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The article gives the theoretical substantiation of the forces determination that arise during the steerable vehicle wheel with
chassis dynamometer interaction taking into account the wheels angles setting in relation to the longitudinal, vertical and
transverse vehicle axes. The transition from mobile to fixed coordinate system using Euler angles is considered.
The transitions comparison from the stationary coordinate system to the moving one in the system an aircraft axes and ship
axes. It made it possible to move to the fixed coordinate system for a steerable vehicle wheel. A table of transition between
moving and stationary reference systems has been made. The table provides an opportunity to determine the projections of
forces that arise when the steerable vehicle wheel is interacting with the bearing surface when the angles of its installation are
relative to the frame, are changed.
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Bu3zHavyeHHSI HAPAMY CHJI, 0 BUHUKAKOTH NIPH B3a€MOJII
KEePOBAaHOI0 aBTOMOOIJILHOI0 KoJieca
3 OiroBumu 0apadaHamMu

Bacuise O.C.'*, Porosin I.A.%, IllanoBaax M.B.?, OpuceHko 0.B.
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IIpoanamnizoBaHO crocoGOH NMEpeBipKy KyTiB YCTAaHOBJICHHS KOJIIC HA aBTOMOOLI Ta BUSBICHO HEJONIKU CIIOCO0Y peryioBaH-
HS y CTaTHYHOMY CTaHi BEJIMUMHU KYTIB, SKi € OJJHAKOBUMH JJISI BCIX aBTOMOOILTIB ITeBHOT MOJeNi i He BPaXOBYIOTh 1HIHBI-
JyanbHI BIIXWIICHHS B PYJIbOBOMY KepyBaHHI aBTOMOOims. Po3risHyTo crmoci6, sikuii 103BOJISIE 3AIHCHIOBATH MEPEBIPKY Ta
peryJoBaHHs KyTiB YCTaHOBJICHHS] KEPOBAHUX KOJIC MPH PyXOBi aBTOMOOLIS i iMiTalLlil TaKOro pyXy 3a JOMOMOroi0 GiroBux
6apabaniB. HaBeneHo TeopeTHyHe OOTPYHTYBAHHS BU3HAYCHHS CHII, 1[0 BUHUKAIOTH TIPH B3a€EMOJI1 KEPOBAHHUX KOJIiC 3 Oiro-
BuUMH OapabaHaMu 3 ypaxyBaHHSIM KyTiB YCTaHOBJICHHS KOJIC CTOCOBHO IO3JOBXKHBOI, BEPTHUKAJILHOI Ta MOMEPEUYHOI ocei
aBTOMOOIIS. PO3risHyTO mepexii Bif pyXoMOi CHCTEMH KOOpAMHAT [0 HepyxoMmoi 3a JomomMorow KytiB Eiinepa.
BuKoHaHO HOPIBHSAHHS MEPEXO/IB BiJl HEPYXOMOI CHCTEMH KOOPIMHAT J0 PyXOMOi B CHCTeMi oceif jiTaka i KopabenbHUX
oceil, IO 1an0 MOXIIMBICTh MEPEHTH OO HEPYXOMOI CHCTEMH KOOPAMHAT I KEpOBAHOTO KoOJjeca aBTOMOOLIS.
CxJaJieHO TaOJHUIII0 HEePeXoay MK PyXOMOIO Ta HEPYXOMOIO CHCTEMaMH BiUTIKY, SKa Ja€ MOXKJIMBICTh BU3HAYaTH HPOEKIT
CHJI, 10 BUHUKAIOTH MPH B3a€EMOJI1 KEPOBAHOTO KoJieca aBTOMOOIIS 3 OMOPHOIO MOBEPXHEI0 MPH 3MiHi KyTiB HOro BCTaHOB-
JICHHS BiJTHOCHO OCTOBA.

KimrouoBi ciioBa: kepoBane kojieco, aBToMo0i1b, 6irosi 6apabanu, kytu Eitnepa.
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Introduction. The operation practice and scientific
research show that the correct installation steerable
vehicle wheels depends to a large extent on its han-
dling, course stability, fuel consumption and tire wear
[1 —3]. Due to the tires deformation by motion, steer-
able wheels of a vehicle are installed at certain angles
to the longitudinal, vertical and transverse car axes
(longitudinal inclination angles and dislocation) [4 —
6]. These angles are assigned by the manufacturer for
each individual car model and must be maintained
within the specified limits throughout the service life.

Existing inspection methods include the wheels in-
stallation in a static state with angular angles, which is
the same for all vehicles of this model [7, 8§].
However, in each case there is a deviation from the
norm. This is especially noticeable on cars that were
in operation, in which there are kingpin strikes, bush-
ings, joints steering rods, front axle beams deforma-
tion, subsidence front springs.

Typically, these deviations are compensated by the
rather wide allowable limit in adjusting the wheels set-
ting angles. In this case the optimal values are not
stored, of course. In addition, when driving a car, the
gaps in the steering control are selected, which leads
to the change in the wheels initial position. In these
cases, the recommended wheel angle setting cannot be
the same for all vehicles of this model.

Actual scientific researches and issues analysis.
Methods are also known which enable to check and
adjust the steerable wheel of a vehicle angles when the
car is driving [8] and simulating this motion by chas-
sis dynamometer [9].

When designing chassis dynamometer stands, it is
necessary to determine the forces acting on the drum
from the wheel. In works [9, 10] the determination of
forces is carried out taking into account only the as-
cent angle. Given that steerable wheels are installed at
the same time at three angles, this method of deter-
mining forces is inaccurate [11].

Selection of previously unsettled parts of the gen-
eral problem. Given that the steerable wheels of a
vehicle are installed at certain angles relative to the car
frame, there is a need to create a mathematical estab-
lish. It will allow to determine the forces projections
that arise when the wheel is interacting with the sup-
port surface while taking into account the three steer-
ing wheel angles set [12, 13].

Setting objectives. The article purpose is the theo-
retical justification for determining the forces projec-
tions that arise when the steering wheel is interacting
with a chassis dynamometer, taking into account the
wheel angles mounting relative to the vehicle frame.

The main material and the results. Since the steer-
able wheel of a vehicle is set at certain angles to the
longitudinal, transverse and vertical car axes, then to
determine the projections of the forces applied to the
wheel, it is necessary to make a transition from the
moving coordinate system, which is tightly connected
to the steering wheel and can change its position de-
pending on changes in the wheel mounting angles and

a fixed coordinate system that is rigidly tied to the
support surface. This transition is carried out through
a series of successive a moving coordinate system
turns around the axes of a fixed system and their new
positions.

There are several ways to move from a fixed to a
moving coordinate system [14]. Often in such cases,
the transition is carried out using the Euler’s angles

(Fig. 1).
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Figure 1 — The transition from a mobile to a fixed
coordinate system using the Euler's angles

If, when moving from a moving coordinate system
to a fixed one and taking advantage of the Euler's an-
gles, one can notice that at small angles for the instal-
lation of driven wheels, there are small deviations axes
coordinate systems moving from its original position.
At the same time, the nutation angle @ and the sum of
precession angles y and the proper rotation ¢ remain
small, although the angles y and ¢ themselves acquire
arbitrary values within 27 le. cos @ =~ 1;
cos (y— @)~ 1.

In this case, the choice for the transition of Euler's
angles is inconvenient, since using large angular val-
ues in determining the moving axes slight variations
from the initial position is inconvenient due to the
complexities that arise during mathematical transfor-
mations.

In some cases it is more convenient to use other ori-
entation angles of the mobile reference system [14].
Thus, in the aircraft dynamics (Fig. 2), the Ox axis di-
rected along the axis of the aircraft from the tail to the
pilot cabin, the Oy axis — in the plane of symmetry of
the aircraft, and the Oz axis is perpendicular to this
axis (by wingspan) to the right of the pilot.

The transition from a stationary coordinate system to
a moving one in the aircraft axes system is carried out
by means of three turns: the first around the axis
On on the angle w, the second — around the new posi-
tion of the axis O¢ (line On) on the angle ® and the
third — around the new position of the axis O¢&
(axis Ox) at the angle @. The angles of orientation are:
w — the angle of rotation, @ — is the pitch angle and

@ — is the angle of the roll.
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Figure 2 — The transition from mobile to fixed co-
ordinate system of the aircraft system

Ship axles differ from the aircraft axes only by the
designation. At the Krylov suggestion [14], the Ox
axis is directed from the stern to the nose, the Oy axis
is to the left side, and Oz is in the diametric plane of
the ship (Fig. 3). Now the angle y defines the diver-
gent, the angle @ — the roll, the angle ¢ — the rigging
of the ship. The transition from a stationary coordinate
system to a moving axle in the ship system is carried
out using three turns: the first around the axis O7 at t-
he angle w, and the second one around the new posi-
tion of the O& (line On) on the angle @ and the third —
around the new position of the axis O (Oz axis) at the
angle ¢.

Figure 3 — The transition from mobile to fixed co-
ordinate system of the ship system

To move from mobile to fixed coordinate system for
steerable wheel of a vehicle we will use a moving co-
ordinate system similar to the ship. The Ox axis is di-
rected along the longitudinal vehicle axis, the Oy axis
in the direction perpendicular to the vehicle axis, and
the axis Oz vertically upwards.

Start the countdown to match the axis of rotation of
the wheel. In the transition to a moving coordinate
system (Fig. 4) let us consistently make another turn:
the first axis Oy at an angle ¢, the second — around the
new position of the axis Ox (line n) at an angle £ and
the third — around the new position of the axis Oz
(axis O¢) on the angle y As an orientation angles
there appear: f— a the angle of inclination of the lon-
gitudinal rotation axis (pivot), f — the angle of the
wheels collapse and y — angle of ascent of wheels.
Thus the axis Oy passes into the axis O7 , the axis Ox
— in the axis O, and the axis Oz — in the axis O&.

Figure 4 — The transition from mobile to fixed co-
ordinate system for the steerable wheel of a vehicle

With such a sequence of turns, the transition from a
moving coordinate system to a motionless one can be
represented as Table 1.

Table 1 — Transition from moving to fixed coordinate system

Symbol X Y Z
& cosycosa — siny sinf sina —sinycosf siny sinff sina + cosy cosa
n siny cosa — cosy sinf sina cosycosf3 siny sina — cosy sinff cosa
& —cosfsina sinf cosf cosa
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This transition table from a moving to a fixed coor-
dinate system allows you to determine the projections
of the forces acting on the chassis dynamometer on
the part steerable wheel of a vehicle, taking into ac-
count his installation angle.

Conclusion. The result of this research is the table
of transition between moving and immobile reference
systems. This table enables to determine the projection
of forces that arise when the steerable wheel of a vehi-
cle is interacting to the supporting surface by changing
its installation angles relative to the vehicle frame.
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