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THE METHODS FOR DIAGNOSTIC OF THE TECHNICAL CONDITION OF
VEHICLES EMPLOYING HIGH PRECISE SATELLITE DATA

Summary. The paper presents a methodology for diagnostic of the technical condition
of vehicle. The high accuracy of the actual trajectory of the transport aggregate (TA) is
provided by the use of local differential mode of global navigation satellite system
(GNSS). Comparing the real and rational trajectories will determine the kinematic and
dynamic characteristics of the car.

METOANKA UCTIOJIb30OBAHUA BBICOKOTOYHBIX CIITY THUKOBBIX
N3MEPEHUU JUTA JTUATHOCTUKU TEXHUYECKOI'O COCTOSAHUA
TPAHCIIOPTHBIX CPEACTB

AnHotamus. IlpemioxeHa MeToaWKa ONpERENeHUs TEXHUYECKOTO COCTOSHUS
TPaHCIIOPTHOTO CpPEACTBA. BBICOKAas TOYHOCTH OMNpPENENIEHUS PEaNbHON TpaeKTOpHH
IBWKEHHA TpaHcropTHoro arperara (TA) obecnednBaeTcst HCTIOIB30BAHUEM JIOKAIBHOTO
muddepennuansHOoro peskuma padotel GNSS. CpaBHeHHE peanbHON W pamroHaIBHOM
TPaeKTOPHHA MIBI)KEHUS TO3BOJHUT ONPEACTUTh KHHEMaTHYeCKHe W JHHAMHUYECKHE
KadecTBa aBTOMOOMIIS.

1. INTRODUCTION

Great progress in the field of high-precision satellite measurements caused by using dual-frequency
measuring instruments and new methods of measurements data analysis allow us to create new
technologies that can be applied in various fields of science and technology [3, 6].

One of the most important tasks facing designers, manufacturers and exploiters of vehicles is
providing active safety. Along with other factors, which provide safety, in particular importance is
placed on achieving the required level of safety and comfort in the design and technical diagnostics of
vehicles before their operation.

For today the most comprehensive information for these tasks can be obtained from the test directly
using the object or its components. The process of testing is associated with a lot of time and costs
using specific computer systems.

We propose to use measurement system for diagnostic of the technical conditions. This complex
includes addition to computer instruments for high precision satellite measurements that during the
test should be placed directly on the case of the vehicle and record the movement of the calculated
points of transport aggregate (TA).

The measured data are compared with data obtained in the simulation or specified technical
characteristics of TA. Decision on the technical condition of TA is made based on the analysis. This
approach is possible both in the study of dynamic and kinematic qualities of the car.
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2. GENERAL DESCRIPTION OF PROBLEMS AND METHODS OF THEIR SOLVING

The use of high-precision satellite measurements will make the process of testing available for use
on non-equipped test sites, during the operating vehicles or their transportation for delivery to the
customer, before serving as a diagnostic tool for service stations. However, the use of such means
involves a number of features, which should be identified before testing. First of all, methodology of
research and testing should be defined. For the formation of this methodology is necessary to develop
the following aspects:

- selecting the object for testing and its mathematical models (MM);

- selecting coordinate system where measurement will be performed;

- determination of kinematic or dynamic properties that will be researched during the tests;

- definition of the functional relationships between the measured parameters, dynamic (kinematic)
properties and TA units (mechanisms) providing realization of these properties;

- definition of test plan and result processing;

- forming recommendations for further use of the TA.

Systemic use of these components provides a methodology of testing.

3. AIM, TASKS, STRUCTURE AND SELECTING WAYS OF PROBLEM SOLUTION

Methodology of diagnostics the technical state can be shown as a diagram in Fig. 1.
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Fig. 1. Methodology of diagnostics of the technical state of automobile
Puc. 1. MeToauka AUarHOCTUPOBAHUS TEXHUIECKOTO COCTOSHHSI aBTOMOOMIIS
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The concept of building a system for the diagram shown in Fig. 2, has the following fundamental
characteristics.

The basic component of the system is the car, the technical condition that is to be evaluated. To do
this, it is set a rover receiver and antenna. This receiver is connected to the base station, which is a
GPS-receiver, providing the solution to the problem and constitutes the correcting information. Rover
receiver considers the amendments to determine its location and the location of the key point of car
respectively. Software evaluation device solves problem of comparing the calculated ideal trajectory,
and provides information on changing user coordinate for a given period of time.
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Fig. 2. The diagram of implementing the system of technical diagnostics using DGNSS
Puc. 2. Cxema peanu3aiiy CUCTEMbl TEXHHUECKON IUarHOCTUKHA aBTOMOOMIIS ¢ ucnois3oBanueM DGNSS

3.1. The kinematic mathematical models of testing object

The first step in diagnosis is to select vehicle kinematic and dynamic mathematical models. As the
kinematic mathematical model was selected two-axle vehicle with front steered wheels.

Figure 3 shows the design scheme under consideration for two-axle vehicles unsteady turn with the
accepted symbols of geometric and kinematic parameters, acting forces and moments. We believe that
the weight of the car is concentrated in two locations — the middle of the first and second axis, the
motion of which is composed of translational motion around the instantaneous center of rotation and
the relative that is expressed angular displacement vectors of linear velocities of these points [1].
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Fig. 3. Diagram of two-axle vehicles with the anterior steered wheels at unsteady rotation
Puc. 3. PacueTHas cxema IByXOCHOW MalIMHEI C IEPEAHUMHU yIPABISEMBbIMH KOJIECAMH MTPU HEYCTAHOBHUBILIEMCS
IIOBOPOTE

The following parameter are indicated on fig. 3: point C — the center of gravity of the machine,
point b — center of the second axis of the unit, point n — center of the first axis of the unit, point O — the
instantaneous center of rotation of the unit, ¢ — the distance from the second axis to the center of
gravity, L — base of the car, R — instantaneous turning radius, X — projection of the instantaneous

center of rotation coordinates on the x-axis absolute coordinate system, 0, — the angle of the front
wheels relative to the longitudinal axis of symmetry of the unit,Sn,Sb — slip angles of the first and

second axes, V,, Vi, — velocity vectors of movement of the first and second axles, v, — the projection

of velocity of the center of gravity of the unit on the axis x, P, — pushing force on the drive wheels,
Ps., Psg — lateral forces of the first and second axes

We obtain the equations reflecting the dependence of the shift the pole of rotation and curvature on
the structural and kinematic parameters as:

X: m(L-c)VZ 1
LK x (D)
ye
K- aKyn
2 L'C Kyn +Kyg ' (2)
LK, +mv (1- . )

L K

ye
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where K —curvature of rotation which is equal to:

_ 1
K= &)

3.2. The dynamic mathematical models of testing object

This methodology allows us to investigate not only the kinematics, but also the dynamic properties
of the vehicle. For example this methodology can be used to estimate the floating action, dynamic
loads on the machine during movement and dynamic stability of TA.

When we estimate these parameters disturbing effect is the impact on the profile path in the
direction of motion, then calculated the impact of reduced taking into account the action of the
pneumatic tire, the suspension of TA which, as the practice shows, is not always accurate. Effects on
the body unit is not possible to estimate with sufficient accuracy due to the fact that for today there is
no model that describes the interaction of the tire with a profile on the one side and on the other side —
there are a large number of random factors such as:

- microprofile road randomness;

- tire pressure;

- tire rate;

- car's rigid suspension;

- coefficient of damping suspension [4].

A typical design diagram for studying the dynamics of the vehicle is shown in Fig. 4.

Fig. 4. The typical design diagram for studying the dynamics of the vehicle
Puc. 4. Tunuunas pacyeTHas cxemMa JUHAMUKU aBTOMOOMIIS

Thus, setting a measuring device in the measurements channel on the body of the unit, we can
increase accuracy by eliminating system error (bus-profile-suspension) on the one side, and on the
other side to simplify the model for estimating floating action, evaluation of dynamic loads and
stability of the TA.

3.3. Selecting and matching of coordinate systems

The formulas (1) and (2) characterize the curvilinear motion of the transport unit in the coordinate
system associated with the car. To evaluate the technical condition of the car, we need to know the
ideal trajectory in the geocentric coordinate system. To move from one coordinate system to another,
we use the direction cosine matrix.
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Writing the parameters characterizing the curvilinear motion of TA in projections on the axis
associated with TA coordinates system:

Vx 0 Cx X
v=|v, |,  R=|R c=o L= )
0 0 0

Using transfer matrix associated with the spherical coordinate system, we obtain the equation,
reflecting the dependence of the displacement of the pole and the curvature of the rotation on the
structural and kinematic parameters, as follows:

Y= m(L-c)VZ

cost - cosp + cosO - sing - sind
IK., (¢ Z ¢ - sinf) (5)
K akK , (cosg - sing)
¢ K_+K
LK, A+mi A2 1-E7C Tm " B ©)
7 L K,
A= (cos8 - cosp + cosO - sing - sinb) (7)

Characteristics of curvilinear motion TA obtained from (5) and (6) allow us to construct the ideal
trajectory of the transport unit in a spherical coordinate system.

4. EXPERIMENTAL PART

Depending on the kinematic and dynamic properties of the vehicle, which will be explored, it is
necessary to form a plan of the experiment.

You must define a point on the car, where the rover receiver will be installed. Since the parameters
of the test vehicle are known, the receiver can be installed anywhere on the vehicle, since the
coordinates of the remaining points can be calculated.

Necessary to consider that in vehicle monitoring systems installation location GPS antenna is
essential both in terms of quality of the system as a whole, and for medical reasons [9,10].

When placing the antenna inside the vehicle, there is deterioration in the quality of reception and
decrease the accuracy of the coordinates. Therefore it is necessary to place the antenna outside the
vehicle.

The test is the car, the parameters of which the technical specifications with the full weight. Pre
sure you check the angles of the steered wheels, the gaps in the steering, tire pressure, tire tread wear,
which must not exceed 30% of its original height. Length of sections shall be 500 m at speeds of 10-
30 km/h and 1000 m at high speeds [8].

The object of the tests performed VAZ-2103. The main "factory" car specifications are presented in
Table 1.
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Table 1
VAZ-2103 car specifications
Parameter | Value
Car body
Length 4116mm
Width 1611 mm
Height 1440 mm
Wheelbase 2424 mm
Front track 1365 mm
Back track 1321 mm
Ground clearance 170 mm
Operational performance
Maximum speed 150 km/h
Acceleration time (0-100 km / h) 19s
Curb vehicle weight 965 kg
Gross vehicle weight 1430 kg
Tire size 175/70 SR13

Location of the antennas is shown in Fig. 5 and Fig. 6
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Fig. 5. Location of the antennas: 1 — GPS-antenna
Puc. 5. Pacnonoxxenue anteHd Ha apTomoouie: 1 — GPS-antenna

Fig. 6. Location of the antennas (experiment)
Puc. 6. PacnionoxeHne aHTeHH Ha aBTOMOOUIIE (3KCIIEPHMEHT)
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During the research is expected the definition of following:

- Driving stability;

- Entrance into the turn;

- Static steer;

- Maximum speed in a circle on the road with a low coefficient of adhesion;
- Minimum turning radius.

During the experiment the following tests were performed:

- Straight-line motion at a speed of 10 km/h;

- Straight-line motion at a speed of 10 km/h in reverse;

- Clockwise turn at the maximum angle of the drive wheels;

- Counterclockwise turn at the maximum angle of the drive wheels.

The trajectory of the car during experimental studies presented in Fig. 7 and Fig. 8.
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Fig. 7. The trajectory of the car (turns clockwise and counter-clockwise): 1 — the trajectory of the front axle, 2 —
the trajectory of the rear axle

Puc. 7. TpaekTopust ABHKEHUSI aBTOMOOHIIS (IIOBOPOTHI 110 YaCOBOM M MPOTHB YacOBOM CTPENOK): 1 — TpaekTopus
JIBUKEHUS TepeHel ocH, 2 — TpaeKTOpHs ABIKEHUS 3a1Hel ocH
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Fig. 8. The trajectory of the car (straight-line motion and straight-line motion in reverse): 1 — the trajectory of the
front axle, 2 — the trajectory of the rear axle
Puc. 8. TpaekTopusi IBH>KEHUST aBTOMOOUIIS (MIPSMOJIUHEIHOE ABIDKEHUE W IPSIMOJIMHEHOE IBIKEHUE 3aIHUM
X0Z0M): | — TpaeKTOpHUs ABMKCHUS NepeaHel 0CH, 2 — TPaeKTOpUs ABMKECHUS 3aHEH OCH

5. CONCLUSION

The work investigated the possibility of evaluation of the technical condition of the car by the
differential mode GNSS.

The method of differential navigation is a widely used highly accurate measurement results, and
not a very complex technical implementation. It allows you to determine the object's location accurate
to a few centimeters [5, 7].

Also developed a method for the study of technical state of the TA using a differential mode
GNSS.

Implementation process of diagnosing technical state vehicles allows you to:

- reduce the cost of current repairs caused by road and line failures due to the large variation of
dispersion durability components and assemblies;

- reduce fuel consumption;

- increase tire life by timely elimination of the factors that contribute to their wear and tear;

- improve the performance of vehicle by continuously maintaining its high dynamic qualities.

In addition, the introduction of the diagnostic process reduces the risk of accidents due to higher
quality of service nodes that provide safety.
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