutting phase beginning within
the construction stage of the ship’s hull.
e The date of the modulated block-sections construction phase beginning within
the construction stage of the ship’s hull.
e The date of the launching the ship’s hull phases representing the date of the
ship’s launch stage completion.
o The sea trials phase completion date within the dockside and sea trials stages.
The shipbuilding development process output information is constituted by
the shipbuilding works execution detailed schedules by stages and execution

phases for each department.

2.4. Procurement Process for the Supply of
Materials and Equipment

The process is presented in Figure 8, its composition including the development
phase of the technical project (which includes testing the ship model in the tow-
ing tank), the bidding phase of the construction of the ship and the phase of
contracting the execution of shipbuilding works. The contracting and supplying
process of the equipment necessary for the ship construction is carried out in
two phases: the preliminary phase, where, based on the preliminary technical
project specifications requests quotations for the delivery of equipment and ma-
terials are drawn up and sent by the Marketing Department and the Supply De-
partment, respectively, to different manufacturers or suppliers the final phase,
where, based on the contractual technical project specifications with reference to
materials and equipment, the offers from the preliminary phase are updated.
The process for contracting the necessary materials supply for the ship construc-
tion is carried out by the Supply Department, and the process for contracting the
supply of equipment is carried out by the Marketing Department. The principle
of the two processes is identical, according to the presentation in Figure 8. As a
result of the received offers comparative analyzes, it is proposed to the Manage-
ment of the shipyard the list of producers with whom to negotiate for contract-
ing. As a result of the received offers comparative analyzes, it is proposed to the
Management of the shipyard the list of producers with whom to negotiate for
contracting. Based on the Supply Department and the Marketing Department
proposals, the shipyard management approves and signs the contracts for the
delivery of materials/equipment, the two departments continuing to carry out
the contracts for the products delivery on site and their reception upon arrival.
The input information for the materials and equipment contracting and supply
process for the shipbuilding execution works is represented by the materials and
equipment specifications prepared by the Design Department. The outputs, re-
sulting from the process, are represented by the delivery of products (mate-

rials/equipment) on site, because of supply contracts.

2.5. The Process of the Shipbuilding Works Execution

The process of the shipbuilding works execution, carried out by the Production
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Figure 8. Procurement process for the materials and equipment supply.
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Department as process owner, is according to the presentation in Figure 9.

The input information for the shipbuilding works execution process is the de-
tailed schedule for the shipbuilding works execution, prepared by the Planning
& Programming Department and the shipbuilding detail project prepared by the
Design Department. These documents are updated whenever the status of addi-
tional work orders appears.

The input information for the process also includes the manpower, materials
and equipment consumption vouchers prepared by the Technical Department
based on the technical documentation within the detail project.

The output information of the shipbuilding works execution process consist
in handing over the works performed by the Production Department to the
Quality Control Department (QCD) and then to the Classification Society and
Client or Client Representatives on site.

Based on the detailed schedule for the shipbuilding execution works, prepared
by the Planning & Programming Department, the Production Department es-
tablishes the deadlines for the completion of the works at the teams and work

teams’ level.

2.6. Finalized Works Presentation for Reception Inspections

The process of the finalized shipbuilding works presentation at the Classification
Society and the Client inspections is according to the presentation in Figure 10,
being carried out by the QCD as process owner. The process is carried out on
the basis of the input information consisting of: the detail project technical do-
cumentation prepared by the Design Department and approved by Classification
Society and Client; the ship’s building sequences scheme and the detailed sche-
dule of the shipbuilding works execution, prepared by the Planning & Pro-
gramming Department.

The outputs of the process finalized shipbuilding works presentation at the
Classification Society and the Client inspections are represented by the inspected
works acceptance by the QCD based on the Inspection Call Log.

The inspection considers the verification of the essential aspects with refer-
ence to: the technical and execution documentation verification regarding: class
certificates for the materials and equipment included in the inspected works; the
approved plans for the structures or the installations/systems where the works
are executed; certificates of professional competence of the work execution per-
sonnel (e.g. welding works); verification, in situ, of the safety conditions for the
inspection of the executed works regarding: access, lighting, ventilation, ensur-
ing, cleaning, etc.; the quality of the works execution according to the existing

standards.

2.7. Delivery of the Ship with Dockside and Sea Trials

The shipbuilding delivery in operation process, as presented in Figure 11, con-
sists in the dockside and sea trials phase execution, followed by the delivery
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phase of the ship. The delivering the ship into operation process is the process by
which the shipbuilding execution works are completed. The dockside and at sea
trials during execution phase are coordinated by the QCD based on the call log
for delivery of the execution works performed by the Production Department.
Execution of operational test works for ship-mounted equipment, installations
and systems shall be performed on the ship at the quay and at sea trials specifi-
cations basis prepared by the Design Department.

The ship delivery phase is coordinated by the Planning & Programming De-
partment for the delivery to the ship of inventories, spare parts, and technical
documentation in accordance with the specifications prepared by the Design
Department. Deliveries are made by the Supply Department for materials and
the Marketing Department for spare parts and technical documentation.

The input information of the shipbuilding delivery into operation process are
represented by the technical documentation and the output information, fol-
lowing the execution phases, consist in the Classification Company Certificates
issuance, the shipbuilding works execution completion report signing by the
Client or Client Representatives, the final payment done by the Client and the
transfer of ownership of the ship from the shipyard to the Client, during the de-
livery ceremony of the ship.

3. Study Case

The chance of survival in a strong competitive environment increases for those
shipyards that discover and minimize their vulnerabilities very quickly and, more-
over, implements advanced tools for planning and managing resources (materi-
al, financial, human). Considering that an informatic system like “Enterprise
Resource Planning, ERP” covers the main information flows and ensures the
transmission of data between the structures of a company, in real time and with
direct effects in the management accounting and financial system, the need to
protect information on this advanced resource planning and management tool
becomes obvious. Therefore, an ERP system has a protected, confidential infor-
mational content and this case study, must be understood and accepted from
this perspective. The initiative of implementing an ERP informatic system with-
in the Constanta Shipyard started from the finding that it represents a complex
software solution, the components of which, integrated in a common platform,
ensures the planning of activities, the management of the company’s resources
(human, material, financial) and supporting internal business processes, ensur-
ing data transparency, access to any useful information in the current develop-
ment of activities and streamlining the decision-making system.

The opportunity analyses carried out within the company, identified the fol-
lowing objectives:
e The development of a new information system, which serves the activity of

the shipyard on the two essential directions: new buildings and ship repairs

activities.

o Integration of data operation processes into a single system, at organization level.
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e Management of material resources, ensuring the traceability of afferent sup-
porting documents, the process must be a unitary one, carried out online in
real time and to provide the reporting basis for the decision-making process.

e Management of the problem of the single ship project (both in the design and
execution phase) for all resources: labor hours, materials, critical machinery,
and costs.

e Comparative management of costs (budgeted versus realized) at ship/project
level, at department level respectively.

e Unitary management of labor hours (including that related to subcontrac-
tors) and providing support for analysis and decision.

Also, the business needs that the implementation and operation of an ERP
system can generate, at different levels, have been identified and considered.
Risks at the decision-making level anticipate that: the new IT system implemen-
tation involves the modification, replacement, supplementation of some respon-
sibilities at the level of the departments (through top management decisions and
the imposition of new system procedures); some of the employees could be reluc-
tantly receivers with the new system (which will generate new responsibilities and
lead to increased transparency of activities), which generate some malfunctions
(syncope in data accuracy or updating) being necessary organizational measures,
external to the informatic system, imposed from the top management level).

The risks identified at the level of responsibility highlight that:
¢ An integrated IT system increases the level of responsibility, because, al-

though it can ensure (with certain limits) the correct and efficient operation
of the data (through access rights, error messages, warnings, etc.), cannot re-
place the responsibility of human factors.

e An integrated system supposed advantages (e.g., it may create the possibility
that, after the first operator in the system works with information, it will be
accessible to other interested operators, for the operation or display of re-
ports) but also disadvantages (e.g., failure to operate data on time, blocks the
activity of subsequent departments in flux).

e Each department must know very well its own responsibilities in the system,
the implications of one’s own activity on others and, mutual, the activity of
others on their own activity.

In the internal control activity, the following risks to ensure the accuracy of
the data are highlighted:

e Lack of operational procedures may affect data accuracy leading to the re-
duction/annulment of the benefits that the integrated IT system can bring. It
is necessary that the sequence of phases/stages/processes is strictly observed,
which implies the elaboration of business rules at the level of each depart-
ment (e.g., listing certain stock reports on a specific date, will provide actual
data only on condition of the chronological operation of the stock documents
that have affected the stock up to that point).

e Since certain business decisions are based on data currently existing in the sys-

tem, it is necessary for them to be up-to-date and in line with the business real-
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ity, otherwise it may give rise to inappropriate decisions (e.g., it is important to
note that supply decisions are based on the accuracy of data on existing stocks).

Finally, post-implementation opportunities of an ERP system were considered:

o Increasing the efficiency of the activity of the employees involved in the col-
lection of data and in the processing of analysis information, which will re-
duce the time needed to obtain data.

o Elimination of parallel transaction registration and reporting processes, ob-
taining the consistency of the processed information, by standardizing and
systematizing the information input in the database.

e The possibility of planning, correlating, and controlling the activities in an
efficient way, on the information flow.

o The possibility of reducing the costs of stock management of materials.

e Efficient control in respect with deadlines and budgets.

o The possibility of obtaining, in real time, the information necessary for the
management to substantiate the financial-accounting decisions.

For the arborescent construction of the logical scheme that substantiates the
personalized ERP information system of the Constanta Shipyard, the processes
were sequenced into 12 processes flows, as follows:

Process flow No.1. Management of contracts and projects portfolio (newbuild-
ing ship, ship repairs, various projects), involves the planning of activities, the
allocation and optimization of human resources, planning/replanning produc-
tion capacities, monitoring and control of projects.

Process flow No.2. Technological budgeting of human and material resources,
involves the technological preparation of the activities on the projects, determina-
tion of the raw material requirements, generating and recording the supply needs.

Process flow No.3 Management of overhead activities (maintenance activities
of machinery/equipment, investments for fixed assets and inventory items, var-
ious general overhead activities for sections and docks): it involves the planning
of activities, technological budgeting of human and material resources, generat-
ing and recording the supply needs, monitoring and control of overhead orders.

Process flow No.4. Management of planning activities, involves planning the
supply of standard materials, ship equipment, consumables (supplier orders,
supplier invoices, reception, stock records) for projects, newbuilding ships, ship
repairs, investments, fixed assets, inventory items, overhead orders, various.

Process flow No.5. Production Management involves the weekly scheduling of
activities (for work formations and subcontractors), issuing work orders, sche-
duling of cutting activities on machines, daily programming of human resources
(by activities), control of the implementation of the production program (for
work formations and subcontractors).

Process flow No.6. Material inventory management involves the configuration
of management activities, consumption notes, refund receipts, change of reser-
vation context, including inventory objects, management of steel plates formed
scraps, management transfer notes, inventory, accounting processing of stock.

Process flow No.7. Human resources and salary, this flow refers to the man-
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agement of organizational structures by departments, functions of employees
and subcontractors (access cards, timesheets, salary calculation, generation, ex-
port of salary accounting note).

Process flow No.8. Supply-Subcontractors refers to the activities of providing
services and the registration of invoices regarding the activities carried out by
subcontractors.

Process flow No.9. Sale refers to the production executed according to the
contracts signed with the clients.

Process flow No.10. Fixed assets involve the record of fixed assets (corporable,
intangible) and the calculation of redemption.

Process flow No.11. Accounting-Financial refers to the activities regarding the
financial-accounting records.

Process flow No.12. Management accounting considers post-calculation activ-
ities, activities regarding the budget of incomes and expenses.

The first five flows refer to business processes and the following are support
processes flows.

Figure 12 illustrates the organization of business process flows (planning,
monitoring, control) and inter-conditioning with procurement processes, in-
ventory management and human resources processes.

It was necessary for the Flow No.5 of the Production Management process to
be decomposed into two subcomponents: Flow 5A, weekly production schedul-

ing and control; Flow 5B, daily production scheduling and control.

PROCESS FLOW No.1
PORTFOLIO MANAGEMENT

CONTRA S AND PROJECTS PROCESS FLOW N0'4
(NEW BUILDINGS, SHIP REPAIRS, MISCELLANEOUS) MANAGEMENT
OF PLANNING ACTIVITIES
A l

PROCESS FLOW No.2

v

—>

TECHNOLOGICAL BUDGETING PROCESS FLOW
OF MATERIAL AND HUMAN RESOURCES No.6
MANAGEMENT
OF MATERIAL
STOCKS
PROCESS FLOW No.3
OVERHEAD MANAGEMENT ACTIVITIES
— PROCESS FLOW No.5A e
PRODUCTION MANAGEMENT
SCHEDULING AND WEEKLY CONTROL D E—
T |_> PROCESS FLOW No.5B
PROCESS FLOW No.7 PRODUCTION MANAGEMENT

(—
HUMAN RESOURCES AND PAYING SCHEDULING AND DAILY CONTROL

Figure 12. Business process flows.
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EQUIPMENT MAINTENANCE
"PROJECT 1" PLAN "PROJECT2" PLAN "PROJECT n'" PLAN

MONTHLY (BI-MONTHLY) PLAN

PRODUCTION DEPARTMENTS AND
SUBCONTRACTORS

PROCESS FLOW No.5A
WEEKLY PLAN

WORKING TEAMS PRODUCTION MANAGEMENT
SCHEDULING AND WEEKLY CONTROL
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PROCESS FLOW No.5B
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ON EXECUTED ACTIVITIES

Figure 13. Integration of planning, monitoring and control levels.

Figure 13 shows the integration of planning, monitoring and control levels
(including corrective actions), on projects carried out and on time horizons
(weekly and daily).

Process Flow No.5A Production Management. Weekly production scheduling
and control is ranked as follows:

A.al - Programming (on working teams and responsible foremen) of the ac-
tivities (projects and overheads) budgeted and with reserved materials;

A.a2 - Distribution of production activities to subcontractors (by projects);

Ab - Generating work orders for the scheduled activities (on work teams,
production sections and subcontractors);

A.c- Scheduling of steel plates cutting activities (on machines) and recording
of cut sheets (“steel production”);

A.d - registration of executed pieces (on production processes, for which this
reporting mode is established);

A.el - Monitoring and control of the implementation of the weekly program
(by production sections and working teams);

A.e2 - Monitoring and control of the execution of the activities assigned to
subcontractors;

A.fl - Periodic confirmation of the timesheets and of the distribution of the
hours consumed by activities;

A.f2 - Periodic confirmation of the subcontractors’ timesheets and of the dis-
tribution of the hours consumed by activities;

A.g - Validation and bimonthly reporting on the physical stages (at project
and activity level) on the standardized forms.

Process flow No.5B Production Management - Daily production program-
ming and control (distribution of workers by activities and recording the con-

sumed hours for the activities performed) is ranked as follows:
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B.al - Scheduling of work shifts and activities (per worker, per day);

B.a2 - Nominal programming and distribution of subcontractors (by activi-
ties, per day);

B.bl - Corrections on the scheduling of activities (per worker, per day) elimi-
nation of the absent ones;

B.b2 - Corrections regarding the programming and nominal distribution of
subcontractors (by activities, per day) elimination of the absent ones;

B.cl - Checking and correcting the timesheets, for its own staff, according to
the calculation of daily hours (it is performed on the current day - for the pre-
vious day);

B.c2 - Checking and correcting the timesheets, for subcontractors, according
to the calculation of daily hours (it is performed on the current day, for the pre-
vious day);

B.d1 - Verification and correction/modification of nominal distributions by
activities, for their own staff (it is carried out on the current day - for the pre-
vious day), dividing the hours on several performed activities, according to the
sheets registered at the workplace by the designated persons in charge ;

B.d2 - Verification and correction/modification of nominal distributions by
activities, for subcontractors (it is performed on the current day - for the pre-
vious day);

B.el - Daily control and validation of the program carried out on the previous
day (on production sections and working teams) by the hierarchical heads;

B.e2 - Daily control and validation of the program performed on the previous
day (at the level of subcontractor companies) by the production managers in
charged with the activity of subcontractors.

The components of the ERP system implemented in the Constanta Shipyard
(Figure 14) are:
¢ Primavera Project Management (ensures the planning of activities on projects).
e Charisma Human Capital Management (ensures the management of the or-

ganizational structure by departments and staff (own and subcontractors),
including the salary calculation).

e Order Management, Microsoft Management Console (considers the daily
scheduling of activities, the nominal allocation of employees to activities and
the splitting of daily hours worked).

e Charisma Access-Timesheet (ensures the recording of access data and the
calculation of the worked hours, automatic calculation, manual corrections,
confirmation of timesheets).

e Charisma ERP with the two components: portfolio management and produc-
tion (contains dictionaries, structure of cost centers, internal orders, con-
tracts, projects, technology, production, acquisitions, stocks, fixed assets, in-
ventory objects, sales, accounting, post-calculation, financial).

e Integration interfaces between system components and modules (synchroni-

zation lines).
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PROJECT MANAGEMENT HUMAN CAPITAL MANAGEMENT
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Figure 14. Components of the ERP system implemented in the Constanta Shipyard.

In conclusion, the ERP system provides access to a new technology, through
which all primary data can be allocated on multidimensional and complex struc-
tures, thus ensuring a multitude of possibilities for the aggregation of informa-
tion in the database, by configuring reports, for purposes requested by the shi-
pyard management, providing managers with a systematic and structural point
of view, supporting the understanding of related costs, and increasing opera-

tional efficiency.

4. Discussions

The ship, as a finished final product, is the result of complex processes that in-
clude stages consisting of execution phases and schemes of construction se-
quences based on technical documentation consisting of plans and technical
specifications. A shipyard is an Engineer to Order (ETO) company that designs
and manufactures new products when orders are placed. Various tasks are per-
formed simultaneously, which makes process management considerably impor-
tant. It is especially important to plan and to control production activities [28],
as production is the bulk of the overall process. It is paramount importance to
develop a production planning system based on an Advanced Planning System
(APS). Each shipyard has developed its own production planning system and is
necessary to apply methods aimed at process innovation and reengineering to
develop a production planning system for shipyards [29].

Enterprise Resource Planning (ERP) as an advanced tool for managing pro-
duction processes, including in shipyards, is beginning to crystallize and show its
advantages. From 1991 to 1993, Korea Advanced Institute of Science and Tech-
nology (KAIST) and Daewoo co-led the Daewoo Shipbuilding Scheduling (DAS)

project. To integrate expert planning systems for shipbuilding, a hierarchical
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planning architecture was used. A three-stage development strategy has been
devised consisting of three phases: 1) vision revelation, 2) data-dependent reali-
zation, and 3) prospective improvement [30]. Some authors are beginning to as-
sert themselves [31] [32] pointing out that ERP has become an important infor-
mation management tool for integrating different production modules through
an online network, thus providing access in a single window. Part I, discusses a
methodology for manufacturing management: planning and integration of ship
manufacturing processes for the modularly designed ships in a medium size
shipyard. Part II discusses the nucleus driven integrated marketing management
model in an ERP environment for a shipyard.

It is well known that an algorithm consists of all operations that, executed in a
certain order and using a set of values, produce another set of values. The correct
construction of an algorithm involves the inputs defining (initial data, specifying
the type, properties, and range of values) and the outputs (results) defining and
the relationships between them specifying. The logic diagram is the graphical
representation of the algorithm associated with a problem (it graphically
represents all the steps that must be taken to create an algorithm). When a
process is represented by using a graphical representation (process schematiza-
tion), each activity can be analyzed, the relationships between different activities
can be easily seen, the included subprocesses can be identified, and the contact
with other processes can be defined. Must be noted that the schematization of a
process allows the observation of the way in which the communication is carried
out between the operational structures (between the functional departments,
owners of the different processes) and the way in which the information is
transmitted. At the same time, the existing problems can be clearly highlighted,

giving the opportunity to initiate actions for improvement.

5. Conclusions

ERP software systems are created around a single, defined data structure (dia-
grams), which usually starts from a common database. This basic construction is
then interconnected with business processes driven by workflows across all de-
partments, connecting the systems and the people who use them. In short, an
ERP solution is a people, processes and technologies means of integrating into a
modern organization. Some of the processes (especially design, marketing, logis-
tics and some production subprocesses, such as construction of sections,
block-sections, and their assembly) have been analyzed singularly and progress
has been made which can be considered remarkable.

The authors are not aware that the structural analysis of the processes in a
shipbuilding shipyard has been presented, so far, with significant fullness and
depth. The authors hope that their efforts towards the schematic structuring of
the processes (with the presentation of the process owners, with the inputs and
outputs of the analyzed system highlighted and, of course, with the illustration of

the ways of communication and transmission of information between functional
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departments) will be understood and appreciated in the field (or less). The
schematics proposed by the authors are applicable to any shipyard and they be-
lieve that they could be a first step towards customizing these schemes on the
particular profile of a shipyard in order to develop ERP software. The authors
think that it is undeniable that without a correct and complete structuring of
processes (through logic schemes and algorithms) it is almost impossible to be
conceived that software could be built that would allow the efficient manage-
ment of activity of the size and complexity of shipbuilding.

Considering all the above, taking into account the concerns of other research-
ers and trying to capitalize on their experience (engineering, academic and ma-
nagerial) in the field of shipbuilding industry, the authors of this paper, hope,
modestly, have brought a partial contribution in support of those interested in
building an ERP software system. Aware of their own limitations, the authors
will be grateful to all those who, in the future, will make their own contributions

in this challenging field.
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