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1 Introduction: 
In the Automotive Engineering Science laboratory, the so called “geared neutral” setup is being 
developed. This setup consists of a modified Jatco CK2 push belt continuously variable transmission 
(CVT). The CK2 will be extended with a fixed chain drive and a planetary gear set. The purpose of this 
setup is to test the geared neutral transmission (GNT). A vehicle equipped with a GNT is able to launch 
from standstill without the use of a clutch or torque converter. 

1.1 CVT 
A CVT consists of two pulleys, connected to each other by a belt. The primary pulley is connected to 
the input side, the secondary pulley is connected to the output side of the transmission. By varying the 
radius of both pulleys in conjunction, one is able to alter the transmission ratio of the CVT in infinite 
steps. Changing the pulley radius occurs by altering the distance of the sheaves, as can be seen in the 
figure below. 

 
Figure 1-1: Working principle of the continuously variable transmission (CVT) 

1.2 GNT 
A GNT combines a CVT, fixed gear and planetary gear set. By using the capability of the planetary 
gear set to subtract rotational speeds and the continuously variable ratio of the CVT, the outgoing axle 
can stand still and even rotate backwards. This means that the vehicle can stand still, and drive 
backwards while the ingoing axle of the transmission, the engine, is turning and no axles are 
disconnected.  

1.3 Internship goal 
With the GNT research will be done on the launch behavior and control of the GNT. To make this 
possible a testrig will have to be built. The design of the GNT internals was already accomplished. 
Studies about the geared neutral control have been made as well. Therefore the decision was made to 
concentrate on the driveline components of the testrig. 
 
A basic design proposal has been made in an earlier report [8]. Research will show if this setup is 
sufficient, or that a redesign is needed. With this we can form the following target of this internal 
traineeship: 
 

“Design the Geared Neutral testrig with a focus on the driveline components.” 
 
The chapters in the report are organized as follows: 
Chapter two explains the theory of the geared neutral principle, which will be used throughout the 
entire report. Specifications of the testrig are given in chapter three. Existing components are being 
discussed. Several setup designs are discussed and analyzed for two loading conditions; normal use and 
emergency situation. Advantages and disadvantages are given and a final setup design will be chosen.  
 
Chapter four mentions the new components which will be bought or fabricated. A dynamical analysis 
will be given as well as strength calculations. The report ends with conclusions and recommendations. 
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2 Geared Neutral mechanics: 
This chapter discusses the components and theoretical analysis behind the GNT, to explain the working 
principle of the GNT.  

2.1 GNT components 
The CVT forms the basis of the GNT. The primary wheel of the fixed gear (FR) and the primary pulley 
of the CVT are directly linked to the ingoing shaft of the transmission.  
The secondary pulley of the CVT is connected to the sun wheel of the planetary gear set (PG) and the 
secondary wheel of the fixed gear is fixed to the planet wheel carrier. The annulus of the planetary gear 
is connected to the outgoing shaft of the transmission.  

 
Figure 2-1: Schematic view of the GNT 

2.2 GNT relations 
Relations are formed to be able to calculate loading conditions at various torque and speed loads. 
 
Angular speed relation from reference [1] and [5]: 
Kinematics of the planetary gear:    ( )s c P c arω ω ω ω= + −  

From figure 2-1can be seen:    sec ;s c F inrω ω ω ω= =  

Combining these relations results in:   ( )1
a in GN

P

r r
r ωω ω= −  

Ratio geared neutral point:     ( )1GN F Pr r r= +  

Ratio planetary gear:     46.1
56
82

≈==
s

a
P z

zr  

Ratio fixed gear:      7.0=Fr  
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Torque relation from reference [1] and [5]:  

From figure 2-1can be seen:    

( )

sec

sec

1
a P s

c P s

F F c

pri T

s

T r T
T r T
T r T
T r T

T T

= −

= − +

=
=

=

 

Torque split:      in pri FT T T= +  

Combining these relations results in:    [ ]1
in a GN T

P

T T r r
r

= −  

aT  is now strongly dependent on Tr  and can be restricted by introducing slip in the variator. 
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3 Testrig design: 

3.1 Testrig specifications 
The testrig will have to fulfill the following specifications. 

• The testrig must be able to handle an input speed of up to 3000 rpm. 
• The testrig must be able to withstand an emergency situation without breaking down. 
• The torque on the secondary pulley of the GNT will be limited by 200 Nm. The maximum 

output torque of the GNT will be 292 Nm. 
• Represent the dynamics of a luxury vehicle as close as possible by: 

o Having a realistic flywheel inertia: 
 
To determine the ideal flywheel inertia, first the vehicle inertia will have to be 
determined for a representative vehicle. 

2 2

1400 [ ]
0.3 [ ]

126 [ ]

vehicle

dyn

vehicle vehicle dyn

m kg
R m

J m R kgm

=

=

= =

 

 
The inertia working on the GNT will then be: 

2
2

5 [ ]

5 [ ]

fd

vehicle
transmission

fd

r

JJ kgm
r

= −

= ≈
 

 
Ideally the flywheel for the testrig would have a inertia of 5 kgm2, measured at the 
secondary side of the GN CVT. The inertia of the brakes, gearboxes and drive shafts 
can be neglected compared to the required flywheel inertia. 

3.2 Limitations 
Several limitations are set to what the setup will have to fulfill.  

• The testrig must be able to operate safely. Attention will have to be given to the eigen 
frequencies of the components. 

• To keep the total cost of the testrig design as low as possible, existing components should be 
used as much as possible. 

• In addition to the limitation above, the testrig will have to be kept simple in order to reduce 
costs for components and machining. 
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3.3 Components 

 
Figure 3-1: Setup proposal out of lit. [5] 

This paragraph describes all the testrig components except for the CK2 CVT. Information is collected 
to make sure that the components can fulfill the requirements. 3D models have been made so that 
packaging studies could be performed. 

3.3.1 Mounting bed 
The mounting bed is modeled with a 3D-CAD package. There is a thread pattern available on the bed. 
It is not yet clear if this pattern can and will be used for the geared neutral project. New threads can be 
machined without problems. 

 
Figure 3-2: Mounting bed 

3.3.2 Electromotor 
A 4 pole asynchrone electromotor is available at the AES laboratory and can be used for the GNT 
testrig. The motor can be optionally equipped with a mechanical or electrical brake if necessary. The 
nominal speed of the motor is 1440 rpm, with a speed controller a variable speed can be obtained 
within a certain speed range. 
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Figure 3-3: 3D view of the SEW Eurodrive 11 kW electromotor 

Specifications: 
Manufacturer:  SEW Eurodrive (represented in the Netherlands by Vector Aandrijftechniek) 
Motor type:  DFV160M-4 
 
Nominal power:  11 [kW] 
Nominal speed:  1440 [min-1] 
Nominal torque:  73 [Nm] 
 
Note: no information is available about the power and torque curves of the electromotor. Further 
research and information about this will be needed in order to know the real performance. 
 
Nominal voltage:  400/690 [V] 
 
Motor inertia:  0.1 [kgm2] 
Diameter:  350 [mm] 
Length:   800 [mm] 
Mass:   84 [kg] 
 
Micro drive:  available at the AES laboratory 
Power electronics: not available 
 
To use this motor at different speeds, a MOVIDRIVE MDV60A speed controller is required. Although 
the speed can be changed with this frequency controller, the speed range has its limitations. Further 
research will have to make clear if the combination of motor and controller can fulfill the required 
speed of 3000 rpm. 

3.3.3 Flywheel 
To simulate vehicle resistance, an inertia is required at the secondary side of the GNT. Here fore a 
flywheel will be used. Because the inertia of the electric motor (0.1 [kgm2]) resembles the inertia of an 
internal combustion engine, no additional flywheel is required at the primary side of the GNT. 
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Figure 3-4: Assembly of flywheel #1 

At the AES laboratory two flywheels are available. Both will be analyzed and calculated. 
Flywheel #1: 
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Flywheel #2: 

_ 2 _ 2

_ 2
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Both available flywheels don’t match the ideal flywheel inertia of 5 kgm2.  
Some remarks on the flywheel inertia are made below: 

• Machine or buy a flywheel with an inertia of 5 kgm2. 
• Installing a second flywheel in series with flywheel #1, resulting in a combined inertia of 5 

kgm2. 
• Introducing a third reduction between the flywheel and the secondary side of the GNT. 

_1 _1
2 0.68 [ ]flywheel flywheel

transmission flywheel
flywheel transmission

J J
J r

r J
= ⇒ = = −  

 
Instead of installing a third gearbox, the original two gearboxes can be replaced by two 
gearboxes with a combined reduction of 0.68 [-]. 

• Accept the error of inertia. Due to a low inertia of flywheel #1, the acceleration of the GNT 
will be higher during launch situations. This can be regarded as a worst case scenario. So 
fulfilling the requirements with this setup will then be appropriate for real life situations. 
 
In case of an emergency situation, the flywheel inertia of 2.315 kgm2 is big enough to absorb 
the majority of the energy. For this situation a bigger flywheel is redundant. 
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Because of cost, time and dynamical issues, flywheel #1 has been regarded as the best option for use in 
the GNT testrig. 

3.3.3.1 Flywheel mounting bracket 
The existing flywheel mounting bracket must be replaced or adjusted to get the required axle height of 
354 [mm]. A cost and time efficient way of raising the flywheel is to use spacers. The spacers can be 
placed between the bearing housings and the brackets. The spacer can be made of several separate 
spacers, which will result in a total thickness of 49 mm. 

 
Figure 3-5: Detailed view of the spacer between bearing housing and bracket 

3.3.4 Mechanical brake 
According to [lit: 8] the maximum brake performance is 1000 [Nm]. 
 

 
Figure 3-6: Standard brake setup with reaction arm, force transducer and mounting plate 

The brake setup consists of two rotors and two calipers. The calipers are connected by a reaction arm to 
a force transducer. With this setup it is possible to determine the brake moment. Because a torque 
sensor will be used, this brake moment sensor is abundant. 
 
The brake will have to be raised, in order to have the correct axle height with respect to the mounting 
bed. Raising the brake setup can be done by replacing the spacer between the bearing housing and the 
bracket, by a thicker spacer. The thickness of the final spacer should be 21.1 [mm]. 

3.3.5 Gearbox 
To create axial space between the brake setup and the electromotor, gearboxes are used. Two equal 
gearboxes are available at the AES laboratory. Both have a reduction of 2.8 [-]. 
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Figure 3-7: Gearbox seen from the front and back 

No information is available about the origin of the gearboxes. Specifications are not available, 
therefore no information is available about strength and dynamics of the gearbox. The gearboxes will 
have to be analyzed to be sure that the can withstand the demanded loads. 
 
The gearbox will be bolted on a HEA – profile with a flange width of 120 mm. Because of the flexible 
couplings, no axial loads are expected. 

3.3.6 Torque sensors 
For the analysis of the Geared Neutral principle, information about the input and output power is 
required. To measure the input and output torques, torque sensors are used.  
 
With the load table of chapter 4, torque sensors can be chosen which will fulfill the requirements. 

 
Figure 3-8: HBM Torque sensors: on the left the HBM T20WM, on the right the HBM T1A 

3.3.6.1 Torque sensor primary side 
The maximum load on the primary torque sensor is 72 [Nm]. Although a 100 [Nm] torque sensor 
would already be sufficient, a 200 [Nm] sensor is readily available at the AES laboratory. Important 
specifications of the T20WM torque sensor can be found below. 
 
Specifications T20WM: 
Type of sensor:       Slip ring 
Torque overload factor w.r.t. nominal rated torque:   200% [-] 
Measuring system for speed/angle of rotation:   Optical system 
Pulses per revolution number:     360 [-] 
Minimum speed for sufficient pulse stability:   0 [rpm] 
Maximum measurable speed:     3000 [rpm] 
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Nominal rated speed:      10000 [rpm] 
Torsional stiffness CT:      32.6 [kNm/rad] 
 
This torque sensor is able to measure input speeds of up to 3000 rpm, so no additional input speed 
measurement is needed. 

3.3.6.2 Torque sensor secondary side 
The maximum load on the secondary torque sensor is 292 [Nm]. A 500 [Nm] sensor is readily 
available at the AES laboratory. The specifications of the T1A torque sensor can be found below. 
 
Specifications T1: 
Type off sensor:       Slip ring 
Torque overload factor w.r.t. nominal rated torque:   150% [-] 
Nominal rated speed:      6000 [rpm] 
Torsional stiffness CT:      27.6 [kNm/rad] 
 
To measure the secondary speed, additional speed measurement equipment needs to be installed. 

3.4 Loading conditions 
Before the design and determination of the components can begin, the maximum loads on the 
components will have to be known. The maximum loads will be determined in a worst case scenario. 
Two different load situations are distinguished: 

1. Normal geared neutral use. Fully braking and maximum input power. 
2. Emergency situation, immediately stopping the testrig. 

 
Finally, the maximum loads, speed and torque, are put together into a load table. 

3.4.1 Normal geared neutral use 
According to the specifications, the secondary pulley will be loaded up to 200 Nm. Therefore, the 
annulus will be loaded up to: 

292 [ ]a s P flywheelT T r T Nm= = =  
 
The maximum speed of the testrig components will be determined with an input speed of 3000 rpm. 

( )

,max

,max

,max ,max ,max

314 [ ]

0.42 [-]
1 280 [ ]

in

a in GN
P

rad
s

r

radr r sr

ω

ω

ω

ω ω

=

=

= − =

 

3.4.2 Emergency situation 
An emergency situation occurs when the testrig needs to be stopped suddenly because of safety 
reasons. The flywheel and electromotor will both be stopped by the brake, which can deliver a braking 
moment of 1000 [Nm]. The stored energy in the flywheel and motor will result in a reaction torque 
during deceleration. This torque will then be transmitted through al the components. The emergency 
situation needs to be determined in the worst case scenario.  
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Figure 3-9: Simplified scheme emergency situation 

1000 [ ]brake flywheel brake motor brake flywheel motorT J J T T Nmω ω= + = + =& &  
 
An emergency factor is introduced to determine the torque split between motor and flywheel. 
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The loading conditions for the specific setups can be found in the next paragraph. 

3.5 Different testrig setups with available components 
Several designs were made to improve the properties of the entire testrig. Those designs are listed 
below with advantages and disadvantages for each of them. Load tables are obtained which indicate the 
maximum torque and speeds at various positions.  

3.5.1 Setup #1 

 
Figure 3-10: Starting point testrig setup 

Disadvantages: 
• Very long driveshaft required, difficulties in driveshaft dynamics can be expected. 
• Driveshaft and electromotor coincide with each other, so physically not possible. 

 
Load table setup #1: 
Component/place Maximum torque [Nm] Maximum speed [rad/s] 
Tmotor 72 314 
Tsensor2 292 280 
Tbrake 1000 280 
Tflywheel 967 280 
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3.5.2 Setup #2 

 
Figure 3-11: Gearbox added at the secondary side of the GN CVT, to create space for the 

driveshaft. 

Advantage: 
• Space created for the driveshaft to run alongside the electromotor.  

 
Disadvantages: 

• Because of the reduction of the gearbox, the equivalent flywheel inertia will increase to 
approximately 18 kgm2 (with: 22.315 [ ];  2.8 [ ]flywheel GBJ kgm r= = − ), which is to high. 

• The efficiency of the gearbox is not known, therefore placement of the torque sensor after the 
gearbox is not ideal for the analysis of the power flow in the GN CVT. 

• Additional driveshaft and bearing required. 
 
Load table setup #2: 
Component/place Maximum torque [Nm] Maximum speed [rad/s] 
Tmotor 72 314 
Tsensor2 818 100 
Tbrake 1000 100 
Tflywheel 788 100 

3.5.3 Setup 3# 

 
Figure 3-12: A second gearbox is added to reduce the equivalent flywheel inertia w.r.t. setup #2. 

Advantages: 
• Torque transducer is placed in front of the gearbox, gearbox efficiency is not an issue 

anymore. 
• Second gearbox will reduce the flywheel inertia w.r.t. setup #2. 

 
Disadvantages: 

• The driveshaft between the brake and the first gearbox will be loaded with a torque of 830 
[Nm] 
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Load table setup #3: 
Component/place Maximum torque [Nm] Maximum speed [rad/s] 
Tmotor 72 314 
Tsensor2 292 280 
Tgb_1 817.6 100 
Tgb_2 958.7 100 
Tbrake 1000 100 
Tflywheel 342.4 280 

3.5.4 Setup #4 

 
Figure 3-13: The two gearboxes are placed directly after each other, resulting in a reduction of 1. 

Advantages: 
• Even more space is created between the electromotor and the brake setup. Now it is possible 

to replace the existing motor with a bigger one, if necessary.  
• The brake setup can be fully exploited. The output torque of the GN CVT is now limited to 

1000 [Nm]. 
 
Disadvantages 

• High torque in case of emergency situation requires a larger torque sensor at the motor side 
(see load table). 

• Alignment of the two gearboxes with each other is critical, therefore expensive. 
 
Load table setup #4: 
Component/place Maximum torque [Nm] Maximum speed [rad/s] 
Tmotor 296 314 
Tsensor2 332 280 
Tbrake 1000 280 
Tflywheel 668 280 

3.6 Optimized setup 

 
Figure 3-14: The two gearboxes are replaced by a chain drive, resulting in a short input 

driveshaft. 



 17

Advantages: 
• The space between the electromotor and the brake setup can be freely chosen by adjusting the 

chain length. The space between the input driveshaft and the chain drive housing is bigger 
than with the gearbox, allowing a bigger input driveshaft diameter. 

• Freedom in choosing the ratio of the chain drive. Therefore creating the possibility of creating 
an equivalent inertia of 5 [kgm2] with the current 2.315 [kgm2] flywheel. 

 
Disadvantages 

• A additional chain drive is a very expensive solution. 
• A separate lubrication system will have to be designed, which is time consuming and 

expensive. 

3.7 Conclusion 
The five setups will now be discussed, which will result in a final choice of setup. This setup will then 
be used for further analysis and design of new components. 
 
Setup #1 is not possible due to the space available. It is not possible to run the output driveshaft 
alongside the electromotor. 
 
Setup #2 comes with an unacceptable high equivalent flywheel inertia. The placement of the torque 
sensor will introduce an uncertainty in the measured torque, due to the unknown efficiency of the 
gearbox. 
 
With setup #4 the two gearboxes are positioned close to each other. This requires precise alignment, 
which will result in expensive and labor intensive machining and designing. 
 
The optimized setup uses a chain drive to create an axial offset. With the chain drive it is possible to 
create a wide range of ratios. By choosing the correct ratio, any equivalent flywheel inertia can be 
chosen. The chain drive is very expensive and an additional lubrication system must be applied. 
 
Setup #3 is considered to be the best setup. It is much cheaper then the optimized setup because more 
existing components can be used. Setup #3 will be used for the further research and design of the 
testrig components. Compared to the other designs, this setup has advantages in the field of packaging, 
cost, dynamics and accuracy. 
 
Further and extensive research is needed on the gearboxes and electromotor. That research can tell if 
those components can fulfill the requirements. Output speed measurement of the CVT is not yet 
available. 
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Figure 3-15: Schematic overview of the GN testrig setup #3 
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4 New components: 

4.1 Drive shafts: 
In the testrig design (setup #3), 4 driveshafts will be used, all with different requirements. The 
driveshafts are numbered according to the figure below. 

 
Figure 4-1: Numbering of the driveshafts 

All the driveshafts incorporate the same design. They consist of a tube with at both ends an axle tab, 
which can accommodate a flexible coupling. The driveshafts differ in length and shaft diameter, but 
have a minimal length of 300 [mm], in order to overcome some radial and angular play due to 
misalignment of the gearbox, brake or flywheel. 

 
Figure 4-2: Section view driveshaft #1 

The axle tabs have been designed in conjunction with the choice of the couplings. The axle tab can be 
mounted inside the tube with a light press fitting for correct alignment. Welds will provide the final 
fixation of the axle tab and tube. 
 
The driveshafts will be analyzed on the following issues: 

• Strength 
• Rotational eigen frequency 
• Bending eigen frequency 

4.1.1 Strength 
Because of the rotating motion, the driveshaft tends to bend. This will introduce a bending moment and 
bending stresses.  
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Figure 4-3: Schematic representation of the driveshaft load under bending 

The stress situations are depicted below. 

 
Figure 4-4: Representation of the stresses 

Values for the torsional and bending stresses can be found in paragraph 4.1.4. 

4.1.2 Rotational eigen frequency 

 
Figure 4-5: Schematic representation of the rotational eigen frequency 

For the calculation of the rotational eigen frequencies, the driveshafts are simplified by considering 
them hollow. The stiffness of the driveshaft is represented by dkϕ , whereas the stiffness of the 

couplings is represented by ckϕ  (note that the stiffness of the couplings is load depended) . Together 
they form a equivalent torsional stiffness: 
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1 1 1 1

c d ck k k kϕ ϕ ϕ ϕ

= + +  

 
The inertia consists of the motor inertia and flywheel inertia, both compensated for ratio changes. 
The rotational eigen frequency is then calculated with the following equation: 

( )
( )( )

motor flywheel
n

motor flywheel

k J J

J J
ϕω

+
=  

4.1.3 Bending eigen frequency 
The angular speed of the driveshaft needs to stay under the bending eigen frequency in order to prevent 
the driveshaft from resonating. 

 
Figure 4-6: Representation of the driveshaft stiffness 

By determining the deflection of the driveshaft under its own mass, the bending stiffness is known. 
With this stiffness the bending eigen frequency can be calculated. The bending eigen frequency of the 
driveshaft is determined with the following equation (no coupling stiffness included): 

b
n

k
m

ω =  

 
Figure 4-7: representation of the coupling stiffness 

In order to analyze the worst case scenario, only one coupling will be analyzed. 

c
n

k
m

ω =  

 
Unfortunately the stiffness of the couplings is unknown; therefore no complete vibration analysis can 
be executed. Instead of this analysis, the mounting instructions of the manufacturer (Rotex) will be 
followed, e.g. the alignment of the couplings with respect to each other. The driveshaft can be run 
safely when these instructions are met. 
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4.1.4 Results 
Driveshaft #1: 
Diameter and wall thickness:  Ø50 x 3 [mm] 
Length:      370 [mm] 
Maximum angular speed:   314 [rad/s] 
Minimum eigen frequency: 
 Torsional:   320 [rad/s] 
 Bending driveshaft:  3485 [rad/s] 
Strength:     
 Torsional wτ :   7.33 [N/mm2] 

 Bending bσ :   150 [N/mm2] 
 
Driveshaft #2: 
Diameter and wall thickness:  Ø70 x 5 [mm] 
Length:      300 [mm] 
Maximum angular speed:   100 [rad/s] 
Eigen frequency: 
 Torsional:   274.3 [rad/s] 
 Bending driveshaft:  6969 [rad/s] 
Strength: 
 Torsional wτ :   26.4 [N/mm2] 

 Bending bσ :   12.4 [N/mm2] 
 
Driveshaft #3: 
Diameter and wall thickness:  Ø70 x 5 [mm] 
Length:      300 [mm] 
Maximum angular speed:   100 [rad/s] 
Eigen frequency: 
 Torsional:   314 [rad/s] 
 Bending driveshaft:  6212 [rad/s] 
Strength: 
 Torsional wτ :   31 [N/mm2] 

 Bending bσ :   14.2 [N/mm2] 
 
Driveshaft #4: 
Diameter and wall thickness:  Ø65 x 5 [mm] 
Length:      300 [mm] 
Maximum angular speed:   280 [rad/s] 
Eigen frequency: 
 Torsional:   450 [rad/s] 
 Bending driveshaft:  7403 [rad/s] 
Strength: 
 Torsional wτ :   68 [N/mm2] 

 Bending bσ :   13 [N/mm2] 
 
No problems occur with the stress values. The eigen frequencies lay above the maximum angular 
speed, no problems expected with the eigen frequencies. 

4.2 Couplings: 
To connect the several rotating components together, 3 types of couplings will be used. 
 

• Bellow couplings will be used (specified by HBM for the T20WM) to connect the HBM 
T20WM torque sensor (available at the AES laboratory). The axle tab on which the coupling 
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will be mounted should have a j6 tolerance to obtain the H7/j6 preference fit (as prescribed by 
HBM). 

 
• Curved tooth couplings will be used to connect the HBM T1A torque sensor (available at he 

AES laboratory). Simple flanges will have to be designed in order to mount the coupling to 
the gearbox. 

 
• KTR Rotex couplings will be used to connect the driveshafts (KTR Rotex couplings will have 

to be bought). 
 
For safe operation of the driveshaft, the bending angle of the driveshaft should be smaller than the 
prescribed value (φ > ∆Kw). See figure below. 
 

Driveshaft #1: 
Hub:  KTR Rotex 48 
Spider:  98 Shore A 
Tnominal:  310 [Nm] 
ωnominal:  5600 [rpm] 
kφc:  24000 [Nm/rad] 
∆Kw:  0.9 [deg] 
φ:  0.15 [deg] 
 
Driveshaft #2: 
Hub:  KTR Rotex 55 
Spider:  64 Shore D 
Tnominal:  825 [Nm] 
ωnominal:  4750 [rpm] 
kφc:  107920 [Nm/rad] 
∆Kw:  1.0 [deg] 
φ:  0.007 [deg] 
 
Driveshaft #3: 
Hub:  KTR Rotex 65 
Spider:  64 Shore D 
Tnominal:  1175 [Nm] 
ωnominal:  4250 [rpm] 
kφc:  151090 [Nm/rad] 
∆Kw:  1.0 [deg] 
φ:  0.0083 [deg] 
 
Driveshaft #4: 
Hub:  KTR Rotex 42 
Spider:  98/95 Shore A 
Tnominal:  450 [Nm] 
ωnominal:  6000 [rpm] 
kφc:  54500 [Nm/rad] 
∆Kw:  0.8 [deg] 
φ:   0.0426 [deg] 
 
The couplings will be mounted on the axle tabs using a key (according to DIN 6885 Sheet 1). 
φ > ∆Kw applies for all couplings, so no problems are expected. 

4.3 Bearing 
Driveshaft #1 will have to be supported in order to keep the torque sensor in place. The support should 
be as close as possible to the torque sensor side, to minimize the effect of radial play at that side. 
For the support, a self aligning bearing will be used. The bearing housing will be placed in a vertical 
position because of packaging problems. The bearing requires a j6 tolerance for the shaft. 
 
FAG Bearing: 
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Bearing type:   162 
Housing type:   P209 
Combined mass:   2.53 [kg] 
Maximum speed:   4300 [rpm] 

 
Figure 4-8: Design proposal for the bearing support 

To mount the bearing housing, a support has been designed. Strength calculations are not available and 
will have to be made. 

4.4 Conclusion: 
The 4 driveshafts will have to be made from scratch. Care has been given about the eigen frequencies 
of the driveshafts, to prevent danger during testing. Calculations show that the driveshafts can 
withstand the loading conditions and don’t cause problems with eigen frequencies.  
 
The bending angle of the driveshafts is small enough to commit to the requirements of the 
manufacturer for safe operation. Strength calculations for the brackets are still required to verify the 
design. 
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5 End conclusion 
Several testrig setups have been investigated. Advantages and disadvantages have been compared. 
Setup #3 has been considered as the best setup. Al further analysis and designs where based on this 
setup. 
 
The geared neutral mechanics were studied and together with the speed and torque requirements this 
resulted in a load table. This load table defined the specifications for each separate component.  
 
The testrig is mainly composed with existing components to keep the total cost low. Some components 
are designed from scratch. 
 
The goal was to design a testrig which has the dynamics of a real vehicle. This goal can’t be fully met, 
due to the relatively low flywheel inertia. Increasing the flywheel inertia will influence the rotational 
eigen frequency of the driveshafts in a negative way, which will limit the operating range of the GN 
CVT. 
 
All the calculations and designs result in a final setup, which is depicted below. 

 
Figure 5-1: End result of testrig setup #3 

Eigen frequencies form no problem within the prescribed operating range. Strength calculations don’t 
lead to problems. 
 
Recommendation: 
Although the main design of the testrig is ready, a lot of research still has to be done. 
• Research on the gearboxes; can they withstand the torque loads and speeds? 
• Research on the electromotor; what is the maximum speed of the motor and how is the power 

curve defined? 
• Strength calculations on the bearing support. 
• Strength calculations on the driveshaft welds. 
• Research on the actuation of the brake. 
• Dynamical analysis of the entire testrig. 
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