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Abstract
Rio Tinto Alcan Iceland ltd., or ISAL, produces around 480 tons of aluminum each day.
Around 200 different products are manufactured at ISAL casthouse therefore the
manufacturing process of aluminum extrusion billets is very detailed. In order to run an
efficient aluminum production company and meet the demands of customers each day it
is important to utilize the plant to the fullest with respect to constraints. Simulation is a
versatile tool in order to explore, analyse and understand a problem. The objective of
this project is to simulate the manufacturing process of aluminum extrusion billets at
ISAL casthouse, using Simul8 software. From a given production plan it was possible
to analyse the utilization of activities in the system as well as the whole manufacturing
process and other details. The results from the simulation model indicate that the
throughput of the system is very high, even though particular activities in the simulation
model have low utilization. By adapting more details into the simulation model it would
be possible to analyse the manufacturing process of aluminum extrusion billets at ISAL
casthouse even further in order to optimize it where it could be possible to adapt the
results to the physical system.

Keywords: Simulation, manufacturing process, aluminum, utilization.
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Hermun á framleiðslu álbolta í steypuskála ISAL með
forritinu Simul8
Erla Þorsteinsdóttir
June 2017

Útdráttur
Rio Tinto Alcan Ísland hf., ISAL, framleiðir um 480 tonn af áli, hvern dag allt árið um
kring. Í steypuskála ISAL eru um 200 mismunandi vörutegundir framleiddar og er því
framleiðsluferlið háð mörgum skilyrðum. Til að reka gott álver og mæta kröfum
viðskiptavina á hverjum degi er mikilvægt að nýta verksmiðjuna til hins ítrasta með tilliti
til takmarkana. Hermun er fjölþætt verkfæri til að kanna, greina og skilja vandamál.
Markmið verkefnisins er að herma framleiðslu á álboltum í steypuskála ISAL með
forritinu Simul8. Út frá gefnu framleiðsluplani, raunframleiðslu, var hægt að greina
nýtingu á einstaka vélum í framleiðsluferlinu auk annarra þátta. Niðurstöður
hermunarlíkansins gáfu til kynna að afkastageta kerfisins í heild er mikil, þrátt fyrir að
sumar vélar eru ekki fullnýttar eða með lága nýtingu. Með því að taka tillit til fleiri þátta
í hermunarlíkaninu væri hægt að fá enn nákvæmari niðurstöður á hvernig framleiðslan
er í steypuskála ISAL og hvernig hægt er að nýta hann sem mest. Þá væri hægt að nota
þær upplýsingar og aðlaga framleiðsluferlið í steypuskálanum í samræmi.
Lykilorð: Hermun, framleiðsluferli, ál, nýting.
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Chapter 1
Introduction
Currently the demand for aluminum is increasing each year, where it is the second most
important metal worldwide (Koca, Ragnarsdottir & Sverdrup, 2015). The total production
volume of primary aluminum in 2015 was 57 million metric tons which was 9% more than was
produced in 2014. This increase in demand for aluminum is highly dependent on the economic
situation of the world, where aluminum is used in various industries. The largest consumer of
the aluminum market in 2015 was the transport engineering industry which consumed 49,8%,
followed by the construction industry which consumed 15,2% the same year ( Abashidze et al,
2017).

The global aluminum production industry is quite competitive. In 2015 the top five leading
primary aluminum production companies: Hongqaio, UC Rusal, Rio Tinto Alcan, Chalco and
Alcoa, produced 17,5 million metric tons (“The world’s leading primary aluminum producing
companies”, 2017) which is around 30% of total production of aluminum the same year.

There are three aluminum production companies in Iceland, one of them is Rio Tinto Alcan
Iceland ltd. which Rio Tinto Alcan is the sole owner of. The aluminum smelter at Rio Tinto
Alcan Iceland ltd. is called ISAL, it is located in Straumsvík and was built in 1966 (“Company”,
n. d.). Rio Tinto Alcan Iceland ltd. produces around 480 tons of aluminum each day
(“Production”, n. d.). Everything produced is sold to Europe where numerous products are made
from the aluminum such as sheets for automobiles, aluminum foil, printing plates and plates for
aluminum cladding (“Sales”, n. d.). In order to run an efficient aluminum production company
and meet the demands of clients each day it is important to utilize the plant to the fullest with
respect to constraints.
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1.1 Objective
This project focuses on simulating the manufacturing process of aluminum extrusion billets
which are produced in the casthouse at Rio Tinto Alcan Iceland ltd. using the simulation
software Simul8 (Simul8 Corporation, 2017). Aluminum extrusion billets are aluminum bars
that are 7 meters long. With the simulation of the process of manufacturing extrusion billets it
will be possible to analyse the behavior of the system, gain a visual understanding of the
process, analyse the utilization of the system, identify bottlenecks as well as other factors with
respect to a given production plan and constraints of the system. From here on the company
will be referred to as ISAL.

1.2 Structure
Following the introduction of the thesis chapter 2 contains information on what simulation is
and recent work using simulation in Iceland. Chapter 3 contains description on the
manufacturing process of aluminum extrusion billets at ISAL casthouse. There a detailed
description of every activity and constraints regarding the process can be found, as well as
definition of the scope of the project. The simulation model and the assumptions made
regarding it are explained in chapter 4 as well as description on how it works. Results from the
simulation can be found in chapter 5. Chapter 6 contains conclusion of the thesis as well as
discussion on future work.
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Chapter 2
Simulation used in manufacturing
Simulation is used to imitate a real situation, more specifically a process over time (Law &
Kelton, 1991). It is a very good tool to make decisions regarding changes to a process. With
simulation it is possible to explore changes to the process without buying expensive equipment
or spending many man-hours to know whether the changes improve the process as well as
analyse how the changes affect the process. The usages for simulation of manufacturing systems
are dated back to at least the early 1960s. Simulating a manufacturing system has proved to be
very beneficial regarding addressing the following: The number of resources needed in a
system, performance analysis of the system and evaluation of operational procedures (Law &
McComas, 1997).

Systems can be categorized as discrete or continuous. Law & Kelton (1991) explain the
difference of discrete and continuous systems to be that the discrete systems change
instantaneously at separated points in time while continuous systems change continuously with
time. The objective of the study plays an important role in whether a discrete or continuous
model should be used. When analyzing and understanding how products flow through a series
of machines in a system that have e.g. different processing times and materials handling
requirement there is a need for discrete-event simulation to distinguish between them
(Concannon, Elder, Hindle, Tremlbe & Tse, 2007). The system that is simulated in this project
applies to the discrete-event simulation.

There are several simulation software available. Now the focus is more on graphical simulation
building approach rather than programming, but the advantage of programmed simulation is
the flexibility of the model where the disadvantage is the programming knowledge and
expertise it requires (Law & McComas, 1997). The Simul8 software is a relatively simple tool
3

to use for simulating manufacturing processes (Concannon et al., 2007) and will be used in this
project.

2.1 Simulation studies in Iceland
As has previously been mentioned, use for simulation of manufacturing systems is relatively
young, or from early 1960s, but simulation is a widely used tool and not only connected to
manufacturing systems. Simulation is often connected to operation research, computer science,
engineering and business (Law & Kelton 1991). For that reason many studies can be found
which use simulation as a tool. Many studies have been made in Iceland using simulation. Some
of them address problems regarding the airline industry, other aquaculture, few are related to
the aluminum industry and many more. Following are examples of the first reported simulation
studies in Iceland and recent simulation studies that address these problems.

In 1969, H. Sigvaldsson among others developed the first reported simulation model in Iceland.
The simulation model was of a trawler as a raw material supplier for freezing plants in Iceland
(Sigvaldsson et al., 1969). The second reported simulation model developed in Iceland was by
P. Jensson in 1981 were the capelin fishery in Iceland was simulated (Jensson, 1981). Fisheries
has always played a very important role in Icelandic economics and S. Ólafsson developed a
comprehensive simulation model of Icelandic fisheries in 1995 (Ólafsson, 1995). In 2006 I.
Arnarson and P. Jensson simulated the behavior of economic agents with emphasis on usage of
time resources in economic processes (Arnarson & Jensson, 2006).

G. Garðarson analysed the problem of bleedouts regarding the casting process at Alcoa
Fjarðarál in Iceland. The current state was simulated where the focus was to identify the main
control parameter as well as examine it in order to reduce the number of bleedouts. The results
from the study showed that the most sensitive parameter is the temperature of the aluminum
alloy. Results also showed that furnace exchange also influences bleedouts (Garðarson, 2012).

In 2009, thesis by V. Jensdóttir addressed casthouse modelling and optimization for an
aluminum primary casthouse. There the process of constructing a new casthouse was modeled.
From a binary integer program, four models were selected and simulated with respect to
4

different inputs and efficiency on the machines (Jensdóttir, 2009). Information from the
simulation was used to choose the best model out of these four.

In 2013 J. K. Guðjónsson used simulation to predict the performance of salmon portioning line
where the Simul8 software was used. Guðjónsson determined the optimal salmon size for
different products and how it was possible to change the input for different scenarios. Results
gave that the size of the salmon has a great impact on the production. By analyzing what sizes
of salmon and products work best together there is a chance to increase productivity as well as
decrease manual handling of the products. From that it is possible to lower the production cost
without influencing the quality of the product (Guðjónsson, 2013).

Simulation of cabin air quality on board Boeing 757-200 airplanes at Icelandair was made by
S. I. Einarsson in 2015. There it was explored if it is possible to have a baseline for the air
conditioning system in order to do a standardized measurement test that would show that the
aircraft system is behaving reasonably compared to the baseline model (Einarsson, 2015).

In 2017 Æ. Valgeirsson did a simulation study regarding analyzing what effects changing the
intersection of Langahlíð and Miklabraut in Reykjavík have on traffic flow and travel time on
Miklabraut between Skeiðarvogur and Snorrabraut. This was analysed by using microscopic
simulation in TransModeler SE from Caliper. Four different scenarios were analysed and results
gave that current scenario gives the least beneficial outcome (Valgeirsson, 2017).

From these examples of studies using simulation it is fairly assumed that simulation is a
versatile tool in order to explore, analyse and understand a problem. Simulation gives
information on what factors contribute to a process and what makes a system.
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Chapter 3
The process of manufacturing aluminum
extrusion billets at ISAL casthouse
In order to understand the process of manufacturing aluminum extrusion billets at ISAL
casthouse and be able to simulate it using Simul8 software the author visited the smelter and
observed the process in the casthouse. The author also received relevant data and important
information regarding the process from experts.

Figure 1: The process of manufacturing aluminum extrusion billets at ISAL casthouse.

The process of manufacturing aluminum extrusion billets at ISAL casthouse is very detailed
since many different products are manufactured in the casthouse, or around 200 (“Casthouse”,
n. d.) and it is very important that the quality of the aluminum meets the needs of the customer
and other standards. As can be seen in the figure above, figure 1, the process begins at the
casting furnaces, which are four, where they receive molten aluminum from the crucibles. From
the casting furnaces the aluminum goes into one of two casting pits where 8 meter long
aluminum extrusion billets are cast. The extrusion billets travel then by conveyor where
frequency test is performed to check for faults, towards a billet saw which trims both ends so
the length of the slabs will be reduced to 7 meters. Now all cut-offs are collected and reused so
6

waste is limited. When the extrusion billets have been trimmed they travel again on a conveyor
to one of three available furnaces where they will be homogenized. After homogenization the
slabs are cooled with air and some with water as well. Then they form a queue in front of
binding machines where they wait for being packed together. If the frequency test indicates
faults in the extrusion billets they still have to travel through the whole system, but instead of
going to the binding machines they will be cut down by a another billet saw which is located
between the binding machines.

Figure 2: Layout of ISAL casthouse (Steinarsson, 2016).

Layout of the casthouse can be seen in figure 2, where the casting furnaces, casting pits, billet
saw, furnaces 1 to 3 and packaging are marked especially. From figure 2 it is also possible to
see how the extrusion billets flow through the system, the red arrows indicate the flow from
casting pits to the furnaces and the orange arrows indicate the flow after the extrusion billets
have been homogenized since the conveyors before furnaces 1 and 2 are on two floors in the
physical system.
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The boundaries of the system that is simulated are from the casting pits to the binding machines.
Therefore the casting furnaces are excluded in this project as well as where the aluminum
extrusion billets travel after they have been packed at the binding machines. The frequency test
of the aluminum extrusion billets is excluded in this project where it is considered to be done
automatically on the conveyor as the extrusion billets travel after they enter the system from
the casting pits and therefore not to be measured as a single activity with a specific operation
time. The billet saw for faulty extrusion billets is also not considered since the percentage of
faulty extrusion billets is known and no need to measure it further in this project.

3.1 Detailed explanation of the system
The aluminum extrusion billets vary both in diameter, weight and composition. In this project
seven different diameters of the extrusion billets are taken into account, the number of extrusion
billets cast for each of the seven diameters, as well as different homogenization time the slabs
need in the furnaces depending on three different homogenization programs of the aluminum.
The weight of the extrusion billets is therefore excluded in this project. In table 1 it is possible
to see the various diameters of the extrusion billets as well as batch size cast (no. of extrusion
billets) with respect to each diameter.

Table 1: Diameter and batch size cast of the aluminum extrusion billets.

Diameter (mm)

Batch size (pcs.)

178

106

203

82

215

72

228

64

254

52

279

42

305

36

The furnaces are divided into two compartments, heat compartment and homogenization
compartment. There are three different homogenization programs, where the time that the
extrusion billets need to spend inside the homogenization compartment is different as well as
the required temperature that the extrusion billets need to reach. In table 2 the name of the
8

homogenization programs, as well as required homogenization time and homogenization
temperature can be found.

Table 2: Homogenization program for aluminum extrusion billets.

Homogenization

Homogenization

Homogenization time

program

temperature (°C)

(min.)

XXXX

XX

XX

XXXX

XX

XX

XXXX

XX

XX

Note that the homogenization time only applies to the homogenization compartment, not the
heat compartment of the furnaces, therefore the total time that one extrusion billet spends in
one of the furnaces is longer. More detailed explanation of the furnaces, how they are divided
and other information is in chapter 3.2 Activities and relevant data.

3.2 Activities and relevant data
As has been mentioned the process is quite detailed. Following is a further explanation of what
is performed at each activity of the process regarding manufacturing extrusion billets at ISAL
casthouse and what data applies to each activity.

 Casting pits:
The casting pits VDC3 and VDC4 are the starting points of the process. Still it is worth
mentioning that casting pit VDC3 receives molten aluminum from casting furnaces 26 and 27,
and casting pit VDC4 receives molten aluminum from casting furnaces 28 and 29. At the casting
pits the aluminum extrusion billets are cast, the casting length is 8 meters. From a given
production plan it is possible to know the diameter of the extrusion billets, the homogenization
program to be used and at what time the extrusion billets enter the system. The number of
extrusion billets cast at once is dependent on their diameter as can be seen in table 1.
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 Conveyors:
There are several conveyors in the casthouse. Even though they are not considered to be an
activity in the manufacturing process it is important to explain the details of them. The
horizontal conveyors travel at 1,5 meters per minute were the extrusion billets lie across them,
therefore the space they occupy on the horizontal conveyors is according to the diameter. The
vertical conveyors travel at approximately 20 meters per minute, the space that the extrusion
billets occupy on them is according to the length of the extrusion billets. Another important
factor of the vertical conveyors that needs explaining is that the vertical conveyors before and
after billet saw in the system have a travelling speed in synchronization with the operation time
of the billet saw, so the speed is a little faster than 20 meters per minute. This is to prevent a
bottleneck on those conveyors.

 Billet saw:
Every extrusion billet travels with the conveyor to a billet saw which trims both ends of the
slabs. Their original length is 8 meters, after trimming the length is 7 meters. The billet saw can
only operate on one extrusion billet at a time and in this project it is assumed that the operation
time of the billet saw is 50 sec. per extrusion billet, which is according to information given by
an expert at ISAL.

 Furnaces:
There are three furnaces, they vary in size. The extrusion billets travel by the conveyor to one
of the three furnaces where they will be homogenized. Following is a detailed description of
every furnace and constraints connected to each of them.



Furnace 1:

The furnaces are divided into two compartments, one where the optimal temperature is reached
and one where the optimal temperature is held. Furnace 1 has 75 seats for reaching the optimal
temperature and 75 seats for maintaining it, 150 seats in total. Figure 3 shows visually how the
furnace is divided.
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Figure 3: Division of seats in compartments of furnace 1 (Steinarsson, 2016).

Now the frequency of extrusion billets routing in and routing out of the furnace depends on the
homogenization program and the size of the furnace, more specifically the size of the
homogenization compartment. The frequency can be explained as the rate of how fast every
extrusion billet moves one seat in the furnace. Calculated frequencies for each homogenization
program at furnace 1 can be seen in table 3 where the homogenization time, which can be seen
in table 2, is divided by the number of seats in the homogenization compartment. Multiplying
the frequency rate with the total number of seats available gives the total time the extrusion
billet spends inside the furnace, which can also be seen in table 3.

Table 3: Frequency and total time of homogenization programs in furnace 1.

Seats in
homogenization
compartment
Total seats in
furnace 1



XX

XX

XX

75

Frequency rate (min.)

XX

XX

XX

150

Total time (min.)

XX

XX

XX

Furnace 2:

Furnace 2 also has 150 seats in total, but the seats in the furnace are divided differently between
compartments. Furnace 2 has 50 seats to reach the optimal temperature and 100 seats to
maintain it, so the homogenization compartment has 25 more seats than furnace 1. In figure 4
it is possible to see visually the division of compartments in furnace 2.
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Figure 4: Division of seats in compartments of furnace 2 (Steinarsson, 2016).

The frequency calculation of extrusion billets of every homogenization program routing in and
out of furnace 2 can be seen in table 4 as well as the total time. The frequency of the extrusion
billets moving one seat in furnace 2 is shorter than for furnace 1, since the homogenization
compartment is larger. Therefore the cycle time is also shorter for extrusion billets going
through furnace 2.

Table 4: Frequency and total time of homogenization programs in furnace 2.

Seats in
homogenization
compartment
Total seats in
furnace 2



XX

XX

XX

100

Frequency rate (min.)

XX

XX

XX

150

Total time (min.)

XX

XX

XX

Furnace 3:

Furnace 3 is smaller than the other two. Both furnace 1 and 2 have 150 seats in total but furnace
3 only has 43 seats in total. There are only 15 seats available for reaching the optimal
temperature and 28 seats to maintain it. Division of heat and homogenization compartments
can be seen in figure 5.

12

Figure 5: Division of seats in compartments of furnace 3 (Steinarsson, 2016).

Since furnace 3 is much smaller than furnaces 1 and 2 the frequency rate is much higher for
every homogenization program. In table 5 it is possible to see the frequency rate for each
homogenization program as well as the total time that one extrusion billet spends in the furnace.

Table 5: Frequency and total time of homogenization programs in furnace 3.

Seats in
homogenization
compartment
Total seats in
furnace 3

XX

XX

XX

28

Frequency rate (min.)

XX

XX

XX

43

Total time (min.)

XX

XX

XX

 Air cooling and quenching:
After homogenization the extrusion billets are air cooled. There are 40 seats available for air
cooling at furnace 1, 28 seats at furnace 2 and also 28 seats at furnace 3. The frequency of the
extrusion billets moving one seat in air cooling is the same as the frequency of the extrusion
billets moving one seat in the furnaces, directly related to the size of the furnaces and the
homogenization program of the extrusion billets. For example extrusion billets of type XXXX
travel one seat in the air cooling every X minutes, so the total time in air cooling are X minutes.
Further details on total air cooling times can be seen in table 6.
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Table 6: Total time of air cooling dependent on size, furnaces and homogenization programs.

Air cooling:

After furnace 1
40 seats (min.)

After furnace 2
28 seats (min.)

After furnace 3
28 seats (min.)

XX

XX

XX

XX

XX

XX

XX

XX

XX

XX

XX

XX

Aluminum extrusion billets that are homogenized at furnace 1 or furnace 2 are also quenched
after being air cooled, where the same frequency applies according to homogenization program
as can be seen in table 3 for furnace 1 and table 4 for furnace 2. Only one extrusion billet is
quenched at a time.

 Binding machines:
When the extrusion billets have been air cooled (and quenched after furnaces 1 and 2) they
travel by the conveyor to one of two binding machines. The binding machines pack the
extrusion billets in different sizes of batches dependent on the diameter of the extrusion billets,
those information can be found in Appendix A. However this project will focus solely on the
time it takes to pack the whole batch of each diameter that enters the system. The operation
time of packaging the initial batch size according to diameter was calculated from the
information in Appendix A and can be seen in table 7 below.

Table 7: The time it takes to pack the initial batch size of every diameter at the binding machines.

Diameter (mm)

Total time (min.)

178

No. extrusion billets
(initial batch size)
106

203

82

91,00

215

72

91,00

228

64

92,00

254

52

103,50

279

42

103,50

305

36

103,50

14

78,00

After the extrusion billets have been packed at the binding machines they are stacked. No
further explanation will be made of what is done to the extrusion billets after they have been
packed since the scope of the project is limited to the flow from casting pits to binding
machines.
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Chapter 4
The simulation model
Simul8 is a relatively simple simulation software which was used in this project to simulate the
physical process of manufacturing aluminum extrusion billets at ISAL casthouse. The
professional edition was used in order to have every feature available to simulate the process
as accurately as possible. A simulation of a physical system in Simul8 consists normally of a
starting point where the work items flow into the system, activities which have some
distribution or operation time and an end point. If the activity is busy it is possible to collect
every work item in a queue which stores them until the activity is available to operate.
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Figure 6: The Simul8 model of the manufacturing process of aluminum extrusion billets at ISAL casthouse.
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The simulation model can be seen in figure 6, where it is possible to see the start points,
conveyors, activities and end points of the system. To be able to simulate the manufacturing
process, three labels where created and linked to the work items, which in this case are the
extrusion billets. Labels are used to attach a value or an attribute to the work item. For this
simulation the labels are the following:


Diameter [178mm = 1, 203mm = 2, 215mm = 3, 228mm = 4, 254mm = 5,
279mm = 6, 305mm = 7]



Homogenization [XXXXX = 8, XXXXX = 9, XXXXXX = 10]



Length [178mm = 0,178, 203mm = 0,203, 215mm = 0,215, 228mm = 0,228,
254mm = 0,254, 279mm = 0,279, 305mm = 0,305]

In this chapter the extrusion billets will be referred to as work items to distinguish from the
physical system vs. the simulation model. The number of the label attached stands for of what
diameter and of what homogenization program the work items are. Whenever a work item of
178 mm diameter and XXXXX homogenization program are cast and flow into the system,
they will have the number 1 and 8 attached to it and be recognized by the simulation model as
that type. Same applies to every other possibility. The Length label has a special meaning in
Simul8, it indicates the size of the work items. This is an important factor regarding available
space on the conveyors since Simul8 will read the value of the label and simulate the size of
the work items accordingly. Note that the Length label as it is only applies to horizontal
conveyors, it changes on vertical conveyors to 8 meters before the billet saw and to 7 meters
after it. For simplification, some vertical conveyors appear as an activity or a queue, as can be
seen in figure 6, where the number of work items allowed inside are limited according to the
length of the conveyor in the physical system.

The starting points are the casting pits VDC3 and VDC4 where the system boundaries are.
Instead of having random flow from casting pits VDC3 and VDC4 into the system, the flow is
known from the production plan. The production plan is linked to every possible diameter and
homogenization program that can be manufactured. As was stated before there are seven
different diameters with three different homogenization programs that are considered in this
project. Therefore the starting points are 21 for VDC3 as well as VDC4, where each possibility
of a diameter and a homogenization program has a specific starting point. This is done in order
for Simul8 to attach the right label values of Diameter and Homogenization to the work items
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when they enter the simulation from the starting points. It is possible to see in figure 7 the
different starting points from VDC3. The starting points were made a sub-process in order to
simplify the visual aspects of the process as can be seen in figure 6. The sub-process is the same
for starting point VDC4. The diameter, homogenization program, the time that the work items
flow into the system as well as the batch size are the information each starting point has.

Figure 7: Sub-process of 21 starting points for every available combination of diameter and homogenization
program from VDC3.

The size of the simulation model is 1:1 where the length of conveyors and the size of the work
items are according to the physical system. The length of conveyors was measured from an
AutoCAD drawing of the system. The speed of the conveyors was set according to the travel
time in the physical system, 1,5 meter per minute on horizontal conveyors and 201 meters per
minute on vertical conveyors. It is very important that the simulation model finishes routing
and working on each batch size that travels into the system from the starting points before
routing in another work item that is of different diameter or homogenization program. This
situation can arise when e.g. 106 work items of 178 mm and XXXXX flow into the system
from starting point VDC4, while the work items are still traveling on the conveyor another
batch of work items can flow into the system from starting point VDC3. The work items flow
one by one from the starting points on the conveyor so a little gap can be between them. In
order for the simulation model to route the total number of work items that arrive of a specific
batch size to the first activity before routing in other work items that comes from the other
starting point a vertical conveyor was created in the form of a sub-process. This vertical
1

The speed of the vertical conveyor before and after billet saw is according to the operation time of the billet
saw, or a little faster than 20 meters per minute. This applies to vertical_conveyor2, vertical_conveyor3,
vertical_conveyor4 and vertical_conveyor5 that can be seen in figure 6.
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conveyor can be seen in figure 6 as vertical_conveyor2. Here below in figure 8 it is possible to
see the whole sub-process of that conveyor where the work items are sorted by diameter and
processed as a batch toward the queue before the billet saw.

Figure 8: Sub-process for vertical conveyor 2, the queue before billet saw and the billet saw.

Whenever the queue has finished collecting the initial batch size of the diameter the activity
routes in the whole batch towards the queue before the billet saw. One resource was attached
to the activities Q178mm to Q305mm therefore only one activity can route work to the queue
before billet saw at a time. From that queue the applied rule is that the oldest work items are
routed first into the billet saw. This queue can therefore store many work items at once but
always finishes routing in the first batch that arrived of work items one by one before routing
the next batch that arrives to the queue. In the physical system the extrusion billets form a queue
on the conveyors after the casting pits but in the simulation model the queue is next to the billet
saw. The first activity that the work items travel to after entering the system is the billet saw
where the operation time is 50 sec. per work item, or 0,833 min. per work item. The efficiency
of the billet saw was set to 95% which is according to the manufacturer of the machine.

As mentioned before the professional edition of Simul8 was used to simulate the manufacturing
process. With the professional edition it is possible to use “visual logic” which is a
programming tool within Simul8. The programming tool made it possible to program different
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constraints for different homogenization programs for furnace 1, furnace 2 and furnace 3. After
going through trimming at the billet saw the work items travel to one of the three furnaces. The
time each work item spends inside the furnace is dependent on the homogenization program as
well as the size of the furnace which can be seen in tables 3, 4 and 5 respectively. The efficiency
of furnaces 1, 2 and 3 was also set to 95% which is according to the manufacturer of the
machines.

To be able to receive 150 work items in furnace 1 and furnace 2 and 43 work items in furnace
3, there was a need to “replicate” the activities accordingly. With the replication it was no longer
available to see the utilization of the furnaces. After trial and error it was decided to attach
available resources to each of the furnaces that represent the number of seats in each furnace,
which can be seen in figure 9, since it is possible to see the utilization of the resources after
each simulation run. That gives equivalent information of the utilization of the furnaces.

Figure 9: Number of resources attached to replicated activities, furnaces and air cooling.

Figure 9 shows the number of resources. The Fur1 resources are attached to furnace 1, Fur2
resources are attached to furnace 2 and Fur3 resources are attached to furnace 3. The resources
are as many as the number of seats available at each furnace. It is also possible to see the
resources attached to air cooling activity, but that will be addressed in more detail later in this
chapter.

21

A very important constraint in the system is that if a furnace is processing homogenization
programs XXXXX or XXXXX, then it must hold off routing in XXXXXXX even though there
are seats available in the furnace. That is because the two previously mentioned have a higher
homogenization temperature to reach, XX°C, than the latter, XX°C. The same applies when a
furnace is processing XXXXXXXX, even though there are seats available inside the furnace it
must wait to route in work items with homogenization programs XXXXX and XXXXX.

In order to simulate this correctly a “gate” was created. This gate is before the furnaces, as can
be seen in figure 6 and it has one resource attached to it. A new label was created:


XXdegrees [XXXXXXXX = 11]

Where only the work items entering from starting points with Homogenization = 10 were given
this number. The gate was set to take zero operation time and therefore the work items were
routed directly into the furnace unless the XXdegrees label changes.

A variable was created which stores the calculated finishing simulation time of the last work
item entering the furnace before the label XXdegrees changes to the value 11. The variable was
programmed as follows:
Finish_ = simulation time + furnace operation time
This variable Finish_ changes each time a new work item enters the furnace. The “gate” was
then set to have a change over time, which is equivalent to have a “warm up time”, every time
the label XXdegrees changes either from zero to 11 or from 11 to zero which is the number that
every other starting point gives the work items that have Homogenization values 8 or 9 attached.
The change over time is the calculated remaining operation time of the last work item that enters
the furnace:
Change over = Finish_- simulation time
From this equation Simul8 knows that whenever the label XXdegrees changes the gate will
hold off routing work items into the furnace for the remaining operation time of the last work
item that entered. In Appendix B it is possible to see the programmed visual logic for furnace
1 and gate 1. This was done for the three furnaces in the system.
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Air cooling after furnaces 1, 2 and 3 were also replicated according to size and resources
attached, as can be seen in figure 9, to be able to see the utilization. Visual logic was then
used to program different operation time which were calculated and can be seen in table 6.

After air cooling and quenching the work items travel then by the conveyor to one of two
binding machines as has previously been mentioned. In the physical system the extrusion billets
are packed in a specific number of smaller batches according to diameter. This was simplified
for the model where it is assumed that the original batch size of work items flowing into the
system are packed together according to the operation time that can be seen in table 7. To do
that each diameter was collected in as many queues. Then from each of the seven queues a
routing arrow was made to a specific packaging machine of which there are seven in total, one
for each diameter. The following figure, figure 10, shows the queues and binding machines 1
and 2.

Figure 10: Binding machines 1 and 2.
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As can be seen from figure 10, it looks quite complicated because of the routing arrows,
therefore the binding machines and the queues were made a sub-process as can be seen in figure
6 of the entire simulation model. One resource was attached to the seven binding machines
number 1 and another resource attached to the seven binding machines number 2. With only
one resource at each binding machine attached limits the availability to pack more than one
diameter at a time since the physical system only has two binding machines but not 14. The
binding machines do not start collecting the work items until the whole batch, according to
diameter, is available. Note that the binding machines do not assemble the work items, they
route the same number of work items out as enter each binding machine. The binding machines
are then connected to separate end points where the number of work items that have been
processed are counted.

4.1 Verification and validation of the model
The model was tested where it was verified and validated. Validation of the model was made
by an expert at ISAL which has profound understanding of the physical system. According to
comments the model was changed and updated in order to mirror the physical system as
accurately as possible. Verification is similar to debugging where it is verified whether the
model is programmed correctly. It was observed at a slow speed where it was examined whether
every programmed part worked correctly e.g. when different type of work items (with different
label values attached) enter the furnaces that the operation time of it changed accordingly. As
well as verifying the programmed part of the model, the routing and every feature of the
activities were observed and verified.

4.2 Running the simulation model
The time unit in the simulation model is minutes and the working hours are 24 hours a day,
seven days of the week. The simulation model excludes overtime. The production plan that was
used and examined in this project is in form of an Excel document, it is from March 1st 2017 to
March 31st 2017 and can be found in Appendix C. The model was simulated for four weeks, or
from March 1st 2017 to March 28th 2017, were no warm up time was considered hence the
simulation model of the casthouse is empty, or with no work in progress when running the
simulation model. By excluding warm up time it gives the possibility to only analyse the results
from March 2017 production plan.
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Figure 11: Routing from vertical conveyors in the red box.

Before running the simulation model the routing to furnaces 1, 2 and 3 was adjusted. The
routing to furnaces 1, 2 and 3 is programmed from the vertical conveyor activities that can be
seen in figure 11 above inside the red box, more specifically vertical_conveyor3,
vertical_conveyor4 and vertical_conveyor5. For the results of this project only work items with
label Homogenization = 8 are routed to furnace 1, work items with label Homogenization = 8
and 9, are routed to furnace 2 and work items with label Homogenization = 10 are routed to
furnace 3. Therefore the constraint that was explained here above in chapter 4 is not put to the
test, but of course can be used when different routing is applied.
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Chapter 5
Results
In order to simulate the manufacturing process of aluminum extrusion billets from a given
production plan using Simul8, all data and information were collected from an expert at ISAL.
The production plan is the input to the simulation and was in form of an Excel document where
the time when the aluminum extrusion billets enter the system from casting pits VDC3 and
VDC4 as well as the batch size were used in the starting points of the simulation model. In this
chapter the production plan from March 2017 was used and the results analysed when running
the simulation model for the first four weeks of that month. For the remaining of this chapter,
extrusion billets will be referred to as work items. The results are separated into two chapters,
one which contains results about the homogenization programs and diameters of the work items
and the other which contains results from the activities.

5.1 Homogenization programs and diameters
Simul8 collects various results about the work items, activities and resources after the
simulation model has finished running. Before running the simulation model it is possible to
know the number of work items that should flow into the system by analysing the production
plan, from March 1st 2017 to March 28th 2017. Exactly 25.768 work items should flow into the
system, both from casting pits VDC3 and VDC4, but that doesn‘t necessarily mean that the
same number of work items travel through the whole simulation model towards the end points.

In the following table, table 8, it is possible to see results from the end points (which collect the
work items) of the model after the simulation model has finished running. Table 8 gives
information on how many work items travel through the whole simulation model as well as
details about them.
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Table 8: Results from end-points of the simulation model.

End 1

End 2

Summary

Work completed (psc.)

12.388

12.404

24.792

Minimum time in system (min.)

662,16

804,43

Average time in system (min.)

2.728,56

2.627,70

Maximum time in system (min.)

5.686,89

5.454,08

Standard deviation (min.)

1.165,88

1.145,54

Table 8 shows that out of 25.768 work items entering that 24.792 work items go through the
whole system and are considered finished products, which is quite a lot. The main difference
of these numbers can be explained by the fact that some work items are still in the system being
processed at different activities as well as some of them recently entered the system when the
simulation stopped. Numbers on minutes spent in the system can also be seen in table 8, where
work items are on average approximately 44 to 45 hours in the system. There is not a lot of
difference of number of work completed between the two end points because they draw work
from each binding machine, which are attached to either end 1 or end 2 and those machines are
equally likely to receive work.

Of the work items that travelled through the whole system to the end points, it is possible to see
segregated results. Meaning it is possible to analyse how many work items of what type,
diameter and homogenization program, were processed. The following table, table 9, gives
segregated results of the previously mentioned.
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Table 9: Segregated results of work items going through the simulation of ISAL casthouse.

XXXX

XXXX

XXXXXX

Number completed

21.128

3.540

124

178 mm

5.512

5.512

0

0

203 mm

11.234

10.496

738

0

215 mm

2.016

1.584

360

72

228 mm

1.920

1.280

640

0

254 mm

3.120

1.716

1.352

52

279 mm

630

504

126

0

305 mm

360

36

324

0

From table 9 it is possible to see how many work items of each diameter and homogenization
program travelled through the whole simulation model of ISAL casthouse. The numbers outside
the red box are given by Simul8, but the numbers inside the red box were manually calculated
from the difference of how many work items of each diameter and homogenization program
were cast from casting pits VDC3 and VDC4 and the work items that were still being processed
in the simulation model. From table 10 it is possible to see the calculated percentage of how
many work items of each diameter and homogenization program were cast of the total
manufactured work items, which were 24.792 work items as has been stated.

Table 10: Percentage of total work items manufactured.

XXXX

XXXXX

XXXXXXX

178 mm

22,23%

0,00%

0,00%

203 mm

42,34%

2,98%

0,00%

215 mm

6,39%

1,45%

0,29%

228 mm

5,16%

2,58%

0,00%

254 mm

6,92%

5,45%

0,21%

279 mm

2,03%

0,51%

0,00%

305 mm

0,15%

1,31%

0,00%

Summary

85,22%

14,28%

0,5%
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From these results it is possible to see that over 42% of the production was of 203 mm and
XXXXX type and the second most produced work item was of diameter 178 mm and XXXXX,
or 22,23%. A very small number of homogenization program XXXXXXXX is produced,
however that is according to the production plan of March 2017.

5.2 Activities
As was stated in chapter 1.1 one of the objectives of this project was to analyse the utilization
of the system. Looking at each activity individually: billet saw, furnace 1, furnace 2, furnace 3,
binding machine 1 and binding machine 2 the following results were given by Simul8.

 Billet saw:
The billet saw is the first activity that the work items arrive to. Here are detailed results
regarding it.

Table 11: Utilization of billet saw, % of simulation time.

Billet saw
% Waiting

42,50

% Working

52,50

% Blocked

0,00

% Stopped

5,00

Number of completed jobs

25.398

From table 11 it is possible to see the utilization of the billet saw which was calculated by the
simulation model. It is never blocked, because the conveyor after billet saw is always available
to accept work since the time for one work item traveling that conveyor is in synchronization
with the operation time of the billet saw as has been mentioned. It is interesting to see that 43%
of the simulation time the billet saw is waiting for work to arrive. Now according to results the
billet saw has completed trimming 25.398 work items out of 25.768 that have been cast,
therefore 370 work items are still in the simulation model before billet saw. Out of the total
number of work items that have finished being processed, 24.792, there are 606 work items in
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the system after billet saw. Since the efficiency of the billet saw is 95% it is no surprise that it
is not working 5% of the simulation time. Utilization results of the billet saw can be seen
visually on a pie chart in figure 12 below.
% Stopped
5%

Billet saw
% Waiting
43%

% Blocked
0%

% Waiting
% Working
% Blocked
% Stopped

% Working
52%

Figure 12: Utilization of billet saw.

 Furnaces:
As was explained in chapter 4, the utilization of the furnaces is calculated from the resources
attached since the feature of seeing it directly from the furnaces is no longer available after
being replicated according to available seats at each furnace.

Table 12: Results from furnaces.

Furnace 1

Furnace 2

Furnace 3

No. of completed jobs

17.942

6.904

124

Current contents

149

11

0

% Utilization

97,42

45,74

8,32

Average use

144,28

68,01

1,68

Maximum use

150

150

43

% Change over

0

0

0

Table 12 shows results from furnaces 1, 2 and 3. They are given with respect to 95% efficiency
rate as well as 95% availability of resources. When the simulation model has finished running
it is possible to see that there is a large queue with awaiting work items on the conveyor before
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furnace 1. That could be explained by the fact that in the routing to the furnaces for this
simulation that Homogenization = 8, which is XXXXX homogenization program, is preferred
to furnace 1. The utilization of furnace 1 is therefore very high since information in tables 9 and
10 give that most work items being cast according to March 2017 production plan are of that
homogenization program. Note that the change over percentage is 0 for all the furnaces since
the routing of Homogenization = 10 or XXXXXXXX is only to furnace 3. Furnace 3 does
therefore not accept any other homogenization programs for the run and results of this
simulation.

 Air cooling and quenching:
The following results from table 13 are from air cooling and quenching after furnaces.

Table 13: Results from air cooling and quenching.

Air

Air

Air

Quenching1 Quenching2

cooling1

cooling2

cooling3

No. completed jobs

17.896

6.878

124

17.895

6.878

Current contents

40

15

0

1

0

%Utilization

88,88

38,78

3,30

88,76

38,76

Average use

37,83

12,34

0,92

0,89

0,39

Maximum use

40

28

28

1

1

The utilization for air cooling after furnace 1 is the most considering that the most number of
work items are routed to it. The number of completed jobs at quenching1 and the work item
that is currently in quenching ads up to the number of completed jobs at air cooling after furnace
1. When the simulation stopped there were 40 work items in air cooling after furnace 1 and 15
work items in air cooling after furnace 2.
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 Binding machines:
Each of the binding machines has seven sub-processes were one activity works on a specific
diameter. In order to see the utilization for each binding machine, the utilization of the resource
attached was analysed. In table 14 it is possible to see the results from binding machine 1 and
in table 15 it is possible to see the results from binding machine 2.

Table 14: Results from binding machine 1.

%Waiting

%Working

No.

Current

completed

contents

%Utilization

jobs
Packaging1_178mm

93,07

6,93

27

0

Packaging1_203mm

82,89

16,96

66

82

Packaging1_215mm

95,84

4,11

16

0

Packaging1_228mm

96,58

3,42

15

0

Packaging1_254mm

92,87

6,99

31

0

Packaging1_279mm

98,87

1,13

5

0

Packaging1_305mm

98,98

0,97

5

0

40,52

Binding machine 1 is never blocked or stopped since it is assumed that the efficiency rate is
100%. Note that the number of completed jobs is in batches since Packaging1_178mm
activity collects 106 work items before beginning work, Packaging1_203mm collects 82 work
items and so forth. From table 13 it is possible to see the division of packaging by diameter, it
is clear from results above that the most used sub-process is that of 203 mm diameter. That is
in synchronization with the results from tables 9 and 10.
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Table 15: Results from binding machine 2.

%Waiting

%Working

No.

Current

completed

contents

%Utilization

jobs
Packaging2_178mm

93,58

6,42

25

0

Packaging2_203mm

81,63

18,23

71

0

Packaging2_215mm

96,87

3,08

12

0

Packaging2_228mm

96,53

3,42

15

0

Packaging2_254mm

93,27

6,55

29

0

Packaging2_279mm

97,74

2,26

10

0

Packaging2_305mm

98,93

0,97

5

0

40,92

The same applies to binding machine 2 as does for 1, it is never blocked nor stopped since the
efficiency rate is 100%. There is not a lot of difference between the utilization of the two
binding machines. That can be explained by the fact that as soon as resource for binding
machine 1 or binding machine 2 is available it will draw work into the activity. Therefore it is
almost equal chance of going to binding machine 1 or binding machine 2.

 Conveyors:
Results from conveyors give information that the bottleneck in the system is furnace 1. That is
due to the fact that most work items flowing into the system are of homogenization type
XXXXX which is preferred to furnace 1. The first two conveyors, which are attached to separate
starting points in the simulation model, are sometimes blocked due to how frequently the work
items flow into the system.
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Chapter 6
Conclusion
The results from running the simulation model for four weeks with the production plan from
March 2017, give that the throughput of the system is very high. Out of the 25.768 work items
that entered the simulation model from casting pits, 24.792 had finished being processed.
Utilization of the system is therefore high even though some activities are not being optimized,
such as furnace 3. The waiting time of the billet saw for the simulation is quite high, but the
reason for that can be explained by the fact that the operation time is very short for each work
item and the time period being simulated is long.

The main bottleneck of the system is furnace 1, but because of the routing preferences of
XXXXX homogenization program to that furnace the results are not surprising. Also the
conveyors that lie from casting pits VDC3 and VDC4 are sometimes blocked because of how
frequently the work items arrive into the system. With respect to these bottlenecks it is
interesting to see how the average time of one work item in the system will change if the
simulation is run for longer period. Drawing conclusion from the results, that time is likely to
increase.

The simulation model gives a simplified idea of how the manufacturing process is actually at
ISAL casthouse, but with more adaption of the physical system to the simulation model it is
possible to make it even more detailed and accurate. That opens the possibility of optimizing
the simulation model where the results could be used for the physical system of manufacturing
aluminum extrusion billets at ISAL casthouse.
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6.1 Future work
The simulation model that was built in this project can easily be adapted to consider more types
of extrusion billets and constraints. The smelter manufactures around 200 different products in
the casthouse where only 21 were considered in this project. By adding more labels and values
it will be possible to consider more details of the products. For example the weight of the
extrusion billets can be added as a new label where the value given to the work items would be
the weight of one extrusion billet of that particular type in the physical system. With that
addition it would be possible to see how many tons of aluminum is produced.

As well as adding more labels and attach it to the work items in the simulation model it would
be interesting to consider maintenance of the machines in the casthouse, since the machines of
the physical system require maintenance after being used for a specific period of time. The data
for maintenance is known at ISAL therefore it would be interesting to see how it changes the
results. Excluded activities are stated in chapter 3, were the billet saw for faulty extrusion billets
was not considered in the simulation model. By adding the percentage of aluminum extrusion
billets that are faulty to the model and creating a new activity between the binding machines,
would in fact change the results of the throughput of the system as well as results from binding
machines.

Another interesting factor that could be explored is that if the production increases for a
particular diameter, how that affects the manufacturing of other. That also gives the opportunity
to explore how many extrusion billets can go through the whole system of one particular type
in order to find the best product mix of extrusion billets where the system is optimized with
respect to constraints.
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Appendix A
Information on packaging time for each batch of diameter at binding machines 1 and 2.
Diameter

No. of extrusion billets

No. of packed

(initial batch size)

batches

178 mm

106

18

5,75

203 mm

82

18

5,75

215 mm

72

18

5,75

228 mm

64

16

5,75

254 mm

52

14

6,50

279 mm

42

14

6,50

305 mm

36

12

6,50
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Minutes per batch

Appendix B
Programmed visual logic for Fur1.

Programmed change over time for Gate 1: Fixed value = Finish_-Simulation Time, when
XXdegrees label changes.
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Appendix C
Production plan for ISAL casthouse from March 2017.
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