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Resetting Performance Evaluation on an Automated Line with Short Setup Time
MATS JOSEFSSON

EMIL ODEBRINK

Department of Materials and Manufacturing Technology

Chalmers University of Technology

SUMMARY

At the Wellspect distribution centre products are packaged for delivery all over the world. This requires a
production system that quickly can change from producing packages for one country to produce for another. The
fastest growing product segments are packaged in an automated line operated by four employees. To meet future
demand an increase in capacity is needed.

The purpose of the project has been to look at the possible savings in setup times to reach higher productivity
and thus higher capacity. The savings suggested should also decrease the variation of the setups to get a stable
setup time.

The combined effect of implementing organisational, method, and technical improvements is that capacity
increase of 15,7% has been achieved, with time savings of 32% for the most common setup variant. The
investment cost is quickly repaid when calculating against the alternative cost of adding an extra shift.

The results where reached by videotaping the setup and analysing it in the Avix software. All methods and
activities performed during the setup were then questioned to find improvements or possibility of doing the

activity externally. Standardised work sheet and work combination tables have been developed to help support a
standardised work and also act as a communication tool.

Keywords: setup, improvement, SMED, resetting, performance, capacity.
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Terminology

Wet products

Overall equipment efficiency

Setup

Format change

Order change

Pusher

Depalletizer

Patient information leaflet

Brand of products that include water for activation of
the product.

A measure of the total production efficiency of an
equipment, including loss of quality, losses due to
performance and availability.

The activities needed to change a machine or line
from producing one subject to be able to produce
another. Also called resetting.

Specific to this thesis a change of product requiring
physical resetting as well as change of machine data.

Specific to this thesis a change of order but with
keeping the same product and thus no physical
resetting is needed.

A machine that pushes boxes between two belt
driven lines and thus enabling a box to change its

forward direction.

A machine that can unload a pallet. In this thesis the
machine does this layer by layer using suction.

A leaflet containing specific information about the
product and its characteristics.
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1 INTRODUCTION

1.1 BACKGROUND

Catheters are used by people of all ages and gender around the world that for some
reason are unable to naturally empty their bladder. This wide range of customers leads
to a high variation of products when seeking to improve the quality of life for the users.
Wellspect Healthcare is one of the world’s largest producers of catheters, producing
disposable products for customers around the world. With sales offices in 14 countries
the production reaches several million catheters a year. At the Distribution Centre for
Wellpect Healthcare in Gothenburg all catheters produced are packaged for end
customer. The catheters arrive at the distribution centre in packages containing 20 to 30
catheters depending on model. . These product packages are then packaged at the
distribution centre into transport boxes. A principal drawing of the packages and a
transport can be seen in figure 1. There are either two or four packages per box
depending on variant.

Figure 1: A schematic picture of 4 packages and a box.

Since all catheters produced are packaged into transport boxes at the distribution centre
this means several different models, dimensions and many different customers and
countries. Itis also at the distribution centre that the individual packages become
dedicated to a specific country, by applying country specific labels to the packages. This
requires large flexibility in the production system. An automated line has been installed
for a brand of products called the wet-products. This is a product segment with
increased number of sales, in the form of more but smaller orders and new
requirements on different packaging. This has led to an increase in the number of
setups, leading to lower efficiency of the packaging line when higher utilisation is
required to meet the rising number of different orders.



Very basic measures of the time spent on setups are used today to calculate the overall
equipment efficiency (OEE). It has been seen that format changes and order changes
takes up a considerable percentage of the available production capacity, and a reduction
of setup time would increase the output and hence lower the cost of the catheters.

The incoming goods from the production are produced in large batches in factories
where high utilisation and low cost together with quality has been focus. This focus has
driven the production towards few setups and large stock. To increase flexibility, setup
time reduction projects are planned and the thesis will help to serve as a basis for
suitable methods.

The automated line for the wet-products consists of several automated machines
connected by a conveyor system that transports the products out of the production
facility into the warehouse. Due to the medical use of the products high traceability is
required leading to rigours control of quality in the packaging process. An order change
is separated from a format change, the principle difference between an order change and
a format change is that in an order change the physical settings remains. The incoming
material is the same as previous orders, thus the physical settings remains. In an order
change there are mainly software changes. To clarify it’s of importance to state that both
an order change and a format change is a setup, but there are large differences in time
allocation and possible savings.



1.2 PURPOSE

The purpose of the study is to analyse the current situation regarding controlled
stoppage of the line and identify the reasons that affects the times of these stoppages.
When a starting point has been established the thesis will look at both technical and
organizational improvements of the format changes and order changes. Alternatives for
improvements will be established in cooperation with the workforce through existing
channels of communication to gain a standardised way of working. The master thesis
will give recommendations and evaluate the solutions chosen, specified by time and cost
to implement, potential earnings, and capacity increase.

The method used in the thesis will be described in such a way so that it can be used
during future development at different production areas within Wellspect Healthcare.

Two important research questions have been established for the study:

1. What is the capacity increase possible by looking at reduction of setup time?
2. What is the cost of the capacity increase?

1.3 DELIMITATIONS

To ensure that all tasks undertaken during the project can be finished during the
timeframe delimitations must be set to frame the study on the most crucial parts of the
line, the following activities will therefore not be done:

e The study will not directly transfer any new methods to other lines
e The study wil not seek to actively improve production disturbances.
e The planned maintenance on the line each week is set and will not be questioned in this

study.

To ensure that the study does as little impact on the daily production as possible and to
ensure that follow-up questions are always possible one specific worker have been
chosen be the main contact amongst the workers.



2 THEORY

There are different approaches to achieve higher capacity in a production system.
Capacity can be bought by investing in new machines. This is often a very expensive way
to reach higher capacity, especially if all the new capacity is not utilized. Another way to
reach higher capacity is to keep the machine running by introducing more shifts. This
means adding high staffing cost. A third way to reach higher capacity is by increasing the
productivity in the current production system. Productivity can be calculated as:

Productivity =M x P x U

Where M is the method used during production, the inverse of the ideal cycle time. P is
the performance factor which is how well the work is being carried out in relation to the
ideal cycle time, for a machine operating at its ideal cycle time this is 100%. The
utilisation, U, is also ideally at 100 %, but this is very seldom the case in automated
machinery due to setup times and machine breakdowns (Almstrém, 2012). To improve
the productivity of an automated line improving the utilisation factor often give large
improvements. When improving utilisation resetting of the production is one of the
important areas to improve (Johansson & Kaiser, 2002) (McIntosh et Al, 2007). The area
of setup improvement has been dominated by references to the SMED model as
proposed by Shingo (1985). By simply addressing the fact that setup activity that is done
when the machine is still producing does not contribute to the setup time, the road to
achieve best practice had a new focus, doing setup activities while the machine is
running. From this several models and guides have been developed putting the main
contribution of Shingo into the context of a improvement process (Kaiser,
2002)(McIntosh et Al, 2007)(Zandin, 2001). The area of how to properly reap the
benefits of shorter setup by planning of order sizes costs and is also a mature research
area (Olhager, 1993) (Allahverdi & Soroush, 2008). There has also been a development
of analytical tools to use within the area that has gained increasing interest, for example
the use of discrete event simulation (DES) on a setup procedure (Johansson & Kaiser,
2002).



2.1 RESETTING PERFORMANCE

A setup is defined as the time allocated on a machine to change from producing one
product to another. This includes the ramping down from the previous production until
the new product can be produced at full pace (Zandin, 2001.). A schematic illustration
can be seen in figure 2 showing the setup time in relation to the production. It is when
the capacity is down at 0% that the machine is stopped.

Production
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Figure 2: Principle illustration of production in comparison to setup.

When a new process is implemented into a production facility the resetting time is often
designed with the goal to be below 10 minutes. When the final design is completed the
setup time possible often ends up well above the desired time, as illustrated by figure 3.
The real setup becomes even higher due to deviation in organisation, method and to a
small amount the technical system. The organisational deviation is often the highest
followed by method and the technical systems variation is often negligible (Kaiser,
2002). This leads to the conclusion that organisational improvements are the easiest
way to achieve the most improvement with the least effort.
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Figure 3: lllustration of potential savings in resetting based on Kaiser (2002).

When evaluating a setup operation it is recommended to use an evaluation approach to
focus on effectiveness and efficiency. This way the redesigned setup can be
benchmarked against the previous state as well as what is theoretically possible (Kaiser,
2002). To sustain a change of the resetting procedure McIntosh et Al (1996) state that
redesigning the entire system will prevent backsliding but Kaiser (2002) advocates a
combination of design and organisational improvements.

2.2 RESETTING PERFORMANCE EVALUATION

The resetting performance evaluation (RPE) framework is a structure for achieving a
sustainable improvement of a setup. The framework is divided into four levels;
profitability, organisation, method and technical. Kaiser (2002) also suggests a
structured way to improve the resetting operation again using the same three levels.
Due to the nature of deviation within a setup operation it is most efficient to go about
the improvement work in the order of profitability, organisational, method and
technical. This is a general recommendation, if an specific area is deemed to have large
potential work can be started there and then continue elsewhere as the area with most
potential shifts

2.2.1 PROFITABILITY EVALUATION

On the most aggregated level, profitability, the improved setup will give results such as
lowered cost of inventory and improved lead time. To help improve the profitability an
analysis of the profitability data should be collected in co-operation with both the supply
and accounting departments to gain valid data of how the costs of the operations are at
present. This data will then be used to calculate the monetary savings as the total time
for a resetting operation goes down. Having a quick and easy way to do this early on will
help calculating return on assets for the investments suggested and set targets for the
reduction(Kaiser, 2002).



2.2.2 ORGANISATION EVALUATION

On an organisational level the most important measure is the cell, or line, resetting time
and how it is improved. The ingoing factors of the organisational level are to plan in
what sequence operations are performed and by whom. An important factor to
remember is to optimize walking paths.

To improve the organisation an understanding of the often complicated activity of a
resetting organisation analysing the current situation and compiling a chart with the
sequences performed during the reset is recommended. The enabling and preventive
relations should also be noted, technical as well as rational. This will help in compiling a
new more efficient organisation with lower amount of deviation (Kaiser, 2002).

Single Minute Exchange of Die

The term SMED was coined by Shingo in 1969 whilst working on a die change
improvement at Toyota, single minute exchange of die or SMED has had a large influence
on resetting performance since (McIntosh et al, 2007). With large experience from
industry Shingo (1985) developed a method based on four conceptual stages where the
first two stages directly deals with organisational improvements.

First stage is the preliminary one. It deals with studying the production and setup in
detail to get an understanding of what operations take place to make a setup possible.
This can be done through work sampling study or videotaping the resetting operation. If
this is not possible one can come a long way by observing and talking to the operators.

Stage one is separating internal and external setup, see figure 4. Here internal setup is
operations that have to be conducted whilst for example the line is stopped, i.e. the
machine is fully stopped. The external setup is actions that can be done during
production. It is important to try to treat as much as possible of the setup as external
and question why some operations have to be done as part of internal setup. One should
also look at possibilities to separate operations within an internal setup process to
achieve external setup operations. All operations that are classified as external setup can
now be done during regular production.

Original Setup time

Productio
n

Production

Figure 4: Separating internal and external setup.



2.2.3 METHOD EVALUATION

On the method evaluation level the setup of individual machines and other standalone
operations are reviewed. An important factor to look at is the value adding work to the
total work performed on individual machines.

Engineers working on improvements of the reset time are often very quick to jump to
improvements without making a thorough analysis of the method. This means that a lot
of potential is missed for the easy to see solutions. When a method is thoroughly
analysed the engineer has to really understand each task and can also question every
operation separately. When the method is broken down improvements can be discussed
with the worker and with the entire workforce to gain agreement on the new work
method, opening up for the ability to get accepted work standards.

Single Minute Exchange of Die

Stage two in the SMED methodology is to convert internal setup into external, see figure
5. To do this Shingo (1985) recommends looking at the internal operations again to see
if any actions can be wrongly judged as internal. Shingo also stresses that these actions
should be converted into external. Many times questioning the function behind the steps
can help convert them to external by finding other means to fulfil that function. Many
times this stage requires techniques that help preparing operating conditions,
techniques such as intermediate jigs and function standardisation.

Production

Production

>

Production . Production

Figure 5: Converting internal setup to external.

Stage three in Shingos SMED methodology considers streamlining all aspects, internal as
well as external, illustrated in figure 6. This means going into depth on how different
steps are performed and to what cause, finding more effective ways of performing each
part of the method. This is where Shingo (1985) comes into parallel operations as a
means to reduce time spent on a machine considerably. Also using functional clamps,
rethink the storage of tools and parts used in the setup process, elimination of
adjustment is recommended.
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Figure 6: Streamlining the setup.

Predetermined time system

To be able to set a standard time for a setup all processes within must be defined and
have a standard. The machine time in a process is often easy to calculate and has low
variation. The manual tasks however are not as easy to decide upon. To do this time
standards is used. Time standards is the time it takes for a person to perform a specific
task, taking into account that the person performing the task should be averagely skilled,
work in a normal tempo and allowing time for fatigue and allowances (Zandin, 2001).

In 1948 Maynard et al published Methods time measurement, by analysing the time it
takes to do specific movements they built a predetermined time system that could
analyse any manual task by breaking it down into basic motions which had a standard
time. This system is what today is called MTM-1 (Zandin, 2001). MTM-1 consists of
several basic motions, such as grasp, turn and reach. It is very detailed and therefore an
analysis gives high precision but takes a very long time to perform. As a consequence of
the time consuming process of analysing a sequence with MTM-1 several different
versions have been developed with the aim to be more specific to a certain industry or
simply provide quicker analysis but with lower amount of precision.

One of these predetermined time systems is SAM (Sequential Activity — and Methods
Analysis). SAM is based on analysing sequential activities in the sequence of taking
something and moving it to another position. The activities are grouped into basic
activities, supplementary activities and repetitive activities. The different activities in
turn have variables to compensate variance in the movements for example length of
movement or weight of object. Each motion has a designated standard time which is
given in factors. 20 000 factors is one hour, which makes one factor 0,18 seconds. Even
though there is variants to all motions the system has an inbuilt variance to it, to achieve
a time which has a precision of 95% one must analyse 1720 factors of manual work,
corresponding to around 5 min and 9 seconds (MTM-Foéreningen i Norden, 2004).

2.2.4 TECHNICAL EVALUATION

Analysing the technical system in the setup process with regards to design for assembly
and design for manufacturing will help improve the technical system (Kaiser, 2002).



2.3 STANDARDISED WORK

Standardised work can be used for different purposes. It can for example be used to help
operators achieve better cognitive ergonomics. Furthermore it can be used to control
the speed and pace at which the workers are performing their work. It can also be used
to guarantee that quality checks are performed and the product meets the quality
standards. By having a standard that is followed, variation can be identified and
measures can be taken to improve. The current standard is the base from which you can
make improvements (Liker & Meier, 2006). There will always be flaws in the standard
that needs to be improved. There is a need for a relatively stable process to be able to
standardise the work. Otherwise the amount of deviation from the standard will be far
too large and thus making the standard times impossible to achieve. Once the standard
is implemented this will give not only the standard way for workers to perform tasks but
also the time, giving a fair description of what is expected from them (Zandin, 2001).
There are several documents that can be used in a business working with standardised
work. It is important to keep in mind that these documents are an analysis tools and not
a documentation plan (Marksberry et Al, 2011). As a result of the widespread use of ISO
certificates many companies have turned standardised work into a very specific and
rigid documentation plan. The purpose of the documents is to analyse work and follow
up on standards (Marksberry et Al, 2011). Liker & Meier (2006) recommends three
types of work documents to be used in establishing standardised work; standardised
work chart, standardised work combination table and production capacity sheet. In a
review of Toyotas work with standardised work Marksberry et Al (2011) states six
documents used in analysing standardised word:

e Time measurement sheet e Combination table
e Production capacity sheet e Work chart
e Line balance chart e Work method chart

The standardised work chart is a description of the work performed by an operator,
including a picture of where the activities are performed and what time each activity
consumes as well as the walking time. This allows for easy auditing of the work and
identification when time standards are not met. The standardised work combination
table is used to see the relations between man and machine or two operators working
together (Liker & Meier, 2006). When automatic work is performed by a machine this
can create a wait time for the operator, with the work combination table that time is
visualised.

The standardized work documents are not put in place mainly for the operator’s ability
to see what to do. Of course the documents can be used by untrained operators or for
tasks where the length and complexity of the tasks are high. Mainly they are there so
that anyone walking by can easily see that the work is being performed in accordance to
the standard. These audits should be done when there is a defect from the standard and
at regular intervals (Liker & Meier, 2006). An identified error must be corrected, to
ensure that solutions are implemented a visual board where defects and corrective
actions are noted is used in many of Toyotas facilities (Liker & Meier, 2006). This gives
the managers a possibility to follow up on deviation. By having standards implemented
new improvements can be weighed against this standard time. Measuring if the
standard time is achieved will also help evaluation and identification of improvement
(Zandin, 2001). This is illustrated by figure 7.

10
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Figure 7: Advantages of standardised times.

It should be kept in mind that standardised work requires highly skilled operators that
are familiar with the work. It is natural that the transgression into new method of
working will result in errors during a run-up phase. This must be allowed so that the
new method is not scrapped before it is properly implemented (Liker & Meier, 2006).
According to Liker & Meier (2006) the most often neglected part of standardised work is
visual control. Too use visual control without applying standardised work can often go
to extremes where the visual control serves little or no purpose. When used together
with standardised work visual control enables both cognitive ergonomics in seeing
remembering what to do as well as clear signals of deviation, figure 8 gives a graphic
explanation of how the visual control helps the adherence to standards.

Standard

Correct

deviation Make standard visible

Clear and
understandable

Able to verify
adherence to
standard

Report
deviation

Discover
deviation

Figure 8: Advantages of visual control in standardised work.
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3 METHOD

The method followed during the study is dominated by the resetting performance
evaluation (Kaiser, 2002) where the classical SMED methodology (Shingo, 1985) has
been adapted as tools to use within the different steps. The four steps in each of the
processes correlate well to each other giving a comprehensive evaluation and
improvement of a setup process. It is also beneficial for the project that the solutions
gained early in the project are estimated to be the largest and requiring little or no
investments. This gives the project early momentum, helping to keep the personnel
involved. A schematic illustration of the method used during the study can be seen in
figure 9. The illustration also clearly shows the iterative approach that is needed to gain
a fully improved solution. To achieve a fully developed solution the iterative process is
necessary, after improvements to the method or technology further improvements to
the organization may be necessary.

Work sampling

Additional filming

Record movie . .
if required

Organisational
improvement

Method
improvement

Technical
improvement

Result

Figure 9: Method for improvement
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3.1 PROFITABILITY EVALUATION

Economic calculation model

To evaluate the improvement proposals against economical terms the effect of not
implementing was considered. If the market grows and Wellspect Healthcare needs to
improve the capacity an extra shift is a reasonable solution. Therefor the improvement
proposal was compared to the cost for an extra shift. The cost an extra shift would add is
personnel cost, this is what the company consider takes in consideration and was asking
for.

Production data

When trying to improve a resetting procedure it is important to be able to compare
present state with the improvement suggestions. To be able to compare not only one
time for a single setup but rather what that improvement means for the company in
terms of increased production capacity or flexibility data was needed of historical
production. The company could provide historical data of the number of setups,
stoppage time, number of produced packages and preventive maintenance. These data
where given on a weekly basis. Data for the amount of rework for each order could also
be extracted. It should be noted that stoppage time and preventive maintenance are
times filled in by the operators creating a large uncertainty to the validity of the times
noted.

3.2 ORGANISATION EVALUATION

In the beginning of the project an understanding of how the production was organised
and how and when a setup was performed needed to be established. To get a full
understanding a wide range of methods where used. Special consideration was taken to
videotaping the setup process to comply with the methods of Kaiser (2002) and Shingo
(1985). To get a good understanding of the different actions performed during a setup
the operators where followed during four setup procedures and the activities where
documented. This enabled a better understanding of how the different activities were
sorted between the operators and was the basis for planning the videotaping. To get an
understanding of the possible machine changeovers all machines or fixtures that could
be changed was documented. A meeting was held with an operator who thoroughly
explained all possible variants in machine settings and between which product variants
these had to be changed. This enabled the creation of a theoretical instruction on each
possible variant. The activities performed during a setup were listed and during a
meeting with an operator the relations between activities were questioned. This led to a
document of how the current technical system delimited activities from being
performed in certain sequence.

3.2.1 WORK SAMPLING

A work sampling study was performed to get an overview of how the planned time at
the line was allocated by the operators. It determines what actions during a day that is
using the time and the utilization, with a large number of samples a mean is determined.
The focus of the work sampling was to determine the amount of time spent on setup, but
also to early on get an understanding of how the available time was allocated and how
production and setup was organised.
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The activities that are performed by the four operators were divided in 10 categories
determined by preconceived opinions as well as the operator’s opinion. A full
description of the categories can be found in appendix 1, the categories measured
where:

e Order change e Scheduled maintenance
e Format change e Machine adjustment

e Inspection e Extrawork

e Material handling e Not at the machine

e |dletime e Administrative work

3.2.2 VIDEOTAPING THE SETUP

To get measured times of all operations within a setup and to be able to review how the
activities are performed the setup procedure was filmed. The advantage of filmed
operations is the ability to revisit an operation again and again, not having to wait for
the required operation to be performed. The filming was planned so that each of the four
operator roles would be filmed once. Certain variants of setups that would guarantee
that all activities within a role where performed was chosen. The operators where
informed of the purpose of the videotaping and that it was voluntarily to be part of the
study. Before filming, the operators were instructed to do the setup as they normally
would, talking during the setup was up to the individual operator, and any mistakes they
made would be taken out of the analysis. Although well planned, the filming needed to
be complemented.

3.2.3 Avix

Avix is a computer software program designed to handle filmed operations that are the
subject of improvement. The purpose of Avix is to get standardised times for the
operations that have been filmed. When optimising the organisation, during the project
the Avix software has been used to great extent in combination with spaghetti diagrams.
This enables both to identify walking patterns that would be beneficial for the tasks
performed as well as giving a clear picture of the effects from parallelisation. By
combining the first identified external setup operations and the organisational
improvement of the setup process, potential time savings could be generated.

The filmed sequences were divided into separate activities in the Avix software. After
this was done for the setups including all activities the activities were arranged in Avix
to represent all variants of setup. During the division of the movie into activities the
times from the film where used to give a representation of how the work was performed
today. The activities in Avix can also be created using standard times. There are several
different versions of the software to be had when creating standard times, from SAM to
UAS, but all are based on MTM times. Analysing operations on this level helps determine
the real time usage thus eliminating waste. This is time consuming work and therefore it
was decided that creating MTM-based times would only be done for activities that
where improved. By using knowledge on how activities were interrelated the activities
that were external could be taken outside the internal setup in the SMED module. The
Avix software has several modules to simplify the work and versatility of the software.
One of these is the SMED module that allows the user to separate internal work from
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external and thus achieving a good visual representation of how making internal setup
into external will affect the setup. The software also gives the time needed for internal
setup to be performed.

Avix was also used to print work instructions where notes and pictures can be added to
help guide the operators in how to perform the work. Furthermore data from different
analyses can be extracted to show upon performance potential and strengthen the
argument for improvement. The simplicity in creating new analyses together with the
ability to rapidly create work instructions enables a lot of testing of new organisations,
using the time saved to iterate new and improved states. This is shown in figure 10
where the process of improving the setups by using several iterations is illustrated.
Using the pre-existing spaghetti diagram and by creating a precedence graph to
determine the ability to parallelise a new improved organisation was established.
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Figure 10: Description of workflow in Avix.

Once the organisation of the setup was evaluated and improved all organisationally
improved setups where created as well. To be able to establish an average setup time for
planning purposes the historical data on product variants was used. The percentage of
how often variants occurred together was multiplied with the analysis of the setup
between those specific variants and then all variants where summed up.

3.2.4 SPAGHETTI DIAGRAM

To visualize the walking paths of the operators during a setup spaghetti diagram is an
efficiant way to illustrate that. It’s easy to understand and show upon the improvement
with a before and after illustration. The spaghetti diagram is also intuitive and easy to
comprehend therefor the effect of the improvements that have been made is possible to
grasp. All tasks and walking paths during a setup have been recorded with a camera.
Extracting these walking paths from the recorded movie and plotting them on to a
principle map of the workshop gives the spaghetti diagram for the present state.

The spaghetti diagram for the evolved setup procedure is based on the improvements
made. Extracting the tasks and the new order of the tasks from Avix and then choosing
the shortest walking path gives the spaghetti diagram for the improved setup. The
spaghettis diagram was also used to generate solutions, to start with a reasonable
walking path and then adding the tasks that come along that walking way. The
comparison between before and after improvements gives a picture of savings in terms
of walking distance that is easy to comprehend and translate to saving in time. It is
effectfive to show the before and after to make the operators realize the savings, it
makes it easier to get them to try the new procedures.

15



3.2.5 LINE LEAD TIMES

The lead times within the line was measured to be able to represent in an Avix analysis.
The time for a box to travel from the first pusher to the final one before the warehouse
was measured. Since the line is moving at a constant speed only a few samples was
needed to determine this time. The time of a line clearance was defined as the time from
the last product leaving the final pusher until the operator could start a new production
order. This time had a larger variation, but no historical data was available so a mean
was taken to represent the time. Loading of the labels into the printers also has a large
variation. When discussing these times with operators and staff at the company it was
discovered that these as well had a large historical variation and had also significantly
increased in time since installation A mean was taken here as well but efforts will be
taken to calculate how the variation affects the standard times.

3.2.6 STANDARDISED WORK

A system for standardised work, focusing on the setup procedure, was established. It
was determined that for the purposes of the project in this thesis only the standardised
work sheet and standardised work combination table will be developed to serve as a
basis for establishing standardised work during setup.

3.3 METHOD EVALUATION

The prioritisation of the methods improved was to first ignore those activities deemed
as external. Secondly the priority was to start with the activities which gave most time
savings in the setup operations. The operators was also consulted to recommend what
they believed was improved ways of working and contributed with many ideas as well
as, although very open-minded, reasons why some of the studies solutions would not
work.

To be able to acquire a standard time for the new methods of work SAM analyses have
been performed on the new work sequences. The standard times given by these
analyses are an estimation on how the new method would be performed. Once the new
method is implemented the standard should be reviewed to see that no part of the
sequence has been neglected in the analysis. The total SAM analysis time of 5 min to get
high precision in the analysis will not be met but it is still deemed that using SAM has
higher precision than a SWAG.

3.4 TECHNICAL EVALUATION

The development of the technical system has had a lot of focus in researching the
possibilities in reprogramming the line clearance to avoid the lead time this gives the
resetting operation. To verify the possibilities of doing this a programmer who had
previous experience of the line was consulted. The loading times of labels as well as
other areas with critical result for the total lead time were investigated for
improvements. Externalising has mainly been a question of reprogramming the line to
allow for a activities to be less restrained by the technical system.

! Scientific wild ass guess
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4 PRESENT STATE ANALYSIS

This chapter describes the results from the analysis of the data gathered. In order to
understand the production system at the distribution centre today and what the base
line for improvement is a description of the line and how setup and normal production
is performed today is presented.

4.1 THE WET LINE

The wet line is an automated packaging line, packaging packages into transport boxes
which are placed onto a pallet and wrapped for transport. There are three different
products that are packed today and a total of eight variants including the number of
packages in a transport box as well as the size of the packages. A schematic figure of the
line is presented in figure 11 and figure 12 and a more comprehensive one can be had in
Appendix 2.

|:| Depalitizer m]]ﬂﬂﬂ] Box erector
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. Printer e
e

Figure 11: Principle drawing of workshop floor, the main hall.

The line starts with a depalletizer, cartons are removed from a pallet that is loaded in
the depalletizer. The depalletizer is connected to an automated pick-and-placing robot
that takes the packages from the transport line, rotates the cartons to the right direction
and places them onto the line. The packages then travel along to a pusher.

When the line is running the pusher feeds the line with cartons. This part of the line has
four adjustable guide rails that ensure that the packages are centred when passing the
label printers along the line, these are called guide rail 1-4. Cartons that have passed the
pusher are scanned by the datamatrix, a scanner reading barcodes, to determine that it’s
the right model. Then the packages go by the department printers and top printers
where the packages are labelled. The first label added is called department label and the
second added is called top label. They also get a patient information leaflet (PIL) glued
when passing the PIL feeder. The first two printers apply department labels, the next
two top labels. Both types of printers and the PIL feeders have duplicates to ensure that
one can take over if material runs out in the other. As the packages have passed the
printers and PIL-feeders they are scanned to ascertain that the labels and PIL have been
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correctly placed. If there is an error the packages are rejected, otherwise they are
pushed forward to go into the robot cell. On their path into the robot cell the packages
are centred by a guide rail that is adjustable for different widths, this rail is called guide
rail 5.

The robot cell takes the packages and lifts them into transport boxes on a lower line
coming into the cell. Both the upper and the lower guide rail in the robot cell can be
adjusted to fit the width of the incoming material. The transport boxes are fed to the
lower line from two box erectors. Filled boxes go out of the line, for some variants they
get a transport PIL, and into a box sealer. Coming out of the box sealer the boxes are
centred by a guide rail, guide rail 6. The sealed boxes get labelled with transport labels,
whilst kept centred by guide rail 7, and finally the transport label is automatically
scanned in a final pusher. If the label isn’t correct the box is sorted out while approved
boxes continue out into the warehouse.

After the second pusher the line continues into the warehouse where another robot will
take the boxes and place them onto a pallet. Before the robot picks them up there is a
height sensor measuring that the boxes have the correct height. The boxes are picked
two and two from a picking station. To arrange the boxes for the robot a pusher is used,
it is important that the boxes are centred when they reach the picking table. Therefore
the last part of the guide rail before the picking station is positioned so that the different
variants just pass through. Once all boxes are stacked the pallet is wrapped and ready
for the warehouse, here the personnel belonging to the warehouse takes over.

Box sealer . Pick up station for robot
- Printer \\\\ Robot
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Figure 12: Principle drawing of the workshop floor, warehouse.

There are a few software loadings required by the line as a setup is done. The
depalletizer needs a new recipe as a different product is loaded into the machine. The
label printers needs to first load a blank label to ensure that no graphic from the
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previous label is put onto the new products. The printers also need to load the new
labels. To ensure that there is no mix-up of products on the pallets going out a line
clearance procedure is activated at the end of an order, requiring a completely empty
line and finished order before a new order can be started, meaning no data can be
loaded until the line clearance is done.

4.2 CURRENT PRODUCTION AND SETUP

Four operators, with each operator having a designated role during production and
setup, handle the present production and setup. During the setups everyone have
predetermines activities to handle but today they are flexible in helping each other out
to reduce setup time. The four operators at the machine switch roles in an interval of 50
minutes, on one hand to keep the knowledge of all the procedures regarding the
machine as well as to not have too many repetitive tasks during a workday. There are
technical specifications in the production that is of importance for the resetting
procedure, if the product that is being produced is a box with two packages (2-product
box) in them it’s required that both box erectors are active during the production. If it’s
not a 2-product box it’s a 4-product box and then the only need for the second box
erector is a precaution.

4.2.1 PRODUCTION
During the production in normal speed the different operators handles different tasks:

Main server

Main server handles replenishment of boxing material, monitoring the line and correct
small errors. One common issue is that the boxes are not glued together correctly and
the box erector requires adjustments. The main server also disposes of trash and helps
out in replenishment of material to the depalletizer and PIL- feeder.

Administrator

There are a lot of administrative tasks during production to keep the line running as
well as supportive tasks. The planning of what orders to produce and in what order is of
great importance to achieve a high level of utilisation but at the same time producing the
right products. The administrator is also in charge of reporting finished orders.
Furthermore supportive tasks include putting in data in the automated production
monitoring system.

Inspector

During production all products that pass the line are inspected to meet the
requirements. The inspector is positioned in the beginning of the line, after the
depalletizer, doing visual control of the packages and also re-entering rework into the
line if necessary. The cause for the faulty products is also noted by the inspector and if
there is a problem with the depalletizer the inspector supports the main server.

Material planer

To constantly support the line with material the material planer orders material from
the warehouse, collects new material and also does the loading of the depalletizer. The
material planer also refills the PIL-feeders.
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4.2.2 WORK SAMPLING

The work sampling study reveals how the operators spend the time at the machine. For
example a large proportion is spent on material handling. The result from the work
sampling can be seen in figure 13, the legends are in the same order as they occur on the
bar. It can be concluded from the work sampling study that the resetting procedures
allocate a large portion of the available time, 23.5%. This shows on the need to reduce
the time for format change and order change to achieve a higher level of capacity.

100% I Preventive maintanance
90% O Machine adjustment
80% O Administrative
70% @ Away from the Line
60;%) O Extra work
:of Bldle
300; M Material handling
200 W Inspection
10% @ Order change

0% B Setup

Figure 13: Result from work sample study

The work sampling study showed that there is idle time during the production to make
external setup procedures. It’s feasible to make as much external setup as possible to
reduce the time for resetting the machine. The amount of order changes and format
changes also correlate well to the historical data extracted, giving credit to the historical
data. There hasn’t been a work sampling study done on the resetting procedures
specifically. Therefor statistics for the resetting procedure based on work sampling
doesn’t exist.

4.2.3 RESETTING THE LINE

There are two main categories of resetting procedures, a format change and order
change.

Format change

The format change includes a lot of walking for the operators, the walking paths are
illustrated in the spaghetti diagrams, see Appendix 3, a spaghetti diagram for the main
server is shown in figure 14. The time for a format change today is 600 s
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Figure 14: Spaghetti diagram for the Main server during format change.

The format change procedure is characterized by change of model. It involves at least
one physical change. The possible physical changes are:

e Width of the guide rails

e Position of datamatrix

e Packaging tool for the robot

e Physical and software changes of the box erector

e Physical and software changes of the box sealer

e Change of position within the active sorting station

e Position for the loading station in robot cell 2, in the warehouse

In addition to the physical settings there are administrative tasks connected to the
finishing of the last order as well as input of order data for the next order. The
administrator also conducts quality assurance procedures together with a colleague to
determine that the right products are produced in the right way. All the input of data is
done on the main panel, after the data is loaded and the physical changes has to be
receipted, that is done on the panel closest to where the physical changes were made
and in general made by the operator who did the physical changes, a full description of
the format change procedure can be found in Appendix 4. To illustrate the potential in
the format change the time spent walking is 203 s and the idle time either spent waiting
for a machine or another operator is 743 s., this is for all four operators This means that
on average 31% of the time spent on the format change the operators are idle and 8,5 %
of operators time is spent walking. The format change is sequence dependent and
analyses have been done for all variants. To simplify the results only the sequences
where all physical changes are performed is discussed, but the time for format change is
a weighted average of all variants.

Order change

The line produces the same product but to different customer and therefor there is a
need to define these products with labels and new order data. When the line is setup to
produce a new order of the same product but with a different market as customer it is
called an order change.

In contrast to format change the order change doesn’t include any physical changes to

the line other than changing the PIL and refill the feeders or turn on/off the feeder, but
since there is no physical changes to the machine rather than add or remove these it's
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defined separately from the regular setups. At the present state the order change takes
an average of 600 s.

The result of the order change is that the line has new labels and (if needed) change PIL.
The procedure includes change of data, these data changes has to be manually put in on
the main panel. All these procedures are also included in a format change, as well as
many administrative tasks. The total walking time during order change at presentis 152
s and the total idle time 1445 s, leaving large room for improvement, for all four
operators The idle time during order change is 60% of the total time and 6,3% is spent
on walking, this is calculated by dividing the idle/walk time with the result from
multiplying the number of operators with the total setup time..
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5 |IMPROVEMENTS

This chapter describes the results from the study and it is divided into four main areas;
organisation, method improvements, technical improvement and savings. It should be
noted that the process of developing these areas have been an iterative process where
advancement in one area means a readjustment in another to achieve the best result in
the final solution. The process of that illustrated in figure 9.

5.1 ORGANISATIONAL IMPROVEMENTS

For the organisation to be able to standardise the resetting process a standard has to be
developed that covers as many variants of the setup as possible. A distinction has been
made between order change and the format change to improve the organisation around
an order change since this has the largest effect on the capacity for the line. The other
variants have not been sub-optimised but rather a standard that gives the greatest total
benefit was strived for.

5.1.1 SIGNIFICANT CHANGES

The focus of the organisational change has been to reduce the amount of time spent
walking and time spent waiting within the setup. The walking paths for the improved
organisation are illustrated in the spaghettis diagrams in Appendix 5. To be able to
reduce the time spent walking one solution was introduced in advance, a camera in the
warehouse that monitors the final packaging of the order. This was done to eliminate the
time spent by the main server just looking to see that the process was behaving as it
should.

To deal with the long walking patterns the organisation was organisaed so that the
operator that had to walk around and reset guide rail 1-4 and guide rail 5 would also
walk into the warehouse, converting the time spent waiting to gain access into the robot
cell in the warehouse to walking. The material planer was freed up as much as possible
to ensure that if a box erector was to be done internally this would have as little effect on
the setup as possible. To minimise the effects of the line clearance and loading of labels it
is important that the administrator inputs the new order data as soon as this is possible.
Many of the activities performed by the administrator risk creating confusion and the
main panel becoming crowded if divided between more operators, the responsibilities
for the administrator was not changed but focus was put on making the activities as
tightly stacked as possible and converting those possible to external setup. A description
of the setup can be seen in the standardised work sheets in Appendix 6 and standardised
work combination tables in Appendix 7.

During the order change the focus has been to ensure that the activities performed by
the administrator could be carried at the right time to start the loading of data as quickly
as possible. Since many of the operators have little to do during the setup the
administrator will get support in collecting the labels from the transport printer. A
Standardised work sheet and work combination table for the order change can be found
in Appendix 6 and Appendix 7.
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5.1.2 INTERNAL/ EXTERNAL

The activities performed during a setup was analysed regarding its ability to be done as
part of an external setup. Six activities were identified as being able to directly be turned
into external setup. These six where:

Before setup
e Setup of box erector
e Prepare new order sheet
e Sign of order start
e Prepare pictures of labels

After setup
e Finishing documentation of order sheet
e Setup of box erector

It is only in setups where both the previous order and the next one are packaged with
four cartons in each transportation box that both box erectors can be done externally. If
the format change is from four in each box to two, or the other way around, only one box
erector can be done externally. If the setup is between two orders with two cartons in
each box none of the box erectors are external. This is due to the ability of the box
erectors to feed the line.

5.2 SETUP TIME IMPROVEMENTS

The savings from the organisational changes are 11% for a format change and 1% for an
order change, as illustrated in figure 15 and figure 16 respectively. The format changes
are down to 531 seconds and the order change is down to 593 seconds.
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Figure 15: Comparison between original time and organisation improvement, setup.
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Order change
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Figure 16: Comparison between original time and organisation improvement, order change.

The organisational improvements have on their own only given a small improvement to
setups, especially order change. Much smaller than what could be expected from the
theory gathered. Looking at the work combination table it can be seen that many of the
reasons are those of technical limitations. The variant analyses leading up to the time
also clearly shows that a format change between two products which are packaged two
packages in each transport box have a much larger setup time than any other. The total
walking time in the new organisation is 190 seconds for the format change and 98
seconds for the order change, again for all four operators. This corresponds to an
improvement of walking time of 6% for format change and 35% for order. The total idle
time during the setup has strong correlation to the technical limitations and is 586
seconds for the format change and 1573 seconds for order change. For the order change
this is an increase of 9%, time converted from walking to idle time. For the format
change the idle time is decreased by 21 % in comparison to the original idle time.
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5.3 METHOD IMPROVEMENTS

To reduce the setup the methods used during the process have been looked upon. As
with the organisation the activities performed by the administrator after the new order
data has been loaded was given consideration first. Secondly the function for each
activity that is done have been questioned to see if it could be done more efficiently or
possibly removed. All the method improvements with a detailed description can be
found in Appendix 8. In an initial stage of the methods development several different
solutions was considered, in most cases a single solution was deemed better than the
others. However, in the case of resetting the guide rails three different solutions where
analysed to establish the savings in relation to the investment cost. These represent
different levels of automation and with that come pros and cons. As an example an
automated solution must be very robust to handle the variations in incoming goods.

5.3.1 NEW METHODS ON THE LINE

A camera is suggested to be installed in the warehouse, monitoring the robot packaging
the transport boxes and the line leading up to it. This would enable the Administrator to
register if there is a problem in the warehouse from the position at the main panel. This
frees up the main server during the setups and enables a more efficient organisation. By
choosing a wireless connection between the camera and the screen no wires have to be

drawn in the ceeling, reducing the investment cost.

The operators wished for markings on the floor where the depalletizer is loaded with
pallets, to enable an easier way to load the pallets. This solution would minimise the
variation of the time that the loading takes by lowering the times that the pallet has to be
re-entered because it has not been placed parallel to the feeding line of the depalletizer.
The cost of the tape for the floor is negligible.

Guide Rails

Guide rail 5 is today changed to centre wide and narrow boxes into the robot cell. By
instead placing the rail at its widest setting and let the upper guide rail in the robot cell
centre all incoming boxes the format change of this rail can be removed. If this
improvement is done when the new guide rails for the robot cell is introduced this can
be done without any cost.

All the guide rails have been examined and it has been found that the current method to
reset these have a large amount of variation and also takes quite some time to perform.
Although equipped with one-hand screw releases they are often jammed and have to be
changed at several positions iteratively to get a satisfying precision. To deal with this
problem the rails should be set from single position for each rail, in a way that do not
require extensive force and so that it could easily be displayed for the operators what
width the rail is set to. To do this linear actuators are recommended to be installed to
use for repositioning of the rails. Linear actuators come in all sizes and can be purchased
from a wide range of producer. Linear actuators which are spindle driven are also self-
locking, taking away the activity of locking the guide rails position. The wide range of
actuators also means that it is possible to find ones that handle all forces required for
the line. They can often be equipped with position indicators to display how wide the
line is. They can also be either motor driven or bought together with a hand wheel. For
the guide rail improvement three suggestions were prepared and analysed, all but one
including linear actuators.
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All the guide rails could be equipped with linear actuators that are driven by electric
engines that automatically position themselves at the right distance from the drive belt
based on information of the specific order, an illustration of this solutions can be seen in
figure 17. This generates the most time-saving solution for the individual activities. It is
although a prerequisite that all the incoming material holds a certain standard and that
the data is continuously reviewed for changes in size of the product packages and boxes.
Having automated rails also frees up the operators to perform other tasks during the
format change but no rail will be set before the new order data is loaded.

Figure 17: lllustration of guide rail 1-4 with linear actuators and motors.

Instead all the guide rails could be equipped with linear actuators and hand wheels that
the operators manually rotate to the designated width of the line, see figure 18. This
increases the flexibility of the setup in comparison to motor driven rails. The time spent
for the operators at each rail is also significantly reduced to the present method.
Reducing the number of rails on the path by the first printers from four to three also
reduces the time. Reducing the number of rails also ensures that only the middle rail in
front of the printers has to absorb any force, saving cost for the other actuators.
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Figure 18: lllustration of guide rail 1-4 with linear actuators and hand wheels.

An alternate solution is to install linear actuators and hand wheels on all rails but those
today called guide rail 1-4, and instead use the same method as today but rebuild so that
there are only three rails on the part of the line going past the department and top
labels. This would reduce the time for the activity somewhat, at the same time as the
activity is not limiting for the time of the setup.

Administrative tasks

One of the larger activities done by the administrator after the line clearance, the
timeslot that is limiting improvements today, is quality assurance and receipt labels. By
invoking in cooperation with the quality department this could be significantly reduced.
The crucial activity of input of new order data could also be significantly reduced by
installing a barcode scanner so that the data on the order sheet can be loaded via the
barcode identification number. The reprogramming of the system to accept the barcode
data as the order data will require negligible installation costs.

For the tasks where the administrator has to ensure that certain parts of the setup have
been performed by the operators it would be beneficial to have a visual control system
signalling the status of the setup. For guide rails 1-4 the signal post at the depalletizer
has been chosen, signalling that it is ready to start if the rails have been changed. For the
PIL the operator assigned to changing the PIL feeders will leave a small box of PILs for
the rework, this will serve as a signal (“Kanban”) to assure that the setup has been done.

5.3.2 SETUP TIME IMPROVEMENTS

The savings generated on activities related to the administrator has effect on all setups
but the savings related to the rails only come in effect on format changes and not order
change. There they do so only if the administrative changes have been made, which
changes the most critical operator role during a setup.
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Format change

The savings in time when introducing the new method has naturally the largest impact
on the format changes where all the activities are performed. Whether or not the one or
both box erectors have to be done internally also has an effect of the outcome. The
variants where two box erectors need to be done internally are not a majority though,
giving a lower impact of these large setups to the average time for a format change.
Standardised work sheets for the hand wheel improvement can be found in Appendix 9
and a standardised work combination table can be found in Appendix 10. Figure 19
illustrate the different solutions improvement compared to the original time.

Format change
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Original Organisation & Organisation & Organisation &
Motor Hand wheel three guide rails

Figure 19: Comparison in time between, original and different solutions, format change

The improvements show that there is little variation in saved time between the three
solutions and using a hand wheel on guide rail 1-4 or simply using the old method on
fewer guide rails doesn’t affect the setup time. The saving for the motor solution is
18,8% whereas the other two solutions have a decreased time of 18,7%. The total
walking time for the improvements are the same as for organisational improvements for
the solution with hand wheel and three guide rails, 6%. For the solution with motor the
walking time is lowered even further, 15 % to the total original walking time. The idle
times do not change significantly and this is due to that the material planer has been left
with low utilization to be able to handle the variants of format change where box
erectors must be setup internally.

Order change

The most common setup is order change, this is where one would want the largest
improvement to gain the largest capacity increase. It’s also the most restricted area by
the technical limitations of the line. The improvement from method and organisation
can be seen in figure 20. The improvements of the order changes are 13%,
corresponding to a decrease of 81 seconds.
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Figure 20: Comparison between original time and improved time due to method, order change

The walking time for the order is the same as for only the organisational improvement,
the same improvement of 35%. The total idle time though is down to 1316 seconds, a
decrease of 9% from the original idle time.
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5.4 TECHNICAL IMPROVEMENTS

Several technical improvements have been addressed. To verify that these are possible
to perform a programmer with recent experience from working with the line has been
contacted. The programmer did not see any issues in implementing the suggested ideas
although some required a large amount of programming hours.

5.4.1 CHANGE ORDER OF PRINTER LOADING

To improve the time walking to and from printers a change of the order the loading of
printers is done would be beneficial. The present solution where the printers for
department-label and top-label are the first to receive new labels and the first to be able
to print from makes it inefficient. Preferable the printers that handle transport-labels
would be the first to receive new data and the first to be able to print the labels from.

In an order change procedure the main server is responsible for printing the labels from
the transport-label printers. During the walk up to the station at the main panel where
he/she will meet up with the administrator to hand over the printout, the administrator
will print labels from the department and top label printers. The administrator will print
from department- and top-label printers. The time saving is thus the time during the
walking path from the transport-label printers and the main panel.

During a format change it’s different since the administrator handles all the printouts,
thus the time saving is that the loading of new labels to department and top-label
printers is done during the walk from the transport-label printers.

The improvement is based on programming and further improvement on an
organisational level. The programming is calculated to cost 12000 SEK. One big
advantage is that improvements of the loading procedure will effect both the format
change and order change processes.

5.4.2 LINE CLEARANCE IMPROVEMENTS

A new line clearance procedure would focus on splitting the line and make it in to two
parts that can be individually line cleared. Line 1 being from the start up to the final
pusher, the active sorting station, and Line 2 being up until the end of the line. The
present line clearance procedure, see figure 21, does have the function of indicating
when the separate parts are empty, but it doesn’t allow initiating the line clearance
procedure, which is necessary to load new data and receipt physical changes.

Emptying
Line 1

Setup
procedur

o

Start the
Line

Line
clearance

Last box
through

Pallet
ejected

Last box
on pallet

Emptying
Line 2

Figure 21: Old Line Clearance procedure
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A split of the line would be done at the active sorting station, se figure 22. The change of
precedence would effect when the Line Clearance is performed, see figure 23. This
improvement is logical since there at that point are software functions at the present
line configuration keeping track of boxes produced. The active sorting station also has
physical functions within that would make it easier to program it, since it requires a
physical push to allow boxes to continue into line 2. The two new parts of the line
wouldn’t function differently during normal production, it’s only during resetting of the
machine the new functionality would show.

A new line clearance procedure would allow the new design of the line to be line cleared
separately. The positive effect would allow the operators to start the resetting
procedure earlier. As soon as the first part of the line, before the active sorting box, is
empty from boxes it would be possible to perform the line clearance procedure and after
that start to load new data and do physical changes (if required).

Line split

ey urey
osSnoys.Jepn

Active sorting station/

Figure 22: Split point for improved Line Clearance procedure

Line 1 Resetting
clearance line 1

Last box Start the

through line

Last box Pallet Emptying Line 2
on pallet ejected line 2 clearance

Figure 23: New Line Clearance procedure.
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5.4.3 SETUP TIME IMPROVEMENTS

The large savings are that the time in the process of transporting the last box from the
active sorting station till when the last pallet is ejected could be used for loading data,
physical resetting and receipting of the first part of the line (in the main hall). These
procedures are limitations in the process after organizational and method
improvements and will have effect on the improvement potential.

The improvement potential from the Line Clearance improvement differs depending on
which combination of other improvements (method and organisation) is chosen.
Standardised work sheet and work combination table with technical improvements can
be found in Appendix 11 and Appendix 12. The improvements in walking time are
constant with the added technical solutions. The total reduced walking time of 35 % on
order changes and 6 % for the format change gives each operator a reduction in yearly
walking distance of 28 kilometres.

Format change

In the format change procedure there are large improvements from both organisational
and method improvement. What is noticeable that depending on what method
improvement that is chosen there are differences but no great differences. The savings
from organisational improvement and technical improvements are calculated to 12.5%.
[f the method is added to that the savings reach 23.5 to 26% depending on method
solution, see figure 24. The time for the improved format change with organisation,
method (hand wheel) and technical improvement is 453 seconds. The average idle time
is down by 3% from the original again due to the conscious decision to leave the
material planer with low utilization to use when box erectors are made internally. This
means that the idle time now is 33% of the total setup time if no box erectors are made
internally.

Format change
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Technical Tech & Three Tech & Hand Tech & Motor
guide rails wheel

Figure 24: Comparison between original time and improved time due to Line Clearance, setup
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Order change

The order change improvement is easier to overview since the method improvement
isn’t affected by which solution of guide rails that is chosen. The saving from changing
organization and technical improvements would give an improvement of 19%, the time
is possible to be seen in figure 25. What’s important to notice is that order changes are
the majority of the resetting procedures and would give a great effect. Together with the
changes of method as well the time savings would reach 35%. The improved
(organisation, method and technology) order change procedures reduce the time for the
setup to 405 seconds. The idle time is a total of 897 seconds, a reduction from the
original by 62%. This is still 55 % of the total time for an order change but much of this
time will be spent doing regular production related activities.

Order change
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Figure 25: Comparison between original time and improved time due to Line Clearance, order change

5.4.4 Cost

The price for implementing Line Clearance improvements is based on programing hours
since it’s a software development project that has to be carried out. After consulting a
programmer that has been handling programing of the line previously the estimated
time for program and quality assure the new Line Clearance procedure is 24 hours. The
cost per hour is based on other consultancy fees and is an estimate, the cost can be seen
in table 1.

Table 1: Cost due to Line Clearance improvement

Title Hours Cost/Hour (SEK) Total (SEK)
Program the LC 24 1000 24000
Total 24000

5.4.5 VARIATION IN PRINTER LOADING

A major disturbance today is the difference in time of loading the printers with new

labels. It varies probably due to the printer’s connection to the servers. An improvement
that stabilizes the loading procedure would give a more stable process that would make
it easier to standardise the resetting procedures. The variation in the process affect both
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the format change and order change process, therefore changes to the loading system
will give large effect on the capacity. A simple variation analysis has been done on the
effects of the variation in printer loading during order changes, shown in table 2,
showing that it to a large extent effects the time for orders. The fact that improved order
change and increase in printer time has the largest effect on the time also stresses the
importance in dealing with the problem.

Table 2: Effect of changes of printer loading time.

Printer time % | Original order change | Fully improved order change
-50% -7,1% -5,4%

-10% -1,4% -2%

+10% +1,4% +2,1%

+50% +7,2% +10,5%
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6 CoOST AND CAPACITY ANALYSIS

The time saved during a resetting procedure is based on the combination of
organisational, method and technical improvements. The savings these improvements
would give the company has to be calculated against the extra cost that would occur if
they wouldn’t be implemented.

The increase in capacity due to the improvements has to be calculated against the
additional cost that another solution for capacity increase would incur. If the market
grows the company will have to adopt and increase the capacity. If the suggested
improvements wouldn’t be implemented an extra shift would have to be activated. An
extra shift isn’t only extra production personnel but also production management and
technicians. The calculations for those personnel are calculated in table 3 and the total
cost for those personnel is 2 Units per year.

Table 3: Cost for extra personal due to an extra shift, full time a year.

Title No. Salary/person Cost (Units)
(Units)

Production 4 297 567 1190 268

Technician 1 371179 371179

Management 1 438 553 438 553

Total 6 2 000 000

6.1 CosT

Organisational

The costs for organisational improvements are none since there are no investments. Due
to it being free it’s assumed that the organisational improvement is included in all
improvement proposals.

Method

The major investment cost for the method improvement is the linear actuators. These
are expensive but improve the speed of the format changes and they also stabilize the
process to avoid variance in the process.

There are three variants of the method improvements, including the organisation
improvements, the different costs and capacity increase can be seen in table 4.

Table 4: Cost compared to capacity increase.

Title Cost (SEK) Capacity increase
Suggestion1l (MOTOR) 142 455 6.66%
Suggestion2 (Hand wheel) | 131 100 6.65%
Suggestion3 (3 GR + HW) 99 831 6.65%
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Technical

The technical improvements are expensive, that’s due to the extensive amount of
programing that’s required to make the new Line Clearance procedure functional. The
time spent on programming the new line clearance and change order of loading the
printers is estimated by the programmer to 36 hours. With an estimated consultancy fee
of 1000 SEK/hour the total investment for the technical improvements will be 36000
SEK.

Total cost

The total cost is depending on what method improvement that’s chosen. As in the
technical solution the programing for the motor solutions is expensive and thus is the
motor solution expensive. The total capacity increase that’s achieved by implementing
all three improvements (organisation, method and technical) is a synergy effect and
can’t be added together by looking at individual solutions. The combined effect on
capacity and combined cost is showed in table 5.

The method chosen is the hand wheel improvement proposal since that gives large
improvement to reasonable cost.

Table 5: Cost compared to capacity increase depending on which improvement suggestion

Title Cost (SEK) Capacity increase
Organisation 0 1.1%
Organisation & Method 131 100 6.65%
improvement

Organisation, Method & 167 100 15.7%

Technical improvement

6.2 CAPACITY INCREASE

To be able to calculate the result of 15.7% capacity increase some prerequisites had to
be considered. First an assumption of having the same relation between order and
format change had to be taken, furthermore it was assumed that the lot sizes was the
same as for the historical data. The reasons for these prerequisites were to be able to
compare the capacity for the present state and the improvement suggestion. It’s also
important to note that the time used for the format change is the calculated mean time
for a format change. Since the tempo of the line is known the time it takes for an average
order to pass the system was known. Adding the setup time to these orders had to be
done taking in to consideration the amount of order changes and format changes. In the
end that was an equation depending on two variables that were the time for order and
format change.
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Input data:

Capacity increase = A

New Number of packages = B
Old number of Packages = C
Preventive maintenance = D
Stop time = E

Time for order change = F
Number of order changes = G
Time for format change = H
Number of format changes = |

Capcity increase = A = B/C
B = availabletime —D —E —F+«G+«A—H=x1xA

To achieve the result for the present state the present time for the setup procedures
were used and gave us a total number of packages that could be done. After that
inserting the new setup time gave us the number of packages produced by using the
time for the improvement suggestion. One factor that had to be taken in to the
calculation was that it had to be iterative since the increase of capacity affected the
number of setups. Then the fraction between the improved and the present state were
taken to get the capacity increase. The validity of the calculations are good, but it has to
be noted that it’s simplified especially since the mean for the format change is used, but
due to the fact that the format change is more seldom than the order change it doesn’t
affect as much as if the same simplification had been done to order change.
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7/ DISCUSSION

The overall reception of the project among the operators on the floor has been better
than could be anticipated. Almost no one has shown scepticism against the work that
was performed on shop floor level. This might have its reason in the quality of the setups
that where being performed at the start of the study. According to the experience of
Kaiser (2002) the variation and time from the organisation of the setup was to be the
single largest. This has proven to not be the case, although optimising the setup for the
solutions regarding methods and technical system the saving from the organisational
area was not large at all, see figure 26 and figure 27.

Format change
BDO 7 Original

700 Organisation
Org. + Method
600 Org. + Method + Tech.

=00
Seconds 400
300
oo
100

o

Figure 26: Improvement suggestions effect on time of a format change

Mere seconds on the dominant version of setup defined as order changes would not
have led to the capacity increase finally achieved. And in that the study validated the
operator’s view of technical and methodological hinders to reach better setups. This is
even clearer when comparing the results of the study with other studies on setup time
reduction. Zandin (2001) describes a general saving in setup time from internal
activities to external activities is 30-50%. This study only gained 11% for the format
change. In a study on resetting time of a printer circuit board machine (PCB) performed
by Trovinger & Bohn (2005) they were able to reduce the setup time by 78%. From 127
minutes to 27 minutes. A large part of the 78% was saved due to external setup of the
machine, for instance more staff had to be hired to cover the activities performed during
external setup of the machine.
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Figure 27: Improvement suggestions effect on order change

The explanation might lie in the type of production used as a basis for the research by
Kaiser (2002). It is not uncommon in classical machine shops that the setups are
performed by one or two operators perhaps working on different machines. This does
not enable them to directly see when someone is waiting on an activity being performed
to continue. The standardisation of where to have the tools needed for the setup is also
often an easy improvement at these shop floors. In this project there are four operators
working in an environment where they almost always have visual contact. This has led
to a setup organisation that has evolved into helping each other out and thus creating a
good organisation. Helping another operator with different tasks was mostly present
during uncommon variants, which the self-evolved setup organisation did not have a
standard for handling. For this study this well-functioning setup organisation without
any tools used means that the larger improvements comes a cost. It is not possible to
gain significant improvement without also investing in the line, an investment that is
well under the alternative of introducing another shift.

It is not only for the organisation that the description of variation and time allocation by
Kaiser (2002) differs from the results. It is almost as if the organisational and technical
potentials have switched place. The technical system of today has not only been proven
to be a large part of the setup and creating waiting within the setup but also has a large
degree of variation. During many occasions as the setups have been studied the
problems with the variation of loading the printer data has skewed the result of the
ongoing measurements. Although problematic, the method variation has been hard to
identify when looking at the setup as a whole, much of it is absorbed during the waiting
to performed activities blocked by the technical system. This together with the rigorous
quality control and traceability of medical products has also resulted in small result
from the classical SMED methodology. What quickly could be identified was a small
amount of administrative tasks. Many questions was raised of potential improvement,
for example preloading one of the printers in a pair, but had to be abandoned to ensure
quality. The safety of the customer is after all the most important factor of the company.
The times that are set to build up the Avix analyses are based on the recorded setups.
These filming sessions have been done on operators who are comfortable with the tasks
they perform but the data we build the analyses on are still from one occasion. There is a
validity problem with this which could have been solved by converting all tasks into
SAM sequences. This was not done partly because this was not how they used Avix at the
company and partly because the software version used during the study did not come
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with a SAM module. The test however showed that the data used was not off by much.
Another set of data that could be questioned is the amount of down time on the line due
to rework and failures. This is manually feed into a document today which means that
there is potential for very high variation but software that automatically measures the
stoppage time is being implemented at the line already. This will hopefully be used
constructively to ensure the operators support and seriousness of the manual
classification of stoppages.

Standardised work will be crucial to achieve the calculated times of the setups. It will
also be the key instrument to improving it further, both by establishing a new standard
but also to help give validity of setting of time for trying new solutions. At the company
they use work rotation not only within the line but also between lines, here the
standardised work will be a powerful tool in helping operators who have not been at the
wet line in a long time or is being trained in managing the line.

The use of spaghetti diagrams has been a great asset in helping to further get the
operators to accept the solutions. Not only is it amusing to see walking patterns that one
self has walked countless of times, it is also a valuable motivator and communication
tool. The spaghetti diagrams shows the more reasonable walking patterns, this means
less time spent walking, better for the setup and for the workers. This is in part coupled
to the ergonomics of the operators. Although ergonomics never have been an expressed
area during the project it is a prerequisite for new solutions at Wellspect Healthcare.
This has also been expressed during discussions with the operators, for example the
stress subjected to the wrist when handling the snap locks of the current guide rails has
been an issue as well as the old setup of the pickup table in the warehouse where the
stressed operator often bent in harmful postures instead of walking an extra distance.

The work sampling performed during the early part of the project was very useful to
gain insight booth into the normal procedures during production and also during setup.
It has also been helpful to verify the times spent on format changes and order changes
by using this data. To gain more valuable information from this method it should have
been more focused on the setup and main activities performed within these. Since this is
a very time consuming study one would like to get as much useful result from it as
possible. To achieve a statistically valid result that is not based on cyclical behaviour
2500 randomized times where prepared. The measurement was carried out during five
workdays with different randomized times. The purpose of the randomized times was
smaller risk of sampling errors. To determine the number of observations the following
equation was used (Zandin, 2001):

zxpx(1—p)

n

n = number of observations

p = probability of single occurrence

o = Acceptable limit of error

Z = confidence interval

The smallest category had the probability of 6.28% this together with an acceptable
limit of error at 90% (Z=1.645) gave the acceptable limit of error:
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Corresponding to an acceptable limit of error, percentagewise, at:

(0) 100 (—0’0080059> 100 = 12,74%
—_— * e E3 =
p 0,0628 S

The acceptable limit of error was chosen to be quite high. This was due to the extensive
number of observations that was required if the wanted level of probability and
acceptable limit of error should be reached. The results, however, correlated with the
historical data, giving higher validity. The lack of experience in conducting work sample
studies also suggested a lower number of samples to get quality in the samples.

7.1 RECOMMENDATIONS

For the company to gain as much as possible from this study it is important that the
results from the study is allocated to someone responsible for improving the line so that
it does not become neglected or forgotten if the improvements recommended are not
implemented simultaneously or further in the future. No process owner for the line
existed at the start of the study but a person filled this position at the end of the project
and will hopefully take ownership of the suggested improvements. It would also be
beneficial to add new data to the study as other projects are completed, for example the
software measuring stoppages will help calculating capacity even more precisely.

Since the company has previous experience with working towards standardised work it
is recommended that this is implemented for the wet line as well. In this process it is
important to setup an auditing scheme and ensure that this is followed to improve
minor flaws in the organisation of the setup immediately.

Several of the tasks performed by the administrator today are directly connected to
quality control that is decided upon by the quality department and rules and legislation
connected to the product. To open up a communications channel to that department and
gain understanding between departments would be very valuable in the future looking
into further externalisation of many of the administrative tasks.

The standard times calculated during this project will also be helpful for other
departments and it would be beneficial to make them accessible. The most valuable
order size can be gained for individual variants helping to achieve better planning. The
gained capacity can also be used in taking in smaller orders that today are processed
outside of the line, opening up for a capacity increase the manual packaging station.

For further research within the area of setup time reduction it would be useful to look at
how different industries affect the acknowledged models within the area. The same
analysis could be done while taking into account quality regulations that has had a large
influence on how the production system has been setup.
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8 CONCLUSIONS

The purpose of the study has been to analyse the current the planned stoppages at the
packaging line. To help guide the study two research questions were stipulated.

1. What is the capacity increase possible by looking at reduction of setup time?

The capacity increase possible has been found to be 15,7 % if organisational, method
and technical improvements are made. Not a large number compared to other studies
but corresponding to a large increase in sales. This was mainly reached by
improvements for the order change.

2. What is the cost of the capacity increase?

The investment cost for the capacity increase is 167 100 SEK, excluding time for training
operators in the new standard. A small sum compared to the alternative cost of 2 Units
annually.

The decrease of time usage for the resetting procedures is of course depending on the
combination of the suggested improvements. If the suggested improvements would be
implemented a significant decrease would perceive. The time for a format change would
be 453 seconds compared to the original time of 600 seconds, see figure 28. The same
calculations for order change gives a time for the improved setup of 405 seconds
compared to the original order change time of 600 seconds, this is illustrated in 29.
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Figure 28: Comparison of format change time between original and improvement

Since the format change is less frequent compared to order change the effect of setup
isn’t as high as on order change even though the time saved per format/order change is
equal
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Figure 29: Comparison of order change time between original and improvement

The capacity increase is dependent on the amount of resetting procedures, if the
proportion is the same as previously the expected increase from the improvements
would be 15.7%. This capacity increase is possible to use differently depending on the
purpose, increase the amount of resets and make smaller batches or increase the
number of sales, if the market requires it. Since the underlying purpose for the project
was to prevent an extra shift due to increased sales it’s feasible to use the extra time to
increase the output and meet customer demand.

One surprise for the project was the fact that the organisation of the wet line was
efficient as it is. The personnel is aware of what tasks that requires more time and are
helpful to each other and strive to minimize the time for resetting procedures. Due to
this the optimisation from the organisational development wasn’t as big as predicted
ahead, but the committed personal increases the chances for a successful
implementation.

The wet line has technical limitations that if they were solved would increase the chance
for a feasible implementation. The organisational changes suggested would have larger
effect and the total savings in time would increase.

To handle the large variance in setup procedures, depending on between which
products the setup is done, there is need to have a flexible organisation. Therefor there
is what seems like an extra person but those setups where one box erector is internally
done that specific operators utilizations is high but if the erectors is done externally it’s
low. The resetting procedure is thus robustly designed to give little variation in output
from large input variations.

The savings for the company is large, especially if the consequence of an increase in
market demand would be an extra shift. If it's possible to avoid an extra shift the
investment cost is saved rapidly due to the increase in capacity from the improvement
suggestion.
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APPENDIX 1

A description of the work sampling tasks measured during the work sampling study.

Format change

A format change is connected to an order change, but compared to a standard order
change the format change, alters which kind of product is being produced. Products are
defined by model, length, box size, country code.

Order change

If there is a new order but no format change is performed. It involves a line clearance
followed by loading new labels and input of information in the main panel.

Inspection

One person inspect the incoming goods, the optical inspection determines if there are
any flaws with the packages. If there is a problem that package is pulled out from the
line, either manually repacked or if there is a minor problem the operator fix the box and
let it in the line again.

Material handling

Material handling includes pick up goods from the warehouse, load goods, fill up on box
material, fill up the patient information leaflet making sure there is enough glue and so
forth.

Idle time
When an operator is waiting for something to happen.

Scheduled maintenance

Scheduled maintenance is planned for two hours every week. This is not calculated as
up-time.

Machine adjustment

When an operator makes any kind of setting to the machine, either physical or a
software change, during production.

Extra work

Operations that isn’t necessary to keep the machine running but necessary to keep the
right amount of finished products. An example could be to manually repack packages.

Not at the machine

When the operators aren’t at the machine, could possibly be meetings or breaks if there
is no one to replace the operator who is on break. Also includes allowances.

Admin

Administrative tasks such as planning orders, printing orders and putting in data in the
Axxos system.



APPENDIX 2

Visual representation of the line and its sub parts.
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Figure 1: Description of the entire line with description of sub-elements
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Spaghetti diagram of the setup procedure, divided by operator role.
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Figure 2: Spaghetti diagram for the Administrator during setup.
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Figure 3: Spaghetti diagram for the Inspector during setup.
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Figure 4: Spaghetti diagram for the Main server during setup.
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Figure 5: Spaghetti diagram for the Material planer during setup.



APPENDIX 4 — ROLES OF THE OPERATORS

What's described below is a format change procedure that includes all parts of the
machine divided into the operators performing the tasks during a format change.

Material planer

The material planer has the main responsibility for the two box erectors and the
resetting of these during setup operations. The amount of time needed varies between
setups since there is not always a need to reset both machines to keep the line loaded
with a sufficient amount of boxes thus there’s sometimes resetting procedures done
externally.

The resetting procedure of one box erectors is:

Remove old box material from the feeder side.
Walk around the machine to the machine panel
Take the worksheet with the measurements for the box size to be produced.
Adjust the measurements 1-4 on the front of the machine
o Walk around the machine to the feeder side
o Adjust measurement 1 if it’s supposed to be changed, check on the worksheet that
the new measurement is correct
Walk to the other side of the feed tray
Adjust measurement 3 if it’s supposed to be changed, check on the worksheet that
the new measurement is correct
o Adjust measurement 4 if it’s supposed to be changed, check on the worksheet that
the new measurement is correct
Walk around the machine to the backside of the erector
Adjust the measurements 5-10 on the machine.
o Open the door to the machine
o Determine which measurements that are supposed to be changed
o Determine on the worksheet what the new measurement supposed to be
o Change the ones of 5-10 that are supposed to be changed
Take a wrench for use of resetting measurement 11-13
o The wrench is located in the machine
o Determine on the worksheet which measurements that are supposed to be changed
o Change the ones of 11-13 that are supposed to be changed
o Return the wrench
Walk around the machine to the feeder side
Take the pallet jack with the old material and raise it
Pull the pallet jack to the designated place for the material being pulled away
Lower the pallet jack
Move the pallet jack to the pallet with material for the boxes the machine has been setup to
produce
Raise the pallet
Pull the pallet to machine



e Load the machine with material
o If the boxes are wrapped in plastic
= Remove the wrapping material
=  Grab the scissors located next to the feeder tray
= Cut open the ribbons holding the box material together with the pallet
= Return the scissors

o Take on stack of boxes and place on feeder tray
o Grab the scissors next to feeder tray
o Cut open the stack with scissors

Return the scissors
e Put the material information from the pallet on the machine
e Walk around the machine to the machine panel
e Adjust measurement 14, which is the format on the machine. This is done on the panel.
e Do atest run of the machine.
e Walk to the end of the machine and grab the box that has been produced
e Inspect the box
e Adjust if necessary otherwise the machine is ok and ready start

This procedure is repeated for the other box erector.

Administrator

The administrator performs the following tasks during a format change:
e Login to the main panel

e Finish the current order on the panel

e Walk to the workbench next to the panel

e Fill out the order form of the old order

e Prepare the new order form

e Walk to the administrative computer

e Open the description of the labels

e Sign the start of the order on the order form

e Walk over to the main panel

e Enter the data of the new order on the main panel

e Walk to department printer 1

e Print department label: Push the eject button and at the same time catch the label that’s
being printed.

o Walk to department printer 2

e Print department label: Same procedure as previous

e Walk to top printer 1

e Print top label: Same procedure as previous

e Walk to top printer 2

e Print top label: Same procedure as previous

e Paste the labels on the back of the order form

e Walk to transport printer 1

e Print transport label: Same procedure as previous



e  Walk to transport printer 2

e Print transport label: Same procedure as previous

e NOTE: It's important to keep the labels separated; being able to identify which printer
printed which label is crucial.

e  Walk from the transport printers to the administrative computer

e Paste the transport and department labels on the back of the order form

e Control the labels against the label descriptions.

e Sign the labels

e Find a co-worker to quality assure the printed labels.

e Walk to the co-worker or the co-worker walk to the administrator

e Read the label data to the co-worker checking it correlates to a package from the order

e Walk to the main panel

e Sign off the format in the main panel

e Turn on/off the PIL feeders

e Sign off, in the main panel, on reading label data to co-worker and controlling the labels

e Start theline

Main server
The responsibility for the main server during a format change procedure:

e Walk to the warehouse panel, located at robot cell 2.

e Wait for line to be emptied.

e Request and wait for access to robot cell 2

e  Walk from entrance of robot cell 2 to pickup table for the robot

e Set measurement 1 in robot cell 2

e Set second measurement in the robot cell 2

e If the product being produced is or if it was the widest variant and being changed to a
different kind, walk around pick up place to the guide rail.

o Set the guide rail to designated width.
o Walk back to the pickup table

o  Walk from pickup place to entrance of robot cell 2

e Close door to robot cell 2

e (at the panel) Wait for format to load and sign off the changes (observe that the guide rail for
the widest products isn’t possible to sign off)

e Walk from warehouse panel to transport panel

e Check measurement on the transport panel.

e Walk to guide rail for the active sorting station

e Untighten the fasteners of the guide rail, than set the guide rail to the right width thereafter
tighten the fasteners.

e Walk to the active sorting station

e Settherulerin the active sorting station

e Walk to the transport panel

e Sign of the changes made to the guide rail in to the active sorting as well as for the ruler in
the active sorting station

o Check new measurement for the box closer

e  Walk to box closer

e Set measurement 4 in box closer

e Set measurement 1 in box closer



Set measurement 2 in box closer
Walk to box closer panel
Set measurement 3 on the panel
Walk to guide rail 6
Untighten the fasteners of the guide rail 6, than set guide rail 6 to the right width thereafter
tighten the fasteners.
Walk to guide rail 7
Untighten the fasteners of the guide rail 7 in to the active sorting, than set guide rail 7 to the
right width thereafter tighten the fasteners.
Walk to transport panel
Sign off changes for box closer and guide rail 6 & 7
Walk to end of box erector
Check the quality of the boxes that has been processed in the box erector
o If problem - solve
Walk to robot cell 1
Follow packages being loaded in to boxes
o If problem - solve
Follow boxes from robot cell 1 to the box closer
o If problem - solve
Follow boxes from box closer to active sorting station
o If problem - solve

Inspector

The inspector assignment includes many long walking paths, which makes the time
usage large. Main tasks include the change of the five first guide rails and the changes
whit in robot cell 1, located in the main hall.

The inspector has the following tasks during a format change:

Rework of products that has been rejected in the second pusher or by the inspector. Also
document how many packages that has been reworked and reason for the rejection.
Furthermore documentation regarding stoppages and reason for them. These stoppages are
transferred in to the Axxos system afterwards.

Walk from the inspection position to guide rail 1.

Check the width of the guide rail (1) and what the new measurement is going to be.
Release the two fasteners and put the guide rail in to the right position. Than tighten the
fasteners and determine that it is the right width.

Walk from guide rail 1 to guide rail 2

Same procedure as for previous guide rail.

Walk from guide rail 2 to guide rail 3

Same procedure as for previous guide rail.

Walk from guide rail 3 to guide rail 4

Same procedure as for previous guide rail but with 15mm extra width.

Walk from guide rail 4 to the datamatrix

Check placement of the datamatrix, screw the adjustment wheel and determine that the
right position is reached via the indicator.

Walk from datamatrix to the depalletizer panel

Log on to the depalletizer panel

Load new recipe

Walk from depalletizer panel to forklift for loading material in to the depalletizer

Load the pallet in to the depalletizer.

Walk from depalletizer loading dock to the packaging robot located in robot cell 1

4



Request and wait for access to robot cell 1
Walk to the box filling tool

Remove the confirmation cord attached to the box filling tool

Remove the old tool for filling boxes

Hang this tool on the rack

Take the new tool from the rack

Place this tool at position

Attach confirmation cord to the new tool
Walk to the guide rails in robot cell 1

Grab reference tool for the upper guide rail
Set upper guide rail

Put back reference tool for upper guide rail
Grab reference tool for lower guide rail

Set the lower guide rail

Walk from robot cell 1 to guide rail 5

Set guide rail 5

Receipt the setup on the panel of robot cell 1
Wait for the separation to get in to position
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Spaghetti diagram of the organisationally improved setup procedure, divided by

operator role.

Administrator

Figure 6: Spaghetti diagram for the Administrator during setup.

Inspector

____________

Figure 7: Spaghetti diagram for the Inspector during setup.




Main server

¢

Figure 8: Spaghetti diagram for the Main server during setup.

Material planer

Figure 9: Spaghetti diagram for the Material planer during setup.




APPENDIX 6

The organisational changes suggested would give these Standard Work Sheets.
Format change:

Administrator
Standardised;work;sheet;];Formatomstallning;(organisation)
Linje: Vata Datum  10/5/14
Titel: Orderhanterare Issued;by: Josefsson&Odebrink
Tid(s) 609
# Operation Work|Walk
1 Férbered;nytt;orderblad;(start;102s;innan) | 18.8 0
2 Signera;orderstart 14.2 T
3 Ta;fram;etiketter,;adm.;dator 69.2 —
4 Logga;in;pa;depalleterare 14.2 %
5 Nytt;recept;depalleterare 27.9 H
6 Logga;in;pa;huvudpanel 17 T
7 Avsluta;order;huvudpanel 7.1 7
8 Ladda;depalleterare 20.9 7
9 Avsluta;order,;dokument 75.2 T
10 Mata;in;orderdata 40.1 H
11 Skriv;ut;avd.etikett 9.5 M/
12 Skriv;ut;topp.;Etikett 7.3 ZL?:
13 Klistra;avd.;&;topp.;Etikett;pa;orderblad 12 1_8
14 Skriv;ut;trp.;Etikett 16 1_8
15 Klistra;transp.etikett 9.4 T
16 Lisa;av;etiketter;mot;medarbetare* 27.5 T
17 Kontrollera;och;kvittera;etiketter 59 T
18 Kvittera;formatomst.;Ricken 29 —
19 Kvittera;formatomst.;Bipack 314 L
20 Stang;av/pa;bipack 10 %
21 Kvittera;formatomst.;&;etiketter 8.7 T
22 Starta;jline 1.3 —
total
524| 85
* Behov;av;hjalp;fran;kollega.

Figure 10: Standardised work sheet for the Administrator during setup.



Main server

Standardised@vorkBheet@Formatomstallningdorganisation)
Linje: Vata Datum 10/5/14
Titel: Huvudservare Issuediby: Josefsson&Odebrink
Tid(s): 540.5
# Operation Work| Walk
1 GaMillBipackEnatarell 18.5
2 Témbbipackmatare 77
3 Jamfor@ILEnotBrder 15
4 Fyllibipackmatare 143 19
5 BytHormverktyg sfr—
6 Stall@ackeburen 95 5 [
7 StillEackeBRE 105 |
3 rT T |
| Q | |
190 NN Q
11 N _—— _\_ -— .:
12
13
14
15
m |
17
18
19
20
21
I
total
513 28
* Behov@vihjalpdrantkollega.

Figure 11: Standardised work sheet for the Main server during setup.




Inspector

Standardisedworksheet®Formatomstallning{organisation)

total

471] 106

Linje: Vata Datum 10/5/14
Titel: Avsynare Issuedsy: Josefsson&Odebrink
Tid(s): 576.9

# Operation Work| Walk
1 Avslutande<dokumentering 29.6 98.8
2 Stalleicke<d Ri&Datasmatrix 149 23
3 Stallsackes{med<olk) 61.2 29.9
4 |Begar®<nvantardilltridesobotcell{lager) 7.1

5 Stalleobotcell{lager) 61.9 10
6 Kvitteradormatomstill<obotcell 15.2 212
7 Stéllaktivsorteringsbox 21.2 31
8 Stallkartongforslutare 40.6 31
9  [Kvitteradormatomstill.Kartongforslutarel 12.1

10 [Kvitteraomstilinddraktivsortering???2?2??( 11.3 6
11 Kviteradormat<buren 61

12

13

14

15

16

17

18

19

20

21

*

Behovavdhjilpdrankollega.

Figure 12: Standardised work sheet for the Inspector during setup.




Material planer

Standardised@vork@BheetBEFormatomstallningdorganisation)
Linje: Vata Datum  10/5/14
Titel: Materialplanerare Issuediy: Josefsson&Odebrink
Tid(s): 1026.7 Totalltid:
# Operation Work| Walk
Stillkartongresare@dstart@68sAnnan) | 469

Lasmvitikettinotinedarbetare* 28

20

TémmbchBtang@viArptbipack@natare 25
Stillkartongresarefl 485

V| (N[N |WIN |-

=
o

[uny
[N

Juny
N

=
w

[N
i

[y
%]

iy
()}

iy
~

[uny
(o]

[any
©o

N
o

N
-

total

1007 20

* Behov@vthjalpdrantkollega.

Figure 13: Standardised work sheet for the Material planer during setup.



Order change:

Administrator
Standardised@vorkBheetB@Drderbyteforganisation)
Linje: Vata Datum 10/5/14
Titel: Orderhanterare Issuediy: Josefsson&Odebrink
Tid(s) 421.6
# Operation Work| Walk
1 Forberediytt®rderbladdstart2mind@nnan) 20 0
2 Signera@®rderstart 15 0
3 Tafram@tiketter,Bdm.Rator 69 0
4 LoggalinBathuvudpanel 17 0
5 Avslutairderthuvudpanel 7.2 0
6 AvslutaBrder,Bokument 75
7 Matalin®rderdata 40.2 4(.)8
8 Skrivilitfvd.Btikett 9.6 0
9 SkrivAlit®opp.Etikett 9.6 0 o
10 Klistravd.R&opp.Etikettpatbrderblad 12 0 -;
11 Klistratransportetikett* 9.6 0 |
12 LasaRvidtiketter@not@nedarbetare* 27.6 0 |
13 KontrolleraBchikvittera®tiketter 58.8 0 |
14 Kvitterafbipacksedelmatare 31.2 0 |
15 Stingalv/pabipacksedelmatare 10.2 0 |
16 Kvitterayibrderdatafonstalining) 8.4 0
17 Startafline 1.2 0
18
19 0
20 0
21 0
22 Startafline 0
e 422| 438

Behov@vthjalpdrantkollega.

Figure 14: Standardised work sheet for the Administrator during order change.




Main server

Standardised@vork®heetB@rderbyteforganisation)

Linje: Vata
Titel: Huvudservare
Tid(s): 64.2

Datum 10/5/14
Issuediy: Josefsson&Odebrink

# Operation

Work| Walk

LaddaRiepaliterare

21

Skrivaut@Erp.Etikett

32

15.6

Lasmvi@tikett@notnedarbetare

17.4

27.6

VI |IN|[OO|N|AR|WIN |-
=
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o
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[N

Jany
N

Jany
w
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IS

Jany
(%]

[any
(o)}
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~N

Jany
00

Jany
©o

N
o

N
[y

total

64.2| 49.4

* Behov@vihjalpArantkollega.

Figure 15: Standardised work sheet for the Main server during order change.



Inspector

Standardisedworksheetd4Order<hangeq{organisation)

Linje: Vata Datum 5/10/14
Titel: Avsynare Issuedsy: Josefsson&<Ddebrink
Tid(s): 29.6

# Operation Work| Walk
Avslutande<dokumentering 29.6
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N

[any
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[any
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iy

total

29.6 0

*

BehovavdhjalpSrankollega.

Figure 16: Standardised work sheet for the Inspector during order change.



Material planer

Standardised;work;sheet;[;0rder;change;(Organisation)

Linje: Vata Datum 10/5/14
Titel: Materialplanerare Issued;by: Josefsson;&;Odebrink
Tid(s): 259.8 Total;tid:

#

Operation Work| Walk

Tom;bipacksedelmatare 76.8

Jamfor;bipacksedel;med;order 15

20

Fyll;bipacksedelmatare 143

19.8

Tom;och;stéang;av;transport;Bipack 24.6
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total

260| 39.8

*

Behov;av;hjalp;fran;kollega.

Figure 17: Standardised work sheet for the Material planer during order change.




Standardised Work Combination Table, Organistation Issued by: N/N

Linje: Vata linen A=Orderhanterare B=Materialplanerare C=Huvudservare D=Avsynare [BEM askintidl] = Gang Datum: 2014-05-14
No. Aktivitet Tid 531 Seconds
4 Still Kartongresare | B
2 Farbered orderblad [A]
3 Signerz orderstart I
4 Ta fram etikerter admin. dator | A
g Avslutande dokumentering D |
6 Bandtid XA
7 Logz= in depal Al [
8 Nytt recent depal. [a]]l
9 Logga in HP Al
10 S5l racke 14 och dammatix D [
11 Avslutaorder HP T T |
12 Tem Bipackmatare _ C _ _
13 1o YN % i
14 Iaddadepal. A [
15 Avsluta order dokument lr A |
16 Jamfor PIL med order Id
17 Fyll bipack. marare B [
18 Mzt in crderdats A
19 Stall ricke 5 | IEEEN|
20 Ladda avd. krivare [
21 Skriv ut avd. etikett
22 Laddatopp. skrivare
23 Byt formverktye k& |
24 Skriv Ut topp. etikett 1A
25 Begar intrade il robotcell .U
26 |=ddatrp, skrivare 2
27 33l robotcell Iagar D |
28 Klistra avd. och topp. Etiketter pa order A
29 Skriv ut trp. etiketter B__
30 Lsddarecept och format X
31 Klistra trp. stiketter Al
32 St5ll ricke buren & [
33 |55 av etikatter mot medarbetare [ Ia&B |
34 Kuittera format rmobotcell | lager) WE |
35 Kentrollera och keittera etikettar A |
36 Sting avtrp. Bipack matare B
37 St aktivsortering DJ
38 Saparering buren H\\K\
39 Kvitrera format racken Al |
40 St51 kartongfarslutare D |
41 St racke 67 ‘ & |
42 Kuitteraformat bipack A
43 Kuittars format kartngfarsiuta e | B
44 Sting av/pa bipack. matre 1A
45 Kuitcera sktivsortring | D
a6 Kvitters buren I D
47 Kuittera formatomstalining och etiksttar | a3
48 Startaline | A

Standardised work combination table format change and order change with
Format change

organisational improvements.
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Order change

Standardised Work Combination Table (Order change), Organistation Issued by: N/N
Linje: Vata linen A=Orderhanterare B=Materialplanerare C=Huvudservare D=Avsynare[X]|=Maskintid[ll= Gang Datum: 2014-05-14
No. Aktivitet Tid 593 Seconds
1 Farbered orderblad [A]
2 Signera orderstart ~
3 Ta fram etiketter _
I Logza in HF _ A
5 Avslutande dokumentering D _
[ Ban tid R
7 |zddadepal C]
B Ayslutaorder HP
=] T&m bipackmatare.
10 L 7
11 Avsluta orderdokument
12 J&mfar PIL med order
13 Fyll bipackmatare
14 Matain orderdsta F A
15 Ladda avd. skrivare
16 Skriv ut avd. etikett
17 Lsddatop skrivare
18 EtSng av trp. bipackmatare
19 Skriv ut topp etikett
20 Laddatrp. skrivare
21 Klistra avd. och topp etiketter ps orderblad
22 Skriv Ut trp. etikett
23 Ladda recept och format
24 Klistratrp. etiketter A
25 L35 av etiketter mot medarbetare L }mﬁ
26 Kontrollera och kvittera etiketter A |
27 Separering buren §
28 Kuitteraformatomstall bipack | A
29 Sting av/pa bipackmatare A
30 Kuitteraformatomstalining och etiketter A
31 Startaline A
32
33
34
35
]

improvement.
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APPENDIX 8

The following appendix is composed of more detailed explanations of the methods
improvements considered.

CAMERA IN THE WAREHOUSE

At present the main server is supervising the last packages leaving the warehouse to be
able to quickly spot any problems. This is done by walking out into the warehouse as the
last box enters the warehouse. By installing a camera overlooking the robot in the
warehouse and connected to a screen by the main operator panel the administrator can
supervise the warehouse freeing up the main server. Only a real-time feed from the
camera is shown and no video is recorded.

Time
The time for the activity before was 263,7s and consists almost exclusively of waiting
time during the majority of setups, when no breakdown occurs.

Investment

As an example a complete wireless camera system including a 7-inch LCD screen has
been chosen. Adjustments such as contrast, brightness and colour can be changed on the
screen menu.

Table 1: Investment cost for camera.

Cost/Hour | Cost Total cost
Activity Improvement | Parts No. Activities Hours (SEK) (SEK) (SEK)
Camerain Camera
Monitoring | the and
wharehouse | warehouse monitor 1 | Buy - - 5251 5751
Installation 1] - 1 500 500

LOAD PALLET IN TO THE DEPALITIZER

Marking on the floor to guide the fork lift in the right position, marked with tape one and
a half pallet distance from the loading dock. These markings will help lower variation in
the activity as well as decreasing the number of times the activity has to be done again if
the pallet comes in at an angle the first time. It has not been determined how often the
activity has to be redone, but since the solution to the problem was suggested from the
operator it can be assumed to be a frequent issue. The investment cost is also negligible.

Time
There is no change in time for the activity.




QUALITY ASSURE AND RECEIPT LABELS

Stamping the labels

Today all six labels are signed individually by the operator. By introducing a date stamp
to be used instead of signing on five of the six labels on the back of the order card, a time
saving quality control is achieved. At the same time the single personal signature makes
it possible to identify the operator who performed the quality control thus keeping the
high quality standard. The date stamp is kept at computer 2 and a safety stock of at least
one extra stamp should be kept at hand to reduce the amount of deviations from
practice if a stamp is consumed.

Writing in only one place

Today all six labels are signed individually by the operator. By introducing a new
standard where the operators only sign once on the back of the order card a time saving
method is achieved. Clearly communicating that once the personal signature is made the
operator assures that all labels have been quality checked according to standard the
high quality is kept.

Time

The comparison of real labels and the pictures represent a large amount of the time but
it is not something that can be improved from the current method. Taking a pen and
signing one label only takes a few seconds. When signing only one label both has better
improvement potential and at no cost this method is recommended and further
analysed.

70

60

50 —

40 —
Seconds
30 -

20 -

10 -

Original Stamping Signing one

Figure 20: Comparison of time for receipting labels.



Calculated time

The stamping time is calculated with SAM on the premises that force has to be applied to
each label to transfer the ink.

GS45 + PP45 + AF = 14 factors
3 * (PP10 + AF) = 24 factors
PP10 + AF + PD45 = 11 factors
46 factors = 8,28s
Investment

The cost for a stamp varies greatly, a simple stamp with only date can start at 400 SEK
whereas a more advanced stamp with the company logo is around 1000 SEK.



RECEIPT SETUP OF THE GUIDE RAILS

To ensure that the guide rails opposite of the label printers have been adjusted for the
new product the administrator can use the light beacon at the depalletizer as a marker
that all is ready for the start of production. Since the depalletizer previously has been
loaded it would have triggered an alarm if the first guide rail had not been changed
when new material is loaded. If the guide rails instead have been changed the beacon
will give a blue signal, telling the operator that it is ready to start. Thus the
administrator knows that the guide rails have been adjusted. The improvement requires
no investment.

Time

The improvement from the original time is not only an improvement, the method has
smaller variation than previously where the administrator choose where to look at the
guide rail or yelled at another operator.

35

30

25 A

20 -
Seconds
15 ~

10 -

Original Light beacon

Figure 21: Comparison of time for receipting guide rail setup.

Calculation of registering light beacon
The added time for turning around and register the colour of the beacon is:

2xS+RD+2+S =15 factors
15 factors = 2,7s



RECEIPT SETUP PIL

To simplify controlling that the correct PIL have been loaded into the PIL feeders a
system where the material planer leaves a confirmation for the administrator. Once the
PIL feeders have been loaded the material planer changes PILs in the small blue
container where PILs are stored for use in rework. Once the content of the box has been
changed the material planer places it at the desk by the administrator. When the
administrator is going to receipt the PILs the administrator can easily take a card from
the container and control that the right PILs are loaded into the feeders. After a
completed setup the administrator returns the blue container to its natural position
during production. This solution requires no investment.

Time

In addition to the time spent by the administrator the material planer must move the
box to the desk by the administrator. This takes only a small amount of time and
allocating time spent by the administrator to other operators is beneficial. Returning the
box to its position during production is part of the external setup.

40

35

30 -

25 A

Seconds 20 -

15 -

10 ~

Original Box

Figure 22: Comparison of time for receipting change of PIL.



Calculated time
Move the box to the desk is performed by the material planer:

GS45 + 6 xS + PD45 = 26 factors
26 factors = 4,68s

The time for checking the PILs in the box is performed by the administrator:

S+ GS45+ 2 *RB + S = 28 factors
28 factors = 5,04s

Return the box to it place during production is performed by the administrator and is
external setup:
GS45 + 6 xS + PD45 = 26 factors
26 factors = 4,68s



SCAN THE ORDER DATA

At present the manufacturing order number, the part number and number of parts to be
produced are entered into the main panel to start a new order. By simply scanning the
barcode on top of the manufacturing order a large save in the activity time would be
gained. This method also eliminates the possibility that the operator misreads the order
sheet and inputs the wrong data.

Time
The time is based on the assumption that the loading of new data would not include any
extra loading time, but simply consist of the actual scanning.

45

40 -

35 -

30 ~

25 -
Seconds
20 -

15 A

: B 2

Original Scanning

Figure 23: Comparison of time for entering order data.

Calculated times

GS45 + PD45 + AF + PP45 = 15 factors
15 factors = 2,7s

Investment

Programming on the line is needed to implement the solution. A programmer with
experience from the line has been consulted to estimate the number of programming
hours needed to implement the scanner solution, his guess was that a two hours would
be sufficient. Depending on what quality and functions you think will be needed for the
barcode scanner its price range will vary. To exemplify a simple scanner with wire and
USB connection will cost 1074 SEK.



SETUP OF GUIDE RAIL 1-4

Three solutions have been generated for this activity. Two of them are based on adding
linear actuators, those solutions would be able to implement on guide rail 6 and 7 as
well, regardless of type of control of the actuators. The investment budget should also be
lower if it’s possible to buy a larger number. If the number of guide rails is changed
rebuilding of the safety stop must be done to allow three guide rails. This means welding
on extra length on already existing structures at the line.

Automated guide rails

The solution with the most potential for reduced format change time is to equip the
guide rails with linear actuators connected to electrical engines. The engines are setup
to communicate with the program loading the format for the product and automatically
set the width of the rails at predetermined revolutions.

Figure 24: A picture of guide rail 1-4 with motors.

It is also possible to reduce the number of guide rails from the current four individual
guide rails to three guide rails, by having one rail in front of the label printers and two
other guide rails positioned by each conveyor pusher. Fewer rails than that would be
problematic in regards to the flexibility of the line. Calculations show that the rails can
be controlled with only one actuator per rail.



Figure 25: A picture of guide rail 1-4 with motors and three rails.

Hand wheel

By installing linear actuators that the guide rails are positioned on, which are driven by a
hand wheel and has a position indicator the setup of the guide rails could be reduced.
Calculations show that the rails can be controlled with only one actuator per rail.

Figure 26: A picture of guide rail 1-4 with hand wheaels.

It is also possible to reduce the number of guide rails from the current four individual
guide rails to three guide rails, by having one rail in front of the label printers and two
other guide rails positioned by each conveyor pusher. Fewer rails than that would be
problematic in regards to the flexibility of the line.



Figure 27: A picture of guide rail 1-4 with hand wheels and three rails.

Three guide rails

The simplest improvement of the guide rail setup would be to lubricate the glide paths
of the rails frequently and to agree on the most beneficial way to tighten the rails. It is a
simple solution that would save some amount of time. Also here the number of rails can
be reduced to three rails.

Time

The time for the different activities are displayed in figure 9, showing that for the
individual activity the motor driven rails have by far the largest potential. Adding linear
actuators and hand wheels to the current amount of rails is slower than the small
investment of converting the rails into three guide rails and just doing the setup as
today. The solution with four rails, actuators and hand wheels have therefore not been
analysed further.

160
140
120
100
Seconds 80
60
40
20
| . . .
Original Motor Crank 4 rails  Crank 3 rails Three rails

Figure 28: Comparison of time for resetting guide rail 1-4.
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Calculated times

If four guide rails are used the largest distance from a rails edge to the centre is 1,15
meters and the maximum force that the labels are applied with has been calculated to no
more than 196,2 Newton. This gives a momentum in Z of 225,63 Nm and a force of 196,2
N in X that the linear actuator must handle during production. If three guide rails are
used the distance from the centre of the middle rail to the end is 1,3 meters and the
maximum force that the labels are applied with are 196,2 Newton. This gives a
momentum in Z of 255 Nm and a force of 196,2 N in X that the actuator must absorb
during production.

With the longest guide rail setup being from 308,9 to 488 = 179,1. 179,1/3=60+1
revolutions for the data matrix. The Linear actuator has a screw lead of 4 mm. 179,1/4=
45+1 revolutions.

Automated line

The short distance moved and the precision required means that the acceleration and
deceleration distances will be long in relation to the total travel length. If the average
rpm is assumed to end up being equal to that of an operators this would mean 111 rpm.
Giving a total time to set the data matrix, this has 60 revolutions as its longest distance,
to:

revulotions 0
Time = —x 60 = * 60 = 32,43s
rpm 111

Since all rails are changed simultaneously the total time equals the time to set one rail.

Hand wheel

Four guide rails:
2* RA =4 factors
GS45 + 46 x CA = 142 factors
2*RA = 4 factors
S+ GS45+ 61 % CA = 190 factors
3% (3%S+ GS45 + 46 x CA) = 453 factors
793 factors = 142,74s
Three guide rails:
2*RA =4 factors
GS45 + 46 x CA = 142 factors
2*RA = 4 factors
S+ GS45+ 61 x CA = 190 factors
3 %S5+ GS45 + 46 x CA = 148 factors
5%S+GS45 4+ 46 x CA = 154 factors
642 factors = 115,56s
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Three guide rails
New middle rail:

GS45+ AF +2+SB+ 3% S5 + G545+ AF + 2 * SB = 51 factors

GS10 + (6510) + PP45 + PP10 + RC = 22 factors

3 %S+ GS45 + (6518) + PP45 + PP10 + RC = 33 factors

GS10 + 2 « SB + AF =19 factors

3xS+GS45+ 2+ SB + AF = 30 factors
155 factors = 27,9s

Investment
Table 2: Investment cost for new guide rails.
Cost/Hour Total cost
Activity Improvement | Parts No. Activities Hours (SEK) Cost (SEK) | (SEK)
Setup Only three
rail 1-4 rails Guide rails 3 Drawing 2 500 1000 3900
Safetybrackets | 2 Production 4 350 1400
Assembly 3 500 1500
Hand wheel
three rails Guide rails 3 Drawing 2 500 1000 35168,67
Safetybrackets | 2 Production 4 350 1400
Assembly 3 500 1500
Linear
actuators 3 Buy - 26151,84
Hand wheel 3 - - 994,41
Position
indicator 3 - - 4122,42
Motor on
three rails Guide rails 3 Drawing 2 500 1000 32141,84
Safetybrackets | 2 Production 4 350 1400
Assembly 3 500 1500
Linear
actuator 3 Buy - - 26151,84
Motor 3 Buy - - 1590
Assembly 1 500 500
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SETUP OF GUIDE RAIL 5

Remove the resetting procedure

If the rail would be modified with a wide entrance and narrower in the end but wide
enough for the largest package the function of the guide rail would be the same but no
changes would have to be done when resetting the machine between different packages.
This solution requires that the first rail in the robot cell is set to the right measurement
and matched to the width in the end of guide rail 5.

Time
The time for the activity before was 61,2s and now the activity is removed.

Investment
Table 3: Cost for removing guide rail 5.
Cost/Hour Total cost
Activity Improvement | Parts No. Activities Hours (SEK) Cost (SEK) | (SEK)
Setup rail New rail New
5 Remove rail in cage 1 plastics - - 300 800
Production | 1 500 500
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SETUP OF GUIDE RAIL 6

Automated guide rail

The guide rails can be repositioned to be placed upon linear actuators connected to an
electrical engine. The engine is setup to communicate with the program loading the
format for the product and automatically set the width of the rails at predetermined
revolutions.

\i

Figure 29: A picture of guide rail 6 with motor.

Hand wheel

By installing a linear actuator that the guide rail is positioned on, which is driven by a
hand wheel and has a position indicator the setup of the guide rail can be reduced.
Calculations show that the rail can be controlled with only one actuator per rail.

Figure 30: A picture of guide rail 6 with hand wheel.
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Time
The motor driven solution takes almost half as much as the hand operated one. But it
comes at a larger investment.

40

35 ——

30 +—

25 +——

Seconds 20 -

15 A

10 ~

Original Motor Crank

Figure 31: A comparison of improvements to guide rail 6.

Calculated time

The largest difference in width is 31 mm. With a screw lead of 4 mm per revolution the
needed revolutions are 8 full revolutions. The short distance moved and the precision
required means that the acceleration and deceleration distances will be long in relation
to the total travel length. If the average rpm is assumed to end up being equal to that of
an operators this would mean 111 rpm. Then the time to change the rails becomes:

Ti revolutions 60
= % =
tme rpm 111

* 60 = 4,32s

One single hand wheel controlling the entire length of the rail and the largest difference
in width is 31 mm. With a screw lead of 4 mm per revolution the needed revolutions are
8 full revolutions. The time to bend down and turn the hand wheel then becomes with
SAM:

B + GS80 + 9 * CA+ RA = 46 factors
46 factors = 8,28s
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Investment

Table 4: Cost for improving guide rail 6.

Cost/Hour Cost Total cost
Activity Improvement | Parts No. | Activities Hours | (SEK) (SEK) (SEK)
Setup
guide rail 6 | Motor driven New rail 1 Drawing 1 500 500 12447,28
Production 2 350 700
Assembly 1 500 500
Materials - - 1000
Linear
actuator 1 Buy - - 8717,28
Motor 1 Buy - - 530
Installations 1 500 500
Hand wheel New rail 1 Drawing 1 500 500 12622,89
Production 2 350 700
Assembly 1 500 500
Materials - - 500
Linear
actuators 1 Buy - 8717,28
Hand wheel 1 - - 331,47
Position
indicator 1 - - 1374,14
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SETUP OF GUIDE RAIL 7

Automated guide rail

The guide rails can be repositioned to be placed upon linear actuators connected to an
electrical engine. The engine is setup to communicate with the program loading the
format for the product and automatically set the width of the rails at predetermined
revolutions.

Figure 32: A picture of guide rail 7 with motor.

Hand wheel

By installing a linear actuator that the guide rail is positioned on, which is driven by a
hand wheel and has a position indicator the setup of the guide rail can be reduced.
Calculations show that the rail can be controlled with only one actuator per rail.
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Figure 33: A picture of guide rail 7 with hand wheel.

Time
The overall improvement on the original time is very large and as can be expected the

automated solution with the electric engine is the quickest solution. Furthermore that
solution does not require any active actions from the operators.
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70

60 —

50 —

Seconds 40 +——

30 -
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Original Atomated Crank

Figure 34: A comparison of improvements for guide rail 7.

Calculated times

The largest difference in width is 31 mm. With a screw lead of 4 mm per revolution the
needed revolutions are 8 full revolutions. The short distance moved and the precision
required means that the acceleration and deceleration distances will be long in relation
to the total travel length. If the average rpm is assumed to end up being equal to that of
an operators this would mean 111 rpm. Then the time to change the rails becomes:

T revolutions 60
= 3% =
tme rpm 111

* 60 = 4,32s

One single hand wheel controlling the entire length of the rail and the largest difference
in width is 31 mm. With a screw lead of 4 mm per revolution the needed revolutions are
8 full revolutions. The time to bend down and turn the hand wheel then becomes with
SAM:

B+ GS80 + 9 * CA+ RA = 46 factors
46 factors = 8,28s
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Investment

Table 5: Cost for improving guide rail 7.

Cost/Hour Total cost
Activity Improvement | Parts No. Activities Hours (SEK) Cost (SEK) | (SEK)
Setup
guide rail
7 Motor driven | New rail Drawing 500 500 12447,28
Production 350 700
Assembly 500 500
Materials - - 1000
Linear
actuator Buy - - 8717,28
Motor Buy - - 530
Installations 500 500
Hand wheel New rail Drawing 500 500 13122,89
Production 350 700
Assembly 500 500
Materials - - 1000
Linear
actuators Buy - 8717,28
Hand
wheel - - 331,47
Position
indicator - - 1374,14
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SETUP OF GUIDE RAIL IN THE ROBOT CELL

The space in the robot cell is limited and with a lot of equipment needing clear paths to
perform the packaging special consideration must be taken to any alteration of the guide
rails.

Automated guide rails

The solution with the most potential for reduced format change time is to equip the
guide rails with linear actuators connected to electrical engines. The engines are setup
to communicate with the program loading the format for the product and automatically
set the width of the rails at predetermined revolutions.

Figure 35: A picture of guide rails in the robot cell with motors.

To provide clearance between the lower track and the upper actuator the rail must be
supported from above on the actuator position. Both the upper and lower rail is also
supported at each end by linear roller guides. This is to ensure that friction between the
rails and any supporting surface does not cause the rails to be out of position.
Calculations show that the rails can be controlled with only one actuator per rail.
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Hand wheel

By installing linear actuators that the guide rails are positioned on, which are driven by a
hand wheel and has a position indicator the setup of the guide rails could be reduced.
Calculations show that the rails can be controlled with only one actuator per rail. To
provide clearance between the lower track and the upper actuator the rail must be
supported from above on the actuator position. Both the upper and lower rail is also
supported at each end by linear roller guides. This is to ensure that friction between the
rails and any supporting surface does not cause the rails to be out of position.

Figure 36: A picture of guide rails in the robot cell with hand wheaels.

Time
The elimination of using the gauging tools and quality checks gives a large improvement
in the activity when using the actuator together with a hand wheel.
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Original Automated Hand wheel

Figure 37: A comparison of improvements to the guide rails in the robot cell.
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Calculated times

The largest difference in width is 31 mm. With a screw lead of 4 mm per revolution the
needed revolutions are 8 full revolutions. The short distance moved and the precision
required means that the acceleration and deceleration distances will be long in relation
to the total travel length. If the average rpm is assumed to end up being equal to that of
an operators this would mean 111 rpm. Then the time to change the rails becomes:

revolutions 0 8 60 = 4.32
_— % = E 3 =
rpm 111 oE8

With hand wheel controlling the entire length of the upper rail and one for the lower rail
the time based on SAM are:

Time =

Upper rail:
GS45+ 9 x CA+ RA = 33 factors
33 factors = 5,94s
Lower rail:
B+ GS80 + 9 x CA+ RA = 46 factors
46 factors = 8,28s
Investment
Table 6: Cost for improving guide rails in robot cell.
Cost/Hour Cost Total cost
Activity Improvement | Parts No. | Activities Hours | (SEK) (SEK) (SEK)
Setup
Robotcell Motor driven | New rail 2 | Drawing 1 500 1000 36517,6
Production 2 350 1400
Assembly 1 500 1000
Materials - - 2000
Linear
actuator 2 | Buy - - 17434,56
Glidesleigh 4 | Buy - - 11623,04
Motor 2 | Buy - - 1060
Installations 2 500 1000
Hand wheel New rail 2 | Drawing 4 500 2000 38018,82
Production 3 350 1050
Assembly 3 500 1500
Materials - - 1000
Linear
actuators 2 | Buy - 17434,56
Glidesleigh 4 | Buy - - 11623,04
Hand wheel 2| - - 662,94
Position
indicator 2| - - 2748,28

22




SETUP OF ROBOT CELL IN WAREHOUSE

Automatic setup

By mounting the rail on a linear actuator that is driven by a electrical engine the guide
rail can be changed between its two positions. The engine communicates with the main
program loading the format to know which of the two positions it should be on. The rails
in the warehouse are all connected to each other. To enable automatic setup the rail has
to be separate from the rest of the rail on the line. This is simply done by splitting the
rail and supporting the end that is not motor driven with a bearing allowing the far end
of the rail to be angled outwards for larger packages. To compensate for the longer
distance of the rail when it is angled the rails will be built up out of two separate rails
that slide into each other.

Wheel handle

The guide rails can be mounted on linear actuators which are connected to a hand wheel
that are turned by the operator to angle out the far end of the rail. The actuator is also
hindered to go any further than the two designated positions, eliminating any need for a
position indicator. The rails in the warehouse are all connected to each other. To enable
an angle adjustment the rail has to be separate from the rest of the rail on the line. This
is simply done by splitting the rail and supporting the end that is not motor driven with
a bearing allowing the far end of the rail to be angled outwards for larger packages. To
compensate for the longer distance of the rail when it is angled the rails will be built up
out of two separate rails that slide into each other. To allow access to the wheel for the
operator a couple of actuators will be lead below the picking table for the robot and
come out where the operator is doing the rest of the setup in the cell.

Figure 38: A picture of guide rail in the warehouse with hand wheel.
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Figure 39: A picture of guide rail in the warehouse with hand wheel.

Figure 40: A picture of guide rail in the warehouse with hand wheel.
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Time
The spring driven alignment will completely remove the activity but the other
improvements are also very large in comparison to the original time.
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Figure 41: A comparison of improvements to the guide rail in the warehouse.

Calculated times

The largest difference in width is 31 mm. With a screw lead of 4 mm per revolution the
needed revolutions are 8 full revolutions. The short distance moved and the precision
required means that the acceleration and deceleration distances will be long in relation
to the total travel length. If the average rpm is assumed to end up being equal to that of
an operators this would mean 111 rpm. Then the time to change the rails becomes:

T revolutions 60
= 3% =
tme rpm 111

* 60 = 4,32s

One single hand wheel controlling the entire length of the rail and the largest difference
in width is 31 mm. With a screw lead of 4 mm per revolution the needed revolutions are
8 full revolutions. The time acquired by SAM analysis becomes:

B+ GS80 + 9 CA+ RA = 46 factors
46 factors = 8,28s
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Investment

Table 7: Cost for improving the guide rail in the warehouse.

Cost/Hour Cost Total cost
Activity Improvement | Parts No. | Activities Hours | (SEK) (SEK) (SEK)
Setup Robotcell
Warehouse Motor driven New rail 1 | Drawing 1 500 500 19485,24
Production 2 350 700
Assembly 1 500 500
Materials - - 1000
Linear
actuator 1 | Buy - - 8717,28
Extension 1 | Buy - - 6537,96
Motor 1 | Buy - - 530
Installations 2 500 1000
Hand wheel New rail 1 | Drawing 4 500 2000 22510,85
Production 3 350 1050
Assembly 3 500 1500
Materials - - 1000
Linear
actuators 1 | Buy - 8717,28
Extension 1 | Buy - - 6537,96
Hand wheel 1] - - 331,47
Position
indicator 1] - - 1374,14
Spring driven | New rail 1 | Drawing 5 500 2500 7900
Production 4 350 1400
Assembly 4 500 2000
Materials - - 2000
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APPENDIX 9

Standardised work sheets for the setup procedures with organisational and method

improvements.

Format change:

Administrator
Standardised;work;sheet;@&ormatomstallning;(organisation+metod)
Linje: Vata Datum 10/5/14
Titel: Orderhanterare Issued;by: Josefsson&Odebrink
Tid(s) 530.9
# Operation Work| Walk
1 Forbered;nytt;orderblad;(Start;102s;innan) | 18.8 )
2 Signera;orderstart 14.2 0
3 Ta;fram;etiketter,;adm.;dator 69.2 oa
4 Logga;in;pé;depalleterare 14.2 0
5 Nytt;recept;depalleterare 27.9 od
6 Logga;in;p;huvudpanel 17 o
7 Avsluta;order;huvudpanel 71 123
8 Ladda;depalleterare 20.9 123
9 Avsluta;order,;dokument 75.2 0
10 Mata;in;orderdata 3 2.9
11 Skriv;ut;avd.;etikett 9.5
12 Skriv;ut;topp.;Etikett 9.5 2?3
13 Klistra;avd.;&;topp.;Etikett;pa;orderblad 12 174
14 Skriv;ut;trp.;Etikett 16
15 Klistra;transp.etikett 9.4 17.4
16 Lisaav;etiketter;mot;medarbetare* 27.5 0
17 Kontrollera;och;kvitteraetiketter 40.2 g
18 Kvittera;formatomst.;Ricken 21 0
19 Kvittera;formatomst.;Bipack 16.2 0
20 Stéing;av/pa;bipack 10 0
21 Kvittera;formatomst.;&;etiketter 8.7 o
22 Starta;line 1.3
total
448| 83.4
* Behov;av;hjalp;fran;kollega.

Figure 42: Standardised work sheet for the Administrator during setup.




Main server

Standardised@vorkBheetEFormatomstallningforganisation+metod)

Linje: Vata Datum 10/5/14
Titel: Huvudservare Issuediby: Josefsson&Odebrink
Tid(s): 866.1
# Operation Work| Walk
1 GaRillBipack@natarefl 18.5
2 Témbbipackmatare 77
3 JamforPILEnotirder 15
4 Fylltbipackmatare 143
5 Flytta@lentbl3adadandQA) 9.6 =ssl == ===
6 BytHormverktyg 59.4 - |
7 Stall@acketburen 14.4 |
8 StallFackeBRET 16.8 — - !
9 Stélltkartongresarefl 485 l \% I I
8 | NN % 1
m A\ W/ Y _!
12
13
14
15

H
()}
®)

-
~N

iy
0o

-
(e}

N
o

N
iy

total

839| 27.6

* Behovivthjalpdrantkollega.

Figure 43: Standardised work sheet for the Main server during setup.




Inspector

Standardised@vorkBheetBFormatomstallningforganisation+metod)

total

354

97.2

Linje: Vata Datum 10/5/14
Titel: Avsynare Issuediby: Josefsson&Odebrink
Tid(s): 451.4

# Operation Work| Walk

1 Avslutande@okumentering 29.6 78.8

2 Stalldacked-4RMatalinatrix 115 342

3 |Begar@Anvintartilltrade@obotcellflager) 7.2

4 Stéll@obotcelldlager) 31.2 102

5 Kvitteraformatomstall@obotcell 15 n

6 Granska@natt@rp.@anel 9.6

7 Stall@ktivsorteringsbox 21 3

8 Stallikartongforslutare 40.8

9 Kvitteraformatomstall.Kartongférslutarel 12

10 [Kvittera®mstallnFor@ktivsortering???2?3 12

11 Kviteraformattburen 60.6

12

13

14

15

16

17

18

19

20

21

*

Behov@vthjalp@rantkollega.

Figure 44: Standardised work sheet for the Inspector during setup.




Material planer

Standardised@vork®BheetBFormatomstallningdorganisation+metod)
Linje: Vata Datum 10/5/14
Titel: Materialplanerare Issuediby: Josefsson&QOdebrink
Tid(s): 541.7 Totaltid:
# Operation Work| Walk
Stillkartongresare®AStart®68sAnnan) | 469

LasmvitikettnotAnedarbetare* 28

20

TémibchBtang@virpibipack@natare 25

Ol |[N|Oo|n|h|[WIN]|F

=
o

=
[N

=
N

=
w

-
IS

=
(%]

=
(9]

[y
~

[uny
(o]

Jany
©o

N
o

N
=

total
522 20

* Behov@vthjalpdrantkollega.

Figure 45: Standardised work sheet for the Material planer during setup.



Order change:

Administrator
Standardised;work;sheet;Q0rderbyte;(organisation+metod)
Linje: Vata Datum  10/5/14
Titel: Orderhanterare Issued;by: Josefsson&Odebrink
Tid(s) 348.8
# Operation Work| Walk
1 Forbered;nytt;orderblad;(start;120s;innan) | 18.6 0
2 Signera;orderstart 14.4 0
3 Ta;fram;etiketter,;adm.;dator 69 0
4 Logga;in;pa;huvudpanel 17 0
5 Avsluta;order;huvudpanel 7.2 o
6 Avsluta;order,;dokument 75
7 Mata;in;orderdata 3 408
8 Skriv;ut;avd.;etikett 9.6
9 Skriv;ut;topp.;etikett 9.6 g
10 Klistra;avd.;&;topp.;Etikett;pa;orderblad 12 0
11 Klistra;transp.etikett* 9.6 0
12 Lisa;av;etiketter;mot;medarbetare* 27.6
13 Kontrollera;och;kvittera;etiketter 40.2 0
14 Kvittera;bipacksedelmatare 16.2 8
15 Stinga;av/pa;bipacksedelmatare 10.2 0
16 Kvittera;ny;orderdata;(omstillning) 8.4 0
17 Starta;line 1.2
18 0
19 0
20 0
21 0
22 Starta;line 0
total
349| 4.8
* Behov;av;hjalp;fran;kollega.

Figure 46: Standardised work sheet for the Administrator during order change.




Main server

Standardised@vorkBheet@drderbyteforganisation+metod)

Titel:

Linje:

Vata Datum 10/5/14
Huvudservare Issuediby: Josefsson&Odebrink

Tid(s): 64.2

#

Operation Work| Walk

LaddaRiepaliterare 21

32

Skriviitirp.Etikett 15.6

17.4

Las@vitikett@notinedarbetare 27.6

OO |IN|O |V | |W[N |-
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[any
[N
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w

[uny
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w
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e

total
64.2| 49.4

*

Behov@vthjalpdrantollega.

Figure 47: Standardised work sheet for the Main server during order change.




Inspector

Standardisedwork<sheet<4sOrderbyte{organisation+metod)

Linje: Vata Datum 10/5/14
Titel: Avsynare Issueddby: Josefsson&Odebrink
Tid(s): 29.6

# Operation Work| Walk
Avslutandedokumentering 29.6

V[N |WIN |-

=
o

iy
[N

AN

-
N

-
w

-
>

-
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total

29.6 0

* Behov<avhjilpgrankollega.

Figure 48: Standardised work sheet for the Inspector during order change.



Material planer

Standardised@vorkBheet@@rderbytedOrganisation+metod)
Linje: Vata Datum 10/5/14
Titel: Materialplanerare Issuediby: Josefsson&Odebrink
Tid(s): 259.8 Total®id:
# Operation Work| Walk
1 Tomibipackmatare 76.8
2 JamférP|LEnedmrder 15 20
3 Fylltbipackmatare 143 108
4 TomBchBtangBvirp.Bipack 24.6
5 —————
6 |
7 |
s s :
1
0 N [ - N
0 N VAN
12
13
14
15
m |
17
18
19
20
21
I
total
260| 39.8
* Behove@vthjalpdrantkollega.

Figure 49: Standardised work sheet for the Material planer during order change.




Standardised Work Combination Table, Organistation & Method Issued by: N/N

Linje: Vita linen A=Orderhanterare B=Materialp lanerare C=Huvudservare D=Avsynare[X}=M askintid [l= Ging Datum: 2014-05-14

2
i)

Aktivitet Tid 487 Seconds

St5ll Kartongresare B I

Farbered orderblad

Ta fram etiketter admin. dator

[A]
Signerz orderstart _ A
_

Avslutande dokumentaring Dl

Bandtid X |
Logzs in depal 1A |
Nytt recept depal. Aall

(el =1 E) Fopl L0] B O8] 181 o

Logga in HP Al
Stall ricke 1-4 och datamatrix

ENmES

Asiutaorder HP JA
Tom Bipackmatare
I
D

Ladda depal

Avsluta order dokument

=Nl

Jamfar PIL med order |

Fyll bipack. mat=re C |

Mata in crderdata A

Beghr intrade till robotcell D

Laddaavd. skrivare W&

S5l robotcell, lager D _

‘Skriv ut vl etiketter 1A

Ladda topp skrivare

Skriv ut topp etiketter A

Laddatrp. skrivare

Flytt b3 1 3dan C

Klistra avdl och topp etketter A

Ladda recept och format

Byt formverktyg =

Kuittera formatstEll robotcell, lager D

Skriv ut trp. etikett

Granska matt trp. panel _D

Klistratrp. etiketter _.P

5t3ll aktivsortering E

L av etkettar mot medarbetare A&B

St ricke buren _ _0

531l kartongfersiutars D ]

Separering buren wg

Kontrollera och kvitter etiketrer | A ]

Sl racke 67 &

Stang avwp. bipackmamEre [B
Kvitters kar (i & och aktivsortering _

Kuvitteraformat rcken _

Kuiteraburen [ D

Kvitteraformat bipack _UD

Stang av/pé bipack _ _D

Kvitters formatomatdlining och etiketrar

Smnaline

Standardised work combination table for setup and order change with organisational

improvements and methods improvements, with the hand wheel solution.

Format change

APPENDIX 10

&

Figure 50: Standardised Work Combination Table for the format change with organisational and method improvements.



Order change

Standardised Work Combination Table (Order change), Organistation & Method

Issued by: N/N

Linje: Vata linen

A=Orderhanterare B=Materialplanerare C=Huvudservare D=Avsynare[&|=Maskintid[l]= Gang

Datum: 2014-05-14

No. Aktivitet Tid 511 sekunder
1 Farbered orderblad [A] [
2 Signera orderstart _ A _
3 Ta fram etiketter _
4 Logga in HF | A
5 Avslutande dokumentaring D _
G Ban tid K
7 Ladda depal. Ru
B Aysluta order HP
] T&m bipackmatare.
10 Lc
11 Avsluta orderdokument
12 Jamfcr PIL med order
13 Fyll bipackmatare
14 Matain orderdsta
15 Ladda avd. skrivara
16 Skriv ut avd. etikett
17 Ladda top skrivare
18 Skriv ut topp etiketter
19 Ladda trp. skrivare
20 Klistra avd. och topp etiketter pé orderblad A
21 5t3ng av trp. bipackmatare B
22 Skriv ut trp. etikett 5|
23 Ladda recept och format *
24 Separering buren x_
25 Klistra trp. etiketter A
26 L5s av mot medarbetare A&B
27 Kontrollera och kvitters etiketter A |
28 Kuittera formatomst3ll bipack |
29 Sting av/pd bipackmatare A
30 Kvittera formatomstalining och etiketter A
31 Startaline A
32
33
34
35

improvements.

Standardised Work Combination Table for the order change with organisational and method

Figure 51



APPENDIX 11

Standardised work sheets for the setup procedures with organisational, method and
technical improvements.

Format change

Administrator
Standardised;work;sheet;];Formatomstallning;(organisation+metod+Line;Clearance)

Linje: Vata Datum 10/5/14
Titel: Orderhanterare Issued;by: Josefsson&Qdebrink
Tid(s) 528.5

# Operation Work| Walk

1 Férbered;nytt;orderblad;(starta;100s;innan) | 18.8 0

2 Signera;orderstart 14.2 0

3 Ta;fram;etiketter,;adm.;dator 69.2

4 Logga;in;pa;depalleterare 14.2 6(')4

5 Nytt;recept;depalleterare 27.9 o4

6 Logga;in;pa;huvudpanel 17 0

7 Avsluta;order;huvudpanel 7.1

8 Ladda;depalleterare 20.9

9 Avsluta;order,;dokument 75.2

10 Mata;in;orderdata 3

11 Skriv;ut;trp.;Etikett 15.6

12 Klistra;trp.;Etikett 9.6

13 Skriv;ut;avd.etikett 9.6

14 Skriv;ut;topp.;Etikett 9.6

15 Klistra;top;&;avd.etiketter 12

16 Lisa;av;etiketter;mot;medarbetare* 27.5

17 Kontrollera;och;kvittera;etiketter 40.2

18 Kvittera;formatomst.;Récken 21

19 Kvittera;formatomst.;Bipack 16.2

20 Stang;av/pa;bipack 10

21 Kvittera;formatomst.;&;etiketter 8.7

22 Starta;line 1.3

total
448 81

*

Behov;av;hjalp;fran;kollega.

Figure 52: Standardised work sheet for Administrator during setup.




Main server

Standardised@vorkBheetEFormatomstallningldorganisation+metod+Lineillearance)

Linje: Vata Datum 10/5/14
Titel: Huvudservare Issuediby: Josefsson&Odebrink
Tid(s): 866.2
# Operation Work| Walk
1 GaillBipack@natarell 18.6
2 Toémibipackmatare 77
3 JamforiPILEnotdrder 15
4 Fylltbipackmatare 143
5 Flytta@entbldadadandQA) 9.6 =sl h=-====
6 BytHormverktyg 59.4 |
7 Stalldackeiburen 14.4 |
8 StallFackeBBRET 16.8 2 :_ - _\_ | I
9 Stillkartongresaref 485 | \\\ : % :
m A\ W/ Y_!
12
13
14
15
s \I\
17
18
19
20
21

total
839| 27.6

* Behov@vihjalpArantkollega.

Figure 53: Standardised work sheet for Main server during setup.



Inspector

Standardised@vork@heetBF ormatomstallningforganisation+metod+Linellearance)

total

354

100

Linje: Vata Datum 10/5/14
Titel: Avsynare Issuediy: Josefsson&Odebrink
Tid(s): 454.4
# Operation Work| Walk
1 Avslutande@okumentering 29.6 28.8
2 Still@acker -ARMatalnatrix 115 322
3 |Begar@dnvantartilltrade@obotcelllager) 7.2 -
4 Stall#obotcellflager) 31.2 102
5 KvitteraformatomstallZobotcell 15
6 Granska@nattirp.®anel 9.6 21
7 Stéllmktivsorteringsbox 21 3
8 Stalltkartongforslutare 40.8
9 Kvitteraformatomstill.Kartongférslutare] 12 3
10 |Kvitterammstélindor@ktivsortering???2?7] 12
11 Kviteraformattburen 60.6
12
13
14
15
16
17
18
19
20
21

Behov@vehjalpdrantkollega.

Figure 54: Standardised work sheet for Inspector during setup.




Material planer

Standardised work sheet - Formatomstéllning (organisation+metod+Line Clearance)
Linje: Vata Datum 10/5/14
Titel: Materialplanerare Issued by: Josefsson&Odebrink
Tid(s): 560.6 Total tid:
# Operation Work| Walk
Kor kartong fran kartongresare 2 22.2

Kor kartong till kartongresare 2 22.2

20

Stall kartongresare 2 357

Las av etikett mot medarbetare 27.6

Inkorning av kartongresare 67.2

19.8

Tom och stiéng av trp.bipack 24.6

O[N] |W|N |-

[
o

-
[N

-
N

-
w

N
>

=
wv

=
[}

[y
~

-
e}

[any
(e}

N
o

N
ey

total
521| 39.8

* Behov av hjilp fran kollega.

Figure 55: Standardised work sheet for Material planer during setup.




Order change:

Administrator
Standardised@vorkBheet@Drderbytedorganisation+metod+Linelearance)
Linje: Vata Datum 10/5/14
Titel: Orderhanterare Issuediby: Josefsson&QOdebrink
Tid(s) 348.8
# Operation Work| Walk
1 Férberedmyttrderbladdstart@20sinnan) | 18.6 0
2 Signera®rderstart 14.4
3 Tafram@tiketter,@dm.Blator 69 g
4 Loggaln®athuvudpanel 17 o
5 Avslutairder,Blokument 75 0
6 Avslutairder,thuvudpanel 7.2 o
7 Matalin@rderdata 3 13
8 Skriviltivd. Btikett 9.6 0
9 Skrivilititopp.®tikett 9.6 0 e
10 KlistraBvd.RAopp.Etikettabrderblad 12 0 |
11 Klistra®ransp.etikett* 9.6 0 |
12 Lasal@viRtiketter@notinedarbetare* 27.6 o |
13 KontrolleraBbchkvittera@tiketter 40.2 0 ]
14 Kvitterafbipacksedelmatare 16.2 0 1
15 Stanga@v/pabipacksedelmatare 10.2 o w _I
16 KvitteraBhy®rderdataonstalining) 8.4 0
17 Startafline 1.2
18 (0)
19
20 0
0
21 o
22 Startalline
total 349| 438
* Behov@vthjalpdranikollega.

Figure 56: Standardised work sheet for Administrator during order change.




Main server

Standardised@vorkBheet@@drderbyteforganisation+metod+Linellearance)

Linje: Vata

Tid(s): 64.2

Titel: Huvudservare

Datum 10/5/14
Issuediby: Josefsson&Odebrink

Operation

Work| Walk

Ladda®epaliterare

21

Skrivutirp.Etikett

15.6 32

Las@vitikett@not@nedarbetare

17.4

27.6

(Yol Kol ENE Ko N KU, 1 [N NN NUVH | S o -3

=
o

-
[

=
N

-
w

-
IS

[any
v

=
(<)}

-
~N

=
(o]

=
©o

N
o

N
=

total

64.2| 49.4

* Behov@vthjalpdrantkollega.

Figure 57: Standardised work sheet for Main server during order change.




Inspector

StandardisedworksheetOrderbyteqdorganisation+metod+Line<learance)

Linje: Vata Datum 10/5/14
Titel: Avsynare Issueddby: Josefsson&Odebrink
Tid(s): 29.6

# Operation Work| Walk
Avslutande<okumentering 29.6

OR[N~ |WIN|F

iy
o

=
[

AN

=
N

=
w

-
IS

iy
wv

=
(9]

[
~

-
(o]

[y
©o

N
o

N
s

total
29.6 0

* Behovavjilpdrankollega.

Figure 58: Standardised work sheet for Inspector during order change.



Material planer

Standardised;work;sheet;\;Orderbyte;(Organisation+metod+Line;Clearance)

Linje: Vata
Titel: Materialplanerare
Tid(s): 259.8

Datum 10/5/14
Issued;by: Josefsson&Odebrink
Total;tid:

#

Operati

on Work| Walk

Tém;bipackmatare 76.8

Jamfér;PIL;med;order 15

Fyll;bipackmatare 143

20

Tém;och;stang;av,

;trp.;Bipack 24.6

19.8

V[N || |[W|N|-

=
o

=
[N

Jany
N

Juny
w

Juny
H

Juny
wv

[any
a

[y
~

[y
(o]

=
©o

N
o

N
=

total

260

39.8

*

Behov;av;hjilp;fra

n;kollega.

Figure 59: Standardised work sheet for Material planer during order change




Standardised Work Combination Table, Organistation, Method & Technical Issued by: N/N

Linje: Vata linen A=Orderhanterare B=Materialplanerare C=Huvudservare D=Avsynare[EMaskintidll = Géng Datum: 2014-05-14

=
o

Aktivitet Tid 453 seconds

St3ll Kartongresare B

Farbered orderblad ~ >_

Signeraorderstart _l

Ta fram etikettar admin. dator | A

Kor kartong frin karongresare B _

Ban tid ]

Awslutande dokumentering D |

Logga in och matm mytt recept, depal. I

Ww|oo|~fq|u|mwin e

Kér kartong till och st3ll kartongresare _ B

St kartonsresare

Logga in HF Al

S8l ricke 1-4

Aysluta order HP 1]

13
Tam bipsckmatare
Ladda depal

Awsluta orderdokument

Jamfar PIL med order

Fyll bipakmatare C |

Mata in crderdats AT

Laddatrp. skrivare

Begr intradde robatcell Jager 2]

Skriv ut trp. etiketter A

Ladda Avd. skrivare

StEll rabotcell, lager [ DT

Ladda topp skrivars |
Klistratrp. etiketter A

Skriv ut Avd. etiketer

Skriv ut topp etketter

L=dd= Recept och Format X
Kvittera format robotcell, lager D

Klistra Awd. och topp etikettar p2 orderblad

Flytta bl3 13dan llc

Byt formuerktys ]

St5 1 aktivsortaring D

S5l kartongfarslutars I o

L= av stikettar mot medarbatars ABB

S5l ricke buran Ic
D

Kuitters kartongfomslutre & sktivsortering

Saparering Buren [
Kantrollera och kyitters stiketter [ A ]
Inkaming Kartongresare B m
St racka 67 E s
_

Staraline

Kuitters Buren D |
Kvittera format ricken och bipackmatars _ A _
Stang av/p4 bipackmatare [A
Kyitteraformatometslining och atikstrar Al
Tom trp. bipackmatare LI_W
I

Standardised work combination table for setup and order change with organisational , method and
Format change

technical improvements

APPENDIX 12

Figure 60: Standardised Work Combination Table for the format change with organisational, method and technological improvements.



Standardised Work Combination Table (Order change), Organistation, Method & Technical Issued by: N/N

Linje: Vata linen A=Orderhanterare B=Materialplanerare C=Huvudservare D=Avsynare[%]=Maskintid[l|= Gang Datum: 2014-05-14

Aktivitet Tid 405 seconds

Farberad orderblad [A]

Signera orderstart _ A

Ta fram etikettar A _

Logga in HP | A

Avslutande dokumentsring D _

Ban tid %A
|adda depal. £ _

Aysluta orderdokument A _

Tam bipackmatare. B _

Bmmqmmbwm»—m_g

LC

Aysluts order HP A

Jamfar bipacksedel med order B

Matain orderdsta _ n

L=ddatrp. skrivare \§

Fyll bipackmatare B |

Skriv ut trp, etikett c

Ladda Avd. skrivare _

Skriv ut Avd. etiketter A

L= dda topp skrivare \K\

Skriv ut topp etiketter

Laddarecept och format

N T

Separering buren

=

Klistra Avd. och topp etiketter pd orderblsd

p

Klistra trp. etiketter
L5z av etiketter mot medarbetare

=
2o
w

Kentrollera och kvitters etiketter

2>
s il

Stdng av trp. bipackmatare

=]

Kvitteraformatomst3ll bipack

Sting av/pa bipackmatare f

Kvitteraformatomst3lining och etiketrer A

Etartaline A

-7Tmin -6min -5min -4min -3min -2 min -1min o 1min 2min 3min 4min S5min B6min  7min  8min 9 min

Order change

ts.

Improvemen

ica

I, method and technolog

iona

isat

10

Table for the order change with organ

ion

inat

d Work Comb

ise

Standard

Figure 61



