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Attachments 
In this attachment a large part of the work carried out in this proyect is presented. It 

includes detailed information of the results presented in the main report and relevant 

information in order to get a deeper understanding of the different methods and product 

alterations described in the main report. 
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A Introduction week assembly line work 
Our first week at Scania axles in Falun consisted in practical work at different assembly 

lines. This was to get an idea of how production lines are constructed, how different 

methods of assembly and error proofing can be implemented and the conditions of 

working under a constant takt time. This week also gave us a chance to get to know 

some of the people working at Scania. 

A.1 Day one 

“Kombi line” – They day in question this assembly line had a takt time of nine minutes. 

The line is sequential meaning that the axels are assembled in the order in which they 

are to be assembled in the chassis of the trucks. The central gears are first inserted into 

the axels which are then suspended on carriers that move forward continuously in a roof 

driven transportation line. At every position there is a set of lights that indicate the 

assembly status of the position, if the worker at the position needs help to complete his 

tasks within the given takt and, in case of a stop, at which position the stop occurred. 

The line is equipped with two big andons indicating the current production status, the 

percentage of axels produced without defects and the time of production stops during 

the day. The line is laid out in a U- formation and is supplied with material from both 

sides. The start and end positions of every position is marked with a yellow line on the 

floor. 

A.2 Day two 

“Baknav” – This assembly line consists of mechanical rolling conveyors and does not 

have a takt time. Here the product to be assembled is moved downstream by manual 

force. There are no andons or indicators and the material is supplied by one person 

driving a manual truck. Most of the material is supplied in a two-bin system and the 

personnel simply signal the truck driver when new components are needed. Although 

this line may look a bit outdated at a first glance one quickly realize that it is designed to 

do its job and it is very effective. After a quick walkthrough with the foreman and a short 

instruction from the workers on the line we were assembling at the same rate and with 

the same results as the ordinary staff. This was never possible on the other lines where 

we worked. This of course is also due to the fact that the product is a lot smaller and less 

complex then the axels assembled on the other lines. 
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A.3 Day three 

“Skiva bak” – This line starts with the axels moving on a conveyor in a U- formation and 

is suspended like the axels at kombi line after it has been assembled with the central 

gear. The axels then move down a straight line stopping at every position in intervals 

decided by the takt. This line has a lot of tools and sensors connected to the line which 

assure that no actions are forgotten or performed incorrectly. If an action isn’t performed 

correctly the line stops and indicates at what position the problem has occurred so that 

the workers can correct it as soon as possible. The day when Anders Hulth was there 

the group working on the line was a bit short- staffed resulting in a lowered takt, two 

workers doing the actions at there respective positions and then the actions of the third 

person missing. The staff problem combined with the Swedish national football team 

playing an important game resulted in a lot of stops, stressed workers and a few 

mistakes discovered by the next person downstream in the line. Also, the lowering of the 

takt was only possible because of a buffer produced earlier in the week. This shows that 

lean assembly and the JIT principles are very sensitive to disturbances. 

A.4 Day four and five 

“Framaxel” – A completely straight assembly line. This gives everyone working here a 

good overview of the production and facilitates the material supply. This line has some 

positions with constant intervals like “skiva bak” and others where the worker at the 

position pulls a line or pushes a button for the axel to move to the next position. This 

system allows a shorter takt for this particular line since the axels do not need any 

actions to be taken at some positions. This of course depended on the type of axel to be 

assembled. We spent two days on this line working at every position except the final 

quality control. Since the line has a great variety in products the material supplied takes 

up a lot of space and forces the workers to walk, sometimes several meters, to pick up 

the right article. This has in someway been reduced by the line/ button system where the 

worker in some way can decide where the axel should stop. 
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B Central gear assembly Scania Falun 
There are three different central gear assembly lines at Scania axles today; CVX 1, CVX 

2 and RPX. The CVX 1 assembles the R 780 central gear, CVX 2 the R 560/660 and 

RPX all remaining central gears (RB 662, RP 735/835 and RBP 735/835). The two CVX 

lines will be described together since they are designed the same way and use the same 

line to assemble the differential. 

B.1 CVX line 

The CVX lines were designed and built in the 1970’s according to the principles of mass 

production. Many assembly operations are done in small pre- assembly stations or in 

parallel fixtures where one operator performs a large number of operations during 

several minutes. There is no takt time and no andon indicators. Intermediate buffers of 

material and WIP can be seen throughout the line and there is a lot of rework necessary. 

The technology level is very low and outdated with inaccurate measuring devices that 

have no capacity for storing data. It is obvious that production technology has been 

overlooked for many years. Measurements are done incorrectly while the demands for 

accuracy are as high as 0,01 mm. Without investments in new equipment this is 

impossible. One example of the outdated equipment is the press for the bearing races 

which was built in 1949 and with a design that dates back to World War 2.  

B.1.1 Pre- assembly 

The two CVX- lines can be said to have four pre- assembly stations in common. These 

are; differential assembly, differential lock assembly, bearing housing assembly and end 

yoke assembly. The first is connected to the main line by a conveyor and is also the one 

that sets the pace for the main line, in other words a Push system. The two other pre- 

assembly stations are not directly connected to the main assembly line and the pre- 

assembled components need to be transported on small trucks between the two 

stations. 

B.1.1.1 Differential pre- assembly station 

This is where the crown wheel is fixed on the differential housing and the details for the 

differential are assembled into the differential housing. The material is supplied in big 

pallets making one assembly position almost 10 meters long (figure B.1). 
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Figure B.1 One long assembly position Figure B.2 Buffer of WIP 

 

The operator spends a lot of time just walking around picking material. This has led to 

the operators making their own small buffers of pre- assembled components. When we 

were observing this line we saw approximately 20 differential housing halves placed on a 

table with screws placed in the tapped holes. This can be seen in picture B.2. The 

operation for placing these screws into the differential housing half takes about one 

minute per housing half. This means that the operator had spent at least 20 minutes 

overproducing housing halves which is pure over production waste. 

 

There is a machine for tightening the screws which joins the two differential housing 

halves together. This machine is a bottleneck and creates a buffer of differentials. 

However it is active when operators are on breaks, out for lunch, having meetings and 

so forth, because of this the bottleneck effect is not easy to see. 

Since this pre- assembly supplies both CVX 1 and CVX 2 with differentials it has to keep 

track of the production pace on the two lines. This is done by the first operator who can 

see the two visual buffers of assembled differentials, figure B.3. The problem is that with 

the bottleneck for tightening the screws it can be difficult for an operator with little 

experience to see what type of differential that needs to be assembled. The differential 

pre- assembly also produce the differential for the RB 662 gear which is assembled at 

the RBX- line. 
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Figure B.3 Visual buffer   Figure B.4 Differential lock pre- assembly 

B.1.1.2 Differential lock pre- assembly 

This pre- assembly station consists in a table and one or two sitting operators (figure 

B.4). The station produce differential locks for both CVX and RPX. The material is 

supplied in big pallets to the station. There is a fixture in the centre of the table which is 

used for placing the bottom lid. The rest of the details are then assembled on top and at 

the end the differential lock is tightened by an electric screw driver. 

B.1.1.3 Bearing housing pre- assembly 

At this position the bearing races are pressed into the bearing housing and the sealing 

seat is pressed on to the housing. The distance between the bearings is also measured 

to set a correct preload. 

B.1.1.4 End yoke pre- assembly 

Here the sealing is pressed onto the end yoke. See figure B.5. 

B.1.2 Main assembly line 

As said before there are two parallel main assembly lines. The products on these lines 

have different dimensions but the assembly methods are identical. From the differential 

pre- assembly the crown wheel/ differential and the pinion arrive on a pallet. 

B.1.2.1 Gear housing preparation 

The gear housing is measured, support bearing and the differential lock is mounted. The 

measuring operation is inaccurate and performed in an incorrect manner. According to 

the drawings and instructions the distance to be measured should be the distance 

between the differential axle and the bearing housing seat. Today the distance 

measured is the one between the bearing housing seat and the differential bearing seat 
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(figure B.6). This error produce rework at the end of the assembly line since it can 

produce a bad mesh image or an incorrect differential bearing preload. When the gear 

housing is prepared it is put on a pallet adjacent to another pallet containing the 

corresponding pinion and differential. 

 

   
Figure B.5 End yoke pre- assembly station  Figure B.6 Gear housing measurement 

B.1.2.2 Pinion assembly 

The distance between the bearings is measured in the bearing housing pre- assembly 

and this measurement is written on the bearing housing. The pinion is pressed into the 

bearing housing and the rolling resistance is checked. If the rolling resistance is 

unsatisfactory the pinion and front bearing are pressed out and shims are added or 

removed. The parts are then reassembled. This rework is waste and with good 

measuring methods it would probably be reduced. 

B.1.2.3 Assembly of bearing housing and pinion on the gear housing 

The bearing housing is measured with the pinion inside and the distance determines the 

thickness of the shims between the bearing housing and the gear housing. The bearing 

housing is placed on the gear housing and pressed in place. Six screws are then 

tightened. 

B.1.2.4 Mounting and adjusting of the differential 

There are four parallel fixtures (two for CVX 1 and two for CVX 2). These fixtures can be 

seen in figures B.7 and B.8. The gear housing is lifted on to a fixture and turned around. 

The differential is lifted onto the gear housing and positioned. The gear ratio is checked, 

the axial position of the crown wheel is adjusted, the end play is set, the differential 

bearing preload is set, the mesh image is controlled, bearing caps are assembled etc. 
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This position is by far the most time consuming in the central gear assembly line. The 

amount of time the gear spends here makes a strait line assembly flow impossible.  

 

    
Figure B.7 Assembly fixture   Figure B.8 Assembly fixture 

B.2 RPX line 

At the RPX assembly line the RP, RB and RBP central gears are assembled. The RPX 

line was built in 2002 but its layout is not very rational. This is also due to the fact that 

the big bogie- gears are complex products and are difficult to assemble. The RPX line 

has three pre- assembly stations. The differential, the differential lock (CVX), end yoke 

(CVX) and the input shaft assembly. The RPX line has a takt time, andon boards and the 

workers have the power to stop the line when they have a problem. The Andons allow 

the workers to see the status of the production in terms of stoppage time and the 

percentage of completed gears delivered to the axle assembly (figure B.9).  

 

   
Figure B.9 Andon display, status production     
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B.2.1 Pre- assembly 

B.2.1.1 Differential pre- assembly 

In contrary to the CVX long differential assembly the assembly of the differential in the 

RPX line is all done within 3 or 4 square meters (figure B.10). The crown wheel and 

pinion are also separated initially which means that they do not need to be transported 

together. Since the design of the crown wheel is a bit different than the R- design the 

differential assembly is a bit easier, with the exception of the RB 662 gear. The RB 662 

differential design is identical to the R 660 and these are assembled at the CVX 

differential pre- assembly. 

 

   
Figure B.10 Differential assembly  Figure B.11 Input shaft pre- assembly 

B.2.1.2 Input shaft pre- assembly 

The input shaft is assembled in a fixture (figure B.11). All of the details are put into place 

and are then pressed together along with the bearings on each side of the shaft. The 

shaft is then lifted into the gear housing using a lifting tool. 

B.2.2 Main assembly line 

The gear housing is measured on a measuring table (figure B.12) and is then moved to 

another table (figure B.13) where the bearing races are pressed and the pinion is 

mounted. There are many measuring operations taking place and the measuring 

equipment is not accurate resulting in a lot of rework problems. The tables are not 

adjustable in height and when we observed the line a short woman was standing at the 

second table. Even though we are not specialists in ergonomics it was easy to see that 

her working position was not comfortable. It looked harmful as her arms were above her 

shoulder during most of the operation even during lifting and turning of the gear. In 

figures B.12 and B.13 one can see the large number of different size shims used. 
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When the pinion is in place the gear is placed on a drive rolling conveyor. Here the input 

shaft and the covers are assembled. The input shaft preload is set using a machine 

which measures the end play of the shaft under rotation. The end play is then 

compensated with shims. This is a time consuming method but the results are good. 

The gear is then lifted on to a fixture just like the ones used at the CVX lines. 

 

       
Figure B.12 Measuring gear housing  Figure B.13 Pinion assembly                                            

B.3 The problems with today’s assembly lines. 

B.3.1 The measurements 

The most severe problems of all the lines are the measurement operations. These are 

done with old, non accurate devices and to us it seems like these devises are temporary 

solutions implemented during the first years of the assembly line’s operation. One 

example is the measurement of the R- gear housing, chapter B.1.2.1. There are other 

problems related to measurement. 

B.3.2 Old inadequate equipment 

It is not easy to produce high technology high quality products using machinery that in 

some cases are over fifty years old. These machines were designed to produce post 

world war transportation not Scania trucks of the 21st century.  

B.3.3 Intermediate buffers 

This is more obvious in the two CVX- lines. There is a small buffer of WIP in front of 

almost every workstation. We suspect that there are more products waiting in buffers 

then products actually being worked on. This is pure waiting waste that originates from 

upstream over production. The RPX- line is partly made up of a motor driven conveyor 
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that control the pace of the gears however there are some intermediate buffer between 

some workstations that are not connected to the driven conveyor. 

B.3.4 Rework 

A lot of products are not assembled correctly the first time. Some can be adjusted by 

disassembling and reassembling the product. If the defects are greater they are 

transported to a repairing field where there are almost constantly two products being 

worked on at the same time. 

B.3.5 Cleanliness 

The use of pallets on the conveyor in the CVX assembly means that dirt is accumulated 

and not removed. WIP waiting in buffers, often with exposed bearings or bearing races, 

attract and generate dirt.  



The central gear assembly of the future 

 

17

C The competitors central gear assembly 

C.1 Central gear assembly Arvin Mertior 

Our first impression of the Arvin Meritor assembly lines was their almost chaotic layout. 

There was no clear intuitive flow, no predetermined sequence of assembly, no takt time, 

no andons etc. Even though there was no outspoken production system we were 

informed that they considered and worked with aspects such as right from me, 

continuous improvement, elimination of waste etc. This we found a bit contradictory 

since we saw a many buffers of material and semi complete products. There were 

operators and workers standing around for over five minutes just waiting for the next 

product to arrive while, at the same time, in another work cell there were sometimes four 

products waiting to be worked on without any operator attending them. We asked if there 

was a system where the workers could see where they were needed or where to go next 

but there was not. The given impression was that they just expected someone to deal 

with them sooner or later. There was no real action taken to solve this problem, or as 

said by the production technician “That’s just the way it is”. 

C.1.1 The infrastructure of the transportation 

  
Figure C.1 Transportation highway  Figure C.2 Working cell 

 

The assembly of the central gears is done in work cells (figure C.2). In each work cell a 

specific task is performed. The time for this varies from one minute to, in some cases, 

twenty minutes (this figures are estimated by us). The cells are connected to three 

“highways” (figure C.1). These highways are used by all gears to transport them 

between different cells. There are no operations performed on the highways except the 

initial placing of pinion, crown wheel, end yoke and gear housing. Each fixture or gear is 
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monitored and controlled by a computer system so the operators are only concerned 

with what is going on in their work cell. 

C.1.2 Technology level 

The level of technology at Arvin Meritor is high compared to Scania and they probably 

produce high quality central gears. Many operations for the newer models are 

automated. The gears are transported on a machine driven conveyor system and each 

gear fixture is given information where to go, where to stop and where to turn. This 

means that even though the assembly line’s infrastructure is very complicated the gears 

always arrive at the correct work cell. At every cell the operator has two buttons, one is 

pushed when all operations are completed and another is to signal that the gear is 

defectuous and needs to bee sent to one of the adjustment cells. The system then sends 

the gear to its next station. 

C.1.3 Assembly sequence 

The system does not have any given assembly sequence. The first operator decides 

what type of gear that needs to be initiated. To be able to decide this he has a monitor 

showing which assembly cells that are available and where there are cues. We were 

also told that he knows the volumes of each gear that needs to be produced every day 

but we never understood how. After his decision of the gear to be assembled, the pinion 

and the crown wheel are taken out of a large storage and placed in a fixture. This 

storage is automated but the person that places the parts in the fixture only has access 

to the first two rows. When a gear has been to all of its predetermined cells it is either 

sent directly to a corresponding axle or placed in an intermediate storage or buffer. This 

buffer can contain up to 518 gears or the production of one day. An operator standing at 

this station is the one who decides what type of axle that should be assembled next. The 

selection of axle sequence is decided by this operator. 

C.1.4 Interesting assembly methods 

In the following chapters we will describe interesting assembly methods that we saw at 

the Arvin Meritor assembly line. 

C.1.4.1 The gear fixture 

The gear fixture (Figure C.3) can hold the gear housing, the crown wheel and the pinion. 

The top frame is fastened to the gear housing and it is possible to remove the gear and 
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the top frame from the fixture to facilitate the handling of the gear in those cells where 

the gear needs to be rotated or lifted.  

 

  
Figure C.3 Central gear fixture  Figure C.4 AIM adjustment machine 

C.1.4.2 AIM 

Arvin Meritor has a custom built machine and has automated the adjustment of backlash 

and bearing preload for the differential housing (Figure C.4). The machine, called AIM 

(Automatisk Inställnings Maskin, Automatic Adjustment Machine), also screws the bolts 

for the bearing caps with the right torque and controls the gear ratio. The bearing preload 

is verified in the machine by measuring the deflection of the bearing caps. It is also 

capable of performing vibration testing, however this is not utilized at Arvin Meritor. The 

machine has a cycle time of 3 minutes, and is designed and manufactured by Schenk. 

Arvin Meritor reports that they are pleased with the machine’s performance. 

C.1.4.3 Double press for pinion bearing races 

To press the bearing races for the pinion into the gear housing, a “double-press” is used. 

It is a simple construction designed and built by Arvin Meritor. The press has fixed 

pressing tool with a cylinder through the centre. At the end of the cylinder there is a 

coupling for attaching another pressing tool, facing the first one. The press is inserted 

through the gear housing, which is positioned with the bearing races horizontally. Then 

the second pressing tool is attached. As the cylinder retracts, the pressing tools are 

forced closer together, and the races are pressed into position. We did not see any 

equipment measuring the force exerted by the press or any control that the race was 

pressed correctly. 
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C.1.4.4  “Pulling”-press 

This “press” pulls the pressing tool against a bearing race, instead of pressing from 

above as conventional presses. The pulling operation is conducted by a piston, which is 

inserted from beneath through the hole for the bearing in the gear housing. The pressing 

tool is attached to the piston with a simple coupling, which makes it flexible to use 

pressing tools of different shapes and sizes. The piston pulls the pressing tool against 

the race which is then pressed into position. The gear housing’s position is fixed during 

the whole operation. 

C.1.4.5 Lifting tool 

A lifting tool which reduce the assembly time and is ergonomically preferable compared 

to the tapered tool used by Scania, see figures 6.12 and 6.13. 

C.1.4.6 Input shaft adjustment 

Arvin Meritor’s input shafts are mounted with a play instead of a preload for the bearings. 

The play is adjusted with shims. To choose the right thickness of the shims, the distance 

between the input shaft’s front bearing and the edge of the gear housing is measured. 

The depth of the front cover is measured with a special purpose machine. Based on 

these measurements shims are chosen to achieve the correct axial play. 

C.1.4.7 Positioning of the pinion 

For the gears with Timken’s Pinion Pac, the position of the pinion is adjusted by placing 

shims between the Pinion Pac and the gear housing. For gears without Timken’s Pinion 

Pac, the pinion’s position is adjusted by placing shims between the gear housing and the 

back bearing race. The gear houses are marked with a distance measured by another 

department (unclear exactly what distance is measured). The length of the pinion and 

the bearings are measured under rotation with a special purpose machine. Shims are 

then chosen with regard to these measurements.  

C.1.4.8 Preloading Pinion bearings 

For gears without Timken’s Pinion Pac, the measured values from adjusting the pinion’s 

position are used to choose shims that give the correct preload. The preload is verified 

by testing the rolling resistance. 
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C.1.4.9 Differential lock 

The axle differential lock needs no adjustment for the play between the coupling halves. 

The differential lock for the input shaft on the bogie gears is adjusted with a screw. The 

differential lock is switched on, causing the coupling halves to meet, i.e. without any play. 

A screw is then tightened until it comes in contact with the rod to which the differential 

lock lever is attached. By further tightening the screw a given revolutions, the cylinder 

stroke is adjusted and thereby the play between the coupling halves. 

C.2 Central gear assembly MAN 

MAN has a production system much like SPS. It is called MNPS (MAN Nutzfahrzeuge 

Production System). The production system has a house structure just like Scania 

(figure C.5). 
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Figure C.5 The MAN production system house   

 

The central gear assembly consists of two assembly lines. One for single gears and one 

for bogie gears. The gears are transported on a straight line and are pushed forward 

manually by the operators. The straight line creates a much better flow of products than 

the Scania production lines. The transportation of the gears is very basic but functional; 

the turning mechanism is a simple solution to an important and otherwise time 

consuming operation. There are no takt time or andon signs. Examples of the MAN 

transportation can be seen in figures C.6 and C.7 
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Figure C.6 MAN transportation  Figure C.7 Turning tool 

C.3 Central gear assembly Daimler Chrysler 

Daimler Chrysler has its own production system “DC produktionssystem” which has 92 

defined methods and a number of principles. It is not Value based like the Scania 

production system. 

 

The central gear assembly is fully automated. Three parallel robot cells each produce 

60000 gears per year (Scania’s entire European production), 180000 in total. Each cell 

has two operators that basically supply the robots with material and perform a few 

assembly tasks. The amount of gears that has to be reworked due to an unsatisfactory 

mesh image is only 1%. Each station has an andon lighting system to indicate their 

status, these lights can be seen in figure C.8. 

 

 
Figure C.8 Robot cell with Andon- lights 

 

The automatic assembly is possible because the gears are designed for it. The details 

are described in attachment E.3. Daimler Chrysler is very pleased with the automatic 

assembly which according to them has performed beyond expectations. They are 
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considering automating other assembly lines due to their good experiences from the 

central gear assembly. 

C.4 Central gear assembly Getrag 

Getrag AWD produce Central gears for Volvo and Ford cars with four wheel traction. The 

function of these gears is the same as for commercial vehicles but they are smaller. 

C.4.1 The central gear assembly lines 

At the time of our visit there were three active assembly lines. One with many manual 

assembly operation which we call “Manual” And then there were two semi automated 

assembly lines that were producing the same product. The reason for having two 

assembly lines for the same product is that bottlenecks prevent them from being joined. 

We call these two semi automated assembly lines “Automatic”. There was also a fourth 

assembly line under development. This was to have an even higher automation level 

than the other three. 

C.4.1.1 The Manual assembly line 

This assembly line does not have any given takt time or andon indicators.  

In this assembly line the gears are transported individually on small push carts (figure 

I.5) at each working station the cart is secured against a working surface and its height 

can then be adjusted. It is not possible to remove the cart until all operations at the 

station have been performed correctly. The assembly line has a parquet flooring to 

reduce the strains put on the workers backs and joints. 

All the measuring instruments are connected to a PC- station that register and calculates 

different measurements.  

C.4.1.2 The Automatic assembly lines 

These assembly lines have a takt time of 72 seconds but there are no indicators that 

show the workers how the production is doing. Even though the automation level is high, 

many operations are done manually. Material supply for example is almost exclusively 

performed by workers. 

 

The gears are transported on a motorized rolling conveyor controlled by the takt time. In 

order to get a correct pinion height the pinion is measured under rotation along with the 

rear bearing and the gear housing is measured by placing a tool in the gear housing. 

The adjustment is then done using shims. The ratio of incorrect pinion heights that needs 
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to be reworked is normally around 3%, at the time of our visit however it was less than 

1%. The backlash is adjusted early in the process. It is also set by a machine which runs 

the pinion and crown wheel together to “feel” its way to a correct backlash. The crown 

wheels position is the adjusted with shims. The pinion preload is set with a collapsing 

sleave which means that there is no way to control the locking nut torque. This torque 

can vary from 160Nm to 500Nm. The preload is then controlled by measuring the rolling 

resistance in the pinion. If the rolling resistance is incorrect the gears is removed from 

the assembly line. There is no rework performed in the assembly line because this would 

hinder the production flow. 

 

The presses used are hydraulic and all pressing operations are electronically monitored 

by sensors in the pressing equipment. These sensors signals the operator if any 

abnormal values are detected. At the end of the assembly line the gears are checked for 

defects by measuring their sounds and vibrations. This is done automatically in a test rig 

connected to a computer and has been very effective according to Getrag. The system 

does not only indicate that a gear is defective but in many cases it can also indicate what 

is wrong with the gear. This could be; an unsatisfactory bearing preload, a bad mesh 

image or missing parts.  
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D Central gear design Scania 

D.1 Exploded view R780, R660 and R560 
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D.1.1 English index  

1 Nut 

2 End yoke 

3 Dust cover 

4 Sealing ring 

5 Seal seat 

6 Tapered roller bearing 

7 Shim 

8 Spacing ring 

9 Bearing housing 

10 Bolt 

11 Cup spring 

12 Plate 

13 Tapered roller 

bearing 

14 Shim 

15 Gear housing 

16 Bearing cap 

17 Pinion 

18 Crown wheel 

19 Differential housing 

half 

20 Bolt 

21 Nut 

22 Tapered roller 

bearing 

23 Adjusting ring 

24 Roller bearing 

25 Circlip 

26 Bolt 

27 Guide 

28 Set screw 

29 Coupling half 

30 Wear washer 

31 Differential gear 

32 Differential spider 

33 Differential pinion 

34 Wear washer 

35 Differential gear 

36 Wear washer 

37 Differential housing 

half 

38 Washer 

39 Bolt  

40 Tapered roller 

bearing 

41 Adjusting ring 

42 Lever 

43 Bracket 

44 Shaft 

45 Internal hexagon bolt 

46 Fork stud 

47 Shim 

48 Cylinder 

49 Sealing ring 

50 Pull rod 

51 Piston 

52 Flange nut 

53 O-ring 

54 Spring 

55 Cover 

56 O-ring 

57 Washer 

58 Bolt 

59 Switch 

60 Bolt 

61 O-ring 

62 Half shaft 
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D.1.2 Spanish index 

1 Tuerca 

2 Brida 

3 Guardapolvos 

4 Retén de aceite 

5 Asiento del retén 

6 Cojinete de rodillos 

cónicos 

7 Suplemento 

8 Separador 

9 Portacojinetes 

10 Tornillo 

11 Arandela Bellevile 

12 Placa 

13 Cojinete de rodillos 

cónicos 

14 Suplemento 

15 Cárter del grupo 

diferencial 

16 Tapa de cojinete 

17 Piñón de ataque 

18 Corona 

19 Portadiferencial 

20 Tornillo 

21 Tuerca 

22 Cojinete de rodillos 

cónicos 

23 Anillo de ajuste 

24 Cojinete de rodillos 

25 Circlip 

26 Tornillo 

27 Guía 

28 Tornillo de ajuste 

29 Acoplamiento 

30 Arandela de empuje 

31 Planeta 

32 Cruceta 

33 Satélite 

34 Arandela de empuje 

35 Planeta 

36 Arandela de empuje 

37 Portadiferencial 

38 Arandela 

39 Tornillo  

40 Cojinete de rodillos 

cónicos 

41 Anillo de ajuste 

42 Palanca 

43 Soporte 

44 Eje 

45 Tornillo Allen 

46 Espárrago de 

horquilla 

47 Suplemento 

48 Cilindro 

49 Retén de aceite 

50 Varilla de tracción 

51 Pistón 

52 Tuerca de brida 

53 Junta tórica 

54 Muelle 

55 Tapa 

56 Junta tórica 

57 Arandela 

58 Tornillo 

59 Interruptor 

60 Tornillo 

61 Junta tórica 

62 Palier 
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D.1.3 Swedish index 

1 Mutter 

2 Ändmedbringare 

3 Dammskydd 

4 Tätningsring 

5 Tätningssäte 

6 Rullager, koniskt 

7 Justerbricka 

8 Distansring 

9 Lagerhus 

10 Skruv 

11 Brickfjäder 

12 Skylt 

13 Rullager, koniskt 

14 Justerbricka 

15 Växelhus 

16 Lageröverfall 

17 Pinjong 

18 Kronhjul 

19 Differentialhushalva 

20 Skruv 

21 Mutter 

22 Rullager, koniskt 

23 Justerring 

24 Rullager 

25 Spårring 

26 Skruv 

27 Styrning 

28 Stoppskruv 

29 Kopplingshalva 

30 Slitbricka 

31 Differentialkugghjul 

32 Differentialkors 

33 Differentialdrev 

34 Slitbricka 

35 Differentialkugghjul 

36 Slitbricka 

37 Differentialhushalva 

38 Bricka 

39 Skruv  

40 Rullager, koniskt 

41 Justerring 

42 Hävarm 

43 Fäste 

44 Axel 

45 Insexskruv 

46 Gaffeltapp 

47 Justerbricka 

48 Cylinder 

49 Tätningsring 

50 Dragstång 

51 Kolv 

52 Flänsmutter 

53 O-ring 

54 Fjäder 

55 Lock 

56 O-ring 

57 Bricka 

58 Skruv 

59 Strömställare 

60 Skruv 

61 O-ring 

62 Drivaxel 



The central gear assembly of the future 

 

29

D.2 Exploded view RP735 and RP835 
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D.2.1 English index                                                    

1 Drive shaft 

2 Adjusting ring 

3 Oil collector 

4 Bearings 

5 Differential housing 

half 

6 Bolt 

7 Wear washer 

8 Differential gear 

9 Differential spider 

10 Differential pinion 

11 Wear washer 

12 Differential housing 

half (crown wheel side) 

13 Crown wheel 

14 Bolt 

15 Bearings 

16 Adjusting ring 

17 Shift sleeve 

18 Pinion 

19 Shim 

20 Bearings 

21 Bolt 

22 Bearing cap 

23 Bearing cap 

24 Set screw 

25 Stud (short) 

26 Stud (long) 

27 Nut 

28 Gear housing 

29 Spacing sleeve 

30 Adjusting sleeve 

31 Bearings 

32 Seal seat 

33 Seal 

34 End yoke 

35 Nut for end yoke 

36 Bolt 

37 Switch 

38 Bolt 

39 Cover 

40 Spring 

41 O-ring 

42 Nut and washer 

43 Piston 

44 Pull rod 

45 Seal 

46 O-ring 

47 Cylinder 

48 Shim 

49 Lever 

50 Fork stud 

51 Bracket 

52 Shaft 

53 Internal hexagon bolt 
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D.2.2 Spanish index                         

1 Palier 

2 Anillo de ajuste 

3 Colector de aceite 

4 Cojinetes 

5 Mitad del 

portadiferencial 

6 Tornillo 

7 Arandela de desgaste 

8 Planeta 

9 Cruceta del diferencial 

10 Satélite 

11 Arandela de 

desgaste 

12 Mitad del 

portadiferencial (lado de 

la 

corona) 

13 Corona 

14 Tornillo 

15 Cojinetes 

16 Anillo de ajuste 

17 Desplazable 

18 Piñón de ataque 

19 Suplemento 

20 Cojinetes 

21 Tornillo 

22 Tapa de cojinete 

23 Tapa de cojinete 

24 Tornillo de ajuste 

25 Espárrago (corto) 

26 Espárrago (largo) 

27 Tuerca 

28 Cárter del grupo 

diferencial 

29 Casquillo separador 

30 Manguito de ajuste 

31 Cojinetes 

32 Asiento del retén 

33 Retén 

34 Brida 

35 Tuerca de brida 

36 Tornillo 

37 Interruptor 

38 Tornillo 

39 Tapa 

40 Ballesta 

41 Junta tórica 

42 Tuerca y arandela 

43 Pistón 

44 Varilla de tracción 

45 Retén 

46 Junta tórica 

47 Cilindro 

48 Suplemento 

49 Palanca 

50 Espárrago de 

horquilla 

51 Soporte 

52 Eje 

53 Tornillo
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D.2.3 Swedish index 

1 Drivaxel 

2 Justerring 

3 Oljefångare 

4 Lager 

5 Differentialhushalva 

6 Skruv 

7 Slitbricka 

8 Differentialkugghjul 

9 Differentialkors 

10 Differentialdrev 

11 Slitbricka 

12 Differentialhushalva 

(kronhjulssida) 

13 Kronhjul 

14 Skruv 

15 Lager 

16 Justerring 

17 Kopplingshylsa 

18 Pinjong 

19 Justerbricka 

20 Lager 

21 Skruv 

22 Lageröverfall 

23 Lageröverfall 

24 Stoppskruv 

25 Pinnskruv (kort) 

26 Pinnskruv (lång) 

27 Mutter 

28 Växelhus 

29 Distanshylsa 

30 Justerhylsa 

31 Lager 

32 Tätningssäte 

33 Tätning 

34 Ändmedbringare 

35 Mutter för 

ändmedbringare 

36 Skruv 

37 Strömställare 

38 Skruv 

39 Lock 

40 Fjäder 

41 O-ring 

42 Mutter och bricka 

43 Kolv 

44 Dragstång 

45 Tätningsring 

46 O-ring 

47 Cylinder 

48 Justerbricka 

49 Hävarm 

50 Gaffeltapp 

51 Fäste 

52 Axel 

53 Insexskruv 
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D.3 Exploded view RBP735 and RBP835 part 1 
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D.3.1 English index 

1 Lock nut 

2 End yoke 

3 Dust cover 

4 Sealing ring 

5 Sealing seat 

6 Screw 

7 Washer 

8 Shim 

9 Cover 

10 Screw 

11 Oil pump 

12 Screw and washer 

13 Pump housing 

14 Screw 

15 Washer 

16 Front cover 

17 Spacing washer 

18 Bearing 

19 Shift sleeve 

20 Fork 

21 Fork pin 

22 Locking screw 

23 Pull rod 

24 Shim 

25 O-ring 

26 Cylinder 

27 O-ring 

28 Sealing ring 

29 O-ring 

30 Piston 

31 Nut 

32 Compression spring 

33 Cover 

34 Screw 

35 Washer 

36 Screw 

37 Switch 

38 Input shaft 

39 Wear ring 

40 Bushing 

41 Differential gear 

(front) 

42 Differential housing 

43 Bearing 

44 Oil collector 

45 O-ring 

46 Differential gear 

(rear) 

47 Bearing 

48 Oil collector 

49 Output shaft 

50 Gear housing 

51 Flange nut 

52 Stud 

53 Strainer unit 

54 Gasket 

55 O-ring 

56 Bearing 

57 Washer 

58 Retaining ring 

59 Sealing ring 

60 End yoke 

61 Lock nut 

62 Conical gear set 
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D.3.2  Spanish index 

1 Tuerca de seguridad 

2 Brida 

3 Guardapolvos 

4 Anillo de estanqueidad 

5 Asiento del retén 

6 Tornillo 

7 Arandela 

8 Suplemento 

9 Tapa 

10 Tornillo 

11 Bomba de aceite 

12 Tornillo y arandela 

13 Carcasa de la bomba 

14 Tornillo 

15 Arandela 

16 Tapa delantera 

17 Arandela 

espaciadora 

18 Cojinete 

19 Desplazable 

20 Horquilla 

21 Pasador de horquilla 

22 Tornillo de bloqueo 

23 Varilla de tracción 

24 Suplemento 

25 Junta tórica 

26 Cilindro 

27 Junta tórica 

28 Anillo de 

estanqueidad 

29 Junta tórica 

30 Pistón 

31 Tuerca 

32 Muelle de 

compresión 

33 Tapa 

34 Tornillo 

35 Arandela 

36 Tornillo 

37 Interruptor 

38 Eje primario 

39 Anillo de desgaste 

40 Casquillo 

41 Planeta (delantero) 

42 Carcasa del 

diferencial 

43 Cojinete 

44 Colector de aceite 

45 Junta tórica 

46 Planeta (trasero) 

47 Cojinete 

48 Colector de aceite 

49 Eje secundario 

50 Cárter del grupo 

diferencial 

51 Tuerca de brida 

52 Espárrago 

53 Unidad de tamiz 

54 Junta 

55 Junta tórica 

56 Cojinete 

57 Arandela 

58 Circlip 

59 Anillo de 

estanqueidad 

60 Brida 

61 Tuerca de seguridad 

62 Piñón y corona 
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D.3.3 Swedish index 

1 Låsmutter 

2 Ändmedbringare 

3 Dammskydd 

4 Tätningsring 

5 Tätningssäte 

6 Skruv 

7 Bricka 

8 Justerbricka 

9 Lock 

10 Skruv 

11 Oljepump 

12 Skruv och bricka 

13 Pumphus 

14 Skruv 

15 Bricka 

16 Främre lock 

17 Distansbricka 

18 Lager 

19 Kopplingshylsa 

20 Gaffel 

21 Gaffeltapp 

22 Låsskruv 

23 Dragstång 

24 Justerbricka 

25 O-ring 

26 Cylinder 

27 O-ring 

28 Tätningsring 

29 O-ring 

30 Kolv 

31 Mutter 

32 Tryckfjäder 

33 Lock 

34 Skruv 

35 Bricka 

36 Skruv 

37 Strömställare 

38 Ingående axel 

39 Slitring 

40 Bussning 

41 Differentialkugghjul 

(främre) 

42 Differentialhus 

43 Lager 

44 Oljefångare 

45 O-ring 

46 Differentialkugghjul 

(bakre) 

47 Lager 

48 Oljefångare 

49 Utgående axel 

50 Växelhus 

51 Flänsmutter 

52 Pinnskruv 

53 Silenhet 

54 Packning 

55 O-ring 

56 Lager 

57 Bricka 

58 Spårring 

59 Tätningsring 

60 Ändmedbringare 

61 Låsmutter 

62 Konisk växel
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D.4 Exploded view RBP735 and RBP835 part 2 
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D.4.1 English index 

1 Half shaft 

2 Shift sleeve 

3 Adjusting ring 

4 Bearing 

5 Crown wheel 

6 Screw 

7 Differential housing 

half (right) 

8 Wear washer 

9 Differential gear 

10 Differential spider 

11 Differential pinion 

12 Wear washer 

13 Differential housing 

half (left) 

14 Screw 

15 Bearing 

16 Oil collector 

17 Adjusting ring 

18 Pinion 

19 Bearing 

20 Shim 

21 Screw 

22 Screw 

23 Cap 

24 Cap 

25 Set screw 

26 Gear housing 

27 Nut 

28 Stud 

29 Adjusting ring 

30 Shim 

31 Bearing 

32 Gear 

33 Bearing 

34 Nut 

35 Front cover 

36 Washer 

37 Screw 

38 Type plate 

39 Protection cover 

40 Threaded pipe 

41 Oil filter 

42 Screw 

43 Screw 

44 Switch 

45 Cover 

46 Compression spring 

47 O-ring 

48 Nut 

49 Washer 

50 Piston 

51 Pull rod 

52 Sealing ring 

53 O-ring 

54 Cylinder 

55 Shim 

56 O-ring 

57 Lever 

58 Fork pin 

59 Bracket 

60 Shaft 

61 Internal hexagon bolt 
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D.4.2 Spanish index 

1 Palier 

2 Desplazable 

3 Anillo de ajuste 

4 Cojinete 

5 Corona 

6 Tornillo 

7 Mitad del cárter del 

diferencial (derecha) 

8 Arandela de desgaste 

9 Planeta 

10 Cruceta del 

diferencial 

11 Satélite 

12 Arandela de 

desgaste 

13 Mitad del cárter del 

diferencial (izquierda) 

14 Tornillo 

15 Cojinete 

16 Colector de aceite 

17 Anillo de ajuste 

18 Piñón de ataque 

19 Cojinete 

20 Suplemento 

21 Tornillo 

22 Tornillo 

23 Tapa 

24 Tapa 

25 Tornillo de ajuste 

26 Cárter del grupo 

diferencial 

27 Tuerca 

28 Espárrago 

29 Anillo de ajuste 

30 Suplemento 

31 Cojinete 

32 Piñón 

33 Cojinete 

34 Tuerca 

35 Tapa delantera 

36 Arandela 

37 Tornillo 

38 Placa de 

identificación 

39 Cubierta de 

protección 

40 Tubo roscado 

41 Filtro de aceite 

42 Tornillo 

43 Tornillo 

44 Interruptor 

45 Tapa 

46 Muelle de 

compresión 

47 Junta tórica 

48 Tuerca 

49 Arandela 

50 Pistón 

51 Varilla de tracción 

52 Anillo de 

estanqueidad 

53 Junta tórica 

54 Cilindro 

55 Suplemento 

56 Junta tórica 

57 Palanca 

58 Pasador de horquilla 

59 Soporte 

60 Eje 

61 Tornillo hexagonal 

interior 
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D.4.3 Swedish index 

1 Drivaxel 

2 Kopplingshylsa 

3 Justerring 

4 Lager 

5 Kronhjul 

6 Skruv 

7 Differentialhushalva 

(höger) 

8 Slitbricka 

9 Differentialkugghjul 

10 Differentialkors 

11 Differentialdrev 

12 Slitbricka 

13 Differentialhushalva 

(vänster) 

14 Skruv 

15 Lager 

16 Oljefångare 

17 Justerring 

18 Pinjong 

19 Lager 

20 Justerbricka 

21 Skruv 

22 Skruv 

23 Överfall 

24 Överfall 

25 Stoppskruv 

26 Växelhus 

27 Mutter 

28 Pinnskruv 

29 Justerring 

30 Justerbricka 

31 Lager 

32 Kugghjul 

33 Lager 

34 Mutter 

35 Främre lock 

36 Bricka 

37 Skruv 

38 Typskylt 

39 Skyddskåpa 

40 Gängat rör 

41 Oljefilter 

42 Skruv 

43 Skruv 

44 Strömställare 

45 Lock 

46 Tryckfjäder 

47 O-ring 

48 Mutter 

49 Bricka 

50 Kolv 

51 Dragstång 

52 Tätningsring 

53 O-ring 

54 Cylinder 

55 Justerbricka 

56 O-ring 

57 Hävarm 

58 Gaffeltapp 

59 Fäste 

60 Axel 

61 Insexskruv 
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D.5 Exploded view RB662 part1 
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D.5.1 English index 

1 Groove nut 

2 End yoke 

3 Dust cover 

4 Sealing ring 

5 Seal seat 

6 Bolt 

7 Washer 

8 Shim 

9 Bolt 

10 Oil pump 

11 Gasket 

12 Bolt 

13 Washer 

14 Front cover 

15 Spacing washer 

16 Bearing 

17 Shift sleeve 

18 Fork 

19 Driver 

20 Set screw 

21 Pull rod 

22 Shim 

23 O-ring 

24 Cylinder 

25 O-ring 

26 Sealing ring 

27 O-ring 

28 Piston 

29 Washer 

30 Nut 

31 Sleeve 

32 Compression spring 

33 Gasket 

34 Cover 

35 Bolt 

36 Bolt 

37 Switch 

38 Input shaft 

39 Wear washer 

40 Bushing 

41 Differential gear 

(front) 

42 Differential housing 

43 Bearing 

44 Oil collector 

45 Differential gear 

(rear) 

46 Bearing 

47 Output shaft 

48 Gear housing 

49 Nut 

50 Stud 

51 Strainer unit 

52 Gasket 

53 O-ring 

54 Bearing 

55 Washer 

56 Retaining ring 

57 Sealing ring 

58 V-ring 

59 End yoke 

60 Groove nut 

61 Conical gear set 
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D.5.2 Spanish index 

1 Tuerca ranurada 

2 Brida 

3 Guardapolvos 

4 Anillo de estanqueidad 

5 Asiento del retén 

6 Tornillo 

7 Arandela 

8 Suplemento 

9 Tornillo 

10 Bomba de aceite 

11 Junta 

12 Tornillo 

13 Arandela 

14 Tapa delantera 

15 Arandela 

espaciadora 

16 Cojinete 

17 Desplazable 

18 Horquilla 

19 Cubo sincronizador 

20 Tornillo de ajuste 

21 Varilla de tracción 

22 Suplemento 

23 Junta tórica 

24 Cilindro 

25 Junta tórica 

26 Anillo de 

estanqueidad 

27 Junta tórica 

28 Pistón 

29 Arandela 

30 Tuerca 

31 Manguito 

32 Muelle de 

compresión 

33 Junta 

34 Tapa 

35 Tornillo 

36 Tornillo 

37 Interruptor 

38 Eje primario 

39 Arandela de 

desgaste 

40 Casquillo 

41 Planeta (delantero) 

42 Carcasa del 

diferencial 

43 Cojinete 

44 Colector de aceite 

45 Planeta (trasero) 

46 Cojinete 

47 Eje secundario 

48 Cárter del diferencial 

49 Tuerca 

50 Espárrago 

51 Unidad de tamiz 

52 Junta 

53 Junta tórica 

54 Cojinete 

55 Arandela 

56 Circlip 

57 Anillo de 

estanqueidad 

58 Anillo en V 

59 Brida 

60 Tuerca ranurada 

61 Piñón y corona
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D.5.3  Swedish index 

1 Spårmutter 

2 Ändmedbringare 

3 Dammskydd 

4 Tätningsring 

5 Tätningssäte 

6 Skruv 

7 Bricka 

8 Justerbricka 

9 Skruv 

10 Oljepump 

11 Packning 

12 Skruv 

13 Bricka 

14 Främre lock 

15 Distansbricka 

16 Lager 

17 Kopplingshylsa 

18 Gaffel 

19 Medbringare 

20 Stoppskruv 

21 Dragstång 

22 Justerbricka 

23 O-ring 

24 Cylinder 

25 O-ring 

26 Tätningsring 

27 O-ring 

28 Kolv 

29 Bricka 

30 Mutter 

31 Hylsa 

32 Tryckfjäder 

33 Packning 

34 Lock 

35 Skruv 

36 Skruv 

37 Strömställare 

38 Ingående axel 

39 Slitbricka 

40 Bussning 

41 Differentialkugghjul 

(främre) 

42 Differentialhus 

43 Lager 

44 Oljefångare 

45 Differentialkugghjul 

(bakre) 

46 Lager 

47 Utgående axel 

48 Växelhus 

49 Mutter 

50 Pinnskruv 

51 Silenhet 

52 Packning 

53 O-ring 

54 Lager 

55 Bricka 

56 Spårring 

57 Tätningsring 

58 V-ring 

59 Ändmedbringare 

60 Spårmutter 

61 Konisk växel 
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D.6 Exploded view RB662 part 2 
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D.6.1 English index 

1 Gear housing 

2 Bearing cap 

3 Bolt 

4 Set screw 

5 Conical gear set 

6 Tapered bearing 

7 Gear 

8 Bearing 

9 Groove nut 

10 Front cover 

11 Oil filter 

12 Bolt 

13 Protection cover 

14 Bracket 

15 Washer 

16 Nut 

17 Bolt 

18 Washer 

19 Bracket 

20 Threaded pipe 

21 Bracket 

22 Internal hexagon bolt 

23 Spindle 

24 Driver 

25 Lever 

26 Pull rod 

27 O-ring 

28 Shim 

29 Cylinder 

30 O-ring 

31 Sealing ring 

32 O-ring 

33 Piston 

34 Washer 

35 Nut 

36 Sleeve 

37 Spring 

38 Gasket 

39 Cover 

40 Switch 

41 Bolt 

42 Bolt 

43 Tapered bearing 

44 Shim 

45 Shim 

46 Adjusting sleeve 

47 Bolt 

48 Coupling half 

49 Wear washer 

50 Differential gear 

51 Differential spider 

52 Differential pinion 

53 Wear washer 

54 Differential housing 

half 

55 Washer 

56 Torx bolt 

57 Tapered bearing 

58 Adjusting ring 

59 Half shaft 

60 Differential housing 

half 

61 Nut 

62 Tapered bearing 

63 Tapered bearing 



The central gear assembly of the future 

 

47

D.6.2 Spanish index 

1 Cárter del diferencial 

2 Tapa de cojinete 

3 Tornillo 

4 Tornillo de ajuste 

5 Piñón y corona 

6 Cojinete de rodillos 

cónicos 

7 Piñón 

8 Cojinete 

9 Tuerca ranurada 

10 Tapa delantera 

11 Filtro de aceite 

12 Tornillo 

13 Cubierta de 

protección 

14 Soporte 

15 Arandela 

16 Tuerca 

17 Tornillo 

18 Arandela 

19 Soporte 

20 Tubo roscado 

21 Soporte 

22 Tornillo hexagonal 

interior 

23 Husillo 

24 Cubo sincronizador 

25 Palanca 

26 Varilla de tracción 

27 Junta tórica 

28 Suplemento 

29 Cilindro 

30 Junta tórica 

31 Anillo de 

estanqueidad 

32 Junta tórica 

33 Pistón 

34 Arandela 

35 Tuerca 

36 Manguito 

37 Muelle 

38 Junta 

39 Tapa 

40 Interruptor 

41 Tornillo 

42 Tornillo 

43 Cojinete de rodillos 

cónicos 

44 Suplemento 

45 Suplemento 

46 Manguito de ajuste 

47 Tornillo 

48 Acoplamiento 

49 Arandela de 

desgaste 

50 Planeta 

51 Cruceta del 

diferencial 

52 Satélite 

53 Arandela de 

desgaste 

54 Mitad de la carcasa 

del diferencial 

55 Arandela 

56 Tornillo Torx 

57 Cojinete de rodillos 

cónicos 

58 Anillo de ajuste 

59 Palier 

60 Mitad de la carcasa 

del diferencial 

61 Tuerca 

62 Cojinete de rodillos 

cónicos 

63 Cojinete de rodillos 

cónicos
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D.6.3 Swedish index 

1 Växelhus 

2 Lageröverfall 

3 Skruv 

4 Stoppskruv 

5 Konisk växel 

6 Koniskt lager 

7 Kugghjul 

8 Lager 

9 Spårmutter 

10 Främre lock 

11 Oljefilter 

12 Skruv 

13 Skyddskåpa 

14 Fäste 

15 Bricka 

16 Mutter 

17 Skruv 

18 Bricka 

19 Fäste 

20 Gängat rör 

21 Fäste 

22 Insexskruv 

23 Axel 

24 Medbringare 

25 Hävarm 

26 Dragstång 

27 O-ring 

28 Justerbricka 

29 Cylinder 

30 O-ring 

31 Tätningsring 

32 O-ring 

33 Kolv 

34 Bricka 

35 Mutter 

36 Hylsa 

37 Fjäder 

38 Packning 

39 Lock 

40 Strömställare 

41 Skruv 

42 Skruv 

43 Koniskt lager 

44 Justerbricka 

45 Justerbricka 

46 Justerhylsa 

47 Skruv 

48 Kopplingshalva 

49 Slitbricka 

50 Differentialkugghjul 

51 Differentialkors 

52 Differentialdrev 

53 Slitbricka 

54 Differentialhushalva 

55 Bricka 

56 Torxskruv 

57 Koniskt lager 

58 Justerring 

59 Drivaxel 

60 Differentialhushalva 

61 Mutter 

62 Koniskt lager 

63 Koniskt lager 
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E Central gear design competitors 
Here the differences between the Scania R- gears and their corresponding models of the 

competitors. 

E.1 Arvin Meritor central gear 

We have investigated the Arvin Meritor axle RS1344. It is comparable to the Scania 

R660 and R780 gears.  

E.1.1 Pinion and Bearing housing 

The pinion has eleven teeth and has a support bearing at the end to compensate for the 

displacement during normal usage. The entire bearing housing is manufactured by 

Timken (Pinion- Pac) and delivered as one part to Arvin Meritor (figure E.1.) The pinion 

height is adjusted by shims between the gear housing and the bearing housing. The 

bearing housing has an O-ring mounted to prevent oil leakage. 

 

 
Figure E.1 Timkens Pinion- Pac 

E.1.2 Crown wheel 

The crown wheel has 37 teeth and is designed in the same way as the corresponding 

Scania gears. 

E.1.3 Differential 

The differential is, just as the crown wheel, very similar to the Scania design. 

Differential lock 

The manoeuvring cylinder for the differential lock is mounted in parallel with the 

differential coupling. The differential coupling is also integrated in the gear housing just 
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like the Scania RPx gears. The arm between them is straight and is not fastened in the 

gear housing like the Scania differential arm (figure E.2). This construction is easier to 

adjust and has fewer parts (figure E.3) than the Scania R780 differential lock. 

 

  
Figure E.2 Differential lock   Figure E.3 components of differential lock 

E.2 MAN central gear 

We have investigated two MAN central gears, HY 1133 and HY 1350. The first is 

comparable to the Scania R660 gear and the second to the R780. The MAN gears are 

lighter than their corresponding Scania gear. The HY 1350 is also stronger than the 

R780 while the HY 1133 is weaker than the R660. The two MAN gears are very similar 

in their construction. Therefore only the HY 1350 will be described in continuation. 

E.2.1 Pinion and bearing housing 

The pinion has eleven teeth and its surface has been “shot peened”. The bearing 

preload distance is set by shims between two tapered bearings. The pinion height is 

adjusted by shims between the bearing housing and the gear housing. There is an O-

ring situated on the bearing housing to prevent leakage. This O-ring is visualized in 

figure E.4. There is a support bearing at the end of the pinion to compensate the pinion’s 

displacement under normal working conditions. 
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Figure E.4 O-ring on the bearing housing Figure E.5 Crown wheel and diff housing 

E.2.2 Crown wheel 

The crown wheel has 37 teeth. The crown wheel and both of the differential housing 

halves are joined together with the same bolts reducing the number of screws by 50 % 

compared to the Scania R780. The construction is probably stronger and more stable as 

well. See figure E.5 

E.2.3 The differential 

The differential has 37 parts. There are two bearing caps on each side. The differential 

cross is split in four parts (figure E.6). They are locked in position when the crown wheel 

is mounted. A split differential cross is easier to manufacture and is probably also easier 

to assemble. There are holes in one of the differential housing halves to reduce weight 

and facilitate lubrication. 

 

 
Figure E.6 Split differential cross 

E.2.4 Differential lock 

The manoeuvring cylinder for the differential lock is mounted in parallel with the 

differential coupling. It is also integrated in the gear housing like the Scania RPx gears. 
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The arm between them is straight and is not fastened in the gear housing like the Scania 

differential arm. One differential coupling is integrated in the differential housing half 

(Figure E.7). This construction means that it is stronger, easier to adjust and has 56 % 

less parts (Figure E.8) than the Scania R780 differential lock. 

 

   
Figure E.7 Integrated coupling half  Figure E.8 Maneuvering cylinder 

components 

E.3 Mercedes central gear 

We have investigated two Daimler Chrysler, Mercedes gears. The HL6 and the HL8. The 

HL6 is comparable to the Scania R660 and the HL8 to the Scania R780. The HL6 is the 

most modern of the two and therefore will be described in continuation. It is clear that the 

Mercedes gears are designed for automatic assembly. All components that are difficult 

to assembled have been removed or integrated and the remaining parts have been 

redesigned to compensate the removed items. One example are the pinion bearings 

which are surprisingly big and heavy 

E.3.1 Pinion and bearing housing 

The pinion does not have a support bearing, see figure E.9, or a bearing housing. Its 

pinion height is adjusted with shims behind the rear bearing race the same way as for 

the Scania RPx gears. To compensate for the lack of a support bearing the tapered 

bearings supporting the pinion are of greater dimensions than all other gears 

investigated. The pinion shaft and its teeth are also over dimensioned. Since there is no 

bearing house some measuring operations are rendered unnecessary. The gear housing 

can also be used as a base object, on which all assembly operations are done. 

The bearing preload is set using a collapsible spacer. This eliminates the use of shims 

and makes the setting procedure less time consuming. The question is how stable and 

stiff this spacer is, this can only be determined by running a number of gears in a testing 

facility.  
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Figure E.9 Pinion without support   Figure E.10 Integrated crown wheel and 

differential housing bearing   and a single bearing cap 

E.3.2 Crown wheel 

The crown wheel and the pinion are manufactured using a grinding method which means 

that they do not need to be paired together. This means that there is no need to keep the 

two components in sequence. One defective part does not render the other useless. The 

adjustment of crown wheel end play is facilitated and the performance of the gears is 

more homogenous. 

The crown wheel is integrated with a differential housing half and the differential coupling 

half eliminating twelve screws and two parts compared to the Scania R660. This is 

probably an expensive part to manufacture but the savings from an assembly point of 

view are obvious. See figure E.10 

E.3.3 The differential 

There is only one bearing cap that can be removed, the other is only for holding the 

differential (figure E.11). The differential cross is divided in three parts, one long and two 

short (figure E.12). As mentioned before one differential housing half is integrated with 

the crown wheel. 

 

  



Attachments 
 

 

54 

Figure E.11 Bearing cap   Figure E.12 Differential cross 

E.3.4 Differential lock 

The manoeuvring cylinder for the differential lock is mounted in parallel with the 

differential coupling. It is also integrated in the gear housing like the Scania RPx gears. 

The arm between them is straight and is not fastened in the gear housing like the Scania 

differential arm. One differential coupling is integrated in the differential housing half. 

This construction means that it is stronger, easier to adjust and has fewer less parts than 

the Scania R660 differential lock. See figure E.13 

 

 
Figure E.13 Differential lock components 
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F Other Central gear designs 

F.1 Toyota Land Cruiser 

All dimensions are smaller on the Toyota gear. This was expected since an SUV is not 

exposed to the same loads for the period of time as a CV. All surfaces and components 

are in general very well manufactured and the tolerances are probably quite small. 

F.1.1 Pinion 

The pinion has 11 teeth and no support bearing and hence no bearing housing. The 

pinion and crown wheel are manufactured using a grinding method. The bearing preload 

of the two tapered roller bearings is set using a collapsible sleeve (figure F.1). The pinion 

height is adjusted using shims that are placed between the pinion head and the rear 

bearing (figure F.2). This differs from the Scania RPx gears where the shims are placed 

between the gear housing and the bearing race. This allows for pressing the bearing 

races before measuring the gear housing eliminating the tolerance errors between the 

bearing race and the gear housing. The drawbacks are that the pinion and rear bearing 

cannot be measured when assembled together, if the shim is not selected first. It is 

unclear how Toyota selects a shim of proper thickness for this application. One 

possibility is that it is selected by using known tolerances. 

 

  
Figure F.1 Collapsible sleeve    Figure F.2 Shim behind the pinion 

F.1.2 Crown wheel 

The crown wheel has 41 teeth and is pressed on to the differential housing. The crown 

wheel is fastened with screws and nuts which are not pressed into the crown wheel. This 

is the impression given when one firsts look at the gear. We were not able to determine 
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whether or not the crown wheel has to be heated in order to fit onto the differential 

housing when assembled. It was quite easy to remove using a plastic hammer to knock 

it of so we assume that no heating is necessary 

F.1.3 Differential 

The two differential housing halves are joined with a screw junction with low quality torx-

screws (two of the screws were damaged during disassembly), with loctite. The two 

halves are interlocked with splines. Three of the torx-screws are longer than the other 

and secures the differential spider. A differential coupling half is integrated with the 

smaller differential housing half.The differential house does not use adjusting rings, the 

crown wheel’s axial position and the differential bearing preload is instead adjusted with 

shims between carrier and differential housing bearings. The differential spider is divided 

in three parts with a hub in the middle.  Each part has a hole for the three extra long torx-

screws, which are inserted through the large differential housing half.The differential 

gears have green markings painted on them, most likely to help the operator picking the 

right gear.  

F.1.4 Differential lock 

The differential arm is straight and perpendicular to the differential axle. It is not driven 

by compressed air as in CV’s but by an electrical motor. This electric servo is probably 

part of a greater anti- spin, AWD-system which is only indirectly controlled by the driver 

of the car. 

F.2 Getrag High Tourque 

The central gears of Getrag are the smallest we have seen. This is logical since they are 

situated in standard AWD cars such as the Volvo S40. The gear that we have chosen to 

describe here is the high torque gear. This is the largest central gear produced by 

Getrag AWD and is mounted in the Volvo XC90 and the Ford Freelander. The gear is 

shown in figure F.3 and an exploded view in chapter F.2.5. 
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Figure F.3 High torque central gear 

F.2.1 Pinion 

The pinion is manufactured using a grinding method. The bearing preload is set using an 

adjustable spacer. There is no support bearing and no gear housing. At the end of the 

pinion a Haldex coupling device is mounted which adjust the traction ratio between the 

front and the rear axles. The pinion height is adjusted with shims placed just like in 

Scania’s central gears. The pinion cannot be mounted in the gear housing in one 

direction. It needs to be turned inside the gear housing in order to be fitted correctly. This 

is due to the closed gear housing (see chapter F 2.4). 

F.2.2 Crown wheel 

The crown wheel is manufactured using a grinding method. The differential housing is 

pressed into the crown wheel which means that no screws are needed. The axial 

position of the crown wheel is adjusted using shims 

F.2.3 Differential 

The differential is delivered as one piece to Getrag and there is no need for any 

assembly. The difference is that the delivered differential has only 2 differential pinions 

instead of 4 as all other gears investigated. There are no differential coupling halves, no 

differential lock and hence no differential arm. The locking function is performed by the 

advanced traction-/ anti- spin system. This system includes the breaking system and 

Haldex coupling devices. An overview of the drive train is shown in picture XX 

Gear housing 
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The gear housing is quite different from the Scania housings. It is very slim and designed 

to fit into the reduced space in a normal size car and to reduce its weight. The gear 

housing is closed when the central gear is fully assembled. This is because the gear is 

connected directly to the axles and is not mounted in a bridge like the Scania gears. 

Since it is closed it has a lid to keep the differential in place instead of bearing caps. 

F.2.4 Exploded view of the Getrag high torque central gear 
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Components 43 42 38 42 37 39 42 43 24 

Screws 45 39 45 30 31 23 28 24 11 

Bearings 5 5 5 5 5 4 4 4 4 

Complete 
Gear 

Total 93 86 88 77 73 66 74 71 39 

                     

                     

Components 15 15 14 14 15 16 16 14 10 

Screws 24 24 28 19 19 16 16 8 6 

Bearings 2 2 2 2 2 2 2 2 2 

Complete 

Differential 

Total 41 41 44 35 36 34 34 24 18 

                     

Components 14 13 7 6 6 6 6 3 0 

Screws 5 5 4 3 3 3 3 0 0 

Bearings 0 0 0 0 0 0 0 0 0 

Differential 

Lock 

Total 19 18 11 9 9 9 9 3 0 

                     

Components 3 3 1 1 1 1 1 1 0 

Screws 2 2 0 0 0 0 0 0 0 

Bearings 0 0 0 0 0 0 0 0 0 

Differential 

Arm 

Total 5 5 1 1 1 1 1 1 0 

                     

Components 3 3 1 2 2 1 1 1 1 

Screws 6 6 6 6 6 0 0 0 4 

Bearings 2 2 0 2 2 2 2 2 2 

Bearing 

Housing 

Total 11 11 7 10 10 3 3 3 7 
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H DFAA analysis 

H.1 DFAA questions 

The questions to be answered in the DFAA- analysis are written below. In H.1.1 the 

questions for the modular level can be found and in H.1.2 the questions for the detailed 

level. The following abbreviations are used: M = manual assembly, A = Automatic 

Assembly. 

H.1.1 Modular level 

Reduce the number of parts within every module. A too large number of parts per 

module results in a work intense module.  
 

• Number of parts < 20      9p 

• 20 < Number of parts < 30     3p 

• Number of parts > 30      1p 

 

Assembly directions for the module. 
 

• One assembly direction in fixed object.   9p 

• Two assembly directions in a fixed object   3p 

(alternatively two assembly directions in a 

turn able  object with two fixed positions). 

• Three or more assembly directions in a fixed  1p 

object (or assembly in a object in motion with 

three or more fixed positions). 

 

Few variants, variants results in extra quality controls.  
 

• Multi articles, the same article is used for several  9p 

different variants. 

• Possible to visually tell variants apart.   3p 

• Not possible to visually tell variants apart.   1p 
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Base object is the part from which the assembly can be started. All assembly is done on 

the base object, which provides simple fixturing and fewer assembly directions. 
 

• With base object      9p 

• Without base object      1p 

 

Design the base object so that a simple fixture can be used. 

 

• The base object is designed so a the only fixture  9p 

needed is for the base object itself, no other fixture 

is needed for the rest of the assembly process The 

base object need not be repositioned during the 

assembly. 

• Assembly of the module requires several fixtures  3p 

each with a fixed position. The base object has to 

be repositioned or moved between fixtures during 

assembly. 

• Assembly of the module requires one ore more  1p 

fixtures with several mobile positions. The base 

object has to be repositioned and/or moved 

between fixtures during assembly. 

 

Tolerance chains, i.e. sums of tolerances that control the assembly process. The chain 

of tolerances should be minimized for a reliable assembly process, however not by 

creating sub-assemblies. This also refers to chains of tolerances in the manufacturing 

process that may cause problems in the assembly. 
 

• No tolerance chains in an assembly respect. Only  9p 

each individual detail's tolerance is governing. 

• Tolerance chains, in an assembly respect, for two  3p 

details, exist in the module. 

• Tolerance chains, in an assembly respect, for three  1p 

or more details, exist in the module. 
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One attachment element - one article 

 

• Each element of attachment holds its own article  9p 

• One attachment element holds several articles  1p 

H.1.2 Detail level 

Is the detail a candidate for integration or elimination? There are three reasons that 

can motivate using to different parts, these are; The parts move relatively to each other 

during operation, different kinds of materials are needed for good performance and 

finally the parts need to be separate if necessary in the assembly process. If none of 

these reasons exist the parts are candidates for integration. 

 

• The detail has reason for being separate   9p 

• The detail could be integrated or eliminated   1p 
 

Shape is calculated as the sum of the alpha- and beta-symmetry: Symmetrical details 

reduce the need for unique orientation. The symmetry is explained in chapter 3.4.3.6. 

 

• α + β < 360       9p 

• 360 < α + β < 540      3p 

• 540 < α + β < 720      1p 

 
Risk of entanglement/ injury/ damage. Is there a risk of details becoming entangled if 

laying in bulk the availability of the feeders will be reduced. 

 

• The details cannot entangle themselves,    9p 

no edges can cause injury or damage.   

• The details can entangle themselves,    1p 

Sharp edges can cause injury or damage.  
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Weight. Affects the choice of assembly equipment. 

 

• A: 0,1 g < G < 2 kg      9p 

M: 0,1 g < G < 7 kg 

• A: 0,01 g < G < 0,1 g or 2 kg < G < 6 kg   3p 

M: 0,01 g < G < 0,1 g or 7 kg < G < 12 kg 

• A: G < 0,01 g or G > 6 kg      1p 

M: G < 0,01 g or G > 12 kg 

 
Accessibility during the assembly operation must not be limited. All positioning should 

be in the same direction. 
 

• No hinders during positioning.    9p 

Same positioning direction as previous detail. 

• Limited accessibility. Different positioning   3p 

direction than previous detail. 

• Limited accessibility and requires special   1p 

purpose tool or gripping appliance to perform 

the assembly operation. Different positioning 

direction than previous detail. 

 

positioning is facilitated if there are chamfered edges or other guiding on the detail. 

Other guiding can e.g. be an edge that is used as a mechanical guide for positioning.  
 

• Chamfers exist that faciliates positioning.   9p 

• Positioning without chamfers, but other guidance  3p 

exists for facilitated positioning. 

• Chamfers or other guidance is missing.   1p 
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Assembly movements (When positioning details) are quicker the simpler they are. 
 

• The assembly movement is straight linear push  9p 

movement with a detail being assembled to an 

already assembled detail.  

• The assembly movement consists of more   3p 

movements than just a push movement with a 

detail. 

• The assembly movement involves several   1p 

between themselvs mobile details being 

assembled to already assembled details with 

more movemnets than just a push movement. 

 

Holding assembled detail in place is necessary if the detail cannot keep orientiation 

and position after assembly. Details that are secured, i.e. are attached so that the 

assembly can be turned without having the detail losing its position, results in a safer 

assembly process. If there is a risk of the detail loses its orientation and position results 

in an uncertain assembly process.    
 

• The detail is secured when positioned.   9p 

• The detail keeps its orientation and position but  3p 

is not secured after positioning. 

• The detail must be held in place after positioning  1p 

to keep orientation and position. 

 

Method of attachment  
 

• No method of attachment at all (the detail is   9p 

placed on or in a fixture or a previously assembled 

detail), or only snap-ins/quick couplings. 

• Screw operation, press operations.    3p 

• Glueing, welding, soldering, riveting.    1p 
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Joining. Extra equipment or tools (e.g. Pressing tools or screw drivers) should not be 

required to assemble the detail. 
 

• No other equipment is needed for joining.   9p 

• Extra equipment or tools are required to mount  3p 

the detail. The extra operation is performed in 

the detail's assembly direction. 

• Extra equipment and tools are required for   1p 

mounting the detail. The extar operation cannot 

be performed in the detail's assembly direction. 

 

Tolerances during fitting operations, e.g. between axle and hole, and when manipulation 

of details in relation to each other is required. Small tolerances increases the risk of 

failure of the fitting operation and the process becomes uncertain.  
 

• Tolerance > 0,5 mm      9p 

• 0,1 < Tolerance < 0,5 mm     3p 

• Tolerance < 0.1 mm      1p 

 

Control/adjustment ideally should not be needed if the product is designed to be "error 

proof". Every extra operation to control or adjust means extra work and is a symptom of 

a solution that can be improved. 

 

• Not necessary to control, cannot be faulty   9p 

assembled. Visual quality assurance, which 

does not results in an extra controlling operation. 

• Necessary to control that details are in place and  3p 

correctly assembled. 

• necessary to adjust or reorient the detail.   1p 
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H.2 DFAA results current gears 

Only the results of the R and RBP gears are displayed here. The RP and RB gears are 

combinations of the two former and therefore have he same problem areas. 

Modular level 
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R and RP gears 

              

 

Differential housing 1 3 3 9 9 3 9 59% 

Differential lock 3 3 9 9 3 3 9 62% 

Pinion 9 9 3 9 9 1 9 78% 

gear housing 9 3 3 9 9 3 9 71% 

         

RB and RBP gears         

Differential housing 1 3 3 9 9 3 9 59% 

Differential lock 3 3 9 9 3 3 9 62% 

Pinion 9 9 3 9 9 1 9 78% 

Gear housing 9 3 3 9 9 3 9 71% 

Input shaft 3 3 9 9 9 3 9 71% 

Bogie Diff lock 3 3 9 9 3 3 9 62% 

Oil filter 9 3 9 9 9 9 1 78% 

Strainer Unit 9 9 9 9 9 9 9 100% 
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H.2.1 R- gears 
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Washers 12 9 9 9 9 9 9 3 3 9 9 9 9 
Screws 12 9 3 9 9 9 3 3 9 3 3 3 9 
Top diff half 1 9 3 9 3 9 3 3 3 3 9 3 9 
Differential gear 1 9 3 9 9 9 3 3 3 9 9 9 9 
Differential cross 1 9 9 9 9 3 3 3 3 9 9 9 9 
washer pinion 4 9 3 9 9 3 3 9 3 9 9 9 9 
Differential pinion 4 9 3 9 9 3 3 9 3 9 9 9 9 
Differential gear 1 9 3 9 9 9 3 9 3 9 9 9 9 
washer gear 2 9 9 9 9 9 9 9 3 9 9 9 9 
coupling half 1 1 3 9 9 9 9 9 3 9 9 9 9 
screws c.wheel 12 1 3 9 9 9 9 9 3 3 3 3 9 
Crown wheel 1 9 3 1 1 9 9 9 9 9 3 9 1 
Nut crown wheel 12 1 3 9 9 9 3 3 9 3 3 3 9 
Bottom h.half 1 1 3 9 1 3 3 3 3 3 3 9 9 
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Screw 2 1 3 9 9 3 3 3 3 3 3 9 3 
Lever 1 9 1 9 9 1 1 3 3 9 9 9 9 
Fork Pin 2 1 3 9 9 9 3 3 3 9 9 9 9 
Valve 1 9 3 9 9 9 3 3 9 3 9 3 9 
Nipple 1 9 3 9 9 9 9 9 9 9 9 3 9 
Top lid 1 9 1 9 9 9 3 3 9 3 3 3 9 
O-ring piston 2 9 9 9 9 3 9 9 9 9 9 3 9 
Piston 1 9 3 9 9 9 3 9 9 9 9 9 9 
O-ring 1 9 1 9 9 9 3 3 3 9 9 9 3 
Spring 1 9 9 1 9 9 3 9 3 9 9 9 9 
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Lock Nut 1 9 3 9 9 9 3 3 9 3 3 9 3 
End Yoke 1 9 3 9 9 9 1 3 3 9 9 9 9 
Sealing ring 1 9 3 9 9 9 3 9 3 3 3 3 9 
Seal seat 1 9 3 9 9 9 3 9 3 3 3 3 9 
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Bearing cap 2 9 1 9 9 9 3 9 3 3 3 9 3 
Bearing cap scr 4 9 3 9 9 9 9 3 9 3 3 9 9 
Shim 1 9 3 9 9 9 3 9 3 9 9 9 9 
Bearing housing 1 1 3 9 9 9 3 9 3 3 3 3 9 
Support bearing 1 9 3 9 9 3 3 3 9 3 3 3 9 G

ea
r h

ou
si

ng
 

Gear housing 1 9 1 9 1 9 3 9 9 9 3 3 3 

D
FA

-in
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x 

74
%

 

H.2.2 RBP- gears 
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Screws c wheel 16 1 3 9 9 9 3 3 9 3 3 3 9 
L diff h half 1 1 3 9 3 9 1 9 3 3 3 3 9 
Washer pinion 4 9 3 9 9 3 9 9 3 9 9 9 3 
Diff cross 1 9 3 9 9 9 9 9 3 9 9 9 9 
Oil cather 1 9 3 9 9 9 9 9 3 9 9 9 3 
diff pinion 4 9 3 9 9 3 9 9 3 9 9 9 3 
Diff gear 2 9 3 9 9 9 9 9 3 9 9 9 9 
washer gear 2 9 9 9 9 9 9 9 3 9 9 9 9 
T diff h half 1 9 3 9 3 9 9 9 3 3 3 9 9 
Crown wheel 1 9 3 1 3 9 9 9 9 3 3 9 1 
Screws diff 16 9 3 9 9 9 9 3 9 3 3 9 9 
Bearing race 2 9 3 9 9 9 3 9 1 9 9 9 9 

D
iff

er
en

tia
l 

Adj ring 2 9 3 1 9 3 9 3 9 3 3 9 9 

D
FA

-in
de

x 

72
%

 
                                

Screw 2 1 3 9 9 3 3 3 3 3 3 9 3 
Lever 1 9 1 9 9 1 1 3 3 9 9 9 9 
Fork Pin 2 1 3 9 9 9 3 3 3 9 9 9 9 
Valve 1 9 3 9 9 9 3 3 9 3 9 3 9 
Nipple 1 9 3 9 9 9 9 9 9 9 9 3 9 
Top lid 1 9 1 9 9 9 3 3 9 3 3 3 9 
O-ring piston 2 9 9 9 9 3 9 9 9 9 9 3 9 
Piston 1 9 3 9 9 9 3 9 9 9 9 9 9 
O-ring 1 9 1 9 9 9 3 3 3 9 9 9 3 
Spring 1 9 9 1 9 9 3 9 3 9 9 9 9 
Cup 1 1 3 9 9 9 3 9 3 9 9 9 9 

D
iff

er
en

tia
l l

oc
k 

Bottom lid 1 1 1 9 9 9 3 9 9 9 9 3 9 

D
FA

-in
de

x 

73
%
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Gear 1 9 3 9 9 9 3 3 3 9 9 9 9 
Shim 1 9 9 9 9 9 3 9 3 9 9 9 9 
Lock Nut 1 9 3 9 9 9 3 3 9 3 3 9 3 
Sleeve 1 1 3 9 9 9 3 9 3 9 9 9 9 
Shim 1 1 9 9 9 9 3 9 3 9 9 9 9 
Front Bearing  1 9 3 9 9 9 3 9 3 3 3 3 9 
F Bearing Race 1 9 3 9 9 9 3 9 3 3 3 9 9 
B Bearing Race 1 9 3 9 9 9 3 9 3 3 3 9 9 
Back Bearing 1 9 3 9 9 9 3 9 3 3 3 3 9 

Pi
ni

on
 

Pinjong 1 9 3 1 9 9 3 9 3 3 3 3 9 

D
FA

-in
de

x 

73
%

 

                 
Scr fr cover 13 9 3 9 9 9 9 3 9 3 3 9 3 
Washer fr cover 13 1 9 9 9 9 1 9 3 9 9 9 9 
Washer seal seat 6 1 9 9 9 9 1 9 3 9 9 9 9 
Screw seal seat 6 9 3 9 9 9 9 3 9 3 3 9 3 
Sealing seat 1 9 3 9 9 9 1 9 3 3 3 9 9 
Front cover 1 9 1 9 1 9 3 3 3 3 3 9 9 
B cap screw 4 9 3 9 9 9 9 3 9 3 3 9 9 
B cap screw 2 9 1 9 9 9 3 9 3 3 3 9 9 

G
ea

r h
ou

si
ng

 

Gear housing 1 9 1 9 1 9 9 9 9 9 9 3 9 

D
FA

-in
de

x 

75
%

 

                 
Steering pins 1 1 9 9 9 3 3 3 9 3 1 3 9 
Bearing race 1 9 3 9 9 9 9 9 3 3 3 3 9 
O-ring 1 9 9 9 9 3 3 3 9 9 9 9 9 
Small oil coll 1 9 3 9 9 9 9 9 3 3 3 9 9 
Diff gear 1 9 3 1 9 9 9 9 3 9 9 9 9 
Diff ring 1 9 9 9 9 9 3 3 3 9 9 9 9 
Diff pinion 4 9 3 9 9 3 9 9 3 9 9 9 9 
Diff spider 1 9 9 9 9 3 1 3 9 3 9 9 9 
Diff gear 1 9 3 1 9 9 9 9 3 9 9 9 9 
bushing 1 9 9 9 9 9 3 9 3 3 3 9 9 
Washer 1 9 9 9 9 9 9 9 3 9 9 9 3 
Locking nut 1 9 3 9 9 9 9 3 9 3 3 9 3 
Sealing ring 1 9 3 9 9 9 3 9 3 3 3 9 9 
Shim 1 9 9 9 9 9 9 9 3 9 9 9 9 
Pacer 1 9 3 9 9 9 9 9 3 9 9 9 9 
Bearing 3 9 3 9 9 9 9 9 3 9 9 9 9 
Shift sleave 1 9 3 1 9 9 3 3 3 9 9 9 9 

In
pu

t a
xl

e 

Input shaft 1 9 3 9 9 9 9 9 3 9 9 9 9 

D
FA

-in
de

x 

81
%

 

                 
Prot Cover 1 9 1 1 9 9 3 3 1 3 3 9 9 

O
F 

Oil filter 1 9 3 9 9 9 3 3 9 3 3 9 3 D
FA

 

61
%
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Coupling half 1 9 3 9 9 3 9 9 3 9 9 3 9 
Screw 2 1 3 9 9 3 3 3 9 3 3 9 3 
Lever 1 9 1 9 9 1 1 3 3 9 9 9 9 
Fork Pin 2 1 3 9 9 9 3 3 1 9 9 9 9 
Valve 1 9 3 9 9 9 3 3 9 3 9 3 9 
Niple 1 9 3 9 9 9 9 9 9 9 9 3 9 
top lid 1 9 1 9 9 9 3 3 9 3 3 3 9 
O-ring piston 2 9 9 9 9 3 9 9 9 9 9 3 9 
Piston 1 9 3 9 9 9 3 9 9 9 9 9 9 
O-ring 1 9 1 9 9 9 3 3 3 9 9 9 3 
Spring 1 9 9 1 9 9 3 9 3 9 9 9 9 
Cup 1 1 3 9 9 9 3 9 3 9 9 9 9 

B
og

ie
 d

iff
er

en
tia

l l
oc

k 

Bottom lid 1 1 1 9 9 9 3 9 9 9 9 3 9 

D
FA

-in
de

x 

74
%

 

                 
Strainer unit 1 9 3 9 9 9 3 3 9 3 3 9 3 
O-ring 1 9 9 9 9 9 3 9 9 9 9 9 9 St

r. 

Gasket 1 9 9 9 9 9 3 9 9 9 9 9 9 

D
FA

 

85
%

 

 

H.2.3 Problem areas 

H.2.3.1 Differential 

Modular level  
The assembly of the differential requires putting 69 details together. 

 

Coupling half 
Integration/ elimination: The coupling half could be integrated with the differential 

housing half. 

 

Screws and nuts for crown wheel 
Integration/ elimination: These screws could be eliminated if the crown wheel and 

differential housing half were integrated. 

 

Crown wheel 
Entanglement/ sharpness: There is a risk that workers cut themselves when handling the 

crown wheel. 

Weight: The crown wheel is heavy and cannot be handled without a lifting tool. 

Control/adjustment: Due to the lapping method and the sum of tolerances the mesh 

image of the crown wheel needs to be controlled and in some cases adjusted. 
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Lower differential housing half 
Integration/ elimination: It can be integrated with the crown wheel. 

Weight: The housing half is heavy. 

H.2.3.2 Axle Differential lock 

Cup for spring 
Integration/ elimination: The spring is positioned in a cup, which very well could be 

integrated in the differential coupling half. 

 

Lever 
Shape: The lever should be shaped more symmetrically, as it is formed today it can only 

be placed in one way. 

Accessibility: The accessibility when placing the lever is very poor. Furthermore, the 

differential lock must be switched on in order to place the lever for assembly. 

Positioning: The lever should be easier to position. It has a low score on this point as 

there is no guiding available when positioning the lever for assembly. 

 
Fork Pin 
Integration/elimination: The fork pin can be integrated with the lever if the lever were 

designed differently. 

 

Upper lid 
Shape: The upper lid is asymmetrically shaped and can only be positioned in one way. 

 

O-ring 
Shape: The O-ring is asymmetrically shaped and can only be positioned in one way. 

 

Spring 
Entanglement: There is a risk that the springs become entangled if lying in bulk. 

 

Screws 
Integration/elimination: The screws can be eliminated if the lever were designed 

differently. 

 

Cylinder 
Integration/elimination: The cylinder can be integrated with the gear housing. 
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Shape: The cylinder is asymmetrically shaped and can only be placed in one way. 

H.2.3.3 Gear housing 

Washers for bearing housing screws: 
Integration/ elimination: The washers could be integrated with the screws. 

Positioning: There is no guiding for the washers. 

 

Bearing caps 
Shape: There is only one assembly direction. 

 

Bearing housing 
Integration/ elimination: The bearing housing and gear housing can be integrated. 

 

Gear housing 
Shape: There is only one assembly direction. 

Weight: The gear housing is heavy. 

H.2.3.4 Pinion 

Modular level 
The chain or sum of tolerances can create problems resulting in a poor mesh image or 

bearing preload. 

 

End yoke 
Positioning: The end yoke is difficult to put in place 

 

Shim 
Integration/ elimination: The shim could be integrated with the spacer. 

 

Locking ring: 
Entanglement/ sharpness: To locking rings can easily entangle themselves. 

Accessibility: Fastening the locking ring is difficult, and requires a tool. 

 

Pinion 
Entanglement/ sharpness: There is a risk of cutting when handling a pinion. 
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H.2.4 Specific bogie problems 

H.2.4.1 Gear housing RBP 

Washer for Front Cover 
Integration/elimination: The washers can be integrated with the screws. 

Positioning: No guidance available when positioning the washers. 

 

Washer for sealing seat 
Integration/elimination: The washers can be integrated with the screws. 

Positioning: No guidance available when positioning the washers. 

 

Sealing seat 
Positioning: No guidance available when positioning the washers. 

 

Front cover 
Shape: The front cover is asymmetrically shaped and can only be positioned in one way. 

Weight: The front cover is too heavy to be handled without lifting aid. 

 

Bearing caps 
Shape: The bearing caps are asymmetrically shaped and can only be positioned in one 

way. 

 

Gear housing 
Shape: The gear housing is asymmetrically shaped and can only be positioned in one 

way. 

Weight: The gear housing is too heavy to be handled without lifting aid. 

H.2.4.2 Input shaft 

Guiding pins 
Integration/elimination: The four guiding pins are subject to elimination. 

Tools for attachment: In the assembly of the pins both a hammer and press are required. 

Moreover the pins are attached from different directions. 

 

Differential gear 
Entanglement: May cause injury to the operator if not handled carefully. 
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Differential spider 
Positioning: No guidance when fitting the differential spider splines with the input shaft.  

 

Differential gear (front) 
Entanglement: May cause injury to the operator if not handled carefully. 

 
Shift sleeve 
Entanglement: May become entangled if lying in bulk. 

 

Protection cover 

Form: The protection cover is assymetrically shaped and can only be placed in one way 

Entanglement: There is a risk that protection covers become entangled if lying in bulk. 

Stay in position: The protection cover must be held in positioning during the assembly. 
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H.3 DFAA results with product alterations 

H.3.1 R- gears 

  Detail N
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f c
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Screws 12 9 3 9 9 9 3 3 9 3 3 3 9 
Top diff housing 1 9 3 9 3 9 3 3 3 3 9 3 9 
Differential gear 1 9 3 9 9 9 3 3 3 9 9 9 9 
Differential cross 1 9 9 9 9 3 3 3 3 9 9 9 9 
washer pinion 4 9 3 9 9 3 3 9 3 9 9 9 9 
Differential pinion 4 9 3 9 9 3 3 9 3 9 9 9 9 
Differential gear 1 9 3 9 9 9 3 9 3 9 9 9 9 
washer gear 2 9 9 9 9 9 9 9 3 9 9 9 9 
coupling half 1 9 3 9 9 9 9 9 3 9 9 9 9 
Crown wheel 1 9 3 1 1 9 9 9 9 9 3 9 1 
Bottom h half 1 9 3 9 1 3 3 3 3 3 3 9 9 
Roller bearing 2 9 3 9 9 9 9 9 9 3 3 3 3 

D
iff

er
en

tia
l 

Adjusment ring 2 9 3 9 9 3 3 3 3 3 9 9 1 

D
FA

-in
de

x 

72
%

 

                                
Lever 1 9 9 9 9 1 1 3 3 9 9 9 9 
Valve 1 9 3 9 9 9 3 3 9 3 9 3 9 
Nipple 1 9 3 9 9 9 9 9 9 9 9 3 9 
Top lid 1 9 3 9 9 9 3 3 9 3 3 3 9 
O-ring piston 2 9 9 9 9 3 9 9 9 9 9 3 9 
Piston 1 9 3 9 9 9 3 9 9 9 9 9 9 
O-ring 1 9 3 9 9 9 3 3 3 9 9 9 3 D

iff
er

en
tia

l l
oc

k 

Spring 1 9 9 9 9 9 3 9 3 9 9 9 9 

D
FA

-in
de

x 
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%

 

                  
Supp b race 1 9 9 9 9 9 3 9 9 3 3 3 9 
Lock Nut 1 9 3 9 9 9 3 3 9 3 3 9 3 
End Yoke 1 9 3 9 9 9 1 3 3 9 9 9 9 
Sealing ring 1 9 3 9 9 9 3 9 3 3 3 3 9 
Seal seat 1 9 3 9 9 9 3 9 3 3 3 3 9 
Collaps spacer 1 9 3 9 9 9 3 9 3 9 9 9 9 
Front Bearing  1 9 3 9 9 9 3 9 3 3 3 3 9 
F Bearing Race 1 9 3 9 9 9 3 9 3 3 3 9 9 
B Bearing Race 1 9 3 9 9 9 3 9 3 3 3 9 9 
Back Bearing 1 9 3 9 9 9 3 9 3 3 3 3 9 
Locking ring 1 9 9 1 9 1 3 3 9 9 3 3 3 

Pi
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on
 

Pinion 1 9 3 1 9 9 3 9 3 3 3 3 9 

D
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x 
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Screw b housing 6 9 3 9 9 9 9 3 9 3 3 9 3 
Bearing cap 2 9 1 9 9 9 3 9 3 3 3 9 3 
Bearing cap scr 4 9 3 9 9 9 9 3 9 3 3 9 9 
Shim 1 9 3 9 9 9 3 9 3 9 9 9 9 
Support bearing 1 9 3 9 9 3 3 3 9 3 3 3 9 G

ea
r H

.in
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Gear housing 1 9 1 9 1 9 3 9 9 9 3 3 3 
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H.3.2 RBP- gears 
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L diff h half 1 9 3 9 3 9 9 9 3 3 3 3 9 
Washer pinion 4 9 3 9 9 3 9 9 3 9 9 9 3 
Differential cross 1 9 3 9 9 9 9 9 3 9 9 9 9 
Oil cather 1 9 3 9 9 9 9 9 3 9 9 9 3 
diff pinion 4 9 3 9 9 3 9 9 3 9 9 9 3 
Differential gear 2 9 3 9 9 9 9 9 3 9 9 9 9 
washer gear 2 9 9 9 9 9 9 9 3 9 9 9 9 
T diff h half 1 9 3 9 3 9 9 9 3 3 3 9 9 
Crown wheel 1 9 3 1 3 9 9 9 9 3 3 9 1 
Screws diff 16 9 3 9 9 9 9 3 9 3 3 9 9 
Bearing race 2 9 3 9 9 9 3 9 1 9 9 9 9 

D
iff

er
en

tia
l 

Adjustment ring 2 9 3 1 9 3 9 3 9 3 3 9 9 

D
FA

-in
de

x 
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%

 

                                
Lever 1 9 9 9 9 1 1 3 3 9 9 9 9 
Valve 1 9 3 9 9 9 3 3 9 3 9 3 9 
Nipple 1 9 3 9 9 9 9 9 9 9 9 3 9 
Top lid 1 9 3 9 9 9 3 3 9 3 3 3 9 
O-ring piston 2 9 9 9 9 3 9 9 9 9 9 3 9 
Piston 1 9 3 9 9 9 3 9 9 9 9 9 9 
O-ring 1 9 3 9 9 9 3 3 3 9 9 9 3 D

iff
er

en
tia

l l
oc

k 

Spring 1 9 9 9 9 9 3 9 3 9 9 9 9 

D
FA

-in
de

x 

81
%

 

                  
Gear 1 9 3 9 9 9 3 3 3 9 9 9 9 
Shim 1 9 9 9 9 9 3 9 3 9 9 9 9 
Lock Nut 1 9 3 9 9 9 3 3 9 3 3 9 3 
Adj spacer 1 9 9 9 9 9 3 9 9 9 9 9 3 
Front Bearing  1 9 3 9 9 9 3 9 3 3 3 3 9 
F Bearing Race 1 9 3 9 9 9 3 9 3 3 3 9 9 
B Bearing Race 1 9 3 9 9 9 3 9 3 3 3 9 9 
Back Bearing 1 9 3 9 9 9 3 9 3 3 3 3 9 

Pi
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Pinion 1 9 3 1 9 9 3 9 3 3 3 3 9 

D
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x 

73
%
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Screw front cover 13 9 3 9 9 9 9 3 9 3 3 9 3 
Scr seal seat 6 9 3 9 9 9 9 3 9 3 3 9 3 
Thr Seal seat 1 9 3 9 9 9 9 9 3 3 3 9 9 
Front cover 1 9 1 9 1 9 3 3 3 3 3 9 9 
B cap screw 4 9 3 9 9 9 9 3 9 3 3 9 9 
screw 2 9 3 9 9 9 3 9 3 3 3 9 9 
Locking screw 1 9 3 9 9 9 3 9 3 3 3 9 9 G

ea
r h

ou
si

ng
 

Gear housing 1 9 1 9 1 9 9 9 9 9 9 3 9 

D
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-in
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x 

73
%

 

                  
Bearing race 1 9 3 9 9 9 9 9 3 3 3 3 9 
O-ring 1 9 9 9 9 3 3 3 9 9 9 9 9 
Small oil coll 1 9 3 9 9 9 9 9 3 3 3 9 9 
Diff gear 1 9 3 1 9 9 9 9 3 9 9 9 9 
Diff ring 1 9 9 9 9 9 3 3 3 9 9 9 9 
Diff pinion 4 9 3 9 9 3 9 9 3 9 9 9 9 
Diff spider 1 9 9 9 9 3 1 3 9 3 9 9 9 
Diff gear 1 9 3 1 9 9 9 9 3 9 9 9 9 
bushing 1 9 9 9 9 9 3 9 3 3 3 9 9 
Washer 1 9 9 9 9 9 9 9 3 9 9 9 3 
Locking nut 1 9 3 9 9 9 9 3 9 3 3 9 3 
Sealing ring 1 9 3 9 9 9 3 9 3 3 3 9 9 
Pacer 1 9 3 9 9 9 9 9 3 9 9 9 9 
Bearing 3 9 3 9 9 9 9 9 3 9 9 9 9 
Shift sleave 1 9 3 1 9 9 3 3 3 9 9 9 9 

In
pu

t S
ha

tft
 

Input shaft 1 9 3 9 9 9 9 9 3 9 9 9 9 

D
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x 
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%

 

                  
Prot Cover 1 9 9 9 9 9 3 3 3 3 3 9 9 

O
F 

Oil filter 1 9 3 9 9 9 3 3 9 3 3 9 3 D
FA
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%

 

                                
Lever 1 9 9 9 9 1 1 3 3 9 9 9 9 
Valve 1 9 3 9 9 9 3 3 9 3 9 3 9 
Nipple 1 9 3 9 9 9 9 9 9 9 9 3 9 
Top lid 1 9 3 9 9 9 3 3 9 3 3 3 9 
O-ring piston 2 9 9 9 9 3 9 9 9 9 9 3 9 
Piston 1 9 3 9 9 9 3 9 9 9 9 9 9 
O-ring 1 9 3 9 9 9 3 3 3 9 9 9 3 B

og
ie

 d
iff

 lo
ck

 

Spring 1 9 9 9 9 9 3 9 3 9 9 9 9 

D
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%

 

                                
Strainer unit 1 9 3 9 9 9 3 3 9 3 3 9 3 
O-ring 1 9 9 9 9 9 3 9 9 9 9 9 9 St

r. 

Gasket 1 9 9 9 9 9 3 9 9 9 9 9 9 

D
FA

 

85
%
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I Technical description of assembly methods 

I.1 Measuring the R- gear housing 

I.1.1 A fixture placed in a bearing cap 

This method is used today. A fixture containing a measuring pen is placed, with one end 

in the bearing cap and the other on the bearing housing seat, figure B.6. An analogue 

clock indicates the deviation from the nominal distance. This method is inaccurate since 

it does not measure the distance between the differential central line to the bearing 

housing seat. It measures the distance between the highest point of the bearing cap to 

the bearing housing seat. The results differ depending on who is doing the measuring. 

The measurement can be performed without removing the bearing caps. 

I.1.2 Two fixtures placed in the bearing caps 

Using two fixtures like those used today and placing one in each bearing cap. If these 

are connected to some sort of software the two measurements can compensate each 

other and a virtual central line can be created. The problem of the worker influence still 

remains and the process time is quite long. 

I.1.3 Cradle and four measuring pens placed on fixtures 

A cradle is placed in the bearing caps. The cradle has a bar between the two bearing 

caps which represents the differential central line. The cradle has four measuring 

positions placed on two fixtures. This measurement is accurate and removes the 

influence of the worker. The process time is probably comparable to the current process 

time. The drawbacks are the fixtures which will be quite big and will need to be 

adjustable in height if the measurement is to be performed in the assembly line. The 

bearing caps will also have to be removed (Lundquist 2005). 

I.1.4 Cradle and a magnetic counter measurement 

This method uses the same cradle as the previous but it measures the distance within 

the gear housing using a touch free magnetic measuring device. The device is placed on 

a shaft which is fastened either in the cradle or in the bearing housing seat. The 

measuring device is a bit more expensive then ordinary measuring pens but they do not 

wear down since they are not in contact with any material and they are easier to master. 
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The difficulty is to insert the shaft in an easy and correct manner every time (Rådesand 

2005). 

I.1.5 Triangular laser measurement 

Four separate lasers measure the positions of the bearing housing seat and the two 

bearing caps as shown in figure 6.2. The distance between the lasers is known and they 

are all connected to a calculating software. This solution does not require any fixtures 

except those to hold the laser devices in place. The measurement can be made in the 

assembly line even under slow movement of the gear housing, this movement can be 

used to encounter the highest point of the bearing caps. 

 

The devises demonstrated to us were two Keyence LKG157 combined with a controller 

and a software. The LKG157 have a measuring span from 110 to 190 mm which means 

that both the R560/660 and the R780 gears could be handled without moving the lasers. 

The resolution of these devises are 0,5 µm which is more than sufficient for our solution. 

 

The method requires removing the bearing caps however it is possible to measure with 

the laser beam inclined and the bearing caps would then not have to be removed. 

Inclined lasers create a new problem in finding the top position of the bearing cap. 

I.1.6 Laser scan 

Using one or several broad lasers the gear housing can be scanned and all dimensions 

registered. This method is very accurate and can also be used for checking that other 

dimensions of the gear housing are correct. It is a very expensive solution since the laser 

devices and software are complex equipment. 

I.2 Checking the crown wheel backlash 

I.2.1 Measuring clock on a tooth of the crown wheel 

The current method for checking the end play is to put a measurement clock on the 

crown wheel’s teeth. This method is used today. It is very simple with virtually no 

investment cost. The problem is that the result is related to the way the clock is in 

contact with the wheel. Both its radial position and contact angle. Possible deviations in 

the material or earlier assembly also effect the measurement. There is also a 

considerable time waste when the worker sets the clock in its right position between 
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each measuring operation. Since this method is very operator dependent factors such as 

fatigue, and human error can also affect the results. 

I.2.2 Measuring on the back of the crown wheel 

Since the play is created by displacing the crown wheel in its axial direction, with respect 

to the pinion, the play and the displacement are proportional. Measuring the 

displacement on the back of the crown wheel eliminates the influence of who is doing the 

measuring, since it will be done in the same way every time. This method will be very 

quick and easy to perform. One problem with it is that the crown wheel and pinion are 

produced with a lapping method giving them specific shapes of teeth, this may influence 

the proportions between the play and the wheel displacement. If the conical gear set was 

manufactured with a grinding method like the Mercedes and Getrag gears, these 

variations would not exist. 

I.2.3 Rotary encoder placed on the differential housing 

A wheel connected to a rotary encoder is placed on the differential housing, see figure 

6.3. When the crown wheel is displaced the encoder registers the displacement. When 

the angle is within the tolerance interval it signals to the operator that the end play is 

correct. The wheel can be rotated indefinitely eliminating the adjustment between two 

measurements. This method would reduce the time for setting the end play by 

approximately 30 seconds or more. It will also eliminate the worker influence on the 

results. The drawback is that the radius ratio between the differential housing and the 

measuring wheel can amplify eventual measurement errors. This requires further 

investigation. The translation of today’s displacement to number of pulses registered by 

the rotary encoder also needs to be done. A variant of this method is used by the AIM- 

machine at Arvin Meritor. 

 

The encoder is connected to a shock absorber, see figure 6.4, in order to protect it from 

the hard handling it will experience in production. The shock absorber is connected to 

the measuring wheel which is the part in contact with the differential housing. 

I.2.4 Measuring the angle difference at the differential axis 

This method will give a very accurate result. The difficulty is to fasten a measuring 

device close to the differential axle. There is no surface that can be used for all gears. 

This is due to the design of the differential coupling which is different for different types 
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of gears. Measuring at the differential axis would also add errors from the differential 

gear end play and slipping in the differential lock. 

I.3 Mesh image control 

I.3.1 Applying paint manually, rotating the gear and compare the image to 
paper charts 

This method is used today. First paint is applied at 3-4 different locations on the crown 

wheel. The gear is then rotated, when rotated the paint on the contact surfaces is 

removed and it is possible to see the contact surfaces of the gears. The worker decides 

if the mesh image is correct. If not correct the worker uses his experience and intuition to 

do the needed adjustments. This method is inaccurate and the decision of correctness 

varies from one worker to another. It is very hard to see the exact contact surface since 

the teeth of the wheels are not plain surfaces but slightly twisted. Images and tolerances 

are different for different gear families and gear ratios. The paint used is, although the 

impact is low, contaminating and reduce the cleanliness of the gears. The time used to 

apply this paint is pure waste. 

I.3.2 Using paint, two cameras and an image processing software 

While still using paint this method uses two CCD cameras that register the patterns on 

the crown wheel. One camera on the drive side and one on the back side The image is 

then processed with computer software. The software decides if the image is satisfactory 

or not. If not it tells the operator how much he needs to adjust the parameters (pinion 

height and axial displacement of the crown wheel) to get the required image. A setup of 

the cameras can be seen in figure 6.1. 

While still using contaminating paint this method is more accurate since the 

interpretation of the mesh image is not based on the operators knowledge and subjective 

judgement. It will keep down the number of adjustments needed to one. Not only is an 

image processing software more accurate and faster than an operator it is less costly 

and allows gathering statistical information. The construction engineers can use 

information of these images for future development or adjustments. This method is used 

today, in a slightly different application, by Gleason, on of the worlds leading gear 

manufacturers. The problem with this solution is the fact that the assembly line has to 

handle 8 different central gears with different gear ratios. The images are very 

dependent on correct lighting and a good picture resolution which means that it would 

require at least 16 different cameras to be able to include all gears. However it would 
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only be necessary to use 4 cameras and still cover 81% of the gears (R- gears). A 

similar solution is currently being developed by Svedvision AB where they look for 

deviations in the pinion surface for Getrag AWD central gears. An image from this 

solution is shown in figure I.2. 

 

    
Figure I.1 InfraCAM   Figure I.2 Svedvision application 

Placing one CCD- camera and lighting equipment in a robot arm 

Using the same principles as above but putting only one camera in a movable robot arm. 

This way the robot can place the camera and lighting at different positions for each gear 

type. It can also measure both the drive and the back side image. This way 16 cameras 

can be reduced to one. Introducing new gear types or variations is also a lot easier since 

it only requires a slight reprogramming of the robot. 

I.3.3 Using infrared cameras and image processing 

As in the previous method this method incorporates image processing software with all 

the advantages described earlier. The difference between this method and the previous 

is that this method does not use any kind of paint or indicator on the gear. This method 

uses infrared cameras that register the differences in temperature on the teeth of the 

gears. This difference in temperature is caused by the friction between the pinion and 

the gear. The heat image is translated by the PC station and gives the operator the 

information needed. Today there are cameras that can register differences in 

temperature of 0,05 degrees and work in temperatures from -40 to 1000 degrees. In 

theory this solution would work but we were never able to obtain a satisfactory image 

during our tests. The camera used during testing was lended to us by KIMO instruments 

and it is called InfraCAM, it has 19200 pixels and a resolution of 0,2 degrees Celsius. It 

can be seen in figure I.1. 
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I.3.4 Other methods 

There are other methods similar to these described and methods which we have 

discarded due to their affects on working conditions or contamination. These include 

using stroboscopic lights or other optical effects, laser measurement or fluorescent 

material. 

I.4 Pinion preload 

I.4.1 Projecta set by TIMKEN 

This method results in an accurate measurement of required shim thickness. This is due 

to the fact that all parts except the front bearing are assembled as the measurement is 

done, i.e. all interference fits are taken into account. Furthermore, measurement is 

performed with the bearings under load and rotation to simulate normal working 

conditions, which increases accuracy. As a result, the bearing preload can be set 

accurately, i.e. higher quality is achieved, and waste of rework is minimized. 

The pinion is partially assembled, that is to say, assembled to the extent that the pinion 

shaft extends through the gear/bearing housing. Three of four bearing components are 

installed, i.e. all bearing components except the cup for the front bearing. This cup is 

placed in the gauge. The gauge has a male and a female part, the bearing cup is placed 

in the female part (figure I.3). The male part has a tapered surface which conforms with 

the surface of the front bearing race. When fitted, the male part seats perfectly against 

the front bearing race. The gauge is clamped against the assembly, and the pinion is 

rotated. Rotation ensures that the bearings are seated properly. In the gauge there is a 

spring, and the gauge measures the distance b the female part has moved against the 

male part. As the distance a of the intervening part is known, the shim thickness c can 

be calculated by  c=a-b+p-i. In this formula i is the change in axial dimension due to the 

interference fitting of the front bearing cup. p is the preload expressed in a distance. 
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Figure I.3 Placing of the measuring gauge in gear housing 

 

I.4.2 Temper Smart Press by Temper Corp 

For a method set up see figure I.4. The pinion is partially assembled, that is to say, 

assembled to the extent that the pinion shaft extends through the gear/bearing housing. 

Three of four bearing components are installed, i.e. all bearing components except the 

cup for the front bearing. This cup is placed in the gauge. The gauge has a male and a 

female part, the bearing cup is placed in the female part. The male part has a tapered 

surface which conforms with the surface of the front bearing race. When fitted, the male 

part seats perfectly against the front bearing race. Between the bearings, an adjustable 

spacer is positioned. An intervening part is engaged with the adjustable spacer and 

faces a press. The dimensions of the gauge and the intervening parts are known, and 

the axial dimensional difference corresponds to the preload expressed as an axial 

dimension. By applying pressure to the intervening part the adjustable spacer is 

plastically deformed. The press’s stroke is controlled by the gauge, the press stops as 

soon as the gauge interferes with the front bearing race. The gear/bearing housing is 

rotated during the pressing operation to seat the bearings properly. Furthermore, the 

front bearing is subject to a load to compensate for the interference between the front 

bearing and pinion (as the front bearing is yet to be assembled on the pinion at this 

stage). As soon as the adjustable spacer has been adjusted, the front bearing can be 

assembled to the pinion. 
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Figure I.4 Temper Smart Press 

 

This method differs from the common method of setting adjustable spacers (collapsible 

sleeves). Other methods deform the spacer using the lock nut, continuously measuring 

the rolling resistance at the same time, i.e. the lock nut is tightened until the required 

rolling resistance is achieved. This approach results in that one cannot control the torque 

that the lock nut is tightened with, you adjust to a given rolling resistance and take 

whatever nut torque results (Gordon A. Roberts). 

 

This method results in an accurate measurement of required shim thickness. This is due 

to the fact that all parts (except the front bearing) are assembled as the measurement is 

done, i.e. all interference fits are taken into account. Furthermore, measurement is 

performed with the bearings under load and rotation, which further increases accuracy. 

As a result, the bearing preload can be set accurately, i.e. higher quality is achieved, and 

waste of rework is minimized. The method is fool proof, as the operator is not involved in 

any shim selection process, as the shims are replaced with the adjustable spacer, which 

is adjusted with a machine as described above. 

I.5 Press operations 

I.5.1 Double press for pinion bearing races 

To press the bearing races for the pinion into the gear housing, a “double-press” can be 

used. The press has fixed pressing tool with a cylinder through the centre. At the end of 

the cylinder there is a coupling for attaching another pressing tool, facing the first one. 

The press is inserted through the gear housing. Then the second pressing tool is 

attached. As the cylinder retracts, the pressing tools are forced closer together, and the 
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races are pressed into position. The press cylinder is hydraulic, and has a measuring 

device measuring how far the cylinder retracts. 

 

This method saves time as two pressing operations can be performed at once. It also 

has the advantage that the gear housing need not be turned between pressing of the 

races, which saves time and eliminates the need for handling equipment to turn the gear. 

Dependent on how the cylinder and gear housing is positioned during the operation, 

other assembly operations can be performed with the gear housing still positioned in the 

press, as there is no obstructing equipment. 

I.5.2 “Pulling”-press 

This “press” pulls the pressing tool against a bearing race, instead of pressing from 

above as conventional presses. The pulling operation is conducted by a piston, which is 

inserted from beneath, through the hole for the pinion in the gear housing. The pressing 

tool is attached to the piston with a simple coupling, which makes it flexible to use 

pressing tools of different shapes and sizes. The piston pulls the pressing tool against 

the race which is then pressed into position. The gear housing’s position is fixed during 

the whole operation. The press cylinder is hydraulic, and has a measuring device 

measuring how far the cylinder retracts 

 

The method eliminates the need for positioning (turning) the gear house for pressing 

races, eliminating handling equipment and saves time. The press operation can be 

performed with the gear housing in the main assembly line, however it is required that 

the conveyor/carrier for the central gear is reinforced to withstand the force of the press. 

Since the press is situated under the gear housing, there is space and no obstructing 

equipment, which allows other assembly operations to be performed at the same 

position. 

I.6 Transportation 

I.6.1 Mechanical rolling system 

This is the way of transporting the gear today. The system is inexpensive and has 

basically no development time or cost which means that it can be implemented rapidly 

and with small investments. It requires little maintenance and is a completely mechanical 

solution. This means that the variable costs for the system is very low. The simple 
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construction allows the personnel to trust the system. Today the conveyor system is 

designed using big rolls to move pallets, which contain WIP, downstream (figure I.5).  

The disadvantages of using this form of transportation is that the gears have to be lifted 

many times and placed beside the line in order to press bearings, turn the gear etc. This 

is very time consuming and implies a lot of handling waste. The use of different fixtures 

is necessary and it is very inflexible when it comes to assembly in different angles and 

directions. It cannot be lowered or elevated to fit persons of different height. All moving 

and lifting has to be done manually creating a lot of waste. The workers are restricted to 

work on one side of the line unless some sort of passage is constructed. 

 

 
Figure I.5 Today’s conveyor system 

I.6.2 MAN rolling conveyor 

MAN also use a mechanical rolling system but here the gear housing is fastened in a 

fixture that has four small wheels. These wheels run on two rails on each side. This 

solution facilitates turning of the gear, eliminates the pallets and the gear is accessible 

from underneath. Compared to the Scania rolling conveyor this solution is a bit more 

flexible and it eliminates a lot of waste. However the ergonomic problem still remains. 

I.6.3 Motor driver rolling conveyor 

It is a combination of the MAN rolling conveyor and the floor driven conveyor (described 

below). Although driven by a motor of some kind it is easy to combine with purely 

mechanical sections such as turning or lifting the product. This keeps the technology 

level, maintenance costs and initial investments down. With a driven system it is easier 

to maintain a strict and constant takt time, the operators can also “feel” the takt in 

another way. The equipment has the same drawbacks as the floor conveyor and the 

mechanical rollers in that it occupies floor space and a worker cannot change sides 
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unless a special passage is constructed. A variant of this system is used by Arvin Meritor 

today (figure C.1). 

I.6.4 Push carts 

We saw this solution at Getrag. A gear is fixed on a small cart. This cart is the pushed 

between assembly stations. At each station the cart is fixed and it cannot be released 

until all operations have been performed correctly (figure I.5). This system is flexible the 

technology level is low and so is the investment level. It is easy to change the production 

rate since you just insert more carts and workers in the system. The problem as we see 

it is that can be hard to maintain a takt time, gears can easily be mixed up and the 

Scania gears are 7 to 10 times heavier. The increased weight implies that larger and 

stronger carts are needed. 

 

   
Figure I.5 Push cart at Getrag  Figure I.6 AGV at Scania engine assembly 

I.6.5 AGV’s 

The use of automatic guided vehicles (figure I.6) is one option. Depending on the type of 

vehicle needed and the number of vehicles required, the investment of this system can 

become very large. In our case the vehicles themselves are not required to be very 

complex or sophisticated. However a great number is needed and a flexible fixture 

needs to be mounted on each one to transport the central gears. The biggest advantage 

of using AGVs is that they are very flexible. They can easily be programmed to turn into 

a machine and stop depending on the product it is transporting at that moment. Changes 

in the direction or a redesign of the line can be done easily since all that is required is 

reprogramming of the AGV’s which is a lot cheaper and faster than for a fixed conveyer. 
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Another option is to guide the vehicles manually using a joystick as they do at the engine 

assembly mentioned earlier. 

I.6.6 Roof driven conveyors 

To suspend a product to be assembled in an arm connected to an automatic rail in the 

sealing (figure I.7). Different fixtures allows for the product to be turned and rotated by 

the push of a button. The roof conveyer leaves the production floor completely free of 

fixed appliances and moving parts. All of this liberated space can be utilized in different 

ways; to facilitate the movement of the assembly personnel, for placing small parts such 

as screws reducing worker movement and waste time etc. The roof driven conveyors are 

easy to adapt which allows good ergonomics. The gear is easy to lower, elevate and 

rotate to fit every worker and the free floor space allows the workers to move freely 

eliminating hazardous working positions and the risk of being squeezed. It is also 

possible for a worker to move from one side of the assembly line to the other. The roof 

conveyer system is quit flexible, although not as flexible as the AGV’s. Changes in the 

line are done within a few hours. 

The drawbacks of the roof driven conveyors is the large investment and the high 

technology level. A metal structure to support the conveyer is necessary, this structure 

however can also be used to suspend assembly- and lifting equipment. The fixture for 

the suspended product needed to rotate and turn it is also complicated and a bit 

expensive. 

 

   
Figure I.7 Roof driven conveyor  Figure I.8 Floor driven conveyor 
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I.6.7 Floor driven conveyor 

Similar functions to the roof conveyor. The fixtures can be of smaller dimensions and a 

bit simpler than above, no supporting structure is needed (figure I.8). The disadvantages 

of using this solution is that a worker can only work on one side of the line, it occupies 

floor space, it is a bit more hazardous and less ergonomic than the roof conveyor and if 

fastend in the floor it can be a bit complicated to make changes in the line. The 

investment needed is no greater than that of the roof conveyor. A system using floor 

driven conveyors was used by Arvin Meritor a few years ago. Nowadays it is only used 

to build spare part gears of older versions. 
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J Method concept Scoring 

J.1 Measuring the R- gear housing 
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Accident risk 16,0% 4 0,64 4 0,64 4 0,64 4 0,64 3 0,48 4 0,64
Ergonomics 14,0% 3 0,42 3 0,42 4 0,56 4 0,56 5 0,70 5 0,70
Environment 10,0% 5 0,50 5 0,50 4 0,40 4 0,40 4 0,40 4 0,40
Worker safety 40,0%  1,56  1,56  1,60  1,60  1,58  1,74
              
Standardisation 8,0% 1 0,08 1 0,08 3 0,24 3 0,24 4 0,32 4 0,32
Robustness 8,0% 1 0,08 2 0,16 3 0,24 3 0,24 4 0,32 4 0,32
Cleanliness 8,0% 4 0,32 4 0,32 3 0,24 3 0,24 4 0,32 4 0,32
Right from me 8,0% 1 0,08 3 0,24 3 0,24 3 0,24 4 0,32 5 0,40
Quality 32,0%  0,56  0,80  0,96  0,96  1,28  1,36
              
Process time 8,0% 2 0,16 1 0,08 3 0,24 3 0,24 5 0,40 2 0,16
Flexibility 7,0% 4 0,28 3 0,21 2 0,14 3 0,21 4 0,28 2 0,14
inv cost 7,0% 5 0,35 4 0,28 2 0,14 2 0,14 3 0,21 1 0,07
impl time 6,0% 5 0,30 4 0,24 3 0,18 3 0,18 3 0,18 1 0,06
Cost 28,0%  1,09  0,81  0,70  0,77  1,07  0,43
                            
Total score   3,21  3,17  3,26  3,33  3,93  3,53
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J.2 Checking the crown wheel backlash 
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Accident risk 16,0% 4 0,640 4 0,640 5 0,800 5 0,800
Ergonomics 14,0% 4 0,560 4 0,560 5 0,700 4 0,560
Environment 10,0% 4 0,400 4 0,400 4 0,400 4 0,400
Worker safety 40,0%  1,600  1,600  1,900  1,760
          
Standardisation 8,0% 2 0,160 2 0,160 5 0,400 3 0,240
Robustness 8,0% 2 0,160 3 0,240 4 0,320 3 0,240
Cleanliness 8,0% 3 0,240 3 0,240 3 0,240 3 0,240
Right from me 8,0% 2 0,160 3 0,240 5 0,400 3 0,240
Quality 32,0%  0,720  0,880  1,360  0,960
          
Process time 8,0% 1 0,080 5 0,400 4 0,320 4 0,320
Flexibility 7,0% 4 0,280 4 0,280 3 0,210 3 0,210
inv cost 7,0% 5 0,350 4 0,280 3 0,210 3 0,210
impl time 6,0% 5 0,300 4 0,240 3 0,180 3 0,180
Cost 28,0%  1,010  1,200  0,920  0,920
                    
Total score   3,33  3,68  4,18  3,64
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J.3 Mesh image control 
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Accident risk 16,0% 4 0,64 4 0,64 4 0,64 4 0,64 4 0,64 
Ergonomics 14,0% 4 0,56 4 0,56 4 0,56 4 0,56 4 0,56 
Environment 10,0% 4 0,40 4 0,40 4 0,40 5 0,50 5 0,50 
Worker safety 40,0%  1,60  1,60  1,60  1,70  1,70 
            
Standardisation 8,0% 1 0,08 5 0,40 5 0,40 4 0,32 4 0,32 
Robustness 8,0% 1 0,08 3 0,24 4 0,32 1 0,08 2 0,16 
Cleanliness 8,0% 2 0,16 2 0,16 4 0,32 5 0,40 5 0,40 
Right from me 8,0% 1 0,08 4 0,32 4 0,32 4 0,32 4 0,32 
Quality 32,0%  0,40  1,12  1,36  1,12  1,20 
            
Process time 8,0% 2 0,16 3 0,24 3 0,24 5 0,40 4 0,32 
Flexibility 7,0% 4 0,28 1 0,07 4 0,28 1 0,07 3 0,21 
inv cost 7,0% 5 0,35 3 0,21 2 0,14 1 0,07 1 0,07 
impl time 6,0% 5 0,30 2 0,12 3 0,18 1 0,06 1 0,06 
Cost 28,0%  1,09  0,64  0,84  0,60  0,66 
                        
Total score   3,09  3,36  3,80  3,42  3,56 
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J.4 Pinion preload 
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Accident risk 16,0% 4 0,64 4 0,64 4 0,64 4 0,64
Ergonomics 14,0% 2 0,28 4 0,56 4 0,56 4 0,56
Environment 10,0% 4 0,40 4 0,40 4 0,40 4 0,40
Worker safety 40,0%  1,32  1,60  1,60  1,60
          
Standardisation 8,0% 1 0,08 4 0,32 4 0,32 3 0,24
Robustness 8,0% 2 0,16 4 0,32 4 0,32 2 0,16
Cleanliness 8,0% 3 0,24 4 0,32 4 0,32 4 0,32
Right from me 8,0% 1 0,08 4 0,32 5 0,40 3 0,24
Quality 32,0%  0,56  1,28  1,36  0,96
          
Process time 8,0% 2 0,16 4 0,32 5 0,40 2 0,16
Flexibility 7,0% 2 0,14 4 0,28 3 0,21 3 0,21
investment cost 7,0% 5 0,35 4 0,28 1 0,07 1 0,07
implementation time 6,0% 5 0,30 2 0,12 2 0,12 3 0,18
Cost 28,0%  0,95  1,00  0,80  0,62
                    
Total score   2,83  3,88  3,76  3,18
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J.5 Transport 

  M
ec

ha
ni

ca
l r

ol
lin

g 

M
A

N
 

M
ot

or
 d

riv
en

 

Pu
sh

 c
ar

ts
 

A
G

V 

R
oo

f d
riv

en
 

Fl
oo

r d
riv

en
 

 W
ei

gh
tin

g 

S
co

re
 

W
.S

co
re

 

S
co

re
 

W
.S

co
re

 

S
co

re
 

W
.S

co
re

 

S
co

re
 

W
.S

co
re

 

S
co

re
 

W
.S

co
re

 

S
co

re
 

W
.S

co
re

 

S
co

re
 

W
.S

co
re

 

Accident risk 16,0% 3 0,48 4 0,64 4 0,64 4 0,64 3 0,48 4 0,64 2 0,32
Ergonomics 14,0% 2 0,28 2 0,28 3 0,42 3 0,42 4 0,56 5 0,7 3 0,42
Environment 10,0% 4 0,4 4 0,4 3 0,3 4 0,4 3 0,3 3 0,3 3 0,3
Worker safety 40,0%  1,16  1,32  1,36  1,46  1,34  1,64  1,04
                
Standardisation 8,0% 2 0,16 3 0,24 4 0,32 2 0,16 3 0,24 4 0,32 3 0,24
Robustness 8,0% 4 0,32 4 0,32 4 0,32 2 0,16 3 0,24 3 0,24 4 0,32
Cleanliness 8,0% 1 0,08 3 0,24 3 0,24 3 0,24 4 0,32 5 0,4 3 0,24
Right from me 8,0% 2 0,16 3 0,24 4 0,32 3 0,24 4 0,32 4 0,32 4 0,32
Quality 32,0%  0,72  1,04  1,2  0,8  1,12  1,28  1,12
                
Process time 8,0% 1 0,08 4 0,32 5 0,4 2 0,16 3 0,24 2 0,16 2 0,16
Flexibility 7,0% 1 0,07 2 0,14 3 0,21 4 0,28 5 0,35 2 0,14 1 0,07
inv cost 7,0% 5 0,35 4 0,28 3 0,21 4 0,28 2 0,14 1 0,07 1 0,07
impl time 6,0% 5 0,3 4 0,24 4 0,24 4 0,24 3 0,18 2 0,12 2 0,12
Cost 28,0%  0,8  0,98  1,06  0,96  0,91  0,49  0,42
                                
Total   2,68  3,34  3,62  3,22  3,37  3,41  2,58
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K Future production volumes and takt times 
2005 Capacity plan        

        

Working hours per year 3143       

Seconds per year 11314800       

Availability 95%       

        

        

 Step 0  Step 1  Step 2  Step 3 

 june 04 - 05      

Vehicles with axle gear   Gears/year  Gears/year  Gears/year

        

R560   1320  1392  1450 

R660 truck   8400  9470  10327 

R660 bus   2736  2850  4674 

R780   40185  46660  52403 

RP731   912  1117  1208 

RP735   4386  4885  5475 

RP835   2709  3594  4345 

        

Single Total   60648  69967  79882 
        

RB662   4214  4884  5457 

RBP735   4386  4885  5475 

RBP835   1921  2587  3227 

        

Bogie total   10521  12355  14159 
              

        

Grand Total  50796  71169  82322  94041 
        

        

Takt time (s) 211,6  151,0  130,6  114,3 

Takt time bogie cell (theoretical)   1021,7  870,0  759,2 

Takt time bogie cell (real)   1057,2  783,4  800,1 
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L Compensated guarantee claims jan 2002 – dec 2005 
 
Part description Part number Compensation claim SEK 
      

roller bearing 174716 360990 

differential gear 194041 61267 

roller bearing 264700 79714 

roller bearing 315465 113262 

O-ring 315527 6865 

sealing ring 317916 18093 

O-ring 804864 1481 

hexagon socket 809829 211130 

flange screw 812520 4765 

coupling half 1103386 932863 

roller bearing 1105776 40366 

bell crank 1122871 301358 

bearing 1301675 302086 

slide bearing 1301682 601598 

oil filter 1301696 589312 

conical gear set 1308301 89460 

roller bearing 1309568 63941 

roller bearing 1309569 265740 

roller bearing 1309570 109823 

bearing housing 1317637 59490 

roller bearing 1326866 147063 

conical gear set 1327233 375747 

shim 1327328 494 

wear washer 1331044 24719 

conical gear set 1331059 2461909 

conical gear set 1331064 198094 

conical gear set 1331074 44659 

conical gear set 1331079 227113 

bearing 1331313 47985 

gear 1336294 50265 

conical gear set 1340789 515345 

conical gear set 1340792 50292 

conical gear set 1345286 122686 
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conical gear set 1347485 83118 

roller bearing 1364631 73736 

conical gear set 1367089 296386 

differential housing 1368527 22543 

differential gear 1369558 4379 

differential gear 1369559 113841 

shift sleeve 1375404 796224 

O-ring 1401460 1103 

conical gear set 1408118 27641 

differential pinion 1408143 34528 

bearing 1408149 39998 

lever 1408156 65210 

differential gear 1408164 86907 

roller bearing 1408172 31341 

roller bearing 1408175 35612 

roller bearing 1408178 10073 

gear 1408179 22384 

gear housing 1408202 29989 

conical gear set 1408205 52386 

coupling half 1408221 294796 

roller bearing 1489006 535017 

conical gear set 1519963 57040 

differential gear 1528053 2162 
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M Investment estimate calculations 

M.1 Cost of assembly time 
Standard cost for one assembly worker 42 194,09 EUR 400 000,00 SEK 

The cost of one assembly position a year 84 388,19 EUR   

   

The annual cost of one assembly second Step 0 (212s/pos) 398,81 EUR  

The annual cost of one assembly second Step 1 (151s/pos) 558,86 EUR  

The annual cost of one assembly second Step 2 (131s/pos) 646,16 EUR  

The annual cost of one assembly second Step 3 (114s/pos) 738,30 EUR  

 

Cost of capital 11% 

Cost of assembly time step 1 559 EUR 

Equipment lifetime 10 

M.2 CCD camera and robot arm estimate 
Assembly time elimination (s) 11  

Quality costs  jan 2002-dec 2005 477 495 EUR 4 526 650 SEK 

Estimated Quality improvement 30%  

   

Camera, software and development 105 485 EUR 1 000 000 SEK 

Installation 30 000 EUR  

Total investment 135 485 EUR  

   

Assembly time, cost elimination 6 147 EUR  

Quality cost savings per year 47 749 EUR  

Maintenence cost per year 25 000 EUR  

Total savings per year 28 897 EUR  

     

   

Net present value 34 696 EUR  

Payback time years 7  
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M.3 Triangular laser measurement 
Assembly time elimination (s) 37  

Cost of adjustment station 42 194 EUR 400 000,00 SEK 

Percentage adjustment station 35%  

   

Components intvestment 22 000 EUR  

Fixture investment 10 000 EUR  

Development cost 15 000 EUR  

Total investment 47 000 EUR  

   

Assembly time, cost elimination  20 667 EUR  

Cost elimination of measuring errors 14 768 EUR  

Maintenence cost per year 500 EUR  

Total savings per year 34 935 EUR  

     

   

Net present value 158 738 EUR  

Payback time years 2  

M.4 Rotary encoder for backlash setting 
Assembly time elimination (s) 30  

Quality costs  jan 2002-dec 2005 477 495 EUR 4 526 650 SEK 

Estimated Quality improvement 2%  

   

Equipment 1 582 EUR 15 000 SEK 

Development 4 500 EUR  

Total investment 6 082 EUR  

   

Assembly time, cost elimination 16 766 EUR  

Quality cost savings per year 3 183 EUR  

Maintenence cost per year 600 EUR  

Total savings per year 19 349 EUR  

     

   

Net present value 107 869 EUR  

Payback time years 1  
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M.5 Timken Projecta Set estimate 
Assembly time elimination (s) 60  

Rework time elimination (s) 70  

Percentage of products needing 

rework 30%  

   

Quality costs jan 2002-dec 2005 233 744 EUR 2 214 682 SEK 

Estimated Quality improvement 35%  

   

Equipment and development cost 120 000 EUR  

Installation cost 5 000 EUR  

Total investment 125 000 EUR  

   

Assembly time, cost elimination 45 243 EUR  

Quality cost savings per year 27 270 EUR  

Maintenence cost per year 2 000 EUR  

Total savings per year 70 513 EUR  

     

   

Net present value 290 270 EUR  

Payback time years 3  

M.6 Lifting tool investment estimate 
Assembly time elimination (s) 30 

  

Material 3 000 EUR 

Development 8 000 EUR 

Total investment 11 000 EUR 
  

Assembly time, cost elimination 16 757 EUR 

Total savings per year 16 757 EUR 
  

  

Net present value 87 685 EUR 
Payback time years 1 
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M.7 Pinion Pac 
Assembly time elimination (s) 230  

Quality costs jan 2002-dec 2005 97 543 EUR 924 704 SEK 

Estimated Quality improvement 90%  

Number of R780 produced step 1 40185  

Number of R660 produced step 1 12456  

   

Unit price Pinion Pac R780 140 EUR  

Unit price Pinion Pac R660 100 EUR  

Material savings per unit R780 87 EUR  

Material savings per unit R660 57 EUR  

Annual cost 2 665 413 EUR  

   

Assembly time, cost elimination 128 538 EUR  

Quality cost savings per year 29 263 EUR  

   

Total savings per year -2 507 612 EUR  

     

   

Net present value -14 767 911 EUR  

Payback time years   
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M.8 Temper Smart Press 
Material unit price 4 EUR  5 USD 

Material savings per unit 1 EUR 14 SEK  

Assembly time elimination (s) 124   

Rework time elimination (s) 80   

Percentage of rework 30%   

Quality costs  jan 2002-dec 2005 233 744 EUR 2 214 682 SEK  

Estimated Quality improvement 45%   

    

Equipment and development cost 332 911 EUR  400 000 USD 

Total investment 332 911 EUR   

    

Assembly time, cost elimination 82 711 EUR   

Quality cost savings per year 35 062 EUR   

material saving per year 105 102 EUR   

Maintenence cost per year 2 000 EUR   

Material per year 296 162 EUR   

Total savings per year -75 287 EUR   

      

    

Net present value -776 296 EUR   
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N Cash flow 
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O Assembly line layouts 

O.1 GANT- diagram of the different operations 
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O.2 Bogie Cell 
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O.3 Bogie Cell with Pinion Pac 
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O.4 V5 

 



The central gear assembly of the future 

 

115

P Line balancing 

P.1 V5 – Current mehods 
 Sec Step 0 Step 1 Step 2 Step 3 
Measuring gear housing      

Measure gear housing RP, RB och RBP 47     

      

bearing races in housing      

Place bearings in press 5     

Place housing in press 15     

place bearing on housing 5     

Press 20     

      

Pinion assembly      

Lift pinion to the press 10     

Disassemble ring nut 6    108 

Place and press rear bearing 15     

Place and press support bearing 10  133 133  

Place pinion in housing 27     

Change tool and gauge in machine 30 190    

Measure 30    112 

remove bearing and gauge 15     

Pick and measure shim package 27   129  

Place shim package on pinion 7     

Place front bearing and press 16  152   

Check rolling resistance 20     

      

Axle differential lock      

Lubricate the hole and the diff lock cylinder with vaseline 19     

Assemble the diff lock cylinder with screw 17    121 

Assemble the type plate 16     

Tighten the screws 9     

      

Gear on pinion      

Fetch bearing and diff gear 15   119  

Place and press differential gear 14     

Place and press bearing 10 215    

Pull bearing race for input shaft 25  145   

      

      

Assembling lower gear and input shaft in gear housing      

Assemble the rear gear in the gear housing 18    107 

Assemble the input shaft in the gear housing 28     

Take the lifting tool away 13   108  
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Boggiediff      

Assemble the bogie differential lock cylinder 61    102 

Assemble a screw in the lever to the diff lock cylinder 20  140   

Assemble and tight 3 screws on the cylinder 30     

Assemble the play measuring tool  21 216  132  

Connect air to the diff lock cylinder 8     

Zero the measurer 6     

Check the play 34    119 

Pick & measure the shim package 30     

Check the play 23  152  122 

Assemble steering pins 25   126  

      

Front cover on gear housing      

O-ring 15     

Assemble the big cover 30    123 

Assemble washer on the cover 37 208 107   

Assemble screws on the cover 58   140 95 

Tighten the screws 90  148  90 

      

Sealing seat and input shaft adjustment      

Assemble the little cover 45 193  135  

Assemble the "moonlander" 61    106 

Check the play in the input shaft 53  159 114  

Disassemble the "moonlander" 73    126 

Pick & measure the shim package 18 205    

Take the little cover away 33   124  

Place O-ring on the little cover 19  143  70 

Shim, assemble and tighten the little cover 73     

      

Oil filter and oil pump      

Assemble the oil filter 33   125 106 

Assemble the oil filter cover 47 205 153   

Assemble the oil pump 35     

      

End yoke      

Pick up end yoke 5     

Place sealing 10     

Press  16    113 

Lubricate splines 6     

Place steering on pinion 5     

Lubricate sealing 6   130  

Place end yoke on pinion 20     

press end yoke 10     

assemble locking nut 15     

tighten locking nut 20     

lock locking nut 10  158  92 
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Crown wheel      

Put crownwheel on conveyor 10     

Place bolts in the crown wheel 30     

Lift the diff housing to the crown wheel 11 209  126  

Put the big bearing on the differential housing 12     

press the bolts in the crown wheel KG2 60    123 

Put the lift on next diff housing 4     

Assemble the nuts on the screws 35  162 111  

Tighten the nuts on the differential housing x4 35     

Tighten the nuts on the differential housing x4 35    109 

Tighten the nuts on the differential housing x4 35 216    

Turn the gear 20   125  

      

Differential housing      

Put in the coupling half 9     

Oil the surface on the differential gear to the wear washer 2     

Put on wear washer on the differential gear 2     

Put in the differential gear with wear washer 11  149   

Fetch a differential spider 3     

Oil in the surface on the differential spider 9     

Put on differential pinion x4 on the differential spider 12     

Oil in the surface on the differential pinion 2    105 

Put on wear washer on the differential pinion 12     

Put differential spider in differential housing 6     

Oil in the surface on the differential gear to the wear washer 2     

Put wear washer on the differential gear 2     

Put in the differential gear with wear washer 9     

Lift on the differential housing 13     

Put on washer on the screw to the differential housing 29   123  

Put the screws into the differential housing 29 172 128  102 

Tighten the screws 57     

Check the function of the differential with a tool 9     

Place the small bearing 15     

Press the bearing 20   130  

Put protector on the upper bearing 8    109 

Put protector on the lower bearing 20  129   

      

Mount and adjust crownwheel      

Disassemble the bearing cap from the gear housing 55     

Turn the gear housing 12     

Check the pinion height 15 211    

Assemble the retaining ring 11   121 113 

Oil in the bearings 14     

Connect lift-tool on next crown wheel 11     

Dock the crown wheel into the gear housing 19     

Remove the bearing holders 13  150   

Assemble the adjusting ring 28    85 
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Assemble the bearing cap 32   117  

Adjust the backlash 80 208 140  112 

Tighten the screws 51   131  

Put colour marker on two adjacent teeth on 3 places  34     

Put the ratio tool into the hole for drive shaft 13     

Scan the ratio 9    107 

Rotate the gear 50  157   

Take ratio tool out from the gear 8     

Check that the mesh image is correct 11   125  

Check that the preload is correct 35 211   104 

Check that the backlash is correct 73  127 108  

Assemble the locking screws 31    104 

Assemble 2 fork studs on the lever 20     

Assemble coupling half, lever and screws 30     

Tighten the screws 17     

Check the play 34     

Turn the gear 9 214 141 141 110 

P.2 Bogie Cell - Current methods 

P.2.1 Main line 
 Sec Step 0 Step 1 Step 2 Step 3 
Measuring gear housing      

Measure gear housing RP, RB och RBP 47     

      

bearing races in housing      

Place bearings in press 5     

Place housing in press 15     

Press 20     

Turn gear 8     

place bearing on housing 5    100 

Press 20     

      

Pinion assembly      

Lift pinion to the press 10     

Disassemble ring nut 6   136  

Place and press rear bearing 15  151   

Place and press support bearing 10     

Place pinion in housing 27     

Change tool and gauge in machine 30 218   118 

Measure 30     

remove bearing and gauge 15   127  

Pick and measure shim package 27     

Place shim package on pinion 7  146   

Place front bearing and press 16     

Check rolling resistance 20    115 
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Axle differential lock      

Lubricate the hole and the diff lock cylinder 19     

Assemble the diff lock cylinder with screw 17     

Assemble the type plate 16     

Tighten the screws 9   131  

      

Gear housing      

Lift the gear housing to the track 27 203    

Measure the gear housing, note the value 30  154  118 

Put the measure watch back to the holder 7     

Put in and press the support bearing 17     

Check that the locking ring is correctly assembled 6     

Note the gear set's A-value on the gear housing 8     

Adjust the value in the panel and measure the pinion 20     

Pick & measure the shim package 13   128  

Put steering pins into the gear housing 9     

Put the shim package on the gear housing 9     

Dock the pinion into the gear housing 16    105 

Press the bearing seat 30  135   

Assemble washer on the bearing seat screws 25     

Assemble the bearing seat screw into the bearing seat 23 213  112  

Tighten the screws 28     

Put some grease into the disassembling holes 5    111 

Assemble caps in the disassembling holes 6     

Put a seal seat in to the apply machine and start it 6     

press seal seat into bearing seat or gear housing 10     

      

End yoke      

Pick up end yoke 5     

Place sealing 10     

Press  16     

Lubricate splines 6     

Place steering on pinion 5     

Lubricate sealing 6  151   

Place end yoke on pinion 20     

press end yoke 10   133  

assemble locking nut 15    115 

tighten locking nut 20     

lock locking nut 10 178    
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Mount and adjust crownwheel      

Disassemble the bearing cap from the gear housing 55     

Turn the gear housing 12  142   

Check the pinion height 15   127 112 

Assemble the retaining ring 11     

Oil in the bearings 14     

Connect lift-tool on next crown wheel 11     

Dock the crown wheel into the gear housing 19     

Remove the bearing holders 13     

Assemble the adjusting ring 28    96 

Assemble the bearing cap 32 210 143 128  

Adjust the backlash 80    112 

Tighten the screws 51  131 131  

Put colour marker on two adjacent teeth on 3 places  34     

Put the ratio tool into the hole for drive shaft 13     

Scan the ratio 9 187   107 

Rotate the gear 50  106   

Take ratio tool out from the gear 8     

Check that the mesh image is correct 11   125  

Check that the preload is correct 35    104 

Check that the backlash is correct 73  127   

Assemble the locking screws 31 208  139 104 

Assemble 2 fork studs on the lever 20     

Assemble coupling half, lever and screws 30     

Tighten the screws 17     

Check the play 34     

Turn the gear 9 110 141 110 110 

P.2.2 Cell 
 Sec Step 0 Step 1 Step 2 Step 3 
Gear on pinion      

Fetch bearing and diff gear 15     

Place and press differential gear 14     

Place and press bearing 10     

Turn gear 8     

Press bearing race for input shaft 25     

      

Input shaft      

Fetch a differential gear (front) and put it into the fixture 16     

Fetch a bushing and put it into the fixture 12     

Press the bushing into the differential gear 19     

Fetch a differential housing outer ring 9     

Fetch a differential spider and 4 differential pinions 25     

Put the spider in the assembly fixture 12     

Assemble the differential pinions on the spider 17     

Put the differential ring in the fixture on the table 17     
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Put a tap in the side on the ring 18     

Fetch 4 pins 8 225 225 225 225 

Knock in the pin, 1 at the moment 118     

Fetch a bearing and put it into the fixture 10     

Oil in the splines in the spider 7     

Lift the bogie differential to the fixture 9     

Put the differential gear on the differential 8     

Fetch the coupling half and wear ring 15     

Oil in the coupling half and wear ring 8     

oil on the bearings seat and splines 19     

Assemble  differential gear and spider 18     

Assemble the coupling half and bearing 34     

Press the bearing on the input shaft 20     

Assemble lifting tool 15     

Fetch the differential gear (rear) 15     

Fetch a O-ring 8     

Assemble the O-ring 24     

Fetch and put the support bearing inner ring 13     

Press 19     

Fetch and put the input shaft bearing 14     

Press 18     

      

Assembling lower gear and input shaft in gear housing     

Assemble the rear gear in the gear housing 18     

Assemble the input shaft in the gear housing 28     

Take the lifting tool away 13     

      

Boggiediff      

Assemble the bogie differential lock cylinder 61     

Assemble a screw in the lever 20     

Assemble and tight 3 screws on the cylinder 30     

Assemble the play measuring tool  21     

Connect air to the diff lock cylinder 8     

Zero the measurer 6     

Check the play 34     

Pick & measure the shim package 30     

Check the play 23     

Assemble steering pins 25   709 709 

      

Front cover on gear housing      

O-ring 15     

Assemble the big cover 30     

Assemble washer on the cover 37     

Assemble screws on the cover 58     

Tighten the screws 90     
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Sealing seat and input shaft adjustment          

Assemble the little cover 45     

Assemble the "moonlander" 61     

Check the play in the input shaft 53  1098   

Disassemble the "moonlander" 73  A   

Pick & measure the shim package 18  N   

Take the little cover away 33  D   

Place O-ring on the little cover 19  O   

Shim, assemble and tighten the little cover 73  N   

      

Oil filter and oil pump      

Assemble the oil filter 33     

Assemble the oil filter cover 47     

Assemble the oil pump 35 1429 331 720 720 

P.2.3 Differential assembly 
 Sec Step 0 Step 1 Step 2 Step 3 
Crown wheel      

Put crownwheel on conveyor 10     

Place bolts in the crown wheel 30     

Lift the diff housing to the crown wheel 11     

Put the big bearing on the differential housing 12     

press the bolts in the crown wheel KG2 60    123 

Put the lift on next diff housing 4   127  

Assemble the nuts on the screws 35  162   

Tighten the nuts on the differential housing x4 35 197    

Tighten the nuts on the differential housing x4 35    109 

Tighten the nuts on the differential housing x4 35   140  

Turn the gear 20     

      

Differential housing      

Put in the coupling half 9     

Oil the differential and wear washer 2     

Put on wear washer on the differential gear 2     

Put in the differential gear with wear washer 11  149   

Fetch a differential spider 3     

Oil in the surface on the differential spider 9     

Put on diff pinion on the diff spider 12     

Oil in the surface on the differential pinion 2    105 

Put on wear washer on the differential pinion 12     

Put differential spider in differential housing 6     

Oil differential gear and wear washer 2     

Put wear washer on the differential gear 2     

Put in the differential gear with wear washer 9     

Lift on the differential housing 13 184  114  

Put on washer on the screw 29     
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Put the screws into the differential housing 29  128  102 

Tighten the screws 57     

Check the function of the differential with a tool 9   124  

Place the small bearing 15     

Press the bearing 20     

Put protector on the upper bearing 8     

Put protector on the lower bearing 20 187 129 63 129 

P.3 Bogie cell new methods 

P.3.1 Main line 
  Step 0 Step 1 Step 2 Step 3 
Measuring gear housing      

Measure gear housing RP, RB och RBP 47     

      

bearing races in housing      

Place bearings in press 5     

Place housing in press 15     

Press 0     

Turn gear 0     

place bearing on housing 5     

Press 20     

      

Pinion assembly      

Lift pinion to the press 10     

Disassemble ring nut 6    108 

Place and press rear bearing 15     

Place and press support bearing 10  133 133  

Place pinion in housing 27     

Change tool and gauge in machine 30 190    

Measure 30    112 

remove bearing and gauge 15     

Pick and measure shim package 27   129  

Place shim package on pinion 7     

Place front bearing and press 16  152   

Check rolling resistance 20     

      

Axle differential lock      

Lubricate the hole and the diff lock cylinder 19    104 

Assemble the diff lock use the pressing tool 17     

Assemble the type plate 16     

Tighten the screws 9     
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Gear housing      

Lift the gear housing to the track 27 203  131  

Measure the gear housing and note the value 30     

Put the measure watch back to the holder 7  145  106 

Put in and press the support bearing 17     

Check that the locking ring is assembled 6     

Note the gear set's A-value on the gear housing 0     

Adjust the value i and measure the pinion (-5) 15     

Pick & measure the shim package 13     

Put steering pins into the gear housing 9     

Put the shim package on the gear housing 9     

Dock the pinion into the gear housing 16   122  

Press the bearing seat 30    115 

Assemble washer on the bearing seat screws 25  140   

Assemble the bearing seat screw  23 200    

Tighten the screws 28     

Put some grease into the disassembling holes 5     

Assemble caps in the disassembling holes 6     

Put a seal seat in to the apply machine 6     

press seal seat 10   133 103 

      

End yoke      

Pick up end yoke 5     

Place sealing 10     

Press  16     

Lubricate splines 6     

Place steering on pinion 5     

Lubricate sealing 6     

Place end yoke on pinion 20     

press end yoke 10  156   

assemble locking nut 15     

tighten locking nut 20    113 

lock locking nut 10   123  

      

Mount and adjust crownwheel      

Turn the gear housing 12 190    

Disassemble the bearing cap 55     

Check the pinion height 15     

Assemble the retaining ring 11     

Oil in the bearings 14  152  117 

Connect lift-tool on next crown wheel 11   118  

Dock the crown wheel into the gear housing 19     

Remove the bearing holders 13     

Assemble the adjusting ring 28   60  

Assemble the bearing cap 32 198   103 

Adjust the backlash (-30) 50  153   
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Tighten the screws 51   133 101 

Put colour marker teeth 34     

Put the ratio tool into the hole for drive shaft 13     

Scan the ratio 9     

Rotate the gear 50  157   

Take ratio tool out from the gear 8 215  114 114 

Check that the mesh image is correct 0     

Check that the preload is correct 35     

Check that the backlash is correct (-30) 43     

Assemble the locking screws 31    109 

Assemble 2 fork studs on the lever 20  137 129  

Assemble coupling half, lever and screws 30     

Tighten the screws 17     

Check the play 34     

Turn the gear 9 219 90 90 110 

P.3.2 Bogie cell 
 Sec Step 0 Step 1 Step 2 Step 3 
Gear on pinion      

Fetch bearing and diff gear 15     

Place and press differential gear 14     

Place and press bearing 10     

Pull bearing race for input shaft 25     

      

Input shaft      

Fetch a differential gear (front) and put it into the fixture 16     

Fetch a bushing and put it into the fixture 12     

Press the bushing into the differential gear 19     

Fetch a differential housing outer ring 9     

Fetch a differential spider and 4 differential pinions 25     

Put the spider in the assembly fixture 12     

Assemble the differential pinions on the spider 17     

Put the differential ring in the fixture on the table 17     

Put a tap in the side on the ring 18     

Fetch 4 pins 8 217 217 217 217 

Knock in the pin, 1 at the moment 118     

Fetch a bearing and put it into the fixture 10     

Oil in the splines in the spider 7     

Lift the bogie differential to the fixture 9     

Put the differential gear on the differential 8     

Fetch the coupling half and wear ring 15     

Oil in the coupling half and wear ring 8     

oil on the bearings seat and splines 19     

differential gear and spider 18     

Assemble the coupling half and bearing 34     

Press the bearing on the input shaft 20     

Assemble lifting tool (-10) 5     
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Fetch the differential gear (rear) 15     

Fetch a O-ring 8     

Assemble the O-ring 24     

Fetch and put the support bearing inner ring 13     

Press 19     

Fetch and put the input shaft bearing 14     

Press 18     

      

Assembling lower gear and input shaft in gear housing     

Assemble the rear gear in the gear housing 18     

Assemble the input shaft in the gear housing 28     

Take the lifting tool away (-10) 3     

      

Boggiediff      

Assemble the bogie differential lock cylinder 61     

Assemble a screw in the lever to the diff lock cylinder 20     

Assemble and tight 3 screws on the cylinder 30     

bogie differential  check the play 21     

Connect air to the diff lock cylinder 8     

Zero the measurer 6     

Check the play 34     

Pick & measure the shim package 30     

Check the play 23     

Assemble steering pins 25     

      

Front cover on gear housing      

O-ring 15     

Assemble the big cover 30     

Assemble washer on the cover 37   771 771 

Assemble screws on the cover 58     

Tighten the screws 90     

      

Sealing seat and input shaft adjustment      

Assemble the little cover 45     

Assemble the "moonlander" 61  1025   

Check the play in the input shaft 53     

Disassemble the "moonlander" 73  A   

Pick & measure the shim package 18  N   

Take the little cover away 33  D   

Place O-ring on the little cover 19  O   

Shim, assemble and tighten the little cover 73  N   

      

Oil filter and oil pump      

Assemble the oil filter 33     

Assemble the oil filter cover 47     

Assemble the oil pump 35 1409 384 638 638 
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P.3.3 Differental assembly 
 Sec Step 0 Step 1 Step 2 Step 3 
Crown wheel      

Put crownwheel on conveyor 10     

Place bolts in the crown wheel 30     

Lift the diff housing to the crown wheel 11     

Put the big bearing on the differential housing 12     

press the bolts in the crown wheel KG2 60    123 

Put the lift on next diff housing 4   127  

Assemble the nuts on the screws 35  162   

Tighten the nuts on the differential housing x4 35 197    

Tighten the nuts on the differential housing x4 35    109 

Tighten the nuts on the differential housing x4 35   140  

Turn the gear 20     

      

Differential housing      

Put in the coupling half 9     

Oil the differential and wear washer 2     

Put on wear washer on the differential gear 2     

Put in the differential gear with wear washer 11  149   

Fetch a differential spider 3     

Oil in the surface on the differential spider 9     

Put on diff pinion on the diff spider 12     

Oil in the surface on the differential pinion 2    105 

Put on wear washer on the differential pinion 12     

Put differential spider in differential housing 6     

Oil differential gear and wear washer 2     

Put wear washer on the differential gear 2     

Put in the differential gear with wear washer 9     

Lift on the differential housing 13 184  114  

Put on washer on the screw 29     

Put the screws into the differential housing 29  128  102 

Tighten the screws 57     

Check the function of the differential with a tool 9   124  

Place the small bearing 15     

Press the bearing 20     

Put protector on the upper bearing 8     

Put protector on the lower bearing 20 187 129 63 129 
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P.4 New methods and product alterations 

P.4.1 Main line 
 Sec Step 0 Step 1 Step 2 Step 3 
Measuring gear housing      

Measure gear housing RP, RB och RBP 47     

      

bearing races in housing      

Place bearings in press 5     

Place housing in press 15     

Press 0     

Turn gear 0     

place bearing on housing 5     

Press 20     

      

Pinion assembly      

Lift pinion to the press 10     

Disassemble ring nut 6    108 

Place and press rear bearing 15     

Place and press support bearing 10  133 133  

Place pinion in housing 27     

Place Temper adjustable spacer 7     

Change tool and gauge in machine 0     

Measure 30     

remove bearing and gauge 15 212   104 

Pick and measure shim package 0     

Place shim package on pinion 0     

Place front bearing and press 16     

Check rolling resistance 20     

      

Axle differential lock      

Lubricate the hole and the diff lock cylinder 19   134  

Assemble the diff lock cylinder with screw 17  151   

Assemble the type plate 16     

Tighten the screws 9    97 

      

Gear housing      

Lift the gear housing to the track 27     

Measure the gear housing 30     

Put the measure watch back to the holder 7     

Put in and press the support bearing 17     

Check that the locking ring is correctly assembled 6   129  

Note the gear set's A-value on the gear housing 0     

measure the pinion (-5) 15 214    

Pick & measure the shim package 13    115 

Put steering pins into the gear housing 9  149   
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Put the shim package on the gear housing 9     

Dock the pinion into the gear housing 16     

Press the bearing seat 30     

Assemble washer on the bearing seat screws 0     

Assemble the bearing seat screw into the bearing seat 23   115  

Tighten the screws 28    115 

Put some grease into the disassembling holes 5     

Assemble caps in the disassembling holes 6     

Put a seal seat in to the apply machine and start it 6     

press seal seat into bearing seat or gear housing 10  133   

      

End yoke      

Pick up end yoke 5     

Place sealing 10     

Press  16     

Lubricate splines 6     

Place steering on pinion 5     

Lubricate sealing 6 203    

Place end yoke on pinion 20     

press end yoke 10   133 105 

assemble locking nut 15     

tighten locking nut 20     

lock locking nut 10     

      

Mount and adjust crownwheel      

Turn the gear housing 12  135   

Disassemble the bearing cap from the gear housing 55    112 

Check the pinion height 15   127  

Assemble the retaining ring 11     

Oil in the bearings 14     

Connect lift-tool on next crown wheel 11 193    

Dock the crown wheel into the gear housing 19     

Remove the bearing holders 13  138   

Assemble the adjusting ring 28   96 111 

Assemble the bearing cap 32 92    

Adjust the backlash (-30) 50  110   

Tighten the screws 51   133 133 

Put colour marker on two adjacent teeth on 3 places  34     

Put the ratio tool into the hole for drive shaft 13     

Scan the ratio 9     

Rotate the gear 50 207 157   

Take ratio tool out from the gear 8   114 114 

Check that the mesh image is correct 0     

Check that the preload is correct 35     

Check that the backlash is correct (-30) 43     

Assemble the locking screws 31   109 109 

Turn the gear 0     
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Assemble 2 fork studs on the lever 20  137   

Assemble coupling half, lever and screws 30     

Tighten the screws 17     

Check the play 34     

Turn the gear 9 227 90 110 110 

P.4.2 Bogie cell 
 Sec Step 0 Step 1 Step 2 Step 3 
Gear on pinion      

Fetch bearing and diff gear 15     

Place and press differential gear 14     

Place and press bearing 10     

Pull bearing race for input shaft 25     

      

Input shaft      

Fetch a differential gear (front) and put it into the fixture 16     

Fetch a bushing and put it into the fixture 12     

Press the bushing into the differential gear 19     

Fetch a differential housing outer ring 9     

Fetch a differential spider and 4 differential pinions 25     

Put the spider in the assembly fixture 12     

Assemble the differential pinions on the spider 17     

Put the differential ring in the fixture on the table 17     

Put a tap in the side on the ring 18     

Fetch 4 pins 8     

Knock in the pin, 1 at the moment 0     

Fetch a bearing and put it into the fixture 10     

Oil in the splines in the spider 7     

Lift the bogie differential to the fixture 9     

Put the differential gear on the differential 8     

Fetch the coupling half and wear ring 15     

Oil in the coupling half and wear ring 8 274 274 274 274 

oil on the bearings seat and splines 19     

differential gear and spider 18     

Assemble the coupling half and bearing 34     

Press the bearing on the input shaft 20     

Assemble lifting tool (-10) 5     

Fetch the differential gear (rear) 15     

Fetch a O-ring 8     

Assemble the O-ring 24     

Fetch and put the support bearing inner ring 13     

Press 19     

Fetch and put the input shaft bearing 14     

Press 18     
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Assembling lower gear and input shaft in gear housing         

Assemble the rear gear in the gear housing 18     

Assemble the input shaft in the gear housing 28     

Take the lifting tool away (-10) 3     

      

Boggiediff      

Assemble the bogie differential lock cylinder 61     

Assemble a screw in the lever to the diff lock cylinder 20     

Assemble and tight 3 screws on the cylinder 30     

bogie differential check the play 21     

Connect air to the diff lock cylinder 8     

Zero the measurer 0     

Check the play 0     

Pick & measure the shim package 0     

Check the play 23     

Assemble steering pins 25     

      

Front cover on gear housing      

O-ring 15     

Assemble the big cover 30     

Assemble washer on the cover 0     

Assemble screws on the cover 58     

Tighten the screws 90     

      

Sealing seat and input shaft adjustment      

Assemble the little cover 45     

Assemble the "moonlander" 0     

Check the play in the input shaft (-23) 30     

Disassemble the "moonlander" 0     

Pick & measure the shim package 0     

Take the little cover away 0     

Place O-ring on the little cover 0     

Shim, assemble and tighten the little cover 0     

      

Oil filter and oil pump      

Assemble the oil filter 33     

Assemble the oil filter cover 47     

Assemble the oil pump 35 827 827 827 827 
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P.4.3 Differential 
 Sec Step 0 Step 1 Step 2 Step 3 
Crown wheel      

Put crownwheel on conveyor 10     

Place bolts in the crown wheel 0     

Lift the diff housing to the crown wheel 0     

Put the big bearing on the differential housing 0     

press the bolts in the crown wheel KG2 0     

Put the lift on next diff housing 0     

Assemble the nuts on the screws 0     

Tighten the nuts on the differential housing x4 0     

Tighten the nuts on the differential housing x4 0     

Tighten the nuts on the differential housing x4 0     

Turn the gear 0     

      

Differential housing      

Put in the coupling half 9     

Oil the surface of the differential gear 2     

Put on wear washer on the differential gear 2     

Put in the differential gear with wear washer 11     

Fetch a differential spider 3     

Oil in the surface on the differential spider 9     

Put on differential pinion x4 on the differential spider 12     

Oil in the surface on the differential pinion 2     

Put on wear washer on the differential pinion 12     

Put in the differential spider in the deferential housing 6     

Oil in the surface  2     

Put wear washer on the differential gear 2     

Put in the differential gear with wear washer 9     

Lift on the differential housing 13    104 

Put on washer on the screw to the differential housing 29  133 133  

Put the screws into the differential housing 29     

Tighten the screws 57 219   115 

Check the function of the differential with a tool 9     

Place the small bearing 15     

Press the bearing 20   130  

Put protector on the upper bearing 8     

Put protector on the lower bearing 20 72 158 28 72 
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P.5 New methods and product alterations with Pinion Pac 

P.5.1 Main line 
 Sec Step 0 Step 1 Step 2 Step 3 
Axle differential lock      

      

Lubricate the hole and the diff lock cylinder 19     

Assemble the diff lock cylinder use the pressing tool 17     

Assemble the type plate 16     

Tighten the screws 9     

      

Gear housing      

      

Lift the gear housing to the track 27     

Measure the gear housing 30    118 

Put the measure watch back to the holder 0     

Put in and press the support bearing 17   135  

Check that the locking ring is correctly assembled 6  141   

Note the gear set's A-value on the gear housing 0     

       

Assemble Pinion and Pinion Pac 30     

       

 measure the pinion (-5) 15     

Pick & measure the shim package 13     

Put steering pins into the gear housing 9 208    

Put the shim package on the gear housing 9     

Dock the pinion into the gear housing 16    115 

Press the bearing seat 30   128  

Assemble washer on the bearing seat screws 0     

Assemble the bearing seat screw into the bearing seat 23  145   

Tighten the screws 28     

Put some grease into the disassembling holes 5    86 

Assemble caps in the disassembling holes 6     

Put a seal seat in to the apply machine and start it 6     

press seal seat into bearing seat or gear housing 10     

      

End yoke      

      

Pick up end yoke 5     

Place sealing 10     

Press  16     

Lubricate splines 6     

Place steering on pinion 5     

Lubricate sealing 6   126  

Place end yoke on pinion 20     

press end yoke 10 211    
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assemble locking nut 15  148  115 

tighten locking nut 20     

lock locking nut 10     

      

Mount and adjust crownwheel      

      

Turn the gear housing 12     

Disassemble the bearing cap from the gear housing 55   142  

Check the pinion height 15    112 

Assemble the retaining ring 11     

Oil in the bearings 14    25 

Connect lift-tool on next crown wheel 11 163 148   

Dock the crown wheel into the gear housing 19     

Remove the bearing holders 13     

Assemble the adjusting ring 28   111  

Assemble the bearing cap 32    103 

Adjust the backlash (-30) 50 142 142   

Tighten the screws 51   133 101 

Put colour marker on two adjacent teeth on 3 places  34     

Put the ratio tool into the hole for drive shaft 13     

Scan the ratio 9     

Rotate the gear 50  157   

Take ratio tool out from the gear 8   114 114 

Check that the mesh image is correct 0     

Check that the preload is correct 35 200    

Check that the backlash is correct (-30) 43     

Assemble the locking screws 31    109 

Turn the gear 0     

Assemble 2 fork studs on the lever 20  137 129  

Assemble coupling half, lever and screws 30     

Tighten the screws 17     

Check the play 34     

Turn the gear 9 184 90 90 110 

P.5.2 Bogie line 
 Sec Step 0 Step 1 Step 2 Step 3 
Measuring gear housing      

Measure gear housing RP, RB och RBP 47     

      

bearing races in housing      

Place bearings in press 5     

Place housing in press 15     

Press 0     

Turn gear 0     

place bearing on housing 5     

Press 20     
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Pinion assembly      

Lift pinion to the press 10     

Disassemble locking nut 6     

Place and press rear bearing 15     

Place and press support bearing 10     

Place pinion in housing 27     

Place Temper adjustable spacer 7     

Change tool and gauge in machine 0     

Measure 30     

remove bearing and gauge 15     

Pick and measure shim package 0     

Place shim package on pinion 0     

Place front bearing and press 16     

Check rolling resistance 20     

      

Gear on pinion      

Fetch bearing and diff gear 15     

Place and press differential gear 14     

Place and press bearing 10     

Pull bearing race for input shaft 25     

      

Input shaft      

Fetch a differential gear  and put it into the fixture 16     

Fetch a bushing and put it into the fixture 12     

Press the bushing into the differential gear 19     

Fetch a differential housing outer ring 9     

Fetch a differential spider and 4 differential pinions 25     

Put the spider in the assembly fixture 12     

Assemble the differential pinions on the spider 17     

Put the differential ring in the fixture on the table 17     

Put a tap in the side on the ring 18     

Fetch 4 pins 8     

Knock in the pin, 1 at the moment 0     

Fetch a bearing and put it into the fixture 10     

Oil in the splines in the spider 7     

Lift the bogie differential to the fixture 9     

Put the differential gear on the differential 8     

Fetch the coupling half and wear ring 15     

Oil in the coupling half and wear ring 8     

oil on the bearings seat and splines 19     

input shaft in the differential gear and spider 18     

Assemble the coupling half and bearing 34     

Press the bearing on the input shaft 20     

Assemble lifting tool (-10) 5   618 618 

Fetch the differential gear (rear) 15     

Fetch a O-ring 8     

Assemble the O-ring 24     
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Fetch and put the support bearing inner ring 13     

Press 19     

Fetch and put the input shaft bearing 14     

Press 18     

      

Assembling lower gear and input shaft in gear housing     

Assemble the rear gear in the gear housing 18     

Assemble the input shaft in the gear housing 28     

Take the lifting tool away (-10) 3     

      

Boggiediff      

Assemble the bogie differential lock cylinder 61     

Assemble a screw in the lever to the diff lock cylinder 20     

Assemble and tight 3 screws on the cylinder 30     

bogie differential to check the play 21     

Connect air to the diff lock cylinder 8     

Zero the measurer 0     

Check the play 0     

Pick & measure the shim package 0     

Check the play 23     

Assemble steering pins 25     

      

Front cover on gear housing      

O-ring 15     

Assemble the big cover 30     

Assemble washer on the cover 0     

Assemble screws on the cover 58 1069 1069   

Tighten the screws 90     

      

Sealing seat and input shaft adjustment      

Assemble the little cover 45     

Assemble the "moonlander" 0     

Check the play in the input shaft (-23) 30     

Disassemble the "moonlander" 0     

Pick & measure the shim package 0     

Take the little cover away 0     

Place O-ring on the little cover 0     

Shim, assemble and tighten the little cover 0     

      

Oil filter and oil pump      

Assemble the oil filter 33     

Assemble the oil filter cover 47     

Assemble the oil pump 35 280 280 731 731 
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P.5.3 Differential assembly 
 Sec Step 0 Step 1 Step 2 Step 3 
Crown wheel      

Put crownwheel on conveyor 10         

Place bolts in the crown wheel 0         

Lift the diff housing to the crown wheel 0         

Put the big bearing on the differential housing 0         

press the bolts in the crown wheel KG2 0         

Put the lift on next diff housing 0         

Assemble the nuts on the screws 0         

Tighten the nuts on the differential housing x4 0         

Tighten the nuts on the differential housing x4 0         

Tighten the nuts on the differential housing x4 0         

Turn the gear 0         

          

Differential housing      

Put in the coupling half 9         

Oil the surface on the differential gear 2         

Put on wear washer on the differential gear 2         

Put in the differential gear with wear washer 11         

Fetch a differential spider 3         

Oil in the surface on the differential spider 9         

Put on differential pinion x4 on the differential spider 12         

Oil in the surface on the differential pinion 2         

Put on wear washer on the differential pinion 12         

differential spider to the deferential housing 6         

Oil in the surface 2         

Put wear washer on the differential gear 2         

Put in the differential gear with wear washer 9         

Lift on the differential housing 13       104 

Put on washer on the screw to the differential housing 29   133 133   

Put the screws into the differential housing 29         

Tighten the screws 57 219     115 

Check the function of the differential with a tool 9         

Place the small bearing 15         

Press the bearing 20     130   

Put protector on the upper bearing 8         

Put protector on the lower bearing 20 72 158 28 72 
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