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DETERMINATION OF INITIAL CONFIGURATION OF MECHANISM
OF AN INSTRUMENT FOR MEASURING THE TRANSLATION AND ROTATION
OF A STEERED WHEEL

WYZNACZANIE KONFIGURACJI POCZATKOWE] MECHANIZMU
PRZYRZADU DO POMIARU TRANSLACJI I ROTACJI KOLA KIEROWANEGO

Abstract

This paper concerns the determination of the initial configuration of a mechanism of a prototypical
instrument for measuring the translation and rotation of a steered wheel. It covers the determination of
coordinates of characteristic points of the mechanism. They were measured using a ROMER measuring
arm. In the paper the methodology of measurements is discussed, and in addition the results obtained are
presented and their analysis conducted.
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Streszczenie

Praca dotyczy wyznaczania konfiguracji poczatkowej mechanizmu prototypowego przyrzadu do pomia-
ru translagji i rotacji kola kierowanego. Polegalo to na wyznaczeniu wspolrzednych charakterystycznych
punktéw jego mechanizmu. Pomiary przeprowadzono Z wykorzystaniem ramienia pomiarowego ﬁrmy
ROMER. W pracy zostala oméwiona metodologia pomiaréw, przedstawiono uzyskane wyniki oraz prze-
prowadzono ich analize.

Stowa kluczowe: samochdd, kolo kierowane, prototypowy przyrzad pomiarowy, pomiary wspélrzednosciowe, ramie
pomiarowe ROMER
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1. Introduction

An analysis of car movement parameters is one of the fundamental issues of stability and
steerability. Change of the forces generated at the wheel-road contact is dependent on many
factors associated with tyre, suspension and steering system construction. Steering wheels
are carried out through the spatial mechanisms with flexible constraints [1]. The flexibility
is the reason that during a car’s movement along the same path, at different speeds, the real
kinematic steering ratio changes; a significant difference between the real and theoretical
steering angles appears. The measurement of real steering and camber angles in experimental
car studies has a significant value. The results of these measurements are used to work outthe
relationships between car movement parameters as well as for stability and steerability
valuation [2-4]. The measurement of the position and orientation of the wheel relative to
the car body is very difficult, only a few studies on this topic can be found in the literature [2,
5-9]. The measurement is complicated and the measured values are not obtained directly but
as a result of complex calculations.

The best known devices that allow the measurement of the position and orientation of the
steered wheel relative to the car body are the Datron RV-3 and RV-4 instruments [10].

This paper concerns the determination of the initial configuration of the mechanism of
a working model of a prototype instrument for linear and angular displacements of steered
wheel measurement.

2. Proposed instrument for translation and rotation of steered wheel
measurement

The proposed instrument for measuring the translation and rotation of a steered wheel
is composed of two plates: external and internal, connected with nine links with linear
displacements sensors built in. The external plate (Fig. 1) is fixed to the vehicle body, while
the inner plate (Fig. 2) is kinematically connected with the axis of the steered wheel hub. The
connection is made using bearing hub. The links of the instrument are attached to the both
plates via ball joints, there are 9 joints named H, i = 1-9 in the case of the external plate and
3 joints named D, j = 1-3 in the case of the inner plate. A characteristic feature of the joints D,
is that each of them realizes the function of three ball joints with a common centre.

The measurement of angular and linear displacements of a steered wheel of a car, using
the prototypical instrument, requires knowledge of the initial configuration of its mechanism.
For this purpose it is necessary to know the coordinates of the ball joints D, j = 1-3 and H,
i=1-9ina Cartesian coordinate system {x, y, z} attached to the vehicle body. The origin of the
system is located at the external plate fixed to the vehicle body (Fig. 1). The coordinates of ball
joints centres H, i = 1-9 were determined using the coordinate measurement method, while
the coordinates of the centres of the ball joints D, j = 1-3 were calculated using mathematical
dependences (see Equations (2) and (3)).

An overview of the prototype instrument attached to a car wheel is shown in Fig. 4.



Fig. 1. The external plate of the prototypical instrument for measurement of linear and angular
displacements of the steered wheel in overview. The Cartesian coordinate system and the positions of
the ball joints H, i = 1-9 were marked in the photo

Fig. 2. An overview of the internal plate of the prototypical instrument for measurement of the linear
and angular displacements of the steered wheel. Positions of the ball joints D, j = 1-3 and the Cartesian
coordinate system connected with the plate is shown (The y_ - axis coincides with y — axis of the
coordinate system connected with the external plate)

The plain bearings, shown in Fig. 3, were used as the joints D, j = 1-3 and H, i=1 (9).
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Fig. 3. Spherical plain bearings ISKRA PGE 16X [11] used for fixing the links of the instrument to the external
and internal plate: a) overview b) dimensions




Fig. 4. An overview of the prototype measuring instrument attached to the car wheel
3. Determination of coordinates of characteristic points of instrument’s
mechanism

The coordinates of points H, i = 1-9 were determined using a ROMER measuring arm
[12] shown in Fig. S.

b)

Fig. 5. ROMER measuring arm used to determine the coordinates of points H, for i = 1-9:
a) overview b) close-up of the ruby ball




The basic parameters of the portable measuring arm are given below [12]:
measuring range: 1.2 m,
calibrated and certified according to ISO 10360-2,
accuracy: MPEE = 5 + L/40 < 18 ym; MPEP = 8 ym; where L — length,
operation temperature: 0-50°C,
maximum relative humidity: 80% for temp. up to 31°C.
In order to measure, the plate with ball joints has been fixed on a granite measuring plate
in such a way as not to cause deformation (Fig. 6).
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Fig. 6. The external plate of the measuring instrument (with ball joints fixing the optical linear displacements
sensors) fixed on a granite measuring plate. The ROMER measuring arm and a computer with the appropriate
software, on which disc the results of measurements were recorded are also visible




Before starting the actual measurements, the position of coordinate system, in which
the coordinates of points H, i =1-9 were determined, should have been unambiguously
specified. In order to do this, at first, at the surface of the measured plate the plane PLN1 was
determined. Then, on that plane, two circles were defined (CIR1 and CIR2), between the
centres of them the length LIN1 was constructed. Axes x and z are on the plane PLN1 and
their origin was established at the point PN'T3. The y-axis is coincided with a normal vector
to the plane PLNI. Its origin was also established at the point PN'T3, while its sense was
directed in such a way that the coordinate system is right-handed and orthogonal.

Fig. 7 shows a screenshot of the computer program with which the results of the
measurements were recorded. The features that were used to construct the coordinate system
are visible.
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Fig. 7. The screenshot of the computer program with which the results of the measurements carried out using
ROMER measuring arm were recorded. The plane PLN1, circles CIR2 and CIR2, length LIN1, the origin of the
coordinate system PNT3, the directions and senses of x and z axes are shown. The direction and sense of axis y
were specified in such a way that the coordinate system is right-handed and orthogonal

The coordinates of centres of the ball joints H, i =1-9 were determined by measuring the
outer surfaces of inner rings of spherical plain bearings (Fig. 3). These surfaces are fragments
of the sphere’s outline, their measurement consisted in pointing, using the ruby ball of the
ROMER measuring arm, eight points, on the basis of which the program determined the
diameter, the coordinates «, y, z of the spheres centres, and hence the coordinates of the
centres of the ball joints H, i = 1-9 in the pre-determined Cartesians coordinate system. To
increase the accuracy, the measurement of each surface was conducted three times, then the
averages of the results obtained, which were taken as the requested coordinates of ball joints
centres H, i = 1-9, were determined.

Fig. 8 shows an operator of ROMER measuring arm during the measurements.



Fig. 8. The measurement of the coordinates of the ball joints H, i = 1(9) centres using
the ROMER measuring arm

The measurements results are summarized in Tab. 1.

Table 1. The results of the measurements of the coordinates of centres of ball joints H,, i =1-9 obtained using
ROMER measuring arm. The results were measured with an accuracy of three decimal places. In terms of an aim
realization, they were rounded to one decimal place
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X, 113.4 113.6 113.6 113.5 0.08
H, Vi -113 -11.2 -11.2 -11.2 0.05
Z 61.5 61.0 61.0 612 0.25
X, 177.9 177.9 178.0 177.9 0.03
H, Yy -11.9 -11.9 -11.7 -11.8 0.10
z, -49.5 -50.0 -50.0 -49.8 0.28
Xy 50.1 50.1 50.1 50.1 0.02
H, Vs 1.1 1.2 1.1 L1 0.09
Zy -49.8 -50.2 -50.2 -50.1 0.22
X, -0.2 0.0 0.0 -0.1 0.09
H, Ve 13 13 13 13 0.02
Z 36.9 36.5 36.6 36.7 0.22




cd. Tab. 1

1 2 3 4 5 6 7
Xy -65.2 -65.0 ~64.9 ~65.0 0.17
H, Vurs -10.9 111 -111 -11.0 0.09
2 146.9 146.8 146.8 146.8 0.09
Xy 63.2 63.6 63.7 63.5 0.24
H, it -10.3 -10.3 -10.3 -10.3 0.04
26 147.7 147.3 147.3 147.4 0.22
Xy ~114.0 -113.9 1139 -114.0 0.08
H, Vi -12.9 -12.9 -12.9 -129 0.04
zy, 59.3 59.3 59.3 59.3 0.04
Xy -177.6 -177.6 -177.6 -177.6 0.05
H, Vire -12.6 -124 -12.5 -12.5 0.09
2 -50.5 -50.6 -50.6 -50.6 0.04
Ko -49.8 -49.8 -49.8 -49.8 0.03
H, Voo L1 1.0 L1 L1 0.06
2o -49.9 -50.1 -50.0 -50.1 0.10

The standard deviation, for each measurement, was determined according to the formula:

o= (o, —,)” (1)
n-1
where:
s — experimental standard deviation,
x - measured value of each coordinate,
x — arithmetic mean of all measurements of each coordinate,
k — number of each measurement: i = 1-3,
n — number of measurements, n = 3.
The determined values of the coordinates of the fixing points of the instrument’s links to
the external plate are shown below in millimetres:
H (113.6, -11.2, 61.0); H (177.9,-11.8,-50.0); H,(50.1, 1.1, -50.2); H,(0.0,1.3,36.5);
H (-64.9,-11.1,146.8); H,(63.7,-10.3,147.3); H (-113.9,-12.9, 59,3); H,(~177.6, ~12.4,
-50.6); H,(-49.8, 1.1,-50.0).
Shows the window of the computer program which recorded the measurement data, the
positions of all ball joints fixing the external plate with the measuring instrument’s links are
visible. The ball joints were marked as SPH1-SPHO9.
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Fig. 9. Window of the computer program which recorded the measurements data. The coordinate system,
objects that were used to build it (See Fig. S) and the positions of ball joints, which coordinates were searched
are shown (Symbols SPH1-SPH9)

The coordinates of centres of the ball joints D, in coordinate system connected with the
external plate, were determined on the basis of known dimensions of the internal plate, the
distance between the plates and the coordinates of centres of the ball joints H.. It was assumed
that the plates were parallel and had the same angular orientation. Fig. 10 shows a schematic
view of the internal plate with the dimensions needed to calculate the coordinates of ball
joints D]_, j=1-3 centres.
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Fig. 10. Schematic view of the internal plate. Dimensions needed to calculate the coordinates of centres of the
ball joints D, j=1-3are shown

The coordinates x and z were calculated on the basis of basic geometrical relationships
(for o= 60°):

xp; =—%p, =R-cos(a)=80-0.5=40mm (2)
, 3
Zp =—Zp, =R~sm(a):80-7:69.3 mm (3)
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The coordinates y, , y, ., ¥,, were calculated on the basis of the known distance between
internal and external plates and the dimensions of the ball joints D..

The determined coordinates of centres of ball joints D, j = 1-3 are presented below in
millimetres:
D,(69.3,-232.2,-40.0); D,(~69.3, -232.2,-40.0); D,(0.0, 232.2, 80.0).

Knowing the coordinates of ball joints H, and D, the initial lengths of the instrument’s
links were calculated:

i - 2 .

"pH, "1, :lle,.) i=1,2,3 (4)
ST - 2 )
o, 10,1, =Ip,m,» i=7,8,9 (5)
T - 2 .

o1, “To,H, =Ip,m,» i=4,5,6 (6)

4. Summary

It is necessary to know the coordinates of the ball joints centres H, i = 1-9 and D,
j = 1-3 and the lengths of links of the proposed instrument’s mechanism at the beginning of
measurements of linear and angular displacements of a steered wheel. The coordinates of nine
ball joints H, were determined using a ROMER measuring arm, an accuracy of three decimal
places was obtained, but in terms of aim realization, they were rounded to one decimal place.
The measurement of each coordinate x, y, z, was repeated three times, than an average and
standard deviation were calculated. The average standard deviation obtained a value of
0.1 mm. On the basis of results of these measurements and the known distance between the
instrument’s plates, the coordinates of the centres of the ball joints D, and the lengths between
plates were calculated.
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