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Abstract 

Continuous improvements are of great importance in the heavy vehicle industry. The 

implementation of the use of test rigs in the design and improvement processes allows to 

highlight and isolate detrimental phenomena on a given assembly. The hydraulic steering 

installation is the source of noise and vibrations and requires the use of a test rig to determine 

the causes of this phenomena and allow the definition of a solution. What is wanted as an 

outcome from this thesis is a test rig, as automated as possible, for determining the causes of 

the noise and vibrations in the steering installation. 

The used software for the design of the test rig is CATIA V5 has allowed to create an 

environment that recreates the structure of the hydraulic steering assembly in a truck. In a first 

part of the work, measurements have been performed on a real test truck, in order to highlight 

the phenomena that should be recreated by the test rig. In a second part a set of requirements 

defining the constraints with which the elements of the rig have to cope has been set, in order 

to permit the definition of the sub-systems of the test rig. Following the set requirements, and 

using the elements of a hydraulic steering installation a 3D design of the test rig has been 

designed and load components fitting the demand have been chosen. 

The outcome of this thesis has been a fully working acoustic servo steering rig for a left hand 

drive truck equipped with a straight six engine. 

 

Key words: CAD, Steering, Test rig, Catia V5, Noise, Vibration  
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1 Introduction 
The purpose of this chapter is to give an introduction to this Master Thesis through a 

definition of the problem area, the purpose of the thesis and the limits encountered. Finally, 

the outline of the thesis will be presented. 

 

1.1 Problem area 
In the vehicle industry as well as in the heavy vehicle industry, there is a constant 

development in the field of noise and vibration harshness with the goal to achieve high driver 

comfort and low noise emissions. This requires an understanding of how noise producing 

parts behave on their full range of use and how they interact with their environment. All 

hydraulic systems generate more or less noise, the steering servo hydraulic installation is no 

exception. An example of a truck steering environment is shown in Figure 1. 

 

Figure 1 - Truck steering environment 

To be able to determine the main sources of noise and vibrations of the steering servo 

hydraulic installation and tune it in order to reduce the vibrations generating noise as close to 

the source as possible, Scania searches for an alternative to real truck field tests in order to do 

the tuning of the steering installation. Such an alternative would consequently allow more 
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refined test results through an extraction of the steering assembly from its environment, which 

is also an external source of noise and disturbances thus perturbing measure campaigns. 

The solution proposed should therefore allow an easy part change, measurements in term of 

pressure pulsations, pressure drop, acceleration, temperature and sound in a varied set of 

constraints from temperature to loads. 

The alternative must be designed in such a way that it is compact, movable, be able to handle 

different steering installation types, power a hydraulic servo pump and be able to load the 

steering gear with variable loads. It must be easy to mount relevant sensors and measurement 

systems. This system that shall be built as a test rig must be designed in such a way that the 

components can handle a wide temperature span. The test rig should also comply with the 

requirements necessary to obtain the CE marking. 

 

1.2 Purpose and delimitations 
The purpose of the steering servo hydraulic test rig is to be able to perform load test on the 

steering gear in a varied range of conditions in order to highlight the causes of the noise and 

vibrations produced by the steering hydraulic installation, and test and verify the design 

changes that have been made to reduce the noise and vibrations. The test rig shall be used to 

apply loads and constraints on the output shaft of the steering gear as well as on the input 

shaft of the steering pump. The goal is to be able to study the phenomena produced by the 

different sets of working conditions that the rig shall be able to reproduce by varying the input 

pressure in the steering system and the resistive constraints on the steering gear. 

The study shall be limited to the steering gear assembly used on a 4x2
1
 truck, left hand drive 

(single front axle, left hand drive with one hydraulic circuit). Given the fact that a right hand 

drive is partly symmetrical to the left hand drive assembly (only the steering gear is 

symmetrical), it can be assumed that the results for a right hand drive test rig would be 

slightly impacted by the different hydraulic circuit. 

Due to the limited number of steered axles in the case studied, further studies might be 

necessary to be able to use the test rig for the steering environment of a truck with more than 

one steered axle. 

 

2 Background 
While under use, the hydraulic steering circuit is the source of a significant number of 

phenomena that shall be possible to reproduce through the use of the hydraulic servo steering 

rig. A non-exhaustive list of these phenomena includes: 

                                                 
1
 4x2: Four set of wheels (2 axles) with 2 driven wheels 
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- Hizz noise 

- Growling 

- Vibrations and noise in the steering wheel 

- General hydraulic noise 

2.1 Phenomenon 
The noise and vibrations in the steering gear are good examples of the phenomena that shall 

be  reproduced by the hydraulic servo steering rig. When maneuvering the truck and turning 

the steering wheel, the driver can feel a slight vibration and hear a medium pitched sound 

coming from the steering wheel. This phenomenon appears on a broad range of engine rpm, 

with a variation of the noise and vibrations’ intensity depending on the engine rpm. This can 

also be felt all over the temperature range of the steering assembly, from the -20˚ Celsius to 

an oil temperature over 100˚ Celsius. Moreover, this phenomenon is slightly stronger when 

turning the steering wheel to the left than when turning to the right. 

 

2.2 Set up 
In order to be able to narrow the possible causes of the noise and vibrations experienced by 

the driver, a test set up has to be defined on a complete test vehicle (see Appendix 5 and 

Appendix 6). This set up has to include all the parameters that could be involved in the 

creation of the steering wheel vibration, have an impact on its variation and help quantify the 

noise and vibration levels.  

Those parameters can be divided into two main parts: 

 Input parameters: 

o Engine rpm 

o Steering pump rpm (see Equation 2) 

o Steering wheel angle 

o Steering oil temperature 

 Output parameters 

o Pressure at the steering gear 

o Pressure at the steering pump 

o Acceleration of the steering gear outer casing 

o Acceleration on the steering wheel 

The position of the different measuring points is displayed in Figure 2.  
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Figure 2 - Measurement set up 

2.3 Measurements 

2.3.1 Equipment 

In order to perform measurements on a test truck the following equipment has been used: 

- Pressure sensors  

o At the steering pump 

o At the steering gear 

- Accelerometers 

o Glued on the steering gear, measuring accelerations along the vertical axis 

o Attached to the steering wheel hub with wax, measuring accelerations in the 

direction perpendicular to the surface of the hub 

- CAN signals 

o Engine speed 

o Steering wheel angle 

o Steering oil temperature 

- DEWE 43 measurement appliance coupled with a laptop and Dewesoft X 
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2.3.2 Protocol 

The measurements have been performed on the truck through the following methods: 

- A sinusoidal movement of the steering wheel around the 0 degree position, with an 

amplitude of approximately 300 degrees for the following engine speed [500, 1000, 

1500] RPM. 

- A sinusoidal movement of the steering wheel around the +500 degrees position, with 

an amplitude of approximately 300 degrees for an engine speed of 1000 RPM. 

- A sinusoidal movement of the steering wheel around the -500 degrees position, with 

an amplitude of approximately 300 degrees for an engine speed of 1000 RPM. 

Table 1 describes which tests have been performed and the conditions of realization. 

Method Sinus 0 degree Sinus +500 degrees Sinus -500 degrees 

Engine Speed 

[RPM] 
500 1000 1500 500 1000 1500 500 1000 1500 

Number of cycles 12 9 9 0 8 0 0 8 0 

Measurement 

duration [s] 
24 24 24 x 25 x x 25 x 

Table 1 - Measurement methods and cases 

Figure 3 represents the sinusoidal movement applied to the steering wheel while performing 

measurements. 

 

Figure 3 - Test method 
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While turning the steering wheel, it can be observed that the noise and vibrations felt have a 

different intensity depending on if the driver is turning left or right. The measured signals will 

consequently have to be decomposed in order to differentiate the impact of left turns and right 

turns.  

In order to filter out the vibrations and noise produced by the surrounding environment in the 

truck (engine, fan, exhaust), the measured signals are preprocessed in Dewetron using a band-

pass filter. The passing band of the filter is zoomed onto the frequency of the steering pump, 

hence allowing to obtain the noise and vibrations resulting from the hydraulic installation.  

The steering pump frequency is the following: 

      
       

  
        

Equation 1 - Pump frequency depending on engine speed 

For one complete rotation of its input shaft, the pump produces 10 pulsations. The pump 

rotates 1.7 times faster than the engine, due to the gear ratio between the pump gear and the 

engine’s flywheel. 

Table 2 regroups the target frequencies used to filter out the vibrations measured by the 

accelerometers. 

Engine speed [Rpm] 500 1000 1500 

Pump frequency 

[Hz] 

141,6 283 425 

Filter passing band 

[Hz] 

120-150 275-305 410-440 

Table 2 - Pump frequency target 

The next step is to decompose the signals in two parts for left turns and right turns, both for 

the acceleration measured at the steering gear and the acceleration at the steering wheel. In 

order to differentiate the left turn from the right turns, the steering wheel angle is used. When 

the derivative of the angle is positive, as the angle is rising towards positive angles, the wheel 

is turning left, hence allowing to cut the signal using the following function: 

for j=1:(floor(n)-1) 
    if(Steer_wheel_deriv(j)>0)  
        a(j)=1; 
    else 
        a(j)=0; 
    end 
end 

 

The signal vector has then to be multiplied by a step function a(j) in order to select the left 

turns, a similar function can then be used to select right turns. 

When the signal is divided in two parts, it is necessary to isolate each left turn and each right 

turn, in order to determine their RMS value and obtained the energy of the vibrations. Once 
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the RMS value for each turn is obtained, the mean RMS value for left and right turns can be 

obtained for each set of measurements using the same number of left and right turns, i.e. one 

engine speed and a sinusoidal maneuver on the steering wheel, allowing a comparison 

between left and right turns for each method, and comparisons between engine speeds and 

angular positions. 

 

2.4 Analysis 

2.4.1 Behaviour 

 500 Rpm 

Figure 4 represents the superimposed plots of the vibrations at the steering gear and the 

steering wheel, and steering wheel angle depending on time. The vibration at the steering 

wheel is multiplied by 100 to make it visible on the graph. It is possible to observe that there 

is no obvious correlation between the two measured vibrations, the maxima are not situated at 

the same angles. 

 

Figure 4 - Acceleration at the steering wheel and steering gear 

The blue curve represents the measured vibrations on the outer casing of the steering gear at 

an engine speed of 500 Rpm. The driver is turning left when the steering wheel angle 

increases towards positive values. It is possible to see that the phenomenon described 

previously is not clearly visible on the steering gear at a speed of 500 Rpm, there is no 
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obvious difference of vibration intensity between a left and a right turn. It is, though possible 

to observe peaks of vibrations when the driver shifts from turning left to right and from right 

to left. 

The red curve represents the measured vibrations on the hub of the steering wheel at an 

engine speed of 500 Rpm. In the case of the steering wheel, the difference between left and 

right turns in terms of vibrations is more visible. The steering wheel vibrates all along the 

rotation to the left at a higher level than for right turns, whereas right turns can be 

characterized by a peak of vibrations at the beginning of the turn, followed by a lower level of 

vibration along the rotation. 

 1000 Rpm 

Figure 5 represents the superimposed plots of the vibrations at the steering gear and the 

steering wheel and steering wheel angle depending on time. The vibration at the steering 

wheel is multiplied by 10 to make it visible on the graph. It is possible to observe that effect 

on the steering wheel at 1000 Rpm is clearly different from left turns to right turns, whereas 

the distinction between left and right runs on the steering gear is less clear. 

 

Figure 5 - Acceleration at the steering wheel and steering gear 

The blue curve represents the measured vibrations on the outer casing of the steering gear at 

an engine speed of 1000 Rpm. No strong differences can be observed between left and right 

turns, though peaks of vibrations appear when switching turning direction. 
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The red curve represents the measured vibrations on the hub of the steering wheel at an 

engine speed of 1000 Rpm. In this case, the difference between left and right turns is highly 

visible, with strong vibrations when turning to the left compared to vibrations when turning to 

the right. It is also possible to observe a slightly delayed peak of vibration when switching 

directions. 

 1500 Rpm 

Figure 6 represents the superimposed plots of the vibrations at the steering gear and the 

steering wheel and steering wheel angle depending time. The vibration at the steering wheel is 

multiplied by 100 to make it visible on the graph. It is possible to observe that effect on the 

steering wheel at 1500 Rpm is clearly less impacted than the steering gear from left turns to 

right turns but coinciding minimums of vibrations can be observed when passing through the 

0 degree position. 

 

 

Figure 6 - Acceleration at the steering wheel and steering gear 

The blue curve represents the measured vibrations on the outer casing of the steering gear at 

an engine speed of 1500 Rpm. Strong differences can be observed between left and right 

turns, through peaks of vibrations three times bigger for left turns. The increase of the 

vibration levels coincides with the increase of the angle with a steep decrease when the 

direction changes. 
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The red curve represents the measured vibrations on the hub of the steering wheel at an 

engine speed of 1500 Rpm. No obvious differences can be observed between left and right 

turns, though peaks of vibrations appear when switching turning direction. 

 RMS values 

The results of the measurements and the data processing are gathered in the following table: 

Table 3 gathers the mean RMS values obtained for each measured case. It allows a 

comparison between left and right turns at the gear and the steering wheel for each engine 

speed. The factor L/R represents the difference in terms of energy between left and right turns 

for a given case. The higher the factor is, the higher the difference in noise and vibration 

feeling is between a left and a right turn. The figures in Table 3 highlight the fact that in the 

majority of the cases, the vibrations are stronger when turning to the left, but can be higher in 

some cases when turning to the right. 

Rpm Test Object Direction RMS value Factor L/R 

500 Sinus 0 

Gear 
Left 8,50E-03 

0,7203 
Right 1,18E-02 

Wheel 
Left 2,75E-05 

0,8058 
Right 3,41E-05 

1000 

Sinus 0 

Gear 
Left 3,85E-02 

1,6176 
Right 2,38E-02 

Wheel 
Left 1,70E-03 

3,9734 
Right 4,28E-04 

Sinus +500 

Gear 
Left 3,96E-02 

0,9730 
Right 4,07E-02 

Wheel 
Left 1,10E-03 

1,0000 
Right 1,10E-03 

Sinus -500 

Gear 
Left 4,79E-02 

1,4471 
Right 3,31E-02 

Wheel 
Left 9,58E-04 

1,0388 
Right 9,22E-04 

1500 Sinus 0 

Gear 
Left 1,39E-01 

3,4663 
Right 4,01E-02 

Wheel 
Left 1,50E-04 

1,7643 
Right 8,53E-05 

Table 3 - Vibrations RMS values 
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Figure 7 shows the results extracted from Table 3, it allows a comparison of the RMS levels 

for left and right turns at the steering gear depending on the situation, and highlights the cases 

where the vibrations have the more energy. 

 

Figure 7 - Vibration RMS values at the steering gear 

It is clear that the highest levels of vibration at the gear on the average appear at an engine 

speed of 1500 Rpm, with a RMS value for a left turn 3,46 times higher than for a right turn. 

For the rest of the cases the levels of vibration remain slightly around and below 0,04, with a 

left turn creating slightly more vibrations on the average. 
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Figure 8 shows the results extracted from Table 3, it allows a comparison of the RMS levels 

for left and right turns at the steering gear depending on the situation, and highlights the cases 

where the vibrations have the more energy. 

 

Figure 8 - Vibration RMS values at the steering wheel 

It is clear that the highest levels of vibration at the gear on the average appear at an engine 

speed of 1000 Rpm, with a RMS value for a left turn 3,97 times higher than for a right turn 

when in the case of a sinusoidal maneuver around 0 degree with the steering wheel. 

Regarding the average of the RMS value, it is more than 5 times higher at 1000 Rpm than for 

the other engine speeds. 

 Conclusion 

The results obtained from the treatment of the measurements allow to draw a partial 

conclusion regarding accelerations in the steering assembly. The fact that vibrations can be 

higher for some right turns at the gear whereas the overall trend for the gear and steering 

wheel is that left turns produce more vibrations, shows that the steering gear position and 

direction might not be optional.  
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3 Rig design 
The following chapters will describe the design and the choice of the different components 

and assemblies involved in the development of the steering servo hydraulic installation test 

rig. Figure 9 shows an overview of the full steering rig. 

 

Figure 9 - Full steering rig overview 

3.1 Steering pump servo drive 

3.1.1 Determination of the electric servo drive 

 Requirements 

In order to perform tests on the steering subsystem, a power input that replaces the truck’s 

engine has to be defined. On a regular truck, the steering servo pump is driven directly 

through a gear by the crankshaft, giving the following relation between the engine rotational 

speed and the steering pump speed : 

                    

Equation 2 - Pump speed a function of engine speed 

On the test rig, the pump’s power input has to be replaced by an electric motor to keep the rig 

compact and mobile. The driving solution used in order to link the power input to the steering 

pump will be described in Chapter 3.1.2Motor coupling. 
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The following part describes the methodology used to define the requirements the electric 

motor has to fulfill. 

In order to choose an electric motor, the following data has to be determined: 

- Maximum power level consumed by the steering pump 

- Maximum torque requested by the steering pump 

- Overall Rpm range of utilization 

This has been done through the use of power consumption measurements [1] performed on a 

truck in different driving situations using a 16L/min ZF variable displacement servo steering 

pump : 

- Highway driving 

- City driving 

- Mixed driving 

The data obtained consists in power consumption curves dependent on the engine speed and 

steering pump pressure. The power consumption has been measured at the steering pump. 

Figure 10 represents the power consumption curves of the steering pump. It can be seen that a 

higher pressure in the steering circuit and higher rotational speeds imply a higher power 

consumption. 

 

Figure 10 - Power consumption of the steering pump depending on speed and pressure 
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It is then possible to determine the maximum power input required by the system and the 

necessary maximum torque through the following formula : 

                 
  

         
  

Equation 3 - Pump torque demand as a function of pump power consumption 

 

The maximum power level obtained is the following:                       at a 

rotational speed of the pump of 3065 rpm and a pressure output of 190 bar. 

The maximum torque input required is the following:                    at a rotational 

speed of the pump of 596 rpm. 

The rpm range of utilization obtained is the following:                which 

corresponds to a rpm range of                 . 

Figure 11 shows the torque demand on the variable displacement steering pump depending on 

its rotational speed and on the pressure in the steering circuit. As the pressure increases in the 

circuit, the torque demand increases, with high loads at low rotational speeds.  

 

Figure 11 - Torque demand on the steering pump as a function of RPM 

 

 Motor choice 

o Introduction to servomotors 

In the following part, a short description of synchronous servomotors will be given in order to 

allow an approval of the motor choice. 
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Synchronous servomotors are basically AC
2
 brushless servo motors, which consists in a rotor 

with permanent magnets and a three phased stator. In a synchronous motor, the magnetic field 

of the rotor is in phase with the stator’s magnetic field. Synchronous servomotors have the 

following typical features [2]: 

- Over 95% of efficiency at full power 

- The rotor’s permanent magnets create no heat build-up in the rotor and thus only the 

stator produces heat allowing easy cooling solutions 

- The standard AC induction motors are inexpensive 

- Servomotors can produce a torque overload that is generally up to 2-5 times their 

standstill torque for short periods of time 

Figure 12 [3] shows the general torque curve of a synchronous servomotor. A synchronous 

servomotor can basically be described by two of its features, its standstill torque and its 

maximum torque. 

 

Figure 12 - Torque curve of a synchronous servomotor [3] 

The standstill torque is the torque at zero speed and is slightly higher than the servomotor’s 

nominal torque which is the torque available at nominal speed. The maximum torque is the 

overload torque that the motor can produce for short period of time; it is generally up to 2 to 5 

times the nominal torque. As shown on Figure 12 - Torque curve of a synchronous 

servomotor Figure 12, the torque available over the motor’s speed range is continuous, which 

allows a wide use of synchronous servomotors. Moreover, the overload periods can be 

extended through a proper cooling of the motor as the main limit in terms of overload use is 

the motor’s temperature. This obstacle is easily passed due to the fact that synchronous 

servomotors have only their stator powered, which means that only the stator has to be cooled. 

 

                                                 
2
 AC : Alternative Current 
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o Choice 

The choice has been made in the product range of the motor manufacturer BoschRexroth. The 

choosing method has been based using the following type of data: 

- Torque at standstill in N.m 

- Maximum torque in N.m 

- Continuous torque at standstill in A 

- Maximum current in A 

- Maximum speed in rpm 

In order to drive the steering pump, the motor had to have a torque at standstill high enough to 

cope with most of the pressure demands over the speed range and a maximum torque higher 

than the maximum torque demand. 

A first choice has be done following the requirements above and led to the following motor 

described in Table 4: 

Supplier Model Maximum speed 

[rpm] 

Torque at 

standstill [N.m] 

Maximum 

torque [N.m] 

Continuous 

current at 

standstill 

[I] 

Maximum 

current [I] 

Boschrexroth MSK101D-

0300 

4600 50 160 30,6 137,7 

Table 4 – Preliminary motor choice 

This motor had a torque at standstill that covered up to 87% of the cases described in Figure 

11 and needed only an overload of 62,5% of its maximum torque to supply the steering pump 

in power at high pressures and low rpm. 

Nevertheless, this motor did not meet the main requirement of the rig, to be mobile in order to 

be tested in different situations. 

In fact, in order to keep the rig mobile, it had to fulfill the following requirements: 

- An overall current consumption of the rig below 25A 

- A motor continuous current consumption below 20A 

This is due to the electronic equipment necessary to supply the motor in electricity. Below 

25A, the electric drive can still be plugged on a regular three phased power supply. If the 

current consumption exceeds 25A, a set of safety equipment has to be added to the motor 

supply and electricity cannot be fed anymore through standard diameter cables. 

In order to supply the rig in electricity, an electric cabinet with current safety breakers and 

feeding cables with an increased diameter would have been necessary, thus preventing the rig 

from being mobile. 
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In order to cope with the electrical limitations of the rig, the following two motors, specified 

in Table 5  have been chosen : 

Supplier Model Maximum speed 

[rpm] 

Torque at 

standstill [N.m] 

Maximum 

torque [N.m] 

Continuous 

current at 

standstill [I] 

Maximum 

current 

[I] 

Boschrexroth MSK100C-

0200 

3500 38 148 17,7 79,7 

Boschrexroth MSK100D-

0300 

3000 48 187 20,7 93,2 

Table 5 - Motor choice 

Figure 13 below shows the torque available for the two motors shown above as regard to the 

torque demand of the steering pump over the range of speed. It is possible to observe that 

those two motors cannot reach the maximum torque demands at low speeds with their 

standstill torque. Nevertheless, considering the current margin taken compared to the 

available feeding current, it is possible to make the hypothesis that those points could be 

reached while remaining below the 25 Amps limit. 

 

Figure 13 - Available torque of the motors as regard to the torque demand 

The vertical lines on Figure 13 represent the actual speed range used on a regular truck. It 

corresponds to a range of rpm on the pump from 850rpm to 3000rpm, equivalent to 500rpm 

(engine speed at idle) to 1800rpm for the truck engine. 

o Quotation 

A set of motors now chosen, a quotation request including the chosen motors paired with the 

requirements that have to be fulfilled has been sent to Bosch Rexroth. This allowed to 



Master Thesis  2014-07-07 
 Dept. of Aeronautical and Vehicle Engineering 

 KTH, Royal Institute of Technology, Stockholm, Sweden 

 

19 

 

determine if the chosen motors coupled with their designated drive would fulfill the torque 

and speed demands within the limits set above. 

On one hand the conclusion drawn was that the conditions set above whether in torque or 

current could not be fulfilled as the drive would require a higher current level to power the 

motor. On the other hand a smaller motor (see Table 6) could be used to drive the steering 

pump of the rig according to Bosch’s data when coupled with the drive above, allowing a 

weight decrease of respectively 22 and 11kg compared to the MSK100D-0300 and the 

MSK100C-0200. 

Supplier Model Maximum speed 

[rpm] 

Torque at 

standstill [N.m] 

Maximum 

torque [N.m] 

Continuous 

current at 

standstill 

[I] 

Maximum 

current [I] 

Boschrexroth MSK100B-

0400 

4500 28 102 24,5 106,7 

Table 6 - Recommended motor 

 

o Equipment 

The motor, finally chosen, has been defined using the requirements set above and through a 

quotation from Bosch Rexroth and has been coupled to a servodrive from Bosch Rexroth’s 

range to maximize its abilities. 

The solution proposed by Bosch had consequently an impact on the requirements applied to 

the rig. In fact, the use of the specified drive the HCS03.1E-W0070 Servodrive implied an 

increase of the necessary feeding current. In order to use this servodrive a 50A fuse was 

required thus implying a higher feeding current for the motor than the level defined to keep 

the rig mobile. 

So as to keep the rig mobile and usable in a large variety of test rooms, the maximum feeding 

current had been set to 25A, current that was available in most test facilities thus allowing 

changing room easily. 

The new set up, on the contrary, limits highly the possibilities of use as the required feeding 

current goes up to 63A consequently reducing the possibilities of use as it implies a stronger 

feeding circuit in the test facility. Nevertheless, the rig can remain mobile as far as its 

electrical cabinet remains fastened to the rig itself and locked. This implies the adding of an 

electrical cabinet with the following dimensions: 

- Height : 1200mm 

- Width : 1000mm 

- Depth : 400mm 

With room enough below the cabinet for the power chord to pass without risks of crushing, 

chafing, while the rig is transported. 



Master Thesis  2014-07-07 
 Dept. of Aeronautical and Vehicle Engineering 

 KTH, Royal Institute of Technology, Stockholm, Sweden 

 

20 

 

3.1.2  Motor coupling 

 Coupling comparison 

In order to drive the pump using the electric motor a coupling solution has to be found. To be 

able to fit the motor on a large range of pumps, in case the rig would be used with a different 

set up, a simple and general solution has to be found to couple the motor and the pump. To do 

so, the following solutions could be used: 

- Pulley-belt assembly 

- Chain-sprocket 

- Geared transmission 

- Direct coupling 

Table 7 allows a comparison between the four coupling solutions defined above. The higher 

the total value is, the easier the solution can be used.  

Solution Adaptability Number of parts 

involved 

Required space Price Total 

Level 1 (low) to 5 

(high) 

1 (high) to 5 (low) 1 (high) to 5 

(low) 

1 (high) to 5 

(low) 

 

Pulley-belt 1 2 (>3) 1 2 6 

Chain-

sprocket 

1 2 (>3) 1 2 6 

Gears 2 4 (~2) 2 1 9 

Direct 

coupling 

5 4 (~2) 3 4 16 

Table 7 - Motor coupling solution comparison table 

The adaptability level describes the ability of the solution to be employed with a broad range 

of pumps or motor. The adaptability is thus rather small for pulley-belt and chain sprocket 

assemblies due to the geometry issues inherent to these solutions; a different pump may 

require a different set of pulleys/sprockets and this solution implies strong modifications on 

the assembly of the pump. The geared assembly has a higher adaptability as it can reuse the 

gear already existing on the pump but requires a rather complicated assembly to allow the 

movement of the gears. The direct coupling, on the contrary can use the pump assembly in its 

prime state. It only requires a simple adaptor, and this adaptor could be the only part that 

would need a modification between two different pump set ups. 

The number of parts level describes the necessity of adding parts to the standard assembly in 

order to drive the pump. The pulley-belt and chain-sprocket assemblies are similar in this field 

as those two solutions are highly similar. Those two solutions imply at least three parts to 

couple the motor with two pulleys and a belt (two sprockets and a chain) equipped with a 

tensioning sub-assembly. The geared assembly can reuse the existing gear on the steering 

pump thus copying the solution used on the truck thus limiting the number of parts involved. 

The direct coupling cannot be directly used with the pump’s present state, it requires an 

adaptor to link the gear to the motor’s shaft, thus limiting the necessary parts to two including 

the coupling itself. 
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The required space level describes the volume that is necessary to be able to couple the 

steering pump and the electric motor. The pulley-belt and chain-sprockets assemblies imply a 

large volume to allow the coupling between the motor and the pump as they require a large 

number of parts and defined distance between the two pulleys/sprockets. The geared coupling 

takes in itself less space than the chained/belted assembly due to the fact that only the 

additional gear takes place, but this solution implies that the motor does not face the pump 

thus taking a large volume. The direct coupling in itself allows having the motor facing the 

pump thus reducing the space taken on the sides of the pump but creates a distance between 

the pump and the motor, consequently requiring a large volume. 

 The price of the solutions is highly linked to the three characteristics described above: the 

higher the complexity and the higher the number of parts, the higher the price of the solution 

is.  

 Coupling choice 

Taking in account the results described in Table 7, the direct coupling has the more 

advantages as it implies a low level of complexity, thus a lower price than the other solutions. 

Moreover, the elastic coupling has a lower impact on the measurements as the other solutions 

may produce noise while in movement, hence impacting the noise measurements of the rig 

Consequently, in order to transmit the rotational movement a standard elastic coupling will be 

used. However, in order to use a standard coupling, that is to say a shaft to shaft link, a 

solution has to be found to add a shaft to the pump. 

In the present situation, the pump’s shaft is conical and then threaded thus preventing any use 

of a standard coupling. Moreover, this shaft differs from pump to pump, thus making a single 

solution impossible. On the other hand, the driving gear of the steering pump remains the 

same from pump to pump allowing the use of a single solution for the whole range of pumps. 

Using the driving gear, a simple adaptor can be built, thus allowing the adding of a 

transmission shaft for the elastic coupling.  

 

 

 

 

 

 

 

 



Master Thesis  2014-07-07 
 Dept. of Aeronautical and Vehicle Engineering 

 KTH, Royal Institute of Technology, Stockholm, Sweden 

 

22 

 

Figure 14 shows the steering pump assembly and the steering pump’s driving gear (in grey). It 

is possible to see that the steering gear offers possibilities of adaptation using its broad flat 

surface as a contact surface for an adaptor. 

 

Figure 14 - Steering pump and its driving gear 

Figure 15 shows the adaptor’s design solution. Through its simple design it allows the user to 

mount it on the whole range of pumps as the only modification that has to be made on the 

steering pump assembly is the drilling of the 4 mounting holes into the driving gear. 

Moreover the shaft diameter has been set to 32mm allowing a symmetrical coupling. 
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Figure 15 - Pump to elastic coupling adaptor 

A standard elastic coupling can now be found in the product range of Aratron (see Appendix 

1). 

The requirements that have to be met by the coupling are the following: 

- The maximum transmissible torque is set to 100N.m. 

- The maximum rotational speed should allow a speed of 3500 rpm. 

- The inner diameter is 32mm for both shafts. 

The following coupling, described in Table 8, with clamping hubs fits the demands above: 

Supplier Ref. Size Shaft 

diameter 

[mm] 

Maximum 

transmissible 

torque [N.m] 

Tightening 

torque [N.m] 

Maximum 

speed 

[Rpm] 

Aratron 28/940.000/32/32 28 32/32 133 25 8500 
Table 8 - Coupling choice 
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Figure 16 shows the full coupling of the electric motor to the pump. 

 

Figure 16 - Full coupling assembly solution 

In order to verify, that the adaptor would withstand the torque applied by the motor, a set of 

FEM calculations has been done on the adaptor. Figure 17 shows the constraints applied to 

the bolts’ holes and to the shaft. It consists in a torque of 100 N.m around the shaft’s axis and 

four clamping constraints on the holes of the adaptor. 

 

Figure 17 - Applied constraints and loads on the adaptor 
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Figure 18 shows the resulting constraints in the adaptor: the maximum constraints in the red 

area remain low - below 36MPa -  as regards to the elastic limit of the adaptor (steel machined 

part) thus showing that the adaptor will be able to transmit the torque without any risks of 

breaking. 

 

Figure 18 - Resulting constraints on the adaptor 

 

 

3.1.3 Mounting solution for the motor 

 Positioning 

Even though the elastic coupling described above allows small deviations in positions 

between the two coupled shafts, the motor and the pump have to be precisely aligned. This 

has to be done in order to avoid transversal loads on the motor’s shaft that could damage the 

motor on long term use. 

This will be done through the use of two mounting plates facing each other that will allow a 

precise positioning and alignment of the two shafts. Those two plates shall be positioned 

relatively through four spacers, two of those ensuring the two shafts are coaxial through the 

use of positioning slots. 
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Figure 19 represents the pump’s mounting flange technical drawing. The precision of the 

positioning is ensured through the two slots on the top right and down left corners that are 

constrained in position relatively from the pump’s shaft axis. Those slots, present on both the 

pump flange and the motor flange, paired with adjusted spacers allow a precise positioning of 

the two flanges, thus preventing a misalignment of the motor’s and pump’s shafts. 

 

Figure 19 - Pump mounting flange with positioning slots 
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Figure 20 shows the assembled mounting pump and motor’s mounting plates with the spacers 

inserted in the positioning slots. 

 

Figure 20 - Motor mounting plates 

 

3.2 Frame and load actuator design 

3.2.1 Rig frame definition 

 Requirements 

In order to be able to perform tests in a large variety of conditions (noise test facility, cold 

conditions facility, standard test facility), the rig has to be mobile and thus easily movable. 

This implies a light weight structure easily dismountable and transportable with simple 

transportation means. 

A second requirement that has to be met by the rig is to be easily assembled, using as many 

standard components as possible and simple design, in order to have as few machining 

operations as possible and a low material consumption. This implies the use of standard 

beams such as I and U beams for the frame and standard components from the truck to mount 

the different actuators on the rig, such as standard brackets. 

A third requirement for the frame is to be able to withstand the forces and torques applied by 

the actuators that equip the rig. This implies a FEM-verified design of the frame in order to 

verify the ability of the frame to hold the subsystems of the truck. 

 Building method 

So as to meet the requirements set above, the rig will be built using 3 main sub-assemblies: 
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- A base frame that holds the full rig built with standard U and I beams on which will be 

bolted the other parts of the frame. The base frame will also be used as a support for 

transportation and thus allow the use of a fork lift. 

- A front frame mounted on the truck’s bumper bracket that shall withstand the torsion 

of the truck’s side member generated by the steering gear and the load cylinder. 

- A rear base frame, holding the side member and used as the cylinder’s bracket 

receptacle.  

- A support frame for the steering pump-motor assembly that will only have to 

withstand the weight of this sub-system and the torque generated by the motor. 

In order to meet the first requirement, the different parts of the frame will be bolted to the 

base frame and the truck’s side member. This allows a simple dismounting of the frame and 

thus easy access to the different sub-systems of the rig. 

To be able to keep the costs at their minimum, the different parts of the frame will be built 

using standard U, I, rectangular hollow beams and simple mounting plates welded together. 

This assembly method allows having a sufficient stiffness without any heavy structure and 

reduces the machining costs compared to a rig built using large machined plates. Figure 21 

and Figure 22 show the difference between a rig built with heavy machined plated and a rig 

built with standard lightweight beams. 

 

Figure 21 - Heavily built rig using machined plates with wielded reinforcements 
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Figure 22 - Lightweight rig built with standard welded and bolted beams 

Those designs show the construction of the rig at an early stage of development, further 

evolutions will be described in Chapter 3.2.3 and in Chapter 3.5. 

 

3.2.2 Choice of the load actuator 

 Introduction 

In the steering rig, a device has to be used in order to replace the resistive forces that comes 

from the full steering assembly. The goal is to be able to generate a resistive torque on the 

steering gear as high as the maximum torque that would be applied when the driver would 

turn the wheels at full stop. 

In order to have the simplest model as possible, this resistive torque is generated through the 

use of a cylinder whose piston rod is linked to the steering gear’s drop arm (visible on Figure 

23 in its neutral position) and mounted to the side member. 
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Figure 23 - Steering gear in neutral position 

 

 Requirements 

To be able to represent the torque applied on the steering gear in any situations, the cylinder 

has to meet the following requirements. 
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o Stroke 

In order to reach the two extreme positions of the steering gear’s drop arm as seen on Figure 

24, the cylinder has to have a sufficient stroke. 

 

Figure 24 - Extreme positions of the steering gear's drop arm 

The required stroke of the cylinder is defined by the distance between the two ball joint 

cylinder axes as shown on Figure 25. 

 

Figure 25 - Required stroke 
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The measured distance between the two axes is 359,21mm. This value is the minimum stroke 

the cylinder would need, to reach the two extreme positions of the steering gear. 

In order to have safe working conditions for the cylinder, a margin has to be taken on its 

stroke. The stroke of the cylinder will be fixed at 400mm thus allowing to reach both extreme 

positions of the steering gear, without over constraining the cylinder. 

 

o Available force 

To be able to perform tests close to the real working conditions, the cylinder has to be able to 

apply a sufficient force on the steering gear’s drop arm. 

The following requirements have to be met: 

- The maximum torque applied on the steering gear shaft is fixed at 7669 N.m, as 

defined by its drawing. 

- The steering gear’s drop arm has a length of 254 mm  between its two mounting points 

(between the output shaft of the steering gear to the center of the ball joint shaft). 

The required force applied by the cylinder is the following: 

  
 

 
 

    

     
         

Equation 4 - Required minimum force 

In order to be able to reach both extreme positions, the cylinder has to be able to develop a 

minimum force of 31480 N in both ways. This force is considered as the minimum that has to 

be reached because of the varying lever arm length along the movement of the drop arm. As 

the cylinder’s body is fixed to the frame, the angle between the piston rod and the drop arm 

varies, thus making the lever arm length vary. 

In order to take this fact in account, a force margin of a least 30% will be taken in account as 

the lever arm drops by 30.2% in the worst position (see Figure 43). 

The cylinder should consequently be able to develop a force of 40924 N in both directions. 

The pressure in the feeding circuit of the cylinder is set at 170 bar. 

 

 Choice 

The cylinder has been chosen in BoschRexroth’s cylinder range. 

In addition to the force, pressure and stroke requirements set above, the cylinder had to meet 

the following demands: 

- The piston rod has to allow a simple mounting solution without machining operation. 
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- The cylinder body must be mounted using a subpart that allows rotational movements. 

- As many standard parts that do not require modification as possible should be used.  

The following cylinder described in Table 9 fits the requirements set above: 

Supplier Bore diameter 

[mm] 

Piston rod 

diameter [mm] 

Available force - 

piston going out [N] 

Available force - 

piston going out 

[N] 

Stroke 

[mm] 

BoschRexroth 80 45 85451 58414  380 

Table 9 - Cylinder choice 

In addition, its simple design allows a broad use of standard components through the use of 

simple adaptors such as the standard ball joints and brackets mounted on standard trucks; thus 

limiting the production costs of the rig. This can be seen on Figure 26. 

 

Figure 26 - Cylinder mounted in context 

 

 Mounting solution 

In order to reduces costs and simplify the use and the mounting of the cylinder, a maximum 

number of standard parts has been used. 

The use of standard parts has been possible through two ways: 

- The choice of the cylinder layout. 

o Body type 

o Piston rod type 

- The use of simple machined adaptors. 
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So as to keep the maximum number of degrees of freedom for the cylinder, standard ball 

joints had to be used to mount both the piston rod to the steering gear drop arm and the 

cylinder body to the side member.  

The standard ball joint shown in Figure 27 paired with a simple machined thread adaptor (see 

Figure 28) allows the coupling of the cylinder and the drop arm. This could be done through 

the use of a cylinder with an internally threaded piston rod and a cylinder body equipped with 

a mounting plate. 

 

Figure 27 - Standard ball joint 

 

Figure 28 - Thread adaptor 
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Thus leading to the solution displayed in Figure 26, which reuses the standard ball joints and 

bracket used on the side member of the frame and adapts it to the rig’s frame. 

Figure 29, Figure 30 and Figure 31 show the kinematic verification of the cylinder’s 

movement. It has been performed in order to verify that the cylinder wouldn’t enter in contact 

with some part of the assembly as it was extended. 

 

Figure 29 - Extreme position +45˚ droparm angle 

 

Figure 30 - Neutral position droparm angle 
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Figure 31 - Extreme position -45˚ droparm angle 

 

 Control 

o Requirements 

In order to control the load and perform tests, the cylinder has to be controlled at any time. In 

fact, as the force that the cylinder applies on the drop arm represents the effect of the wheel 

resistance on the steering gear, one must be able to simulate this resistance in any situation. 

In order to control the cylinder, a series of input data has to be set: 

- α, the angle between the drop arm and its origin position with -45˚<α<45˚ 

- T, the set-up torque applied continuously on the steering gear over the angle range 

What must be achieved, is to be able to run repeatable test campaigns independently of the 

pressure in the steering circuit, the position of the drop arm or the temperature conditions. The 

goal is to be able to control the torque applied on the steering gear depending on the angle of 

the drop arm. This shall be done by controlling the pressure in the chambers of the cylinder 

along its movement.  

 

o Hardware possibilities 

Three main solutions can be used to control the load applied by the cylinder across its 

movement. Those three solutions have a different impact on the data obtained when 

measuring the pressure build up in the steering circuit but have each advantages and 

disadvantages regarding their implementation.  

The three main solutions are the following: 
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 Active variable hydraulic circuit 

 Passive variable hydraulic circuit 

 Passive fixed hydraulic circuit 

The chapters below present those three solutions and display an overview of the possibilities 

offered by each of them and their limitations. 

 

o Control hardware 

Active variable circuit 

The pressure circuit of the cylinder must be active, that is to say a pressure input or source 

shall be used to build up pressure inside the cylinder’s chambers. 

Four main requirements have to be met in the design of the pressure circuit: 

- The circuit must be active 

o A pump or an external feeding circuit shall build up pressure in the circuit. 

- The pressure in each chamber must be controllable independently from one another.  

- The circuit must allow a variable output depending on variable inputs. 

- The pressure must be controlled along the movement of the drop arm so as to get a 

constant torque load. 

 

 Circuit description 

A solution to control the pressure in the cylinder’s circuit is to have a fixed pressure feeding 

pump coupled with proportional valves, pressure transducers and a control drive. The 

proportional valve equipped with two ports in its distributor would then allow to feed both 

chambers of the cylinder independently and set the pressure level inside a given chamber. A 

cylinder command drive should then be used to set the desired pressure value depending on 

the input value of the angle sensor mounted on the output shaft of the steering gear. 

 Scheme 

As represented on Figure 32, through the use of a position transducer mounted on the 

cylinder or using an angle sensor, the position of the piston rod can be determined (see 

Equation 5 and Equation 6) along the movement of the drop arm. The use of this input 

combined with the control curves allows to use a controller to set the pressure command 

to the variable valve so as to get a constant torque on the steering gear’s output shaft. 
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Figure 32 - Active variable hydraulic circuit [4] 

This set up includes a single rod cylinder, a 4/3 variable hydraulic distributor
3
, a controller 

responsible for the pressure level of the variable valve, two pressure sensors on the valve, a 

position transducer on the cylinder. 

Figure 33 shows the results of a control simulation performed on the hydraulic circuit 

represented in Figure 32. This graph shows that the active variable circuit allows a rather 

precise command of the cylinder independently of the required load. In fact, this command 

simulation has been performed for various load levels and the following graphs (Figure 34 

and Figure 35) represent the following error for respectively a 500N and 8000N load applied 

on the cylinder. 

 

                                                 
3
 Distributor 4/2: the distributor has 4 ports (2 input ports and 2 output ports) and 3 positions 
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Figure 33 - Active variable hydraulic circuit simulation results [4] 

 

Figure 34 - Following error - 500N [4] 
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Figure 35 - Following error - 8000N [4] 

It can be observed that the variation of the following error
4
 when the load increases is low - 

5,4% of variation for a load 16 times higher – thus showing that this solution allows a precise 

variation of the command applied on the cylinder. 

 

Passive variable circuit 

The pressure circuit of the cylinder must be passive, that is to say no external source of 

pressure shall be used to build up pressure in the cylinder’s chambers. 

In order to control the torque on the drop arm along a rotation, a pressure circuit has to be 

designed for the cylinder. 

Three main requirements have then to be met in the design of the pressure circuit: 

- The circuit must be passive: 

o No external pressure source 

o Closed loop circuit 

- The pressure in each chamber must be controllable independently from one another. 

- The circuit must allow a variable output depending on variable inputs. 

As defined above, the circuit must be passive, which means that pressure shall be built up in 

the chambers using passive components. 

 Circuit description 

                                                 
4
 Error between the displacement command and the measured displacement 
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A solution to allow a pressure build-up in one of the cylinder chamber is to use active 

pressure relief valves. As the piston moves (pushed or pulled by the steering gear drop arm), 

the pressure tends to increase in the chamber that is being compressed. In order to generate a 

given force on the piston rod, the pressure in the concerned chamber has to be controlled. This 

can be done by putting a pressure relief valve on the way to the oil tank. Until the relief 

pressure is reached, the valve remains closed, thus preventing the oil of the chamber from 

lowing back to the oil tank. The effort generated by the piston rod can thus be controlled by 

setting the relief pressure in the valve. Figure 36, Figure 37 and Figure 38 represent this 

circuit. 

 Scheme – First option : 2 relief valves 

o Example 1: piston going in 

 

 

If P<Pset: valve A&B closed 

If P>Pset: valve A closed and valve B opened 

As the piston moves in, the oil flows back from the tank to the expanding chamber through 

the left check valve. 

 

 

 

B 
A 

Figure 36 - Hydraulic circuit - piston going in 
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o Example 2: piston going out 

 

 

If P<Pset: valve A&B closed 

If P>Pset: valve A opened and valve B closed 

As the piston moves out, the oil flows back from the tank to the expanding chamber through 

the right check valve. 

Such a circuit consequently allows to have to control only one relief valve at the time. 

 

 

 

 

 

 

 

 

B 
A 

Figure 37 - Hydraulic circuit - piston going out 



Master Thesis  2014-07-07 
 Dept. of Aeronautical and Vehicle Engineering 

 KTH, Royal Institute of Technology, Stockholm, Sweden 

 

43 

 

 

 

 Scheme – Second option – 1 variable distributor valve 

 

Figure 38  - Passive variable hydraulic circuit [4] 

A second option for the design of the cylinder’s hydraulic circuit is to use a variation of the 

active variable circuit. In this case, the feeding pump is not used anymore and as described 

above, the movement of the piston is used to build pressure in the circuit. This solution 

compared to the solution with two relief valves and two check valves allows a reduction of 

the price as the number of elements is reduced. Moreover it also allows the use of control 

curves (Figure 45 and Figure 46), through the use of an angle sensor to determine the position 

of the piston at any time and thus the pressure that is needed in the cylinder in order to set a 

constant resistive torque along the movement of the steering gear output shaft. 

 

Passive fixed circuit 

The pressure circuit of the cylinder must be passive, that is to say no external source of 

pressure shall be used to build up pressure in the cylinder’s chambers. 

In order to be able to simplify the control of the torque on the drop arm along a rotation, a 

pressure circuit has to be designed for the cylinder. 

Three main requirements have then to be met in the design of the pressure circuit: 

- The circuit must be passive: 

o No external pressure source 

o Closed loop circuit 
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- The pressure in each chamber must be controllable independently from one another. 

- The circuit must allow a fixed output along the movement of the cylinder. 

 

 Circuit description 

A solution to allow a pressure build-up in one of the cylinder chamber is to use a distributor 

valve. As the piston moves (pushed or pulled by the steering gear drop arm), the pressure 

tends to increase in the chamber that is being compressed. In order to generate a given force 

on the piston rod, the pressure in the concerned chamber has to be controlled. This can be 

done by putting a pressure relief valve on the way to the oil tank. Until the relief pressure is 

reached, the valve remains closed, thus preventing the oil of the chamber from lowing back to 

the oil tank. The effort generated by the piston rod can thus be controlled by setting the 

pressure relief in the valve of the distributor through the use of a controller. 

This solution is highly similar to the passive variable hydraulic circuit, though it does not take 

in account the position of the drop arm. In this case, the system obtained does not allow a 

variable control of the pressure in the cylinder along the movement of the drop arm, but a 

fixed load from the cylinder. It is thus impossible to have a constant torque load on the 

steering shaft but the load applied by the cylinder is, in this case, fixed for each case, 

preventing errors due to the variation of the load and increasing the repeatability of the tests. 

This is represented in Figure 39. 

 

Figure 39 - Passive passive hydraulic circuit (Bosch Rexroth, Tech Support simulation) 

 

Solution comparison matrix 

Table 10 shows a comparison matrix between the different solutions described. The higher the 

total is, the easier the solution will be implemented on the steering rig. The matrix shows that 
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the passive-passive hydraulic circuit obtains the higher score. This can be explained by its low 

complexity, which has a direct effect on its price, and the high possibilities of evolution it has. 

In fact this solution can be used a basis for the other solutions. 

 

Table 10 - Solution comparison matrix 

Building a more evolved solution would only imply adding more elements to the set-up, such 

as position transducers or a feeding pump, thus allowing further improvements of the cylinder 

control. 

o Control curves 

In order to control the active variable and passive variable solutions, control curves for the 

pressure set up have to be determined. So as to determine the control curves of the relief 

valves, the input data used has to be defined. 

 α: angle between the drop arm and its original position (represented in Figure 40) 

 

Figure 40 - Extreme positions of the drop arm and α angle 

So as to determine the necessary pressure level in each chamber at any given angle of the drop 

arm, it is necessary to determine the lever arm for each position of the drop arm. 

To do so, two cases have to be considered: α>0 and α<0. 

 First case: α>0 

Solution Number of elements Control complexity Price Evolution possibility Precision Total

Level 1 (high) to 5 (low) 1 (high) to 5 (low) 1 (low) to 5 (high) 1 (low) to 5 (high)

Active variable 5 3 1 3 4 11

Passive variable - 2 valves 5 2 3 2 2 9

Passive variable - 1 distributor 4 2 3 4 3 12

Passive passive 3 4 4 5 3 16

α 
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α has been defined above as the angle between the drop arm and its original position with 

α varying between [-45:45]. In its original position the drop arm has an angle of 6,5˚ from 

the vertical axis, the dashed yellow line on Figure 41 and Figure 42. 

 

Figure 41 - Assembly's geometry for α>0 

In order to determine the lever arm at any given angle of the drop arm, the angle β has to be 

expressed as a function of ϴ. ϴ represents the angle between the drop arm and a vertical axis, 

ϴ=6,5˚ when α=0˚.  

In order to determine Φ as a function of ϴ, it is necessary to express the X and Z coordinates 

of the cylinder’s ball joint link to the drop arm as a function of ϴ. 

o X0 and Z0 are the coordinates of the drop arm’s pivot point. 

o X and Z are the coordinated of the cylinder’s ball joint link to the drop arm. 

o Xc and Zc are the coordinates of the cylinder’s ball joint link to the frame. 

o L: the distance between the rotational axis of the drop arm and the rotational 

axis of the ball joint. This distance is equal to 254mm. 

o Lv: the lever arm available for the cylinder to generate torque. 

 

          
   

   
 

Equation 5 - X coordinates of the lower mounting point of the drop arm 

          
   

   
 

Equation 6 - Z coordinates of the lower mounting point of the drop arm 
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Φ  
   

 
      

|    |

|    |
 

Equation 7 - Angle between the horizontal plane and the cylinder body 

          Φ  

Equation 8 - Angle between the cylinder and a vertical plan 

         | |  

Equation 9 - Angle between the cylinder and the drop arm 

        

Equation 10 - Complementary angle of ε 

     |   
   

   
| 

Equation 11 - Lever arm available along the movement of the drop arm 

 

 Second case: α<0 

 

Figure 42 - Assembly's geometry for α <0 

             

Equation 12 - Angle between the cylinder and a vertical plan 

        

Equation 13 - Complementary angle to Ψ 
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         | |  

Equation 14 - Angle between the cylinder and the drop arm 

     |   
   

   
| 

Equation 15 - Available lever arm along the movement of the drop arm 

Figure 43 represents the available lever arm as a function of the drop arm angle. 

 

Figure 43 - Lever arm as a function of the drop arm angle 

As the available lever arm has been determined for any given angle of the drop arm, the 

necessary force that has to be applied to develop the desired resistive torque can be 

determined and thus the pressure levels can be calculated. 

o T: the torque set up, T must remain constant along the movement of the drop 

arm. 

o Db: the diameter of the cylinder’s bore. 

o Dp: the diameter of the piston rod. 

o S: the surface of the piston (two cases). 

o Fp: the necessary force applied by the cylinder 

o Ps: the resulting pressure set up. 

The pressure curves are obtained using the following method: 

   
 

  
 

Equation 16 - Necessary force applied by the cylinder depending on the lever arm 

Figure 44 represents the force that has to be applied by the cylinder depending on the angle of 

the drop arm. 
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Figure 44 - Necessary force applied by the cylinder depending on the angle

 

If  
  

  
   

     
   

 
 

   

 
  

Equation 17 - Available piston surface 

 

If  
  

  
   

    
   

 
 

Equation 18 - Available piston surface

 

And consequently 

   
  

 
 

Equation 19 - Pressure set up depending on the necessary force 
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Figure 45 is the result of the method above. The green curve represents the variation of the 

pressure set up for the green chamber, that is to say valve B’s set up (see Figure 36). The red 

curve represents the pressure set up for the red chamber, that is too say valve A’s set up. 

When the piston rod is going out of the cylinder, the red set up is activated and when the 

piston rod is going inside of the cylinder, the green set up is activated. 

 

Figure 45 - Pressure set up curves for a given Torque of 3000N.m 
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The curve can then be obtained for the whole range of torque set up as it can be seen on 

Figure 46 and Figure 47. 

 

Figure 46 - Pressure set up curves for T=[500:8000]N.m – Piston going out 
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Figure 47 - Pressure set up curves for T=[500:8000]N.m – Piston going in 

 

3.2.3 Strength calculations 

Four main designs have been tested throughout the evolution of the design of the rig. Those 

designs do not include the one represented in Figure 21 but light beam and plate assemblies. 

The main variation between the different versions is based on the use or not of stiffening 

beams in different locations on the rig. 

The designs are based on the four following variations:  

 One stiffening beam mounted on the front bracket assembly (see Figure 48). 

 One stiffening beam mounted on the front bracket assembly and one holding the rear 

side of the frame (see Figure 49). 

 One stiffening beam mounted on the front bracket assembly, one holding the rear side 

of the frame and a middle reinforcing beam (see Figure 50). 

 One middle stiffening beam (see Figure 51) 

 Displacements 

The following calculation results have been obtained for a simulation of the load applied by 

the cylinder when simulating a resistive torque applied on the steering gear of 8000N.m. 

This has been done by applying a linear force at the geometric points where the roll centers of 

the ball joints are situated to simulate the load applied by the cylinder on the rig. 
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The base frame has been set as locked to the ground. 

In the figures below, the amplitude of the displacements has been magnified 25 times to make 

it visible. 

Figure 48 shows the displacements obtained in the case where only one stiffening beam has 

been used. The stiffening beam has been put on the front bracket assembly of the rig, parallel 

to the side member frame in order to cope with the torsion of the side member generated by 

the cylinder. 

 

Figure 48 - Displacements calcuclations - 1 stiffening beam 

The maximum displacements have been observed at the rear part of the rig, as a consequence 

of the torsion generated by the load of the cylinder. This torsion occur around two axes as the 

cylinder is not parallel to the side member frame and as the force is applied to the frame with 

a lever arm due to the mounting bracket of the cylinder. 

Those maximum displacements reach here a level of 3,4mm, while the central part of the side 

member where the base bracket is mounted undergoes displacements between 1,7 and 2mm. 

Figure 49 shows the displacements obtained in the case where two stiffening beams have been 

used. The second stiffening beam has been put on rear part of the rig to reduce the 

displacements observed in Figure 48. 
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Figure 49 - Displacements calculations - 2 stiffening beams 

Due to the increased stiffness of the extremities of the rig, the area of high displacements has 

moved to the middle part of the rig with a maximum displacement level of 2,8mm in the red 

areas. 

Figure 50 shows the displacements obtained in the case where three stiffening beams have 

been used. The third stiffening beam has been added to the middle of the side member frame 

where the maximum displacements have been observed in Figure 49. 

 

Figure 50 - Displacements calculations - 3 stiffening beams 

In this case the torsion of the frame seems to have decreased in the middle part of the side 

member frame, but the levels of displacements have strongly increased. In fact, in this case 

the displacements have reached a level of 9,7mm in the red areas, leaving this solution 

unsuitable for the rig. 
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Figure 51 shows the displacements obtained in the case where one stiffening beam has been 

used. The stiffening beam has been put on the middle of the side member frame, 

perpendicular to the side member frame in order to cope with displacements observed in the 

middle area of the side member. 

 

Figure 51 - Displacements calculations - 1 middle stiffening beam 

The displacements have been strongly decreased in the middle area of the rig with levels 

below 1,5mm and at the level of the mounting bracket where the displacements are below 

1mm. 

Displacements in the rear part of the rig have levels around 2mm, nevertheless this area has 

no particular use for the rig and the displacements in this area can be considered negligible. 

 

 Von Mises 

The following part describes the results obtained in the same conditions as for the 

displacements calculations but using the Von Mises plasticity criterium. 

Figure 52 shows the stress levels across the rig when undergoing the maximum theoretical 

load that should be applied by the cylinder, that is to say 45000N which represents a torque of 

8000N.m on the steering gear output shaft with the lowest lever arm length. 
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Figure 52 - Von Mises criterium - 1 middle stiffening beam 

It can be observed that the higher stress levels are situated in the areas with sharp edges. It can 

particularly be seen on the rear support beam, where the edges tend to be light green. 

 

 Solution 

The solution used to minimize the displacements and keep the stress levels low is the solution 

described in Figure 51. A single reinforcing beam is added in the middle of the side member 

frame to help prevent the displacements in this area and reduce the general torsion of the 

frame caused by the cylinder. This solution is described in Figure 53 and Figure 54. 
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Figure 53 - Frame structural solution 

 

Figure 54 - Frame structural solution - middle reinforcing beam 

 

 

 

 



Master Thesis  2014-07-07 
 Dept. of Aeronautical and Vehicle Engineering 

 KTH, Royal Institute of Technology, Stockholm, Sweden 

 

58 

 

3.3 Mechanical drawings 
The design of the rig includes a total of 37 parts, including 2 modified standard parts. 

The design includes the following sub-assemblies : 

 Base frame 

 2 longitudinal U beams 

 4 transversal I beams 

Figure 56 a zoom on the base frame’s technical drawing (see Figure 55). It describes the 

standard elements it is built from and the operations they have to undergo. The base frame, as 

it can be seen on the down right corner, is an assembly of standard I and H steel beams whose 

dimensions are shown in sections D-D and A-A. Apart from the position of the beams from 

one another and the positions and sizes of the mounting holes, no operation is described on 

the technical drawing. In fact, the choice of the welding process is given to the supplier and is 

not imposed as far as the final product meets the dimensional requirements. 

 

Figure 55 - Base frame technical drawing 
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Figure 56 - Base frame technical drawing zoomed 

 Truck frame support 

 1 front bracket support 

 1 front bracket support left 

 1 front bracket support right 

 1 front base plate  

 1 middle reinforcing beam 

 1 rear support bracket 

 1 rear support left 

 1 rear support right 

 1 bracket plate 

 1 rear base plate 

 1 cylinder guard 

 1 rear cylinder guard 

 1 modified left frame member (see Figure 57) 

 Motor support 
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 1 coupling adaptor (see Figure 15) 

 1 pump flange (see Figure 19) 

 1 motor flange (see Figure 20) 

 1 pump support 

 1 pump support rear beam 

 1 pump support front beam 

 2 positioning spacers 

 2 spacers 

 1 motor guard 

 4 motor guard brackets 

 1 front bent bracket 

 1 rear bent bracket 

 1 modified pump gear (see Figure 59) 

 Cylinder assembly 

 1 thread adaptor (see Figure 28) 

 1 ball joint adaptor 

 

3.4 Standard components 

3.4.1 Work environment 

 Standard components 

In order to reduce the costs as much as possible and have a system as close as possible to the 

real set up in a truck, a large part of the rig comes from standard components. This is also 

done to be sure that the rig shall behave like a truck would behave in real conditions thus 

allowing the measurements of relevant data. 

Those components have also been used as the general working environment. In fact, the rig 

has been built around those components, allowing it to link those subassemblies into a 

coherent assembly. 

The standard components used in the rig include : 

 The left base bracket of the truck 

 The steering gear 

 The steering gear’s drop arm 

 The steering oil tank and piping assembly 

 Standard ball joints 

 A standard ball joint bracket 

 The steering pump assembly 

 The left side member of the frame 
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 Modified components 

To be able to mount the different actuators of the rig, some standard components had to be 

modified. 

First, the left side member of the frame has been modified on three aspects (visible on Figure 

57 and Figure 58): 

 The side member has been shortened, as a full side member wasn’t necessary for the 

rig. Moreover, a full side member is more than 5 meters long thus making it difficult 

to move and difficult to balance. The shortened version also allowed to mount the 

electrical cabinet as close as possible to the electric motor, thus reducing the feeding 

cable lengths. 

 The hole pattern of the side member has been modified. As most of the standard holes 

of the frame weren’t used and some of them created mounting problems for the rig, all 

the holes that weren’t used on the rig have been erased and a whole new hole pattern 

has been created.  

 The cut outs of the frame have been modified. The existing cut outs in highly 

constrained areas have been erased in order to have a stiffer side member. The cut out 

for the steering pump has been increased and adapted to the electric motor’s shape to 

avoid interferences between the frame’s side member and the electric motor. 

 

Figure 57 - Modified frame's side member 
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Figure 58 - Comparison between standard frame and modified frame 

Then, the pump’s driving gear has been modified in order to allow the use of a shaft adaptor 

and to couple the pump to the electric motor. A set of 4 tapped holes matching the coupling 

adaptors holes have been added to the gear according to Figure 59. 

 

Figure 59 - Modified pump driving gear 
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3.4.2 Sensors 

In order to control the rig and to be able to measure the results obtained, a set of sensors has to 

be used. Those sensors can be separated into two groups, one dedicated to the control of the 

rig, working as an input to the rig’s control program and another meant to measure the 

hydraulic steering physical properties. 

 

 Control sensors 

As described in Chapter , the angle of the steering gear’s drop arm has to be known at any 

time in order to control the pressure set up in the cylinder. Consequently an angle sensor has 

to be mounted on the drop arm’s mounting shaft to determine the drop arms position. 

This angle sensor has to have a measuring range of at least 90 degrees to follow the full 

movement of the lever arm. 

In the case a different technology would have been used for the electric motor, a torque sensor 

and a tachometer would have been necessary to determine the torque produced by the motor 

and its rotational speed. However, the servomotor’s drive allows a direct measure of the 

produced torque and the rotational speed as these values are used as input for the servomotor. 

 

 Test sensors 

In order to perform the measurements relative to the goal of the rig, a set of sensors has to be 

used. Those sensors shall measure both internal and external phenomena. 

In order to determine the pressure in the hydraulic circuit, a pair of pressure sensors have to 

be used. Those sensors shall be used to measure the pressure built up by the steering pump. 

One sensor is mounted on the output hose of the steering pump in order to obtain a constant 

feedback of the pressure built up. The other sensor is to be mounted at the level of the steering 

gear to measure the pressure at the gear for the different loads. 

A temperature sensor has also to be mounted in the steering oil tank in order to measure the 

impact of the various temperature conditions such as normal room temperature or cold 

weather. This sensors has to have a measuring range comprised between -20 and 120 degrees 

Celsius. 

An accelerometer has to be mounted on the steering gear to measure the level of vibrations 

produced while performing test maneuvers. Its position and direction are not optional as they 

might impact the treatment of the phenomena measured. It might be interesting to implement 

a set of measurement procedures that imply different positions and directions for the 

accelerometer. 
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3.5 Full rig assembly 

3.5.1 Base frame 

 Construction 

As shown on Fel! Hittar inte referenskälla., the base frame is a welded assembly of standard 

I and U beams, allowing a simple and solid construction. The base frame has two main roles: 

 Giving a stable basis to the full frame and linking the side member support to the  

motor and pump frame through a bolted assembly. 

 Allowing the transportation of the test rig. 

 
Figure 60 - Base frame 

 

 Transportation 

In order to make the test rig easily movable, to be able to use in different conditions and 

locations, the rig has to include a set of solution for its transportation. 

Two main means of transportation or lifting have been taken in consideration during the 

design of the rig’s chassis. 

The base frame has been dimensioned taking in account the shape and dimensions of standard 

fork lift. Through raised, evenly positioned transversal beams, the base frame allows the use 

of a fork lift to transport the test rig. 

Two holes, designed to host two standard M12 lifting eyelets have also been added in the 

front of the frame, combined with a strap on the rear part of the side member frame, allow the 

lifting of the test rig. 
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3.5.2 Side member support 

As shown on Figure 61, the side member support is composed of three main assemblies: 

 The front and rear base plates, that are used to link the support beams to the base 

frame. 

 The support beams and mounting brackets, that are used to hold the side member 

frame and the load cylinder and increase the stiffness of the side member. 

 The side member frame and the base bracket on which are mounted the standard 

components that belong to the steering apparatus’ environment. 

 

Figure 61 - Side member support 

 

3.5.3 Motor and pump frame 

The motor and pump support as represented in Figure 62 has two main goals. It first allows 

the a precise mounting of the pump and the motor through the use of positioning slots on the 

mounting plates and positioning spacers. It ensures the coaxiality of the pump’s and motor’s 

shafts, though small misalignments are compensated by the use of an elastic coupling. 
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Figure 62 - Motor support 

Then, the pump frame allows the pump to remain in its real orientation, as it is mounted on 

the clutch housing on the truck, by keeping the slight angle of the pump relatively to the 

vertical plane. 

3.5.4 Full assembly 

Figure 63, Figure 64 and Figure 65 show the full rig assembly with all its components. 
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Figure 63 - Full rig view 

 

Figure 64 - Full rig 
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Figure 65 - Full rig equipped with its electrical cabinet 
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3.6 CE marking 

3.6.1 What is CE marking? 

Extracted from the “Leaflet for economic operators” [4] published by the European 

Commission. 

“By introducing the CE marking into its legislation, the EU has developed an innovative 

instrument to remove barriers from the circulation of goods and to protect public interest. 

Existing in its present form since 1993, the CE marking is a key indicator of a product’s 

compliance with EU legislation and enables the free movement of products within the 

European market. By affixing the CE marking on a product, a manufacturer is declaring, on 

his sole responsibility, conformity with all of the legal requirements to achieve CE marking, 

and is therefore ensuring validity for that product to be sold throughout the European 

Economic Area (EEA – the 27 Member States of the EU and EFTA countries, Iceland, 

Norway, Liechtenstein). This also applies to products made in third countries which are sold 

in the EEA. CE marking does not indicate that a product was made in the EEA, but merely 

states that the product is assessed before being placed on the market and thus satisfies the 

legislative requirements (e.g. a harmonized level of safety) to be sold there. It means that the 

manufacturer has verified that the product complies with all relevant essential requirements 

(e.g. safety, health, environmental protection requirements) of the applicable directive(s) – or, 

if stipulated in the directive(s), has had it examined by a notified conformity assessment body. 

However, not all products must bear the CE marking. Only those product categories subject 

to specific directives that provide for the CE marking are required to be CE marked. CE 

marked products are bought not only by professionals (e.g. medical devices, lifts, machinery 

and measuring equipment) but also by consumers (toys, PCs, mobile phones and light 

bulbs).” 

 

3.6.2 Routine 

In order to have the right to declare a machine CE marked, a defined routine has to be 

followed. This routine has variants depending on the product targeted and in this case is 

specific to Scania. The basic goal of this routine can be extracted from the “Leaflet for 

economic operators” published by the European Commission: 

 Identify the directive(s) and harmonized standards applicable to the product: 

There are more than 20 directives setting out the product categories requiring CE marking. 

The essential requirements that products have to fulfil (e.g. safety) are harmonized at EU 

level and are set out in general terms in these directives. Harmonised European standards 

are issued with reference to the applied directives and express in detailed technical terms the 

essential requirements. 

 Verify the product-specific requirements 
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It is up to you to ensure that your product complies with the essential requirements of the 

relevant EU legislation. Full compliance of a product to the harmonised standards gives a 

product the “presumption of conformity” with the relevant essential requirements. The use of 

harmonised standards remains voluntary. You may decide to choose other ways to fulfil these 

essential requirements. 

These steps give a basis to the following routine, used at Scania to ensure the validity of the 

CE marking of the products. 

 Rough risk analysis 

This check list allows to determine the effects of a new products on its environment. It gives a 

rough overview of the impact of the product on its user or on the area where it will be used, 

defining if the change is positive, negative or neutral. 

 Risk analysis 

This check list allows to go deeper in the definition of the risks linked to the use of the 

concerned product. This list is defined using Scania’s internal standards such as the TFP 

(Technical regulations for machinery and production equipments) or European Norms. The 

use of this check list results on a list of potential risks linked to the product. 
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Figure 66 shows the procedure followed in the risk analysis. 

 

Figure 66 - Risk analysis procedure (Scania, CE marking) 
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 Risk assessment 

Through the use of the risks highlighted in the risk analysis and a risk evaluation and 

prioritizing model (see Figure 67), it is possible to assess the risks and express solutions or 

modifications that could reduce their impact on the user or its environment. 
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Figure 67 - Risk evaluation and prioritising model 
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 Evaluation of modifications on a previously CE marked product 

This part of the procedure has not been followed for the steering rig, as it was not a 

modification of an existing rig previously marked. 

 Definition of the user’s manual 

This part of the procedure consists in defining the user’s manual. This manual can be defined 

into three main parts: 

- The general lay out description of the product 

- The operating instructions 

- Installation and maintenance instructions 

 

 Definition of the safety layout 

This part describes the safety equipments related to the product such as its main switch, its 

emergency stop or the position of pressure valves. 

This part can also include the different safety signs that could be related to the product, such 

as signs warning the user about chemical emissions, or recommending the use of defined 

protection equipments. 

 Declaration of noise evaluation 

This part of the procedure consists on the assessment of the noise levels produced by the 

product in order to warn the user. 

 CE marking sign definition 

This part consists in the definition of the CE marking plate. It shows the references of the 

product and its characteristics depending on the type of product. It is represented in Figure 68. 



Master Thesis  2014-07-07 
 Dept. of Aeronautical and Vehicle Engineering 

 KTH, Royal Institute of Technology, Stockholm, Sweden 

 

75 

 

 

Figure 68 - CE marking plate model 

 Administrative acceptance procedures 

The last part of the procedure basically consists in administrative procedures attesting the 

validity of the CE marking and that the product could be used accordingly. 
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4 Conclusions and future works 

4.1 Future works 
The following chapters will describe the possible improvements and works that could be 

performed on the Hydraulic servo steering rig in the future. 

4.1.1 V8 module 

In order to adapt the rig to other engine architectures, hence other steering pump position and 

oil piping travel, the rig could be modified using additional modules. The structure of the V8 

engine and the position of its steering pump allows this design option. Through the addition of 

a simple module (see Figure 69 and Figure 70) and very few modifications to the original rig, 

the test rig can be used to perform tests on hydraulic installation of a V8 engine. 

 

Figure 69 - V8 installation 
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Figure 70 - V8 installation 

The use of such module would not require large modifications on the present rig, as only two 

holes would need to be drilled in the base frame and two in the side member in order to fasten 

this V8 module to the straight 6 rig. 

 

4.1.2 Cylinder control improvement 

As it has been described in the chapter Control hardware, several control solutions are 

available for the hydraulic cylinder, hence allowing improvements and modifications. In order 

to increase the level of control of the load on the cylinder, the present circuit could be 

improved using an active control. 

Developing the solution of an active control would require works on the control program of 

the valves, the addition of a feeding pump and its circuit, hence requiring further studies on 

how the system should behave and how it should be controlled to be able to recreate test 

conditions as close as possible to reality. 

4.1.3 Test procedure development 

In order to ensure the use of reproducible results and usable data, a test procedure has to be 

defined. This test procedure should define the position and the orientation of the sensors (i.e. 
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the position and orientation of the accelerometer on the steering gear), and describe the steps 

that have to be taken across a measurement campaign.  

A simple example for such a procedure could be: 

1. Define the position and orientation of the accelerometer (choose from a set of 

positions and orientations) 

2. Set the desired engine speed (given on the control screen through the steering pump 

speed) 

3. Set the desired resistive load applied by the hydraulic cylinder 

4. Define the type of maneuver performed (i.e. sinusoidal movement of the steering 

wheel around 0 degree, sinusoidal movement of the steering wheel around an extreme 

position of the steering wheel, full stroke to a given direction, …) 

5. Activate the data acquisition 

6. Perform the defined maneuver 

7. Deactivate the data acquisition 

Each type of maneuver should thoroughly described in order for the operator to reproduce the 

desired measurement. 

The procedure should include a test script in order to treat the data obtained. This script 

should allow to filter out the data obtained (i.e. to obtain the vibrations in the frequency range 

of the pump), and extract the different levels of pressures and vibrations. 

 

4.2 Conclusion 
 

From the noise and vibrations experienced by the customers, to the phenomena highlighted 

through the background measurements performed in this thesis, it is clear that finding the 

causes of the vibrations in the hydraulic steering installation is a great deal. The need of a test 

rig that recreates the working conditions of a real truck in terms of hydraulic steering pressure 

and resistive load is consequently high in order to target the noise causes and allow ways of 

improvements in the future. In fact such a rig would allow cheaper and more frequent test 

sessions compared to tests performed on a regular truck. 

This goal has been achieved in the time of this thesis, and most of the requirements have been 

met regarding the design of the hydraulic servo steering rig. As defined in the specifications 

the rig designed is sufficiently mobile allowing test campaigns in a varied set of test locations, 

allowing recreating the set of conditions in which a real truck could be used. The construction 

of the rig has remained simple, including a large range of standard parts, and modular, 

allowing the addition of modules to adapt it to other engine environments. Its construction 

using standard elements has allowed keeping the construction of the rig in the target cost 
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defined at the beginning of the project. Its dimensions and weight have been defined in order 

to allow the mobility of the rig thus offering the possibility to use the rig in different facilities. 

Nevertheless, due to long lead times and delays in part deliveries, the whole project has been 

slightly delayed, resulting on a partly complete rig at the end of the thesis. Those types of 

delays are inherent to projects in which several different fields and departments work in 

parallel, leading to different lead times and processes and impacting the main lead time of the 

project. After 20 weeks of work on this thesis, the hydraulic servo steering rig is not fully 

working, as some of its parts have still not been delivered hence delaying the final mounting 

of the rig, but a complete design following the project requirements has been achieved leaving 

only mounting and electrical works on the rig for a fully working system. 
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Appendix 1: Aratron coupling catalogue 
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Appendix 5: Test truck 

 

Test vehicle 

Specification 

Chassis number 

Axle distance  

Engine 

Steering gear 

Steering servo pump  

Cab type 
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Appendix 6: Test set up 

Typ av utrustning Instr. nr 

Dewetron DEWE 43 2810-0425 

 

Givare 

Beskrivning Typ av utrustning Instr. nr 

P_pump Pressure sensor 11448212 

P_steering_gear Pressure sensor 11448210 

Acc_steering_gear Accelerometer 11250251 

Wheel_Accel Accelerometer 11251366 

Temp_k1  N/A 

 

CAN-signaler 

Data_ActualEngine_PercTorque_ Motormoment i procent av max 

Data_EngineSpeed__EngSpeed Motorvarvtal 

Data1_Rattvinkel_deg Steering wheel angle 

 

 


