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Plasman
Zainab Nouri
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Abstract
Plasman AB is a global company that produces various plastic components for cus-
tomers. The production system within the injection molding department needs to
be more efficient to increase productivity and minimised stop time in the process.

This project has analysed the setup process time to identify possible improvements
to decrease the setup time to achieve higher productivity, lower cost, or increased
capacity. The other purpose of this project is to set new work standards for opera-
tors to follow and minimised the variation in the setup process.

The setup process has been videotaped and analysed in the Avix software. All
performed activities were analysed and reviewed to find improvements and identify
activities that could be performed before or after the setup process.

Implementing a combination of the Organizational methods and technical improve-
ment proposals on the injection molding machine 8 in Gothenburg gave a reduction
of 45% in the setup Process time. For machine 3202, the theoretical improvement
could result in a reduction of 21% in the setup process

Keywords: Setup, Production, Improvement, SMED, Avix, Standardisation, Injec-
tion Moulding Machine
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1
Introduction

1.1 Background
In today’s global world, all sectors are fiercely competitive and assertive in satis-
fying the demands of both the market and the customer because of globalisation
and industry digitalisation. Where every industry strives to boost production and
improve quality, all automotive industries and their suppliers are among the sectors
that should focus on productivity growth and continuous improvement. Plasman
AB is also one of the system suppliers in the automotive industry that strives for
increased productivity by reducing waste in all processes, especially in machining
processes. This paper will help Plasman analyse some of the machine’s functions
and optimise their setup time in both manufacturing plants in Sweden.

1.1.1 Injection moulding process
Injection moulding is when heated polymer material is formed using moulds. The
granules of the polymer material pass from the feed hopper into the cylinder, where
the material is heated. The molten material pushes through the nozzles of the
injection units into the die cavity. After the material cools in the form, the die
blocks open, and the manufactured component can be collected, usually by robots.
The illustration below shows the basic structure of an injection moulding machine[1].

Figure 1.1: A simplified model of injection moulding machine
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1. Introduction

The injection moulding process is suitable for producing products with high precision
and complex shape. The materials used in this process are primarily thermoplastics
or thermosets, but composites can also be processed. The production speed of this
type of process is high and usually ranges from 1-50 parts per minute. Flexibility is
limited due to requiring dedicated dies and the corresponding tool change and setup
time to change the dies [1].

1.1.2 About Plasman
Plasman is a global organisation with 24 Manufacturing locations in eleven coun-
tries worldwide with more than 4400 employees. The European headquarters of
Plasman is in Gothenburg, Sweden. Plasman has two manufacturing plants in Swe-
den, Gothenburg and Simrishamn. Plasman manufactures plastic parts as a system
supplier to various automotive industries worldwide, such as Ford, Volvo Cars, and
Volvo Trucks.
The manufacturing factory in Gothenburg (PAGO) is a plant with the size of 20000
m2 and has 408 employees. Eight stations at the plant consist of one injection
moulding machine (IMM) weighing between 2300- 4000 tons. Two injection mould-
ing machines are a combo with two tools running simultaneously. These machines
produce items for Volvo Cars at Torslanda regarding model series 60 and 90. The
factory also has other customers, such as Volvo in Ghent, Malaysia, and China, and
they produce workshop spare parts.
The Manufacturing plant in Simrishamn (PASI) is a plant with the size of 22000
m2 and has 268 employees and 17 IMM machines weighing between 650 and 4000
tons. With a capacity of 50 000 produced parts per day. The plant uses production
processes such as injection moulding, painting, priming and finally assembling the
parts into larger components that they ship to their customers.
For further analysis in this master thesis, one machine in PAGO has been chosen
for an in-depth analysis.

1.1.3 About the station 8 in PAGO
In 2018 a new station was constructed called ’Machine 8’. This injection moulding
machine is a combo machine that can simultaneously produce twenty-nine items and
has 15 internal tools. The weight of tools is between 15-25 tons. In the station, two
operators scan the items and pack them into pallets that are then transported away
by AGV trucks.
The goal of constructing the new machine was a higher OEE than 85% when the
company planned the investment. However, currently the setup time is higher than
the planned scheduled time. Since its construction, there have been several projects
looking at specific parts of the setup process in order to decrease the setup time.
However, these projects have yet to look upon the complete setup process.

1.1.4 About the station in PASI
The injection moulding ’Machine 3202’ has been installed since 2015. This machine
produces 21 items variant by utilising 10 tools with a weight range between 10 and
15 tons. This machine is also a combo machine and produces between 2 and 4
products simultaneously, depending on the current item variant. The goal for this

2



1. Introduction

machine was a higher OEE than 88%.
In the station, two operators and a robot help to collect the item from the machine,
which goes onto a conveyor belt. The operators check the quality of the products
and pack them into pallets that truck drivers pick up for transport.

1.2 Purpose
This study aims to measure and analyse the current state of setup time through the
described methods in chapter 3. This study will assist in identifying areas in the
setup that need improvements. All improvement recommendations will be discussed
with the station’s personnel through the already-established communication chan-
nels to ease the execution of the chosen improvement. Additionally, this step helps
with the project’s other goals of standardising work processes and using SMED as
a lean tool. The improvement result will be presented as a percentage increase in
OEE and a percentage reduction in setup time.

1.3 Delimitation
This project will focus only on two plants that are placed in Sweden. The project
is planned between August 2022 and January 2023. The SMED analysis will be
performed only on IMM8 in Gothenburg’s manufacturing plant and IMM3202 in
Simrishamn’s manufacturing plant. The project and the video recording step will
only be performed for one of the product variants for each machine. Analysis of the
setup process is limited to the daily shifts. The production planning and setup time
analysis considers only these two machines.
- This project will only analyse the whole station and production line with regard
to the setup process.
- This project will not perform changes in the construction of the tools, machines,
and equipment.
- This project will not consider the disturbances which may occur during the setup
process and their root causes.

3



1. Introduction
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2
Theory

There are many approaches to reducing the manufacturing costs for a machine in
the manufacturing industry. One of the effective methods is to reduce the idle and
stop time of the machine, i.e. the production time should be increased, which leads
to an increased capacity for the station. An increased capacity means the machine’s
available time increases, leading to an increased overall equipment effectiveness value
(OEE). Lowering the overhead cost per part produced.
There are many methods to increase the OEE for a machine or station in a factory,
however, one possible way is to reduce the setup time. The setup operation is a
non-value-adding process. Therefore it should be minimised as much as possible
[2]. Within ’lean management’ and ’Just In Time’, the processes waste should be
minimised to increase the capacity through increased productivity. Productivity can
be calculated through the Formula:

Productivity : MxPxU (2.1)

M stands for the method used during production. P is for the performance factor,
a value of how well the work is performed during the ideal cycle time. The ideal
cycle time for a machine operating is 100%. U stands for machine utilisation, which
is also 100% in an ideal factory [3]. However, the gap between a factory’s actual
process and the ideal is due to the setup time and machine stoppages caused by
breakdowns [4]. The SMED model presented by Shingo (1985)[5] has been adopted
to improve productivity and minimise setup time. The model has contributed to
performing some activities while the machine runs, which could be excluded from
the setup time.

2.1 OEE
Overall Equipment Effectiveness (OEE) is a quantitative metric for measuring the
productivity of a production facility in a manufacturing plant, which has been used
since Seiichi Nakajima in the 1980s [6]. OEE can be utilised to measure the avoidable
costs that affect the efficiency of a plant. Production losses can be determined
by comparing the OEE values between the original and the current value of the
plant. Losses such as breakdown, setup and adjustment, idling and minor stoppages,
reduced speed or loss of speed, quality defects, and rework should be eliminated to
increase the OEE[6, 7].

2.2 Setup process performance
Setup timeis the time taken to change the manufacturing conditions from one prod-
uct to another. Setup time is measured from the last part produced to the first

5



2. Theory

after the tool or mould has been changed. The setup time has a unit of seconds,
minutes or hours, and the number of people measuring during this operation should
not influence this time. During the set-up process, the capacity is reduced to zero
because the machine is not running[2].
In an ideal manufacturing system, setup time should not interfere with the ma-
chine’s manufacturing cycle, and a setup time of 1 to 3 seconds is ideal. In reality,
an ideal system for a setup operation is difficult to achieve due to manufacturing
system limitations and the system design. Other factors such as operation, main-
tenance and implementation constraints also affect the performance of the setup
process and increase setup time. The final implemented setup operation of a manu-
facturing process may end with a higher time than the planned and targeted time.
The organisational and work method deviation is higher than the technical one as
shown in the simplified figure 2.1 of the setup process potential saving based on
Kaiser(2002)[8]. Therefore, the potential for improvement in organisational devia-
tions and work methods is higher than in technical ones and are usually easier to
implement with fewer resources [8].

Figure 2.1: Setup process potential deviations based on Kaiser(2002)

2.3 Evaluation of setup process
The setup process can be evaluated using the RPE (Resetting Performance Evalu-
ation) framework, which evaluates on four levels: organisation, method, technical
and profitability[8]. This framework is a structured approach that identifies the po-
tential for improvement at all levels. In this framework, it is recommended to start
with profitability, organisation method and technology. However, if one of these

6



2. Theory

areas shows excellent potential for improvement, the analysis can start there and
then move to other levels.

2.3.1 Organisation evaluation
One of the most important factors at the organisational level is to measure the setup
process time of the workstation or machine. The other essential factors that should
be considered when examining the organisational assessment are the workstation
layout, manning for the setup process and the walking path analysis. These four
factors should be analysed to improve the organisation[8].
2.3.1.1 Methodology of SMED
SMED Single Minute Exchange of Die is a tool for analysing setup operations to
reduce coverage over time and improve this process. SMED was developed in Japan
at Toyota by Shigeo Shingo when he was working on improving a tool change. The
principle of SMED is to identify external and internal activities. Identify setup
activities, measure setup time, separate internal and external activities, convert
internal setup to external and simplify and standardise each step. The single minute
of the dies process will be performed in five steps; see figure 2.2.

Figure 2.2: Five steps of SMED methodology

The first two steps aim to conduct and document an organisational study of the
entire setup process to understand the activities and work tasks better. These steps
can be performed through video recordings, work sample studies or interviews and
observing the staff.
Steps three and four of the SMED methodology consist of separating the internal and
external activities and converting the internal setup activities into external elements,
see figure 2.3. All activities are categorised as external in this step and can be
performed during production. The internal setup activities refer to the operations
that have to take place when the machine is stopped. The external activities are
the setup activities that can be performed when the machine is running. This
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step is vital to examine each activity and determine why each internal task should
be performed during the setup process. During this step, possibilities to separate
the external tasks from the internal setup activities of the current state should be
identified.

Figure 2.3: Separating internal and external setup and converting internal to ex-
ternal

2.3.2 Method evaluation
The analysis of the current method of the setup process is a critical level of the
evaluation of the setup process. It is recommended to analyse the method of the
setup process in each form in order to find as much improvement potential as pos-
sible. Detailed analysis also enables the critique of the work method and the task.
Breaking down the work method and understanding each task will facilitate the ap-
plication of steps 4 and 5 of the SMED methodology: separate internal and external
activities and convert the identified external activities into internal ones. Be sure
to discuss suggestions for improvement at this stage with the workforce and team
leader to avoid disagreements and increase the potential to maintain correct and
accepted work standards[8].

2.3.3 Profitability
For the improved setup process, a profitability analysis should be carried out to
see the result in terms of lower inventory costs or longer lead time. For a detailed
and correct profitability analysis, valid data on the profitability parameters should
be collected in collaboration with the other department, such as the company’s
accounting department, to calculate the current operating costs. The data is also
used to calculate the financial savings from reduced setup process time.

2.3.4 Technical system evaluation
An evaluation of the technical system of the setup process should be carried out to
determine which technical solutions are used and how well they currently work.
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2.4 Standardised work
The concept of the standard refers to the best-known and agreed way of performing
a work task. The standard created is valid until the application or solution to a
cause is conduct or found. The standardised does not have to be good, but it
describes what is used. Standardisation is essential at every level in organisations;
the different levels are flow, process and workplace. The flow standard refers to the
capacity of a process, work hours and the buffer size. The process standard focuses
on maintenance intervals, work instructions and the planning time of a process. The
workplace standards deal with a workplace layout, and the placement of equipment
[9].
There are many reasons to introduce standardised work in the manufacturing system
at the process level, such as maintaining the same speed within production, better
performance and the same level of quality for products and processes. In addition,
through standardised work, variation can be measured, and improvement is based
on various reasons [10].
Implementation of standardised work contributes to a standardised way of working
and, simultaneously, to a standard time. In order to standardise the work, it should
be stable to a certain extent to achieve the standard times. This leads to closer
scrutiny of working methods and identifying errors and improvements when the
planned time is not met [9].
Three documents can be used to establish: a standardised work schedule, standard-
ised work and a standardised work combination table. A standardised work chart
is a document containing a description of the activities an employee must perform
during the work, including a picture and time for the task. This document is closely
related to standardised work, which requires a certain level of knowledge and skill
on the part of the operators. Errors and mistakes can occur when implementing
new work instructions, but that is part of the implementation process[10].

2.5 Follow-up of a standardised work
Standardised work methods should followed up as a manufacturing system to pursue
continuous improvement, high recourse efficiency and avoid quality issues. The most
important factor of the standardised work method that should be considered is the
planned time [9]. A follow-up should be carried out in case of deviation from the
planned time for the standardised work. Tracking is necessary when the products
and tools change and when the tools are improved. In case of available resources
for the organisation, it is beneficial to follow up regularly to avoid a drop in system
performance[11].

2.6 Priority matrix
A priority matrix is a tool to determine which solutions and improvement proposals
should be prioritised after identifying areas for improvement by evaluating them in
terms of impact, the difficulty of implementation and the effort required. Effort
refers to all resources in terms of investment, time, planning and personnel. The
matrix helps to categorise the proposals or work tasks into four different categories,
as figure 2.4 shows: Quick wins, Major projects, Fill-ins and Thankless tasks. Quick
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wins are high-value tasks that are both important and challenging. Implementing
the suggestions in this category requires little effort and has a significant impact
to reduce setup time. Improvement proposals that fall into the major projects
category are solutions that require a high level of effort and whose implementation
is associated with significant projects and investments. Improvement proposals that
require more effort and have a lower impact belong to the thankless task category.
Improvement proposals requiring little effort and low impact belong to the fill-in
category[12].

Figure 2.4: Priority Matrix model
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Different methods will be used to achieve the project’s goal, but the most important
one is SMED, which can be used to analyse the setup process and reduce the current
time with the support of Avix. To use Avix, the setup process is measured using
video recordings, which helps to verify the flow of activities. A spaghetti diagram
is created to visualise the path of operators during the setup. As the figure 3.1
shows, once improvements have been identified, some of the possible improvements
are implemented. The results are analysed again and fed back into the process and
used to create standardised work instructions.

Figure 3.1: : An Illustration of the Method

3.1 Organisation evaluation
As a first step, before the setup process was videotaped and documented, an analysis
was conducted at the station by observing the operators during several setup pro-
cesses. This step led to a better understanding of how the setup process is planned
and what methods are used and mapped together. An interview was conducted with
one of the experienced operators performing the setup during the video recording
to explain the main activity. A list of activities in Avix was made. The activi-
ties performed by the operators were documented during the video recording of the
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setup process for better understanding. During the meeting, the setup procedure
was analysed step by step, which led to identifying some areas for improvement and
unavoidable errors. The possible variations of working methods depending on the
tool and operator were also discussed and documented.

3.1.1 Recording
Video recording was done to document the setup process and to measure the time
for all operations. The video recording facilitated the analysis of the operation and
the setup procedure and allowed for the repetition of the operations. The filming
was planned so that each operator was filmed through a GoPro camera installed
on their forehead. The camera was placed at an appropriate angle to ensure that
all activities and operations were filmed. Before the video recordings, the operators
were informed about the purpose of the study. Participation in the survey was not
voluntary, but all four operators participated with consent. During the first attempt
to film in PAGO, one of the operators refused to put on the Go-Pro camera, but
he had to be replaced by another. After the improvements were made, the video
recording of the process was also done with the Go-Pro cameras. This time, other
operators were selected for the recordings because of the limited staff at the plant.

3.1.2 Avix
Avix is a computer software for managing film processes in order to improve the
process. The purpose of using Avix in this study was to obtain a standardised time
for the different steps of the setup process. Avix is used in the project to optimise
the setup process by dividing the recorded setup process into sequences of work
tasks and separate activities using the SMED module. The SMED module is one of
the various modules in Avix that allows users to separate the internal tasks from the
external tasks and rearrange the sequence to minimise the inner setup work. This
module can be used to create a SMED analysis chart, which provides an excellent
visualisation of the relationships between the reset activities and the planning of the
external activities before and after the internal setup process.

Using the data from Avix, a spaghetti diagram was created. With the help of Avix’s
time analysis, potential time savings could be generated. This enabled a detailed
analysis of current working methods. The study is widely used to eliminate waste
and invest in technical improvements. Avix is also used to print work instructions
with annotations, descriptions and pictures to guide operators in performing the
setup process better.

Avix is also used in order to identify opportunities for improvement in a smart man-
ner through using general analysis diagrams. In the general analysis work diagram,
the different work activities for a process are classified into four different colour cat-
egories green, yellow, red and orange. Green represents value-adding activities such
as grinding, milling, drilling or assembling an object. Yellow is used for the required
activities to accomplish a process such as taking, placing, handling, adjusting, in-
specting, returning, following and reading instructions. Losses are represented by
the colour red, which indicates the disorganisation of an object and a stop in a work-
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flow. Walking steps and movements are two types of loss which arise in an existing
layout. The orange represents waiting when operators must wait for each other or
other processes. This diagram enables to see how the total time of the process is
disturbed between different activities and how productive the work methods are.

Figure 3.2: :An Illustration of Avix work

3.1.3 Spaghetti diagram
A spaghetti diagram is an efficient way to visualise the operator’s walking path
during the setup operation. This type of diagram facilitates comparison before and
after implementing improvements and makes it easier to see how the movement
between different points in the station has been reduced. The tasks performed and
their walking paths during the setup process were recorded. Extracting these walking
paths and the movements of the workers from the recorded video and plotting them
on a principal map of the workplace resulted in the spaghetti diagram of the present
state analysis. The spaghetti diagram of the improved version of the setup procedure
is based on Avix’s new sequence of tasks and the choice of the shortest walking path.
The spaghetti diagram was also used to generate a solution for finding a reasonable
walking path, planning tasks that come on the same walking path and avoiding
walking back and forth between two positions in the station. It is also an effective
way for operators to save walking distances and time, and it is easier to convince
operators and the team leader to try the new procedures.

3.1.4 Standardised work
A standardised work method for the setup procedure has been provided. Establish-
ing standardized work was one of the project’s primary purposes.

3.2 Method evaluation
As part of the improvement of the method, the focus was on the activities during
the setup process, i.e. all internal activities. The activities that saved the most time
for the installation process were prioritised. This step was done by surveying the
operators and asking them for ideas on which methods could be improved.
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3.3 Technical evaluation
The main focus for improving and developing the technical system for the installa-
tion process was to reprogram the robots so that when the snippets are snapped,
they end up in the right place in PAGO. The second task was to solve related
technical problems. The technical improvement suggestions are discussed with a
knowledgeable and experienced PLC programmer and technician to evaluate and
verify possible solutions.

3.4 Profitability evaluation
An evaluation of the proposed improvements was carried out from an economic
perspective by calculating the current state and comparing it with the improved
state. The data used are the machine costs and personnel costs, the number of
setup processes on the machines per week. It should be noted that all types of
downtime in the machine IMM8 are documented in PAGO and sent to SAP. From
there, the data can be extracted. In contrast to PASI, the data is posted via the
operators and team leaders, and the machine is not connected to SAP, which leads
to uncertainties regarding the accuracy of the times. A percentage improvement is
presented in the results section later in this report.
A further evaluation of all the proposed improvements was carried out using the
advantages based on the return on profitability and the impact they have on the
efficiency of the installation time and effort each proposal requires. This evaluation
was carried out with the help of team leaders and production managers from both
factories. The action list, profitability and savings were presented at a meeting
with the production manager and team leader. From there, the placement of the
improvement proposals in the priority matrix was determined.
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Present State Analysis

This chapter analyses the current setup process, describing the station’s production
and setup operation. The gathered data from both plants will be presented with a
baseline description for improvements.

4.1 PAGO
4.1.1 The production station
The IMM8 machine produces two products at the same time because the mould
consists of two parts, each with a pair of die blocks. The material is injected into
the die blocks through the injection units, and the die blocks move towards the fixed
plates to form the injected material into the products. The cycle time to produce a
pair of products depends on the mould and components but is between 60 and 80
seconds.

Figure 4.1: A Mould construction of a combo machine

The material used for these products is PC and ABS, except for recipe 15. Since
recipe 15 is unpainted, PC and PBT are used instead. Produced products are picked
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with the help of the robot, see figure 4.4 and placed in the robot carousel. They are
then transferred to the conveyor belt, where the operators check the products for
defects and pack them into pallets.

4.1.2 Current production planning and setup time
The current production planning is based on customer demand and stock capacity,
which are short-term planning, mainly weekly volume planning, and sometimes daily
planning. The production planning department prefers to run longer cycles for the
same die-cast mould to avoid extra setup time. The planned setup time for IMM8
is between 60 to 120 minutes depending on if only one or both die-cast moulds are
switched. The planned setup time stays the same regardless of the experience of the
resetting operators, but in some cases, the setup can be postponed to the next shift.
Disturbances during setup have a domino effect on subsequent runs, meaning that
runs have to be extended to compensate for the lost time and the planning needs to
be readjusted. These disturbances lead to stock shortages in production and logistic
systems.
According to the graph below, the setup time has been mostly higher than the
planned time. The data is taken from week 34 until week 45. The setup time differs
depending on each category. See Appendix B.1 to see the various categories of the
tools. If the setup is between tools within the same category, then the planned time
is between 40 and 60 minutes. If the setup is between two different categories, the
scheduled setup time is between 90 - 120 minutes.

Figure 4.2: Graph of Setup time for setup within the same category

As figure 4.2 shows, the actual setup time for changes within the same category is
between 40 to 90 minutes with the average being 69 minutes. Any disturbances that
appear when changing between the same category have a more minor complexity
than when changing between different categories. It is due to the more complex
tasks such as changes in the injection material,so the disturbances when changing
between categories have even larger time delays in comparison.
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Below, the graph shows the setup time for changes between two different categories,
including material changes. The average value for this is approximately 107 minutes.
The setup times in the graph are higher than 120 minutes due to the technical
problems that have occurred, causing a more extended downtime than planned.

Figure 4.3: Graph of setup time between different catagories

The measured OEE between weeks 34 and 44 is 73.57% see the table below. Accord-
ing to the production planning department, this value is much lower than expected
at 85% when the machine was constructed.

Table 4.1: Actual percentage of Present state of OEE, availability, Performance
for IMM8

OEE Availability Performance
73,57% 78,09% 98,67%

4.1.3 Current setup process
The setup operation is performed by two operators who have overhead crane licenses.
One of the operators has the overhead crane driver role, and the other is the machine
owner. The activities are based on what the operators can do and their experience.
Detailed predetermined and designed activities for each role do not exist.
The work instructions are not followed because they are not updated The overhead
crane driver role (operator 2) includes tasks related to the tool’s transport during the
setup process. The machine owner operator (operator 1) takes care of the settings
panel and machine settings during the tool change operation and setup process.
Once the setup begins, operator number 2 brings the overhead crane to the station
and waits for operator number 1 to material ejection from both sides of the machine
to remove the remaining material from the previous product cycle. If the material
should be changed for the incoming tool, operator number 2 must wait.
Once this step is over, operator number 1 begins by disconnecting the connectors
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and hoses that connect the machine to the outgoing tool at the front. At the same
time, operator 2 begins to disconnect the heating connectors that sit above the tool.
Once the top of the outgoing tool is disconnected, operator 2 goes to the backside
of the machine next to the robot cell and disconnects the connectors and hoses on
the backside.
After disconnecting the hoses, put a safety bolt on the tool parts front and back to
lock two sides of the mould for safe transport. The operators go to each other and
double-check which stage of the process they are in. While operator 2 transports the
outgoing tool from the machine to the temporary location of the outgoing tool on
the station, see figure4.4, operator 1 opens the cell and sweeps away residues from
produced products. Then a pallet lift is fetched to drive out the outgoing tool’s
robot fixture. The tool is two parts, and the overhead crane must be moved back
and forth several times.
The incoming tool is on the preheating station before the setup. Read Appendix
5 about the preheating station and its function. See figure 4.4 for a better illus-
tration of the station’s layout. First, outgoing tool part 2 is transported from the
machine to the marked location. The overhead crane is driven open back to the
machine, takes tool part 1, and transports next to tool part 2. When the transfer of
the outgoing tool is complete, the incoming tool takes place in the machine. First,
part 1 of the incoming tool is transported to the machine and connected. Then the
overhead cranes move back to the preheating station, and part 2 of the incoming
tool is transported to the machine and connected in the right place.
Then Operator 2 connects the heat contacts on top of the instrument. After this
step, operator two is done and leaves the station. Operator 1 connects hoses on both
the back and front of the machine. Once all the connectors and hoses are connected,
operator 1 goes to the heat exchangers, turns on the heat exchangers, starts loading
the program, and inputs the new values of the incoming tool. The tool must be
heated up to 70 degrees, and thanks to the preheating station, this step takes place
quickly.
Operator 1 continues independently with the rest of the tasks, such as loading new
programs for the robots and starting the material ejection to reach the fresh mate-
rial through the machine and eject through the tools. When the operator is alone,
everything must be fixed on his own.
As previously mentioned, there are always three operators at the station, one of
whom only does not participate in tool change according to work instructions.
He waits for tool change to be completed to continue his tasks. The actual tool
changeover time has been around 1 hour and 30 minutes during the process. How-
ever, the total time between the last produced and the first made part after the
setup process is more than expected, 2 h and 30 minutes. See Appendixes D.1, D.2
for an illustration of the operator’s walking path during the setup process.
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Figure 4.4: An illustration figure of the station IMM8: layout figure shows where
the incoming tool, outgoing tool preheating station and Robot cell are placed
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4.2 PASI
4.2.1 The production station
Machine 3202 also produces two products at the same time. The product cycle for
this machine is between 87-95 seconds and depends on the detail and the material.
The injection moulding process of the device is based on the same process as IMM8.
The figure below, 4.5 show an illustration of workstation 3202.

Figure 4.5: An illustration of workstation station 3202

4.2.2 Current production planning
Customer demand determines the production planning, and the setup schedule can
mostly change quickly at short notice. The production planning is for one week
period. The planned setup time is 145- 180 minutes for machine 3202, regardless of
the combination of tools. This fixed time because the heating process of the tool
performs during the setup, which takes between 40 to 60 minutes.

4.2.3 Current Setup process
The setup process is divided into two roles: "tool changer" operators and "resetting"
operators. The tool changer operators perform the tool change process, and the
resetting operation after the tool change performs by the resetting operator. One
of the tool changer operators takes care of transporting the outgoing and incoming
tools, and the other takes care of disconnecting connectors and hoses. The forklift
transports outgoing tool parts from the workstation to a cooling station. After the
operator connects the hoses to cool down the tool, drive to the storage location to
collect the incoming tool.
The tools should be transported using the overhead crane usually found on other
machines to special pallets picked up via the forklift. Machine 1604 is often stopped
to move the overhead crane. It is because a safety sensor has yet to be installed at the
robot cell on machine 1604. The forklift is constantly charging. It is approximately

20



4. Present State Analysis

200 meters away from the station. The forklift used is broken and has been running
at a 60% lower speed since the summer.
According to the production leader, The used forklift was broken at a 60% lower
speed than usual. During the setup process, operators move between the three
different workstations and tool storage; see Appendix C.3 a layout of those three
workstations. Once the tool change is done and the hoses are connected, tool changer
operators send a signal to the resetting operator and then leave the station.
It always takes time for the resetting operator to arrive at the workstation; this
waiting time is used to heat the tool because there is no preheating operation. The
resetting operator checks the material, tool and water temperature. After ejecting
the material through the ejection units on the two sides of the machine is time to
run the machine and test the product’s quality.
The tool change took about 1 hour and 35 minutes, but the whole setup process
was performed in 2 hours and 50 minutes, of which 45 minutes was the waiting time
for the resetting operator and heating the tool. The measurement system of OEE
value for this factory is different from the other plant. According to the production
leader, OEE is 50% less. There is no data available for OEE for recent weeks.
The setup occurred between two shifts; the resetting operator was from the evening
shift. Once the resetting operator took over the station, he was forced to control
everything one extra time before starting his work tasks. See Appendix B.2 to
understand better the hierarchy system and the required knowledge of the operator’s
levels.

4.3 Comparison
The setup process of IMM8 performs more effectively than the setup process of ma-
chine 3202, and the overall waiting time and waste are lower. The IMM8 station
has a larger empty area that can be used to place the tool next to the machine or to
preheat it there. Unfortunately, this option is unavailable on machine 3202 because
of the limited space outside the station. The station layout for machine 3202 in
Appendix C.3 shows the limited space around machine 3202. The transport of the
tools is done differently for machine 3202 than for IMM8. Since the tools are not
near machine 3202, the tools are transported to and from the station with a forklift.
At machine IMM8, only an overhead crane is used to lift the incoming tool from the
preheating station, as shown in figure4.4, to the machine.

The following figure, 4.6, shows a general analysis of the setup process for IMM8.
The total waste during the process is 19%, corresponding to 2 559.4 seconds. The
total waiting time is 626.2 seconds, 5% of the total time. The rest of the time is
accounted for by the activities required to be carried out to complete the changeover
process.

Despite the fact that the process for PASI is split between two different roles and
5S has been significantly developed, the waiting time in the setup process is higher
than in the setup process for IMM8. A general analysis of the set-up process for
machine 3202 shows higher waste and waiting time; see figure 4.7. It depends on
the transport of the tool from the tool storage to the machine and from the machine
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to the storage and also lacks planning and communication during the setup process.
Operator 2 has to wait for operator 1 to bring the incoming tool to the station;
therefore, the total waiting time is higher than the setup process for IMM8.

Figure 4.6: General analysis diagram of the setup time IMM8

Figure 4.7: General analysis diagram of setup time, Machine 3202
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Improvement Suggestions

5.1 Organisational improvement
The standard working method for the conversion process needs to cover all the dif-
ferent variants. Organisational improvements should be implemented before stan-
dardising the process to work with this. The main focus of organisational changes
was to reduce the walking distance and the waiting time during the setup.

5.1.1 PAGO
Communication and better planning
To reduce the time spent by the operators, a solution was introduced to commu-
nicate with each other through earphones. This solution could eliminate the time
spent walking to each other to communicate while reducing walking distance. The
pathway for the original organization has been illustrated in Appendixes D.1 and
D.2. Better planning of work tasks should contribute to a reduction of waiting time
between the performed operation by operators.

A third operator
One more operator should be added during the tool change process, plus operator
number 2 is allowed to leave the station when operator 1 informs the operator. A
third operator contributes less time by performing certain activities such as clean-
ing inside the robot cell, moving the old robot fixture to the fixture storage, putting
back more extensive tools that cannot be carried with them and emptying material.

Train operators
Appoint two operators to perform the tool change operation, upgrade their skills and
train them as resetting operators. It would help remedy simple technical problems
during tool changes and reduce the waiting time for a technician. The quality of
the tool change will be improved because two people with the same level of knowl-
edge will perform the work. More knowledge leads to skilled operators who know
the sequence of operations. The risk of errors and disturbances during the setup
procedure will be reduced.

Operator2 doesn’t leave the workstation
When operator 2 leaves the workstation, operator 1 should handle the settings panel,
robot cell and material ejection. The availability of operator 2 in the workstation
contributes to less walking path for operator 1 in case of disturbances and a lower
total loss time.
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5.1.2 PASI
Communication and better planning
The waiting time was caused by technical problems such as the broken forklift and
planning and communication. The operators are trained for the setup operation
and have pre-designed tasks, but the lack of planning leads to one of the operators
waiting for the other operator to accomplish a task. The other cause is that oper-
ators are not communicating during the process. Regarding communication needs,
the operators should go to each other.

5.2 Method improvement
To reduce the setup time, the method of the tool change process has been looked
into for both plants.

5.2.1 PAGO
Internal activities to external
Some equipment needed when changing tools can be spread out and brought to the
station. The savings is the time spent preparing and collecting these pieces of equip-
ment. Some activities can be carried out before starting the tool change. Table 5.1
below presents the activities that can be carried out as external activities.

Table 5.1: External activities for PAGO

No Activity External/Internal Time (seconds) Operator After/Before setup

1 Bring pallet jack External 180,6 1 Before

2 Bring overhead crane External 116 2 Before

3 Prepare overhead crane External 120 2 Before

4 Bring the Broom to the robot cell External 49,4 1 Before

6 Bring equipment External 276 2 Before

7 Fill in yellow clips to Robot cells External 86 1 After

Sum 828

Connection of the hoses
Using Quick connectors or multi-couplings would decrease the operation time of con-
necting and disconnecting hoses. This improvement would facilitate this operation
for the operators by connecting several hoses simultaneously.

5s
An essential factor is to keep all tools and equipment used in the tool change process
in order. Putting back equipment used during a setup process helps reduce time
spent looking for it. All tools should be close at hand. During tool change, a shovel
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is needed to remove material, and usually, a shovel is missing in one of the ejection
units, which are located on two sides of the machine marked in figure 4.4.

Measure the quality of the ejected material
A new measurement method should be used to reduce the material quality measure-
ment time for the ejected material from the ejected units. The operator uses visual
inspection to see the colour, gloss and viscosity by feeling the liquid material with
a shovel and seeing the material’s behaviour.

5.2.2 PASI
Connection of the hoses
Machine 3202 has a large number of hoses which is a total of 80 pcs for both sides
of the machine, including oil and water hoses. The total time for disconnecting and
connecting the machines’ hoses is about 13 minutes. A solution to decrease this
time is using the quick connector or multiple couplings.

Internal activities to external
Many activities during the setup process can easily be performed before or after the
setup time. The primary activities can be prepared before the setup process starts.
The table 5.2 below shows the activity name and the time each activity takes. The
table also marked which activities to do after setup or before setup.

Table 5.2: External activities for PASI

No Activity External/Internal Time (seconds) operator After/Before setup
1 Prepare the overhead crane External 455,3 2 Before
2 Prepare the forklift External 345,3 1 Before
3 Transport of the incoming tool External 361,8 1 Before
4 Transport of the outgoing tool to cooling station External 242,9 1 Before
5 Transport of the outgoing tool to storage External 520,9 1 After
6 Drive back the forklift to charge station External 171 1 After
7 Turn off the robots of machine 1604 External 194,3 2 Before
8 Connect the outgoing to the cooling station External 164 1 After
9 Move backe overhead crane External 91,5 2 After
Sum 2 547

The external activities include all the transport steps of both outgoing and incoming
tools. The tools can be placed closer to the workstation and transported to the
cooling station or storage after the setup. See Appendix C.4; the green marked
area is the incoming temporary place, and the orange marked area is the temporary
placing area for the outgoing tool. These proposals and the external activities will
be evaluated later in the project.

5.3 Technical improvement
Some technical improvement in various areas has been developed. To evaluate how
possible it is to implement them. A dialogue has taken place with the technician
and the team leader.
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5.3.1 PAGO
Communication between machine and heat exchanger/regulator unit
The contact between the settings panel, heat exchanger and regulators did not work
when changing tools. Operator 1 had to go to the heat exchangers to turn them
off manually, and the same was confirmed after the tool change was complete and
they were to be turned on. Solving this technical problem would contribute to a
great benefit and additional solution to reduce walking distances for the operators.
Additionally, it facilitates inputting the new temperature for each channel of the
machine by loading from the program instead of inputting every value to each heat
exchangers.

Implementation changes in the heating cables
The hating cables are attached above the tool have long cords that prevent finding
the right contact. Cutting these cables will not affect the machine’s construction
and would contribute to less time to find the correct cable for the connectors.

Reprogram the robot
When robots 1 and 2 pick the product from the machine and cut off the remains,
they do not end up in garbage bags correctly. The material is hard, and when cut,
it flies away and ends up on the cell floor, only to end up on the conveyor belt under
the robot and transferred to the garbage bag. Operators should clean the cell when
tools are changed because, during production, when the machine is running, it is
impossible to open and clean the robot cell for safety reasons. It can be solved by
reprogramming the robots so that the scrap remains in garbage bags. Time-saving
is that cleaning time will be eliminated. Alternatively, reprogram the entire robot
cell so it can be opened while the machine is running and cleaned. The time saving
is that the cleaning time of 7 minutes will be eliminated.

Reduction of heating tool time
As mentioned in chapter 4, "present state analysis," the incoming tools are in the
preheating station. As soon as the hoses are disconnected for transporting the tool
to the machine, the water channels in the tools lose the temperature, and it takes
15-20 min to warm up the tool to the ideal temperature to run the machine. During
this waiting time, the operators clean the surfaces. The heating time of the tools
during the setup process differs between the various tools. The heating time should
be specified for each tool to decrease the waiting time and loss of the setup process

Avoid driving overhead crane without load
In order to shorten the transport time of the tool components, the overhead crane
should only drive with the load during the tool change. During the setup process,
the overhead crane lifts tool component 2 of the outgoing tool to the marked area,
dummy see illustration 4.4. The overhead crane returns to the machine without load
to lift the outgoing tool component 2. When component 2 is placed in the dummy
area, the overhead crane lifts the incoming tool components to the machine. One
solution to implement the transport of the outgoing and incoming tools effectively is
avoiding driving the overhead crane from the dummy area to the machine without
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a load. When the outgoing tool component 1 is lifted from the machine and placed
on the dummy, the incoming tool component 1 can be lifted to the machine. This
solution involves technical changes to the machine and technical settings.

5.3.2 PASI
Implement the sensors to avoid stoppages on machine 1604
During every setup process, machine 1604, placed next to the machine, should stop
to move the overhead crane. When the machine stops, it takes 60 to 70 minutes to
return to the same production speed. The total loss time can be around 600-700
minutes for one production week. According to the team leader, a safety sensor on
the robot cells will solve this problem.
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6
Evaluation of improvement

suggestions

A priority matrix has evaluated all technical, organisational and method improve-
ment suggestions for both plants. An action list based on the identified improvement
areas and external activities has been created to facilitate evaluating and prioritising
these proposals.

6.1 PAGO
The performed action list is based on the improvement suggestions and presents
each action’s saved time. See table below 6.1.
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6. Evaluation of improvement suggestions

Table 6.1: Action list of improvement suggestions

Number Action list Description Time
(min)

1 Better communication in order to decrease the walk dis-
tance, the waiting time and unnec-
essary movements

7,5

2 A third person certain work steps, such as empty-
ing materials

12

3 Train operators educating operators on remedying
disturbances

10

4 Better Planning Better planning of the work task in
order to

9

5 Operator 2 does not leave
the work station

Operator 2 stays on the work sta-
tion until the setup process is over

15

6 Prepare the overhead crane preparing overhead crane before
starting the setup process

5

7 Prepare all the equipment Prepare all the equipment inclusive
the pallet jack before the setup

3

8 Connection of the hoses using quick connector or multi-
couplings

25

9 5S Get tools, gloves, stick, shovel and
put back in the right place

5

10 Material quality measure-
ment

this can be converted into measur-
able

15

11 Remedying disturbances Connection and communication be-
tween machine and heat exchangers

15-20

12 Re-program the robot to place the material clips in the
garbage and avoid cleaning

7

13 Cut heating cords heating cord that is in bad order
and too long, they can be woven
and tied together

10

14 Reduction of heating tool
time

Speed up the heating process 10

15 Overhead crane Avoiding to drive the overhead
crane empty

3

16 Building walkway on the
tool top

it facilitates the movement on the
top

3
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6. Evaluation of improvement suggestions

A priority matrix, figure 6.1, has been performed based on the action list to identify
the highest priority proposals.

Figure 6.1: Priority Matrix of action list for workstation IMM8(PAGO)

The matrix above shows that most actions are classified as quick wins tasks. These
quick wins are organisational and methodological improvement proposals that re-
quire low effort in terms of time and staff. Action 1: requires a communication tool
such as a headset Action 2, adding a third person, an organisational improvement,
saves 12 minutes during the setup time. This suggestion can be easily implemented
as there is always a staff member available
Action 3 & 4: Better planning and training of operators will save 24 minutes of
setup time. Operator training is classified as a major project due to the resources
required, such as time and investment in a training centre
Action 5: Requires all the resources already available to operator 2. It is also con-
sidered a part of better planning.
Action 6 & 7:Preparation of all equipment, including the overhead crane, can be
done before the setup process, requires no effort and can significantly impact the
reduction of change over time.
Action 8: Replacing the tool’s connection hoses is identified as a thankless action as
it requires a massive investment of time and money and saves a total of 5 minutes.
In order to replace hoses with quick couplings or multiple couplings, all hoses and
the fittings need to be replaced, which leads to a change in the design of the tool.
Action 9: 5s measure of putting equipment and tools in the right order and place is
easily implemented through detailed work instructions and operator training.
Action 10: Measuring material quality was identified as a thankless action for this
project due to the limited resources available. Measuring the material quality of the
material ejected from the machine is not possible for the time being as no historical
data is available. The only method is to measure the thickness and behaviour of the
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material by visual estimation.
Action 11: Although this is a difficult step and requires effort, eliminating the faults
can significantly impact and improve the process. Resources such as maintenance
staff and technicians are available; no investment is required, only time and effort.
Action 12: Reprogramming the robot cell is identified as an impossible action due
to safety and the resources required, such as external experts and time.
Action 13: This change can easily be done with the help of maintenance and tech-
nical staff. There are existing resources for this action, which is beneficial for the
process and the operators. It can simplify the process of connecting the heating
cables.
Action 14: Reducing the time for heating tools is complicated. It requires historical
data, which is not available, and investment in new heating resources.
Action 15: Resources are available for this proposal, but implementation may take
time due to the simulation process Action 16: Implementing a catwalk is almost
impossible as it may affect the tooling instruction due to the complexity of the in-
stallation. It requires much effort and can improve the turnaround time to less than
5 minutes.
According to the priority matrix presented, actions 1, 2, 4, 5, 6, 7, 9 and 11 are
selected for implementation.
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6. Evaluation of improvement suggestions

6.2 PASI
Table 6.2 below shows the action list based on the improvement proposals for work-
station 3202 and a description for each action.

Table 6.2: Action list of improvement suggestions

Number Action list Description Time
(min)

1 Better communication Use headphones for communication
through a group call instead of go-
ing to each other

5,2

2 Prepare the overhead crane
before the setup and move it
back after

Before starting a resetting process,
plan to prepare the equipment and
double-check by a checklist; the
overhead crane can move back af-
ter the setup

9,1

3 Transport the incoming tool
closer to the workstation be-
fore the setup

use the space opposite the worksta-
tion. It requires planning and in-
vesting

41,6

4 Place the outgoing tool
closer to the machine

Use the space opposite the worksta-
tion, and transport the tool after
the setup. It requires planning and
investing

10,4

5 Changing connection of the
hoses

By using a quick connector and
multi-couplings, several hoses can
be connected at the same time

12,7

6 Preheating station To heat the tool and the warm
channels in of the machine and the
tool faster

45

7 Better planning to reduce
the waiting time for opera-
tors

It requires planning before the
setup process and also detailed
work instruction

9,5

8 Implement a safety sensor
(machine 1604)

Robot cell of machine 1604 does not
need to turn off the machine can
run during the setup process of ma-
chine 3202

68

As the priority matrix figure 6.2 shows, three improvement proposals, numbers 1, 2
and 7, are in the quick wins block. Implementing these suggestions requires better
planning of work tasks and pre-designed, detailed and correct work instructions for
operators. It is possible through the standardisation of work tasks. The complexity
and difficulty of these proposals are low, and the effort required goes through avail-
able resources such as time, staff and equipment. Action number 6 was identified as
the most critical, as a preheating station requires space either near the machine or
somewhere in the plant.
However, according to the team leader, it is an impossible major project; thus it is
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6. Evaluation of improvement suggestions

marked in red. It has been placed at the far end of the effort line, even though it
provides excellent benefits in effectively showing the setup process. Actions 3 and
4, which are suggestions for improving the method and have also been identified
as external activities, require a logistical change to the limited space around the
workstation marked in Appendix C.4. It is assumed that the reduction of the setup
time requires a considerable amount of time and planning.The marked area can be
used to shop for outgoing and incoming tools.Currently, the area is used for daily
meetings before the start of each shift.

Figure 6.2: Priority Matrix of action list for workstation 3202 (PASI)

Therefore, based on the evaluation of the above actions, actions 1, 2,4,3,5,7 and
8 decide to implement and move on. The improved version of the analysis of the
setup process is based on eliminating the waiting, communication and transport
time and changing the method of connecting the hoses.
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7
Results

This chapter is divided into two parts. The theoretical results of the analysis for both
workstations IMM8 and IMM3203 and after implementing the chosen improvements
proposals for IMM8. The results are presented with a general setup time analysis
after the SMED analysis, spaghetti diagrams and a SMED chart.

7.1 Theoretical improved process
7.1.1 PAGO
The SMED analysis led to a reduction in the setup time. By eliminating unnecessary
movements and activities during the setup procedure and converting the internal
activities to external elements. The original setup time was almost 9 000 seconds(150
minutes), such as the downtime during the setup process without none preparation.
The SMED chart below, figure 7.1 presents the improved setup time of 4 473 seconds,
74,55 minutes. The total work time for operator 1 is 4 764 s, as the table below
7.1shows 292 seconds is the external time for preparation before the setup process
or the reordering after the process.

Figure 7.1: SMED analysis chart of the theoretical improved Setup process, IMM8

This also leads to an increased lead time for the workstation. As figure7.2 shows,
the total loss of the setup process could be decreased to 10% of the processing time.
The total waiting time of the setup process is reduced to 3% of the setup time, which
corresponds to 262 seconds. The general analysis diagram presents an analysis of
the whole process, including work time for all three operators and external activities.
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Table 7.1: Setup process time deviation for external and internal activities, IMM8

Performer External Time(s) Internal Time (s) Total work time(s)
Operator 1 291 4 473 4 764
Operator 2 296 3 471 3 767
Operator 3 0 649 1 169

The external activities are included in the required work class. The loss of the setup
process in the general analysis is the operators’ walking time, which was successfully
reduced from 19% to 10%. The walking path of the operators has been limited to
the necessary areas around the machine and the robot cell. See Appendixes D.3,
D.4, D.5 for the operator’s walking path illustration of the improved version of the
setup process.

Figure 7.2: General analysis diagram of the setup time IMM8

7.1.2 PASI
The total resetting process time for workstation 3202 decreased from 10 653 seconds
177 minutes to 8 376, a reduction of 21%. According to the general analysed dia-
gram 7.4, the loss of the processing time is 10% for the improved process, and the
total waiting time is 5%. The SMED chart figure below 7.3 and table 7.2 present
the planned time for the preparations, specifically the time for each operator’s ex-
ternal activities. The resetting operator performs only internal activities that are
impossible to accomplish when the machine runs. Therefore, the external activity
time is 0 for this operator. The operator’s walking path during the setup process
has been limited because of the new suggestion for placing the outgoing and incom-
ing tools, preparing the truck before setup, and placing it close to the workstation.
Appendixes D.9, D.10 and D.11 show the spaghetti diagram for operator’s walking
path of the improved process.
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Figure 7.3: SMED analysis chart for the theoretically improved setup process for
machine 3202

Table 7.2: Setup process time deviation for external and internal activities, IMM8

Performer External Time(s) Internal Time(s) Total work time(s)
Operator 1 2 302 3 646 5 649
Operator 2 576 3 576 4 152
Resetting Operator 0 4 801 4 801

Figure 7.4: General analysis diagram of the improved setup process for machine
3202

7.2 Implemented improved setup process
Once the theoretical improvements had been achieved, it was time to implement the
suggested improvements into the original setup process to see if the improvement
and SMED analysis would lead to an equally good result in the real process.
The improvements were implemented through meetings with the team leader and
the production manager of the IMM8 workstation. The suggestions on organisation
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and method were implemented directly with the team leader and the operators. The
technical improvements were forwarded to the maintenance department and techni-
cians to examine if they could be implemented.
Video recording of the improved process was planned several times. Still, it could
not be recorded at the first attempt due to disruptions and changes in production
planning, but it could eventually be carried out. Three operators were selected to
record the results of implementation. Two of them had the same level of knowledge
and experience, and the third one had less experience than the other two.
Nevertheless, all three operators went through the new standardised work instruc-
tions again to ensure that each operation was straightforward. It is essential to
mention that the team leader and an experienced operator approved the new stan-
dardised work instruction. The operators followed the walking path in the spaghetti
diagram of the improved process. The team leader and the production manager
took the executive leadership role and convinced the operators to follow the new
standardised work instructions and the walk map.

A SMED analysis of the actual improved setup process was conducted to analyse
each operation. The extent of specific suggested improvements could be investi-
gated through the SMED analysis. In addition, the SMED analysis in Avix gave an
overview of the losses and waiting times of the actual improved setup process.
Performing SMED analysis on the improved setup process of IMM8 also shows an
improved result. As figure 7.5 shows, the total downtime for the tool change process
is 5 006 seconds, corresponding to 83,5 minutes. The spent external time for external
operations is the same as planned.

Figure 7.5: SMED analysis chart of the theoretical improved setup process
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Table 7.3: Setup process time deviation for external and internal activities, IMM8

Performer External Time(s) Internal Time(s) Total work time(s)
Operator 1 291 4 473 5 292
Operator 2 297 3 480 3 778
Operator 3 0 1 197 1 197

According to the general analysis of the actual improved process, figure 7.6 the total
process loss is 12% of the total process time corresponding 1 260 seconds. The total
waiting time is 3%, corresponding to 322 seconds.

Figure 7.6: General analysis diagram of the Improved process after implementation
0f suggestion

The total OEE after the implementation of the improvement proposals also in-
creased. The below table 7.4 shows OEE for that week, 82,19% OEE and an increase
of 8,62. The increased performance and availability depend on other factors which
are outside the scope of this project.

Table 7.4: Actual percentage of Present state of OEE, availability, Performance
for IMM8

OEE Availability Performance
82,19% 84,43,09% 99,65%

7.3 Time savings
A cost calculation has been performed to state the savings from the organisational,
method and technical improvements based on the time savings. The cost saving can
not be presented due to the imitated access. The yearly cost is calculated using a
simple formula which includes the machine cost (variable cost+fixed cost) and staff
cost, and the total spent time on the setup process.
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7.3.1 PAGO
Combining the organisational, technical and method improvement suggestions gave
a reduction of 45% of the total yearly cost of the setup process for IMM8. Improv-
ing the organisation, namely eliminating unnecessary waiting time and improving
communication and adding a third operator, could cost 25% of the setup process
yearly cost. Method improvement, preparing equipment before the setup process
and converting some activities to external activities could save 9% of the yearly
cost. The rest of the saving is from the technical improvement suggestions, which
could reduce the time operators spend walking.

7.3.2 PASI
Implementation of all the improvement proposals gives a 36%. The organisational
improvement gives a saving of a total of 9.5 minutes for each setup process. By
eliminating the waiting time, 7.5% of the yearly cost will be saved. Elimination
of transporting outgoing and incoming tools back and forth to the storage station
and the cooling station will save 15% of the yearly cost. Technical improvement
is the one which can save an enormous amount of the setup process. It is not the
setup costs for machine 3202 that decrease. Still, it reduces stop times for machine
1604 and increases the production time for both machines. Installation of the sensor
contributes to a percentage gain on process lead time and saves 23% of the costs.
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8
Discussion

As stated in the results chapter, the setup process could be improved by 45%. The
organisation improvements have the most significant impact on the setup process for
IMM8, which was expected from the experience of Kaiser(2002). The other technical
and method solution also significantly impacts the reduction of the setup time both
in the theoretical analysis and the implemented as figure 8.1 and 8.2 show.

Figure 8.1: The impact of improvement suggestion on the real process

There needs to be more clarity between the actual outcome and the theoretically
improved process. This gap depends on many factors. One identified factor is the
waiting time for the heating tool process. This process depends on the automatic
system of the machine and cannot be influenced by the operators. There is no
historical data for the heating of the tool during the setup therefore, it is difficult to
determine a specific time for this process. Another factor that influences the actual
outcome is the knowledge and experience of the third operator involved. Although
operator three had to review new standardised work instructions before starting the
changeover and video recording, he was unsure about some operations.
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Figure 8.2: The theoretical impact of improvement suggestions on the setup process

As figure 8.2 shows, the setup process improved by about 2 000 seconds, corre-
sponding to 22% lower time, but in figure 8.1 is approximately 1 700 seconds, corre-
sponding to 18% lower than the original setup time. It is because of the time spent
waiting for each other and communicating. It suggests that operators should be
educated and more trained and that revising work instructions are insufficient. It
is important to note that when filming, the operators received a joint briefing and
did not have to train on new standards several times. Undoubtedly, this affects the
result, and the more operators perform work, the more comfortable they are with
the new standardised work instructions.

The total saved time from converting internal activities to external for IMM8 for this
study is 13% of the setup time. However a general saving from converting internal
activities to external ones should be between 30%-50%[2]. It is because most activ-
ities and operations are impossible to perform without having stoppages. However
adding a third person was a good help because three operations can be performed
paralleled.

Standardised work is a powerful tool to achieve the calculated and planned time
for a process [9]; hence, following this is crucial for the setup process for IMM8.
The PAGO plant has work rotations within the workstation and between different
injection moulding workstations. Standardised work instructions are a great help
and guide for the operator who has performed this only a few times. Not only do
inexperienced operators benefit from standardised work, but it is also beneficial for
all operators because following the standard method prevents stress and errors in
the setup process.
Standardised work is also a key to continuous improvement within organisations
considering the occurrence of deviations in the method standard shows the need for
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improvement. Deviations that occurred determine whether more training is needed
to follow the standards or to update and improve Standardised work instructions[9].
Thus, the standardised work instructions produced for both workstations facilitate
the investigation of deviations that have occurred. By investigating and observing
that deviation occurs when the standards are not being followed, it is time to plan
to train operators to follow more standardised work instructions.

Spaghetti diagrams were a helpful tool for this study, not only for patterning the
walking path for the operators but also to visualise the advantages of the new solu-
tions in terms of the short walking path and shorter walking distances. Spaghetti
diagram for the improved version of the changeover process facilitate to convince
operators, team leaders and production leaders to accept the new solutions.

Furthermore, the reception of the operators and technicians on the floor at work-
stations was the biggest challenge throughout the project. While filming the setup
process to analyse the present state of the two workstations, the operators were
sceptical about the project. Another challenge was the implementation of the new
standardised work instructions for IMM8. Although implementing the improvement
proposals for the IMM8 workplace was no more complicated than discussing, plan-
ning and filming to analyse the result, the operators had to be more flexible. Despite
all the challenges, the station’s production manager was able to convince the opera-
tors to comply with the new standards. However, the execution of the setup analysis
for both stations went better than expected due to the differences in the machines,
the changeover process and the knowledge level of the operators .

It would have benefited the company and the study project to implement the im-
provement proposal for workstation 3202 in PASI. Documenting a tangible result of
improved setup processes, the analysis would contribute to a strong basis for further
improvement work, but this could not be carried out due to limited resources.
It would have been beneficial for the project and analysed to document and film tool
changes in other shifts to see the difference in the work methodology. In this project,
one tool change has been studied for each machine due to the limited project time,
but filming several tool changes would contribute to a deeper and broader SMED
analysis.
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9
Recommendations

9.1 Follow-up of standardised work and SMED
strategy

For Plasman to succeed in continuously working organised and efficiently with im-
proving the setup process, the organisation should systematically work with fol-
lowing up the Standardised work instruction. The standardised work should be
investigated in case of significant deviations. Follow-up of standardised work should
occur regularly and in case of planning for new tools.

SMED is considered an effective method for identifying causes of deviations in the
method standard[9]. Work with SMED should be performed with the help of experts
within the organisation and the process. The expert staff with SMED can have both
practical and theoretical experiences to analyse the setup process, especially with
the injection moulding process.

It is also recommended that Plasman regularly perform SMED analysis for all in-
jection moulding machines. The setup time should be measured for each moulding
tool. The aimed setup time for each tool is unique and should depend on the tool’s
properties. When the setup time is based on the properties and is unique for each
tool, the deviation of the setup process can be measured and analysed. In case
of repeated deviations, a SMED analysis can be performed. The time loss can be
presented as a capital loss to facilitate decision-making. The organisation will gain
a lot from this work, and the capital savings will be higher than the investment cost
in the SMED experts’ staff.

9.2 Further work with improvement proposals
Some improvement suggestions were not possible to implement on the workstation
IMM8. According to the priority Matrix, these suggestions can still significantly
impact the setup process.

For the Simrishamn plant to get as much as possible from this study and SMED
analysis, it is recommended to continue working on implementing the improvement
proposals. This project can be used as a solid foundation for submission to the
person in charge of the plant for further planning and making the necessary deci-
sions about improvement proposals. The new standardised species instruction is
also recommended for an improved and streamlined setup process. Another recom-
mendation for workstation 3202 is to collect and register the data to enable further
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analysis of the setup process.

Furthermore, it is recommended for the Goteborg plant to work with training oper-
ators as resetting operators to increase the operators’ knowledge simultaneously as
an actor with a substantial impact on improving the process. It applies to the setup
process for the IMM8 but to all injection moulding machines. For trained resetting
operators

As previously highlighted in this paper, machines 3202 and IMM8 have different
tools. The heating process time of the tool varies between these different tools.
Therefore it would be a great asset to measure the time spent on this process for
each tool and investigate the factors that may affect this process.

The planned time for the setup process is generally for two categories. Specifying
the production planning is recommended for the Simrishamn plant to have a more
efficient setup process and profitable production. In addition, it is recommended
that the Gothenborg plant analyse the present production planning and improve it
through specific time for a specific tool. Analysis and production planning changes
were outside this project’s scope. However, there is potential for improvement in
production planning.
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10
Conclusion

The study aimed to analyse the setup process of two injection moulding machines in
two different plants for Plasman AB and improve their setup processes by adopting
SMED analysis.
The Setup time for the machine IMM8 could decrease by 45% by implementing
the organisational, method and technical improvements. Combining these improve-
ments led to a more efficient setup process with less waiting time and decreased total
loss of the process by 7%. The total setup procedure time for the actual process
after the implementation is 5 006 seconds compared to the original process time,
which was 9 000 seconds; see figure10.1. The OEE for this machine increased from
73,57% to 82,19%, so an 8,62 percentage improvement in OEE.

Figure 10.1: Comparison of setup process time between original and improved
version, IMM8 workstation

The setup process analysing of machine 3202 could also decrease by 39% but this
reduction, in reality, depends on the combination of the improvement suggestions.
The reduction means from 10 626 seconds for the original setup process to 8 447 for
the improved version of the setup procedure; see figure 10.2 for a visualised com-
parison. This saved time means an increased production time and a lower loss time
for the whole production station.
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Figure 10.2: Comparison of setup process time between original and improved
version, workstation 3202

Despite resistance from the staff at the IMM8 workstation, the operators were aware
of the required work tasks during the setup and wanted to improve the process and
the team leader.
Since tool variation is high for IMM8 and there is a rotation of personnel performing
tool changes, everyone in the organisation should be flexible.

The yearly cost saving for the company is enormous, especially for the IMM8 ma-
chine. For workstation 3202, significant savings also apply, but due to limited space
and technical systems, some improvements could not be in action. These savings
from the projects and increased OEE can remove night shift.
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A. Appendix 1

Table A.1: External Activities and preparation activities for operator 1, Work
station IMM8

Operator 1 work station : IMM8
Tasks Time(s) External/Internal Before/After(setup)

Bring pallet jack 124,6 External Before
Bring the broom 49,4 External Before
Bring equipment 31,6 External Before
Refill yellow clips 85,8 External After

Table A.2: External Activities and preparation activities for operator 2, Work
station IMM8

Operator 2 work station : IMM8
Tasks Time(s) External/Internal Before/After(setup)

Bring over head crane 116 External Before
prepare the overhead crane and immerse to machine 1 20 External Before

Drive back the overhead crane 31,6 External After

Table A.3: External Activities and preparation activities for operator 1, Work
station 3202 , PASI

Operator 1 Wrork station: 3202
Task Time(S) Externa/internal Before/After (Setup)

Go to the forklift station 106,9 s External Before
Drive the forklift to the workstation 211,5 s External Before

Drive to the incoming tool 74,8 s External Before
lift the incoming tool by forklift 27,9 s External Before
place the incoming tool in place 123,5 s External Before
Go to the robot settings panel 60,3 s External Before

Turn off the robot 134,0 s External Before
Drive the forklift to the pallet 124,2 s External Before

take the pallet to station 189,0 s External Before
Drive to the workstation 163,2 s External Before

Drive to the incoming tool 135,6 s External Before
Turn off the charge 11,8 s External Before

Start the forklift 15,1 s External Before
Drive toward the machine 58,7 s External After

take the outgoing too to the cooling station 222,1 s External After
Place the tool on the station 7,0 s External After

Drive the outgoing tool to the storage 309,4 s External After
Drive back to the charging station 171,0 s External After

Go to the cooling station 13,8 s External After
Put the gloves on 5,1 s External After

Connect the longer hoses 47,2 s External After
Go and bring the short hoses 20,4 s External After

Connect the short hoses 13,4 s External After
Place the outgoing tool 35,1 s External After

Open the valves 7,1 s External After
Hang the sign on the tool 14,8 s External After
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Table A.4: External Activities and preparation activities for operator 2, Work
station 3202, PASI

operator 2 Work station: 3202
Task Time (S) Externa/internal Before/After (Setup)

Go to machine 3203 74,2 External Before
Stop the machine 43,9 External Before

Wait for the machine 144,6 External Before
Drive the overhead crane to machine 3202 39,3 External Before

Drive the overhead crane 84,4 External Before
Turn on the machine 68,9 External Before
Go to machine 1604 49,4 External Before

Make sure if the robot is turned-off 37,9 External Before
Go to machine 3203 28,4 External After

leave the remote of the overhead crane 4,4 External After
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Figure B.1: Production planning

Figure B.2: knowledge specification of the different roles of operators for worksta-
tion 3202, PASI
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Figure C.1: 2D view of Machine IMM8

Figure C.2: Top view of Machine IMM8

VIII



C. Appendix 3

Figure C.3: layout of Machine 3202, 3203, and 1604
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Figure C.4: Outgoing and incoming tool’s temporary place

Figure C.5: Top view of machine 3202
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PAGO

Figure D.1: Spaghetti diagram operator 1 present state

Figure D.2: Spaghetti diagram operator 2 present state

XII



D. Appendix 4

Figure D.3: Spaghetti diagram operator 1 improved process

Figure D.4: Spaghetti diagram operator 2 improved process
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Figure D.5: Spaghetti diagram operator three improved process

PASI

Figure D.6: Spaghetti diagram operator 1 present state
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Figure D.7: Spaghetti diagram operator 2 present states, workstation 3202

Figure D.8: Spaghetti diagram resetting operator present state, Workstation 3202
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Figure D.9: Spaghetti diagram operator 1 improved version, workstation 3202

Figure D.10: Spaghetti diagram operator 2 improved version, workstation 3202
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Figure D.11: Spaghetti diagram resetting operator, workstation 3202
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Preheating station In PAGO for machine IMM8,
A preheating station with 2 water aggregates is used to preheat the tool and its
water channels to save the waiting time for heating the incoming tool during the
setup process.
It takes a long time to heat the tool from the room to the ideal temperature of 70-90
degrees because the tools are built of steel and weigh 10 to 20 tons. Earlier, before
implementing the preheating station, the incoming tool was heated during the setup
process with 8 water aggregates, 12kW/PC, from a temperature of 20 degrees to a
temperature between 65-70. This process took 3-9 hours during the setup process.
Therefore a Preheating station with 2 water aggregates, 12kW/PC, could help the
heating process. Instead of waiting 9 hours during the setup process, the incoming
tool could be heated in the preheating station close to the station at least 8 hours
before the tool changeover. This process could decrease the waiting time to achieve
the ideal temperature for the tool by eliminating the waiting for the tool. Currently,
it takes 10-15 minutes, sometimes 20 minutes, to heat the tool and its heat channel
through the electricity. The heating of the heating channels of the tool can not be
affected due to the limited available technical system.
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PAGO

Figure F.1: General analysis diagram of improved setup process of IMM8, operator
1
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Figure F.2: General analysis diagram of improved setup process of IMM8, operator
2

Figure F.3: General analysis diagram of improved setup process of IMM8, operator
3
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PASI

Figure F.4: General analysis diagram of the improved setup process 3202 operator
1 1

Figure F.5: General analysis diagram of the improved setup process for machine
3202 operator 2
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Figure F.6: General analysis diagram of the improved setup process for machine
3202, resetting operator
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IMM8
Change over instructions
Operator 1 Standardized work instructions
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operator 2 Standardized work instructions
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operator 3 Standardized work instructions
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Machine 3202
Change over instructions
Operator 1 Standardized work instructions
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