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Part 1)

Objectives and Methodology.
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1.1. Project objectives
Theoretical framework
-

Collect information about the planning process of a productive space and express it in a
simplified and practical way.

-

Consider and analyze the different factors that can affect industrial planning (people,
times, materials, tools, etc.)

-

Know "modern" concepts derived from Lean Manufacturing and see how they interact
with the initial planning concepts.

Practical framework
-

Apply the previously defined theoretical concepts to a real case (knowledge of the
product, time measurement, operations balance and plant distribution).

-

Analyze how the application of theoretical concepts to reality works and the problems
encountered.

-

Create a tool that facilitates the implementation of industrial organization guiding the user
throw the process.
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1.2. Methodology used
The manufacture of products for their subsequent sale is something that has been done since the
beginning of time in order to obtain benefits. When these products are made in large quantities,
they are industrialized to improve efficiency and thus increase said profits.
The analysis of everything that the industrialization of a product entails can be as complete as
desired. The aim of this thesis is to focus only on the productive aspect of the process. For this
reason, and to synthesize the information provided, a series of premises are established:
-

The sales, buying, and logistics processes, among others, although directly or indirectly
related to production, will not be discussed.

-

The product is fully designed and tested, not a prototype.

The practical framework of the thesis will be based on the industrialization of the 2019 side
loading container (SLC) model, designated as ICON, produced by the company Ros Roca. The
product, as defined by the premises, is considered complete and definitive, but it has not yet been
produced in large quantities (more than 10 units per project).
The final objective is to obtain a methodology that allows to carry out the necessary considerations
and calculations to set out the production depending on the project (units, period, models, etc.) so
that it can be applied to other production systems with similar characteristics (line production).
Since the objective of the project is to transmit basic knowledge of industrial organization and
make it accessible to as many people as possible, the work will be carried out in English, although
the main research language is Spanish. The application of the theoretical concepts, as it is the real
work carried out in a Spanish company, will also be in the own language. In the future, and after
the consolidation of the proposed organization, all documentation will be translated into English
for use by subsidiary companies or foreign clients.
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Part 2)

Theoretical framework. Study of the
organization of production.
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2.1. Organization and management of production systems
A company can manage both its organizational and productive structure depending on their
resources and the type of products it offers. Then, the mass production of consumer goods will
have nothing to do with the offer of services, but in both situations a structure will be needed to
control the capacity and quality of the processes involved in obtaining the final product.
This organizational task of the processes, despite being vital from the birth of the idea of a new
product, is often not taken into account until the end of its design, which can lead to the creation
of unviable products as for production, either due to high costs or manufacturing impossibilities.
In this way, the involvement in the definition of the processes will not be the same for different
stages of product life:

Figure 1. Product vs. process lifecycle representation. (Chase & Aquilano, 1994)

Process design can be conditioned by the following factors, among others:
- The structure of the product (complexity, homogeneity, etc.).
- The adaptability needs of the production, for example, depending on the location of the
customer.
- Cash flow control and availability of financial resources.
- The degree of participation of the customer or suppliers in the production, taking special
importance in the case of services.
The elaboration of a good design of the production process is fundamental for the company, as it
affects the costs, the level of quality, the flexibility and the degree of satisfaction of the staff, and
10
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involves the choice of equipment. and certain facilities that will normally have to be maintained
for a long period of time.

2.1.1. Productive system types
The characteristic that is generally used when classifying the different types of productive
configurations, is the continuity in the production of the product, that goes hand in hand with the
type of demand. In this way, most of the productive systems can be classified according to this
graph:
Productive
process types
classification

Production by
projects

Production by
lots

Job-Shop

Continuous
production

On line

Workshop
configuration

Batch
configuration

Figure 2. Classification of productive process types. (Castán Farrero, Guitart Tarrés, & Núnez Carballosa, 2005)

It should be noted, however, that not all organizations adjust strictly and concretely to a
configuration. They can also be found at a midpoint or even vary in configuration depending on
the situation.

Production by projects
A configuration of production by projects is used when unique and complex products or services
are developed. This means that every time a product is produced, the processes involved may
vary. This makes planning remarkably difficult, as the resources required for process-related
activities cannot be accurately determined if they have not previously been carried out. Tasks
such as defining the order of operations, timing them, or allocating spaces can only be estimated
more or less accurately previous to the beginning of the actual production.
When working on a specific project, the workspace is normally fixed point, making the necessary
equipment and personnel to move around. Therefore, in this type of production, there is reference
to the sequence of operations instead of the flow of the product.
A typical example of project production would be the construction of a building.
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Production by lots: Job-Shop vs. line configuration
In lots configuration, also called intermittent production, the same facilities are used to produce
different products.
Depending on the size of the lots, the variety of products produced and the characteristics of the
processes involved, the following situations can be found:
1) Job-Shop configurations produce more or less small batches of a wide variety of products.
This is usually "tailor-made" or with many configurable options, so the degree of
standardization in production is virtually zero. Within this situation, two different types of
work methodology can also be distinguished:
a) Workshop configuration: used when a small number of operations are required that do
not require specialization and can be performed by the same worker or group of workers.
These are in charge of the complete production of the batch and use the different work
centers to carry out the necessary operations.
A typical example of a workshop setup would be a car repair shop.
b) Batch configuration: applies when the process requires more operations and are more
complex than in the previous case. They may require specialization, so it is difficult for
the same operator to carry out all the necessary operations.
In this case, the product supports different versions, but will not be as specific as in the
configuration for workshops and this allows you to begin to acquire a certain degree of
standardization in the processes. Larger batches can be assimilated and more specialized
machinery is used, but flexibility is maintained.
2) Line configuration is used when large slots of one of a small variety of products are produced,
which may be apparently different but technically homogeneous, i.e., they are consolidated
from the same type of operations.
Jobs are distributed online in the order of these operations.
Examples of online configurations could be a fast-food restaurant, or an assembly line as will
be worked on in the case study, in which case a product flow is already established that will
always be the same.

Continuous production
Continuous or serial production is based on line configuration but goes a step further in terms of
process optimization, eliminating waiting and / or idle times and always carrying out the same
operations as a whole. The two characteristics that define this type of production configuration
are homogeneity and repetitiveness.
The conditions that must be met for a product to be mass-produced are as follows:
-

Fully standardized product or service. In any case, if there are variations, they should do
so when leaving the production chain.
12
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-

Constant and uniform demand.

-

Reliable supply by suppliers.

-

Continuous maintenance of equipment to avoid breakdowns that cause downtime.

-

A balanced process that avoids bottlenecks and other inefficiencies that generate
downtime.

-

Standardization and optimization of processes to avoid errors and subsequent rework.

Table 1. Comparative table of the different types of production configurations: (Domínguez Machuca & others, 1995)

Types

Process
Repeatability
homogeneity

By projects

None

None

Workshop

Very low

Very low

Batch

Low

Low

Line

Medium

Medium

Continuous

High

High

Capital
Client
Output
Flexibility
requirement
involvement
volume
Zero
Unique
High
High
One or few
automation
Zero or low
Tailorautomation
High
High
Very low
made
and low
investment
Low
Many
automation
Medium
Medium
Low
variants
and
investment
Medium
Few
automation
Low
Low
Medium/High
variants
and
investment
High
automation
Standard
None
None
Very high
and
investment
Product
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2.2. Design of the productive process
The design of a productive process consists of defining the tasks that constitute a specific work,
who is responsible for its implementation, and how they will be carried out.
Before working on the definition of a product fabrication process, it is essential to have deeply
awareness of it and, during its development, it will be necessary to consider not only the aspects
referring exclusively to the material production itself, but also to the environment, the workers
and working conditions.
Any production process can be divided into elements. Various nomenclature is often used to refer
to these elements. In this project, it is proposed to use “operations” to refer to the main elements
that constitute the complete manufacture of the product. The lower elements that constitute said
operations will be referred to as "sub-operations". Finally, the concept of “activities” will be used
for specific actions contained in the operations and sub-operations.
There is an example below of the application of the proposed nomenclature in a basic diagram
that shows the possible fabrication process of a simple wooden table. It is necessary to emphasize
that the exact process of making a wooden table is unknown. The following process is described
just as an example:

Figure 3. Sample image for the production example of a wooden table.
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Operation
Sub-operation

❖ 1. Cut the wood
➢ 1.10. Cut the board
▪

Take a 5 cm thick wooden board and place it on the worktable.

▪

Cut a rectangular surface (tabletop) measuring 120x80 cm using the
worktable saw. (!) Cut taking advantage of the corners of the board
to reduce wasted material.

▪

Remove the board from the worktable and save the board for future
uses or deposit the remainders in the recycling container for wood.

Activities

➢ 1.20. Cut the legs
▪

Take a 50x50x300 cm wooden post and place it on the worktable.

▪

Divide the post into 4 legs of 70 cm each using the worktable saw.

▪

Deposit remaining wood in the recycling container for wood.

❖ 2. Assemble the table
➢ 2.10. Attach legs to the tabletop
▪

Adapt assembly tool for the desired table dimensions (120x80x75).

▪

Place the board on the assembly tool with the upper part facing up.

▪

Fit leg in the corners under the board. Nail board to leg using 4 x 80
cm nails.

➢ 2.20. Assemble rubber bumpers
▪

4x Adhere bumpers to the base of the leg with wood glue.

❖ 3. Apply finishes
▪

Sand visible surfaces of the table with sander + G125 sandpaper.

▪

Varnish visible table surfaces with thick brush + wood varnish.

Figure 4. Proposed nomenclature application to a production process example.
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2.2.1. Methods analysis
Before defining the set of activities, sub-operations and operations into which the production
process will be divided, it is necessary to anticipate the way in which they will be carried out
trying to make it in the best possible way. The goal of studying working methods is to find the
best way to do the job to increase overall productivity.
An indicative way to carry out this study is to follow these four steps:
1) Define the action to be analyzed and consider all the factors to take into account
(necessary materials and tools, movements, previous preparations, etc.)
2) Evaluate the method in which it would be carried out. It is very helpful to have the
experience and / or the opinion of experienced operators.
3) Contemplate alternatives. Vary the order of movements, location of materials and other
factors of the initial approach and assess how they affect the method.
4) Based on the considerations made, select the method that is considered optimal to carry
out the action.
This is not just a pre-production planning task. The analysis of the methods is a recurring task
that must be carried out as the production develops.

2.2.2. Operations description
The previous knowledge acquired is key, as it will allow to take into account and conceive the
distribution of the defined actions taking into account the practicality and dynamism of these,
considering, of course, the dependencies between them.
Simple examples of application of this reflection exercise could be when grouping, whenever the
workflow allows it, actions where the same tools are used or those that require two operators to
be carried out the best possible way (from method analysis).
There is no pre-established rule regarding the number of operations into which the actions that
consolidate production must be divided, nor a pattern to do so, but it will vary depending on the
product and the working conditions and customs.
As it has been seen in the example of the wooden table (Figure 3), the actions will be distributed
in sub-operations that will also be grouped in operations. An established way of documenting
such a distribution is the use of “Work / Job Instruction Sheets (WIS / JIS)”.
A Work Instruction Sheet is a document format within the company, which function is to describe
the methodology and collect all the necessary information so that the reader can carry out an
operation, with its respective actions, in the way in which it has been defined. It lists the steps of
the job, detailing any special knack that may be required to perform the job safely with utmost
quality and efficiency.
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Figure 5. Work Instruction Sheet template (https://www.avix.es/applications/process-documentation).

Apart from for production planning and its corresponding documentation, these WIS can be useful
to train new operators or for experienced operators to reconfirm the right methods.
The operations that consolidate the entire elaboration of the final product will be numbered
according to the order in which they are carried out.
For this project, it has been developed a specific format adapted to its needs and in accordance
with the business standard:
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Figure 6. WIS template adapted and used in this project.

The sheet is designed to have dimensions of A3 paper (297 x 420 mm), which can be divided into
two A4 sheets. Starting with what would be the sheet on the left, the upper part contains generic
information such as safety signs to be respected, general instructions and special alerts. Below,
the specific work instructions, where the sub-operations and actions that make up the operation
are collected, expressed in a clear, concise and impersonal way, always using imperative language
so as not to give rise to ambiguities. The time granted by each sub-operation is indicated and the
actions with critical aspects to be taken into account are highlighted. At the bottom there is a table
that lists the references and quantities of the components used.
The right sheet shows information about the operation and the WIS, a table that lists the tools and
equipment used in the different sub-operations and images accompanied by other visual aids and
alerts that complement the description of the actions.
For a complete description of the productive process, it is necessary to collect the aforementioned
information for all the operations into which the production is divided. Using these templates is
helpful in collecting and tracing the resulting documentation.
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2.3. Time study
"Work measurement is the application of techniques to determine the time a qualified worker
spends in carrying out a defined task, carrying it out according to a pre-established norm of
execution." (OIT, 1977)
“The time study is a work measurement technique used to record the work times and rhythms
corresponding to the elements of a defined task, carried out under certain conditions and to
analyze the data in order to find out the time required to carry out the task according to a preestablished standard of execution. " (OIT, 1977)
Once the product is known in depth and the activities that make up its manufacture have been
grouped into operations, one can proceed to measure the time it takes to carry out these activities.
This information will be crucial for planning since it allows, above all, to know the production
capacity based on the manufacturing time of a unit, but it also allows balancing the workload of
the operators or assessing possible changes to adjust production according to demand.
There is the possibility of estimating very precisely the times that certain activities take even
before carrying them out thanks to predetermined time systems (2.3.8. MTM method). This option
is key for pre-production planning but can be complex to implement. In this project, due to the
conditions of the working environment analyzed, the conventional time measurement will be
used, which is the most used form of industrial time control.

2.3.1. Time study stages
This section aims to develop the necessary concepts to carry out the measurement of times in a
successful and accurate way and to simply and methodically expose them, to later facilitate their
application. These are the phases or stages to be followed in the process:
1) Know and analyze all possible information about the operator's task and the conditions
that may influence the execution of the work.
2.2.1. Methods analysis
2) Carry out an evaluation to verify that the best working methods are being used.
2.2.1. Methods analysis
3) Group actions into operations and record a complete description of the method in a
standard format (e.g. WIS).
2.2.2. Operations description
4) Measure the time with appropriate instruments, and record the time invested by the
operator in performing each element of the operation.
2.3.2. Timing
5) Simultaneously with the time measurement, determine the work activity of the operator
by correlation with the normal work rhythm.
2.3.4.
6) Activity factor
7) Analyze the consistency of the data and rule out irregularities.

2.3.2. Timing

8) Convert observed or measured times into normal or basic times.

2.3.4.
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9) Activity factor
10) Determine the supplements that will be added to the normal or basic time of the operation.
2.3.6. Supplementary times
11) Determine the standard times or type of the elements and the total time granted for the
operation.
2.3.7. Standard time

2.3.2. Timing
All the data relating to the circumstances in which the work is carried out, the methods and the
activity in the execution of the action to be timed must be recorded.
It is necessary to have the appropriate tools to carry out the review at the time of conducting it. It
is recommended to have previously established a template and have the appropriate measurement
tools to fill it out.
The template to use to carry out this task could have this format, used in this project:

Figure 7. Example of template used for timing procedure.

The template is designed so that for each element (action, sub-operation or operation) measured,
time and activity are valued simultaneously. It is also designed for taking various measurement
cycles, to later calculate its average.
Once the timing has been made, the recorded data and elements must be critically examined in
order to eliminate irregularities.

2.3.3. Timing units
It is important to know that for certain kinds of jobs the conventional units of time are too large,
so specific units such as dmh, UMT or wink have been created:

20

Technical analysis of the industrialization
process of a product

Table 2. Time units used in industrial timing:

Unit

h

min

s

cmin

mmin

dmh(°°)

cmh
(UMT)

wink

h

-

60

3600

6000

60000

10000

100000

120000

min

1:60

-

60

100

1000

500:3

5000:3

2000

s

1:3600

1:60

-

5:3

50:3

25:9

250:9

100:3

cmin

1:6000

1:100

3:5

-

10

5:3

50:3

20

mmin

1:60000

1:1000

3:50

1:10

-

1:6

5:3

2

dmh(°°)

1:10000

3:500

9:25

3:5

6

-

10

12

cmh (UMT)

1:100000

3:5000

9:250

3:50

3:5

1:10

-

6:5

wink

1:120000

1:2000

3:100

1:20

1:2

1:12

5:6

-

2.3.4. Activity factor
The concept of activity can be defined as the set of factors that, without changing the method or
the intrinsic conditions of the work, influence the execution time of an operation or an operation
element. At present, there are no other means to arrive at the normal execution time, than the
appreciation of activities.
Normal activity is understood to be that carried out by an average worker trained in his work,
aware of his responsibility, under competent direction, using the pre-established operating method
and working without the encouragement of an incentive remuneration. The establishment of the
normal walking speed of 4.5 km / h can be taken as a reference.
The optimal activity is the maximum that a worker can develop, on average, working eight hours
a day, without loss of professional capacity.
There are different methods of assessing the pace of work such as leveling or predetermined times,
but it is a really complex exercise that requires specific training and practice, so its
implementation will not be deepened.
To understand the application of the activity factor, it is only necessary to know, in a generic way,
that the most commonly used scale in determining the degree of activity is the centesimal. It
contains values from 60 to 133 in intervals of 5, with 100 being the value attributed to normal
activity and 133 to the optimal one. Most activities are between 70 and 130:
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133 → Optimal
130 → Very good
125
120 → Really good
115
110 → Good
105
100 → Regular
95
90 → Less than regular
85
80 → Moderate
75
70 → Less than moderate
65
60 → Bad
Figure 8. Standard scale of assessment of the activity factor.

Then, for example, if a time is measured with less than regular or normal activity, a correction
should be applied to adjust it to what would be the normal time result.
In applying this assessment, it must also be taken into account that the criterion must be uniform
between different time meters. For this reason, internally, activities appraisal practices in typical
exercises can be carried out as a group to formulate a criterion for estimating the coinciding
activity.

2.3.5. Number of observations
When timing, there is always a variation in the times and in the activities that correspond to the
same operation. It would be ideal that the products of times by activities always give the same
result, but in practice this does not happen to "random" factors. Therefore, considering these
variations in the observed times, several observations must be taken in order to obtain a valid
average value.
The definition of the number of observations has to be considered and will be limited both by the
cost of data collection and by the minimum precision required. The cost of data collection will
depend mainly on internal factors of the company, such as the salary of the person responsible for
carrying it out. There are different methods to theoretically calculate the minimum number of
observations to make. The steps to apply one of them are described below:
1) Take a sample of 10 measurements if the cycles are ≤ 2 minutes and 5 readings if the
cycles are > 2 minutes. This is because there is more reliability in longer times, than in
very short times where the probability of error is more significant.
2) Calculate the range or interval of the cycle times, that is, subtract the shortest time of the
sample from the greater time:
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𝑅 = 𝑡𝑚𝑎𝑥 − 𝑡𝑚𝑖𝑛
3) Calculate the arithmetic mean or average:
𝑡𝑜 =

∑ 𝑡𝑖
𝑛

; n = number of measurements

4) Find the quotient between the range and the mean:

𝑅
𝑡𝑜

5) Find that quotient in the following table, in the column (R / X), the value corresponding
to the number of samples carried out (5 or 10) is located and there is the number of
observations to be made to obtain a confidence level 95% and an accuracy level of ± 5%:

Figure 9. Coefficient table for calculating the minimum number of observations.

2.3.6. Supplementary times
The basic (or normal) time is the one obtained from the timing and includes all the times required
by the task itself (preparations, taking tools, etc.).
Supplementary times include all the other times that are equally necessary for the execution of
the task. It is determined by personal needs, time of rest and others.
It must be taken into account that the times derived from unforeseen disturbances such as machine
breakdowns, power cuts, or lack of tools or materials are not considered.
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The different types of overtime and when and how to apply them are listed below:

Figure 10. Supplementary times diagram. (Salazar López, s.f.)

Personal needs
It applies to the inevitable cases of abandonment of the job to go to drink, wash or go to the toilet.
A 5% coefficient is usually assigned, which is 24 minutes in an 8-hour shift.

Fatigue coefficients
Its purpose is to preserve the skills of the operator at work in order to obtain a good continuous
average activity and avoid fatigue and exhaustion caused by work. A coefficient of 4% is usually
assigned.

Recovery coefficients
System of variable supplements according to the situation that are calculated as percentages of
the basic times:
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Figure 11. Table of supplements as a percentage of basic times. (Salazar López, s.f.)

As can be observed from the table, most of the recovery coefficients can be avoided by improving
working conditions.

Unavoidable delays
They occur independently of the will of the operator. Some common examples would be filling
out parts or reports, keeping the work area clean, waiting for materials, receiving instructions, etc.
The importance and real necessity of these actions must be assessed to see if they are really
unavoidable. When applied, the limits of 4% of the productive time, as a maximum, for old
workshops and 2%, also as a maximum, for modern workshops, must always be respected.
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2.3.7. Standard time
With the recording of the temporal and activity data previously taken and reviewed, and the
assignment of additional times to the operations, the representative standard time of each element
can be calculated as follows:

Observed time (to)

Normal time (tn)

• x Activity factor

• + Supplements

Standard time(tc)

Figure 12. Time conversion diagram.

It is defined as basic or normal time (tn) that a worker spends when performing a certain operation
at normal activity, without recovery time. Se calcula aplicando el criterio del factor de actividad
al tiempo observado (to):
𝑡𝑛 = 𝑡𝑜 ·

∑ 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦𝑖
𝑁𝑜𝑟𝑚𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦∗𝑛

; 𝑛 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑠

The time attributed per element or standard time (tc) is calculated with the addition of the
supplements to the normal time:
𝑡𝑐 = 𝑡𝑛 · (1 + 𝑆𝑢𝑝𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑠/100)
The standard time of an operation is calculated from the times granted to the elements that make
it up:
∑ 𝑡𝑐 = 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑡𝑖𝑚𝑒 (𝑇𝑐 )
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Figure 13. Standard time calculation.

2.3.8. MTM method
Until now, the study of times based on the observation and control of the job done has been
proposed. As expected, to carry out this task it is necessary to have implemented, at least,
production tests to be able to analyze them.
Although they will not be developed in this project, it is important to know the existence of
predetermined time systems that allow estimating very precisely the times that certain activities
take even before carrying them out.
The Methods-Time Measurement (MTM) is a predetermined motion-based time measurement
system that is used primarily in industrial environments to establish the standard time in which
the various operations within a process must be completed.
The MTM-2 is based on the observation of manual movements carried out throughout an
operation. It is a procedure in which any manual operation is analyzed according to the basic
movements necessary to perform it and assigns to each movement a predetermined time standard
that is determined by the factors that influence, for example, the distance reached or the grade of
control under the which is done. Thus, sequences of movements such as "get" or "pull" can be
broken down into basic movements such as "reach", "grasp", "move", "position" or "release":
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Figure 14. MTM-2. Sequence of basic movements.

Its implementation is complex since it requires the precise predetermination of the times assigned
to the different basic movements in multiple conditions, so its internal application is complicated.
Due to the advantages provided by its impartiality and precision, it is the method to resort to in
the case of outsourcing the time control of an assembly or in the case of wanting to estimate its
time even before it is carried out.
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2.4. Assembly line balancing
As already mentioned in (2.1.1. Productive system types), in situations where the desired output
is high, it is chosen to distribute the workflow in line, so that the product moves through
specialized stations, where a certain operation is applied to it.
This distribution implies that if one station requires more time than others, it will act as a
bottleneck, generating idle time in the other stations and reducing the productivity of the line.
The goal of line balancing is to adjust the workload between different stations to prevent this from
happening. The process of balancing a line can be broken down into the following steps:
1)

Identify assembly operations.

2.2. Design of the productive process

2)

Define standard operating times and dependencies.

3)

Calculate cycle time (TAKT time).

4)

Determine the minimum number of stations required.
of line capacity

2.3. Time study

2.4.1. Determination of line capacity
2.4.1. Determination

5) Assign operations to stations in a balanced way and respecting dependencies.
2.4.2. Operations assignment to workstations

2.4.1. Determination of line capacity
TAKT time
Based on the demand requirements, the production per unit of time (or line capacity, Q) that is
intended to achieve can be established. From this capacity, the cycle time, or TAKT time (TTAKT)
will be determined by an expression of this style (adjusted to the corresponding time units):
𝑚𝑖𝑛
60 (
)
𝑚𝑖𝑛
ℎ
𝑇𝑇𝐴𝐾𝑇 (
)=
𝑢𝑛𝑖𝑡
𝑢𝑛𝑖𝑡
𝑄 (
)
ℎ

Minimum number of workstations
The standard time of the operations in which the complete production has been decomposed is
known, so it is known how long it can take to complete the individual manufacture of a unit (Σ
Tc).
The theoretical minimum number of required workstations (N) can be calculated from the
following equation:
𝑁=

∑𝑖 𝑇𝑐 (𝑚𝑖𝑛)
; 𝑖 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠
𝑚𝑖𝑛
𝑇𝑇𝐴𝐾𝑇 (𝑢𝑛𝑖𝑡)
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If the result is not a whole number, it will be rounded to the highest value, since a fractional result
would not make sense.

Idle or unproductive time calculation
To define the idle or unproductive time, the exemplification of a practical case will be used.
Imagine that an assembly line of 4 stations (1-4) is defined and that in each of them an action A,
B, C or D is carried out with a previously determined duration:

A
D
B
C
1

2
Operation standard time

3
Idle time

4
Ttakt

Figure 15. Graphic definition of idle time. (Castán Farrero, Guitart Tarrés, & Núnez Carballosa, 2005)

Idle time can be seen represented in gray. Visually, it is easy to see how this line is not well
compensated, since the stations are unbalanced.
If the product is calculated between the number of workstations used and the cycle time, the real
time invested in the manufacture of a unit is obtained, including unproductive times. If the
estimated theoretical time to produce the product is subtracted from this real time, previously
calculated from the sum of the standard times of its operations, the total idle or unproductive time
(Tw) is obtained:
𝑇𝑤 = (𝑁 · 𝑇𝑇𝐴𝐾𝑇 ) − ∑ 𝑇𝑐
𝑖

The objective of line balancing is to reduce this idle time as much as possible, making the stations
balanced and adjusting as much as possible to the desired cycle time.

2.4.2. Operations assignment to workstations
The possibilities when it comes to distributing operations on workstations can be very high if
working with a multiplicity of elements. As a general rule when assigning operations to a specific
workstation, it must be taken into account that:
1. Their dependencies must be respected. The preceding tasks must have been assigned.
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2. The sum of the execution times of the operations assigned to a station cannot exceed the
cycle time, otherwise, the result would move away from the desired production capacity.
There are different methods to define an initial distribution of operations that meet the above
conditions:
1) Rule of maximum successive task. Operations with a longer execution time are selected
and prioritized. Thus, the most difficult-to-fit features are assigned, while the shorter
features are reserved for a more precise fit.
2) Method of the ordered technique of weighted positions (created by Hegelson and Birnie).
For each operation, the times of the different operations after these are added and the one
with the highest total is selected.
Following one of the rules according to convenience, the unproductive time remaining after the
initial operations assignment is checked and an attempt is made to cover the idle time with one of
the remaining operations that meets the aforementioned requirements without exceeding the cycle
time. If this is not possible, a new workstation must be created and the process started over.
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2.5. Sizing and plant distribution
The objective of the study of the dimensioning and distribution of the plant is to maximize the
efficiency of human resources and materials.
To achieve this, Richard Muther enunciated his 6 principles of plant distribution:
1) Integration of the whole: Integrate those who operate, the equipment and / or machinery,
all the activities, as well as any other factor involved, trying to achieve a greater
commitment between the parties.
2) Minimum distance traveled: The distance to be covered by the material between
operations must be as short, comfortable and safe as possible.
3) Circulation or flow of materials: Order the work areas so that each operation or process
is in the same order or sequence in which the materials are treated, manufactured, or
assembled.
4) Cubic space: Effectively use all available space, both vertically and horizontally.
5) Satisfaction and safety: The distribution that makes the job more satisfactory and safer
for the operators, materials and machinery will always be more effective.
6) Flexibility: Consider the possibility of the distribution being adjusted or reordered with
the lowest possible costs and inconveniences.

2.5.1. Production distribution styles
Following the structure of the different types of production systems, there will also be different
ways of distributing a work area depending on how the product is manufactured:
3. Fixed location: The product does not move; it is the operators who go towards it with the
portable machines necessary to carry out the different operations or incorporate the
corresponding components. (Production by projects)
4. Functional (process oriented): The plant is organized into specialized sections, normally
by type of machines. All machines that perform the same type of process or function are
grouped into sections: lathes, milling machines, drills, painting, etc. Once the operations
in a section are finished, the materials are transferred to the work center, where the next
operation has to be carried out, waiting together with other types of pieces to enter the
corresponding machine or station, thus forming a queue. An order must be given to the
treatment of the accumulated pieces. (Production by lots: Job-Shop vs. line configuration)
5. Manufacturing line (product oriented): Manufacturing sections are constituted by
products or product families, which are groups of pieces that are different from each other
but similar in their process. In this type of distribution, machines of different types are
placed one after the other, according to the manufacturing process of the part or family
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of parts. The number of machines of each type will depend on the production desired, in
such a way that the most continuous flow possible is achieved, avoiding excessive stocks.
In many cases, the pieces one by one are passed from one machine to another without the
need for pawns to transfer them. (Continuous production)
There is also the possibility of combining the functional and online distribution types; this type
of distribution is called mixed.

2.5.2. Necessary surface calculation
In order to carry out an approximate calculation of the necessary surface for the manufacture of a
product, the following methodology can be applied:
1)

Know the product and its assembly.

2.2. Design of the productive process

1)

Establish division of processes, their dependencies and required materials, as well as the
number
of
operators
and
dedicated
operation
times.
2.2.2. Operations description

2) Distribute and order these processes in a balanced way. Also try to optimize the handling
of the product. Assign processes in independent spaces (stations), considering the
necessary material and tools.
2.4. Assembly line balancing
3) Estimate the minimum space of the stations to handle the product. Distribute stations in
the work area facilitating the flow of product and materials.
4) Estimate total space and distribution of materials / transports.
The total area required to handle a product is:
𝑆𝑔 = 𝑆𝑠 · 𝑁
𝑆𝑇 = 𝑆𝑠 + 𝑆𝑔 + 𝑆𝑒
𝑆𝑒 = (𝑆𝑠 + 𝑆𝑔 ) · 𝐾
Where, Ss = static surface (plant projection of the machinery or installation).
Sg = gravitational surface (area used by the worker, the material to be made and the one
made in the operation).
Se = evolution surface (corridors for movement of personnel and materials).
N = number of accessible sides of machines.
K = coefficient that depends on the size of the objects and the type of maintenance:
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Table 3. Value of the “K” coefficient depending on the type of industry: (Velasco Sánchez, 2007)

Industry type

K

Large food industry

0,05 – 0,15

Chain work with conveyor

0,10 – 0,25

Textile (yarn)

0,05 – 0,25

Textile (fabric)

0,5 – 1

Watches, jewelry

0,75 – 1

Small mechanical industry

1,5 – 2

General mechanical industry

2–3

With the total area required per station, and having defined the number of stations required for
the production, the total area dedicated to the assembly area can be calculated as a product of
these two factors.
Finally, and with the collaboration of the logistics department, it will be necessary to define the
space for materials, fasteners and consumables in general, with its corresponding safety stock, if
required, and an area for the stock of the finished product, if not can be directly released.
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2.6. Modern concepts of industrial planning
The study of industrial planning is nothing new. Most of the concepts and their derived techniques
discussed so far originated decades or even centuries ago and are well established. It must not be
forgotten, but, that this is a world of constant changes, and especially since the appearance of the
internet, in both every day and business life aspects there have been great changes, with industrial
production not being an exception to this.
When planning or reviewing the industrialization process of a product, it is essential to understand
and take these advances into account in order to apply them as much as possible. The application
of any of these modern (and not so modern) concepts related to industrial organization could be
the subject of a project by itself, but it has been considered important, at least, to enunciate them
and present them to the reader so that they are taken into consideration.

Industry 4.0
The Industry 4.0 (also referred to as the Fourth Industrial Revolution or 4IR) is the ongoing
automation of traditional manufacturing and industrial practices, integrating modern smart
technologies such as large-scale machine-to-machine communication (M2M) and the internet of
things (IoT) for increased automation, improved communication and self-monitoring, and
production of smart machines that can analyze and diagnose issues without the need for human
intervention.

Figure 16. Description of the four Industrial Revolutions.

(López, s.f.)

Lean Manufacturing
Also known as lean production or just-in-time production (JIT), lean manufacturing is a
management model that focuses on minimizing losses in manufacturing systems while
maximizing value creation for the end customer. To do this, it uses the minimum number of
resources, which are those strictly necessary for growth.
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The flow planification focuses on reducing the eight types of “waste” in manufactured products:
Overproduction, waiting times, transports, excess of procedures, inventory, movement defects
and not using people's creativity.
To achieve this, its implementation is based on the following principles:
1. What the customer acquires is not a product or service but a solution.
2. Philosophy of "everything can be improved". Seek to optimize each of the steps of the
process as well as in the production itself.
3. The process flow must be as uniform, continuous, and simplified as possible, eliminating
steps that do not add value.
4. Detect and, if possible, solve the defects as soon as possible, thus avoiding wasting
resources on them later.
5. "Pull" processes: Produce according to demand in order to reduce stocks.
6. Develop a long-term relationship with suppliers based on agreements to share
information, risks and costs.
7. Develop the ability to be flexible and adjust production to the diversity of products and
quantities required.
(Andreu, s.f.)

5S
The 5S is a methodology developed by Toyota to achieve lasting improvements in the level of
organization, order and cleanliness, in addition to increasing staff motivation.
The concrete operation of these principles is implemented by a strategy known internationally as
the 5 S from its Japanese terms:
1. Seiri (sort): Subordinate and classify the elements of the work environment, discarding
those that are not necessary or are obsolete or in poor condition.
2. Seiton (set in order): Place necessary materials and tools and locate according to hierarchy
/ prioritization of use. Systematize its management to preserve the pre-established order.
3. Seiso (shine): Remove dirt. Identify and eliminate sources of dirt and establish cleaning
and sanitation plans if necessary.
4. Seiketsu (standardize): Simplify and standardize the process to make it consistent.
5. Shitsuke (sustain): Provide awareness and discipline to sustain the process.
(McFadden, s.f.)
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Figure 17. 5S conceptual diagram.

Kaizen
Kaizen (from kai ‘change’ and zen ‘good’), is a process of continuous improvement based on
concrete, simple and inexpensive actions, which involves all the workers of a company, from
managers to operators.
It usually entails a change of attitude in the worker and also the company, but, although the
application in both elements focuses on different aspects, they share the same goals and don’t lose
their connection. One cannot exist without the other, something similar to the Taoist philosophy
that establishes the yin and yang.

Poka-Yoke
Poka-Yoke (literally translated as "error-proof"), is a term that refers to systems designed to avoid
errors, guaranteeing the safety of the user, the machinery, the product and the environment, by
preventing accidents of any kind.
This system lies in simplicity, emphasizing the obvious things, in which it detects errors or
prevents them from being committed. The ultimate goal is to complete a process or finish a
product without the possibility of a defect.

Figure 18. Graphic representation of a Poka-Yoke system.

All of them are concepts, techniques or philosophies that must be taken into account in the
application of the guidelines for industrial planning exposed in this project, both in the analysis
of methods and distribution of operations, as in the balancing of lines or the distribution of spaces.
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Part 3)

Practical framework. Industrialization
concepts application.
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In this part of the project, the concepts developed theoretically will be applied to a real case. As
a member of the processes department of RosRoca, a Catalan company specialized in the
manufacture of waste management and street cleaning equipment, it has been possible to work
together with the head of containers production in the industrialization process of the new side
loading container (SLC) model of 2019, the ICON, which will be officially commercialized by
the end of 2021.
The process has consisted of compiling the information acquired as experience from the
production of the previous model, giving it a corporate format, contrasting it with the concepts
developed in this thesis and adapting it to the new model, optimizing aspects of production that
had not been previously contemplated.
With the formalization of production processes, which has not been carried out until now, it is
expected to obtain various benefits:
-

Collect and facilitate the access to assembly information to the departments related to
production (engineering, logistics and quality).

-

Create a documentation structure that allows keeping information regarding assembly upto-date and that serves both for training in the processes and their future verification.

-

To meticulously review the assembly processes, applying the continuous search for points
of improvement.

-

Promote the creation of production organization tools that make the work of the person
in charge easier when planning purchase orders, simplifying tasks and reducing
ambiguities that could lead to errors.

The analysis and approach to the production of the new CCL model will be carried out in a generic
way, but the specific application of the proposed techniques will be carried out for the preparation
of the contest to cover the demand of the city of Barcelona, which would involve a large order of
more than 16.000 units.

39

Technical analysis of the industrialization
process of a product

3.1. Product introduction
There are different types of garbage containers depending on how they are handled during their
collection. It is possible to differentiate mainly between rear, top or side loading containers, as in
the case of the ICON.
The previous model, BCN 2009, has been a success, with more than 150,000 units sold since its
commercialization. It represented a change in the aesthetic approach of waste management
containers thanks to its design lines, curvatures, and the implementation of a whole color palette.
The ICON takes this change to the next level with a greater integration in the urban environment
and wide customization possibilities.

Figure 19. Image of the old model, BCN.

The new model, apart from a renovation of the design, provides certain improvements in
performance; minimal road invasion, customization of the frontal masks, a pedal with 5 positions
and a more ergonomic handle, among others. The maximum capacity has also been reduced from
3,200 and 2,200 liters to 3,000 and 2,000 liters respectively. All this as a consequence of the
variation in most of the components except for the bucket, the body of the container, which is
preserved from the previous model.
It is difficult to describe the assembly of a product without making explicit reference to its parts,
therefore, and in order to facilitate the reading and understanding of the explanations below, a list
is presented with the main components that make up the ICON, respecting the order in which they
may be mounted:
-

(1) Bucket: single piece, and the largest, that makes up the body of the container.

-

(2) Structural support: lateral pieces, hidden from view, which give stability to the
structure and serve as a mooring for fixing the rest of the components.

-

(3) Pedal + its structure (optional): adjustable position pedal that allows the user to open
the lid without using hands.

-

(4) Handle + its structure (optional): lever that allows access to the opening of the user
cover for the disabled.
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-

(5) Belts: front, rear and side trims. The color will depend on the type of residue or the
configuration chosen by the customer.

-

(6) Side covers: fairings that hide the mechanisms attached to the upper part of the
structural support.

-

(7) Street cover: self-locking rear opening, not accessible by the user, which allows the
container to be emptied when handled by the collection truck.

-

(8) User cover: front opening of the container accessible for the deposit of waste by users.

-

(9) Masks: front trims of both the user cover and the side covers. The color will depend
on the type of residue or the configuration chosen by the customer.

-

(10) Side fairings: fairings that hide the mechanisms attached to the sides of the structural
support.

-

(11) Lower fairings (optional): fairings that hide the side mechanisms of the pedal.
9
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Figure 20. Image of the new model, ICON, with its components. (https://www.contenedorcargalateral.com/)

With the definition of these parts, the container manufacturing process can be clearly followed.
As observed, there are key elements that will also be referred to in the assembly instructions that
are optional, which means that they are configurable additions by the buyer if desired.
Regarding the different types of treated waste (urban solid waste or MSW, organic, packaging,
cardboard paper and glass), their variation will affect the color palette used for the belts and
masks, but not the assembly itself.
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3.2. Productive system description
The purchase of containers can come from public institutions or private companies. In either case,
and as expected, the demand for waste containers does not occur continuously, but in batches,
which will largely depend on the quantities required by the client, from the unit to projects of
more than fifteen thousand containers to cover the needs of a metropolis.
As mentioned in the introduction to the product, this model has two aspects depending on the size
(3.000 and 2.000 liters, also referred to as 3.0 and 2.0) and different versions can be configured
depending on the desired options. Thus, there will be variants of the same model, but although
aesthetically different, will be technically comparable.
From this description, and consulting section 2.1.1 (Productive system types), it can be concluded
that the assembly of this product conforms to the definition of an on line configuration, although
it may vary and adapt depending on the quantities to be produce.

3.2.1. Productive activity location
An aspect that is not usually important in other types of products, but it is, and a lot, in this
container, is the location of the productive activity.
As already mentioned, the assembled containers have an interior volume of 3.000 or 2.000 liters,
with the great handicap that they are not stackable, which basically translates into a large empty
space occupied. This implies that in a standard trailer with a base area of 14 x 2,5 m2, only about
8 fully assembled containers would fit.
For this reason, and in order to reduce transportation costs, for projects larger than these 8 units,
the containers are not mounted in a fixed location, but rather the work center is moved to areas
close to the delivery point of each project.
This can complicate certain aspects of the assembly, since, on occasions, and especially in exports
to underdeveloped countries, the surrounding conditions may not be adequate.
For the Barcelona project that is going to be analyzed, and as an example of how to turn a
disadvantage into an opportunity, an agreement has been reached with the logistics center, close
to the city, to carry out the complete assembly there, thus further reducing transportation costs.
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3.3. Operations definition
This is the most important part for a correct organization of production, and also the most
extensive, since it contains most of the information on which the rest of the planning will depend.
Prior to defining the production operations, a meticulous study of the product components and
their interaction in assembly must have been carried out. Based on this study, and in collaboration
with those responsible of production, the criteria for classifying and grouping the activities carried
out during assembly into operations must be decided.
In the case of the ICON container, and after various tests and modifications, it has been decided
to configure the production in a total of 22 assembly operations. In addition, and in order to
standardize all the processes, operations have been defined corresponding to the preparations prior
to the assemblies (PREP) and the assemblies carried out by the suppliers before sending certain
components (PROV), with the intention of making them useful and also for the quality control of
the pieces.
Using the previously defined format (Figure 6), the information necessary to carry out the
different activities (instructions, components, tools, specific indications, etc.) can be documented
in a very visual way.
As an example, the application of this model in the creation of work instructions for the different
stages of assembly of the user cover is shown, from the supplier's additions, through the
preparations prior to assembly, until its final use, already in the assembly line:
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Figure 21. WIS PROV3: Preparation and packaging of the user cover.
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Figure 22. WIS PREP4: Preparation of the user cover mask.

Figure 23.WIS PREP5: Preparation of the user cover reinforcement.
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Figure 24. WIS OP18: User cover assembly.

As can be seen, and as mentioned in the description of the format, the WIS contain the assembly
instructions accompanied by images, the references of the components used, the necessary tools
and the estimated operating times, as well as outstanding annotations of critical points or
tightening torques to be respected.
As for the documentation, to define the operations, a server in the cloud has been used to locate
the files corresponding to all one of them. For each operation, the WIS worksheet is collected in
Excel format, together with its translation (to be implemented in the future), the PDFs
corresponding to the different realized versions of the assembly instructions, a folder where the
plans involved in the assembly are collected, and another folder with a compilation of images and
videos taken during the analysis of said operation.
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Figure 25. Operations documentation management.
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3.4. Time measurement
Until now, all the information regarding the activities carried out throughout the manufacture of
the product has been compiled and they have been grouped into operations. The next step is to
evaluate the time required to carry out these elements, to estimate the production capacity in the
near future and to be able to carry out a good balance of the main production line.
After analyzing the theory about time control and trying to carry it out, following the explicitly
stated methodology, various assumptions can be made:
1) The determining factors for the time measurement, such as the units used, the evaluation
of the activity or the number of observations made, must be adjusted to the capacities and
resources that are decided to dedicate, as well as the precision that is required or intended
to get. In this case, the initial phase of the industrialization process of a new product is
being evaluated, so it is assumed that the results obtained will always be improvable.
2) It is really complex to evaluate the activity of the operator without experience in it or the
relevant training to carry out this task. For this reason, very limited scores will be
awarded, with a slight deviation from the activity considered normal, to see how the
activity can affect the final calculation of the time required, but without it being decisive.
3) The number of observations carried out cannot always be adjusted to the ideal, but will
also depend on the conditions of the production to be analyzed. In the case of ICON, as
it is a punctual and decentralized production, only a total of three online productions have
been evaluated at the time of writing this report.
With these insights in mind, the work has been timed, using the previously proposed template.
(Figure 7):

Figure 26. Timing samble of operation 18.

Continuing with the examples shown above, the timing of the assembly of the user cap is shown.
This task must be carried out for the entire set of operations defined in the previous section.
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3.4.1. Number of observations calculation
As mentioned, the number of observations is adjusted to the real conditions of production. In spite
of this, and continuing with the practical example of the user cover, several times of this operation
will be carried out.
Most sub-operations for this model should take less than two minutes to perform, so the test
sample should be 10 times, but not as many measurements have been possible. Continuing with
the example of assembling the user cover, sub-operation 18.10 (Assemble user cover) has been
repeated, up to 5 times to take the corresponding times:
Table 4. Times estimated 5 times for SubOP18.10:

SubOP

t1 (s)

t2 (s)

t3 (s)

t4 (s)

t5 (s)

User cover
mount
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47

𝑅 = 𝑡𝑚𝑎𝑥 − 𝑡𝑚𝑖𝑛 = 54 − 47 = 7
𝑡𝑜 =

∑ 𝑡𝑖 253
=
= 50,6 𝑠
𝑛
5

𝑅
7
=
= 0,14
𝑡𝑜 50,6

A quotient of 0,14 is obtained, which by consulting the table (Figure 9), indicates that 6
observations or samplings would be required to obtain a reliability of 95% with an accuracy of
5%.
There is not much documentation regarding the ideal estimate of the number of samples taken, so
it cannot be defined whether the time used is the observed or the normal time, obtained once the
activity factor has been applied. In this case, in which this data cannot be taken into account, and
to simplify the practical example, the times used will be simply those observed, although it is
assumed that the correct thing would be to do it with the normal times to equate the degree of
activity between the samples.

3.4.2. Supplementary times estimation
For the allocation of additional time, and in the absence of experience in the field of human
resources and personnel management, the main person in charge of production of the department
has been requested to determine them, following the indications of the theoretical section (Figure
11).
RosRoca is a company that is committed to the well-being of its workers, so in case of ambiguity,
the times assigned to personal needs, time of rest and others, will be the maximum possible.
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Constant supplements:
Personal needs = 5%
Fatigue coefficients = 4%
Variable supplements:
Recovery coefficients = 2+2+3+0+0+0+0+1+1+0 = 9%
a)

Standing work = 2%

b)

Possible body tilt = 2%

c)

Lifting up to 10kg = 3%

d)

Correct lightning = 0%

e)

Correct atmospheric conditions = 0%

f)

Low precision work = 0%

g)

Continuous sounds = 0%

h)

Little complex process = 1%

i)

Rather monotonous work = 1%

j)

Little bring job = 0%

TOTAL: 5+4+9 = 18%
The coefficients have been chosen considering that in most cases, at least today, the operators
assigned to assemblies are men and that good lighting and atmospheric conditions will always be
guaranteed.
Unavoidable delays are not considered, since the tasks attributed to them are not contained within
the operations.

3.4.3. Standard time calculation
The final step to determine the actual times that should be granted to the execution of the
operations is to determine the standard time. Continuing with the example of the assembly of the
user cover, and applying the methodology proposed in the theory (2.3.7. Standard time), the
following results are obtained:
Normal or basic time:
𝑡𝑛 = 𝑡𝑜 ·

∑ 𝐴𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑑 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦𝑖
𝑁𝑜𝑟𝑚𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 ∗ 𝑛

= 50,6 ·

98
100

= 49,59 𝑠
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Standard time:
𝑡𝑐 = 𝑡𝑛 · (1 +

𝑆𝑢𝑝𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑠
18
) = 49,59 · (1 +
) = 58,51 𝑠
100
100

The total granted time of an operation (TC) will be the sum of the standard times of the suboperations that compose it.
For the designation of the times, together with an estimate of the number of observations, a
spreadsheet has been created (TFM_Time Study_VRP) from which, with the transfer of the data
taken with the timing sheet, these values are calculated automatically:

Figure 27. Spreadsheet for calculating standard times.
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3.5. Assembly line balancing
Once the times of the different operations have been measured, they can be distributed in the
formalization of the assembly line.
The objective of this project is not only to establish a methodology to be followed to theoretically
organize a production line, but to adapt it so that it is applicable as quickly and easily as possible.
Therefore, from the beginning, the development of assembly balancing concepts has been
implemented using Excel spreadsheets (TFM_Line Balance (ICON) _VRP), so that automatic
calculations are carried out, the information is collected in ordered tables, and graphics can be
created that will be a visual aid during the application of the process.
The first step in organizing production is knowing the expected capacity. Taking the supposed
macro-operation for the city of Barcelona as a reference, we have worked together with the
logistics department to distribute the units and classify them according to the company responsible
for managing them and the version. From this analysis, a summary of the table has been extracted
to show an exemplary week, the 8th of the year 2022. In the rest of the weeks, the production will
be equal to or less than this:
Table 5. Production planification for week 8 (2022):

Client
FCC Medio
Ambiente
FCC Medio
Ambiente
FCC Medio
Ambiente
FCC Medio
Ambiente
FCC Medio
Ambiente
URBASER
URBASER
URBASER
URBASER
URBASER
CLD
CLD
CLD
CLD
CLD
Valoriza
Valoriza
Valoriza
Valoriza
Valoriza

City

Mod.

Fract.

Cap.

BCN

ICON

RSU

3000

BCN

ICON

ENV

3000

BCN

ICON

PAP

3000

BCN

ICON

ORG

2000

BCN

ICON

VID

2000

BCN
BCN
BCN
BCN
BCN
BCN
BCN
BCN
BCN
BCN
BCN
BCN
BCN
BCN
BCN

ICON
ICON
ICON
ICON
ICON
ICON
ICON
ICON
ICON
ICON
ICON
ICON
ICON
ICON
ICON

RSU
ENV
PAP
ORG
VID
RSU
ENV
PAP
ORG
VID
RSU
ENV
PAP
ORG
VID

3000
3000
3000
2000
2000
3000
3000
3000
2000
2000
3000
3000
3000
2000
2000

21-feb

22-feb

Week 8
23-feb

24-feb

25-feb

125
140
140
125
140
125
140
140
125
140

From this table it can be extracted that the maximum quantity to be produced will be 280 units in
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one day. In addition, it is observed that in the cases in which the units are maximum, the type of
variant of the containers is always recycling, the lids of which are usually requested fixed so that
they cannot be opened by users and have to be deposit the garbage through the slots intended for
it. Even so, and to test the functionality of the spreadsheets created, the calculations will be carried
out with the mobile cover version, since it contains more complex operations but which at the
same time have been more controlled (the times are more precise).
Table 6. Versions classification table:

V1

Fijo

V2

Tapa Móvil

V3

Maneta

V4

Pedal

V5

Maneta+Pedal

V6

ACL Full

280

17,08

In this way, and already working in the spreadsheets, the project can be defined as follows:
Table 7. Project definition table:

PROYECTO:

BCN 2022

Producto:

ICON

Nº unidades:

280

Fecha inicio:

22/02/2022

Fecha final:

22/02/2022

Días de trabajo/semana:

7

Días festivos:

0

Grado de imprevistos (5-15%):

10%

Nº días (laborables):

1

Turnos:

3

Horas/turno:

8

Horas/día:

24

TAKT Time (min/u):

4,63

Tiempo de ciclo (min/u):

17,08

Nº mín. estaciones:

4

The first of the sheets will be dedicated to briefly describe how to use the file, together with an
explanation of the content of the different sheets, as an indexing. The yellowish cells are the ones
to be filled in by the user. The rest are calculated automatically, as are the graphs.
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After defining the basic parameters of the project (units, working hours and adding a certain
degree of unpredictability), it is obtained, for a specific cycle time (time it takes to assemble 1
unit) of the version with mobile cover of 17,08, a takt time (time each of which must advance the
line and consequently 1 unit will be completed) of 4,63 minutes which supposes the distribution
of operations in a minimum of 4 stations.
It has been considered convenient to collect the information regarding cycle times and takt time
on the main page, although to calculate the first one, the subsequent sheets must have been
previously filled in.
It must also be taken into account that, given the precision that is intended to be obtained with the
estimation of the times taken, seconds will be directly used, and not other specific units seen in
the section 2.3.3 (Timing units).
To define the cycle time depending on the version to be manufactured, a table has been created
to include all the 22 operations, both optional and not, necessary to manufacture the different
ICON variants. The elements used to divide the manufacturing activities have been the suboperations, a smaller scale to the operations, in order to grant greater adaptability and facilitate its
distribution. Along with these operations, the time allowed to carry them out is collected with
other information, such as the dependencies or the number of operators required, to be taken into
account when making the distribution. Finally, for each of them it is indicated which version they
correspond to:

Figure 28. Table to list and characterize operations.
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From the previous table, and only by filling in the sub-operation number corresponding to the
version to be analyzed, a Gant-style graph is automatically generated that will allow to
contemplate the flow of operations and the impact they may have on production time:
Table 8. Sub-operations corresponding to the assembly of the version with movable cover:

V2_Tapa Móvil
SubOP
0.10
0.20
0.30
1.10
1.20
2.10
2.20
6.10
7.10
8.20
9.10
9.20
11.10
15.10
16.10
17.10
17.20
17.30
18.10
20.10
22.10
22.20

Descripción

Dependencias

VOLCAR PILA DE CUBETAS
SEPARAR Y POSICIONAR CUBETAS
0.10
TUMBAR CUBETA
0.20
SITUAR PLANTILLA
0.30
AGUJEREAR INTERIOR CUBETA
1.10
POSICIONAR SOPORTE ESTRUCTURAL
1.20
FIJAR SOPORTE ESTRUCTURAL
2.10
LEVANTAR CUBETA
2.20, 4.30, 5.30
FIJAR ESQUINAS SOPORTE
6.10
ESTRUCTURAL
MONTAR CONJUNTO PARA TAPA
7.10
USUARIO MOVIL
MONTAR MECANISMO TAPA MOVIL
8.20
EN LATERAL IZQUIERDO (PEDAL)
MONTAR MECANISMO TAPA MOVIL
8.20
EN LATERAL DERECHO (MANETA)
MONTAR CINTURONES LATERALES
7.10, 10.10
MONTAR CINTURONES FRONTAL Y
6.10
POSTERIOR
MONTAR TAPA CALLE
12.20, 13.10
MONTAR CUBIERTA LATERAL
16.10
FIJAR CUBIERTA AL LATERAL DEL
17.10
SOPORTE
FIJAR CUBIERTA AL FRONTAL DEL
17.20
SOPORTE
MONTAR TAPA USUARIO
17.30
MONTAR CARENADOS LATERALES
11.10, 19.30
FIJAR PEGATINAS REFLECTANTES Y
0.20
PROHIBIDO APARCAR
FIJAR ADHESIVOS INVIDENTES
22.10

Inicio

Duración

0
0,33
1,5
1,58
1,68
2,27
2,77
4,1

0,33
1,17
0,08
0,1
0,58
0,5
1,33
0,05

4,15

2,17

6,32

1,67

7,98

0,58

8,57

1,08

9,65

1,25

10,9

2,83

13,73
14,37

0,63
0,5

14,87

0,27

15,13

0,53

15,67
16,75

1,08
0,42

17,17

1

18,17
Total:

0,42
17,08
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V2_Tapa Móvil
0

2

4

6

8

10

12

14

16

18

20

VOLCAR PILA DE CUBETAS
TUMBAR CUBETA
AGUJEREAR INTERIOR CUBETA
FIJAR SOPORTE ESTRUCTURAL
FIJAR ESQUINAS SOPORTE ESTRUCTURAL
MONTAR MECANISMO TAPA MOVIL EN LATERAL…
MONTAR CINTURONES LATERALES
MONTAR TAPA CALLE
FIJAR CUBIERTA AL LATERAL DEL SOPORTE
MONTAR TAPA USUARIO
FIJAR PEGATINAS REFLECTANTES Y PROHIBIDO APARCAR

Figure 29. Sub-operation times for the version with movable cover.

Finally, and with the aim of providing a tool that allows studying the distribution possibilities of
a line in a simple and intuitive way, a table has been created in which adding only the station
number to which it is assigned, a graph is generated. that shows the accumulated time in said
accumulation in relation to the estimated takt time for the desired production:
Table 9. Distribution of sub-operations in stations:

V2_Tapa Móvil
SubOP

Descripción

Duración

EST

0.10
0.20
0.30
1.10
1.20
2.10
2.20
6.10
7.10

VOLCAR PILA DE CUBETAS
SEPARAR Y POSICIONAR CUBETAS
TUMBAR CUBETA
SITUAR PLANTILLA
AGUJEREAR INTERIOR CUBETA
POSICIONAR SOPORTE ESTRUCTURAL
FIJAR SOPORTE ESTRUCTURAL
LEVANTAR CUBETA
FIJAR ESQUINAS SOPORTE ESTRUCTURAL
MONTAR CONJUNTO PARA TAPA USUARIO
MOVIL
MONTAR MECANISMO TAPA MOVIL EN
LATERAL IZQUIERDO (PEDAL)
MONTAR MECANISMO TAPA MOVIL EN
LATERAL DERECHO (MANETA)
MONTAR CINTURONES LATERALES
MONTAR CINTURONES FRONTAL Y
POSTERIOR
MONTAR TAPA CALLE
MONTAR CUBIERTA LATERAL
FIJAR CUBIERTA AL LATERAL DEL
SOPORTE
FIJAR CUBIERTA AL FRONTAL DEL
SOPORTE

0,33
1,17
0,08
0,10
0,58
0,50
1,33
0,05
2,17

0
0
1
1
1
1
1
1
1

1,67

2

0,58

2

1,08

2

1,25

2

2,83

3

0,63
0,50

3
4

0,27

4

0,53

4

8.20
9.10
9.20
11.10
15.10
16.10
17.10
17.20
17.30
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18.10
20.10
22.10
22.20

MONTAR TAPA USUARIO
MONTAR CARENADOS LATERALES
FIJAR PEGATINAS REFLECTANTES Y
PROHIBIDO APARCAR
FIJAR ADHESIVOS INVIDENTES

1,08
0,42

4
4

1,00

4

0,42

4
17,08

6
5
4
3
V2_Tapa Móvil
TAKT Time

2
1
0

1

2

3

4

5

6

7

8

9

10

Estaciones

Figure 30. Balancing stations in contrast to takt time.

Esta herramienta puede usarse de igual manera para estimar la carga de trabajo entre los operarios
que trabajan en una misma estación, por ejemplo, cambiando el concepto de estación por el de
operarios.
La tabla y gráfica es solo una ayuda didáctica para que el usuario pueda aplicar el criterio de
distribución que desee, comentados en el apartado 2.4.2 (Operations assignment to workstations).
La aplicación de dichos conceptos dependerá del producto, la demanda e inevitablemente, del
criterio del responsable.
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3.6. Sizing and plant distribution
The production itself has already been organized, resulting in the desirable number of stations and
the advance period between them.
In this case, we have the experience that has been obtained by expert operators in the product
throughout its development, through tests with prototypes and first assemblies of samples. Thanks
to this, it has been possible to work together with them to analyze and define the necessary spaces
to carry out the assembly comfortably, but without ceasing to optimize the occupied space.
The exercise in this section will consist of comparing the empirically proposed distribution with
the one calculated following the theoretical methodology set out.
The distribution has been made considering the version greater than 3.000 liters of capacity. In
practice, an area occupied by the product of 1,9 x 1,9 m2 has been defined. The space that, together
with the operators, has been defined as appropriate to work is 1 meter per side of the product, as
operations will be carried out all around it.
Taking this space as a reference for space calculations and implementing the methodology, the
following results are obtained:
𝑆𝑠 = 1,9 · 1,9 = 3,61 𝑚2
𝑁 = 4 𝑠𝑖𝑑𝑒𝑠
𝑆𝑔 = 𝑆𝑠 · 𝑁 = 3,61 · 4 = 14,44 𝑚2
𝐾 = 0,2
𝑆𝑒 = (3,61 + 14,44) · 0,2 = 3,61 𝑚2
𝑆𝑇 = 𝑆𝑠 + 𝑆𝑔 + 𝑆𝑒 = 3,61 + 14,44 + 3,61 = 21,66 𝑚2
To calculate the space necessary to assemble the ICON, 4 accessible faces have been taken since
each of them will be worked on. An intermediate spatial coefficient of 0,2 has also been
determined, considering that it will work in line with a movement system.
For these values, a gravitational surface of 14,44 m2 and a spatial surface of 3,61 m2 are obtained,
which, in total, adding the static surface occupied by the container, is equivalent to a total work
surface of 21,66 m2.
Compared with the previous approach carried out without these calculations, a gravitational space
of 15,21 m2 (3,9 x 3,9 m2) and a total area of 20,67 m2 (5,3 x 3,9 m2) were assigned. The greater
gravitational space is attributed to the handling of relatively large components in relation to the
size of the product, such as the structural support, which covers the entire side. The small variation
in the calculation of the total area is attributed to a smaller margin of passage in reality, since it
would only circulate on the sides. As can be seen, the theoretical calculations are not too far from
the empirical ones.
In addition, by implementing the proposal, the space occupied by the assembly line could be
optimized by reducing the separation space between stations in half if, depending on the
operations carried out in them, it is not an impediment that the operators go to match working in
the same space. Valuations like this have not been taken into account in the initial proposal, since
the space occupied by the assembly line is very small, compared to others such as storage, which
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will be the true determinant.
The complete assembly area must consist of the assembly line, together with spaces for direct
supply of the assembly line, both hardware and large plastic parts and other components. For an
estimate of the space destined to the supply of components, the equivalent of the surface occupied
by their packaging has been represented and located. These spaces must also have the necessary
passage and maneuvering margins for handling and refueling the materials.

Figure 31. Assembly line layout sample.

Related to the logistics of the operation, and at the request of the person responsible for it, two
sheets have been added to the end of the document used in balancing the line containing:
1) The BOM (Bill Of Materials) classified by operations. Information extracted directly
from the WIS carried out in section3.3 (Operations definition). It will be used to locate
the materials and especially the hardware next to the workstations where they will be
used.
2) Table for estimating the space occupied by parts stock. Calculate the space required based
on the units you choose to have as safety stock. Useful when choosing / distributing
storage space.
For a safety stock that covers the production of 2 days (about 500 containers), and with an extra
stock of 500 more buckets, since they come from a foreign supplier and the margin for maneuver
is less than with the rest of the components, a space occupied only for parts stock of about 530
m2 is obtained.
Along with the stock space, and the area for assembly, the space for the reception of the material
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(loading docks) and the output of the finished product must also be considered, pending their
being defined by the logistics department.
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3.7. Tools design
Finally, and in order to optimize production by improving working conditions, tools have been
designed especially with the large project for the city of Barcelona in mind. The purpose of these
tools is to reduce the workload of the operators, reducing the efforts to be made in moving the
container throughout the manufacturing process.
Moving trolleys: The use of inverted U-shaped rails has been proposed, in order to be able, with
the relevant trolleys, to easily move the container between the stipulated work stations.
Lanes with these characteristics have been chosen to reduce the likelihood that operators will
bump into them. The trolley has been designed to be compatible with both the tray being able to
transport it both horizontally (lying down) and vertically (upright) in both formats (2.0 and 3.0).
Rollers and rubbers will be used to adapt the tool to the curves of the bucket and prevent the
appearance of scratches or bumps.

Figure 32. Trolley for container movement through the assembly line.
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Figure 33. Trolley operation with the bucket lying down and raised.

Mobile bridge-crane: To avoid operators having to lift the containers by hand, considering the
wear that this could entail in the production of large quantities, a mobile bridge-crane type system
has been designed.
The design consists of a motorized hoist and a removable and mobile structure to which it will be
attached. A kind of lifting beam with two widths has also been designed for the two formats (2.0
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and 3.0) with slings and fittings to be able to grip the lateral bolts of the structural support.
The container must be raised 2 times; one to go from lying down to standing up in the
corresponding stage, and another, once finished, to be able to easily remove it from the car in
which it will be uploaded. The use of slings instead of other gripping systems such as chains or
braided cables is, again, to avoid scratching the product.

Figure 34. Structure for mobile overhead crane.

Unfortunately, as of the end of the project, none of the tools could be tested yet.
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Part 4)

Conclusions.
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Most of the conclusions have been expressed throughout the practical implementation of the
methodology, but they can be roughly summarized as:

Productive system design
It has been learned that, with a good job done in the study and management of operations, together
with extracting all the possible information about them, production planning is relatively easy to
implement. Without this prior study, however, it is not feasible to carry out this task. For this
reason, and although it seems obvious, the importance of knowing the product in detail and how
to work with it before considering proceeding with the planning of its production, is highlighted.

Timming
There are conversion factors when timing a job that would not have been taken into account
without first learning about it. It is difficult to consider values such as supplements or the number
of minimum observations, since they will vary widely depending on the specific product and
conditions, being difficult to contemplate all this variety with a few coefficients. The results
obtained are not considered conclusive and will be reviewed during the production test with the
planning that has been exposed to see how the variations with respect to the observed work times
can affect the overall productivity and the work of the operators.

Line balancing
It is common to find that the less information there is about a methodology or how-to carry out a
task, the more complex it is. Assembly line balancing is no exception.
After intensive research about it, complex doubts have emerged about, for example, how to deal,
in terms of time balancing, the interaction between several operators performing one same task
or the simultaneities between several operations.
Some sources dealt with these unknowns in a simplified way assimilating, for example, that two
operators would take half the time to perform an operation than one alone, and that does not have
to be true, and in fact, it rarely is. These theories have not been deepened, so as not to hinder the
basic understanding, and because in many cases, such as especially the ICON production, in
which the times taken have always been the work of a single operator, the implementation of the
exposed methodology is valid or can be close to an accurate result.
Currently, most programming and companies dedicated to lines planification, specialize in mostly
automated industries, without considering manual works, which was already known and was the
main inspiration of this whole thesis.

Estimation and distribution of spaces
The conclusions drawn from the distribution of spaces are positive, since it has been seen and
proven that the empirical results do not differ excessively from those obtained theoretically, so
the methodology is considered as valid.
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4.1. Future improvements
Throughout the project, the intention has been to create a tool to facilitate the organization of the
manufacturing processes of a product. Within the basic potential offered by conventional
spreadsheets, the result obtained is considered satisfactory and very useful, especially thanks to
the methodical collection of all the data necessary to carry it out and the dynamic graphics that
allow the results to be clearly visualized and modified as required.
A possible improvement to implement would be to take this tool further, improving its automation
and ensuring that operator interaction to be as small as possible, making the process even less
laborious and minimizing human error. In this way, for example, when entering the characteristic
data of the operations of any product, the rest of the tables and graphs could be generated
completely on their own, or also, through the use of iterative loops, it could be achieved that the
program itself defined the optimal distribution of operations, respecting their dependencies and
in accordance with pre-established criteria.
This was raised and considered in the initial idea of the work, but after evaluating the feasibility
of making it, it was discarded, not because of impossibility of carrying it out, since it is currently
possible to develop code in Excel relatively easily with VBA or Python, but because the lack of
knowledge in programming with these languages would imply an investment of time that was not
available.
Another great improvement, which reflects the intention of this work to be accessible to anyone,
would be to translate the entire project to give it globality, so, for example, at a practical and real
level, other subsidiaries of the company could make use of it and even surely improve it.
The last contribution to the project was the creation of tools to optimize production, participating
in the 3D modeling process. As a result of this, it was decided to create a design of the complete
assembly line, with the product with its corresponding components depending on the phase it is
in. The culmination of this idea has been the possibility of taking the modeling of the line to a
virtual reality simulation, which will be studied. This could be used both for the marketing of the
product and the brand, as well as for the training of new workers.
Last but not least, work will continue on optimizing both the methodical process and the
manufacturing of the product itself, after being able to test the results obtained through this thesis.
As already mentioned, this work is based on the preparation of a project that is still in process, so
these improvements will be developed as it progresses, along with new proposals that will
probably be devised.
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