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Abstract. The authors of the article analyze the possibilities of correct
diagnostics of unmanned and electric vehicles on modern power and inertia
roller stands. The purpose of this work is to improve the quality of
monitoring the technical condition of wheeled vehicles by providing highly
informative and stable test modes of operation in the process of their
diagnostics. To achieve this target, we have developed test methods for
wheeled vehicles, the implementation of which it is proposed to use a hybrid
designed stand allows to measure force and power to the drive wheels of the
vehicle, and temporal and kinematic parameters of the process of its
functioning. The study proved that, to ensure a highly stable and test modes
of operation of wheeled vehicles in the process of control of technical
condition and diagnosis, you should use hybrid stands.

1 Introduction

Our country's highways are actively developing electric vehicles and unmanned vehicles
are already appearing. Experience suggests that the number of such cars will only grow every
year. Therefore, in the very near future, there will be urgent issues of maintaining and
restoring their performance, providing high-quality diagnostics. There are known studies
aimed at studying the diagnostics of battery system failures in electric and hybrid cars [1-7].
However, it is necessary to study the traction and speed properties of such vehicles.
Unmanned wheeled vehicles are silent. They do not have a driver who could formulate
questions about the technical condition of wheeled vehicles, evaluate its traction-dynamic
and braking properties, describe the problems of its units, components and systems.

Electric vehicles and vehicles are characterized by both the classic typical layout of the
power unit and transmission, and the layout with spaced electric motors individually on each
driving wheel. In the first case the supply of torque to the driving wheels of the vehicle is
carried out by a single electric motor through a reducer and hinges of equal angular speeds

(fig. 1).
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Fig. 1. Power units of electric vehicles with one electric motor per axle

In the second case, the electric motor is installed inside the driving wheel of the car (fig.
2). If monitoring the technical condition of electric vehicles with a single power unit is quite
possible on existing stands, then for monitoring electric vehicles and unmanned wheeled
vehicles with motor wheels, there is a problem of the lack of methods and means for
monitoring the traction force, individually on each driving wheel. Modern bench diagnostic
equipment does not provide this possibility.

Fig. 2. Power units of electric vehicles with one electric motor per wheel

2 Methods

Not all stands with running drums and the methods they implement reflect the traction
properties of cars correctly [8-10]. More or less correct and informative parameters from the
diagnostic point of view are provided by power stands. They allow you to measure power
parameters: traction, power on wheels, power and power spent on scrolling the transmission.

Modern power stands (fig. 3) consist of blocks with support rollers 2 and supporting
rollers 5. The support rollers 2 are connected to each other by couplings, as well as to the
loading device 6, which is an electrodynamic brake. Sensors 1 track the speed of the car’s
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wheels. The force with which the electrodynamic brake 6 tends to load the car's transmission
is determined using the sensor 7. Sensor signals are processed and the power unit 9 and the
amplifier and converter unit 8 control the stand.
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Fig. 3. Kinematic diagram of the power stand:
1-speed sensor; 2-support roller; 3-lifting device; 4-bump roller; S-supporting roller;
6-electrodynamic brake; 7-force sensor; 8-unit of amplifiers and converters; 9-power unit.
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Unfortunately, when monitoring cars on power stands, it is possible to obtain their
characteristics only in a steady mode, for example, to simulate the movement of the car at a
constant speed up the hill. Although in reality, the movement of the car is mostly
accompanied by acceleration and run-out modes. Most faults can be detected in these modes.
Therefore, for a complete and informative diagnosis of wheeled vehicles on stands with
running drums, it is necessary to simulate the acceleration of the car. This cannot be done on
power traction stands.

The direct opposite of power stands is inertial stands that implement dynamic methods of
diagnostics of wheeled vehicles. Inertial stands (fig. 4) consist of blocks with supporting
rollers 3 and supporting rollers 6. Each support roller 3 is connected by a coupling to the
reducer 1, which, in turn, is connected to the flywheel 7, which performs the functions of a
loading device. The speed of the car's wheels is tracked by 2 sensors. Sensor signal processing
and control of the stand is carried out by the amplifier and Converter unit 8 and the power
unit 9.

Unlike power stands, they allow you to measure only time and kinematic parameters,
such as acceleration time, acceleration path, run-out time, and run-out path. Analysis of the
design of the traction quality stands shows that there are also inertial power stands that
implement the power and inertial methods for setting test modes. The force parameters are
measured using a force sensor mounted on a balancing eddy current brake.

All of the above stands are able to measure the total traction force on the driving wheels
of the car. While modern electric vehicles and unmanned wheeled vehicles need to control
the traction forces on each wheel individually.
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Fig. 4. Kinematic diagram of the inertial stand:
1-reducer; 2-speed sensor; 3-support roller; 4-lifting device; S-rebound roller; 6-support roller;
7-flywheel; 8-unit of amplifiers and converters; 9-power unit.

Measured on the inertial stands for the kinematic and temporal parameters are extremely
unstable. They are not informative and require a large number of measurements. But at the
same time, the dynamic methods implemented by these stands simulate extremely important
modes of acceleration and run-out from the point of view of diagnostics of wheeled vehicles.
However, in order to determine the traction qualities, the dependence of the traction force on
their driving wheels on the speed is necessary. Therefore, for a qualitative analysis of the
traction properties of wheeled vehicles, it is necessary to monitor their functioning both in
steady-state modes and in the "acceleration-run-out" mode. This implies both individual
application of these modes and their reasonable combination.

Analysis of existing methods and kinematic schemes of the stands that implement them
shows that today there is no equipment that can measure the traction forces on each driving
wheel of wheeled vehicles, and at the same time ensure the use of power and dynamic
methods both individually and jointly.

Thus, the development of hybrid (inertial-force) stands that implement these methods and
test modes becomes relevant. They allow you to load the car as it functions in real operating
conditions. It is very important to measure, first of all, the power parameters. Power
parameters are much more informative and stable than time and kinematic parameters-path
and speed.

3 Results

In order to solve this problem, a prototype hybrid stand was developed, which is a good
alternative to existing inertial and power stands, since it implements power and dynamic
methods and test modes (fig. 5). The hybrid stand allows you to measure the forces and power
on the driving wheels and with them, the time and kinematic parameters. The use of a hybrid
stand allows you to get very reliable and stable diagnostic results, providing a more
informative and correct control of the technical condition of the power plant, transmission
and systems of cars with petrol or diesel engines, as well as electric vehicles and unmanned
wheeled vehicles. The stand consists of a frame, two blocks of support rollers 4,
kinematically connected to each other, as well as flywheels 1 and contactless sensors 10 for
measuring forces on the wheels of the vehicle. One of the support roller blocks is connected
to the eddy current brake 11. The electrodynamic brake 11 of the hybrid stand is installed
balancer-wise, with its own sensor 12, according to which the force loading the power plant
and the transmission of the vehicle is measured. The support rollers of the stand 4 and the
rollers of the tracking systems 7 have sensors 3 and 8, which measure the speed of rotation
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of the car wheels and the speed of rotation of the support rollers. Sensor signals are processed
and the stand is controlled by the power unit 14 and the amplifier and converter unit 13.
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Fig. 5. Hybrid stand:
1-flywheel; 2-reducer; 3-speed sensor of stand rollers; 4-support roller; 5-lifting device;
6-bump roller; 7-tracking roller; 8-wheel speed sensor; 9-supporting roller;
10-non-contact force sensor; 11-electrodynamic brake; 12-force sensor on the brake;
13-amplifier and converter unit; 14-power unit

As already mentioned, non-contact magnetoelastic sensors, 10 are installed on the drive
shafts of each pair of support rollers 4 to measure the forces on each wheel [11]. The stand
allows you to monitor both the traction and braking properties of cars in both acceleration
and steady-state mode, measuring the forces on each wheel individually. It is able to diagnose
anti-lock, anti-slip and other intelligent vehicle systems, as well as their traction properties,
power plant and transmission.

On the hybrid stand, trial tests of the KIA SOUL EV electric car were carried out in the
acceleration mode, under the action of a constant loading force from the stand's brake. The
graph of this process shows the simultaneous effect on the electric vehicle of both dynamic
and power test modes of loading the power plant and transmission of the tested electric
vehicle (fig. 6).
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Fig. 6. Acceleration of the KIA SOUL EV electric car at the hybrid stand:
1 — left wheel speed; 2-right wheel speed; 3-stand roller speed; 4-resistance force;
S-force on the right wheel; 6-force on the left wheel.

The graph shows the speed of rotation of the wheels of an electric vehicle on the stand
rollers, the traction forces on each of its driving wheels, and the loading force with which the
electrodynamic brake seeks to stop its wheels. The forces measured on the wheels of the car
are unstable, due to the occurrence of torsional vibrations in the transmission of the electric
vehicle, its wheels and the Flyweight of the stand. This problem has yet to be resolved.

4 Conclusion

It is proved that in order to provide highly informative and stable test modes of operation of
a wheeled vehicle, it is necessary to use hybrid (inertia-force) stands during their diagnostics.
They allow you to perform technical condition monitoring and diagnostics of vehicle power
plants using both power and dynamic methods and measure both power and kinematic
parameters on each driving wheel.

Hybrid stands and the methods they implement allow:

1. monitor the technical condition of power plants and transmission of wheeled vehicles,
taking into account power losses in the transmission, as well as speed and power losses in the
tires of the driving wheels;

2. optimize the standard values of test modes for each type of wheeled vehicles;

3. to optimize the scan parameters, such as power and kinematic, and establish their
normative values;

4. develop a methodology for monitoring traction qualities and diagnostics of electric
and unmanned wheeled vehicles on stands with running drums;

5. perform monitoring of anti-lock, anti-slip and intelligent vehicle systems.
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