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ABSTRACT 
 

In such a competitive market and in an environment with constant changes is vital for a 

company to design a suitable plant layout that allows it to respond effectively to these 

demands. This point becomes even more important in a newly established company, the case 

of this master thesis, as it starts from scratch when undertaking the design. 

In this master thesis two parts can be clearly distinguished. The first of these is the design 

discussed earlier while the second part examines the scheduling of production for the same 

factory. The first part has been developed together with Jorge Alonso Campo. 

For the design of plant layout has been decided to create a virtual model of the plant using a 

simulation software. This model may be used also in the future by the company to carry out 

tests in an easy and efficient way on multiple scenarios as a possible increase in production, 

change in the number of operators, etc. 

In the case in question the model is used to study the distances traveled by the workers during 

the manufacturing process in the three previously developed alternatives. For the 

development of these alternatives the SLP method has been used to study each workstation 

and its relationship with the others. 

The selected alternative will be the one that is considered optimal mainly using these two 

methods. 

In the second part of the master thesis the production scheduling is made for the factory using 

two different views, grouping of equal tasks or group of tasks from the same end product. 

Through this scheduling conclusions may be drawn regarding the use of working time, 

maximum productions, detection of possible areas of improvement... 



                                                                                    

 

Table of Contents 
 

1. INTRODUCTION .................................................................................... 1 

1.1. BACKGROUND ............................................................................................................... 1 

1.2. BLATADEN FEATURES .................................................................................................... 1 

1.3. PRESENT SITUATION ...................................................................................................... 2 

1.4. PURPOSE AND OBJECTIVES ........................................................................................... 2 

 

2. METHODOLOGY AND TIME SCHEDULE ................................................. 3 

2.1. METHODOLOGY ............................................................................................................ 3 

2.2. TIME SCHEDULE............................................................................................................. 3 

 

3. THEORY ................................................................................................ 5 

3.1. COMPOSITE MATERIALS ................................................................................................ 5 

3.1.1. Introduction  .......................................................................................................... 5 

3.1.2. Composites Market  .............................................................................................. 5 

3.1.3. Structure of composites  ....................................................................................... 6 

3.1.4. Classification  ......................................................................................................... 8 

3.1.5. Manufacturing Processes  ..................................................................................... 9 

3.2. LAYOUT DESIGN .......................................................................................................... 15 

3.2.1. Introduction  ........................................................................................................ 15 

3.2.2. Principles to consider in the design of the layout  .............................................. 15 

3.2.3. Factors influencing the layout  ............................................................................ 16 

3.2.4. Types of layout  ................................................................................................... 18 

3.2.5. SLP method. REL chart.  ....................................................................................... 19 

3.3. SYSTEMS MODELING AND SIMULATION ..................................................................... 21 

3.3.1. Introduction  ........................................................................................................ 21 

3.3.2. Creating a model  ................................................................................................ 22 

3.3.3. Application of simulation  ................................................................................... 23 

3.3.4. Advantages and disadvantages of simulation  .................................................... 24 

3.4. SHORT TERM PRODUCTION SCHEDULING .................................................................. 25 



                                                                                    

 
3.4.1. Introduction......................................................................................................... 25 

3.4.2. Scheduling methods  ........................................................................................... 25 

 

4. TECHNICAL RESOURCES ..................................................................... 27 

4.1. INTRODUCTION TO SIMIO ........................................................................................... 27 

4.1.1. Introduction  ........................................................................................................ 27 

4.1.2. Elements  ............................................................................................................. 27 

4.1.3. Design and projects  ............................................................................................ 28 

4.1.4. User interface  ..................................................................................................... 28 

 

5. DEVELOPMENT ................................................................................... 32 

5.1. PRODUCTION PROCESS ............................................................................................... 32 

5.2. PLANT MODEL ............................................................................................................. 38 

5.2.1. Model moving elements ..................................................................................... 38 

5.2.2. Model development ............................................................................................ 41 

5.3. LAYOUT DESIGN .......................................................................................................... 56 

5.3.1. Considerations for the layout design .................................................................. 56 

5.3.2. Rel Chart .............................................................................................................. 57 

5.3.3. Movements measurement using Simio simulation............................................. 75 

5.3.4. Results ................................................................................................................. 81 

5.4. SHORT TERM PRODUCTION SCHEDULING .................................................................. 83 

5.4.1. Features ............................................................................................................... 83 

5.4.2. Criteria for the development of the scheduling .................................................. 85 

5.4.3. Results ................................................................................................................. 86 

5.5. TIME MEASUREMENT.................................................................................................. 91 

5.5.1. Method   .............................................................................................................. 91 

5.5.2. Results ................................................................................................................. 93 

 

6. CONCLUSIONS .................................................................................... 96 

 

7. FURTHER DEVELOPMENT ................................................................... 97 



                                                                                    

 
 

8. REFERENCES ....................................................................................... 98 

 

APENDIX ................................................................................................... 99 

 

 



INTRODUCTION                                                                                                                                          

  

1 
 

1. INTRODUCTION 
 

1.1. BACKGROUND 

The composites market is a market in strong expansion. Every year the demand of this type of 

articles grows due to its special properties. These properties are very popular in many sectors 

such as aeronautics and automotive industries mainly because its high strength weight ratio 

compared to traditional materials or in this case study for the manufacture of bathroom floors 

for its excellent resistance to moisture, easy handling and long service life. 

Due to all of these reasons, the development of knowledge in the field of composites will be a 

significant competitive advantage in this market. 

An important part of this knowledge is in the field of production, on how to organize this 

production system to be as efficient as possible and also in the development of mechanisms to 

ensure that this organization is as flexible as possible to adapt to changes in demand, 

materials... 

Therefore the essential part of this master thesis will focus on the study of the most suitable 

plant layout for BLATRADEN AB and the creation of a simulation tool that besides helping in 

this study will allow the company to contrast in a fast and easy way any change to be made in 

the system. 

Another part of vital importance, once the plant layout is developed, is the work organization 

through the production scheduling, which will try to minimize the downtime for operators to 

get the desired number of finished products in the shortest possible time. 

 

1.2. BLATADEN FEATURES 

Blatraden AB is a company dedicated to the manufacture of products using composites. 

This company was founded in 2012 and is located in the village of Öjebyn, near Piteå. 

The organization was created by entrepreneurs Tord Gustafsson, John Meiling and Peter 

Lundmark, all with extensive knowledge in the composites area. 

Currently only one type of product is produced, heated bathroom floors, with four variants 

depending on size and distribution of the drains. 

Regarding to their target market Blatraden sells its entire production to the Lindbäcks Bygg AB 

company, which is dedicated to the manufacture of prefabricated wooden houses. 
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Besides the previously mentioned production Blatraden is working on developing new 

products such as panels for ships or containers for the truck manufacturer Scania, all of them 

manufactured with composites. 

The staff of the company consists of its three co-founders, Tord Gustafsson as Research and 

Developement Manager, John Meiling as Production and Quality Manager and Peter Lundmark 

in the CEO role. The company also has three operators for production tasks. 

 

1.3. PRESENT SITUATION 

At present the company Blatraden AB is planning a change of facilities since the current one is 

not considered appropriate because it offers more space than is necessary; with the 

consequent expense wasted in rent payments. 

For the new installations the company will need an in depth study of the production process in 

order to adapt as efficiently as possible to the new space, thus achieving an appropriate plant 

layout. 

Moreover at the company there is also the problem of poor tasks organization since it is a 

newly established company with a production process in constant change. To solve this 

situation a task schedule valid to adapt to the needs of their clients and to offer a quality 

product in the shortest time possible is being sought. 

 

1.4. PURPOSE AND OBJECTIVES 

The main objective is to exemplify tools and methods that can be applied to obtain a highly 

efficient manufacturing process and can be divided into following three objectives; the first is 

the development of a model, through simulation software, of the Blatraden AB company 

production plant dedicated to the manufacture of composites. Later, due to the change of the 

company's facilities, different alternatives of plant layout for the new factory will be evaluated 

and the considered more efficient by the use of different tools will be selected. The last step 

will be the development of the short-term production scheduling for the company, assessing 

different alternatives. 
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2. METHODOLOGY AND TIME 

SCHEDULE 
 

2.1. METHODOLOGY 

The working methodology to carry out this thesis has been based mainly on the following 

points: 

- Gathering information on all topics covered; both written literature and other sources. 

- Regular meetings with the tutor to show the progress and make corrections. 

- Meetings with Blatraden AB company staff to show the progress and listen to new 

suggestions from the management. 

- Regular visits to the factory; in the first place to the old facilities and later to the new 

ones to undertake the study of the plant layout. Later in the factory visits, operation 

times were measured. 

 

2.2. TIME SCHEDULE 

Next table shows the main tasks in this project. 
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3. THEORY 
 

3.1. COMPOSITE MATERIALS 
 

3.1.1. Introduction [1] 

A composite is a macroscopic combination of two or more materials presenting an interphase 

between them. The properties obtained from these combinations are superior to the materials 

forming them separately, which makes their utilization increasingly important, especially in 

those parts that need the combined properties which a material alone (polymer, metal or 

ceramic) cannot meet. The properties obtained are a product of the combination of the 

reinforcements used and the matrix which supports the reinforcement in composite materials, 

which also plays an important role in the application so it is necessary to refer to the 

properties obtained by combining reinforcement-matrix. 

Overall, the clear disadvantage of composite materials is the high price. The characteristics of 

the materials and processes make the product much more expensive. For certain applications 

the high mechanical properties, such as high specific rigidity, good dimensional stability, 

tolerance to high temperatures, resistance to corrosion, lightness or greater fatigue resistance 

than conventional materials offset the high price. 

Besides the reinforcement and the matrix there are other components such as fillers and 

additives that give composite materials peculiar characteristics for each type of production and 

use. 

3.1.2. Composites Market [11] 

The global composites market has experienced tremendous growth in recent years in 

correlation with GDP. In developed countries the position of the composites compared to 

traditional products such as aluminum or steel is relatively stable with modest growth except 

in the aeronautics sector which is expected to end up completely replacing current materials in 

the coming years. 

In emerging countries the composites market has been driven mainly by the strong economic 

growth experienced. 

In 2008, because of the economic downturn, the market of composites experienced a global 

fall of about 5% to a size of 7,8 million tons. In subsequent years with the return of economic 

stability, the industry is expected to continue with sustained growth until achieving a high 

market share. 
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Regarding to the geographical distribution of this market is found that the Asian continent is 

the largest producer with 36% of the market, followed by North America and Europe with 35% 

and 22% respectively. The world's largest producer of such materials is China which accounts 

for 27% of the total market. 

Performing a distribution by sector of the composites industry, the largest consumer of these 

materials is the aerospace with 19% of the total followed closely by transportation with 17%. 

Also significant are the construction sector (12%), electronics (14%), pipe and tank (8%) and 

wind power (4%). 

The next figure shows the most important consumers of composites and the prediction for the 

year 2018. 

 

Figure 1. Composites market by sector. [Source: Lucintel] 

 

3.1.3. Structure of composites [1] [2] 

Matrix 

It’s the volume where the reinforcement is hosted; it can be visually distinguished for being 

continuous. Reinforcements must be strongly fixed to the matrix such that its strength and 

rigidity is transmitted to the composite. The fracture behavior also depends on the resistance 
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of the interphase. A weak interphase results in a material with low rigidity and strength but 

high resistance to fracture and vice versa. 

Materials such as metallic, ceramic or organic resins can fulfill this role. 

The main functions of the matrix are: 

- Supports the fibers keeping them in their proper position 

- Transfer loads to strongest fibers. 

- Protects them from damage during manufacture and use. 

- Prevents crack propagation in the fiber throughout the compound. 

- The matrix, usually, is responsible for the control of main electrical properties, 

chemical behavior and the use of the compound at high temperatures. 

Polymeric matrices are the most commonly used. Much of the polymers, both thermoplastic 

and thermosetting are available on the market with the addition of glass fiber as 

reinforcement. 

The metal matrix composites include aluminum, magnesium, copper, nickel and intermetallic 

compounds alloys reinforced with ceramic and metal fibers. The metal matrix composite 

covers a variety of automotive and aerospace applications. The metal matrix allows the 

composite to operate at very high temperatures, but often the production of a piece of such 

composites is more expensive than a piece of polymer matrix composites. 

In the composite materials fragile ceramic materials can also be used as matrix. Ceramic matrix 

composites have good properties at elevated temperatures (up to several thousand degrees 

Celsius) and are lighter than the metal matrix at the same temperature 

 

The reinforcement material 

Is the discontinuous (or scattered) phase added to the matrix to give the compound a property 

that the matrix doesn’t have. In general, the reinforcement is used to increase the mechanical 

strength and rigidity but also reinforcements are used to improve high temperature 

performance and abrasion resistance. 

The reinforcement can be in the form of particles or fibers. As a general rule, is more effective 

the smaller the particle size and more homogeneously distributed or when increasing the 

length / diameter ratio of the fiber. 

While reinforcing materials may be in the form of particles in a wide range of composite 

materials, the most numerous and widely used are those reinforced with fibers.  

In most fiber reinforced composites, they are tough, rigid and lightweight. If the compound 

must be used at high temperatures the fiber must also have a high melting temperature. 

Therefore the specific resistance and the specific module of the fiber are important features. 
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The most used fibers are glass, carbon and aramid. These three materials have an extremely 

high tensile strength. 

3.1.4. Classification [1] [2] 

Composites are generally classified into two levels. The first level corresponds to the type of 

matrix that constitutes it. The bulk of the composites used are included in one of these three 

groups: 

- Polymer Matrix Composites: 

They are the most common. Also known as fiber reinforced polymers (or plastic). The matrix is 

a polymer and a variety of fibers such as glass, carbon or the aramids, which are used as 

reinforcement. 

- Metal Matrix Composites 

They are increasingly used in the automotive industry. These materials are made of light 

metals such as aluminum as a matrix and reinforcing fibers such as silicon carbide. 

- Ceramic Matrix Composites 

They are mainly used in high temperature applications. These are formed of a ceramic matrix 

and a reinforcement of short fibers, or silicon carbide or boron nitride whiskers. 

The second level of classification refers to the type of reinforcement constituting the 

composite, these include: 

- Particle reinforced composites 

In turn, these materials are classified as large particles reinforced materials and other 

consolidated by dispersion. 

Dispersion consolidated compounds are those in which the particles have from 10 to 250 nm in 

diameter. The dispersed particles, usually metal oxides, are introduced into the matrix using 

methods different from transformations of phases used in the development of alloys. 

At ambient temperature, the dispersion-strengthened composites may be less resistant than 

traditional alloys. However, the resistance of these composites decreases to a lesser extent 

with increasing temperature, since the typical phenomena that reduce the strength of the 

alloys do not occur. 

It is important that the dispersant has a low solubility in the matrix and do not chemically react 

with it, although a small degree of solubility may help improve the bonding between the 

components. Copper oxide (Cu2O), for example, is dissolved in the copper at high 

temperatures, so the Cu2 O-Cu system would not be effective; however, aluminum oxide 
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(Al2O3) will not dissolve in the aluminum so the Al2O3-Al system provides effective dispersion-

strengthened materials. 

Some examples of dispersion-strengthened composites applications are: electrical contacts, 

turbojet components, battery grids, heaters filaments, and even in aerospace industry and 

nuclear reactors. 

Large particles reinforced materials on the other hand, are designed to produce unusual 

combinations of properties and not to improve mechanical strength. 

The most common large particle reinforced composite material is the concrete. The particles 

are sand or gravel in a ceramic matrix composed of silicates and hydrated aluminates. Some 

polymeric materials to which has been added a filler additive behave like large particles 

reinforced composites. The particles can have a huge variety of geometry but typically have 

approximately the same dimensions in all directions (equiaxed), which is the big difference 

with the fibers. The reinforcement is more effective the smaller the particle size is and more 

homogeneously distributed is in the matrix. Mechanical properties improve with the content 

of particles or, what is the same, with the increment of the relative particle / matrix. All 

materials (metals, polymers and ceramics) are used to manufacture such materials. 

- Fiber reinforced composites. 

Most fiber reinforced composites get a better fatigue resistance, improved rigidity, improved 

strength and a better strength to weight ratio, by incorporating strong and rigid fibers, though 

fragile, in a ductile and softer matrix. The matrix material transmits forces to the fibers, which 

bear most of the applied force. The strength of the composite can be high at ambient 

temperatures and high temperatures. Many types of reinforcing materials are used. Concrete 

structures are reinforced introducing steel rods. Glass fibers in a polymer matrix produce a 

material for applications in the transportation and aerospace industries. 

 

3.1.5. Manufacturing Processes [3] 

There are plenty of different manufacturing processes in the composites industry. The 

selection of the optimal one in each case will be conditioned by several factors, among which 

are: 

- User needs 

- Efficiency / performance requirements 

- Size and kind of product 

- Surface complexity 

- Appearance 

- Production volume 

- Economic targets 
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- Labour  

- Materials 

- Tools / assembly 

- Equipment 

 

The following describes the main processes used in the plastic composites matrix industry: 

- Hand lay up or manual placement moulding 

Moulding by manual placement, or contact moulding, is so named due to low or zero pressure 

needed. It was the first technique used in the laminate of the fiber reinforced plastics glass, 

and is still one of the most used processes. 

In short industrial production series or in large surface parts is the most economical method 

due to the advantages of its relative simplicity and no requirement of highly specialized labor, 

nor requiring high investments. 

Still, it has the drawbacks of an uncomfortable work environment, slow production, increased 

need for labor, fine finish on just one side, and final quality subject to the sensitivity and 

expertise of the operator. 

On the other hand, the mechanical and physical properties achieved are lower than those 

obtained by other processes, primarily due to the limitation of the percentage of glass fiber of 

the laminates. 

The applications of this method are: wind turbine blades, boats and construction mockups. 

 

                                                    

Figure 2. Hand lay up. [Source: Flexidynamic Engineering Sdn Bhd] 
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- Spray lay up or simultaneous projection moulding 

This is the first evolution of the previously discussed system. The major improvement is 

automating part of the operations in order to increase productivity and reduce manufacturing 

costs. 

Raw materials used are exactly the same, except for the presentation of reinforcement whose 

physical characteristics vary slightly to better adapt to the process: continuous fibers and less 

viscous resins. 

Performing the process consists in depositing on the mould fiber and resin simultaneously in 

appropriate proportions so that the amounts deposited on the mould originate a tapestry as 

homogeneous as possible in thickness and distribution. 

Main advantages of this process are its technical maturity after many years of implementation, 

low production cost and low investment in equipment. 

However, the disadvantages are the low percentage of acceptable fiber, which by being short 

fibers it is not possible to obtain parts with high mechanical characteristics and the thicknesses 

that can be achieved are limited from a few millimeters. 

The main applications of this process are simple enclosures and / or structural panels 

subjected to light loads. 

 

 

Figure 3. Spray lay up. [Source: NetComposites] 

 

- Infusion moulding 

This is an extension of the hand lay-up where the laminate is consolidated with the aid of a 

vacuum pump and an airtight bag. In this process the laminate is placed on the mould. Layers 

of perforated blankets are applied onto the laminate to retain excess resin exiting the 
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laminate. Onto it is placed a hermetically sealed bag. Then vacuum is performed between the 

mould and the bag to remove air bubbles and remove excess resin. Curing is generally 

performed in vacuum. 

In this process can be used both for epoxy resins and phenolic resins such as polyester, while 

fibers to be used may be presented in a wide variety of blankets. 

With this process higher concentration of fibers in the laminated can be archived than with the 

laminate by manual contact; with lower concentrations of bubbles, better wetting of the fibers 

because of pressure and flow of resin through the fiber structure until reaching materials of 

the bag. 

This is a healthy and safe process, since the vacuum ensures low operator contact with resin 

emissions during curing. But the process adds extra costs both in working hours and in 

materials (bag and vacuum pump) and the operator needs to have a high level of experience, 

since mixing and resin content control is dependent upon his skill. 

Typically this process is applied to the manufacture of high-performance boats, race car 

components and multiple components in the automotive industry. 

 

 

Figure 4. Infusion Moulding. [Source: VacuumDaily.net] 

- RTM: Resin transfer moulding 

In this process, a mould is filled with the reinforcing material. A pre-pressure is applied on the 

reinforcement so that it properly takes the mould shape and then is maintained by mooring 

lines. This preform is then closed by the upper part of the mould and the resin is injected into 

the cavity. Vacuum can be applied to the whole to enhance the flow of resin into the cavity 

and removal of trapped air. Once all the preform is wetted by the resin the mould is closed at 

the exit of excess resin and curing begins. During the resin injection step the advancing front 
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removes the reinforced air. This process differs from the pressure moulding in that the resin is 

introduced into the mould when it’s closed. 

Through this process, complex shapes can be obtained efficiently, in short time and 

inexpensively with high fiber fraction and low bubble concentration, being a safe and clean 

technique for the operator. Both sides of the material have good surface finish. 

In contrast, the mould design is critical and requires much skill, the properties are equivalent 

to the parts made by moulds under pressure but not as good as other composite materials 

made by techniques such as filament winding or pre-impregnated moulding; controlling the 

uniformity of the resin can be difficult especially in areas with steep, also displacement can 

occur in the reinforcement. 

This process is typically applied to obtain small to medium and complex aircraft and cars parts, 

train seats, cabin doors... 

 

Figure 5. Resin transfer moulding. [Source:Neotech Composite Co.,Ltd.] 

- Filament Winding 

The basis of the process of filament winding is the winding on a mandrel in the shape of the 

piece to produce a pre-impregnated tape (dry filament winding) or in situ resin impregnated 

fibers (wet filament winding). Successive layers are applied varying or not the angle of 

lamination up to the desired thickness. Throughout the process, the mandrel is kept rotating 

while the application head runs transversely covering it with fibers. 

The main component in the filament winding process is to define the speed of the mandrel 

and the application head. These two movements define the angle of lamination. That is, 

defines the properties of the product. 

It is a very fast, automated and economical process; the resin concentration can be controlled 

very accurately, reaching very high values of weight fractions of fibers. By not using blankets or 
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tissues the cost of fiber to be used can be minimized. The structural properties of the 

laminates can be very high since the fibers can be placed in well-defined angles by the process. 

In contrast, the process is restricted to convex surfaces. The cost of the mandrel may be high. 

The outer surface of the piece is not moulded, and therefore may be unappealing. The wet 

filament winding process requires low viscosity resins to ensure the impregnation, so that 

sometimes it must rely on solvents. 

This process is typically used for chemical storage tanks, pipelines for transport of chemicals 

and gas cylinders. 

 

Figure 6. Filament winding. [Source: Hebei Maple Fiberglass Industry Co.,Ltd] 

- Pultrusion 

This is a continuous moulding process that combines fiber reinforcement and thermosetting 

resin. It’s frequently used in the manufacture of composites of constant cross section. 

This process is usually highly automated and therefore initial investment is usually quite high. 

The main advantage lies in low manufacturing costs in case of high volumes of production. 

 

Figure 7. Pultrusion. [Source: Flexidynamic Engineering Sdn Bhd.] 
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3.2. LAYOUT DESIGN 
 

3.2.1. Introduction 

The plant layout consists of the physical arrangement of the factors and industrial elements 

involved in the production process of the company, in the distribution of the area and location 

of different departments. 

The main goal sought is that the arrangement of the elements is efficient and is conducted in 

such a way that contributes successfully to the achievement of the aims set by the company.  

 

3.2.2. Principles to consider in the design of the layout [6] 

Below recounts the most important principles to follow to achieve an adequate plant layout. 

- Principle of integrating the whole. 

An appropriate layout will be one that integrates and harmonizes the employees of different 

departments, materials, machinery, auxiliary activities, as well as any other factor, under a 

joint vision, so that each of them is related to the other elements and with the whole, resulting 

in better commitment between all parties. 

- Principle of the minimum distance traveled 

All things being equal, it is always better a layout which allows the distance traveled by 

material and personnel to be the smallest. 

- Principle circulation or flow of materials. 

On equal terms, it is better a layout that orders the work areas so that each operation or 

process is in the order or sequence in which they are transformed, processed or materials are 

assembled. 

- Principle of cubic space. 

This principle aims to ensure the proper allocation and efficient use of space, both of the 

centers of production and service departments. The economy is obtained using in an effective 

manner all available space, both vertically and horizontally, especially in cases with no 

delimitation of space imposed by walls, ceilings... 

- Principle of satisfaction and safety of workers. 

Between two similar alternatives, it will always be more efficient the one that allows the 

development of the work in a way more satisfying and safe for workers. 
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- Principle of flexibility 

Is of vital importance that it is an attribute of the selected layout, understanding flexible as the 

element sorting that facilitates any further adjustment necessary to adapt to any situation. 

3.2.3. Factors influencing the layout [6] 

In making a good layout is necessary to know all the factors involved in it, as well as their 

interrelationships. The influence and their relative importance may vary with each 

organization and specific situation, in any case, the solution adopted for the plant layout must 

achieve a balance between features and considerations of all factors, in such a way that the 

maximum benefits are obtained. 

In aggregate manner, factors that have influence on any layout can fit into eight groups that 

are discussed below. 

- Materials: Since the objective of the Operations Subsystem is to obtain goods and 

services required by the market, distribution of productive factors will necessarily 

depend on the characteristics of those and the materials to work with. In this regard, 

key factors to consider are the size, shape, volume, weight and physical and chemical 

characteristics thereof, decisively influencing production methods and ways of 

handling and storage. The goodness of a plant layout depends largely on the ease it 

provides in handling different products and materials with which they work. Finally, 

the sequence and order in which operations are performed must be considered, since 

this will dictate the ordering of work areas and equipment, as well as the relative 

position of one department over others, also giving special attention to the variety and 

quantity of items to be produced. 

 

 

- Machinery: To achieve an appropriate layout is essential to have information about 

the processes to be used, machinery, tools and required equipment, as well as the use 

and requirements of them. The importance of the processes lies in that they directly 

determine the equipment and machines to use and organize. The study and 

improvement of methods is so closely linked to the plant layout that, sometimes, is 

difficult to discern which of the improvements achieved in a redistribution are due to 

the layout itself and which to the work method improvement linked to it (even there 

are times when the improved method is limited to a rearrangement or redistribution 

of the elements involved). In regard to machinery, is to be considered its typology and 

the existing number of each class, as well as the type and quantity of equipment and 

tooling. Knowledge of factors relating to the machinery in general, such as space 

requirements, shape, height and weight, amount and type of required workers, risks to 

personnel, need for auxiliary services etc., is essential to be able to cope with a proper 

and complete study of plant layout. 
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- Manpower: Labor also has to be sorted in the layout process, encompassing both 

direct and supervision and other auxiliary services. In doing so, it should be considered 

the safety of employees, along with other factors, such as light, ventilation, 

temperature, noise, etc. In the same way the skills and flexibility of the required staff 

shall be studied, as well as the number of workers needed at each moment and work 

to be undertaken by them. 

 

 

- The movement: Regarding this factor must be borne in mind that movements are not 

productive operations, because they add no value to the product. As a result, this kind 

of operations should be as minimal as possible and when possible should be combined 

with other tasks, without losing sight of the pursuing of elimination of unnecessary 

and uneconomical handling. 

 

- The waits: One of the objectives pursued by studying plant layout is getting the flow of 

materials to be fluid along it, avoiding the costs associated with waits and delays that 

occur when such circulation stops. However, material awaiting not always means a 

cost to avoided because, sometimes, can provide a superior economy (for example: 

protecting production against planned delivery delays, improving customer service, 

allowing more economical sized production lots, etc.), which makes it necessary that 

spaces for materials on hold should be considered. 

 

- The auxiliary services: Auxiliary services allow and facilitate the main activity that takes 

place in a plant. Among them may be mentioned those relating to staff (for example: 

access roads, fire protection, first aid, supervision, security, etc.), those related to 

materials (for example: inspection and quality control) and those related to machinery 

(for example: maintenance and distribution of auxiliary services lines). These services 

are linked to all the factors involved in the layout and is estimated that approximately 

one third of each plant or department is usually dedicated to them. Very often, the 

space devoted to non-productive work is considered an unnecessary expense, even 

though support services are essential to the proper execution of the main activity. 

Therefore, it is particularly important that the space occupied by these services ensure 

their efficiency and that the indirect costs related to them are minimized. 

 

- The building: Consideration of the building is always a key factor in the design of the 

layout, but the influence of it will be determining if it already exists at the time of 

projecting. In this case, the spatial arrangement and other characteristics (for example: 

number of floors, plant form, location of windows and doors, floor resistance, heights 

of ceilings, location of columns, stairs, elevators, drains, power outlets, etc.) are 

presented as a constraint to the layout of the rest of the factors, which does not occur 

when the building is newly built. 
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- The changes: As discussed previously, one of the objectives pursued with the plant 

layout is its flexibility. It is therefore imperative the need to forecast future variations 

to avoid that change in the remaining previously listed factors transform an efficient 

plant layout to an outdated one that reduces potential benefits. This will require 

starting with identifying possible changes and their magnitude, seeking a layout able to 

adapt within reasonable and realistic limits. Flexibility will be generally achieved by 

maintaining the original layout as free as possible of fixed characteristics, permanent 

or special, allowing adaptation to emergencies and unexpected variations of the 

process normal activities. Likewise, it is essential to take into account the possible 

future expansion of the layout and its different elements, considering also external 

changes that could affect it and the need to achieve that during redistribution it is 

possible that the production process continue. 

 

3.2.4. Types of layout [6] 

It is clear that the form of organization of the production process is decisive for the choice of 

the plant layout. This criterion is traditionally followed for the classification of different plant 

layouts. Usually there are three basic forms of plant layouts: the product oriented and 

associated with continuous or repetitive configurations, the process oriented and associated 

with batch configurations, and layouts by fixed position, corresponding to the configurations 

by project. 

- Plant layout by product. 

Plant layout by product is adopted when production is organized, either continuously, either 

repetitive, being assembly lines the most typical case. In the first case (for example: refineries, 

celluloses, power plants, etc.), correct interrelation of operations is accomplished through the 

design of the layout and equipment specifications. In the second case, the one of repetitive 

configurations (for example: appliances, motor vehicles, car wash lines, etc.), the crucial aspect 

of the interrelationships will be the line balance, in order to avoid the problems of bottlenecks 

since the beginning as raw material until it leaves as finished product. If the sequence of 

operations is considered exclusively, the layout is a relatively simple operation, as soon as it 

shall be limited to a machine being positioned as close as possible to its predecessor. The 

machines are placed side by side along a line in the sequence in which each of them must be 

used; the product runs through the production line from one station to another, as it 

undergoes the required operations. The workflow in this kind of layout can take different 

forms, depending on what best suits each specific situation. 

- Plant layout by process. 

Plant layout by process is adopted when the production is organized in batches (for example: 

furniture, car repair shops, etc.). The staff and equipment which perform a same general 
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function are grouped together in the same area; hence, these layouts are also called by 

functions or by workshops. In them, the different items have to move, from one area to 

another, according to the sequence of operations established for their production. The range 

of products produced will involve, as a general rule, various sequences of operations, which 

will be reflected in a diversity of flows of materials among workshops. To this difficulty must be 

added the generated by variations in production over time that may involve changes (even 

from one week to another) both in the quantities manufactured or in the actual products 

manufactured. This makes essential the adoption of flexible layouts, with special emphasis on 

the flexibility of equipment used for the transportation and handling of materials between 

different work areas. 

- Plant layout by project. 

It usually consists of the production of unique products of some complexity that require great 

amount of inputs. These must be manufactured in a defined place since it is difficult or nearly 

impossible to transport them once completed. As result, and unlike any other production 

process, the resources should be transferred to the operation site, since there is no work 

object flow, but technical and human resources are those who go to the workplace. Resources 

and activities are managed as a whole. Their coordination becomes critical. 

 

3.2.5. SLP method. REL chart. [6] 

For the development of the layout one of the tools used has been a REL chart, which relates all 

the process activities among themselves analyzing the need for proximity between them. 

This table consists of a diagonal matrix where each cell indicates the relationship between two 

activities. The activities are listed and ordered, to the extent possible, according to the natural 

sequence of operations. The result will be that even those activities not linked with each other 

by some kind of significant flow, are collected in the table. 

Each cell of this matrix is divided into two parts: 

- The upper part shows, through a code called “ratio of proximity”, the importance of 

the relationship that is maintained between the two activities. 

- The bottom part collects the reason that lies behind the assigned importance. 

“Proximity ratios” establish an order of preference for the proximity between departments or 

stations. Each pair of relations is evaluated according to the ratios of A, E, I, O, U or X. The 

following table shows the meaning of each of these ratios. 
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RATIO DEFINITION 

A Absolutely necessary 

E Particularly important 

I Important 

O Ordinary proximity 

U Insignificant 

X Not desirable 

Table 1. Ratios. Example.  

On the other hand, numbers are used to identify the reasons of such importance, below is a 

table with some of these as example. 

 

CODE REASON 

1 Flow of materials 

2 Flow of information 

3 Economy of transport 

4 Same operators 

5 Discomfort, hazards 

6 Hygiene, comfort 

Table 2. Codes. Example.  

From these two tables will be the developed the matrix of relationships which will look as 

shown below. 

 

                     Figure 7. REL chart. Example.  
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From this matrix designing a first preliminary plant layout can begin as follows: 

- Starting with “A” type relations: A sub-diagram is performed first considering 

exclusively activities related through this type, spreading on paper everything needed 

and drawing all the types of activities that are required. Once assured that there are 

no missing “A” type relations, the diagram is rearranged to get the best possible 

layout. 

- The next step will be adding activities related by the symbols E and X, once located a 

reorganization of the diagram is made as in the previous step. 

- Then “I” type relations are added and reorganized again. 

- To finish “O” relations are placed and it is rearranged for the last time to get the final 

configuration. 

More than one layout alternative can be obtained with this technique. 

Later another method or criteria should be chosen to select the most appropriate among 

them. 

 

3.3. SYSTEMS MODELING AND SIMULATION 
 

3.3.1. Introduction [9] [10] 

The simulation is the development of a mathematical-logical model of a system, in such a way 

that an imitation of the operation of a real-life process or a system over time is obtained. 

Whether carried by hand or on a computer, the simulation involves generating an artificial 

history of a system; the observation of this history through experimental manipulation helps 

infer the operational characteristics of such a system. Two basic steps of a simulation are cited 

in the previous definition: model development and experimentation. The model development 

includes the construction of logic equations representative of the system and the preparation 

of a computational program. Once the model of the system is been validated, the second 

phase of a simulation study comes in, experimenting with the model to determine how the 

system responds to changes in the levels of the input variables. 

The terms “system” and “model” are also important in the described definition. A system is a 

collection of variables that interact with each other within certain limits to achieve a goal. The 

model in turn is a representation of system objects and reflects in a simple way the activities in 

which these objects are involved. 
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3.3.2. Creating a model [10] 

The following are the main steps in the development of a model: 

  

- Definition of the system. Each study should begin with a description of the problem or 

the system. It is necessary that there is a proper identification of the objective, of the 

decision variables, of the restrictions, the measure of effectiveness and non-

controllable variables and their statistical behavior. 

 

-  Analysis of the system. Logical interactions among decision variables should be 

described, in such a way that optimizes the measure of effectiveness based on non-

controllable variables, not forgetting the system restrictions. In order to analyze a 

system, it is essential to define some terms. A state of a system is the group of 

variables defining the system at any instant. An event is an instantaneous occurrence 

that modifies the state of the system. An activity represents the time required to 

perform an operation. An entity is any object inside the system, this entity may be 

static or dynamic, in the latter case it is denoted as a transaction and its main feature 

is its movement through the system static entities. Entities contain properties called 

attributes that create differences between them. 

 

- Formulation of the model. It consists of generating a logical-mathematical code that 

defines exactly the interactions between variables; should be a simple but 

comprehensive definition of the system. When generating interactions is important to 

consider that they will carry out over time and that the use of lists or chains of events 

will provide the guideline in handling the variables. 

 

- Language Selection. The time of development of the simulation model will depend on 

the language selection, is important to use the language that best suits the simulation 

needs required. The selection can be from a general language such as BASIC, PASCAL 

or FORTRAN to a specifically developed package to simulate manufacturing systems 

such as SIMFACTORY or STARCEL as well as the already established GPSS, SLAM, 

SIMAN, SIMSCRIPT, GASP and DYNAMO. 

 

- Model coding. It consists of generating the instructions or the computational code 

required to make the model be able to run in some kind of computer. The duration of 

this process is directly related to the language selection. 

 

- Validation of the model. It is the process that aims to determine the ability of a model 

to represent the reality. The validation is performed by statistical comparison between 

model results and actual results. 
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- Experimentation. This step will determine the various alternatives that can be 

evaluated, selecting the input variables and their different levels in order optimize the 

response variables of the real system. 

 

- Implementation. After selecting the best alternative, it is important to implement it; 

many times this last step is the most difficult because the senior management and 

staff must be convinced of the advantages of this implementation. For this, it is 

recommended to carry out an animation process that allows visualizing the behavior 

of the variables in the system. When implementing care must be taken with the 

differences that may exist with respect to the simulated results, since the latter are 

obtained, although from a representative model, based on some assumptions. 

 

- Control and monitoring. It should not be forgotten that the systems are dynamic and 

over time it is necessary to modify the simulation model in face of new changes of the 

real system, in order to perform periodic updates that allow the model to remain a 

system representation. 
 

3.3.3. Application of simulation [10] 

Below are the three main fields of application of simulation: 

 

- Experimentation: There are two situations that require a model, when direct 

experimentation on the real system is too expensive or impossible and when designing 

a new system so the model can be easily modified to obtain the desired behavior. 

  

- Prediction: The model can be used to predict the behavior of the real object under 

certain stimulus. An evaluation of different strategies of action can be made this way. 

 

- Teaching and training: It can be used for astronaut training, development of 

prototypes, etc. 

 

Problems in which the use of the simulation can be a powerful tool can be enumerated 

specifying a little more: 

 

- Design and analysis of manufacturing systems. 

- Evaluation of hardware and software requirements on a computer. 

- Evaluation of new weapons or military tactics. 

- Determination of different policies for inventory systems. 

- Communication system designs and messaging protocols for them. 

- Design and operation of transportation systems such as highways, airports, ports, 

railways, etc. 
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- Evaluation of different designs for service organizations such as hospitals, post offices, 

fast food restaurants, etc. 

- Financial analysis or economic systems. 

- Environmental Analysis. 

 

While the simulation is widely used also presents a number of problems. On one hand, the 

models used to study long timescale systems tend to be very complicated and also need to use 

many computing resources, but today, thanks to the development of software packages that 

automatically offer many of the features needed to encode the models and the lowering of the 

cost of computation, these drawbacks are decreasing. 

 

3.3.4. Advantages and disadvantages of simulation [10] 

Since the simulation is often a suitable tool for analysis, it is necessary to consider the 

advantages and disadvantages of its use. Below are those considered the most important: 

 

Advantages 

- Once built, the model can be quickly modified in order to analyze different policies or 

scenarios. 

 

- It is usually cheaper to improve the system via simulation than directly on the real 

system. 

 

 

- It is much easier to understand and visualize simulation methods than purely analytical 

methods. 

- Analytical methods are developed mostly for relatively simple systems where a great 

number of assumptions and simplifications are often made, while simulation models 

can analyze more complex systems or in more detail. 

 

- In some cases, simulation is the only way to achieve a solution. 

 

Disadvantages 

 

- Simulation models on a computer are expensive and require a lot of time to develop 

and validate. 

 

- A lot of computational calculations are required to find “optimal solutions”, which has 

repercussions on the costs. 

 

- Sometimes it is difficult to accept the simulation models within companies. 
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-  Simulation models do not provide optimal solutions. 

 

- The solution of a simulation model can give the analyst a false sense of security. 

 

3.4. SHORT TERM PRODUCTION SCHEDULING 
 

3.4.1. Introduction[5] 

This activity consists in establishing production plans and schedules according to the priority of 

the operation to perform, determining the start and end to achieve the most efficient level. 

The primary role of the production scheduling is to achieve a uniform and rhythmic movement 

of products through production stages. 

The production program is influenced by: 

- Materials: They must be timely in place in the required location to not delay 

production. 

- Staff capacity: Is vitally important that it is used effectively to not raise production 

costs 

- Capacity of the machines: In order to achieve a proper use of them, the environmental 

conditions, quality, specifications, etc. should be observed. 

The ultimate goal pursued by the production scheduling is summarized in the following three 

points: 

- Comply with deadlines established with the customer. 

- Keep busy the available workforce. 

- Foresee loss of time or overloads between production centers 

 

3.4.2. Scheduling methods [5] 

Below are listed and briefly explained some of the main methods used to make the production 

scheduling. 

- Gantt chart: It is a simple and easy way to organize tasks. It consists of a chart formed 

by bars representing the tasks. The length of each bar represents the time needed for 

each task. It is very useful when the production is linear. 

 

- PERT Chart: A Program Evaluation and Review Technique diagram is a tool used in 

project management scenarios. PERT diagrams are useful for tracking the time and 

resources needed to complete a goal, as well as keeping in perspective the proper 

sequencing of all tasks. Though less common than the Gantt chart PERT diagrams are 

more effective at accounting for uncertainty in a project, specifically uncertainty of 

time.  
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- Software: in the market there are softwares that allow the realization of scheduling 

through mathematical algorithms. The result of these programs will be a Gant chart 

and a list of tasks with starting and ending time 
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4. TECHNICAL RESOURCES 
 

4.1. INTRODUCTION TO SIMIO 
 

4.1.1. Introduction [9] 

Simio Simulation Software allows building and simulating animated 3D models from a wide 

range of systems like factories, supply chains, airports… 

Simio employs an object-oriented modeling through which models are constructed as a 

combination of objects, each of which represents a physical component of the system. 

Each object in the system will have their own behavior in the model as defined in its internal 

model that responds to events within the system. 

The software provides a large number of objects in its “Object Standard Libray”, but also offers 

the possibility to build your own libraries for higher level of customization of the objects. 

 

4.1.2. Elements [9][11] 

A model or object is defined by its properties, states, external appearance and logic. 

- Property: Are input values that can be specified by the user. These are variables such 

as operating time, number of items to be processed simultaneously… 

- State: A state of an object is a dynamic value that changes with the evolution of the 

simulation. It is, for instance, values as available or busy on a workstation that will 

indicate whether a client can be attended in that station. 

- Event: Events are occurrences which an object should trigger at certain times when a 

change occurs in the system. For example the “server” object must have an “event 

fire” every time it completes a client processing. Events are particularly useful to 

inform other objects that something has changed in the system. 

- Object Logic: Is an internal model which defines how the object will respond to 

different specific events occurring in the system. For example a “server” object has a 

defined behavior when a client accesses it. Therefore, this internal model will provide 

the object a custom behavior. 
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4.1.3. Design and projects [8][9][11] 

Models are defined within a project. Each project contains a specific number of models. The 

simplest structure of a project is a main model and an “entity model”. When a new project is 

started in Simio a model and an “entity model” will be created automatically. Later further 

models and “entity models” may be added within the project. 

“Entity models” are used to define the behavior of entities moving through the system. 

On older simulation systems entities could not have behavior and therefore there were no 

means to create a custom “entity model”. However in Simio entities may have behaviors 

defined by its own internal model by means of different variables that can be configured by 

the user for an entity to react one way or another in response to different kinds of events in 

the system. 

In Simio multiple entities may be configured, each of them with a specific behavior. For 

instance, in an emergency department model different entities may exist representing 

patients, nurses or doctors. 

 

4.1.4. User interface [9][11] 

After running the program in the first window different areas can be seen. 

As seen in the figure, at the top of the window are the “Ribbons”; below is a list of five tabs 

(facility, processes, definition, data, dashboard and results). 

On the left side of the window the libraries are shown; in the top right the “Browse panel” and 

finally the “facility window” in the center of the screen (which can be changed using the tabs 

listed above). 
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Figure 8. Simio user interface. [Source: Simio LLC Intoduction to Simio] 

 

Below is a brief description of each of the above parts and their main functions. 

- Ribbons: Tabbed user interface panels that allow quick access to multitude of 

functions for building the model, animations and running models. Commands are 

organized in logical groups, which are grouped under tabs. Each tab relates to a type of 

activity, such as running a model or drawing a symbol. Tabs are automatically 

deployed or are brought to the front depending on the activity being performed. For 

example, when working with a symbol the symbols tab is highlighted. For example, 

when working with a symbol the symbols tab is highlighted. 

 

- Modeling projects tabs: Besides the tabs, on the ribbon located on the top of the 

window will be a second set of tabs just below the. These are project modeling tabs 

used to select among multiple windows that are associated with the model or the 

active experiment. The available windows depend on the class of the object to which 

the selected model belongs, but typically include Facility, Processes, Definitions, Data, 

Dashboard and Results. 

 

- The facility window is the space to draw the model; here will be placed the selected 

objects from the library dragging them with the mouse.  

The processes window will be used to define the model custom logic. 

- The definitions window is used to define different aspects of the model as external 

appearance, properties, states and events associated with it. 



TECHNICAL RESOURCES                                                                                                                            

 

30 
 

The data window is the place to enter the data that will be used in the model and also 

to import or export to external data sources. 

The dashboard window provides a 2D drawing space to place buttons, graphics... 

which can be viewed in real time during the execution of the project. 

Finally the results tab show different types of information regarding the project as well 

as several types of reports. 

 

- Browse Panel: It is mainly divided into two parts. 

The first window, situated at the top, is the navigation window. This window is used to 

navigate between different models or objects, as well as other symbols and 

experiments of the project. 

 

- The window at the bottom is called Properties. It displays the properties or 

characteristics of any object or item selected at that time. For instance, if a server has 

been placed in the Facility window, when it is selected, properties may be deployed 

and can be changed there. The gray bars show categories or groups of similar 

properties. By default, more frequently modified categories are expanded so all 

properties can be seen. The least modified categories are hidden by default, but can be 

expanded by clicking the “+” sign located on the left. 

 

- Objects standard library: This is a group of objects that are included as standard in 

Simio. Each of them represents a physical object, an instrument or item that could be 

found within the facility being modeled. 

 

These objects are mainly divided into five basic types: 

o  “Fixed”: Have a fixed location within the model, as can be the case of a 

machine. 

o “Link”: Paths of the entities which circulate through the system. 

o “Node”: Define an intersection between paths but may also be associated with 

the exit or entry of a fixed object. 

o “Entity”: Dynamic object which may be created and destroyed, move through 

the system and exit or enter fixed objects through their nodes. 

o “Transporter”: Special type of entities that can be loaded, transported and 

unloaded to other entities. 

These objects have a general behavior, to personalize them their internal model must 

be subsequently configured. 

The following table shows all object types provided by this library. 
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                     Figure 9. Simio objects. [Source: Simio LLC Intoduction to Simio] 
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5. DEVELOPMENT 
 

5.1. PRODUCTION PROCESS  

To begin this section is exposed, firstly, a detailed diagram of the production process used by 

Blatraden AB to manufacture bathroom floors. This diagram is shown in the following figure. 
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                  Figure 10. Process diagram.  
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The illustration above shows that the production process is mainly divided into three branches, 

two of which head towards the moulding station while the third comes out of it and ends up in 

the product storage. 

The number 1 branch contains all the processes related to the preparation of the core, which 

consists of the stations of Core Prep, Robot and Glue Core + Heating Cable. 

The branch number 2 is formed by the Mixing and Fibers stations. 

The branch number 3 contains all post-moulding operations; these are Post Curing, Control 

and Storage. 

It was considered appropriate that each of these branches is as grouped as possible when 

developing the distribution. 

Below is performed a detailed explanation of each one of the stations comprising the entire 

process. 

 

- Office: This is the first station of the process, where production orders depart to the 

first stations. It is assumed that in this place the scheduling of the daily production is 

made and workers are informed of the number of floors to manufacture and in the 

order in which they will be processed. 

 

- Fibers: Here is done the cutting of the different fibers to be used for the manufacturing 

of the floor. This station consists of a table of 5 meters long and 2,5 meters wide which 

has different guides for all measures needed of fibers to expedite the cutting process. 

Rolls of different types of fibers are in a structure adjacent to the table to allow quick 

access to them. The cutting is performed with an automatic saw although scissors are 

available in case some manual retouch is needed. The usual situation is that once all 

the fibers needed for the floor are cut, then they are deposited in an area next to the 

mould.  

 

 

- Core Prep: It is the first station in which the core is processed for its incorporation into 

the mould. It consists of a vertical panel with support for the core parts to be cut, and 

with moving guides on its sides which will expedite the cut of the different sizes of the 

parts that form the floor surface. The movable rails over which the guides slide have 

marks that correspond with all sizes used. There are three different types of core 

whose only difference is the thickness; 20, 30 and 40 mm which are combined to give 

the floor the needed tilt for proper water evacuation. Operators in this station will 

have a set of sheets where the measure of each of the parts that form the floor is 

indicated; in this same sheets is also indicated what type of core should be used for 

each of these. After cutting each of the parts using an electric saw they are stored on 

shelves in front of the cutting panel, waiting to be used in the next station. 
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- Robot: At this station there is a robot and two tables where the material on which the 

robot works is available. In one of these tables are placed parts of the core cut earlier 

in the exact form required with the aid of guides located on the table. Once the core is 

placed, an operator set the robot to start working. The robot mainly handles three 

tasks; first it cuts the exterior edges to obtain the exact measurements needed, later 

the robot works on the top surface of the core removing material to achieve a uniform 

finish and a correct inclination since the core is made up of parts of different 

thicknesses, and finally the robot makes a groove on the surface of the material to 

later accommodate the heating cable. Once work is complete the operator transports 

the material to the next station. 

 

 

- Glue Core + Heating Cable: In this unit are performed the last operations on the core 

before transporting it to the moulding area. This station consists of a vertical wooden 

table where each part which forms the core is placed in the proper position. The first 

activity done here is gluing the parts to make a single unit; this glued is achieved using 

an automatic gun which injects glue at high temperature. Once the adhesive is 

consolidated the next step is to place the heating cable in the grooves made by the 

robot in the previous station; it is common that during this step the operator should 

widen the groove manually in certain areas to accommodate the cable correctly. The 

final activity performed in this station by the operator will be drilling holes in certain 

parts of the core to obtain good circulation of the liquid inside the mould. When these 

activities are completed the core is stored resting on the wall next to the panel waiting 

to be transported to the moulding area. 

 

- Mixing: In this area of the factory are located the compounds used to form the mixture 

which will subsequently be injected into the mould. Polymer, the main component of 

the mixture, is stored in the larger tank; in a tank of smaller capacity is the hardener 

which favors the solidification of the mixture in the mould and lastly a reaction 

inhibitor is available in plastic bottles that will prevent the mixture to solidify before 

the injection. The mix will require approximately 51 kg of polymer, 1 kg of hardener 

and a little less than 0,5 kg of inhibitor. Buckets, usually two, are used to make this 

dissolution, one of 40 liters and another of smaller size. First the required amount of 

polymer is added into the buckets, measured by a mark made on the inside of the 

buckets, then the hardener is added and the mixture is stirred for 5 minutes using a 

wooden stick; when this mixture is consolidated the inhibitor is added and the mixture 

is stirred for 1 more minute until the mixture is ready. The buckets will be placed on a 

cart with wheels for easy transport to the moulding station. This operation should be 

performed just minutes before it is injected into the mould to prevent thickening so 

that its movement is not hampered inside the mould. 
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- Moulding area: It is the main station of the process since in it the previously processed 

components are incorporated to produce the floor. Explained below are the activities 

performed here. 

o First the drain area of the mould is painted white, this will allow that once the 

process has begun the paint adheres to the floor and give this area 

characteristics color and properties. This activity requires a drying time before 

the placement of the rest of materials. 

o Once the drying time of the previous activity is over, the first layer of fibers is 

placed on the bottom of the mould. 2 layers of fiber type B and 1 layer of fiber 

type A are placed, these were previously cut at the fiber station. 

o The next step is the placement of the core on this first layer of fibers. The core 

is transported from the “Glue Core + Heating Cable” area by two operators 

due to the size of the object. 

o Once the core is located, the second layer of fibers is placed in the same way 

as was done with the first layer. Once placed, the last adjustments are made 

manually with a scissor removing the excess parts of fibers from the sides and 

gluing the corners with the aid of an instant glue spray. 

o The next step in the process will be the closing of the mould. An employee 

takes the controls of the crane and hooks the top of the mould placed next to 

the moulding area; when it is located on the other side of the mould another 

employee will help manually steer to get a good fit. 

o With the two parts of the mould fitted, it will be sealed and prepared for 

injection. In the first place the clamps are placed to achieve a hermetic sealing 

of both parts of the mould and then with sealing tape the most problematic 

areas of the mould are sealed to prevent fluid leakage. 

o Once the mould closure is secured, preparations for injection are made. An 

employee will place the tubes in holes made in the mould and will connect a 

suction system which will favor the entrance and good circulation of the 

mixture. To avoid possible leakage in the places where these tubes are housed 

they will also be sealed with the same tape used in the previous step. Then all 

the tubes exiting the mould are connected to a hermetic sealed metallic 

bucket from which another bucket of a larger diameter will be submerged in 

the mixture. The aspiration system is also connected to the same vessel. 

o With the previous step completed begins the injection of the mixture into the 

mould. To do it the clamp placed in the submerged tube in the mixture is 

removed and by the effect of the suction fluid begins to circulate through the 

inside of the mould. This operation is complete when liquid begins to be seen 

through the tube located in the center of the mould, i.e. on the farthest part of 

the area where the injection is carried out; this usually takes about 40 

minutes. The presence of employees is not required during the whole 
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operation, only will be needed a periodical monitoring to watch if the liquid 

overflows through the tube. 

o After the injection a drying time will be needed for the mixture to harden and 

make possible the removal of the upper mould. This activity lasts about 2 

hours. 

o After the previous activity time has elapsed, the upper part of the mould can 

be removed. For this, clamps and tubes used for the injection will be removed 

and a first separation is done manually using a lever. An employee takes the 

controls of the crane, hooks the mould and slowly rises it; this step can be 

extended over time since can happen that the floor gets stuck to the mould 

top, in this case the mould is lowered and raised until it gets detached. When 

this has been achieved two workers lay down the floor manually in a cart. This 

cart will help transport the floor between subsequent stations. 

 

- Post Curing: At this station are performed floor finishing tasks before storage and 

shipping. There are several tasks that are performed here, each of them are detailed 

below: 

o In the first place is removed from the floor the edges leftovers caused by the 

shape of the mould; this task is carried out manually with the help of tools 

located at the station. After removing these edges the surface is sanded to 

obtain a smooth finish. 

o The electrical properties of the heating cable are checked using a multimeter, 

in particular its resistance. Also a hole is made with a drill to accommodate the 

cable which comes out on one side of the floor. 

o The last task to perform in this section will be gluing the pipe piece, mounted 

here previously, in the shower drain. This piece consist of a small part of a 

tube attached to a piece of wood, this gets the water exiting from the shower 

to be vertical instead of a downwards discharge. With all the tasks completed 

the product is transported to the control area. 

 

 

- Control: With all production activities completed a thorough check is carried out on 

the product to ensure that its features adapt to the requirements. The control will be 

performed by an operator who will make all appropriate annotations regarding the 

observations made. If the floor successfully passes this inspection, two stickers will be 

placed in it indicating that the floor is ready to be shipped to the customer. 

 

- Storage: This area consists of two metal racks where floors are stacked waiting to be 

transported to the place of delivery agreed with the customer. 

 



DEVELOPMENT                                                                                                                                           

 

38 
 

As can be seen in the diagram shown above there are three different branches around the 

moulding station, two of them heading towards the station and the last one heading out of it 

continuing to the end of the manufacturing process. 

The number 1 branch contains all the processes related to the preparation of the core, which 

consists of the stations of Core Prep, Robot and Glue Core + Heating Cable. 

The branch number 2 is formed by the Mixing and Fibers stations. 

The branch number 3 contains all post-moulding operations; these are Post Curing, Control 

and Storage. 

It was considered appropriate that each of these branches is as grouped as possible when 

developing the distribution. 

 

5.2. PLANT MODEL 

This section thoroughly explains how the factory model was built using the simio simulation 

software. It begins by describing each of the elements that circulate through the system, that 

is, entities, workers and transports. 

The entities represent the materials and manufacturing orders that run through the system, 

the workers will simulate the behavior of a real worker and the transports are the upper parts 

of the moulds that are in reality moved by a crane. 

Following the completion of this section the description of the static part of the model begins, 

this is, the workstations, sources, sinks, combiners, separators, links and paths. The variables 

and parameters used to customize the behavior of each one of them are also explained. 

5.2.1. Model moving elements 

ENTITIES 

The entities created for the construction of the model are: 

- “BigFloor1”: To create this the object "ModelEntity" is dragged from the library on the 

left to the "Facility Window" and is renamed to the above. 

In order to identify this entity throughout the process its "Initial Priority" variable is set 

to 1 in the properties window. 

As this entity circulates throughout the system representing different materials it 

needs to change its external appearance depending on the point in the process it is; to 

achieve this, the “symbols” tab on the menu on top of the screen is selected and then 

clicking on “Add Additional Symbol” will add as many different symbols as desired. 

Changing each of them to the desired pattern will require clicking on “Active Symbol” 
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and with the “Import Symbol” option an illustration will be imported from an external 

source. The following table shows the symbols used for this entity. 

 

Material Symbol 

Job order 

 

Core 

 

Fiber 

 

Resin 

 

Floor 

 

Trolley with floor 

 
               Table 3.  Symbols for Entity “BigFloor1”.  

 

The next step in the customization of this entity is creating a new variable called 

“Order” within the entity that can be called in the process by the name 

“ModelEntity.Order”. This new variable will be used to decide the order in which 

workers should address the workstations and its value will be the priority of each 

station (will be explained later). Selecting “Model Entity” in the “Navigation” window 

and within this, on the “Definitions” tab create a new “State” named “Order” of real 

type will create this new variable. This variable can be used for all entities created for 

the model. 

 

- “BigFloor2”: The steps to create this entity are the same as above except that the 

value given to "Initial Priority" will be 2 and the graphics symbols used will be different 

since it is a different kind of floor. 

 

- “Pipes”: This entity is used to represent the pipe that is included in the floor after 

being unmoulded and will have its own source. The only modification needed is its 

external appearance and will not need to add more symbols as its appearance will not 

change in the process. 
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- “Trolley”: Represents the carts that collect the floor once out of the moulding station; 

the only change is its appearance and will not need more than a symbol since once 

combined with the floor it will be represented by the “BigFloor1” or “BigFloor2” 

entities. 

WORKERS 

To represent the operators three identical objects of “MyWorker” type were created, 

therefore the explanation of one of them is sufficient. 

- “Worker1”: As with other objects “MyWorker” is dragged to the “Facility Window” and 

renamed to “Worker1”. 

The next step will be setting a criterion on this object to establish a certain order when 

addressing the workstation in case where several demand it. 

As mentioned earlier a variable was created in the entities (“Order”) that takes the 

value of the priority of each workstation, this will be used by the workers to choose 

their destination. Therefore, if two workstations call an operator he should go to the 

workstation that has the entity in queue with the lowest “Order” value. To do this with 

the worker selected in the “Properties” window, “Smallest Value First” is selected as 

“Ranking Rule” and the variable “ModelEntity.Order” is selected as “Ranking 

Expression”. The process to follow on the “Dynamic Selection Rule” tab is the same. 

Next the departure node of the worker is selected in the “Routing Logic” tab in the 

“Initial Node (Home)” section, which in this case the chosen is node 

“MemberInput@Combiner1”. 

Finally it was decided that when an operator performs a transport task he will also 

perform the task at the destination station. For this purpose who has done the 

transport should be stored in a variable to assign him the task. To do this a process is 

created in the worker that will trigger each time he loads an object; inside the property 

table in the “Add-On Process Triggers” tab “Loaded” is selected and the process is 

created. In an “Assign” box the previously created value “Entity.CurrentTransporter” is 

given to the “ModelEntity.mytransporter” variable; by doing this who has made the 

transport will be registered in the entity. 

 

- The process to follow for “Worker2” and “Worker3” is exactly the same. 

TRANSPORTS 

In this model “Transporter” type objects were used to simulate the top parts of the moulds. 

Their names are “Vehicle1” and “Vehicle2”. 
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5.2.2. Model development 

The following describes step by step the construction of the factory model in Simio Simulation 

program. For ease of understanding it was decided to divide the process into three distinct 

parts, the first is the preparation of the materials, the second are the operations in the mould 

and the third are the finishing operations and final product storage. 

Part 1. Preparing materials. 

In the figure below all the objects that have been used to model this first part can be seen. 

 

Figure 11. Simio model. Part 1. 2D.  

 

Figure 12. Simio model.Part 1. 3D.  

In the following lines the characteristics and properties of each of these elements will be 

discussed. 

OFFICE 

This is the first step of the process since from it departs production orders that trigger the 

production process. 

The selected object to represent the office is a "Source" type for being the place where the 

“entity models” are born. These entities will circulate through the model and will represent 

each of the floor types that the company sells. 
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After placing the “Server” in the “Facility Window” the next step is to configure its features to 

have the desired behavior. 

First the entities wanted out of the source are introduced, as they are two (Big floor 1 and Big 

Floor 2) a table must be created in the “Data” tab in which this two entities appear (“Entity” 

variable) and priority (“ModelEntity.priority” variable) 1 and 2 is assigned respectively to them. 

This value will be used to distinguish the entities over the entire process. Another column 

called "Percent" will be created to define how many entities of each type must leave. To finish 

with the table the external appearance that the entity will have leaving the source is indicated 

in other column called “Symbol”, later additional columns of this kind will be added that will 

allow to change the appearance of the entity as it passes through each workstation. 

Once the table is created information is entered in the properties table of the Office. Starting 

with “Entity Arrival Logic” in the variable “entity type” the first column of the created table is 

called “Table1.Entities”, this defines that “Big Floor 1” and “Big Floor 2” will be the entities that 

arise from the source. For the output mode of each entity the “Interarrival Time” mode is 

chosen and configured to 120 minutes. Since two identical production orders for each product 

should go out, one that targets the “Fibers” station and another to “Core Prep” station, the 

variable “Entities per arrival” is set at 2. 

The “Table Reference Assignments” tab will be used to configure how many entities of each 

type we want the source to create, to do so the “+” sing on “Before creating entities” is 

deployed and is indicated that the table to be used is “Table1” in the “Table Name” variable 

and the “Percent” column of this table is selected in the “Row Number” variable typing it as 

“Table1.Percent.RandomRow”. The last part of the previous reference indicates that entities 

will come out in the indicated percentages but in a random way. 

Moreover a process will be included in this station, through this process an initial priority is 

assigned at the beginning of the simulation to each of the workstations that at some point will 

require one or more workers. This will be done also in the properties window in “Add-On 

Process Triggers”; double clicking on “Run Initialized” will open the processes top tab. There 

will be added an “Assign” box by dragging it from the left menu which allows to give value to a 

large number of variables, in this case the “Prioridad” variable (discussed in the next section) 

for each workstation in the form Fibers.Prioridad==1. This variable will take new values 

throughout the simulation and will be used to indicate to the workers to which workstation 

they should go first. 

FIBERS 

In this station is performed the task of cutting fiber to get the right size needed for each kind 

of floor. 

For the modeling of this station a “MyWorkstation” object was used because it allows giving 

the activity a specific process time as well as a determined number of resources. The object 
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“MyWorkstation” is chosen instead “Workstation” since the customization options are greater, 

in this case in order to associate the variable “Prioridad” to the station.  

In first place the object is dragged from the library to the “Facility Window” and then the 

features are configured. 

The first variable to be changed in the properties window will be “Processing Time” which will 

use the value previously explained in the text, this is 8,63 minutes. 

The next parameter to configure is the external appearance of the entity as at this station 

enters as a work order and leaves as an entity that will correspond to the cut fibers. To do this 

the “State Assignment” tab will be used, and within it “Before Exiting” because the entity must 

change it appearance before leaving the station. Hence deploying the “Before Exiting” box 

offers the possibility to change the value of a variable, which in this case is in the “State 

Property1” column from “Table1”; the latter is associated with the variable 

“ModelEntity.Picture” which is the one that controls the entity appearance. The new value 

that this variable should take is found in the “Symbol2” column in the same table, which 

corresponds to the fibers figure. Is noteworthy that the table has two rows, one for each 

entity, based on the priority number of the incoming entity the program will pick one or other 

row. 

The next step is assigning the station the resources needed for its operation; this is 

accomplished on the “Secondary Resources” tab. By deploying the menu on this section the 

specific object type can be selected since it will always be the same worker who performs this 

task, and the object name to be used is the previously created “Worker1”. Since it is necessary 

that the worker moves to the station to perform the task in “Request Move” is selected the 

output node of the station “Output@Fibers”. 

Afterwards the “Prioridad “variable is created inside the station to be used to prioritize some 

stations over others on when awarding a worker. To do this in the “Navigation” window the 

“MyWorkstation” is selected and on the “Definitions” tab a new “State” of real type is created. 

This variable can be used for all objects of “MyWorkStation” type to be placed in the model. 

Moreover the value of this variable must change throughout the process so that after 

completing the floor operations at each station every other station of this floor will have 

priority over the next floor, for this reason the total number of stations in the system will be 

added to this value. In the properties table “State assignment” is selected and within it “Before 

exiting”, so that the value changes when the entity just processed exits the system, box is 

opened and to the “Fibers.Prioridad” variable is assigned the value “Fibers.Prioridad +18”. 

Finally to make this method work the value of this variable must be allocated to the "Order" 

entity variable before it enters the system; this is done in the input path connecting the office 

with the fibers station. Inside “State Assignment” in the “Before Exiting” option the value 

“Fibers.Prioridad” is assigned to the “ModelEntity.Order” variable. 
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CORE PREP 

Here cutting operations are performed in each of the different types of cores to complete the 

total area of each floor. 

The object used, as in the previous case, is “MyWorkStation” and its “Processing Time” is set to 

7,73 minutes according to measured times in the plant. 

To change the appearance of the entity as it enters as a work order and leaves as a core, in 

“Properties” → “State Assignment”→ “Before Exiting” the value of the “Table1.StatePropety” 

variable, which refers to the previously named table, should be changed to “Table.Symbol1” 

which corresponds to the illustration of a core. 

Also in "Before Exiting" the priority value is changed the same way as was done with the 

previous station replacing the value “Core_Prep.Prioridad” with “Core_Prep.Prioridad +18”. 

This station will also be used to allocate the next priority value in the process to the entity at 

the exit. Using “Before Exiting” the value of the “ModelEntity.Order” variable is changed to 

“Robot.Prioridad”, which is the next station of the entity. 

As in the previous station the resources required for performing the process are selected in 

“Properties” ”→”Secondary Resources” selecting “Worker3” and requesting him to move to 

the “Output@Core_Prep” node. 

The output of this unit, cut core parts, will need to be transported to the next station by an 

operator. To set this task the station exit node (“Output@Core_Prep”) is selected and in 

“Properties”→”Transport Logic” the value “True” should be chosen for “Transport Logic”; in 

type of transport specific must be selected because it will always be the same worker who 

performs the task, and finally as transport name “Worker3” will be used. 

From this point and for the rest of the objects only will be explained how to configure events, 

variables or features not mentioned earlier, discussing the previously explained very briefly.  

ROBOT 

The robot performs operations of core surface finishing providing the core a proper tilt and 

makes the groove for the introduction of the heating cable. 

The object is also a “MyWorkStation” although the work method differs from the previous 

since this has two processing times. The first one, “Setup Time” refers to the time that the 

employee uses to place core parts to process in the robot table, the duration of this stage is 4 

minutes; this option as well as the processing time can be found in “Properties”→”Process 

Logic”. The second time to set is the robot processing the core which will be represented with 

the “Processing Time” variable; this value, according to the studied times, will be 30 minutes. 

In “Before Exiting” option two variables are changed. First the value of the station priority will 

be changed, assigning to the “Robot.Prioridad” variable the value of “Robot.Prioridad+18”, 
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afterwards the value of the next station priority “Glue_Core.Prioridad” is given to 

“ModelEntity.Order”. 

The final part in this station is to set the option to, once finished processing, the operator 

transports the material to the next workstation. As noted earlier this is accomplished at the 

exit node by enabling the “Ride On Transport” option and in this case selecting the worker 

number three. 

GLUE CORE 

This station executes the gluing of all the parts of the core to prepare it for utilization in the 

mould. 

The processing time is set at 6,14 minutes following the same procedure as in the above 

workstations. 

The value of the station priority is changed in “Before Exiting” adding 18 to the 

“Glue_Core.Prioridad” variable and the value of the next station priority will be assigned to the 

“ModelEntity.Order” entity variable. 

As resources the attendance of the worker number 3 in the input node of the station will be 

required. 

The last change will be enabling the option of transporting the material at the exit node, 

choosing the worker 3 for this task. 

HEATING CABLE 

In this station the heating cable is inserted into the grooves made by the robot in the core. 

The processing time is set at 17,94 minutes and at the exit the priority value of the station is 

updated. 

To finish worker number 3 is selected as resource and the transport option is activated and will 

be carried out by himself. 
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Part 2. Operations in the mould. 

 

Figure 13. Simio model. Part 1. 2D extended.  

    

 

Figure 14. Simio model. Part 1. 2D and 3D.  

 

DRAIN PAINTING AND DRAIN PAINTING 1 

This is the painting operation of the drain in the mould; this will need a subsequent drying 

period to more easily transfer to the floor. 

This process is located in the mould operation, so there will be one for each floor type. 

Therefore the outgoing entity must select one or the other depending on the floor type to be 

manufactured; this identification is done by the value of the “Initial Priority” of each of them. 

To model this system an intermediate node ("Basic Node1") has been located between the 

office and each of these two stations; therefore in this node a path from the office will go in 

and two will leave, one for each “Drain Painting” station. 
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For the entity to properly select the exit path from this node a process was created within it. 

To do this in the properties window the “Add-On Process Triggers” is deployed, in this case the 

process is triggered each time an entity enters the node. Once the processes window is 

opened a “Decide” step is inserted; then “Condition Based” is selected in the “Decide Type” 

option and then as a condition to evaluate “ModelEntity.InitialPriority==1” is written. This step 

returns the value “True” if the entity has priority 1 and “False” if this value is 2. Next in the 

“True” branch the path that corresponds to the priority 2 entity is closed by an “Assign” step 

giving the “Path66.CurrentTravelerCapacity” variable the 0 value. In the “False” branch 

another “Assign” is placed that will close the path corresponding with the priority 1 entity by 

assigning a value of 0 to the “Path65.CurrentTravelerCapacity” variable. For the process to be 

repeated for the next entity the two paths will be opened when the current entity leaves the 

office; this is achieved by adding a new process, in this case, in the exit node of the office, at 

“Add-On Process Triggers” →”Exited”. This process will consist of an "Assign" step and assign 

the value 1 to the variables "Path66.CurrentTravelerCapacity" and 

"Path65.CurrentTravelerCapacity". 

Inside the “Drain_Painting” station, “MyWorkStation” object, the processing time is set at 2,77 

minutes and a “Teardown Time” drying time at 30 minutes. 

As manpower “worker1” is added only for the processing part as the drying does not require it. 

“Basic Node 12” will be used as working node for “Drain Painting” and “BasicNode 16” for 

“Drain Painting1”. These nodes are created as working nodes for all the tasks of the moulding 

unit therefore they will be used also for subsequent stations. 

The final part will be setting the element to change the value of its priority at the passage of 

each entity; as in previous cases “State Assignment” → “Before Exiting” is used, in which the 

value “Drain_Painting +18” is assigned to “Drain_Painting” variable. 

No material transport to the next station will be needed as they are in the same place, the 

moulding station. 

MYCOMBINER1 

At this time in the model an element to combine all the various entities that have been 

processed in the previous operations is necessary since in the moulding station only circulate 

one. The combined entities will be three, the outgoing from Fibers, Heating Cable and Drain 

Painting. To accomplish this an element of "MyCombiner" type which has multiple inputs and a 

single output will be used, until all entities have arrived to the input nodes the exit of the new 

entity does not occur. 

Once the item is placed, it is join with its “MemberImput” through paths with the exit of the 

“Fibers” and “Drain Painting” stations, and with its “ParentImput” the exit of the “Heating 

Cable”. 

The next step is to customize the item to have the desired behavior. 
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First it must be stated that through one of its entry nodes, namely the “MemberImput”, enter 

two entities; this is done in the properties window by setting the variable "Batch Quantity" to 

2. 

Later to make sure that combining entities are intended for the same floor, the option “Match 

Members and Parent” is selected in the “Matching Rule” and in the “Member Ranking 

Expression” and “Parent Ranking Expression” boxes the expression 

“ModelEntity.InitialPriority” is written; this will make the item to only combine with entities 

with the same priority value. 

Two paths exist at the exit; each of them leads the entity to a different mould. For an entity to 

follow the right path, which corresponds to its priority value, a process should be performed in 

the combiner. The procedure for this process is exactly the same as the one adopted to select 

the input path to the Drain Painting. This process will be created in the “Add-On Process 

Triggers” →”Processing” option. 

DRESS FIBER A AND DRESS FIBER A 1 

This process involves placing in the lower part of the mould the first layer of fibers. 

A “MyWorkStation” is used and is configured to a processing time of 3,33 minutes. 

In the “Secondary Resouces” section worker number 1 is selected who will go to “Basic Node 

12” in case is demanded by “Dress FiberA” and to “BasicNode 16” in case is demanded by 

“Dress FiberA1”. 

The same way as in previous cases the “Prioridad” station variable value will be modified once 

the entity is processed and the “Order” variable of the entity will be given the value of the 

“Prioridad” of the next workstation. 

CORE AND CORE1 

At this station the core is placed in the mould over the first layer of fibers. 

An object of “MyWorkStation” type is used with a processing time of 41 seconds and workers 

number 2 and 3 will go to the same nodes as mentioned in the previous station. 

Lastly the value of the “Prioridad” variable of the station is changed and the entity is assigned 

with the priority value of the next task.  

DRESS FIBER B AND DRESS FIBER B 1 

This step corresponds to the placement of the second layer of fibers immediately after 

placement of the core. 

An object of the “MyWorkStation” type is created with a processing time of 9,45 minutes. 
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The worker that will perform this task is worker number 1 and will move to the earlier 

discussed nodes. 

As in previous stations the station priority value will be modified and the next priority value 

will be assigned at the exit to the entity  

MOULD CLOSING AND MOULD CLOSING1 

In this section the upper part of the mould is placed in the station, which will be moved using a 

crane. 

At the “MyWorkStation” object a processing time of 12,78 minutes is assigned. 

To perform this task a worker will be required in the moulding station (Worker1), another 

operating the crane that moves the mould (Worker2), and finally the mould itself will be called 

from is location to the appropriate moulding station. 

In the case of “Mould Closing” station the working node will be “BasicNode12”, the node 

corresponding to the activation of the crane will be “MandoGruaMC1”, the upper mould will 

correspond to the “Vehicle1” object and will move from its start node (“NodoInicioMould”) to 

its working node (“BasicNode27”). 

For the” Mould Closing1” the working node will be “BasicNode16”, the node of the crane will 

be “MandoGruaMC1”, the upper mould will correspond to the “Vehicle2” and will move from 

“NodoInicioMolud” to the working node (“BasicNode27”). 

To achieve the desired behavior of the upper mould some adjustments are needed in their 

nodes, on the path that joins them, on the crane node and the internal characterization which 

are discussed below. 

The first step is closing the path that connects the nodes between which circulate the mould; 

this is done in the previous station, Dress Fiber, using the “Before Exiting” option and giving 

the vale 0 to “CurrentTravelerCapacity” variable of the 57 or 58 path depending on whether is 

“Dress Fiber” station or “Dress Fiber1” station. These paths will be closed at start too; this is 

done in the properties window of the path giving to the “Initial Traveler Capacity” variable the 

0 value, in this window will also be changed the type of path to bidirectional to allow the 

mould to come back to its starting node once their task is finished. 

The next change is made in the path leading to the node where the worker moves to 

manipulate the crane. A process will be created in “Add-On Process Triggers” →”Reached End” 

that will enable the mould path seconds after the worker has taken controls, it was decided to 

delay the enabling of the path some seconds to simulate the power up of the crane. For this 

process a “Delay” step was used and set to 30 seconds, and an “Assign” that will be triggered 

after this time; to accomplish this, value 1 is assigned to the “Path57.CurrentTravelerCapacity” 

or “Path58.CurrentTravelerCapacity” variable depending on the moulding station in use. 
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Then there will be a change in the working node of the upper mould to achieve that once 

arrived at this place remains there. This is done by closing the path once the mould has 

reached the node. For this a process was created in the “Add-On Process Triggers” →”Entered” 

of the node which contains an “Assign” step which returns the value 0 to the 

“CurrentTravelerCapacity” variable of the appropriate path. 

The last part to model the movement of the mould to the station is making two changes in the 

mould named vehicle1 and vehicle2 accordingly. First in the “Initial Node (Home)” option of 

the properties Windows will be assigned as “NodeInicioMould1” or “NodeInicioMould2”. 

Finally in the same window “Idle Action” will be selected as “Go To Home” option. 

SEPARATOR1 AND SEPARATOR2 

Once the mould is closed the next two tasks, Infusion Setup and Mixing, can be performed 

simultaneously. This requires an entity to be directed to each of them; this is achieved using a 

“Separator” object type from which an entity enters and two alike will exit. 

Therefore in this new object an entity from Mould Closing will arrive and two will exit heading 

the Infusion Setup and Mixing stations. 

Once the new object is placed it will only need one change in its internal behavior, indicating 

the system that an entity should leave for each of its two output nodes. This is achieved by 

setting the value of the variable "Split Quantity" in the properties window to 1.  

INFUSION SETUP AND INFUSION SETUP 1 

This step involves the preparation of the mould to begin the task of infusion that is, sealing of 

the mould and placing the tubes through which the fluid circulates. 

For this station an object type "MyWorkStation" is inserted with a process time of 12,33 

minutes. 

As a resource the worker number 1 will be assigned to the station which will move to the 

respective working node of each station depending on the type of floor in the manufacturing 

process. 

MIXING 

Here are made the operations of mixing the polymeric agent with the hardener and the 

inhibitor in order to prepare the mixture for later injection into the mould. 

In this case there is only one station for the two moulds as opposed to the previous cases 

where there was one per station. 

Hence from the output of each of the “Separator” a path will be directed to the “Mixing” 

station. 
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For this station, of “MyWorkStation” type, a processing time of 11,70 minutes is established. 

To perform this task "Worker3" is assigned to it and will require its presence in the 

“BasicNode3” created specifically to work at this station. 

Since the same working place is used for both moulding stations it will be necessary to create a 

process to choose which path must follow the entity once processed. 

As in previous steps this will be done assessing the “Initial Priority” of the entity at the entry 

and enabling the path to the appropriate moulding station. This process will be created in the 

input node of the “Mixing” station in the properties window at “Add_On Process Triggers” 

→”Entered”. Two “Assingn” steps and one “Decide” step will be used; first the “Decide” step is 

placed to assess the value of the “initial Priority” variable of the entity and then this value is 

used by the “Assign” step to close the path that does not corresponds to that priority. If the 

value of the priority is 1 the “Path32” will be closed and if the priority value is 2 the “Path49” 

will be closed. To complete the process, once the entity has reached its destination the two 

paths should be opened again for the next cycle; this will be conducted at the input node of 

the next object where a process will be created with one “Assign” step that will return the 

“Current Travel Capacity==1” value to both paths. 

COMBINER 1 AND COMBINER 2 

As the previous two stations worked in parallel and from here on the process returns to work 

serially the two entities coming from them should be combined and solo be synchronized so 

the process will not continue until the two previous units have been processed. 

To obtain this a “Combiner” object that has two inputs and a single output is used. Inputs are 

connected to “Mixing” and “Infusion Setup” stations and the output with the next station. 

Default settings will be enough for the operation of this object. 

INFUSION AND INFUSION 1 

In this station the earlier prepared mixture enters the already sealed mould aided by an 

aspiration system connected to it. 

This is also a "MyWorkStation" object with a processing time of 40 minutes and in this case will 

not require operators as liquid injection occurs by the vacuum inside the mould. 

Therefore the only changes to make will be changing the “Prioridad” variable of the station 

and assigning to the entity variable “Order” the value of the next “Prioridad”. 

CURING AND CURING1 

Once the fluid injection is finished it will require a drying time to harden the mixture and be 

able to remove the top part of the mould. 
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Since it is just a drying time this “MyWorkStation” will not require workers to operate. Its 

processing time is adjusted to 120 minutes and as with other stations in the “Before Exiting” 

option the value of the station priority will be changed and the entity will be assigned with the 

next priority value. 

MOULD OUT AND MOULD OUT 1 

This operation corresponds to the removal of the upper part of the mould after the floor 

drying time. 

To simulate this process a "MyWorkStation" is placed in the window with a processing time of 

18,17 minutes. As resources the worker number one will be assign at the working node of the 

corresponding moulding station (“Node12” or “Node16”) and worker number two will be 

assign at the crane control node (in this case node “MandoGruaMO1” or “MandoGruaMO2”). 

To obtain the upper mould movement a process is created in the outward path to the crane 

control node. This process created in the “PathReachedEnd” of the path will have a “Delay” 

step of 30 seconds which simulates starting up the crane, and an “Assign” step that will open 

the path in which the mould circulates allowing it to return to its starting place. 

Another modification to do is changing the symbol of the entity at the exit since the floor will 

be completed in this step. As in previous steps this is done in the “Before Exiting” option 

referring the table created and selecting the number 4 symbol. 

To complete the configuration of this step the value of its “Prioridad” variable is changed and 

the next priority value is assigned to the “Order” variable of the entity. 

MY COMBINER 3 

Once the mould is removed the next step is to leave the floor in a “trolley” for ease of 

movement through the rest of the stations. 

In this object two entities will be combined, the floor and a trolley, and the one leaving will 

correspond to the floor already mounted on this support. This will be the entity that circulates 

through the rest of the process. 

The object type used is “MyCombiner”, its entry node “ParentImputMyCombiner3” will be 

connected to the “MouldOut” and “MouldOut1” stations and the 

“MemberImputMyCombiner3” will be connected with the source that generates the trolleys. 

Furthermore the output node will be connected to the next station on the line. 

To carry out the transport of the floor to following stations the “RideOnTransporter” option is 

enabled in the exit node of the combiner. 
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TROLLEYS 

This object represents where the supports to be used for the floors once removed from the 

moulding station are stored. 

It is a “Source” element that allows the creation of new entities. 

The desirable behavior of this object is to create an entity whenever a soil is ready to exit the 

moulding station; this is accomplished by changing the “Arrival Mode” option in the properties 

window and setting it at ”OnEvent”. “ParentImput@MyCombinerentered” is selected As 

“TriggeringEventName”; this will cause that every time a floor enters the combiner a trolley 

will be created and moved to the moulding station in order to be combined. 

Finally the “RideOn Transporter” is enabled at the exit of the source and “Worker2” is selected 

to perform this task. 

 

Part 3. Finishing and final storage. 

 

Figure 15. Simio model. Part 3. 2D.  
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Figure 16. Simio model. Part 3. 3D.  

 

CUTTING EDGE 

This operation consists in manually removing excess floor edges that were created due to the 

shape of the mould. 

From this place there will be only one station for each type of operation as opposed to those 

belonging to the moulding area. 

For this task a “MyWorkStation” is used with a working time of 1 minute. 

As resource will be used the “Worker2” who will move to the entry node of this station 

The final step is to vary the priority of the station and assign the entity the priority of the next. 

DRILLING HOLE PIPE 

In this step the holes needed for the subsequent placement of drains and water intakes are 

made. 

This “MyWorkStation” has a processing time of 2 minutes and the work will be carried out by 

the “worker2” in the exit node. 

Also is performed the assignation of the priorities to the station and to the outgoing entity. 

MY COMBINER 2 

In this element a new component is incorporated to the floor, it is a drain pipe to be glued to 

it. 
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This “MyCombiner” type element will only have one modification, the “MatchingRule” in the 

properties window will be changed to the “Match Members and Parents” option. This change 

will ensure that the entity does not leave until one of each type has reached the element. 

PIPES SOURCE 

In this “Source” element a new entity called “Pipes” is created. This is the pipe to be 

incorporated into the floor. 

As “Arrival Mode” for the entities to leave the “On Event” option is chosen and as trigger event 

“Input@Fibers.entered” to have enough time to perform the work before it reaches the floor. 

Since the batch output is four the exit of the entities will occur when the event that triggers it 

occurs 4 times; this is done by setting the “Triggering Event Count” variable to 4 in the 

properties window. Finally the “Entities per Arrival” variable will be set at 4 so that every time 

entities leave will be in the proper batch. 

PREGLUE PIPE 

This process involves the cutting and gluing of the pipes to prepare them for incorporation into 

the floor. 

It is a component of the type “MyWorkStation” with a process time of 16,45 minutes and a 

“Teardown Time” of 2 hours which belongs to the drying time. 

Since the production batch is 4 the “Operation Quantity” variable will be adjusted to this value. 

As resources “Worker2” is used and he will move to the exit node of the station. This same 

worker will perform the transport of this unit to the next station. 

As in previous stations its priority value will be changed and the “Order” variable of the entity 

will be assign. 

POSTCUTTING 

In this station the heating cable of the floor is prepared and tested and the pipe made earlier is 

glued. 

A “MyWorkStation” is placed in the model with a process time of 12,42 minutes and a drying 

time of 10 minutes. 

“Worker2” will be assigned to this station and his presence will be required at the entry node. 

This same worker will perform the subsequent transport. 

Priorities values are also updated. 
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CONTROL 

With the floor finished control task are made to verify if everything is right for delivery to the 

customer. 

The time required in this “MyWorkStation” will be 3 minutes and this control task will be 

carried out by the number 2 worker. This same worker will transport the floor to the storage 

area. 

STORAGE 

This is the final step of the process which consists in the storage of the floors in structures 

designed for this purpose.  

The used object is a “Sink” kind and here the entities which circulated throughout the process 

will disappear. 

In this case no adjustments are needed in the internal behavior of the object. 

 

5.3. LAYOUT DESIGN 

This section explains how was designed the plant layout for the new facility at the Blatraden 

AB company. 

5.3.1. Considerations for the layout design 

The following illustration shows the empty floor plan of the new facilities of the company; in it 

can be distinguish between the area intended for offices and the area intended for production 

operations. 
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Figure 17. Floor plan. New facilities.  

For the design of the plant layout mainly three tools or criteria have been used: 

- In the first place has been considered the use of space as a vital criterion, since the 

company will pay the rent of the facilities according to the occupied area. As shown in 

the floor blueprints there are three areas to accommodate the production line. The 

line will be designed, if possible, occupying only one of the three spaces. 

 

- Later is used a REL chart that analyzes the different relationships between the stations 

in the process and prioritized them to achieve a layout as efficient as possible. With 

this diagram three layout alternatives have been developed, later, the most efficient is 

selected through the use of other tools. 

 

- Using the created model of the plant with the Simio Simulation software the three 

alternatives have been represented and the manufacturing of a floor has been 

simulated to measure the distance traveled by the workers in this task. In this way the 

alternative where both material and personnel movements are the smallest is 

selected. 

 
 

5.3.2. Rel Chart 

One of the tools used for the design of the layout has been a REL chart by which the 

relationships between the different types of stations have been studied. 
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For its realization have been developed a series of criteria and restrictions to assign a relative 

importance to the relationship between stations. 

There will be two variables to describe the relationship between each pair of stations; the first 

assesses the main reason why the two stations in study should be near and the second 

quantifies the importance of this reason. 

The following table shows the reasons that have been considered for the relationships 

between stations.  

MAIN REASON CODE 

Material flow (process sequence) 1 

Economy of transport 2 

Discomfort or hazards 3 

Same workers 4 

Flow of information 5 

Table 4. Codes.  

The following are the symbols used to quantify the importance of these relationships. 

VALUATION RATIO 

Absolutely necessary A 

Particularly important E 

Important I 

Ordinary proximity O 

Insignificant U 

Not desirable X 

Table 5. Ratios.  

When developing the layout three main restrictions will be taken into account: 

- The office location is already fixed and cannot be moved because there is a cabin built 

for this purpose in one of the areas intended for production. 

 

- The mixing station should never be placed near the windows of the facility, because 

the lower temperature of these areas may adversely affect the preservation of the 

compounds that are found there. 

 

- The robot must be protected with walls or panels from the rest of the stations to avoid 

problems related to the safety of workers, for this reason the robot will be placed in a 

corner of the facility taking advantage of two walls simplifying the protection of the 

station. 

 

With all the considerations previously discussed, a REL chart is made as shown below.  
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Figure 18. REL chart.  

From this diagram three alternatives that satisfy it have been developed. The following 

illustrations explain in detail how the alternative layout number 1 has been developed. 

 

ALTERNATIVE 1 

Firstly the moulding area is located in the center of the factory because this station has been 

considered as the most important since from it converge or leave the three branches 

mentioned previously. 

It begins by placing the stations that have a type A relationship, in this first step is placed, as 

shown in the figure below, the “Glue Core + Heating Cable” task which is located immediately 

adjacent to moulding area. 
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Figure 19. Alternative 1. Step 1.  

The other type A relationship shown in the table relates the moulding with the “Mixing” 

station which is situated next to it. 

 

Figure 20. Alternative 1. Step 2.  

With type A relationships completed, the next step is to position the stations related through 

the letter E. 



DEVELOPMENT                                                                                                                                           

 

61 
 

In the first place the fiber cutting area is located because it has this type of relationship with 

the moulding. It is located on the other side of the station as shown in the figure below. 

 

Figure 21. Alternative 1. Step 3.  

The next type E relationship situated is the “PostCuring” which is located next to the fibers cut 

and the moulding since it is the only large enough space available to house it around the 

moulding.  

 

Figure 22. Alternative 1. Step 4.  



DEVELOPMENT                                                                                                                                           

 

62 
 

The Robot will be the next station to be located. It has a type E relationship with “Glue Core + 

Heating Cable” and the restriction of having to be placed in a corner between two walls; the 

position considered to be correct is shown below. 

 

Figure 23. Alternative 1. Step 5.  

Then the Core Preparation station is situated within the facility next to the robot for having a 

type E relationship with it. This location is shown in the figure. 

 

Figure 24. Alternative 1. Step 6.  
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The control area is placed next to the post curing to satisfy the relationship. It is placed slightly 

displaced to the right and not directly below it to avoid blocking the door of the facility.  

 

Figure 25. Alternative 1. Step 7.  

The last type E relationship to be represented is the storage area which is situated next to the 

control area because is its preceding station. 

 

Figure 26. Alternative 1. Step 8.  
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From this point with all the stations already placed there will be a rearrangement of them to 

satisfy in the best way possible the rest of the relationships. It begins with the type I 

relationships. 

The first relationship of this type to satisfy is between the “Glue Core + Heating Cable” and 

“Core Preparation” stations. It was decided to move the first slightly upwards to bring closer 

these two stations. By making this change, the previously discussed relationships are still 

satisfied, since the proximity between “Glue Core + Heating Cable” and “Moulding”, related by 

a type A, do not change. This step is shown in the figure. 

 

Figure 27. Alternative 1. Step 9.  

The next type I relationship under study will be between “Post Curing” and “Storage”. It has 

been considered correct the current situation as shown in Figure, since if one of these two 

areas is moved it would not respect some type A or E relationship, which are more important 

that the type I, object of study in this section. 
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Figure 28. Alternative 1. Step 10.  

From this point the relationships represented by the letter O are justified, in some cases the 

layout will be rearranged and in others will be kept the same way to not distance stations 

related by more important reasons. 

It begins with the relationship between fibers and office which is found to be complied 

satisfactorily since they are very close in the facility as shown in the figure. 

 

Figure 29. Alternative 1. Step 11.  
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For the relationship between core preparation and office, although quite distant as shown in 

the figure, no displacement has been considered to not move away the core preparation from 

the robot, because they are united by a more important relationship. 

 

Figure 30. Alternative 1. Step 12.  

The last variable to analyze in this first alternative is the relationship between the office and 

control, at the same time a final rearranging of the factory layout will be made. 

As shown in previous figures the bottom left corner of the factory is very congested while the 

upper right corner has not been given almost any use. Therefore it has been decided to move 

the control and storage stations to the upper right corner, thus also satisfies the relationship 

between office and control. This first move is shown in the following figure. 
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Figure 31. Alternative 1. Step 13.  

It can be seen that the post curing and control stations, related by letter E, have been 

separated in excess   with this last movement; to solve this problem the locations of post 

curing and mixing are exchanged. Doing this approaches again the post curing station with the 

control station, and does not cause any problems with the mixing station since its only related 

to the moulding station. These latest moves are depicted in the figure below. 

 

Figure 32. Alternative 1. Step 14.  
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Below is a figure with the final layout for this first alternative.

 

Figure 33. Alternative 1. Finished.  

 

ALTERNATIVE 2  

For alternatives 2 and 3 the steps are shown below in a more summarized way. For these 

alternatives a figure is shown for each type of relationship and a last figure with the final 

layout. 

The first illustration of this alternative shows the location of the stations with type A 

relationships. The robot is also placed since it was decided by indication of the company that it 

has to be its final position due to the safety reasons previously explained. 
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Figure 34. Alternative 2. “A” Relationships.  

 

Bellow are shown the stations with type E relationships. Proximity requirements between 

them are met as can be seen in the figure. 

 

Figure 35. Alternative 2. “E” Relationships.  
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The next relationship to study will be the represented by the letter I. The post cutting and 

storage stations are not very close to each other but it was decided to keep them that way to 

not move away other stations with more weight relationships between them. 

 

Figure 36. Alternative 2. “I” Relationships.  

The last step to get the final configuration of this option of plant layout is to check if type O 

relationships are satisfied. As shown in the figure the proximity between the stations is 

sufficient since it is a relation of relatively low importance. 
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Figure 37. Alternative 2. “O” Relationships.  

With all stations located according to the criteria set by the REL chart, the final layout of the 

number 2 alternative is shown in the next image. 

 

Figure 38. Alternative 2. Finished.  
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ALTERNATIVE 3 

Next is shown the last alternative created, in this alternative it was decided to vary the 

direction of the robot station, although in the same corner as in previous alternatives, to try to 

make better use of the space between the robot and the moulding station. 

It begins, as in previous distributions, by placing the type A relationship stations, as shown in 

the figure below. 

 

Figure 39. Alternative 3. “A” Relationships.  

 

Next are the locations of the stations relationships represented by the letter E. It can be seen 

that all the conditions of proximity between them are met without having to move any of the 

stations with type A relationships. 
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Figure 40. Alternative 3. “E” Relationships.  

With all the stations already placed in the facility, firstly is checked that the proximity of the 

stations with type I relationships is sufficient. As shown in the drawing it is not necessary to 

move any station since the proximity between them is enough for this kind of relationship. 

 

 

Figure 41. Alternative 3. “I” Relationships.  

The last step is checking the proximity of the stations with O relationship; this is shown in the 

illustration below. Although proximity is not high in all stations, approval is given to this layout 
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since any further movement would carry worsening the proximity between stations with 

stronger relationships. 

 

 

Figure 42. Alternative 3. “O” Relationships.  

As in previous cases the final layout for this alternative is shown below. 

 

Figure 43. Alternative 3. Finished.  
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5.3.3. Movements measurement using Simio simulation 

As discussed previously, to compare the three alternatives created, the distance traveled by 

each worker in each of them will be used as a criterion. As work sequence and workers 

assigned to each station will be used the same currently ran by the company. 

For these measurements, models from the three different alternatives developed in the 

previous section have been built in the program; this is done easily by simply moving the 

various elements in the plane until achieving the distribution looked for. 

To achieve this distance measure is necessary to introduce some changes in the model. First, 

with MyWorker selected in the Definitions window, a new discrete variable named “Total 

DistanceTreveled” is created using the States option. In this same Definitions tab, using the 

Elements option, an Output Statistic named “TotalDistanceTraveledStat” is created, to which is 

assigned the expression “TotalDistanceTraveled”; this previous modification will allow view on 

screen and in real time the distance traveled by each worker. The next change to perform will 

be in the paths through which operators circulate; with each of the paths selected in the 

properties window the Before Exiting option is used to assign the value 

“MyWorker.TotalDistenceTraveled + MyWorker.Movement” to the 

“MyWorker.TotalDistanceTraveled” variable. With the previous modification the length of the 

path will be added to the total distance traveled each time a worker circulates through it. 

Finally, to display a chart with this distance, a status label from the animation tab that shows 

the “TotalDistanceTraveled” expression is added to the Facility window. 

Once this new variable is created and with the desired layout of the stations the simulation 

parameters are configured. In this case the production of a single floor will be simulated, and 

later the three floors (approximate daily production) will be simulated and the distances 

traveled by each worker will be recorded. 

First, the source of work orders, the office, is adjusted to a single output of entities in the first 

case and three in the second. In the second case the parameter “interarrival time” is given the 

value 30 minutes so that in this way workers can simultaneously work on tasks of the three 

products to be manufactured. Next in the “run” tab the value “speed factor” is set to 10 to 

observe the carry out of the activities clearly. With all these parameters set the simulation 

starts by clicking “run”; it can be seen how the distance label from each worker varies its value 

as the operator moves. When the first floor had reached the storage in the first case or the 

third in the second case, simulation is stopped and the total distance traveled by each worker 

is noted down. 

A single repetition is performed for each case as the distances do not vary substantially by 

repeating the test. 

Below are shown the three alternatives and the results obtained from simulating the 

manufacturing of one floor. 
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ALTERNATIVE 1 

The following illustrations show the screenshots with the first layout made using the REL chart. 

The first corresponds to the 2D image and the second shows the result in 3D. 

 

 

Figure 44. Alternative 1. 2D Image.  
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Figure 45. Alternative 1. 3D Image.  

 

 

Figure 46. Alternative 1. Total distance traveled.  
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In the latter figure is shown the distance traveled by each of the three workers in the 

manufacture of a floor. 

 

ALTERNATIVE 2 

In the same way as in the previous alternative, the images in Simio Simulation of this layout 

are shown, with the corresponding distance for the same production. 

 

Figure 47. Alternative 2. 2D Image.  
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Figure 48. Alternative 2. 3D Image.  

 

 

Figure 49. Alternative 2. Total distance traveled.  
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ALTERNATIVE 3 

Finally, the same test is performed with the alternative number 3. Below are the screenshots 

of this layout. 

 

Figure 50. Alternative 3. 2D Image.  

 

 

Figure 51. Alternative 3. 2D Image.  
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Figure 52. Alternative 3. Total distance traveled.  

 

5.3.4. Results 

This section describes and analyzes the results obtained in relation to the design of the new 

plant layout for the company's new facilities.  

In the first place, three valid layout alternatives have been made using the REL chart, and it’s 

been checked that the use of only a part of the facilities is enough, with the consequent 

reduction of rent for the company as it only pays for occupied area. 

In these three alternatives all stations belonging to each of the branches of the process have 

been encompassed in a small area. Therefore it can be said that all of them meet this criterion. 

The results obtained in relation to measurements of distance covered to produce one floor are 

shown in the next table. 
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1 floor ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3 

WORKER 1 57,27 m 64,41 m 48,67 m 

WORKER 2 73,32 m 71,67 m 68,02 m 

WORKER 3 64,39 m 70,14 m 63,69 m 

TOTAL 194,98 m 206,22 m 180,38 m 

DIFFERENCE 7,5 % 12,5%  

Table 6. Distance traveled. 1 floor. Results.  

Observing these data is concluded that the alternative 3 produces a significant saving in terms 

of this criterion. This savings translates into 25,84 m and 14,6 m less compared to alternatives 

2 and 1 respectively.  

The results obtained from the case of manufacturing three floors are shown in the following 

table. 

3 floors ALTERNATIVE 1 ALTERNATIVE 2 ALTERNATIVE 3 

WORKER 1 178,00 m 188,68 m 154,67 m 

WORKER 2 293,93 m 300,94 m 281,59 m 

WORKER 3 182,98 m 200,47 m 184,66 m 

TOTAL 654,91 m 690,09 m 620,92 m 

DIFFERENCE 5,2 % 10,0 %  

Table 7. Distance traveled. 3 floors. Results. 

It is observed that although the difference of distances travelled between alternatives varies 

slightly the number 3 option remains the most favorable. These variations are mainly due to 

the different grouping of the branches preceding the moulding station. Daily saving on number 

3 alternative over 1 and 2 means, in this case, 33,99 m and 69,17 m of savings respectively. 

This data takes greater importance considering that many of these movements are made with 

material in some cases difficult to transport.  

Through the analysis of these data it is concluded that the most optimal plant layout for the 

company is the alternative number 3 by the savings of time and distance achieved with it. 

As a result of all these findings the recommendation to the company will be the use of the 

layout represented by the number 3 alternative. 
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5.4. SHORT TERM PRODUCTION SCHEDULING 

In this section the production scheduling for Blatraden AB company is performed, it begins by 

explaining the considerations taken into account and then two different possibilities for such 

scheduling are shown. 

It was decided the use of a Gantt chart because it is a line flow in which only one type of 

product is manufactured and the use of other more complex scheduling systems was not 

considered appropriated because they wouldn’t provide better results. 

For the elaboration of the chart a table with seven rows and a temporal bar on the horizontal 

axis has been constructed. Each of the first three rows depicts a worker while the bottom four 

rows are filled by activities that do not require operators to complete them. 

The following illustration shows this table for a working day. 

DAY 1

Worker 1

Worker 2

Worker 3

 Figure 53. Gant diagram template.  

5.4.1. Features 

Below are the features taken into account in the development of the scheduling. 

TASKS 

Each task will be represented in the diagram by a block that will have different sizes depending 

on the duration of the task. There are mainly three different types of operations regarding to 

their need for workers, these are: 

- Tasks that require one worker: These are the majority of the tasks that compose the 

process, will be represented by a block in one of the rows entitled to the workers. 
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- Tasks that require two operators: These tasks will be represented by two blocks, each 

of them will be assigned to a worker and obviously its start will be simultaneous. 

 

- Tasks that do not require workers: These are mainly drying tasks and will be placed in 

any of the five lower rows. 

 

Below is a table with the different tasks classified according to this criterion. 

One worker 
PreGlue Pipe, Drain Painting,  Fibers, Core Preparation, Robot Setup, Glue 
Core, Heating Cable, Dress Fiber A, Dress Fiber B, Mixing, Infusion Setup, 
Post Curing y Control. 

Two workers Core, Mould Closing y Mould Out. 

No workers Drying PreGlue Pipe, Robot, Drain Drying y Infusion + Drying. 

Table 8. Operations acording requirements of workers.  

The tasks of the different floors to be produced in a day will be differentiated by a color code. 

WORKERS 

As mentioned previously three workers represented in the upper three rows of the table are 

available. 

By indication of the company each of the three workers is considered differently. The worker 

number 1 will be the least skilled of the three and to the extent possible the more simple 

operations are assigned to him. The worker number 2 has an average ability and is considered 

capable enough to perform any kind of factory operation with total reliability. Lastly the 

worker number 3 is considered the most skilled of the three; therefore he will be assigned with 

the most transcendental tasks when available. 

The first two mentioned employees will have an eight-hour workday, from 8:00 to 11:30 in the 

morning and to 12:00 to 16:30 in the afternoon, developing all their work on the production 

plant. On the other hand, worker number 3 will combine his work at the plant with office 

work; his production work schedule will be from 8:00 to 11:30 in the morning and from 12:00 

to 13:30 in the afternoon, leaving the three remaining hours for other tasks. 

To assign tasks to each worker a classification of these in relation to its difficulty have been 

developed. Three degrees of difficulty have been considered in the table shown below. 
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Low difficulty 
PreGlue Pipe, Drain Painting, Fibers, Glue Core, Heating Cble, Dress 
Fiber A, Dress Fiber B. 

Average 
difficulty 

Core Preparation, Robot Setup, Mixing, Post Curing, Infusion Setup, 
Mould Closing, Mould Out. 

High difficulty Control. 

Table 9. . Operations acording difficulty.  

RESTRICTIONS 

- First, as the company only has two moulds this is the number of floors that can be 

manufactured simultaneously. Once there are two floors in process in the moulding 

area, the third will have to wait until one of them finishes the Mould Out operation. 

 

- There is only one Robot station, therefore the Robot setup operation and it 

consecutive Robot operation cannot be overlapped with these same operations of 

other floors. 

 

- Mixing operation must be done immediately before the start of the infusion activity to 

prevent hardening of the mixture. 

 

- PreGlue Pipe operation should always be done at the beginning of the workday since 

its drying time is long and the part must be available when the first floor leaves. 

 

- Operations are assigned to workers following the criterion mentioned in the previous 

paragraph, whenever possible. For worker 1 tasks of low difficulty will be considered 

whenever possible, although occasionally could perform average difficulty tasks. The 

worker number 2 will be preferably assigned to average and low difficulty task, 

although occasionally will perform high difficulty tasks. Finally the worker number 3 

will work preferably in high and average difficulty tasks. 

 

 

5.4.2. Criteria for the development of the scheduling 

Two different schedulings based on two different criteria have been developed. These are 

explained below. 

- Alternative 1: For this alternative a criterion has been mainly followed; to group all 

operations of the same floor as much as possible to make the products leave at regular 

intervals throughout the workday. Therefore in the diagram of this alternative a 

complete floor will be placed in first place, then the second floor, and so on. Will also 

be considered that two workers are responsible for each floor, this way all operations 

for one floor will be made by just two workers. 
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- Alternative 2: The criterion for this alternative is grouping of operations, that is, 

performing the same operations of all floors of the workday consecutively, as far as 

possible. Each of these operations will be performed, if possible, by the same worker 

in order to achieve a greater decrease of movements. 

 

 

5.4.3. Results 

In this first figure is shown the scheduling developed for the first alternative proposal. 
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Figure 54. Alternative 1. Gant Diagram 

 

In the figure below is the production scheduling for alternative number 2. 
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Figure 55. Alternative 2. Gant Diagram 

 

Two days are shown for each of the alternatives since day 1 will be different than those that 

follow that will always be equal to day 2. 

With the two alternatives is achieved a maximum daily production of 2 floors for day 1 and 4 

for the remaining days. Therefore the weekly production would be at 18 floors for the first 

week and 20 in the following weeks. 

The main conclusion that can be drawn from the observation of these schedules is the large 

amount of time in which the operators have not any task assigned. This is due to the existence 

of a bottleneck station, in this case the moulding, which has a high drying time in which 

operators are not required. Therefore this time cannot be used to perform other tasks as it is 
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the bottleneck which marks the cycle time of the system. To minimize the impact of this 

downtime, part of it can be used for clean and tidy tasks of the plant. 

Through the following graphs is shown the time spent by each employee in the 

accomplishment of the tasks as well as their percentage of the total available. 

First are shown those corresponding to the number 1 alternative 

 

Figure 56. Alt1. Working Time 

 

 

Figure 57. Alt 1. Efective Working Time 

 

The following graphs correspond to the alternative number 2. 
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Figure 58. Alt1. Working Time 

 

Figure 59. Alt 1. Efective Working Time 

By observing these latest figures it can be concluded that the percentage of time spent by each 

of the workers is similar for the two days and alternatives. 

 

ADVANTAGES AND DISADVANTAGES OF THE CONSIDERED SCHEDULINGS 

Alternative 1 

- Advantages 

o periodically output of finished products 

 

o Reduction of intermediate stocks, since only the needed materials at each 

time is prepared. 

 

o Workers perform a wide variety of tasks which may increase their motivation 

and enhance their versatility. 

 

o Each worker will have more responsibility on a floor. This can impact, also 

positively in their motivation. 
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- Disadvantages 

o The scheduling is more complex to follow by the employees given the diversity 

of task to be performed by each of them. 

 

o The distances covered by the workers are high since in each station they will 

only perform the tasks of the floor in production.  

 

Alternative 2 

- Advantages 

o Scheduling easy to follow by the workers because of the low number of 

different task to perform by each of them. 

 

o Large decrease in movements since all tasks of a station are performed 

consecutively. 

 

o If the same worker always performs the same tasks he will develop a great skill 

in them. 

 

- Disadvantages 

o Having to perform the same task repeatedly can cause loss of motivation in 

the employees. 

 

o Great increase in intermediate stocks waiting to be processed. 

 

o Loss of contact by the worker with the final product by not being present in 

most of the floor operations 

 

5.5. TIME MEASUREMENT 

 

5.5.1. Method  [7] [13] 

This chapter shows the process used to calculate the times of operation of each of the 

workstations of the plant. 

To obtain the standard times of operations has been used the method summarized step by 

step below. 

1. In the first place the activities to measure have been defined, which will be those that 

represent each of the stations included in the model. 
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2. The second step will be calculating the number of samples required of each of these 

activities to obtain reliable results; an equation that gives as a result the required 

number of elements in the sample to achieve a confidence level of 95,45% was 

selected. This equation is shown below. 

  (
  √  ∑   (∑ ) 

∑ 
)

 

 

Where: 

n = sample size to determine 

n´ = number of measurements of the preliminary sample 

x = measured values 

 

3. Then a worker performance factor is applied to each time; for this has been used 

tables in particular the standard scale 0-100. The table below shows a description of 

each value used. 

 

SCALE DESCRIPTION 

0 No activity 

50 
Very slow; clumsy, fumbling movements; operative appears half asleep, 
with no interest in the job. 

75 
Steady, deliberate, unhurried performance, as of a worker not on piece 
work but under proper supervision; looks slow, but time is not being 
intentionally wasted while under observation.  

100 (standard rating) 
Brisk, business-like performance, as of an average qualified worker on 
piece work; necessary standard of quality and accuracy achieves with 
confidence.  

125 
Very fast; operative exhibits a high degree of assurance, dexterity and 
coordination of movement, well above that of an average trained 
worker. 

150 
Exceptionally fast; requires intense effort and concentration; and is 
unlikely to be kept up for long periods; a “virtuoso” performance 
achieved only by a few outstanding workers. 

Table 10. Performance factor. [Source: Kanawaty George. Introduction to Work Study] 

4. Once a performance factor is assigned to each measured time, the Basic Time and the 

Average Basic Time is calculated for each task with the following equations. 
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∑          

                      
 

5. The next step will be assigning an allowance factor to each task. In this case two fixed 

factors corresponding to fatigue and physiological needs have been used. Another 

fixed factor was included due to the different condition among each task. 

 

6. The final step will be calculating the standard time using these last factors as shown in 

this equation. 

              
                  

                 
 

 

5.5.2. Results 

The following table shows the final result for the calculation. The steps can be seen in the 

appendix. 
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Operation 
Average Basic 
Time(min,s) 

Allowances Standard Time 
(s,min) Fatigue P. Needs Variable Total 

Fibers 07:30 450,1 0,04 0,06 0,07 1,17 526,6 08:37 

Drain Painting 02:28 148,4 0,04 0,06 0,02 1,12 166,2 02:46 

Core Prep 06:55 414,5 0,04 0,06 0,02 1,12 464,3 07:44 

Robot setup 03:35 214,4 0,04 0,06 0,02 1,12 240,1 04:00 

Glue Core  05:28 328,3 0,04 0,06 0,02 1,12 367,7 06:08 

Heating Cable 16:00 960,4 0,04 0,06 0,02 1,12 1075,7 17:56 

PreGlue Pipe 14:41 881,6 0,04 0,06 0,02 1,12 987,4 16:27 

Dress Fiber A 02:59 179,0 0,04 0,06 0,02 1,12 200,5 03:20 

Core 10:56 60,9 0,04 0,06 0,02 1,12 68,3 01:08 

Dress Fiber B 08:17 497,6 0,04 0,06 0,02 1,12 557,3 09:27 

Mould Closing 11:25 685,0 0,04 0,06 0,02 1,12 767,2 12:47 

Mixing 10:27 627,2 0,04 0,06 0,02 1,12 702,4 11:42 

Inf Setup 11:01 660,5 0,04 0,06 0,02 1,12 739,8 12:20 

Mould Out 16:13 972,9 0,04 0,06 0,02 1,12 1089,6 18:10 

Postcutting 12:54 773,6 0,04 0,06 0,04 1,14 881,9 14:42 

Control 02:41 160,8 0,04 0,06 0,02 1,12 180,0 03:00 

Table 11. Standard Time 

 

Some important conclusions can be drawn as a result of the calculation of these times 

Firstly it has been observed in a few stations, mainly in the mould closing and mould out 

operations, that the time dispersion is very high. This could indicate that how to perform such 

activities are not sufficiently defined, both in the way of doing it and in the number of 

employees who perform it. This dispersion is a major problem to simulate these activities and 
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for the scheduling since an average time which in some cases will not be representative of 

reality will have to be used. Therefore, it is recommended to define clearly and in writing the 

way of carrying out these tasks. 

On the other hand the small variations observed in the measured times in other activities may 

be due to the worker performing the task or the time of day in which the task was performed 

since the performance of each worker varies throughout the day. The first of these causes is 

expected to be resolved over time by workers acquiring greater skills thus achieving greater 

uniformity in operating times. 

The study of times shown here represents a useful tool for the company to follow the 

evolution of their production times that should decrease progressively according to the curve 

of the experience. Moreover, conclusions are also drawn to know what activities should be 

analyzed more in depth and in which it is possible a reduction of time
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6. CONCLUSIONS 
 

Findings arising from the work in Blatraden AB 

- Great importance of an appropriate selection of the plant layout for the success of the 

company. 

 

- The importance of performing careful consideration before implementing such layout, 

deepening the study of each of the elements of the productive system and the 

relationships between them. 

 

- Besides the theoretical study, it is essential to perform tests on the actual plant or on a 

model that represents its behavior. 

 

- The Simulation model has proven useful, not only to choose the plant layout, but also 

to study the effect of potential changes in the productive system or to study future 

scenarios. The latter is of vital importance in such a changing environment. 

 

- Performing a precise scheduling of the productive activities allows simplifying the 

monitoring of the work orders by the staff and the control of these by the scheduler. 

 

- By scheduling, areas for improvement can be located, in this case allows quantifying 

downtimes and knowing what causes it. On this occasion they are mainly due to the 

existence of a bottleneck, the moulding station. 

 

General findings of the thesis: 

- Need to consider the production system as a whole with relationships and not as 

isolated units for optimum results. 

 

- Great potential of simulation programs to accurately represent real systems. 

 

- The importance of a thorough study of all parts of the system, such as the operating 

times, to correctly customize each element of the simulation model. 

 

- At the time of selecting the system to schedule the production, it is essential to opt for 

a simple, flexible model that facilitates the introduction of changes. To choose this 

model, in the first place should be studied the production type, the number of 

different products, etc 
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7. FURTHER DEVELOPMENT 
Listed below are several lines of work that might be followed based on this master thesis. 

 

- Introduction of data about materials consumed in the computer model of the plant in 

order to keep a more precise control of its consumption and estimate future 

consumption in various situations. 

 

- Introduction of cost data in the simulation model allowing the possibility of predicting 

the costs in various scenarios. 

 

- Acting on the deficiencies found by the study of the schedule, through improving the 

moulding system. 

 

- Acting on workstations on which by measurement of time has been observed a wide 

dispersion in them to get these times to be as constant as possible. 
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APENDIX 
 

The following tables show the steps for calculating the operation time of each station. 

Since time measurements were made in a few days in some cases the measures needed for 

the calculation weren’t obtained, while in other tasks were obtained more than required. 
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Operation Sample nº Time (s) x² Σx Σx² (Σx)² n´ n 

Fibers 
 
 
 

 

1 472 222784 2988 1491072 8928144 6 4 
2 476 226576          
3 490 240100          
4 494 244036          
5 526 276676          
6 530 280900           

Drain Painting 
 

 

1 148 21904 665 111253 442225 4 11 
2 182 33124           
3 175 30625           
4 160 25600           

Core Prep 
 

 

1 434 188356 1707 729753 2913849 4 2 
2 398 158404           
3 447 199809           
4 428 183184           

Robot setup 
 
 

 

1 215 46225 877 192399 769129 4 1 

2 226 51076           

3 223 49729           
4 213 45369           

Glue Core 
 
 

 

1 310 96100 1361 464805 1852321 4 6 

2 332 110224           

3 359 128881           
4 360 129600           

Heating Cable 
 
 

 

1 1101 1212201 4288 4599946 18386944 4 1 

2 1035 1071225           

3 1054 1110916           
4 1098 1205604           

PreGlue Pipe 
 
 

 

1 813 660969 3445 2970305 11868025 4 2 

2 884 781456           

3 866 749956           
4 882 777924           

Dress Fiber A 
 
 

 

1 215 46225 836 174870 698896 4 2 

2 200 40000           

3 207 42849           
4 214 45796           

Core 
 
 

 

1 65 4225 245 15051 60025 4 5 

2 61 3721           

3 63 3969           
4 56 3136           

Dress Fiber B 
 

 

1 551 303601 2204 1214466 4857616 4 1 
2 552 304704           
3 545 297025           
4 556 309136           
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Operation Sample nº Time (s) x² Σx Σx² (Σx)² n´ n 

Mould Closing 
 

 

1 777 603729 2799 1979951 7834401 4 19 

2 585 342225           

3 746 556516           

4 691 477481           

Mixing 
 

 

1 661 436921 2614 1708482 6832996 4 1 

2 658 432964           

3 654 427716           

4 641 410881           

Inf Setup 
 

 

1 670 448900 2621 1717889 6869641 4 1 

2 661 436921           

3 642 412164           

4 648 419904           

Mould Out 
 

 

1 1144 1308736 4027 4274041 16216729 4 85 

2 1312 1721344           

3 856 732736           

4 715 511225           

Postcutting 
 

 

1 829 687241 3417 2920961 11675889 4 1 

2 836 698896           

3 882 777924           

4 870 756900           

Control 
 

 

1 160 25600 717 129561 514089 4 13 

2 202 40804           

3 169 28561           

4 186 34596           
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Operation Sample nº Time (s) Worker Rating B. T. (s) Av. B. T. (s) 

Fibers 1 472 110 519,2 450,1 

2 476 100 476,0   

    3 490 100 490,0   

Samples Required 4 4 494 100 494,0   

Samples Obtained 6 5 526 75 394,5   

    6 530 75 397,5   

    7 448 100 448,0   

    8 490 100 490,0   

    9 490 100 490,0   

    10 514 75 385,5   

    11 531 75 398,3   

    12 557 75 417,8   

Drain Painting 1 148 110 162,8 148,4 

2 182 75 136,5   

    3 175 75 131,3   

Samples Required 11 4 160 100 160,0   

Samples Obtained 6 5 149 110 163,9   

    6 189 75 141,8   

    7 178 75 133,5   

    8 157 100 157,0   

    9 151 100 151,0   

    10 195 75 146,3   

Core Prep 1 434 100 434,0 414,5 

2 398 110 437,8   

    3 447 75 335,3   

Samples Required 2 4 428 100 428,0   

Samples Obtained 2 5 420 100 420,0   

    6 432 100 432,0   

Robot Setup   1 215 110 236,5 214,4 

    2 226 90 203,4   

Samples Required 1 3 223 100 223,0   

Samples Obtained 1 4 213 110 234,3   

    5 233 75 174,8   

Glue Core    1 310 125 387,5 328,3 

    2 332 100 332,0   

Samples Required 6 3 359 75 269,3   

Samples Obtained 6 4 360 75 270,0   

    5 321 125 401,3   

    6 325 100 325,0   

    7 344 75 258,0   

    8 362 75 271,5   

    9 296 125 370,0   

    10 319 125 398,8   
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Operation Sample nº Time (s) Worker Rating B. T. (s) Av. B. T. (s) 

Heating Cable   1 1101 75 825,8 960,4 

    2 1035 110 1138,5   

Samples Required 1 3 1054 100 1054,0   

Samples Obtained 1 4 1098 75 823,5   

    5 1031 110 1134,1   

PreGlue Pipe   1 813 110 894,3 881,6 

    2 884 100 884,0   

Samples Required 2 3 866 100 866,0   

Samples Obtained 2 4 882 100 882,0   

    5 889 100 889,0   

    6 911 75 683,3   

Dress Fiber A   1 215 75 161,3 179,0 

    2 200 100 200,0   

Samples Required 2 3 207 75 155,3   

Samples Obtained 2 4 214 75 160,5   

    5 206 75 154,5   

    6 194 125 242,5   

Core   1 65 100 65,0 60,9 

    2 61 100 61,0   

Samples Required 5 3 63 100 63,0   

Samples Obtained 5 4 56 110 61,6   

    5 60 100 60,0   

    6 64 100 64,0   

    7 56 110 61,6   

    8 59 100 59,0   

    9 71 75 53,3   

Dress Fiber B   1 551 100 551,0 497,6 

    2 552 75 414,0   

Samples Required 1 3 545 125 681,3   

Samples Obtained 1 4 556 75 417,0   

    5 566 75 424,5   

Mould Closing   1 777 100 777,0 685,0 

    2 585 125 731,3   

Samples Required 19 3 746 75 559,5   

Samples Obtained 6 4 691 125 863,8   

    5 796 100 796,0   

    6 567 125 708,8   

    7 768 75 576,0   

    8 715 75 536,3   

    9 752 75 564,0   

    10 590 125 737,5   
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Operation Sample nº Time (s) Worker Rating B. T. (s) Av. B. T. (s) 

Mixing   1 661 100 661,0 627,2 

    2 658 75 493,5   

Samples Required 1 3 654 100 654,0   

Samples Obtained 1 4 641 100 641,0   

    5 624 110 686,4   

Inf Setup   1 670 75 502,5 660,5 

    2 661 100 661,0   

Samples Required 1 3 642 110 706,2   

Samples Obtained 1 4 648 100 648,0   

    5 628 125 785,0   

Mould Out   1 1144 100 1144,0 972,9 

    2 1312 75 984,0   

Samples Required 85 3 856 100 856,0   

Samples Obtained 6 4 715 125 893,8   

    5 1241 75 930,8   

    6 1302 75 976,5   

    7 1299 75 974,3   

    8 723 125 903,8   

    9 1274 75 955,5   

    10 1110 100 1110,0   

Postcutting   1 829 100 829,0 773,6 

    2 836 100 836,0   

Samples Required 1 3 882 75 661,5   

Samples Obtained 1 4 870 75 652,5   

    5 808 110 888,8   

Control   1 160 100 160,0 160,8 

    2 202 75 151,5   

Samples Required 13 3 169 100 169,0   

Samples Obtained 5 4 186 75 139,5   

    5 169 100 169,0   

    6 195 75 146,3   

    7 167 100 167,0   

    8 157 100 157,0   

    9 150 125 187,5   

 


