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Abstract 
Within manufacturing industries, capital is tied up in machines, tools and inventory of unprocessed raw 
materials as well as finished goods and everything in between, also known as work in progress. Naturally, 
firms strive to minimize the capital employed in these items and thus facilitate a leaner operation. At the same 
time, it is important to maintain a stable and uninterrupted production. A prerequisite for maintaining a stable 
production is that the inputs of the production processes are available at all times. Machining tools need to 
always be available and easily accessible in order to minimize machine downtime in between batch orders, and 
if a machine breaks down, the necessary spare parts must be provided quickly. This study has been performed 
in order to investigate when it would be beneficial for a manufacturer of heavy vehicles to achieve a 
consumption-driven system for ordering machining tools. More specifically, it looks into the prerequisites and 
the potential benefits of such a system. 
 
This research has been done by conducting a case study at Scania Transmission Machining in Södertälje, 
Sweden, which is the department responsible for manufacturing conical gears and gear transmission 
components for Scania’s European production. The case study included a diagnosis of the current inventory 
control situation, which served the purpose of identifying weaknesses in the system and potential areas of 
improvement. Furthermore, simulations were conducted based on historical transaction data from the storage 
unit which supplies tools for the case company. This was done in order to investigate how a consumption-
driven inventory control system may be set up in practice and to provide figures on potential monetary gains 
as well as other benefits. 
 
The findings from this study indicate that there are many incentives for Scania Transmission Machining to 
adopt and implement an inventory control system for machining tools which is based on the consumption. 
First off, the diagnosis of the current inventory control system revealed several weaknesses and inefficiencies 
in the system. Furthermore, simulating the inventory levels for a sample of tools showed improvements in 
terms of the number of days of shortage and in a lower average inventory level. Finally, the monetary savings 
have been estimated to amount to roughly 1 million SEK per year. 
 
 
 
 
 
 
 
  



 

Sammanfattning 
Inom tillverkande industri är kapital bundet i maskiner, verktyg och material av olika slag samt färdiga varor 
och allt däremellan, även kallat produkter i arbete.  Företag strävar efter att minimera det uppbundna kapitalet 
i dessa enheter i syfte att få till stånd en kostnadseffektiv produktion. Samtidigt som man vill minska mängden 
uppbundet kapital är det viktigt att bibehålla en stabil produktion. En förutsättning för detta är att 
produktionsprocessernas råvaror och verktyg alltid finns tillgängliga. Skärande verktyg måste alltid finnas 
tillgängliga och lättåtkomliga för att minimera stilleståndstiden mellan produktionsordrar, och om en maskin 
går sönder måste de rätta reservdelarna kunna tillhandahållas snabbt. Den här studien har utförts för att 
undersöka när det skulle vara fördelaktigt för en tillverkare av tunga fordon att implementera ett 
förbrukningsstyrt system för beställning av skärande verktyg. Studien fokuserar mer specifikt på de 
förutsättningar som krävs för att ett förbrukningsstyrt system ska kunna implementeras och på de potentiella 
fördelarna med ett sådant system.  
 
En fallstudie har genomförts på Scania Transmission Machining i Södertälje, Sverige, den avdelning som 
tillverkar koniska växlar och andra transmissionskomponenter för Scanias europeiska produktion. I 
fallstudien ingår en diagnos av den aktuella lagerstyrningssituationen i syfte att identifiera svagheter i systemet 
och potentiella förbättringsområden. Vidare har simuleringar utförts, baserade på transaktioner från 
förrådsenheten som förser produktionen med verktyg. Detta syftade till att undersöka hur ett 
förbrukningsstyrt lagerstyrningssystem kan upprättas i praktiken och för att ta utreda vad vinningen i så fall 
skulle vara. 
 
Resultaten från studien visar att det finns många anledningar för Scania Transmission Machining att 
implementera ett förbrukningsstyrt lagerstyrningssystem för skärande verktyg. Först och främst avslöjade 
diagnosen av den aktuella lagerstyrningssituationen flertalet brister i systemet. Dessutom visade 
simuleringarna av verktygens lagernivåer på förbättringar när det gäller antalet dagar med brist och samtidigt 
en lägre genomsnittlig lagernivå. Slutligen har vinsten med att övergå till en förbrukningsstyrd modell 
uppskattats uppgå till ca 1 000 000 kronor.  
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1. Introduction 
This chapter contains a short introduction and background to the problem at hand. Furthermore, it contains a formulation of the 
research problem, the purpose and aim of the study, the research questions, the delimitations and finally a short overview of the 
disposition of this report. 
 
In the manufacturing industry today, great focus is put on incremental improvements of established 
technology and current processes. The manufacture of heavy vehicles, such as trucks and buses, has a history 
that spans more than a century, with the first truck being built as early as in 1891 (Nationalencyklopedin, 
2015). The trucks and buses of today are built on the same technology as the first trucks ever made and the 
most important technical features, as well as the purpose of the vehicles, are mostly the same. The aspects 
that have seen the greatest changes are those related to the performance in terms of fuel efficiency and freight 
capacity. Naturally, manufacturers of trucks have put a great deal of focus on the improvement of operations, 
with the intent to reduce costs and strengthen their firms’ competitiveness on the mature market. Also in 
modern times, much effort is put into improving operations and subsequently reducing costs, which is made 
abundantly clear considering the successful proliferation and wide adoption of concepts such as Lean 
Manufacturing. 
 
The Swedish bus and truck manufacturer Scania has for a long time been working with their Toyota-inspired 
Scania Production System, SPS. In line with the concept of Lean Manufacturing, SPS puts great focus on 
continuous improvement. SPS is founded on the notion that customers always come first, entailing that the 
firm’s operations are supposed to be customer oriented. To live up to the statement of customer orientated 
operations Scania needs to secure a stable flow of production, thus facilitating deliveries to the customers. 
Simultaneously, it is important to minimize the cost incurred in the production and its supporting functions. 
(Scania, 2015) 
 
Within the manufacturing industry capital is tied up in machines, tools and inventory of unprocessed raw 
materials as well as finished goods and everything in between, also known as work in progress. The cost of 
holding these inventories can be substantial and it is therefore important to keep the inventory levels as low 
as possible, without causing disruptions in the production. A hold-up can occur through mechanical 
breakdown or when a tool, critical to the production, breaks down without the possibility of a quick 
replacement. The risk of delays and interruptions can be reduced by ensuring that there are large enough 
margins in the stock levels for tools. However, carrying large inventories of tools is not favorable due to the 
cost that comes with having items in stock. 
 

1.1 Problem formulation 
Tool Management, a function within Scania Transmission Machining, DX, has expressed a need to 
investigate the possibility to implement a consumption-driven system for stocking tools to be used in the 
production processes. There is currently no standardized system for determining reorder points and order 
quantities, leading to unnecessarily high levels of inventory. Hence, by improving the adaption of tool 
inventory to the actual consumption of tools, cost savings can be realized. 
 

 



2 
 

1.2 Purpose and aim 
The purpose of this research is to investigate when it would be beneficial for a heavy-vehicle manufacturer to 
achieve a consumption-based system for ordering machining tools. More specifically, it looks into the 
prerequisites and the potential benefits of such a system. 
 
The aim of this research is to support DX in achieving a more pull-oriented management of tools. More 
specifically, the aim is to provide a comprehensive description and analysis of the present tool inventory 
situation and to give recommendations for improvements. 
 

1.3. Research questions 
In order to achieve the purpose of this research, the following main question needs to be answered: 
 

What incentives exist for a heavy-vehicle manufacturer to adopt a consumption-driven inventory control system for 
machining tools? 
 

This question has been divided into the following three sub-questions: 
 

RQ1: How efficient are current inventory control systems employed by the heavy-vehicle manufacturer? 
 
RQ2: How can the heavy-vehicle manufacturer achieve a consumption-driven inventory control system? 

 
RQ3: What can the case company gain from implementing a consumption-driven inventory control system? 
 

1.4. Delimitations 
Scania is a large company and there are many subdivisions that could have been included in a similar but 
more comprehensive study. This research was limited to the production plant in Södertälje, Sweden and 
further the department of Transmission Machining which produces components for gearboxes. The 
department of Transmission Machining produces a wide range of components and utilizes many different 
machining processes. Hence, there are more than 2,500 different tools in use. Given the time frame and the 
limits that it imposes on the scope of this research, delimitations were made on the number of tools selected 
as a sample for further investigation.  
 
The simulations conducted in this study and the estimation of possible monetary gains were limited to include 
only tools that are not subject to life-prolonging reconditioning. This delimitation was also necessary due to 
the limited time frame. 
 

1.5. Disposition 
The introduction has covered the topic of the research, specifying the motives of the case company and the 
purpose of the research. The following chapter will present the literature review which introduces the key 
concepts of interest. Subsequently, the methods that this research has employed is presented and motivated. 
Relevant information about the case company is thereafter briefly presented to familiarize the reader with the 
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context in which the research has been conducted. Finally, the results of the research are presented, analyzed 
and discussed. This leads up to the conclusions on the main research question and the identification of future 
research. 
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2. Literature review 
In the following chapter, currently available research regarding the topic of this study is presented. This literature gives a deeper 
insight into the research problem at hand, as well as a broader picture of how inventory is handled in different settings. The 
presented literature also covers possible solutions to inventory management problems. 

2.1. Introduction 
The contents of this chapter constitute the theoretical basis from which this study has taken much of the 
original inspiration. The concepts presented in the following sections have also been utilized in the 
simulations that were conducted as a part of the research. Furthermore, this chapter serves the purpose of 
giving the reader a better understanding of what inventory management comprises. 
 

2.1.1. Types of Inventory 
Inventories are kept in order to mitigate the supply risk, i.e. the risk of not being able to deliver goods on 
time. This is of course a priority in all businesses since the punctuality of delivery and flexibility is valuable for 
the buyer and thus represent a source of competitive advantage for the supplier (Porter, 1996). Keeping 
inventories in large quantities however, results in a higher cost of operation, owing to the increased amount 
of capital employed in inventory that follows. The trade-off is therefore that less uncertainty equals higher 
costs of operation and it is up to the managers to determine the policies for managing inventory in the most 
efficient way, given the prevailing priorities and circumstances at the company at hand. (Muckstadt and Sapra, 
2010) 
 
Muckstadt and Sapra (2010) suggest that inventory can be divided into five categories in which each category 
has its own purpose. Anticipation stock is kept in anticipation of future demand and is commonly held when 
capacity restraints exist, making it impossible to build up inventory in time for an increased demand. The 
second type of stock is referred to as cycle stock, which is held in order to meet current demand. The third type 
of stock is called safety stock and is held due to uncertainties in lead times, i.e. the time period between order 
placement and receipt, and uncertainties in demand. Safety stocks are thus kept due to the nature of demand, 
which fluctuates over time, and due to uncertainties in delivery performance from the suppliers. The fourth 
type of stock is referred to as pipeline stock and is kept due to the lead time of suppliers. 
 
The last type of stock is called decoupling stock (Muckstadt and Sapra, 2010), which is another type of safety 
stock used primarily in manufacturing settings where goods are produced in successive processes such as 
turning, milling etc. A decoupling stock can be used between each operation to mitigate the risk of variations 
caused by unforeseen events such as machine breakdowns. The processes in the chain of production are thus 
decoupled, but the capital employed in work in progress will be substantial. 
 

2.1.2. Inventory in a Supply Chain Context 
Inventory is held in order to provide customers with goods in time for when demand occurs. Different 
customers may accept different levels of service from the upstream supplier, making it important to 
understand the customer. (Muckstadt and Sapra, 2010) Chopra and Meindl (2013) also lean on the 
importance of understanding the customer and the inherent uncertainties that exist while serving the 
customer. Supply chains as well as its constituting functions must make a trade-off between responsiveness 
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and efficiency, thereof the importance of understanding the customer. According to Chopra and Meindl 
(2013) a supply chain can be seen as being responsive depending on its ability to: 
 

● Respond to widely fluctuating demand 
● Meet short lead times 
● Handle a large variety of products 
● Meet a high service level 
● Handle supply uncertainty 

 
A firm operating on maximum efficiency can only increase its responsiveness by giving up efficiency (Chopra 
and Meindl, 2013). This means that by increasing the efficiency, one of the above abilities will suffer. A 
responsive inventory strategy would be to carry safety inventory in order to manage the prevailing 
uncertainties. An efficient inventory strategy would instead involve minimizing stock levels as much as 
possible. (Marshall L. Fisher, 1997) 
 
An important prerequisite for success in the marketplace is to achieve strategic fit, i.e. to align the goal of the 
competitive strategy and the supply chain strategy (Chopra and Meindl 2013). Cousins et al. (2008) denote 
this process as creating strategic alignment and conclude that misaligned firms will underperform strategically 
aligned firms. Creating fit or alignment includes having all functions and processes working towards a 
common goal and avoiding sub-optimization at different parts of the value chain.(Cousins et al., 2008; 
Chopra and Meindl, 2013) From an inventory management point of view, this implies that in order for the 
company to be successful, the inventory function must have a strategy which is aligned with the overall 
strategy of the firm, and simultaneously fit together with the other functions in its surroundings such as 
purchasing and manufacturing.  
 

2.1.3. Factors affecting Policy Decisions 
According to Muckstadt and Sapra(2010), there are five factors that affect inventory policy decisions. The 
first one is the system structure of the supply chain, i.e. how materials and information flows through 
different stages in the supply chain. The second factor described is the nature of the items moving through 
the supply chain. What constitutes a sound inventory level depends on such aspects as the size, shape and 
most of all the unit price of an item. It may be more appropriate to order large quantities of small and 
inexpensive items such as screws rather than buying one screw at a time. If the unit price for an item is high, 
it will be more relevant to minimize the order quantity so as not to bind excessive amounts of capital. 
 
The third factor is the market characteristics, primarily in terms of demand rates, for the items in stock. It is 
common that demand rates for slow-moving items, i.e. items with a low relative demand rate, are highly 
variable compared to those for high-demand items. The high level of variability makes it difficult to accurately 
predict the demand, which usually increases the levels of necessary safety stock for these items.  
The fourth factor is the lead times, which are present to some extent in all supply chains and are a key 
determinant of the size of the inventory. Lead times are commonly defined as the time period between the 
placement and the receipt of an order. Longer lead times equals greater demand uncertainty, since demand 
fluctuates over time. This means that it might be rational to carry more additional safety stock than would be 
the case with a shorter lead time, to avoid potential stockouts. Another aspect here is the variability in lead 
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times. The greater the lead time uncertainty the more additional safety stock will be required. (Muckstadt and 
Sapra, 2010) 
 
The fifth and last factor affecting inventory policy decisions is the cost, which usually consists of several 
constituents. The different costs to take into consideration are incurred through purchasing, holding and 
obsolescence, to mention only a few. Purchasing costs for a certain item may be variable depending on the 
order quantity. For instance, the unit price may be reduced by an all units discount if the volume of the order 
passes a threshold, or there may be an incremental quantity discount. (Muckstadt and Sapra, 2010) 
 

2.2. Inventory Control 
A multitude of concepts and techniques are available today to facilitate an efficient management of 
inventories. Outstanding examples are stochastic models that determine order quantities and techniques for 
forecasting demand.(Zomerdijk and de Vries, 2003) In this section, existing research on how to manage and 
control inventories are presented in order to fully understand the theoretical background this study was based 
on and to provide a frame on which plausible solutions to the research question could stand. 
 

2.2.1. Replenishment Policies 
In their survey of manufacturing oriented firms and distribution firms, Jonsson and Mattsson (2013) involve 
five common policies for inventory control used in the Swedish industry, namely: 
 

● Reorder point systems 
● Period ordering systems 
● Material requirements planning systems 
● Cover time planning systems 
● Kanban systems 

 
33 percent of the respondents in this study acknowledged that a reorder point system was used as the main 
method for inventory control and 56 percent of the companies asked were using a material requirement 
planning system as the main method. Only two percent of the companies were using a period ordering system 
or Kanban system respectively, and seven percent were using cover time planning. (Jonsson and Mattson, 
2013) Axsäter (2006) describes two different types of ordering policies which are the ones most commonly 
used in connection to inventory control. The two policies are known as the reorder point policy (R, Q) and 
order-up-to-level policy (s, S). These policies are used to determine reorder points and order quantities within 
the different systems mentioned above. 

2.2.1.1. Inspection 
There are basically two types of inspection associated to inventory control methods, namely periodic review and 
continuous review. Periodic review implies that the stock level for an item will be reviewed periodically, e.g. once 
a week or once a month etc. If the stock level has reached a certain level or decreased below this level, a 
replenishment order will be placed. If the inventory level is instead monitored on a continuous basis, a 
replenishment order is placed as soon as the inventory reaches the specified level. (Axsäter, 2006; Muckstadt 
and Sapra, 2010; Chopra and Meindl, 2013) The advantage with the continuous review system is that it 
implies that less safety stock is required since it only has to protect against any fluctuations in demand during 
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the lead time and not during the review intervals. However, with periodic review, multiple orders of different 
items can be coordinated into a single order, thus enabling economies of scale. Furthermore, it reduces the 
cost of the inventory control system. (Axsäter, 2006) 

2.2.1.2. The Reorder Point Policy (R,Q) 
Employing this type of system in inventory management means that a new order for an item will be placed 
once the inventory level for that item reaches a certain limit. Inventory levels are indirectly determined when 
an initial order quantity Q and a reorder point R, also denoted as control parameters, are established. The reorder 
point R determines at what stock level a new order will be placed and the order quantity Q sets the standard 
for how many items each order will contain. (Zhang, 1998; Axsäter, 2006; Muckstadt and Sapra, 2010) If the 
inventory level drops sufficiently below R it may be necessary to order a multiple n of Q, therefore this policy 
is also referred to as the (R, nQ) policy. (Axsäter, 2006) Figure 1 shows a typical case of the reorder point 
system under the premise of constant demand. 

 
Figure 1. Cycle stock and safety stock.(Muckstadt and Sapra, 2010) 
 
 
Figure 2 below shows an (R, Q) policy with periodic review. At the beginning of each review interval T, the 
inventory position is controlled. As the figure clearly demonstrates, a replenishment order is issued at the 
second review point, since the inventory position had just dropped below the reorder point R. Subsequently a 
replenishment arrives approximately one and a half review intervals later, corresponding to the supplier lead 
time, and the process continuous in the same fashion. Worth noting is that since periodic review is adopted in 
this illustration, the original inventory position R+Q is not reached after the first replenishment event. As 
described by Axsäter (2006), inventory position is the theoretical current inventory situation: 
 

inventory position = inventory on hand + outstanding orders - back orders 
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Figure 2. (R,Q) policy with periodic review. Continuous demand.(Axsäter, 2006) 
 

2.2.1.3. Order-up-to-S Policy (s, S) 
The (s, S) policy is in its essence fairly similar to the (R, Q) policy. The reorder point is denoted with s and the 
maximum inventory level is denoted by S. When the reorder point is reached or passed, an order will be 
placed of a quantity large enough to increase the inventory level to its maximum point S. (Axsäter, 2006; 
Muckstadt and Sapra, 2010). Figure 3 shows how the inventory level could develop over time for an item 
which is purchased according to an (s, S) policy with periodic review. In most practical cases, the actual 
inventory or inventory on hand will not reach the maximum level S, since the demand will cause the 
inventory to decrease over the order lead time. This means that the order quantity will be determined so that 
the inventory position reaches the maximum level S. (Axsäter 2006) 
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Figure 3. (s,S) policy with periodic review. Continuous demand. (Axsäter, 2006) 
 

2.2.2. Forecasting Demand 
According to Chopra and Meindl (2013), all the planning processes of any supply chain are based on demand 
forecasts. Push processes will be performed in anticipation of customer demand while pull processes, on the 
other hand, are performed in order to respond to the demand from customers. Regardless of whether the 
supply chain employs a push or a pull system, the first step managers need to take is the production of a 
demand forecast. The characteristics of the products in question will affect the difficulty of forecasting the 
demand. Mature products such as paper towels or salt, that have a stable demand are always easier to forecast 
than for instance fashion goods. Accurate demand forecasting is essential when it comes to inventory control 
since faulty forecasts will result in unnecessary costs, either from oversupply which incurs excessive holding 
costs or from undersupply which leads to lost sales, bad will etc. (Thomopoulos, 2015) 
 
There are four different classes of forecasting methods, as proposed by Chopra and Meindl (2013), namely 
qualitative, time series, causal and simulation methods. Qualitative methods are reliant on human judgement 
and are thus of a subjective nature. This class of methods is appropriate to use for instance when there is little 
or no historical data or when market experts have significant intelligence that could affect the forecast. Time-
series methods use historical data and are appropriate when the basic pattern of the demand is stable from 
one period to the next. These methods are simple to use and thus serve as a good starting point. Causal 
methods are based on the assumption that certain environmental factors such as the the overall state of the 
economy are highly correlated with the demand forecast. A causal method will use estimates of what these 
factors will be in the future and base the forecast on these estimates. Simulation methods forecast demand by 
imitating consumer behaviours that affect the demand. Simulations can combine time-series and causal 
methods to find out how consumers may react to price promotions for example.(Chopra and Meindl, 2013) 
 
It may be difficult to decide which method to use in practice and the fact is that research has shown that it is 
more effective to use a combination of different forecasting methods than using any one method alone. In 
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the following sections, two simple time-series methods will be described. These methods are fairly easy to use 
and they are appropriate to use when there is a relation between future demand and observed historical 
demand. When forecasting is implemented, it is crucial to keep in mind that there will always be an element 
of randomness which cannot be explained by observed demand patterns. This means that the observed 
demand needs to be broken down into two components, the systematic one and the random one. The 
random component cannot and should not be projected, whereas the systematic component, which consists 
of level, trend, and seasonality, can be forecasted with different models. (Chopra and Meindl, 2013) 

2.2.2.1 Moving Average 
One of the simplest time series methods for forecasting demand is one denoted moving average. With this 
method, future demand is estimated under the assumption that variations are slow, i.e the demand is rather 
stable. The future demand is estimated based on the observed demand during the previous N periods, as the 
average of these values. If N is set to 12 and the length of the period is one month, this means that the 
forecast will be updated each month and be based on the average observed demand over the past year. At the 
time of calculation of the forecast for the next period, for instance the last day of each month, the observed 
demand during the last month will be added and the demand from the oldest month in the series will be 
removed. (Thomopoulos, 2015) 
 

𝐹𝑡+1 = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓ℎ𝑓 𝑛𝑓𝑛𝑓 𝑝𝑓𝑓𝑝𝑓𝑝(𝑓 + 1) 

𝑁 = 𝑛𝑛𝑛𝑛𝑓𝑓 𝑓𝑓 𝑝𝑓𝑓𝑝𝑓𝑝𝑓 𝑝𝑛 𝑓ℎ𝑓 𝑝𝑓𝑓𝑓 𝑓𝑓𝑓𝑝𝑓𝑓 

𝑝𝑡−𝑛 = 𝑓𝑛𝑓𝑓𝑓𝑜𝑓𝑝 𝑝𝑓𝑛𝑓𝑛𝑝 𝑝𝑛 𝑝𝑓𝑓𝑝𝑓𝑝 𝑓 − 𝑛,              𝑛 = 0,1,2, … ,𝑁 
 
The formula for the moving average is: 
 

𝐹𝑡+1 =
(𝑝𝑡 + 𝑝𝑡−1 + 𝑝𝑡−2+. . . +𝑝𝑡−𝑁+1)

𝑁
 

 
The moving-average method is appropriate when the observed demand has no apparent trend or seasonal 
fluctuation. The observations in the data series are weighted equally and the number of observations, N, 
determines the responsiveness of the forecast. The longer the data series, the less responsive to sudden 
deviations the forecast will be. (Thomopoulos, 2015) 

2.2.2.2. Exponential Smoothing 
Another simple time-series method which can be used to forecast demand with updated input data is the 
exponential smoothing method. The most basic version of the method is referred to as simple exponential 
smoothing and it can be used when the demand has no trend or seasonality (Chopra and Meindl, 2007). The 
future demand is estimated as the level, L, of observed demand. The formula for the forecast is: 
 

𝐹𝑡+1 = 𝐿𝑡 = (1 − 𝛼)𝐿𝑡−1 + 𝛼𝑝𝑡 
 
where 
 

𝐹𝑡+1 = 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑓𝑓𝑓 𝑓ℎ𝑓 𝑛𝑓𝑛𝑓 𝑝𝑓𝑓𝑝𝑓𝑝 (𝑓 + 1) 
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𝐿𝑡 = 𝑓𝑓𝑓𝑝𝑛𝑓𝑓𝑓𝑝 𝑙𝑓𝑜𝑓𝑙 𝑝𝑛 𝑝𝑓𝑓𝑝𝑓𝑝 𝑓 

𝑝𝑡 = 𝑓𝑛𝑓𝑓𝑓𝑜𝑓𝑝 𝑝𝑓𝑛𝑓𝑛𝑝 𝑝𝑛 𝑝𝑓𝑓𝑝𝑓𝑝 𝑓 

𝛼 = 𝑓𝑛𝑓𝑓𝑓ℎ𝑝𝑛𝑖 𝑓𝑓𝑛𝑓𝑓𝑓𝑛𝑓,          0 < 𝛼 < 1 

The value given to the smoothing constant 𝛼determines how the most recent observation is weighted against 
the previous observations. A higher value of the smoothing constant will put more weight on the most recent 
observation, thus making the forecast more responsive to fluctuations in demand. (Thomopoulos, 2015) 
 

2.2.3. Determining the Order Quantity 
According to Jonsson and Mattson (2013) there are a multitude of methods to determine order quantities 
described in the existing literature of which a certain amount are used in the Swedish industry. They found 
that only a third of the companies determine order quantities based on cost optimization and that the 
remaining two thirds rely on general valuations and estimates. Since manually estimated order quantities tend 
to be proportional to demand, Jonsson and Mattson (2013) conclude that the cost of tied up capital might 
become unnecessarily high if items are not differentiated according to volume. 

Economic Order Quantity 
The most commonly used method of determining the optimal order quantity within the area of inventory 
control is calculation of the order quantity with the Wilson formula, also known as the Economic Order 
Quantity, EOQ, formula (Axsäter, 2006; Arrelid and Backman, 2012; Jonsson and Mattsson, 2013). This 
model is based on the assumptions that demand as well as carrying cost and the cost of replenishments are all 
constant over time. It is also assumed that the entire quantity of an order is delivered at the same point in 
time. Furthermore, the model does not allow any stockouts. 
 
When calculating the EOQ with the Wilson formula for annual demand, the following parameters are 
included: 
 

𝑃 =  𝑝𝑛𝑓𝑓ℎ𝑓𝑓𝑓 𝑝𝑓𝑝𝑓𝑓,𝑛𝑛𝑝𝑓 𝑝𝑓𝑓𝑝𝑛𝑓𝑓𝑝𝑓𝑛 𝑓𝑓𝑓𝑓 
𝑄 =  𝑓𝑓𝑝𝑓𝑓 𝑞𝑛𝑓𝑛𝑓𝑝𝑓𝑞 

𝑄 ∗ =  𝑓𝑝𝑓𝑝𝑛𝑓𝑙 𝑓𝑓𝑝𝑓𝑓 𝑞𝑛𝑓𝑛𝑓𝑝𝑓𝑞 
𝐷 =  𝑓𝑛𝑛𝑛𝑓𝑙 𝑝𝑓𝑛𝑓𝑛𝑝 𝑞𝑛𝑓𝑛𝑓𝑝𝑓𝑞 
𝐾 =  𝑓𝑝𝑛𝑓𝑝 𝑓𝑓𝑓𝑓 𝑝𝑓𝑓 𝑓𝑓𝑝𝑓𝑓 

ℎ =  𝑓𝑛𝑛𝑛𝑓𝑙 ℎ𝑓𝑙𝑝𝑝𝑛𝑖 𝑓𝑓𝑓𝑓 𝑝𝑓𝑓 𝑛𝑛𝑝𝑓 
 
The first step in the calculation is to model the total cost function, TC(Q), which is the sum of the purchasing 
cost, the ordering cost and the holding cost. The purchasing cost represents the unit price multiplied by the 
annual demand quantity P*D. The ordering cost is the cost of placing all the orders necessary to meet 
demand for a year, i.e. the fixed cost per order times the annual demand quantity divided by the order 
quantity K*D/Q. The holding cost is the average stock level multiplied by the annual holding cost h*Q/2. 
 

𝑇𝑇(𝑄) = 𝑃𝐷 +
𝐷𝐾
𝑄

+
ℎ𝑄
2
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To find the minimum of the total cost function, the derivative is set to zero: 
 

𝑝𝑇𝑇
𝑝𝑄

= −
𝐷𝐾
𝑄2

+
ℎ
2

= 0 

 
Solving for Q gives the optimal order quantity Q*, also known as the EOQ: 
 

𝑄∗ = �2𝐷𝐾
ℎ

 

 
 

 
Figure 4. Total cost and EOQ. 
 
Worth noting when using the Wilson formula for determining the economic order quantity is that the choice 
of cost parameters is not that critical. As long as the parameters are approximately in the same range as the 
actual values, the EOQ will serve as a feasible approximation. For example, a fixed order cost estimate that is 
50 percent too high only results in a two percent cost increase compared to the optimum. (Axsäter, 1991) 
 

2.2.4. Reorder Point and Safety Stock 
When using an (R, Q) policy, it is common practice to start by calculating an appropriate order quantity by 
using the mean of the stochastic demand, as in the Economic Order Quantity model described earlier in 
which constant demand is a basic assumption. When Q has been established, the following procedure deals 
with determining the reorder point R under stochastic assumptions. Thus uncertainty in supply and demand 
is first taken into account when determining the reorder point. This way of assigning parameter values for the 
(R, Q) policy has been proven to result in a cost increase that is lower than 11.8 percent from the optimum. 
(Axsäter, 2006) 
 
When the order quantity has been estimated, either through a valuation processes by experience or by 
calculating the EOQ, the next step is to determine how much safety inventory to carry and thus at what 
inventory level to issue a replenishment order. As figure 1 shows, a reorder point is set so that replenishment 
occurs at the upper limit of the safety inventory. (Axsäter 2006) 
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Figure 1. Cycle stock and safety stock. (Muckstadt and Sapra, 2010) 
 
If suppliers always delivered on time and if demand were perfectly predictable there would be no need to 
carry any inventory except for cycle inventory. However, since this is never the case, safety inventory is 
carried in order to protect against uncertainties in supply and demand and to ensure that no shortages occur. 
Choosing the right level of safety inventory involves considering a trade-off between cost in tied-up capital 
and lost sales due to shortages. What constitutes an appropriate level of safety inventory is thus dependent on 
not only uncertainty of demand and supply but also on management’s desired level of product availability or 
service level. (Chopra and Meindl, 2013) 
 
In their survey Jonsson and Mattson (2013) find that 80 percent of companies employ methods that are more 
or less based on individual judgement without any connection to supplier performance when determining the 
size of safety inventories. Only 20 percent of companies claim to calculate their safety stock based on desired 
supplier performance in the form of service level. (Jonsson and Mattson, 2013) According to Axsäter (2006), 
safety stock can be calculated either based on service constraints or on certain shortage costs, however it is 
often easier in practice to use service level as a starting point. When the safety stock SS has been calculated, 
the reorder point can be determined by adding the expected lead-time demand �̅�𝐿: 
 

𝑅 = �̅�𝐿 + 𝑆𝑆 
 

2.2.4.1. Uncertainty in Lead-Time Demand 
Lead-time demand is subject to uncertainty stemming from random variations in demand as well as in lead 
times. The mean E(d) and standard deviation 𝜎𝑑 of demand can be determined through forecasts. However, 
if the lead time is subject to random fluctuations, the mean E(L) and standard deviation of 𝜎𝐿 also need to be 
estimated. Estimating the mean and standard deviation in practice often involves a subjective evaluation 
based on experience since statistical data for lead-time variations most often are difficult to collect. In practice 
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it is sometimes easier to estimate 𝜎𝐿 as the average of the lead time’s absolute error 𝑀𝑀𝐷𝐿. (Axsäter, 1991) 
Under the premise of normal distribution the standard deviation can subsequently be calculated as: 
 

𝜎𝐿 = �
𝜋
2
𝑀𝑀𝐷𝐿 ≈ 1.25 𝑀𝑀𝐷𝐿   

 
Under the premise that random variations in demand and lead time are independent, the average lead-time 
demand is given by the forecasted average demand over the lead time: 
 

𝐸(𝑛) = �̅�𝐸(𝐿) 
Assuming that the forecasted demand per time unit is constant and the deviations are independent from each 
other, the standard deviation of lead-time demand can be calculated as: 
 

𝜎𝑥 = �𝐸(𝐿)𝜎𝑑2 + (𝐸(𝑝))2𝜎𝐿2 

 
However, if the lead time is constant the above equation is calculated as: 
 

𝜎𝑥 = 𝜎𝑑 𝐿1/2 
 
In many cases, especially if demand is low, lead-time variations are small enough to disregard, and therefore 
common practice is to use the aforementioned formula above. (Axsäter, 1991) 

2.2.4.3. Normally Distributed Demand 
There are several different techniques available for determining the safety stock and thus the reorder points 
during stochastic demand assumptions. However, common to all the techniques is that the first step includes 
selecting an appropriate demand model. When the demand for an item is high enough, it is more convenient 
and more efficient to use a model which assumes continuous demand. With continuous demand, it is often 
practical to use the normal distribution and this is appropriate since the sum of a large number of 
independent stochastic variables will have an approximately normal distribution, given the Central Limit 
Theorem. (Axsäter, 2006) One disadvantage with a continuous function such as the normal distribution is that 
the demand does not have to be an integer. This will not be a problem if the demand is high, since reorder 
points can be rounded up to the nearest integer without creating an unreasonably large deviation from the 
actual demand. However, if demand is very low there is a risk that demand, in theory, assumes a negative 
value, which means that continuous demand is not an appropriate model. (Axsäter, 1991) 
 
Given a mean of 𝜇and a standard deviation of 𝜎the distribution function is obtained as: 
 

𝛷(
𝑛 − 𝜇
𝜎

) 

 
The corresponding value for the probability of the demand x can then be obtained from the table in appendix 
A. 
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2.2.4.2. Compound Poisson Demand 
In reality, demand for most items is a positive integer and can be interpreted as a discrete stochastic variable. 
However, in case of relatively high demand, a continuous demand model may be appropriate. (Axsäter, 2006) 
 
If demand is low it may be better to assume a Poisson distribution. This means that demand occurs with a 
given intensity 𝜆and that the size of demand is stochastic. (Axsäter, 2006) During a time interval of t, the 
probability of k demand points is: 
 

𝑃(𝑘) =
(𝜆𝑓)𝑘

𝑘!
𝑓−𝜆𝑡, 𝑘 = 0, 1, 2, … 

 
The average as well as the variance of the number of demand points are equal to 𝜆𝑓. 
 
Compounding distribution denotes the distribution of the demand size. This means that the size of demand is 
also considered a stochastic variable that is independent from other demand sizes and demand points.  
The probability that k demand points give the total demand j is given by: 
 

𝑓𝑗𝑘 = � 𝑓𝑖𝑘−1𝑓𝑗−1, 𝑘
𝑗−1

𝑖=𝑘−1

= 2,3,4, . .. 

 
Thus, the probability of demand equaling j is given by: 
 

𝑃(𝐷(𝑓) = 𝑗) = �
(𝜆𝑓)𝑘

𝑘!
𝑓−𝜆𝑡𝑓𝑗𝑘

∞

𝑘=0

 

 
With a compound Poisson distribution, average demand during one unit of time is given by: 
 
𝜇 = 𝜆∑ 𝑗𝑓𝑗∞

𝑗=1   and the variance during one unit of time is given by: 
 

𝜎2 = 𝜆�𝑗2𝑓𝑗

∞

𝑗=1

 

 
The mean and standard deviation of demand during the time t are thus given by: 
 

𝜇′ = 𝜇𝑓 and (𝜎′)2 = 𝜎2𝑓 
 
For items with relatively low demand it is often advantageous to assume a compound Poisson distribution. In 

practice, it may be efficient to use the Poisson distribution when (𝜎′)2

𝜇′
≈ 1. An appropriate rule is to use the 

Poisson distribution when 0.9 ≤ (𝜎′)2

𝜇′
≤ 1.1. However, if the time period is long enough, the Poisson 

distribution will become approximately normally distributed. (Axsäter, 2006) 
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2.2.4.4. Service Level  
According to Thomopoulos (2015), safety stock is computed with regards to management’s ambition of 
servicing the customer. Existing literature has several definitions of service level, however, a few of these seem 
to be especially popular. Axsäter (2006) describes three definitions of service level. The first one is denoted 𝑆1 
and considers the probability of no stockout per order cycle. Nahmias (2005) also considers this metric and 
denotes it type 1 service level. The second definition, 𝑆2, is the so called fill rate, i.e. the fraction of demand that 
can be satisfied immediately from stock on hand. The third definition proposed by Axsäter (2006), 𝑆3, refers 
to the ready rate i.e. the fraction of time with positive stock on hand.  
 
It is common practice to take advantage of the 𝑆1 service metric if continuous inspection is applied in the 
inventory control system, implying that a quantity Q is ordered exactly when the inventory position equals the 
reorder point level R. Thomopoulos (2015) denotes this approach as the service level method. Using this method, 
the goal is to determine a reorder point R that with a specified probability 𝑆1will result in a situation where 
the lead-time demand is lower than R. (Axsäter, 2006; Thomopoulos, 2015) 

Safety Stock with 𝑺𝟏 
According to Axsäter (1991), assuming that the lead-time demand is normally distributed with a standard 
deviation 𝜎𝑥, the probability of no stockout per order cycle, 𝑆1, is calculated as: 
 

𝑃(𝐷(𝐿) ≤ 𝑅)  =  𝑆1 = 𝛷(𝑅−�̅�𝐿
𝜎𝑥

) = 𝛷(𝑆𝑆
𝜎𝑥

), 

 
In practice, the mean of lead-time demand 𝜇 , is calculated as: 
 

�̅�𝐿 = â𝑡
𝑡𝐹
𝐿, 

 
where â𝑡 is the forecasted average demand per time unit, 𝑓𝐹the forecast time period and L the lead time. 
Standard deviation of the lead time demand 𝜎𝑥 is calculated as: 
 

𝜎𝑥 = 𝜎𝑑 𝐿1/2 = �
𝜋
2
𝑀𝑀𝐷𝑡 �

𝐿
𝑓𝐹
�
1/2

 

 

The value assigned to 𝑆1 will correspond to a certain safety factor 𝑘 = 𝑆𝑆
𝜎𝑥

 which can be extracted from the 

table in appendix A. Safety stock corresponding to the desired service level is subsequently calculated as: 
 

𝑆𝑆 = 𝑘 × 𝜎𝑥 
 
After having determined the safety stock SS, the reorder point can subsequently be derived from the 
following equation: 
 

𝑅 = 𝑆𝑆 + �̅�𝐿 
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𝑆1is easy to use when determining safety stock but it has a disadvantage owing to the fact that it does not take 
the order quantity into account. This implies that 𝑆1becomes irrelevant when the order quantity is large 
enough to cover demand over longer periods of time. When the order quantity is low, it is also possible to 
have a high service level even though the actual service is very low. The fill rate 𝑆2 gives a better picture of 
the actual service but it is much more complicated to use in practice. (Axsäter, 1991) 

Safety Stock with 𝑺𝟐 
According to Axsäter (1991), the service level in terms of the fill rate 𝑺𝟐is the fraction of demand that can be 
satisfied immediately from stock on hand. When using 𝑺𝟐in order to calculate R, a basic assumption is that 
every order quantity Q is associated with a certain average shortage and that all potential shortages are 
backordered. When the average lead time demand deviation u is greater than SS, a stockout occurs. If 
𝑆𝑆 ≤ 𝑛 ≤ 𝑆𝑆 + 𝑄, the shortage equals 𝑛 − 𝑆𝑆. If 𝑛 > 𝑆𝑆 the shortage equals Q. Assuming lead time 

demand is normally distributed, the deviation from the average has the frequency function ( 1
𝜎𝑥

)𝜑( 𝑢
𝜎𝑥

) and the 

order cycle’s average shortage quantity is given by: 
 

𝑆ℎ𝑓𝑓𝑓𝑓𝑖𝑓 = � (𝑛 − 𝑆𝑆)
1
𝜎𝑥
𝜑(

𝑛
𝜎𝑥

)𝑝𝑛
𝑆𝑆+𝑄

𝑆𝑆
+ 𝑄�

1
𝜎𝑥
𝜑(

𝑛
𝜎𝑥

)𝑝𝑛
∞

𝑆𝑆+𝑄
= 

 

= � (𝑛 − 𝑆𝑆)
1
𝜎𝑥
𝜑(

𝑛
𝜎𝑥

)𝑝𝑛
∞

𝑆𝑆
−� (𝑛 − 𝑆𝑆 − 𝑄)

1
𝜎𝑥
𝜑(

𝑛
𝜎𝑥

)𝑝𝑛
∞

𝑆𝑆+𝑄
 

 
By inserting: 
 

𝐺(𝑜) = � (𝑛 − 𝑜)𝜑(𝑛)𝑝𝑛
∞

𝑣
= 𝜑(𝑜) − 𝑜(1 −𝛷(𝑜)) 

 
the equation can be reduced to: 
 

𝑓ℎ𝑓𝑓𝑓𝑓𝑖𝑓 = 𝜎𝑥𝐺(𝑆𝑆/𝜎) − 𝜎𝑥𝐺((𝑆𝑆 + 𝑄)/𝜎𝑥) 
 
 
If Q is large, the above equation is approximately: 
 

𝑆ℎ𝑓𝑓𝑓𝑓𝑖𝑓 = 𝜎𝑥𝐺(𝑆𝑆/𝜎𝑥) 
 
 
The fraction of shortage is 𝑆ℎ𝑓𝑓𝑓𝑓𝑖𝑓/𝑄, therefore: 
 

𝑆ℎ𝑓𝑓𝑓𝑓𝑖𝑓/𝑄 = 1 − 𝑆2 
 
 
The latter formula that varies depending on the size of the order quantity, can now be combined with the 
above mentioned equation and gives the safety stock: 
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𝐺(𝑆𝑆/𝜎𝑥) − 𝐺((𝑆𝑆 + 𝑄)/𝜎𝑥) =
𝑄
𝜎𝑥

(1 − 𝑆2) 

or when Q is large: 
 

𝐺(𝑆𝑆/𝜎𝑥) =
𝑄
𝜎𝑥

(1 − 𝑆2) 

 
When using the two formulas above, the easiest way is to use the tabulated values for the function G(x) which 
can be found in appendix B. If the value is missing in the table, i.e. the value is in the interval between two 
nearby values, it is easy to use interpolation to achieve an approximation. (Axsäter, 1991) 

Safety Stock with Poisson Distribution 
In the case of low demand, it may be appropriate to assume a Poisson distributed demand during the lead 
time with the average demand 𝜆.The service level 𝑆2is set at a given level. It is assumed that the reorder point 
is an integer R. The shortage that can be derived from an observed order cycle is the consumption during the 
lead time which exceeds R to a maximum of Q. (Axsäter, 1991) 
 

𝑆ℎ𝑓𝑓𝑓𝑓𝑖𝑓 = � (𝑘 − 𝑅)
𝜆𝑘

𝑘!
𝑓𝑛𝑝(−𝜆)

𝑅+𝑄

𝑘=𝑅+1

+ 𝑄 �
𝜆𝑘

𝑘!
𝑓𝑛𝑝(−𝜆)

∞

𝑘=𝑅+𝑄+1

= 

= � (𝑘 − 𝑅)
𝜆𝑘

𝑘!
𝑓𝑛𝑝(−𝜆)

∞

𝑘=𝑅+1

− � (𝑘 − 𝑅 − 𝑄)
𝜆𝑘

𝑘!
𝑓𝑛𝑝(−𝜆)

∞

𝑘=𝑅+𝑄+1

 

and since 𝑆2 = 1 − 𝑆ℎ𝑓𝑓𝑓𝑓𝑖𝑓/𝑄 = 

= 1 − (𝑘 − 𝑅)
𝜆𝑘𝑓𝑛𝑝(−𝜆)

𝑘!
+

1
𝑄

� (𝑘 − 𝑅 − 𝑄)
𝜆𝑘𝑓𝑛𝑝(−𝜆)

𝑘!

∞

𝑘=𝑅+𝑄+1

= 

=
1
𝑄
�(𝑅 + 𝑄 − 𝑘)

𝜆𝑘𝑓𝑛𝑝(−𝜆)
𝑘!

𝑅+𝑄

𝑘=0

−
1
𝑄
�(𝑅 − 𝑘)

𝜆𝑘𝑓𝑛𝑝(−𝜆)
𝑘!

𝑅

𝑘=0

 

Given a certain service level, the necessary reorder point, R, can be determined. When R is set, the safety 
stock, SS, is obtained as: 

𝑆𝑆 = 𝑅 − 𝑛�̅�𝐿 = 𝑅 − 𝜆 

(Axsäter, 1991) 
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2.2.5. The Organizational Perspective 
There are many different techniques and concepts available for controlling inventories in effective ways. The 
common denominator for most of these is the theoretical background which consists of operations 
management and operations research theories. The concepts and techniques are thus mainly based on 
mathematical assumptions and models for simulating and controlling inventory situations. Although these 
concepts are proving to be valuable in many applications, there are still firms that are not reducing inventories 
even though they have control techniques working. (Zomerdijk and de Vries, 2003)  
 
In their article, the authors propose a framework with five dimensions which can be used to identify 
problems within an inventory control system. The first dimension is called the Traditional Approach, and 
encompasses three relevant aspects, namely order quantities, order interval and control system. This dimension of the 
framework can be said to include all the concepts and mathematical models that are traditionally used within 
the area of inventory management. The remaining four dimensions together constitute what Zomerdijk and 
de Vries (2003) called the organizational perspective on inventory control. The relevant aspects within each of 
the four organizational dimensions are listed in table 1. 
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Table 1. Overview of dimensions of inventory control. (Zomerdijk and de Vries, 2003) 
 
This framework gives a more comprehensive overview of the inventory situation and can thus be seen as a 
better tool for diagnosing an inventory control system than the traditional approach alone. The situation at 
the case company in this study has been evaluated according to the relevant aspects and characteristics 
presented in table 1. 
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3. Method 
This chapter contains descriptions of the methods used when conducting the research. The main research method was a 
comprehensive case study at Scania Transmission Machining. Information was gathered through observations and interviews 
combined with a literature review. Internal data were reviewed and used in simulations of control policies. 

3.1. Research Design 
In order to investigate how a heavy-vehicle manufacturer can achieve a consumption-driven system for 
ordering tools, a case study was chosen as the main part of the methodological approach. In addition to the 
case study, a literature review was conducted as well as field trips with visits to external firms that were 
relevant for the research at hand. 
 
In order to describe and analyze the current tool inventory situation at DX, this research has used the 
framework for solving inventory control problems proposed by Zomerdijk and de Vries (2003) as described 
in 2.2.5. This approach implies a comprehensive description of the inventory management system by 
investigating the four dimensions in the organizational context of an inventory control system as well as the 
traditional characteristics of an inventory control system. 
 
To identify potential problems in the inventory control system at DX, the following dimensions have been 
investigated as proposed by Zomerdijk and de Vries (2003): 
 

● Traditional approach 
● Allocation of tasks 
● Decision-making process 
● Communication process 
● Behaviour 

 
The traditional approach in this research included collecting internal data from databases at the case 
company. These data were reviewed in terms of lead time coverage in order to investigate the efficiency of 
the current inventory control system. The organizational dimensions of inventory control were scrutinized 
through observations and interviews with several employees with different tasks within Scania DX. This 
approach was necessary for diagnosing the control system from an organizational perspective. 
 

3.1.1. Literature Review 
The literature review was conducted with the aim of supporting the project by bringing necessary knowledge 
in the areas related to the research problem. The literature review has been a continuous process throughout 
the project and has provided knowledge and understanding of the problem and its context. Data gathered 
from internal databases and through interviews with employees were e.g. better comprehended after having 
taken part of the literature.  
 
The relevant knowledge was retrieved by screening as much literature as possible and through a process of 
continuous evaluation of its relevance for the study.  
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3.1.2. Observations and Unstructured Interviews 
In order to identify the problem at hand, the initial stage of the research was focused at observing the current 
processes at different departments of the case company. This gave an overview of how machining tools are 
managed at different levels of the company. More specifically the aim was to identify the flow of tools and 
information to get an overview of how tools are consumed in the production processes. 
 
First off, observations were made on some of the machines where tools such as inserts, drills and milling 
cutters are used. Unstructured interviews with operators were conducted in order to provide an 
understanding of how they handle these tools in their daily work. This course of action gave the necessary 
overview of how the end user retrieves the tools and how information on the consumption is returned 
upstream. 
 
The second stage of observations took place at the Material Planning unit, which is responsible for planning 
the production volumes based on the order sizes. The purpose of these observations was to find out whether 
there is any connection between the production planning and the procurement of tools and how such a 
connection could impact the flow of tools. More specifically, the point of interest was how the planning 
process is conducted since fluctuations in production volumes should affect the number of tools required and 
therefore determine what suitable control parameter values will be at a given time. 
 
The next stage was conducting unstructured interviews and observations of the processes at the nearest 
storage unit, which serves the entire department of Transmission Machining in Södertälje with tools and 
equipment. Since most tools are stored in this facility before going to production, it was relevant to 
investigate how stock levels are managed and precisely what responsibilities this unit has for the handling of 
tools. Since this unit represents a critical point in the flow, it was necessary to map the flow of tools and 
information from the perspective of the unit in question.  
 
After mapping the flow through the above described units, the research was continued by several 
unstructured interviews conducted with process planners at the different factories at DX. During the 
previous mapping, it had become clear that process planners have an important role in the tool management 
process, and it was therefore necessary to investigate their involvement further. The aim was to investigate 
what responsibilities process planners have for managing the tools used in the production processes. 
 

3.1.3. Review of Internal Data  
A primary method in this study was the reviewing of internal documents on stock levels in the past years. 
This was part of the diagnosis of the inventory control system as proposed by Zomerdijk and de Vries (2003) 
and represents the traditional approach to finding problems in such a system. The goal was to find and 
visualize weaknesses in the current system in the context of excessive stock levels and shortages, and worked 
as a starting point in the investigation.  
 
The reviewed data were comprised of storage transactions, supplier lead times, unit prices and production 
volumes in the years 2011 to 2014. Data on withdrawals of tools from the storage unit were collected from 
the inventory side of PRIMA while corresponding data covering the other attributes for each tool were 
gathered from the purchasing side. 
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The initial stage of the review consisted of a sorting process in which tools were grouped into categories 
based on their respective tool description. For example, all articles which have the description 
“HENINGSRING” (honing ring) were grouped into one category. 
 
The tool descriptions are in some cases problematic when it comes to sorting the tools. For instance, tools 
that are essentially equivalent from the perspective of this investigation may have different tool descriptions 
and thus be separated in the sorting process. The process could therefore have been carried out in a more 
meticulous way if each tool and tool category had been scrutinized. However, given the time constraint, the 
existing tool descriptions were seen as sufficiently reliable for the purpose of this study. 
 
To approach the top level problem, i.e. excessive stock levels and stockouts, the next step involved 
investigating a sample of tools. The sample was selected based on the initial literature review which indicated 
that proper reorder points and quantities are subject to four main factors, namely lead time, unit price, 
demand and lead time fluctuations. Before the sample could be selected, three different lists were created in 
which the tool-description categories were sorted according to average unit price, average lead time, and 
withdrawn volume (constituting the demand), in 2014. Due to the difficult and time consuming process of 
collecting data on lead time variations for each tool description category, this factor was not taken into 
account in the sample selection. 
 
The values in the list sorted according to average unit price in 2014 were calculated by taking the average of 
each order of a tool and taking the average over all averages in a tool description category. The principle of 
this categorization is depicted in table 2. 
 

 
Table 2. Principle of how the lists were structured 
 
The same categorization was subsequently conducted on the tools according to the two remaining factors, i.e. 
lead time and demand.  
 
Average lead times were calculated based on the desired delivery date minus the order date for each order. 
These data were gathered from PRIMA through searches on the purchaser codes S22 and S25, i.e. local 
purchasers responsible for acquiring tools for DX. The sum of all lead times were calculated for each tool 
description and this was divided with the sum of the number of orders, in order to retrieve the average lead 
time for each tool description. The data used to sort the tool description categories according to the demand 
factor or withdrawn volume, were gathered from the inventory side of PRIMA.  
 
The next step was to compare the lists and discard tool description categories that were not represented in 
data in excerpts from both the inventory side and the purchasing side of PRIMA. The resulting lists were 
shorter and contained only categories that are present in all three lists. Subsequently, Pareto analyses of the 

Tool description category Average unit price in 2014 [SEK]
A 500
B 3 000
C 75
D 15 000
E 300

Factor: Price
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three lists were performed in order to further sort the tool description categories and to find out which 
categories are of the greatest interest and suitable for further investigation. The top 20 percent of the list 
sorted by unit price is presented in table 3 below, the tool description categories are presented in Swedish 
since this was the format present in the database (see Appendix C and D for the other tables). 
 

 
Table 3. Excerpt of Pareto analysis of unit price table (year 2014). 
 
The next step of the sorting process was to compile the classification of the unit price, withdrawn volume and 
lead time for each tool category in a table. This table shows how each tool category is classified relative to all 
the reviewed categories for the three factors that should affect the stock levels according to the literature. The 
table was divided into two separate tables, one with tools that are reconditioned, i.e. resharpened, during their 
lifetime and one with tools that are not. Table 5 shows an excerpt of the list for non-reconditioned tools and 
table 4 presents the full list for reconditioned tools. In these tables, A, B and C represent the different 
classifications according to the Pareto analysis. 
 

Tool description
category

Unit price Accumulated
unit price

Accumulated
%

Category Accumulated 
share

ABC

DRAGDRIFT/SPIRALSKUREN 430593 430 593 26,2% 1 0,6% A
DRAGDRIFT 204436 635 030 38,7% 2 1,3% A

DRAGBROTCH 191268 826 298 50,3% 3 1,9% A
CHUCK 60578 886 875 54,0% 4 2,5% A

RIVAXEL 48492 935 367 57,0% 5 3,2% A
PROFILRIVARE 47882 983 249 59,9% 6 3,8% A

DRIVENHET 38305 1 021 555 62,2% 7 4,4% A
DIAMANT SKÄRPRULLE 17861 1 039 416 63,3% 8 5,1% A

GRUNDKROPP 17835 1 057 251 64,4% 9 5,7% A
ROBOTGRIPARE PGN 17500 1 074 751 65,5% 10 6,3% A

ADAPTERFLÄNS 16555 1 091 306 66,5% 11 7,0% A
GRIPARE 16261 1 107 567 67,5% 12 7,6% A

SNÄCKFRÄS 16135 1 123 702 68,4% 13 8,2% A
SKÄRPRULLE 15969 1 139 670 69,4% 14 8,9% A

SPÄNNENHET 15389 1 155 059 70,4% 15 9,5% A
TRYCKHJUL 14651 1 169 710 71,3% 16 10,1% A

GÄNGHÅLLARE 14539 1 184 250 72,1% 17 10,8% A
SKAVHJUL 13463 1 197 713 73,0% 18 11,4% A

CBN-SLIPSKIVA 12835 1 210 548 73,7% 19 12,0% A
FIXTURBUSSNING 12452 1 223 000 74,5% 20 12,7% A

FASVERKTYG SEKUNDÄR 12139 1 235 139 75,2% 21 13,3% A
GZ DYKSKAVHJUL 12054 1 247 193 76,0% 22 13,9% A
TRYCKHJULSDORN 12041 1 259 234 76,7% 23 14,6% A

ROBOTGRIPARE SPG 11600 1 270 834 77,4% 24 15,2% A
SPÄNNHYLSA 11071 1 281 905 78,1% 25 15,8% A

RIVAXEL TOPP 10890 1 292 795 78,7% 26 16,5% A
FASVERKTYG 10772 1 303 567 79,4% 27 17,1% A

DIAMANTHÅLLARE 10272 1 313 839 80,0% 28 17,7% A
SPÄNNSTIFT 9299 1 323 138 80,6% 29 18,4% A
SPÄNNBACK 9021 1 332 159 81,1% 30 19,0% A
SVARVDUBB 8995 1 341 154 81,7% 31 19,6% A
TRYCKRING 8976 1 350 130 82,2% 32 20,3% A
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Table 4. List of tools that are subject to reconditioning and their respective combinations of characteristics (A>B>C) 
 
From table 4 it is for example possible to pick out that tools in the tool-description category “BORR” (drill) 
on average have low prices, high volumes and short lead times. The tools in the tool-description category 
“DRAGBROTCH” (broach) on the other hand have high average prices, medium volumes and long lead 
times. 
 

 
Table 5. Excerpt of the list of tools that are not subject to reconditioning and their respective combinations of 
characteristics (A>B>C) 
 
The distinction between tools that are and tools that are not reconditioned was necessary since the 
management of tools differ depending on this characteristic. This distinction was pointed out by process 
planners as an important aspect to take into account when managing stock levels. To assure that all 
reconditioned tools had been identified, searches for coating-orders in PRIMA were conducted. Worth 
noting is that the tool-description category “BORR” is present in both tables above. The reason for this is 
that some tools within this description are resharpened while others are not. 
 
Due to the time constraint of the project and the time required to investigate stock levels and specific 
problems for each tool, it was necessary to delimit the scope to a smaller selection of tool-description 
categories. The tool-description categories comprising those subject to reconditioning were selected as well as 
three additional tool-description categories from non-resharpening tool-description categories, namely 
“SKÄR” (insert), “SLIPSKIVA” (grinding stone) and “HENINGSRING” (honing ring).  

A B C A B C A B C
BORR

DRAGBROTCH
DRAGDRIFT

DRAGDRIFT/SPIRALSKUREN
DUBBHÅLSBORR

FRÄSSTÅL
GZ DYKSKAVHJUL

GÄNGTAPP
HM BORR
SKAVHJUL

SNÄCKFRÄS

Reconditioned tools
Tool-description category Unit price Volume Lead time

A B C A B C A B C
ADAPTER

ADAPTERFLÄNS
ANSLAG

AVSTRYKARE
AVSTRYKARSATS

BACK
BITS

BLADFJÄDER
BLÅSMUNSTYCKE

BORR
BORRADAPTER

Non-reconditioned tools
Lead timeUnit price VolumeTool-description category
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Reconditioned tools are part of a reconditioning-loop in which they are reground, stripped and dressed. This 
implies certain work standards specific for this group of tools, making it interesting to investigate this group. 
Furthermore, most of the tools that are reconditioned are in the high end of the unit price spectrum and 
represent so called “slow-moving items”. This implies higher supply uncertainty and thereof a theoretically 
higher potential for savings in solving any problems. In 2014, the reconditioned tools accounted for roughly 
26 percent of the total monetary value of withdrawn tools. 
 
The tool-description categories “SKÄR” (insert), “SLIPSKIVA” (grinding stone) and “HENINGSRING” 
(honing ring) were furthermore selected since they represent another type of tools that are worn out and 
scrapped absent any life-prolonging measures. These categories also comprise “fast-moving items” that have 
a relatively low unit price. Scrutinizing these groups enables a fuller overview of the problems, covering the 
other work standards in managing stock levels. Inserts, grinding stones and honing rings account for 42 
percent of the total value withdrawn from the storage unit in 2014.  
 
To summarize, the following tool-description categories were selected for further scrutiny. 
  

1. Drill 
2. Broach 
3. Special drill 
4. Cutter blade 
5. Screw tap 
6. Honing ring 
7. Hard metal drill 
8. Insert 
9. Grinding stone 
10. Milling cutter 

 
The tool-description categories “GZ-DYKSKAVHJUL” and “SKAVHJUL”, two different types of shaving 
tools subject to reconditioning, should have been included in the sample but since the machining processes 
where these tools are used are being phased out and replaced by other operations, these tools were removed 
from the sample.  
 
In order to get an overview of the stock levels of the tools in these categories, a couple of tools were 
randomly selected from each tool-description category for scrutiny. Based on transaction history collected 
from PRIMA the stock levels during the year 2014 for each selected tool were calculated. The unit price was 
used as input to compute the purchasing value in stock for each day in 2014, visualizing the monetary value 
of the tools in storage. For each tool, the estimated yearly cost associated with carrying the inventory was 
calculated in Excel using the storage unit’s standard which is 35 percent of the average monetary value in 
stock. 
 
In order to identify cases where stock levels have been excessive, the lead time coverage has been calculated 
for each tool included in the review. The lead time coverage is an expression used in this research to represent 
the number of lead times that can be covered by inventory on hand, given a fixed consumption rate and lead 
time. The equation below shows how lead time coverage has been calculated in this study: 
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𝐿𝑓𝑓𝑝 𝑓𝑝𝑛𝑓 𝑓𝑓𝑜𝑓𝑓𝑓𝑖𝑓 =
𝐼𝑛𝑜𝑓𝑛𝑓𝑓𝑓𝑞

𝑇𝑓𝑛𝑓𝑛𝑛𝑝𝑓𝑝𝑓𝑛 𝑓𝑓𝑓𝑓 ⋅  𝐿𝑓𝑓𝑝 𝑓𝑝𝑛𝑓
 

 
The lead time was calculated by taking the median of the delivery lead times in 2014. The consumption rate 
was calculated as the average daily consumption rate, not including the vacation days in July and August, 
during 2014. 
 

3.1.4. Semi-structured Interviews 
To complement the quantitative investigation into past stock levels and to explain observed events of 
stockouts and periods of excessive inventory levels, semi-structured interviews were carried out with several 
process planners at DX. These interviews served as a primary method for data collection and were conducted 
in order to diagnose the current inventory situation from an organizational perspective, as suggested by 
Zomerdijk and de Vries (2003). The interviews were aimed at providing an insight into the current situation 
and possible problems from all the five dimensions of the framework (see table 1) with focus especially on 
the four organizational dimensions, namely: 
 

● Allocation of tasks 
● Decision making process 
● Communication process 
● Behaviour 

 
The investigation was based on the tools which had previously been subject to quantitative scrutiny. Extra 
focus was put on tools that showed either suspiciously high inventory levels in terms of lead-time coverage or 
stockouts in the previous year. The responsible process planner for each tool was contacted and asked to 
explain why the stock level history looked the way it did. As tools placed in the category Reconditioned tools 
represent article-unique tools, i.e. they are only used in the manufacture of a single article, it was possible to 
extract accurate information on reasons and events that led up to the given inventory history for tools in this 
group. However, as high volume tools such as e.g. inserts or various drills are often used for multiple articles 
and operations, it was not possible to get any detailed information through the semi-structured interviews. 
Instead general questions about the problems with high volume tools were posed. 
 
In addition to the interviews carried out with process planners at DX a semi-structured interview was also 
conducted at Volvo Trucks in Köping, Sweden. This interview was conducted with a specialist in the area of 
cutting tools and complemented with written answers from an employee in the storage unit and a guided tour 
of the facility. The aim of this interview was to investigate how other manufacturing companies deal with 
inventory control issues concerning machining tools.  
 
Furthermore, two visits to suppliers of tool cabinets have taken place, with the purpose of investigating the 
potential of such machines. These visits consisted of presentations of the cabinets and the associated 
softwares by the suppliers and subsequent discussions based on questions that were raised during the 
presentation and on previously prepared questions. In order to get an unbiased overview of the benefits that 
tool cabinet systems may bring, an interview with a user of such a system was carried out by telephone. The 
interviewee was a Tool Technician at Ferruform AB, a Scania subsidiary located in Luleå, Sweden. This 
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person is responsible for the administration and restocking of the tool cabinet which has been employed in 
the production at Ferruform since four years back. 
 

3.1.5. Development of an Inventory Control Software 
In order to investigate the usability of the theories on inventory control and how consumption-driven control 
could be achieved in practice, it was necessary to develop a software that could be used to simulate an 
inventory control policy based on the prevailing theories. This was done in Microsoft Excel where the 
theories included in inventory control literature were applied on historical inventory data. The first step was 
to develop a program that can, with withdrawal history and lead times as input, calculate reorder points and 
quantities and produce a simulated inventory level development during the period in question. In addition to 
this, the program returns the cost of both the actual and the theoretical situation and is therefore able to show 
the potential savings when scrutinizing a specific tool. 
 
The main principle of the program is that it follows demand, thus it can be seen as a consumption-driven 
inventory control system. The control parameter values are updated each month with a forecast using 
exponential smoothing as described in section 2.2.2.2 and observed demand, i.e. observed withdrawals, as 
input. The smoothing constant 𝛼 was set to 0.1 thus putting 90 percent of the weight on the previous 
forecast. The program was designed to make two different simulations, one where the demand data 
constituted the actual withdrawals and one where the withdrawals had been leveled. The simulations with 
leveled withdrawals were performed by replacing each withdrawal in the data series with the average amount 
withdrawn throughout the series.  
 
The lead times were assumed to be constant since there were limited amounts of data on lead times in 
relation to the data on demand. The lead times used in the calculations were set to the median of all orders 
during the period under scrutiny. 
 
The order quantity was calculated as the Economic Order Quantity with the Wilson formula (see 2.2.3). The 
fixed order cost and holding cost used in the calculation were set in consultation with a manager from the 
inventory function at the case company. 
 
The updated reorder points were at first calculated according to the service-level method as described in section 
2.2.4.4. This was possible since the tools being reviewed all had sufficiently high demand to assume normal 
distribution of the respective lead-time demand. The service level 𝑆2 was used for calculating safety stock by 
creating a macro with the formula presented in section 2.2.4.4. 𝑆2 was set to 99 percent since availability of 
tools is essential for the production and is the top priority at the focal company. To arrive at a standard 
deviation for lead-time demand, the function “STDEV.P” was used to calculate the standard deviation for 
each month and this was subsequently multiplied by the square root of the specific lead time (see 2.2.4.1). 
 
In order to visualize the simulations, a plot frame was created, which produces a plot showing the actual 
inventory level and the simulated inventory level when the macro is executed, based on the withdrawals for 
the specific tool under scrutiny. 
  



29 
 

3.1.6. Simulations 
The model that was developed for the purpose of this study was tested on a number of non-reconditioned 
tools used in the production at Scania Transmission Machining in order to assess its usability and potential 
for cost savings.  
 
The sample was selected by first creating a list of all tools in an Excel document and assigning each tool with 
a number. Subsequently, 13 tools were randomly selected by using the function RANDBETWEEN(). The 
sample size was limited to 13 tools owing to the time consuming process of gathering and preparing inputs 
for the simulations. For each simulation, data needed to be collected on transactions from the storage unit 
and on order lead times. The data on transactions did in some cases contain data points that cannot be 
regarded as consumption and thus needed to be removed. For instance, relocations of items within the 
storage unit or returns of unused tools to the storage unit are events that generate one negative and one 
positive transaction of the same quantity, leaving the inventory level unchanged. These transactions needed to 
be removed from the data series since they do not constitute actual consumption. 
 
The simulations were performed on data spanning over up to a four year period ranging from January 2011 
to December 2014. It was relevant to have longer data series when performing the simulations since the 
forecasts become more stable and accurate with sufficient data series. The four year perspective also made it 
possible to compare trends in the consumption rates with the production volumes over time. In order for the 
simulation program to work properly the starting inventory balance needs to be specified and if there is an 
outstanding order present which arrives within one lead time from the start of the series, this arrival must be 
inserted manually. The first monthly demand forecast needed to be set equal to the observed demand of the 
first month in the series. Some of the tools in the simulations had data series starting later than january 2011 
and in these cases, the program was adapted accordingly to fit the series. For each simulation, the lead time 
needed to be estimated based on historical data. These data were gathered from the purchasing side of 
PRIMA where all the orders placed during the four year period were extracted, containing the date of the 
order placement and the desired date of delivery. The lead time used in the simulations was set to the median 
value of all the lead times in the series. Finally, in order to calculate the safety stock, a macro containing the 
formula for safety stock based on the desired fill rate was run. This macro needed to be modified slightly for 
tools with data series starting later than January 2011 since the macro needs to run from the first row with 
demand data. 
 
In order to provide the means for comparing the simulated inventory level with the actual one, the cost of 
each respective inventory situation needed to be estimated. The first step was to estimate the total cost 
incurred per year by the current system. The total cost comprises three main entries, including: 
 

● Holding cost 
● Cost of stockouts 
● Fixed order cost 

 
The holding cost used in the calculations was set to 35 percent of the purchase price per year for each tool. 
The annual cost of holding one unit of a tool that was purchased at a unit price of 1000 SEK would thus be 
350 SEK. The holding cost for a tool was calculated by taking the average inventory level in one year 
multiplied by 35 percent of the unit price. The cost of stockouts was set to 200 SEK per day of shortage and 
the fixed order cost used in the simulations was set to 150 SEK per order. 
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4. Scania 
This chapter contains findings from the case study performed at the production plant of heavy-vehicle manufacturer Scania CV 
AB in Södertälje, Sweden. It provides an overview of the company with a focus on the subdivision for Transmission Machining 
which served as a base for the case study. Findings from the observations in the case study give an insight into how machining tools 
are used in production and how they are managed from an inventory control perspective. 

4.1. Background 
Scania is a multinational manufacturer of heavy vehicles, i.e. trucks and buses, and engines for marine and 
industrial applications which was founded in 1891 in Södertälje, Sweden. Scania has a global presence with 
approximately 42 000 employees serving more than 100 countries worldwide. As of 2014, the company is 
owned by the Volkswagen Group.  
 
A central part of Scania’s strategy is the efforts to be a Lean organization in all processes and therefore, 
Scania has its own production system, known as Scania Production System, SPS. This system is inspired by 
the Toyota Production System, but has been customized for the needs of Scania. SPS is focused on achieving 
continuous improvements by the reduction of waste. The system is illustrated by a house as seen in figure 5. 
 

 
Figure 5. The Scania Production System House (Scania, 2015) 
 
The house in figure 5 mediates the core values at Scania and seeks to visualize the overall production 
philosophy. By applying the framework shown in the SPS house to all the various processes performed from 
day to day, Scania aims at continuously reducing different kinds of waste and improve current processes. 
(Ejder and König Walles, 2013; Scania, 2015) 
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In this research, Scania has been the subject for a case study. More specifically, the study has been carried out 
in collaboration with the unit Tool Management at the department DXTR, Advanced Engineering. The focus 
however, has been on the entire department called DX, which includes several functions such as 
manufacturing and logistics as illustrated in the organizational chart in figure 6. The department DX 
Transmission Machining located in Södertälje is comprised of three factories responsible for manufacturing 
conical gears and gear transmission components for Scania’s European production. 
 

 
Figure 6. Part of the organizational chart for Scania Transmission Machining 
 
The unit for Tool Management has the vision to understand the process planner’s needs based on the 
prevailing properties and processes. By collaborating with the purchasing department, Tool Management aims 
to facilitate supplier development and by presenting tools, blanks, fixtures and programs they strive to make 
the right choice self-evident for all the involved stakeholders. 
 
In order to achieve the vision, the unit is engaged in facilitating purchasing and in developing the suppliers of 
tools for DX. Work assignments also include the structuring of tools currently in use and other feasible 
alternatives available on the market as well as visualizing the supply for all stakeholders. Furthermore, Tool 
Management is responsible for ensuring the quality of incoming tools and ensuring a stable and reliable 
supply over time.  
 
The purpose is to support DX by providing knowledge and competence in tool technology for 
manufacturing gear-teeth. The goal of Tool Management is to support DX in achieving its overall goal 
“0/0/85/95/@Cost” i.e. the goal of having zero accidents or injuries, no scrapping, 85 percent overall 
production efficiency and 95 percent direct run for every article produced while achieving the lowest cost per 
finished product. (Scania, 2015) 
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The tool inventory is managed by QCN, DynaMate AB. DynaMate AB is a subsidiary of Scania, founded in 
2009 which provides technical services in industrial projects and maintenance of production processes and 
facilities. In the case study, DynaMate AB has been of great interest, since the firm is responsible for 
operating the storage facility as well as registering new tools into PRIMA. (DynaMate, 2015) 
 

4.2. Current Situation 
In this section the current formal and informal structure of inventory management at DX is described. The 
flow of tools is presented as well as important communication points and decisions that are being made. 
Since the management of tools differ for tools that are reconditioned, the current state of the respective 
groups will be presented separately.  
 

4.2.1. Non-reconditioned Tools 
The flow of tools that are not subject to reconditioning is illustrated in the flowchart below. Following the 
flowchart, a detailed description of each constituent is presented in this chapter.  
 

 
Figure 7. Current state for non-reconditioned tools. 
 

4.2.1.1. Process Planners 
New tools at DX are introduced by the process planners after first having established a new production 
process. In the introduction of a new tool, the process planner determines the reorder point and order 
quantity based on production forecasts made by the material planning unit and on the lead time promised by 
the supplier. When this is done, a safety stock is added to the reorder point to guard against uncertainties in 
lead times and in consumption. This safety stock is usually added without any theoretical foundation and is 
based on the individual process planner’s previously collected experience and knowledge regarding tools, their 
consumption patterns, how many parts can be produced with one tool and the performance of the suppliers. 
If the tool in question is similar to another tool already in use, the process planner will compare the 
consumption patterns for that tool with the one that is being dealt with and take such factors into account 
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when deciding the appropriate size of the safety stock. If the tool can be reconditioned, common practice 
dictates that the tool is to be tested before using it. Testing new tools gives a better picture of the expected 
lifetime of the tool, which is taken into account when calculating reorder points. 
 
When the control parameter values have been determined, the process planner registers the tool with the 
correct information into PRIMA. The IT-system then monitors the inventory level continuously and controls 
if the reorder point has been reached. In sequel, the process planner is responsible for updating and adjusting 
the control parameter values if necessary. Today, this is not being done on a systematic basis since every 
process planner is responsible for hundreds of tools and has other important responsibilities that are given 
higher priority. In practice, process planners only revise reorder points if management signals for an 
upcoming change in the production volume, e.g. if the economy is heading for a downturn. 

4.2.1.2. Storage Unit 
When the physical inventory level reaches the reorder point, the system signals the storage unit to order a 
batch of Q units. Storage personnel will then place an order for the specified quantity. If the value of the 
order exceeds 20 000 SEK and if there is no purchasing-agreement in place, the storage personnel has to 
contact the purchasing department. The purchasers will then negotiate terms with the supplier and 
subsequently place an order. Order placement does not always instantaneously follow the buy-signal from 
PRIMA, since storage personnel often has a large amount of orders to go through at the same time as well as 
other responsibilities beside order placement. Also, if a reorder point is reached on a friday, the order may be 
placed on the following monday, since the storage personnel does not work during weekends. 
 
Orders will subsequently arrive through the internal postal service every day at 1 PM. If an order has not 
arrived on schedule, the storage personnel will wait an additional day or two before contacting and reminding 
the supplier responsible for the delivery of that particular order, since the delay might just as well be the result 
of a problem with the internal postal service. If the order, after four weeks of delay, still has not arrived, the 
errand is escalated, meaning that the responsible purchaser is contacted and left to engage the supplier. 
 
As mentioned earlier, process planners have the formal responsibility for revising the control parameter 
values for tools. However, if the storage personnel finds something suspicious, e.g. that a buy-signal has been 
received while very large amounts of stock are already in storage, they will sometimes adjust the control 
parameter values themselves. In practice the follow-up system is thus based on random observations by the 
storage personnel. 

4.2.1.3. Production 
Tools stored in the storage unit are consumed by the production department. For smaller tools such as inserts 
and drills, there is a so called “line-feeding system” in place. This means that containers on top of a trailer are 
restocked each morning and sent out to the production lines. Each work station at the different machine 
constellations has a certain, in some cases specified, amount of tools kept in place. There is no information 
on how many tools are actually stored at the machines at a given time but there is always a substantial amount 
which is not accounted for in any system. 
 
When an operator has depleted a certain tool, he will collect a new one from the corresponding container on 
the trailer which is located in proximity to his work station. At the end of the day, the trailer is transported 
back to the storage unit and the process is repeated. This system was introduced in 2013 and has since then 
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resulted in a more even flow of tools from the storage unit and also in a more reliable procedure for the 
registration of withdrawals in the database.  
 
Production personnel must themselves fetch the required tools from either the storage unit or the sharpening 
unit if the tool is not part of the line-feeding flow. Tools not included in line feeding are generally larger in 
size. All withdrawals must be registered by the person that makes the withdrawal, however this is not always 
the case, making it hard to keep track of the actual inventory level in real-time. 
 

4.2.2. Reconditioned Tools 
The flow of tools that are reconditioned is different from the other group, since tools that can be resharpened 
are part of a loop of tools passing through a sharpening unit, to external firms and to the production. 

Sharpening Units 
The sharpening units are responsible for regrinding certain tools in order to prolong the tools’ usable 
lifetimes. At these units, worn out tools are submitted by operators. The tools are then sent to external firms 
for stripping, i.e. the removal of the coating covering the tool’s surface, and sent back to the sharpening unit. 
The tools are subsequently reground and again sent to external firms, this time for coating. When the tools 
again arrive at the sharpening unit, they are placed on shelves from which operators retrieve their 
reconditioned tools. The flow of reconditioned tools is depicted in the figure 8 below. 
 

 
Figure 8. Current state for reconditioned tools. 
 
The only difference from the flow of tools that are not resharpened is the resharpening loop illustrated to the 
right in figure 8. Beyond reconditioning worn out tools, the sharpening unit also serves the production 
department by preparing the tools and fixtures needed to produce each order. The necessary tools and 
fixtures are collected and placed on carts which are then retrieved by the operators. This is a fairly new system 
which has reduced set-up times significantly since the introduction.  
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Specialized tools with a VR-number represent the majority of the tools that pass through the sharpening unit. 
Furthermore, the sharpening unit makes a distinction between tools with the same VR-number. Tools within 
a VR-number group also have an individual-number. When an operator drops off a worn out tool he or she 
registers its VR-number, its individual-number, where it has been used and how many operations it has 
performed. This way the sharpening unit can keep track of how many resharpenings an individual has been 
through, how many operations the tool was used for before it was sent to the sharpening unit etc. 
 
To control tool availability, the necessary amount of units that need to be in the resharpening loop for each 
tool has been calculated. A list showing how many tools are available for use in the production and the 
amount that should be available is controlled two times every month. If there is a shortage, the sharpening 
unit contacts the storage unit and orders the amount of tools necessary to reach the pre-set level of tools in 
the sharpening unit. 
 

4.2.3. Current IT-Systems 
There are several IT-systems employed at DX, of which two have been utilized in the case study, namely 
PRIMA and ArtHur. PRIMA, The PuRchase, Inventory and MAintenance system for non-automotive 
products, is a database which among other things is used for order placement and storage control. The 
software was developed by Industrial Financial Systems AB, IFS AB, a Swedish software developer. As 
DynaMate is responsible for order placement, PRIMA is used by DynaMate for preventive maintenance and 
in the management of stocked items such as production related tools and other supplies. Furthermore, the 
local purchasers use PRIMA to place manual orders on new items and particularly expensive items.  
 
ArtHur is a system for tools and their use in the production processes. Each article that is produced at DX is 
accounted for in this system accompanied by information on how they are produced and with what tools. 
(Scania, 2015) 
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5. Results 
This chapter presents the results from the diagnosis of the inventory control system at Scania Transmission Machining based on 
the framework presented in chapter 3. The results from the simulations that were performed are also presented. Findings from the 
interviews at external firms are also included in the following chapter. 
 
The results of this study follow the framework for diagnosing an inventory control system as proposed by 
Zomerdijk and de Vries (2003). The quantitative part of the diagnosis, which includes the visualization of past 
inventory levels in terms of lead-time coverage and holding cost is treated in the first section, representing the 
traditional approach to finding problems in an inventory control system. The qualitative part of the diagnosis, 
which includes interviews with the process planners, is treated in the subsequent section, representing the 
four dimensions in the organizational context of an inventory control system. Thereafter, an overview of the 
relevant findings from the interviews conducted outside the case company is presented. The chapter is 
subsequently concluded by presenting the results from the inventory control simulations. 
 

5.1. Traditional Approach  
As described in section 3.1.3, a sample of tools was selected for further scrutiny. This included visualizing the 
inventory levels in 2014 for the tools in question in order to identify inefficiencies in the forms of excessive 
inventory holding and periods of shortage. A shortage is easy to spot in a plot of historical inventory levels. 
However, excessive inventory is not naturally visible in the same way. Therefore, the inventory level is 
presented in terms of lead time coverage. The graph in figure 9 shows the lead time coverage over time for 
one of the tools included in the sample investigated.  

 
Figure 9. Example showing the inventory level for a tool in terms of lead-time coverage. 
 
This particular tool is an insert, i.e. a smaller tool used in processes such as turning, which is consumed in 
high volumes in several different machines. As can be seen in the graph, lead-time coverage fluctuates rapidly 
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between zero at the lowest and just below seven at the highest. This means that the maximum inventory 
would be enough to cover a lead-time consumption that is almost seven times larger than the average. 
Alternatively, that inventory could also cover a lead time which is close to seven times longer than the median 
lead time. 
 
The same evaluation was made for the selected sample of tools. A compilation of the results from the survey 
of lead-time coverage is presented in table 6. 
 

 
Table 6. Compilation of the results from the lead-time coverage survey.  
 
To the left in table 6, the average and maximum coverage is presented in terms of lead times for each tool. 
The average and maximum cover time in days is included in the following two columns. The three columns 
to the right in the table show the number of days with shortage, the respective lead times and holding cost for 
each tool. The average lead-time coverage for the tools in the sample varied between 0.3 and 30.7 lead times 
in 2014. The results presented in table 6 exemplify potential issues that can be derived from too high or too 
low coverage rates. With a low average lead-time coverage, the risk of depleting the inventory increases. For 
example, Insert B had an average lead-time coverage of 0.3 which resulted in a total of 94 days of shortage. In 
contrast, some of the tools exhibit average lead-time coverage rates of ten or greater, which means that the 
inventory will most likely be held for unreasonably long periods of time. Screw tap A for example, had an 
average lead-time coverage of 30.7, which implies that the inventory would be sufficient to cover demand for 
a period of over 2 100 days.  
 

Tool Average Maximum Average Maximum
Days of
shortage

Lead time
[days]

Holding cost
[SEK]

Drill A 7,6 14,6 42 80 6 6 7 797
Drill B 7,1 12,3 35 62 26 5 3 088
Drill C 11,7 12,7 821 892 0 70 24 802
Insert A 12,1 18,1 36 54 0 3 9 226
Insert B 0,3 1,0 14 44 94 42 10 377
Insert C 2,9 6,1 9 18 5 3 5 346
Insert D 1,1 2,2 31 61 11 28 59 566
Broach A 1,3 2,1 182 290 0 140 358 465
Broach B 2,3 3,4 318 479 0 140 474 733

Special drill A 1,7 2,9 158 265 0 91 42 873
Special drill B 12,6 14,1 265 296 33 21 28 203
Cutter blade A 0,6 1,7 80 230 192 133 22 141
Cutter blade B 0,6 1,7 81 230 188 133 19 192
Screw tap A 30,7 31,1 2 151 2 176 0 70 17 613
Screw tap B 1,7 2,7 154 245 0 91 14 120

Honing ring A 1,3 2,5 111 207 0 83 38 633
Honing ring B 2,2 3,7 187 312 0 84 65 512

Hard metal drill 0,9 2,1 44 101 53 49 24 438
Grinding stone A 2,3 3,3 190 275 0 84 34 196
Grinding stone B 1,2 2,2 65 122 19 56 69 478
Milling cutter A 12,4 15,0 646 782 0 52 64 774
Milling cutter B 19,8 20,4 1 269 1 304 0 64 123 427
Milling cutter C 3,4 5,8 215 365 0 63 101 370

Coverage in lead times Coverage in days
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5.2. The Organizational Context of an Inventory Control System 

5.2.1. Allocation of Tasks 
Responsibilities and authorities at DX surrounding the management of tools have been identified as a central 
weakness in the inventory-control system. In the introduction of a new process it is the process planner’s 
responsibility to decide what tools the process will make use of. Subsequently it is the process planner’s job to 
register a reorder point and an order quantity for each tool that the process planner wishes to include in the 
process. Furthermore, according to a written routine concerning the acquiring and stocking of tools, it is the 
process planner who has the formal responsibility to ensure that reorder points and order quantities are 
revised over time. In practice however, control parameter values are seldomly adjusted by the process 
planners. The main reason for this is that the process planners simply do not have time to revise the control 
parameter values for every tool that they are responsible for. Each process planner is supposed to govern a 
large amount of tools; it is not uncommon that a process planner owns more than 100 tools and reviewing all 
of those would take tremendous amounts of time. 
 
In reality, the process planners only update control parameter values if management asks them to do so. This 
can for example happen if management predicts that sales are going to change drastically, which would 
impact the production rate and consequently the amount of tools needed to maintain the production. If the 
production rate is stable however, process planners spend their time performing other tasks and duties that 
are regarded as more important. 
 
It is important to make a distinction between tools that are reconditioned once they are worn out and those 
that are worn out and scrapped. Tools that are resharpened are often article unique, i.e. they are only used in 
the manufacture of a single article. If a stockout occurs for such a tool, the process planner will adjust the 
control parameter values upwards that particular time. However, if stock availability of that tool is sufficient, 
the process planner will not bother to make any changes, as maintaining a stable production is the number 
one priority. This means that the reorder point may be unnecessarily high which in turn means that more 
capital than necessary is bound in tools over time. Tools that are non-unique are largely neglected by the 
process planners since they have many different users. The established routines imply that each process 
planner is supposed to determine the control parameter values based on the needs for his production process 
and that the order parameters used by the storage unit are set to the sum of all the individual parameter 
values. In practice, the process planners do not revise their parameters for these tools since the tools are 
relatively cheap and the individual order parameters are not visible in the database. 
 
It is the storage unit, managed by DynaMate AB, which is responsible for order placement. In many cases 
employees in the storage unit have taken over the responsibility when it comes to revising the control 
parameter values, but without any formal authority to do so. Personnel in the storage unit may for example 
notice that they carry a large amount of a certain tool over long periods of time and identify this as carrying 
excessive inventory of that tool. If the tool in question is non-unique and used in several processes, storage 
personnel sometimes lower control parameter values to levels that they see fit. If the tool is article-unique, 
they may instead send an email to the affected process planner, asking whether control parameter values 
could be adjusted. This adjustment is not based on anything but the employee’s experience, which is often a 
good indicator. However, since storage personnel do not have any formal authority to adjust reorder points 
and order quantities, they usually always try to stay on the safe side. If a stockout occurs they may for 
example increase the control parameter values more than they think would be enough, just to be safe. If 
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excessive stock levels have been identified, they will lower the control parameter values less than they actually 
think would be ideal. 
 
To summarize, when investigating the allocation of tasks the following issues were found: 
 

● Process planners have the responsibility to ensure that control parameter values are up to date but 
they have no time to spare for such activities. 

 
● The allocation of responsibilities is ambiguous when it comes to the revision of control parameter 

values for non-unique tools. 
 

● When storage personnel adjust control parameter values they do not dare to adjust the way they see 
fit since they have no authority to make any changes. 

 

5.2.2. Decision Making Process 
Decisions made by the people involved in the inventory situation have been identified as a factor resulting in 
problem-symptoms of excessive stock levels and periods of shortage. The underlying reason for this is the 
rationale behind the decisions. As DX deliver gear components downstream to other production sites within 
Scania, maintaining a stable flow of finished goods is essential. For this to be possible, tool availability must 
be high enough to ensure that the risk of production down-time caused by undersupply is minimized. The 
decisions made by process planners and employees in the storage unit regarding control parameters are not 
ideal in an inventory control context because of this priority.  
 
There is no standard procedure or mathematical model for how control parameter values are determined. 
When determining values for the control parameters, the process planner will first make an individual 
calculation of how much to order each time and when to place an order. The calculations differ between 
process planners to some degree but overall, they can be considered as rather crude. After the initial reorder 
point has been established, a safety stock is added. This is supposed to shield against uncertainties in supply 
and demand. This safety stock has no theoretical ground and is based on the individual process planner’s 
experience. When deciding the safety stock, the process planner places tool availability as the top priority; the 
price of the item and the cost of holding inventory is not really reflected over. Therefore, the safety stock is 
generally put a bit higher than necessary.  
 
If a stockout occurs, the process planner may for example signal for a larger order, often a multiple of the 
order quantity, that particular time to ensure that tools will be available in the near future. If there are 
excessive amounts of tools in inventory the process planner will not do anything, yielding high holding costs 
over time. 
 
On those occasions when storage personnel discovers symptoms of non-up-to-date control parameters, they 
will often be defensive or overly aggressive in their adjustments, which just as in the case with the process 
planners stems from the overall priorities at DX and the lack of suitable models for calculating control 
parameters. 
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Another problem connected to the decision making process regarding control parameter values is that 
information on current stock levels is inaccurate at times. This is because operators and other personnel 
sometimes fail to register their withdrawals from the storage unit. This may give the personnel a picture that 
the inventory level is substantially higher than it actually is. If a stockout occurs in such a situation, the 
process planner will base his decisions on inaccurate data, which may trigger the process planner to overreact 
in the next order placement. That will in turn lead to a high holding cost during the following time period. 
Another weakness which has an impact on the process planner’s ability to calculate adequate control 
parameters is the level of detail in the data for withdrawals. As of today, the data is collected per production 
section, which may include several production lines each. Because of this, it is impossible to derive the 
consumption or withdrawals of tools to specific processes or articles. As a result, it is difficult to update 
control parameter values based on consumption rates. 
 
To summarize, when investigating the decision making process the following issues were found: 
 

● There is no standard model for calculating control parameter values. 
 

● Priorities at DX bed for suboptimal control parameter values. 
 

● Unreliable data due to failure to register withdrawals. 
 

● Low level of detail in data for withdrawals. 
 

5.2.3. Communication Processes 
The communication processes also have an impact on the inventory control system. As mentioned earlier, 
registrations are not always made following withdrawals. Today, the person that makes the withdrawal must 
register the withdrawal on a paper in the storage unit. However, this step fails at times, indicating a lack of 
understanding for the value of proper registrations. 
 
A larger issue is how the communication takes place between the sharpening unit, the storage unit and the 
process planners. The process planner is responsible for determining control parameter values for a new tool, 
and also for adjusting them over time. In the sharpening unit, which is where the actual consumption of 
reconditioned tools takes place, records of the tools are kept in order to improve the current processes. The 
sharpening unit knows the status of all the individual tools of a certain type in the respective loop. For 
example, they have information on how many resharpenings each tool has gone through and how many 
resharpenings can be performed on each tool on average before it must be scrapped. This means that they 
can make a good estimation of when a certain tool in the loop must be replaced. This information is however 
not shared with the other stakeholders in any standardized fashion.  
 
The sharpening unit contacts the storage unit when they have to replace a certain tool. If the tool is available 
in stock, it is delivered to the sharpening unit. If the tool is not available, an order based on the process 
planner’s control parameter values has already been triggered and is on its way to the storage unit. The 
problem in this case is that the lead times for tools that are reconditioned are often very long. If a tool cannot 
be fetched from the storage unit when the need arises, a shortage of tools may occur in the production, which 
may persist for weeks if no safety inventory is available at the sharpening unit or in the storage unit.  
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An additional issue of communication is how underperforming suppliers are dealt with. If an order is delayed, 
the standard course of action is to wait a couple of days before sending a reminder. If the order, after four 
weeks, still has not arrived the errand is escalated and transferred to the responsible purchaser. The time lag 
between the point where an order is delayed to when it is escalated seems to be very excessive and inefficient 
since a delayed delivery may severely impact tool availability. The information on lead times from different 
suppliers is not always reliable and suppliers may occasionally promise shorter lead times than they can 
actually accomplish. This further complicates the process planner’s task of setting appropriate control 
parameter values. 
 
In summary, the following three issues connected to the communication process were found: 
 

● Information is not shared with all stakeholders. 
 

● Communication with underperforming suppliers is slow. 
 

● Information on lead times is unreliable. 
 

5.2.4. Behaviour 
There are a number of unwanted behaviors present at DX that in the current situation hinders an effective 
control of the inventory in stock. As has been mentioned in previous sections, some withdrawals are not 
registered, which impacts the control of inventory since the real inventory level is not visible in PRIMA. 
Process planners pointed out that they must remind the operators to register the withdrawals time and time 
again, but the problem appears to remain at the present time. This may be a sign of a lack of awareness 
among operators for how their individual actions impact the inventory situation. Another behavioural issue is 
that consumers will sometimes make a larger withdrawal than what is immediately needed since they want to 
avoid having to go to the storage several times in a given week. This is part of the explanation to the 
sometimes uneven flow of tools from the storage unit. Furthermore, it has been observed that some tools are 
not fully worn out before they are scrapped, which increases the consumption and also makes the flow more 
unpredictable.  
 
Another behavioural issue that is present among operators is the failure to properly report the required 
information on the performed operations for tools that are deposited to resharpening. When for instance a 
milling cutter has been worn out and is sent to resharpening, the operator is supposed to fill in a note which 
is dropped off along with the tool, as described in section 4.2.2. However, operators sometimes fail to do so, 
which means that there will be incomplete data on the tool over its usable lifetime in the database. 
 
To summarize, the behaviour among operators may at times affect the reliability of data and impact the flow 
and consumption rate of tools. The following issues have been identified: 
 

● Unregistered withdrawals. 
 

● Unnecessarily large withdrawals. 
 



42 
 

● Tools are not always fully worn out.  
 

● Tool usage is not always properly reported. 
 

5.2.5. Problem Matrix 
The matrix below shows a summary of the identified issues in an organizational context of an inventory 
control system. 

 
Table 7. Summary of the identified weaknesses in the case company’s inventory control system. 
 

5.3. Results from External Interviews 
In this section the findings from the interviews that were conducted with representatives of sources external 
to Scania are presented. Firstly, an overview of the relevant findings from the interview at Volvo Trucks is 
presented. The findings from the interviews with the two suppliers of tool-cabinet solutions are subsequently 
presented followed by the findings from the interview with a user of such a solution. 
 

5.3.1. Volvo Trucks, Köping 
As Volvo Trucks is in the same industry as Scania, the prevailing priorities were as expected rather similar 
when comparing the two companies. At Volvo, the top priority regarding inventory management is to ensure 
a stable production by maintaining high tool availability in stock. The cost of carrying inventory is not a major 
concern and is not taken into account when placing orders at this time.  
 
There are two kinds of storage facilities at Volvo Trucks in Köping. The majority of the tools in stock are 
kept in a large central warehouse which supplies the smaller storage unit which is located on site in the plant 
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where gear components are manufactured. The stock in the smaller storage unit covers most of the daily 
consumption of tools and when this unit runs out of stock, replenishments arrive from the central warehouse. 
Operators fetch the tools they need from the small storage unit and register their withdrawals. If for some 
reason it is expected that consumption will be higher than normal sometime in the foreseeable future, it is 
common practice to inform the responsible purchaser in advance. The purchaser will then order a greater 
quantity than recommended by the inventory control system the next time the reorder point is reached.  
 
In the introduction of a new tool, initial control parameter values are determined. The values of the control 
parameters are determined based on previous experience of the purchaser. The initial control parameter 
values are only temporary. Consumption data are gathered as the tool is being used in the production and 
these data are then used to calculate new and more accurate parameter values. The consumption rate usually 
shows a quite stable increase which is a prerequisite for this approach to be successful. When the reorder 
point of a certain tool is reached, the inventory control system employed at Volvo will send a signal to a 
purchaser to order the recommended quantity.  
 
A recognized problem is the punctuality of deliveries. When a supplier repeatedly promises a lead time which 
they cannot achieve, the lead time which is used by the inventory control system will be changed manually. 
There is room for improvement in the communication with suppliers. If the lead time for some reason 
changes, it is usually noticed when a new order is about to be placed. Almost every supplier is well known to 
Volvo with business relationships spanning over several years or decades. This means that the purchasers are 
well aware of how certain suppliers perform in terms of lead times and punctuality of deliveries.  
 

5.3.2. Tool-Cabinet Solutions 

5.3.2.1. Tool Cabinets  
A tool cabinet is in essence a chest of drawers in which smaller tools can be 
stocked. There are a couple of companies which offer tool-cabinet 
solutions as an instrument for increasing control and reducing the cost of 
inventories. The cabinets are connected to different types of control 
software, which have information on the tools’ respective locations and the 
amount of tools in stock in each location. In order to make a withdrawal, 
the user has to first log in to the software system. The user then has to 
select the desired tool in the system and specify the desired amount of 
tools. Subsequently, the system will unlock the correct compartment and 
the user may then collect the tools.  
 
 

 
The access control varies between different variants of cabinets, there are for instance cabinets that have only 
one level of access. This means that all   drawers are accessible once the user has logged in to the system. A 
higher level of access control is achieved on cabinets that have locks on each drawer. After having specified 
the withdrawal in the software system, the user will then get access to the drawer in which the desired tool is 
located. The highest level of access control is achieved if each type of tool is stored in locked separate bins. 

Figure 10. Tool cabinet. 
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After registering the withdrawal in the system, only the bin which contains the desired tool in question will be 
accessible.  
 
There are several different models and sizes of the tool cabinets and the layout of the drawers can be highly 
customized. For example, one drawer can be furnished with smaller bins to hold boxes of inserts, and 
another drawer can contain larger bins to hold the larger tools. The size of the bins can furthermore be 
different within a certain drawer, in order to stock different sized tools in a particular drawer.  A large tool 
cabinet can hold over 6 000 ISO-boxes of inserts, i.e. 60 000 inserts. The price of the tool-cabinet solutions is 
in the range of 45 000 - 300 000 SEK, depending on the manufacture, the size and the layout of the drawers.  

5.3.2.2. Control Software 
The two software systems connected to the cabinet solutions investigated in this study both allow different 
grades of authority and restrictions for different users. Operators may for instance be restricted to have 
access only to a certain set of tools used in their respective processes, while those responsible for restocking 
the cabinet would have access to all the tools in the cabinet. It is also possible to make additional restrictions 
in the number of withdrawals allowed during a period of time and the amount withdrawn each time. Another 
possibility is to impose a budget onto the user. This would make it possible to set an upper limit for the 
withdrawn value in a given period of time for each user. 
 
When a tool is introduced to the cabinet, the initial control parameter values are set manually in order to 
establish an initial stock of the tool. Additional information about the tool, such as the supplier and unit price 
can also be registered in the system. When a withdrawal is made, the inventory level in the system is reduced 
with the specified amount. When the reorder point is reached, the system will signal that an order needs to be 
placed and recommend an order quantity according to the control parameter. This process can also be 
automated, meaning that the system automatically sends an order to the supplier when the reorder point is 
reached.  
 
Automatic updating of control parameter values is possible in some of the tool-cabinet solutions available on 
the market today. This implies that reorder points and quantities are calculated based on data on consumption 
and lead times, which are gathered over time. It takes approximately 2-3 months before this function reaches 
stability and is able to propose up-to-date control parameter values based on consumption and lead times, 
which requires that an initial estimation of the control parameters must be determined before a new tool is 
added to the tool cabinet. When new control parameters have been computed it is possible to create a report 
on the recommendations, including current and recommended parameter values, which can be used as a basis 
for revision.  
 
The software systems are able to compile the data gathered from the cabinets and produce different kinds of 
reports for the users and administrators. In addition to the built-in report formats that are available as a 
default, users can also create their own reports based on the data in the system. Reports can be exported to a 
number of different formats such as Microsoft Excel or Adobe PDF and sent by email to relevant 
stakeholders such as the responsible process planner or storage personnel for instance. Reports can be 
generated and sent out automatically on a regular basis or be generated for instance when some parameter 
reaches a certain value, as mentioned earlier. 
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A common interest among buyers of tool-cabinet solutions for inventory control is the ability to connect the 
software with the firm’s Enterprise Resource Planning (ERP) system. The study showed that there is at least 
two different softwares on the market today which have an interface for Monitor, which is the most popular 
ERP system employed in Sweden. There is also an established interface against SAP, another common ERP 
system.  
 
It is possible to adapt the software systems to other types of physical storage facilities than the tool cabinets. 
The software can for instance be connected to a paternoster storage where articles that would not fit in a 
cabinet can be stored. A solution where the software is connected to another storage than a cabinet would, in 
principle, function in the same way as a tool-cabinet solution with the only difference being the access 
control.  

5.3.2.2. Interview with a User of a Tool Cabinet 
An interview was carried out in order to get an unbiased view of how a tool cabinet solution works in practice 
and how the use of such a solution has changed the inventory situation for the user. The interviewee was a 
Tool Technician with the responsibility to restock and administrate the tool cabinet at Ferruform AB in 
Luleå, Sweden. 
 
The tool cabinet at Ferruform had been introduced four years ago with the intention to relieve the 
production and logistics functions by making it easier to control the flow of tools. The tool cabinet currently 
supplies tools for one production line and an additional smaller production process. In total, about 20 people 
utilize the cabinet on a daily basis.  
 
Since its introduction, the tool cabinet solution has proven to be a valuable resource even though some of the 
functions available in the software are not used in practice. As of today, the tool-cabinet solution is not 
connected to the ERP system PRIMA which means that the information gathered by the software is 
distributed to the administrators by e-mail reports. The cabinet is restocked twice a week and the Tool 
Technician receives an e-mail where the required quantities for the tools that need to be restocked are 
compiled. Tools are withdrawn from the main storage and moved to the cabinet and these withdrawals are 
then registered in PRIMA accordingly. The software-generated recommendations for control parameter 
values are not implemented directly since they are generally viewed as inaccurate and overvalued in most 
cases. There is no systematic routine for revision of parameter values in place at Ferruform at this time, and 
since the tool cabinet software is a stand-alone solution, the main storage is required to hold sufficient 
inventory to cover the withdrawals from the cabinet. 
 
The tool cabinet in place contains eight drawers of different sizes and holds tools such as inserts and drills as 
well as screws, tool holders and spare parts. The top drawers contain smaller bins and the lower drawers 
contain larger ones. The cabinet also has bins for tools that are subject to reconditioning, where the operators 
deposit the worn out tools. The software connected to the cabinet has different levels of access assigned to 
different users which means that operators, for instance, can only withdraw items intended for their 
respective production processes. This has made it easier to identify and investigate abnormal deviations in the 
consumption of tools since withdrawals are traceable to specific operations and articles.  
 
When the cabinet was introduced, operators were urged to withdraw only the amount of tools needed at the 
moment, which sometimes means that the operator takes for instance seven inserts from a box of ten and 
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leaves the remainder in the cabinet. Previously, the normal procedure would have been to take the entire box, 
which led to the build-up of inventory at the work stations. At first, the Technician had doubted this 
readjustment, expecting that operators would not fully comply. The concern was that operators might make 
larger withdrawals than intended, thus creating discrepancies between the virtual and the actual balances for 
the tools in the cabinet. This apprehension however, has not yet been realised. 
 
Altogether, the Tool Technician as well as the other staff utilizing the tool cabinet at Ferruform are pleased 
with this solution. It has facilitated several tasks for those concerned and has improved the quality of 
consumption data. The procurement of an additional cabinet is currently under consideration since the one in 
place is operating at maximum capacity. 
 

5.4. Results from the Simulations  
As described in section 3.1.6, a random sample of non-reconditioned tools was selected and used for the 
simulations, based on inventory control theory with updated control parameter values. 
 
For most tools in the sample, the simulated inventory level in 2014 is lower than the actual inventory level 
during the same time period. This was evident in both the simulations with real withdrawals and the ones 
where the withdrawals had been leveled. In the following section, results from the simulations applied to 
three of the tools in the sample are presented. First off, a tool where the simulation yielded the greatest 
improvement in terms of cost reduction is presented. Subsequently, a tool where the simulations yielded the 
least favourable result is presented, followed by a tool that showed an average cost reduction. 
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5.4.1. Large Improvement 
For one tool denoted “Stickstål special”, which is an insert used in a turning process, the actual and the 
simulated inventory levels with real withdrawals are illustrated in the graph below. In this case it is very 
obvious that the control parameters in the actual case are set at too high levels. 
 

 
Figure 11. Graph showing the actual and simulated inventory level for a tool where the simulation yielded a large 
improvement. 
 
This meant that there were only two orders placed that year and that the ordered quantities were also very 
large. The simulated inventory for the same period was in this case substantially lower throughout the entire 
year and there were no stockouts. The holding cost was the largest entry for cost reduction, as shown in table 
8 below. The number of orders rose from 2 to 14, yielding a higher cost of orders for the simulated inventory 
situation. The total cost was reduced by 71 percent, from 45 072 to 13 037 SEK. 
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Table 8. Compilation of the cost entries from the example of a simulation which yielded a large improvement. 
 

5.4.2. Small Improvement 
Another tool that was scrutinized was a CBN insert, which is an insert used for hard part machining. This was 
the only tool in the sample which showed an increased total cost in a simulation. The graph below shows the 
actual level and the simulated level, with real withdrawals, of the inventory during 2014. 
 

 
Figure 12. Graph showing the actual and simulated inventory level for a tool where the simulation yielded an increased 
cost. 
 
As shown in the graph, the average inventory level in the simulation was substantially higher than in the 
actual case. The holding cost was thus larger in the simulation than in reality. However, in the actual case 
there were 94 days of shortage which amounted to a cost of approximately 18 800 SEK, which can be 

Entry Simulated inventory level for 2014 Historical data for 2014
Maximum inventory level 908 2 835
Minimum inventory level 213 1 120
Average inventory level 477 1 954

Holding cost 10 937 44 772
Days of shortage 0 0

Cost of stockouts [SEK] 0 0
Number of orders 14 2

Cost of orders [SEK] 2 100 300
Total cost [SEK] 13 037 45 072
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compared with the simulation where there were no stockouts at all. The cost of orders for the simulated 
inventory level was 5 100 SEK, roughly four times the cost of orders in the actual situation. The simulated 
total cost was 37 percent higher than the de facto total cost.  
 

 
Table 9. Compilation of the cost entries from the example of a simulation which yielded an increased cost. 
 
For the same tool, the simulation with leveled withdrawals yielded a cost reduction by nearly 4 000 SEK, 
owing to a lower average inventory level and reduced number of orders. A cost reduction was thus possible 
but the magnitude thereof was on the low end of the scale, at around 13 percent with leveled withdrawals. 
 
  

Entry Simulated inventory level for 2014 Historical data for 2014
Maximum inventory level 222 109
Minimum inventory level 4 0
Average inventory level 123 34

Holding cost [SEK] 35 893 9 923
Days of shortage 0 94

Cost of stockouts [SEK] 0 18 800
Number of orders 34 8

Cost of orders [SEK] 5 100 1 200
Total cost [SEK] 40 993 29 923
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5.4.3. Moderate Improvement 
The last example shows another CBN insert where the simulations resulted in a moderate improvement in 
terms of cost reduction in relation to the sample as a whole. The graph below shows the actual level and the 
simulated level with real withdrawals of the inventory during 2014. 
 

 
Figure 13. Graph showing the actual and simulated inventory level for a tool where the simulation yielded a moderate 
improvement. 
 
The graph shows that there is no significant difference in terms of inventory level for this tool during 2014. 
The simulation yields a slightly lower inventory level and does not yield any shortages, unlike in the actual 
case. The holding cost for the simulation and the actual case was approximately 41 000 and 60 000 SEK 
respectively. There were 11 days of shortage in 2014 which yielded a cost of 2 200 SEK. In total, the 
simulation resulted in an estimated cost of 48 776 SEK, which is a 23 percent reduction from the estimated 
real-case cost of 63 116 SEK.  

 
Table 10. Compilation of the cost entries from the example of a simulation which yielded a moderate improvement. 
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Entry Simulated inventory level for 2014 Historical data for 2014
Maximum inventory level 681 850
Minimum inventory level 12 0
Average inventory level 303 436

Holding cost [SEK] 41 426 59 566
Days of shortage 0 11

Cost of stockouts [SEK] 0 2 200
Number of orders 49 9

Cost of orders [SEK] 7 350 1 350
Total cost [SEK] 48 776 63 116
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5.4.4. Overall Result 
As presented in the previous sections, the results from the simulations indicate that the potential savings vary 
between the individual tools investigated. In one case, the simulation with real withdrawals resulted in a 
greater total cost than the actual situation, see section 5.4.2. However, the simulation with leveled withdrawals 
for the same tool showed a positive result, i.e. a lower total cost than the real case. 
 
The combined results for the entire sample show that there was excessive inventory holding and periods of 
shortages present in 2014. Furthermore, the results indicate that a consumption-based ordering system would 
indeed be possible, and advantageous in terms of cost reduction. The average cost reduction for the sample 
was 30 percent for the simulations with actual withdrawals and 32 percent for the simulations where the 
withdrawn quantities were replaced with the average quantity. 
 
The total cost reduction for the tools in the sample amounted to 128 994 SEK for the simulations with real 
withdrawals and 136 381 SEK for the simulations with leveled withdrawals. The sample makes up for 14 
percent of the total withdrawn value from the storage unit in 2014. If this rate of cost reduction is 
representative for the entire population of tools, the total potential savings would amount to 939 961 and 993 
786 SEK with actual withdrawals and leveled withdrawals respectively. 
 

 
Table 11. Compilation of the results from the simulations of inventory levels in 2014. 
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6. Analysis and Discussion 
In this chapter, the results from the case study and the theories presented in the literature review are analyzed and discussed. The 
aim of this chapter is to get a better understanding of the implications of the study and identify possible areas for future research 
and improvement. 
 
The purpose of this chapter is to reach a conclusion on the main research question, which comprises three 
sub-questions. The structure of this chapter is based on the sequence of the subquestions, meaning that each 
subquestion is treated separately. The aim of this chapter is to discuss the empirical findings and the results 
from the quantitative study from the perspective of the theoretical frame presented in the literature study.  
 

6.1. Efficiency of Inventory Control 
In order to evaluate the efficiency of the inventory control at DX and thus answer the first research question:  
 

How efficient are current inventory control systems employed by the heavy vehicle manufacturer? 
 
a review of internal data, aimed at visualizing inefficiencies in terms of lead time coverage and holding cost in 
2014, was carried out. This initial review showed events of stockouts and periods of shortages as well as 
excessive inventory holding during the year 2014. In addition, a series of observations and interviews 
facilitated a mapping of the current state of inventory control at the focal company, which revealed several 
issues in the organizational context of the inventory control system. In this chapter the efficiency of the 
inventory control is discussed and analyzed and suggestions for how it could be improved are provided. The 
section is divided into two sub-sections where the first one treats the efficiency from a quantitative 
perspective focusing on all machining tools. The subsequent section treats efficiency from a qualitative 
perspective and comprises plausible changes for the management of reconditioned tools and non-
reconditioned tools separately. 
 

6.1.1. Quantitative Perspective 
When it comes to evaluating the efficiency of an inventory control system, it is difficult to view the 
performance in a completely objective way. Issues such as stockouts are easy to identify and the problems 
they cause are usually evident in the production. On the other hand however, problems connected to 
excessive inventory are less self-evident and also more difficult to quantify. It is for instance complicated to 
determine whether a certain amount of items in stock is appropriate or too high only by looking at a graph 
showing the development of inventory levels over time.  
 
One method of evaluating the efficiency quantitatively, which was employed in this study, was looking at 
lead-time coverage. This means that the amount in stock is divided by the consumption per time unit 
multiplied by the lead time, denoted in the same unit of time (see 3.1.3). The information yielded by this 
calculation is an estimate of the number of lead times covered by the inventory on hand. Looking at the 
inventory levels in terms of lead-time coverage gives a more relevant picture of the efficiency of the system 
than just looking at the levels in absolute terms. The evaluation of the inventory level will still be subjective to 
some degree, but the method with lead-time coverage facilitates the process of finding unreasonably high 



53 
 

levels of inventory. It would be difficult to argue that it is appropriate to hold inventory that covers upwards 
to 30 lead times, which was the case for one of the tools investigated. 
 
The calculations of lead time-coverage were based on two simplifying assumptions that facilitated the 
computations. It was assumed that the consumption rate would be constant throughout the year 2014, which 
meant that the daily consumption rate was set to the daily average consumption. Similarly, the lead times were 
assumed to be constant as well. Lead times were calculated as the median of the lead times of all orders 
received in 2014 for each tool in the sample. In some cases, there were one or two deliveries out of a long 
series where the lead time differed greatly from the rest. For that reason, the median values of the lead time 
series were considered more relevant than the average values as input in the calculations of lead-time 
coverage. 
 
Another simplification that was made in order to facilitate the evaluation of lead-time coverage was the 
inclusion of weekends, i.e. non-working days in the calculation of daily consumption rates. This approach 
entails that the consumption rate will be significantly lower than if only working days were included since 
there are around 225 working days in a year in Sweden. However, the lead times used in the calculations also 
include weekends and other non-working days, thus compensating for the undervalued consumption rates. 
Furthermore, there have been instances of abnormal operation such as overtime and extra shifts, which also 
compensates to some degree since they result in greater consumption than could have been expected when 
the operations are running normally. 
 

6.1.2. Qualitative Perspective 
Qualitatively, the efficiency of the inventory control can be evaluated by investigating the organizational 
context of the inventory situation. This means that issues such as communication processes, decision making 
processes and allocation of responsibilities are highlighted through observations, interviews and partaking in 
the formal routines and written instructions. As for the case company, there were several issues present which 
this study finds to be contributing to inefficiencies in the current inventory control (see summary of issues in 
table 7 below). 
 
As presented in chapter five of this report and in table 7 below, there are a number of issues present in the 
organizational context of an inventory control system at the focal company, which need to be addressed in 
order to facilitate a more efficient system.  
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Table 7. Summary of the identified weaknesses in the case company’s inventory control system. 
 
The study found that many stakeholders believe that the current formal structure and distribution of 
responsibilities connected to the management of inventory is rather crude and inefficient. The most 
prominent issue is that of computing and updating control parameter values. Many stakeholders are aware 
that the manually set control parameters that are used today are far from optimal, and that it would be 
beneficial to automate this process to some extent. It is furthermore commonly agreed that reorder points 
and quantities need to be based on proven mathematical models rather than estimates based on the 
experience of process planners, for inventory control to function more efficiently. A common model would 
not only increase the accuracy of the control parameters and reduce the cost associated with holding 
inventory, but it would also lead to increased standardization, which is the foundation for continuous 
improvement over time. 
 
A fully automated process is possible by for example implementing a tool-cabinet solution as described in 
section 5.3.2.  This implies that control parameters can be updated automatically as the consumption 
fluctuates and that replenishment orders could be issued directly to the suppliers as reorder points are 
reached. This would perhaps be beneficial for tools where the consumption is characterized by stability and 
where the tools are highly interchangeable. For most tools it is however not self-evident that a fully automatic 
system would be the best solution. Owing to the fact that the software calculating control parameter values 
makes use of historical data to forecast future consumption, the program will lag behind the actual 
consumption to some degree. For tools where circumstances change rapidly and where there are no obvious 
substitutions if the inventory is depleted, it would therefore be risky to employ a fully automatic system. 
Consequently, it may be better to leave the decision making process up to a human, but relieve the individual 
by providing suggestions for change. The decision maker is then able to base the revision on the generated 
suggestion and also take into account any other factors that the system is unable to intercept. 
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6.1.2.1. Non-reconditioned Tools 
The figure below shows a suggestion for how the flow of non-reconditioned tools and relevant information 
could be laid out in the future if changes were made in accordance with the findings from this study. The 
most important changes compared to the current situation consist of the change of database software from 
PRIMA to the new system Maximo, the introduction of an automated calculation of control parameters and 
the transfer of responsibilities from process planners to line personnel. 
 

 
Figure 14. Suggestion for future layout of the inventory control system for non-reconditioned tools. 
  
The transition in database software from PRIMA to Maximo is a currently ongoing process at Scania and will 
affect the implementation of an inventory control software to some degree. In this study, data has been 
collected from the old software PRIMA. The link between the database and the inventory control calculation 
model has however been largely outside the scope of this research and will thus not be discussed in depth in 
this report. The important thing to note here is that it would indeed be possible to extract data from the new 
database and run the calculation externally in Excel. Alternatively, it would also be possible to build the model 
into a customized report format which could generate and send reports directly from the database to the 
relevant stakeholders. The difference between the alternatives will result in different costs when it comes to 
implementation of the model. 
 
The recalculation of control parameters would be handled automatically by a computational model based on 
the prevailing theories described in chapter 2. The model would take into account the most recent as well as 
historical data on consumption and recalculate parameter values on a regular basis. The new parameter values 
would be distributed to the responsible stakeholders as reports containing the current levels as well as the 
new suggested levels. The stakeholders would then be responsible for following up on these reports by either 
changing the control parameters according to the recommendations in the report or by making changes based 
on additional qualitative information not available in the database. As of today, the responsibility for revising 
the control parameters lies with the process planners. However, this activity is not prioritized since the 
process planners have many other tasks that are regarded as more important. It could therefore be beneficial 
to transfer this responsibility to the production line supervisors since they are located nearer the points of 
consumption. The supervisors may have additional competence and information that is valuable when it 
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comes to revising the control parameters. Furthermore, the supervisors are responsible for the cost per article 
produced and should therefore be more inclined to control the consumption of tools and the sizes of the 
inventory levels of tools. 
 
As a suggestion, the recalculation of control parameter values could be carried out at the end of each month 
so that those responsible for revising the parameters would receive a new report at the beginning of each new 
month. However, in order to limit the flow of information as well as the workload for those involved, it is 
reasonable to set a lower limit for when a report is necessary. It would for instance not be relevant to revise a 
reorder point where the absolute difference between the current and the recommended value is merely a few 
percent. A revision policy without a lower limit would increase the workload significantly while the actual 
improvement in terms of inventory levels would likely be rather small. In a study by Arrelid and Backman 
(2012), the company in focus had a lower limit for revision of parameter values which was 15 percent, a 
number that may be appropriate in this application as well. 
 
A system that produces reports on a regular basis and distributes these to the stakeholders would among 
other things have the benefit of increasing the awareness of the inventory situation among those involved. As 
of now, very little effort is put into improving the inventory control system at Scania Transmission Machining 
in Södertälje as well as at Volvo Trucks in Köping. Increasing the awareness is an important part of achieving 
a better system and ultimately reducing the total cost of inventory. 

6.1.2.2. Reconditioned Tools 
The main issue specific to the tools which fall into the category of reconditioned tools lies in the current 
communication processes. At this moment, process planners are responsible for the control parameters of 
each tool. Meanwhile, the storage unit is responsible for order placement and the sharpening unit is the place 
where the actual consumption takes place. The sharpening unit also books information on the status of tools 
in the re-sharpening loop, i.e. the loop where tools are passed back and forth between external coating-and-
stripping firms, the sharpening unit and the production lines. This information, which contains the number of 
resharpenings each tool has been through and how many resharpenings can be performed on each tool on 
average, could be used as a frame to calculate more accurate control parameter values. This is however not 
the case as of today. 
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The figure below shows a suggestion for how the flow of reconditioned tools and relevant information could 
be laid out in the future if changes were made in accordance with the findings from this study.  
 

 
Figure 15. Suggestion for future layout of the inventory control system for reconditioned tools. 
 
The principle for the flowchart illustrated above is essentially equivalent to the principled flow of the non-
reconditioned tools presented in the previous section. Control parameter values are automatically computed 
each month, and if the values deviate too much from the existing parameter values, a report containing 
recommended revisions is produced and sent to the responsible process planner. The point of difference is 
that since this flowchart involves the re-sharpening loop, an information channel is established between the 
database and the re-sharpening unit. Information vital to the calculation of accurate control parameters is 
thus made available to the process planner through the database. 
 
The figure below shows the principle for how the ordering of reconditioned tools could be arranged with the 
reorder point set to the sum of the remaining resharpenings for all the tools in the loop and in the storage 
unit. In this simplified example, there are five units in the loop with the expected lifetime of 20 resharpenings 
each. The safety stock in this case consists of one tool which is kept in the storage unit. 
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Figure 16. Possible future replenishment principle for reconditioned tools. 
 
At time t=0, i.e. when all the units are new and unused, the inventory position equals 120 resharpenings. This 
includes five tools with a remaining 20 resharpenings each out in the re-sharpening loop and an additional 
tool with 20 remaining resharpenings located in the storage unit, representing the safety stock. The re-
sharpening loop at the time for when the inventory position reaches the reorder point, which in this case is 
set to 45 resharpenings, is illustrated in the center of the figure above. Reaching the reorder point triggers the 
issuance of an order for five new tools, i.e. the same number that the loop should comprise. This order raises 
the inventory position to 145 resharpenings. 
 
Immediately upon the arrival of the new tools, the inventory level amounts to 127 resharpenings, with only 
one or two resharpenings left on the tools in the re-sharpening loop respectively. As these tools are worn out 
for the last time and subsequently scrapped, fresh tools are brought in from the storage unit to replace the 
scrapped ones. If the tools are worn out evenly, the inventory level will soon equal the starting position, 
illustrated to the left in the figure above. The inventory level will be rather high over short periods of time 
from the receipt of a delivery to the time when the old tools in the loop have all been replaced. The average 
inventory level however, will be kept to a minimum. 
 
In order to facilitate an even wear, a priority system is proposed, meaning that tools with the largest number 
of expected resharpenings remaining are used first. At the time when the reorder point is reached, as 
illustrated above, the tool with seven remaining resharpenings will be picked first by the operators, the tool 
with six remaining resharpenings will be picked second and so on. The responsibility for assigning the correct 
priorities to the tools in the loop would fall on the sharpening unit, but is is also important to make sure that 
the operators follow the system when they retrieve their tools. 
 
The approach of ordering tools in batches the size of the entire resharpening loop might come across as 
suboptimal, since it would imply that the flow of tools becomes more uneven. An alternative to the proposed 
model would be to issue orders for one new tool at a time when the number of resharpenings carried out 
reaches 20, which could be interpreted as equivalent to the depletion of one tool. This would make the flow 
more even but at the same time, it would require the tools to be prioritized according to the FIFO principle 



59 
 

which implies that the oldest tool in the loop should be prioritized as number one. The problem is that the 
lead times for reconditioning, i.e. stripping, resharpening and coating are rather long compared to the usable 
lifetime of one tool between resharpenings. This means that while one tool is sent to reconditioning, the 
operators will need all the remaining tools in order to meet the production plan. Therefore, it is difficult to 
realise a FIFO flow in practice. Furthermore, this approach would make it impossible to take advantage of 
any quantity discounts offered by the suppliers, which can in many cases reduce the price per tool 
significantly. 
 

6.2. Achieving Consumption-driven Inventory Control 
In order to investigate the possibility to achieve an inventory control system based on the actual consumption 
of tools, the second research question: 
 

How can the heavy vehicle manufacturer achieve a consumption-driven inventory control system? 
 
needed to be answered. The main method used for this part of the study was the simulations that were carried 
out on the selected sample of tools. The basis for the simulations was constituted by the theories on 
inventory control presented in the literature review. 
 
Using the principle of lead-time coverage as reorder points and order quantities could have been a simplified 
approach to simulating inventory levels and obtaining a consumption-based ordering system. This would 
however leave many questions unanswered. The number of tools to order each time would for instance 
become a multiple of the lead-time coverage and thus represent a subjective estimation of what is deemed 
necessary. For tools with long lead times, this would result in very large order quantities, if it is assumed that 
at least one lead-time coverage is ordered each time. This would lead to a low cost of orders but excessive 
inventory holding for such tools. Furthermore, the amount of items in stock would not be based on a 
distinction between safety stock and cycle stock, making it difficult to minimize the inventory in practice. 
Although the survey of lead-time coverage gave an indication that inventory levels are in some instances too 
high, the method of simulating an inventory control system based on this measure was rendered obsolete in 
favor of a more theoretically grounded model presented in section 3.2.5.  
 
The compiled result from the simulations which is presented in section 5.4, shows that it is possible to 
achieve a functioning consumption-based system for ordering tools by applying some of the well-known 
theories on inventory control described in section 2.2. The main advantages highlighted by simulating 
inventory levels using the developed control software is the increased accuracy of control parameters and the 
overall reduction in costs, derived from a combined reduction in cost of orders, shortages and inventory 
holding.  
 
The simulations rely on a number of assumptions and estimations of the inputs, which jointly contributes to 
the achieved results. These assumptions will be treated in section 6.2.2. The following section will address the 
problem of uneven consumption, which needs to be solved if a consumption-driven inventory control 
software is to be able to avoid the occasional stockout. 
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6.2.1. Leveled Consumption 
A challenge encountered during the simulations was that in some cases, the simulated inventory level showed 
shortages which could not be avoided even at a service level of 99 percent. This problem has been 
determined to originate from the occasionally highly fluctuating demand patterns. The withdrawals of tools 
exhibiting this issue are stable for the most part, but every once in a while, substantially larger withdrawals are 
made, which the forecasting model cannot predict. These withdrawals can be in the magnitude of over five 
times the average withdrawal quantity and appear without a warning. This issue is not something that would 
be solved with a more sophisticated forecasting model, since the abnormal withdrawals appear randomly, but 
by managing the flow of tools more tightly. In order to incorporate a consumption-based ordering system, 
the withdrawals need to be leveled to some extent, which is accomplished by attacking the problem of 
consumption.  
 
In order to confirm that uneven consumption constitutes a barrier for the consumption based control model, 
simulations were conducted on the same tools but where the real withdrawals were replaced with the average 
withdrawn quantity. The result of this approach indicates that the leveling of withdrawals would enable 
additional savings when combined with the control software. The most important benefit with leveling the 
withdrawals was that for some tools, abnormally large withdrawals were replaced with substantially smaller 
ones, thus allowing the software to use lower parameter values without the occurrence of stockouts. The 
problem with the leveled withdrawals is that they are leveled only in terms of quantity per withdrawal but not 
time of occurrence. For some of the tools in the sample there had been periods with several small and highly 
frequent withdrawals. When the quantities of these withdrawals are replaced with the larger average quantity, 
the resulting sum of the withdrawals in such a period becomes substantially larger than for the corresponding 
period with the real withdrawals. 
 
If the withdrawals were leveled both in terms of quantity and time of occurrence, the situation would become 
very stable and predictable. One possible way of achieving a leveled flow in reality would be to impose 
restrictions for withdrawals on the users, thus preventing larger withdrawals than necessary for the time 
being. These restrictions could be built into a system with tool cabinets, as described in section 5.3.2. For 
instance, it would be possible to assign each operator with a budget that sets the limit for how many tools can 
be withdrawn during a certain period of time. This way, the operators would also get a better understanding 
of the cost of tools and could hence be more motivated to deplete their tools fully before changing them. A 
leveled flow could also be achieved without this type of restrictions but instead through the data on 
withdrawals that would be gathered by the control software. It would be possible to follow up on the 
transactions for each user and this way find abnormal deviations which can then be investigated further if 
necessary. The deviations may be caused by an operator who has a habit of changing tools more often than 
necessary, which would be an easy problem to fix. Deviations may also stem from more serious problems 
related to the production process or the quality of the tools for instance. The possibility of keeping track of 
the consumption in relation to specific operators, machines and produced parts was one of the main 
perceived benefits from the tool-cabinet solution in place at Ferruform in Luleå. 
 
A final important factor affecting the smoothness of consumption is the way items are packaged. Inserts for 
example, are often packaged in boxes of 10. In the current setting at DX as well as at Volvo Trucks in 
Köping this means that if the need of the day is one insert, the corresponding withdrawal will be 10 inserts. 
Not only does this impact the flow of tools but it also implies build-up of hidden inventories out in the 
production. If instead, each insert is fetched one by one, or matched more tightly with the actual need of the 
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day, there would be no need for buffers at the machine stations. Using a tool cabinet in close proximity to the 
machine stations would allow for this principle to be realized, thus improving the smoothness of 
consumption even further and at the same time reducing the cost of hidden inventories. 
 
To sum up, leveling of consumption is a prerequisite for accurate forecasts and consequently a consumption-
driven inventory control system. Therefore it is proposed that a tool-cabinet solution could be implemented 
at DX, replacing the current line-feeding system, in order to facilitate a more smooth consumption pattern. 
 

6.2.2. The Simulations 
As the results from the simulations are built on a number of underlying assumptions, it is important to 
address these and discuss the impact that each assumption has on the simulated inventory levels. The results 
from the simulations are presented in terms of cost reduction in table 11. 
  

 
Table 11. Compilation of the results from the simulations of inventory levels in 2014. 
 
In the results compiled in table 11, it is notable that the simulation for Insert III with real withdrawals 
resulted in a cost increase of about 11 000 SEK compared to the real inventory situation for that tool in 2014. 
The actual and simulated inventory levels for Insert III are presented in the graph in figure 11. 
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Figure 12. Graph showing the actual and simulated inventory level for a tool where the simulation yielded an increased 
cost. 
 
As can be seen in figure 11, the actual inventory of this tool was zero for long periods of time during the year, 
with a quite low average inventory level. The simulated inventory level however, is on average much higher 
and does not reach zero at any point. The explanation for why the simulation yields a cost increase instead of 
a cost reduction is that it was cheaper to have many days of shortage than carrying the extra inventory needed 
to avoid stockouts. The cost of a stockout, a figure produced in collaboration with employees at the Scania 
subsidiary DynaMate AB, was purposely set to the minimum possible stockout cost. This figure was used in 
order to avoid any exaggerations in potential cost savings. For this particular tool however, it is likely that the 
real stockout cost is higher than the one used as input in the simulation. 
 
The cost of a stockout depends on a number of factors and will vary between different tools. If a standard 
model insert runs out of stock, the operator who wishes to make a withdrawal could most likely go to another 
work station where the same insert is used and borrow what is needed since smaller amounts of tools are 
usually kept by each workstation. This would at the most prolong the machine downtime by a matter of 
minutes. In some cases, tools that are not available can be replaced by similar tools, which would also cause 
additional downtime, however limited to a matter of hours at the most. The stockout cost may also include 
other expenses than lost time in the more extreme cases. Although it is a rare occurrence, it does happen that 
tools need to be flown in from suppliers located outside of Sweden. This could for instance happen if a very 
unique and irreplaceable tool runs out of stock due to unforeseen events such as tool breakdowns. 
 
When looking at stockouts, it is also important to consider the length of one coherent stockout. The longer 
the stockout, the more costly it will become per day as the shortage progresses. On the other hand, a stockout 
that only lasts for one day may not cause any problems at all in the production since there are usually 
unaccounted inventories at the workstations. This means that stockouts in the data series are not necessarily 
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equivalent to machine downtime or other possible sources of stockout costs. The number of stockouts may 
therefore be somewhat overestimated in terms of problems and costs in the production that can be associated 
with shortages. However, when considering holding cost for the tools in the sample, only the inventory in the 
storage unit was included in the calculations. This means that the holding cost for tools that are kept at the 
work stations as hidden inventory is not accounted for in the calculations. 
 
Another factor which impacts the result from the simulations is the service level utilized. The service level 
was set to 99 percent, which means that 99 percent of demand during an order cycle can be covered by 
inventory on hand. This value for the service level was selected since availability of tools is the top priority 
regarding inventory management at Scania Transmission Machining. It is important to know however, that 
with increased service levels, the safety stock and thus the resulting inventory levels will be higher. The 
difference of using a service level of 95 percent instead of 99 percent can be substantial, depending on the 
computational model for calculating the service level. Using a higher service level than actually needed to 
avoid stockouts results in increased costs but is also valuable for the reliability of the results of this study, 
since it reduces the risk of showing an unrealistic picture of the performance of the inventory control system.  
 
The simulations are based on the simplifying assumption that lead times are constant, which means that the 
program assumes that all orders arrive on time. This is of course not always the case in a real setting, where 
deliveries arrive early or late every now and then. However, using a high service level which yields a high 
safety stock will mitigate the risk of portraying the simulated inventory level falsely. If late deliveries were 
allowed in the simulation, this could have resulted in stockouts in the simulations since the lead time used to 
simulate order placement was fixed. By setting a sufficiently high service level, the risk of this ending up with 
stockouts if late deliveries were allowed in the model is reduced. The risk of an unfair portrayal of the 
performance of the program is also reduced since late deliveries would result in periods of lower inventory 
levels than would be the case if all orders arrived on schedule. This would imply that the holding cost of the 
simulated inventory is overestimated relative to the real inventory situation. The assumption of constant lead 
times thus allows for overestimations in holding cost and, to some degree, underestimations in shortage costs. 
Since high service levels are utilized, the risk of an unfair portrayal of the performance of the inventory 
control software should consequently be low. 
 
The value for the smoothing constant 𝛼 which is used in the forecasts determines the weight put on the most 
recent data, which consequently has an impact on the simulated inventory level. The smoothing constant was 
set to 0.1 thus putting 90 percent of the weight on the previous forecast. This means that large and sudden 
peaks and dips in demand are mitigated in the forecast. However, if demand shows a sustainable upward or 
downward trend, the forecast will adjust accordingly over time. The reason for why the forecast was weighted 
this way is to avoid changing reorder points when the actual need is unchanged in a longer perspective but 
the observed demand in a specific period would signal for review of the reorder point. If for example, 
demand would show a peak in the last observed month, the model would change the reorder point, if the 
value of the smoothing constant were higher. If demand subsequently drops during the forecast period, the 
result will be that the reorder point is too high, which increases the average inventory level in that period. 
Using a lower value for the smoothing constant will reduce the number of changes in the reorder point over 
time. This will not only reduce the risk of adapting to unsustainable demand, but also decrease the workload 
for the people involved in revising control parameter values, assuming the changes proposed in the previous 
section are implemented. 
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The fixed order cost was, like the stockout cost, determined in collaboration with DynaMate personnel and 
was set to 150 SEK for all the simulations. This value should be seen as an estimation on the lower side of 
the scale of possible costs that can be connected to order placement. 150 SEK per order corresponds to the 
amount of time it takes for the storage personnel to place an order with a supplier where the terms of the 
deal, such as unit price, time of delivery etc. are predetermined. In some cases however, the order cost may be 
substantially higher, for instance if the tool in question is made to order or the supplier is new to Scania. The 
fixed order cost used in the simulations was set to a low level in order to simulate order placement in a steady 
state. It is probably not realistic to assume that every order will be placed at a cost this low, but the majority 
of the orders, especially those for standard tools such as inserts and drills, will be placed at a rather low cost. 
 

6.3. The Gains of achieving Consumption-driven Inventory Control  
There are many possible improvements and gains that can be realized if the inventory control system is 
rearranged in accordance to the findings from this study. In order to answer the third research question, 
namely: 
 

What can the case company gain from implementing a consumption-driven inventory control system? 
 
the potential cost savings that the consumption-based model would realize have been estimated. The cost 
reduction for the case company would be in the order of magnitude of one million SEK per year. This figure 
reflects the theoretical savings that could come from the tools that are not reconditioned. The calculation was 
based on the average rate of cost reduction for the tools in the sample and it is assumed that this reduction 
can be generalized to the entire population of non-reconditioned tools. The value of the withdrawn tools in 
the sample in 2014 amounts to just below eight million SEK, thus making up for around 14 percent of the 
total value of withdrawn non-reconditioned tools in 2014. This means that if the average rate of cost 
reduction for the tools in the sample is realized for all the non-reconditioned tools, the yearly savings would 
be roughly 940 000 SEK based on the savings from the simulations with real withdrawals. The savings based 
on the simulations with leveled withdrawals would be slightly larger, around 994 000 SEK per year. 
 
When it comes to tools that are reconditioned, this study has not included simulations of inventory control or 
calculations of possible savings like the ones for non-reconditioned tools. Therefore there is no 
approximation of the monetary gains that can be realized if the control system is rearranged according to the 
suggestions in section 6.1.2.2. However, in the initial screening where the lead-time coverage for a number of 
tools were investigated, it became clear that there is a lot of money tied up in the inventory of reconditioned 
tools. The lead-time coverage levels were also rather high, thus indicating that costs could probably be 
reduced through changes in the inventory control system. 
 
At present, the price of the more expensive tool-cabinet solutions on the market is in the order of magnitude 
of 300 000 SEK. Assuming that two tool cabinets of the most expensive model are acquired for each 
building, the total investment cost would amount to 1 800 000 SEK, since DX comprises three buildings. 
This implies that the total cost incurred would be repaid in slightly less than two years. This estimation would 
however represent the worst case scenario, since the price of the tool-cabinet solutions examined in this study 
varies within the range of 45 000 - 300 000 SEK. Worth noting is that the computations of cost reductions 
have been passive and the results should thus be on the lower end of the range of possible reductions. The 
cost of a stockout was for instance set to 200 SEK per day in the simulations, which is the lowest feasible 
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cost according to the involved personnel at DynaMate AB. If the stockout cost were to be set to a higher 
number in the calculations of total cost, the rate of potential savings would increase and the payback period 
for an investment in tool cabinets would be reduced. Furthermore, the reduction in holding cost reflects only 
the reduction of the inventory kept at the storage unit. An expected benefit from implementing a tool-cabinet 
solution is the reduction of hidden inventories, which would further increase the total savings. 
 
Apart from the estimated monetary gains, there are a number of additional aspects which should be improved 
if the proposed solutions are implemented. First off, the process planners would be relieved of the 
responsibility to continuously update control parameters. As of today, updating of control parameters has 
been given little attention, given the prevailing priorities at the case company and the time-constrained 
process planners. Restructuring the allocation of tasks by transferring the responsibility of updating control 
parameter values to the Line Supervisors will reduce the workload for the process planners. Simultaneously, it 
will lead to more accurate control parameters over time, since the Line Supervisors will be better informed 
about the consumption over time. The Line Supervisors are in addition provided with the means to achieve 
their goal cost per article produced by allowing them to govern the control parameters and thus the amount 
of tools in storage over time. Also, the tool cost per article produced will be possible to follow through the 
use of tool-cabinets, since the operators are required to log in to the software and register their withdrawals. 
Furthermore, since data would become more detailed and reliable, it will be possible to achieve 
standardization of tool consumption per line, machine group, machine or even per produced article. 
Deviations from the standard will also be easy to identify and fix since all withdrawals are registered in the 
database. 
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7. Conclusions 
The concluding chapter of this report presents a summary of the findings from the study. The research questions are answered, 
followed by a discussion on the limitations of this study and possible future research. 
 
The purpose of this thesis was to investigate when it would be beneficial for a heavy-vehicle manufacturer to 
achieve a consumption-driven system for ordering machining tools. The main research question that was 
posed to fulfill the purpose was: What incentives exist for heavy-vehicle manufacturers to adopt a consumption-driven 
inventory control system for machining tools?  Three sub-questions were derived from the main question and were 
answered by conducting a case study at Scania Transmission Machining in Södertälje, Sweden. By answering 
these questions, the incentives that exist for heavy-vehicle manufacturers to adopt a consumption-driven 
inventory control system for machining tools were identified. 
 
RQ1: How efficient are current inventory control systems employed by the heavy-vehicle 
manufacturer? 
The survey of lead-time coverage showed that the inventory levels at DX are currently far from the optimum. 
From the results of this study it is clear that a large portion of tools had inadequately low inventory levels in 
2014, resulting in periods of shortage and low tool availability in stock. In addition, a major part of the tools 
included in the survey on lead-time coverage showed excessively high inventory levels, sometimes translating 
into over 2 000 days of inventory, given a stable rate of consumption. These tools thus stand for another kind 
of inefficiency, namely excessive inventory holding. 
 
The subsequent series of interviews with process planners facilitated the identification of the underlying 
reasons for why the inventory balances had developed the way they did in 2014. A diagnosis of the inventory 
control situation was then carried out, which meant that issues were mapped into an overarching matrix, 
summarizing all current problems and inefficiencies. The main problems identified are that the control 
parameter values, which are the determinants of the inventory level, are not currently being updated on a 
systematic basis. In practice, control parameter values are only updated when a shortage occurs. However, if 
no stockout occurs, the control parameters are not revised.  Furthermore, there is currently no standardized 
tool or detailed instruction for how control parameters are to be determined, which means that each process 
planner relies on individually developed computational methods or simple estimations of experience when 
determining control parameter values. 
 
The study gives enough ground to reach the conclusion that the current inventory control system has a large 
potential for improvement since the efficiency is low. Therefore a new layout of the inventory control for 
tools which have been denoted non-reconditioned tools, i.e. tools that are not subject to any life-prolonging 
processes, has been proposed. This layout includes the incorporation of a software for automated calculation 
of control parameters and the transfer of responsibilities from process planners to the line supervisors. As for 
the other main category of tools, i.e. reconditioned tools, a similar solution has been discussed which in addition 
involves establishing an information channel between the sharpening unit, i.e. the unit where tools are 
resharpened, and the new database Maximo. A computational model, based on the number of resharpenings, 
has also been discussed as a possible future model. 
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RQ2: How can the heavy-vehicle manufacturer achieve a consumption-driven inventory control 
system? 
In this study, simulations of an inventory control system with continuously updated control parameters has 
been tested on a number of tools used in the production of metal gear components. The updated parameter 
values have been calculated in accordance to the prevailing body of theory on inventory management and 
have been updated when the demand, i.e. the withdrawn amount has changed over time. The results show 
that the model that was tested and used in the simulations would indeed work as a tool for achieving a 
consumption-driven control system. Overall, the simulations have yielded results with lower levels of 
inventory and thereby lower holding cost. In addition to this, the number of days of shortage was lower in the 
simulations than in the real case at the company in the case study. 
 
Within the scope of this study was also an investigation and evaluation of tool-cabinet solutions as a means of 
achieving a consumption-driven inventory control system. There are many potential benefits with this type of 
solution. The cabinets could be helpful in leveling the flow of tools to the production facilities with 
restrictions on withdrawals, increased awareness of the cost of tools etc. They would also enable a better 
documentation of the transactions and the consumption of tools with the possibility to derive deviations to 
specific production lines for instance. One of the suppliers of tool cabinets also offers a software for their 
cabinets that contains a computational model which can calculate updated control parameter values based on 
changes in the consumption patterns. 
 
RQ3: What can the case company gain from implementing a consumption-driven inventory control 
system? 
Building on the simulated inventory level for the tools investigated, the total savings were estimated in order 
to provide the potential monetary gains which can be realized through the implementation of a consumption-
driven system for ordering tools. There are many potential gains that may come from the transition to a 
consumption-driven inventory control system and away from the current state of affairs. The case company 
would reduce their yearly inventory-related costs for non-reconditioned tools by at least 30 percent, which in 
monetary value amounts to around 1 million SEK per year.  
 
Another benefit that would come from a more structured and consumption-driven inventory control system 
is a higher service level for the production lines in terms of tool availability. There should be fewer shortages 
over time and a more stable and reliable supply of tools. The process planners could be relieved of the 
responsibility for updating control parameters for some of their tools if this responsibility were instead 
transferred to production-line supervisors. The supervisors could bring additional information since they are 
working close to the actual points of consumption. Furthermore, they have the responsibility for minimizing 
the costs incurred in the production and should therefore be motivated to reduce the cost of tools. 
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7.1. Main Research Question 
The main research question posed in this study was: 
 
What incentives exist for a heavy-vehicle manufacturer to adopt a consumption-driven inventory control system for machining 
tools? 
 
This question has been answered in the three sections formed by the research questions as presented above. 
The combined answers to these questions constitute the findings from this research and represent the 
incentives for adopting a consumption-driven inventory control system for machining tools. The answers to 
the first research question show that the current state is far from a theoretical optimum and therefore, there is 
room for improvement which is an important part of the case company’s strategy. This finding itself should 
be interpreted as an incentive to implement a consumption-driven inventory control system. The answers to 
the second research question imply that it would indeed be possible to base the order placement on the 
consumption of tools at the case company. A possible approach which would involve the incorporation of a 
tool-cabinet solution has been discussed and could serve this purpose. Knowledge in the state of the art of 
inventory control systems and their implementation should be a prerequisite for wanting to adopt such a 
system. Lastly, the answers to the third research question show that there are potentially substantial monetary 
savings as well as additional benefits that motivate the adoption of a consumption-driven inventory control 
system for machining tools.  
 

7.2. Implications on Sustainability 
The main focus of this study has not been placed explicitly on sustainability, but the conclusions drawn from 
the research do have some implications on the different aspects of sustainability if they are implemented by 
Scania CV AB. When talking about sustainability, it is necessary to have a common basis for what the concept 
comprises. The most accepted definition of sustainable development comes from the Brundtland Report 
(Bapir and Varatharajah, 2014), which defines sustainable development as “the development that meets the 
needs of the present generation without compromising the ability of future generations to meet their own 
needs” (Brundtland, 1987). From this definition, the most commonly used interpretation of the concept of 
sustainability has emerged. This interpretation contains three aspects which are equally important when it 
comes to sustainable development, namely economic, social and environmental sustainability. (Bapir and 
Varatharajah, 2014) 
 
The conclusions drawn from this research can be connected to the economic aspect of sustainable 
development since they are aimed at reducing costs of operations. By reducing costs through the reduction of 
waste in the form of excessive inventory, companies can increase their competitiveness and thereby ensure 
profitability in the long-term perspective. Reducing waste through continuous improvements is in itself a way 
of achieving long-term profitability and the findings presented in this report should be seen as a means of 
achieving continuous improvement if implemented. The findings presented in this report would also increase 
the standardization of processes if implemented and thus enable further improvements. 
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7.3. Limitations and Future Research 
This research has been focused on the inventory control for tools at the heavy-vehicle manufacturer Scania 
CV AB in Södertälje, Sweden. The findings should be generalizable at least to other vehicle manufacturers 
since the priorities regarding the availability of tools appear to be similar within the industry. These underlying 
priorities lead to the neglect of waste-minimizing inventory control policies and are likely to be found at other 
companies where machining processes are utilized as well as within the heavy-vehicle industry. A possible 
continuation of this study could be to investigate the inventory control systems and inventory levels of tools 
outside of the case company. It would also be of interest to test the simulation program on a larger sample of 
tools and develop it for items where the demand patterns are distributed differently.  
 
Another area where future research could be undertaken in order to build on the findings from this study is 
the inventory control system for tools that are reconditioned during their lifetime. This research has included 
some ideas about changes that could be made in order to improve the current state and possibly reduce the 
inventory-related costs. However, it is necessary to test these concepts in practice and thereby evaluate their 
validity. It would also be valuable to quantify the potential savings from the introduction of a consumption-
based system for these tools. 
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Appendix A. Normal Distribution Table for S1 
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Appendix B. Normal Distribution Table for S2 
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Appendix C. Excerpt of Pareto Analysis of Withdrawals  

 
  

Category Withdrawn
volume

Accumulated
volume

Accumulated
%

Category Accumulated share
of categories

ABC

SKÄR 94306 94306 72% 1 0,6% A
ROTERANDE FIL 3575 97881 75% 2 1,3% A

BORR 3535 101416 78% 3 1,9% A
SLIPSKIVA 3341 104757 80% 4 2,5% A

STICKSTÅL SPECIAL 3285 108042 83% 5 3,2% A
FRÄSSTÅL 2570 110612 85% 6 3,8% A
STICKSKÄR 1960 112572 86% 7 4,4% A

HENINGSRING 1549 114121 87% 8 5,1% A
CBN SKÄR 1199 115320 88% 9 5,7% A

KLAMPSKRUV 1146 116466 89% 10 6,3% A
KAPSKIVA 979 117445 90% 11 7,0% A

DUBBHÅLSBORR 927 118372 91% 12 7,6% A
PINNE 921 119293 91% 13 8,2% A

GRADFIL 742 120035 92% 14 8,9% A
KLACK 684 120719 92% 15 9,5% A

PINNFRÄS 674 121393 93% 16 10,1% A
HM BORR 445 121838 93% 17 10,8% A

HÅRDMETALLFRÄS 430 122268 94% 18 11,4% A
GRADVERKTYG 415 122683 94% 19 12,0% A

BORRSPETS 387 123070 94% 20 12,7% A
SKÄRHÅLLARE 383 123453 95% 21 13,3% A

TAPP 367 123820 95% 22 13,9% A
BORRKRONA 323 124143 95% 23 14,6% A
GÄNGTAPP 292 124435 95% 24 15,2% A

UPPRYMNINGSVERKTYG 282 124717 96% 25 15,8% A
SPÄNNHYLSA 271 124988 96% 26 16,5% A

HÅRDMETALLPLATTA 271 125259 96% 27 17,1% A
BRYNE 255 125514 96% 28 17,7% A

DIAMANTFIL 225 125739 96% 29 18,4% A
GRADSKIVA 210 125949 96% 30 19,0% A

HÅLSLIPSKIVA 205 126154 97% 31 19,6% A
BITS 195 126349 97% 32 20,3% A
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Appendix D. Excerpt of Pareto Analysis of Lead Time 

 

Category Lead time Accumulated
lead time

Accumulated
%

Category Accumulated share
of categories

ABC

DRAGDRIFT/SPIRALSKUREN 215 215 3,1% 1 0,6% A
DRAGDRIFT 158 373 5,4% 2 1,3% A

DRAGBROTCH 143 516 7,5% 3 1,9% A
FRÄSSTÅL 131 647 9,4% 4 2,5% A

PROFILRIVARE 110 757 11,0% 5 3,2% A
TRYCKHJUL 107 864 12,5% 6 3,8% A

FASVERKTYG 101 965 14,0% 7 4,4% A
SPÄNNBACK 92 1056 15,3% 8 5,1% A

ADAPTERFLÄNS 91 1147 16,6% 9 5,7% A
RIVAXEL TOPP 84 1231 17,8% 10 6,3% A

RIVAXEL 83 1314 19,0% 11 7,0% A
HÄSTSKO 80 1394 20,2% 12 7,6% A

LAGERBUSSNING 80 1474 21,4% 13 8,2% A
SHOTPEENINGSFIXTUR 77 1551 22,5% 14 8,9% A

TÄCKLOCK 77 1628 23,6% 15 9,5% A
SKÄRHJUL 75 1703 24,7% 16 10,1% A

DRIVENHET 74 1777 25,7% 17 10,8% A
GZ DYKSKAVHJUL 74 1851 26,8% 18 11,4% A

GRADSKIVA 74 1925 27,9% 19 12,0% A
UPPRYMNINGSVERKTYG 72 1997 28,9% 20 12,7% A

HENINGSRING 72 2069 30,0% 21 13,3% A
FILSKIVA 71 2140 31,0% 22 13,9% A

GRIPFINGER AXEL 71 2211 32,0% 23 14,6% A
DUBBHÅLLARE 71 2282 33,1% 24 15,2% A

DIAMANTHÅLLARE 71 2353 34,1% 25 15,8% A
SKAVHJUL 70 2423 35,1% 26 16,5% A

INDIKERINGSHJUL 70 2493 36,1% 27 17,1% A
PALETT 70 2563 37,1% 28 17,7% A

BORRSPETS 69 2632 38,1% 29 18,4% A
CBN-SLIPSKIVA 69 2700 39,1% 30 19,0% A

ANSLAG 68 2768 40,1% 31 19,6% A
CENTRUMBORR 67 2835 41,1% 32 20,3% A
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