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Abstract

The aim of this thesis is to develop a shift planning tool that can be integrated in a Smart
factory. The tool is based on lean production principles, which are related to shift schedule.
The purposes of the tool were taken out from this basis, and they are supported by the
Industry 4.0 features. With the Industry 4.0 technology, it is possible to create some
functionalities that fulfil the objectives established. Therefore, the SPT is thought to solve
scheduling problems, while it contributes to achieve lean general objectives of the
manufacturing process in a more efficient way. After its development, the tool is design and
implemented in the shop floor management tool of the Processlernfabrik CiP of Technische
Universitdt Darmstadt. To finish with, there is a validation part in which some manufacturing
plants were interviewed with a questionnaire. The results get through this analysis reflects the
necessity of developing a tool in a 4.0 environment for solving shift schedule problems,
however, the functions of the tool will change depending on the necessities of each

manufacturing plant.
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1 Introduction

1.1 Overview

The actual technological transformation has brought with it some features, such as
flexibility, that companies must deal with. At the same time, they must be more
competitive and productive in the global world. A better shop floor management has an
impact on workers conditions and improves manufacturing. Because of it, processes
become more stable and workers’ skills enhance (Hertle et al., 2017b). The necessity of
being more efficiently organized, and the objective of making profit of Industry 4.0 has

ended up with the development of shop floor management systems.

One of the areas where SFMS works is the optimization and organization of shop floor
resources. Employees and machines need to be scheduled depending on the production
plan and work legacy conditions. However, sometimes there are problems such as workers
versatility, underproduction or employees work-life balance. The shift schedule method
must take into account a set of variables to achieve efficiency in the shop floor. With this
purpose, the shift planning tool that is developed in the thesis, has been thought in a 4.0
environment, where the connection between all the shop floor resources is possible. It is a
tool that collects real-time data, built a virtualization of the shop floor and communicates
changes, failures or errors. A system capable of linking data with resources and making a

better management of time.

1.2 Objectives and motivation
The aim of this thesis is to develop a shift planning tool based on lean production

principles and methods, prepared to be applied in a smart factory.

One of the objectives of SPT is to get a better organization of the shop floor resources:
machines processes and workers. At the same time, it converts manufacturing to a more
flexible and connected process, to be prepared to market and demand changes. Thus, the
lead time will be shorter by being more efficient, whereas a good quality of the product is
provided. Furthermore, SPT improves the communication on the shop floor, trying to build

a better life-work balance of all workers.

The lack of organization or misinformation originates some problems related with shift
schedule. For example, sometimes it can happen to don’t schedule correctly workers’ shifts
towards the production plan established previously. Time is loosed when the planning
doesn’t go as it was expected, and on top of that, when it doesn’t exist a tool that can help

to change or prevent the situation.
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Moreover, each employee has developed different skills depending on his potential and
training. These skills must be considered when the schedule is planned. However,
sometimes the shifts are organized without a skill matrix. Hence, time is again lost because
the workers are not as productive as they could be because they are not in the right work

place.

Besides, if it doesn’t exist a platform, the communication can be more difficult between the
workers. This can lead to a lack of opportunity to make suggestions or requests. Indeed, it

makes more difficult to communicate changes.

These problems are the motive to create a SPT that takes advantage of the Industry 4.0 and

its features with respect to shift schedule.

The Industry 4.0 allows to make a whole connection of the shop floor. It makes possible
the collection of real-time data, and its following analysis, to make a study of what was
standardized and what was performed. At the end, it achieves a continuous improvement
by solving problems of the shift schedule. Indeed, another advantage that Industry 4.0 has,
is the possibility of having everything synchronized and updated that can be checked from
everywhere. Furthermore, 4.0 technology improves employee working conditions, building
a more participative schedule. Workers are able to write down requests or working
preferences for instance, so the plant manager can consider it when the schedule is

planned.

To conclude, this thesis consists of the development of a next generation shift schedule
tool. A connected, changeable and real-time tool that is possible thanks to smart factory

features and that follows a lean basis to improve the whole schedule process.




2 State of research

2.1 Lean production
Lean production is a method which main objective is to minimize waste of the
manufacturing process. It was developed by the Japanese automotive industry during the

1950’s, specifically in Toyota Company, named as Toyota Production System (TPS).

TPS philosophy designs and builds quality products and creates flexible, changeable
models, while minimizing spendings, for example on tools and equipment, to compete in a
global market. (Morgan, J.M., Liker, J.K., 2006). The model searches for continuous
improvement by standardizing processes, making changes and observing results. The
correct application of its principles improves reliability, flexibility, safety, efficiency and,

hence, market share and profitability of the company (Spear, 2004).

The main goal of lean manufacturing is the minimization of every action and activity that
doesn’t add value or supposes a cost to the costumer final product. In order to achieve this
objective, there has been developed tools and techniques such as Just in Time (JIT), Total

Productive Maintenance (TPM), 5S or Cellular Manufacturing.

The lean model follows a set of principles, some named before concerning lean
manufacturing area, that are described in the book The machine that Changed the World
(Womack et al.,, 1990). These principles are; elimination of waste, continuous
improvement, multifunctional teams, vertical information systems, decentralised

responsibilities and integrated functions and pull instead of push.

Even if this thesis is supported by a lean basis, not all the principles will be mentioned. For
the better understanding and monitoring of the project, some of the terms that will be used

are explained in the following points.

2.1.1 Elimination of waste

According with lean philosophy, the term muda refers to the waste generated. As it was
said before, the main objective of TPS was to minimize costs by eliminating or minimizing
muda. Lean manufacturing recognizes 7 different wastes, although it could be more,
during the manufacturing process; overproduction, waiting time, transportation, inventory,
motion, defects and processing (Womack et al., 1990; Pavnaskar et al., 2003). To either
minimize or eliminate the waste generated it is needed to apply the correct lean technique,

because it will provide more value with less human effort, equipment, time and space.
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An example of waste can be the lack of quality of some manufacturing parts and products
that need to be re-done again. Or the transportation from one place of the factory to

another, which doesn’t add value to the costumer product and increases lead time.

2.1.2 Continuous improvement

According to lean philosophy, production systems need to be constantly improving, with
the objective of achieving perfection, or Kaizen in Japanese. In lean companies, employees
at all levels and functions must teach each other to not only achieve a continuous
improvement but also a continuous learning. In other words, lean production consists of a
nested experimental system in which all activities are changing to improve. These changes
are made by the workers; some carrying them out directly and others coaching their
colleagues, so changes can be planned and performed. The result of the process is the

solution of problems at all levels of the organization (Spear, 2004).

2.1.3 Standardization

One of the practises TPS initiates to achieve lean goals is the standardization of processes.

Steven J. Spear in Learning to Lead at Toyota described standardization as;
“the explicit specification of how work is going to be done before it is performed”
(Spear, 2004)

Standardization is a way of detecting deviations from what has been previously established
and is a method of creating work expectations (Hertle et al., 2017b). Hence, it becomes

clearer the comparison between the targets and what was at the end achieved.

2.1.4 Observation

Direct observation of the problems gives us the root-cause of each fault. Therefore, both
direct and indirect observations, give a perspective of the big picture (Spear, 2004). To
obtain high productivity, it is necessary to have a production system free of failures, in TPS
is called zero-defect. For this reason, lean systems make a control of the results obtained, as
well as, the whole process. A continuous production analysis made by observing the
information gathered and discussing with workers, leads to prevention of defects (Shingo,

1983)

2.1.5 Just-in-time

Just in time is a lean method that shorter the lead time of the product. It provides each

process with the necessary products, at the right time, and having in stock the minimum
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required (Sugimori et al.,, 1977). This method is linked with waste generation because
helps to eliminate it. For instance, it procures that the product manufacturing is adjusted to

customer’s demand, so no overproduction waste is generated.

2.1.6 Employees

“Employees should be recognized as the company’s most important resource and as a driver for

change.” (Hertle et al., 2015)

Toyota has invested years in developing each engineer, technically and otherwise, to
achieve improved collective knowledge and process collaboration in a continuous way

(Morgan, J.M., Liker, J.K., 2006).

In lean manufacturing, teams must be multi-functional, and they must cover a part of the
manufacture chain, so each member of the team performs a different task. To train workers
in different work places allows them to rotate in between, makes the system more flexible
and reduces dependence in a single employee. Therefore, team leaders have the
responsibility of teaching workers different areas of the chain such as quality control or
maintenance. Furthermore, training creates a more decentralised system and reduces costs

by giving more responsibility to workers (Ahlstrom, 1998).

2.1.7 Dynamic structure

The dynamic structure alludes to the flexible production model. Companies should be
prepared for flexibility to face new and different demands of the global market. Having a
dynamic structure and hence, a flexible planning, allows to have a production plan that
can satisfy the requirements of customers demand (Shingo, 1981). This dynamic structure
is achieved by standardizing, comparing the deviations and get a solution for the problems

encountered (Hertle et al., 2017b).

2.1.8 Vertical information system

This refers to the information provided to teams, so they can achieve the objectives. The
information must be given in a continuous way to the workers and must be discussed with
all of them. There exist two types of content. On one hand, the strategic type, which
collects the goals of the company and the way they must be achieved, for example,
production plan. On the other hand, operational type, which contains the information for

the team tasks (Karlsson and Ahlstrom, 1996).
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2.2 Industry 4.0

Last industrial revolution, that took place during the 1970’s and was called the digital
revolution, developed the automation of processes. This has yielded to the terms
customization and flexibility of mass production, and consequently, to the industrial

revolution that takes place nowadays, named as Industry 4.0 (Otto et al., 2015).

Industry 4.0 is a production system based on communication and a flow of information
between the factory, the manufacturers and the costumer. A system where all the processes
are integrated, connected and data is collected in real-time. It looks to create the value of

the product and therefore, increases customer influence in the process (Hozdic, 2015).

3 of the components that describe a 4.0 environment are; Cyber-physical system, the

Internet of Things and Smart factories.

2.2.1 Cyber-Physical system

The cyber-physical system refers to the fusion of the physical and virtual world. It makes
possible the communication between all the elements of the factory and the acquisition
and processing of information. Is a close loop made of sensors, that collect the data, and
autonomous actuators, all connected by a software base that can process the information.
(Wagner et al., 2017). It can be defined by three elements; data acquisition and data

processing, machine to machine communication and human machine interaction.

Data acquisition and processing

It is the collection of data in big data platforms and its following processing with analytic
applications. Smart objects, which are objects with sensors and communication-processing
modules, acquire and analyse the data to identify failures or deviations in the
standardization of the process, to optimize clients orders (Rocha Varela and Machado,
2017). Factories measure their processes with KPI to control, make decisions or set

strategic objectives based on the information gather.

Machine to machine communication

Is the connection between smart machines, without human interaction. It combines vertical
and horizontal integration. Vertical integration connects machines and data that are on a
different level, while the horizontal integration is the communication between machines of
the same level (Wagner et al., 2017). The exchange of information with the two

approaches makes possible the autonomous decisions of machines in the shop floor.
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Human-machine interaction
It consists in the exchange of information between smart machines and employees. This
interaction is, as well, a collaboration between both resources in the manufacturing

process.

2.2.2 Internet of Things

The IoT is the tool capable of making the interaction between all smart objects. It refers to
the network-based communication of all the sensors, phones, computers, actuators etc. and

its mutual collaboration to achieve common goals (Otto et al., 2015).

2.2.3 Smart factories

The smart factory emerges with the creation of CPS communication through the IoT. They
are the places where the physical and virtual world is mixed to become a hybrid
production facility (Zuehlke, 2010). The plants are designed modular with a lean basis for
successful manufacturing and with Industry 4.0 integrated to optimize the process (Bauer

et al., 2018).

The Industry 4.0 terms used in the project can be taken out from the elements described. I

will point out 4 key features of Industry 4.0 technology (Otto et al., 2015).

e Autonomous decisions: Is the ability to work independently, so smart things are
capable of making autonomous decisions.

e Service orientation: Refers to the fact of sharing information between the customer
and the company. Industry 4.0 technology increase customer influence in the
process.

e Collection and analysis of data: Is the data collected in real time and that can be
saved for historical data reports or be analysed at the moment. In addition, it
assured a self-adapted system where everything could be configured to be
adaptable to changes.

e Virtualization: The data collected provides a virtual copy of the shop floor with
parameters that are essential for a better performance.

e Connectivity: Is the connection between all the resources of the shop floor, in other
words, is the communication between the IoT and the IoP and the main goal of

Industry 4.0.
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2.3 Shift Planning
The shift planning is the previous organization of worker’s timetable depending on the

needs, such as the demand and the resources of the company (Ernst et al., 2004).

The shift planning of the workforce is becoming, more and more, a struggle task due to the
necessity of customization and flexibility of processes. It is very difficult to find a solution
that can minimise costs, meet employee preferences, distribute shifts equitably and satisfy
work place problems. Moreover, all the process must be regulated by the legacies and
policies related to shift planning of the workforce. Thus, the shift design must take into
account some factors such as fluctuating requirements, employee availabilities, rules,

continuity of employment and employee versatility (Glover et al., 1984).

Nowadays, there is an offer of software packages that provide functions to solve general
planning problems. However, this software can be only applied in a specified industry. At
the same time, the ones that are designed for a more general use, seem to be limited (Ernst

et al., 2004).

ShiftPlanning Day m 2Week 4 Week < | Today >

Mo Tu We Th Fr Sa Su
24 25 26 27 28 29 30
1 2 '3 ‘4 .5 (67 May 8, 2017 - May 14, 2017 Mon, May 8 Tue, May 9 Wed, May 10 Thu, May 11
8 9 10 11 12 13 14

Mamma's little kitchen ¢ Mamma's little kitchen Mamma's little kitchen ¢ Mamma's little kitchen
15 26 17 18:19 2Nl Doorman Waiter Doorman Waiter
22 23 24 25 26 27 28 7 12a-12a 7a-2p 12a-12a 7a-2p
/) Empty Shifts B
29 20 31 1 2 g4 Mamma's little kitchen Mamma's little kitchen
Waiter Waiter
Filters Advanced 7a-2p 7a-2p ;
Filter Shifts Restaurant 2 Restaurant 2 Mamma's little kitchen
Chef Chef Barman
P Christopher Walke.. 6p - 11:30p 6p - 11:30p 8p-11p
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@© 3250
Remote Sites «
Bar
~| Bridge m Deborah Collins
St. Maurice © 900
Skills ~ ” Restaurant 2
Baer | Eet');gseUThompson Chef
® - 11:30
Cocktails bed o
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Seafood Head Chef Head Chef Mamma's little kitchen \
) Sp-10p Sp-10p Chef
Serving m Jeff Carter 2p-11p
® 56.00
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S Restaurant 2
Christopher Walke.. ﬂ Jennifer Roberts Bartend
Deborah Collins ® 10.00 10a-2p

George Thompson

RSO WA John Harris Bocooo oo

Figure 1: Schedule software Deputy

There exist different ways of organizing employee shifts. Usually it depends on the

manufacturing process of the company. Hence, companies need to plan the schedules are
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differing. However, all of them wants a tool that increases efficiency, reduces costs and

improves work-life balance of workers.

2.4 Development approach: V-Modell
To develop the tool that solves the shift planning method, it is necessary to follow a
planning project approach which its developing steps are standardized already. The model

use as a guideline, is the V-Modell.

Presented the first time in 1991 in the NCOSE symposium in Chattanoga, Tenesee, it was
developed by the NASA as an approach to plan and develop either simple or complex
projects. It is a model that clearly specifies the role of all participants, the concrete tasks to
do and the moment to achieve them during the development (Der Beauftragte der

Bundesregierung fiir Informationstechnik, 2004; Ruparelia, 2010).

2.4.1 Objectives of the V-Modell

V-Modell tries to achieve the following objectives:

Minimization of projects risks.
e Improvement and guarantee of quality.
e Reduction of total cost over the entire project and life cycle of the system.

e Improvement of communication between all stakeholders.

These goals are achieved because of the standardization and description of all the roles in

the life-cycle of the project development.

2.4.2 Structure of the V-Modell

In the V-Modell every step of the V-shape has a corresponding testing cycle, so it is possible
to make a feedback for the first steps and correct what is wrong. This is the reason why this
model is also named as the validation and verification model, where the verification consist

of the development and the validation corresponds to the testing of the project.
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Figure 2: Structure of V-Modell (Based on: Ruparelia, 2010)

Therefore, the V-Modell is structured into two different parts; the first one is named as
decomposition and definition and the second one is the integration and verification of the

project.

The left side of the V is the preparation of the software based, hence, the product
requirement document is prepared. In these phases is important; first, to gather
information from the end user, and later, establish the functionalities that are needed for

the design of the software.

The right side of the V represents the testing of the previously developed. It integrates and
tests the software from small modules to the whole system. During these phases the design
mode is checked to see if it fit with the purposes of the project, and at the end if the

resulting system corresponds to the requirements specifications of the end users.

2.5 Qualitative approach: Phenomenology qualitative approach
The Center for Innovation in Research and Teaching describes the Qualitative Research as
research studies which goals are to examine, understand and describe a phenomenon

(Center for Innovation in Research and Teaching,CIRT, 2018a).

In the thesis, to validate the functionalities of the shift planning method, it has been

collected experiences through some questions to employees whose work is to plan the

10


Software#_CTVL001d330f4045db6462fab9922113f750e30
Overview#_CTVL001eb1555311e984ee8b3352908a942f76f

company shift schedule. The data is not in a quantitative format, so the data analysis must

be treated as qualitative. Concretely the research approach use is the phenomenology.

A phenomenological method tries to understand and describe life experiences by
classifying in themes the different perspectives collected. Consequently, no hypotheses are

made after the analysis.

The methodology used in this thesis to either collect and analysis the data were defined by

Clark Moustakas in his book Phenomenological research methods (Moustakas, 1994).

Moustakas describes six steps in the Modified Stevick-Colaizzi-Keen, see Figure 3, for a
phenomenological research. However, they can be summarized into four steps (Center for

Innovation in Research and Teaching,CIRT, 2018b).

e Bracketing: Corresponds with the researcher’s Epoche, which is the unbiased vision
of the topic to research.

e Intuition: Is the step where the research makes a deep understanding of the
phenomenon considering different perspectives in an open-minded.

e Analysis: The objective of this method is to create different themes with the data
collected. To do that there is first a horizontalization of the data, so subthemes are
created, each one with a meaning for the researcher. The themes are created by
grouping the subthemes that has a relation between them. The last step of the
analysis is the combination of all the participants’ experiences.

e Description: The researcher describes the data collected.

Transcendental-
phenomenological reduction:

Researcher's Epoche: Set aside
judgements and view the
phenomenon with a fresh eye

Consider the phenomenon from
different perspectives. Identify
units of meanings. Search for
horizontalization . The outcome
is a textual description of the
phenomenon.

Imaginative variation: Construct
the structural description. It
reflects the relationship(themes)
pertinent to the experience.

Synthesize: Combine textual and
structural descriptions.

Repeat the process for each
participant.

Combine the results to create a
representation of the experience
of the whole group.

Figure 3: Modified Stevick-Colaizzi-Keen (Based on: Moustakas, 1994)
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3 Research set up

To proceed with the development of the SPT, it has been followed a structured process.
This structured process comes from the approach of the V-Model. Hence, the steps carried

out to get the requirements of the tool constitute the first part of the V shape.

Besides, all projects which guideline the V-Model is, have a validation part that represents
the right side of the V shape. Thus, this project has its validation even if the programming

part is not made.

3.1 Decomposition and definition

The methodology used is structured as in figure 4. First, there is a study of lean literature
where some conclusions were taken out and used for establishing the purposes of the SPT.
Then, again, there is another study about Industry 4.0 features. This study will link the
purposes with the functions of the tool. At the same time, a study will carry about the
software offered in the market nowadays. Therefore, the functionalities come from
knowing the purposes, the Industry 4.0 technology needed and the actual situation of shift

planning software.

Lean
production Purposes Industry 4.0

analysis of of the analysis of
principles SPT features

Study of
competition

Figure 4: Structure development of the SPT. Decomposition and definition part

The table 4 shows and summarizes the process carried out in the thesis.

3.1.1 Lean production analysis of principles

Lean production is set as the basis of the tool. Its analysis was made with seven articles.
Reading these articles and linking them with shift planning, it has been obtained some

principles as a result of the study. The procedure was split into two steps:

1. A list of principles was taken out from the articles and only the ones that

concerns shift planning were considered.

12



2. An analysis of how many articles talk about each remaining principle was carried
out, to calculate the percentage of how many articles mention each principle.

However, it has been only considered the ones that get more than a 50%.

The principles obtained after had applied the two filters will constitute the basis of the
SPT.

In order to accomplish these lean principles, there are some lean methods and techniques
related to shift planning. Thus, these methods were delivered from the same 7 lean articles

and same study method.

The techniques and methods will lead the project to how the principles should be applied

in the tool.

3.1.2 Purposes of the SPT

The purposes of the SPT come from the lean principles. Therefore, each principle will have
its own purposes and they will be the representation of the principles of the tool. The
methodology consists of coming out with the objectives that the tool must accomplish from

the principle basis.

3.1.3 Study of competition

The study was made split into two steps. The first one is to identify which software are

going to be analysed and the second one is the individual analysis of the features.

To start with, 20 software were collected in a list. They were taken from the internet after
typing “Shift schedule software” in Google. The 20 firsts companies that appeared were
chosen for the study. The filters used are functions considered indispensable for the tool

because they represent the Industry 4.0 features. These filters are:

e Auto-schedule: It is the shift schedule done automatically by the tool. Therefore, it
alludes to the autonomous decision feature after having analysed the data.

e Communication platform: It is the platform with which the workers can
communicate with each other. It refers to the connectivity in between the shop
floor and to the service orientation because it makes a more participative process.

e Data analysis: Are the reports shown after the data was analysed. It means the

collection and the analysis of data and, also, the connectivity.

Applying the three filters, the resulting software were analysed one by one. The functions

chosen were taken from a list written with all the functions offered by these five software.
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Nevertheless, the final analysis was done with the functions shared by more than one

software.

3.1.4 Industry 4.0 analysis of features

To integrate the SPT in a smart factory, it is necessary to know which Industry 4.0 features
can be used in the SPT. In order to get them, it has been analysed in a similar way as in

3.1.1. So, 8 new articles that talk about Industry 4.0 were taken for the study.

Therefore, first it has been noted down all Industry 4.0 features found in the texts and
removed the ones that didn’t have anything to do with the shift planning purposes.

Afterwards, only the ones that overcome a 50% of the second filter were considered.

Industry 4.0 technologies will look for accomplishing the purposes of the tool by providing
some functionalities that are only possible because of its development. Hence, while the
lean principles are the basis of the tool, Industry 4.0 features will be the instrument

capable of making possible the goals.

3.1.5 Functions of the SPT

The functionalities will come from two sources: the Industry 4.0 features and the study of
competition. At the same time, the development of the functions must take into account
the purposes set previously. So, the functions will be established having in mind all these

factors.

3.2 Integration and verification

The goals of this part are two. First to integrate the SPT in the shop floor management tool
of the Center fiir Industrielle Produktivitit of the Tecnische Universitit Darmstadt. Second,
to validate the development of the functions by interviews made to 12 different

manufacturing plants.
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Integration Validation

Figure 5: Structure development of the SPT. Integration and verification part

3.2.1 Integration and design in the SPMT

The integration will be done by identifying the points that both tools have in common.
Afterwards, the SPT will be designed similar to the SPMT with the help of the programme
Proto.io. The screens designed will contain the functions and requirements and will have

as objectives to be simple and intuitive.

3.2.2 Validation and feedback

This part contains 12 interviews did by a questionnaire to different workers of a
manufacturing plant. The approach followed is a qualitative approach because it consists of
collecting experiences from different people. The methodology for the analysis of the
answers is explained in 2.5. From the data collected, it has been carried out an analysis
split in two: one more graphically and the other one with more conclusions explained the

different cases.
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4 Development, integration and validation of the SPT

This part of the thesis explains the development of the tool. It accounts for the
functionalities and how, step by step, they have been taken out. Besides, it implements the
tool into the SFMS of the CiP and shows with pictures how has been the tool designed. In
closing, it validates the study done by interviewing several workers, which work is to plan

the shift schedule, of different companies.

4.1 Lean Production

The aim of lean production in shop floor management is to minimize waste and achieve
continuous improvement. Its principles search for efficiency and lead time reduction, at the
same time as manufacturing high-quality products. These characteristics and principles are
the ones wanted and needed to develop a useful shift planning tool. Hence, to reach the

goals established, lean philosophy will set the basis of the tool.

4.1.1 Lean production literature analysis

The first step to start building the basis of the tool is to take out from lean literature the
principles that concern shift schedule. It is already said in 4.1 that there are some
principles and characteristics that come intrinsic with lean philosophy. However, this study
is carried out through 8 lean articles with the aim of obtaining the principles that are really

related with shift schedule.

Applying both filters explained in 3.1.1 only three principles remained. These are;
observation, employees and dynamic structure. Nevertheless, the two terms; continuous
improvement and waste minimization were mentioned in all the articles. The reason is that
all the other principles lead to these two terms. Hence, the three principles left will
constitute the basis for the shift planning tool, but they are always looking to accomplish

the other two terms.
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Figure 6: Lean principles for the SPT

For the correct implementation of the principles, it is necessary to use some methods and
techniques. The same procedure was used for taking them out. Therefore, applying both
steps described before, five terms came out. These are; multifunctional teams,
standardization, counter measures and KPI, daily routines and shift meetings, and

development of skills and potential.

Each method has something to do with one or more principles. Thus, standardization and
counter measures and KPI are part of the dynamic structure: first the process must be
standardized and then, it must have some results to compare. However, measurements and
KPI are also related to the observation procedure because it is necessary to make an
analysis of what has been achieved and what is the deviation to solve the problems. Both
methods have acquired the highest percentage in the table. That is because they are
considered as very important steps in lean procedures. Regarding the other three, the
percentage is clearly lower, and it is obvious that for example, daily routines and shift
meetings doesn’t have the same weight in lean production than standardization, so they
are not at the same level. Nevertheless, they are methods also indispensable and helpful.
For example, without the development of worker’s skills and potential, it wouldn’t be

possible to solve problems at all levels.
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Figure 7: Lean principles and methods for the SPT

4.1.2 Lean production related to shift planning

According to the first filter, the principles and techniques chosen are linked to shift

planning. Hence, they all must provide something to the tool.

Observation

One way to achieve continuous improvement is by direct and indirect observation. That
refers to the entire understanding of the manufacturing process. In shift planning,
observation can be performed by analysing data, such as indicators, having a direct
visualization of the shop floor, or scheduling daily routines and meetings to discuss and

make correct decisions.

There are some indicators, about workers, as well as about machines or processes, that can
help to organize resources. Some examples of shift planning indicators could be the hours
worked by an employee in a month, the productivity or OEE of a machine, or the skills of
each employee. Through this collection of data, the plant manager can observe who is the
best worker for each task and in which work place they should work. This can optimize the

schedule work, besides of preventing from failures and save time.

19



Dynamic structure

In relation with counter measures and indicators is the second principle: dynamic
structure. Shop floors need to be more prepared for changes because of the development of
the global market through a more customized world. To be prepared, the structure of the
shop floor requires dynamism. This implies to be organized as a closed loop: processes are
standardized, and data is collected to make decisions and improve the results. The
standardization of processes refers to a method previously established, accepted and
followed to realize activities and functions. After having a process standardized is simpler
to identify deviations by the data collected. That way, the manufacturing process can be

adapted to the market, and therefore, more flexible.

Employees

Workers are the driver for changing, thus, to improve work they must be motivated. It is
very important to empower employees by getting out their maximum potential. For
instance, if the schedule is made so one worker is in a work place where he is not very
productive, the situation can discourage him because he was not well trained, or he has
other skills that are not being used. Although the organization of employees on the shop

floor must be in groups. Hence, each worker provides his skills and potential to the team.

4.2 Purposes of the SPT

According with 4.1 lean production will be the basis for the development of the SPT.
Therefore, as it is said in point 4.1.1, the tool will be based on observation, employee and
dynamic structure principles. The SPT is thought for a Smart factory. This is the reason

why, the purposes of the tool will be achieved with Industry 4.0 technology.

The purposes will be subtracted from the three principles. That way, the SPT main
objectives will be built from the lean basis. Following this procedure, six purposes of the

SPT were taken out.
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Figure 8: Purposes of the SPT and its relationship with the lean principles

4.2.1 Observation purposes

In the shift planning it is necessary to have observation of data with 2 objectives; to make
decisions in the moment if something doesn’t go as it was scheduled, and to perform a
continuous improvement of the schedule by analysing the data collected and observing
which could be the best option. For this reason, the tool needs to collect on one hand, data

in real time, and on the other hand, KPI to build a database.

4.2.2 Employee purposes

It has been already explained the importance of worker motivation in the process. The SPT

must encourage workers with three purposes.

It is vital to get a benefit from employees’ potential, and train them to develop his skills.
However, it is also essential to give them the right work place and task. That is why it will
be a goal of the tool to take advantage of all employees. Furthermore, another way of
encouragement is by developing a communication system between the workers of all
levels. It is a way of implicating them in a more participant system, where they can ask for
requests or communicate in between the teams to make shift swap for example. The SPT
must provide and assure a better organization of the shift schedule, providing a more

structured and efficient way.
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4.2.3 Dynamic structure purpose

The dynamic structure principle leads directly to the characteristic of flexibility. This
objective yields to a possible changeable SPT. Thus, if there is need of making some
changes and for example, switch schedules to adapt them to the new production plan, it

will be possible.

4.3 Study of competition

Before the development of the tool, a study of the software that are now in the market has
been carried out. The purpose of this study is to analyse the features that are being offered
nowadays, and identify which ones are missing and could be possible to have thanks to

Industry 4.0. Applying the three filters, Fig 9, only five software out of 20 remained.

oIt
eliminates
13 out of
20

Auto-Schedule

Communication * It eliminates
platform one out of 7

e Five
softwares
left

Figure 9: Filters applied to the study of competence

These five software will be analysed individually with the functions chosen and explained

below.

e Multi view and location: Possibility of choosing the view depending on what is the
preferred option. Usually, the views are per week, month, worker or work location.

e Shift coverage: Refers to the position, skills and qualifications of each employee.

e Warnings: The tool warns its users if something changes in the schedule.

e Best employee: With the data collected and analysed, the tool can make

suggestions about who can be the best worker depending on the shift.
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e Online schedule posting: The shift schedule is posted and can be checked by
workers online.

e Role-base access: Different accesses to the tool depending on the position in the
company.

e Labour cost control: Control of the costs depending on the schedule made and the
different labour contracts of each worker.

e Employee ability to work: Possibility of writing the preferences for work.

e Planned and record work hours: Parameter that can be collected from each worker
to have a control of the working hours.

e Time-attendance system: To control the attendance, deletes and hours worked.

e Control of overtime: Control of extra work time.

e Track employees training: Control of the remaining training of each employee to
improve its skills.

e Shift swap request: Possibility of swap a shift with another worker by making a

request that can be accepted or not by the person in charge.

According with the results obtained there are some functions that seems almost
indispensable because of its high percentage. However, there are others that didn’t obtain
such a result. However, the fact that some functions didn’t get a high percentage doesn’t
mean that they are not important for the development of this tool. For instance, shift swap
request got a 60%, however it is a way of making the schedule more suitable for all
workers. Consequently, even if the last decision comes from the plant manager or team
leader, the shift swap request is a function with which the workers can participate in their

own schedule.

Most of the functions took from the study of competition should be in the SPT, because
they are key functions to get a good shift schedule. However, there are other functions that

are missing. These will be explained in the following chapters.
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SOFTWARE Schesélllllellz 365 Mitrefinch Deputy Shiftboard =~ Humanity %
FUNCTIONS
Multl-Vlt?w and ) 1 1 1 %0
locations
Employee ) . 1 60
features
Warnings 1 1 1 60
Best employee 1 1 1 1 80
Online sc.:hedule ) 1 1 1 %0
posting
Role-based acces 1 1 1 1 1 100
Labor cost control 1 1 1 1 80
Employees ability 1 ) 1 60
to work
Planned and
record work 1 1 1 1 80
hours
Time-attendance 1 1 1 60
system
ContrQI of ) 1 ) 60
overtime
Tranck ?Ir}ployees 1 ) 40
training
Shift swap . 1 ) 60
request

Table 2: Study of the functionalities of the softwares selected

4.4 Industry 4.0
The integration of Industry 4.0 in the shop floor transforms it into a connected and
digitalised environment. The shift planning can reach to another level because Industry 4.0

technology optimizes every lean method and technique.

If the purposes established are the representation of the lean basis in the SPT, Industry 4.0
technology will be the one in charge of carry them out. In other words, Industry 4.0
features will help to reach the objectives by offering functions that are only possible in such

environment as a Smart factory.

4.41 Industry 4.0 literature analysis

The second analysis has been made regarding Industry 4.0 literature. The procedure is the

one explained in 3.1.4.
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Once both filters were applied, it only remains five features. These features are:
connectivity, real-time data collection and analysis, virtualization, decentralization and

service orientation.

Vrtual
simulation
of the
work shop

Creation of
Collection products
of data in based on the
real-time customers
specifications

Purposes

Autonomous
decisions
made by the
information
provided

Communic
ation
between
IoT

Figure 10: Industry 4.0 features of the SPT

As it can be observed in the table, some features such as connectivity and real-time data
have obtained 100% of the qualification. It is not a coincidence that both features are one
of the more decisive for Industry 4.0 processes in general, and hence, for the SPT. The
developing tool wants to offer a whole connection of the shop floor resources with the
objective of getting a better organization of timetables. Besides, to improve those

timetables, it is necessary to collect indicators.

On the other hand, the other features obtained by the analysis contribute in some way to
the implementation of the purposes. For instance, after having analysed the data, the tool
can make some autonomous decisions that can help the person in charge of the schedule to
better organize or to take more advantage of the workers. For example, the SPT can

suggests some workers for some specific shifts.

The five features explained will represent the instrument needed to reach the purposes of
the SPT. However, they are not directly related to only one of the purposes, but each
Industry 4.0 feature contributes to more than one. The relations between the purposes and

the Industry 4.0 features are graphically shown in Fig 11.
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Figure 11: Relation between the purposes and the 4.0 features

4.4.2 Industry 4.0 related to shift planning

According with 4.4.1, Industry 4.0 technology supports lean production. The features that
were mentioned in 4.4.1 make possible the implementation of the purposes and optimizes

the methods used, making the process more stable and transparent.

Connectivity

Connectivity refers to the connection, by the cyber-physical system, of all the Smart
devices. It makes possible the communication in the shop floor. In terms of shift planning,
it implies to have a human-machine communication or a communication platform for the
workers to make suggestions or requests for example. This connection is the key to have a
visualization of the resources and link them to the production plan, in order to have an
idea of how the schedule should be. Moreover, the communication platform increases

workers’ participation in the manufacturing process, and hence, it can empower its work.

Collection and analysis of real-data
It was explained before in 3.1.2 the importance of indicators. This collection of data can be
done because of Industry 4.0 technology. In addition, it can be collected in real-time, so

decisions can be made at the time if there is, for example, a failure. To take measurements
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on the shop floor, there must be sensors implanted. These sensors get the information that
can be interesting for the shift planning. Examples of these indicators could be the real-
time location of a worker, the status of a machine or the production manufactured at that

time.

After the collection, there is an analysis of the data. The analysis can be made either by
employees or Smart devices. On one hand, the analysis made by employees can help to
improve decisions such as which employee should go where or to add more shifts if it is
necessary. These indicators must be of easy access, very visual and functional. On the other
hand, machines can carry out autonomous decisions considering last performances.
Moreover, the collection of data allows to create databases that can be consulted whenever

it is necessary.

Autonomous decisions

The information is provided and afterwards processed. This process leads to decisions
made automatically by actuators. The information can come from the analysis of the data
collected or by a worker such as a shift swap request. The autonomous decisions make a

more dynamic system, where it is possible to be adapted to changes.

Virtualization of the shop floor

It is very important to have a visual understanding of the shop floor. That way, it is
possible to observe the workers and the machines that are working. The virtual copy of the
shop floor shows a complete picture adding to its parameters. Like that, Industry 4.0
provides a direct observation by showing what is happening, and an indirect observation

by indicating the parameters.

Service orientation

Service orientation refers to the creation of products based on customers specifications. In
the case of a SPT, the customer that participates in the process are the employees that
work on the shop floor. Workers take part of their own shift plan schedule by noting down
their preferences. Another way of being more involved is by requesting for swap shifts to
the supervisor. Service orientation in that case is directly related with the employees
principle, because workers can be more engaged in their own shift planning by letting

them participate in an organized way.

In conclusion, Industry 4.0 features, construct a more flexible manufacturing system. For

the SPT, it offers a connexion of all the resources and the collection of data necessary to

28



schedule the plan. It builds a virtual copy, capable of communicating if there is an error

and improves the communication between workers of all levels among other things.

4.5 Functions of the SPT

The functions are the representation of the purposes in the SPT. In other words, the
purposes will be reached thanks to the functionalities of the tool. Industry 4.0 technology is
responsible of setting the objectives into real functions that can be used. However, at the
same time, the functions developed try to take the most advantage of Industry 4.0

technology.

Industry 4.0

EDo—c

Figure 12: Relation between the purposes and the functions of the SPT

Some of the functions are already in the market, offered in some of the software analysed
before. Nevertheless, other functions have been thought as future shift planning

challenges, to adapt the shift planning to how it’s going to work a smart factory.

Purposes
+
Industry
4.0

Study of

compete
nce

Figure 13: Origin of the functions of the SPT
The functions can be divided into different groups.

4.5.1 Data functions

These functions gather the necessary data to have a following analysis of it. This data can

be collected in real-time or save it to check it afterwards.
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KPI

To make clearer and easier what has been achieved, the KPI are shown in the dashboard.
There exist different indicators that can help to improve future decisions. KPI's can be
collected from different resources of the shop floor such as machines, workers or even the
production figures. Some examples are: percentage of requests accepted, productivity of

the machines, vacancies days or hours worked per month, etc.

Virtual copy of the shop floor

With the virtualization of the shop floor, it is possible to show real-time data such as where
the workers are placed, who is working in each location or the status of the machine that
are working. This makes more simpler the observation of how all is organized on the shop

floor.

Historical data

The tool must be based on the data collected, so the choices can be made after having
analysed the data and know which are the best options. Moreover, with the data it is
possible to elaborate reports that show the improvement made or the problems solved and
not solved. It helps the software to make suggestions or to auto-schedule based on the past
performances. For example, the tool would suggest who could be the best substitute for

last minute changes or can make the schedule for the next week considering the data.

Skills and qualifications of workers
In order to fit the employees in the right work place, it is important to take into account its
qualifications and potential. That way, if all are saved in the tool, the planner can have a

visualization of it and schedule according to the skill matrix.

Real time view of the production
It could be an important function for some companies to have a visualization of the
production reached at the moment. That way, it would be possible to react and call

workers in standby if it is necessary.

4.5.2 Workers functions

These functions are set for improving workers’ life work balance and its participation in the
management of shifts. The objective is to have an organized structure where workers can

be more informed and feel more implicated in the process.

Role-access
Role-access to the tool must be differentiated. It must depend on the worker position inside

the company. Therefore, what you can access is different if it is a team member or the
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manager. For example, if it’'s the manager, she or he would have in the dashboard the
KPI”s, the production data and the skills of each worker, however, if it is a worker, this

information will be kept.

Warnings and synchronization
The application needs to be synchronized everywhere. That way workers are able to check
their schedule online with the application. Furthermore, the tool sends warnings to the

members in case of changes in the planned schedule or to notify when the shift starts.

Messenger and call platform
The communication between workers must be done in a simple way and from everywhere.
For this reason, the communication platform serves to talk to your team members, the

leader or with the plan maker and ask whatever is necessary.

Ability to work
Another function that is important to make a more implicate process, is to let the
employees write down its preferences to work. That way, the planner will consider some

personal workers needs when it comes to the schedule.

4.5.3 Schedule process functions

These functions help directly to the shift schedule. They optimize the schedule system

providing a better organization and a well-structured process.

Production plan

The first step to make the schedule is to plan it according to the production plan. For this
reason, it will be useful to have the production plan connected to the SPT. This function is
useful for two reasons: first, if the production plan varies because of a change in the
costumer’s demands, it will be possible to reschedule the shifts and second, to schedule the

shifts depending on what is needed to produce.

Planning of each work location
For a deeper planning of each shift, this function covers the daily timetable. According to
this, the team leader can order special tasks to workers or allocate them in another work

place in the chain for example, if the production objectives changes because of a failure.

Schedule by groups
To simplify the schedule, it is better to plan by groups. Planning like that, it will be possible

to assign a part of the chain to one team and then the leader will distribute the tasks.
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Conflict warnings
The conflict warnings alert about problems in the schedules made previously. It is
necessary to avoid overlapping of shifts, lack of employees or even if the person in charge

is assigning a work place to a worker who doesn’t have the skills.

Publishing dates
Automatic publishing dates so the workers can have time to organize themselves and their

own life balance.

4.6 New challenges of the tool

Some of these functions were developed to take more advantage of the Industry 4.0
technology. The schedule was thought to be planned considering some factors step by step.
Nevertheless, after the schedule is made, there are some other functionalities that also

pursue the purposes.

It is significant, as something new for this tool, to have the production plan synchronized.
There are two reasons for this. First, because with the production plan it is possible to set
the schedule depending on the resources. Second, because if the production plan varies,
the tool will warn, and it will be possible to make changes. Therefore, the first step in

order to plan the shift schedule is to have the production plan available in the tool.

To continue with, everything needs to be scheduled depending on the machine parameters,
number of workers available and processes needed, in case there is more than one in the
shop floor. The tool has all these indicators saved, such as the productivity or OEE of the
machines, the skills and qualifications or work preferences of workers, and the time
estimated to work. With all these parameters, the tool will advise the plant manager not
only which worker is the more suitable according with its skills, but if it is necessary to add

another shift.

Machines W.? rlgfrs 4
available and . Aalien s Schedule

necessary
Warn the -
‘ Publishing

Figure 14: Schedule process of the SPT

Production . Manufacturing
process

plan
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Once the schedule is made considering all these, it can be published for the workers to see
it. The tool will have publishing due dates, so the workers can organize its work life-
balance better. After being published, the shift schedule can be changed if it is necessary.
There can be different reasons to remake the schedule. For example, workers can request
for swap shift, or a failure in one of the machines that delays the production plan, or a new
customer demand. However, if there is a change made by the manager, the tool will be
automatically updated and all the workers who have something to do with these changes,

will be warned by a message.

Besides, Industry 4.0 industry provides real time-data. This data procures a virtualization
of the shop floor and hence, a better organization of its resources. For example, having the
production data, the workers’ locations or the machine status, the plant manager can react

to problems and improve the performance to reach the production plan objectives.

Indeed, there is another part of the shift schedule, which organizes a more detail plan of
the workers. The idea is to have a platform where daily tasks can be given to workers, so
they can perform them, or for example, schedule shift meetings to discuss and solve
problems. This function works more for manufacturing plants that have different processes
and there are some tasks and actions that they must prioritize each day. With this function,
the team leader can distribute and organize better, and each worker has in its application
the things to do. Indeed, even if the task is performed or not, the worker should report it.
Hence, if there is a problem, the worker should note down the reason why the task had not
been done, such as if there is not time enough in the shift to perform all the tasks, or if the
problem comes from the previous shift, etc. Of course, this data has to be analysed by the

team leader or the manager to solve the root problem.

The theoretical development has been carried out step by step as it is described in 3.1. This
procedure, briefly show in table 4, has finally ended up with the requirements of the
product. Therefore, this part of the thesis corresponds to the left V shape, because it has

gathered information with the aim of building the product requirement document.

The table 4 summarizes the procedure followed to come out with the functions. It relates
each step with the next and the previous one and gives a little description for the terms
used in the project. The functions are underlined with different colours. The black colour

shows the name of the function and the red colour underlines the objective.
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4.7 Integration into the shop floor management tool

The SFMT and the SPT are perfectly compatibles tools that can match one with each other.
Both are integrated into a Smart Factory with the goal of improving the shop floor
management. Therefore, each tool has its own functions and objectives, but they also have

some points in common.

With the purpose of integrating the SPT, there are some functions coming from the SFMT
that can be used for both. These functions are: the communication centre and the people

and training.

Hello Andreal 152455
= 15082018 ~ |@ Logout

FUNCTIONS NEWS

Performance Problem Value Stream Benutzerprofile
Dialog Solving Benutzer werdan gebsten inre Profile zu aktualisisren

o Die nachste Viersammiung findet am kommenden Freitag um 1700 Uhr in
Raum 119 statt

People & Problem and Communication
Training Measure Tracking Center Feuerlibung

[ ] Heule um 10:45 Uhr - For alle Milarbeiter verpflichtend. Bitte weitere
(] O! et e

SYSTEM MESSAGES

Drehmaschine wieder einsatzbereit

Figure 15: Main menu of the SFMT

4.7.1 Communication centre

The communication centre has the same objective than the communication platform
named before in the thesis. It can send messages to the members of the tool, has an inbox
for each user and open chats. Furthermore, it can be checked from everywhere, so it fulfils
the requirement mentioned in the last point. In that case, it will not be necessary to have
two different platforms that serve for the same purpose, but only one. To differentiate the
messages that come from the SPT with the ones that comes from the SFMT it can be
possible to have different colours for each. That way, even if the messages enter to the

same inbox, the user can visualize better from where it comes from.
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Hello Andreal 1527 34

M e

Send Messages Inbox Expert Chat
Manage Users Manage Groups Manage Communication Plans

Figure 16: Communication center screen of the SFMT

4.7.2 People and training

This part of the tool refers to the skills of the workers of the shop floor. It shows the
qualifications for each worker in each work place. Besides, it counts with the remaining
training. This dashboard can be the same for the SPT. That way, it will be linked to both

tools, so if anything changes it can be visualized and updated in the two platforms.

Work locations

Ansicht: Skl Matix ¥

&
& & 3¢ &
& e § r & o
& e & & &
Name o of < “-’"ab@ o’ & w e < ¢ Anstehende Trainings

Max Miiller Einfuhrung Frasmaschine
Friedrich Funkel
Einarbeitung Montage

h
Peter Peters .
Y

Hans Hansbein

Legende

Keine Kenntnisse
Grundkenntnisse

Ausfiihrung von Grundaufgaben
Austlihrung aller Tatigkeiten

Workers

Figure 17: Training and skills screen of the SFMT
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4.8 Design of the SPT: Proto.io

The application has been designed with the prototype design tool called Proto.io. With the
help of Proto.io it has been possible to create a design of how the tool should be and how it
should work. The design was made having in mind that we are looking for a simple and

interactive tool. According to this, the main functions are clearly display in the dashboard.

First of all, before entering the main screen, it must be chosen the role-access. Depending
on which access is chosen, there will be some functions that will be shown or not. To

explain each screen, let’s first differentiate between the role access.

O ROLE ACCESS

WORKER PLANT MANAGER
ACCESS ACCESS

Figure 18: Role access screen of the SPT

4.8.1 Manager access

The manager access is the one that has more functions available, because the plant
manager is the one in charge of making the shift schedules. For this reason, the plan

manager will need and use all the information and functions of the tool.

The screen that appears after having chosen manager access shows the main functionalities
of the tool. These functions are: timetable, planning, skills, shop floor visualization,

communication center and users.
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Users

Shop floor

Timetable
Visualization I

Planification Communication
O

SYSTEM MESSAGES

l 6 days left for publishing

Figure 19: Main menu of the SPT

Timetable screen

The timetable has different functions and views. It is designed so the organization is as
simple as possible. For this reason, it has different visualization modes, the shifts are split
in three and the colours of each shift made it more visual. Indeed, it counts with the
production plan window where it shows the percentage of production covered with the

schedule made.

Different views

Clicking in the

e S e et Toar Erodurtan pan
start it can be seen
_/ = K= bl 4 X= the request for this
Shifts . TUESDAY = THURSDAY  WENDSDAY FRIDAY ° day and shift
The schedule is -
divided into 3 £ 2706
different shifts Henry - _ Production abjectives
100
s - -
oy Jredudiontable
Shows for each day
e e e EmEm | e
Schadaied and how much it has
Tornas - - been schedule to cover
o )

WARNINGS \ \

! Need more shifts 270818
! Changs production 280618

Vlsual colours

Red: Mot publish et
Green: Published

Yellow: Not suited for the
worker skills

Figure 20: Timetable screen of the SPT
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The process for schedule is very simple as its shown in the following pictures.

Clicking in one of the
— rectangles the screen
changes to be
completed with the
shift hours and the
work location

WARNINGS

| Meed more shifts 2T06HE
| Change production JUOE1E

Figure 21: Schedule process. Choice of the shift

Once the information is completed, clicking in the check box, the shift appears as it is

shown in figure 22.

MOWDAY ~ TUESDAY  THURSDAY WENDSDAY  FRIDAY . The shift
- [ e — Cornthe
| =] colour in the
e o
- = e
=1 published vet.
b= b=
Tomas
N

WARNINGS

| Mewd mere shifts 270848
| Change preduciion JDEME

Figure 22: Schedule process. Shift information completed
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When the shift is in red colour is only accessible to the manager. However, publishing the

shifts, it can be seen in the worker access too.

Locations

=1
The shift now has
changed to green
because the shift

MONDAY TUESDAY THURSDAY ~ WENDSDAY FRIDAY °

27106 »

Production obj

07:00- 15:00  07:00 - 15:00
Sage Kastro Indea C65

Tom  07:00-1500  07:00- 1500 has been
I published so
07:00- 1500 O7:00- 1500 .
Hamn  "raching | Wasching workers can see it
o 07&;‘1_.5:500 15:M_— 2300 Production scheduled
Logistics 0%
WARNINGS

Need more shifts 27/06/18

1
!
! Change production 28/06/18

Figure 23: Schedule process. Shift publishing

One warning example could be the situation of selecting a worker in a wrong work place.
There could be two options; to change its skills so the worker can be in that particular

work place, or to schedule the shift even if the worker hasn’t finished its training.
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Wiorkars Locations: Wizek Morth Team Production plan m

MONDAY TUESDAY | THURSDAY = WENDSDAY FRIDAY °
27106 3
Hem Production objectives Warning
S % TFthe worker is not
=T trained in the work
WARNING location selected
Hann e the tool will warn
Sage Kastro
Production scheduled
Temas ot anpuay Jf oo sits -
WARNINGS

! Need more shifts 27/06/18
! Change production 28/06/13

Figure 24: Warning because of lack of skills

There are two options: either the skills are changes in the skill screen, or the shift is
scheduled without the necessary skills. If it is the second case the shift will appear as in

figure 25.

Workers  Locaians Week Morth Team Production plan m

MONDAY TUESDAY THURSDAY  WENDSDAY FRIDAY °

H
o | Schedule anyway
e %' TFthe bottom pressed is
= to “put it anyway”, the
</ m shift will appear but in
07:00 - 15:00
Hann - -

T velow.

Production scheduled
o =]

27108 »
Preduction objectives

WARNINGS

! Need more shifts 27/0618
! Change production 2B/06ME

Figure 25: Schedule a worker with not enough training
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In case one worker makes a request, a start will appear in the timetable, so it can be

tapped, and the preference message will appear.

O TIMETABLE

=x
MONDAY

07:00- 15:00
Sage Kastro

07:00 -15:00
Indea CG5

Harn  0T:00-15:00
Washing

07-00 - 15:00
Logistics

Tomas

WARNINGS

TUESDAY THURSDAY WENDSDAY FRIDAY

07:00 - 15:00
Indea CG5

Preference request

Please shift during the aftemoon

£ 2706 ¥
Production objectives RequeSt
m is
tapped the preference
request of the worker
will appear in the screen

Need more shifts 27/06/18
Change production 28/06/M18

Figure 26: Request of a worker

Shop floor visualization screen

The shop floor visualization screen provides real time information about the machines, the

worker’s location and the hours left of the shift for example. Besides, it shows in the

dashboard the production data of the day, one previous and the next day, with its

corresponding production objectives and the production done in real time.
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Worktocation tara () seremmsson s >

Clicking in the machine it
can be visualize the

worker, the machine and
the hours left of the shift

Workers Machines Data
[“‘““““ JuJ {"“"“’ o |[i.a
| PRODUCTION
OBJECTIVE DONE Production real time data
27/06/2018 100 0 / Data of the production at
26/06/2018 100 40 f— the time an.d two days
25/06/2018 100 85 I previous

Figure 27: Shop floor visualization screen

Users screen

There are three different groups in this screen that are workers, teams and machines.

MACHINES

KPI Productivity[) status Imporiznce  OEE%] Caoling liquid{s)
_ﬁ Sage Kastro 75 Working () 735
“ Indea CB5 69 Working 0 70.3
qﬂ DMC 50H 75 Waiting 685 10
ﬁ Washing 55 Failurs 60,7

MESSAGES

(A Warker 1 has make a request \
Priority machines
Selection of the most important
machines depending on the process
of each day

Figure 28: User machine screen
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Each one contains its corresponding members with a general overview of the main

parameters that can be used in the schedule.

OUSERS

Kpl Hours waorked Hours |eft ﬂE]’! BuCCees a
A Sonja 140 20 4 65% 0
% Henry 142 13 4 63% 0
|

e Christian 142 18 5 80% 1
e Tanja 142 15 4 45% i}

MESSAGES

EA Worker 1 has make 2 request
Indicators
Hours worked and hours left
per month, vacancy days per
year, absenteeism and the
requests that has been
accepted

Figure 29: User workers screen

Typing in one of the lists, the screen changes to display some characteristics. The

information shown is different depending if on what has been clicked: a worker, a machine

or a group.

The machine screen can directly links to the information needed such as the sheet of

technical requirements or ergonomics.
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Characteristics
i Sage Kastro and information
[ —
@ Ergonomics
) s neeed
n .

Figure 30: Machine information screen

The worker screen is the most complete one because it shows the requests of the worker,

the rotations, and which are its preferences as it can be observed in figure 31.

=3 Rotations
Percentage of locations
g Hen choose in the schedule
2 ROTATIONS OF THE WORK PLACE and TOP 3 most
 +34666 766546 7 27106 Sage Castro frequently places
e 26/06 Sage Castro f
@ henry@gmail com 7 25000 Jixles CB>
JOP 3WORKPIACES
& 40 hours / week 9 Sage Castro 60%
Indea C65 0%
] 24 hours 9 \_ Haas Tumn 10%
o Qdays ) PREFERENCES
® Change monday shift because | have doctor Morning shift or night shift
Request Available for S day shifts

Request /

Preferences of work

Figure 31: Worker information screen

In the group screen, figure 32, it shows the members of the group and its leader.
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Group 1
Tim Tearnieaser

Gl

Torm
Hann
Andrea

Tomas

* F F F F P
1 2 3 1 1 12

Jean

Figure 32: Group information screen

Planning screen

The planning screen is designed so the team leader just needs to drag the tasks in the
horizontal time line and chose the worker who is going to carry it out. The aim is to get an
easy comprehensible screen which main objective is to distribute the different tasks that
can be performed during the day. Moreover, this screen also shows the process and
machines that are prioritized. Finnally, the tasks not done can be a source to make reports

with the reasons why they haven’t been performed.

Eiﬁ‘vlcf m o ® W W W oW B W T m Ll Processes 27062018

Key resources
The priority machines
and processes of the

_x e e~ | day can be mark so
EVEryONe can see

B rooes © them
DT 50H D
Tasks are moved to
the timetable and = O

when they are

performed workers LI Check inventany Wirkers and work lecations
can mark them as

done

g = e Tasks not done
TASK NOT DONE g e B roences Workers can mark if
they haven't
performed the task
neting the reason why
so the data can be
analysed

Raplace ool 24047018 m:numamm

Cleanthe ool 25082018 Prenious shift was lste

Figure 33: Planification screen
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The procedure to add a task to the timetable is very similar to the procedure described in

the timetable screen and it can be followed in figures 34, 35 and 36.

o PLANIFICATION ( 2710612018 )

Group 1~ ‘;.— e e W w1 W 1w 15 18 7o nexT Processes 27/06/2018
\

Process 4 =4
Henry
Key machines 27/06/2018
e - s SAGE CASTRO [

B romos H
From To

Hann : DMC 50H ]
The task is
chosen from > Viorker “=mo o
“task to do” Tasks to do .

Replace ool Workers and work locations

Clean the ool 2 _x e

w a Henry B inOEA CES
Replace tool 26/06/2018 No time during the sift [[yg an WASHING
Cleantheiool  25/06/2018 Previous shift was late =g

Figure 34: Task distribution process process. Choice of the task

The box has to be fulfill with the worker who has to perform the task and the time at

which the action has to be carried out, as it is shown in figure 35.

O PLANIFICATION ( 2710612018 )

Group 1 ~ ‘:.— Bom M 1 om W 15 & 7 = Processes 27/06/2018
U S ) o e

Process & =
e
Key machines 27/06/2018
S - i SAGECASTRO [

The B vomes @
information e Fom 2 ™ S s
has to be —s e [
completed to ot Worker  Hann
add it to the Repizos tool Workers and work locations
timetable Glean the toal 5 - ==
4 N CASTRO
_JASK NOTDONE 8 1w B noencs
Replace toal 26/06/2018 Mo time during the shift m Hann WASHING
Clean the tool 25/06/2018 Previous shift was late m

Figure 35: Task distribution process. Information of the task

Once the information is all completed, as it was explained in the timetable screen, the

check box has to be clicked.
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O PLANIFICATION « o601 P

Group 1 /‘:r L R TR B B P O T A next Processes 27/06/2018
[ S ) ) I

Process 4 Ig
Henry
Key machines 27/06/2018
Taia - x SAGE CASTRO [

The task is B oo @

Hann DMC 50H
added to th~ - —
appropriate P
worker and Jeskstodo Tacks done
time FETTERE Chack invantary Workers and work locations

Change product 9 = -g s
TASK NOT DONE @ rem Ba mMoEACss
Replace tool 26/06/2018 No time during the shift m fann WASHING
Clean the tool 250672018 Previous shift was late m

Figure 36: Task distribution process. Addition of the task to the worker timetable

The section with tasks not done is a way to register when something doesn’t go as it is
scheduled. From it, is possible to make reports and statistics to evaluate which are the

problems.

O PLANIFICATION ( 270612018 )

Group 1_~ ‘:v e m ® m o1z 3 W 15 18 7 8 Xt Processes 27/06/2018

Proess & =4
Henry
Key machines 27/06/2018
Tanja - 1 SAGE CASTRO [

o) eE [ Clicking in
o - = g the bottom
s “More” the
Tasistodo Sam /Incea C65 / screen shows
Repiscs ool Replace fool Workers and work locations more
Motiv: | didn't have time 2 £) 5. information

during the shift because
there was a failure in the

TASK NOT DONE machine a fenry B INDEA CES
Replace tool 26062018 No time during the shift m Harn WASHING
Cleantheiool 250082018 Previous shift was late [[S9)

Figure 37: Information of tasks not done

4.8.2 Worker access

The worker menu consists of three access which are the schedule, my profile and the
communication center. From here the worker can enter and write its work preferences,
make requests or send messages to its team leader. Indeed, the worker can check and see
its schedule, as well as receive messages remembering shifts or warning that it has been

some changes.
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Center
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My Profil

SYSTEM MESSAGES

Figure 38: Worker access main menu

4.9 Validation

The last step of the tool was to validate it. As it is explained in 2.4, the development model
is also known as validation and verification model. That is why, even if the software is not
totally developed and the programming part is not made, it is important for this work to

validate the purposes and functions of the tool.

The validation of the tool was done with a questionnaire answered by different
manufacturing companies. The data will come from the life experience of the worker
responsible for making the shift schedule in the company. Therefore, the approach used to
collect and analyse the data was the phenomenology qualitative method, concretely, it
follows the model made by Moustakas. This method consists on split the data collected into
themes, and these themes at the same time into subthemes. The data is analysed, in this
case, into two different themes that will constitute two levels: actual situation and future

ideas.

4.9.1 Questionnaire

The idea is to take out one or more different subthemes from each question. In other
words, each question was thought to get some information from the interviewee. The
entire questionnaire with the explanations of some of the ideas for the tool can be seen in

the appendix 7.1. The questions are the next ones.

e Does the company use a shift planning tool for organizing the shifts? Which one?

e  Which are the main problems of the company to organize the shift planning?
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e When do you publish the shift planning? Is there any due date for publishing them?

e After published it, is there some changes in the shifts? If there is so, why do you
make changes?

e One of the ideas for the tool is to save the different production process on the shop
floor, the productivity and characteristics of the machines and the skills and
training of the employees. Like that, the tool will help to make decisions in the
schedule considering this data and will recommend the best options. Would be this
interesting for the planning?

e Does the company have stand by workers to call them if one worker doesn’t show
up in the last minute?

e Does exist a communication system to stay in contact with all the workers?

e If it could be coordinated with the tool, it would be possible that the workers have
the possibility of choosing shifts adapted to its skills and better to their schedule?

e If you could have connected and updated the production plan, so we could
visualize the customer orders for each day and organize the schedule plan taking
that in mind, would be useful?

e Would you like to have a real time connection with the shop floor production, so
the data could be analysed at the time and evaluated if it’s necessary to call more
workers or add more shifts?

e If you would have the opportunity to collect indicators from workers and its work,
which ones would you think would be useful for the shift schedule plan?

e Another function of the tool would be to make a hierarchical organization. The
manager will make the shifts and the leader of each team can plan and distribute
the work and tasks in the team. Do you think that this would improve the
communication and organization of the work? Or, the tasks of the workers are so
repetitive that there is no need of making a more specific distribution of it?

e Do you have another suggestion, that as a function of the tool, could be useful to

your organization of the shift schedule?

4.9.2 Companies interviewed

The companies interviewed, Table 5, for this analysis differs one with each other. The
manufacturing process of each one is different, and so its products and costumers. These
differences will be seen in the answers, because not for every plant all the functions are

suitable or useful.
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COMPANY INDUSTRY WHAT DO THEY DO? INTERVIEWEE
Develops safer, greener and
1. DELPHI-APTIV  Automotiv more connected solutions Pedro Jaray -

VEGA MAYOR -
FLORETTE

BOSCH -
SIEMENS

4. ROAD HOUSE

5. AEROMETALLIC

GAMESA -
SIEMENS

7. SEINSA

8. ACP Technologies

9. MAPSA

4 generation
food industry

Household
appliances

Automotiv

Aerospace

Renewable
energy - Wind
power

Automotiv

Hausehold
appliances,
industrial,
multimedia
and
automotive

Automotiv

enabling the future of
mobility.

Innovative and efficient
international business in the
prepared salad and fresh
vegetable sector

Plant of compact refrigerators
and dishwashers, and
competence centre of heat
pumps

Friction materials and brake
pads manufacturers and
production of compnents such
as backing paltes and
accessories

Supply chain management
company, specialising in a
wide range of aerospace and
commercial materials to the
aerospace, defence and
specialist engineering markets

Offshore and onshore

technology as well as industry-

leading service solutions

Parts and repair kits for brake
assemblies, clutches,
transmissions, steerings and
shock absorbers and any other
element of car repairs and
general pieces of rubber,
thermoplastic, as well as
complementary metal
elements

Whole chain of manufacture
passive products. Since the
reception of raw material until
the packaging of the finishing
product.

Aluminium wheel rim
fabrication for automobiles
and vehicles.

Plant manager

Alberto Lozano -
Plant manager
in Iniesta and
Noblejas

Adolfo Labari -
HR manager

Miguel Angel
Revilla - Finance
and Human
resources
manager

Juan Pedro
Labat - Plant
manager

Vidal Martinez -
Indsutrial
project manager

José Espinosa -
General
Manager

Juan Carlos
Martinez - Plant
manager

Luis Esparza -
HR manager
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José Ramoén
Manufacture of spun cast

10 SCHMIDT + Quemical components for petrochemical Echeverria Erce
" CLEMENS p P - General
and DRI plants
manager
Materials Graphite electrode Miguel Celaya -
11. GRAFTECH (graphite and P . & Y
manufacturing HR manager
carbon)
Innovative lightweight
12. MUBEA Automotive construction specialist providing Laura Echave - HR

heavy duty spring components  manager
and related products

Table 5: Comapnies interviewed

4.9.3 Themes and subthemes

The analysis was made to each interviewee answers, one by one, subtracting from all of
them the subthemes and the corresponding data for each. As it has been said before, the
answers were divided into two big themes. The table 6 shows the different subthemes

subtracted from the answers.

On one hand, the actual situation gives us the information about how the company
organizes the schedule today. For this reason, this part gives us the information about the
tool used to make the schedules, which are the main reasons for change a planned

schedule in the company or which indicators are the most useful for planning.

On the other hand, the future ideas, discuss the implementation of some new functions for

the shift planning. The different answers in this part make it a rewarded analysis.

From now on the analysis of each subtheme can be made, so the data from all the answers
can be joined together to make some conclusions. For the analysis there will be two levels

considering the two themes.
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THEMES SUBTHEMES

Tool used
Problems and reasons for change
Publication

Actual Indicators

situation Stand by workers

Communication platform

Future ideas flexibility
Producction plan
Real time production

Planification

Table 6: Themes and subthemes of the study

Before the analysis, it should be emphasized that each company is very different and while
some of them make a daily plan depending on the demands, there are others that plan
yearly the schedule base in the expectations. That makes the analysis more difficult since

each process is different for each one.

4.9.4 Actual situation

This first part will be analysed to compare graphically each answer of the interviews for

each subtheme.

Tool used

The Figure 39 shows that most of the companies use Excel to organize the schedules.
However, not all of them make a simple rotation of shifts in Excel, but they consider the
production plan and resources. Siemens-Gamesa uses Excel, but takes the information from
a System, Applications and Product software, which is an Enterprise Resource Planning,

and from the year production plan.

The Vega Mayor plant has two steps for the schedule. First, RH makes an annual plan with
the availability and working arrangements of each employee and a cost control to get the
labour cost. Afterwards, RH sends to the production department the workers available for
the week, so they can assign each one in a particular work place. Alberto Lozano also said:

“An important problem that RH and the production department is to approve the annual
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holidays. The information from each worker is collected by hand and then it must be

written in an Excel for its validation from the production department.”

The problem here could be solved with the SPT because it has different access roles, so the
workers can enter write down its preferences and send them to the manager, so the

holiday plan can be arranged.

Another interesting example is the one from Aerometallic. They split the process in 3 steps.
A year plan depending on the production and necessities. Then, they make two reviews.
The first one, each month to adjust workers and the second, every week to distribute
workers shifts and processes. Hence, they use Excel but considering every time their

demand and making changes until 1 week before.

Tool used

Another tool = Excell = None tool

Figure 39: Analysis of the tool used by the companies

The results obtained from the interviews show that there is a relation between the
production plan and the resources of the plant, and that it takes part in the scheduling
process. Indeed, even if the schedules are set with time, it can occur to be changes that

need a reschedule of shifts.

Problems of making a shift planning
As it can be seen in the Figure 40, there exist multiple real problems originated by shift
schedule. It can be noticed that most of them, the functions developed try to solve or

minimize and warn the appropriate person if they occur to happen.

For instance, the SPT helps to schedule depending on the working arrangements of
workers and providing these data as indicators to the person in charge. It can’t prevent
from absenteeism, but it helps to solve it by giving immediate suggestions. The lack of

materials is another indicator that can be added to the SPT. Therefore, as it shows the
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production data it can supply the materials quantity left. Besides, the tool has production

plan synchronize, in case there is a variation, it can warn.

Problems of the shift planning
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Figure 40: Analysis of the problems of shift schedule process

Publishing of the shift planning
More than half of the companies have their publication due date one week before.
Nevertheless, most of the interviewee wrote that they make predictions and a previous

calendar for the whole year.

Publishing due dates

m Annuarly = Weekly

Figure 41: Analysis of the publishing due dates

For example, ACP Technology schedules are annually planned because their schedules are
rotating. However, they publish them again each week in case there are alterations. In
Figure 42 it can be seen an example of an ACP Technology annual shift schedule with its

three shifts: morning, afternoon and night shift.
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Figure 42: ACP Technology annual shift schedule

The same for Bosch-Siemens that makes yearly and monthly predictions before the final
planning. Contrary, APTIV, which manufacturing is by lots, schedule a yearly plan because

the changes are minimized.

Indicators for schedule

Notice in the Figure 43, the difference between the indicator of versatility of workers and
the others. Versatility of workers is clearly the indicator most useful between the
companies. However, there are others also interesting for the tool such as the contract
labours and the availability of workers. The last one can be considered as a pointer that

companies would like to make a more participative process.

Indicators chosen

12
10
8
6
4
. m i
Rotations  Productivity Versatility: Hours  Absenteeisms Contract Disponibility
and OEE skillsand worked, extra labours of workers
training hours and
vacancies

B N9 of interviewee

Figure 43: Analysis of indicators chosen
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Communication platform

Basically, the communication system used is the phone or, in some cases, email. Some of
the interviewees answered, if the number of workers on the shop floor is low, does it
directly such as APTIV or Siemens-Gamesa that prefers to do it directly without any

software in between.

Stand by workers

The answer to this question differs depending on the kind of manufacturing process, the
size of the plant and the number of workers. Therefore, half of the interviewee answered
that they have workers in standby, but the working arrangement is different for each
company. For example, Graftech have workers that adapted their shift to the schedule as
needed. Vidal Martinez from Gamesa- Siemens explained: “We hire people, but not to call
them if there is a problem, but as an overload work force. The objective is to have a buffer,
so they work continuously in order to cover the percentage of absenteeism or personal

needs that can occur daily, monthly or yearly.”

In conclusion, the stand by idea can work for some companies, but not for all of them

because it depends on their labour contracts.

4.9.5 Future ideas

Flexibility

The result of this subtheme was almost unanimous: it’s very difficult that workers have
more flexibility choosing their working hours. For instance, Aerometallic says that it is
better, working with stable teams instead of making the workers choose for some of their
shifts. It is interesting that Siemens-Gamesa also refers to the fact that workers can make
suggestions to the person in charge of making the shift schedule. Others, like Mubea,

thinks that this flexibility can affect to the productivity of the manufacturing process.

Moreover, in a deeper analysis, it can be observed that all the plant manager interviewee
said that it is complicated to have this kind of timetable. The reason for that could be that

plant manager sees things

Production plan

The production plan results vary depending on the customer demands of each company. If
they don’t change or the production is fixed, there is no need of implementing this function
because the work force wag scheduled already. For example, for a plant like APTIV that has
a fixed production since the beginning of the year, the schedule of workers doesn’t depend

on this. Besides, MAPSA makes a distinction between the production department and HR
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department. Hence, the interviewee doesn’t consider that this function is necessary because

it is the competence of the production department.

On the contrary, in Vega Mayor a team leader dedicates 5 hours per week relating the
production plan with the workforce and reschedule the shifts. For Seinsa this function

means a better approach of the necessities.

Real time production

Each company has its own necessities, therefore, for some this function really help them to
evaluate the situation and make some decisions. Nevertheless, for other plants it doesn’t
have any sense because of their manufacturing process, such as Schmidt + Clemens which

shifts are meanly stable.

Juan Pedro Labat from Aerometallic works in a multiprocess shop floor, where it is very
difficult to plan an equity workforce distribution. Thus, to have the production online will
allows them to arrange workers at the right time where it is needed. Another appealing
answer is the one from Seinsa which also has different processes. This functionality will
enable them to anticipate, first, to failures that decrease productivity in some processes

and, second, to the lack of workforce.

Planning

This function is suitable for shop floors that have more than one manufacturing process or
they are organized in teams, so every member fulfils more than one function. For this
reason, the interviewee from ACP Technology considers that the function is necessary.
Each day they must mark the three more important machines for the day plan and the
team leader must plan the workers work depending on that. The planning function will
allow them to highlight all this in the tool so everyone can see it, and the daily timetable
will be suitable for the organization of the team leader. Another positive review is the one

coming from Seinsa, who thinks that this function makes a more participative process.

However, other interviewees answer that it is not necessary, such as MAPSA, Mubea or

Graphtec.

Other suggestions

In the interviews there were some suggestions that are also interesting to mention and can
be used as ideas for future development. Miguel Angel Revilla from Road House proposes
to make a tool connected and link with other management tools. For example, as it was

integrated with the SFMT of the CiP.
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MAPSA interviewee suggests adding also as members of the tool, people form first aid and

emergencies, in case there is an occupational accident.

Alberto Lozano from Vega Mayor - Florette indicates that another indicator to consider in
the shift planning would be a pyramid of worker’s ages and, in case they have, write their

limitations because of medical issues.
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5 Conclusions

The project started presenting the problems related with shift planning schedule. Hence,
the development of the SPT was proposed as the solution for these problems. The SPT was
though, as a tool which development only has sense in an Industry 4.0 environment,
because this Industry 4.0 technology is the one in charge of connecting everything in a

more efficient way.

The tool was designed with all the purposes defined in 4.2. These purposes were thought
as objectives for solving the problems presented. Thus, the functionalities associated with

Industry 4.0 were the ones responsible of carrying the purposes out.

The SPT can vary depending on what are the company needs and what do they want.
Hence, there is not an only design of this tool because not all the companies have the same
needs. This result can be read in 4.9, where it is proved that there are some factors that
make certain functionalities developed not useful for some manufacturing plants. For
instance, a company that works with fixed batch production and its worker’s shifts rotates
continuously, doesn’t need real time data of the production because the production will not
affect to the shift planning schedule. However, it could be possible that this company finds
interesting the function with which workers can write down its preferences, make

suggestions or communicate easier with the plant manager or the team leader.

Contrarily, in 4.9 has been exemplified that there is another type of companies who need,
for example the production plan synchronized or the real time data. These types of
companies really depend on their customer demands, and its demand can change
suddenly. Hence, if the plant manager is warned that they will not reach the production
objectives, shifts can be rescheduled, and, for instance, the company can plan shifts on

Saturday if it is needed.

Besides, companies that work with different manufacturing processes finds very useful the
tool, because they need to be efficiently organized. In these manufacturing plants there are
machines or processes that are more important than others depending on the day.
Sometimes they need to change the whole schedule planning because of a failure in one of
those key machines. Thus, for this plant model is useful to have a general shift schedule
and a more detail planning where the team leader can give more specific tasks and mark

the key processes and machines of the day.

Therefore, depending on the type of manufacturing plant, the problems will be different

and hence, the solutions will vary. This is the reason why it is very important to underline
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at the end of this project, that the SPT developed is not a unique solution. This
development is an approach of how a shift planning could be in the future, which could be
its features and functionalities to solve the problems of the shop floor and which are the

companies needs related to shift planning and the customization and flexible world.

Nevertheless, the SPT developed in the project has given some solutions, which maybe
don’t eradicate the problems but try to prevent them. At the start of the thesis, it was raised
that the lack of information can lead to schedule an overload or underload of workforce.
However, the tool connects everything, so the information can be provided at the right
time. Thanks to that, the decisions can be made in advance and problems can be easily

prevented.

Moreover, each work place and task need different skills and training. Thus, not all the
workers are suitable for all the works. The SPT tries to encourage training and chooses the
best employee for each shift based on the data analysed. Like that, the data is shown in the
dashboard and the manager or the tool is prepared to make decisions depending on the

information given.

Besides, the lack of communication between workforce and managers can be solved with
the communication platform created in the SPT. With it, the workers can feel more
implicate in the shift schedule process. Indeed, they have everything synchronized so they
are able to consult their schedule from everywhere, or they can be warned if something has

changed.

To conclude with, the SPT has its basis in lean production principles and its
implementation is thought in a flexible and customized environment. The challenge of
meeting these two terms, lean principles with flexibility and customization, is able thanks
to Industry 4.0 features. The connectivity of resources provides more information that can
be analysed and saved. It prevents from problems and give solutions. It transforms the shift
schedule into a more individualized process, where each shift, each particular workplace

and each task has its worker according to the parameters collected.
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7 Appendix

7.1 Questionnaires answers

The interviewee answers are shown below with some data of the manufacturing plant.

7.1.1 Delphi-APTIV

Delphi-APTIV is a multinational company which main objective
is to developed safer, greener and more connected solutions ° A P T I V °
enabling the future of mobility. Thus, they belong to the

automotive industry.

The manufacturing plant interviewed is situated in Pamplona,

. Figure 44: Delphi - Aptiv logo
Spain.

The questionnaire was answered by its plant manager, Pedro Jaray.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizacion de los turnos en la

planta? ¢Cual?
Se hace mediante un Excel

¢Cudles son los principales problemas que tiene la empresa para organizar los

turnos?
La empresa trabaja 360 dias/afio, 24 horas/dia.
Dispone de 5 colectivos, con 5 responsables de turno que rotan.

Actualmente el mayor problema es dar respuesta a las necesidades de vacaciones,

fundamentalmente en el periodo de verano

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

Se realiza un calendario al inicio del afio, con variaciones en funcién de solicitudes

personal y/u organizativas
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¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, ¢Por

qué se producen estos cambios?

No es habitual, excepto en caso de una solicitud personal. Se permiten cambio entre

empleados.

En ocasiones hay causas productivas/organizativas que requieren el cambio, pero no es

habitual.

Una idea para la aplicacion seria tener guardados los distintos procesos de
produccion de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. ¢{Seria

esto util e interesante para la planificacion?

En nuestro caso, los equipos estdn formados por personas que disponen de la competencia
necesaria. Siempre que dispongan de esta competencia se pueden hacer cambios sin
limitacién.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el ultimo momento?
No, aunque si surgiera la necesidad se haria “solicitando un favor personal”

¢Existe algun sistema de comunicacidon para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?
No es un sistema formalizado o corporativo, pero se ponen en contacto si es necesario.

Si se pudiese coordinar mediante la aplicacion, ¢Seria posible que los trabajadores
tuviesen la opcidn de elegir turnos que se adaptasen a sus habilidades y mejor a su

horario?
Si, obviamente fijando previamente las normas de uso.

La aplicacion esta planteada para una Smart Factory, por eso busca la conexion y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc. y también del proceso productivo.

Si se tuviese conectado y actualizado el plan de produccion, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, ¢Resultaria util?
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No en nuestro caso actualmente, porque fijamos el nimero de trabajadores previamente,

asumiendo que la carga va a ser constante.

Ademas implicaria fijar acuerdos con los trabajadores que deberian adaptar su jornada a

las necesidades productivas. Lo veo complejo.

¢Le gustaria que la aplicacion tuviese una conexion a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccion, afiadir mas turnos?
Si

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian dtiles a la hora de asignar un turno u otro?
Algo relacionado con su nivel de competencia, sus habilidades

Otra de las ideas para la aplicacion seria organizarla jerarquicamente, de tal forma
que organice los turnos el encargado y los responsables de los distintos grupos de
trabajadores puedan realizar algunas modificaciones, o, planificar y distribuir el
trabajo y tareas en las horas de los trabajadores que tienen a cargo. ¢Piensa que esto

podria mejorar la comunicacion y organizacion del trabajo en su empresa?

Si, pero como he dicho antes, teniendo en cuenta que nosotros lo planificamos asumiendo

una carga fija

¢Tiene alguna sugerencia que, como funcién de la aplicacidon, le podria gustar

tenerla?

Lo temas de coordinacién de equipos de trabajo, fundamentalmente en los casos de centros
de trabajo a 24h, estdn muy condicionados por los acuerdos existentes con los

trabajadores, con las normas de aplicacidn de las rotaciones, los cambios, etc.

En la mayoria de los casos, los cambios estdan limitados para permitir la conciliacién

personal y familiar del trabajador.

Por tanto la metodologia de la herramienta debe de estar sujeta a la flexibilidad que

permitan la leyes laborales, los acuerdos sectoriales o los pactos de empresa.

66



7.1.2 Vega mayor - Florette

Florette is an innovative and efficient
international business that prepared salad
and fresh vegetable sector of 4° generation
food.

The interviewee was Alberto Lozano, plant

Figure 45: Florette logo

manager of two of its biggest manufacturing

plans in Spain. These plants are placed in Noblejas and Iniesta.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizacion de los turnos en la

planta? ¢(Cual?

Si. En el entorno de recursos humanos contamos con un software, desarrollado en interno,
que cumple con la siguientes funciones principales: planificacion anual mano de obra
directa (categorias, vacaciones aprobadas, bajas, reducciones jornada, etc) y control de
coste (fichero de presencia en las instalaciones y de trabajo efectivo). De €él obtenemos
informacion del personal disponible, listados de evacuacion en caso de emergencia y coste

de hora.

RRHH envia semanalmente al departamento de produccién el personal disponible para la
elaboraciéon de los horarios semanales en formato Excel. Basicamente, es una tarea que
consiste en asignar cada persona a un puesto de trabajo determinado. Lo complicado es
cruzar la informaciéon tener en cuenta la matriz de polivalencia (Excel) y estdndares de
rotacidon (Excel) por temas ergonomicos (entre puestos de manipulacién manual de cargas

y movimientos repetitivos; por zonas).

Afiadir que una carga importante de trabajo de RRHH y produccion es aprobar las
vacaciones anuales. La recogida de informacién es a papel y tiene que volcarse a un Excel
para la simulacién y validacion por parte de produccion. Una vez validadas se vuelcan en

el software, tarea que realiza RRHH.

¢Cudles son los principales problemas que tiene la empresa para organizar los

turnos?
Variaciéon de la carga de trabajo.

Tiempo dedicado a la comunicacién con cada trabajador.
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Polivalencia del equipo.

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

Segin convenio, antes de cada jueves deben estar disponible la informaciéon para la

semana siguiente.

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, ¢Por

qué se producen estos cambios?

Principalmente cambios en el volumen y/o de horas a fabricar (falta de MP, promociones
comerciales, mala calidad de MP, averia técnica, etc), permisos retribuidos y bajas

laborales.

Una idea para la aplicacion seria tener guardados los distintos procesos de
produccién de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion te ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y te recomendaria las mejores opciones. {Seria

esto util e interesante para la planificaciéon?

Tener actualizada la matriz de polivalencia es clave para una correcta gestiéon de los
recursos humanos directos. Si esta informacion esta digitalizada y la aplicacion permitiera

tener en cuenta estas variables seria de gran ayuda.

Como ampliacién a ellas, yo te propongo incluir aspectos de PRL (rotaciones de puesto,

limitaciones informe médico y piramide de edad).

Ligado al concepto de excelencia operacional, a los centros de produccion se nos exige
como base de una buena gestién, tener indicadores de seguridad y ergonomia cada vez
mas exigentes. La realidad es que ya puedes tener un nivel de servicio, calidad de producto
y productividad top que si la siniestralidad y absentismo no no...pues en la foto sales muy
feo. Para que veas en a qué nivel operamos, en las inversiones de crecimiento de actividad
este aspecto es determinante y es légico que asi sea. No se invierte en tu centro si no eres

seguro, mas actividad mas siniestralidad.

Ligar productividad y OEE. En determinadas configuraciones (segin demanda de cliente)
de fabricacién planificas para ser productivo y en otras para amentar eficiencia y

capacidad.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el dltimo momento?
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Si, lo regulamos mediante la figura del fijo discontinuo y picos con ETT.

¢Existe algun sistema de comunicacion para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?
Via telefdnica.

Si se pudiese coordinar mediante la aplicacion, {Seria posible que los trabajadores
tuviesen la opcion de elegir turnos que se adapten a sus habilidades y mejor a su

horario?

Lo normal es que la carga de trabajo no esté equilibrada, en nuestro caso la mafiana
representa el 60% de las necesidades en horas de MOD. Habria que guiar esa eleccion para
ir compensando computo de horas anuales y no sobre cargar fisicamente a determinadas

personas frente a otras.

En este punto, hablar de las promociones internas. La aplicacién podria facilitar la gestion
de estas, comunicacion, material para la formacion (estandares de trabajo), prueba tedrica,
etc. En funcién de las necesidades de produccién, las vacantes las podria
proponer/comunicar/registrar a los candidatos directamente la aplicacién y ser validadas

por RRHH.

La aplicacion esta planteada para una Smart Factory, por eso busca la conexion y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc y también del proceso productivo.

Si se tuviese conectado y actualizado el plan de produccidon, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, ¢Resultaria util?
Si, actualmente un jefe de equipo dedica 5 horas la semana para realizar estas tareas.

¢Te gustaria que la aplicacion tuviese una conexion a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccion, afiadir mas turnos?
Si.

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles te

resultarian ttiles a la hora de asignar un turno u otro?

Estandares de puesto en los que estd y no esta formado.
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Limitacion/recomendacion médica.

Horas por puesto y turno.

7.1.3 Bosch -Siemens
Bosch- Siemens is a german company that B I I
manufactures household appliances in the

Figure 46: Bosch - Siemens logo
whole world. d d

The manufacturing plant interviewed is placed in Navarra, Spain. Particularly, the two
plants situated in Estella and Esquiroz are specialized in compact refrigerators and
dishwashers, and competence centre of heat pumps

The interviewee was Adolfo Labari, manager of RH.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizaciéon de los turnos en la

planta? ¢{Cual?

Se extrae la informacién del modulo de SAP-ROP, aqui se encuentran los modelos a

fabricar segtin son solicitados por el area comercial.

En SAP, ROP con la transaccién CMOX, se organiza la produccién con respecto a estos
modulos. La planificacién se hace diaria con este programa. En el se alimenta los pedido de

los comerciales y este programa distribuye en funcién de modelos y cadenas.

¢Cuales son los principales problemas que tiene la empresa para organizar los

turnos?

La variacion de la demanda continua obliga a cambiar la planificacion diaria. a veces la

falta de materiales y las menos las averias en maquinas.

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

La planificacién fija es de una semana, pero se hacen previsiones anuales, trimestrales y

mensuales.

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, (Por

qué se producen estos cambios?

Por la variacién de la demanda de los comerciales principalmente.
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Una idea para la aplicacion seria tener guardados los distintos procesos de
produccién de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. éSeria esto

util e interesante para la planificacién?

Para la planificaciéon del producto no. Seria interesante para la reorganizacién de las
personas y de hecho estamos en un proyecto que conectara las habilidades de las personas,

la disponibilidad de las mismas y las necesidades.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el dltimo momento?

Si, pero es relativo, el tiempo para responder es de un dia y no suele ser habitual, lo

normal es reorganizar los recursos disponibles contratados.

¢Existe algun sistema de comunicacion para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?
El teléfono o el whatsapp en muchas ocasiones.

Si se pudiese coordinar mediante la aplicacién, ¢Seria posible que los trabajadores tuviesen

la opcién de elegir turnos que se adaptasen a sus habilidades y mejor a su horario?

No, esto no es posible a dia de hoy, lo vemos muy utdpico. Un sistema que te determine

necesidades y habilidades de los recursos disponibles ya es un gran avance.

La aplicacion esta planteada para una Smart Factory, por eso busca la conexion y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc. y también del proceso productivo.

Si se tuviese conectado y actualizado el plan de produccidon, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, ¢Resultaria util?
Existe varias herramientas

Una de SAP, LABOR MANAGEMENT que ayuda a determinar las necesidades de personal

en funcién de los modelos a fabricar y por tanto la productividad por turno y por dia.

Otra la MATRIZ DE HABILIDADES, donde se determina que puestos y habilidades conoce

el empleado.
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Otra el registro informatico pueso por puesto, mediante lectores, que indica los puestos

que un empleado ocupa a lo largo de una jornada dentro de la cadena productiva.

¢Le gustaria que la aplicacion tuviese una conexion a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccion, afiadir mas turnos?

Todas estas herramientas comentadas buscan la planificacién de las personas, pero nuestra
filosofia no es llamar a una persona que cubra un puesto por breve tiempo y se vaya.
Preferimos contratos a mas largo plazo y que sea la organizacion del trabajo de los propios

contratados la que resuelva estos problemas.

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian ttiles a la hora de asignar un turno u otro?

Los turnos vienen dados por la posibilidad legal de asginacién a turnos (hay muchos con
jornadas reducidas y turnos fijos por conciliaciéon de la vida laboral). Por supuesto a la hora

de asignar un puesto el parametro principal es dominio del mismo.

Otra de las ideas para la aplicacion seria organizarla jerarquicamente, de tal forma
que organice los turnos el encargado y los responsables de los distintos grupos de
trabajadores puedan realizar algunas modificaciones, o, planificar y distribuir el
trabajo y tareas en las horas de los trabajadores que tienen a cargo. ¢Piensas que esto

podria mejorar la comunicacion y organizacion del trabajo en su empresa?
Esto se hace asi.

¢Tiene alguna sugerencia que, como funcién de la aplicacidon, le podria gustar

tenerla?

Pues la Unica sugerencia es que toda herramienta informdtica que ayude a Planficar los
productos a fabricar y asignar los turnos y horarios de los trabajadores en funcién de sus
habilidades es bienvenida, sin tener que dejar todo este conocimiento al Know How del

encargado.
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7.1.4 Road House

Road House is today a worldwide manufacturer for

[

backing paltes and accessories. , =
roadhouse

The interviewee was Miguel Angel Revilla,

automotive industry. They work with riction materials,

are brake pads manufacturers and components such as

Figure 47: Road House logo
financial and human resources manager of the

manufacture plant place in Olvega (Soria), Spain.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizaciéon de los turnos en la

planta? ¢(Cual?

No tenemos una herramienta global, tomamos la informacion del programa de ventas para
analizar las necesidades de produccién. En virtud de ello detectamos el personal que
necesitamos para cubrir esas necesidades. Lo comparamos con el personal que tenemos
contratado y disponible (tenemos en cuenta vacaciones, Bajas por enfermedad,
permisos...) para que nos detecte los gaps y sacamos las necesidades de personal. Las

tablas Excel son nuestra principal herramienta.

¢Cuales son los principales problemas que tiene la empresa para organizar los

turnos?

Es muy importante la coordinacion con el Dpto. de RR.HH. para ver la disponibilidad real
del personal que podemos disponer. Un problema importante son las Bajas por
enfermedad, permisos (por defuncién de familiares, hospitalizacién de familiares...).
Puede haber problemas por la llegada de materias primas, problemas de mantenimiento
pero en nuestro caso son menores. Ademds nuestro sector es en su mayoria sector

aftermarket, siendo mas agresivo cuando es sector automocién primer equipo.

Si que en la organizacién de los turnos influye el personal con reduccién de jornada por
cuidado de hijos que pueden elegir horario en su turno de trabajo. Es un tema legal y se

debe de considerar.

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?
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En nuestro caso la gente estd asignada en su mayoria a un turno fijo, 3 turnos de trabajo
rotativos, reforzamos los turnos en funcién de las necesidades. Si es de cardcter temporal

utilizamos ETT ’s.

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, {Por

qué se producen estos cambios?

Como decia anteriormente son turno fijos, se refuerzan en funcién de las necesidades

productivas y las posibles bajas en un dia concreto.

Una idea para la aplicacion seria tener guardados los distintos procesos de
produccién de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. ¢{Seria

esto util e interesante para la planificacion?

Por supuesto que cualquier herramienta que te permita conocer la capacidad productiva

real en cada momento seria muy interesante para cualquier proceso de fabricacion.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el ultimo momento?

Se dispone de una bolsa de trabajadores con cierta experiencia en empresas de Trabajo
Temporal. Influye en gran medida la bonanza econdmica general y las necesidades de
personal de otras empresas de la zona dado que estamos en un entorno rural con poca

poblacidn.

¢Existe algun sistema de comunicacidon para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?.

A través del teléfono se pueden poner en contacto directamente, hay un servicio de

porteria/auxiliares de seguridad también las 24 horas.

Si se pudiese coordinar mediante la aplicacion, {Seria posible que los trabajadores
tuviesen la opcidn de elegir turnos que se adaptasen a sus habilidades y mejor a su

horario?

Seria muy positivo pero no es sencillo. Lo importante es tener detectadas las necesidades

para cada turno y el personal para cubrirlas.
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La aplicacion esta planteada para una Smart Factory, por eso busca la conexién y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc. y también del proceso productivo.

Actualmente con programas de gestion de RR.HH. y control de presencia se busca poder

conocer el personal del que se dispone.

Si se tuviese conectado y actualizado el plan de produccion, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, ¢Resultaria util?

Por supuesto que si. Es vital conocer las demandas para cada dia y los recursos de que se

dispone.

¢Le gustaria que la aplicacién tuviese una conexidon a tiempo real de la producciéon de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccion, afiadir mas turnos?

Por supuesto que una herramienta que te permita conocer la produccion de la planta en

tiempo real es muy util.

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, {Cudles le

resultarian dtiles a la hora de asignar un turno u otro?

Tener detectado de cada persona los puestos para los que tienen conocimientos y
habilidades (no sélo formacion), desempefio en cada puesto de trabajo.....Problematicas

(no aptos para algunos puestos)....

Otra de las ideas para la aplicacidon seria organizarla jerarquicamente, de tal forma
que organice los turnos el encargado y los responsables de los distintos grupos de
trabajadores puedan realizar algunas modificaciones, o, planificar y distribuir el
trabajo y tareas en las horas de los trabajadores que tienen a cargo. ¢Piensas que esto

podria mejorar la comunicacién y organizacion del trabajo en su empresa?

Es muy importante que organice los turnos alguien que conozca el producto, el taller, a las

personas y por supuestos las necesidades reales.

¢Tiene alguna sugerencia que, como funcion de la aplicacidon, le podria gustar

tenerla?
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Tiene que ser aplicacion facil de mantener, interfaces con otros programas para
automatizar al maximo, y que los datos los saque de una manera muy concreta y visual.

Exceso de informacién a veces no es bueno.

7.1.5 Aerometallic

Aerometallic is a supply chain
management company, specialised in a

wide range of aerospace and commercial

materials to the aerospace, defence and

Figure 48: Aerometallic logo

specialist engineering markets.

The manufacturing plant interviewed is in Tarazona (Aragon), Spain and the answers were

provided by Juan Pedro Labat, plant manager.

Questionnaire
Por ponerte en antecedentes, te hablare de una de las plantas de Tarazona, dedicada al

tratamiento superficial de piezas elementales de aeronaves.

Somos una empresa de una 100 personas que generalmente trabaja a 3 turnos de lunes a

viernes

Los procesos en su mayoria estan muy definidos, requieren formacién que se adquiere con
formacion inicial y experiencia, aunque en algunos casos requiere de una certificacién
externa a la planta. El la mayoria de los procesos se requiere un cumplimiento estricto de

las instrucciones de trabajo

En algunos procesos como la pintura se requiere conocimiento, pero sobre todo habilidad y

experiencia

Resumen. Planta que gestiona unos 1500 articulos por mes, con 4 procesos (Shot peening,
Liquidos penetrantes, tanques y pintura) muy diferentes entre si, no equilibrados, es decir
no todas las piezas tienen el mismo reparto, que requieren conocimientos especificos en
cada uno, certificacion en otros por lo que solo con polivalencia consigues poder adecuar al

trabajador al proceso requerido en esos momentos

¢Utiliza la empresa alguna herramienta para la organizaciéon de los turnos en la

planta? ¢Cual?

Si. Hoja Excel en tres niveles
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Anualmente en la elaboraciéon del presupuesto, donde se determina el N° de piezas
mensualizadas que vamos a tratar. Con esto dimensionamos la planta en general y es

donde detectamos necesidades de 4° turno o similares

Mensual. Donde revisamos la evolucién del presupuesto. Sirve para ajustar el personal en

NO

Semanal. Donde analizamos la cartera a 2 semanas vista. Sirve para determinar los turnos
de las siguientes 2 semanas. Es aqui donde vemos el N° de personal necesario por turno y

por proceso

¢Cudles son los principales problemas que tiene la empresa para organizar los

turnos?

Una vez ajustada tu capacidad a la necesidad en N° total de personas, la realidad es mas

simple.

1.- Estas sujeto a convenios laborales. No puedes cambiar como marcaria la teoria de una

hoja Excel

2.- Al ser una planta con mas dias de apertura (240) que de calendario por operario (220)

al menos durante 4 meses la dificultad viene dada por las vacaciones del personal
3.- Las demandas de clientes. Cuando estos lo quieren todo en la misma fecha

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

Con caracter general , los turnos son predefinidos a principios de afio. Se fija que procesos

van a trabajar a cuantos turnos.

Cuando se modifican los turnos en una area especifica, se intenta informar al menos con 3

semanas de antelacién, ya que esto cambia el ritmo de vida de todos los del drea

Cuando se cambian personas individuales, por convenio debe hacerse con al menos 1

semana de tiempo

Siempre hablando de 1 a 3 turnos. Cuando hablamos de 4° y 5° turno, debe pasar por

acuerdos con el comité de empresa. No se llega a un acuerdo en menos de 4 semanas.
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¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, ¢Por

qué se producen estos cambios?
Si, los turnos se cambian muy a menudo por diferentes causas

- Bajas que obligan a reequilibrar las diferentes areas

- Clientes cuyas piezas desequilibran los procesos al requerir sus piezas mas demanda
de uno de ellos

- Averias de instalaciones o maquinas

- Pico de carga de trabajo de clientes conocidos

- Nueva carga de trabajo

Una idea para la aplicacién seria tener guardados los distintos procesos de
produccion de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. ¢{Seria

esto util e interesante para la planificacion?

Seria de utilidad, es mas, es la piedra filosofal de la gestién de una compaiiia. Si lo

consigues ya no necesitaras trabajar

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el dltimo momento?
En nuestro caso no.

¢Existe algun sistema de comunicacidon para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?

Cada encargado tiene su correo electrdnico, la realidad es que la comunicacion es cara a

cara y/o a través del teléfono o Whatsapp

Si se pudiese coordinar mediante la aplicacién, ¢Seria posible que los trabajadores tuviesen

la opcidn de elegir turnos que se adaptasen a sus habilidades y mejor a su horario?

No. Al final, se necesitan equipos de trabajo lo mas estable posibles. Ya no solo por temas
técnicos y de formacién, sino por “mantener” las relaciones humanas lo mas estable

posible.

La aplicacion esta planteada para una Smart Factory, por eso busca la conexién y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc. y también del proceso productivo.
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Si se tuviese conectado y actualizado el plan de produccién, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, ¢Resultaria atil?

En un mundo tedrico donde la flexibilidad fuera ilimitada, claramente si, ya que podrias
adaptar la capacidad a la carga. Sin embargo, en el mundo real, existen calendarios

laborales que suelen ser estrictos.

En entornos de fabricas multiprocesos y donde es dificil equilibrar las cargas de trabajo, la
necesidad de tener el plan de produccién casi online tiene como una de las ventajas
optimizar los resultados de ocupacién, al poder disponer de los trabajadores en cada

momento en el puesto que lo requiera

¢Le gustaria que la aplicacién tuviese una conexidén a tiempo real de la producciéon de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccidn, afiadir mas turnos?
No es que me gustaria, es lo ideal y hacia lo que tienden las fabricas 4.0

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian dtiles a la hora de asignar un turno u otro?

Hoy en dia se intenta definir procesos robustos a prueba de cualquier trabajador, por lo
que los indicadores individuales tipo eficiencia, indices de calidad etc. son cada vez menos
empleados. Por ello los turnos no se determinan turnos por rendimiento personal, ni creo

que sea necesario .

La asignacion de un trabajador a un puesto determinado, viene dada por su capacitacion al
puesto , normalmente refrendada por mdédulos de formacién, o por su habilidad y/o

experiencia

Otra de las ideas para la aplicacion seria organizarla jerarquicamente. De esta forma
el encargado organiza los turnos y los responsables de los distintos grupos de
trabajadores pueden planificar y distribuir el trabajo y tareas dentro de las horas de
los trabajadores que tienen a cargo. ¢Piensa que esto podria mejorar la comunicacion
y organizacion del trabajo en su empresa? O, por el contrario, {Las tareas no varian
de un dia para otro, y por ello, no hace falta hacer una distribucion mas especifica de

estas?
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Aunque con matices, esta la forma en la que nos organizamos nosotros. En un entorno en

el que la demanda por procesos es cambiante, creo que es la mejor forma de hacerlo

¢Tiene alguna sugerencia que, como funcion de la aplicaciéon, le podria gustar

tenerla?

No te olvides que la distribucién de turnos de trabajo es el resultado de haber calibrado

correctamente tus necesidades.

Para llegar a esto es necesario dominar tu realidad, (N° personas, horas extras, bajas,
formacién etc. ) , pero mds importante es conocer tu demanda. Entre medio tienes un
factor basico que no has nombrado, y es la eficiencia, disponibilidad y ratios de calidad de

los medios o personas.

7.1.6 Siemens - Gamesa S I E M E N S Ga mesa

RENEWABLE ENERGY
Siemens - Gamesa is a company that
Figure 49: Siemens - Gamesa logo
works in the renewavel energy sector.
They are specialised in offshore and onshore technology as well as industry-leading service

solutions.

The manufacturing plant is located in Pamplona (Navarra), Spain. The interviewee is Vidal

Martinez, industrial project manager.

Questionnaire

¢Utiliza la empresa alguna herramienta para la organizacion de los turnos en la
planta? ¢(Cual?

Herramienta: Tablas Excel

Base de informacion:

o Datos SAP (ERP) => Productos (Modelos, Cantidad y Fechas ExWorks)
o Volumen Fabricacién => Plan 2018 (revision mensual)

¢Cudles son los principales problemas que tiene la empresa para organizar los

turnos?

Variaciéon del plan (Volumenes de fabricaciéon) => Medio y Largo Plazo (3 a 6 meses)
Variacion del programa de fabricacion => Corto Plazo (de 1 semana a 1 mes)

Mix de Fabricacion => Diferentes modelos con diferente carga de trabajo en linea
multiproducto

Absentismo => Asignado valor % estandar pero variaciones a mas que generan <valles>
de capacidad
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¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

Notificacion y revisién 2 semanas antes de fecha inicio de fabricacién

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, ¢Por

qué se producen estos cambios?

No hay estandar de cambio pero si hay flexibilidad respecto de cambios que puedan surgir

segun:

1. Variacién del plan (Volumenes de fabricaciéon) => Medio y Largo Plazo (3 a
6 meses)

2. Variacion del programa de fabricaciéon => Corto Plazo (de 1 semana a 1
mes)

3. Mix de Fabricacién => Diferentes modelos con diferente carga de trabajo
en linea multiproducto

4. Absentismo => Asignado valor % estdndar pero variaciones a mds que
generan <valles> de capacidad

Una idea para la aplicacion seria tener guardados los distintos procesos de
produccién de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. ¢{Seria

esto util e interesante para la planificaciéon?

» Tanto los procesos como capacidades de las estaciones/medios y la matriz de
cualificacion se realizan para la asignacion y generacion de planes de
organizacién y estratégicos para trabajo y mejora.

» Importante: Los mejores resultados lean (eficacia, menos desperdicios y mejor
calidad) se producen con la reduccién de cambios, con una gestién y
organizacién del portfolio de producto y la estabilizaciéon de procesos (modelos
a fabricar fijado y sin cambios durante su elaboraciéon) lo que permite poka-
yokes (aseguramiento de proceso) y mejora continua de producto y proceso de
manera organizada y segura (H&S) y segun los procedimientos establecidos por
la empresa manteniendo la trazabilidad.

La asignacion rapida y diaria de los turnos se realiza real y practicamente en base a:

o Incidencias del dia anterior y que estén previstas o notificadas para
el mismo dia (bien internas bien externas como falta de material)

o Por el absentismo mediante los medios de control de presencia a
partir de los cudles los encargados y responsables de producciéon
realizan los ajustes y adaptaciones necesarios

Nota: Si se quiere aplicar sistemas Smart éstos deben estar orientados a la toma rdpida de

decisiones y no al empleo de tiempo en simulaciones. Los trabajos de simulaciéon forman
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parte del trabajo anterior a la fabricaciéon y no en la fabricacién en si y directamente

porque entonces no son herramientas eficaces.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el tltimo momento?

Existe la figura de <absentista> pero no para llamarlos sino como una capacidad afiadida
de manera estdndar cuyo objetivo es ser buffer y con su coste en budget afiadido en todos
los turnos. Es el tinico camino para poder afrontar el % diario, semanal, mensual y anual
de ausencias y necesidades personales que se producen y puedan producir.

¢Existe algun sistema de comunicacion para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?

El contacto es directo. Los encargados y personas de ensamblaje forman equipos de trabajo
y por tanto no hay canales (path o software) o procedimientos (documentos) de consulta,
notificacidn, etc.

Si se pudiese coordinar mediante la aplicacion, é¢Seria posible que los trabajadores
tuviesen la opcidn de elegir turnos que se adaptasen a sus habilidades y mejor a su

horario?

La politica de HHRR contiene opciones a disposiciéon de los trabajadores que pueden ser
solicitadas segun los procedimientos internos. De acuerdo a las solicitudes la empresa
realiza la revisién y gestién de los mismos en los términos legales, contractuales y
particulares que puedan estar establecidos en la empresa.

La aplicacion esta planteada para una Smart Factory, por eso busca la conexion y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc. y también del proceso productivo.

Si se tuviese conectado y actualizado el plan de produccidon, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, (Resultaria util?
La re-programacion forma parte del trabajo diario y semanal segun:

1. Variacién del plan (Volumenes de fabricaciéon) => Medio y Largo Plazo (3 a
6 meses)

2. Variacién del programa de fabricacion => Corto Plazo (de 1 semana a 1
mes)

3. Mix de Fabricacién => Diferentes modelos con diferente carga de trabajo
en linea multiproducto

4. Absentismo => Asignado valor % estdndar pero variaciones a mas que
generan <valles> de capacidad
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Pero no como metodologia sino como trabajo por incidencias y pardmetros que
requieren reprogramar como cambios de ultima hora del pedido, del producto, 6

falta de material, averias en los medios,... etc.

¢Le gustaria que la aplicacion tuviese una conexion a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccion, afiadir mas turnos?
La gestion flexible de trabajadores se puede conseguir a través de:

-O contratos flexibles sin horas con disponibilidad 100% de acceso al puesto
de trabajo en un minimo plazo de reaccién (1h, 2h, ...) y pago por hora trabajada,

no por salario fijo.

-O por empresas externas de trabajo a las cudles se les solicite el extra de
capacidad donde han de disponer de personas a trabajar por horas en cualquier

momento y disponibilidad en 1h, 2h,... y sin salario fijo.

Este extra de capacidad no fija capacidad, debe realizarse para tareas de poca complejidad
y responsabilidad y tiene coste de trabajo administrativo de preparacién, gestién y

documentacion en la empresa.

La gestion flexible y aumento de turnos y con contratos no fijos y sélo por necesidad por
horas es una cuestion legal y de estrategia de HHRR y acuerdos con sindicatos y parte
social. El mero hecho de una aplicacién no resuelve los puntos clave de la cuestién al
respecto de la estrategia empresarial y los acuerdos sindicales y estado de la legislacién

laboral.

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian dtiles a la hora de asignar un turno u otro?
Formacién, experiencia y capacitacién (habilidades)

Otra de las ideas para la aplicacion seria organizarla jerarquicamente. De esta forma
el encargado organiza los turnos y los responsables de los distintos grupos de
trabajadores pueden planificar y distribuir el trabajo y tareas dentro de las horas de
los trabajadores que tienen a cargo. ¢Piensa que esto podria mejorar la comunicacion
y organizacion del trabajo en su empresa? O, por el contrario, {Las tareas no varian
de un dia para otro, y por ello, no hace falta hacer una distribuciéon mas especifica de

estas?
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Las tareas principales no varian de un dia para otro y por ello no hace falta una

distribucién mds especifica.

El cambio constante per-se no es una estrategia y no debe confundirse necesidad de
cambio con cambiar por cambiar lo cudl en si mismo no supone ninguna ventaja. Tiene que

haber una necesidad y un para qué.

De acuerdo a la jerarquia, la organizacién, la formacién, experiencia y capacitacion se
asignan las personas a los equipos de trabajo buscando cantidad con calidad y no
problemas y esa es la clave de la gestion de produccion. La gestion del cambio es un
método tactico de tener capacidad de adaptacién a las necesidades e incidencias para lo

cual lo importante es:

o Existencia de informacién: Plan, programa y parte de incidencias

o Que las personas tengan formacién y un minimo de experiencia en mas de
un puesto de trabajo lo que permite el cambio sino el cambio no debe
realizarse porque es un foco de problemas.

Con lo cual debe haber: gestién de produccién => basada en conocimiento y
experiencia de los encargados y responsables de producciéon para tratar la

informacidn y a las personas

¢Tiene alguna sugerencia que, como funcién de la aplicacién, le podria gustar

tenerla?

El problema no es la aplicacién porque existen en el mercado docenas de aplicaciones
(CAPTOR, SISTEPLANT, ...) para planificacién, programacion y EPR’s especificos (RPS,
SAP, ...).

El problema es cargar la informacion (habiendo definido qué informacién y quién la carga)
y mantener la informacién actualizada con una adecuada definicion de los interfaces

(HMT’s).

La empresa 4.0 requiere de equipos de carga-mantenimiento datos y de mejora de

aplicacién => Coste con su necesario pay-back (business case).
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7.1.7 Seinsa

Seinsa is a company from Navarra,
Spain, that has become an European EINQ @

benchmark in the world of automotive

Figure 50: Seinsa logo

aftermarket parts. It parts and repair
kits for brake assemblies, clutches, transmissions, steerings and shock absorbers and any
other element of car repairs and general pieces of rubber, thermoplastic, as well as

complementary metal elements.
The interviewee was José Espinosa, general manager of the company.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizacion de los turnos en la

planta? ¢Cual?
No, no tenemos ninguna herramienta.
En prensas:

Diariamente se realiza un MRP donde se ve la carga de trabajo y planifican los
cambios en prensas, de forma una vez lanzadas las OF necesarias para cumplir

necesidades, se completan las prensas con historicos para hacer stock.
En el resto de procesos:

En las dreas que completan las operaciones de prensas, dado que el takt time es
mucho mas corto, se finalizan las operaciones para terminar las piezas, pero sin una

planificacién.
En preparacién de envase y envase:

Diariamente se realiza un MRP, y en funciéon de las OF de kits necesarias, se
planifican los puestos, al igual que prensas, si no completamos las puestos, se

lanzan OF contra el stock.

Como ves, funcionamos basandonos en la experiencia de los responsables de drea, y la

unica planificaicdn que hacemos se basa en las expectativas de ventas, a partir de
las cuales vamos contratando personas para cubrir las necesidades.

¢Cuales son los principales problemas que tiene la empresa para organizar los

turnos?
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El principal problema que tenemos es la incertidumbre de pedidos, lo cual implica
incertidumbre de necesidades de capacidad. No obstante, con los historicos y las

previsiones, solemos ajustarnos, aunque el que lo paga es el cliente al que le
retrasamos los pedidos.

También, desconocemos la productividad de una persona en concreto en diversos puestos,
o en diversas mdquinas, aunque recogemos partes no tenemos realizado el andlisis.
Siempre somos reactivos a la evolucién del cliente, y desde el punto de vista de Seinsa,

tenemos problemas de eficiencia.

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

La planificacidon que realizamos, es semanal, y tratamos de respetar en el caso de areas que
van a 3 turnos, que siempre se rote. No tenemos marcado un dia, ya que por defecto, las
personas van rotando y si tenemos que comunicar un cambio, informamos antes del jueves

de la semana anterior, pero no hay una regla escrita.

¢Después de la planificacion de los turnos, se realizan cambios en estos? Si es asi,

¢Por qué se producen estos cambios?

Normalmente no cambiamos los turnos, ya que tenemos pocas variacioens y al no existir
una presion muy grande por parte del cliente, retrasamos las entregas. Los principales

cambios suelen ser por problemas de las personas, temas de médicos, o similar.

Una idea para la aplicacion seria tener guardados los distintos procesos de
produccion de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. ¢{Seria

esto util e interesante para la planificaciéon?

Si que seria muy ttil, de hecho, Seinsa ha comenzado un proyecto de captura de datos
orientado, por una parte a un calculo online del OEE y seguimiento de los estandar, y

como visién futuro, a un andlisis de las capacidades de las persoans en diferentes puestos.

Hoy en dia resulta complicado que una persona quiera cambiar, pero hemos comenzado
experiencias de polivalencia y flexibilidad en diversos puestos, con la idea de dar
oportunidades de desarrollo a las personas y aumentar la flexibiliad de los procesos de
fabricacién. Creemos que la idea que se plantea seria de mucha utilidad, ya que nos

permitiria tomar decisiones por adelantado que ahora simplemente reaccionamos.
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¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el tltimo momento?

No, lo que hacemos es tener en algunas lineas, personas que pueden hacer varios trabajos,

y tratamos de equilibrar la produccion.

¢Existe algun sistema de comunicaciéon para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?

No, se comunican por teléfono, el encargado que mas personas tiene a su cargo son 21, asi

que se controlan via teléfono.

Si se pudiese coordinar mediante la aplicacion, ¢Seria posible que los trabajadores
tuviesen la opcidn de elegir turnos que se adaptasen a sus habilidades y mejor a su

horario?

Este es un tema complejo para Seinsa, en la actualidad, tratamos de que en las lineas que
hay 3 turnos o 2 turnos, las personas roten, y nunca nos hemos planteado darles opcion a
elegir turnos. Entiendo que este es un tema si hubiese la oportunidad, deberian gestionarlo
entre ellos informando al responsable del area, pero en este apartado me surgen dudas
desde el punto de vista de capacidad para organizar los turnos, es algo que deberiamos

analizar.

La aplicacion esta planteada para una Smart Factory, por eso busca la conexion y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas
trabajadas, horas extra etc. y también del proceso productivo. Si se tuviese conectado
y actualizado el plan de produccion, de tal manera que, se pudiese visualizar la

demanda que hay para cada dia y organizar los horarios segin esta, ¢cResultaria util?

Por supuesto que si, realmente ese es uno de nuestros objetivos finales con la captura de
datos, queremos partiendo de los datos del cliente, tanto historicos, previsiones y pedidos

en firme, Ser capaces de prever que necesidades de fabricacién debemos tener.
Por ello seria fundamental conocer:

- Capacidad de cada maquina/persona.
.- Capacidad de cada persona/proceso.

Y en funcién de las necesidades, poder realizar una planificacion mucho mads ajustada,
entendiendo que necesitaremos disponer de personas que fuesen polivalentes y capaces de

realizar diferentes procesos. Para nosotros supondria poder visualizar las necesidades de
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capacidad con antelacion, teniendo mucha mds informacién para cumplir la planificaicén,

ya que tenemos historicos de personas.

¢Le gustaria que la aplicacion tuviese una conexion a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccion, afiadir mas turnos?

Si que resultaria muy interesante, esta en linea con lo que comentaba en la anterior
pregunta, una aplicacién de este tipo nos permitiria adelantarnos a las incidencias de baja

productividad, o falta de personas para diferetnes procesos.

¢Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian dtiles a la hora de asignar un turno u otro?
Antes comente algo, principalmente:

.- Capacidad de cada mdquina/persona.

.- Capacidad de cada persona/proceso.

Y si esta informacién la tenemos por el turno que ha estado, también sabriamos si es mas

eficiente en mafana, tarde o noche.

Otra de las ideas para la aplicacidon seria organizarla jerarquicamente, de tal forma
que organice los turnos el encargado y los responsables de los distintos grupos de
trabajadores puedan realizar algunas modificaciones, o, planificar y distribuir el
trabajo y tareas en las horas de los trabajadores que tienen a cargo. ¢Piensas que esto

podria mejorar la comunicacion y organizacion del trabajo en su empresa?

Si que resultaria muy interesante, ya que el propio trabajador puede participar en la
planificacién, siempre con el objetivo comun de alcanzar un nivel de servicio. También
creo que este apartado requiere de un nivel de desarrollo de personas importante, ya que
en muchos casos, hay personas que no quieren tomar decisiones y quieren que se les dén

los temas marcados, pero estoy convencido de que es parte del futuro.
Tiene alguna sugerencia que, como funcion de la aplicacidn, le podria gustar tenerla?

En mi opinién, todo el desarrollo que planteas forma parte de la industria del futuro,
donde las personas van a tener que ir de la mano de la tecnologia, es decir, que van a tener
que adoptar dichos sistemas para ser competitivas. Seria muy interesante, si disponemos de

informacion de cada operario, que la aplicacion dispusiese de :
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- Inteligencia para proponer una configuracién 6ptima de
personas/turnos.

- Inteligencia para detectar cuellos de botella cuando realizas una configuraciéon de

personas/turno manual.

.- Propuesta de formacion para personas que no alcancen el rendimiento en algunos

procesos.

.- Sistemas de inforamcion de la polivalencia.

7.1.8 ACP Technologies

ACP Technologies supply the whole chain of manufacture

passive products. Since the reception of raw material until _
Figure 51: ACP Technology logo

the packaging of the finishing product.

It is located in Tarazona (Aragon), Spain and the interviewee was its plant manager Juan

Carlos Martinez.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizacion de los turnos en la

planta? ¢(Cual?
Si Microsoft Excel, basada principalmente en datos semanales y filtros mediante
autofiltros.

¢Cuales son los principales problemas que tiene la empresa para organizar los

turnos?
Sobre todo cubrir dias del personal, por dias de libre disposicion, vacaciones y bajas.

¢Con cuanta antelacién se planifican los turnos? (¢Existe un dia limite para

publicarlos?

Todo el personal sabe al turno que va siempre (anual), son rotaciones semanales de
“mafiana-noche-tarde”.

Pero todo el mundo esta expuesto a un cambio de turno si las necesidades de

produccion lo requieren, y semanalmente se publica un listado con los turnos de la
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nueva semana, avisando a comienzos de semana a las personas que se les haya
alterado su turno “oficial”.

- Normalmente se intenta volver al turno “oficial” a las personas que se les cambia,
cuando es posible.

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, ¢Por

qué se producen estos cambios?

Salvo fuerza mayor, los turnos semanales no se cambian, si se tuvieran que cambiar, se
suele hacer mediante didlogo y sentido comun, y con rotaciones (con el personal de ese
turno) en el caso de otro cambio extraordinario.

- Normalmente son por dias de asuntos propios, (cada trabajador tiene 6 al afio), o por
bajas inesperadas.

Una idea para la aplicacion seria tener guardados los distintos procesos de

produccion de la

planta, la productividad de las maquinas y las habilidades de los trabajadores. De

esta forma la

aplicacion le ayudaria a tomar decisiones a la hora de asignar los turnos segun estos

datos y le

recomendaria las mejores opciones. ¢Seria esto 1util e interesante para la

planificacion?

-Seria muy interesante, pero habria que tener mas cosas en cuenta, en caso del proceso
de mi empresa, asi como polivalencias del personal, y sobre todo prioridades
semanales de cada maquina, hay semanas que maquinas no son” importantes” y a la
siguiente semana si.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el dltimo momento?
No, en caso de fallar un trabajador que este asignado a una maquina con maxima

prioridad, la persona encargada de turno, suple esta ausencia, cambiando a otra
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persona que se encuentra en una maquina de menos importancia prioritaria,
(normalmente la mayoria de las personas de un turno, tienen polivalencia total con
todas las mdquinas).

¢Existe algun sistema de comunicaciéon para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?
Verbalmente y diariamente.
Alguna vez mediante telefono “whasap”.

Si se pudiese coordinar mediante la aplicacion, ¢Seria posible que los trabajadores

tuviesen la

opcion de elegir turnos que se adaptasen a sus habilidades y mejor a su horario?
Complicado por mi experiencia, Si no hay una persona que organice los turnos de 60
personas y lo haga con media autoridad, es imposible que 60 personas puedan elegir
turnos para una mejor gestion de la produccion.

Pero vamos si esto funcionara, seria fantastico, para los trabajadores, para la empresa.

La aplicacién estd planteada para una Smart Factory, por eso busca la conexion y recogida
de datos. Estos datos pueden ser de los trabajadores como ausencias, horas trabajadas,

horas extra etc. y también del proceso productivo.
Si se tuviese conectado y actualizado el plan de produccién, de tal manera que, se pudiese

visualizar la demanda que hay para cada dia y organizar los horarios segun esta,

¢Resultaria atil?
Seria muy util.

¢Le gustaria que la aplicacion tuviese una conexion a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccidn, afiadir mas turnos?
Si, por supuesto. De echo ahora mismo desde mi mévil puedo acceder a la produccién

de la empresa y ver las incidencias existentes y sobre todo la produccién fabricada.
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Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cuales le

resultarian utiles a la hora de asignar un turno u otro?
Sobre todo la productividad y polivalencias.

Otra de las ideas para la aplicacion seria organizarla jerarquicamente. De esta forma
el encargado organiza los turnos y los responsables de los distintos grupos de
trabajadores pueden planificar y distribuir el trabajo y tareas dentro de las horas de
los trabajadores que tienen a cargo. ¢Piensa que esto podria mejorar la comunicaciéon
y organizacion del trabajo en su empresa? O, por el contrario, ¢{Las tareas no varian
de un dia para otro, y por ello, no hace falta hacer una distribucion mas especifica de

estas?

Cuando trabajas las 24 horas del dia de lunes a viernes a full time de maquinas es dificil
planificar o distribuir el trabajo de otra forma, claro sin meter un cuarto turno.

En mi fabrica tenemos un proyector a la vista de todo el personal, en ese proyector se
visualizan las maquinas, incidencias y cantidad fabricada por hora. Esto es muy ttil, ya
que cuando una maquina tiene una incidencia, bien por averia o por cambio de
referencia, se ilumina un giratorio y esta maquina queda marcada, asi el equipo de
mantenimiento acude enseguida a solucionarla. Comento esto porque diariamente yo
marco las 3 maquinas mas prioritarias de las 10 posibles, y asi el encargado de turno
puede gestionar al personal en caso de necesitarlo.

¢Tiene alguna sugerencia que, como funcién de la aplicacidon, le podria gustar

tenerla?
Tener un cuadrante semanal y que avisara al mévil a cualquier persona que sufriera un
cambio dentro de su turno oficial, asi como aviso diario de a que maquina va o que

trabajo va a desempeifar.
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7.1.9 MAPSA

MAPSA is a company that supplies to the eurpoean MAPSA

automotive sector aluminium wheel rim fabrication for

automobiles and vehicles. )
Figure 52: MAPSA logo

The manufacturing plant interviewed is in Orcoyen

(Navarra), Spain and the person who has answered is the HR manager Luis Esparza.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizaciéon de los turnos en la

planta? ¢{Cual?

En estos momentos para la organizacién de turnos y plantilla utilizamos Excel. No
obstante, estamos trabajando con una empresa especializada en Control de Presencia, para

desarrollar una aplicaciéon que nos ayude en la gestion.

¢Cudles son los principales problemas que tiene la empresa para organizar los

turnos?

Incidencias en la plantilla (absentismo, permisos, ...) y la falta de personal cualificado en

algunos puestos.

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

Trabajamos en dos etapas: primero definimos un calendario estdindar de forma trimestral
que se publica y entrega con un mes de antelacion. En la segunda etapa se recogen las

incidencias previstas y se publican el viernes de la semana anterior.

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, {Por

qué se producen estos cambios?
Por incidencias no planificadas, bajas enfermedad, permisos, cambios de tltima hora, etc.

Una idea para la aplicacién seria tener guardados los distintos procesos de
produccion de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. ¢Seria

esto tutil e interesante para la planificacion?
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Para nuestra gestiéon de RR.HH. es mds interesante el conocimiento de las habilidades de

los trabajadores (polivalencia) en cada puesto/méaquina.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el tltimo momento?
Generalmente si. Tenemos un pool disponible para llamarles.

¢Existe algun sistema de comunicacion para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?

Todos los encargados disponen de teléfono mévil de empresa. También pueden ponerse en

contacto telefénicamente a través de la centralita o el propio dpto. de RR.HH.

Si se pudiese coordinar mediante la aplicacion, é¢Seria posible que los trabajadores
tuviesen la opcidn de elegir turnos que se adaptasen a sus habilidades y mejor a su

horario?

No, pero si tenemos cierta flexibilidad para acomodar los turnos a sus necesidades, en

funcién de las posibilidades organizativas.

La aplicacion esta planteada para una Smart Factory, por eso busca la conexién y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc. y también del proceso productivo.

Si se tuviese conectado y actualizado el plan de producciéon, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, ¢Resultaria util?
No. Por lo general las necesidades de personal y productivas son mas o menos estables.

¢Le gustaria que la aplicacion tuviese una conexion a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccidn, afiadir mas turnos?

La organizaciéon de la produccién es competencia de la Direccién de Operaciones

Industriales.

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian ttiles a la hora de asignar un turno u otro?
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Cualificacion, polivalencia, disponibilidad y otros (personal que pertenece a los equipos de

los auxilios y emergencias.

Otra de las ideas para la aplicacion seria organizarla jerarquicamente. De esta forma
el encargado organiza los turnos y los responsables de los distintos grupos de
trabajadores pueden planificar y distribuir el trabajo y tareas dentro de las horas de
los trabajadores que tienen a cargo. ¢Piensa que esto podria mejorar la comunicacion
y organizacion del trabajo en su empresa? O, por el contrario, ¢Las tareas no varian
de un dia para otro, y por ello, no hace falta hacer una distribucién mas especifica de

estas?
No es necesaria la organizacién diaria de tareas.

¢Tiene alguna sugerencia que, como funcion de la aplicacion, le podria gustar

tenerla?

Dependiendo de las posibilidades de la misma, pero ya estamos trabajando en el desarrollo

de una herramienta para ello.

7.1.10 Schmidt + Clemens Schmidt + Clemens Group

Schmidt + Clemens is a worldwide company that works

in the chemical industrial sector manufacturing spun _ _
Figure 53: Schmidt + Clemens logo
cast components for petrochemical and DRI plants. The

production plant interviewed in Spain is situated in Murieta (Navarra).
The interviewee was the general manager of the plant José Ramén Echeverria Erce.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizacion de los turnos en la

planta? ¢Cual?

No. La planta estd organizada en areas no muy numerosas y es gestionada por los
responsables de drea. En principio los empleados rotan a tres turnos de manera automatica
y con un periodo de vacaciones fijado para la empresa que se cumple en un 90% del

personal.

La planta, salvo la fundicidn, tiene las caracteristicas mds propias de un taller que de una

cadena, por lo que es facil
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¢Cudles son los principales problemas que tiene la empresa para organizar los

turnos?

Absentismo, ausencias inesperadas, conciliacion de la vida familiar (reducciones de jornada

y eleccién de turno por cuidado de menores y familiares), reserva de vacaciones tras IT ...

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

Los turnos rotan de manera natural y las personas tienen bastante estabilidad en el puesto.
Los cambios se publican el jueves/viernes de la semana anterior, aunque hay mucha
flexibilidad por la parte de la direccién y de los trabajadores, por lo que estd sujeto a

cambios acordados entre las partes.

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, {Por

qué se producen estos cambios?

Si. Nuevos imprevistos por incapacidad temporal, permisos, atencién urgencias

personales...

Una idea para la aplicacion seria tener guardados los distintos procesos de
produccién de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. ¢{Seria

esto util e interesante para la planificacion?
Si. No es critico para nuestro tipo de produccién, pero seria tutil.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el dltimo momento?

No, pero la funcién cuenta con unos comodines que puede dedicar a produccion o a tareas

auxiliares dependiendo de las necesidades.

¢Existe algun sistema de comunicacion para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?
Los tradicionales. Teléfono, correo electrénico, WhatsApp.

Si se pudiese coordinar mediante la aplicacion, ¢Seria posible que los trabajadores
tuviesen la opcidn de elegir turnos que se adaptasen a sus habilidades y mejor a su

horario?
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Todo lo que facilite conciliar la vida familiar sin generar trastornos a la empresa tiene una
especial relevancia, especialmente en estos tiempos en los que la posibilidad de atender la

vida familiar tiene méas importancia a la hora de ser considerado un empleador atractivo.

La aplicacion estd planteada para una Smart Factory, por eso busca la conexién y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc. y también del proceso productivo.

Si se tuviese conectado y actualizado el plan de produccidon, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segin

esta, ¢Resultaria atil?

Si, pero hay que tener en cuenta que cuanto mas complejo y mas dificil se haga la conexiéon
a las diversas aplicaciones de produccion existentes en el mercado, mas dificil sera tener

éxito.

¢Le gustaria que la aplicacidn tuviese una conexidn a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccion, afiadir mas turnos?
No tiene sentido en nuestro tipo de produccién.

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian ttiles a la hora de asignar un turno u otro?

Preferencias personales, polivalencias (habilidades), cumplimiento legal (limite de 80

horas extras anuales, descansos entre jornadas...), absentismo...

Otra de las ideas para la aplicacion seria organizarla jerarquicamente. De esta forma
el encargado organiza los turnos y los responsables de los distintos grupos de
trabajadores pueden planificar y distribuir el trabajo y tareas dentro de las horas de
los trabajadores que tienen a cargo. ¢Piensa que esto podria mejorar la comunicacion
y organizacion del trabajo en su empresa? O, por el contrario, {Las tareas no varian
de un dia para otro, y por ello, no hace falta hacer una distribucion mas especifica de

estas?

Las tareas no varian mucho. Existen puestos donde la maquinaria trabaja a tres turnos las

24 horas del dia, por lo que suelen ser las maquinas las que mandan en el proceso.
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¢Tiene alguna sugerencia que, como funcion de la aplicaciéon, le podria gustar

tenerla?

Asignacion de vacaciones, gestion de jornadas de asuntos propios, gestion de bolsa de

horas y horas extras...

7.1.11 GrafTec

GraFtech is a world leader in graphite material science. In GRAF
Pamplona (Navarra), Spain, they have a graphite International
electrode manufacturing facility, which is the one

interviewed for the project. Figure 54: GraFtech logo

The person interviewed was Miguel Celaya, the HR

manager of the plant.

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizacion de los turnos en la

planta? ¢Cual?
Excel

¢Cudles son los principales problemas que tiene la empresa para organizar los

turnos?

No tiene problemas significativos. Los turnos son bien aceptados por los trabajadores

porque la prima por trabajar en ellos es atractiva.

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

Se planifican anualmente si bien en determinadas circunstancias (por ejemplo incrementos

o disminuciones de produccién) se pueden ajustar.

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, {Por

qué se producen estos cambios?
Contestado en la anterior

Una idea para la aplicacion seria tener guardados los distintos procesos de

produccion de la planta, la productividad de las maquinas y las habilidades de los
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trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. {Seria

esto util e interesante para la planificacion?

Claro, hay una tabla con las polivalencias de los trabajadores a turnos. De hecho para
trabajar a turnos una exigencia es que algunos trabajadores tengan posibilidad de trabajar

en dos, tres, y hasta cinco trabajos distintos.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el tltimo momento?

Si. Se llaman “corre turnos” y trabajan de mafiana (6,30-14,30) o de central (8,15-16.15).
En el caso de un absentismo, un permiso retribuido, un permiso sindical u otro el “corre

turnos” se ajusta al horario del ausente.

¢Existe algun sistema de comunicacidon para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?
Por teléfono movil

Si se pudiese coordinar mediante la aplicacion, ¢Seria posible que los trabajadores
tuviesen la opcidn de elegir turnos que se adaptasen a sus habilidades y mejor a su

horario?

Entre ellos se cambian turnos, es una practica permitida siempre que sea comunicada

previamente al mando

La aplicacién estd planteada para una Smart Factory, por eso busca la conexion y recogida
de datos. Estos datos pueden ser de los trabajadores como ausencias, horas trabajadas,

horas extra etc. y también del proceso productivo.

Si se tuviese conectado y actualizado el plan de produccidon, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, ¢Resultaria util?

Esas necesidades ya estdn cubiertas por el control de presencia y por las hojas de Excel con

la que llevamos los dias trabajados

¢Le gustaria que la aplicacion tuviese una conexidon a tiempo real de la producciéon de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccidn, afiadir mas turnos?
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No es necesario, no tenemos esas necesidades

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian utiles a la hora de asignar un turno u otro?
Ya he comentado, la tabla de polivalencias

Otra de las ideas para la aplicacion seria organizarla jerarquicamente. De esta forma
el encargado organiza los turnos y los responsables de los distintos grupos de
trabajadores pueden planificar y distribuir el trabajo y tareas dentro de las horas de
los trabajadores que tienen a cargo. ¢Piensa que esto podria mejorar la comunicacion
y organizacion del trabajo en su empresa? O, por el contrario, ¢{Las tareas no varian
de un dia para otro, y por ello, no hace falta hacer una distribucién mas especifica de

estas?

En nuestro sector, empresa quimica de proceso continuo, no hay gran variabilidad de

tareas de un dia para otro

¢Tiene alguna sugerencia que, como funcién de la aplicaciéon, le podria gustar

tenerla?

No especialmente. Pero esta recogida de datos parece mas dirigida a empresas

manufactureras de automocion o produccién de bienes de consumo.

7.1.12 MUBEA

Mubea is a specialist in innovative lightweight
construction and provider of heavy duty spring M u b ea
components and related products. The manufacturing
plant interviewed is located in Agreda (Soria), Spain. The

interviewed was their HR manager Laura Echave. Figure 55: Mubea logo

Questionnaire
¢Utiliza la empresa alguna herramienta para la organizacion de los turnos en la

planta? {Cual?
No

¢Cudles son los principales problemas que tiene la empresa para organizar los

turnos?
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La falta de polivalencia motivada por una formacién larga y muchos puestos técnicos. Falta
de personal en caso de ausencias y tiempo de reacciéon muy corto desde que se comunica la

ausencia.

¢Con cuanta antelacion se planifican los turnos? (¢Existe un dia limite para

publicarlos?

En lineas generales los turnos estan definidos en el calendario y se respetan, salvo

momentos de falta o exceso de capacidad.

¢Después de la publicacion de los turnos, se realizan cambios en estos? Si es asi, ¢Por

qué se producen estos cambios?
Falta o exceso de capacidad.

Una idea para la aplicacion seria tener guardados los distintos procesos de
produccién de la planta, la productividad de las maquinas y las habilidades de los
trabajadores. De esta forma la aplicacion le ayudaria a tomar decisiones a la hora de
asignar los turnos segun estos datos y le recomendaria las mejores opciones. ¢{Seria

esto util e interesante para la planificaciéon?

Si entiendes y comprendes el funcionamiento de la fabrica no es necesario, bajo mi punto

de vista seria mads interesante disponer del personal.

¢Tiene la empresa trabajadores en stand by para llamarlos si alguien no acude al

trabajo en el tltimo momento?
No

¢Existe algun sistema de comunicacion para que los trabajadores puedan ponerse en

contacto con el encargado de los turnos?

Si hay un teléfonos, pero al trabajar en 4 — 5 turnos, hay momentos en los que no estdn

disponibles.

Si se pudiese coordinar mediante la aplicacion, ¢Seria posible que los trabajadores
tuviesen la opcion de elegir turnos que se adaptasen a sus habilidades y mejor a su

horario?

A nivel de trabajadores seria interesante, a nivel industrial dado que cada persona tiene
habilidades diferentes habria momentos en los que se descompensaria los turnos,

transmitiéndolo posteriormente a la productividad.
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La aplicacion esta planteada para una Smart Factory, por eso busca la conexién y
recogida de datos. Estos datos pueden ser de los trabajadores como ausencias, horas

trabajadas, horas extra etc. y también del proceso productivo.

Si se tuviese conectado y actualizado el plan de producciéon, de tal manera que, se
pudiese visualizar la demanda que hay para cada dia y organizar los horarios segun

esta, ¢Resultaria util?

No, nuestra planificacién final se hace 1 dia antes de producir, y esta puede sufrir

modificaciones.

¢Le gustaria que la aplicacion tuviese una conexion a tiempo real de la produccion de
la planta, de tal forma que se pudiese analizar los datos en el momento, y con ello,
evaluar si es necesario llamar a mas trabajadores, o en el caso en el que no se esté

llegando a los objetivos de produccion, afiadir mas turnos?
Nuestra estructura necesita siempre del mismo nimero de personas.

Si tuvieses la oportunidad de recopilar indicadores de los trabajadores, ¢Cudles le

resultarian dtiles a la hora de asignar un turno u otro?
Habilidades

Otra de las ideas para la aplicacidn seria organizarla jerarquicamente, de tal forma
que organice los turnos el encargado y los responsables de los distintos grupos de
trabajadores puedan realizar algunas modificaciones, o, planificar y distribuir el
trabajo y tareas en las horas de los trabajadores que tienen a cargo. ¢Piensa que esto

podria mejorar la comunicacion y organizacion del trabajo en su empresa?

Puede ayudar pero no enfocado a los encargados, ya que ellos tienen trabajos enfocados a
la produccién. En encargado no conoce toda la normativa y la situaciéon de todas las
personas, bajas etc....... Y hay momentos en los que al trabajar en 4 turnos no esta en

fabrica
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