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Abstract 

Increasing requirements from customers as well as shareholders cause the need for better 
production control, lower WIP and better customer service. The CONWIP system is a 
production control system that facilitate decreased WIP and more control. Previous studies on 
the CONWIP system have mostly been treating mathematical models in simulations and they 
therefore lack an in-depth analysis of the practical aspects of using the CONWIP system in a 
real-life setting. This study contributes with an in-depth analysis that identifies the factors that 
are making it challenging to use a CONWIP system. 
 
The basis for which the analysis of this study is built on is data collected at a case object. Data 
was collected by interviews, observations and measurements at one production line of the case 
object’s factory where the CONWIP system was used to plan production. The chosen case 
object was GKN Driveline AB in Köping, Sweden, a factory producing drivelines to the 
automobile industry. 
 
The key findings from this study include factors that make it challenging to use a CONWIP 
system. The factors are all related to the challenges of handling Different Lead Times, 
Unknown Lead Times, Variability in Lead Times and Bottlenecks. These are all derived from a 
theoretical framework that is developed in Chapter 4.1 Framework – Result from Literature 
Review. For a more detailed list on the findings from this study, see Chapter 6.1 Summary. 
 
 
 
 
 
 
 
 
 
Keywords: Constant Work in Process (CONWIP), Manufacturing Industry, Material 
Requirement Planning, Production Control System, Pull Production System, Work In Process 
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Sammanfattning 

Ökande krav från kunder såväl som aktieägare har skapat ett behov av bättre 
produktionskontroll, lägre PIA och bättre kundservice. CONWIP är ett 
produktionskontrollsystem som främjar minskad PIA och mer kontroll. Tidigare studier om 
CONWIP-system har för det mesta endast behandlat matematiska modeller i simuleringar och 
de saknar därmed en djupanalys av de praktiska aspekterna i att använda ett CONWIP-system i 
en verklig miljö. Den här studien bidrar med en djupanalys där faktorerna som försvårar 
användandet av ett CONWIP-system identifieras. 
 
Analysen i den här studien bygger på data insamlad hos undersökningsobjektet. Data samlades 
in genom intervjuer, observationer och mätningar på en produktionslina hos 
undersökningsobjektet där CONWIP-systemet användes för att planera produktionen. Det valda 
undersökningsobjektet var GKN Driveline AB i Köping, en fabrik som producerar drivlinor till 
fordonsindustrin. 
 
De huvudsakliga undersökningsresultaten i den här studien täcker in de faktorer som försvårar 
för användandet av ett CONWIP-system. Samtliga faktorer är relaterade till svårigheterna i att 
hantera olika ledtider, okända ledtider, varierande ledtider och flaskhalsar. Dessa har alla 
härletts från ett teoretiskt ramverk som utvecklats i kapitel 4.1 Framework – Result from 
Literature Review. Se kapitel 6.1 Summary för en mer detaljerad redogörelse av 
undersökningsresultaten från den här studien. 
 
 
 
 
 
 
 
 
 
Nyckelord: Constant Work in Process (CONWIP), Tillverkningsindustri, 
Materialbehovsplanering, Produktionskontrollsystem, Pull-produktionssystem, Produkter i 
arbete (PIA) 
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1 Introduction 
This introduction chapter start by presenting the background for the problem this study intends 
to study, followed by the problem formulation, purpose and research question of this study.   
 

1.1 Background 

The manufacturing industry is characterised by ever increasing requirements from both 
investors and customers. As a result of the globalisation and deregulated markets, companies 
are now experiencing a tougher competitive environment where they are competing for the 
same customers on a global scale. In order not to lose market shares it has become more 
important for companies to meet customers’ demands (Petersson, et al., 2012). Customers are 
now, on a larger scale than before, demanding products with a high degree of customisation 
(Deloitte, 2015). To adapt to this demand, companies need to have a more flexible production in 
terms of the ability to handle both short and long term changes in customer demand. Additional 
to demand for customisation, customers are also demanding higher deliverability and shorter 
delivery times. This has created complications to the conventional production strategy, as 
instead of striving to achieve as low production costs as possible, the strategy is now aimed at 
fulfilling the demands for flexibility (Olhager, 2013). Despite increased demand of flexibility 
and customisation, customers are not willing to pay extra (Deloitte, 2015). 
  
To achieve a higher flexibility while keeping the production costs low, companies usually strive 
to keep a high production line utilisation and large inventories (Olhager, 2013). In a short-term 
view, this strategy imply that the company will be able to deliver products fast to customers 
since the product is made-to-stock, waiting in inventory or being almost finished. 
Unfortunately, larger inventories also mean a larger amount of tied up capital and a longer 
throughput time due to that products are kept in inventory for a longer period. Moreover, the 
problems with higher inventory levels and Work In Process (WIP) tend to be ignored due to the 
fear of losing customer loyalty when failing to deliver products on time. The fear of missing 
deliveries often overshadows the benefits from reduced inventories. Longer throughput times 
result in lower capital turnover rate. In turn, the turnover rate is proportional to company’s 
profitability (Olhager, 2013). This dynamic with affect to profitability have caught investors’ 
and shareholder interest, who naturally demands companies to address this problem (Petersson, 
et al., 2012). 
  
A well-known principle for reducing WIP is the Just-In-Time (JIT) principle (Petersson, et al., 
2012). Edward’s (1983) interpretation of JIT can be concluded as the impossible challenge of 
achieving instantaneous production with zero lead time and zero inventory. This impossible 
challenge is a reason to the Lean philosophy mantra of continuous improvements in an ever-
improvable environment. The general idea of JIT is to get rid of different types of waste such as 
buffers, inventory and overproduction, by delivering the right product at the exact right time. 
JIT advocates a pull system where products are pulled through the production processes, 
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answering to actual demand, which enables companies to produce the exact right product at the 
exact right time. Since the first introduction of JIT, several procedures and frameworks for pull 
systems have been frequently used. One of these systems is Constant Work In Process 
(CONWIP). CONWIP has been subject to many studies and according to theory it is a simple 
system to use. Unfortunately, companies’ real situations are normally more complex than what 
is described and assumed in theory, which cause companies having problems when using this 
system, consequently missing out on advantages. As with other systems used on a widespread 
scale in industries across the world it is an ever-occurring challenge to approximate real-life 
settings by identifying the most critical factors that can be used as guiding aspects for focus 
when trying to tame the complex circumstances of real-life settings.  
  
As an example on a real-life setting where a company is facing the challenges mentioned, this 
study examine GKN Driveline AB in Köping, Sweden. GKN is a company that has been 
implementing the JIT-principle as well as the CONWIP system in its factory. The factory is 
manufacturing drivelines for automobiles and have a customer base including large automobile 
manufacturers such as Volvo, Fiat and Porsche. 
 

1.2 Problem Formulation 

Customers’ increasing demand for customised products and higher deliverability combined with 
investors’ and shareholders’ demand for increased profitability have put the companies within 
manufacturing industry in a challenging situation. The manufacturing industry is now forced to 
work towards a more flexible production while at the same time avoiding negative impact on 
profitability (Petersson, et al., 2012). To handle this situation, companies uses JIT systems such 
as CONWIP. CONWIP is a commonly used system for reducing WIP and have been a subject 
for research in many studies. However, companies’ situations tend to be more complex than 
described in theory, which makes it difficult to comprehend and handle the gap between theory 
and the real-life settings where CONWIP systems are used. 
 

1.3 Purpose 

The purpose of this master thesis is to contribute with empirical findings on the gap between 
theory and real-life settings using the CONWIP system. In particular, the aim was to create an 
understanding for the factors being a challenge when using a CONWIP system in a factory. 
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1.4 Research question 

RQ: What are the major factors making it challenging to use a CONWIP system in a 
factory? 
  
SQ 1: In theory about CONWIP systems, what are the major factors making it challenging to 
use a CONWIP system? 
SQ 2: In a real-life setting using the CONWIP system, how are the major factors from theory 
affecting the usage of the CONWIP system?  
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2 Literature Review 
Already in 2003 Ryan & Choobineh (2003) identified the need for further research to 
understand pull systems, like the Constant Work in Process (CONWIP) system, in a complex 
multi-product environment. Recent studies conducted by Romagnoli (2015), Thürer et al. (2017) 
and Jodlbauer & Huber (2008) proves that CONWIP still is an interesting subject for research. 
These studies are carried out by developing new mathematical models which are used for 
performance simulations in complex settings representing real-life settings. However, the 
complexity of real-life settings consists of more aspects than the simulations can handle and 
therefore the simulation settings needs simplification in order for the mathematical models to 
work. Moreover, the literature about CONWIP systems lacks empirical explanations on how 
these real-life aspects are affecting the usage of a CONWIP system. In this literature review, 
research studies have been read to attain a comprehensive understanding of the concept of 
CONWIP. Additionally, research studies including simulation models have been studied to 
obtain an in depth understanding for where the theoretical frontier is in relation to the aspects 
of real-life settings. 
 
Keywords used in this literature review: CONWIP, CONWIP-Hybrid, CONWIP Complexity 
CONWIP limitations.  
 

2.1 Constant Work in Process, CONWIP 

Krajewski et al. (1987) claimed that environmental improvements, such as shortening lead times 
and increased worker flexibility to individual machines have a bigger impact to production 
performance than improvements to material flow has. Other authors, such as Roderick et al. 
(1991), proved that material planning has a greater impact to production performance than 
performance improvements with individual machines has. Then there are authors claiming that 
the truth of what has the greatest impact to production performance is a combination of 
improvements to individual machines and material planning. Hopp & Spearman (2008) argued 
that a rigid production control combined with production monitoring is a prerequisite for 
conducting accurate improvements that will become persistent. In this chapter, theory behind 
the CONWIP system as a material planning system is described as a planning system essential 
for decreasing WIP along a production line of a factory. 
  
CONWIP is a method for controlling the production by levelling the production to a specific 
WIP level. A CONWIP system controls the WIP and observes the throughput, in an area limited 
to a so called CONWIP loop, see Figure 2.1 where the dashed arrows mark the loop (Hopp & 
Spearman, 2008). Hence, the benefit of CONWIP is that the current WIP always is observable 
on the shop floor, and therefore it eases the control of the production line’s performance. The 
Kanban method, where each station has a fixed recommended WIP level, can be seen as the 
more commonly used predecessor to CONWIP (Hopp & Spearman, 2008). CONWIP is a 
simplified Kanban system where the areas of destined WIP levels covers more than one 
workstation (Romagnoli, 2015). Just as with Kanban, the CONWIP system aims at releasing a 
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new job into workstations as soon as another job is finished, always aiming at keeping WIP 
levels on a constant level. Though, when a production line is not just made up out of a single 
route, when there are different types of articles with different routes, different process times or 
different batch sizes, the planning as well as operations get complicated (Romagnoli, 2015). 
  

 
Figure 2.1 Example of a CONWIP system. (Hopp & Spearman, 2008)  

Although the CONWIP system can be defined as a pull system, where material is pulled into the 
production line when there are available WIP slots, it acts like a push system within the 
production line on all of the downstream stations to the first one (Hopp & Spearman, 2008). 
  
Hopp & Spearman (2008) recommends a First in System First Out (FISFO) prioritisation 
between workstations in the CONWIP loop in order to facilitate a predictability on when orders 
are to be finished as well as for facilitating a smooth flow. With a FISFO prioritisation, orders 
will be kept together, facilitating not only a smooth flow but also eases the prediction of when 
an order will be finished. Although, in long CONWIP loops, situations might occur when it will 
be favourable to expedite certain orders ahead of other orders. Natural passing points for orders 
are at buffers. A consequence from expediting orders at passing points is that the variability in 
lead times increases and so does the unpredictability of when orders will be finished. 
  
At the first workstation of the CONWIP system, the order point is placed where orders of 
products are released onto the production line, occupying WIP slots in the CONWIP system 
(Hopp & Spearman, 2008). Where the order point is placed has implications to the flexibility 
and efficiency of the production line. The closer to the shipping point the higher the efficiency 
in delivering orders to customers quickly, but the lower the flexibility since there will be WIP 
tied up in the system upstream to the CONWIP ordering point. Consequently, it is possible to 
combine changes in products and production with relocation of the order point in order to 
achieve improved customer service by shorter lead times or higher flexibility. 
  
In a factory with a single production line with a single article family and a single-routing for the 
article family, the CONWIP system works as described above without any further complexity. 
In order to maintain the specific WIP level, it is advisable to use physical cards or containers 
that follows or carry the products (Hopp & Spearman, 2008). In that way, it is just when there 
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are available cards or containers at the order point that material will be released onto the 
production line. 
  
“The simplest plant to manage is one with separate routings and distinct, steady bottlenecks. 
Any departures from this only serve to increase variability, congestion, and inefficiency.” – 
(Hopp & Spearman, 2008) 
  
For more complex production systems where there are several production lines, intersecting 
routes, many article groups with different routes or cycle times, a CONWIP system can still be 
adapted to handle this environment. Though, Hopp & Spearman (2008) emphasise some 
preconditions that needs to be fulfilled: 

• Different routings should be grouped into a smaller number of product flows. In 
turn, each product flow should be assigned to as individual CONWIP loops with 
individual WIP levels. Remaining differences between articles in the same CONWIP 
loop will result in higher WIP and variability, though at lower WIP levels than of a 
basic CONWIP system that covers the complete production line. 

• A balanced loop length. The larger the area, the harder it is to control. Also, in a large 
area the WIP level will be set high, which can result in excessive accumulation of WIP 
at certain points on the production line. For long production lines the recommendation 
is to divide it into tandem CONWIP systems, see Chapter 2.4 Tandem CONWIP Loops. 

• Measure WIP. In order to achieve a well-balanced WIP level, it is of help to be able to 
keep track of the actual WIP since articles with different lead times will require 
different WIP levels. The recommendation is to measure the time required at the 
bottleneck workstation and derive an appropriate WIP level from that. 

  
Also, Jodlbauer & Huber (2008) emphasise that complex production layouts have to be 
fragmented into shorter CONWIP loops. 
  
Romagnoli (2015) argue that the performance of a CONWIP system is affected by the level of 
flexibility of the production line. Furthermore, Romagnoli (2015) stated that the characteristics 
for a flexible production line includes that: 

• Each job has different routings 
• Different workstations have different ability to perform operations on different jobs 
• The processing time is different between jobs 
• The workflow can go in different directions but has one dominant direction 

  
These factors increase the variation in production which in turn increase variation in lead times. 
Thürer et al. (2016) state that CONWIP systems performs best under conditions of low 
variability in routings and lead times because that does not support load balancing and therefore 
it increases the risk for blockings on the production line. 
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Hopp & Spearman (2008) argues that being able to define and foresee a product’s lead time 
running through the CONWIP system has several advantages: 

1. The sales organisation can, with feedback on lead times from production planning 
personnel, set the right expectations for customers when it comes to delivery time. 

2. Different scenarios for production scheduling when combining different articles and 
WIP levels on the production line can be predicted and planned for. 

3. Helps when developing better prioritisation algorithms for a release list. 
  

2.2 CONWIP Level 

The WIP level for each article in the CONWIP system have to be levelled for optimum 
performance on the production line (Hopp & Spearman, 2008). A too low WIP level result in 
decreased throughput, and a too high WIP level result in excess queues that increases the lead 
time. Hence, a fundamental rule for setting the WIP level is that it should cover demand, but not 
so much that it leads to excessive queues on the production line. A practical way to control 
whether the WIP level is on a reasonable level is to walk along the production line and locate 
excessive queues by observations. The risk for shortfall to demand will become prevalent in a 
system where WIP levels are precisely levelled according to the demand. To respond to sudden 
surges in demand or breakdowns it will require either inventory buffers or excess capacity to be 
able to catch up. In this trade-off between excess buffers or excess capacity, the Lean 
philosophy advocates excess capacity over inventory buffers (Hopp & Spearman, 2008). The 
excess capacity is usually planned for by scheduling only a proportion of one day’s 24 hours, 
leaving the rest of the day or week as a reserve. 
  
In situations of longer breakdowns on non-bottleneck workstations located downstream to the 
bottleneck, it is sensible to waive the WIP level just to keep the bottleneck from starvation 
(Hopp & Spearman, 2008). As soon the broke down non-bottleneck station is up running again, 
it will be able to catch up on the excessive production from the bottleneck, and by time the 
system will go back to the desired WIP level. 
  
In the case of several different article families with different routings and different processing 
times running in the same production line, a single fixed WIP level will not control the 
production system in a balanced way. In this case, it is advisable to set individual WIP levels for 
different articles (Prakash & Chin, 2015). The WIP levels should be adjusted higher since they 
have to account for the greater variability due to intersecting routes, shared resources and 
articles running in the same routes with different lead times (Hopp & Spearman, 2008). Again, a 
simple way to set the WIP level is to adjust it according to required processing time at the 
bottleneck workstation. 
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2.3 Release List 

An essential module for handling complex production systems with many different articles is 
the release list. The release list is basically a prioritisation list on top of the WIP level 
controlling CONWIP system, which indicate in what sequence articles should be released onto 
the production line. Hopp & Spearman (2008) present an example on a release list, which 
prioritisation algorithm can be triggered by make-to-order (MTO) signals as well as make-to-
stock (MTS) signals. The MTO signals arises directly from customer orders and the MTS 
signals arises when stock levels are signalling for replenishment, see Figure 2.2. 
  
  

 
Figure 2.2 Illustration of a CONWIP system with a release list. (Hopp & Spearman, 2008) 

The setup of a system with MTO signals that affects the release list is comparable to the setup 
where a MRP system is used as a substitute to the CONWIP system (Hopp & Spearman, 2008). 
Directly linked to specific customer orders, the MRP system controls what and how much to 
release onto the production line. The prioritisation algorithm for the release list aim to be 
adapted in a way that suit the production system and responds to customers’ demand in a 
smooth way. For a production system where the setup times are not a too significantly big share 
of the total lead time, it can be appropriate to use an earliest due date prioritisation to releases so 
that no urgent customer orders are missed. On the contrary, for a production system where setup 
times are a significantly big share of the total lead times, an algorithm can be applied that 
prioritise according to batch sizes so that setup time does not become excessive from producing 
unnecessarily many small batches. Typical information provided to operators from the release 
list are article number, order quantity, due date, expected completion time, completed jobs and 
WIP. For articles with low demand, and with batch sizes that does not allow for releases on a 
daily basis, it is useful with an earliest start date directive in the release list. 
  
MTS signals are being triggered when safety stock levels call for replenishment. Since the 
safety stock levels are dependent on the inventory on-hand as well as the inventory on-order, a 
crucial parameter for setting the right batch sizes is the lead time for a batch to go from the 
ordering point, where the release list is, to the finished goods inventory (Hopp & Spearman, 
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2008). The primary function of the finished goods inventory is to ensure fast deliveries to 
customers (Toomey, 2000). Normally, the size of this inventory is proportional to the batch size 
and the frequency of the batches’ arrivals to the inventory (Jones & Womack, 2006). Too big 
inventories are considered a waste and is often due to forecast errors and occurs when the 
production rate is higher than the customer demand rate (Toomey, 2000). 
  

2.4 Tandem CONWIP Loops 

For production lines that are too long to control as single CONWIP loops, it is recommended to 
divide these into several tandem CONWIP loops that are separated by WIP buffers (Jodlbauer 
& Huber, 2008). The buffers shall prevent the loop areas from starving when failures occur. The 
increased amount of buffers as a consequence of the division of the production line results in an 
increase of WIP and consequently increased lead times (Hopp & Spearman, 2008). Naturally, 
the more tandem CONWIP loops to the production line, the more it will behave like a Kanban 
system and inherit its disadvantages of higher WIP and more information processing. 
Disadvantages that the CONWIP system in the first place aims at avoiding. Increased 
information processing is a consequence from administration of WIP levels (Gong, et al., 2014). 
See Figure 2.3 for an overview of what a tandem CONWIP system could look like with its 
division of CONWIP loops and buffers. 
  

 
Figure 2.3 An overview of Basic CONWIP, Tandem (Multi-Loop) CONWIP and Kanban. (Hopp & Spearman, 2008)  

The trade-off between efficiency and flexibility becomes inevitable when planning for the 
CONWIP loops since decisions have to be made concerning where ordering points of the 
CONWIP loops should be located (Hopp & Spearman, 2008). 
  
To avoid CONWIP loops from excessive production when the CONWIP loop downstream acts 
like a bottleneck, the WIP level of the first loop should include the buffer upstream to the 
bottleneck (Hopp & Spearman, 2008). When including the buffer upstream of the bottleneck 
there is a limit to the amounts of WIP that can accumulate in the buffer. On the contrary, a 
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CONWIP loop that acts like a bottleneck in relation to another CONWIP loop should not 
include the buffer downstream of the loop in its WIP level. When excluding the downstream 
buffer, the bottleneck can continue producing even when there is a longer stop on a workstation 
downstream to that buffer. With the same logic, it can be an option to totally exclude 
downstream non-bottleneck workstations from the CONWIP loops in order to avoid bottleneck 
starvation. The non-bottleneck stations can be excluded since they are able to catch up on the 
bottleneck’s excessive production. 
  
Axsäter (2015) argues there is also another reason to why a company should decouple sections 
of the production line and have intermediate buffers. Namely, to enable higher customer 
customisation while at the same time keeping a high efficiency with short lead times. 
Customisation to products often have a negative effect on production efficiency since it requires 
a flexible production that entail many machine changeovers (Olhager, 2013). 
  
When planning for locations of the buffers Toomey (2000) emphasise the importance of 
considering that the value of material in WIP and buffers is based on items’ material cost as 
well as production cost. As shown in Figure 2.4, the tied-up capital of a product increases 
further downstream the value chain as value are added along with the number of processes. This 
means that the amount of tied-up capital is larger in the inventory for finished goods than in the 
inventory for raw material given that the number of products is the same in both inventories. 
  

 
Figure 2.4 The added value for a product along a production line.   

 

2.5 Comparing CONWIP with Kanban 

The Kanban system is based on individual WIP levels, also called card counts, for each 
workstation. In its most basic setting, the CONWIP system use just one WIP level covering the 
complete production line. Hopp & Spearman (2008) argues that the Kanban system is more 
complex due to the fact that it requires more analysis when setting all individual WIP levels for 
each workstation. In extension to that, they argue that the production system using Kanban has 
to compensate the increased complexity by having a more efficient production line. Another 
consequence from using the Kanban system in an environment where you produce many 
different articles is that the system eventually will be packed with WIP due to all the cards that 
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individually have been triggering production of all sorts of articles at every single workstation 
along the production line. 
  
It is still possible to produce several different articles in a CONWIP system, even though there 
are no individual WIP levels for workstations, but with modification to the CONWIP system in 
its basic setting. CONWIP in its basic setting does not set WIP levels for different types of 
articles, instead it has one overall WIP level for the complete CONWIP loop area. In the case of 
individual WIP levels for articles, Hopp & Spearman (2008) emphasise the use of a release list. 
  
As shown in Figure 2.1, the CONWIP system take the whole production line into account for its 
WIP levels, which result in that the signalling for when products are finished travels directly to 
the ordering point at the start of the CONWIP loop. In a Kanban system, the signals have to 
travel by triggering all the Kanban cards at each workstation on the way up to the start of the 
production line. Consequently, the CONWIP system is quicker and more flexible than the 
Kanban system (Hopp & Spearman, 2008). The Kanban system is a pure made-to-stock system 
where articles reach the finished goods inventory as soon as it is asked for from the last 
workstation. Though the delivery of a complete order can take longer than with a CONWIP 
system. Theoretically there is zero lead time in the Kanban system since a product can be 
delivered to the inventory as soon as asked for, while the CONWIP system’s lead time include 
the time for an article to travel the complete CONWIP loop area. 
  
In the Kanban system, it is the upstream workstations that are affected by downstream failures 
since if a machine fails in a Kanban system, the upstream processes will not receive any Kanban 
cards from the failing machine and a stop to the upstream machine will occur (Bonvik, et al., 
1997). With the CONWIP system there are failures upstream that affects the workstations 
downstream. 
  
Considering people issues it is clear that the Kanban system puts more stress to employees than 
the CONWIP system does (Hopp & Spearman, 2008). With the Kanban system, the operators 
controlling workstations have to handle all the Kanban cards and make sure they are 
instantaneously triggering releases from upstream workstations. Handling Kanban cards 
becomes extra stressful in a system with different cards for different articles at each 
workstation. In a CONWIP system there are less stress to people at the bottlenecks since WIP 
will gather in front of the workstation by itself thanks to the overarching WIP levels, and the 
bottlenecks will be kept from starvation. 
  
To conclude, the CONWIP system is a better and more simple system to use than Kanban when 
wanting to achieve low WIP and high throughput on a production line where you have a variety 
of articles to produce (Bonvik, et al., 1997). 
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2.6 CONWIP - Kanban Hybrid 

A CONWIP-Kanban hybrid system use CONWIP’s comprehensive WIP levelling combined 
with local Kanban systems that controls the individual workstations within the CONWIP loop 
(Bonvik, et al., 1997). As shown in Figure 2.5, an order will only be released at the first 
workstation by being triggered by both a Kanban card and a CONWIP WIP level allowance. 
 

 
Figure 2.5 Example of a CONWIP-Kanban hybrid system. (Geraghty & Heavey, 2004)    

A CONWIP-Kanban hybrid system is functioning like a CONWIP system but where there is a 
bottleneck or if a failure occurs, there are local Kanban systems between workstations that with 
WIP levels will constrain the local WIP and prevent the formations of larrge queues (Bonvik, et 
al., 1997). Simulations conducted by Bonvik et al. (1997) and Geraghty & Heavey (2004) 
shows that the hybrid system outperforms the Kanban system as well as the CONWIP system in 
terms of achieving highest throughput and lowest WIP levels at a given service level. 
Furthermore, the advantages over Kanban systems increases with the number of processes and 
higher demand on service levels. Advantages over CONWIP systems increases with demands 
on system utilisation (Bonvik, et al., 1997). However, Gaury et al. (2000) emphasise that the 
results from simulations of these systems are dependent on the specific circumstances occurring 
during the simulations. 
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3 Methodology 
The methodology chapter starts with a presentation and description of the research design. 
Following the research design is a description of the data collection, how data have been 
collected and what type of data that has been collected. After Data Collection, the logic behind 
the data analysis is presented. At the end of the methodology chapter, the quality of this study is 
discussed in terms of validity, reliability and ethics. 
 

3.1 Research Design 

The purpose of this master thesis was to contribute with empirical findings on what the 
challenges are of using a CONWIP system. Since we aimed at an in-depth understanding of the 
complex circumstances and situations with the case object, we took on an approach of a 
qualitative case study where a real-life setting was examined (Denscombe, 2014; Voss et al, 
2002). An appropriate case object that could be observed in its natural setting was found, where 
theory could be understood by observing theoretical models in action. The research approach 
was deductive, theories were being assessed in real-life settings rather than as with an inductive 
study where theories are being used to describe phenomenon in real-life settings (Wacker, 
1998). The structure of the research approach is depicted in Figure 3.6.  
  

 
Figure 3.6 Representation of the research process used in the thesis.    

A literature review was conducted with the purpose of describing the CONWIP model we were 
ought to assess, as well as for building a theoretical framework on what to direct awareness to 
when conducting the empirical data collection. The deductive approach resulted in the use of 
theory from the literature review for assessing a real-life setting (Voss et al, 2002). 
  
Continuous meetings with our supervisors from KTH and GKN were held throughout the whole 
study. During these meetings, we discussed our progress and how to handle the challenges that 
occurred. Additionally, we participated in seminars, held by the examiner from KTH, where we 
discussed our study with other master thesis groups, giving feedback on each other’s works and 
exchanging experiences. To keep track of progress, planning ahead as well as to remember 
important details, we kept a daily journal throughout the complete study. 
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3.2 Case Study Object 

A data collection was conducted in the real-life setting of the manufacturing company GKN 
Driveline AB, which we refer to as the case object. The case study that was carried out 
consisted of visits to GKN Driveline AB’s factory in Köping and complemented with 
interviews and observations also at two comparable factories. The real-life setting had to be as 
authentic and representable for contemporary manufacturing industries as possible. A case 
object fulfilling these requirements was GKN Driveline AB’s factory for drivelines in Köping. 
Here a highly-automated production system producing a vast variety of high quality products 
was found. Also, the case object had been enduring the test of time and transformed from a 
typical single article, manual metal machining, job workshop layout factory, into a multi-
product, flexible robotic, cell layout factory. A company with this history of evolutionary 
modernisation gave access to experienced employees that contributed to an exhaustive and 
comprehensive data collection. 
  
The production line chosen for examination at the factory was the one by GKN’s managers 
considered as the most appropriate for this kind of study. The production line they chose was 
the metal machining processes of pinions. The managers based their decision on that the 
production line in itself acted as a pacemaker for the whole factory, and that the current 
production performance was high there. The relative high production performance with the 
assessed production line would in turn increase the probability of that improvement changes to 
that production line would spread and be adoptable to other parts of the factory. 
 

3.3 Data Collection 

The data from GKN was collected through observations on the shop floor, interviews and 
acquired secondary data from GKN’s existing data systems. These three sources of data were 
continuously layered together during the study, leading to accurate conclusions when 
triangulated with the data from other sources. The other sources for data were two companies of 
similar character as GKN. The characteristics of these sources, as well as the case object, can be 
summarised as highly automated modern manufacturing factories for machine processed metal 
components for automotive companies. Below follows thorough descriptions of the different 
methods for data collection. The result of the data collection is presented in Chapter 4 Results. 
  

3.3.1 Value Stream Mapping as a Methodical Framework 

In this study, Value Stream Mapping (VSM) was used as a fundamental framework for 
depicting the present state of the case object. VSM is a systematic tool used to improve 
productivity in production. Productivity is achieved by first creating a comprehensive overview 
of the flow of material and information, and secondly, as a measure to the mapping, eliminate 
the different types of wastes along the value stream (Lacerda, et al., 2016). Jones & Womack 
(2006) state that wherever there is a flow of material or information, VSM is a useful tool for 
identifying and eliminating waste and to achieve more efficient processes. In VSM the value 
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adding, non-value adding and supporting activities are mapped and analysed to get an 
understanding of potential improvements. The purpose of using VSM in this study was to get an 
in-depth understanding for under what circumstances the CONWIP system was used by 
mapping essential value streams and information routes. 
  
Following Sunk et al. (2016) and Jones & Womack’s (2006) four-step strategy on how to 
perform a VSM, excluding the last two steps which include future state and implementation, the 
procedure at the case object was performed as follows: 

1. Four articles to map were chosen after consultation with case object’s managers. 
Chosen articles aimed to represent the most usual process routes as well as articles’ 
different volumes. A smaller sample of VSM analyses representing the fundamental 
characteristics of the different types of articles aim to reduce complexity in the analysis 
and ease identification of cause and problem. 

2. A general understanding for all activities along the production line was created by 
interviews with employees at all levels and all workstations, complemented by 
observations. Activities were categorised and key characteristics such as cycle times, 
setup times, recurring failures and relationships to other processes were mapped. 
Queues between workstations, process times and total lead times were found by 
combining data from the material planning system software, the machine performance 
monitoring system software and a form that had been following the article’s order’s 
along the production line. On the forms the operators of each workstation had being 
filling in arrival time and departure time at each work station. A current state of the 
value stream was compiled and visualised using symbols representing all the activities. 

  

3.3.2 Observations 

The purpose of the observations was to give a contextual understanding for how theory is 
practiced in a real-life setting, under what circumstances theory works in practice and to identify 
the factors affecting the usage of a CONWIP system in a factory. 
  
By close collaboration with GKN we had free access to their office building as well as their 
shop floor. On a casual basis, we could enter the shop floor to talk to employees or just walk 
along the production line taking notes. Consequently, the close collaboration with employees 
led to a lot of informal conversations (Voss et al., 2002). These informal conversations can be 
described as observations rather than interviews since there were no strict agenda set for these 
interactions. We also had direct access to relevant data systems such as their intranet, the 
material planning system software and the machine performance monitoring system software. 
When requested, additional aggregated data was provided to us on file from employees. 
  
Observations at the two comparable companies were carried out during single visits to their 
shop floor. In order for us to conduct a structured comparison, a template with questions based 
on the observations done at GKN was concluded and brought to the visits. The template 
functioned as a guideline both for visual observations and informal conversations with 
employees. 
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Field notes were taken on all occasions for observations. The field notes were later used when 
writing the report. Summaries of certain scenarios and processes that were particularly complex 
or detailed were written down in between observations and report writing. 
 

3.3.3 Interviews 

Observations were a good means for creating a general understanding of how operations on the 
shop floor worked. For us to better understand in-depth how decisions were made, relationships 
between processes and other underlying structures for the production, it was necessary to 
conduct well prepared interviews with employees. The focus was to obtain an understanding for 
how employees handled their daily work tasks as well as unforeseen events and failures. These 
interviews were held both at case object and the two comparable companies. 
  
At the case object GKN, an in-depth understanding for how the production line worked was 
required. Hence, we interviewed employees at all levels of the organisation. The different roles 
interviewed are presented in the Appendix. At GKN 51 interviews were conducted with 27 
different employees. Some of the meetings with employees can be defined as informal 
conversations, as mentioned in chapter 3.3.2 Observations. 
  
The interview questions were of semi-structured character where both unstructured open-ended 
questions and structured closed-ended questions were asked. Answers from the different sources 
were compared, and the sources’ different standpoint of views were determined. 
  
Notes were taken in order to remember everything that was said during the interviews. Taking 
notes on the valuable data given to us during the interviews still holding the interview in an 
efficient way was possible since the two of us were present at all occasions for interviews. 
  
The interviews held with the other companies had the same setup as the interviews held at the 
case object. The same questions were asked, which had the purpose of enabling data 
triangulation (Voss et al., 2002). Though, due to limited amount of time, it was not possible to 
interview employees at all levels as we did with the case object. The roles interviewed at the 
comparable companies are also presented in the Appendix. 
  

3.4 Data Analysis 

The analysis of collected data was divided into two steps. Firstly, the data from each source 
were analysed in a within-case analysis (Eisenhardt, 1989). Secondly, we looked for cross-case 
patterns in a cross-case analysis. The within-case analysis where each case was analysed 
individually aimed at creating the in-depth understanding that was necessary for an effective 
cross-case analysis. 
  
During and after each data collection a thorough documentation on the findings were conducted. 
This led to a continuous evolvement of our understanding, a continuous testing and adjustment 
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of the purpose and research questions of this study, as well as a testing of the more subtle 
hypotheses. 
  
The analysis was carried out by triangulation of theory, data from case object and data from 
comparable companies. Data triangulation reduced the risk of a biased analysis and ensured 
accurate conclusions (Collis & Hussey, 2014; Voss et al, 2002). It was desired that the 
conclusions taken in this study would help transforming already fairly modern and high 
performing production lines into an even higher performing state by considering implications to 
operations, planning and control with base in reducing WIP in a CONWIP system controlled 
factory. The data analysis is presented in Chapter 5 Analysis. 
 

3.5 Validity and Reliability 

Construct validity and external validity were assured by using multiple sources on the same 
subjects and later analysing data from the different sources by the data triangulation method 
(Yin, 1994). Construct validity was also assured by letting experienced experts on the subjects 
of this study, as well as strangers to the subjects, review this report and give feedback. Internal 
validity was assured by conducting a thorough within-case analysis. 
  
Yin (1994) emphasise that the validity and reliability of a study are highly dependent on how 
well research protocols are designed. Research protocols used in this study were the templates 
used in interviews and observations.  
  
Frequent meetings with our supervisors from KTH and GKN, as well as seminars at KTH 
increased the validity. Relationships between problem formulation, purpose, research question 
and methodology were frequently reviewed. 
  
A thorough documentation and analysis, as well as direct access to primary data in the case 
object’s facility, contributed to high reliability. Though, a quantitative study based on surveys 
etcetera, would be considered as having more reliability than the type of qualitative study that 
this was. 
  
Generalisability was assured by interviews on all levels in the case object’s organisation as well 
as a cross-case analysis of the data gathered from all different sources. Findings from this study 
can be qualified as generalizable due to the fact that the chosen case object and the other 
sources, with their particular characteristics, were well defined throughout this report. 
 

3.6 Ethical Aspects 

A contract of confidentiality was signed with the case object GKN Driveline AB in Köping. The 
contract of confidentiality included restrictions for us not to give out any data without the 
permission from GKN. The contract of confidentiality was a precondition for us to get a 
bountiful access to the case object’s data. As agreed with GKN, as well as with the two 



 18 

comparable companies, all data presented in this report were checked and approved by them 
before this report was published. Consequently, sensitive figures, names and other details have 
been left out of this report. Names of interviewees have been left out of this report with respect 
to their personal integrity. 
  
All people that we have met throughout this study have, prior to conversations and observations, 
been informed about our purpose and intentions. The interview questions have been sent over to 
interviewees prior to interviews in order for the interviewees to feel comfortable and having the 
option of objecting any intrusive questions. 
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4 Results 
In this chapter, the results from the empirical case study is presented. In chapter 4.1 
Framework - Results from Literature Review a framework for the empirical study is developed, 
the framework is based on the findings from literature and point out the major factors that acts 
as challenges to using a CONWIP system. In the next chapter, 4.2 Empirical Background - 
Presentation of the Case Study, a brief introduction and background of the case study object is 
given. In the last chapter, 4.3 Empirical Findings, the data gathered at the case object is 
presented, using the framework from chapter 4.1. 
 

4.1 Framework – Result from Literature Review 

This chapter aim to develop a framework based on the findings from literature on what the 
factors are that makes it challenging to use a CONWIP system. Developing this framework will 
answer sub-research question one: 
 
SQ 1: In Theory About CONWIP Systems, what are the Major Factors Making It Challenging to 
Use a CONWIP System? 
 
Here follows a conclusion on which the major factors are that according to theory makes it 
challenging to use a CONWIP system: 

• Different Articles. Manufacturing more than one article result in different routes, 
process times and batch sizes (Romagnoli, 2015, Hopp & Spearman, 2008, Prakash & 
Chin, 2015). 

• Different Routes. Each job can take different routings from time to time (Romagnoli, 
2015, Hopp & Spearman, 2008, Thürer, 2017, Prakash & Chin, 2015). 

• Intersecting Routes. Jobs simultaneously being processed on the production line 
collide (Hopp & Spearman, 2008). 

• Different Lead Times. Jobs have different lead times (Romagnoli, 2015, Hopp & 
Spearman, 2008, Prakash & Chin, 2015). 

• Different Process Times. Different articles have different routes and processes 
(Romagnoli, 2015, Hopp & Spearman, 2008, Prakash & Chin, 2015). 

• Variability in Lead Times. The lead times vary from time to time (Hopp & Spearman, 
2008, Thürer, 2017). 

• Unknown Lead Times. Deficiencies in measurement and control (Hopp & Spearman, 
2008). 

• Different Batch Sizes. Different articles have different demands (Romagnoli, 2015) 
• Long Setup Times. Constraints to batch sizes and increased lead times (Hopp & 

Spearman, 2008). 
• Large Areas. Difficulties to control and accumulation of deviations (Hopp & 

Spearman, 2008, Jodlbauer & Huber, 2008). 
• Variability in Demand. Deviations from normal state in plans and schedule (Hopp & 

Spearman, 2008). 
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• Bottlenecks. Low capacity workstations causing buffers and constraints to flow and 
throughput (Hopp & Spearman, 2008). 

  
In their own ways, these factors make it challenging to use a CONWIP system. While the 
relationships between these factors are in no way of a single routing character there are some 
relations that are more prevalent than others. The more prevalent relationships are depicted in 
the chart in Figure 4.7. The chart aim to give a clear overview of what the factors in theory are 
and how they relate to each other.  
  

 
Figure 4.7 Visualisation of the factors affecting being challenging when using a CONWIP system.  

In Figure 4.7 furthest to the right in the fourth column of boxes, the aim for this study is 
formulated as Challenges to the CONWIP System. Challenges to the CONWIP System can be 
derived consequently from all the factors in the three first columns. These challenges increase 
the risk of failing with the purpose of the CONWIP system, which is keeping WIP to a 
moderate level with neither over production nor under production. Different Lead Times, 
Unknown Lead Times, Variability in Lead Times and Bottlenecks are all factors that result from 
other underlying circumstances. Different Articles in the first column is identified as the most 
underlying factor and a fundamental reason to why the use of a CONWIP system can become 
challenging. 
  
Different Routes, Different Process Times, Different Batch Sizes and Long Setup Times are all 
factors being direct and clear consequences of many Different Articles and causes to Different 
Lead Times. 
  
Regarding lead times, it is not just Different Lead Times being a factor that is challenging when 
using a CONWIP system, but also Unknown Lead Times and Variability in Lead Times. 
Underlying reasons to Unknown Lead Times are not described any further in theory of this 
study, but its impact is argued. 
  
Variability in Lead Times is a consequence from Intersecting Routes, Large Areas and 
Variability in Demand. Intersecting Routes can be seen as a consequence from having many 
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Different Articles running on the production line, but it can also occur in factories where only 
one single article is running in production. Hence, no single prevalent relation from Different 
Articles to Intersecting Routes is drawn. 
  
Bottlenecks cause challenges to the use of a CONWIP system since they are low capacity 
workstations which WIP will queue up in front of, making it hard to set appropriate WIP levels. 
Bottlenecks can also complicate for the use of a CONWIP system when they are moving or 
being hard to locate. 
  

4.2 Empirical Background - Presentation of the Case 
Study 

The case object of this study is GKN Driveline AB in Köping. GKN Driveline is a manufacturer 
of drivelines for the automotive industry that have a wide customer base including major 
automotive manufacturers such as Volvo, Fiat, Mini and Porsche. The driveline production in 
the factory is divided into two departments; machining and assembly. This study is limited to 
only the machining department of the factory. In the machining department sub-components 
such as shafts, ring gears and pinions for the drivelines are being processed from raw material. 
The department for pinions is further divided into three sections; soft processing, hardening and 
hard processing. Each of these sections include a number of machine groups which in turn 
consists of a number of machine cells that are performing the same processes. Furthermore, the 
production of each section is controlled by a CONWIP loop. Each CONWIP loop has its own 
WIP levels and release list. The release list a prioritisation list on which articles to release onto 
the production line. There are buffers in between the sections and CONWIP loops. The ordering 
points, where products are released according to the release list onto the different sections of the 
production line, is placed just at the entry to the first machine group of each section. A raw 
material inventory is placed upstream to the soft processing section. Downstream to the hard 
processing section there is a finished goods inventory. The finished goods inventory supplies 
finished pinions to the assembly department. An overview of the production line with its 
CONWIP loops can be seen in Figure 4.8.  
 

 
Figure 4.8 An overview of the CONWIP loops, inventories and processing groups.   

Up to four types of articles can start simultaneously at the ordering point of first section. This is 
made possible by having four machines that run the same type of process. In the second section, 
there is a hardening process which is shared with articles coming from ring gears and shafts 
departments. In the first and second section the routes for different articles are fairly similar 
since the articles run through the same processes. In the third section the number of different 
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processes are higher, which result in a higher number of possible routes for the articles. 
Although articles run through the same processes and machines, they require their individual 
machine setups. 
  
The production line is producing around 15 standard articles. Additionally, there are 
approximately five other articles that are being produced on a more irregular basis. Each article 
has an article number and is suited for only one type of driveline unit, either for a Power 
Transfer Unit or a Rear Drive Unit. 
  

4.2.1 Production Planning and Control - WIP Levelling 

The planning process leading down to important input parameters for the CONWIP system 
consists of a number of levels. In Figure 4.9, an overview of GKN’s hierarchical planning and 
control dynamics for production can be seen. On an overarching level is the Strategical 
Planning that receives and process customer orders into demand and forecast reports. The next 
level is the tactical planning for each department of the factory. Pinion department has its own 
production planner. The production planner determines the WIP levels on a weekly basis. The 
Operational Planning controls the final prioritisation of the releases of batches of different 
articles given the current circumstances on the production line. Operational Planning is basically 
the team leaders and production manager of the different production lines.  

 
Figure 4.9 An overview of GKN’s hierarchical planning and control dynamics.  

The fundamental outputs from the CONWIP system are the individual WIP levels for each 
article. WIP levels are determined by the Production Planner for every article in all sections and 
are based on four parameters; lead time, batch size, daily demand rate and the safety stock level. 
WIP levels are updated by the Production Planner on a weekly basis in order to meet the 
varying demand from assembly department as well as for changing conditions in production. 
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4.2.2 Release List - Sequencing and Prioritisation 

Since there are approximately 20 different articles being produced by the pinion production line, 
all articles cannot be on the production line at the same time. It is necessary to prioritise which 
article to release onto the production line with a release list. A release list is used as part of the 
CONWIP system at each ordering point. The release list prioritises what articles to release, how 
many and in what sequence. The release list is visible for employees on computer screens at the 
ordering points and is the primary tool for helping operators control and plan the production in 
each section. 
  
The prioritisation in the release list is based on the number of products waiting to be produced 
of each article and a determined starting point for each article. The amount of products waiting 
to be produced is calculated by subtracting the actual WIP in the section of that CONWIP loop 
from the determined WIP level. The starting point is the minimum number of products that have 
to be waiting in order to approve a release. The starting point is also individually determined for 
each article and section. When the number of products waiting is equal to or greater than the 
starting point, the article gets a priority number. Additionally, the prioritisation of an article is 
also affected by the prioritisation of that same article in the downstream CONWIP loop. Taking 
the WIP in the downstream CONWIP loop into account is done in order to avoid excessive WIP 
when the products move further down the production line. 
  
The starting point in the first section is determined based on the size of the raw material pallets 
and the total number of available machine setups. The size of an order in the first section can 
only be equal to the size of an even number complete pallets of raw material. The number of 
available setups are calculated by considering the maximum number of available setups. The 
maximum number of available setups is limited to the capacity of the bottleneck workstation of 
that section being calculated for. Firstly, the total available setup time is calculated by 
subtracting the required processing time per week from the total available production time per 
week, and secondly, dividing it by the time required for one setup. The required processing time 
is the weekly demand rate divided by the sum of volume weighted cycle times per article 
multiplied by the Overall Equipment Effectiveness (OEE) of that bottleneck station. Volume 
weighted cycle time per article is based on articles’ demand rate. 
  
Furthermore, for an order to start in the first section, it will also need confirmation on that there 
are raw material and containers available for the entire order. The containers follow the order 
through the complete production line, except when the products are sent into the hardening 
process, then pinions are reloaded into special hardening fixtures. After the hardening, the 
pinions are reloaded back to the same containers as they started in. 
  
In section two, the hardening, the order prioritisation differs from the other sections. The 
hardening is a shared resource for the sub-components pinions, ring gears and shafts. Since it is 
preferred that sub-components meant for the same units arrive to the assembly department at the 
same time, the Team Leader and Operators of hardening prioritise pinion orders to go through 
the hardening process at the same time as its other related sub-components. The size of an order 
in the second section is equal to the size of an even number complete hardening fixtures of 
pinions. 
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In section three the prioritisation is similar to that of the first section, only that the batch sizes 
are not limited by the sizes of raw material pallets but to the size of the containers and that the 
downstream WIP taken into account in prioritisation is based on stock levels in the finished 
goods inventory. 
  

4.3 Empirical Findings 

The findings from this study are to be found when comparing theory whit a real-life settings. 
The circumstances of the case object will be fully described by answering sub-research question 
two: 

SQ 2: In a real-life setting using the CONWIP system, how are the major factors from theory 
affecting the usage of the CONWIP system? 

  
The factors from theory, see Figure 4.10, were used as a framework to identify and verify the 
circumstances of the real-life setting at the case object GKN. The structure of the framework is 
defined by the most prevalent relationships between the factors. These prevalent relationships in 
the theoretical framework appeared prevalent at GKN as well, though, the relationships 
appeared more complicated and multilateral in their real-life setting. 
  

 
Figure 4.10 Visualisation of the factors affecting being challenging when using a CONWIP system. 

Different Lead Times, Unknown Lead Times and Variability in Lead Times are seen upon like 
individual overarching factors that increase the challenges to use a CONWIP System, and are 
thereby handled like head captions in this chapter. Bottlenecks is seen upon as a more 
independent factor and is therefore also handled like a head caption. 
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4.3.1 Different Lead Times - Different Articles 

The WIP levels in GKN’s CONWIP system are set individually for each article. Since the WIP 
levels are determined by article orders’ lead times, Different Lead Times does have a big impact 
to complexity in controlling the CONWIP system. In turn, the Different Articles are a cause to 
Different Routes, Different Process Times, Different Batch Sizes and Long Setup Times. The 
Production Planner testify that it is a challenging work to keep WIP levels accurately updated in 
a CONWIP system with many different articles, and that the challenge grow with the amount of 
articles. 
  
Results from interviews with employees and observations of the production line have shown 
that the complexity caused by a high number of different articles is further increased by the 
variation in demand between the articles. The demand of the different articles differs according 
to Figure 4.11, and normalised figures of demand are shown in Table 4.1. 

 
Figure 4.11 Daily demand for the articles A-O.  

 
Table 4.1 Normalised demand for articles A-O.    

From interviews with Production Planner, Production Manager B, Team Leaders and Operators, 
the complexity from vast differences in volumes between articles have a negative impact on the 
prioritisation in the release list. In the prioritisation in the release list, low volume articles are 
prioritised without having an actual demand for it in the finished goods inventory. This problem 
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is caused by the incapability of the material planning system with its release list to account for 
the actual need for replenishment at finished goods inventory. 
  

 
Figure 4.12 Daily demand (black) compared to batch size (grey) in section one. 

 
Table 4.2 Daily demand in relation to batch size in section one.  

The batch sizes of the low volume articles are much larger than the daily demand, see Figure 
4.12. These articles should therefore not be produced as often since the number of products in 
one batch does not need to be delivered to customer until long. Reading from Table 4.2, the low 
volume article O’s minimum batch size in the first section of the production line is 35 times 
larger than the daily demand. Starting the production of one batch article O will therefore result 
in an inventory covering demand for the next 35 days to come. Though, the way the release list 
in the first section works today it will prioritise these articles anyway, as soon as the WIP levels 
drops below the starting point, even though there are no actual acute demand for them. 
 
To solve the prioritising problem with low volume articles, the Production Planner monitor and 
schedule these articles manually. The Production Planner manage the low volume articles by 
removing them from the priority list when needed. Though, at times, the Production Manager B 
and Team Leaders do depart from the release list when they see that certain articles should be 
prioritised in order to replenish inventory or when assembly department have given signals for 
urgent demand. 
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Production Manager B and Team Leaders are also manually handling low volume articles that 
are already released. Production Manager B and Team Leaders direct the Operators on when to 
expedite high volume articles ahead of low volume articles when they are aware that the 
finished goods inventory is in need of urgent replenishment. Operators stated that it sometimes 
happens that orders have been released and caused problems further down the production line 
by occupying machine capacity from other articles or end up waiting as WIP in front of 
machines. 
 
The Production Managers stated that, besides from the low volume articles, the operators should 
follow the release list strictly. However, Operators have testified trust issues in the release list, 
mainly caused by the prioritisation problem of low volume articles. Moreover, according to 
Production Managers, Team Leaders and Operators, this problem is more common during the 
night shift than during the day shift. This is because the night shift is more prone to prioritising 
a high throughput over producing the articles recommended by the release list, consequently 
avoiding changeovers. 
 

4.3.1.1 Different Routes 

GKN’s 15 standard articles can travel in many different routes on their flexible production line. 
Figure 4.13 and Figure 4.14 illustrates how many routes that were commonly used in between 
machines for all types of articles. The information about commonly used routes came from 
Machine Performance Technician’s machine capacity template. In practice, the number of 
possible routes are much higher. The drawn lines in between machines do not take all possible 
routes into account, there are still many more routes available due to highly flexible machines 
that can be setup for many types of articles. An example is the number of possible routes 
between the Marbaix machine in Process 3 and the KF machines in Process 5. Commonly used 
routes go to KF 5, KF 6, KF 7, KF 8 and KF 9. In practice, the KF machines are flexible enough 
to receive articles processed in Marbaix to all of the KF machines. Adding to the complexity in 
section one is that not all articles go through Process 4 and that Process 5 from time to time is 
carried out before Process 3. 
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Figure 4.13 Illustration of how many routes that were commonly used between machines in section one to two for all 
types of articles. 

 

 
Figure 4.14 Illustration of how many routes that were commonly used between machines in section two to three for 
all types of articles. 

Figure 4.14 depict the commonly used routes in section two and three. Here the routings are 
even more complex than in section one, and the number of possible routes are much higher. In 
Process 9, two processes are to be conducted on the products, but not all the machines have the 
ability to conduct both processes, hence the vertical lines marking that articles move between 
machines within this process step. Moreover, as in section one, there are processes that can be 
conducted in different sequences. Process 10 can be carried out both before and after Process 
11. 
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Lead times for articles end up very differently at the end of section three different due to that 
articles do not go through all of Process 12 to Process 17. Adding to the big variety in lead 
times is that Process 15, 16 and 17 are remotely located from the rest of the production line’s 
processes, resulting in additional lead time due to transportation and extra buffers. 
 

 
Figure 4.15 Routings for Article A (blue) and Article L (red) for Process 1-7 taken during the measurements. 

 

 
Figure 4.16 Routings for Article A (blue) and Article L (red) for Process 7-17 taken during the measurements. 

In Figure 4.15 and Figure 4.16, the routes that article A and L took during the measurements in 
this study are marked. These articles were not being on the production line simultaneously 
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during the time for the measurements. In a situation when they would be on the production line 
simultaneously and having the same machines dedicated as in Figure 4.15 and Figure 4.16 there 
would have been conflicts at Process 3, 6 and 8 due to capacity limitations on these machines. 
At Process 7 and Process 13 the machines have that high capacity that they can keep the same 
or higher throughput rate than processes with many parallel machines. In this situation, it would 
be likely that article L, which is a low volume article with less demand, would have to wait in 
front of the machine for article A to be processed before. An illustration of how GKN prioritise 
high volume articles is that article A gets two machines dedicated at Process 5 and three 
machines at Process 11, whilst article L only get one machine dedicated at every process. Even 
though only four articles can start simultaneously in section one, there use to be up to seven 
articles being processed in section three simultaneously. It is also interesting to note that 
Process 10 have moved to succeed Process 13, which is a sign of the high flexibility the 
production line has. 
   
Operators at GKN testify that some articles cannot be processed at the same time on the 
production line since they use in common resources. There are machines such as Hardening, 
that are able to process all types of articles, and then there are machines such as Daewoo, that 
only process four of all the articles. It is rather the articles’ required processing steps than the 
machines’ flexibility to manufacture different types of articles, that limit what routes are 
possible to take. Though, some machine groups performing the same process are constrained by 
that there are only a certain amount of setup tools available for a certain article’s setup. The 
limited amount of setup tools put a limit to the amount of machines that can be dedicate to the 
same article at the same time. 
   
At GKN one individual production line aims at being flexible enough to process the same 
product on several parallel machines. Though, operators testify that there are certain resources 
that, on an arbitrary basis by the Operators, are being dedicated to a certain set of articles over 
time. There are no up to date documented accurate overview over exactly which machines that 
can process what articles, but there are documents on which machines that used to be setup for 
and have been tested for which articles. 
  
CIL and Production Manager B stated that GKN used to have three distinctive flows of products 
instead of one flexible as it is today. By time, the number of articles have increased, resulting in 
more diversification and different process routings. Instead of sticking to three different flows, 
GKN has been forced to transform those into one flexible flow in order to be able to respond on 
all the possible combinations of articles in the production. Production Managers and CIL argue 
the importance of flexible machines and how the factory has a strategy to keep machines as 
flexible for as many articles as possible. They argue the flexibility is important for them in order 
to avoid disruptions and to be able to start producing new types of articles. 
  
Both the CIL and Production Manager B points out that customers have different quality 
requirements. Which have implications to the routings since it limits the possible machines an 
article can be processed in. Although two machines are of the same model, the output can differ 
in terms of quality. They stated that the reasons for quality differences on the machines are 
unknown but that it is however limiting the flexibility in the production. Moreover, they point 
out that the quality requirements have further implications to the setups complexity since 
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stricter quality requirements require more precise setups. An example of when quality 
requirements cause challenges for production planning is one of the machines in Process 3 that 
deviate from quality requirements when it has been inactive for a longer period. So for this 
machine to be utilised, it cannot be setup for different articles too often. 
  

4.3.1.2 Different Process Times 

According to the Machine Performance Technician and the Machine Performance Controller, 
the differences in process times between articles are related to the characteristics of the pinions. 
The characteristics most significant in terms of processing time is the number of cogs. Naturally 
the more cogs on a pinion, the longer the processing time. Furthermore, the geometry and the 
tolerance level also have an impact on processing time. The Machine Performance Technician 
stated that article B has very different geometry compared to the other articles. This have forced 
GKN to adjust some machines in order for them be able to process this article and therefore it 
has a deviating processing time compared to other articles. 
 
Additionally, the production line consists of over 50 machines. Naturally some machines are of 
older models and thus they do not have the same capacity as the newer models. Also, some 
machines have the ability to perform additional operations that normally are performed 
individually by other machines on the production line. These machines performing more than 
one operation usually brings down the total process time compared to when machines only 
perform single operations. 
 

4.3.1.3 Different Batch Sizes 

As presented in Chapter 4.3.1 Different Lead Times – Different Articles, batch sizes have a big 
impact on the low volume articles. As seen in Figure 4.12 in Chapter 4.3.1 Different Lead 
Times – Different Articles, the batch sizes vary between the different articles, which is natural 
under the conditions of differences between articles’ demand, set sizes of raw material pallets 
and limitations to the number of possible changeovers. The Production Planner testifies that it is 
a problem that different articles have different batch sizes. In a production flow perspective, 
larger batch sizes will increase the queuing time and thus increase the lead times. GKN are 
limited to a certain minimum batch size, which result in higher lead times than if there would 
have been batch sizes of one.  
 
Also at Volvo Powertrain AB in Köping the Production Planner B testify how they have 
challenges with that batch sizes are restricted by the sizes of raw material pallets, container sizes 
and setup times. They do however have less of a strategy that aims for low WIP and inventories, 
and consequently they are not as concerned about excessive production of the low volume 
articles, but are instead seeing the matching of batch sizes between sections on the production 
line for a better flow as a challenge. 
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4.3.1.4 Long Setup Times 

The setup times that occurs during changeovers have a big impact on lead times’ length as well 
as to variability in lead times. Setup times become a larger proportion of lead times on a 
production line where the changeovers are frequent from many different articles. As mentioned 
in Chapter 4.2.2 Release List - Sequencing and Prioritisation, the Production Planner take the 
setup time into account when calculating the maximum number of available changeovers each 
day when determining WIP levels. 
  
Furthermore, the articles’ geometries are different from each other, which have an impact on 
increased setup times due to the increased differences between the setups. The CIL and the 
Team Leaders imply that a setup time is dependent on which articles you are changing over 
between, and since each machine can produce many types of articles the number of possible 
different setup times also becomes high. Operators and Team Leaders stated that the setup time 
for one machine in some cases differ with a factor of six depending on the articles involved in 
the changeover and the Operators’ individual work methods. With as many articles that GKN 
are dealing with it becomes hard to standardise the changeovers and setups. Additionally, this 
have implications to the CONWIP system since variations in setup times affects the variation in 
lead times.  
 

4.3.2 Unknown Lead Times 

The Production Planner emphasise the urgency of measuring the lead times since the lead time 
have such a fundamental role in the calculation of WIP levels. The Production Planner says that 
the lead times are based on assumptions together with employees working in production. They 
argue that determining the exact lead times is close to impossible since there are that many 
possible exceptions to every order and that much variability in the production. Still, the 
Production Planner as well as all other employees believe there is an urgency in measuring the 
lead times. 
 
It was understood that the lead times needed to be updated when encountering one article that 
had a considerable amount of added lead time due to a previous failure with one machine. Due 
to that faulty lead time, the WIP level of that particular article had been adjusted higher, 
resulting in excessive WIP on the production line when the failure was gone. The importance of 
not only measuring lead times, but also updating them on a regular basis became apparent. The 
interviewees believe in updating lead times on a regular basis but see difficulties in doing so. 
Also, Production Planner B at Volvo Powertrain AB in Köping point out that knowing the lead 
times is essential for an accurate planning of the production. But also at Volvo the measuring of 
lead times is hard due to the required effort needed to be put in and because lead times varies. 
  
To some extent, the measurement of lead times at GKN can be done by analysing data from the 
material planning system and the machine performance monitoring system. The Production 
Planner emphasise that the data from these softwares are not to rely on since the registering of 
articles at ordering points is performed arbitrarily. The Production Planner believe the easiest 
and most accurate way to measure would be by sending forms with the products’ containers. 
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The forms should be filled in by the Operators with time products entered as well as exited at 
each workstation. However, interviewees argue that measuring lead times is a burdensome task 
intruding on their daily work tasks. 
  
Lean Manager, CIL and Production Planner all point out that knowing the lead times would be 
of help for operations on the shop floor also in other ways than setting accurate WIP levels. 
Operators on the shop floor would be of favour in knowing the lead times in order to predict 
when a certain order will be finished so that planning and preparations for changeovers ahead 
could be eased. 
  
During the time for when this study was carried out, the Production Planner’s lead times did 
differ from this study’s measured lead times as can be seen in Table 4.3. 
  

 
Table 4.3 Measured lead times relative to lead times used in the production planning  

As seen in Table 4.3 there are apparent deviations from the Production Planner’s lead times 
used in calculation of WIP levels. Measured lead times are considerably lower in relation, 
which indicates that the lead times GKN use are assumed on doubtful basis. The lead times used 
by the Production Planner can also have been systematically set high to account for 
uncertainties like shortfall to sudden surges in demand or variability in production. Moreover, 
with these measured lead times, new WIP levels can be calculated. Table 4.4 shows the new 
WIP levels based on the measured lead times relative to the old WIP levels used in the 
production planning. 
 

 
Table 4.4 WIP levels based on measured lead times relative to WIP levels based on Production Planner’s lead times. 

Production Planner B at Volvo testify how they have been measuring lead times several of 
times, and how the measured lead times are longer than the lead times used in production 
planning. Which proves that also the opposite to what GKN are experiencing can occur in a 
production still working sufficiently well. 
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4.3.3 Variability in Lead Times 

The Production Planner testifies that varying lead times between different articles complicates 
the production planning. The fundamental reason to this is that the WIP level in the CONWIP 
system is affected by the articles’ lead times. At GKN, both interviews and observations 
indicates that it is difficult to predict the lead times since their production line is a complex 
setting where many varying factors have an impact on the lead times. 
  
In 4.3.2 Unknown Lead Time Table 4.3, it is illustrated how production planning used lead 
times are set higher compared to the lead times obtained from measurements. The Production 
Planner points out that part of the reason for using longer lead times is to account for the 
variability that can occur in the production. 
 
An example related to the measurements conducted in this study is how product C’s lead time 
was constrained at the time for the measurements by the amount of containers. The Production 
Planner argue that the limited amount of containers did put a limit to the maximum release of 
products which in turn led to less WIP, less queues and consequently shorter lead times. The set 
WIP levels are to account for a worst-case scenario when there are no limitations to the amount 
of available containers, number of articles simultaneously in the section, failures with machines, 
etcetera. 
  
All interviewees do testify that the limited number of containers are functioning like a natural 
WIP level that makes it impossible to initiate too many and too big batches when there already 
are WIP tied up in containers. However, since the containers are necessary for production, the 
limitation of containers can affect the ability to handle demand fluctuations and other 
unpredictable events. The limited number of containers can sometimes cause starvation on 
certain articles, particularly on those who use the same type of container. Most articles on the 
pinion production line have individual containers, but some articles share the same type of 
container. 
  
Production Managers, Production Planner, Lean Manager and CIL points out that that there are 
more WIP on the production line for ring gear than there are on the production line for pinions 
even though ring gears and pinions have the same daily demand rate. The Production Planner 
explain the difference in WIP between the production lines with that the pinion production line 
in comparison has a more limited amount of containers. Production Managers and CIL argue for 
an additional reason to the differences in WIP. They mean that the production manager of the 
ring gear production line takes on a strategy aimed at maximising machines’ utilisation and 
throughput, resulting in high WIP. Production Manager B of the pinion production line takes on 
a strategy that is more aimed at sticking to the Production Planner’s calculated WIP levels, 
consequently relying on the release list. Also, according to observations it is clear that the 
pinion production line has less WIP than the ring gear production line. 
 
At Volvo Powertrain AB in Köping the strategy is more similar to the strategy of ring gears 
production line’s where high machine utilisation and throughput is prioritised over low WIP. 
Observations at Volvo also indicate high WIP and big inventories compared to GKN who have 
a similar looking production line. Production Planner B argue that the strategy is formed by 
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executives and aimed at always prioritising to deliver to customers on time, avoiding extra costs 
for belated deliveries, over the costs for having products in inventories. In this regard, the 
strategy at GKN is less single tracked and more of a mission to balance between costs for 
inventory versus costs for belated deliveries. 
 
As mentioned in 4.3.1.4 Long Setup Times, the machines on the production line are flexible in 
that they can be setup to process many types of articles, which result in many possible different 
setup procedures. The many types of setups complicates standardisation of work methods. The 
Operators witness about lack of standardisation when stating that a setup for some machines can 
take anything between ten minutes and one and a half hour. Hence, the varying setup times at 
GKN do contribute to varying lead times. 
 

4.3.3.1 Intersecting Routes 

Having many possible routes for articles to take does, as implied in 4.3.1.1 Different Routes, 
result in varying lead times. In interviews with Production Managers, Team Leaders and 
Operators it was stated that the same article can go through different machines from time to 
time, which result in unpredictable lead times. The fact that it is hard for the employees to plan 
for which machines the articles will go through result in difficulties in predicting lead times 
since collisions between jobs occurs on the production line. 
  
As can be seen in Figure 4.13 and Figure 4.14 in Chapter 4.3.1.1 Different Routes, the first and 
second section of the production line has a fairly straight and similar route for all articles in 
comparison to the third section. In the third section articles have a greater variety in processes 
that they go through. The variety in the third section can create collisions between jobs that are 
hard to predict. Production Manager B argue that it is hard to reduce collisions in section three 
since they need to have up to seven different articles running in the third section simultaneously 
in order to meet the constant demand from finished goods inventory and the assembly 
department. 
 
At Volvo Powertrain AB in Köping the Production Planner B point out their shared resources as 
one of the major factors to challenges in planning for the production. The shared resources are 
challenging since collisions between jobs appear there and the collisions are hard to foresee and 
result in varying lead times.  
 

4.3.3.2 Large Areas 

The Lean Manager stated that GKN used to have one large CONWIP loop instead of three 
smaller as it is today. He stated that it was inconvenient having one large area because it 
resulted in that large amounts of WIP tended to queue up in piles towards the end of the 
production line. Therefore, the CONWIP loop was divided into three smaller CONWIP loops, 
in this study referred to as the three sections. After the division they experienced less queues, 
but they still experienced that piles of products ended up in the third section of the production 
line. GKN then decided to incorporate the WIP of the succeeding section in the release list 
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prioritisation in order to prevent releases of articles that already are in the system, as described 
in Chapter 4.2.2 Release List – Sequencing and Prioritisation. With that change to the 
prioritisation in the release list, GKN have experienced an even better flow and less queues 
along the production line. 
  
Figure 4.17 shows how the total WIP level is shared between the three sections and Figure 4.18 
shows how actual WIP has been portioned between the three sections. The data on the portioned 
WIP is gathered on three different occasions from the material planning system software that 
keeps track of the WIP. Reading from the charts, section three has the largest amount of WIP, 
both according to WIP levels and actual WIP. This is natural since the third section is the largest 
area with the longest lead times and most variety in production. When comparing section three 
in Figure 4.17 and Figure 4.18, it is clear that the actual WIP (45 %) is slightly higher than the 
determined WIP level (41 %), having a greater share of WIP in that section than planned for. 
Operators and Team Leaders confirm that section three is the most complex of the sections and 
how that contributes to higher WIP. They explain this with the fact that it contains more 
processing steps than the other two sections. 
  

 
Figure 4.17 Representation of how the total WIP levels is shared between all sections  

 
Figure 4.18 Representation of how the actual WIP is shared between all sections.  

Lean Manager and CIL emphasise on another improvement to layout that has been carried out 
in the last years and improved flow and decreased queues. The machine layout has been 
rearranged from a classical job shop layout, where products had to crisscross over the shop 
floor, to a production line alike layout where machines are arranged according to articles’ 
natural process sequence. This rearrangement has resulted in less transportations and 
consequently less queues, buffers and shorter lead times. Although, all employees argue there is 
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still improvement potential in layout since some processes still are located far off from the other 
processes in the factory. An example is the lapping procedure which six of the 15 standard 
articles go through. Lapping is the last process for these articles, which help in the sense that 
articles will not need to be transported back to the charted production line. Even though, articles 
have to be picked up by a vehicle from a buffer at the end of the chartered production line only 
to be transported approximately 50 meters along the aisles of the shop floor to the entry buffer 
of the lapping station. Team Leader and Operators of the lapping station testify that some jobs 
can be waiting several days in their buffers, indicating that lapping is not only far off by 
distance, but also of control. 
 

4.3.3.3 Variability in Demand 

The Production Planner testified that WIP levels are adjusted once every week in order to 
compensate for varying conditions in production as well as for variation in customer demand. 
As mentioned in 4.3.2 Unknown Lead Times this is a challenging task since it is hard to estimate 
how much a certain lead time will be affected. 
  
In 4.3.1 Different Lead Times - Different Articles, it is described how high volume articles from 
time to time are being expedited ahead of low volume articles when these articles are being on 
the production line at the same time. All interviewees testify how this is necessary in order not 
to run out of the high-volume articles in the finished goods inventory and assembly department, 
and consequently causing extra costs for belated deliveries to customers. Hence, the lead times 
for low volume articles are harder to predict since they from time to time have to wait when 
other articles are expedited ahead. 
 

4.3.4 Bottlenecks 

Bottlenecks constraints the production line’s highest possible throughput, hence the Production 
Planner at GKN adjust the WIP levels according to the capacity at bottlenecks. As described in 
4.2.1 Production Planning and Control - WIP Levelling, the WIP levels are calculated and set 
for each section and article individually. In Chapter 4.2.2 Release List - Sequencing and 
Prioritisation it is described how the capacity of the bottleneck station determines the amount of 
available setups. Hence, the assumptions on capacity at bottleneck stations has implications to 
the batch sizes. The more setups available, the smaller the batches are possible to produce. 
Small batch sizes are desirable in a factory like GKN’s where there are different demand 
between articles and favourable to have the possibility to carry out many changeovers. 
 
GKN’s complex production line where there can be many possible causes to variation creates an 
uncertainty to where actual bottlenecks are located and where they can occur. Examples on 
varying factors that can move the bottlenecks and cause changes to its capacity are how many 
parallel machines that are dedicated to each article and varying OEE with machines. The 
Production Planner base the capacity calculation, and choose the bottleneck station, on the 
required processing time at each station, which is the weekly demand rate divided by the sum of 
volume weighted cycle times per article based on all articles’ demand rate. This calculation is 
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based on Machine Performance department’s figures on capacity and the most commonly used 
machines for each article. 
 
An interesting aspect regarding planning according to capacity in the production at Volvo 
Powertrain AB in Köping is the relation and dynamics between production planning, production 
operations and production technicians. The problem lies in that the technicians and operations 
have different views on the actual capacity of the production line. Production Planner B mean 
that historically the views on capacity have been according to the operations’ paradigm. 
Production planning and technicians have had to conform to operations’ directives. Production 
Planner B argue that it should be the opposite way around, technicians should give information 
about what the achievable capacity is, production planning should adopt plans according to the 
limitations given by the technicians, and the operations should work towards achieving the 
goals that technicians and planners have set. Production Planner B argues this dynamics can be 
improved and that this is one of the major factors making it challenging to plan for production 
since different information on capacity is given depending on if you talk to technicians or 
operations. Production Planner B point out that in order to change these dynamics, the mind-set 
with employees have to change, which is challenging a task. Moreover, Production Planner B 
state that it is easy to implement new models and define how you should work to follow these, 
but how it is more difficult to get employees to work consistently according to these models. At 
GKN, the dynamics between production planning, technicians and operations is evidently 
structured towards that technicians keep track of capacity limitations and inform production 
planning and in turn production planning give directions to operations. 
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5 Analysis 
In this chapter, the empirical findings are being compared with the findings from theory and an 
analysis is conducted with the aim of answering the main research question: 
  
RQ: What are the major factors making it challenging to use a CONWIP system in a 
factory? 
 

5.1 Different Lead Times - Different Articles 

With many different articles, it is recommended by Prakash & Chin (2015) to set individual 
WIP levels for all articles. Hopp & Spearman (2008) further recommends that WIP levels are 
adjusted high with a margin to account for the variability in lead times that the production of 
many different articles entail. 
  
GKN is using individually set WIP levels for all different articles. However, these individual set 
WIP levels are based on simplified lead times calculations that does not take the individual 
articles’ process times and queueing into consideration. Unfortunately, it takes a lot of effort to 
measure accurate lead times manually for all articles, which make it seem like necessary to 
simplify in GKN’s case. 
  
Since not all articles can be produced simultaneously on a daily basis Hopp & Spearman (2008) 
recommends using a release list in order to prioritise when to release certain articles onto the 
production line. Further, they recommend using an earliest start date in the release list, so that 
for example low volume articles are not released onto the production line before needed. 
  
At GKN, a release list is used, but according to observations and interviews it does not work 
perfectly due to issues with handling the low volume articles. The Production Planner can delay 
releases of low volume articles, but it is still a difficult task to appreciate when the right timing 
is to release those in order to avoid excessive WIP or missed deliveries to customers. 
  
The problem with the prioritisation of low volume articles in the release list is that the demand 
rate is low, minimum batch size is high and the lead time is low in relation to each other. This 
result in that it is not possible to keep constant WIP levels of low volume articles in the system 
which in turn complicates the use of a CONWIP system where set WIP levels are meant to be 
kept constant. 
  
A solution to the low volume prioritisation problem at GKN is to implement an earliest release 
date, as well as an earliest due date, into the release list system. The earliest release date would 
help the personnel not to overproduce certain articles and the earliest due date would avoid too 
late releases that could result in missed customer deliveries. This would result in a more 
efficient CONWIP system, with decreased WIP. The challenge in setting appropriate earliest 
release dates and earliest due dates is that it is necessary to know accurate lead times. 
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Furthermore, to minimise WIP, the operators should only initiate a new order when that order is 
prioritised in the release list and not as today follow the release list arbitrarily. This could result 
in that WIP levels in the CONWIP system could be decreased. 
 

5.1.2 Different Routes 

In much of the theory presented in the literature review it is argued by Hopp & Spearman 
(2008), Romagnoli (2015), Thürer (2017) and Prakash & Chin (2015) how CONWIP systems 
are complicated due to that many different articles take many different routes. Hopp & 
Spearman (2008) recommends that when there are many articles the different routings should be 
grouped into a number of routings for products to flow in. In turn, the different routings should 
have individual CONWIP loops with individual WIP levels. 
  
GKN do have the challenge of handling many different routes, and their case is of extra interest 
since they used to have three different individual routes. By time the number of articles have 
increased along with their different characteristics, hence it has become more difficult to keep 
these individual routes. Interviewees argue it would be difficult to transform the production line 
because machines are not 100% flexible to produce all types of articles. Not having fully 
flexible machines result in that it is hard to divide the production line into several routings 
because it has that many machines and articles needed to be taken into account. At GKN, the 
machines are not flexible due to different geometries and quality requirements with the articles. 
The issue with different quality requirements is that even though machines are of the same 
model, the products processed can end up with differences due to machines’ individual settings 
and characteristics. 
  
It is also on a strategical level that GKN’s factory aim at being flexible, consequently avoiding 
dividing the production line into several lines. They argue the consequence of dedicating the 
resources of the production line to certain articles would by time result in that all machines will 
become less flexible when their flexibility to process many types of articles is not maintained. 
They want the flexibility for events of failures on machines, so that parallel machines can be 
activated for the affected article when needed. But the flexibility is also necessary when 
initiating production of new articles. They cannot with the machines they have today, divide the 
production line into routes that are flexible enough to have machines that can be stand in to each 
other in case of failures with machines. It seems there are that many different processes and 
articles that there are no natural routes that can be held as fixed routes. 
  

5.1.3 Different Process Times 

At GKN they have different process times for different articles even though the articles are 
being processed in the same machines. This is natural since the articles have different geometry 
and quality requirements. Therefore, depending on which route the article take from time to 
time it will have different lead times. These different process times makes it challenging to plan 
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WIP levels since the WIP level calculation is dependent on the capacity of the CONWIP loop’s 
bottleneck machine as well as the lead time. 
  
In theory, the authors do not go in-depth into the subject of machines’ technical characteristics 
and the solution to different process times for different articles is not explicitly presented. It is 
assumed that any of the other recommended solutions, such as dedicated routes, would help by 
that lead times could be standardised and measured. 
  

5.1.4 Different Batch Sizes 

According to Hopp & Spearman (2008) one of the reasons to different lead times is different 
batch sizes. Romagnoli (2015) emphasise the difficulties for production planning with different 
batch sizes. 
  
For some articles at GKN the minimum possible batch sizes do not match well with the article’s 
demand rate. The worst-case example according to Table 4.2 in Chapter 4.3.1 Different Lead 
Times – Different Articles, is the article whose minimum batch size result in a 35 day inventory 
each time one batch is produced. The batch sizes at GKN have a strong impact to lead times and 
WIP. Due to constraints on sizes of the raw material pallets and number of containers as well as 
setup times it would require a comprehensive project in order to put a change to batch sizes. 
Sizes of raw material pallets could be changed by a collaboration with suppliers, getting them to 
deliver raw material portioned in smaller pallets. A change to the container sizes would imply a 
change of machines towards becoming one-piece-flow adopted. An increased amount of 
available changeovers between articles could be solved by reducing and standardising setup 
times drastically by focused efforts to those procedures. Standardised setup times are important 
so that the time for the maximum setup time that can occur can be accounted for. 
  

5.1.5 Long Setup Times 

Setup times are impacting the number of possible changeovers, and consequently the batch 
sizes. At GKN the situation has no exceptions to this. Even though the setup times are not 
standardised at GKN, appreciated setup times are considered in Production Planner’s 
calculations of batch sizes and WIP levels. Setup time is a complex aspect at GKN since the 
number of possible changeovers with machines is high due to many different articles and many 
different machines. 
  
At GKN there are possibilities to reduce setup times and consequently reduce batch sizes and 
WIP, but as previously stated it is a challenging task. 
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5.2 Unknown Lead Times 

Hopp & Spearman (2008) emphasise the importance of standardising lead times in order to 
improve customer service, plan more accurately for different scenarios in production and to 
achieve a better prioritisation to releases in the CONWIP system. Prakash & Chin (2015) argues 
it is advisable to set individual WIP levels to articles, but to set all these different WIP levels in 
a CONWIP system with many different articles is a challenging task. Setting the WIP levels not 
knowing the accurate lead times is even more challenging. 
  
In this study, it became clear how hard it is to measure and set accurate lead times. 
Measurements of lead times on several different articles were conducted as part of the VSM 
analysis. The variability in different circumstances occurring in production had a clear impact 
on varying lead times. However, the measured lead times deviated by being 40 - 45 % shorter 
than the lead times used in production planning, as can be seen in Table 4.3 in Chapter 4.3.2 
Unknown Lead Times. The circumstances in production during the measurements were normal 
to that production line, but it is easily understood that lead times can change drastically from 
variations and changes on the production line. 
  
The less complex production environment and the less variation in it, the easier it is to 
determine lead times. To come close to as accurate lead times as possible, an accurate tracking 
of products running through the production line is necessary. Alternatively, a big amount of 
manual measurements could be conducted continuously in order to give accurate average 
approximations on lead times. Though, manual measurements require a big effort. 
 
Interviewees at GKN testify that knowing the lead times accurately would help operations to 
foresee various scenarios and to better plan the production ahead. 
  

5.3 Variability in Lead Times 

It is argued by Hopp & Spearman (2008) how variability in production should be considered 
when setting the WIP levels by setting them higher than what is sufficient for normal 
circumstances in the production. By the same authors, it is also argued how physical cards or 
containers can be used to keep WIP to constant levels. GKN do take variability into account by 
setting the WIP levels higher. There are also examples from GKN on how a limited amount of 
containers have helped them to avoid excessive production and WIP. However, a limit to the 
number of physical containers would not be needed in the case where an accurate release list is 
consistently followed. Moreover, in the case of a surge in demand it is favourable with access to 
extra containers. 
 
Setup times are an essential part of lead times, and consequently, varying setup times do 
contribute to variability in lead times. Hence, it is favourable to reduce and standardise setup 
times as much as possible. 
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5.3.1 Intersecting Routes 

Hopp & Spearman (2008) as well as Thürer (2017) argues how intersecting routes complicate 
CONWIP systems and increase WIP. In GKN’s case, collisions between jobs can occur pretty 
much anywhere along the production line, but due to the complexity in the third section they are 
more commonly occurring there. A solution to avoid collisions on the production line is to 
standardise dedication of machines to certain articles, a standardisation of routes. However, as 
stated in caption 4.3.1.1 Different Routes, that is difficult in GKN’s case due to the strategy of 
having a flexible production line and that machines cannot be organised into several lines. 
 

5.3.2 Large Areas 

Hopp & Spearman (2008) as well as Jodlbauer & Huber (2008) suggests that large areas are 
divided into several tandem CONWIP loops rather than one big CONWIP loop. This is to ease 
the planning for WIP levels and reducing the risk of WIP accumulating into long queues. 
  
GKN is a great example of a successful case where tandem CONWIP loops have been 
implemented. They have gone from one to three CONWIP loops on their production line and 
achieved more control and less queues and consequently less WIP. 
  
In Figure 4.17 and Figure 4.18 it is presented how WIP levels and WIP relate to each other on 
GKN’s production line. It is clear that the larger section had the greatest share of the production 
line’s WIP as well as a larger share of WIP than planned for. This indicates that the larger areas’ 
complications to the planning of WIP levels could be the reason to higher WIP. 
  
An example illustrating the negative impact large areas can have on WIP is presented and the 
challenge of determining a suitable size for a CONWIP loop area is identified. It is easier to 
implement a CONWIP system on a straight production line where transportations as a cause to 
accumulation of WIP could be ignored. 
  
Hopp & Spearman (2008) argues how the division of a CONWIP loop into several CONWIP 
loops result in additional intermediate buffers upstream to ordering points, which in turn could 
mean increased WIP. Gong et al. (2014) emphasise how administration increase with more 
CONWIP loops since there will be more WIP levels to set and control. However, a single 
CONWIP loop with a good flow is probably more efficient than several CONWIP loops with 
bad flow. And vice versa, several CONWIP loops with good flow is probably more efficient 
than a single CONWIP loop with bad flow. 
 
Toomey (2000) points out that the value of WIP increase the further downstream on the 
production line that WIP is located. The aspect of tied-up capital in WIP depending on the 
location of buffers is not something GKN did consider when planning for the CONWIP loops. 
  
A consistent view among Operators, Team Leaders, Production Managers and the Production 
Planner is that section three is the most complex section of the CONWIP loops. The biggest 
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difference in lead times between measured lead times and the lead times used by Production 
Planner is found in the third section. This strengthen the hypothesis about that the lead times are 
set too long in the production planning. It also highlights the importance of being able to foresee 
lead times, which is emphasised by Hopp & Spearman (2008). 
 
On the subject of large areas for a production line it was testified by GKN how crucial the 
layout of processes and machines on the shop floor are. GKN has earned a better flow in the 
production and less WIP just by organising machines in natural order after their position in the 
processing sequence. Having machines organised after a natural sequence result in less queues, 
buffers and less transportation. 
   

5.3.3 Variability in Demand 

GKN are fortunate to have a fairly stable demand across a majority of its articles. Even though, 
there are situations when demand change and the production level has to be adjusted. At GKN, 
the Production Planner keep the WIP levels updated by updating them once a week based on 
changes in demand and changes in production capacity. For GKN, it is a challenging task to 
keep the WIP levels updated since it is hard to appreciate changes in lead times that are due to 
the complex environment of many different articles and a high variety in production.  
 

5.4 Bottlenecks 

Hopp & Spearman (2008) argue that the easiest production lines to manage with a CONWIP 
system are those with separate routings for different articles and with known and distinct 
bottlenecks. 
  
Taking all GKN’s articles into account, single bottlenecks in each section are easy to locate. As 
described in Chapter 4.3.4 Bottlenecks, these bottlenecks are what the Production Planner take 
into account when calculating the WIP levels. In practice, these figures are not describing the 
actual case since the location and capacity of bottlenecks vary depending on what articles are on 
the production line simultaneously. The different articles have their individual bottleneck 
stations depending on which machines the articles go through and depending on those 
machines’ capability to process that individual article. However, in order to achieve a 
comprehensive approach to the planning of bottlenecks, the Production Planner locate the 
bottlenecks by looking at the total capacity of the production line and the total production of 
articles. It would require an extensive knowledge about what different scenarios that can occur 
on the production line for not to simplify over total capacity and all articles. 
 
The view on where bottlenecks are and their capacity is crucial for setting accurate WIP levels. 
Volvo Powertrain AB in Köping pointed out the challenge of having different views on capacity 
among the factory’s different departments. At GKN they seem to have a consensus between 
departments on what the capacity is. However, there are different views between the pinion 
production line and the ring gear production line on how to use the capacity. Pinion production 
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line’s strategy of strictly controling production after WIP levels rather than machine’s utilisation 
was proved to result in less WIP on the production line. 
  
Bottlenecks will always appear where there is reduced capacity, which can occur at any 
machine, and whenever, due to failures. Taking individual bottlenecks into account for every 
individual article would result in more accurate WIP levels, but is as mentioned difficult to 
account for since many different articles travel on the production line simultaneously. 
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6 Conclusions 
In this chapter, the study is concluded and summarised. A summary over the findings is lined 
up, a discussion on this study’s findings in a broader perspective is conferred, this study’s 
theoretical and empirical contributions are described and this study’s limitations together with 
suggestions on further research are presented. 
 

6.1 Summary 

This study was conducted by a case study complemented by a literature review. The case study 
was conducted at GKN Driveline AB in Köping, where data was gathered through interviews, 
observations and measurements in order to answer the research question. To answer the main 
research question, this summary concludes the major findings from this study. The research 
question repeated: 
  
RQ: What are the major factors making it challenging to use a CONWIP system in a 
factory? 
 
The findings are as follows: 
  
Different Lead Times - Different Articles: 

• It takes big effort to set individual WIP levels for every article. 
• Accurate lead times is a critical parameter for setting accurate WIP levels, however, in a 

factory producing many different articles it requires a lot of resources to accurately 
measure the lead times. 

• The release list is a necessary module in the CONWIP system to account for many 
different articles, however, it is challenging to handle low volume articles of large batch 
sizes. 

Different Routes: 
• Dividing a production line into several fixed routes in order to reduce the amount of 

possible routes for articles can be complicated by machines’ ability to handle different 
quality requirements on products, articles’ different geometry and limited machine 
capacity. 

Different Process Times: 
• Even for the same individual article, the process time varies from job to job depending 

on machines’ performance, different cycle times and the different routes the article 
possibly can take. 

Different Batch Sizes: 
• Batch sizes have a big impact on lead times, but setting favourable batch sizes is 

dependent on sizes of raw material pallets and setup times. 
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Long Setup Times: 
• With many different articles and many parallel machines, the number of possible 

changeover procedures become high and standardisation of setup times becomes 
challenging. 

  
Unknown Lead Times: 

• Lead times are hard to predict which result in difficulties to standardise these and 
difficulties in keeping them updated. To simplify this task, arbitrary assumptions and 
simplifications to lead times have to be made. 

  
Variability in Lead Times: 

• Without physical restrictions to WIP, such as a limited number of containers, can make 
it challenging to keep the set WIP levels. 

• Varying setup times result in varying lead times that in turn complicates the task of 
setting accurate WIP levels. 

Intersecting Routes: 
• With many different articles and a single production line being flexible to produce all 

articles, collisions between articles on the production line are hard to predict an account 
for. 

Large Areas: 
• Long CONWIP loops for large areas are easy to plan for but hard to control, as a 

consequence from this, long queues of WIP appear. Division of large areas into several 
shorter CONWIP loops result in more effort needed for WIP level planning but a better 
control of the WIP and less queues. 

• A layout where machines are not ordered in their natural sequence of processes result in 
buffers and transportations which in turn result in long lead times as well as variability 
in lead times. 

Variability in Demand: 
• The extent to how much customer demand varies have a big impact on the effort 

required in order to keep WIP levels up to date so that they can meet the required 
production rate. 

  
Bottlenecks: 

• Depending on what articles being simultaneously produced in the same CONWIP loop 
area, the bottleneck in that area can move and capacity can vary, resulting in that 
accurate WIP levels are hard to plan for. 

• Different views on capacity among a factory’s employees or departments complicates 
planning of the production and can result in uneven performance between departments. 
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6.2 Discussion 

Findings from both theory and case study indicates that the CONWIP system facilitate 
minimum WIP and high control in factories with simple as well as more complex 
circumstances. The conclusions from theory that are presented in this study do align well with, 
but does not fully describe, the empirical findings. The case object do, too a big extent, follow 
the theoretical recommendations on how to adapt the CONWIP system, even though challenges 
and improvement potential still exists. 
  
A recurring challenge with the CONWIP system is the handling of WIP levels and how to 
accurately set them. The major factors affecting what WIP levels to set are lead times and batch 
sizes. Lead times are proven to be varying between articles as well as with individual articles, 
and the batch sizes are strictly constrained by the sizes of raw material pallets, sizes of 
containers and length of setup times. Varying lead times as well as unknown lead times are 
challenging factors to account for. Lead times in the type of factory as the case object’s will 
always vary, but it is clear that it is always possible to measure lead times. Unknown lead times 
is a consequence from the lack of measurement and control. 
  
Lead times are not hard to measure but it takes a lot of effort to measure them in a manual 
manner by filling in forms that follows the products through production. However, the 
measurements can be simplified with the use of the tracking system of products that already 
exists in GKN’s material planning system. Using this system to measure lead times requires a 
standardised procedure where the scanning of products at ordering points is carried out in a 
consistent manner so that accurate lead times can be derived. 
  
To get around the negative impact of higher WIP that is caused by large minimum batch sizes 
for the low volume articles, a recommendation is to work actively towards having raw material 
delivered from suppliers in smaller amounts per pallet and to reduce setup times as well as to 
standardise setup times. 
  
When comparing GKN’s production line for pinions with the production line for ring gears it is 
clear that pinions’ production line has significantly less WIP. According to Production Manager 
B this is due to the limited number of containers on the pinion production line. This is an 
intentional strategy from Production Manager B in order to keep the WIP low. However, this 
also indicates that the WIP level in the CONWIP system is set too high. Already the WIP level 
provided by the CONWIP system should be sufficient to keep the WIP low and therefore the 
limitation of containers can be seen as unnecessary. 
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6.3 Contribution  

There are few empirical studies describing the factors that are making it challenging for the 
usage of a CONWIP system in practice. This study aims to explain how these factors affect the 
usage of a CONWIP system in a factory by an in-depth analysis of a real-life setting. 
  
The theoretical contribution from this study is to complement theory with the empirical findings 
from the conditions of the particular case object in this case study. A theoretical framework over 
major factors that makes it challenging to use a CONWIP system is also a contribution to 
theory. 
  
The empirical contributions can be drawn from the in-depth analysis of the case object’s real-
life setting. The party taking advantage of the findings from this study is likely to use the 
CONWIP system under similar conditions as the case object of this study. The actual value 
from the empirical contributions is bringing knowledge about the factors that makes it 
challenging to use the CONWIP system. The empirical contribution also lies in that the findings 
from this study can be used as a basis for a framework on what factors to consider when 
implementing a CONWIP system or improving an already existing one. 
  

6.4 Limitations and Further Research 

This study reflects merely on one type of real-life setting at one case object’s factory, which 
result in empirical findings being limited to that type of setting. To complement this study, it 
would be appropriate to conduct also a broader empirical study that includes several real-life 
settings with different environments and circumstances. 
  
Since the factory’s production line that was examined was complex with many possible routes 
and other variations, the results from the empirical study risk being strongly affected by 
temporary circumstances that deviate from normal. Hence, the amount of time available for this 
study acted as a limitation since more observations under other circumstances could have been 
conducted with more time. Also, with more time, more measurements could have been carried 
out which would have led to more accurate figures. 
  
Moreover, due to the limitations in this study, no exact quantified impact from the identified 
factors could be derived, which is something further research could contribute with.  
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Appendix 
  Interviews at GKN Driveline AB in Köping     
  Continuous Improvement Leader 2017-03-20   
    2017-03-30   
    2017-05-18   
  Lean Coordinator 2017-03-01   
  Lean Manager 2017-02-17   
    2017-03-30   
    2017-05-12   
  Machine Performance Controller  2017-03-01   
    2017-03-16   
    2017-03-17   
    2017-02-28   
  Machine Performance Technician 2017-03-17   
    2017-03-22   
    2017-03-27   
    2017-03-28   
  Operator A 2017-02-17   
  Operator B 2017-02-17   
  Operator C 2017-02-17   
  Operator D 2017-03-14   
  Operator E 2017-03-14   
  Operator F 2017-03-16   
  Operator G 2017-03-28   
  Operator H 2017-03-28   
  Operator I 2017-03-28   
  Operator J 2017-04-05   
  Operator K 2017-04-19   
  Operator L 2017-04-24   
  Production Manager A 2017-03-12   
  Production Manager B 2017-02-07   
    2017-03-18   
    2017-03-24   
    2017-03-30   
  Production Planner 2017-02-17   
    2017-02-22   
    2017-03-14   
    2017-03-24   
    2017-03-30   
    2017-05-12   
    2017-12-18   
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  Team Leader A 2017-02-17   
    2017-03-20   
    2017-04-24   
    2017-04-25   
  Team Leader B 2017-04-24   
    2017-04-25   
  Team Leader C 2017-03-28   
    2017-05-12   
  Team Leader D 2017-02-20   
  Team Leader E 2017-04-24   
  Team Leader F 2017-04-25   
  Team Leader G 2017-04-25   
  Team Leader H 2017-12-05   
 
 
  Other Interviews     

  
Production Technician, 
Scania CV AB in Södertälje 2017-05-09 

 
  

Production Planner, 
Volvo Powertrain AB in Köping 2017-05-22 

 

 
  
 
 


