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 Abstract 

 
Volvo Construction Equipment’s driveline development department initiated this thesis work. 
It was calculated for two students working for 20 week period of time, which equals 30 hp 
each. The reason for Volvo CE to start the cooperation was the large number of variance of 
companion flanges and propeller shafts generating additional work for several departments 
within Volvo.  
 
The problem statement consisted of questions, which should result in information about the 
number of variants and combinations of propeller shafts and companion flanges used; the 
reason for the quantity of variants and what factors are affecting the choice of propeller 
shafts and companion flanges. They should also give answers to how article reduction can be 
implemented and what recommendations can be given to Volvo for the future.  
 
Using a Gantt chart as a planning tool helped the working process to progress in a structured 
way. Different methods of data collection were done to secure the problem understanding. 
Tools such as a literature review, function diagrams, and interviews were used to complete 
the data collection. Co-workers from the purchasing department and the part number 
reduction team were interviewed. Besides the in-house contact an opportunity was given to 
interview the suppliers during visits at their factories.  
 
Computer software was used as a resource of confirming information and mapping currently 
used components. The mapping process resulted in interesting findings, which were further 
researched. Together with the information from the interviews, reasons for the variety of 
used components were clarified. To deepen the problem understanding a more detailed 
variation mapping was made, showing what driveline components were generating most 
variants of companion flanges.  
 
The findings made and the recommendations received from the suppliers were unitized in a 
best case scenario. The questions from the problem statement were analyzed and answered. 
The recommendations given regarding to Volvo Construction Equipment’s propeller shaft 
program included guidelines for modularization. The success of modularization is based on 
among other factors, on particular documentation, continuous communication and close 
cooperation with the suppliers. This report can be defined as the first step towards a 
modularized propeller shaft program for Volvo CE’s haulers and wheel loaders. 
 
 
 
Keywords: Part number reduction, modularization, driveline design 
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Vocabulary 
 
Arkivator  Companion flange supplier located in Falköping  
 
Part number reduction Decreases the variety of part numbers 
 
Articulated hauler Construction equipment for material handling such as 

transportation and dumping, also named hauler 
 
Articulation point Joint in the centre of the machine that allows the wheel axles to 

move from being in a parallel position  
 
Bogie axle  Wheel axle pair spreading load to decrease the stress 
 
CAD  Computer Aided Design 
 
CAST  Common Architecture Shared Technology 
 
Cogs  Teeth on gears that distribute torque to the next gear 
 
Cog wheel  Gear 
 
Commonality Coordination of objects on common characteristics 
 
Companion flange One of two parts that form the connection between different parts 

of the driveline 
 
Concept Suggestion for a problem solution  
 
Cross serrated Pattern of splines locking the propeller shaft to the companion 

flange in a concentric position 
 
Crown wheel Ring gear interacting with the pinion and differential gears  
 
Differential  Unit that allows the wheel pairs to rotate at different speed 
 
Differential carrier Gear that transfer the torque to the wheels 
 
Differential housing Casing surrounding the differential 
 
Differential lock Locks the wheel pairs to rotate at the same speed 
 
Driveline  Structure of all components that together drive the vehicle 
 
Dropbox  Splits and distributes torque 
 
Dust cover  Cover that protects the companion flange from dust 
 
ENOVIA SmarTeam Volvo database, also named SmarTeam  
 
Factor of safety Ratio between yield strength and estimated maximum stress 
 
Function diagram Tool for identifying a product’s main, sub and support functions  
 
Gantt chart  Planning tool to coordinate recourses on project activities  
 
Hub reduction Unit that increases the torque 
 
Induction hardening Surface hardening on a limited area 
 
Integration  Suiting something into different contexts  
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ISO standard International standards for all kinds of subjects, in this case design 

guidelines 
 
Joint angle Allows angle variation between the propeller shaft and other 

components 
 
Mapping  Create an overview of a process or current information 
 
Mechanics  Type of companion flange for shorter connections 
 
Meritor Supplier for differential carriers and companion flanges, located in 

Lindesberg 
 
Modularization Combining modules by using common interfaces 
 
Oscillation  Cyclic variation 
 
Over dimensioning Increase the dimensions and consequently the factor of safety 
 
Part number  Identification number for a product in a range  
 
Pinion  Cog wheel interacting with the crown wheel in a differential  
 
Post market  Management of spare parts  
 
Propeller shaft Rotating shaft transmitting the engine power to the point of 

application 
 
PROST  Product Data Management system 
 
Rear  Back part 
 
RPM  Rates Per Minute 
 
Set-up cost  Cost caused by the set-up time 
 
Set-up time  Time needed to prepare machines for the next job 
 
Spicer Nordiska Kardan Supplier for propeller shafts, located in Åmål 
 
Splines  Slot pattern used in connections for transferring torque 
 
Standardization Reduce varieties through standards to simplify a process 
 
Strength category Classification based on a machine’s power and dimensions 
 
Target specification Document consisting of requirements 
 
Torque  The ability of a force to move an object about an axis 
 
Transmission Controls the rotational speed and torque by gear ratio  
 
Volvo CE  Volvo Construction Equipment, also named Volvo   
 
Volvo PROSIS Volvo database, also named PROSIS 
 
Wheel loader Construction equipment for material handling such as loading and 

carrying 
 
Yield strength Point where a material becomes deformed by stress 
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1. Introduction 

This chapter gives a short introduction and describes the background of this thesis work, for 
the Master thesis description, see appendix 1. An initial description of the company is given 
and the problem statement and objectives are presented. The project directives are listed and 
the delimitations made are also clarified in this chapter. On top of that an overview of the 
document is given. 

1.1 Background 

Hard competition increases the importance of identifying all parts affecting efficiency and 
costs. A large number of variants is both time-consuming and expensive. Therefore is part 
number reduction a significant variable of efficiency. 
 

Within Volvo Construction Equipment’s propeller shaft program there are approximately 20-
25 different variants of companion flanges. The corresponding program for Volvo Trucks 
consists of 4 companion flanges. The large number of variants at Volvo CE is partly due to the 
lack of coordination during the development and purchasing of components such as axles, 
transmissions and dropboxes. 

1.1.1 The company 
Volvo Construction Equipment is a successful part of AB Volvo that operates in the 
construction industry. Volvo CE has a 180 years long experience within construction 
equipment with its main roots in Eskilstuna Mekaniska Verkstad. To reach the point where 
Volvo CE is today, several companies have been merged and acquired. AB Bolinder-Munktell 
became a part of AB Volvo in 1950; shortly thereafter they introduced their first wheel loader. 
A few years later their first articulated hauler was launched. Today Volvo CE’s product range 
consists of: 
 

 Articulated haulers 

 Wheel loaders 

 Backhoe loaders 

 Excavators 

 Motor graders 

 Milling equipment 

 Tracked forestry carriers 

 Pipelayers 

 Demolition equipment 

 Pavers 

 Compactors 

 
Volvo CE is a global company that is active in large sections of Europe and also in China, Brazil 
and USA etc. The factories in Sweden are located in Eskilstuna, Arvika, Braås and Hallsberg. In 
Eskilstuna’s factory transmissions and axles are manufactured, to be sent to Arvika; the wheel 
loader manufacturing and Braås where the articulated haulers are produced. The driveline 
development is also a part of Volvo CE in Eskilstuna. Volvo CE’s major suppliers for propeller 
shaft and companion flanges are Spicer Nordiska Kardan and Arkivator (Volvo Construction 
Equipment, 2012). 
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1.1.2 Products 
The machines of Volvo Construction Equipment’s product range that have been in focus 
during the thesis work were the articulated haulers and the wheel loaders.  
 

Articulated hauler 
Volvo CE’s articulated haulers come in four different sizes, A25F, A30F, A35F and A40F. The 
term for the machines consists of three identification characters. As an example A25F, A for 
the machine type, articulated hauler, 25 for the machine size, and F for product generation. 
The haulers are designed to handle the tough conditions when working with mining, 
earthmoving, tunnelling, quarrying, material and waste handling. A typical work cycle for a 
hauler consists of loading, moving, manoeuvring and dumping. Figure 1 illustrates an 
articulated hauler. 
 

 
Figure 1 Articulated hauler 

Volvo’s unique steering system allows high steering force at a low engine speed. This is 
necessary for the hauler’s working environment in e.g. deep mud.  The design of the hauler’s 
body and the high tipping angle support efficient material ejection. To withstand the required 
oscillation and have good ground contact in tough operating conditions; the hitch allows 
independent movement of the tractor and the trailer. The haulers are equipped with 
differential locks; dog clutches. When locked, all wheels rotate at the same speed for 
maximising the tractive power (Volvo Construction Equipment, 2011).  
 

Wheel loader 
Volvo CE’s wheel loader range reach from mini loaders to large production machines. The 
wheel loaders are suited for work in load and carry operations, earth moving, civil and 
building constructions, agriculture, landscaping and more. The figure 2 is a picture of a wheel 
loader.  
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Figure 2 Wheel loader 

Volvo’s patented lift arm system gives best possible breakout torque and parallel movement, 
through the whole lifting range. The wheel loaders are equipped with an intelligent load-
sensing hydraulic system that provides exact required power, regardless of the engine rpm. 
The long wheel base allows the wheel loader to move safely and comfortably on rough 
ground. Volvo CE provides their customers with a wide range of attachments to the wheel 
loaders (Volvo Construction Equipment, 2009). 
 

Driveline 
Figure 3 shows how the articulated haulers driveline is designed. The engine is placed in the 
front part of the driveline. The engine torque is transmitted through the transmission to the 
first propeller shaft that is located between the transmission and the dropbox. From the 
dropbox the torque is distributed to the front wheel axle through a short propeller shaft and 
to the bogie axles through three propeller shafts in line. A propeller shaft is placed between 
the front and rear bogie axle. As described the hauler driveline consist of 6 propeller shafts. 
The companion flange functions as the connection between the propeller shafts and other 
components or for that matter, other propeller shafts. Therefore, there are 19 companion 
flanges in a hauler’s driveline. The odd number of companion flanges depends on that one of 
the companion flanges, at the hauler’s articulation point, is connected to a brake disc and 
therefore lacks a companion. 

 
Figure 3 Hauler driveline 
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The wheel loader driveline, see figure 4, differs significantly from the hauler driveline. In the 
wheel loader the engine is placed in the rear part of the machine. The function of distributing 
torque between the front and rear wheel axles is integrated in the transmission, making an 
external dropbox redundant. Between the transmission and the rear wheel axle is one 
propeller shaft, and between the transmission and the front wheel axle there are two 
propeller shafts in line. This means that the wheel loader driveline includes 10 companion 
flanges; 5 connections between propeller shafts and other components. 

 
Figure 4 Wheel loader driveline 

1.2 Project directives 
The thesis work was to be made at the Product Development department at Volvo 
Construction Equipment in Eskilstuna. The given working spaces were equipped with 
computers with the needed computer software installed. The working spaces were placed 
close to the different working groups of the driveline design. It was not required to spend all 
the working hours at the company. The time could also be used for further research and 
report writing at the university. A weekly meeting with the tutor at Volvo CE was defined as a 
fixpoint in the project plan, where the progress was presented and questions discussed. 
 
The given directives from the company were: 
 

 Obtain basic knowledge about propeller shafts 

 Mapping of existing programs at Volvo Trucks and the suppliers Arkivator and Dana 

Spicer 

 In consultation with representatives for axle and transmission development suggest 

common interfaces 

 Suggest a proper modularization 



13(72) 

1.3 Problem statement and objectives 

The large number of variants of companion flanges generates additional work for several 
departments within Volvo; design, purchasing, production, service and post market. A 
development project has been initiated that aim to develop a new transmission platform. 
Parallel to this a review of today’s propeller shaft program is about to get started. These two 
projects give a good opportunity to create a modularized propeller shaft program. If the axle 
and transmission development can agree on common interfaces, it might be possible to 
reduce the variety of companion flanges. 
 

A. How many variants and combinations of propeller shafts and companion flanges are 
used? 

B. What are the differences and similarities between the variants of the two 
components? 

C. What is the reason for the quantity of variants? 
D. What other factors are affecting the choice of propeller shafts and companion flanges? 

E. How can the part number reduction be implemented? 

F. What recommendations can be given to Volvo CE to avoid problems concerning the 
large quantity of variants? 

 

The objective of this master thesis is to investigate the possibilities of part number reduction 
for Volvo CE’s propeller shaft and companion flanges, used in haulers and wheel loaders. 

1.4 Delimitations 

The thesis work is calculated for two students full-time working in a 20-week period of time 
and equalling 30 hp/student. 
 
After mapping of the existing propeller shaft program the thesis work should result in several 
suggestions for part number reduction for propeller shafts and companion flanges. The work 
is delimited by the idea of using the same products Volvo CE is using today, but in a smaller 
variety and not introduce additional variants to avoid unnecessary introduction costs. The 
goal is to analyse and compare the different variants and investigate the possibilities of 
modularization. The modularization process will be limited by the shortage of time for this 
thesis work and therefore focus on recommendations and function as a pre-study for the 
further process steps. The master thesis will not result in a finalized solution, but in 
recommendations, in which direction the modularization work should progress. 
 
During the working process the large range of products, in form of different machines, were 
divided into different groups. The groups differ in how detailed the research is done and how 
clearly they are highlighted in the documentation in this report. That partially depends on the 
access of information or the possibility to deepen the research and analysis, instead of getting 
a wide but superficial knowledge. The detections that will be made are going to be compared 
and controlled by looking at all the machines that are not included in the group focussed on. 
That ensures that the conclusions are correct and can be applied onto all machines without 
problems or disadvantages.  
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1.5 Document Overview 

 
2. Theoretical background – The theoretical background of the master thesis is 

presented.  
 

3. Method – A description of the tools and methods used during the thesis work is 
given.  

 
4. Applied methodology – The applied methodology is presented and an explanation of 

how the different tools and methods were used is given. 
 

5. Results – The results of the thesis work are presented.  
 

6. Analysis – An analysis of the results is given that answers to how the problems are 
solved.  

 
7. Conclusions and recommendations –The conclusions drawn from the work and the 

recommendations for the future are presented. 
 

8. References – The references used are listed.   
 

9. Appendix – Important documents that complement the report are listed.  
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2. Theoretical background 

The master thesis is based on the theoretical background presented in this chapter. Topics 
that have been important input for the work has been to take a closer look at a driveline, facts 
about propeller shafts and companion flanges, information about Volvo CE’s main suppliers 
Spicer Nordiska Kardan and Arkivator, but also the manufacturing process of the companion 
flanges. An introduction of the computer software used is given and more detailed 
descriptions of mapping, part number reduction and over dimensioning is included in this 
chapter. In addition to that, CAST, an example of a modularization project within Volvo is 
described. 

2.1 Hauler driveline 

The hauler driveline is a bit more complex than the wheel loader’s. Therefore, a closer look at 
this type of driveline was made. The description is structured from an overall picture of the 
driveline to more detailed explanations of the functions.   

 
Figure 5 Driveline of a hauler 

 
Figure 5 shows an overview of the articulated hauler’s driveline. The engine is placed in the 
front part of the driveline. The engine torque is transferred through the transmission to the 
first propeller shaft. The propeller shaft is placed between the transmission and the dropbox. 
The dropbox’s function is to distribute the torque to the front wheel axle through a short 
propeller shaft and to the bogie axles through several propeller shafts lined up. The front and 
rear bogie axles are connected to each other by a propeller shaft. In total, hauler drivelines 
consist of 6 propeller shafts. The companion flange functions as the connection between the 
propeller shafts and other components or for that matter, other propeller shafts. Therefore, 
there are 19 companion flanges in a hauler’s driveline. 
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Figure 6 Front bogie axle casing 

The hauler has six wheels and therefore three wheel axles. The wheel axles are similar to each 
other, except that the front bogie axle includes a torque splitting transfer gearbox that 
enables torque split between front and rear bogie axles. The exploded view, figure 6, shows a 
front bogie axle casing (1) where all components are integrated. The visualization contains a 
differential carrier (39), the axle casing (1) and the outgoing axle (23) that is connected to the 
propeller shaft between the front bogie axle and the rear bogie axle. The hauler’s wheels are 
assembled outermost of the axle casing. 
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Figure 7 Differential housing 

The differential carrier already mentioned is shown in the exploded view, in figure 7. The 
differential carrier splits the torque and transfers it to the wheels and further to the rear 
bogie axle to activate the rear wheel drive. This results in all wheel drive. The components 
lined up in the upper part of the differential housing transfer the torque to the outgoing axle. 
The torque is also transferred to the rear axle, as mentioned above, by the tooth contact 
between gear (16) and (30). Gear (30) is connected to the pinion, which through the crown 
wheel transfers the torque to the hub reduction, explained later. Since the hauler is equipped 
with all-wheel drive, the differential’s function is to allow the wheels to rotate at a different 
speed. This function is used when the hauler is turning. In a turn, the outer wheels are forced 
to travel a longer distance within the same time interval and are necessarily rotating at a 
higher speed.  
 

 
 

The period of time (t) the wheels are rotating is the same for all wheels. Since the distance (s) 
for the outer wheels gets longer in a turn, the velocity (v) must increase to compensate for 
the variance in distance. This phenomenon is visualized in figure 8.    
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Figure 8 Wheel movement in a curve 

 
 
When the driveshaft, with axle shaft side gear (45) connected to the outer wheels rotates at a 
higher speed in a turn, the differential gears, number 47, start to rotate along the crown 
wheel. Figure 9 describes how the components in a differential interoperate with each other.  
 

 
Figure 9 Differential 

 
In opposite, non-driven wheels do not need individual speed adjustment because they are not 
connected to each other and just follow the movement. 
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Figure 10 Differential locking 

 
When driving in slippery conditions, differential locking mechanism and the all-wheel drive 
engagement makes it possible to lock the differential function and therefore force the wheels 
to rotate at the same speed and transfer torque to the wheel with best traction. Figure 10 
shows an exploded view of a differential locking system. 
 
To ensure the optimal tooth contact between the pinion and the crown, in a differential, 
wheel a testing in form of color marking is made. The marking shows how well the tooth 
contact is adjusted. The figure 11 illustrates the correct tooth contact and how incorrect 
contact patterns can be adjusted. 
 

 
Figure 11 Tooth contact between the crown wheel and the pinion  
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The differential carrier in the front and rear axle are very similar and demonstrated in figure 
12. The companion flange is placed on the left side, marked with number (17). The companion 
flange is connected to the pinion with a nut in the centre. The sealing is also included in the 
connection, number (14A). To adjust the position of the pinion, a shim kit is used that control 
the distance, how far the pinion is inserted into the casing of the final drive. The distance 
varies by the number of rings used in the shim kit. 
 

 
Figure 12 Differential carrier 

 

The hauler is also equipped with hub reductions which give an additional increase of the 
torque, see figure 13. The planetary gear, placed in the hub retainer, is responsible for the 
hub reduction. A planetary gear consists of a sun gear (11), connected to the drive shaft from 
the differential, a planet carrier (13) where the planet gears (14) are placed. A ring gear (17) is 
concentrically put around the planet gears. In most cases one of the three main components 
is fixed and the other gears function as input and output (Olsson, 2006). The gear ratio varies 
depending on which of these options the gears are responsible for. If the planet carrier is 
defined as output gear reduction is caused. That means that a higher torque, than the torque 
coming from the sun gear, is transferred to the wheels. If two of the components are locked 
together, it leads to direct drive without gear ratio (public.resource.org, 2010). 
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The hub retainer also includes a brake system consisting of several brake plates and brake 
discs, also shown in figure 13. 
 
 

 
Figure 13 Hub reduction 

 

To summarize the interaction of all functions integrated in the final drive an overview is given 
in figure 14, (after Olsson, 2006, p.391). The figure also shows the connection between the 
propeller shaft and the differential by the universal joint. The most important parts are 
named in the figure. 
 

 
Figur 14 Final drive 
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2.2 Propeller shaft 

A propeller shaft, figure 15, is used as a connection between different components of a 
driveline to transfer torque, sometimes called drive shaft. The benefits of using a propeller 
shaft are that it allows movement of the components connected to each other. A field of 
application can be the connection between wheel axles in construction equipment when the 
machine operates on a rough ground. A propeller shaft tolerates differences in length and 
angles. The function is enabled by an assembly of several parts. The fastening between the 
driveline components is possible due to the use of companion flanges.  
 
 

 
Figure 15 Propeller shaft 

 
A general propeller shaft consists of approximately 12 different parts. Figure 16 shows all the 
parts included in a propeller shaft. The flange yokes are the parts of the propeller shafts that 
are connected to the companion flanges on transmissions or wheel axles. The flange yoke, the 
journal spider and the tube yoke together form one of the propeller shaft’s joints. Inside the 
joint there is a bearing that is fixed in its position with the circlip. The tube yoke is welded to 
the tube. Inside the tube, sometimes a cardboard roll is placed to reduce noise. The sleeve 
muff is also welded to the tube. Inside the sleeve muff there are splines, where the yoke shaft 
with external splines can slide along. This gives the propeller shaft the possibility to handle 
differences in length. Over the yoke shaft there is a cover tube. The yoke shaft together with 
the journal spider and the flange yoke form the other joint of the propeller shaft.  
 

 
Figure 16 Propeller shaft parts 
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Figure 17 illustrates the benefits of using propeller shafts in a wheel loader. The propeller 
shaft joint angles allow the wheel loader to move the wheels axles from being parallel to each 
other. The wheel loader is designed for movements of up to 40˚ in both directions from the 
straight starting position. 
 

 
Figure 17 Propeller shaft application in a wheel loader 

Figure 18 is a simplified illustration of the possible range of angle variation for a wheel loader, 
due to the propeller shaft’s joint that is placed at the machine’s articulation point. 
 

 
Figure 18 Possible angle range 

2.3 Companion flange 
The term companion flange describes the type of flange that fits together in a relation to 
another flange. In general, all loose flanges that are not integrated with an equipment body 
are named companion flanges. It consists of a sealing surface and a pipe thread entrance. The 
companion flange connects the propeller shaft with the transmission or other axles. The 
dimensions can vary depending on their use (Woodcousa, 2012).  
 
Briefly, a companion flange can be defined as a pipe flange, which is threaded on the inside to 
receive a pipe length. It is also drilled, to ensure the connection to another equal flange 
(Merriam-Webster, 2012). The bolt holes that align with another flange are a trait of 
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companion flanges (Wisegeek, 2012). Two different parts of a shaft can be coupled together 
by using companion flanges. 
 
In Volvo CE’s haulers and wheel loaders, two main types of companion flanges are used. The 
most common type is the cross serrated companion flange and the other is a companion 
flange called mechanics. The mechanics companion flange is often used when there is not 
much room for a propeller shaft. Using mechanics companion flanges, instead of cross 
serrated, allows the propeller shaft to be slightly longer, since the mechanics companion 
flanges are shorter. Figure 19 shows a cross serrated companion flange and figure 20 a rough 
3D-model of a mechanics companion flange. Volvo CE’s main supplier of companion flanges is 
Arkivator, but they also have some other smaller suppliers such as Meritor, Officine 
Mecchaniche Piemontesi in Italy, and the German supplier ZF Friedrichshafen AG. 

 
Figure 19 Cross serrated companion flange    Figure 20 Mechanics companion flange 

   

2.4 Spicer Nordiska Kardan 
One of the world leaders in the supply of driveline products such as axles, driveshafts, off-
highway transmissions, and sealing and thermal-management products is the Dana Holding 
Corporation (Dana, 2010). In the corporation is the company Spicer Nordiska Kardan AB 
included, with about 135 employees. Spicer Nordiska Kardan has their plant in Åmål, which 
they have had since it was built in 1973. They produce driveshafts for both off-highway and 
commercial vehicles. Approximately 165 000 shafts are delivered per year to customers like 
Volvo Truck Corporation, Volvo Construction Equipment, and Scania, mainly located in Europe 
and Brazil. Major features of the propeller shafts include its high resistance to dynamic load 
variations, large deflection angles, and uniform load distribution throughout the axial 
displacement range, low rotational diameter, low weight, and versatile flange connections. 
These features provide an ideal base for standardized driveline design and new power 
transmission concepts. Spicer Nordiska Kardan has been a supplier for Volvo CE since 1950. 
(Spicer Nordiska Kardan, 2012). 
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2.5 Arkivator 

Arkivator AB is a Swedish technology company that manufactures products in businesses like 
telecom, machine, and vehicles. It was founded in 1940 and has today about 600 employees. 
The factories and offices are placed in Sweden, Hungary, and China. The company is divided 
into three different parts; Arkivator Telecom that develops and manufactures telecom and 
broadcasting products, Arkivator Machine Systems that is responsible for the development 
and production of machines for the global packaging industry, and Arkivator Industry for 
machining by automated and manual processing. 
 
Arkivator Industry produces complex products in all existing materials using machining 
methods. They also assemble and test the products and offer everything from prototypes to 
large series production of both small and large components. The processes are modern and 
précised to high quality standards because of the customers demand of excellent quality, 
delivery precision and efficiency. Some of these customers are Tele2, ABB, Haldex Group, 
Tetra Pak, and Volvo CE (Arkivator, 2012). The main components that are ordered by Volvo CE 
are companion flanges. The capacity for this section of the manufacturing is set to a volume of 
190 000 parts/year in two shifts. Arkivator Industry in Falköping produces 130 000 companion 
flanges each year. A volume of about 50 000 is delivered to Volvo CE. 

2.5.1 Processing of companion flanges 
The step in the manufacturing process at Arkivator that affects the costs the most is induction 
hardening. Induction hardening is a process where metal components are heated using 
induction heating and afterwards quenched, to reach a change in the material structure that 
increases the brittleness and hardness of the material. The hardness gives the component 
more strength to resist demanding and remaining deformation (Andersson, 2007). Inductive 
hardening is chosen if only selected areas of the component should be processed to 
accomplish the best result. The heat is generated directly in the part by high-/low-frequency 
alternating current in an electromagnetic coil (copper coil). The heating rate is typically 300-
1000°C/s. After the heating treatment follows a rapid cooling by sluicing with municipal 
water, aquatensid or quenched in oil. Stabilizing is a common last step but not mandatory.  
 
This kind of hardening is used for parts up to 200 mm in diameter without limits regarding the 
length. Inductive hardening generates compressive stress in the surface and increases the 
strength of the component. The hardness ranges from 600 to 800 HV (Vickers) 
(Induktionsvärme AB, 2012).  
 
In this case the induction hardening is used to strengthen the companion flanges. Advantages 
of this treatment that are used are that it can be applied on certain sections located on the 
component, it is easy to repeat and the whole process is comparably environmentally 
adapted (Induktionsvärme AB, 2012).  
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2.6 Computer software 

The independent research and information retrieval were mainly done by the use of different 
kinds of computer software that are integrated in the general working process of Volvo CE. 
Under this heading are several computer programs described which were taken advantage of 
to get needed information.  

2.6.1 PROST 
PROST is a Product Data Management system where most of Volvo Construction Equipment’s 
products are documented. PROST is an acronym for PROduct STructure. In PROST information 
such as parts, drawings, products, bills of material, and engineering change notices. The 
software is divided into several subsystems. All subsystems are a collection of transactions (a 
command consisting of 5 letters) that are formed after a logical structure. Information about 
cost, part- and drawing information, document changes, and historical structures can be 
found in the subsystems (Isene PDM, 2001). 
 
PROST was used during this thesis work for orientation in the product structures.  

2.6.2 Volvo PROSIS 
Volvo PROSIS 2011 is a combination of spare part catalogue, workshop service manual, 
electrical wiring diagram, hydraulic diagram and information about maintenance of all Volvo 
Construction Equipment models. 
 
Volvo PROSIS consist all types of construction equipment produced by Volvo CE. PROSIS is a 
shortening for describing PROduct Support Information System. The program has a user-
friendly search function that gives fast results of information linked to the part number or 
other search options. It is also possible to create an order in the program and save this as a 
file, a copy, attached to an e-mail or print it (On Board Diagnostic, 2012).  
 
In this thesis work Volvo PROSIS was used to get an overview on the drivelines and the 
connection of the included components. 

2.6.3 ENOVIA SmarTeam 
The program SmartTeam is specialized in collaborative Product Data Management (cPDM) 
and makes it possible to overlook all data linked to one product within the companies work. 
The data can consist of information about material and dimensions in technical drawings or 
3D-parts in cooperation with CAD software like CATIA. ENOVIA SmarTeam offers flexible 
product data management that promotes cross functional cooperation. SmarTeam can be 
used of both large and small companies that have departments in several countries. The 
version used was a web based variant. The part number functions as input to get to the 
information. Besides the direct data of the item the related data is listed as well. In this case 
SmarTeam was used to receive technical drawings that were reliable and complete as a base 
for comparison and discussion (Combinum, 2011).   



27(72) 

2.7 Mapping 

Information mapping is one of the elements that are included in scientific methods. The 
information that is used is documented and processed in a user defined way. This kind of 
method was introduced by Robert Horn in the 1960’s. To fit the information for use, its 
objective is defined and the need of the user analysed. The collected data is sorted out to cut 
the inessential information. For simplifying the management and applicability of information 
for any person of interest, it is presented in an appropriate way in form of figures, pictures or 
diagrams that supports the written elements. Visualisation makes it easier to understand and 
interpret the given information and use it in further steps of a working process (Horn, 1992). 
 
Another type of mapping is process mapping. At Landstinget Västernorrland (2010) this 
implementation is divided into four different steps. Before starting the mapping, an 
appropriate process should be identified and selected. The process frames and limits should 
be determined; defined where the current process starts (input) and ends (output). The 
customers and their expectations should be identified.  
 
The four steps are listed below: 
 

1. Describe the process in its present state: define the different activities that form the 
process, sort the activities along a timeline, and draw the process by using telling 
symbols.  

2. Validate the process map by showing it to a person that is not active involved in the 
mapping design. Correct and complete the picture to avoid confusion. 

3. Describe the process in ideal case and compare it to the current process to identify 
problems and deficits and to visualise potential for improvement. Find out what 
elements that are value adding for the process.  

4. Deepen the analysis of the process to the different stations in the process and control 
how the flow chart is affected by potential problems. Introduce tools like check lists or 
templates. 

2.8 Part number reduction 

The introduction of new products causes direct and indirect costs. The costs named indirect 
can vary between different companies and the involved departments like administration, 
design, purchasing, and service. Every of these departments are spending time and effort in 
the introduction process. Another kind of costs that arises at a new introduction of a product 
is costs caused by support and service during the product’s lifecycle. In most cases are the 
products in production about seven years, causing different costs (Nilsson, 1990).  
 
There are three different methods used for part number reduction: standardization, 
modularization and integration. The subsequent part will give a short description of the 
mentioned methods. 

2.8.1 Standardization 
Standardization describes the successful process of introducing standards and guidelines for a 
developing process or a product’s design and condition. Standards that are broadly accepted 
and well-reasoned can help to ensure the needed quality and the properties that are needed 
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for assemble different parts. The shape and function of a product is adjusted in a structured 
way, to make it easier to control if the product implements the requirements in the most 
effective way (Supplement Quality, 1999). Standards and regulations make it easier to 
communicate between several departments, to clarify what guidelines to follow.  

2.8.2 Modularization 
The term modularization means to divide a large problem or product into smaller subparts. 
That makes it easier to understand the function and the influence of the modules on the 
whole assembly, building the final product. The modules can be combined individual 
depending on the problem to be solved and the customer needs. This affects all involved 
departments economically. The volume of each produced module part has the possibility to 
increase, because it can be used in different places. Other aspects that change with 
modularization are delivery time and complaint. Even the post market is easier to control 
because it is easier to identify the modules causing problems (Nilsson, 1990).  
 
Scania CV AB is known as a good example of consequently using modularization within 
product development. Over 60 years of experience in modular products, has now led to a 
product range that can easily be adjusted to the customer needs. For Scania modularization is 
not only for lowering production costs, due to a small number of components, but also for 
shortening the time to meet customer needs and the demands of new legislation. They point 
out that modularization must not be mistaken as standardization, since customized solutions 
are offered to their customers. When using standardized interfaces between components in 
the powertrains and transmissions, allows development and changing of components without 
affecting other surrounding components at the same time. Working with modularization gives 
Scania an opportunity to break into new segments in a cost-effective way (Scania Value, 
2009).  

2.8.3 Integration 
Integration in context with product manufacturing describes the integration of products even 
in other sectors or components in other assembled products. That means that the same part 
can be used in several areas. The result can be larger volumes of one kind of part and 
consequently lower costs (Nilsson, 1990). 

2.9 CAST 

Volvo CE is continuously working with development of their products and the manufacturing 
process. A project that supports the development in the company is CAST. CAST stands for 
Common Architecture Shared Technology and describes the modularization process for 
different projects. The information about the CAST projects was given by one of the 
employees at the CAST platform by a presentation and a complementary interview and 
discussion. 
 
One of the main reasons to start with the CAST project was the large amount of parts included 
in Volvo CE’s range of products. Today Volvo CE has approximately 175 000 part numbers 
documented. Looking at Volvo Trucks segment and comparing the number of just 5000 part 
numbers with the 175 000 part numbers of Volvo Construction Equipment, made them aware 
of the potential of improvement. Obviously is it not possible to compare these two segments 
without thinking of that Volvo CE’s product range includes a bigger variation of machines and 
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functions. But the handling of parts and the way of modularization can be investigated and 
possibly be adopted to the construction equipment as well.  
 
The first project was a modularization project for the cabs for the different construction 
equipment. Mapping the existing cabs showed that there were 48 different kinds of doors and 
only three of them have the same handle. Further there were several differences in the design 
of the cab doors, like different solutions for the sealing, the lock system, and the profile of the 
door frame. That means there were different solutions, in different machines, for the same 
function. The variation of parts also resulted in a large variety in the manufacturing process. 
The CAST Technical Solution method includes reduction of variation by using the same 
materials, components, sealing, frame profiles and manufacturing methods, for example. This 
made it possible to manufacture 8 kinds of cabins on the same production line. They differed 
in dimension, shape and looks but the production includes the same steps and use of 
mounting equipment. The CAST Technical Solution method is divided into six steps, as shown 
in the list below.  
 

 Scope 

 Requirements  

 Describe different technical solutions 

 Make evaluations 

 Test and verification 

 Documentation  

First the scope is defined by deciding what function a common solution should be found for. 
The requirements on the solution for the function are specified and relevant technical 
solutions described. Existing solutions from present products, applicative and interesting 
solutions from other areas and competitors are analyzed. This step should be followed by a 
structured evaluation of the solutions to find the preferred and best matching solution for the 
function in question. The proposed CAST Technical Solution is tested as much as possible and 
all steps in the process are documented and the choices made are motivated. The 
documentation is one of the most important steps to make it possible to use the information 
for further projects or further development and adjustment. It should be able to transfer the 
knowledge and findings in between different employees, departments or organizations. That 
prevents inventing the wheel several times. A template for the documentation is attached to 
the report, see appendix 5. The template was also used for this project and results are 
presented in chapter 5.3 Implementing CAST. 
 
There are different types of design linked to modularization and function commonality. At 
integral design are all functions integrated in one variant and adjustments and changes or 
addition of functions requires development of new variants. Another principle is the modular 
design which is based on the possibility to combine several modules. A module is defined as a 
building block containing a specific function and a well-defined interface. To the same main 
module different components can be added because of a common interface, see figure 21. 
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Figure 21 Component swapping modularity 

Modularization can also describe the case of using the same component in different products. 
These products are sharing the same components but can differ in the whole, see figure 22.  
 

 
Figure 22 Component sharing modularity 

As a summary, the Common Architecture Shared Technology can be described as a method to 
coordinate the large amount of part numbers and discover synergies and similarities. This 
enables to reduce the amount and make the production process less complex and 
complicated. The goal of modularization is to be more efficient and make more with less. That 
includes more product variants but less part numbers; less work to introduce product 
updates, new functions and generations; reuse of existing solutions for more products and a 
modularized product allows separated development, preassembly and pre-testing. 

2.10 Over dimensioning 

A product is defined by a great amount of dimensions and other characteristics like material 
and color. In the developing process the dimensions are chosen based on guidelines of design, 
function and safety. 
 
To over dimension a product means to increase specific parameters to change the products 
dimensions. The change is not needed to ensure the products functionality. There can be 
different reasons to use over dimensioning in the design of a product. One reason is to get an 
advantageous factor of safety. The factor of safety is a term used to describe the ratio 
between the yield strength and the estimated maximum stress, in ordinary use.  That means it 
gives an indication of how safe the structure will work under the specific condition.  
 

 
 
By over dimensioning the thickness of material or the size of the product in general the factor 
of safety can get a higher value and prevent upcoming problems and reduce risks. Another 
reason to over dimension a product or product part can be that this action enables the use of 
the same part in several models or machines. That happens by using the bigger variants of 
parts even in smaller desings. The advantage of it is that the amount of different parts needed 
to assemble the whole range of machines is reduced. That means you can use the over 
dimensioning as a tool for part number reduction and lower unnecessary costs and parts in 
the production process. 



31(72) 

3.  Method 

In this chapter are all tools described that were used as a support under the working process. 
The information how to use the tools is completed by their positive and negative effects on 
the project. The solution process with all included steps is visualised as a flow chart in figure 
23. 
 

 
Figure 23 Method flow chart 

3.1 Gantt chart 

There are many different aspects included and resources needed in a product development 
process. To organize these it is important to get an overview. A Gantt chart, see appendix 2, is 
a common planning tool that shows all activities that must be performed to reach the goal of 
the project, within the time frame. The activities are placed in an order that shows how they 
interact. Some activities cannot be started before others are done, for example. The timeline 
shows what amount of time is available. Responsibility for the activities is given to several 
members of the project group. It is necessary to update and control the chart constantly 
under the working process, to overlook the estimation of timescales. This makes shortage of 
time or other resources clear and allows modification of the planning chart (Ulrich & 
Eppinger, 2008).The figure 24 shows a general example of a Gantt chart. 
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Figure 24 Simplified Gantt chart 

3.2 Literature review 

The literature review helps to reach a more detailed knowledge in the area in question and to 
get the basic understanding needed to continue the work. It is possible to get information 
about former work that has been done or discover gaps in the abundance of information. A 
literature review is conducted by gathering relevant information from various sources within 
the field of interest. According to Rydberg (1997); videos, sound recordings and photos are all 
included in this category. According to Hart (1998), a literature review is about selecting 
available documents on the research topic that contain ideas, data, information, and written 
evidence from a specific standpoint. The information found in the documents aims to express 
certain views on the nature of the topic. An effective evaluation of these documents, in 
relation to the research being proposed, is also a part of the literature review. 

3.3 Interview 

In order to describe, formulate hypotheses, and predict something an interview can be made 
(Ejvegård, 2003). During an interview information can be gathered that was not found in a 
literature review (Rydberg, 1997). The most common method in the research context is that 
an interviewer asks one respondent at a time. It is important to give a short introduction at 
the beginning, to give the respondent an impression of the project. An unstructured interview 
is defined by a spontaneous development during the conversation and the choice of questions 
can differ (Ejvegård, 2003). 

3.4 Target specification 
A target specification is used as an agreement between the client and the supplier. The 
specification describes the expectations and communicates the common aim for the project. 
It should be updated under the working process, in connection with the increasing knowledge 
or with changes in the project (Karlsson, 1996). The document contains all the registered 
customer needs. The expectations and needs of the customers are clarified. That shows what 
functions or characteristics the product should have to please the buyer. The requirement 
needs to be written in a way that can be understood of every participant (Bergvall & Demblad, 
2003). That means that the language used is natural language, to avoid misinterpretations 
(Berndtsson, 2010).  
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3.5 Function diagram 

A function diagram clarifies what functions should be included in the product. The various 
functions are divided into different categories depending on their significance. The central 
function is called main function and is reached by adding sub-functions and support functions. 
This kind of ranking visualizes the importance of the different features. It shows only what 
should be included in the product, but not how. Figure 25 shows a simplification of a function 
diagram. 
 

 
Figure 25 Simplified Function diagram 

3.6 Descriptive observation 
A study visit is a useful method of getting a better understanding of a specific process. 
According to Routio (2007), a descriptive observation means studying and gathering of 
information with the aim of describing what happens during a process. The description shall 
not be affected by the observation; the findings should be the same without the presence of 
the observer. Ejvegård (2007) means that the advantage of an observation is that the 
researcher gets the opportunity to really understand the process. The disadvantage is that the 
observer might affect the process with his/her presence. It is of great importance to distance 
oneself from the task, to avoid subjective evaluation of the results. Several study visits with 
observations were conducted among suppliers, to get a deeper understanding of their 
manufacturing process and the collaboration between them and Volvo CE. 

3.7 Concept generation 

In Ulrich and Eppingers book Design and development (2008) concept generation is described 
as a five-step method. The five steps are presented in figure 26. A concept is a rough 
description of a products function, technology, and appearance. It has to answer the question 
in what way the customer needs will be satisfied. A concept is often presented as a sketch or 
a simple 3D model with a descriptive text. Since concept generation is relatively inexpensive 
and not as time-consuming as the rest of the product development process, it is valuable to 
carefully work through the concept generation process, in order to avoid expensive mistakes 
later in the process. If concept generation is carefully made, the development team should 
feel confident about exploring all alternatives. The quality of a final product depends a lot on 
the particularity of the concept generation. 
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Figure 26 Five steps in concept generation 

The first of the five steps, clarify the problem, is about creating a mutual and general 
understanding of the problem to be solved. During this step it is useful to decompose a 
complex problem into simpler sub problems.  
 
The next two steps in the process are the research parts, searching externally and internally. 
The external search consists of discovering already existing solutions to the problems, since it 
is cheaper than exploring completely new ones. Gathering external information can be 
interviewing experts and lead users, searching for patents and published literature, but also 
benchmarking of related products.  
 
Searching internally is the most creative part of concept generation. To generate solution 
concepts, the team members’ qualifications in terms of knowledge and creativity is used. It is 
important not to take any unconsidered decisions. A consequence of product concept 
decisions is something that has to be lived with for a long period of time. Generating as many 
ideas as possible is preferred, and also welcoming all kinds of ideas, even those that may 
seem infeasible from start. It can be beneficial to have both individual and group sessions for 
concept generation.  
 
The fourth step in the concept generation is exploring systematically. This means that the 
group systematically organize and combine the solutions they have found, to the sub 
problems, during the internal and external search. The aim is to sort out and categorize, to 
make the comparison between solutions simple. During systematic exploring, the solutions 
can be combined in concept combination tables to get an idea of which combinations are 
available. 
 
The last step in concept generation; reflect on the solutions and the process, is about finding 
out if all possible solutions have been explored, if the group members have welcomed every 
idea, and if there would have been alternative ways of decomposing the problem. Although 
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the authors have chosen to have this step as the last step in the process, they point out that it 
is important that the group reflects on the process during the whole work. 
 
The advantages of a structured concept generation method, regarding to the requirements of 
this master thesis, are that the large number of influencing factors is taken into consideration 
and to ensure that nothing is forgotten. Although it is necessary to generate a lot of ideas, it is 
important to not only focus on the quantity, but also the quality. This kind of concept 
generation method was suited to use during this thesis work because it was important to, in 
an early stage, understand the problem to be solved. A lot of valuable information could be 
found when searching both internally and externally and exploring the solutions 
systematically gave a good overview of the possible concept combinations. 

3.8 Concept selection 
According to Ulrich and Eppinger (2008), concept selection is a process that progress during 
the whole development process. Concept selection is about evaluating the concepts 
developed during the concept generation. The concepts relative strengths and weaknesses 
are compared and the concepts are classified based on how well they satisfy the customer 
needs. The evaluation should result in one or several concepts worth further studying, 
development, or testing. 
 
Some concept selection methods are considered to be subjective. However, there are 
structured selection methods that help the concept selection to be more objective. Different 
selection methods are listed below: 
 

• External decision: An external person, such as a client, makes the selection. 

• Personal taste: An influential member of the development team selects a concept 
based on personal taste. 

• Intuition: The decision is made on what feels good.  

• Multivoting: Every member of the team votes on their favorite concept and the 
selection is based on which concept that got most votes. 

• Pros and cons: The team lists the advantages and disadvantages of every concept and 
makes a choice based on that.  

• Prototype and test: Prototypes of every concept are made and tested, and the 
selection is based on test data.  

• Decision matrices: Every concept is rated and weighed against predetermined 
selection criteria.    

 
To be able to find the concepts that optimally fulfill the customer needs, a method that 
clarifies the strengths and weaknesses is needed. The concept selection methods used in this 
thesis work were external decisions, made by the tutor at the company after discussing the 
pros and cons between different possible solutions. 
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4. Applied methodology 

The following chapter clarifies the used methodology and gives an explanation of each step 
done to push the project forwards. The headings chosen for this chapter are sorted in a logical 
order to make it easier to follow the progress of working process. This chapter gives an 
explanation of how tools and methods were used in this project. 

4.1 Introduction 

This introduction describes the first steps of the project, including the planning of the working 
process and the first information collection, together with an introduction at the department.  

4.1.1 Planning 
The planning of the thesis work started already before the actual date, at a meeting at Volvo 
CE with the mentor. The goal of the cooperation and the included milestones were discussed 
and a first time schedule was sketched up. This sketch was used as basic data to make a 
detailed planning report, see appendix 3 and Gantt chart, see appendix 2. 
 
The planning report was written about two weeks after the beginning. Parts that were 
included in the report were the objectives, directives and delimitations of the project, 
literature that would be used for research and choice of methods. In addition to that a time 
management in shape of a Gantt chart was made. The project plan showed all activities that 
were required to reach the goal of the work. 
 
The steps were sorted in logical order and linked to the time line. The resources such as time 
and manpower were divided to the process activities. Some of the activities were interacting 
and performed simultaneously. An example could be the data collection and problem 
understanding. By getting more input of information, increases the knowledge and the 
problem understanding can be more detailed. By understanding the problem, the data 
needed is clarified. The expected time consumption was followed up by the actual outcome. 
That eased it to discover shortage of resources and made it easy to modify the further 
working process. Shortage of time was also caused by illness, marked with a red color in the 
Gantt chart, see appendix 2, of the group members and the lost time had to be compensated. 
Some of the activities needed more time than expected and some less than planned. The 
project plan included two phases of data collection, analyzes and conclusions to allowed time 
to get back to the problem statement and adjust the needed information, to ensure a 
complete solution that made the process more effective.  
 
In the Gantt chart and project plan was even a fixed point included each week, to meet the 
tutor and discuss the working state and get answers to questions and help in general. The 
steady contact with the mentor pushed the project forwards and ensured that the work 
progressed as wanted.   

4.1.2 First information 
The first week into the project contained information about the department for driveline 
systems at Volvo CE. Introduction material was handed out to present the products and 
components that are designed at the department. The information reached from an overview 
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of the machines; wheel loaders, motor graders and articulated haulers, to more detailed 
explanations of the included components. General information about propeller shafts and 
companion flanges was also given, in form of instructions for design of propeller shafts and 
prior work that has been done within the subject. 
 
This theoretical introduction was supplemented by a visit at the workshop and inspection of 
the machines in full scale. The goal was to get a picture of how the components are integrated 
into the complete machines and to get an idea of the dimensions.  
 
To get in contact with the co-workers, appropriate for this thesis work, a contact list was 
obtained. The list contained the co-workers names and their special fields. That made it 
possible to know quickly who could answer what specific questions to improve the project 
work flow.  

4.2 Problem orientation 

To familiarize with the problem that had been presented as the reason why the thesis work 
was initiated, required plenty of work. Even though a lot of information was given during the 
introduction, a deeper understanding was needed. Much of the work in the beginning of the 
thesis work was about obtaining basic information regarding propeller shafts and companion 
flanges, to get an understanding about the problems related to the work.  
 

4.2.1 Interview 
Of course there was a lot of knowledge among the co-workers at the department where the 
thesis work was made, but it appeared that it was a bit disseminated and challenging to 
locate. There was not one person that had all information needed, but everyone knew 
something that would have an influence on the work. 
 

Due to this, a number of interviews were conducted with different people, to get an idea of 
what kind of knowledge they possess, but also to learn more about the basics in the area. 
Several interviews where made with different people, during the first two weeks, within their 
special fields. Interviews were made with experts on companion flanges, expert on details like 
cogs and cog wheels, but also with the lead engineer of axle design. The interviews conducted 
were unstructured because it was not clear from the beginning what kind of information that 
would be interested. The questions asked were more spontaneous and occurred during the 
conversation. Focus was on letting the interviewees to talk about their work, in relation to the 
thesis work. The interviews gave answers about how they see the large number of parts from 
their perspective, whether they thought that it was a problem or not.  
 
The conclusions that could be drawn from the interviews were that it was clear that no one 
have been responsible of dealing with the problems of large product range. It was confirmed 
that the large number of parts based on decisions that had been made in the history. The 
interviewees described that the development of the components in the driveline was divided 
between different departments in the past, which has led to lack of coordination and 
communication. Today they have to live with the consequences of the decisions made early in 
the development process. 
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4.2.2 Function diagram 
An essential step in the beginning of the problem solving process is to understand the 
function of the included components; in this case propeller shafts and companion flanges. The 
function diagram divides the different functions into several categories and consequently 
visualizes what functions that should be considered for a successful result. 
  
The function diagram for propeller shafts is structured as pictured in figure 27. 

 
Figure 27 Propeller shaft Function diagram 

 

The main function that must be satisfied of a propeller shaft is to transfer torque. This 
function is supported by the possibility of using a sealing to prevent dirt from coming in and 
lubricant from coming out. The main function is also based on sub-functions that enable the 
transfer of torque. Sub-functions in this case are the allowance of length differences and joint 
angles, caused by the off-road driving that results in unforeseen movements. Additional to 
that, the mounting of the propeller shaft must be secured, to allow fastening and 
consequently the coupling to other components. The propeller shaft must also own strength, 
to be able to tolerate rotational speed, both radial and axial forces, and vibrations.  
 
The function diagram for the companion flange, shown in figure 28, resembles the function 
diagram for the propeller shaft, but some changes were made. The companion flange has 
additional support functions like the allowance of dust cover and the fastening of brakes. The 
joint angles are not affecting the functionality of the companion flange as much as it affects 
the propeller shaft. 
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The similarity can be explained by the fact that both of the components, propeller shafts and 
companion flanges, only can satisfy the main function of transferring torque, in cooperation 
as an assembled part.  

 
Figure 28 Companion flange Function diagram 

4.3 Data collection 
To proceed with the research and to clearly understand the problem, several sources were 
used. Under this heading are sources like the used computer software, the purchasing 
department and study visits described. The collected and used information is defined. 

4.3.1 Computer software 
For collecting data for the master thesis, particularly some of Volvo CE’s computer software 
have been useful. PROST; product data management system that was used for orientation in 
the product structure, Volvo PROSIS; spare part catalogue that was used to get an overview of 
the drivelines and  ENOVIA SmarTeam to get access to drawings and parts. 
 

PROST 
One of the first software system used for the research was PROST. The purpose was to get 
information about the utilization of companion flanges and propeller shafts. The chosen part 
numbers were found on an incomplete collection of a prior project work. The program gave 
information about in which machines the components are used. This basic information was 
the first steps to get an overview of the process and the product range.  
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The further work was supported by the use of other software and information sources, 
because PROST is based on transactions and commands that makes it harder to find the 
wanted information. And the program shows just written data and no visual data like 
drawings or models. 
 

Volvo PROSIS 
Having access to PROSIS simplified the data collection a lot. The software was good help since 
a simple overview of the drivelines and exploded views of the components included was 
given. It was also a great tool for part searching. Since the software works as a spare part 
catalogue, the searchability was simple.  It was possible to both search for a machine and get 
information about what components were included or search for a specific part number, to 
find out in what machines it was used. Data found in PROST was very similar to data from 
PROSIS, therefore it was advantageous to compare the data and in that way confirm the 
accuracy. The figure 29 shows an example of an articulated hauler driveline, as it is presented 
in PROSIS.  
 

 
Figure 29 Illustration of a hauler driveline 

The figure 29 shows the transmission which is connected to the dropbox with a short 
propeller shaft (1). An even shorter propeller shaft (4) connects the front wheel axle to the 
dropbox. Between the backside of the dropbox and the front bogie there are 3 propeller 
shafts (7), (16) and (10). Between the two bogies is a propeller shaft (13). In total, a hauler has 
6 propeller shafts and all the connections between all components results in 19 companion 
flanges. Most wheel loaders have only 3 propeller shafts and therefore only 10 companion 
flanges. The delimitation of only focusing on 4 wheel loaders and 2 articulated haulers made 
that information particularly about these machine’s drivelines and components included, was 
collected and saved. 
 

ENOVIA SmarTeam 
The program SmarTeam was used as a supplement to the information obtained from the 
other computer software. SmarTeam made it possible to follow a component in all 
development states. In this research the part numbers were used as the input information. 
The program lists all documents linked to a specific part number and indicates even what 
changes that have been made in the design. So, it was possible to get from the part number 
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directly to the name of the part and technical information. The user can choose to get visual 
information in form of drawings or 3D-parts with all details of the design and dimensions. 
These have been used as base for discussions and analysis. Propeller shafts and also 
companion flanges could be compared and studied. Information about the suppliers was also 
given. If this data was not sufficient, it was possible to get information about the connections 
between different parts and their use. The drawings clarified the variation of part designs and 
the detailed dimensions and surfaces.  

4.3.2 Purchasing 
Since the product development department works in close collaboration with the purchasing 
department, two purchasers; one for propeller shafts and the other for companion flanges, 
were recommended as good contacts for the thesis work. The purchasers were able to 
provide with a lot of valuable information about propeller shafts and companion flanges; price 
data, part numbers, information about the post market, and sales volume. The most 
important thing the purchasers could help with was the contacts with Volvo CE’s suppliers. 
Visits to the two most important suppliers were made with the purchasers during the thesis 
work, one at the propeller shaft supplier Spicer Nordiska Kardan and another at the 
companion flange supplier Arkivator. 
 
The information about the post market sales was very useful because it gave an opportunity 
to find out in what volumes, the parts that were interesting for the work, were sold as spare 
parts. It was important to have knowledge about this when planning on reducing the number 
of parts. Some parts may distinguish regarding post market, which means that further 
research should be made before making decisions on removing any parts. It also appeared 
that Volvo has the responsibility to provide their customers with spare parts for 15 years, 
after a machine is taken out of production. This indicates how the decisions made about part 
number reduction, are affecting the post market. 

4.3.3 Supplier visit at Spicer Nordiska Kardan 
When the purchaser for propeller shafts planned to have a meeting with the suppliers, a trip 
to Spicer Nordiska Kardan plant in Åmål was made. Having a guided tour through the 
production gave a lot of basic knowledge about the propeller shaft and the manufacturing 
process.  
 
They have two main lines in the production, one automatic and one manual, where they 
produce batches of lower volume and change between different propeller shafts. As 
mentioned earlier, a propeller shaft consists of several components. Therefore, the 
manufacturing process is a bit complex and has to be described in numerous steps. All raw 
materials to the process come from forging suppliers.  
 
The journal spider gets at first turned and drilled. It also gets a heat treatment and is grinded. 
Between all steps the journal spider is washed. Then it is sent to the joint assembly line. The 
sleeve muff is already prepared with splines on the inside, when sent to Spicer Nordiska 
Kardan. Before it is sent to the yoke shaft line it gets a plastic coating. Four hours after that it 
is reamed and finally turned. The yoke shaft is turned and then the lug holes are drilled. The 
next step is hammering. After hammering it is washed, then grinded and then washed again. 
Then the yoke shaft is sent to the yoke shaft line, where the muff is pushed into the yoke. 



42(72) 

Then the cover tube is welded over it and yoke shaft is sent to the joint assembly line. The 
tube yoke is turned and the lug holes are drilled, before it is also sent to the joint assembly. 
The flange yoke is turned and then the small holes are drilled. After that, it is milled and finally 
the lug holes are drilled and then it is also sent to the assembly line. The tube is cut and 
deburred to get a better finish. Before marking, the tube is washed. Then a cardboard roll is 
placed inside to absorb noise. After welding the complete propeller shaft is balanced, and if 
necessary, straightened before sent to the painting area. Before the painting process the 
propeller shafts get a pre-treatment. 
 
Spicer Nordiska Kardan produces on average 3500 propeller shaft per week. The plant 
equipment has a maximum capacity of 4800 propeller shaft per week, with 5 shifts. Now all 
the propeller shafts are painted in a grey color, with small variations in tone depending on the 
customer. 
 
The supplier had some ideas about how to reduce the variety of part numbers. They 
suggested over dimensioning the smaller machines with propeller shafts with a larger size, 
thus eliminating the usage of the smaller propeller shafts. 
 
Another interesting topic that was discussed during the meeting with the suppliers referenced 
to the painting process. The painting process of Volvo CE’s propeller shaft was different to the 
other customers, such as Volvo Trucks and Scania. Volvo CE’s propeller shafts have stricter 
requirements, regarding masking of the flange yoke. For others, reusable magnet masking on 
the cross serration is enow, but for Volvo CE the whole flange yoke is covered by a plastic 
hood. The reason why Volvo CE has chosen to protect the whole flange yoke is for protecting 
the backside of the flange yoke too; where the bolts are fastened, when connecting it to a 
companion flange. Volvo CE avoids having paint on this surface, since they believe that it 
would have a negative effect on the tightening torque. The backside of the flange yoke is not 
covered for others; it works well without any problems. At Spicer Nordiska Kardan they have 
made tests that confirm that if the tightening torque is increased by 20 Nm, from 170 Nm to 
190 Nm, the backside can be painted. If Volvo CE would choose to use the same method as 
the others, they would save money on material cost and facilitate the production process for 
the supplier.        

4.3.4 Supplier visit at Arkivator 
A visit at Volvo’s companion flange supplier Arkivator was made to be able to see their 
manufacturing process and ask questions that were relevant for the work; reducing the 
number of companion flanges. 
 
The manufacturing process at Arkivator starts with wrought material, with a rough shape of a 
companion flange. The first step of the process is turning of the all surfaces, on the inside and 
outside. The turning is done in two steps. First the material is fixed by the outer diameter and 
the neck is turned. The next step is turning of the outer diameter; 155 mm or 180 mm, when 
the material is fixed by the neck. The holes for fastening are milled out; a hole Ø15,1 mm or a 
threaded M12 hole and a hole circle Ø7,0.  
 
The next step in the process is induction hardening. According to Nationalencyklopedin (2012) 
induction hardening means that a limited area of a steel part gets a surface hardening. The 
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surface of the steel is heated through electromagnetic induction, in water or in a water-
soluble polymer. Induction hardening is used on rotationally symmetric parts, to increase 
their fatigue strength without any significant deformation. The part of the material that gets 
an induction hardening is the neck of the companion flange, with the sealing surface. To 
ensure that the hardening results meet the requirements, the first companion flange has to 
be cut to allow hardness testing and material structure control. 
 
After the heat treatment, both internal and external splines are reamed. Thereafter the 
sealing surface is grinded. Some of the companion flanges are sent to get a surface treatment 
and chromating. The dust covers are attached to the companion flange by welding or 
pressing.  The last part of the process is washing of the companion flanges. They are 
transported one by one on a line through the washing process, where they also get an anti-
corrosive treatment. 
 
The discussion with the supplier gave a lot of useful information. It appeared that the major 
issue with the large number of parts was the setup time, the time it takes to adjust a machine 
from processing one part to another. Since the setup time is relatively long, it would be an 
advantage to have longer series, to lower the setup cost per part. For several small volumes 
the setup cost per product is much higher.  
 
Several parameters as the dimensions of the holes and the external splines, cross serrations, 
are made after ISO standards. The parameters that differ in the variants, after what Volvo 
request, are the outer diameter, the diameter and length of the companion flange neck 
diameter, and the internal splines. One way of reducing the parts would be to investigate the 
diameter and internal splines, to be able to decrease the expensive setup time that depends 
on retooling between different parts. In addition, it appeared that there are not any 
differences in cost when reaming the splines in a small diameter or a large diameter of the 
neck. If the neck would have the same diameter on several parts, the setup cost for induction 
hardening, which is expensive, would be lowered if the heat treatment zone would be on an 
equal area. The setup cost for induction hardening is high because the position of the fixture; 
where the companion flange is placed, has to be moved when changing parts. The price is also 
high because the hardening program, that controls the hardening depth and area, has to be 
changed. Also the inductor has to be changed depending on the neck diameters.  
 
The supplier would also prefer less variation of splines. They think that even if some 
companion flanges would have over dimensioned splines, it would be profitable to have fewer 
variants. It is not more expensive reaming splines with larger dimensions. When attaching the 
dust-covers, they prefer pressing since welding is expensive and time consuming. 
 
A companion flange weighs between 3-5 kg. The mechanics companion flange has a slightly 
lower cost for Volvo compared to the regular companion flange. However, using the 
mechanics companion flange in combination with propeller shaft in a driveline, results in a 
hinger price.  Arkivator produces 130 000 companion flanges every year, of which 7 000 are 
mechanics. 
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4.3.5 Results of supplier visits 
Visiting two of the suppliers resulted in several proposals for changes or wishes of 
adjustments. The results were summarized in form of comments and a table to give a quick 
overview. The findings made were structured to the related step in the manufacturing 
process. 
 
The process for the manufacturing of propeller shafts is quite complex, because there are 
many components included and assembled. Spicer Nordiska Kardan has no production 
process adapted to Volvo CE. That made it more difficult to get precise information, 
connected to the different process steps and their view on the large number of variations of 
propeller shafts. The process for Spicer Nordiska Kardan would not be affected significantly if 
a part number reduction is done, because all variants included in the production are also 
manufactured for other customers. The only comment they had to reduce the amount of part 
numbers, was to over dimension the propeller shafts for the smaller machines and use the 
same propeller shafts as in machines of bigger size. 
 
The following table 1 contains the manufacturing process of Arkivator and the employees 
comments, linked to the large variety of companion flanges ordered by Volvo CE. 

 
Table 1 Supplier comments 

Process step Comment 

Delivery of forging  -  

Turning Reduction of variety in the diameters to ease 
the clamping and reduce the setup times 

Milling Is it possible to use just 4 holes instead of 8 
to fasten the breaks? Less holes = lower costs 

Induction hardening Use the same hardening areas for new 
designs to avoid high costs for setup times 
because of tool changes and adjustments, 
high costs caused by testing 

Reaming of internal splines Reduce the variation of splines, over 
dimensioning could be a profitable solution  

Reaming of external splines Is already defined by ISO standards and looks 
the same for all companion flanges 

Grinding of sealing surfaces  -  

Surface treatment and chromating  -  

Welding/Pressing of dust cover Reduce of variety of dust covers, use the 
same solution for all companion flanges, use 
pressing more often than welding to reduce 
the costs 
Is it possible to use glue instead? 

Washing and packing -  
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4.4 Analysis of collected data 

After the data collection the information was organized and sorted out, considering the 
usefulness for the work. The data found had to be analyzed, to be able to draw conclusions. 
This chapter shows the early results of the mapping of the propeller shafts and companion 
flanges used, and also describes the findings that were further researched. 

4.4.1 Mapping 
The data collected, on the selected machines, had to be categorized in a way that the 
traceability would be simple. Folders on all the machines were made where information about 
the drivelines were collected. The documents that were found in PROSIS were saved in these 
folders. All machine’s folders contained information and pictures of the propeller shafts and 
the companion flanges connected to them, the transmission and its companion flanges, the 
wheel axles and their companion flanges, but also in some cases the dropbox and the three 
companion flanges connected to it. This was a very good way of gathering information, since 
it was easy to go back to the figures later and check something of interest. The visualization of 
the components made it easier to understand how the parts where connected to each other. 
The figure 30 shows examples of illustrations saved in the folders, in this case a wheel loader. 

 
Figure 30 Examples of illustrations from PROSIS 

All the information that had been gathered during the data collection; from searching in 
computer softwares, having contact with the purchasing department, and the visits to the 
suppliers, resulted in Excel documents where all the propeller shafts and companion flanges 
were sorted after the machines they were included in.  
 
The table shows the part numbers of the components. The table for companion flanges, table 
3, shows the total number of companion flanges in a machine and also how many different 
companion flanges there are in one machine. The “Count” column shows the number of a 
specific companion flange, used in total. In the table, there is information about the sum of all 
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companion flanges used in total, in Volvo CE’s wheel loaders and articulated haulers. The 
column “Type” points out in which part of the machine the companion flange is placed. It is 
clear how many different companion flange part numbers are used, which is 34 in total. The 
table 2 for propeller shafts gives the same information, except that it has an additional 
column that also shows what nominal torque the propeller shafts are subjected to.  The 
documents can also be found in the appendix, with complementary details about the post 
market, see appendix 4. From the information given about the post market an Excel table was 
made that showed in what volume the parts have been sold as spare parts the last three years 
and also what the responsibility year was; how long Volvo CE has to provide this part as a 
spare part, see appendix 4.  
 
After putting the data together in these tables, an analysis of the information was made. Parts 
that seemed interesting were spotted; that distinguished from the others. It could be 
companion flanges that were infrequently used or those that were used in several machines.  
 
The strength categories for the machines are marked in the tables with frames around the 
numbers. The first strength category shown in the propeller shaft table 2 is the one for the 
wheel loaders L60G, L70G and L90G. The propeller shafts and the companion flanges, seen in 
table 3 are very similar in these machines. What differs is that one propeller shaft, the front 
shaft and it companion flanges are different in L60G, cell marked with a pink color. The 
second interesting propeller shaft that deviated from the pattern was in the L220G and L250G 
strength category. One propeller shaft, again the front shaft, was different between these 
machines. But still, all the companion flanges were identical in both machines. The last 
difference in propeller shafts within the strength categories were two propeller shafts in the 
haulers. The propeller shaft from the articulation point to the front bogie and the propeller 
shaft between the two bogie axles were different. The rest of the distinguishing components 
were all companion flanges used in haulers. They are also marked with a pink color in the 
companion flange table 3. The first difference is on the flange yokes between the strength 
categories. Two companion flanges are different; the ones connected to the transmission and 
dropbox companion flanges. The last two differences between the strength categories were 
the companion flanges connected to the front and rear bogie axle. 
 
Some of the cells in the documents are marked with a blue color, which indicates that the 
companion flange in question is used on several components of the driveline, and it also 
shows which number that refers to which component. 
 
It was not only deviating companion flanges that were interesting for the results, but also 
those that were frequently used in several machines. A good example of that is seen in the 
companion flange table 3. The flange yokes, especially the ones used in the wheel loaders, are 
well coordinated over the different machine sizes. The five smallest wheel loaders have one 
flange yoke on all propeller shafts, the next four machines have one companion flange, and 
L350F which is a machine that is different to any other machine, has one type of flange yoke. 
On the whole, the flange yokes are well coordinated and it is clear that other components of 
the driveline generate more companion flanges than the propeller shafts, explained later in 
Results chapter 5.1 Results of mapping.  
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Table 2 Propeller shaft mapping 
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Table 3 Companion flange mapping 
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4.4.2 Findings 
When the collected data had been organized, some interesting cases were identified. Further 
research of these cases led to understanding the choices of solutions in the design process, 
made in the past. 

 
Articulated haulers 
To give an example of the consequences that can occur when there is a lack of coordination 
and communication during the development and purchasing of axles, transmissions and 
dropboxes; it is interesting to have a look at a few companion flanges in the articulated 
haulers. A comparison between the two hauler models; A25F and A40F was made, which are 
a part of two different strength categories. There is a short propeller shaft between the front 
axle and the dropbox in both models, see figure 31.  
 

 
Figure 31 Short propeller shaft between the dropbox and the front wheel axle 

The propeller shaft is not the same in both models, but it turned out that the companion 
flanges on the propeller shaft and the one on the dropbox are the same. The only companion 
flange that differs, is the one in the front axle. The reason why the front axle companion 
flange is not the same in both models is because the differential carriers are different. So, 
even though the same companion flanges are used for the different strength categories of 
propeller shafts and all the dropboxes, a large number of parts increase when the companion 
flanges at the front axles differ; due to different factors, explained later. 
 
The following figures 32 and 33 show the differences between an A25F and A40F hauler. The 
colored parts of the illustrations are the companion flanges that differ between these two 
models. Four companion flanges are different. In addition to the companion flange described 
in the earlier example (pink), the companion flange in the rear axle (blue) and the two 
companion flanges connected to the short propeller shaft (green), between the transmission 
and the dropbox, are different. The companion flange in the rear axle (blue) is different 
because of the same reason as the companion flange in the front axle (pink); the differential 
carriers differ in the models. The two propeller shafts that are different between A35F and 
A40F, are the propeller shafts number 10 and 13 in the figure 33. 
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Figure 32 Driveline of A25F 

 

 
Figure 33 Driveline of A40F 

The rest of the companion flanges are the same in both models, even if the propeller shaft are 
of different strength categories. Therefore, it was interesting to find out whether it would be 
possible to coordinate these companion flanges in the two models, for reducing the number 
of companion flanges used. It is also worth mentioning that on two more of the haulers it 
would be possible to make the same changes, since A30F is identical to A25F regarding to 
propeller shafts and companion flanges and A35F is very similar to A40F, only two propeller 
shafts are different, but still all companion flanges are the same. 
 

Wheel loaders 
Some findings were also made when analyzing the wheel loaders. Volvo CE has 10 wheel 
loader models, which results in large differences in size. The wheel loaders are also 
categorized by size. Although though the focus was on the wheel loaders L90G, L150G, L250G 
and L350F, it was of interest to get information about how the strength categories were 
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divided. L60G L70G and L90G form one strength category; they are very similar regarding to 
propeller shafts and companion flanges, L110G and L120G are one strength category, L150G 
and L180G are another strength category and L220G and L150G are almost identical, except 
that one propeller shaft is different. All the companion flanges are the same. L350 is different 
to all the other wheel loaders; it has mechanics companion flanges on the entire driveline. 
 
After some research it was observed that a difference between the haulers and wheel loaders 
was that the propeller shaft companion flanges, flange yokes, in the wheel loaders were not 
the same over all the strength categories, as they were in the haulers. The reason why the 
flanges yokes vary is that the differences in strength are so large, and there are a larger 
number of wheel loaders. But it was found that the coordination of the flange yokes over the 
strength categories for wheel loaders was good, since there were only three different part 
numbers, over five strength categories, which meant that the wheel loaders, L60G, L70G, 
L90G, L110G and L120G have all the same flange yokes and L150G, L180G, L220G and L250G 
have all the same. The third part number is the flange yoke used in L350F, which is totally 
different from any other machine. The findings made were therefore about the companion 
flanges connected to the transmission and to the front and rear axle. The findings here dealt 
with the question why the two companion flanges in the transmission at times were the same 
and occasionally they were different, and also the same question was asked about the 
companion flanges by the wheel axles. 
 
L70G and L90G have the different incoming and outgoing companion flanges on the 
transmission, but the companion flanges on the wheel axles are the same. L110G and L120G 
have different companion flanges on the front and rear axle, but L110G has the same 
companion flanges on the transmission. L150 and L180 have the same companion flanges on 
the transmission, but the companion flanges on the front and rear axles differ. L220G and 
L250G are different from the other strength categories since they have the same companion 
flanges on the transmission but also the same on the wheel axles. This information can be 
found in tables 2 and 3. 
 

Regarding to propeller shafts, as mentioned during the mapping there were two 
distinguishing propeller shaft in the wheel loader strength categories. One was the front shaft 
in L60G that was different to the front shafts in L70G and L90G, and the other one was the 
front shaft in L220G that was different to L250G, in the same strength category.   

4.4.3 Conclusions 
The reason why these specific cases mentioned in the finding were studied, was because the 
four companion flanges were the only ones that were different between the hauler’s strength 
categories. Since it appeared that the flange yokes in the wheel loaders, were already well 
coordinated and could not be the same over all the strength categories, it was interesting to 
focus on the companion flanges on the wheel axles and on the transmission.  
 
After doing some more research on these cases; investigating whether there were any logical 
explanations why the companion flanges were different between the two strength categories, 
important findings were made. To get a closer look at the cases described earlier, a meeting 
with one of the co-workers, who has been working at the department for a very long time, 
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was arranged; to find out more about the history and reasons why the companion flanges in 
question were different. His knowledge helped answering the questions. 
 
Haulers 
The reason why the hauler’s front and rear bogie axle companion flanges differed, was 
confirmed. They were different since the differential carriers in the two strength categories 
were different. The differential carriers are purchased from a supplier called Meritor in 
Lindesberg. Several splines and seals diverges in the differential carriers, which means that a 
change to have identical companion flanges would require a new pinion and seal design in the 
differential carriers. This would be an expensive special solution to be enquired from the 
supplier. However, it should be mentioned that the front bogie axle companion flange is 
coordinated between the strength categories and is a special solution from the same supplier. 
The ingoing and outgoing axles from the differential gears are the same. Then it might be 
worth to consider coordinating the front and rear bogie axle too, at least at the point when 
development of these differential carriers occurs. Coordination between the two categories 
should not be a problem since the components are subjected to approximately the same 
torque in both cases, what differs is the speed and the gear ratio. 
 
The companion flanges, marked in green in figures 32 and 33, between the transmission and 
the dropbox are different between the strength categories since the propeller shaft 
connecting the transmission to the dropbox is different. In the higher strength category, 
which is in A35F and A40F, is the propeller shaft comes from Volvo Trucks. The two different 
transmissions are of different lengths, since the transmission for the lower strength category 
has 6 gears, and the other has 9 gears. This leads to that the propeller shaft in between the 
transmission and the dropbox must be of the different lengths. This is probably also the 
reason why the flange yokes differs, because of the propeller shafts’ different origin.  
 
The propeller shafts that differ between the A35F and A40F, by the bogie axles, are different 
because A40F is a bit larger than A35F. This makes the need of longer propeller shafts 
necessary. The propeller shaft between the articulation point and the front bogie is longer 
because the frame in A40 is longer. The wheels in A40 are also bigger, making the distance 
between the front and rear bogie longer and therefore also the propeller shaft between 
them. The propeller shaft between the articulation point and the front bogie is 50 mm shorter 
in A40F. However, the propeller shaft between the bogie axles is 115 mm longer. 
 
Wheel loaders 
The front shaft in L60G differs to L70G and L90G since the L60G wheel loader that is a smaller 
machine, with smaller components, making the distance between them longer. Therefore, the 
L60G has a 62 mm longer propeller shaft between the front wheel axle and the transmission. 
 
The front shaft in L250G which is different to L220G’s front shaft is 50 mm longer, since the 
whole machine is 40 mm longer than L220G.  
 
The wheel loaders L60G, L70G and L90G have all the same pair of incoming and outgoing 
companion flanges from the transmission. But the two companion flanges as such, are not the 
same. The reason why the two companion flanges are different is because one of them is 
connected to a brake disc, which leads to a different design. The companion flange that is 
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assembled with a brake has 12 holes in the outer diameter, where the brake disc is fastened. 
Beyond that, the companion flanges are very similar, shown in figure 34. As mentioned earlier 
the other, larger wheel loaders do not have this problem; the incoming and outgoing 
companion flanges from the transmission are the same. In these cases the brakes are 
integrated inside the transmission. 
 
 

 
Figure 34 Two types of transmission companion flanges 

One thing that has been brought up repeatedly during the thesis work, was the discussion 
about the fastening methods used when connecting the companion flanges to other 
components. Several times it has been pointed out that the differences in these methods also 
have a negative effect on the companion flange variation. The usage of same manufacturing 
methods is an important part of modularization and commonality work; and therefore, the 
fastening methods used when assembling the products, should be the same. The figure 35 
shows a problem that Volvo CE has, when they have to use different fastening methods for 
their companion flanges.  
 

 
 

Figure 35 Companion flange attachment methods 
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The front and rear axles in L110G, L120G, L150G and L180G have different companion flanges. 
The explanation to this was that the rear axle casing affects the companion flange design. The 
rear axle casing is concentric to the propeller shaft and therefore also the companion flange in 
question. Due to the rear axle casing, the companion flange is lowered into a housing that 
results in a differing attachment method. Figure 35 illustrates the differences in how the 
companion flanges are attached to the propeller shafts. The right companion flange illustrates 
the one at the front axle. The propeller shaft flange yoke is assembled to the companion 
flange with a bolt and a nut. In this case the companion flange has straight through holes. The 
left companion flange is the one that is enclosed in the housing. This results in that the 
companion flange has to have threaded holes and the propeller shaft yoke flange is fastened 
to it with a screw, because there is no room for using a nut. 
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5. Results 

In this chapter the results of the thesis work are presented. In regard to the expressed 
problem statement, the results show how a part number reduction can be fulfilled. 
Recommendations for the future product development are given, to avoid unnecessary 
variation of components and reducing the amount of part numbers.  The results are 
subdivided into several headings such as results of mapping, best case scenario, and 
implementing CAST. 

5.1 Results of mapping 

The mapping of the usage of propeller shaft and companion flanges has resulted, as described 
in chapter 4.4.1 Mapping, in tables showing the spread of the components on the different 
machines. The fact that there are 34 different part numbers for just the companion flanges, it 
was necessary to identify which components of the driveline generated these quantities. 
Therefore, a visualization is presented in figure 36 that shows the spread of the companion 
flanges over the different components of the driveline. Here, the focus was on finding out 
whether there was one or if there were several components that have a larger negative effect 
on the large amount of part numbers. The figure does not include information about the total 
count of companion flanges used in the machines, but only the variety. 
 
From the mapping tables we know that there are 29 different part numbers of propeller 
shafts, used in wheel loaders and haulers. These 29 different propeller shafts, the first 
component shown in the figure, generate 8 of the 34 companion flange part numbers, 
visualized as thick circles in figure 26. The ratio 29:8, shown in the figure explains how many 
companion flanges the 29 propeller shafts generate. 
 
The largest variation in companion flanges is found connected to the wheel axles. All 14 of 
Volvo CE’s wheel loaders and haulers have different wheel axles, making the number of wheel 
axles to 14. These 14 wheel axles that are very similar and have the same main function, still 
generates 17 companion flange part numbers. The amount of companion flanges used in 
connection to the wheel axles is larger than the number of wheel axles, which means that the 
wheel axles in a machine do not necessarily have the same companion flanges. 10 of the 17 
companion flanges (circles) by the wheel axle in the figure 36 have thinner lines, which 
indicate that these companion flanges are used on several parts of the driveline, often in both 
front and rear wheel axles. Still there are 7 totally unique part numbers, only used on one part 
of the driveline, for example in front axles. 
 
The third component presented in the figure is the wheel loader’s transmission. Every wheel 
loader has a different transmission, resulting in 10 different transmissions. Different 
companion flanges connected to the transmissions are 7 in total, whereof 6 unique. One of 
the companion flanges is also used in the wheel axles. In opposite to the hauler’s 
transmission, the wheel loader’s transmission has two outgoing axles, which means that two 
companion flanges are connected to it. The hauler’s transmission has only one companion 
flange. 
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The next component in the figure illustrates the midship, a support bearing for the long 
propeller shaft. In the wheel loaders, 3 different types of midships are used and every one of 
them has a different companion flange.  
 
The hauler’s transmission has, as mentioned earlier, only one companion flange connected to 
it. The haulers have two types of transmissions, used in the two different strength categories. 
Here, the two transmissions have the same companion flange, giving the ratio 2:1.  
 
The dropboxes used in haulers are of two different types. A dropbox has three different 
companion flanges connected to the ingoing and outgoing axles. Both dropbox types have the 
same variety of companion flanges.  
 
When looking at the figure it appears that the only components that generate more 
companion flanges than the amount of part numbers for the actual component, are the wheel 
axles. This indicates that this component should be the first to take a closer look at, since it 
would have the biggest effect on the part number reduction process. The companion flanges 
marked with a thicker line, are the ones that should be reduced first. Those are the 
companion flanges that are used on only one part of the driveline. It is better to use 
companion flanges that can be used on several parts of the driveline and in that way increase 
the volume of fewer part numbers, instead of having small volumes of several parts.  
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Figure 36 Variation of companion flanges spread over driveline components 
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5.2 Best case scenario 

The first step is to investigate every component group (transmissions, wheel axles, dropboxes 
etc.) per se, to point out the possibilities of part number reduction using commonality. It is 
easier to divide the problem into smaller pieces, to then transfer the changes that can be 
made to the overall components included in the drivelines.  
 
The component group that stood out the most, was the wheel axles with 17 different kinds of 
companion flanges used for the 14 variants of wheel axles. That depends for example on the 
missing agreement of a common interface for the splines. The splines reamed onto the pinion 
in the wheel axle’s differential carrier, which function as the connection part to the 
companion flange should all have the same dimensions. That means that the splines should 
have the same length and thickness, to make the assembly of both parts possible in all 
machines of the product range. An agreement would allow the use of just one design for the 
companion flanges, assembled to the different wheel axles. Having only one companion 
flange instead of the 17 different companion flanges used for the wheel axles, would decrease 
the amount of part numbers tremendously. 
 
The same process has to be done in the remaining component groups, to ensure a common 
interface that identifies the belonging of the companion flange. This modularization would 
result in one specific design of companion flange, for each component group. The companion 
flange for the wheel axles can be connected to all variants of wheel axles. To take this process 
of modularization and part number reduction even further, the different component groups 
can be compared to each other and a commonality between different groups can be made; 
meaning that one companion flange can be used on all of the driveline components, since 
they all have a common interface to the companion flange. 
 

 
Figure 37 Component sharing modularity 

The figure 37 above is a modularity principle; component sharing modularity. This principle 
would suit Volvo CE’s modularization work of their drivelines. Component sharing modularity 
means that the same component can be used in different products. The product sharing the 
same component can differ in the whole, but they have the same interface facing the shared 
component. In Volvo’s case this would mean that the different products are representing the 
driveline components, transmissions, dropboxes, wheel axles, midships, and propeller shafts 
and the shared component would be the companion flange. All of the components of the 
driveline would have the same interface in the companion flange connection. This interface 
would be pinions in differential carriers in the wheel axles and ingoing and outgoing axles 
from the transmissions and dropboxes, having the same diameter and only one type of splines 
and a sealing that would be suitable for usage in all components. 
 
Another affecting factor is the fastening methods. To be able to have only one type of 
companion flange the fastening method would necessarily be the same for all parts of the 
driveline. This would also simplify the manufacturing and assembly process and lower the risk 
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for mistakes. In the best case this would step by step result in just one variant of companion 
flange used to connect the components in the driveline together. 

5.3 Implementing CAST 

After the introduction to the Common Architecture Shared Technology method, the six 
process steps for modularization were implemented to this project work, Analysis of the 
propeller shaft program at Volvo Construction Equipment. The data collected in the beginning 
of the project and the work, done in the earlier stages of the project, has been structured 
after the CAST working steps. It should be mentioned that this CAST process is not done as 
detailed as it could be. That depends on the time limit and extent of this project. It is shown 
that a CAST solution can be found for this kind of components with the effort of time. 
 
Scope 
Define what function we need to find a common solution for. 
The function diagrams made for propeller shafts and companion flanges showed that the 
main function that both parts have in common is to transfer torque. That means that the final 
result should consist of a modular solution to transfer torque from the different components 
of the driveline. Sub-functions and support functions are described in detail in chapter 4.2.2 
Function diagram.  
 
Requirements 
Find the requirements on the solution from the stakeholders. 
The requirements can vary between the different types of machines. Requirements can be 
divided into two different kinds. There are requirements that are set directly on the 
components. These can be linked to aspects like cost, geometry, interfaces, quality or 
manufacturability. Other affecting aspects that are not directly linked to the architecture and 
function of the product itself can be laws and regulations, competition, after market, or 
design and styling. 
 
For the process of modularization of the propeller shaft program, the requirements can be 
specified as a solution that causes advantage for the amount of part numbers and thereby 
unnecessary costs. The solution should likewise function without problems to ensure an 
effective transfer of torque in the driveline of all kinds of machines. Both the propeller shafts 
and companion flanges must be able to work under the predefined conditions and in 
cooperation with the other included components. Facts like dimensions, joint angles, torque, 
and fastening methods need to correspond to avoid failures.  
 
Describe different technical solutions 
Existing from present products, possible solutions from other areas and competitors. 
The existing solution of combinations of propeller shafts and companion flanges are described 
earlier in this report. In the introduction a short description of the whole driveline is given and 
explains the structure of included components. The solution for transferring torque by 
interaction of components like propeller shafts and companion flanges is common, but the 
choice of which kinds of these two components are combined results in a large variation. 
Some of today’s solutions were described and analysed in chapter 4.4 Analysis of collected 
data where it is shown how the variants of components are divided onto the different types 
of machines and why some choices were made in the past. 
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Make evaluations and find the preferred solution 
Make a structured evaluation to find the best solution. 
The analysis of the current propeller shaft program showed that the large number of different 
parts makes the development work unnecessarily complicated and expensive. The aim of the 
work regarding modularization, is to make changes that allow an improved development for 
future projects and to ease the collaboration between departments and suppliers. To get an 
overall picture of the effect of the varieties of propeller shafts and companion flanges, the 
main suppliers were visited and interviewed. As a wish from these contacts, a picture of the 
best solution considering the suppliers and the purchase departments view, was made. For 
the propeller shafts, the ultimate solution was indicated to be an over dimensioning for the 
smaller machines in the product range. That would result in fewer part numbers and a bigger 
volume of the remaining parts.  
 
A CAST solution for the companion flanges would include uniformity for variables like the area 
for induction hardening, design of the inner splines, and dust covers. Using the comments 
received from the supplier Arkivator (see chapter 4.3.4 Supplier visit at Arkivator and 4.3.5 
Results of supplier visits) the perfect companion flange for their manufacturing process would 
be designed with the same diameter for the neck, which is defined as sealing surface. The 
dimensions of this piece should always be identical, to enable an effective fastening during 
the grinding and to coordinate the hardening processes. The consequences are reduction of 
setup time because of less tool changes and waiting for test results for the hardening process, 
to ensure the quality of the component. Another recommendation of the supplier is to always 
use a common hole diameter of 15,1 mm or M12 for threaded holes. In addition to that could 
the number of holes, made for the brake, possibly be reduced to 4 to make the process 
cheaper. In the best case all companion flanges have splines designed in the same way, to 
avoid the change of tools and make the manufacturing process more atomized. On top of that 
to complete the modular solution the dust cover that is mounted onto the companion flange 
looks identically for all variants and is fastened with the same method, preferably pressed not 
welded.  
 
Test and verification 
Test the CAST solution as much as possible. 
The testing of a solution that includes common architecture and shared technology is 
important, to control and secure the advantages of the implemented modularization. The 
components function should not be restricted by the modularization. It is important to control 
if the changes result in the wanted efficiency for the manufacturing process, the development 
department, and the post market. In this case it is not possible to show or describe a concrete 
testing of a solution, but the importance of the reflection can be mentioned anyway. 
 
Documentation 
Document all results. 
The whole report can be defined as documentation to present the results for further studies 
and projects. Especially this chapter, chapter 5. Results, describes the modularization process 
for propeller shafts and companion flanges that has been done during this thesis work. 
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6. Analysis 

Here are the question formulations from the problem statement discussed, to show in what 
way the given problem is solved by the results of the thesis work. The questions are listed 
consecutively, where the answers are given in the same order. 
 

A. How many variants and combinations of propeller shafts and companion flanges 
are used? 
 
One of the important parts of the thesis work has been to verify for Volvo CE whether the 
number of variants was a problem or not. It was also important to confirm the number of 
variants, because there was a contingency about it. Most of the involved experienced that the 
number of variants was large, but were not sure of all the reasons behind. The challenge was 
to find out how many propeller shafts and companion flanges were used, but also in which 
combinations they were used; what companion flanges were used with which propeller 
shafts. 
 
The number of propeller shafts and companion flanges that includes in Volvo CE’s propeller 
shaft program, for articulated haulers and wheel loaders, has been studied in detail. The 
mapping of all variants and combinations was presented in table 2 and 3 where information 
about all machines can easily be found, edited and adjusted with more information if needed. 
The table layout simplifies the searchability. It is possible to either search information about a 
certain machine, to see what components that are used in it or it is possible to use a propeller 
shaft’s or companion flange’s part number to find out in which machines it is included. The 
“Count” column that specifies how often a companion flange is used in total is very 
interesting, since this indicates which parts that are infrequently used and therefore the 
primary cause for the large number of variants. 
 
Some of the information gathered during the data collection came from the purchasing 
department; tables with information about part numbers, cost and statistics of sales volumes, 
and the post market. These tables were used as references when designing the mapping 
tables, to adhere to Volvo CE’s routines and standards; this, for making the recognisability 
higher and therefore the traceability easier for Volvo CE.  
 
For answering the question how many variants and combinations of propeller shaft and 
companion flanges are used, there were 29 different part numbers for propeller shafts and 34 
for the companion flanges. This is also presented in the tables, below the part numbers. To 
clarify the combinations, the column “Type” shows were the part is placed within the 
driveline. This makes it possible to see which companion flange is used in connection to which 
propeller shaft or another driveline component.     
 
For really understanding what the cause for the variety of companion flanges was, it was 
necessary to find out how the distribution of companion flanges was over the different 
driveline components, not only the number of different variants used.  A visualization was 
made as a result of the mapping process, that showed how many different part numbers the 
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different driveline components generated. The illustration shows that the part of the driveline 
that generates the largest variety of companion flanges, were the wheel axles.  

 
B. What are the differences and similarities between the variants of the two 
components? 
 
To find out the differences and similarities between the variants, especially the companion 
flanges, have been an important part of the work. To be able to give Volvo CE 
recommendations for the future in their modularization work, it was necessary to understand 
what differences in the parts gave the amount of part numbers. 
 
A recurring problem is the lack of common interfaces between the driveline components. 
Instead of designing common interfaces for all components, the companion flange design is 
modified to fit the different interfaces, which of course results in large amounts of variants.  
 
As mentioned earlier, several parameters of a companion flange design are regulated by ISO 
standards, meaning that all those parts of a companion flange are the same.  For example, the 
cross serration for torque transmission, is an ISO standard. Some other parameters that are a 
standard are the fastening holes, except some holes in the outer diameter that are used for 
fastening of brakes. 
 
Parameters that are specific for Volvo are also the parts that differ between different 
companion flanges used within the company. The neck of the companion flange is one such 
part. The length of the neck; the sealing surface and the diameter, differs. This was also one of 
the proposals of change that the supplier had, to simplify their manufacturing process, but 
also be able to give Volvo CE a lower price, when getting up the volumes of companion 
flanges with the same neck. The internal splines also differ in the companion flanges; they 
have different dimensions. The comment from the supplier here were that it would be just as 
expensive to ream splines of small dimensions as large dimensions. By over dimensioning the 
smaller splines would eliminate this problem. The outer diameter of the companion flange 
varies between two sizes, 155 mm and 180 mm. The last thing that is a difference between 
the companion flanges is the dust cover. Sometimes it is welded to the neck, and at some 
occasions pressed. The supplier would prefer pressing of all the dust covers or perhaps gluing 
the parts together. Presenting the supplier’s views on part number reduction is very valuable 
for Volvo CE, so that they can work together towards a common goal. Reducing the number of 
parts is desirable for both parties.   
 
As described in chapter 2.3 Companion flange, there are two types of companion flanges 
used; the cross serrated and the mechanics. By investigating the applications of these two 
variants, it became clear that the mechanics companion flanges had to be used when there 
was not enough room for a cross serrated companion flange. Therefore, the only way of 
reducing the usage of these two variants would be to apply the mechanics companion flange 
on all drivelines in all machines; making the cost for the driveline higher. 
 
The differences between the propeller shafts are not as distinguishing as they are for the 
companion flanges. The propeller shafts are also of two types; cross serrated and mechanics. 
The cross serration on the propeller shaft is also regulated by ISO standards, since it is to be 
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connected to the cross serration on the companion flanges. The biggest difference between 
the propeller shafts is the size. The propeller shafts are, as mentioned earlier, divided into 
strength categories depending on the size of the machine they are used in. The dimensions of 
a propeller shaft used in bigger machines are larger, but it still has the same appearance as a 
smaller propeller shaft. The propeller shafts have flange yokes of two sizes, as the companion 
flanges; with a diameter of 155 mm and 180 mm. 
 
Looking at the differences between the propeller shafts has not been as important as the 
differences in the companion flanges. Making changes in the propeller shaft’s design has not 
been relevant for Volvo CE. Beyond that, the commonality between the propeller shafts is 
quite good already. The focus has been on finding a way to modularize the other parts of the 
driveline as the transmission, the wheel axles and the companion flange itself, affecting the 
number of variants the most. 

 
C. What is the reason for the quantity of variants? 
The identification of the problem, in shape of determination of the variants, was the first step 
to understand the problem and define the differences between the propeller shafts and 
companion flanges. Then it is important to get an explanation for why there has become such 
a big quantity of variants. To be aware of the cause for the problem, can both help to find 
potential areas for improvement and to avoid repeating the same or similar mistakes in the 
future.  
 
The research to get an answer to the question has been done in different ways. In some cases 
it seemed clear that different designs of the components were needed, as mentioned in the 
former answer, but there are also other reasons grounded in the past. Therefore, co-workers 
with long experience at Volvo CE were interviewed and asked how the process of increasing 
variants has taken place. The explanation given by the co-workers was that it could be difficult 
to know who is responsible for components like companion flanges. The companion flanges 
land in between the fields of responsibility for the components that are connected by the 
companion flanges. Another explanation was that the parts are bought in from several 
suppliers and joined to the component range at different points of time. The commonality of 
the production process of Volvo CE and the different supplying companies is difficult to reach 
in a short period of time. The will of the included partners to adjust the processes to a 
common process can be hindered by the personal interests of the partners or by the costs 
caused by the changes. Different suppliers, such as Arkivator and Officine Meccaniche 
Piemontesi, deliver variants of components like companion flanges. Components of the same 
kind cannot only differ in the connection surface because of different suppliers, but also 
within the same supplier. That can be caused by different histories of the components. Some 
of the gears supplied by Meritor have earlier been manufactured in-house by Volvo Trucks 
and the interfaces has been preserved and not been adjusted along Meritor’s common 
standard. 
 
In summary, the question can be answered with the large differences between the machines 
in different strength categories, the large number of suppliers and the lack of communication 
and documentation in the past, which causes a contingency of responsibility and research for 
the choice of variant in each case.  
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D. What other factors are affecting the choice of propeller shafts and companion 
flanges? 
The decision, of which companion flange or which propeller shaft that should be used, can be 
affected by different factors. To enable the function of transferring torque, the connection 
with companion flanges must function even if the distances are short. That demands the 
selection of a mechanics companion flange variant to make it possible. The total reduction of 
using mechanics companion flanges, is thereby impracticable. Another factor besides the 
special conditions of short distances, is the classification of machines into different strength 
categories. The reason for the classification is to adapt different machines to each other and 
use the same components to decrease the part numbers.  That could affect the choice of 
companion flange or propeller shaft in some cases and also lead to over dimensioning to 
achieve the commonality.  

 
E. How can the part number reduction be implemented? 
The goal of part number reduction is to decrease the number of parts included in the product 
range of the company. As already mentioned in the theoretical background, see chapter 2.9, 

part number reduction can be performed in different ways. The common methods are 
standardization, modularization, and integration. Part number reduction can be reached by 
the commonality of interfaces, to reduce the variants and simplify the connection between 
the components in the driveline. That has already been implemented by ISO standards to 
some of the features of the companion flanges, for example the dimensions of the holes and 
the cross serrating. For Volvo CE it is important to enable the flexibility in the product range, 
to be able to secure to attain customer needs and the constant development. The 
standardization should not block the options and leave room for changes. Integrating the 
components in question into other sectors of use, is no option to support the part number 
reduction, because Volvo CE does not manufacture these components and does not sell these 
parts besides of spare parts and assembled in the final construction equipment.   
 
The best method of part number reduction for Volvo CE and this problem formulation is 
modularization. Modularization both gives the opportunity of adjustments and can be 
performed especially for Volvo’s products interacting in the drivelines. The companion flange 
is together with propeller shafts one of the components that appear several times in a 
driveline. They are connected to different components like transmission, wheel axles and 
dropbox. That makes the sharing modularity to the best alternative. A common interface 
makes the use of the same companion flange, in connection to the mentioned components, 
possible. This means that, in the best case, one variant of companion flange is connected to all 
different kinds of components included in a driveline, as shown in figure 38.   
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Figure 38 Best case of companion flange usage 

 

The variation of companion flanges is also increased by the amount of fastening methods 
used to connect different parts. In some cases a nut in the centre or several holes are used for 
fastening. So the kind of fastening method should be the same, to avoid complications and an 
unnecessary variation of companion flanges. The number of Volvo CE’s parts can also be 
decreased by over dimensioning. This tool is already used to structure some of the machines 
into strength categories, in which the products are assembled of similar components. That 
ensures the factor of safety and commonality of part numbers, but results also in costs that 
have to be set in relation to the benefit of part number reduction.  
 

F. What recommendations can be given to Volvo CE to avoid problems concerning 
the large quantity of variants? 
Modularization takes time. As mentioned earlier, for Scania, 60 years of experience was 
needed to accomplish modularized drivelines with common interfaces between all 
components. If it is of interest to have common interfaces, it is important to change the way 
of thinking when designing the driveline components. Communication between different 
design teams is necessary to be able to achieve common goals and work in the same 
direction. It would not be profitable to change everything at once; because of the costs, so 
identifying small changes that are suitable to start with is advantageous. To include 
coordination as a criterion in the product development stage is important, since it is difficult 
and far more costly to make changes later. 
 
Therefore, most of the time in the beginning of the thesis work, went to identifying such parts 
that are suitable to change next time when design changes and development of the 
components are planned. If the different development teams can agree on common 
interfaces and start working in this direction, the result will be a modularized driveline, 
although it will take time. At some point a decision has to be made even if the benefits of this 
decision cannot be seen directly and for that reason the profit is obtained later, when the 
work has proceeded. If there are guidelines and documentation available that point out what 
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is suitable to change, but also what the results of these changes, would lead to it is easier to 
see the use of it. The master thesis shows an indication of what the situation is today, the 
history and reasons why certain decisions have been made, but also a recommendation of 
what can be done in the future. 
 

The recommendations given for Volvo CE, for avoiding problems with large numbers of 
variants in the future, are presented in table 4 below: 
 
Table 4 Recommendations 

Recommendations Advantages 

Communication To be able to agree on common interfaces between the 
different parts of the driveline, it is important that the design 
teams, for example for the transmissions and axles to 
communicate and collaborate with each other, for finding the 
solutions that are the best for the whole driveline system and 
not only beneficial for a specific component and 
development team.  

Documentation To avoid making the same mistakes over and over in the 
future and spending time on making research on something 
that have been done in the past, documentation is very 
important. In modularization work documentation is 
essential for understanding why certain decisions have been 
made in the past and to be able to investigate if another 
solution would be possible with today’s circumstances. 

Supplier contact Working together in close collaboration with the supplier is 
advantageous, since it is an interest of both parties to reduce 
the number of variants. Fewer variants would mean a 
decrease in cost for Volvo, when the supplier can increase 
their volume on fewer parts. This would also simplify the 
suppliers manufacturing process, lowering their cost and as a 
result of this, also for Volvo. 

Post market Having a large number of variants have a major impact on 
the post market. Having control of all variants that are no 
longer in production, when new part numbers are introduced 
continuously, aggravates the work. The post market is also a 
great source of identifying parts that often fail during use and 
implementing the part number reduction from there. 

Common goals To define common goals for the commonality work is 
important, thus all development teams can see what they are 
working for and trying to achieve. Setting up goals like, at 
most having X numbers of companion flanges in usage and 
trying to maintain that goal, instead of designing new 
companion flanges and therefore increasing the number of 
variants, would be positive. Focus would be on finding out if 
the possibilities of using a companion flange on several 
components. 



67(72) 

Computer software For greater efficiency, the data found in different computer 
software should be up-to-date and also coordinated over all 
the programs, to avoid uncertainty and misinterpretations. 
Time can be saved when it is not necessary to check the data 
found repeatedly.  

Further research The findings made during the thesis work should be further 
researched, to find out if part number reduction could be 
made on these components. With a greater knowledge and a 
longer experience of working with drivelines, it can be easier 
to determine whether the changes can be done today or not, 
but also what the consequences would be and what other 
driveline components would be affected. 
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7. Conclusions and recommendations 

In this chapter is presented to which extent the given problem expressed in the problem 
statement is solved. To show this, conclusions have been drawn from the analysis and the 
accomplished results. Recommendations for the reader and for Volvo CE are also documented 
under this heading, as a foundation for further research work. 

7.1 Conclusions 

The problem statement for this master thesis consisted of questions about the amount of 
different companion flanges and propeller shafts used, what differences there were in the 
design between these components, what the reason was for the large quantity, what factors 
are affecting the choice of companion flanges and propeller shafts, how part number 
reduction could be implemented, but also what recommendations could be given to Volvo CE 
for the future. These questions have all been answered during the thesis work, to the extent 
they have been relevant for the work. The working process has changed along the path, in a 
direction that has been of the company’s interest, making some of the question formulations 
more important for the work than others. The changes resulted in that the project directives 
had not to be followed completely, as agreed from the beginning. Consequently, the title of 
the master thesis was changed from Modular propeller shaft program to Analysis of the 
propeller shaft program at Volvo Construction Equipment.  
 
Since there was an uncertainty about the actual numbers of parts used and very little 
mapping made on this area with any specific purposes, detailed mapping of the components 
was made in detail. The tables and information, the data collection resulted in, is a very good 
tool for Volvo CE, having all the part numbers structured after the machines and other 
interesting information gathered in one place. No finished suggestions for part number 
reduction have been made due to lack of knowledge and shortness of time. Instead, 
recommendations for further research was given to the company, so that they,  with their 
expertise can decide which changes can be made for reducing the number of parts.  
 
Some of the recommendations given were about working closely together with the suppliers 
and the post market. The thesis work has led to an interest for both the suppliers and the post 
market to work towards a common goal; of reducing the quantity of part numbers. This has 
been achieved thanks to the supplier visits and the contact with the post market, giving the 
product development department an opportunity to have a closer collaboration with them.  

7.2 Recommendations 

The thesis work has resulted in the identification of several interesting cases that need further 
inspection. To be able to convert the collected information, documented in the tables of 
mapping, into active part number reduction there has to be done additional work. The 
recommendation for Volvo CE is to increase the communication between the different design 
teams regarding the development of new parts. Discussions and collaboration can avoid the 
introduction of new unnecessary parts.  
 
On top of that, a recommendation to reach the goal of decreasing the amount of part 
numbers, is to follow the working steps described of the CAST method or at least welcome 
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advice from the CAST team. That includes the important factor of documentation. Findings 
and explanations for the choice of solutions in each project should be documented. That 
makes it easier for further development projects to define the starting point and use work 
that has been done in the past. Unnecessary repetitions are avoided by a detailed 
documentation. To perform a modularization process, a long period of time and deep 
knowledge are needed.  
 
The limit of time for this thesis work led to a detailed collection of data, to build up knowledge 
related to driveline components. The next step could not be taken because the problem 
understanding, mapping of the today’s state and the identification of interesting cases took 
such long time. Methods for the implementing of part number reduction has been 
investigated and summarized in the report. Now it is Volvo CE’s responsibility to implement 
the tools, to reduce the amount of part numbers. The results of a modularization process are 
not shown directly because it takes time to see the consequences and to be able to perform 
the process. So patience and motivation is needed to succeed with the part number reduction 
in such a complex product range. 

7.3 Reflections 

The interaction with the company, represented by the tutor, was regular at a fix point each 
week already from the start. That enabled the steady discussion and control of the progress of 
the work. Both the tutor and the students appreciated the integration of weekly meetings 
into the project plan. Another beneficial aspect of the continuous communication with the 
tutor was that the framing of the work and the results was flexible and could be adjusted 
based on the research and new findings.  
 
The positioning of the students workspaces, amid the co-workers, made the contact between 
them easy and the needed information easily accessible. In addition to the helpful contact to 
the co-workers, computer software were installed on the computers to make information 
available. Self-directed data collection was the key part in the beginning of the thesis work. 
That forced the project team to really understand the problem and the context, which was 
essential for the solution finding.  
 
To understand and define the problem, was the first step to map where the uncertainty of the 
co-workers was and turn it into knowledge, to ensure that the co-workers are informed about 
the situation. The interest of the co-workers in the thesis work enabled the contact to the 
suppliers of propeller shafts and companion flanges and gave the opportunity to visit the 
factories. The fact that the thesis work was done by two students, working as a team, gave 
the project the benefit of different angles of observation. It was easier to catch information 
and apply the new knowledge onto the problem solving. The team members complemented 
each other and could discuss contingencies, to proceed with the project.  
 
Considering the project plan, see appendix 2, it is obvious that changes were made under the 
working process. The second data collection, analysis and conclusion were interchanged by a 
more detailed research of the data already identified as important for the project. That gives 
an explanation for the outcome of the Gantt chart. The outcome was also affected by illness 
of the students that resulted in unforeseen changes in the division of time. 
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Appendix 3. Planning report 

Planeringsrapport 
Planeringsrapporten fungerar som ett hjälpmedel för studenten för att kunna precisera 

syftet med arbetet och skriva ned de centrala delarna, dessutom används den som underlag 

av handledaren under arbetets gång. 

Bakgrund 

Inom Volvo CE:s kardanaxelprogram finns det idag uppskattningsvis 20-25 olika varianter av 

kardanaxelmedbringare. Motsvarande program för Volvo Lastvagnar består av ca 4 st 

medbringare. Anledningen till den stora mängden varianter är bland annat att ingen direkt 

samordning skett vid utveckling och inköp av olika komponenter, såsom axlar, 

transmissioner och drop-box. 

Det stora antalet varianter genererar merarbete för olika enheter inom Volvo t ex. 

konstruktion, inköp, produktion samt service och eftermarknad. I dagsläget pågår ett 

utvecklingsprojekt som syftar till att ta fram en ny transmissionsplattform. Parallellt med 

detta är en översyn av dagens axelprogram på gång att startas upp. Dessa båda projekt ger 

ett gyllene tillfälle att skapa ett enhetligt kardanaxelprogram med så få varianter som möjligt 

om man kan enas om gemensamma gränssnitt för axlar och transmissioner. 

Syfte  

Syftet med examensarbetet är att ta fram en plan på hur Volvo CE kan gå tillväga för att 
minska antalet varianter av kardanaxlar och medbringare. 

Direktiv 
 Inhämta baskunskaper inom kardanaxlar 

 Kartläggning av befintliga program hos exempelvis Volvo CE, Volvo lastvagnar, 
Arkivator, Nordiska Kardan (Dana Spicer) 

 I samråd med representanter för axel- respektive transmissionsutveckling föreslå 
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endast behandla artiklar med den utformning de har idag och inte fokusera på 
vidareutveckling. Målet är att reducera antalet av varianter med hjälp av att jämföra och 
analysera de som används idag och föreslå om gemensamma gränssnitt tillsammans med 
både transmissions- och axelutveckling. 
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Tidplan 
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CREATION OF DESIGN PROCEDURE FOR CAST TECHNICAL SOLUTION 

Orientation 

Today in Volvo CE, our products have different technical solutions for the same function. This is not effective.  We 

spend time in development, testing and verification of different solutions to the same problem in different parts of 

the company, for different products. We find the reason for this situation in our history. Volvo CE will gain many 
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Solutions, CTS. 
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o we have different solutions in different machines for the same function. 

o we have quality problems. 

o we will be able to use the solution for more than one generation. 

o we have a long development time compared to similar solutions. 
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1. SCOPE 

This document describes the method to develop a CAST Technical Solutions, CTS. The purpose is to get a 

common methodology in the creation of the CTS. 


