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Summary
This Master Thesis has been carried out at Sapa Heat Transfer AB (SHT) in Finspång.
SHT manufactures and delivers rolled aluminium strips primarily designed for
manufacture of heat exchangers for the automotive industry. Increased demand and
limited production capacity has called for improved production planning to meet the
needs of the customers. Along with changes in the business culture and production
philosophy this puts demand on existing processes to be mapped out and analysed.
Our work focuses on an analysis of the processes for full and partial annealing of
aluminium coils. These processes are to some extent not part of today’s planning
system, which makes management of material and process flows in these parts more
difficult. A large product variety and variations in process flows are other factors that
make planning and analyses of the processes difficult, leading to inefficient production
management with high inventory levels, long lead times and decreased delivery
performance.
Due to the lack of process mapping, we have also found inadequacies in the way costs
are distributed between operations. Consequently, our problem and task formulation is
twofold incorporating both capacity issues as well as costs. With the problem at hand,
we have chosen to focus our frame of reference on the areas of production strategy,
capacity, process flow analysis and measurement and cost management. The theories
have then formed a toolbox with which to analyse the processes for annealing.
We have established a new process mapping by initially investigating the strategic
dimensions of the company and the processes for annealing, in order to later on
establish performance measures congruent with the business objectives. Furthermore
we have conducted extensive calculations and analyses to facilitate the successful
implementation of a Just-in-time production philosophy, including necessary process
improvements and redesigns to be made.
New values for net availability of the furnaces have been established through
calculations based on observations, interviews and data analysis. Through our studies
we have also been able to identify areas with improvement potential, mostly for 035furnaces. The process of annealing in 057-furnaces is evidently carried out in a more
appropriate manner. The knowledge and implementation of correct values for net
availability is of utter importance since this forms a basis for our conclusions
regarding in what way the furnaces should be utilised within the context of the JIT
production system.
Based on historical data we have put together a set of parameters that are used for
calculations regarding the utilisation of the furnaces. Within the model we have
developed scenarios describing the degree of JIT-philosophy and the starting point is
that such a philosophy should be used to as large an extent as possible, but in reality
capacity limitations do not permit this.

For the 035-furnaces we conclude that a concept of Partial-pull should be used,
resulting in important improvements on our suggested performance measures. For the
057-furnaces, we propose that an investment in additional furnace capacity is made
shortly. This would facilitate the successful implementation of a Full-pull strategy in
the 057-furnaces with major improvements on process performance measures as a
result.
Our proposed changes will lead to shorter lead times and low levels of WIP, which are
important success factors of a JIT-based production philosophy. We also place our
developed capacity analysis tool at SHT’s disposal for future use while calculating
other processing scenarios or the effect of load changes and/or product mix variations.
This tool can also serve as a benchmark for capacity analysis of other processes at
SHT.
Finally, we have been able to establish more accurate costs per machine hour for full
and partial annealing to be implemented in the managerial system. We believe that the
processes for annealing are not the only ones suffering from poor cost control, why we
would suggest that SHT investigates the cost distribution in more processes, and also
develops and follows better guidelines for cost control.

Reading directions
These recommendations have been compiled to enable readers to swiftly get an
overview of the thesis content and to find the chapters of most interest. In order to gain
a full understanding of our work we however recommend that the report should be
read in its entirety if possible. We would also like to inform the reader that information
of sensitive nature has on request from Sapa Heat Transfer AB been censored.

Readers with limited time
Start by reading the background, purpose and limitations in chapter 1. Continue by
reading the problem and task formulation in chapter 3 and then move on to chapter 6
where we present our conclusions. If a more thorough understanding of our analysis is
wanted the reader can hopefully use the table of contents to find the chapters of
interest in our problem analysis.

Employees at Sapa Heat Transfer familiar with the processes
People with good insight in the processes for annealing and the problems present today
should start by reading the background, purpose and limitations in chapter 1. The
remainder of chapter 1 and the entire current state description in chapter 2 can then be
omitted. Chapter 3 is important since the problem is presented in more detail in this
chapter. Leave out chapter 4 if you are not interested in the theoretical foundation used
to solve the problem and continue by reading the problem analysis in chapter 5
thoroughly. Finally, read our conclusions in chapter 6 to get a final summary of our
recommendations.

Other employees at Sapa Heat Transfer
Follow the guidelines as stated above but also read the current state description in
chapter 2 to obtain a necessary understanding of the processes for annealing and cost
distribution.

Tutors, opponents and other readers
These readers should read the report in its entirety in order to gain a full understanding
of our work.
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Chapter 1 - Introduction

1 Introduction
We start the thesis by introducing the reader to the background of our work and the
purpose thereof. We also state the limitations that apply to the project and describe the
methodology used during the thesis work.

1.1 Background
A master thesis is the final phase in the Master of Science in Industrial Engineering
and Management programme and is equivalent to 20 weeks of full-time studying. The
object for us is to by aid from earlier obtained knowledge independently identify,
analyse and solve problems. This process is documented in an academic report which
is presented to our tutor at the university and representatives of the host company.
This master thesis has been carried out at Sapa Heat Transfer AB in Finspång,
henceforth referred to as SHT. At an initial meeting SHT presented an interesting task
in a challenging environment which corresponded well with our production
management concentration.
SHT manufactures and delivers rolled aluminium strips primarily designed for
manufacture of heat exchangers to the automotive industry. Increased demand and
operations near the capacity limit have called for improved production planning to
meet the needs of the customers. Along with changes in the business culture and
production philosophy this puts demand on existing processes to be mapped out and
analysed.
Our work focuses on an analysis of the processes for full and partial annealing of
aluminium rolls. These processes are to some extent not part of today’s planning
system, which makes management of material and process flows in these parts more
difficult. A large product variety and variations in process flows are other factors that
make planning and analyses of the processes difficult, leading to inefficient production
management with high inventory levels, long lead times and decreased delivery
performance.

1.2 Purpose
The purpose of this master thesis is to map out and analyse the processes for full and
partial annealing of aluminium rolls and their interfaces with internal suppliers and
customers. This analysis is presumed to result in proposals of how to improve the
planning situation and cost allocation, in the context of the implementation of a Justin-time production philosophy.
Our suggested proposals are expected to shorten process flow times, decrease
inventory levels and improve delivery performance and our work is also presumed to
form a basis for similar analyses to be made at SHT in the future

1
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1.3 Limitations
Our investigation comprises the principal process flows regarding furnaces used for
full and partial annealing and their interfacing resources. This means that process
flows in other resources will not be dealt with to any large extent and we will not take
infrequent products or exceptional process flows into consideration. Our analysis is to
a large extent based on the current production order backlog and reported production
data during 2004. This implies that the analysis has not taken products not produced
during 2004 or incorporated in the production order backlog into consideration.
In the case of the 057-group, we have to a large extent disregarded the effects of the so
called 056-furnace. This has led to that we have viewed the 057-furnaces as a group of
only two furnaces and we have tried to withdraw any production data associated with
the 056-furnace. This limitation was necessary because of the small use of the 056furnace and the complexity it would have added to the problem analysis.
Furthermore, we have been forced to restrict the analysis of cost distribution to mostly
incorporate the 035-group because of lack of time and difficulties with measurements.
Our results from the 035-group has however also been applied on the 057-group, with
the reservation for possible generalisations. Finally we have not been able to
implement our suggested changes, and consequently leave this to be done by
experienced employees at SHT. Because of these limitations we have suggested future
possible projects that would complement our work and also strengthen other parts of
the company.

1.4 Methodology
1.4.1 Background
When carrying through a project of this kind, one must both focus on solving the
problem at hand, which is defined by the employer, and on the academic quality and
theoretical foundation. This means that the demands on the report regarding theoretical
stringency are higher that what would normally be the case with an industrial project.
More specifically, the theoretical part of the report, the outline of the report, the
planning and accomplishment of the project and the connection between theory and
results must meet the academic standards set by the examining institution.
Keeping this in mind, the demands and expectations articulated by the employer
regarding value-enhancing results must not be forgotten. This means that it is
important to carefully and continuously question the theoretical foundation so that it
fits with the specified problem. Keeping a focus on the given problem is of utter
importance and one must be aware of that solving the problem at hand is in no way
subordinate the academic parts of the project. This short introduction is meant to
describe the premises under which the methods for the carrying through of the project
must be formulated.

2
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1.4.2 Method theory
When collecting information, one or more of several approaches can be used. Each
method has its own advantages and disadvantages and this must be carefully
considered when deciding upon which method to choose. The chosen research
methods should reflect the expected type of results. These types could be explorative,
descriptive, explanatory or predictive (Lekvall and Wahlbin, 2001).
When the aim of the study is to obtain as much information as possible about an object
and to reach a high level of understanding thereof, the case study approach is suitable.
With this method it is possible to make a circumstantial study of an object or a process.
The mapping of a production process would be one example of when a case study
approach might fit. If on the other hand the study is intended to gather information
about a number of objects and compare the data, this would be a cross sectional
approach. Per definition cross sectional data represents several comparable objects.
Thus, when deciding upon which approach to use, one must first of all take into
consideration what type of results the study should lead to. Secondly, the type of
available data must be considered. (Lekvall and Wahlbin, 2001)
The cross sectional approach can de divided into two sub-groups. When conducting a
study using the survey approach, the object for the study is observed as it is. This
means that the observer must not take active part in what is being observed since the
object should be observed under real-life circumstances. When the observer does take
an active part, we talk about an experimental approach. When using this kind of
method, the observer tries to recreate real-life objects and processes and studies them
in an experimental environment. When using this type of approach, there is always the
risk of meddling too much with the studied objects and the quality of the results is
much dependent on the quality of the experiment. (Lekvall and Wahlbin, 2001)
There is also a distinction made between two principally diverged types of data and
depending upon which kind of data that is of interest, the methods to obtain the data
must be properly adapted. Qualitative data represents information that cannot easily be
quantified, whereas quantitative data per definition represents a quantified picture of
the observed object. Commonly data obtained from a quantitative study is analysed
using some sort of mathematical method. (Lekvall and Wahlbin, 2001) For a graphical
classification of the approaches with examples of relevant studies, see figure 1.1.
Cross sectional study
Case study
Survey
Experimental
Quantitative Cost analysis of
Customer polls with
Experimental
a certain production quantified scales
production in alternative
process
production processes
Qualitative

Figure 1.1

In-depth study
of how a certain
administrative
task is conducted

Interviewing customers This is a seldom
about motives for
occuring alternative
buying our products

Methodology classification (Lekvall and Wahlbin, 2001)
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Lekvall and Wahlbin (2001) also suggest the use of the U-model, which is used for
assuring continuity in the report. The model is a general framework for how to carry
through a project and it is constituted as a timeline in the shape of an U (see figure 1.2).
The left hand part of the U corresponds to the theoretical part of the project, whereas
the right hand part corresponds to the analysis. In order to assure continuity, each step
in the model is to be evaluated and compared to the corresponding part on the other
side of the U.

Figure 1.2

The U-model (Lekvall and Wahlbin, 2001)

1.4.3 Methods used during the project
In order to fulfil the purpose of this project and in the same time accommodate the
restrictions regarding time and money, we had to consider the cost efficiency of
conceivable methods when gathering and analysing data.
Since we have not had extensive prior experience from SHT or any similar industries,
we have been forced to solely rely on information given by the employees at SHT and
the information that has been available in the information system.
A solid academic foundation has been vital for the project, and a great part of this
report is of academic character. The theory that we lean upon has been introduced in
preparatory courses and should be viewed as a foundation for further refined theories.
We have then complemented this foundation with theories that are especially
applicable to the environment at SHT. We have devoted much of our time to study
academic work previously done and to a large extent we have relied on literature
dealing with this particular field of studies, both in printed and electronic form. Also,
we have used other master theses as references at different stages in the project.
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Already from the first day at SHT we have been gathering information about the
company and its processes. Field studies have been an important part of the project
and during these studies we have observed how the work at SHT is carried out. We
have particularly observed the processes associated with the furnaces for the annealing
processes. Data about the processes have also been obtained from the different
information systems in use at SHT. Production data is available in SESAM and more
extensive analysis of this data have been carried out in the Diver software available at
SHT. Additionally, the information available on the Intranet has been of great value to
us. When analysing the found data, we have to a large extent used Microsoft Excel.
The gathering of electronically stored information and the observation of the processes
have been supplemented by interviews with employees at SHT. The interviews have
proved to be an important source of information, especially information of more
qualitative character. We believe that this kind of information constitutes a
considerable part of all information available and that this particular kind of
information also has been of great importance for our understanding of the problems at
hand. In addition to the information gathering mentioned, the energy measurements
conducted have given us data that we not would have been able to obtain in any other
way.
Among the different study methods that were presented and classified in the previous
chapter, we have due to the nature of the problem and other restrictions mostly used a
case study approach. We have to a large extent been able to use quantitative methods,
but some of the methodology used has also been of a qualitative nature, especially at
the beginning of the project. We have also used the U-model continuously, although
not strictly, to secure the continuity of the report.

1.4.4 Method evaluation
In this chapter we intend to evaluate some of the methods that have been used during
the master thesis. We find that the qualitative data served the purpose of laying a
ground for a deeper understanding of the processes associated with annealing, but
further into the project we shifted towards gathering more quantitative data, which was
inevitable and most important for us in order to be able to make the conclusions that
we present at the end of the thesis.
We do believe that we have accomplished what we set out to accomplish and that the
data we have gathered is of good quality and we do not find any cause for concern
regarding basing the conclusions upon the collected data, with the exception of the
measurements and calculations of cost per machine hour. Since many furnace
programs stretches over many hours and since annealing operations are not confined to
run only during daytime, we have not always been able to measure energy
consumption during full programs. Also, the energy consumption is not the same
during the whole program.
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We found it to be meaningless to try to measure energy consumption for each furnace
program since this would have required many more measurements. Also it would not
have been possible for us to carry through such a study without more resources since
many furnace programs are not very commonly used and that we were strictly limited
by time. Regarding the limitations set for the project in chapter 1.3, we find that we
perhaps should have further limited the project and omitted the cost calculations. A
thorough study of the cost of the annealing processes would in itself be scope enough
for a master thesis.
During the course of the project we have made a number of estimations and
assumptions that may have affected the accuracy in some of our calculations. The
estimations and assumptions have however always been reliably based on information
from interviews or theoretical models. For this reason, we believe that our conclusions
are accurate and soundly based, and we are confident that our suggestions and
improvements can be successfully implemented.
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2 Current state description
For the reader to be able to fully understand the problem at hand and to give a solid
background to the problem, we have chosen to give a detailed description of the
present situation at SHT. We begin by describing the organisation and the history of
the Sapa group and the site in Finspång. We continue by describing the products made
by SHT and the market on which the products are sold, with a brief introduction of the
supply chain and the main customers. We also give a view of the present competition
and the strategic situation.
After this we go on by describing the overall production process from smelting and
casting to packaging. The processes for annealing are later on described in detail as
well as the order handling and planning procedures. We end this chapter by
presenting the budgeting procedure and the principles for product cost calculation as
used at SHT today. Readers that are familiar with the mentioned subjects may skip this
chapter.

2.1 Organisation and History
2.1.1 Sapa Group
Sapa AB (Skandinaviska AluminiumProfiler AB) began its journey in 1963 in
Vetlanda. The idea was to be a very flexible producer of aluminium profiles. The main
competitor at that time was Gränges AB and in 1976 Sapa was sold to Gränges and
merged with Gränges’ profile business. Gränges was in turn acquired by Electrolux in
1980 and during the years to come the aluminium business of Electrolux developed
into a well respected supplier at the international market. In 1997 Gränges was spun
off and after a consolidation of the business the name Sapa was reinstated (but this
time without the meaning Skandinaviska AluminiumProfiler AB). Today Sapa has
defined its business concept as: “To offer the market innovative, value- enhancing
solutions based on profiles and strip in the lightweight material aluminium.”
Sapa Group is by tradition organized in few hierarchic levels with short decision paths
and the degree of decentralisation is high. Today Sapa is composed of three core
business areas; Sapa Profiles, which develops and produces aluminium profiles for
several industries, Sapa Building System, which is active in the construction industry,
and Sapa Heat Transfer, which develops and produces rolled aluminium strip for the
automotive industry.
Sapa Group

Sapa Profiles

Figure 2.1

Sapa Heat Transfer

Sapa Building
System

A conceptual view of the organisation of Sapa Group.
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2.1.2 Sapa Heat Transfer
Heat transfer material has been produced at the site in Finspång since 1975, but the
industrial site has a far longer history. Rolled aluminium has been produced for
different causes in the same production facilities by different companies since 1919.
Also, the metal working tradition in Finspång dates all the way back to 1580 when
Finspongs Bruk was founded.
1999
The operations in
Shanghai were
started (The project
was started in 1996)
1980
Gränges was
acquired by
1975
2000
The manufacturing of Electrolux
Gränges Group
heat transfer material
changed names to
began at Gränges in
Sapa Group, of which
Finspång
Sapa Heat Transfer
1963
(Finspång Heat
is a subsidary
1997
Skandinaviska
Transfer)
Gränges was spun
AluminiumProfiler
off from Electrolux
AB, SAPA, was
founded in Vetlanda
1976
1919
SAPA was acquired
The production of
by Gränges
aluminium in
1969
Finspång was started
Svenska
1912
Metallverken was
The manufacturing of
acquired by Gränges
cannons was ended
1942
Finspongs Metallverk
1580
was aquired by
Finspongs Bruk was
Svenska
founded
Metallverken
1913
Finspongs Metallverk
was founded
1627
The manufacturing of
cannons started
(Luis de Geer)

Figure 2.2

The history of Sapa Heat Transfer and the industry in Finspång.

SHT was formerly known as Finspong Aluminium and has since the mid-seventies
acquired a solid position on the market for heat transfer material. The head quarters of
SHT is located in Finspång along with the largest production facility, but since the late
nineties SHT also runs a site in Shanghai, China. The site in Shanghai was established
in 1996 and today has the capacity to produce 12 000 tonnes each year, which is quite
small in comparison to the site in Finspång, where the capacity limit is said to be
90 000 tonnes. This number is likely to be somewhat less than stated due to changes in
product mix, which affects the total available capacity. In 2003, 66 000 tonnes of heat
transfer material were produced in Finspång and on top of that some 6-7 000 tonnes of
industrial material were produced. The site in Shanghai produced about 10 000 tonnes
in 2003. During the years to come, the capacity in Shanghai will be increased to
24 000 tonnes.
Sapa Heat Transfer HQ (Stockholm)

SHT Finspång

Figure 2.3

SHT Shanghai

SHT Remi Claeys

The organisation of Sapa Heat Transfer.
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2.2 Products
SHT’s main business is to produce aluminium strip for heat exchangers for mainly the
automotive industry. The main applications are cooling systems and charge air coolers
for combustion engines and air-conditioning systems. Traditionally heat exchangers
for vehicles with combustion engines have been made of different copper based alloys,
but aluminium is associated with several advantages, such as higher corrosion
resistance and durability.
Heat transfer products, HT, are SHT’s main focus. A smaller part of the business is
aimed at producing aluminium strip for other industrial applications. These products
are called industry products, often abbreviated IP. IP is actually not a part of the core
business, but the production of IP-material has proved to be an efficient way to make
use of scrap aluminium from the heat transfer products, and also, the production
facilities are already there.
Depending on application, the aluminium strips can be produced to have different sets
of characteristics. Industry products mainly differ in thickness and the composition of
diverse elements in the alloy is of less importance compared to heat transfer products.
Heat transfer products however, come in many variants depending on application. In
order to facilitate the further reading for a reader with no or limited knowledge about
the industry, it might be in place to briefly describe the construction of a heat
exchanger. A heat exchanger is designed to lead heat away from a coolant fluid. When
looking at a heat exchanger, one can se many layers of folded strip. These folded strips
are called fins and are there to dissipate the heat coming from the coolant fluid to as
large an area as possible. From there the heat is transferred to the surrounding air, so
cooling the fins.
The coolant fluid runs in tubes soldered to the fins. The whole package of fins and
tubes are put together with a frame made of somewhat thicker aluminium strip. The
fins are rolled to a very thin gauge and cut into narrow strips, the tubes are also rolled
into similar strips, but a bit broader, and then welded by the heat exchanger
manufacturer in longitudinal direction into tubes and the frames are also rolled using
the same type of process. These products are then sold to other firms that are
specialised in making heat exchangers. In other words, SHT does not construct or
produce any heat exchangers, but is rather a subcontractor to other firms specialising
in this area.
When SHT’s customers put together fins, tubes and plates to a heat exchanger they do
this in a soldering process in a furnace. This can be done because SHT sells clad
aluminium strip. In the cladding process, a plate of a somewhat different alloy is
pieced together with a thicker core of another alloy. The different alloys have different
material properties, and melting point is among those differences. If the clad sheet of a
strip that will be soldered together with another strip has a lower melting point than the
core metal of the first strip and the second strip, this clad sheet will melt at a lower
temperature and work as a solder.
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SHT’s products are divided into several groups based on product characteristics. The
first distinction is made between clad and unclad material and products of other alloys.
The products are further divided into groups depending on their application in the heat
exchanger, such as fin or tube. Finally, product classes are established within the
groups for different intervals of thickness.
Today’s trend in the industry is that the manufacturers in the automotive industry
increasingly demands thinner aluminium strip. Within the industry, this phenomenon
is called down-gauging and has emerged because of demands of lighter constructions,
which among other things follows from demands on lower fuel consumption.

2.3 Competition
There is a large number of aluminium rolling plants around the world, and the total
yearly output is about 13 million tonnes. In comparison to SHT, many of the
companies on this market have a broader product range. The industry as a whole is not
a very profitable one. Many companies operate with slim margins, and during the
previous years, some even with losses. The total market for rolled aluminium-based
heat transfer material is about 470 000 tonnes and growing with about 5 % a year. This
leads to that the heat transfer market constitutes about 4 % of the total rolled
aluminium market.
SHT is competing with companies that produce heat exchanger material of cupper as
well as companies that produce the same things but out of aluminium. Among its
competitors SHT has a smaller production capacity. But since SHT focuses at heat
transfer products, the capacity is enough to make it possible for SHT to be a major
player on the heat transfer market. As a consequence, SHT has been forced to seek
alternative ways to compete, other than with a low price. The larger ones of SHT’s
competitors are not dedicated heat transfer companies; all have a larger production
apparatus and hence prefer large orders in order to achieve cost efficiency. SHT has
chosen to position itself as a flexible producer and seeks to be able to accommodate
customer demands to a large extent regarding material properties, volume and delivery
time. From customer surveys made, one can draw the conclusion that SHT also has
been able to reach a position as one of the most flexible suppliers on the market.
Today SHT is, by market share, ranked as number two on the global market for
aluminium-based heat-exchanger material. The German supplier Corus is undoubtedly
the market leader and together with SHT they represent the only two focused heat
transfer companies on the market. Other large competitors worth mentioning are
Pechiney and the North American based Alcoa and Alcan.
The other competitors also sell other rolled aluminium products such as aluminium foil
and can material. Besides these named competitors there are several smaller well
established suppliers and a growing number of emerging suppliers. The total rolled
heat transfer market, when both copper and aluminium are concerned, is about
625 000 tonnes. Copper has about 25 % of the total market, but that part is declining
and is expected to continue to do so.
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If market shares are considered on a regional basis, SHT holds about a third of the
market in Europe and Asia/Pacific, while only a couple of percentages in North
America. There are also differences in market shares when different products are
considered. SHT’s strongest position is in clad fins while the weakest position is in
thick material.
As stated earlier, the production of heat transfer material is not a very lucrative
business. Many of SHT’s competitors operate with slim profit margins and as the big
companies in the automotive industry put pressure on the sub contractors to lower their
prices by a certain percentage each year, profit margins in the companies positioned
upstream in the value chain tend to drop. Some of SHT’s competitors already have left,
or are forecast to leave, the heat transfer business. Also, the companies that cling to the
business try to gain as many advantages as possible. The competition is hard and as the
vehicle manufacturers tries to lower their costs and more competition from new heat
transfer companies mostly in the Far East is awaited, the pressure on SHT and the
other well established heat transfer companies is higher than ever.

2.4 From bauxite to vehicle manufacturer
The earth crust consists of about 8 % aluminium which makes it a very common
element. The mineral bauxite consists of about 60 % aluminium and is the main source
when mining for aluminium today. The aluminium is extracted from the bauxite and
made into raw aluminium in smelting plants. This raw aluminium is together with
alloying elements the main input material to SHT, which therefore could be said to be
placed early in the value chain.
SHT casts, rolls and slits the aluminium and ships it to its customers that are mainly
companies specialising in the manufacturing of heat exchangers for the automotive
industry. The last link in the chain is the vehicle manufacturers. Some of SHT’s
competitors do not exclusively operate in the same area as SHT, but are more
vertically integrated with other activities along the value chain, such as mining.

2.5 Customers
SHT’s customers are, as described above, mostly sub manufacturers to the automotive
industry. The market is dominated by seven global companies and SHT delivers to
most of them. These seven companies hold about 70 % of the total market for heat
exchangers and are of course attractive targets for SHT. The seven global companies
are, with respective headquarters in countries within brackets: Valeo (France), Behr
(Germany), Modine (USA), Delphi (USA), Visteon (USA), Denso (Japan) and
Calsonic (Japan).
In addition, there are some regional manufacturers serving the car industry. The
remaining companies, that are small in comparison, serve the after market. Most after
market manufacturers are located in Asia.
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2.6 Mission and strategy
Based on the Sapa Group mission statement, SHT has defined its own mission as “To
be the preferred global supplier of rolled aluminium strip for brazed automotive heat
exchangers. Recognized by focus, service, flexibility and reliability.” This mission
statement is in elaborated form described in six sentences:
•
•
•
•
•
•

focus on the automotive heat exchanger market with rolled aluminium for brazing
supply the big 7 which are global and wishes to see their suppliers global
be the preferred supplier by offering the most total cost effective solutions
in every aspect appreciated for our customer service
be flexible in deliveries and other critical areas
make certain that they can rely on us to be delivering products and services as
agreed

The strategy chosen to achieve the goals set can be grouped in four areas; Market and
presence, Product, Internal efficiency and Capacity. We do not intend to describe the
strategy in too much detail in this report, but in short terms SHT’s strategy is about
establishing further contact and cooperation with the big seven companies. SHT also
sees it as important to further develop the product portfolio and also to match the
production capacity to increasing demands. For this report, internal efficiency is the
strategic area that is of most importance. In an internal document referred to as the
Strategic Review document, internal efficiency is defined as:
•
•
•
•

To focus even more on cost reduction and productivity in both mills.
To focus on shortening lead times and change over times
To also considerably improve our process stability
To improve and achieve a consistent quality exceeding that of our competitors

To meet these strategic goals, the processes associated with production, planning and
costing must be fully mapped out, understood and in the end improved. Our work with
SHT is aimed at improving parts of the processes and to further increase efficiency.
The furnaces for full and partial annealing are part of the production process, and the
planning and cost control of these furnaces are important parts when it comes to
meeting the ever-increasing goals of internal efficiency.

2.7 Product trends
The heat transfer market is a dynamic market and in a not so distant future there will
be some changes that inevitably will affect SHT. The phenomenon of down gauging,
seen in figure 2.4, is indeed a very present one and at the moment SHT is well
equipped to meet the customers’ changing demands in this area. It is likely that this
trend will continue, and this poses as a threat to all suppliers as thinner material puts
high demands on process stability. With decreasing gauge, the risk of strip breakage
grows and also, decreasing gauge means that the profitability may be affected. Today
manufacturers are getting paid by weight and thinner material means that you produce
the same amount of tonnes. But measured in length, you produce far more meters
weighing just the same as before.
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Upon this the customers are also demanding yearly price cuts, which is a well-known
occurrence in the automotive industry today. Price-cuts are normally followed by an
internal demand for productivity increases, but as down gauging actually counteracts
productivity increase, the processes must be dramatically improved in order to achieve
the desired profitability.
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Figure 2.4

The phenomenon down gauging. Average gauge has dropped constantly and is now
down to under 0,2 mm, with a current lower limit of as thin as 0,05 mm.

Today the rolling and cutting mills operate at higher speeds than before. Measured in
meters, the throughput has increased dramatically, but measured in tonnes, the change
is far smaller. The tubes in heat exchangers are commonly made by strip, but some
competitors have already started offer extruded tubes for the same purpose. This is a
threat that SHT must meet.
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2.8 Plant layout
The plant in Finspång has developed a lot since Finspongs Bruk was founded on the
site in the 16th century. Old buildings have disappeared and been replaced
continuously, but since the site has been used for several different purposes and by
different companies during the years, the current plant is made up of several scattered
buildings.

Figure 2.5

The plant with buildings and main resources (Based on internal source with some
modifications.)

2.9 Production process
The production process and basic material flow can visually be described as in figure
2.6 below. This is a simplification of the flow for the main products, including
references to the resources used.
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Basic process flow for manufacture of coils. (Based on internal source with some
modifications.)
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Slabs are either produced or bought and then homogenised and scalped. Clad-sheets
are welded on the slabs and these packages are heated to enable hot-rolling. The hotrolling is performed in two steps, a breakdown step followed by a second step where
the sheet is rolled up on a coil. Then the aluminium is cold-rolled in one step before it
is either stored in an intermediate storage or cold-rolled in another step. At this stage
some of the products are processed in the rolling-mills and transported to the finishing
plant for stretching, slitting and packaging. Other products are annealed in furnaces
and cold-rolled in a final step before transportation to the finishing plant. Some
products are also cold-rolled in a third step directly without being annealed beforehand.

2.9.1 Manufacture of slabs
About 70 % of the slabs that are used to produce aluminium coils are manufactured
on-site and 30 % bought from outside suppliers. A precise analysis of the
manufacturing costs for different kinds of slabs has been performed at SHT which
facilitates decisions about whether to buy from outside suppliers or manufacture inhouse. These decisions also take into account current load in the smelting plant, which
in this way can be utilised cost-efficiently. The smelting plant also plays an important
role in the internal flow since it uses the inevitable aluminium scrap from the processes
as raw material for new slabs. In this way the scrap can be refined instead of being
sold as waste on the market.
Slabs produced on-site in the smelting plant have aluminium scrap as its main raw
material. This scrap comes in a number of different alloys, which are diluted with
purchased raw-aluminium and different metals to create the final alloy. Aluminium has
the advantage compared to other metals of being fully recyclable without deterioration
of its quality. The scrap that is used is both process waste from the rolling and
finishing plants and bought in scrap from different sources.
2.9.1.1 Alloys
Slabs are manufactured in a number of different alloys to meet the customers’
demands on material characteristics such as strength, hardness, corrosion-resistance
and melting point. The most common alloying elements are magnesium, manganese,
silicon, iron and copper. The kind of alloying element determines the alloy-number
that the slabs are given.
2.9.1.2 Sizes
Slabs are also manufactured in different widths, lengths and thicknesses to ensure a
good utilisation of the material, considering the specifications of the final product. The
variants in size that are available are standardised to some extent so that the smelting
plant can be utilised efficiently.
2.9.1.3 Process flow in the smelting plant
Process waste are taken care of from the rolling and finishing plants and stored
together with externally bought aluminium waste adjacent to the smelting plant. This
waste together with raw-aluminium and alloying metals are melted in a furnace and
thereafter emptied into a keep-heat furnace.
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The melt is then poured into water-cooled chills of different sizes to produce the slabs
of specific sizes. The slabs are then allowed to cool before they are labelled with
dimension, alloy and identity-number for easy identification and traceability.
Afterwards the slabs are transported to a saw where the rounded end of the slabs is
removed. This material is later returned to the process as aluminium waste for new
slabs. Finally the slabs are transported to the slab storage where they lie until a need
for them arises in the subsequent process steps.

Figure 2.7

Manufacture of slabs (Internal source)

2.9.2 Homogenising
Core-slabs used for “thick” material are homogenised to improve their mouldability.
This is done in five homogenising-furnaces with a total capacity of 500 tonnes per
week. In total, about 15 % of all slabs are homogenised. When similar kinds of slabs
are bought from outside suppliers, homogenising is done by the supplier.

2.9.3 Scalping
Since the slabs have a somewhat uneven surface along with that the surfaces has
oxidised during the storage time, they have to be scalped on the top and under sides
before they are welded together with the clad-sheets. Some slabs are also scalped on
the sides so the size of the slab will be of the desired dimension. This is done in a
modern and to a large extent automated milling-centre to where the slabs are
transported by trucks. After scalping the slabs are transported to the adjacent weldingplant on roller conveyors.
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2.9.4 Assembling/Welding
In this process step the slabs are welded together with clad-sheets to produce packages
with the desired proportions between slab and clad-sheet material.

Figure 2.8

Assembling line (Internal source)

Different alloys of clad-sheets are often used on opposite sides of the slab to create a
material with different characteristics on either side. The kind of clad-sheets used
depends on what the finished product should be; usually fins or tubes for the heatexchangers. One side of the package will often have a clad-sheet with a lower melting
point than the slab, to be used as brazing material when the heat-exchangers are
manufactured. The other side will often have a corrosion-resistive clad-sheet for
protection against fluids in the heat-exchangers. This side is often referred to as the
waterside.
The clad-sheets are produced in-house in the same manner as other slabs. After milling
and subsequent heating they are finished in the breakdown hot-roll before they are
allowed to cool in a designated clad-sheet warehouse close to the welding plant. After
cooling they are transported by truck to a high-storage in the welding plant where they
are kept until they are welded together with a slab to form the final package.

Figure 2.9

Rolling and cutting of clad-sheets (Internal source)
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2.9.5 Heating of packages/slabs
Before the packages or slabs can be rolled in the hot-rolling-mill they have to be
heated to around 500°C to make it possible to bond packages and take large reductions
during hot-rolling. This heating is done in furnaces located in building 7, where the
different sizes and kinds of alloys determine what time and temperature is required in
the furnaces. The main reason that packages are heated in different ways is to avoid
precipitation of alloying elements.

2.9.6 Hot-rolling
Hot-rolling is carried out at machine-centre 2091 which in turn consists of two hotrolling-mills. The first one is referred to as 2051 where the package first is bonded
together by rolling and then broken down to a thickness of around 15 mm.
The aluminium sheet is then directly transported to the second hot-roll, 2071, on a
roller conveyor. In this step the sheet is hot-rolled down to 3,9 – 7 mm in a tandem
rolling-mill before it is rolled up into a coil. Both hot-rolling-mills and the conveyor is
located in building 7.

Figure 2.10

Hot rolling in 2051 and 2071 (Internal source)

The thickness of the hot-rolled sheet depends on the characteristics of the material and
the specifications of the final product. During hot-rolling there are some losses of
material owing to the inevitable rounded ends of the sheet that are cut off after
processing.
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2.9.7 Cold-rolling
After hot-rolling the coils are processed further in cold-rolling-mills. In this part of the
process the material is cold-rolled to the final gauge. To achieve the desired material
characteristics and to avoid fires springing up during cold-rolling the coils has to be
less than 90°C. The rolling is performed in several steps carried out at three separate
cold-rolling-mills, all with different characteristics. By cold-rolling the thickness can
be reduced to 0,05 mm.

Figure 2.11

Cold rolling to final thickness (Internal source)

2.9.8 Full and partial annealing in 035-furnaces
A lot of the coils are annealed either between reductions in the rolling mills or after
they have been rolled to the final thickness. The reason for this is to achieve particular
degrees of hardness and tensile strength in the material. This annealing can either be
full or partial, and is performed in a group of furnaces called 035, located in building 7.
Full annealing is normally carried out by heating the material to 350-380°C and makes
it softer since it re-crystallises. Partial annealing is made at around 250°C and is done
to remove stresses in the material without lessening the strength to any large extent.
There are three furnaces in building 7 that together can fit 14 rolls at a time. After the
annealing the material is allowed to cool in building 7 before they are further
processed in the rolling mills, or transported to the finishing department.

2.9.9 Stretching
After the material has been cold-rolled to its final thickness or annealed in the 035furnaces, it is transported to the finishing plant (building 1-3) for further processing.
To guarantee that the material is plane after the hot- and cold-rolling it is first stretched
in a machine-centre referred to as 5411 located in building 3 or at 5361 in building 5.
Some material is also degreased during stretching; this is done solely at 5361.
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Slitting

In this step the material is slit to the widths demanded by the customers. There are six
different slitting-machines located in building 1-3. These are referred to as 6712, 6731,
6741, 6751, 6761 and 6781. They differ in the coil-sizes that they are able to roll the
material on, how many different widths they can slit and what thicknesses they can
handle.

Figure 2.12

2.9.11

Slitting the material into strips in a pit-slitter (Internal source)

Full and partial annealing in 057-furnaces

The furnaces referred to as 057 in building 8 are used for different full and partial
annealing operations. Firstly, they are used for full annealing of thick material that the
customer wants to be particularly soft. Products that are so soft cannot be slit in this
condition. Soft aluminium would make material build up on the slitters restraining
them from being used efficiently, causing the quality of the edges of the material to
deteriorate. This is solved by annealing the products after they are slit, in this way
slitting them when they are still hard. The 057-furnaces are also used for full annealing
of material with normal properties, in the same way as the 035-furnaces are used.
Furthermore, these furnaces are also used for partial annealing of some products that
are supposed to be harder than others. The material becomes hard through deformation
during rolling, but there are also stresses left in the material which need to be removed.
Partial annealing of the material at around 250°C for about 11-13 hours is done to
reach this desired state. This is usually done after stretching and before slitting, so it is
possible to fit as much material as possible in the furnaces. The furnaces are also used
for full annealing of materials of more unusual alloys or rolls that have broken
somewhere during rolling. This material cannot be annealed in the 035-furnaces since
they run on fixed programmes. At the 057-furnaces special programmes can be
developed and an automated temperature-control is also sometimes used to monitor
the heating.
Full annealing in the 057-furnaces is usually done in a protective nitrogen environment.
This removes the air in the furnaces and vaporises any emulsion oil left on the material
to ensure that the process of soldering the material works properly for the customer. It
also prevents the material from becoming discoloured since remaining oil on the coils
after rolling react with oxygen.
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Another advantage with using nitrogen in the furnaces is that the annealing takes
somewhat shorter time than in a normal environment, thus increasing the capacity of
the furnaces. A nitrogen environment is currently not used during partial annealing
since this material is usually not as oily. It is however possible to use a protective
environment during partial annealing if it is considered necessary.

2.9.12

Packaging

After slitting and possibly annealing the products are ready for packaging. This is done
on three packing-lines in the building called “Mellanlagret”. Vacuum-packers lift the
material onto wooden pallets and liners are used to separate the rolls on the pallets.
The pallets are then wrapped into cling film and stored in the finished goods area.

2.10

Stocks

A number of different stocks exist at SHT. There are stocks of raw material, stocks of
aluminium slabs, stock of clad-sheets, intermediate stock of cold-rolled material and
finished goods storage. They all differ in the role they play and levels of and how
refilling is planned. There are also stocks of spare parts and other process aids, but
they will not be described in more detail here.

2.10.1

Raw material stock

The raw material used as input to the process is raw aluminium, aluminium waste and
different alloying metals. They are stored either inside the smelting-plant or outdoors
if there is not enough room inside. Raw aluminium is bought in ingots mainly from
Russian suppliers once a week. Alloying metals are purchased in the same way, while
aluminium waste either comes from SHT’s own process or is bought from all sorts of
suppliers. Examples of such are Svenska Kraftnät (old power lines) and printing
houses (plates used for offset printing). The aluminium waste is stored according to
specific alloys.

2.10.2

Stocks of slabs

Most of the slabs used are manufactured in the smelting plant, but when there is a lack
of capacity or when more rare alloys are needed they can be bought from outside
suppliers. The main suppliers are Kubal in Sundsvall and HAW in Hamburg. The
stock is located outdoors between the smelting-plant and building 7. The slabs are
stored in piles according to the different alloys, making search and identification as
easy as possible for the operators without using any kind of computerised assistance or
stock-system.

2.10.3

Stocks of clad-sheets

Clad-sheets of different alloys are stored in a high-storage at the welding plant,
adjacent to building 7. To avoid that warm sheets cling to the supporting structure in
the high-storage they have to be cooled at a cooling station before they are put in the
storage. The high-storage and welding-plant is modern and highly automated.
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Intermediate storage

After the material has been cold-rolled in 2751 a lot of it is stored in an intermediate
storage next to cold-rolling-mill 2731 located in building 5. To this point the material
has been made according to the prognosis backlog and will not be tied up to a specific
order. Orders on more uncommon products are not kept in this intermediate storage
and are tied up to a specific order from the start of the process flow. These rolls will be
processed as soon as possible in 2731 after they are finished in 2751. The reason that
there is an intermediate storage of a large number of the products is that SHT in this
way can reduce the lead time to the market. For a coil kept in the intermediate storage
to be designated to an order the customer has to specify the widths of the strips, if this
has not been done earlier.

2.10.5

Finished products stock

Finished products are stored in a finished products stock located in Mellanlagret. Most
of the products are however delivered to consignment stocks at the customers’ plants,
so they are only kept in the finished products stock until refilling of the consignment
stocks. This is the way SHT works with the large customers to provide a high service
level and in total about 70 % of the products are stored in consignment stocks. Direct
orders or orders on products with lower turnover rates are not kept in consignment
stocks and are instead delivered directly to the customer.

2.11

Production planning

The following section describes how the production planning is carried out at SHT.
This incorporates a brief overview of the production planning system and more
detailed descriptions of how orders, master planning and detail planning are handled,
especially in the annealing processes.

2.11.1

Planning system

SHT uses an in-house made computerised system called SESAM for production
planning, operational reporting and inventory control. In this system it is possible for
the master planners to add orders into the system and to retrieve information from the
operations. A piece of software called Diver is used to gather information from the
database and to produce charts of different kinds. This has proved to be very useful
since SESAM has none of these functions and is not designed to give information
about the company’s performance.

2.11.2

Order handling

SHT has annual agreements with most of their customers regarding estimations of
quantities and products. These agreements are used as forecasts to budget the annual
production. The customers also send more detailed forecasts continuously during the
year, containing desired quantities and week of delivery. Today, these forecasts are
handled as preliminary orders and planned in to the system by master planners. The
customers are allowed to make changes to their forecasts within certain limits until
five weeks before the delivery date. Production starts in the smelting plant, and
thirteen weeks before the ex-mill day, the smelting plant needs to know the need for
slabs.
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According to the ongoing project called the flow project, which aims at restructuring
the process flows within SHT, the order handling will be fundamentally altered.
Thirteen weeks before the ex-mill day, the customers are supposed to place the order
on a specific product. This order is planning wise considered as a prognosis and
compared to the agreement made between SHT and the customer, in which volumes
and product groups are specified. The customers are usually allowed to adjust the
volumes agreed upon in the contract by ten percent up or down. If the volumes
according to the newly handed in prognosis do not comply with the volumes agreed
upon, it is to be considered as a new RFQ (Request For Quotation).
The budgeting procedure each year contains a process for deciding budgeted capacity.
This budgeted capacity will then form a basis for the agreements met with the
customers. In this agreement product categories and volumes are stated. When the
budgeted capacity is in place, decisions about product mixes can be made. This is
important since different product classes put different strain on the production
resources.
Before the flow project, an order that was handed in thirteen weeks before the delivery
date was entered into the master planning schedule. This will now be changed and an
order will be considered as a prognosis until five weeks before the ex-mill day and put
in the prognosis backlog. At this point, the order will be converted to a production
order and put into the production backlog and at the same time be entered into the
master planning schedule. As the capacity requirement check is already done as the
customer delivers the prognosis order, the order will always, at least theoretically, fit
into the master production plan.
Changes to the forecasts are quite common and the detailed forecasts can differ a lot
from the annual agreements. SHT tries to make the annual budget as accurate as
possible but the large differences in agreements and actual production makes in the
present situation the budget somewhat redundant. Since SHT competes a lot with
flexibility they have generous rules about letting the customers make changes in their
forecasts, which makes long-term planning difficult and puts a lot of pressure on the
productions flexibility. SHT also receives unexpected direct orders which put further
demands on flexibility. SHT hopes to remedy these difficulties with the flow project.
Before the flow project came into picture, orders were accepted without being
thoroughly checked against available capacity. Also the planners were allowed to
over-book the production resources. This led to a situation where the backlog could
expand virtually beyond control. In the new system proposed by the flow project team
it, at least in theory, will be impossible to create a situation where the capacity
requirements linked to the backlog will exceed the budgeted production capacity, since
the marketing department then will have to reject the prognosis order and handle it as a
RFQ procedure.
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Master planning

Before the flow project, detailed forecasts and direct orders were planned in SESAM
by master planners as soon as they are received from the marketing department.
Information about item, process route and processing time stored in the system is used
to load the resources on specific days. The planning is performed “backwards”,
meaning that the last operation is planned first with regard to desired delivery date and
when this is done the preceding operation is planned. This routine is repeated until all
the operations are planned.
The resources have specific times available for processing in the system; this time
varies depending on shift pattern and manned time available for processing. One thing
that is general for all resources is that only 70-90 % of theoretical available time is
available for booking. This differs between resources depending on estimations of
continuous maintenance needed, time for set-ups and other factors that decrease the
theoretical availability. The available time for booking is 80 % of the theoretical
available time for the 057 and 0356-furnaces and 70 % for the smaller furnace in the
035-group, 0356. For the 035-group all orders are planned on the 0356-furnace since it
easier to only use one resource during master planning.
Orders are planned on specific days in the system but the capacity-check is only done
for each week. If the weekly capacity-limit is reached in one resource the system gives
a warning to the planner. The planner then tries to schedule operations on an earlier
day until free capacity can be found. This procedure implies that the process lead time
can differ over time for the same product, and specific resources can also be heavily
overbooked on single days without the system giving a warning. The variance in lead
time also increases because of variance in product mix and different process routes
available.
The common changes in orders had, in the old system, to be taken care of by the
master planners. Every resource had to be manually re-planned when a customer
changed the delivery date or quantity. A lot of manual work means that errors
sometimes can occur, making the master plan inaccurate. The benefits of the flow
project proposal will to a great extent come from simplified master planning and order
handling processes. The detailed forecasts mentioned above will to as large extent as
possible be delivered by EDI from the customers thirteen weeks before the wanted
delivery date.
A big difference compared to the old planning process is that the prognoses delivered
thirteen weeks before ex-mill will not be entered into SESAM. The master planners
will not enter the order into the system, and so create a production order, until five
weeks before ex-mill. This is thought to reduce the demand on constant re-scheduling
that arises because of the customers’ lack of long term planning when they have to
place the order thirteen weeks in advance of the wanted delivery date (see figure 2.13).
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Orders placed in the
prognosis backlog are not
entered into the MPS-system
SESAM.
13 weeks

5 weeks

Prognosis backlog

Ex-mill

Production backlog

Prognosis order
The customer places the
prognosis order and
specifies most of the
parameters including type of
article. When accepting an
order, the contents of the
order must be checked
against the customer
contract and the capacity
requirements must also be
checked against available
capacity.

Figure 2.13

Production order
The prognosis is converted
to a production order and
entered into SESAM.
At some time before this
point, the customer has to
specify strip with. After this
point, no changes can be
made.

Timeline that conceptually shows the order handling and planning processes over a
period of thirteen weeks as proposed by the flow project team.

The operation-times used in the system are updated every quarter of a year with a
mean value of actual operation-times registered in production. The operators are
responsible for reporting accurate operation-times but the way this is carried out varies
among operators. To get true values an automated procedure would be preferred, but
the machines are not configured to give any output data such as processing time. The
values reported however are considered to give a good-enough estimation of the
operation-times to use them for planning. Accurate values could otherwise form a
basis for evaluation of improvements in production over time. Today operators report
machine time for each batch as well as a handling time, where the latter mainly
consists of time for setup and transport.
In some resources, particularly the furnaces used for full and partial annealing (035
and 057), the operation-times used in the system do not give a true image of the reality.
The inaccurate values has led to that the master planners do not care about capacity
warnings from the system while planning these operations, causing them to seem
heavily overbooked in some periods. The planners have justified this by saying that the
furnaces have always managed the heavy overbooking. Management or master
planners cannot however foresee the consequences on this overbooking more than it
usually causes some delays in production.
Even if the system contains information about process routes and product
characteristics, this information is not used during master planning to control the
product mix or process flow in certain periods. This creates situations where,
depending on product mix, one resource could be a bottleneck one week and another
one a different week. It also suggests that opportunities for economies of scale by
producing similar products in certain periods are missed. The master planners try to
take for instance similar process routes into consideration, but the sheer extent of
products and process routes makes this manual work difficult.
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The rolling-mills are generally considered as bottlenecks and the planners try to take
this into consideration during planning by not overbooking them. Increased demand
and the power of the customers has however created situations where a lot of the
resources are overbooked, with management hoping that production somehow will sort
it out. Since the master plan often is overbooked and far from optimised there can arise
problems or delays in production that hasn’t been anticipated by the planners. The task
to get all the material through the process in time is instead what the detail-planners
and operators will have to face.

2.11.4

Genesis

On the initiative of the main shareholder of the Sapa Group, Elkem AS, a project
aimed at restructuring processes and views on production and management has been
initiated at Sapa. At SHT, the project is usually referred to as Genesis. Genesis is
based on the framework within the Elkem version of the well-known Toyota
Production System (TPS). The theory of TPS is also generalised in the concept lean
thinking, which is further described in chapter 4.2.5. As described in chapter 4.2.4,
TPS is built up by several components.
Briefly, TPS is based on autonomation and the Just-in-time concept. Hence pull-based
production and planning plays a central role in both TPS and lean thinking, and it is
also a cornerstone in Genesis. In contrast to the old planning system used at SHT,
which could be described as a push system since production was initiated in the first
resource in the chain by production planners, the new thinking that has been
introduced in the Genesis project prescribes that orders should be initiated in the
finishing department five weeks before the ex-mill date.
The finishing department then plans the production at the resources within the
department and when a plan is established, the needs are communicated to the rolling
department. In turn the rolling department plans the production so that the appointed
delivery dates to the finishing department can be met. The new system also states that
pull-based production should be used within the rolling and finishing departments
respectively. For this system to work as planned, it is crucial that the production lead
times as set in Sesam are correct; otherwise it will be hard for the supplier to meet the
delivery dates as asked by a subsequent resource.

Figure 2.14

A conceptual view of the new pull-environment.
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The new pull-based system has been gradually introduced during the last months of
2004. At the time of writing the system is not fully implemented and problems that
need to be solved before the system can be fully implemented still persist.

2.11.5

Executions & Operations planning

This section will give an overview of how the planners and operators manage the
production in most of all resources used for annealing. Planners are responsible for
releasing the orders to production, while the actual sequencing often is performed by
the operators.
2.11.5.1 Operation numbers
One general thing used by all planners is the operation-numbers on the productionorders. At rolling-mills, the different operations are pre-programmed and the process is
automated to a high degree. The operator here simply enters the operation number into
a computer which then controls the rolling-mill. At other resources more manual work
has to be carried out to program the resource. At all resources, the operation-number
helps the operator or planner to sequence to minimise setups, increase utilisation and
minimise the process waste.
The operation numbers are usually structured in a simple way. The first four figures in
the five-digit code is the same number as the resource where the operation is to be
made. The first figure can however differ if the resource only has a three-digit number,
which is the case with the furnaces. The last figure indicates what kind of operation to
perform at the resource, which naturally differs from one resource to the next. It is
however not necessary to use this kind of structure when introducing new operations
or redesigning the system, any kind of five digit code can be used. The operations that
exist for the 035- and 057-furnaces can be seen in appendix 26.
2.11.5.2 Cold rolling and annealing
The three different cold-rolling-mills and the furnaces for annealing (035) are the
responsibility of one detail planner. Orders appear in the system after they are finished
in the hot-rolling-mill, and the planner prints out the orders for one weeks’ production
at once, and sequence them roughly continuously on different days. Orders for the
following shifts are handed to the operators at the different resources who then make
their own sequence.
2.11.5.2.1 Full and partial annealing in 035-furnaces

The furnaces used for full and partial annealing is planned by an operator who receives
orders from the cold-rolling detail planner. Material can be received from any of the
three cold rolling mills and material is also returned to these resources as well as the
finishing department. An annealing between reductions in the cold rolling mills is
called intermediate annealing while if the annealing is performed after rolling it is
called final annealing. During master planning all orders are planned on the 0356furnace, while in reality all three furnaces are used during processing. For this reason
all the work is also reported on this resource.
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Most of the work carried out in the 035-furnaces is full annealing. The reason for this
is that partial annealing needs to be done at such precise temperatures so they are
better run in the 057-furnaces where there are dedicated programs for partial annealing
for a broader range of temperatures. Some partial annealing of material that is not this
sensitive is however carried out in the 035-furnaces. The reason a precise temperature
is needed is because of the properties of the materials temperature-state curve. As the
temperature increases, the state of the material changes and the state changes
differently for different alloys. For an example of such a curve and indications of the
desired states in the material after full or partial annealing, see figure 2.15 below.
Since the material characteristics and desired state after annealing differ for each alloy,
a number of different programmes for annealing have been established. These
programmes have been developed and improved by experienced employees over the
years to shorten the time needed for annealing without deteriorating the properties of
the material. The material properties desired by the customers determine what alloy to
use and at what temperature to heat the material during annealing. This in turn answers
to a specific programme containing information about what temperature to use in the
furnace and for how long.

Figure 2.15

Example of a typical temperature-state curve for an aluminium alloy.

Full annealing, regardless of desired temperature in the material, is at first done at x °C
for one hour. In the second step, the temperature is increased to y °C for two up to
more than six hours depending on programme. Finally, the heating is shut off and the
material left in the furnaces for another hour so that the temperature will even out
within the material. During this hour the temperature in the furnace drops but usually
never reaches the temperature of the material. For a list of programmes for full
annealing in 035-furnaces, see appendix 13.
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The partial annealing is done at the same temperature throughout the process, at
around z °C above the desired temperature of the material. For a list of the
programmes used for partial annealing, see appendix 13. The total time for annealing
should exceed the total time visible in the programme lists by around 20-30 minutes,
depending on that the timer in the ovens should not start until a temperature of x-10 °C.
This function has however not been in use the last couple of years, with consequences
that we will later examine. After charging the oven with a new batch or starting up
with a cold oven it takes some time to reach this temperature.
The detail plan focuses on utilising the furnaces as much as possible, meaning that the
operator tries not to run any furnaces that are not full. For common products this
seldom leads to any problems since there will be plenty of material to fill the furnaces.
For rare products in small quantities with special annealing programmes it can though
sometimes lead to delays, since the operator may have to wait a couple of days for a
similar product to appear among the orders.
The large number of internal suppliers and customers leads to that the detail plans at
these interfacing resources is difficult to establish with certainty for a longer period of
time, and these plans will sometimes be interrupted by material coming from
annealing.
One example of such a problem is the pre-heating that needs to be done on material
that is to be processed using operation A during rolling in 2762. The planner needs to
synchronise this pre-heating with the rolling in 2762, which is usually done on several
coils in a row about once a week. The pre-heating takes about 45 minutes and
increases the load in the 035-furnaces since this operation is not taken into
consideration during master planning.
There are also other factors to keep in mind during detail planning. Partial annealing is
done at lower temperatures than full annealing so the furnaces may have to cool for a
while when changing from full to partial annealing. From this it follows that the
furnaces also need to be heated when changing back, as mentioned earlier, and the
time for this needs to be taken into account by the operator.
The furnaces are manned on a 4-shift, meaning around-the-clock Monday - Thursday,
to 22:00 on Fridays and 06:00 – 18:00 on Saturdays and Sundays. During the nights on
the weekends the operators tries to plan partial annealing to be run, but since there
sometimes may be a lack of this kind of material it cannot always be done. The reason
partial annealing is planned to be run on nights in the weekends is that the furnaces
needs to be filled and emptied manually, and partial annealing is the only treatment
that lasts long enough to be run when the furnaces are not manned. If partial annealing
is performed one night, the furnace is filled in the evening and emptied again in the
morning when the operators return.
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2.11.5.3 Finishing department
Resources for stretching, slitting, annealing and packaging in building 1-3 all belong to
the finishing department. One detail planner is responsible for handing out orders to
the operators, while most of the sequencing is done by the operators themselves. The
exception from this rule is the furnaces used for full or partial annealing (057), which
are managed independently by a detail planner for the furnaces.
2.11.5.3.1 Full and partial annealing in 057-furnaces

The two 057-furnaces are manned with two-shift (06:00 - 22:00) during weekdays, and
single 12-hour shifts during the weekend (06:00 – 18:00). The furnaces are however
used around-the-clock, with 12-13 hour partial annealing usually in progress during
the night. Since the process is so reliable the furnaces can usually be left unwatched
during these hours, if something extraordinary would happen there is always other
personnel close by.
This restriction on manned time saves labour costs but leads to increased demand on
the detail planning since the furnaces are planned to run around-the-clock by the
master planners. The detail-planner is usually able to handle this situation by
sequencing annealing to be run at night, keeping the utilisation at a high level.
Whenever there is a lack of material to be annealed a more difficult situation arises.
Since the furnaces need to be filled and emptied manually at the start and end of the
programme, this work can only be done during manned hours. Partial annealing is the
only type of programme that lasts for more than eight hours, resulting in that whenever
there is no material to be partially annealed available the operators must either work
over-time or more commonly not run the furnaces at all that night.
During the days the furnaces are mainly used for full annealing of slit strips or more
commonly thin cold-rolled and stretched coils. These programmes take between 4,5
and 7,5 hours. Material to be annealed before the last reduction in 2762 is quite often
also processed here, when the standard-programmes in the 035-furnaces cannot be
used. This can also be the case for broken material or unusually small coils, but they
can usually be annealed in a furnace called 056, which is only used for this kind of
material.
Most of the orders are on one or two coils, and the two furnaces can fit two large or
three small coils at a time. The furnaces are usually run full, but it often leads to
dislocations in the master plan when one order needs to wait for another. Another
problem is the amount of time in advance the detail planning can be performed. Orders
do not appear in the system until they are fully processed in the preceding operation.
The detail planner then sequence orders for the next 24-hours from the available orders,
bearing in mind that delayed orders that need to be annealed as soon as possible can
appear in the system at any time. Such orders would then be sequenced to be run the
following 24-hours. Since delayed or prioritised orders are quite common the detail
planner sees no point in trying to plan for more than 24-hours at a time.
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The exception is the plan for the weekend, which covers the shifts from Friday
afternoon until Monday morning. These shifts are even more difficult to plan, since the
planner does not know what orders will appear in the system during the weekend. The
operators working during the weekend needs to go and check at the preceding
resources if there are any finished orders there that they have to take care of. Another
problem during the weekends is the length of the shift. During 12 hours there is
usually not enough time to run two full annealing-programmes of coils, so they either
run only one or have to work overtime.
The detail planner, like at the 035-furnaces, also has to keep in mind the fact that the
furnaces have to cool for a while when changing from full to partial annealing and also
heated when changing back. Since a lot of the material processed are of uncommon
orders (regarding alloy and thickness), or are to be partially annealed within tight
specifications the material needs to be tested to determine what programme to use. It is
also possible to create entirely new programmes if the usual ones are not appropriate.
For a complete list of available programmes for full and partial annealing in 057furnaces, see appendix 18.
To decide what programme to use, a sample from the material is taken at the testing
station. This sample is then experimentally annealed at the testing department. After
the material has been heated to a certain temperature and allowed to cool the tensile
strength is tested and a programme can be established with regards to the final
specifications. Once this is done the material can be annealed in the furnaces. The 057furnaces have, like the 035-furnaces, a somewhat unique position in the process flow
since it has several different internal suppliers and as many internal customers. This
complex flow leads to difficulties for the detail planners at both the 057-furnaces and
the interfacing resources.

2.12

Cost management

This chapter will give an overview of how cost and profitability for products is
calculated and how these calculations form part of the annual budget. Cost estimates
are calculated for each product group. This is done by firstly calculating the
contribution margin for each product. From this figure joint costs are subtracted to
calculate earnings before income and taxes (EBIT). Finally the EBIT for the product
group is calculated as the average EBIT within the product group, since large nonconformances in reported machine times otherwise would show misleading EBIT’s for
many products. Since the calculations are made on product group level all products in
the group will show the same profitability even if there may be differences in reality.
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Contribution margin

The formula used for calculating the contribution margin of a product is as follows:
+
-

FAB-price
Manufacturing cost
Process scrap cost
Freight cost
Packing cost
Customs duty
Alloy charge
Inventory cost
Cash-discount
Commissions

=

Contribution margin

Figure 2.16

Calculation of contribution margin (Internal source)

2.12.1.1 FAB-price
FAB-price = Fabrication price. This is the price agreed with the customer in addition
to the price of aluminium, which is denoted by the price for aluminium at LME1.
2.12.1.2

Manufacturing cost

Manufacturing cost per operation = Sum of reported time × Budgeted cost per machine hour

This calculation is done for all operations on an order.
Budgeted cost per machine hour includes:
•
•
•
•
•
•

Wages including additional cost for wages * number of workers at the machine
Electricity charges
Tool-costs
Repair- and maintenance-costs
Other costs such as oil used for emulsion etc.
Variable departmental costs as a percent-increment

The variable departmental costs consist of various extra charges for:
•
•
•
•
•
•

1

Wages and overtime
Manual tools
Costs for supportive equipment
Consumable supplies
Transports
Water

LME = London Metal Exchange
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The budgeted cost per machine hour is fixed in the SESAM-system for each machine.
The cost is established each year during the budgeting procedure. Employees
responsible for cost-centres update the different parts of the budgeted cost depending
on the outcome of last years’ production. For most of the resources, including the
furnaces used for annealing, this is only done on aggregate level independent of what
kind of operation that has caused the cost. This leads to that all operations carried out
at the same resource have the same budgeted cost per machine hour.
Indirect costs not directly derivable to machines are summed up on the mayor
departments, rolling or finishing, and evenly allocated to all machines in that
department. This means that some machines have to carry costs that might have
occurred elsewhere. In addition to this, every direct-delivered order is charged with an
extra z SEK. The cost per machine hour for annealing is, regardless of type, is for the
035-furnaces x SEK and for the 057-furances y SEK.
No difference is made to the cost per machine hour if the annealing is full or partial, or
if nitrogen is used during annealing. The operation for pre-heating carried out in the
furnaces before operation A in 2762 does not exist in the system and the cost per
machine hour for this operation is therefore also not available. The costs per machine
hour for operations in the furnaces have also changed significantly since the last
budget in 2002. The cost per machine hour in 035 has increased and for 057 the cost
has decreased. The cost per machine hour for the furnaces have also changed in
relation to each other; 057 used to more expensive than 035, now it is the other way
around.
2.12.1.3 Process scrap cost
Process scrap cost for slabs bought from outside suppliers:
Scrap cost = ( Price of casting incl. alloy char ge − Scrap price) × Scrapped quantity

Scrap price is given as a percentage of the aluminium price at LME.
Process scrap cost for internally produced slabs:
Scrap cost = Remelting cost × Scrapped quantity

The cost for re-melting differs between different alloys depending on the composition
of the alloy and how difficult it is to re-melt. The process scrap cost is fixed in the
system for each article.
2.12.1.4 Freight cost
The freight cost is defined for each customer according to the annual budget. Possible
air-freight is not included in this cost.
2.12.1.5 Packing cost
The cost for packing and centre-tubes are calculated as reported amount of wrapping
and tube used multiplied with standard costs for this material. This gives the actual
cost for each article’s packing, which can be found in the SESAM-system.
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2.12.1.6 Customs duty
These are costs related to sales to the American market and the figures are based on
the annual budget.
2.12.1.7 Alloy charge
This cost differs depending on the cost and amount of alloying elements. In addition to
this there are for some suppliers extra charges for buying the material as slabs and not
in any other shape. This charge can also include import duty from foreign countries.
The cost is defined in SEK/kg for each alloy and supplier.
2.12.1.8 Inventory cost
This is the cost for keeping consignment stocks at the customers’ plants. The costs
used are budgeted for each customer based on the inventories’ rate of turnover during
the preceding year.
2.12.1.9 Cash-discount
Cash-discounts are since two years ago no longer used at SHT. If they are
implemented again, the cash-discounts will be specified for each customer in the
system.
2.12.1.10 Commissions
Commissions are paid to agents responsible for sales in different countries. Examples
of such countries are USA, Spain, Portugal, Venezuela, Argentina, Brazil and India.
The commission is expressed in percentage of total annual sales, usually somewhere
between three to five percent.

2.12.2

Calculation of EBIT

After the contribution margin has been calculated for a product, joint costs are
allocated to products and the EBIT is calculated by the following formula:
+
-

Contribution margin
Customer complaints
Fixed costs
Management fee
Depreciation write-offs

=

EBIT

Figure 2.17

Calculation of EBIT (Internal source)

The cost estimates are currently not done down to EBIT-level, but there is an ongoing
work with this and it will be performed in this manner in the near future. There are
also plans to incorporate costs for deviations from the standard cost and cost of
inventory when calculating the EBIT-value.
2.12.2.1 Customer complaints
Complaints and possible claims from customers reduce invoiced quantity and hence
the contribution margin for a product.

34

Capacity and cost analysis

Chapter 2 - Current state description

2.12.2.2 Fixed costs
Examples of fixed costs are management, travels, buildings, heating, lighting,
education etc. These costs are allocated to products and orders equally according to the
quantity of the order. SHT has realised that this allocation is not mirroring the reality
as good as they wish, so allocation-keys is being developed to divide costs in a more
precise manner. This work has however not been finished or implemented since
allocation-keys for some units and departments have not been established.
2.12.2.3 Management fee
The management fee is the overhead cost from the parent company SAPA AB that has
been allocated to SHT. At SHT, this cost is divided to products according to the share
of annual quantity.
2.12.2.4 Depreciation write-offs
Write-offs are calculated for each machine and building.

2.12.3

Budgeting

The budgeting process at SHT focuses on estimating capacity requirements and annual
costs. This is done by firstly retrieving data from the system about actual reported
machine hours per product group for the last year. These figures are multiplied with
the budgeted product mix for the coming year, resulting in the annual capacity
requirements.
Machine hours per product group × Quantity of product group = Machine hours needed

This figure can then be multiplied by the cost for wages for operators, resulting in an
estimation of the total wages. Electricity charges and other costs affected by the
product mix are estimated in a similar manner, while other costs are estimations based
on the cost distribution of previous years. The budget is also used to calculate and
update budgeted cost per machine hour for all operations at all resources. This is done
in the same way as described earlier in chapter 2.12.1.2.
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3 Problem and task formulation
In this chapter we have formulated the existing problems and divided them into two
subgroups; capacity and costs. The chapter is concluded with a task formulation and
an outline of the following analysis.
The production process at SHT is as described in previous chapters divided into
several more or less well-defined steps. The processes associated with the furnace
groups 035 and 057 are somewhat diffuse and it has long been desired that these
processes should be thoroughly mapped out and analysed. The processes associated
with the mentioned furnaces are sometimes described as a “black hole”, with common
inadequacies in the data used in the managerial system. This makes assessment of
costs associated with annealing difficult, and it also leads to problems with estimations
of the capacity requirements. The current shift in production philosophy also requires
that these processes are analysed in detail to facilitate the successful implementation of
pull-based production. The problem can be divided into two subgroups:

3.1 Problem 1: Capacity
There are a number of possible factors that make master planning with regard to
capacity difficult. The way work is carried out and reported, the data stored in the
managerial system and the configuration of operations in the system may all affect the
effectiveness of the master planning.
When coils from different orders are annealed together in one batch the time for
annealing will be divided between those orders according to the orders’ share of the
batch size. This leads to that the operation times reported into the managerial system
forms a mean value of the production rate. However, these values have not been
updated for several years, leading to that incorrect data is used during planning.
Furthermore, the system does not take different kinds of anneals into account since
only one figure of production rate is used for all operations. This leads to, especially in
periods when the production mix deviates from the norm, incorrect estimations of the
capacity requirements. From this it follows that delays and high inventory levels are
common.
Another problem is the available time in the resources in the system. This time only
consists of manned hours even if the furnaces in reality can be and are used also during
shifts with no operators present. The available time is also decreased by certain
percentage rates for the resources to form the net availability. These percentage rates
are however only estimations that does not give satisfactory accuracy.
In line with the current change in production philosophy, we would like to calculate
accurate production rates and net availabilities to be used during planning, and
investigate the implications of pull-based production on the furnaces used for
annealing. We will also strive to define accurate lead times to be used during planning,
since this is a central requirement to facilitate Just-in-time production.
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3.2 Problem 2: Costs
Since the processes for annealing is not mapped out in detail it is difficult to establish a
fair distribution of costs for the products. Today the cost per machine hour differs
between the 035 and the 057-furnaces, but for each resource the cost is the same
regardless of operation or programme. Full and partial annealing has the same cost per
machine hour. Since full- and partial annealing are done at different temperatures, the
effect the furnaces run on is significantly different between the two. The furnace fans
are also used differently during full and partial annealing which further strengthens our
belief that costs are not distributed fairly. Another cost that is not distributed correctly
is the cost for annealing in a protective atmosphere using nitrogen.

3.3 Task formulation and outline of the problem analysis
Our task can be divided into three parts, which are sorted by chronological order and
priority:
1. Mapping of the processes associated with the furnaces 035 and 057, including
aspects of interfacing operations and resources.
2. Based upon the new process mapping and the change in production philosophy,
suggest improvements regarding:
a. Planning of the furnaces
b. System for cost distribution
3. Suggestions on other aspects that may be improved during annealing and
elsewhere at SHT.
Due to the nature of the problem at hand, we have chosen to focus the following frame
of reference on the areas production strategy, capacity, process flow analysis and
measurement and cost management. These theories will form a toolbox used
throughout the problem analysis and when drawing our conclusions.
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4 Frame of reference
In this chapter we introduce the theoretical foundation used in this master thesis. The
theories presented form a basis for both our later analysis as well as our conclusions.
Some readers may want to skip parts of this chapter, but in order to gain a complete
understanding of the analysis that we have made and the results and recommendations
that we present at the end of the thesis, we recommend that the reader at least should
browse through this chapter.
Production strategy deals with the basic concepts of major strategic issues in
production systems. In this chapter concepts like lead-time, pull versus push and
decoupling points are defined and explained. We also present some planning
principles and systems and describe well-known philosophies like MRP/MRPII and
JIT. This chapter also includes various well-known methods for sequencing.
In the capacity chapter we define ways of defining and measuring the capacity of a
process. Process flow analysis and measurement deals with ways of analysing and
mapping processes as well as measurements of process properties. We end the frame
of reference by presenting some principles for cost management and the basic methods
for product cost calculations.

4.1 Production strategy
A production system can be categorised based on characteristic parameters. The aim of
the categorisation is to develop a frame of reference that facilitates further analysis of
the system. It is of great importance to know the production system and its
characteristics when for instance applying new scheduling methods or making
strategic decisions regarding the production facilities. Especially when a company
grows and enters into new markets, a certain mismatch regarding chosen strategies and
reality may arise. It is therefore important that the development of the company is
perpetually monitored and analysed so that arising misfits may be avoided or
compensated.

4.1.1 Product process matrix
A production system can be more or less flow oriented. With flow orientation, one
commonly means that the focus lies on achieving a high grade of flow of products
through the production system. High flow orientation typically implies that a large
number of products can be produced to a low cost per product, but in order to do so, a
substantial initial investment is often necessary. In other words, a highly flow oriented
production system normally accommodates cost efficient production of a limited
number of different products, whereas companies that choose to focus more on being
able to produce a large number of different products, find it hard to maintain a highly
flow oriented production apparatus; instead these companies strive to achieve a high
grade of flexibility in their production processes. (See e.g. Hayes & Wheelwright,
1979 and Anupindi et al., 1999)
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Further evolved, production systems can be classified based on the type of production
process it makes use of. There are primarily five types defined. A production facility
can be characterised by one or more of these types and therefore the five types make
out a continuous scale rather than a discrete one. According to Hill (2000a) these types
are:
• Project
A project production system is a very product-oriented type of production, for
example the construction of a bridge.
• Jobbing, also known as job shop
A jobbing-type plant is a product-oriented plant that consist of several work
centres that can process a large number of different products independently of
each other, for example a carpenter workshop.
• Batch
Batch production is a flow-oriented production system where products are
processed in batches. The term batch refers to a specific group of components,
which go through a production process together.
• Line
Line is an even more flow-oriented production system where discrete products
are processed as continuously as possible, for example a car manufacturer.
• Continuous processing
Continuous processing of non-discrete products in a very flow-oriented
production system, for example an oil refinery.
There are several models available that incorporate the characteristics described above.
One important academic contribution has been made by Hayes & Wheelwright (1979).
They developed the product-process matrix where two dimensions of a company are
defined. One dimension is the scale from job shop to continuous flow that
approximately corresponds to the five types as suggested by Hill (2000a). The other
dimension describes the produced volume and product mix, see figure 4.1 below.
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assembly
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Volume (quantity × work content)
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one of a kind
volume

Figure 4.1

High volume,
high
standardisation,

The product process matrix as presented in Hayes and Wheelwright (1979), with some
modifications based on Nahmias (2001) and Pine (1993).

Companies are analysed using these two dimensions and a match is said to occur when
a company is found on the diagonal of the matrix. (Nahmias, 2001)
A company located in the upper left corner of the product process matrix uses a job
shop characterised production system. This means that the production facility is made
up of general-purpose machines rather than specialised machines, which allows for a
flexible production of dissimilar products. In other words, when the company produces
many different products, the production system must be flexible in order to
accommodate the production needs. This also means that it may be hard to assure a
steady and high utilisation of the production resources.
Economies of scale may tempt companies to rethink the market strategy, which might
imply a change in production strategy so that a move from a job shop environment to a
disconnected or connected line flow environment, or even a continuous flow
environment might be conceivable or even necessary. When moving along the
diagonal in the product process matrix, the production system becomes less flexible as
the production process becomes more specialised and adapted for a smaller number of
products. When moving along the diagonal, high flexibility and low capital intensity
are balanced against low flexibility and low unit cost in a high capital intensity
environment. It is of course also possible to position oneself off the diagonal, but this
has to be a conscious positioning decision and in line with the overall company
strategy. (Hayes and Wheelwright, 1979)
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A company that is located in the lower left corner of the matrix is said to be able to use
the concept of mass customisation, which is a position that many companies strive to
achieve. Companies that master the concept of mass customisation are able to use a
very productive and flow oriented production process in a flexible way, which
normally would require a more product-oriented production process. The automotive
industry is at the forefront in this area. In this type of industry, line assembly
production processes are used to produce customer defined vehicles, which actually all
can differ in configuration and so be said to be different customised products. Mass
customization requires skilled workers, well functioning machinery and not the least a
specialised production control system. (Pine, 1993)

4.1.2 The concept of order qualifiers and order winners
On different markets different aspects of a product or service are important. Managers
must be able to identify and focus on especially important factors when acting on a
market under competition. There is a distinction made between order qualifiers and
order winners. An order qualifier is a requirement that must be met by the supplier to
even be considered by a customer. An order winner is the competitive factor that
ultimately decides which company that wins the order. (Hill, 2000a)
In other words, all suppliers that want to compete on the market must meet certain
compulsory standards set by the customers. After this initial screening by the
customers, the remaining suppliers of interest are considered and compared and finally
one or more suppliers that win the beauty contest land the contract. Depending on
market or market segment, order qualifiers and winners can differ. Within for example
the automotive industry, there are several sub markets which differ in diverse aspects.
For example, an Aston Martin Vanquish and a Skoda Felicia are both sold on the car
market, but they are hardly bought by the same type of customers and the customers
most likely consider different sets of factors when deciding upon which car to buy.
Hill (2000a) also argues that order qualifiers can be of the type “order-loosing
sensitive qualifier”. This means that a certain order qualifier may be especially
important since it as a sole factor might lead to the loss of an order. Competitive
factors can be described in a model where the factors are being accumulated. First of
all, quality must be guaranteed. After this has been accomplished, the company can
focus on attaining the desired delivery performance, price and flexibility, also see
figure 4.2 below. (Hill, 2000a and Olhager, 1996)
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Competitive
power

Flexibility
Price
Delivery
Quality
Time

Figure 4.2

The sand cone model is a model that describes the evolution of competitive power over
time. (Hill, 2000a and Olhager, 1996)

4.1.3 Lead time
A short total lead time is an important factor of competition. An analysis of the total
lead time can be facilitated if the lead time is divided into a number of components.
After this is done, each lead time component can be analysed by itself. The
characteristics of the industry may indicate which components that may be of interest
for further investigation.
For our cause the lead time components that are associated with the production process
are the most important, but we also want to mention that there are also lead times
associated with for instance product development, inbound and outbound logistics and
customer service. The production lead time components are briefly described below
(Monden, 1994):
• Queuing time
The time that a product has to wait before it can be processed in a machine
centre.
• Set up time
The time that is spent on setting up a machine or tool prior to processing.
• Processing time
The time consumed when a product is being actively processed.
• Waiting time
The time that a product has to wait after it has been processed in a machine
centre and before it can be transported to the next process step.
• Transport time
The time consumed by various transport activities of the product within the
plant.
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4.1.3.1 Safety lead time
In reality, there are usually differences between planned lead times and the measured
actual lead times. When the production plan is made, a certain lead time for each step
is planned. Often the lead times are planned with a safety lead time as well. Through
this measure it is possible to prevent that a somewhat delayed order at one place in the
process leads to a delay for the final product. (Olhager, 2000)
Anupindi et al. (1999) introduces the possibility to determine the amount of safety lead
time to use to ensure a certain service level, presupposing one serving resource or
resource pool and exponentially distributed inter-arrival and processing times. The
total time in process would in such a case be exponentially distributed with a mean of:
Total time in process (T ) = Average waiting time (Ti ) + Average processi ng time (T p )
Defining time until the process due date as t DD , we have
Prob (Total time in process ≤ t DD ) = 1 − e

− t DD /( Ti +T p )

The relationship between t DD and service level (SL) is then given by

t DD = − (Ti + T p ) ⋅ ln(1 − SL )
Where ln denotes the natural logarithm with e

ln( x )

=x

The safety lead time required for a certain service level can then be calculated as
Safety lead time (Ts ) = Process due date (t DD ) − Total time in process (T )
Planning with safety lead time is actually nothing but over-shooting the lead time
target and the extra time needed can be calculated using statistics. Anupindi et al.
(1999) also argues that safety lead time is the same as safety stock since the real effect
is the same, namely more products kept in storage, which in this case mostly is the
same as WIP. A high utilisation level also often presupposes that plenty of jobs are
available in front of the process, as is the case when using a safety lead time.
(Anupindi et al., 1999). This relationship is visualised in figure 4.3 below.
Queuing and
waiting time

Figure 4.3

Utilisation
100%
The relationship between queuing and waiting time and utilisation of the production
facilities. As the utilisation increases, queuing and waiting times tend to increase.
(Anupindi et al., 1999)
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4.1.3.2 Effect of variability
Studies made indicate that only between .05 and 5% of the total lead time is made up
by time associated with value adding processes. The other 95 to 99.95% is associated
with queuing, waiting, set-up time and other activities that do not improve the product
or its value. Variability in either the process or the product mix also affects the lead
time components. A refined model as the one presented in figure 4.4 describes the
relationship between queuing and waiting times and utilisation when variability
increases.
Queuing and
waiting time

Increased
variability

100%
Figure 4.4

Utilisation

The relationship between queuing and waiting time and utilisation of the production
facilities, including variability. (Anupindi et al., 1999)

Different factors can affect components of the production lead time differently. For
instance, lot sizing affects the production lead time through two channels: First of all
do large batches decrease the need for machine set ups, but it also increases the
average WIP, which according to the discussion above leads to increased queuing and
waiting time (Anupindi et al., 1999).

4.1.4 Production environment
The relationship between total production lead time and delivery lead time determines
if the company can await customer orders before initiating production or if production
has to be done in advance, based on forecasts. The delivery lead time is commonly
given by the market. If this time exceeds the production lead time, activities like
purchasing, manufacturing and assembling can be made to order. In those cases where
the delivery lead time is shorter than the production lead time, parts of the production
activities have to be done in advance. If the market demands immediate delivery
manufacturing to stock is the obvious choice. These different cases correspond to
different customer order decoupling points. (Olhager, 2000)
Based on the APICS definition, the CODP is a decoupling point, which is defined as:
“… locations in the product structure or distribution network where inventory is
placed to create independence between processes or entities. Selection of decoupling
points is a strategic decision that determines customer lead times and inventory
investment.” (Cox and Blackstone, 1996)
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Wikner and Rudberg (2004) defines CODP as: “A customer order decoupling point
separates decisions made under certainty from decisions made under uncertainty
concerning customer demand.” In other words, the customer order decoupling point is
the point in the production-structure from where on a products material composition
and manufacturing is customer-order-fixed. From this point on production is customerorder controlled while production of articles on underlying structure-levels could be
initiated from inventory.
The four main production environments are described as make to stock (MTS),
assemble to order (ATO), make to order (MTO) and engineer to order (ETO), and can
be described in the following model:

Figure 4.5

Common customer order decoupling points. (Wikner and Rudberg, 2004)

The more detailed descriptions of these environments below are based upon Vollmann
et al. (2004) and Olhager (2000).
4.1.4.1 Make-to-stock (MTS)
In an MTS-firm the CODP is in the finished goods inventory. This means that the firm
consider forecasted demand when planning the production. This is because customer
demand is unknown at the time of production start. MTS is all about increasing
delivery performance by shortening delivery lead times. Though, wanted service level
constantly has to be balanced against stock keeping cost. The finished goods inventory
can either be located adjacent to the plant, or be split into several distributed
inventories and located to geographically secluded key markets. Vendor managed
inventories (VMI) is also an alternative. In this case, the finished goods inventory is
located at the customer’s site. The stock keeping units (SKU) are the property of the
supplier until the customer decides to withdraw them from the inventory.
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The trade-off between service level and cost can be improved by better information
flow and a better understanding of the customers needs in the future. Projects aiming
at making the firm more lean can also improve the trade-off by reducing unnecessary
costs, still keeping a constant storage level.
4.1.4.2 Assemble-to-order (ATO)
In an ATO-environment, products are being produced and stored in intermediate
inventories based on forecast, but finally assembled when a customer order arrives.
This means that modules are produced and stored until a need for a specific end
product arises. At this point, the modules needed are withdrawn from the inventory
and assembled to the end product. Hence, in comparison with the MTS-case, the
CODP is moved backwards.
ATO typically implies a longer delivery lead time than MTS, but less capital is tied up
in inventories since the total value of the modules is lower than the value of an
assembled end product. In many cases, the same modules can be used in different end
products, which further increases performance since flexibility improves and the need
for safety stock is decreased.
4.1.4.3 Make-to-order (MTO)
MTO implies a longer delivery lead time than MTS and ATO, but the focus of MTO is
not primarily delivery lead time. Instead, engineering and production are taken into
account. The CODP is moved further backwards in the value chain, to a point before
the production start. When a customer order arrives, the products are being made from
scratch and specifically for that very order. MTO is often used when delivery lead time
is sub-ordinate to flexibility and customization.
4.1.4.4 Engineer-to-order (ETO)
ETO can be said to be a special case of MTO. In ETO environments, the supplier
develops new products when a customer order arrives. I some cases the supplier might
develop the products without external help, and in other cases the customer might be
involved in the product development process. External consulting services might also
be employed.
4.1.4.5 Mixed environments
The four defined environments are theoretical extremes that in many cases not
completely by themselves can describe the production environment in a firm. Often, a
firm can be said to belong more or less to a specific environment. For example, if the
CODP in an ATO-firm is located early, the firm might in many aspects appear as an
MTO-firm. Also, a firm might define different CODP’s for different products or
classes of products, and may because of that use more than one of the environments
described above. Hence it is also possible for one single company to employ all four
environments simultaneously.

47

Capacity and cost analysis

Chapter 4 - Frame of reference

4.2 Basic concepts of production planning and control
4.2.1 Pull and push
Pull and push are two conceptually different production philosophies. Vollmann et al.
(2004) defines pull as: “A “pull” system exists when a work centre is authorized to
produce only when it has been signalled that there’s a need for more parts in a
downstream (user) department.” Karmarkar (1989) defines push as “…push initiates
production in anticipation of future demand.”
In other words, a push system is at hand when production in a work centre is planned
before the actual demand in a subsequent workstation or inventory arises. It is often
said that material in a push production system is pushed through the chain of work
centres and inventories. The opposite is said about pull systems; here material is pulled
through the system, based on initiation at the end of the chain. Today a number of
production systems utilise the concept of pull; the most prominent of them being the
Just-in-time system, which is the topic of the next chapter.

4.2.2 The MRPII framework
The planning in a producing company can be separated into four levels according to
timeframe and detail level. The MRPII-concept was developed in the 1960’s. Whilst
MRP in its initial form only focuses on material requirements planning, MRPII is more
of a total framework for long- and short-term planning.
Long range

Sales and operations
planning (S&OP)

Resource
requirements planning
(RP)

Master scheduling
(MPS)

Rough cut capacity
planning (RCCP)
Medium range

Material requirements
planning (MRP)

Capacity requirements
planning (CRP)
Short range

Input/output control
Detail planning (PAC)
Sequencing
Figure 4.6

The structure of the MRPII-concept, including timeframe. (Interpreted from Vollmann
et al. (2004) and Wight (1985).)
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The structure as presented in figure 4.6 describes the relationships between the
components of MRPII. At the top we find the sales and operations planning (S&OP),
which deals with the balance between supply and demand volumes. At the S&OP
stage, the resource requirements are also considered (represented by RP in figure 4.6).
At the next level, the master production scheduling (MPS) stage is found. In the master
schedule, production is scheduled roughly and the aim for the master schedule is to
create a production schedule that corresponds to available capacity constraints, which
are roughly calculated.
At the next level we find the material requirements plan (MRP), which is a production
plan for each component of the finished product. At this stage, a more precise capacity
plan is needed. At the lowest level in the MRPII hierarchy we find the detailed
production plan, or production activity control (PAC). This plan is made with a narrow
time frame. The PAC also needs input/output control, which is a method for
monitoring actual capacity consumption during the execution of detailed material
planning. (Wight, 1985, Vollmann et al., 2004, Oden et al., 1993)
4.2.2.1 Sales and operations planning (S & OP)
Sales and operations planning is defined as: “…a business process that helps
companies to achieve a balance between demand and supply.” (Wallace, 1999)
Vollmann et al. (2004) identifies four fundamental parts of S & OP: demand, supply,
volume and mix. In the process leading to the final S & OP, the balance between
demand and supply should be studied. When demand exceeds supply, customer
service suffers because of bad delivery performance. The opposite also leads to
unfavourable effects like costly over-capacity. The two other fundamental building
blocks of the model, volume and mix, should be studied separately. Volume is
regarded when it comes to the big picture and mix concerns decisions about which
products to make. Vollmann et al. (2004) states that companies first of all should focus
on volume decisions. Secondly, product mix should be decided upon. The role of S &
OP should be to balance demand and supply at a chosen volume level. When this is
done, decisions about product mix become easier.
4.2.2.2 Master production scheduling (MPS)
The master schedule is a plan that should work as a link between the marketing and
production departments. The master schedule could be seen as a summary of the total
production plan. Products and orders are dealt with independently in the master
schedule. When a new order is entered into the master schedule, a rough-cut capacity
check can be made using Rough Cut Capacity Planning (RCCP). (Olhager, 2000)
The fundamental role of the MPS is to convert the S&OP into a specific manufacturing
schedule. The S&OP provides an aggregate statement of the output required to reach
certain company objectives, and the MPS states which products should be produced in
which quantities and when they should be produced to satisfy the plan according to the
S&OP. While the role of the S&OP is to balance supply and demand volumes, the role
of the MPS is to specify the mix and volume of the output. (Vollmann et al., 2004)
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4.2.2.3 Material requirements planning (MRP)
Material requirements planning is a common method when planning multi-stage
production with a distinct Bill Of Material (BOM). In an MRPII-system, the MPS and
the MRP must be made compatible with the each other. When the master schedule is
made, the demand is broken down according to the BOM.
End
product

A
x1

B
x2

C
x1
Figure 4.7

D
x2

An example of a BOM. One end product consists of one component A and two B. One
B, in turn, consist of one C and two D. Thus, two C and four D can be found in each
end product.

Figure 4.7 shows an example of a product structure, a BOM. The BOM forms the
foundation that the planning method according to MRP is based upon. The master
schedule deals with the end products, whilst the material requirements planning deals
with the planning of production and sourcing of each component. (Olhager, 2000)
The process of translating product demand (end product or component) into subcomponent demand is called explosion. Inventory and already released orders are
taken into account during the process, hence only actual production demand is in the
end communicated along the BOM structure. This procedure is often also referred to
as gross-to-net explosion. The net requirement is calculated from the gross
requirement by subtracting the quantity of already released orders and the inventory at
hand. The net requirement is thereafter communicated to the next sub-level in the
BOM and is at that level considered as gross requirement. The same procedure for
calculating the net requirement can now be performed at this level. (Vollmann et al.,
2004)
The lead times for the sourcing or production of parts must also be taken into
consideration when making the production plan. If according to the production plan, a
demand arises at a certain date, the production of the sub-components must start in due
time. Lead times for each part are used when calculating when to start production of
that specific part. Furthermore, lot sizing must be taken into consideration at the same
time as lead times are considered. There are several methods for determining lot size
and the lot sizing method used may be designed in a way that not only actual
production lead time is considered. (Vollmann et al., 2004)
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The material requirement planning is made with regard to the available capacity. This
is done with a method called Capacity Requirements Planning (CRP). CRP shows, in
contrast to RCCP, the real capacity needs for production of a specific component as
the input data is more comprehensive. (Vollmann et al., 2004)

4.2.3 Just-in-time
MRP/MRPII is one of two classic approaches to material planning and control. The
other classic approach is called Just-in-time (JIT). JIT was originally developed in
Japan and there have been many attempts to define the concept. Vollmann et al. (2004)
defines JIT as “…JIT is an approach to minimize waste in manufacturing.” Other
common definitions of JIT include formulations about the pursuing of zero inventories,
zero transactions and zero disturbances. (Vollmann et al., 2004)
A further explanation of what waste is, is given by the McGraw-Hill dictionary2:
“JIT recognizes waste as anything that does not add value, including storing parts in
warehouses. On the other hand, a production process such as drilling is a value
adding procedure because it increases the value of the product.”
A successful JIT-implementation depends on the compatibility between the production
environment and the JIT-philosophies, which includes short set-up times, flow
orientation, flexible staff, small lot sizes, decentralised quality management and short
lead times. Furthermore, continuous improvement is a central element of JIT.
(Olhager, 2000)
When JIT is applied in practice, the focus is often on supplying a customer with
exactly what he or she needs exactly when he or she needs it. The customer might be
an end-consumer as well as an internal process. The kanban system is a practical
example of this. Kanban systems are based on kanbans, or cards, which are being
distributed through the production system. A process or an activity is not to be started
before a standardised kanban arrives, which implies that there is a demand for the
output produced by the receiver of the kanban. There are two types of kanbans;
transport and production kanbans. A transport kanban is used by the consuming
process and communicates the need for material. A production kanban tells the work
centre that there is a need for the parts produced at that work centre. Often, transport
kanbans are used between storage points whilst production kanbans are used between
production processes, or as often in practice, between a storage point and the
supplying work centre. Sometimes, there is no distinction made between transport and
production kanbans, and in those cases production kanbans are normally used; this is
then called a single kanban system. (Olhager, 2000)
Kanban systems also make use of standardised carriers or containers for goods. A
carrier can hold a fixed number of units and the carrier itself can sometimes serve as a
kanban. Kanbans can also come in form of paper cards or they can be electronically
implemented in a computer system. (Olhager, 2000)
2

http://highered.mcgraw-hill.com/sites/0072322098/student_view0/glossary_j-l.html (acc 2004-12-20)
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According to Vollmann et al. (2004), JIT influences all parts of the manufacturing and
control system in a company, but it primarily affects the so called back end of the
system, that is shop floor execution and control and sourcing. Further, pull is a widely
used concept in JIT-implementations. Streamlining and the elimination of waste often
call for pull based shop floor control.

4.2.4 Toyota production system
Toyota production system (TPS) was initially developed at Toyota in the mid-20th
century. It was developed bottom-up, as a set of tools first was developed, which later
came into a bigger context, which today is referred to as TPS. Today TPS is well
known and many companies regard Toyota as an industry benchmark for production
control. (Womack et al., 1990)
TPS rests upon two pillars, namely JIT, which previously has been described, and
autonomation, also often referred to as Jidoka. Autonomation basically means that
defect units are not allowed to be passed on through the process, which is ascertained
by the implementation of autonomous defect control. (Monden, 1994)
Even though many firms try to imitate Toyota, Toyota is still at the very forefront of
the industry. One of the most advanced JIT-systems of today can be found at Toyota.
(Vollmann et al., 2004)

4.2.5 Lean thinking and lean manufacturing
The concept “lean” means that waste and anything that is not necessary should be
avoided, which brings the JIT definition of Vollmann et al. (2004) to mind. The
concept of lean thinking is a generalisation of TPS that has been developed by
Womack and Jones (2003). Lean manufacturing is a similar concept that was coined
by John Krafcik in 1988. Lean manufacturing is influenced by TPS and emphasises the
minimisation of the use of all production resources, including time. (Krafcik, 1988)
Lean thinking is summarised in five principles (Womack and Jones, 2003):
1. Value (Define customer value)
Define value based on the value that the customer experiences.
2. Value stream (Identify processes)
Identify the value stream for every product or product family and eliminate
activities that do not bring any added value.
3. Flow
Create a flow-oriented production system.
4. Pull
Design and produce the products that the customer wants, at the specific time that
the customer wants it.
5. Perfection
Strive to achieve perfection.
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4.2.6 Sequencing
In both service and manufacturing industries, scheduling is an important aspect of
operations control. There are many aspects of scheduling; one important aspect being
job shop scheduling, or as it is often referred to: shop floor control. Shop floor control
means: “…scheduling personnel and equipment in a work centre to meet the due dates
for a collection of jobs.” (Nahmias, 2001)
When a production schedule is made, using a MRPII-system or equivalent, the planned
order releases must be translated into a set of tasks with corresponding due dates. This
renders into a shop floor schedule. There are many problems associated with this kind
of scheduling, whereof one important issue being sequencing. When jobs arrive at a
machine centre, they may have to wait for processing and be placed in a queue, if the
machine centre is fully occupied.
The aim for sequencing is, given a collection of jobs that are waiting to be processed
in a machine centre, to find the sequence in which to complete those jobs that
optimises some specified criterion. Choosing the right sequencing rule is of great
importance since the chosen sequencing rule dramatically can affect the throughput
rate of the job shop. (Nahmias, 2001)
A job shop sequencing problem can be described by five characteristics: (Nahmias,
2001)
• The job arrival pattern
Although most sequencing methods are static, the particular arrival pattern
varies dynamically and must be known in order to perform correct scheduling.
• Number and variety of machines in the shop
Besides the number and variety of machines, the condition and the skill of the
operators also affect the way the problem can be solved.
• The number of workers in the shop
Both the number of workers and the number and variety of machines affect the
system’s capacity.
• Particular flow patterns
This means that materials-handling issues may affect the sequencing solution.
• Evaluation of alternative rules
The choice of objective will determine the suitability and effectiveness of the
sequencing rule.
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Nahmias (2001) also put forward a set of goals for sequencing:
• Meet due dates.
• Minimise WIP inventory.
• Minimise the average flow time through the system.
• Provide for high machine/worker time utilisation. (Minimise machine/worker
idle time.)
• Provide for accurate job status information.
• Reduce setup times.
• Minimise production and worker costs.
These goals might be in conflict of each other, and depending on which kind of goals
that are prioritised, it might be hard to establish a sequence that optimises all criteria at
once. (Nahmias, 2001)
There is also the problem of static versus dynamic sequencing. When most common
sequencing rules, as presented in this chapter, are applied, it is assumed that all jobs
arrive at the same time and consequently are available at the time when the sequence is
established. This is though not always the case; jobs may arrive at any time and with
stochastic intervals. (Nahmias, 2001)
The criterions to use when evaluating different sequences can be more or less complex
to evaluate. The field stretches from simple decision rules like First Come First Served
(FCFS) to more intricate methods based on multi-stage algorithms or even
mathematical optimisation methods. Below we briefly describe some common
methods presented in the literature.
• First Come First Served (FCFS)
In the FCFS-method, which actually is the same as the more well-known FIFOmethod (First In First Out), the product that arrives first to the service station,
e.g. machine centre, will be processed first, so the sequence of products or work
orders is kept through the process. This is a very simple sequencing method, but
it is also a widely accepted and used method as it is considered to treat all jobs
fairly. But the fact is that in comparisons made, the FCFS-method has turned
out to perform poorly. (Krajewski and Ritzman, 2002)
• Shortest Processing Time First (SPT)
In the SPT-model all orders waiting to be processed are evaluated and the one
that takes the shortest time to process will be processed first. When there are
large differences in processing time this method can create situations where
some orders always have to wait long before they can be processed. The SPTrule is often considered as the best single-dimensional rule (see definition
below) as it minimises average flow time, WIP, the number of jobs past due
date and maximises utilisation. One drawback is that this method might
increase total inventory. (Krajewski and Ritzman, 2002)
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• Earliest Due Date (EDD)
EDD simply means that the job that is due for delivery first will be served first.
EDD is often used by firms that are sensitive to due date changes since it
according to studies made performs well with respect to the number of jobs past
due date and also with respect to the variance thereof. On the down side, SPT
performs quite poorly when it comes to total flow time, WIP-levels and
utilization. (Krajewski and Ritzman, 2002)
• Critical Ratio (CR)
When using critical ratio, time to delivery and processing time are taken into
consideration:
CR =

Due date − Today ' s date
Total shop time remaining

A ratio less that 1 indicates that the job is behind schedule and a ratio of more
than 1 implies that the order is ahead of schedule. When deciding upon
sequence, the job with the lowest ratio is processed first. (Krajewski and
Ritzman, 2002) Nahmias (2001) states that the idea with critical ratio
scheduling is to provide a balance between SPT and EDD, which only consider
processing time and due dates respectively.
Sequencing rules that only incorporate information about the jobs that are waiting to
be processed in an individual work centre are called single-dimension rules whereas
sequencing rules that also take information about all the remaining work centres in
consideration are called multiple-dimensional rules. From the rules mentioned above
FCFS, SPT and EDD all are examples of single-dimensional rules while CR is an
example of a multiple-dimensional rule. (Krajewski and Ritzman, 2002)

4.3 Capacity
The capacity of a resource is commonly measured in the number of units produced per
time unit i.e. flow rate. Anupindi et al. (1999) describes different kinds of capacity:
• Theoretical capacity of a resource unit is its maximum sustainable flow rate if it
were fully utilised during its scheduled availability.
Scheduled availability defines the time period during which a resource unit is
scheduled for processing. Breakdowns, preventive maintenance, time taken for set ups
or worker absenteeism however reduce the actual time the process is available. The
actual time left is referred to as net availability. Consequently, the capacity of a
resource is most often less than theoretical capacity.
• Effective capacity of a resource unit is its maximum flow rate, if it were fully
utilised during its net availability.
Due to various operational procedures, it is conceivable that resources would be idle
even during periods of their net availability. Thus, resource idleness reduces the flow
rate of the process even further than its effective capacity. Process capacity measures
the reduced flow rate due to resource idleness.
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• Process capacity is the maximum sustainable flow rate of a process.
With the definition of average flow rate or throughput in mind, the different kinds of
capacities can be related to each other:
Throughput ≤ P rocess Capacity ≤ Effective Capacity ≤ Theoretical capacity

4.3.1 Resource pooling
A resource pool is a collection of interchangeable resources that can perform an
identical set of activities. Each unit in a resource pool is called a resource unit. A
number of resources, each specialised in a separate activity, would be regarded as
separate resource pools. Through process investments, however, it is sometimes
possible to make the separate resource pools flexible to handle tasks performed by
each other. Such investments allow combing separate resource pools into a single
resource pool called resource pooling, to perform several activities. It is a powerful
operational concept that can significantly affect not only process flow rate and process
capacity, but also flow rate. (Anupindi et al., 1999)
The capacity of a resource pool is the sum of the capacities of all the resource units in
that pool. Moving parts of the work content of bottleneck resources to non-bottleneck
resources can increase the capacity of a bottleneck resource pool. This, of course, is
possible only if the non-bottleneck resources are flexible to perform some of the
activities currently performed by the bottleneck resources. (Anupindi et al., 1999)

4.3.2 Utilisation
Internal inefficiency as well as external constraints such as low demand increase the
difference between actual average throughput and theoretical capacity. Using the
definition of Anupindi et al. (1999), the utilisation of a resource is the throughput
divided by the theoretical capacity.
Capacity utilisation = Throughput Theoretical capacity

To increase process and theoretical capacity and in that way enabling a higher capacity
utilisation Anupindi et al. (1999) suggest minimisation of the following events:
• Resource breakdown
Unforeseen circumstances like equipment breakdown or worker absenteeism.
• Preventive maintenance
• Setup/changeover
Resources may have to be reset, cleaned or retooled when assigned to process
different products intermittently.
• Starvation
Sometimes resources are forced to be idle because necessary inputs are
unavailable.
• Blockage
Resources may be prevented from producing more flow units because there is
no place to store the already processed flow units.
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4.3.3 Utilisation defined using time
Blackstone (1989) is questioning the traditional definition of utilisation, where output
is measured in physical units per time unit, and suggests that capacity should rather be
measured in time unit per time unit as seen below. Blackstone (1989) defines capacity
utilisation as “a measure of how intensively a resource is being used… To calculate
machine utilisation, the total time charged to creating output (setup and run time) is
divided by the total clock hours scheduled to the available for a given period of time.”
The same distinctions that Anupindi et al. (1999) make about theoretical, effective and
process capacity should also be considered.
Capacity utilisation =

Hours worked
Hours available

Hill (2000b) argues that utilisation defined using time or availability is common in
project or jobbing environments, while a measure of the quantity the process is able to
produce per time unit is more common in line or continuous processing environments.
In environments with batch production, which is positioned in between the mentioned
extremes, the capacity definition used mostly depends on the volume. A high volume
batch environment is more like line while a low volume batch environment is more
like a jobbing environment.

4.3.4 Effect of product mix on capacity
Firms often produce several products simultaneously and the capacity of a process is a
function of this product mix. In most organisations, sales/marketing departments make
product-mix decisions. These decisions affect the process capacity which in turn is a
major driver of profitability. This is why feedback from operational managers about
the consequences of product-mix decisions is of utter importance. (Anupindi et al.,
1999)
Since different products may utilise various resources differently, the theoretical
capacity of a resource pool, and thus the theoretical bottlenecks and capacity of the
process, may depend on the products being produced and on the company’s product
mix. When the load batch at the resource pool is identical across all products in the
mix, computation of theoretical capacity for a product mix follows directly from the
unit loads of the product mix. (Anupindi et al., 1999)

4.3.5 Long term capacity planning
During sales & operation planning, capacity is one of the things a company has to keep
in mind. This planning focuses on the capacity requirements from the strategically
chosen production volume and mix. Questions like when to change capacity and to
what extent has to be solved at this level of planning. (Olhager, 2000)
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Companies have different strategies for the timing of a changed capacity. Does the
company want to have safety capacity or does it always want the demand to exceed
capacity? Olhager (2000) describe the different strategies graphically as follows:

Figure 4.8

Figure 4.9

Figure 4.10

Lead strategy (capacity always exceeding demand).

Track strategy (capacity following demand).

Lag strategy (capacity always less than demand).

Adjustments of capacity can be done in several ways. In the long term, Olhager (2000)
suggests the following methods:
• Investments in machines and resources, for example by introducing new
technique.
• Increase or decrease of staff.
• Change in the number of shifts, for example from two to three-shift.
• Outsourcing.
These methods can all be seen as means for increasing the theoretical capacity.
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Anupindi et al. (1999) suggests further levers to increase the effective capacity
continuously without changing the theoretical:
• Improve maintenance policies, perform preventive maintenance outside periods
of scheduled availability, and institute effective problem-solving measures that
reduce frequency and duration of breakdowns.
• Institute motivational programs and incentives to reduce absenteeism, increase
employee morale.
• Reduce the frequency of or time required for setups or changeovers for a given
product mix or change the product mix.
Another possibility is using overtime, but this is usually regarded as a short term
instrument for capacity adjustments associated with detail planning (Olhager, 2000).

4.4 Process flow analysis
Process flow analysis is a method to document activities in detail, compressed and
graphically as a basis for better understanding of the process and to elucidate possible
improvements. The analyses performed can have different purposes, thence process
flow analyses can vary in detail and in what kind of information included in the
description. It can for example concern a company’s complete production process,
parts of the complete process or a detailed mapping of single operations. With a
process flow analysis it is possible to bridge the gap between the process as people
conceive it, the actual process and the most value-adding process. (Olhager, 2000)
Olhager (2000) suggests a five-step method for a successful process flow analysis:
1. Identify and categorise the process activities.
2. Document the process in its entirety.
3. Analyse the process and identify possible improvements.
4. Recommend suitable changes to the process.
5. Realise agreed modifications.
When conducting a process flow analysis every activity should be examined by asking
questions like What? When? By whom? Where? For how long? How? and most of all
Why? Why is the process done at all? Why is it done this way? When, where and how
could it be done instead? (Olhager, 2000)
Krajewski and Ritzman (2002) give a more detailed approach in their six-step method:
1. Describe the more strategic dimensions of the process.
What are the competitive priorities, operations strategy, process choice, and
other major process decisions that apply? Look for unexpected departures from
the norm regarding product-process match, and if there are unexpected
relationships are they justified or are they symptoms that the process needs
change?
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2. Identify the inputs, outputs and customers of the process.
Make a comprehensive list so that the value-added capability of the process can
be evaluated. Consider both internal and external customers.
3. Identify the important performance measures of the process.
Possible performance measures could be multiple measures of quality, customer
satisfaction, throughput time, cost, errors, on-time delivery, flexibility etc.
4. Document the process.
Be particularly alert for one or more of the following characteristics.
• Customers are dissatisfied with the value of the product or service that
they receive from the process.
• The process introduces too many quality problems or errors.
• The process is slow in responding to customers.
• The process is costly.
• The process is often a bottleneck, with work piling up to go through it.
• The process creates disagreeable work, pollution, waste, or little value.
Collect information on each part of the process for each of the performance
measures selected in step 3.
5. Redesign or refine the process to achieve better performance.
In order to do so, the manager or team should ask six questions. What is being
done? When is it being done? Who is doing it? Where is it being done? How is it
being done? How well does it do on the various performance measures?
Answers to these questions are challenged by asking still another series of
questions. Why is the process even being done? Why is it being done where it is
being done? Why is it being done when it is being done? Such questions often
lead to creative answers and breakthroughs in process design.
6. Evaluate the changes and implement those that appear to give the best
payoffs on the various performance measures selected in step 3.
Later on, after the process has been changed, check to see if the changes
worked. Go back to step 1 as needed.
Parts of a process flow analysis is most often summarised into a schematic description
or chart. These charts usually comprehend the different activities, distances and times.
The most common types of descriptions used are flow diagrams, layout diagrams and
process charts. (Olhager, 2000)

4.4.1 Flow diagrams
A flow diagram traces the flow of information, customers, employees, equipment, or
materials through a process (Krajewski and Ritzman, 2002). Several flows of one kind
can be illustrated in the same diagram, and the diagram describes how these flows
interact to create the total process (Olhager, 2000).
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The most critical process can be discerned by studying the flow-times of the different
activity-chains. At the same time it appears how other processes support the most
critical one. The diagram is usually limited to include operations (circles or sometimes
rectangles) and storage-points (triangles). Flow diagrams can also include times for
operation, queuing and storage at different stages. (Olhager, 2000)
Beside the diagram it can be useful to add various data about the operations or storagepoints. Freely interpreted from Olhager (2000) and Krajewski and Ritzman (2002) this
could include:
• Capacities
• Quality losses
• Error frequencies
• Costs
• Available storage space

4.4.2 Layout diagrams
Layout refers to the physical placement of resources, such as machines, workstations,
stocks and testing-stations. If the different activities in a flow diagram are transferred
to where they are carried out in the production environment a layout diagram is
obtained, where it is possible to determine how the resources are placed in relation to
each other. Illustrations of the flow in a layout diagram most of all reveals routes for
transportation between operations and inspections, and the total transportation distance.
(Olhager, 2000)

4.4.3 Process charts
A process chart is an organised way of recording all the activities performed by a
person, a machine, at a workstation, with a customer, or on materials. The activities
are commonly grouped into five categories. (Krajewski and Ritzman, 2002)
• Operation
Purposely changes, creates or adds something. Drilling a hole and serving a
customer are examples of operations.
• Transportation
This means that the object is moved from one place to another. The
transportation changes the objects location but doesn’t change its other
characteristics. A conveyor carrying a partially completed product from one
workstation to the next is an example of transportation.
• Inspection
An inspection activity examines and verifies the result of some other activity
but doesn’t change the object. Examples of inspection could be checking for
blemishes on a surface or taking a temperature reading.
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• Delay
Occurs when the object is help up awaiting further action. Time spent waiting
for materials, cleanup time, or that workstations are idle because there is
nothing for them to do are example of delays.
• Storage
Occurs when something is put away until a later time. Products or tools kept in
storage or stock awaiting operation or inspection are examples of storage. Some
kind of order is often demanded to initiate that the product or tool will be
removed from storage and transported to the next activity.
Olhager (2000) describes a similar grouping of activities being usual in Swedish
application. In this version “Delay” is replaced by “Handling”, which is described as
shorter transportations such as moving the object from transport to operation or
loading it on a lorry. In this version activities described as “Delays” are included in the
“Storage” activities.
Every group of activity is represented in the chart by a symbol.
= operation
= transportation
= inspection
= storage
= delay (replaced by

= handling in Swedish applications)

Activities can also be further classified by if they are value-adding or non-valueadding for the process. Value-adding activities increase the economic value of a flow
unit valued by the customer. Performing surgery, piloting an airplane and machining a
part are examples of value-adding activities. Non-value adding activities are not
directly increasing the value of a flow unit, but are often required by a firm’s current
process structure. Such activities could be transportation or testing. (Anupindi et al.,
1999)
The distinction between value-adding and non-value-adding activities is not absolute
and often depends on the specific situation being analysed. Olhager (2000) makes a
further categorisation of activities into supporting activities and activities with
unknown value-adding effect.
Process chart

Object: Description of the process

Step

Description

1

Transportation

Figure 4.11

Time
Distance Value code
Start time End time
min
mtrs
V/N/S?
X

4

0

4

20

N

Example of a process chart for a process with only one activity. Value code indicates: V
= Value-adding, N = Non-value-adding, S = Supporting activity, ? = Unknown valueadding effect.
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4.5 Process flow measurement
By capturing facts in an objective, concrete and quantifiable manner, measurement
provides a scientific basis for making decisions. It allows us to estimate the functional
relationship between controllable process attributes and desired product attributes and,
thus, lets us set appropriate performance standards. Finally, performance measurement
is essential in designing and implementing incentive mechanisms for improving both
products and processes and for assessing the extent of our improvements.
(Anupindi et al., 1999)
“Count what is countable, measure what is measurable, and what is not measurable,
make measurable.” (Galileo Galilei, 1564-1642)
Anupindi et al. (1999) also divides these measures into two sub-groups, external and
internal measures. As important indicators of buyers’ preferences, external measures
of customer satisfaction are important indicators of product demand; however,
managers can control only internal measures of process performance, whether
financial or operational.
Hill (2000b) uses a similar kind of division between measures; strategic and
operational. They both focus on the four dimensions of flexibility, quality, delivery
performance and price, but differ in the way and on what level the performance
measures are designed.
Three performance measures commonly used are flow rate, flow time, and inventory
level. Flow rate or throughput of the process is the average number of flow units that
pass through the process per unit of time. Average flow time for a flow unit through
the process is the average time that a typical flow unit spends within the process
boundaries. Average inventory is the average number of flow units within the process
boundaries. (Anupindi et al., 1999)
These three performance measures are linked by a fundamental relation of process
flows defined by John Little in 1961. This relation is known as Little’s law. It relates
average flow rate (R), average flow time (T) and average inventory I as
I=RxT
Two immediate but far-reaching implications of Little’s law, according to Anupindi et
al. (1999), are as follows:
1. Of the three related operational-performance measures, a manager can select
any two on which to focus, with the result that the third is determined by the
levels of the two choices.
2. For a given level of throughput in any process, the only way to reduce flow
time is to reduce inventory, and vice versa.
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4.5.1 Measures and the customer order decoupling point
More specific measures are widely used to complement the ones mentioned above and
give a more detailed view of the process. These measures differ in one significant way,
whether they focus on productivity or flexibility. This division is due to the fact if the
measurement focuses on activities before or after the CODP. (Wikner and Rudberg,
2004)
Wikner and Rudberg (2004) gives examples of common measures or key ratios used
on the different sides of the customer order decoupling point.
Before the CODP: Productivity-focused measures
• Efficiency (to reduce manufacturing cost)
• Lead time (to reduce capital cost)
• Service levels (to ensure fulfilment of delivery lead times)
After the CODP: Flexibility-focused measures
• Lead time (to shorten delivery lead time)
• Volume flexibility (to achieve robust lead times and cost efficiency)
• Service levels
• Product-mix flexibility (to fulfil customer demands)
The different measures used are consequences of the productivity- and flexibilityforces acting on either side of the CODP. The productivity-forces strive to shorten
delivery lead times, make the business more cost effective and to standardise products.
Flexibility-forces focus on lessening the capital cost and to produce more customerunique products. (Wikner and Rudberg, 2004)
Measures regarding lead time and service levels can also be designed differently.
Some of the more common definitions of such measures are tardiness, lateness and
earliness. Tardiness is the positive difference between the completion time (lead time)
and the due date of a job. A tardy job is one that is completed after its due date.
Lateness refers to the difference between the job completion time and its due date, and
differs from tardiness in that lateness can be either positive or negative. Minimising
the average tardiness and the maximum tardiness is also a common scheduling
objective. (Nahmias, 2001)
If jobs completed before the due date is undesirable, it can be appropriate to measure
and minimise the average earliness of jobs. Minimising both earliness and tardiness
gives a two-fold and objective view in making the process meet its due dates.
(Vollmann et al., 2004)
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Hill (2000b) also gives a few examples of measurements commonly used to measure
the operations delivery speed and reliability. These include the operation lead time and
actual queue length versus target during a selected period as well as the percentage of
orders delivered on time. To measure the quality conformance Hill (2000b) suggests
measuring the defects as a percentage of total units made, number of customer
complaints, scrap levels or customer satisfaction scores.

4.6 Cost management
The following chapter will describe the role and importance off effective cost
management. As part of a bigger picture of a company’s management, cost
management is an important part for analysing and controlling profitability. Cost
management can also be used to ensure that products manufactured have a similar
profitability, so that not some products are profitable and others not.

4.6.1 Cost estimates
Cost estimates are used as calculations and combinations of costs and revenues for a
certain object. These cost estimates can be executed both in special decision-making
situations as well as in more frequent situations of a routine nature. The latter concern
cost estimates for objects in need of continuous follow-up on the distribution of costs
and revenues. Products are regarded as such an object in basically all contexts, both for
manufacturing and service enterprises. (Hansson and Nilsson, 1994)
The ambition is for all objects to be allocated the costs and revenues it has caused.
This means that an analysis of what costs an object has caused has to be performed. If
the object is a product this means that its cost estimate should include the revenues it
has generated and carry the costs it has caused during its making. (Andersson, 1997)

4.6.2 Choosing an appropriate model
A cost estimate should mirror the real situation in production and the actual coststructure as good as possible. The cost estimates used are models of this reality which
implies that they are simplified pictures of the real situation. A dilemma in
constructing models such as cost estimates is the level of detail. At one side you want
an accurate model which gives as detailed a picture of the reality as possible. On the
other hand you want a model that is easy to construct and use. This means that
choosing an appropriate model is a trade-off between causality and essentiality. To be
able to make this trade-off detailed knowledge of the consuming of resources is crucial.
(Andersson, 1997)

4.6.3 The purpose of cost estimates
When choosing a model for cost estimation it is important to pay regard to the purpose
of the model. This can differ for preliminary and subsequent estimates. A preliminary
cost estimate is aiming forward and is established before production. Its purpose is to
give a basis for decision-making about product choice, manufacturing method,
production volume, market presence or make-or-buy decisions etc. When performing
subsequent estimates the purpose is cost control, analysis of results and follow-up to
be able to make better preliminary estimates in the future. (Andersson, 1997)
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Hansson and Nilsson (1994) highlight three purposes of major importance, cost control,
product choice and pricing.
4.6.3.1 Cost control
One of the aims for cost estimates is to create a foundation for cost control. This
means trying to answer questions such as: How high was the cost per produced unit in
this period compared to the previous? Compared to the preliminary costs calculated
beforehand? In what respects did the costs differ? Was it for material, salaries or
something else? Should other alternatives for sourcing be considered? Cost control
makes discrepancies visible and possible to attend to in different respects.
4.6.3.2 Product choice
The cost estimates also form the basis for evaluating the profitability of the products
manufactured. Questions to be answered could be: Should the company continue to
manufacture all products or are some of them non-profitable? Is product A more
profitable than product B? The examples show that it most of all is a question of how
to use the current production facilities (tactical or operational management). In the
longer term, cost estimates could also form part of the basis for more strategic
decisions.
4.6.3.3 Pricing
The third main purpose of cost estimates is as a foundation for decisions about the
products prices. Knowledge of the products’ costs forms a basis for answers of
questions like: What price has to be set to cover the costs? What price gives the same
profitability as for the other products? Such questions however assume that the
company, to some extent, is in charge of setting the prices. This is in many situations
impossible since companies often have to accept the existing prices on the market. If
the company cannot make its own decisions about the price, the purpose of pricing is
not applicable. There is still however need to ensure that the production is profitable at
the given price. Andersson (1997) sees this conflict in a more flexible way and
recommends that pricing should be managed as a balanced trade-off between internal
calculated costs and the market prerequisites.
4.6.3.4 Other purposes
Besides the three main purposes lined out by Hansson and Nilsson (1994), cost
estimates can according to them also have other important purposes. This is
particularly true in the area of operations management, where above all cost estimates
can be used for short-term capacity planning and different forms of rationalisations.
Kaplan and Atkinson (1998) clarify rationalisations and give it further importance as
one of their major purposes. They describe this purpose as to identify opportunities for,
or the need to, improve product or process design and process operation.
The connection to accounting means that cost estimates also is used as an important
input for budgeting and in particular the results budget. They are also in practise used
for long-term capacity planning and valuation of stocks of finished or semi-finished
products.
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4.6.4 Basis data for calculations
The possibility to perform cost estimates is dependent on the availability of basis data.
This basis data is sometimes accessible in the company’s information system,
otherwise special investigations has to be carried out to collect data. In all cases the
basis data has to be examined and valued since no cost estimate is better than the data
it is based on. Sometimes data has to be transformed in some way to be suitable for the
model used. It can for instance be necessary to distribute costs between time-periods,
between departments or between products. In some of these cases the transformations
can involve difficult trade-offs. (Andersson, 1997)

4.6.5 The role of cost management in decision-making
To clarify the relationship between cost estimates and decision-making in a company
the following description could be of use. The purpose of the cost estimate guides the
selection of which model to use. The basis data is analysed with help of the model and
the result is evaluated together with supplementing information to form the basis for
decisions that are carried out and followed up.
Supplementing information could be things that are not taken into consideration in the
model, e.g. qualitative information and information that are not included in the model
because of its simplification of the reality. The procedure for this kind of cost
management is illustrated in figure 4.12.

Figure 4.12

Procedure for cost management. (Interpreted from Andersson (1997))
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4.6.6 Classifications of total costs
Cost estimates often focus on calculations of costs, even if the revenues never can be
neglected while making decisions. The focus on costs can be said to be subordinate to
consider market characteristics. However, models for cost estimates are based on
different kinds of costs and the allocation of these. These costs can be divided in
different ways, which in turn form the building stones for different models of cost
estimates. (Andersson, 1997)
To describe some standard models commonly used we first have to explain the
different divisions of costs that they are based on.
4.6.6.1 Variable and fixed costs
The total costs for a company can be divided with regard to its volume-sensitivity.
Variable costs change with production volume while fixed costs are unaffected by
changes in volume. Examples of variable costs could be costs for material or costs for
consumption of electricity. Common fixed costs could be rents for buildings or basic
fees for telephones or electricity. (Andersson, 1997)
Kaplan and Atkinson (1998) use a similar division based on costs arising from the
acquisition and use of resources, such as people, equipment, materials and facilities.
They identify two types of costs. The first type of costs is created when the
organisation acquires productive capacity, these resources are contracted for in
advance of when the actual work is done and is called committed resources. The costs
associated with these resources are called committed costs. Committed costs are
unaffected by how much the organisation uses the committed resource. The second
type of cost is called flexible cost and arises from the use of flexible resources. The
actual level of activities performed to make products and serve customers determines
the quantity of flexible resources supplied and used.
Andersson (1997) continues by pointing out that the division into variable and fixed
costs is not obvious. Variable costs can differ in the way they change regarding to
volume, usually proportional, decreasingly or progressive. Some variable costs are
also often regarded as fixed, for example labour costs which are fixed in the short term
but variable in the long run. Fixed costs can also change regarding to volume in some
degree. There could be costs that are fixed for certain intervals of volume, or costs that
do not appear until when the plant is running but stays at the same level when the
volume increases.
4.6.6.2 Direct and indirect costs
To make this kind of division some concepts need to be explained. These are type of
cost, cost centre and cost unit. Type of cost indicates a classification of costs into
groups of similar characteristics. Costs for raw material could be one type of cost,
while expenses for telephones and postage could be brought together into one type of
cost. Cost centre is a department or function within an organisation, which represent a
delimited and similar resource contribution.
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Some part of the processing is carried out at the cost centre. This work required the use
of resources, which causes costs to occur. Cost unit is what is supposed to carry the
cost. This is the final target object for the cost estimate and could for instance be a
product, an order or a customer.
Direct costs can be measured and registered directly onto cost units. They are charged
onto cost units without intermediate steps. The type of direct costs can differ
depending on the kind of cost unit used. All other costs are called indirect costs and
they can be assigned to different cost centres. If they are distributed further onto cost
units they are called allocated costs. The cost centre then becomes an intermediate step
in the allocation of costs. By allocating all costs to cost units it is possible to calculate
the prime cost of the unit. This cost shows what manufacture of the unit costs the
organisation and this kind of allocation is called full cost-allocation. (Andersson,
1997)
4.6.6.3 Separated and joint costs
In some cases it is required to calculate additional or disappearing costs when the
concentration or technique of manufacture is changed. It can also be relevant to be
able to calculate the costs associated with certain orders. The costs relevant in these
cases can be of both fixed and variable nature. In these cases it can be useful to use the
terms separated and joint costs.
Additional or disappearing costs as consequences of decisions are called separated
costs, while costs that remain unaffected are referred to as joint costs. Costs become
separated or joint depending on the kind of decision to be made, depending on what
causes the use of resources. This is why a division into separated and joint costs cannot
be made until the kind of decision to be made has been clarified.
When the separated costs and revenues for a certain decision-making have been
clarified, it is possible to calculate the contribution margin of the evaluated object. The
contribution margin should contribute to covering of joint costs and give profit.
Contribution margin = Separated revenues − Separated costs

This method of dividing costs is referred to as direct variable costing, which is
characterised by incomplete allocation of costs since joint costs remain unallocated.
(Andersson, 1997)
4.6.6.4 Comparison between different divisions of costs
According to Andersson (1997), there are often large similarities between variable
costs, direct costs and separated costs. There are however cases where there are large
differences. The different ways of dividing the total costs can be compared in the
following figure:
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Different ways of dividing total costs. (Andersson, 1997)

4.6.7 Cost estimate models based on variable and fixed costs
4.6.7.1 Break-even analysis
In cost management graphical and schematic models are commonly used, together
with mathematical models and formulas that express equalities. Fixed and variable
costs can be described in simplified graphs to determine the break-even point, where
the revenues equal the costs. With a higher sales volume than at the break-even point
the company makes a profit, and with a smaller volume the company is non-profitable
for the object or product-group studied. (Andersson, 1997)

Figure 4.14

Break-even analysis. (Andersson, 1997)

4.6.7.2 The division and equivalence methods
For companies producing a small range of very similar products some other models
based on allocations of all costs could be sufficient. If the products do not differ in the
way they are manufactured, the kind or extent of material or resources they use, simple
division of total costs on all the products gives good-enough accuracy. These methods
are referred to as the division method and equivalence method, used almost exclusively
in process industries. This is sometimes also referred to as process costing. (Hansson
and Nilsson, 1994)
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4.6.8 Cost estimate models based on direct and indirect costs
For organisations manufacturing several kinds of products and varieties process
costing is insufficient in giving applicable cost estimates. Since use of material,
maintenance, energy, marketing resources, product development, labour etc can differ
significantly between products a simple division of total costs over a period of time
would give an incorrect description of the costs. The costs need to be separated and
allocated to individual orders. (Hansson and Nilsson, 1994)
4.6.8.1 Prime cost calculation method
As mentioned in chapter 4.6.6.2, when calculating a products prime cost, direct costs
are directly registered onto cost units. Remaining costs are called indirect costs and
can be assign to cost centres. To complete the prime cost calculation these indirect
costs have to be allocated to products using some kind of system for allocation. This
system uses allocation-keys to distribute costs which are mutual between products.
The general principle is that every cost unit should carry its own justifiable share.
(Andersson, 1997)
To be able to make this kind of fair allocation of the costs, the choice of system for
allocation is of major importance to give a precise calculation. At the same time, the
system should be easy to understand and use and the indicator used as allocation-key
should be easy to measure and register. Good causality presumes that the allocationkey varies proportional to changes in costs both in the short and long term. It can be
hard to find suitable allocation-keys; it is about finding a proper trade-off between
causality and essentiality. (Andersson, 1997)
The method and the relationship between type of cost, cost centre and cost unit can
illustratively be outlined as in figure 4.15.

Figure 4.15

Allocation of direct and indirect costs. Costs occur at cost centres and are either directly
registered on cost units or indirectly allocated by using allocation-keys. (Andersson,
1997)
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Andersson (1997) also gives an example of a common classification of direct and
indirect costs for a manufacturing company. This is a basic model which should be
adjusted to the specific situation.

Figure 4.16

Basic classification of direct and indirect costs. (Andersson, 1997)

Direct material costs are directly charged onto a cost unit. The consumption of
material can be registered in the business system or on material cards. Indirect material
costs are associated with activities at the handling of inbound material, such as
purchasing, stock-keeping, losses or obsolescence. Direct labour costs are salaries
directly charged to cost units, usually based on reported working-time in a business
system or on reporting-cards.
Indirect production costs usually include calculated costs for depreciation of buildings
and machines. It can also include operative expenses such as energy, maintenance,
heating etc. Special direct costs are other direct costs than material and labour
associated with production, for instance licensing-fees for software. Indirect
administrative costs are costs for administration and management, including the
equipment they use. Indirect sales costs could for instance be costs for market analysis,
marketing and sales. (Andersson, 1997)
As stated earlier, the allocation of costs should reflect the cost units’ consumption of
resources as good as possible. The allocation of indirect costs is especially important
when they are large in relation to the number of cost units or to the prime cost. Use of
a direct cost as the single allocation-key can in such environments lead to a very
misleading distribution of costs. When trying to find an appropriate allocation-key it is
important to understand what the indirect cost consists of. If indirect material costs
mainly consist of costs for heating raw materials, the costs could be allocated in
proportion to the need of heating, which indicates storage space or volume as proper
allocation-keys. (Andersson, 1997)
Another way to achieve good causality could be to use differentiated allocation-keys
for different products. Some material may be stored for a long time while others are
delivered directly to manufacturing and should not be allocated indirect material costs
to the same extent. Another way to increase causality is to separate indirect costs on to
many cost-centres and for each cost-centre use a specific allocation-key. This method
has the advantage that the cost-centres will probably have a more homogenous cost
distribution which makes it easier to find an allocation-key with high causality.
(Andersson, 1997)

72

Capacity and cost analysis

Chapter 4 - Frame of reference

Large and complex organisations can also find it useful to divide cost-centres into
main cost-centres and assistive ones. Assistive cost-centres could for example be the
centralised management or IT-departments while main cost-centres are the final ones
where allocation to the cost unit is performed. Costs for assistive cost-centres can then
be divided onto main cost-centres directly or in several steps if it is a large
organisation before the final allocation to cost units. In each of these steps it is
necessary to use an appropriate allocation-key. (Andersson, 1997)
4.6.8.2 Activity based costing
The prime cost calculation method presumes that direct costs dominate the total costs,
a situation that has been historically true. The conditions for production has however
changed a lot during the last decades, with automation, computer-controlled
production and increased used of robots as important developments. This has led to
that capital costs has increased and costs for wages decreased as parts of the total costs.
In theoretical terms, this is one of the reasons that indirect costs has started to
dominate over direct costs. This relationship is especially true in process industries.
This shift in cost distribution has led to larger allocations of indirect costs, which
increases the risks for unfair allocations between cost units and products. (Andersson,
1997)
Criticism against the way cost management was carried out in organisations appeared
in the late 1980’s. Kaplan and Johnson (1987) claimed that cost estimates had not
developed and adapted to new conditions. Traditional methods was said to give
random and inaccurate allocations and insufficient, misleading and slow information.
The concept of Activity Based Costing (ABC) was developed to provide more
accurate ways of assigning the costs of indirect and support resources to activities,
products and customers. ABC systems recognise that many organisational resources
are required not for physical production of product units but to provide a broad array
of support activities that enable a variety of products and services to be produced for a
diverse group of customers. The goal of ABC is not to allocate common or indirect
costs to products. The goal is to measure and then price out all the resources used for
activities that support the production and delivery of products to customers. (Kaplan
and Atkinson, 1998)
Andersson (1997) highlights one important development that has facilitated the
implementation of cost estimation models with high causality. This is the cheap and
often computerised methods for collection and handling of process data which makes
the transition to more accurate models reasonable and justifiable.
ABC attempts to first identify the activities being performed by the organisation’s
support resources. Then it traces the resource expenses of the support resources to the
activities, ending up with the total cost of performing each of the organisation’s
support activities. In the next stage, ABC systems trace activity costs to products by
identifying a cost driver for each activity, calculating an activity cost driver rate, and
using this rate to drive activity costs to products.
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For each product, the quantity of each cost driver it uses during a period is multiplied
by the standard cost driver rate. (Kaplan and Atkinson, 1998)
With the use of terminology like activity, the reason for use of a resource is in focus.
Cost units causes use of activities which in turn causes use of resources. The chain of
cause is consequently followed from the cost unit “upwards”, a so called bottom-up
perspective. This indicates that it is the real operations that design the model or
method for cost estimation.
The bottom-up perspective is sometimes considered as a major difference compared to
traditional cost estimates like the prime cost method, where the attitude is said to be
top-down perspective. (Andersson, 1997)

Figure 4.17

The relation between cost unit, activities and use of resources. (Andersson, 1997)

To make it possible to measure a cost driver rate for an activity, it is essential that the
activity is similar and recurrent. The activities included in the model must
consequently be homogenous. Unique or complex activities are hard or impossible to
include in the model, a factor that limits the possibility to consequently apply ABC for
all resource use. Such costs could be treated in a traditional way and be allocated to
cost units via cost-centres. (Andersson, 1997)
To describe ABC relative to the prime cost method Andersson (1997) uses the
following graphical model:

Figure 4.18

Allocation of direct costs and activity-costs. Cost units cause activities which in turn
cause use of resources. The different costs for resource use are allocated to cost units
directly or via activities using cost drivers. (Andersson, 1997)
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4.6.9 Cost estimate models based on separated and joint costs
4.6.9.1 Direct variable costing
As outlined in chapter 4.6.6.3, the direct variable costing method is used to calculate
the contribution margin of product. Contribution margin is a surplus measure that has
not been charged with joint costs since it only takes separated costs into consideration.
The contribution margin should contribute to the covering of joint costs and give profit.
According to Andersson (1997), contribution margin (CM) can also be calculated for a
product class or for all the products of a company. This is referred to Total
Contribution Margin (TCM) and is calculated as follows:
Total contribution mar gin (TCM ) = Total revenue (TR ) − Total seperate costs

TCM can further be used to calculate the result of a company:
Result = TCM − Joint costs

Another measure is the TCM’s share of total revenues which is called contribution
share and is calculated as follows:
Contribution share (CS ) = TCM TR

The terms TCM and CS can be combined with other terms used in cost management,
for instance with a break-even chart (see chapter 4.6.7.1). This can be used to calculate
break-even volume and sales:
Break even volume = Joint costs CM
Break even sales = Joint costs CS
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5 Problem analysis
With a known current state and problem and task formulation, we have in this section
used the theories in the frame of reference to analyse the processes for annealing. We
have established a new process mapping by initially investigating the company’s and
processes’ strategic dimensions, in order to later on establish performance measures
congruent with the business objectives. Furthermore we have conducted extensive
calculations and analyses to facilitate the successful implementation of a Just-in-time
production philosophy, including necessary process improvements and redesigns to be
made.

5.1 Analysis of present process mapping
The process flow mapping that exists at SHT regarding the furnaces used for annealing
is a document called Annealing – P068. This document basically consists of a flow
diagram, without any further data such as capacities, quality losses, error frequencies,
costs or available storage space as was suggested by Olhager (2000) and Krajewski
and Ritzman (2002) as important supplementary information. Times for operation,
queuing and storage at different stages are also not available in this flow diagram.
The kind of supplementary information mentioned above is to some extent stored in
the managerial MPS-system, where it for example is used as input for master planning
and cost management. The accuracy and level of detail of this information is however,
as described in our problem and task formulation, insufficient for these processes to
work efficiently. The information is to some extent also difficult to find, why we
believe that important supplementary information should be documented together with
a detailed process mapping.
The flow diagram is otherwise detailed and accurate regarding decision-points,
operations, storage, suppliers, customers and supporting activities. What we however
have found is that the process chart principally describes the annealing in the 057furnaces, and that the process for annealing in 035-furnaces is said to be done in same
way. We agree in that these processes are similar but they also have some important
differences as described in the current state analysis. Examples of such differences are
the suppliers and customers of the processes, the kind and role of the annealing
performed, and the way the furnaces are planned. This calls for process flow analyses
of the two processes to be made independently.
The flow diagram of the annealing process consists of both value-adding and
supporting activities. Most of the supporting activities are mapped out separately and
are used as either inputs for or customers of the process. The most important
supporting activity that affects the overall performance of the annealing process is the
detail planning which is referred to as P061. This process describes the workflow
during detail planning for the finishing department. Since this detail planning only
affects annealing in 057-furnaces, this process is not an input to annealing in 035furnaces and further stresses the fact that P068 should not be referred to as the process
for annealing in both resources, but for 057 only.
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Furthermore, detail planning at the finishing department does not comprise detail
planning for 057-furnaces, since this is administered separately by a detail planner for
the furnaces. The workflow of this planning is to some extent covered within the flow
diagram for annealing, but it does not give an insight in how the actual sequencing or
dispatching is carried out.
The detail planning of 035-furnaces is as we have mentioned in the current state
analysis carried out by operators. The process description for detail planning in the
cold-rolling department, where the 035-furnaces are located, is referred to as P085.
This process map gives useful information about the overall workflow during detail
planning for the whole department but, like for detail planning of 057-furnaces, lacks a
description of how the sequencing of the orders is performed. The process of master
planning, referred to as P030, is described in more detail than the processes for detail
planning. The capacity check, which is a part of the master planning process, is
mapped in further detail in a process map called P029.
Our main focus though is to provide process analyses of the furnaces used for
annealing. The process maps mentioned above are all useful for understanding of the
general workflow, but when it comes to providing information for analysis they are
insufficient. Since the current process mapping, as mentioned above, is insufficient in
providing information to facilitate efficient master planning or cost management, the
processes for annealing needed to be further analysed. We chose to carry out this
analysis using the six-step method suggested by Krajewski and Ritzman (2002). We
have also chosen to continuously make references to the present process description to
identify similarities, differences and possible improvements. The process flow analysis
has, for reasons mentioned previously in this chapter, been made in two parts; one for
the annealing in 035-furnaces and one for the 057-furnaces. The analyses have in the
following chapters however to some extent been made concurrently for the two
resource groups to facilitate comparisons and discussion.

5.2 Strategic dimensions of the processes
One way to analyse strategic dimensions and the strategic role of the furnaces used for
annealing is to use the product-process matrix as described in chapter 4.1.1. With the
characteristics of the overall process, SHT could be described as a company with batch
production or disconnected line flow. Discrete units are produced in batches in
dedicated resources that are located in a flow-oriented way. Since SHT has multiple
products of low volume we can also draw the conclusion that the chosen production
environment is appropriate and matches the products produced. SHT’s overall
production process is of a smaller dimension than many of their competitors. This
makes it easier for SHT to be more flexible, since the advantages of economies of
scale are not as great to SHT as to some of their competitors.
Looking at individual resources, we have however found some divergences in the
production environment. The hot-rolling mills are one exception since they are
actually connected to each other and therefore make out a connected line.
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This production environment creates opportunities for a higher flow rate with less
flexibility than resources in a disconnected line. The other exception we have found to
a disconnected line is the furnaces used for annealing. These resources have so many
internal suppliers and customers located in various places that the flow here is better
described as jumbled or as a job-shop environment. This implies that the resources are
more flexible than others are, which is also true since several different types of anneals
can be done in the furnaces.
We see these discrepancies as natural consequences of what the process needs to
accomplish at different stages in the flow. In the hot-rolling mills the products are still
quite similar and there are no high demands on flexibility. The furnaces used for
annealing need to process a lot of different materials in the same resource group,
which calls for more flexible resources than usual since most other resources are
dedicated to specific types of operations or materials.
There are also some differences between 035-furnaces and 057-furnaces that need to
be discussed. SHT has chosen to run the smaller batches and more unusual or sensitive
programmes in the 057-furnaces, while usual and fixed programmes are used in the
larger 035-furnaces. This choice is justified since the large 035-furnaces can be
utilised to a higher extent and the cost for processing the more common material can
be reduced. Dedicating the 057-furnaces to work with more variance means
concentrating some of the flexibility to one resource, in this way reducing the negative
effects of flexibility on the overall process.
The competitive positioning of SHT, as was discussed in chapter 2.3, could be
analysed in the terminology of order winners and qualifiers. After looking at the result
from the recent customer survey, we have chosen to say that SHT is competing with
flexibility and quality as the main order winners, and with price and delivery
performance as the main order qualifiers. With this performance on the different
criteria, SHT stands out from some of the competitors on the market. The big picture
suggests that price is the main order winner on the market, but some customers have
specific demands on flexibility and may not be as sensitive regarding price as others
are. Employees at SHT claim that the company’s delivery time is competitive while
we believe that the delivery reliability however could be substantially improved. These
two dimensions make out the delivery performance, and in the following analysis it is
at first hand the delivery reliability that is the focus of improvement.
For the above mentioned reasons, we would like to describe SHT’s area of business as
a separate segment on the market for heat-exchanger material. With flexibility and
quality as order winners, the main focus to attract customers within this segment is to
maintain and improve the levels of performance on these factors. In order to keep
present customers though, it is also implied that SHT has to keep an order qualifying
level of their prices and delivery performance. In order to compete for other orders
from customers who are more sensitive on price and delivery performance, SHT
would above all have to improve their performance on these factors to an order
qualifying level that they do not reach today.
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According to the last strategic review (see chapter 2.6), there have also been strategic
decisions made to increase the focus on cost and delivery performance. This has taken
the form of a change in production philosophy by implementing a JIT-based
production system. We also believe that SHT, without deteriorating the levels of
flexibility and quality, could find ways to improve their performance on price and
delivery, and in that way broaden their area of business and attract new customers.
We also believe that there is another reason SHT needs to increase their focus on price
and delivery performance. This is because a strict focus on flexibility and quality could
worsen the performance on price and delivery, leading to lost orders on the current
preferred segment. The present level of performance on these factors might be close to
some of the customers’ order qualifying level. To illustrate our reasoning with the
order qualifying levels, we have chosen to describe SHT’s performance on important
factors of competition in the following figure:

Figure 5.1

A conceptual view that describes SHT’s performance on important factors of
competition.

With the background of the previous discussion, we have chosen to describe the
strategic dimensions for the overall process as to deliver products that are wanted by
the customer (flexibility and quality) to as low a cost as possible (price), in the right
time (delivery performance). This formulation indicates that flexibility and quality is
slightly superior to price and delivery performance. This is explained by our concern
to maintain today’s high flexibility to keep the present market share, while still
including price and delivery performance since improvements of these could lead to
increased demand for SHT’s products. This formulation is also in compliance with the
strategic review described in chapter 2.6, and the implementation of JIT-based
production.
Strictly focusing on the processes for annealing, we believe that the same strategic
dimensions apply. In the current process mapping there are no obvious descriptions of
the strategic dimensions. There is however a formulation of the customer value of the
process described as “Material annealed in compliance with production order,
labelled correctly and without damage”. This formulation also focuses on flexibility,
quality and to some extent price, but does not contain delivery performance to any
large extent.
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We believe that delivery performance should be included among the strategic
dimensions, since it is a possible order-winning criterion for some customers, and it
might be an order-losing sensitive qualifier for present customers. An extended
formulation of the strategic dimensions for the annealing processes could be for
example “Material annealed in the right time in compliance with production order,
labelled correctly and without damage”.

5.3 Inputs, outputs and customers of the processes
The suppliers and customers have previously been described in our current state
description. Any of the three cold-rolling mills could be the supplier, and the
customers are the same three resources as well as the finishing department, including
stretching and slitting. We have conducted an analysis of the supplier and customer
processes associated with the 035- and 057-furnace groups, using statistical data from
the order backlog. The data we have studied included 96 % of the total ordered weight.
Our analysis shows some major differences between the 035- and the 057-furnaces
regarding both supplier and customer processes. The 035-furnace group has one
dominant supplier process in the cold rolling mill 2731, which represents 58,2 % of the
input to the 035-furnace group. The largest customer to the 035-furnace group is with
a 63,3 % share the 2762 cold rolling mill that is located adjacent to the 035-furnaces in
building 7. The most frequently occurring process path in which the 035-furnaces are
involved in is consequently 2731-035-2761, which stands for 41,1 % of the tonnage
that passes 035. What is important to note, which should not come as a surprise to the
reader, is that the largest part of the material both comes from, and goes to, a cold
rolling mill. Only a fraction of the material comes from the finishing department (in
this case only 5411) and only 18,2 % of the tonnage is passed on further to the
finishing department.
Looking at the flow at operation level, we first of all can draw the conclusion that full
annealing is by far the most common operation in the 035-furnace group. According to
our study, full annealing (03561 and 03562) stands for 88 % of the operations, which
in turn gives that partial annealing (83561) only stands for 12 %. The 03561-operation
(inter-annealing) make up 96 % of the total tonnage of full annealing orders planned
on 0356. Notable is that all orders that are processed in the 035-furnaces are as
previously known both planned and reported on the 0356-furnace. As seen in appendix
4, only three operation numbers, out of the nine available operation numbers
associated with the 035-furnaces, are actively in use. For further information, see
appendices 1, 2 and 4.
The 057-furnaces have been studied in the same way. The 057-furnaces are as known
located in building 8 nearby the finishing department and logically more material that
comes from and goes to machine centres in the finishing department are processed
here. As supplying resources, the cold rolling mills 2751 and 2731 are dominant
(33,5 % and 23,8 % respectively), but the stretching machines (5411 and 5361) are
also responsible for a large part of the input (33 % together). As the main customer,
5411 is dominant with a 49,1 % share.
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Furthermore, 46,2 % goes to slitting in any of the slitting resources 6731, 6761 or 6712
and only 4,2 % goes to packing in 2540. The most common process path is with
32,1 % of the total tonnage 2751-057-5411 and the second most common process path
is 5411-057-6731, which make up 21,2 % of the volume. Partial annealing is more
common in the 057-furnaces than in 035-furnaces. 56 % of the tonnage going through
the 057-furnaces is made up of partial anneals (operation 85711). Full anneals stand
for 44 %, with 05721 and 05711 corresponding to 97 % and 3 % respectively. For
further information, see appendices 1, 3 and 5.

5.4 Important performance measures of the processes
To be able to determine the appropriate measures to use it is first important to
understand the position in the production flow that the furnaces for annealing have.
The overall production environment could be classified as a Make-to-Order
environment, since the CODP is located early in the flow. The CODP is however also
located at different points in the flow for different products. For common products, the
CODP is located in the intermediate stock in building 5, right before cold-rolling is
initiated. For rare products, the CODP is located all the way back in the smelting plant.
In both cases we choose to classify the environment as MTO, even if the environment
for orders decoupled from the intermediate stock is approaching an ATO-environment.
Both the 035-furnaces and 057-furnaces are in all cases located after the CODP, which
indicates that flexibility-focused measures should dominate for both resource groups.
Such measures are, as mentioned in chapter 4.5.1, lead time, volume flexibility,
service-levels and product-mix flexibility. In the present process mapping there are
four performance measures as follows:
•
•
•
•

Tons produced per manned hour
Tons produced per machine hour
Number of customer complaints
Average Work-in-Process

We believe that these performance measures are insufficient in giving important
information about delays and that the focus on produced tons gives a twisted view of
what is important for the process. A focus on tons without any measure of delays
means that large and heavy coils will be prioritised on the expense of annealing of slit
strips in 057-furnaces, and smaller coils will be less prioritised in the 035-furnaces.
For both resource groups it also follows that to achieve a good result on this measure
full annealing will be chosen before partial annealing.
With the position of the CODP and the strategic dimensions in mind, we have here
established what we believe is more appropriate performance measures of the
processes; the same measures apply for both resource groups.
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1. Average lateness
By using a measure such as average lateness, we ensure that there is focus on
delivering products on time, in conformance with a Just-in-time philosophy and the
strategic dimensions mentioned earlier. By measuring lateness on a short timescale it
can be used instead of the two separate measures of tardiness and earliness and ensures
that there is a two-fold focus on the delivery reliability.
2. Average capacity utilisation and standard deviation
This measure ensures that there is a focus on the efficiency of the process. This is a
productivity-focused measure usually more important before the CODP, but we
believe that this measure is justified for the furnaces as well to ensure that the present
way of booking is highlighted. We have chosen to define this measure as follows:
Capacity utilisation =

Machine hours used
Net availability

This way of defining capacity utilisation correspond to the definition preferred by
Blackstone (1989), see chapter 4.3.3, and the one described by Hill (2000b) as
appropriate for jobbing or batch environments of low volume. This is not completely
in conformance with the production environment at SHT, but our opinion is that this
kind of measure is important to increase the focus on the process capacity. Utilisation
measured in produced units would, as previously mentioned, give a twisted way of
prioritising between orders.
This formula could also be varied by for instance not incorporating the time needed for
set-ups or maintenance, which is how we have chosen to define it. We justify our
choice since it is the preferred measure in use at SHT, with the only downside that it
does not take the effect of different shares of setup time for different products into
consideration.
We have also chosen to incorporate the standard deviation of the capacity utilisation
since this gives an idea of the variance in utilisation and the appropriate level to aim at
over time without over-booking the resource. This increases the focus on volume
flexibility and work as an indicator of the stability of the processes.
3. Percentage of defects
The amount of defect units is an important measure of the quality of the products and
ensures that efficiency and throughput is not prioritised on the expense of quality. This
is also a measure of service level and product-mix flexibility. We however also believe
that the number of customer complaints should be measured on an aggregate level, but
for the individual processes it is more appropriate with a measurement of defects.
4. Average Work-in-Process
The WIP-level is important to measure to get a focus on capital costs and above all
delivery lead time. As we will see in later chapters, the planned lead times for the
processes will be defined for a certain way of processing, why a direct measure of the
lead times are already incorporated in the planning of the processes.
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Average WIP will serve as an indicator of how well these lead times correspond to
reality and if the operators follow the guidelines from management appropriately. It
can also work as a measure of volume flexibility.
Our chosen performance measure of average capacity utilisation ensures that all
products are treated equally. This performance measure also gives important
information about the consequences of the planning and chosen product mix which
earlier only could be analysed by looking at the level of WIP and the produced tons.
We believe that our choice of performance measures gives a more balanced view of
the performance of the processes. With our chosen measures, all important aspects of
the process is covered and it is very hard to fabricate good results on one measure
without it showing by deteriorating another.
We also believe that it is important to establish rules for on what time-scales the
performance measures should be analysed. Similar to the discussion of models for cost
estimation, we believe that the measures should be performed as detailed as possible
without resulting in unnecessary work. In other words, the measures should give good
causality with the actual work so that the cause for the results on different measures is
easy to derive.
For this reason we suggest that all of our chosen performance measures are analysed
on a weekly basis, since this gives a good level of detail and facilitates easy analysis of
the results with a realistic amount of work. The result on our performance measures
will be calculated and analysed after the following chapter, when all necessary input
data have been collected. In later chapters we will also establish target values for the
future.

5.5 Documentation of the processes – capacity
In this chapter we have documented the processes for annealing in 035-furnaces and
057-furnaces independently. The kind of information that we have gathered about the
processes is essential to calculate the five measures chosen in the previous chapter. We
have also collected supplementary information about the processes that we believe is
important for an overall understanding and to facilitate the analysis of production
planning and cost distribution.
Our opinion is that the existing process mapping at SHT is useful in understanding the
process flow and the role of supporting activities. For reasons mentioned in previous
chapters we however believe that the processes also need to be mapped out in further
detail and be supplemented with more information about the processes. For these
reasons we have chosen to keep the format of flow diagrams to describe the general
events of the processes, and to supplement this flow diagram with process charts to
describe the value-adding process in further detail and to collect important information
for measurements. Our work is based on interviews with operators and other
employees familiar with the process, data available in various managerial systems and
direct observations of the workflow.
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5.5.1 Process mapping of annealing in 035-furnaces
There is no present mapping of the annealing process in the 035-furnaces; therefore we
will not be able to make any references to existing documents during our mapping. We
have concluded that the work performed in the 035-furnaces can be described as in
appendix 6.
The physical flow of products is the core of the flow diagram, starting from the top
and ending at the bottom. Supporting activities that are inputs to the process come in
from the left and outputs such as reports go out to the right of the main flow in the
diagram. This clarifies where the process begins and ends, and the role of and at what
stage different supporting activities are performed. To make understanding easier, the
process for detail planning of the furnaces has been mapped separately in P_new035 as
seen in appendix 7.
This flow diagram includes a separate process for establishing the production sequence.
The established sequence depends on due date and furnace utilisation and any more
advances options for accomplishing the production sequence are omitted. Basically the
operators try to maximise the number of coils that are being processed at the same
time with regard to due dates, which could be viewed as if the EDD sequencing
principle is used. The more detailed process mapping of the value-adding process and
the work of the operators have been put together in appendix 8.
As seen in the chart, we have identified the nature of each activity using the categories
suggested by Krajewski and Ritzman (2002). We have also used Olhager’s (2000)
terminology to decide if the activities are value-adding, non value-adding or
supporting. Times for the start and end of each activity have been established as
approximate values of observed times and times estimated by the operators. For our
purposes, the figures are mainly used to give a picture of the amount of time required
for the activities related to each other. It should be pointed out that the times can vary
according to how experienced the operator is, the distances involved and the number
of coils in the batches.
To facilitate analysis of the workflow, we have chosen to start the sequence of
activities when a batch is finished in the ovens. This most of all makes analysis of the
setup time easier. As seen in appendix 8, the average time for a normal setup would be
26 minutes. We have furthermore added three activities at the bottom of the chart that
can occur within the general workflow and disrupts the setup of the furnace. For our
purposes it was important to study how often these disturbing activities occur, since
they increase the setup time and decrease the throughput from the furnaces.
Activity X1 describes how often and for how long the operator is occupied with a
setup at 2762, during the time of a setup in 035. The occurrence frequency is the direct
relation between the normal setup time in 035 and the average inter-arrival rate of a
setup in 2762. The inter-arrival rate has been calculated using the amount of batches
produced during week 1-43 2004, resulting in an average inter-arrival rate of 1,2 hours.
This leads to that the occurrence frequency for activity X1 can be calculated to 0,36.
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The duration of activity X1 equals the time for a setup in 2762, which normally
occupies the operator for 4 minutes. In total this result in an additional 1,45 minutes
that should be added to the average setup time in 035.
Activity X2 is a delay that occurs when annealing in one furnace is finished during the
time that the operator is occupied with a setup in another furnace. The start of the
setup will then be delayed with the time it takes the operator to finish the other setup.
Since the furnaces are used basically all the time and the programmes used vary
considerably in length, operators do not take this kind of delay into consideration when
planning. This means that the occurrence frequency is not controlled by the operators.
We calculated an expected occurrence frequency based on the length and frequency of
different programs in relation to the normal setup time, including the addition of
activity X1. This resulted in an occurrence frequency of 0,06. The average duration
was estimated to be half of the normal setup time, since activity X2 occurs randomly
within the setup time. Multiplying the values resulted in 0,91 minutes that should be
added to the expected average time of a setup.
Activity X3 is finally the contribution to the actual setup time due to the time it takes
to cool the furnaces from full to partial annealing. To calculate the occurrence
frequency we simply used the total share of partial annealing (12 %). Since this share
was so small we could assume that it was very uncommon with two partial anneals in a
row, resulting in an occurrence frequency of 0,12. The average duration was estimated
to be 28 minutes by observations of temperature curves and interviews with operators.
The average additional time to the setup time was consequently 3,36 minutes.
The procedure described in the chart presumes that the incoming and finished material
is within specifications at the two different control points. The consequences of
incoming material being warmer than normal is that the operator has to re-calculate
what program to use, which however normally does not require much additional time.
The result of our analysis is that the average setup time is approximately 32 minutes.
As seen in appendix 8 we have also included the distances for the transport of coils.
These distances vary greatly depending on the storage location and subsequent
resource. We have not found any reason to describe these distances in more detail
since we do not believe that any resources or storage points should be moved, except
for maybe cold rolling mill 2731 located in building 5, far from other resources. The
time the transportation takes is also negligible compared to other lead time
components, which will be further described in chapter 5.5.1.2.5.
5.5.1.1 Capacity
The capacity of the 035-furnace group is depending on a number of different factors.
First of all, capacity measured in tons and capacity measured in hours give different
views of how to utilise the capacity as much as possible. For capacity planning issues,
it is most appropriate to measure the capacity in tons, since this is the unit used when
estimating total annual demand. The amount of material that the furnace group needs
to process during a certain time period is linked to this demand.
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For master and detail planning, capacity measured in available time is however more
appropriate. This measurement more easily incorporates changes in manned hours
over the week and the times for all operations are well defined.
5.5.1.1.1 Net availability

Capacity measured in hours can also be measured in several different ways. The
theoretical capacity could be the total time of scheduled availability, in most cases the
same time as manned hours according to the shift pattern. The furnaces can however
also be used when there are no operators present, so in this case the theoretical
capacity answers to the total time of one week. Maintenance, breakdowns and time for
setups however reduces this time to a net availability that for our purposes are more
important. This is the measurement that we feel is most appropriate to define the time
available for booking.
With knowledge of the average setup time, we continued to investigate the other
factors that decrease the theoretical capacity. We found that maintenance only
occurred twice per year which consequently only should affect the specific days or
weeks for maintenance, and not the average week. As it is today, planned stoppage for
preventive maintenance reduces the capacity for the day and week in question;
therefore omitting time for planned maintenance from our calculations should not be a
problem.
More important we found other disturbances that affect the net availability. These are
to start with the time consumed by additional annealing of material with a too low
temperature after the regular program. If the temperature of the finished material is too
low it needs to be put back into the furnace until the desired state is reached. To
calculate the effect of this we manually investigated all the written work reports for 40
days, resulting in observations of 217 anneals. Our study showed that additional
annealing often was a consequence of large batch sizes with more than one order and
differing incoming temperatures. Even if the operators try to arrange the coils
optimally it was common that some coils did not reach the desired state.
Another reason coils end up being too cold is because the furnace sometimes is cold
when the programme starts. This could be due to idleness or that the operator has
forgot to shut the furnace door or turn on keep-heat during a setup. The function that
the timer does not start until the initial annealing temperature has not been in use for a
couple of years, leading to that the first hour of annealing in many cases is carried out
at a too low temperature.
We found that the occurrence frequency of additional annealing was 0,14 and the
average time consumed was 2,12 hours, resulting in an average loss of time of almost
0,3 hours per batch. If the timer function would have been used as intended, the need
for additional annealing would probably be much lower. This would however also
mean that the average heating time before the timer starts would need to be taken into
account when calculating the net availability.
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The positive effects of implementing the timer again would therefore be restricted to
include the saved time by eliminating the handling of coils to be additionally annealed,
which only takes a couple of minutes per batch.
Another loss of capacity occurs as a function of the heating of material to be rolled in
operation A. Since this operation requires the rolls to be changed in 2762 and since it
is not very common, coils to be rolled in operation A in a week are often saved and
processed at the same occasion. This material needs to be pre-heated in the furnaces to
enable the operation to work properly. According to operators this heating takes about
45 minutes, plus the time of one setup. We were able to calculate the number of
furnaces used for this pre-heating during 2004 and converted this number to an
average value per day. Multiplied with the duration we obtained a value of how many
hours on average per day that the available time is decreased due to pre-heating.
During 2004 we found that this was on average 0,29 hours per day. Since operation A
and consequently the pre-heating only is performed on average once a week, in reality
only the available time for one day per week is affected. Since this however can occur
on any day of the week we have chosen to settle with an average loss of time per day.
Since available time for booking is measured on a daily basis we converted all our
calculations to a daily figure. This was done by multiplying the losses per batch for
setup and additional annealing with the average number of batches produced per day.
The number of batches however varies depending on how the furnaces are utilised. If
they are used as today with mostly full batches it corresponds to on average 4,46
batches per day. In a pull-environment the batch sizes would be smaller and
consequently the number of batches would increase. At the same time however, the
time for setups would decrease because of smaller batches, and the need for additional
annealing would probably lessen since the incoming material would be more
homogeneous. All together, we estimate that the losses in availability would be about
the same in any case why we have chosen to settle with a value corresponding to
today’s situation.
With knowledge of the kind and amount of activities that decrease the available time
we were now able to calculate an estimated net availability per day, resulting in a time
of 20,03 hours. We however also wanted to estimate the loss of availability due to the
furnaces being unmanned certain hours. Since we knew that the furnaces were heavily
loaded with work in some periods we could assume that the actual utilisation in such a
period could be used as a reference. Using the data obtained from the study in the
following chapter, we saw that it was possible to utilise the furnaces 18 hours per day
in such periods with a common mix of anneals. From this we could draw the
conclusion that the loss in availability per day due to unmanned time was on average 2
hours. On a weekly basis this would mean that 14 out of 24 unmanned hours was
impossible to utilise, resulting in that the remaining 10 hours actually could be used.
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With knowledge of this, we were able to calculate the net availability for each day in
an average week. Since the furnaces are manned around-the-clock during Monday
through Thursday the net availability for those days should still be 20,02 hours. The
net availability’s for the weekend days was calculated by taking the share of
unmanned time into account, resulting in 16,52 hours per day for Friday and Sunday,
and 13,02 hours for Saturday. Over a week this results in a time of 126,17 hours, and
taking the number of furnaces into consideration this gives us a net availability of
378,51 hours. The calculations and results can be seen in appendix 12.
5.5.1.1.2 Capacity in tons

The net availability is not the only factor that affects the capacity measured in tonnes.
The other important factors are the amount of WIP available, and the mix between full
and partial annealing at the resource. As seen in chapter 4.5, the formula known as
Little’s law can be used when analysing the connection between inventory (I),
production rate (R) and flow time (T).
When analysing we have used historical data from the first 41 weeks of 2004, with the
exception of weeks 30 and 31 in some cases. From the Diver file “Utbyte per rad” we
extracted production order number (TOnr), operation number (Opnr), operation
sequence (Opsekvens) and day of completion (V.Fdag) using the multitab function, in
this way joining tables with the four keys mentioned. Besides these four keys, we
chose to use weight (V.Kg), planned number of coils (Pl.antal) and reported machine
time (V.masktid). We then copied the data into an empty excel sheet and marked the
operations for full and partial annealing for the 035 furnace group using an ifstatement. At this stage, the data was sorted by production order number.
To be able to use the mathematical formula for analysis we needed to calculate the
flow time, which in this case was available as the time between the reported finishing
time of an order in a preceding operation and the reported finishing time in an
annealing operation. Finishing time is available in Diver as a day, and therefore we
could not measure flow time more accurately than in days. Although this might have
impaired the accuracy of our calculations, we do not believe that our findings are too
much off target. When analysing in a later stage we used mean values of the flow time,
and we can suspect that the set of data is normally distributed with an expected value
of the calculated flow time, i.e. the faults in the data evened each other out.
In order to calculate the flow time, we subtracted the finishing day in a preceding
operation from the finishing day in an annealing operation. In order to be able to do
this, we had to convert the date format that is used in the Diver file to a format which
can be used for calculations in excel. After calculating the flow times, we sorted the
data by the marked annealing operations. After this, we could delete much of the data
in the excel sheet since the important data had been grouped together. We also
calculated mean values on a weekly basis for reported machine time, planned number
of coils, reported weight and flow time. The data could after this operation be further
reduced to only include data on weekly basis. The data for full and partial annealing
was at this stage treated seperately.
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From this data, it was possible to calculate flow time and production rate for full and
partial annealing in the furnace group. We however also wanted reported WIP to be
included for further analysis. This data could be obtained from a separate WIP
statistics file available in the Lotus Notes system. Data of WIP could only be obtained
on furnace group level; no distinction had been made regarding material for full or
partial annealing. This meant that our further analysis had to be done on this level
since the three parameters of Little’s law need to match each other regarding the data
analysed. After reducing the WIP data to only contain weekly mean values, we added
these values to the excel file containing the data from Diver.
Now the input data set was complete and we could begin to analyse the data. We first
of all plotted WIP levels and total reported machine time. When including weeks 30
and 31, we saw the obvious effects of the holidays. Reported machine time went down
considerably during these two weeks due to less manning (see figure 5.2 below).
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Reported machine hours in the 035-furnaces.

At the same time, the WIP-level rose dramatically, which we interpret as that the
supplying operations continued to produce with a higher rate compared to the 035furnaces. This also had the implication that the flow time in 035 rose from about two
days to more than six days, which also follows from Little’s law, since WIP can be
viewed as inventory and I ↑, R ↓⇒ T ↑ . See figures 5.3 and 5.4 below.
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Average WIP in the 035-furnaces.
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Flowtime in the 035-furnaces.

It is important to note that properties of individual resources may be influenced by the
properties and condition of both supplying and consuming resources. For instance,
WIP levels may plunge in a subsequent machine centre due to a stoppage in a previous
one. Through the production process, process variations may add up or even each
other out and hence distort relations associated with an individual machine centre.
Thus, it may for some purposes be suitable to try to isolate and study an individual
resource.
We also calculated WIP theoretically using Little’s law. The throughput rate used for
this calculation was total reported produced weight per week. The throughput was then
multiplied with the calculated flow time measured in weeks. The flow time we used
for this calculation was a weighed time between full and partial annealing. To retrieve
a fair time we used the weekly amount of coils produced by full and partial annealing
respectively. For this purpose, produced weight could instead have been used to obtain
a similar result. The reason this was done was to obtain theoretical values of WIP to
compare with actual WIP, and the latter was as previously mentioned only available on
furnace group level.
Ideally, observed and theoretical WIP-levels should coincide, but in reality this is not
always the case. When real and theoretical WIP-levels do not coincide, this might
point to that the production rate of the supplying resources does not coincide with the
production rate of the resource for which the theoretical WIP has been calculated.
To study the differences in production rate, we chose to subtract the changes in
observed and theoretical WIP for each week from each other. The obtained numbers
showed the difference in production rate and could be plotted over time (see figure 5.5
below). We found that the mean value of the difference in production rate was 105
tons for 035 and its supplying resources. With an average production rate of 1184 tons,
we could draw the conclusion that the difference in production rate between furnace
group and supplying resources varies less than 10 % on average for 035.
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Difference in flow rate for the 035-furnaces.
Calculated through comparison between real and theoretical WIP.

Rate discrepancies or differences in inter-arrival intervals normally calls for a safety
stock or safety lead time in order to minimise the effect of production rate variations
on a resource that operates near maximum capacity. In this case, safety stocks would
mean money tied up in WIP and a hiding of intrinsic process problems.
However, the furnaces demand a certain level of WIP for facilitating for the detail
planners to batch together orders that can be processed together, in this way increasing
produced weight per time unit. If batches were to be annealed in the same batch size as
they are supplied in, the furnace group would probably not be able to reach the desired
level of throughput. To examine the relation between throughput (produced tons) and
inventory (WIP) we plotted this data in a graph (see figure 5.6 below). To be able to
draw fair conclusions of this connection, we used production data for the past three
years. The additional data on produced tonnes and actual WIP for 2002 and 2003 was
available on a weekly basis in statistic files on the Intranet.
This graph shows the same phenomenon as described previously in chapter 4.1.3. A
high level of WIP answers to long queuing times and makes it easier to utilise the
furnaces to a higher degree. As seen in the graph, a WIP-level of 200 tons has
historically been sufficient to ensure a throughput level of at least 1200 tons per week.
According to our calculations the average throughput rate during 2004 has been
around 1100 tons per week. There are however large discrepancies in the level of
throughput at a certain level of WIP. This could be due to breakdowns, blockages,
maintenance, operator absenteeism or other disturbing factors that we have found no
documented information about. The important thing is that we at 200 tons in WIP can
see many observations of throughput levels around and above 1200 tons per week,
which indicates that this level is achievable under normal circumstances.
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Figure 5.6

The relation between WIP and production.

The effect of the changes in the product mix is another factor that may influence
produced tons. A lot of full annealing would increase the possibilities of a high
throughput in tons but decrease the amount of reported time compared with a period
with a normal mix between full and partial annealing. The opposite would be valid in a
period with much partial annealing. The difference in product mix can be seen in
figure 5.7 below, where produced tons in full annealing has been plotted against
produced tons in partial annealing.
Mix partial and full annealing 035
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Figure 5.7

Mix between full and partial annealing in the 035-furnaces.

With a constant mix, the dots would follow a line as seen in the middle of the graph.
Since this is not the case, we can see that there are quite large differences in product
mix between periods. Observations in the upper left corner indicate a mix with more
partial annealing than normal and observations in the lower right corner the opposite.
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The difference in product mix is a factor that could explain some of the discrepancies
in throughput at a certain level of WIP in figure 5.6. After having examined this more
closely we could however disregard this connection since produced tons proved to be
independent of the product mix. This further strengthens our conclusion that a
throughput of around 1200 tons per week is sustainable at a WIP-level of 200 tons.
5.5.1.2 Process lead time
As seen in the previous chapter the average flow time through the process have
historically been fluctuating around 2 days. To be able to further analyse the process
and establish planned lead times accurately it was important for us with a further
breakdown of the process flow time. The total measured flow time has been measured
by using the times for work reporting at the furnaces and at the supplying resources.
The work was usually reported straight after the batch was finished in the furnaces and
put in cool storage. Using the terminology of Monden (1994), this means that the
measured time did not incorporate waiting time or transport lead time after processing
in the furnaces.
After processing in supplying resources, the coils are usually directly available for the
annealing process, but they are usually still located at the supplying resource. This
means that the time of reporting in supplying resources answer to the beginning of
transport lead time from the supplying resource to the furnaces. This time should
however be incorporated in the planned lead time of the preceding operation, why we
have chosen not to analyse it in more detail in this thesis. To be able to calculate flow
times for the annealing process more accurately we needed to further analyse each
component of the total time.
5.5.1.2.1 Queuing time

The queuing time is in chronological order the first component of the process lead time.
This time is generally depending on the amount of WIP in front of the resource. In
periods with much WIP, the queuing time consequently increases compared to periods
with less WIP. The main factor influencing the level of WIP is in this case to which
degree the furnaces are used for full batches only, and the demand on throughput that
is put on the furnace group. The pace of supplying resources is also a factor that
influences the level of WIP.
Today the furnaces are according to operators mostly used for full batches, meaning
that small orders to be annealed in unusual programs would need to wait several days
until processed. This would indicate that products to be annealed in such programs
should have a longer planned lead-time due to their queuing time. At present all
operations at SHT, regardless of resource, has a planned lead-time of one day,
indicating that the present system for planned lead-times is inaccurate. The successful
implementation of a pull-system also puts high demands on correct lead-times, which
further stresses this issue. The other important implication of a pull-system in a lean
perspective is that material should be processed in small batch sizes with as small a
queuing time as possible. This would mean that today’s way of utilising the furnaces is
inappropriate.
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Since the queuing times can vary greatly depending on which way the work is carried
out in the furnaces we have investigated several scenarios. This investigation will
however be presented fully in chapter 5.9, where the queuing times also are put in a
larger perspective.
5.5.1.2.2 Setup time

The setup time has, as seen in chapter 5.5.1, been calculated to approximately 32
minutes per batch. This time is to a large extent independent of the program used, but
if a batch is of a small size the time for loading/unloading the carrier decreases.
Programs that are continually run with smaller batch sizes should therefore have a
shorter setup time and an equally shorter planned lead time. The amount of time saved
on the setup is however so small compared to other lead time components that the
effect of this is in this case insignificant.
5.5.1.2.3 Processing time

The processing time differs considerably between full and partial annealing. There are
also large differences within these groups, with full annealing ranging from 5 to 7,5
hours and partial from 10 to 13 hours. For a list of processing times for different
programs, see appendix 13.
5.5.1.2.4 Waiting time

One component that was not incorporated in the measured flow time was time for
cooling of the coils after annealing. The additional time for cooling is approximately
24 hours for coils that have been fully annealed, and approximately 15 hours for
partial anneals. This results in that the waiting time constitutes a large share of the
process lead time.
5.5.1.2.5 Transport lead time

Transportation of coils to subsequent operations is in chronological order the last leadtime component. For the 035-furnaces the distances vary greatly but since most of the
material is transported either to 2762 or the finishing department, the time for
transportation is quite small. We have estimated the average transport time per order to
be around 10 minutes. For a summary of the lead-time components, see figure 5.8
below. Queuing times have not been incorporated for reasons mentioned earlier, this
component has been analysed in further detail in chapter 5.9.
Program
Full anneals
12
13
15
16
43
46
Partial anneals
28
29
36
38
39

Figure 5.8

Setup time
hours
0,53
0,53
0,53
0,53
0,53
0,53

Processing time
hours
5-8
5-8
5-8
5-8
5-8
5-8

Cooling time
hours
24,00
24,00
24,00
24,00
24,00
24,00

Transport lead
time hours
0,17
0,17
0,17
0,17
0,17
0,17

Lead time excl.
Queuing time days
1,24
1,26
1,27
1,32
1,30
1,34

0,53
0,53
0,53
0,53
0,53

10-13
10-13
10-13
10-13
10-13

15,00
15,00
15,00
15,00
15,00

0,17
0,17
0,17
0,17
0,17

1,11
1,15
1,15
1,20
1,20

Lead time components for the 035-furnace group.
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5.5.1.3 Supplementary information
5.5.1.3.1 Quality losses

One important indicator of the process stability is the amount of quality losses. In the
case of annealing, quality losses can most of all occur if the coils are damaged during
transport or if they are annealed to the wrong temperature. The former case is
according to the operators very uncommon but the latter occurs quite often. We were
able to investigate the cases when the temperature deviated from the specified interval
by analysing the written work reports from a period of 40 days. The results showed
that 15,3 % of the coils were annealed to a temperature outside the specified interval.
In most of these cases the temperature was too high but we could also find cases of the
opposite, in spite of the possibilities of using additional annealing. When asking
around about the consequences of these deviations, we found that many of the coils
still were approved during subsequent testing. This indicates that the temperature
intervals are specified more tightly than necessary from a quality loss perspective.
The main reasons we have found for the quality losses are that some programmes may
be designed incorrectly and that material with a too high incoming temperature is not
handled appropriately. The former is according to operators especially true for some
programmes when they are run in furnace 0356, resulting in that the operators try to
use a different programme than stated. This is however sometimes missed leading too
that the coils end up being too warm. The latter case means that the operators do not
follow the available work instructions. These say that material with a too high
incoming temperature should be annealed by itself, and not together with other orders.
The batches with a too high incoming temperature should be run on the next lower
programme, with a shorter processing time. Since the operators focus on annealing as
much material as possible on as little time as possible this instruction is however
ignored. Instead the operators put the warmer coils closest to the furnace door and an
hour or so before the programme should end they open the furnace and remove these
coils. The furnace is then shut again and the annealing continues with the other coils.
This way of annealing saves time but unfortunately it is quite often missed that some
coils should be removed early, especially when an operator from another shift than the
one who started the programme is responsible for taking out the coils.
5.5.1.3.2 Storage space

There is no exact figure of how much space is available for incoming material since
much of the material is directly collected from the preceding resource and a lot of
storage space is shared between resources. In periods with a lot of WIP in several
resources this sometimes leads to that material already available within building 7 is
prioritised before material coming from other resources. With the implementation of a
pull-based production system SHT however hopes that this problem no longer will be
an issue. The space available for cooling fits 21 coils, which is enough with the
exception of periods when subsequent resources are not able to receive material. This
is however uncommon and if it occurs, the coils that have cooled can be put elsewhere
in the mean time. This problem will hopefully also not be an issue in the future.
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5.5.2 Process mapping of annealing in 057-furnaces
We have established a flow diagram for the work carried out in the 057-furnaces in the
same way as we did for 035. This process mapping can be seen in appendix 9.
One of the major differences compared to the existing flow diagram for annealing in
057-furnaces is that the workflow is easier to interpret and understand. Like for the
flow diagram for annealing in 035-furnaces, the physical flow of products is the core
of the flow diagram, starting from the top and ending at the bottom. Supporting
activities that are inputs to the process come in from the left and outputs such as
reports go out to the right of the main flow in the diagram. Another major difference
compared to the existing diagram is that the detail planning of the 057-furnaces is now
its own process, referred to as P_new057 in appendix 10. The planning of the sequence
in the 057-furnaces is, like the planning of the sequence in 035-furnaces, based on
EDD and the goal of high utilisation of the furnaces.
The more detailed process mapping of the value-adding process and the work of the
operators have been put together in appendix 11.
To establish the process chart we have used the same methodology as for the 035group and the same limitations and conditions apply. As seen in appendix 11, the
average time for a normal setup at the 057-group would be 20 minutes. The disturbing
activities we found have been named Y1 and Y2.
Activity Y1 is the contribution to the actual setup time due to the time it takes to cool
the furnaces from full to partial annealing. To calculate the occurrence frequency we
studied 37 setups at the furnaces and 10 of these proved to be from full to partial
annealing, resulting in an estimated occurrence frequency of 0,27. This figure also
seems reasonable taking into account that about half of the anneals carried out in the
057-group is partial; about half of them should statistically be annealed after a full
anneal. The average duration was estimated to be 18 minutes by observations of
temperature curves and interviews with operators. This time was recently about 10
minutes longer, but a modification on the control system for the fans resulted in that
the fans could be run during the setup with an open furnace door, decreasing the
cooling time considerably. The average additional time to the setup time is
consequently 4,48 minutes.
The other disturbing activity (Y2) we found is the time it takes the operator to open the
furnace door after the annealing is finished. Unlike at the 035-furnaces, the doors are
here not opened automatically. Our study showed that the average delay was almost 10
minutes, resulting in a considerable addition to the setup time. Operators said that the
observed time was probably fair, but that they always had control on the furnaces and
that the material properties was never endangered. One possible reason was according
to the operators simultaneous setups at the furnaces, which means that we have in
activity Y2 also incorporated the effect of this disturbance.
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We have not found any other activities that prolong the setup time. The operators are
also responsible for serving slitting-mill 6781 during setups, but the operators always
prioritise the 057-furnaces so from our point of view no disturbance occurs. In total
our calculations show that the average setup time is 34,75 minutes.
The transport distances present also varies a lot depending on subsequent resource, but
they are however still short compared to some of the distances present at the 035furnaces. One of the more interesting transportations is the one where coils are
collected from the storage point. This storage is located on the other side of a wall, so
the operators have to drive a considerable distance to access the material. There are
however plans on redesigning the premises by making a hole in the wall so the storage
point will be more accessible.
5.5.2.1 Capacity
The capacity of the 057-furnace group is basically depending on the same factors as
the 035-furnace group. First of all, capacity measured in tons and capacity measured in
hours give different views of how to utilise the capacity as much as possible. For
capacity planning issues, it is most appropriate to measure the capacity in tons, since
this is the unit used when estimating total annual demand. The amount of material that
the furnace group needs to process during a certain time period is linked to this
demand. For master and detail planning, capacity measured in available time is
however more appropriate.
5.5.2.1.1 Net availability

With knowledge of the average setup time, we continued to investigate the other
factors that decrease the theoretical capacity to a net availability. We found that
maintenance occurs as seldom as for the 035-furnaces, therefore omitting time for
planned maintenance from our calculations should not be a problem.
More important we found another disturbance that affects the net availability. This is
the time consumed by additional annealing of material with a too low temperature
after the regular program. To calculate the effect of this we manually investigated all
the written work reports for 2004, resulting in observations of 472 anneals. We found
that the occurrence frequency of additional annealing was 0,02 and the average time
consumed was 1,69 hours, resulting in an average loss of time of almost 0,03 hours per
batch. This figure is considerably smaller than the corresponding one for 035,
according to our beliefs mostly because the operators are stricter with shutting the
furnace door during the setup, in this way keeping the heat in the furnace in a better
way. Other contributing factors could be the smaller batch sizes and more
homogeneous material, as well as the possibilities of programming the furnaces more
accurately.
Since available time for booking is measured on a daily basis we converted all our
calculations to a daily figure. This was done by multiplying the losses per batch for
setup and additional annealing with the average number of batches produced per day.
The number of batches however varies depending on how the furnaces are utilised.
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If they are used as today with mostly full batches it corresponds to on average 4,09
batches per day. In a pull-environment the batch sizes would be smaller and
consequently the number of batches would increase. At the same time however, the
time for setups would decrease because of smaller batches, and the need for additional
annealing would probably lessen since the incoming material would be more
homogeneous. All together, we estimate that the losses in availability would be about
the same in any case why we have chosen to settle with a value corresponding to
today’s situation.
With knowledge of the kind and amount of activities that decrease the available time
we were now able to calculate an estimated net availability per day, resulting in a time
of 21,5 hours. We however also wanted to estimate the loss of availability due to the
furnaces being unmanned certain hours. Since we knew that the furnaces were heavily
loaded with work in some periods we could assume that the actual utilisation in such a
period could be used as a reference. Using the data obtained from the study in the
following chapter, we saw that it was possible to utilise the furnaces 21,12 hours per
day in such periods with a common mix of anneals. From this we could draw the
conclusion that the loss in availability per day due to unmanned time was not more
than approximately 0,4 hours. On a weekly basis this would mean that the operators
are able to use 61,2 out of 64 unmanned hours for processing, an outstanding result.
We consequently questioned our calculations, but further interviews with operators
showed that they were accurate. A couple of factors can explain this situation. First of
all the amount of partial anneals is high why it is quite easy to find material to be
annealed during unmanned hours. The other and probably more important factor is the
way the operators work, they are evidently not only working according to their shift
pattern but are all flexible and try to plan their manning to when they actually need to
be present at the furnaces. The operators seem to be content with this way of working,
even if it probably a consequence of over-booking in an earlier stage.
With knowledge of this, we were able to calculate the net availability for each day in
an average week. The net availability for different days was calculated by taking the
share of unmanned time into account, resulting in 21,15 hours per day Monday
through Friday, and 20,97 hours for Saturday and Sunday. Over a week this results in a
time of 147,7 hours, and taking the number of furnaces into consideration this gives us
a net availability of 295,39 hours. The calculations and results can be seen in appendix
12.
5.5.2.1.2 Capacity in tons

For this analysis, we have used the same methodology as used for the 035-furnaces
and the same limitations apply. We first of all plotted WIP levels and total reported
machine time. When including weeks 30 and 31, we saw the obvious effects of the
holidays. Reported machine time went down considerably during these two weeks due
to less manning (see figure 5.9 below). The WIP-level however stayed more or less
constant during these weeks, but rose dramatically a few weeks later.
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We interpret this as that the supplying resources also went down in production rate
during the holidays, but increased the rate again faster than the 057-group after the
holidays (see figures 5.10 and 5.11).
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Figure 5.9

Reported machine hours in the 057-furnaces.
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Figure 5.10

Average WIP in the 057-furnaces.
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Figure 5.11

Flowtime in the 057-furnaces.
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The decrease in throughput rate during the holidays also had the implication that the
flow time in 057 rose from about four days to as much as nine days in week 31. This
also follows from Little’s law, since WIP can be viewed as inventory and
I →, R ↓⇒ T ↑ . After the holidays it took several weeks until the flow time returned to
a normal level. This we believe was due to the increase in throughput rate in supplying
resources and the increase in WIP-levels that took considerable time to process.
We also studied the furnaces isolated from the influence of other resources by
calculating WIP theoretically using Little’s law. The difference in production rate was
calculated using the same method as for 035, and could be plotted over time (see
figure 5.12 below). We found that the mean value of the difference in production rate
was 75 tons for 057 and its supplying resources. With an average production rate of
395 tons, we could draw the conclusion that the difference in production rate between
furnace group and supplying resources varies almost 20 % on average for 057.
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Figure 5.12

Difference in flow rate for the 057-furnaces.
Calculated through comparison between real and theoretical WIP.

Rate discrepancies normally calls for a safety stock in order to minimise the effect of
production rate variations on a resource that operates near maximum capacity. In this
case, safety stocks would mean money tied up in WIP and a hiding of intrinsic process
problems.
However, the furnaces demand a certain level of WIP for facilitating for the detail
planners to batch together orders that can be processed together, in this way increasing
resource utilisation. If batches were to be annealed in the same batch size as they are
supplied in, the furnace group would probably not be able to reach the desired level of
throughput. The difference is here however smaller than for the 035-furnaces. To
examine the relation between throughput (produced tons) and inventory (WIP) we
plotted this data in a graph (see figure 5.13 below). To be able to draw fair conclusions
of this connection, we used production data for the past three years. The additional
data on produced tonnes and actual WIP for 2002 and 2003 was available on a weekly
basis in statistic files on the Intranet.
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Figure 5.13

The relation between WIP and production.

This graph shows the same phenomenon as described previously in chapter 4.1.3. A
high level of WIP answers to long queuing and waiting times and makes it easier to
utilise the furnaces to a higher degree. As seen in the graph, a WIP-level of somewhere
between 100 and 200 tons has historically been sufficient to ensure a throughput level
of at least 400 tons per week. Our calculations show that the average throughput rate
per week during 2004 has been 377 tons. Disregarding the holidays, this average
figure increases to around 395 tons. There are however large discrepancies in the level
of throughput at a certain level of WIP. This could be due to breakdowns, blockages,
maintenance, operator absenteeism or other disturbing factors that we have found no
documented information about. The important thing is that we at 200 tons in WIP can
see many observations of throughput levels around and above 400 tons per week,
which indicates that this level is achievable under normal circumstances.
The effect of the changes in the product mix is another factor that may influence
produced tons. The difference in product mix can be seen in figure 5.14 below, where
produced tons in full annealing has been plotted against produced tons in partial
annealing.
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Figure 5.14

Mix between full and partial annealing in the 057-furnaces.
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With a constant mix, the dots would follow a line as seen in the middle of the graph.
Since this is not the case, we can see that there are quite large differences in product
mix between periods. Observations in the upper left corner indicate a mix with more
partial annealing than normal, and observations in the lower right corner the opposite.
By plotting the mix against total throughput, we could however see that produced tons
proved to be independent of the product mix. This further strengthens our conclusion
that a throughput of around 400 tons per week is sustainable at a WIP-level of 200 tons.
5.5.2.2 Process lead time
As seen in the previous chapter the average flow time through the process have
historically been fluctuating around 4 days, with longer times in some periods. To be
able to further analyse the process and establish planned lead times accurately it was
important for us with a further breakdown of the process flow time. The total
measured flow time has been measured by using the times for work reporting at the
furnaces and at the supplying resources. The work was usually reported straight after
the batch was finished in the furnaces and put in cool storage. Using the terminology
of Monden (1994), this means that the measured time did not incorporate waiting time
or transport lead time after processing in the furnaces.
After processing in supplying resources, the coils are usually directly available for the
annealing process, but they are sometimes still located at the supplying resource. This
means that the time of reporting in supplying resources in some cases answer to the
beginning of transport lead time from the supplying resource to the furnaces. This time
should however be incorporated in the planned lead time of the preceding operation,
why we have chosen not to analyse it in more detail in this thesis. To be able to
calculate flow times for the annealing process more accurately we needed to further
analyse each component of the total time.
5.5.2.2.1 Queuing time

The queuing time is in chronological order the first component of the process lead time.
This time is generally depending on the amount of WIP in front of the resource. In
periods with much WIP, the queuing time consequently increases compared to periods
with less WIP. The main factor influencing the level of WIP is in this case to which
degree the furnaces are used for full batches only, and the demand on throughput that
is put on the furnace group. The pace of supplying resources is also a factor that
influences the level of WIP.
Today the furnaces are according to operators almost exclusively used for full batches,
meaning that small orders to be annealed in unusual programs would need to wait
several days until processed. This would indicate that products to be annealed in such
programs should have a longer planned lead-time due to their queuing time. At present
all operations at SHT, regardless of resource, has a planned lead-time of one day,
indicating that the present system for planned lead-times is inaccurate. The successful
implementation of a pull-system also puts high demands on correct lead-times, which
further stresses this issue.
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The other important implication of a pull-system in a lean perspective is that material
should be processed in small batch sizes with as small a queuing time as possible. This
would mean that today’s way of utilising the furnaces is inappropriate. Since the
queuing times can vary greatly depending on which way the work is carried out in the
furnaces we have investigated several scenarios. This investigation will however be
presented fully in chapter 5.9, where the queuing times also are put in a larger
perspective.
5.5.2.2.2 Setup time

The setup time has, as seen in chapter 5.5.2, been calculated to almost 35 minutes per
batch. This time is to a large extent independent of the program used, but if a batch
only contains one coil the time for loading/unloading the carrier decreases somewhat.
Programs that are continually run with smaller batch sizes should therefore have a
shorter setup time and an equally shorter planned lead time. The amount of time saved
on the setup is however so small compared to other lead time components that the
effect of this is in this case insignificant.
5.5.2.2.3 Processing time

The processing time differs considerably between full and partial annealing. There are
also large differences within these groups, with full annealing ranging from 4,5 to 7,5
hours and partial from 7 to 13 hours. For a list of processing times for different
programs see appendix 18.
5.5.2.2.4 Waiting time

One component that was not incorporated in the measured flow time was time for
cooling of the coils after annealing. The additional time for cooling is approximately
30 hours for all coils except full anneals of already slit material that cools on only 7
hours since this material can be put in a cool storage available at the 057-furnaces. The
other material is usually transported to the subsequent resource and allowed to cool
there, where there is no cooling storage available.
5.5.2.2.5 Transport lead time

Transportation of coils to subsequent operations is in chronological order the last leadtime component. For the 057-furnaces the distances can vary but since most of the
material is transported to one of the slitting-mills or the testing station, the time for
transportation is quite small. Most of the material is transported to its subsequent
resources during cooling, meaning that these lead-times components are present
simultaneously. Because of this we have chosen to disregard the transportation lead
time in our calculations for this kind of material.
For a summary of the lead-time components, see figure 5.15 below. Queuing times
have not been incorporated for reasons mentioned earlier, this component has been
analysed in further detail in chapter 5.9.
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Setup time
hours
0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66

Processing time
hours
4-8
4-8
4-8
4-8
4-8
4-8
4-8
4-8
4-8

Cooling time
hours
7,00
7,00
7,00
7,00
30,00
30,00
30,00
30,00
30,00

Transport lead time
hours
0,10
0,10
0,10
0,10
0,00
0,00
0,00
0,00
0,00

Lead time excl. Waiting time days
0,51
0,52
0,53
0,54
1,49
1,55
1,55
1,59
1,59

0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66
0,66

7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13

30,00
30,00
30,00
30,00
30,00
30,00
30,00
30,00
30,00
30,00
30,00
30,00
30,00
30,00

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

1,78
1,57
1,78
1,78
1,78
1,78
1,78
1,78
1,78
1,78
1,78
1,82
1,82
1,78

Lead time components for the 057-furnace group.

5.5.2.3 Supplementary information
5.5.2.3.1 Quality losses

One important indicator of the process stability is the amount of quality losses. We
were able to investigate the cases when the temperature deviated from the specified
interval by analysing all the written work reports during the first 43 weeks of 2004.
The results showed that fewer than 0,5 % of the coils were annealed to a temperature
outside the specified interval.
The reasons the quality losses are much lower in the 057-furnaces, compared to the
035-furnaces, is because the programmes are established individually for each batch
after testing the material. These programmes can also be adjusted in detail, with
differing temperatures in different sections of the furnaces. All in all this way of
annealing is more appropriate from a quality perspective, the negative aspects being
that operators need to be experienced and that the material need to be tested
beforehand. Another problem is that it is not possible for master planners at the time of
planning to have knowledge of what program the material will be annealed in, and
consequently it is difficult to estimate a planned lead time and processing times for the
orders. These questions will be further highlighted later on in the problem analysis.
5.5.2.3.2 Storage space

There is no exact figure of how much space is available for incoming material since
much of the material is directly collected from the preceding resource and a lot of
storage space is shared between resources. There is a limited space available for
cooling of annealed coils, today only used for cooling of full anneals of slit strips.
There is unfortunately no space available for cooling of other coils, why they are
usually transported to the subsequent resource.
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5.6 Documentation of the processes – costs
In this chapter we have analysed the present system for cost distribution and used the
information obtained from our process analysis to suggest a more accurate way of
dividing costs. We have for this sake chosen to adapt parts of the methodology
suggested by Andersson (2000), see chapter 4.6.5.

5.6.1 Purpose of the cost estimate
We have chosen to describe the main purpose of the cost estimates as to calculate the
actual cost for each product accurately without unnecessary time-consuming work.
With knowledge of the actual costs for each product, we believe that the cost estimates
should be used for cost control, product choice, pricing and basis for rationalisations.
We believe that cost control and rationalisations are somewhat related, since cost
control could be said to identify discrepancies and opportunities for rationalisations.
We also regard product choice as one of the main purposes; since SHT is currently
operating close to the capacity limit it is important to focus on the most profitable
products. We think the purpose of pricing is important since this could be a tool to
affect the demand on SHT’s products. SHT’s marketplace is however very competitive
so the prices are to some extent already defined by the market, so the room for
adjustments on prices is somewhat limited.
The purposes mentioned above are also the purposes of the present cost estimates, but
we question the accuracy of the model in use. As described in the current state analysis,
no difference is made to the cost per machine hour depending on operation in the
furnaces. The use of expensive nitrogen gas or more energy during full annealing are
examples of costs that might not be allocated correctly to the consuming products or
cost units. Using the terminology in chapter 4.6.6.2, costs from cost centres are
probably not allocated to cost units as accurately as possible. With this is mind, a
further analysis of the present model was called for to determine how to design a more
accurate one.

5.6.2 Choice of model
To minimise the negative effects of changes to the model and the way work is carried
out at SHT, we have first chosen to analyse the present model to see what needs to be
altered. The terminology used in SHT’s cost estimates indicates that the direct variable
costing method is used to calculate the contribution margin of a product. The model in
use however continues with allocation of joint costs to cost units to calculate the EBIT
of each product. This is not the normal procedure when using the direct variable
costing method, but has large similarities with the prime cost calculation method.
The kind of costs subtracted to calculate the contribution margin might also as well be
seen as direct costs instead of separated costs, increasing the similarities with the
prime cost calculation method. There are also examples of allocated costs used to
calculate the contribution margin. From this the model in use at SHT could be
described as a hybrid between the two methods.
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We do not see any problems with using a method like this, except that it might be
confusing for people used to working with only one of the models that forms the
hybrid. SHT seem to believe that contribution margin is a more appropriate measure
than production cost or prime cost, and we do not see any reason that it would not
work as well as other measures. What is important is that the model is used (or will be
shortly) to calculate the costs for each product by continuing with allocating joint or
indirect costs to calculate the EBIT. The way this is done is of lesser importance, as
long as the end result is an accurate cost for each product.
As mentioned earlier though, we feared that the calculated costs were inaccurate, even
if the outline of the model in use was appropriate. The reason for this was thought to
be the allocation keys used in calculating both the contribution margin and the EBIT.
As previously described, the cost per machine hour was thought to be inaccurate
because of inaccurate allocation of direct costs. We also questioned the keys used for
allocating fixed costs to calculate the EBIT. The practise in use is to divide all those
costs by one key; the order’s weight. As mentioned, there is however more accurate
allocation keys developed to divide the costs occurring at different cost centres. Some
of these keys are however not fully established or trusted; leading to that the traditional
allocation by weight is still in use. It is not our task though to develop or analyse these
allocation keys, we leave this to be done by experienced employees. But we would
want to stress the importance of using correct allocation keys for all cost centres.
Analysing the structure of total costs at SHT, we have seen that direct costs are
dominating over indirect costs. This implies that an accurate prime cost calculation
method could be appropriate and that there is no obvious need for an activity based
costing method. To keep the level of work and detail of the model on a suitable level,
we believe that a prime cost calculation method is to prefer at SHT. We however must
emphasise that the work with establishing accurate allocation keys should continue at
SHT to enable better cost-management.
Our main focus was on analysing the calculated cost per machine hour, which is also
one of the main costs affecting the contribution margins and the total calculated cost of
the products. We have done this by looking at how the cost per machine hour is
calculated for the furnaces used for annealing and individually analysed each part of
the cost, resulting in suggestions on improvements on allocation of the energy costs.

5.6.3 035-furnaces
5.6.3.1 Background and purpose of the measurements
In order to be able to set a more realistic cost per machine hour we have conducted
measurements of electrical energy consumption in building 7. Our thesis was that
electric power is the most significant type of cost for the furnaces, and also the only
cost that varies depending on type of operation to any notable extent. The furnaces
consume power in basically two ways; the heating of coils and the fans. The purpose
of our measurements was to establish costs per machine hour based on actual power
consumption under various conditions.
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As previously stated, the energy cost per machine hour is presently calculated as total
energy costs per year for the furnaces divided by the total reported machine time. This
gives a rough approximation of the energy cost per machine hour, but when examining
the factors that drive the actual cost more closely one might suspect that all annealing
operations and all programs do in fact consume different amounts of energy.
Electrical energy consumption drives cost, but the total energy consumption for a
certain instance of a process is driven by a number of factors, among them being:
•
•
•
•

The length of the furnace program
The temperature and run time at each temperature
Number of coils in the furnace
The initial temperature of the coils

That the length of a furnace program affects total costs is quite obvious, but we were
interested in finding a cost per hour. For each furnace program a cost per hour can be
calculated as a mean value over time, but it is a fair assessment that the momentary
energy consumption differs during a program. We have not been able to study
momentary data in detail, but we have reached the conclusion that a furnace process
consumes more energy in the beginning than in the end. This does not only hold for
full annealing programs, where there are three different stages during a program, but
also for partial annealing processes as well as during individual stages in full annealing
processes.
Ideally all energy consumed by the furnace should raise the temperature of the coils
accordingly, but this is not the case in practice since the furnaces are heated
themselves and since heat also leaks out from the furnaces. But the fact that the coils
themselves consume much of the energy remains. According to our calculations, each
coil requires about two gigajoules, corresponding to about 550 kWh, in order to raise
the temperature by 300 K. This calculation is based on the assumption of the specific
heat factor being 890 J/kg⋅K and assuming a coil weight of 8 tonnes. This is most
likely a rather low estimate since energy is absorbed by the carrier and the furnace
itself and also to a certain degree of energy leaking out from the furnace, as just
described.
There are also other factors to consider since the heat absorption ability of the material
not only depends upon the specific heat of the alloy, but also on other characteristics
such as material thickness and slit edge. For instance, a coil with a shiny slit edge
reflects more heat radiation, which in practice means that a factor higher than the
specific heat factor needs to be utilised when calculating the energy needed during a
specific furnace program. Furthermore initial temperature of the coils affects the
energy consumption.
Our initial ambition was to calculate an energy cost per machine hour for each
program but we soon realised that this would require extensive measurements and also
better equipment, and we therefore decided to focus on the distribution of cost between
full and partial annealing.
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It is quite obvious that the furnace elements consume a lot of power but it is also a fact
that the fans consume a considerable amount of energy. Ebner furnaces are known for
their high airflow and evenly distributed heat, which is most of all due to high fan
speeds. In fact the fans are through internal energy losses and friction supposedly able
to raise the temperature in the furnaces by 250 °C by themselves.
5.6.3.2 The measurements and calculations
Adjacent to the 035-furnace group in building 7 there is a distribution plant and from
there the power consumption of the furnaces can be monitored. The power
consumption of the heating of coils in the furnaces can be directly observed on fixed
electricity meters. During a period of nearly one month we conducted daily
measurements of different furnace programs.
The readings from the electricity meters should be adjusted upward using factors
specific to the instrument used. We have on several occasions discussed this problem
with a few people from ELA3, but we have not been able to get any answer that fits to
the budgeted cost. We therefore, based on information given by personnel at ELA, use
certain factors for adjustments that we are aware do not fully correspond to the reality.
According to our calculations, yearly energy cost for the 035-furnaces should amount
to 7,3 MSEK, which is more than twice the budgeted cost. According to the
responsible cost centre manager at the cold rolling department in building 7, the
budgeted cost does in fact reflect real energy cost.
Further we have made some simple calculations on how much energy that is actually
needed in order to heat a coil to a certain temperature. As described previously, about
550 kWh are required to heat a coil. At the time of writing this amount of electrical
energy costs about 200 SEK. We have also based on the energy measurements
calculated a heating cost for coils annealed using program 46 to 950 SEK, which is
nearly five times as high as the theoretical cost. This can be due to either of three
things; the factors used by ELA are in fact wrong, the technical efficiency in the
furnaces is low or there may be some completely different explanation. Whatever the
correct answer, we do believe that our measurements very well can be used for
establishing a new cost allocation key for full and partial annealing in the 035-furnaces.
The measurements of the power consumption of the fans were carried trough by
Torgny Adolfsson, ELA, using a current clamp. The fans in the 035-furnaces run on
either half speed or full speed. The current was measured at both speeds and the result
can be seen in figure 5.16.

3

ELA is the department for electric service at SHT, which organisationally belongs to Sapa Industriservice AB.
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Furnace

Fan

High speed Low speed

0351
0351
0351
0351

1
2
3
4

62A
60A
58A
55A

30A
31A
31A
30A

0352
0352
0352
0352

1
2
3
4

46A
46A
49A
48A

31A
31A
30A
32A

0356
0356
0356

1
2
3

50A
47A
48A

31A
30A
30A

Measured currents for the fans in the 035-furnacegroup.

Knowing the current at both speeds and the voltage makes it possible to calculate the
power. Though the electrical engines pose as inductive loads in AC electric grids and
that means that the power has to be calculated using a power factor based on the phase
displacement of the current and voltage. It would have been best to analyse this using
an instrument that directly could measure power with respect to phase displacements,
but when discussing this option it turned out that no such instrument was available at
the site and that it was not motivated to purchase an instrument like this for this
particular cause. Instead we used the measured current, the known voltage and an
approximated power factor to calculate the power consumption. Using this data and
the present cost per kWh, we could then calculate the cost for half and full speed
respectively.
The fans should run on full speed during the first and the second step of a full
annealing furnace program and then spin down to half speed during the last step of the
program. During partial annealing the fans run on half speed all the time. Since the
fans run on either half or full speed we could use the Citect control system to check
how long during a certain program that the fans were either running on full or half
speed.
We accomplished several measurements of various furnace programs and compiled the
data in an excel file. For each measurement we noted program number, program run
time, measuring start and end times, measured start and end values from the electricity
meters and relation between full and half speed for the fans. We thereafter used the
calculated energy consumption for the fans and a fixed electricity cost of 0,384 SEK
per kilowatt hour and calculated a total energy cost for that program. We where
afterwards able to calculate mean values for the cost per machine hour for full and
partial annealing operations.
5.6.3.3 The results of the measurements
Our calculations have shown that the cost per machine hour for full annealing
operations do not differ very much from the cost used today. This can be explained by
the fact that full annealing operations make out 88 % of all annealing operations in the
035-furnaces (see appendix 4).
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For the calculations we used a cost per machine hour of x SEK, which is derived from
the machine hour budget for 2004. The cost for annealing operations in the 035furnaces used in Sesam is today y SEK, but this cost does not only include energy
costs. We then calculated the relation between full and partial annealing costs, which
proved to be 2,72 to 1, and used appropriate weights for full and partial annealing to
put together an expression that describes the relation between the cost per machine
hour for the two operations as shown below:
Share of full anneals × measured ratio × X + Share of partial anneals × X =

Annual energy cost
Annual machine hours

This formula incorporates all the information needed to calculate the energy cost per
machine hour using our methodology. In the case of the 035-furnaces this results in:
0,88 ⋅ 2,72 ⋅ X + 0,12 ⋅ X = Cost per machine hour
⇒X =z

The expression above shows that the cost, X, per machine hour for partial annealing is
z SEK. Hence the cost for full annealing is 2,72 times as large. Though we believe that
it would be possible to calculate the cost distribution more accurately, we feel
ascertained that the relation lies between 2 to 1 and 3 to 1. For the time being, we
believe that our calculated relation can be used until a more precise figure is
established.
To this cost, the cost for future nitrogen gas consumption in the 0356-furnace should
be added. Since at the time of writing this feature has not been completely installed,
we have no way of telling exactly how much gas that will be consumed when the
furnace is operational. Though, we know the gas consumption of the 057-furnaces and
this could serve as a guiding principle when deciding upon a cost for the 0356-furnace,
carrying in mind that the 0356-furnace is larger than the 057-furnaces. Hence a cost
per hour for nitrogen gas in the 0356-furnace should be at least q SEK (see chapter
5.6.4 for further details).

5.6.4 057-furnaces
Initially we wanted to measure energy consumption for both the 035- and 057-furnace
groups, but after discussing this matter with people from the process development
department and ELA, we decided to focus on the 035-furnaces since measuring energy
at the 057-furnaces would prove too difficult. This chapter is to a large extent based on
the analysis made in the previous chapter and in absence of measurements for the 057furnaces we have chosen to apply the same relation between full and partial annealing
to this furnace group.
In the 057-furnaces partial annealing can be done in a protective atmosphere consisting
of nitrogen gas. We have based on total gas consumption during nine months and total
machine time with the operations of interest calculated the cost per hour for nitrogen
gas to q SEK. There may though well be differences in gas consumption between
different programmes and also between the individual furnaces and this could be
studied in more detail if accurate gas meters were installed at each furnace. We
however believe that our calculated cost is good enough most of the time.
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5.6.5 Recommendations for future studies
We believe that the costs per machine hour that we have established through
calculations do coincide better with the reality than the values used today, but we also
believe that the cost per machine hour could be calculated in more detail, but that this
would require more resources and commitment. For instance would it be
recommendable to continuously collect data from the electricity meters and thereafter
use this data together with furnace history stored in the Citect system to calculate
correct costs. This would though require some reconfiguration of the electricity meters
together with the addition of a local storage device or an uplink to another storage
point.
A further study would also require a dedicated method for measuring the energy
consumption, meaning that measuring energy consumption has to be treated as a
prioritised task. When a proper method is well established, a similar method could also
be used at other resources where energy consumption is an important part of
processing cost.
Making more measurements in an orderly fashion over a longer period of time would
with the simultaneous use of better instruments also make it possible to consider
factors that cannot be taken into account today. For instance would it be conceivable to
test to what extent the number of coils being processed at the same time affect the
energy consumption.

5.7 Evaluation on new performance measures
After having documented the processes in detail we felt that it was appropriate with an
evaluation of them on our suggested performance measures, seen in chapter 5.4.

5.7.1 Current performance 035
5.7.1.1 Average lateness
In the measure average lateness we will only study the delays that have occurred at the
furnace-group. Incoming material that is already late should not affect the
measurement for the annealing process, so the value that has been used is the flow
time through the process in comparison to the planned lead time. Using the same data
set as in chapter 5.5.1.1.2, we were able to calculate the average lead time to 2,12 days.
This figure does not, as previously mentioned, incorporate the cooling time of on
average 22,92 hours or 0,955 days4. In total, this gives us an average lead time of
3,075 days for the whole process during the first 42 weeks of 2004. Comparing this
value with the planned lead time of one day during this period we can conclude that
the average lateness has been 2,075 days for annealing in 035-furnaces, a considerable
amount of time in this context. With a planned lead time of only one day it is basically
impossible to complete orders within this time, since the processing time and cooling
time together constitutes more than one day.

4

Calculated as 24 hours times Share of full anneals plus 15 hours times Share of partial anneals.
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5.7.1.2 Average capacity utilisation and standard deviation
For this calculation we have used the production data of the first 42 weeks of 2004,
and the net availability calculated in chapter 5.5.1.1.1. We have disregarded the
production during holidays since these periods probably should have a lower net
availability. The results show that the average capacity utilisation of the 035-furnace
group has been 73,0 % during 2004. The standard deviation in this period was 17 %,
indicating that there is some variance between periods, but at the current level the
furnaces should rarely be a bottleneck. During 2004 we could only identify one week
where the utilisation was close to the net availability. These values indicate that there
are possibilities of producing with smaller batch sizes as desired in a pull-environment.
5.7.1.3 Percentage of defects
As we have seen in chapter 5.5.1.3.1, the amount of defects is around 15 %, even if a
part of this is still approved by internal and external customers. This level of defects
can hardly be satisfactory, why a process redesign in some manner is justified.
5.7.1.4 Average Work-in-Process
Using the same data set as in chapter 5.5.1.1.2, we calculated this value to be 282,2
tonnes during 2004. As previously discussed, we believe that this is an unnecessary
high level since 200 tonnes has proved to be enough to secure the required level of
throughput with the current way of utilising the furnaces.

5.7.2 Current performance 057
5.7.2.1 Average lateness
Calculating in the same way as for 035, we obtained a value on average lateness of
4,49 days for the first 42 weeks of 2004. This is an extraordinary high value, indicating
that the planned lead times needs recalculation.
5.7.2.2 Average capacity utilisation and standard deviation
Disregarding holiday periods, the average capacity utilisation during 2004 was 86,7 %
with a standard deviation of 14,7 %. This indicates that the 057-furnaces have been
utilised close to the net availability in some periods, which proved to be true since we
could find 7 weeks when the utilisation matched or even exceeded the net availability.
This could seem to be impossible, but during most of these periods there was an
unusually high amount of partial anneals which makes it easier to utilise the furnaces
more than usual. Our calculated net availability is based on an average mix between
full and partial annealing, so it is not surprising that it with a different mix is possible
to utilise the furnaces more, since such a mix actually should answer to a different net
availability. Another source of error is the way work is reported, according to
operators it is sometimes possible that work conducted in one week does not get
reported until the following week. The high average value however indicates that the
057-furnaces is commonly a bottleneck, with small possibilities of decreasing the
batch sizes used.
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5.7.2.3 Percentage of defects
As we saw in chapter 5.5.2.3.1, the quality losses during 2004 were very small,
resulting in almost no defect products. This positive result is mostly a consequence of
the possibilities to tailor the programmes for the specific kind of material, and the
accurate work of the operators.
5.7.2.4 Average Work-in-Process
Using the same data set as in chapter 5.5.2.1.2, we calculated this value to be 272,4
tonnes during 2004. As previously discussed, we believe that this is an unnecessary
high level since 200 tonnes has proved to be enough to secure the required level of
throughput with the current way of utilising the furnaces.

5.7.3 Summary on performance measures
In the case of the 035-furnaces, the most important results are that there actually is
more available capacity that can be utilised by producing in smaller batch sizes. This
would probably improve the performance on lateness and WIP, since the poor
performance on these measures is to some extent due to unnecessary large batch sizes.
The planned lead times also obviously need to be changed to reduce the lateness
further. Smaller batch sizes could also decrease the amount of defects, since the
programmes are not designed to process heterogeneous material as is today. It is also
important that the operators change their behaviour and follow written guidelines to
minimise the number of quality losses and defects, which is the responsibility of the
managers.
The 057-furnaces seem to be a bottleneck in many periods. The heavy booking in
combination with too short planned lead times leads to poor performance on average
lateness and average WIP. Taking the net availability into consideration in the future
will hopefully improve these values since the booking in that case will match the
capacity of the furnaces. In terms of quality the output from the 057-furnaces is
outstanding compared to the 035-furnaces, and we hope that it is possible to transfer
some of the operators’ knowledge to the more inexperienced operators at the 035furnaces.
Since we have concluded that the occurrence frequency of quality losses is high at the
035-furnaces compared to the 057-furnaces, we are tempted to draw the conclusion
that the hiring of dedicated furnace operators to the 035-resource would be beneficial
seen from a quality perspective. We base this assumption on information that has been
brought to our attention through interviews and observation and we believe that
dedicated operators that are solely responsible for annealing would both be given the
chance to perfect the trade as well as develop a sense of motivation.

114

Capacity and cost analysis

Chapter 5 - Problem analysis

5.8 Redesigning the process - background
As described in chapter 2.11.4, a new JIT-influenced system for production planning
and control has been introduced at SHT during the last months of 2004. The Genesis
project is indeed relevant to our work with the furnaces. The way we see it, the
successful implementation of the JIT-influenced planning system prerequisites that
correct lead times are present in Sesam. Sesam will still be used as before when the
JIT-based system in launched, but the role of master planning in Sesam will be altered
in the way that the Sesam production-planning module only will be used for the
booking of capacity on aggregate level. The booking of resources on different dates
will not be performed as it is today. Instead a delivery date will be set in the system
and it is then up to the finishing department to establish a local detail plan for the
packaging resources, which then is translated into production orders to preceding
resources within the finishing department, i.e. furnaces, slitting and stretching.
These orders then form the finishing department’s orders to the rolling department.
The rolling department then will convert the order from the finishing department into a
production plan for the hot and cold rolling mills and furnaces as well as the scalper
and the welding station. The big difference between the new and the old system is that
the rolling department only will produce coils when they are needed and deliver them
when the finishing department needs them instead as is the case today; produce coils
according the Sesam production-plan, regardless of the needs and problems present in
the finishing department.
The new JIT-based production planning and control system is as other JIT-based
systems highly dependent on a correct perception of the lead times associated with the
processes involved in the production system. When the delivery date from one
resource to another resource is being treated as the one all-embracing planning
criterion, it is important that the lead times for all processes are:
• tightly associated with the process
• not allowed to vary too much
• entered correctly into Sesam
The lead times should be tightly associated with the processes they are supposed to
represent. This means that the processes must be unambiguously defined. It also means
that all processes that take place in real life also must be accounted for in the
production planning system, otherwise lead time components that actually exist will
not be taken into consideration when planning the production, which ultimately will
lead to poor delivery performance.
Variability in lead times also affects the overall performance of a pull-system since
variability may degrade delivery performance. If the lead-time in a certain step is
highly variable, a supplying resource may have a hard time trying to meet appointed
delivery dates.
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Variability in lead-time in one production step that leads to late delivery may also
affect the possibilities to utilise subsequent resources optimally, which ultimately may
lead to late delivery to the customer. Because of this it is important to construct stable
and predictable production processes.
It is also important that the processes are well-defined. In the case of the furnaces,
using only the few operations that are being used during planning today will not lead
to sufficient accuracy in expected lead-time. With this system, no difference is made
between programs with different queuing and processing times. Because of this, it
might be more befitting to base the lead-time of an annealing process on the actual
program used, rather than on just a mean value of reported time on operation level.
Today not even a mean value is used. Since the lead times have been considered
unreliable the planned lead time for annealing in 035-furnaces have been set to a
standard time of one day, as for all other operations.
When correct lead times have been established, these lead times must be made
available in Sesam. This might require some changes to the design of Sesam and/or the
operations structure. It is possible to incorporate furnace programs with adherent lead
times into the Sesam capacity-table, but this can be done in a variety of ways.

5.9 Implementing a JIT-based production system
As described in chapter 5.2, we suggest that the overall strategic dimensions should be
changed to most of all also incorporate delivery lead time and precision. This would
make the strategic dimensions correspond with important competitive factors on the
market as well as with internal demands on the annealing process from the
implementation of a JIT-system.
The change in strategic dimensions is however only a theoretical formulation; the
important thing is to redesign the process to live up to the strategic demands. The
successful implementation of a pull-based system presupposes small batch sizes and
short lead times, something that is not present in current annealing processes. To reach
the required throughput levels with the current net availability, large batch sizes are
commonly used. This leads to, as we have seen, long lead times and much WIP which,
according to authors within the field, is waste that should be eliminated. It also implies
that some coils are delivered late and some early, with poor delivery precision to
internal customers as a consequence. To meet the future high demands on delivery
lead time and precision, the process would need to be flow-oriented, as described in
the concept of lean thinking (chapter 4.2.5). Implementing step 4 (pull) as in the lean
thinking concept, will obviously be difficult if step 3 (flow) is not fulfilled.
Redesigning the annealing processes to become more flow-oriented would require
some changes. If coils only were to be annealed when demanded this would imply that
the batch sizes should be smaller and correspond to the ordered quantity from
subsequent resources. The current processes would in this case not be able to maintain
a sufficient throughput rate.
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We have chosen to justify this reasoning mathematically by calculating the required
net availability when maintaining the current throughput rate in a pull-environment as
well as in other scenarios.
5.9.1.1.1 Implications of JIT-based production in 035

As we perceive the situation, the operators believe it is essential to always use large
batch sizes to reach the desired throughput. According to our observations the furnaces
are however quite often idle. The measured capacity utilisation (see chapter 5.7.1.2),
also suggests that there is time available that could be used to anneal in smaller batch
sizes. The current way of utilising the furnaces is not very suitable especially because
of delays and high WIP-levels, which in turn is not coherent with a JIT-based
production philosophy. Producing in smaller batch sizes could possibly improve the
results on our performance measures, as well as supporting a pull-system. For these
reasons, we wanted to estimate to what degree a pull-philosophy could be successfully
implemented.
To obtain realistic and fair results we decided to calculate the amount and size of
orders that needed to be produced in each furnace program in an average week. For
this purpose we used production data from Diver for the first 46 weeks of 2004. The
input data needed to execute accurate calculations can be summarised in the following
list for each furnace program:
• Lead time including all components except waiting time
• Average throughput in tonnes per week
Calculated as the total produced weight during 2004 divided by the number of
weeks.
• Average number of batches per week
Batches are in this case not the same as orders, since an order of more than five
coils automatically results in at least two batches. After calculating the number
of actual batches, we divided this figure divided by the period length in weeks
to establish an average value.
• Average batch size
The average number of coils in a batch as described above. Calculated as the
total number of coils produced during 46 weeks divided by the total number of
batches during the same period.
• Average coil weight
Total weight produced during 46 weeks divided by the total number of coils.
• Average number of batches per week that in themselves fill exactly one
furnace
These batches should obviously be processed by themselves. Established by
calculating the share of these batches of the total amount of batches, and
multiplying this figure with the Average number of batches per week.
• Average number of batches that do not in themselves fill one furnace
Calculated as the Average number of batches per week minus the full batches.
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• Number of coils per week in non-full batches
An important figure to calculate if a full-out pull-philosophy can not be
implemented. Calculated as the total number of coils in non-full batches divided
by the total time period.
• Number of furnaces that can be filled by non-full orders per week
An important figure to calculate if a full-out pull-philosophy can not be
implemented. Calculated by dividing the number of coils in non-full batches by
the capacity of one furnace. For this purpose we have used a furnace capacity of
4,667 coils which is a mean value of the three furnaces.
• Days to full furnace
An important figure to calculate if a full-out pull-philosophy can not be
implemented. Describes the expected time it takes non-full batches to arrive and
fill one furnace. Calculated as 7 divided by the number of furnaces filled by
non-full batches per week.
5.9.1.2 The No-pull case
The input data above could be used to evaluate a number of different production
scenarios. First of all we wanted to validate our calculations by comparing a scenario,
where the present way of producing is used, with values already known. To do this we
assumed that furnaces were not used until a full batch was available in any program.
The output data calculated for the case “No pull” can be seen in appendix 14, and we
will here give a description of our results on the more important ones.
5.9.1.2.1 Capacity utilisation

The No-pull case results in a capacity utilisation of 62,5 % in an average week. This is
about 10 % lower than our previous calculation which indicates that some orders in
reality are annealed in non-full batches, consistent with our own observations. It would
be almost impossible to fill every furnace as we have here assumed, but this principal
case of producing is still interesting to evaluate since it is not very far from the present
situation.
5.9.1.2.2 Lead time

Not surprisingly this way of using the furnaces results in some spectacular lead times
for the more uncommon programmes, with times up to around 36 days without safety
lead time and around 50 days incorporating the same. Obviously this way of utilising
the furnaces is inappropriate since the delivery lead times hardly will be competitive.
The largest contributor to the lead time is in most of these cases the queuing time,
which is calculated as half the amount of “days to full furnace” for each programme.
5.9.1.2.3 Work-in-Process level

As seen in appendix 14, we have calculated several kinds of WIP-levels. This is
because we have separated the cases using the exact estimated lead time, and the cases
where we have used a lead time including safety lead time. The safety lead time has
been calculated for each furnace programme by using the formula suggested by
Anupindi et al. (1999).
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This implies that the inter-arrival rates of orders and the processing times should be
exponentially distributed, which may not be the case in reality. We believe that the
actual distribution is more favourable, why we have settled with a service level of 75
% for the calculations, assuming that this in reality results in a service level close to
100 %. The service level can also be changed to analyse the furnaces differently, by
using the input sheet seen in appendix 13. In the cases where we have included the
safety lead time, a planned lead time has been established by rounding the total time to
an integer. For times with decimals below 0,40 we have rounded down and if they
exceed this value we have rounded upwards. This results in differing service levels
between programmes, but we still believe that the planned lead times that have been
rounded down are long enough to ensure competitive service levels.
The cases with a safety lead time incorporated is the most interesting ones since only
integers can be used as planned lead times in Sesam. Within this group there are also
two cases, one with the cooling time subtracted from the lead time, and one where it is
not. The former case is here the most useful since this is the form that WIP has been
measured in historically at SHT, but the latter case is the theoretically correct one with
the definition of a process and its boundaries in mind. We strongly suggest that SHT
considers to use this kind of measurement in the future, but we are also aware of the
difficulties with this since work is not always reported at the end of one process’ last
lead time component.
In any case it is the WIP-level with an integer lead time without the cooling time that
we have used for comparison with the values earlier obtained in chapter 5.5.1.1.2. We
can here see that the required level of WIP would be around 366 tonnes, which is
another factor indicating that this way of using the furnaces is inappropriate with the
present demand of throughput.
5.9.1.2.4 Capacity numbers

In a no-pull scenario the calculated capacity numbers will be quite low since the
furnaces run with a fewer number of coils at a time compared to the present situation
or compared or compared to a scenario that is more pull influenced. A certain capacity
number is associated with each furnace program.
5.9.1.3 The Full-pull case
Secondly we wanted to see the implications of a full-out pull-based production
environment, where orders only are annealed by themselves as soon as they are wanted
by the subsequent operation and available for annealing. In this case it is consequently
not allowed to wait for another order to anneal with a full furnace. The output data
calculated for the case “Full-pull” can be seen in appendix 15 and we will here give a
description of our results on the more important ones.
5.9.1.3.1 Capacity utilisation

The Full-pull case results in a capacity utilisation of 156,8 % in an average week,
which obviously is not possible. This principal case of producing is still interesting to
evaluate since it describes the required capacity to produce in a full-pull environment.
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5.9.1.3.2 Lead time

This way of using the furnaces, if it were possible, would result in substantially shorter
lead times, especially for the more uncommon programmes. This would result in
competitive lead times, and also smaller and more frequent deliveries to subsequent
resources, evening out the load on the same. By definition, the queuing time is in this
case zero for all programmes.
5.9.1.3.3 Work-in-Process level

Using Full-pull, it is possible to decrease the WIP-level substantially. With the same
definition of WIP as in the previous case, we can see that the required level would be
around 172 tonnes. This figure is valid when using a safety lead time, but since only
integers can be used in Sesam shorter lead-times is not very interesting to discuss.
This WIP-level can be used as an indication of the theoretically lowest level of WIP in
all cases, and in such, a guideline for the lowest pursuable level at this throughput
level and with the current lead times.
5.9.1.3.4 Capacity numbers

In the Full-pull case, all capacity numbers for all programmes will be higher than in
the No-pull case since more coils are being annealed at the same time.
5.9.1.4 The Partial-pull case
The two previous cases proved to be inappropriate either because of a mismatch with
the production philosophy or the capacity limitations. Therefore we established a third
scenario in which the most common programmes are to be run with full batches. The
products within these programmes are the most suitable ones to batch together since a
lot of capacity can be saved in this way without deteriorating the lead times and WIPlevels. This scenario describes a feasible way of implementing a pull-based production
system within the capacity limits. The output data calculated for the case “Partial-pull
1” can be seen in appendix 16, and we will here give a description of our results on the
more important ones.
5.9.1.4.1 Capacity utilisation

The Partial-pull case results in a capacity utilisation of 83,2 % in an average week.
This is well within the capacity restrictions and with the current standard deviation it
should be a feasible solution. The processing times for programmes 43 and 46 has
been substantially reduced.
5.9.1.4.2 Lead time

This way of using the furnaces results in marginally longer lead times for programmes
43 and 46 compared to the Full-pull scenario. Lead times for other programmes are at
the same low level as this case, and it can be seen that they all are below two days.
This would result in competitive lead times, and compared to today’s situation smaller
and more frequent deliveries to subsequent resources, evening out the load on the same.
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5.9.1.4.3 Work-in-Process level

Using Partial-pull, it is possible to maintain a low WIP-level. With the same definition
of WIP as in the other cases, we can see that the required level would be around 172
tonnes. This figure is the same as for the Full-pull case, since the planned lead times
are the same in this case. The only difference is that we in this case have a smaller
security buffer in the underlying lead times for programmes 43 and 46. It can in this
case be used as an indication of the appropriate level of WIP, and in such, a guideline
for the pursuable level at this throughput level and with the current lead times. A lower
WIP-level is as we have seen earlier not suitable to pursue.
5.9.1.4.4 Capacity numbers

In the Partial-pull case, the capacity numbers for the programmes that run with the
maximum number of coils will be the same as in the Full-pull case. All other
programmes will have capacity numbers corresponding to the No-pull case.

5.9.2 Implications of JIT-based production in 057
Also the operators at 057 claim it is essential to always anneal with full furnaces to
reach the desired throughput. The measured capacity utilisation (see chapter 5.7.2.2),
also suggests that there is very little time available that could be used to anneal in
smaller batch sizes. As previously discussed, it is probably because of over-booking
the operators have to work this way, resulting in delays and high WIP-levels, which in
turn is not coherent with a JIT-philosophy. Producing in smaller batch sizes could
improve the results on our performance measures, as well as supporting a pull-based
system, but there seems to be a lack of capacity for this. However, we still wanted to
see if a pull-philosophy could be implemented in any way.
To carry through the calculations for full annealing we have used the same time period
and kind of input data as for the 035-furnaces. For partial annealing we were not able
to identify specific programmes that the products are annealed in, since it is the unique
properties of each order that decides the annealing to be run. For this reason we had to
collect the data manually from written work reports during 14 weeks, and when
calculating the WIP-levels we had to use weighed values for each alloy depending on
the different programmes it had been annealed in. As a result, we may not have
reached the same degree of accuracy in these values since they are based on a shorter
time period. We are however still confident that our conclusions are truthful.
Using this data, the same kind of input as for full annealing and annealing in 035furnaces was established. We would also like to comment that within the programme
referred to as “other thermo” it is not possible to anneal more than one order at a time,
since there are large differences between the programmes parameters used within this
group. It is in reality not a furnace programme and is in this case only used a label for
these kinds of anneals, which is necessary to achieve a manageable division of furnace
programmes.
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5.9.2.1 The No-pull case
First of all we wanted to validate our calculations by comparing a scenario, where the
present way of producing is used, with values already known. To do this we assumed
that furnaces were not used until a full batch was available in any program. The output
data calculated for the case “No pull” can be seen in appendices 20 and 21, and we
will here give a description of our results on the more important ones.
5.9.2.1.1 Capacity utilisation

The No-pull case results in a capacity utilisation of 86,6 % in an average week. This is
almost exactly the same value as previously calculated in chapter 5.7.2.2, indicating
that basically all orders are annealed in full batches. As we have discussed earlier, it is
hard to decrease the batch sizes and increase the required processing time since
already at this level of capacity utilisation the furnaces operate close to the capacity
limit.
5.9.2.1.2 Lead time

Not surprisingly this way of using the furnaces results in long lead times for the more
uncommon programmes, with times up to around 50 days without safety lead time.
Obviously this way of utilising the furnaces is inappropriate since the delivery lead
times hardly will be competitive, as we have also seen in chapter 5.7.2.1.
5.9.2.1.3 Work-in-Process level

We can see that the required level of WIP would be about 327 tonnes. For this case it
is also interesting to study the required WIP-level without using a safety lead time,
since this should mirror the required level at the present situation. Using this measure,
we see that the required level should be around 217 tonnes, which is also in line with
our earlier conclusion made in chapter 5.5.2.1.2. These values serve as indications of
the highest levels that still could be appropriate.
5.9.2.1.4 Capacity numbers

As stated for the No-pull case for the 035-furnaces, the capacity numbers will be quite
low for the 057-furances as well. In the 035-furnaces capacity numbers are associated
with furnace program, but this division is a bit more complicated for the 057-furnaces
since the furnaces can not always be run according to specified furnace programs and
since the programming of the furnace often is done after the material properties for a
certain coil have been tested. Therefore, capacity numbers are associated with each
furnace program for full anneals and for partial anneals, capacity numbers are
specified based on alloy.
5.9.2.2 The Full-pull case
Despite the results in the No-pull case, we still wanted to see the implications of a fullout pull-based production environment. See appendices 22 and 23 for calculations and
output data.
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5.9.2.2.1 Capacity utilisation

The Full-pull case results in a capacity utilisation of 118,4 % in an average week,
which obviously is not possible. One might expect a higher utilisation in this case, but
since the furnaces are quite small and the average order sizes are not much smaller, the
increase in required processing time is not as dramatic as for the 035-furnaces. This
implies that the 057-furnaces are a better match between production environment and
philosophy, but the current lack of capacity still makes it impossible to implement a
Full-pull production procedure.
5.9.2.2.2 Lead time

This way of using the furnaces, if it were possible, would result in substantially shorter
lead times, especially for the more uncommon programmes. This would result in
competitive lead times, and also smaller and more frequent deliveries to subsequent
resources, evening out the load on the same.
5.9.2.2.3 Work-in-Process level

Using Full-pull, it is possible to decrease the WIP-level substantially. The required
level would be as little as 43 tonnes, and this figure still incorporates using safety lead
times. This WIP-level can be used as an indication of the theoretically lowest level of
WIP in all cases, and in such, a guideline for the lowest pursuable level at this
throughput level and with the current lead times.
5.9.2.2.4 Capacity numbers

In the Full-pull case the capacity numbers are generally higher and the same structure
regarding capacity numbers full and partial anneals as previously described persists.
5.9.2.3 The Partial-pull case
We established a third scenario in which only the most uncommon programmes are to
be annealed as single orders. Our intention was to see if it was possible to find a case
where we could implement some pull-philosophy with regard to the capacity limit.
The products within the unusual programmes are the most suitable ones to anneal for
themselves, since it in this way is possible to eliminate their queuing times and
consequently decrease the WIP-levels without affecting the required processing time
to any large extent. The output data calculated for the case “Partial-pull” can be seen in
appendices 24 and 25.
5.9.2.3.1 Capacity utilisation

The Partial-pull case results in a capacity utilisation of 89,9 % in an average week.
With the current variability, this scenario describes a not feasible way of implementing
a pull-based production system within the capacity limits. If it in the future is possible
to lessen the variance in the load this way of running the furnaces could be
successfully implemented.
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5.9.2.3.2 Lead time

This way of using the furnaces results in lead times up to around eight days without a
safety lead time, a considerable improvement compared to the No-pull case. This
would result in more competitive lead times, and compared to today’s situation smaller
and more frequent deliveries to subsequent resources, evening out the load on the same.
5.9.2.3.3 Work-in-Process level

Using Partial-pull with safety lead times, it is possible to reach a WIP-level of around
205 tonnes. It can in this case be used as an indication of the possible level of WIP if it
was possible to decrease the load variability with around five percentage units.
5.9.2.3.4 Capacity numbers

In the Partial-pull case, the capacity numbers for the programmes that run with the
maximum number of coils will be the same as in the Full-pull case. All other
programmes will have capacity numbers corresponding to the No-pull case. The same
structure regarding capacity numbers for full and partial anneals as previously
described persists.

5.9.3 Summary and discussion of future states
In the case of the 035-furnaces, we have seen that it to some extent is possible to
introduce pull-based production or a JIT philosophy with regard to the capacity limit.
This will most likely improve the process performance on at first hand average
lateness and WIP-level, and hopefully also on the amount of defects. It is also
important to stress that the operators must follow the instructions of how to use the
furnaces, in the future also incorporating rules of what orders to process by themselves
and what programmes that can be used for several orders at a time.
At the 057-furnaces it is difficult to implement a JIT-philosophy since they already
operate close to the capacity limit. We have however found a partial-pull scenario that
should be feasible to introduce if the load variability could be reduced. This would
basically give improvements on the same performance measures as for the 035-group.
We believe that the variance could be reduced if planners are able to take capacity
limitations into consideration, which has not been possible with the current inaccurate
figures in Sesam. As seen in appendices 14-17 and 20-25, we have for each scenario
and programme also established rates that should be implemented in Sesam, depending
on the system chosen. These are key values for taking accurate regard to capacity
limits, and with them implemented we believe that planners are able to reduce the
variability as much as needed.
After implementing our changes we consequently suggest that the Partial-pull
scenarios should be the directives used during annealing for both furnace groups. In
both cases, the successful implementation of these assumes that the throughput
demand remains the same as for the observed period, since these scenarios would
mean operating close to the capacity limit in both resource groups. Increasing the load
would mean that more programmes would need to be run with full batches.
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For these kinds of analyses, we have implemented another input table, seen in
appendices 13 and 19 respectively, to be used in conjunction with the files previously
discussed. In these tables it is possible to change the overall load in the furnaces or
modify the demand of throughput of a certain programme when desired. Increasing the
load on the 035-furnaces by 20 % results in that the earlier Partial-pull system is no
longer feasible with a capacity utilisation of 99,8 %. Constructing another Partial-pull
scenario, also using programme 13 and 38 for only full batches, results in a new
feasible solution with a capacity utilisation of 85,4 %. Using this system, it is still
possible to obtain a solution with short and competitive lead times and a WIP-level
under control. This case can be studied in appendix 17.
The 057-furnaces would however not be able to cope with an increased load in the
same way, deteriorating the performance again to today’s poor levels. Increasing the
load by 15,5 % results in that the worst system, No-pull, would require all available
hours for production. With the variability in mind, it is easy to see that this load would
be difficult to handle, also resulting in poor performance on the important measures.
In this context we would like to stress the obvious positive effects of using a Full-pull
scenario, since this would improve the performance on several measures considerably.
It would require an increased capacity of about 40 % in 057 but almost 90 % percent
in 035, if a future increase in the load of 20 % is taken into account. Increased capacity
is also with today’s load desired in the 057-group, while it is not as urgent for the 035group. In combination with the positive effects that can be reached, it should be a high
priority to free capacity in most of all the 057-furnaces. Even small contributions could
facilitate a future Partial-pull system, even if investments in additional capacity would
be the most benefiting choice.
It is also important to discuss the implications on other parts of the overall process
before justifying investments or other means to increase the net availability in the
furnaces. In our minds the other resources will not be affected to the same extent, why
we believe that most of all the 057-furnaces would be a bottleneck after implementing
pull-based production. The rolling mills and slitting-machines would for example have
to face an increased number of setups, but we believe that the throughput per week in
the furnaces would decrease to a much larger extent.
Increasing the net availability would have positive effects on both furnace groups and
could basically be done in three different ways, including using combinations of the
same:
• Eliminating capacity losses
• Increasing manned time
• Investing in more furnaces
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5.9.3.1 Eliminating capacity losses
The capacity losses, as described in chapter 5.5.1.1.1 and seen in appendix 12, include
time for additional annealing and the setup time, and for the 035-group also the time
for pre-heating of material to be rolled in operation A. We have here chosen to analyse
the possibilities of minimising these activities, in this way increasing the net
availability.
5.9.3.1.1 Additional annealing

As we have described earlier, the loss of available time per day due to additional
annealing is for the 035-group 1,32 hours. In a pull-environment we believe that the
occurrence frequency could be reduced, since the risk of discrepancies between the
coils in one batch will be smaller. Only annealing one order at a time would mean that
the material would be more homogenous in terms of initial temperature and coil
properties (alloy, cladding, size and slitting surface), compared to batches with more
than one order. The increased number of batches to be annealed would however
counteract the effect of this, resulting in what we believe is the same loss of capacity.
Another way of decreasing this disturbance could be to improve the temperature
control both before and during annealing. The temperature control before annealing is
carried out after the coils have been loaded on the carrier, why the operators
sometimes do not bother to change the position of the warmer coils, which usually
should be placed closest to the furnace door. When they do take the time to rearrange
the coils, it also increases the setup time. To eliminate the cases where additional
annealing occurs as a consequence of incorrect arrangement of coils, the temperature
control should be done before the coils are loaded on the carrier. This would require
smaller investments in the form of IR-thermometers, which we believe would be
justified since we estimate that the occurrence frequency of additional annealing could
be decreased by around 20 %. This way of facilitating correct arrangement of coils
would also decrease the quality losses of coils with temperatures exceeding the
specified interval.
According to employees at SHT, the 035-furnaces could possibly also be equipped
with fixed IR-thermometers that would enable constant temperature control during
annealing. This redesign of the process would, if used appropriately, eliminate the
disturbances with additional annealing but most of all prevent quality losses to occur.
We are not certain about the feasibility of such a reconfiguration, why we settle with
suggesting that the possibilities for this should be further investigated without
calculating with any saved time.
It is also possible to eliminate some additional annealing by making sure that the
furnace is warm enough as the coils are loaded into the furnaces. This is as previously
discussed possible if the operators are careful with shutting the door during setups. We
estimate that about 50 % of today’s additional annealing is a function of the furnaces
not being warm enough, so the same decrease in occurrence frequency should be
possible to accomplish if the operators do their job with accuracy.
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Another mean to reduce the need for additional annealing would be to use more
differentiated programmes, but this measure would drastically change the prerequisites
of our earlier calculations and suggestions, why we choose to disregard this option. In
total we estimate that the capacity loss due to additional annealing in 035 could be
reduced to half of today’s value, resulting in almost 20 additional hours of availability
on a weekly basis.
In the case of 057-furnaces, the capacity loss due to additional annealing is today 0,13
hours per day. We have not found any ways to decrease this time further, due to the
appropriate way annealing is performed by the operators and the configuration of the
furnaces.
5.9.3.1.2 Delays within the setup time

The setup time is currently the factor that decreases the net availability to the largest
extent in both furnace groups. As seen in chapters 5.5.1 and 5.5.2 and appendices 8
and 11, there are a number of delays and disturbances within the setup time that, if
eliminated, could increase the net availability substantially.
The single most important delay for the 035-furnaces is step 2, where the time that it
takes the operator to start the setup can be seen. This is usually due to that the operator
is occupied with other tasks, but also because of insufficient signalling when a
program is finished. The latter could be eliminated with new equipment with the
purpose of signalling the end of a programme and we estimate that at least three
minutes could be saved on the setup time by taking this measure.
That the operator is occupied with other tasks is also linked to activity X1 since the
operator needs to fulfil the responsibilities at 2762 as well. We believe that it would
not be justified to employ a dedicated furnace operator just to eliminate this
disturbance, since the amount of saved time would be almost insignificant. The hiring
of dedicated furnace operators would though bring other benefits, which have been
previously discussed in chapter 5.5.1.3.1. It would be easier to target activity X2 by
improving the planning of the furnaces to try and avoid simultaneous setups. This is
not always possible and it is difficult to estimate the amount of time that could be
saved, but we strongly suggest that this should be considered when sequencing the
orders to be annealed in the furnaces.
The duration of activity X3 should be possible to decrease to the same amount that has
already been done at the 057-furnaces. Reconfiguring the control system for the fans
has proven to decrease the cooling time by ten minutes in 057, why we believe that the
same improvement could be made at the 035-furnaces. This would result in 1,2
minutes being saved on the average setup time. In total we have found possibilities to
decrease the average setup time by 4,2 minutes, which would mean that the net
availability would increase by almost 7,5 hours per week.
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At the 057-furnaces we have only found one possible improvement, decreasing the
duration of activity Y2. The current time it takes the operator to start the setup after a
batch has been finished is almost ten minutes and we believe that this time could be
reduced to around five minutes, possibly by using the available option of the doors
opening automatically. This would be a kind of signalling system for the operator that
today needs to keep the expected finishing time in mind. Reducing the time further
could possibly be done by eliminating concurrent setups, but at the current load in the
furnaces this is difficult to avoid completely, why we settle with an estimated time
reduction to five minutes. This would result in an addition of five hours per week to
the net availability.
5.9.3.1.3 Pre-heating of coils to be rolled in operation A

In a pull-environment, some of the rolling in operation A in 2762 would probably be
carried out more directly after a preceding operation in for instance another rollingmill. Because of this, the coils would to a higher degree already be at an appropriate
temperature, in this way eliminating some of the demand for pre-heating in the 035furnaces. Another consequence would however also be that, when pre-heating still is
performed, it will be in smaller batch sizes. This would have the opposite effect on the
net availability in the 035-furnaces.
Our opinion is that the effect on this disturbance is difficult to estimate, and we believe
that there will not be any large differences compared to the current situation. In
accordance to the strategic dimensions we also think that it would be inappropriate to
try to decrease the need for operation A, since this is wanted by several customers. We
however believe that if this operation could be done in other ways it is something that
should be pursued.
5.9.3.2 Increasing manned time
As we saw in chapter 5.5.1.1.1 and appendix 12, 14 hours per week cannot be used for
annealing in 035-furnaces due to the shift pattern. Consequently, the same amount of
time could be added to the net availability by increasing the manned time to cover the
whole week. Since the operators however organisationally belong to the 2762 rollingmill and carry out responsibilities there as well, it would be hard to change the shift
pattern for the furnaces if not changing it for 2762. We have not analysed the need to
increase manned time in 2762, so it is difficult to declare the possibilities for this. If
there were dedicated operators for 035 this measure would be easier to introduce. For
our purposes we settle with concluding that 14 hours could be saved, even if it may not
be economically justified at the moment.
In the case of the 057-furnaces, we saw in chapter 5.5.2.1.1 and appendix 12 that 2,8
hours could be saved on a weekly basis by increasing the manned time. We hardly
believe that it is justified to hire another operator just to increase the net availability to
this extent, but it is still important to determine the time that could be saved.
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5.9.3.3 Summary on possible additions to the net availability
By taking the measures suggested in the previous chapters, we have found that the net
availability for the furnace groups is possible to increase to some extent without
investing in new furnaces. The possible contributions can be seen in figure 5.17 below.
Resource
group
035
035
035
035
035

057
057

Figure 5.17

Improvement

Measure

Reducing additional
Using IR-thermometers to
annealing
facilitate correct arrangement
Reducing additional
Using keep-heat during
annealing
setups
Decreasing the
Installing a signaling system
setup time
by the furnaces
Decreasing the
Reconfiguring the fan control
setup time
system
Increasing manned
Add another shift
time
Total possible additional net
availability 035
Total possible net availability
035
Decreasing the
Open doors automatically
setup time
Increasing manned
Add another shift
time
Total possible additional net
availability 057
Total possible net availability
057

Increased net
avail, hours

Cost
SEK

Feasability

5,5

Low

High

13,9

Very Low

High

5,5

Low

High

2

Very Low

High

14

High

Low

5

Very Low

High

2,8

High

Low

40,9
419,41

7,8
303,19

Summary of possible contributions to the net availability for 035 and 057.

It would be benefiting to increase the net availability in both furnace groups, since this
could lead to that a better production system from a JIT-perspective can be chosen,
and that possible bottlenecks can be eliminated. For the 035-furnaces, the possible
improvements are far from enough to be able to use a Full-pull system, but additional
net availability could mean that the Partial-pull system chosen could be implemented
and maintained with a higher degree of certainty. Since the positive effects of
increased capacity of this size are limited we would suggest to only implement the
inexpensive changes, disregarding the option of increasing manned time. This would
result in an additional 26,9 hours and a total net availability of 405,41 hours per week.
Using a system of Partial-pull with programmes 43 and 46 for full batches this results
in a capacity utilisation of 93,2 % with a 20 % increase in the load. If the variability in
this case still would be high this utilisation level would probably not be feasible. We
however believe that the variability could be reduced for the 035-furnaces because of
better possibilities to plan orders with regard to capacity, so by implementing our
suggested improvements we believe that this system is possible to use. This results in a
WIP-level of below 200 tonnes and shorter lead times compared to the earlier
suggested Partial-pull system where also programmes 13 and 38 are used for full
batches.
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We have only found limited possibilities to increase the net availability in the 057furnaces, due to the fact that many of the problems present at 035 have already been
solved at 057. The only feasible improvement to be made is to reconfigure the
furnaces to open automatically and in this way increase the net availability by five
hours to a new level of 300,39 hours per week. With a 20 % increase in the load and
still some variability in the booking and utilisation, we however see that this additional
capacity is not enough to process the required throughput. For this reason we think it is
necessary to consider an investment in an additional furnace to the 057-group in the
near future.
5.9.3.4 Investing in more furnace capacity
As we have seen in the previous chapters, an investment in additional furnace capacity
in the 057-group is justified. There are also plans on the drawing board at SHT to
invest in another furnace with room for three coils, which consequently would increase
the net availability with 50 %. Since this new furnace would be bigger than the other
ones, it would also lead to that the calculated capacity numbers would increase, in this
way resulting in an addition to the real capacity with more than 50 %. This meets the
calculated level of additional required capacity to implement a Full-pull system
successfully with a load increase up to 20 %. We have chosen not to calculate the
estimated cost for such an investment, but the extensive positive effects on the process
that have been previously discussed gives a clear indication that such an investment is
justified.
Without an investment the 057-furnaces would not be able to reach the required
throughput without deteriorating the results on performance measures, especially when
taking a load increase into account. At the present point of time, SHT could be said to
be at a crossroad where it is time to decide upon which capacity planning strategy to
use. In the terms of Olhager (2000), a lead strategy is needed to implement a Full-pull
system and reach good results on performance measures. A track strategy would mean
that a Partial-pull system must be used during periods with not enough capacity, while
a lag strategy would mean that a No-pull system is used most of the time to reach the
desired throughput. For the above mentioned scenarios, we have chosen to define a
match between capacity and demand when a Full-pull system can be used with a
utilisation of 100 %.
It would also be possible to adapt a Full-pull system without increasing the capacity,
but this would mean that the throughput level would decrease, something we do not
believe SHT wants to or should consider from an economical perspective, especially
since an increased demand is awaited in the future. For the 035-furnaces we do not
believe that an investment in more furnaces is justified, since it is possible to reach
good results by using a Partial-pull system both today and with a future load increase.
In the distant future it could however also be of interest with investments for the same
reasons that today are valid for the 057-group.
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Another way to possibly avoid an investment in the 057-group would be to use some
of the free capacity in the 035-group to process material currently annealed at 057, in
other words by using the technique of resource pooling. This presupposes that the
resource groups are flexible enough to process the same kind of material, which we do
not believe that the 035-group is to the required extent. Some material to be fully
annealed are already today moved between the two resource groups, but the
possibilities for this are limited because of the low flexibility and high amount of
quality losses present at the 035-group. Some of our suggested improvements to be
made on the 035-furnaces could increase the possibilities of resource pooling, we why
believe that the technique could be used more extensively in the future. We however
do not believe that resource pooling can be fully implemented, why we are convinced
that the 057-group still would be a bottleneck where an investment is necessary.

5.9.4 Future methods of processing and target performance
The discussion in the previous chapters leads us to determining the future methods of
processing for both furnace groups. To facilitate these decisions, we have chosen to
summarize the different methods and calculated the probability of an overload, using
the estimation that the load variability could be reduced to 8 % for both furnace groups
because of the possibilities to monitor the booking situation accurately. These
calculations are seen in figure 5.18 below.
Case
035
No-pull 035
No-pull 035
No-pull 035
No-pull 035
Partial-Pull (43, 46, 13 & 38) 035
Partial-Pull (43, 46, 13 & 38) 035
Partial-Pull (43, 46, 13 & 38) 035
Partial-Pull (43, 46, 13 & 38) 035
Partial-Pull (43 & 46) 035
Partial-Pull (43 & 46) 035
Partial-Pull (43 & 46) 035
Partial-Pull (43 & 46) 035
Full-pull 035
Full-pull 035
Full-pull 035
Full-pull 035
057
No-pull 057
No-pull 057
No-pull 057
No-pull 057
Partial-pull 057
Partial-pull 057
Partial-pull 057
Partial-pull 057
Full-pull 057
Full-pull 057
Full-pull 057
Full-pull 057

Figure 5.18

Load
increase
0%
0%
20%
20%
0%
0%
20%
20%
0%
0%
20%
20%
0%
0%
20%
20%
0%
0%
20%
20%
0%
0%
20%
20%
0%
0%
20%
20%

Net availability
Utilisation
hours
378,51
62,5%
405,41
58,3%
378,51
75,0%
405,41
70,0%
378,51
71,2%
405,41
66,4%
378,51
85,4%
405,41
79,7%
378,51
83,2%
405,41
77,6%
378,51
99,8%
405,41
93,2%
378,51
156,8%
405,41
146,4%
378,51
188,2%
405,41
175,7%
295,39
300,39
295,39
300,39
295,39
300,39
295,39
300,39
295,39
300,39
295,39
300,39

86,6%
85,1%
103,9%
102,1%
89,9%
88,4%
107,9%
106,1%
118,4%
116,4%
142,1%
139,7%

Probability of overload for different processing scenarios.

131

Standard
deviation
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%

Probability of
overload
0,0%
0,0%
0,1%
0,0%
0,0%
0,0%
3,4%
0,6%
1,8%
0,3%
49,2%
19,8%
100,0%
100,0%
100,0%
100,0%

8%
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%
8%

4,7%
3,1%
68,8%
60,3%
10,4%
7,4%
83,7%
77,6%
98,9%
98,0%
100,0%
100,0%
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Taking the increments in net availability into account, we suggest that a Partial-pull
strategy with programmes 43 and 46 for full batches should be used in the 035furnaces. This is the option that currently gives the best possible performance on our
measures and the probability of an overload is low. With a possible future load
increase of 20 % we suggest that the other Partial-pull system is used, since this is
necessary to avoid common overloads. The No-pull or Full-pull strategies should
never be used, since this either results in poor results on performance measures or a
constant overload.
For the 057-furnaces we choose to suggest the Partial-pull system to be used to start
with. As soon as an investment is made, the Full-pull strategy should be implemented.
If an investment is not made, it will be necessary to shift to a No-pull strategy as soon
as the load starts to increase, which in this case would be the only feasible option but
with poor results on performance measures. The operators will in the future have
limited possibilities to alter the production sequence by detail planning, since the pullenvironment will presuppose that orders should be delivered on certain dates. We
suggest that the operators simply use the criterion of critical ratio or earliest due date
to determine in what sequence to process orders that have been planned on the same
day. It is also important that operators plan the sequence to try and avoid concurrent
setups, especially in 057 since any loss of capacity here could be fatal.
To facilitate proper future control of the processes, management should use the
performance measures to monitor and evaluate the work of operators and planners.
Each scenario discussed corresponds to certain appropriate target values on the
performance measures, and most of them can be used to easily conclude if the chosen
production strategy is used as intended. The most appropriate ones to use to monitor if
processing guidelines are followed are average capacity utilisation and average WIPlevel, with target values seen in appendices 14 - 17 and 20 - 25. Average lateness
could also be used to determine if the planned lead times are appropriate and to see if
operators follow the intended processing system. In each case, the target value for this
measure is zero if the planned lead times are correct. The percentage of defects could
to some extent vary depending on system used, but we however believe that a target
value of zero should be used in all cases.
Finally, we want to stress the importance of proper management and implementation
of the different processing methods. If the operators do not follow the suggested
system the planned lead times will be incorrect, in this way hindering the pullenvironment to work successfully. Without monitoring the processes by using the
performance measures, management will not be able to guide operators into making
improvements or get access to necessary information for decision-making.

5.9.5 Implications on the booking situation
In order to show how our proposed modifications to planned net availability and
capacity numbers affect the booking situation at SHT, we have chosen to compare the
present situation as showed in Sesam to what it might look like if the values that are
the result of our work would be used instead.
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In the comparisons below, we have applied our calculated capacity numbers and
values for net availability.
5.9.5.1 The booking situation in 035
The 035-furnace group consists of three furnaces of which two are alike and one is
somewhat smaller and they all have a set net availability according to their size. All
orders are in Sesam planned at the 0356-furnace, but the larger 0351- and 0352furnaces are used to process the material as well. The booking situation looks quite
bad for the 0356-resource today, but this is mostly due to the fact that all bookings
show up as planned on this furnace alone, but the majority of the material is in reality
being processed in the larger furnaces, which have separate net availability figures. We
have calculated a common net availability for the whole 035-furnace group and we
therefore, in order to be able to truthfully compare the current situation to the situation
as it may be, have added the present net availability figures for all 035-furnaces to an
aggregated value.
When this had been done, we could conclude that the booking situation is in fact not as
bad as it first may appear when only considering the situation as shown in Sesam,
which is a view that our observations at site also support. In fact, during the two weeks
for which we have extracted information from Sesam, each week had almost 100 hours
of free capacity.
When applying the values, that according to our studies are more appropriate, to the
calculations in Sesam, we find the free capacity is even higher. We have for
comparative reasons chosen to use the capacity numbers that are calculated for the
case “No-pull” since this is a case which corresponds to the present situation the most.
These new figures about double the free capacity each week, as shown in Sesam.
In figure 5.19 below, the comparative study is shown.
Values according to Sesam
Revised values
Year Week Day Net avail. Booked h. Free cap. Net avail. Booked h. Free cap.
4
4
4
4
4
4
4
4
4
4
4
4
4
4

50
50
50
50
50
50
50
Sum
51
51
51
51
51
51
51
Sum

Figure 5.19

1
2
3
4
5
6
7
1
2
3
4
5
6
7

52,8
52,8
52,8
52,8
35,2
26,4
26,4
299,2
52,8
52,8
52,8
52,8
35,2
26,4
26,4
299,2

72,10
44,10
51,88
3,77
5,36
18,64
4,16
200,0
12,79
17,89
14,73
43,33
57,91
33,52
22,11
202,3

-19,30
8,70
0,92
49,03
29,84
7,76
22,24
99,2
40,01
34,91
38,07
9,47
-22,71
-7,12
4,29
96,9

60,10
60,10
60,10
60,10
51,30
42,60
51,30
385,60
60,10
60,10
60,10
60,10
51,30
42,60
51,30
385,60

Comparison table for bookings in the 035-furnace group.
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68,69
50,27
63,22
3,77
5,83
17,19
2,79
211,76
11,81
22,80
15,87
45,00
50,39
27,29
21,48
194,65

-8,59
9,83
-3,12
56,33
45,47
25,41
48,51
173,84
48,29
37,30
44,23
15,10
0,91
15,31
29,82
190,95
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5.9.5.2 The booking situation in 057
Also when contemplating the booking situation in the 057-furnaces one can see that
the available time does not seem to be sufficient for accommodating the processing of
the booked orders. This could in the 035-case to a large extent be explained by the
adding of net availability values for different furnaces, but in this case a real lack of
available time is illustrated. We have not studied as many days as we did for the 035furnaces, but the picture remains clear; there just is not enough free capacity in the
057-resource, no matter if we use the present values or our proposed values as a basis
for the calculations. With our calculated capacity numbers and values for net
availability, the situation looks a bit better and this is most likely a more truthful view
of the present booking situation, but the available time is still not enough for what the
actual need according to the real bookings is. In figure 5.20 below, the comparison is
shown in detail.
Values according to Sesam
Revised values
Year Week Day Net avail. Booked h. Free cap. Net avail. Booked h. Free cap.
4
4
4
4
4
4
4
4
4
4

50
50
50
Sum
51
51
51
51
51
51
51
Sum

5
6
7
1
2
3
4
5
6
7

25,6
19,2
19,2
64,0
38,4
38,4
38,4
38,4
25,6
19,2
19,2
217,6

114,12
78,04
133,91
326,1
94,04
134,63
18,82
70,25
130,39
32,43
13,02
493,6

-88,52
-58,84
-114,71
-262,1
-55,64
-96,23
19,58
-31,85
-104,79
-13,23
6,18
-276,0

42,06
41,8
41,8
125,66
42,54
42,54
42,54
42,54
42,06
41,8
41,8
295,82

122,06
77,28
126,65
325,98
101,31
139,51
17,22
60,43
140,35
25,72
18,82
503,35

Figure 5.20

Comparison table for bookings in the 057-furnace group.
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Implications of our findings on processing cost

-80,00
-35,48
-84,85
-200,32
-58,77
-96,97
25,32
-17,89
-98,29
16,08
22,98
-207,53

The measurements of energy consumption and calculations that we have presented in
chapter 5.6 form a basis for the observations and calculations made in this chapter.
Using the new cost distribution for annealing operations in the 035- and 057-furnace
groups, the production cost for products that make use of the operations of interest will
be affected. For the purpose of showing the difference, we have chosen the two largest
articles that make use of full and partial annealing operations respectively for both
furnace groups. For all cases we present a processing cost per kilogram as according to
our calculations. Besides revised costs, the calculations in this chapter are also based
on the new capacity numbers, mentioned in chapter 5.9, for the relevant furnace
programmes. The present cost estimates, which also hold data that we base our
calculations on, are shown as figures for every case.
In the examples below, cost per kilogram is calculated as:
Cost per kilogram =

Cost per machine hour ⋅ Calculated time
Weight
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Full annealing in the 035-furnace group

Today Sesam calculates a cost per kilogram for each operation. For products that pass
through the 035-furnaces, the cost is based on cost per machine hour, calculated time
consumption and planned weight in the operation. The article 047662 makes out 3,5 %
of the accumulated tonnage in 035 and today the calculated cost per kg in 03561operation is x SEK.
Using updated figures for capacity and machine hour cost, we get y SEK as a new cost
per kilogram. This would result in a marginal increase in cost per machine hour. This
is due to that full annealing is the dominant type of annealing in 035 and this makes
the difference between the old cost per machine hour calculation and the new
calculation for full annealing small.

5.10.2

Partial annealing in the 035-furnace group

For partial annealing the changed capacity and cost distribution leads to more
significant changes, which also follows naturally from the discussion above. Using the
old values for cost estimation gives for the article 223185 a cost per kilogram of x
SEK in the 83561-operation. So far this year, the article 223185 has represented
around 10 % of the tonnage in the 83561-operation. With updated figures the cost per
kilogram in the partial annealing operation is x SEK, which is about half of the current
cost per kilogram.
Moreover, had we known the probably degressive shape of the relation between
energy consumption and number of coils in a furnace, we would have been able to
specify a cost per machine hour based on number of coils. In order to be able to
proceed further with our calculations, we assume a linear relation, which probably is
not far from the truth. Our calculations regarding cost per kilogram are based on this
assumption about linearity. This restriction is however not imposed by us since it is
already a fact today.
For the 035-furnace group, the substantial difference in cost appears when it comes to
partial annealing, which is a reasonable result since the heating of coils to a lower
temperature than what is the case with full annealing requires less energy.

5.10.3

Full annealing in the 057-furnace group

For the article 221443, which is the most usual article that is processed using full
annealing in the 057-resource. The processing cost per kilogram is today u SEK. For
operations at the 057-furnace group, capacity is calculated based on planned
deliverable weight instead of planned weight in the specific operation, as is the case
for operations at the 035-furnaces. Using our calculated capacity numbers and cost, we
get a new cost per kilogram of u SEK per kilogram for full anneals in 057, which is
just the same as before, despite the fact that the machine cost per hour according to our
proposal is higher than the budgeted cost. This can however be explained by the higher
capacity number. Furthermore, annealing using nitrogen gas costs q SEK per hour,
which in this case would add another z SEK to the cost per kilogram.
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Partial annealing in the 057-furnace group

For partial annealing in the 057-furnaces it can though be shown that differences in
cost per kilogram arise when our calculated values are applied. According to our
results, the processing cost for article 223347 during partial annealing in the 057furnaces is v SEK per kilogram, which should be compared to the cost of today that is
u SEK per kilogram. As in the case with partial annealing in the 035-furnace group,
the big difference in cost appears for partial annealing. Although we may not have
found exactly the correct costs for all types of anneals, we are confident that our
results are more accurate than what is the case today.

5.11

Modifications in Sesam

Many of the findings that we have presented in our thesis should result in changes of
values in Sesam. For the correct implementation of our proposals it may on some
occasions also be necessary to implement a partly revised structure of the data
representation.
Today values for net availability may be entered for each day and this suits our
purposes well. Based on our calculations of what the correct values for net availability
should be, we propose that the values that we have presented in appendix 12 should be
implemented. We also propose that net availability should be strictly connected to the
resource on which the orders are booked. Today this is not the case for the 035-furnace
group since values for net availability are spread on all furnaces, but bookings are only
allowed on the 0356-furnace, making it hard to estimate exactly how much of the real
available capacity that is being utilised.
As mentioned in earlier chapters, we propose that new capacity numbers and lead
times should be used when planning and calculating cost estimates. Capacity numbers,
lead times and processing costs are defined in Sesam and presented in the window
“Operationsnummer, Produktivitet” (TVB9ETR), henceforward referred to as
TVB9ETR.
Concerning cost per machine hour, total cost based on our estimated energy costs, cost
for nitrogen gas and the other types of costs that we have not modified must all be
included in the one cost that is viewable in TVB9ETR.
Regarding capacity numbers, each furnace program should have an associated capacity
number based on the chosen way of operating the furnace. For the 035-furnaces this
should be quite straight-forward since these furnaces operates using well-defined
furnace programmes. For the 057-furnaces, capacity numbers for full annealing
programmes could be quite easily added in the same way as for the 035-furnaces. For
partial annealing in the 057-furnaces though, we have developed capacity numbers for
alloys instead of for furnace programmes and this has to be considered when
implementing the changes.
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We want to point out that the solutions presented in this chapter are merely to be
viewed as a basis for discussion. We believe that the system administrators are better
suited to decide upon course of action.
We have concluded that there are a number of possible alternatives for taking furnace
programmes into consideration when calculating capacity and costs. We will discuss
these alternatives in more detail, but we first of all describe the TVB9ETR window as
it is today.
Sesam offers the option to specify a capacity number for a number of characteristics
that may affect the operation. The unit for the capacity number can be chosen from a
separate table which today holds fifteen different units. A capacity number can be
specified for each row seen in TVB9ETR and each row can be pointed out using three
parameters, X, Y and Z, which all can be chosen with one of the fifteen available units.
Lead times can presently only be associated with an operation, though according to our
findings it might be suitable to set lead times for each furnace programme. In order to
be able to do this, some Sesam tables have to be reconfigured, or alternatively the
operation number structure has to be altered.
Furthermore cost per machine hour can be specified in TVB9ETR. The specified cost
is used in conjunction with the capacity number when cost estimates are calculated.
TVB9ETR is used the first time an article is produced. The data from TVB9ETR can if
desired be inserted into a fixed production programme which is specific for a certain
article. After this has been done, the fixed program is used every time the specific
article is planned and produced. Any necessary changes can be made to the fixed
program directly, but the basis data still descends from TVB9ETR. If any changes are
made for an operation in TVB9ETR, any fixed program that uses this operation can be
manually updated with the new values.
Sesam also features a table with a collection of furnace programs. This table has not
been updated for several years and the data stored in it is inaccurate. It would though
be possible to use the data stored in this table for the purposes mentioned below. But
this prerequisites that this table is updated every time that any changes are made to the
official furnace program documents for the 035- and 057-furnaces.
The changes that we want to make in Sesam consist of three parts:
• Correct capacity number for each furnace program.
• Correct lead time for each furnace program.
• Correct cost per machine hour for full and partial annealing.
As Sesam is designed today, lead times and cost per machine hour have to be specified
for each operation and there cannot be various lead-times and costs associated with
each row, identified by the X, Y and Z parameters. This may limit the number of
possible solutions to the problem.
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Basically we see two possible solutions, which both come in a few variants:
1. Use only a few annealing operations, such as full and partial annealing, preferably
with the same distinction as today. To each operation, assign all applicable furnace
programs by adding the correct parameters in TVB9ETR. Cost per machine hour
can be set on operation level as it is done today. Though functionality for handling
lead times in the same way as capacity numbers are handled must be implemented
into Sesam.
2. Assign operation numbers to each furnace program. This will give the possibility to
set lead time on program level without having to modify the structure of the
database. The downside of this course of action is that the number of operation
numbers will increase although the system will without problem support a larger
number of operations. It is instead the production planning process that may be
affected negatively by this solution, especially in those cases where an operation
has to be specified but there at the time is no way of telling the furnace program to
be used.
Deciding upon which way to implement the needed values will be the responsibility of
experiences employees at SHT, since we lack the time and knowledge to implement
the required changes ourselves. We however hope that this introduction to the problem
can support the system administrators in this work.
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6 Conclusions
Our problem analysis has led to a number of conclusions that may be of great
importance for the way annealing operations are performed at SHT. In this chapter we
intend to briefly present our most important conclusions, but in order to fully gain an
understanding of the conclusions, we suggest that the reader turn to the appropriate
chapters for a more thorough explanation.
We have found that the present process mapping of annealing processes is insufficient
in facilitating understanding and analysis of the processes, and have throughout the
problem analysis collected information which now makes out a new process mapping.
The performance measures that have been valid for the annealing processes do not
fully match the strategic context of the processes, why we have developed a set of new
measures. Through calculations based on historical data we have also been able to
analyse and evaluate the processes’ performance on the proposed measures. In order to
make it possible to evaluate the annealing processes from a perspective of strategic
dimensions, the proposed measures are intended to function as evaluation criteria of
five different aspects of the process. The measures are average lateness, average
capacity utilisation and standard deviation, percentage of defects and average work-inprocess.
From the evaluation of the annealing processes according to the new performance
measures, we have concluded that there is free capacity in the 035-resource, which
could accommodate the use of smaller batch sizes in this resource, whereas the
situation in the 057-furnaces capacity wise is much more acute. Furthermore, when
evaluating customer complaints we have found that quality losses occur much more
frequently in the 035-resource compared to the 057-resource. We have also concluded
that today’s planned lead times are inaccurate and cause a lot of unnecessary work-inprocess to accumulate in front of the furnaces.
New values for net availability of the furnaces have been established through
calculations based on observations, interviews and data analysis. Through our studies
we have also been able to identify areas with improvement potential, mostly for 035furnaces. The process of annealing in 057-furnaces is evidently carried out in a more
appropriate manner. Based on our estimations of how much available time that can be
gained through implementing these improvements, we have concluded that the net
availability for the 035-furnace group should be about 405 hours per week and for the
057-furnaces the net availability should be about 300 hours. We have also been able to
establish net availabilities for every day of the week, based on shift pattern. The
knowledge and implementation of correct values for net availability is of utter
importance since this forms a basis for our conclusions regarding in what way the
furnaces should be utilised within the context of the pull production system.
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When discussing possible ways of utilising the furnaces, furnace programmes are
central. Since orders that are to be annealed using different furnace programmes can
not be run in the same furnace at the same time, furnace programs restricts the possible
ways of utilising the furnaces. Based on historical data we have put together a set of
parameters that are used for calculations regarding the utilisation of the furnaces.
Within the model we have developed scenarios describing the degree of pull
philosophy and the starting point is that a pull philosophy should be used to as large an
extent as possible, but in reality capacity limitations do not permit this.
For the 035-furnaces we conclude that the furnace programmes 43 and 46, which
together stand for about 80 % of all anneals, should only be run with full batches. This
is because material that is to be annealed using these programmes arrive often and the
filling of the furnaces will therefore not require any long waiting times. For other
programmes that are run more seldom, waiting times would be long if the operators
were not allowed to run these programmes with only partly filled furnaces. Therefore
we propose that, given the current load, all orders that arrive to the 035-resource that
are not to be annealed using the programmes 43 or 46 should be processed as soon as
possible after arrival, in this way supporting the pull production philosophy.
Implementing this system of annealing would result in major improvements on our
suggested performance measures. Future load increases may result in the need for
batching together orders belonging to other programmes as well, and in this case the
programmes 13 and 38 are suitable. We do not believe investments are justified since
the capacity would need to be increased by 90 % to make it possible to use a Full-pull
strategy. In the distant future with further load increases, it may be necessary to invest
to be able to continue using a Partial-pull concept and to prevent the process
performance to deteriorate.
Since the current load in the 057-group is higher than in the 035-group, a larger
number of furnace programmes must run with full furnaces. The conditions under
which the two furnace groups operate are though somewhat different since the 057furnaces are smaller and are being utilised for somewhat different operations. What is
most obvious when studying the 057-furnaces is that it will be much harder to
accomplish short lead times than what is the case for the 035-furnaces. We therefore
propose that an investment in additional furnace capacity is made shortly. This would
facilitate the successful implementation of a Full-pull strategy in the 057-furnaces with
major improvements on process performance measures as a result. However we also
recognise that there are other possibilities that at least momentarily can lessen the load
on the 057-furnaces, for example the use of the concept of resource pooling.
In order to be able to check whether there is enough available capacity in the furnace
groups prior to the booking of furnace capacity, the time consumption of each furnace
program must be known. The amount of time that is required for each programme
depends upon historical data regarding that programme and if the programme is to be
run with a full furnace or not.
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Therefore the operating strategy must be approved before the planned lead times and
so called capacity numbers are implemented into the system. Furthermore, when for
example the load increases or the installation of additional capacity is completed, the
operating strategy is affected; leading to that capacity numbers, planned lead times and
net availabilities all must be updated.
Our proposed changes will lead to shorter lead times and low levels of WIP, which are
important success factors of a JIT-based production philosophy. The Genesis project
incorporates many of the aspects of JIT and TPS, and we believe that the
implementation of our results is important and necessary for the future success of the
changed production philosophy at SHT. We also place our developed capacity analysis
tool at SHT’s disposal for future use while calculating other processing scenarios or
the effect of load changes and/or product mix variations. This tool can also serve as a
benchmark for capacity analysis of other processes at SHT.
The costs of annealing processes have previously not been sufficiently thoroughly
estimated and we intended to establish costs per machine hour that are more close to
the real costs. We have however not been able to establish costs to the high degree of
accuracy that we first intended, but we have through measurements been able to
calculate and propose new costs that according to our calculations and according to
common sense are much more truthful than before. Most importantly, we have been
able to establish costs per machine hour for full and partial annealing separately. We
believe that the processes for annealing are not the only ones suffering from poor cost
control, why we would suggest that SHT investigates the cost distribution in more
processes, and also develops and follows better guidelines for cost control.
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Appendix 1
Interfacing resources to the 035- and 057-furnaces

Appendix 2
Common process paths through the 035-furnaces
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Appendix 3
Common process paths through the 057-furnaces

Appendix 4
Detailed view complete with operations for the 035-furnaces
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New flow diagram for the 035-furnaces

Appendix 7
New flow diagram for the planning of the 035-furnaces
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Process chart for the 035-furnaces

Appendix 9
New flow diagram for the 057-furnaces

Appendix 10
New flow diagram for the planning of the 057-furnaces
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Process chart for the 057-furnaces
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Capacity losses for the 035- and 057-furnaces
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Load comp to 2004
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Full anneals
12
13
15
16
43
46
Part anneals
28
29
36
38
39

Program

Input data

2004
1,2%
3,6%
0,3%
2,9%
42,9%
36,3%
0,2%
0,4%
2,2%
8,7%
1,3%
100,0%

0,2%
0,4%
2,2%
8,7%
1,3%
100,0%

2,00
2,67
2,19
2,35
2,34

Average
size
2,62
2,24
1,67
1,99
1,81
1,64

1,00
Share of mix
1,2%
3,6%
0,3%
2,9%
42,9%
36,3%

0,24
0,20
1,48
5,43
0,76
79,46
11,35

Batches per
week
1,37
3,28
0,46
2,98
32,61
30,65

2004
13,74
41,09
3,08
32,92
492,75
416,64
2,68
4,26
25,68
100,17
14,68
1147,70

2,7
4,3
25,7
100,2
14,7
1147,7

0,00
0,02
0,13
0,78
0,09
4,76
0,68

Batches of
full orders
0,20
0,22
0,00
0,22
2,20
0,91

Throughput
tonnes
13,7
41,1
3,1
32,9
492,8
416,6

5612,86
8156,75
7928,12
7863,20
8235,57

Average
weight
3830,32
5592,02
4051,23
5547,47
8370,20
8311,12
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0,75

0,24
0,17
1,35
4,65
0,67

Non-full
orders
1,17
3,07
0,46
2,76
30,41
29,74
0,10
0,09
0,58
1,89
0,31
26,44
3,78

Samkörning
Non-full
0,58
1,36
0,16
1,06
10,42
9,89
68,42
79,09
12,12
3,70
22,77

Days to full
furnace
12,02
5,13
42,97
6,59
0,67
0,71
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Input data, including furnace programmes, for studies of the 035-furnace group and input data
sheet for studies of changes of load etc.

Full anneals
12
13
15
16
43
46
Partial anneals
28
29
36
38
39
Total
Net availability
Utilisation

Program

34,21
35,15
5,52
1,58
10,08

Rate sesam Waiting
kg's per hour time days
3504,87
5,15
4660,02
2,39
3316,80
21,48
3751,91
3,05
6009,38
0,31
5171,36
0,34

10-13
2381,22
10-13
3172,07
10-13
3083,16
10-13
2822,69
10-13
2956,36
236,38
378,51
62,5% OK

Proc.
Time
hours
5-8
5-8
5-8
5-8
5-8
5-8

No pull (only full batches)

35,32
36,30
6,68
2,78
11,28

Lead
time
days
6,39
3,66
22,75
4,37
1,61
1,69
13,64
14,02
2,58
1,07
4,36

Safety
lead time
2,47
1,41
8,79
1,69
0,62
0,65
2,68
4,26
25,68
100,17
14,68
1147,69

Throughput
tonnes per
week
13,74
41,09
3,08
32,92
492,75
416,64
13,28
21,69
22,21
30,84
22,34
245,91

MIA T
Sesam
tonnes
10,59
15,60
9,57
15,86
43,17
40,77
13,52
22,07
24,50
39,78
23,65
401,97

MIA T Real
tonnes
12,55
21,47
10,01
20,56
113,56
100,29
18,52
30,02
30,72
48,30
32,24
366,05

MIA P
Sesam
tonnes
15,70
23,48
13,64
23,52
70,39
59,52

18,76
30,40
33,02
57,24
33,55
522,11

49,00
50,00
9,00
4,00
16,00

Planned
MIA P Real lead time
tonnes
days
17,67
9,00
29,35
5,00
14,08
32,00
28,22
6,00
140,79
2,00
119,04
2,00
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The No-pull case for the 035-furnaces

Full anneals
12
13
15
16
43
46
Partial anneals
28
29
36
38
39
Total
Net availability
Utilisation

Program

0,00
0,00
0,00
0,00
0,00

Rate sesam Waiting
kg's per hour time days
1967,02
0,00
2235,22
0,00
1184,57
0,00
1602,09
0,00
2324,77
0,00
1812,33
0,00

10-13
1020,52
10-13
1812,61
10-13
1447,66
10-13
1423,49
10-13
1484,21
593,62
378,51
156,8% Overload!!!

Proc.
Time
hours
5-8
5-8
5-8
5-8
5-8
5-8

Full pull (batch size = order size)

1,11
1,15
1,15
1,20
1,20

Lead
time
days
1,24
1,26
1,27
1,32
1,30
1,34
0,43
0,45
0,45
0,46
0,46

Safety
lead time
0,48
0,49
0,49
0,51
0,50
0,52
2,68
4,26
25,68
100,17
14,68
1147,69

Throughput
tonnes per
week
13,74
41,09
3,08
32,92
492,75
416,64
0,19
0,32
1,94
8,17
1,20
56,87

MIA T
Sesam
tonnes
0,47
1,54
0,12
1,49
21,11
20,33
0,43
0,70
4,23
17,11
2,51
212,92

MIA T Real
tonnes
2,44
7,41
0,56
6,19
91,50
79,85
0,53
0,84
5,04
19,68
2,88
171,86

MIA P
Sesam
tonnes
1,96
5,87
0,44
4,70
70,39
59,52

0,77
1,22
7,34
28,62
4,19
327,91

2,00
2,00
2,00
2,00
2,00

Planned
MIA P Real lead time
tonnes
days
3,93
2,00
11,74
2,00
0,88
2,00
9,41
2,00
140,79
2,00
119,04
2,00
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The Full-pull case for the 035-furnaces

Full anneals
12
13
15
16
43
46
Partial anneals
28
29
36
38
39
Total
Net availability
Utilisation

Program

0,00
0,00
0,00
0,00
0,00

Rate sesam Waiting
kg's per hour time days
1967,02
0,00
2235,22
0,00
1184,57
0,00
1602,09
0,00
6009,38
0,31
5171,40
0,34

10-13
1020,52
10-13
1812,61
10-13
1447,66
10-13
1423,49
10-13
1484,21
314,74
378,51
83,2% OK

Proc.
Time
hours
5-8
5-8
5-8
5-8
5-8
5-8

Partial pull 1 (43 & 46 full batches)

1,11
1,15
1,15
1,20
1,20

Lead
time
days
1,24
1,26
1,27
1,32
1,61
1,69
0,43
0,45
0,45
0,46
0,46

Safety
lead time
0,48
0,49
0,49
0,51
0,62
0,65
2,68
4,26
25,68
100,17
14,68
1147,69

Throughput
tonnes per
week
13,74
41,09
3,08
32,92
492,75
416,64
0,19
0,32
1,94
8,17
1,20
99,38

MIA T
Sesam
tonnes
0,47
1,54
0,12
1,49
43,17
40,77
0,43
0,70
4,23
17,11
2,51
255,43

MIA T Real
tonnes
2,44
7,41
0,56
6,19
113,56
100,29
0,53
0,84
5,04
19,68
2,88
171,86

MIA P
Sesam
tonnes
1,96
5,87
0,44
4,70
70,39
59,52

0,77
1,22
7,34
28,62
4,19
327,91

2,00
2,00
2,00
2,00
2,00

Planned
MIA P Real lead time
tonnes
days
3,93
2,00
11,74
2,00
0,88
2,00
9,41
2,00
140,79
2,00
119,04
2,00
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The Partial-pull 1 case (programmes 43 and 46) for the 035-furnaces

Full anneals
12
13
15
16
43
46
Partial anneals
28
29
36
38
39
Total
Net availability
Utilisation

Program

0,00
0,00
0,00
1,58
0,00

Rate sesam Waiting
kg's per hour time days
1967,02
0,00
4660,02
2,39
1184,57
0,00
1602,09
0,00
6009,38
0,31
5171,36
0,34

10-13
1020,52
10-13
1812,61
10-13
1447,66
10-13
2822,69
10-13
1484,21
269,32
378,51
71,2% OK

Proc.
Time
hours
5-8
5-8
5-8
5-8
5-8
5-8
1,11
1,15
1,15
2,78
1,20

Lead
time
days
1,24
3,66
1,27
1,32
1,61
1,69

Partial pull 2 (43, 46, 13 & 38 full batches)

0,43
0,45
0,45
1,07
0,46

Security
lead time
0,48
1,41
0,49
0,51
0,62
0,65
2,68
4,26
25,68
100,17
14,68
1147,69

Throughput
tonnes per
week
13,74
41,09
3,08
32,92
492,75
416,64
0,19
0,32
1,94
30,84
1,20
136,10

MIA T
Sesam
tonnes
0,47
15,60
0,12
1,49
43,17
40,77
0,43
0,70
4,23
39,78
2,51
292,15

MIA T Real
tonnes
2,44
21,47
0,56
6,19
113,56
100,29
0,53
0,84
5,04
48,30
2,88
218,09

MIA P
Sesam
tonnes
1,96
23,48
0,44
4,70
70,39
59,52

0,77
1,22
7,34
57,24
4,19
374,14

2,00
2,00
2,00
4,00
2,00

Planned
MIA P Real lead time
tonnes
days
3,93
2,00
29,35
5,00
0,88
2,00
9,41
2,00
140,79
2,00
119,04
2,00

Appendix 17

The Partial-pull 2 case (programmes 13, 38, 43 and 46) for the 035-furnaces

Program
Full anneals
GB 1 (gauge <0,90)
GB 2 (gauge 0,90 - 1,60)
GB 3 (gauge >1,60, temp a ºC)
GB 4 (gauge >1,60, temp b ºC)
S 1 (extra small & thin)
S 2 (small, temp c ºC)
S 3 (small, temp d ºC)
L 1 (large, temp e ºC)
L 2 (large, temp f ºC)
Subtotal full anneals
Partial anneals
Small coils (a ºC)
b ºC
c ºC
d ºC (8J)
e ºC
f ºC
g ºC
h ºC
i ºC
j ºC
k ºC (8G)
Thermo l ºC (6811 & 8N)
Thermo m - n ºC (7795)
Other thermo
Subtotal partial anneals
Total

Input data
Coils in non-full
batches / week
0,00
0,00
0,05
0,05
1,19
2,74
8,84
0,33
3,86

0,29
0,00
0,43
1,36
0,36
0,14
0,14
0,14
1,07
1,93
0,43
0,21
0,93
1,07

Processing
time hours
4-8
4-8
4-8
4-8
4-8
4-8
4-8
4-8
4-8

7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13
7-13

0,14
0,07
1,07
3,50
0,50
0,64
0,14
0,14
1,57
4,57
1,07
0,14
0,64
1,43
15,64
40,60

Batches per
week
1,37
0,33
0,51
1,95
0,81
2,77
9,93
2,44
4,84
24,95
2,00
2,00
1,60
1,59
1,29
1,78
1,00
1,00
1,32
1,58
1,60
1,50
1,44
1,25

Average
size
2,00
2,00
1,91
1,98
1,80
1,42
1,72
1,87
1,20

4000,00
8000,00
8000,00
8073,72
8244,44
7875,00
8000,00
6950,00
7760,34
8020,30
8016,67
9195,00
8282,31
8299,20

Average
weight
1154,93
2156,82
2207,40
2203,72
2942,97
4748,73
4948,57
7005,89
7954,62

0,00
0,07
0,64
2,14
0,14
0,50
0,00
0,00
0,50
2,64
0,64
0,00
0,00
0,36
7,64
18,01

Full
orders
1,37
0,33
0,47
1,91
0,09
0,40
2,72
2,12
0,98
10,37
0,14
0,00
0,43
1,36
0,36
0,14
0,14
0,14
1,07
1,93
0,43
0,14
0,64
1,07
8,00
22,58

Non-full
orders
0,00
0,00
0,05
0,05
0,72
2,37
7,21
0,33
3,86
14,58
0,10
0,00
0,21
0,68
0,18
0,07
0,07
0,07
0,54
0,96
0,21
0,11
0,46
0,54

Samkörning
Non-full
0,00
0,00
0,02
0,02
0,40
0,91
2,95
0,16
1,93

73,50
Infinite
32,67
10,32
39,20
98,00
98,00
98,00
13,07
7,26
32,67
65,33
15,08
13,07

Days to full
furnace
Infinite
Infinite
301,00
301,00
17,71
7,65
2,38
43,00
3,63

Appendix 18

Input data, including furnace programmes, for studies of the 057-furnace group

Values in grey cells may be altered to
evaluate future states

Load comp to
2004
Full anneals
GB 1
GB 2
GB 3
GB 4
S1
S2
S3
L1
L2
Part anneals
Small coils (a ºC)
b ºC
c ºC
d ºC
e ºC
f ºC
g ºC
h ºC
i ºC
j ºC
k ºC
Thermo l ºC
Thermo m - n ºC
Other thermo
2004
0,8%
0,4%
0,6%
2,2%
1,1%
4,8%
21,6%
8,2%
11,8%
0,3%
0,3%
3,5%
11,5%
1,4%
2,3%
0,3%
0,3%
4,1%
14,8%
3,5%
0,5%
2,0%
3,8%
100%

1,000
Share of mix
0,8%
0,4%
0,6%
2,2%
1,1%
4,8%
21,6%
8,2%
11,8%
0,3%
0,3%
3,5%
11,5%
1,4%
2,3%
0,3%
0,3%
4,1%
14,8%
3,5%
0,5%
2,0%
3,8%
100%

2004
3,17
1,40
2,16
8,51
4,31
18,66
84,47
31,93
46,25
1,14
1,14
13,71
44,98
5,30
9,00
1,14
0,99
16,08
57,86
13,74
1,97
7,69
14,82
390,44

Throughput
tonnes
3,17
1,40
2,16
8,51
4,31
18,66
84,47
31,93
46,25
1,14
1,14
13,71
44,98
5,30
9,00
1,14
0,99
16,08
57,86
13,74
1,97
7,69
14,82
390,44

Service
level
0,75

Appendix 19

Input data sheet for studies of changes of load etc.

Full anneals
GB 1
GB 2
GB 3
GB 4
S1
S2
S3
L1
L2
Subtotal
Partial anneals
Small coils (a ºC)
b ºC
c ºC
d ºC
e ºC
f ºC
g ºC
h ºC
i ºC
j ºC
k ºC
Thermo l ºC
Thermo m - n ºC
Other thermo
Subtotal
Total
Net availability
Utilisation

Program

38,53
1,57
8,31
3,78
15,78
12,67
50,78
50,78
6,23
3,31
8,31
34,49
9,36
1,78

7-13
1000,0
7-13
2285,7
7-13
1333,3
7-13
1345,6
7-13
1374,1
7-13
1312,5
7-13
1333,3
7-13
1158,3
7-13
1293,4
7-13
1336,7
7-13
1336,1
7-13
1414,6
7-13
1274,2
7-13
1383,2
148,79
255,67
295,40
86,6% OK

36,75
0,00
6,53
2,00
14,00
10,89
49,00
49,00
4,45
1,53
6,53
32,67
7,54
0,00

Lead
time
days
0,51
0,52
14,21
4,12
9,33
4,83
2,41
4,46
3,04

Proc.
Waiting
Rate sesam
Time
time
hours kg's per hour days
4-8
513,3
0,00
4-8
908,1
0,00
4-8
883,0
13,68
4-8
847,6
3,58
4-8
1765,8
7,84
4-8
2191,7
3,28
4-8
2284,0
0,86
4-8
1868,2
2,87
4-8
2121,2
1,45

No pull (only full batches)

14,88
0,61
3,21
1,46
6,09
4,89
19,62
19,62
2,41
1,28
3,21
13,32
3,61
0,69

Safety
lead time
0,20
0,20
5,49
1,59
3,60
1,87
0,93
1,72
1,17

1,14
1,14
13,71
44,98
5,30
9,00
1,14
0,99
16,08
57,86
13,74
1,97
7,69
14,82
189,58
390,44

MIA P
Sesam
tonnes
0,32
0,14
6,07
6,94
7,24
15,33
21,12
21,67
18,17
97,00
MIA P Real
tonnes
0,45
0,20
6,16
7,29
8,01
18,66
36,20
27,37
26,43
130,78

152,76
216,81

186,61
284,44

229,73
326,73

263,58
394,36

MIA-levels calculated for each alloy,
according to appendix 21.

Throughput
tonnes per MIA T Sesam MIA T Real
week
tonnes
tonnes
3,17
0,10
0,23
1,40
0,05
0,10
2,16
4,29
4,38
8,51
4,66
5,01
4,31
4,98
5,75
18,66
9,54
12,87
84,47
14,01
29,09
31,93
14,63
20,33
46,25
11,81
20,07
200,87
64,05
97,83

Planned
lead time
days
1,00
1,00
20,00
6,00
13,00
7,00
3,00
6,00
4,00

Appendix 20

The No-pull case for the 057-furnaces

Program
Small coils (a C)
bC
cC
dC
eC
fC
gC
hC
iC
jC
kC
Thermo l C
Thermo m - n C
Other thermo
Total
Lead time
Safety lead time
Planned lead time
Throughput
MIA T Sesam
MIA T Real
MIA P Sesam
MIA P Real
Rate Sesam

2
1,57
0,61
2
1,14
0,05
0,26
0,12
0,33
2285,7

2

5577

1

6633

4
1
4,91
15,78
1,90
6,09
7
22
3,51
0,61
1,83
1,27
2,46
1,38
2,88
1,82
3,51
1,93
1342,5 1374,1

1
3

6632

6811

13

7795

1

7806

1
11
3
12

Alloy
8D

22

8G

13
9
13
13
1
27
22
26,05 1,78
9,36
34,49
8,48
3,31
10,06 0,69
3,61
13,32
3,28
1,28
36
3
13
48
12
5
6,34 10,34 7,69
0,63
22,55 24,03
22,47 0,78
8,91
2,98
23,29
7,07
23,60 2,62 10,28
3,09
27,32 11,36
31,49 2,58 12,91
4,19
34,63 12,87
32,62 4,43 14,28
4,30
38,66 17,16
1207,3 1383,2 1274,2 1414,6 1312,2 1336,7

2

3

6634
4

60
6,93
2,68
10
48,33
39,25
47,88
60,41
69,04
1327,2

8
38
3

9
2

8H

8N

1
3
1

11
28
6

8T

7
13
7
50
3,78
1,78
7,29
1,46
0,69
2,82
5
3
10
13,71
4,48
43,34
4,95
0,34
37,41
7,40
1,14
45,15
7,35
1,12
54,17
9,80
1,92
61,91
1345,6 1383,2 1339,3

13

8J

5
6,50
2,51
9
2,87
2,15
2,67
3,18
3,69
1338,2

3
2

88

152,76
186,61
229,73
263,58

Appendix 21

The No-pull case for the 057-furnaces, partial annealing

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Proc.
Waiting
Rate sesam
Time
time
hours kg's per hour days
4-8
513,3
0,00
4-8
908,1
0,00
4-8
842,8
0,00
4-8
837,5
0,00
4-8
1059,5
0,00
4-8
1037,5
0,00
4-8
1308,7
0,00
4-8
1743,7
0,00
4-8
1274,8
0,00

Full anneals
GB 1
GB 2
GB 3
GB 4
S1
S2
S3
L1
L2
Subtotal
Partial anneals
Small coils (a ºC)
7-13
666,7
b ºC
7-13
2285,7
c ºC
7-13
1066,7
d ºC
7-13
1071,0
e ºC
7-13
883,3
f ºC
7-13
1166,7
g ºC
7-13
666,7
h ºC
7-13
579,2
i ºC
7-13
852,5
j ºC
7-13
1054,8
k ºC
7-13
1068,9
Thermo l ºC
7-13
1061,0
Thermo m - n ºC
7-13
920,3
Other thermo
7-13
864,5
Subtotal
188,14
Total
349,78
Net availability 295,40
Utilisation
118,4% Overload!!!

Program

Full pull (batch size = order size)

1,78
1,57
1,78
1,78
1,78
1,78
1,78
1,78
1,78
1,78
1,78
1,82
1,82
1,78

Lead
time
days
0,51
0,52
0,53
0,54
1,49
1,55
1,55
1,59
1,59

0,69
0,61
0,69
0,69
0,69
0,69
0,69
0,69
0,69
0,69
0,69
0,70
0,70
0,69

Safety
lead time
0,20
0,20
0,21
0,21
0,57
0,60
0,60
0,61
0,61

1,1
1,1
13,7
45,0
5,3
9,0
1,1
1,0
16,1
57,9
13,7
2,0
7,7
14,8
189,58
390,44

MIA P
Sesam
tonnes
0,32
0,14
0,22
0,86
0,46
2,00
9,05
3,42
4,96
21,43
MIA P Real
tonnes
0,45
0,20
0,31
1,22
1,23
5,33
24,13
9,12
13,21
55,21

14,31
23,17

48,16
90,80

47,23
68,66

81,08
136,30

MIA-levels calculated for each alloy,
according to appendix 23.

Throughput
tonnes per MIA T Sesam MIA T Real
week
tonnes
tonnes
3,2
0,10
0,23
1,4
0,05
0,10
2,2
0,07
0,16
8,5
0,30
0,66
4,3
0,15
0,92
18,7
0,80
4,13
84,5
3,60
18,68
31,9
1,55
7,25
46,2
2,25
10,50
200,87
8,86
42,64

Planned
lead time
days
1,00
1,00
1,00
1,00
2,00
2,00
2,00
2,00
2,00

Appendix 22

The Full-pull case for the 057-furnaces

2
1,57
0,61
2
1,14
0,05
0,26
0,12

0,33
2285,7

MIA P Real
Rate Sesam

2

5577

Program
Small coils (a C)
bC
cC
dC
eC
fC
gC
hC
iC
jC
kC
Thermo l C
Thermo m - n C
Other thermo
Total
Lead time
Safety lead time
Planned lead time
Throughput
MIA T Sesam
MIA T Real
MIA P Sesam

1,50
1069,9

4
1,78
0,69
3
3,51
0,26
0,89
0,88

1
3

6632

0,26
883,3

1
1,78
0,69
3
0,61
0,05
0,16
0,15

1

6633

2,72
889,1

9
1,79
0,69
3
6,34
0,49
1,62
1,59

2

3

6634
4

4,43
864,5

13
13
1,78
0,69
3
10,34
0,78
2,62
2,58

6811

3,30
920,3

13
1,82
0,70
3
7,69
0,63
2,00
1,92

13

7795

9,66
961,0

27
1,78
0,69
3
22,55
1,70
5,73
5,64

1
11
3
12

Alloy
8D

0,27
1061,0

1
1,82
0,70
3
0,63
0,05
0,16
0,16

1

7806

10,30
1054,8

22
1,78
0,69
3
24,03
1,81
6,10
6,01

22

8G

20,71
1032,3

60
1,78
0,69
3
48,33
3,64
12,27
12,08

8
38
3

9
2

8H

5,88
1071,0

13
1,78
0,69
3
13,71
1,03
3,48
3,43

13

8J

1,92
864,5

7
7
1,78
0,69
3
4,48
0,34
1,14
1,12

8N

18,57
1024,3

50
1,78
0,69
3
43,34
3,27
11,01
10,83

1
3
1

11
28
6

8T

1,23
1068,4

5
1,78
0,69
3
2,87
0,22
0,73
0,72

3
2

88

81,08

14,31
48,16
47,23

Appendix 23

The Full-pull case for the 057-furnaces, partial annealing

Full anneals
GB 1
GB 2
GB 3
GB 4
S1
S2
S3
L1
L2
Subtotal
Partial anneals
Small coils (a ºC)
b ºC
c ºC
d ºC
e ºC
f ºC
g ºC
h ºC
i ºC
j ºC
k ºC
Thermo l ºC
Thermo m - n ºC
Other thermo
Subtotal
Total
Net availability
Utilisation

Program

1,78
1,57
1,78
3,78
1,78
1,78
1,78
1,78
6,23
3,31
1,78
1,82
1,82
1,78

7-13
666,7
7-13
2285,7
7-13
1066,7
7-13
1345,6
7-13
883,3
7-13
1166,7
7-13
666,7
7-13
579,2
7-13
1293,4
7-13
1336,7
7-13
1068,9
7-13
1061,0
7-13
920,3
7-13
864,5
156,86
265,49
295,40
89,9% OK

0,00
0,00
0,00
2,00
0,00
0,00
0,00
0,00
4,45
1,53
0,00
0,00
0,00
0,00

Lead
time
days
0,51
0,52
0,53
4,12
1,49
4,83
2,41
4,46
1,59

Proc.
Waiting
Rate sesam
Time
time
hours kg's per hour days
4-8
513,3
0,00
4-8
908,1
0,00
4-8
842,8
0,00
4-8
847,6
3,58
4-8
1059,5
0,00
4-8
2191,7
3,28
4-8
2284,0
0,86
4-8
1868,2
2,87
4-8
1274,8
0,00

Partial pull (grey markings = full batches)

0,69
0,61
0,69
1,46
0,69
0,69
0,69
0,69
2,41
1,28
0,69
0,70
0,70
0,69

Safety
lead time
0,20
0,20
0,21
1,59
0,57
1,87
0,93
1,72
0,61

1,14
1,14
13,71
44,98
5,30
9,00
1,14
0,99
16,08
57,86
13,74
1,97
7,69
14,82
189,58
390,44

MIA P
Sesam
tonnes
0,32
0,14
0,22
6,94
0,46
15,33
21,12
21,67
4,96
71,15
MIA P Real
tonnes
0,45
0,20
0,31
7,29
1,23
18,66
36,20
27,37
13,21
104,94

51,14
96,58

84,99
164,22

92,97
164,12

126,82
231,76

MIA-levels calculated for each alloy,
according to appendix 25.

Throughput
tonnes per MIA T Sesam MIA T Real
week
tonnes
tonnes
3,17
0,10
0,23
1,40
0,05
0,10
2,16
0,07
0,16
8,51
4,66
5,01
4,31
0,15
0,92
18,66
9,54
12,87
84,47
14,01
29,09
31,93
14,63
20,33
46,25
2,25
10,50
200,87
45,45
79,23

Planned
lead time
days
1,00
1,00
1,00
6,00
2,00
7,00
3,00
6,00
2,00

Appendix 24

The Partial-pull case for the 057-furnaces

2
1,57
0,61
2
1,14
0,05
0,26
0,12

0,33
2285,7

MIA P Real
Rate Sesam

2

5577

Program
Small coils (a C)
bC
cC
dC
eC
fC
gC
hC
iC
jC
kC
Thermo l C
Thermo m - n C
Other thermo
Total
Lead time
Safety lead time
Planned lead time
Throughput
MIA T Sesam
MIA T Real
MIA P Sesam

2,51
1275,9

4
3,28
1,27
5
3,51
1,02
1,64
1,88

1
3

6632

0,26
883,3

1
1,78
0,69
3
0,61
0,05
0,16
0,15

1

6633

3,62
980,6

9
2,45
0,95
4
6,34
1,09
2,22
2,49

2

3

6634
4

4,43
864,5

13
13
1,78
0,69
3
10,34
0,78
2,62
2,58

6811

3,30
920,3

13
1,82
0,70
3
7,69
0,63
2,00
1,92

13

7795

27
3,76
1,45
5
22,55
8,09
12,12
12,08

1
11
3
12

Alloy
8D

22
3,31
1,28
5
24,03
7,07
11,36
12,87

22

8G

0,27
16,11 17,16
1061,0 1172,0 1336,7

1
1,82
0,70
3
0,63
0,05
0,16
0,16

1

7806

34,52
1269,7

60
3,34
1,29
5
48,33
14,44
23,07
25,89

8
38
3

9
2

8H

9,80
1345,6

13
3,78
1,46
5
13,71
4,95
7,40
7,35

13

8J

1,92
864,5

7
7
1,78
0,69
3
4,48
0,34
1,14
1,12

8N

30,96
1210,1

50
3,20
1,23
5
43,34
12,04
19,78
23,22

1
3
1

11
28
6

8T

51,14
84,99
92,97
1,64 126,82
1178,2

5
2,58
1,00
4
2,87
0,54
1,06
1,13

3
2
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Appendix 25

The Partial-pull case for the 057-furnaces, partial annealing

Appendix 26
Operations numbers

Operation number
03511
03512
03521
03522
03561
03562
83511
83521
83561
05611
05711
05721
05731
05741
85611
85711
85721
85731
85741

Description
Full annealing 035
Intermetiate annealing furnace 0351
Final annealing furnace 0351
Intermetiate annealing furnace 0352
Final annealing furnace 0352
Intermetiate annealing furnace 0356
Final annealing furnace 0356
Partial annealing 035
Partial annealing furnace 0351
Partial annealing furnace 0352
Partial annealing furnace 0356
Full annealing 057
Full annealing furnace 056
Full annealing furnace 0571
Full annealing with nitrogen furnace 0571
Full annealing furnace 0573
Full annealing with nitrogen furnace 0573
Partial annealing 057
Partial annealing furnace 056
Partial annealing furnace 0571
Partial annealing with nitrogen furnace 0571
Partial annealing furnace 0573
Partial annealing with nitrogen furnace 0573

