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Abstract. The article presents the analysis of diagnostics possibilities of electric power
steering system using computer diagnostics scanner. Several testing attempts were performed.
There were analyzed the changes of torque moment exerted on steering wheel by the driver and
the changes of the angle of rotation steering wheel accompanying them. The tests were
conducted in variable conditions comprising wheel load and the friction coefficient of tyre road
interaction. Obtained results enabled the analysis of the influence of changeable operations
conditions, possible to acquire in diagnostics scanners of chosen parameters of electric power
steering system. Moreover, simulation model of operation, electric drive power steering system
with the use of the Matlab simulation software was created. The results of the measurements
obtained in road conditions served to verify this model. Subsequently, model response to inputs
change of the device was analyzed and its reaction to various constructional and exploitative
parameters was checked. The entirety of conducted work constitutes a step to create a
diagnostic monitor possible to use in self-diagnosis of electric power steering system.

1. Introduction

Power steering system is at present used in all vehicle size classes. The aim of its use is to diminish the
torque, the driver needs to turn the steering wheel in order to do a desirable maneuver. In some trucks,
the application of the steering systems is enforced by legal regulations.

Hydraulic and electric power steering system solutions used contemporarily ensure the change of
the value of steering feedback torque, what is particularly desirable during maneuvering at small travel
speed and especially while parking the vehicle.

However, in some road situations the change of the level of vehicle steering effort tends to be seen
negatively by the driver. Subjective feelings of the driver are of vital significance here, since based on
them and the driver’s earlier experience, they are able to predict the behavior of the driven vehicle in
response to the steering wheel movements planned by them. At present, one can see increasingly
stronger tendencies to broader use of electric power steering systems and moving from hydraulic
power steering. That is why, with regard to the increasing number of vehicles with electric systems,
the issues associated with the possibilities of proper diagnostics of work of these devices take on
significance. In the paper, the attempt was undertaken to analyze the range of diagnostics possibilities
of electric power steering system using computer diagnostics scanner. It was also evaluated how
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changeable operational conditions can influence the parameters of electric power steering system
obtained in car diagnostic scanner.

2. Electric power steering systems

Electric power steering systems have a lot of advantages. They are characterized by considerably
smaller demand for power consumption in comparison to hydraulic power steering system and they
are also smaller in size. The systems can lower steering wheel torque and improve the returnability
[1,2,3]. These assets of electric power steering systems are the reason why they are used in almost all
contemporary motor vehicles. Electric power steering systems began to be introduced to motor
vehicles in the 90-s of the last century. Since then, they have been the subject of many studies and
theoretical research papers. In systems of this type, electric motor is used, creating necessary torque
and ipso facto fulfilling supporting functions [4,5,6]. The torque, the driver turns the steering wheel is
registered by the torque sensor. On this basis, taking signals also from other sensors into account,
assisting force is calculated, what in turn constitutes the basis for proper regulation of the current
supplying the assistance motor [7,8,9,10]. In addition, one should notice that the steering stiffness
resulting from the stiffness of the elements fixing the electric power steering device to the steering
column has the influence on car steerability [10,11].

3. Driving and steering the vehicle

Both the driver’s comfort and their safety depend on the operation and the regulation of controlling the
steering system assistance. While running the vehicle, the driver bases the decisions taken by them on
the steering feel, that is why, the degree this feel is considered will decide on the further acting
strategy [11]. Thus, the operation of the steering system decides on the driver’s feelings [12]. Some
authors [11] are inclined to assume that the steering feel depends only on the steering wheel torque.
Also in the publication [13], the authors indicated the torque on the steering wheel and steering wheel
rotation angle as factors which are most clearly felt by the driver, therefore they are the most
significant stimuli from the point of view of the steering feel. There are various ways of influence the
steering feel. This can be the choice of shifting the steering gear, change of the length of the steering
arm or change of the diameter of the steering wheel [14].

The steering torque is associated with steering effort [2,3,12]. Friction between tire surface and ground
influences the steering wheel torque. The intensity of this influence depends on the concrete solution
of constructional steering system [15]. During parking manoeuver or turning back, higher values of
shifting in the steering system are beneficial. The value of steering effort is influenced by the type of
tires, their stiffness coefficient and the tire pressure. It is assumed, that two factors influence in the
most significant way the subjective evaluation of the facility of running the vehicle. Namely, the
steering effort or steering wheel torque and the time of vehicle reaction to the steering wheel.
Beneficial steering feel influences the reassurance of safe and convenient driving comfort [6,17,21].
The dependence of the vehicle reaction in the form of vehicle yaw rate and its lateral acceleration in
response to the action of the driver expressed with the change of steering wheel rotation angle and the
speed of this change has to be predictable for the driver and should not undergo too violent hesitations.
Only then, the driver has the feeling of full control over the vehicle [18,19,22,23].

4. Experimental procedure

On the first stage of the experimental analysis, the essential torque applied by the driver of the vehicle
during turns of the steering wheel to the right and left side range was determined. It was made in a
maximum range, possible to attain for steering system construction reasons. The manoeuver was
performed three times. In turn, with power steering system turned off and subsequently on both levels
of reinforcement — i.e. in normal mode and ‘city’ mode. The measurement was made on dry asphalt
surface. The courses of the changes of the steering wheel rotation angle and the torque obtained from
diagnostic tester were juxtaposed in figure 1.
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As one can observe from the obtained courses during the manoeuvers performed with power steering
system turned off, the maximum registered torque applied by the driver exceeded 28 Nm. This value
was achieved very quickly after starting the manoeuver and maintained during it, despite increasing
the angle of wheel turn. This is a maximum value, possible to be read from system control unit by
SolusPro tester. With power assistance steering system turned off, the total steering wheel torque
required to realize a specific turn is applied by the driver. With power steering system turned on, based
on the torque measured on the torsion bar, control unit of the system controls the torque of the electric
motor, supporting the movement of the wheels of the vehicle. The torque of the electric motor is
transmitted to the lower part of the torsion bar, allowing to diminish the torque on the steering column,
resulting from the turn of the steering wheel. The torque recorded by the tester is lower. The controlled
torque of the electric motor is higher for the city mode. Only after reaching the extreme angular
position of vehicle wheels one can observe the increase of the torque on the steering wheel.
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Figure 1. The course of the changes of the torque on the steering wheel
during turns to the right and left on dry asphalt.

This can be seen on both modes i.e. normal mode and city mode. The controlled level of the assistance
of the power steering system is corrected with the signal from the torsion bar. The torque on the rotor
of electric motor helps to obtain the angle of wheel turn indispensable to perform a manoeuver. The
torque on the wheels constitutes the sum of the components of the electric motor torque and the one
applied by the driver. On the presented diagram we can observe the course of the changes of the
torque on the steering wheel. It is of vital significance from the point of view of the rate of the
realization of driver’s intentions. As one can observe, after turning on city mode, the torque is
diminished by about 5 Nm.
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Figure 2. The changes of the torque on the steering wheel during turns to the right
and left, manoeuvers performed on the asphalt covered with 5 cm fresh snow.

In order to evaluate the friction between tire surface and ground, tests were carried out on the asphalt
covered with the layer of 5 cm of snow. Figure 2 shows the courses of the torque on the steering wheel
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registered on the diagnostic tester. The following manoeuvers were performed: turn left, the return of
the wheels to straight — ahead position, turn right, the return of the wheels to straight-ahead position.
With the aim of precise determination of the influence of the conditions of interaction of the wheel
with snowy surface, the test was repeated many times. Power steering system efficiency was compared
on both levels of reinforcement i.e. normal mode and in “city” mode, which is characterized by higher
assistance.

In real operating conditions, flexibility of suspension and the steering system as well as the coefficient
of friction between tire surface and the ground affect the efficiency of control of the electric motor in
the power steering system. In the analysed case, the highest attainable value of the torque amounted to
9 Nm. It was achieved during the phase of the steady turn of the wheels. The increase of the torque on
the registered course is steep. This is why at every moment during the manoeuver, an optimal
assistance of power steering system has to be ensured. The difference between “city” mode and
normal one in the assistance torque, which can be seen in the figure 2 amounted to about 5 Nm i.e.
about 50 %.

An analogous test, as described above was also made on wet asphalt. The obtained courses of the
torque on the steering wheel were shown in figure 3. In comparison to the manoeuvers performed on
snow, one can notice that the values of the torque are in this case higher by about 2 Nm, both in
normal mode and in “city” mode.
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Figure 3. The changes of the torque on the steering wheel during turns
to the right, left, manoeuvers performed on wet asphalt.

In order to check the reaction of the control unit of electric power steering system on any changes of
the state of contact of the vehicle wheel with the surface, manoeuvers with the wheels were performed
with changing the front axle load. The courses of the torque on the steering wheel with the load on the
front axle of 7200 N, obtained in the tests were shown in figure 4, whereas the figure 5 shows the
changes of the torque on the steering wheel with the load on the front axle of 4100 N. Comparing
these courses one can notice that unloading the steering wheels of the vehicle influences considerably
the resistance of the friction between tire and ground, what in turn decides on the torque on the
steering wheel. This is visible with power steering system turned off. However, in such case, the level
of controlling the assistance of power steering is only slight changed. We can observe this comparing
the course of the torque both in normal mode and in city mode. The torque on the steering wheel
changes maximally by 1 Nm with power steering system turned on.
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Figure 4. The changes of the torque on the steering wheel during turn right, left, manoeuvers

performed with loading the front axle with 7200 N, subsequent manoeuvers were performed: with
power steering system turned off, normal mode and city mode.

&
!
i
—

dw [Nm]

]
o

O=_NWENONROOANWANGNRO

0000000 OOOD 0000000000000 00 O
FTNOTDCROHO TN TDO~ODRO - WO DD
NN SN A& o

Figure 5. The changes of the torque on the steering wheel during turn right, left, manoeuvers
performed with loading the front axle with 4100 N, subsequent manoeuvers were performed: with
power steering system turned off, normal mode and “city” mode.

Apart from the manoeuvers described above, test rides were carried out on the same short section of
asphalt surface at two various speeds. During each of these rides, manoeuver of the turn by 90° was
performed twice. In given drive conditions, the test was made with normal mode and in “city” mode.
The courses of the changes of the turning angle and the torque on the steering wheel during the ride on
dry asphalt surface were presented in figure 6. On the basis of the obtained course of the change of the
angle of turning the steering wheel versus time, one can single out particular phases of the test ride, i.e.
starting to turn, then the return to straight drive and subsequently rapid turn.

In the phase of starting to turn, the torque on the steering wheel reached 10 Nm. During starting the
second turn, the correction of the running track is visible, which was followed by a maximum turn of
the wheels. From here, the change of the torque on the steering wheel is visible preceded by the
achievement of extreme position. In case of “city” mode on the same ride route with analogous speeds,
the torque on the steering wheel was about 40% lower.

Test rides, described above with the turns of the vehicle by 90° were repeated on the asphalt covered
with snow. In case of these rides, the values of the torque on the steering wheel were slightly higher
and reached from 8 to 10 Nm. However, in this case, higher range of the fluctuations of the torque was
observed what could be the consequence of the changes of the resistance of rolling resulting from the
presence of snow cap, over which the wheels were rolling. On the one hand, the coefficient of friction
between the wheel and compacted snow was lower than on dry asphalt, on the other hand, as it was
mentioned; the snow layer could be the cause of the increase of the rolling resistance of straight
rolling.
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Figure 6. The changes of the torque on the steering wheel during
the ride on dry asphalt; normal mode and “city” mode.
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Figure 7. The changes of the torque on the steering wheel during manoeuvers;
asphalt surface covered with snow, normal mode and “city” mode.

S. Model

The driver exerts the torque (74y) on the driving wheel (with the moment of inertia Ji.). The steering
angle (asw), which is the result of the exerted torque, is measured with the use of the specified
measuring equipment. The torque is transmitted from the steering wheel to the upper part of the
steering column (with neglected stiffness and damping) and to the torsion bar with torsional stiffness
¢ and damping Dy. The torsion bar allows to generate the signal for the control unit. The applied
torque is calculated based on the signal. The torsion bar angular displacement is mechanically limited
to a few degrees [4]. The power steering electric motor is coupled with the steering column via a
worm gear. The worm wheel is joined to the steering column via elastic sleeve coupling (with stiffness
ca and damping D). The lower part of the steering column (with stiffness cjs and damping D) is
placed under the worm gear assembly. The lower part of the steering column is coupled with the
pinion of the rack and pinion mechanism (with neglected friction).

The formulated model doesn’t include the steering system kinematics changes. The tire- road contact
surface was modelled as the wheel with determined surface s. The surface s was constant during the
simulation attempts. Thus, the tire’s pliability on the tire- road contact area was neglected. The
influence of the wheel suspension was also omitted. Normal load force F; and the friction coefficient
4, included in the model are the tire-road contact parameters.
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Figure 8. The formulated Matlab model.

6. Simulation analysis

6.1. Verification

The analysis of the results of computational calculations and the verification of a computational model
were the next step of the work. The courses of the changes of the angle of the turn of the steering
wheel, obtained from the calculations were related to those obtained during the measures made on the
vehicle and registered with a diagnostic tester. Real technical data of the steering system were adopted
for calculations. This allowed to obtain compatibility between the results registered during
experimental research and computational calculations. Adopted parameters correspond to those
established in the paper [4]. The values of the torque of the electric motor adopted in the simulation
model both for “city” and normal mode of power steering system amounted to about 0.5 Nm.

Due to the flexibility of the collection of components of the steering system, the torque on the
steering wheel showed fluctuations to some extent during repeated tests. The range of this variability
was designated for obtained results both as a response of the real system and the results of
computational calculations obtained based on the steering system mathematical model. So that the
obtained results can be compared more easily, all the juxtapositions were examined as manoeuvers
performed in two seconds’ intervals of time. On the presented graphs one can see irregularities of the
change of the angle of the turn of the steering wheel in the initial phase of the work of the system,
what is the result of the slack in the steering system as well as steering stiffness and steering damping.
Such a situation can be observed at the beginning of each of the manoeuver, since a constant torque of
electric motor was adopted in calculations.

6.2. Influence of the change of the axles load

Both the operating conditions and malfunction which may occur can influence the work of the system
and ipso facto its evaluation based on the read-outs registered by diagnostic tester. Simulation analysis
was conducted in order to assess the influence of changeable operating conditions on the torque on the
steering wheel.

The load on the wheels of the vehicle was the operating factor influencing the operation of the steering
system, which underwent evaluation. The range of the change of the load by 1000 N, from 3922 N to
4922 N was analysed. The lowest load corresponded to unladen kerb mass of the vehicle burdened by
a driver and one passenger with a joint mass of 150 kg. However, the biggest load corresponded to
admissible gross vehicle weight rating. The analysis was made in conditions of interaction of tire with
wet asphalt and normal mode of power steering system.
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Figure 9. The range of fluctuation results obtained from computational
calculations and measurement response of the real system.

The increase of the pressure causes in an obvious way the increase of the resistance of the
movement during manoeuvers with the wheels of the vehicle. As one can observe on the courses
shown on figure 10, in case of the lowest load, at a constant torque on the steering wheel and the
constant torque of electric motor of the steering system, after two seconds of performing the
manoeuver of the turn, the angle of the turn of 0,65 rad was obtained. However, in case of the highest
load, due to higher resistance of the friction between tire surface and ground, the steering wheel was
turned by 0,6 rad. The difference between these values is relatively small in view of the range adopted
for the analysis of the change of the load. The change of the load by 1000 N causes the difference of
the turn angle by 7%. This confirms a good optimization of the analysed solution.

6.3. Influence of the change of the friction coefficient between tire surface and the ground

Friction coefficient between tire surface and the ground was the next operating factor which was
evaluated. The influence of its changes within the range from 0,3 to 0,9 was analysed. This
corresponds to the range we can deal with on various surfaces; from the case of ice-covered and wet
carriageway to dry, very adhesive asphalt. The results obtained from model simulations were shown
on the figure 11.
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Figure 10. The influence of the change of the Figure 11. The influence of the change of the
vehicle axles loads on rotation steering wheel friction coefficient between tire surface and the
angle at assumed constant torque on the steering ground on rotation steering wheel angle at

wheel. assumed constant torque on the steering wheel.

For the adopted friction coefficient amounting to 0,3, i.e. the lowest examined resistance of the turn,
after 2 seconds of the duration of the manoeuver, the steering wheel is turned by about 0,72 rad.
However, in case of the friction coefficient amounting to 0,9, the steering wheel is turned by about 0,9
rad. The difference observed in the angle of the turn amounts to about 26 %. This shows considerably
higher susceptibility of the system on the changes of the friction coefficient in comparison to the
changes of the load on the vehicle axle. The abovementioned observations confirm the necessity to
pay more attention to this factor during tests and diagnostic research of the system.
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7. Conclusions

With regard to the increasing number of vehicles with electric systems, the issues associated with the

possibilities of proper diagnostics of work of these devices take on significance. The following

conclusions may be drawn on the basis of the experimental test performed and the analysis of their
results:

1. Based on the formulated Matlab model of electric power assistance system, comparative analysis
of the parameters of electric power steering system is possible.

2. Conducted measures enabled the evaluation of statistical dispersion of the values of the parameters
of work of electric power steering system recorded by diagnostic tester.

3. The values of the angle of the steering wheel turn and the torque on the steering wheel decide
about the steering effort, therefore they should be the parameters examined by diagnostic testers
during electric power steering system evaluation;

4. The conducted evaluation of the influence of measurement conditions enables the determination of
the range of variability of the records from the tester, which should be the basis to specify the
guidelines of the range of allowed fluctuation of test conditions necessary for a reliable and valid
measurement;

5. The entirety of conducted work constitutes a step to create a diagnostic monitor possible to be used
in self-diagnosis of electric power steering system.
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