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HAULAGE TRUCKS MODEL WITH FOUR ELECTRIC SEPARATE WHEEL DRIVES
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Abstract. This article contains a course of work of the construction of a vehicle model that has four electrical
motors built into each wheel. During the project two models of a vehicle were constructed (Figs 3,5). A micro-
processor based control system has also been designed and built. A vehicle is controlled by a steering unit (Fig
8) which contains a steering wheel with a force feedback system, push buttons, an accelerator and a brake. The
connection between a steering unit and a model is realized by interface RS-485. The driving motors are dc
motors with permanent magnets. Power supply consists of an acid battery located in the vehicle. The vehicle
control system is divided into two parts. The first part is built into the vehicle (Fig 7) and operates as a vehicle
main control system and the second is built into a steering unit and operates as the main control steering system.
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1. Introduction

In Polish mines over 1000 special trucks with a
combustion engine only operate at present. The total
installed power of all trucks is equal to 150 MW.

A traditional haulage truck (Fig 1) consists of
two movable parts joined to each other. These parts
are:

- driving module (which contains a combustion
engine),

- dump trailer.

A haulage truck can turn only in the hydraulic
joint between a driving module and its trailer and all
the wheels cannot be turned horizontally in relation
to the vehicle body. Both parts can revolve mutually
to ensure a better contact of wheels with the bed rock
during driving over obstacles or slopes.

In recent years there were some attempts to build
electrical drives into the haulage trucks. At first elec-
tric motors were supplied through unrolled wires or
contact lines in a mine (Fig 2).

Replacing a combustion engine with an electri-
cal motor fed by batteries was also tested and the re-
sults were promising. The best solution, in the author's
opinion, is to substitute a traditional drive system with
a system consisting of electrical motors built into all
four wheels of the vehicle.

This solution calls for new design philosophy of
the drive system. All wheels must be controlled. The
task of new controls should take into consideration
the following problems: synchronization, protection
against wrong operation and driving. Controls also
should perform a driving program under different

Fig 1. Traditional haulage truck with a combustion engine
during work

Fig 2. Haulage truck supplied by contact lines in a mine
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conditions which could occur at the working site (nar-
row footwall drift, different road profiles, sharp turns,
steep slopes, changeable hardness and dampness of
the drift) [1-6].

2. Design brief

Design requirements are: to achieve flexible and
module design which makes the modification, repair
or replacements of drive elements as quick as pos-
sible. Also the development of new design with addi-
tional elements should be possible. This solution en-
ables utilization control system which could be used
in any model of a vehicle. There is obviously possibil-
ity to add modules which could be used in the future.

3. The two generations of haulage truck models

The first-generation model has been built to scale
1:23. It is composed of four step motors SH 200 and
controls supported by four microcontrollers
AT89C2051 for each wheel (Fig 3). The real haulage
truck size is shown in Fig 4 and the paper's author is
shown here for comparison purposes.

The program is written in the Visual Basic. Haul-
age truck model contains autonomic battery (12 V,
1,2 Ah). The communication between a model and
PC computer is accomplished by using RS232 stan-
dard. This model was useful for the observation of
operation of a control system and driving modules.

Fig 3. Electric vehicle model the first generation with four
motors built into wheels

Fig 4. Real haulage truck, the author is shown in order to
assess the truck size

The control algorithm has also been used in the
second generation of a model (Fig 5) which has been
created to scale 1:18. The second model is composed
of four dc motors with permanent magnets
(Uy=3,6 V, T,;,x= 2 Nm, n =230 rpm). The double
planetary gear provides high driving torque and low
rotational speed. Each of the used driving motors has
its own control module composed of microcontrollers
Atmel AT90S2313 which belong to AVR processors
family.

Series transmission system UART is indispens-
able to receive instructions which are sent by Vehicle
Main Control System (VMCS) installed in a vehicle.
The communication between control systems in a
model is accomplished by using RS232. It creates In-
ternal Control Area Network (I-CAN) of the vehicle
which allows transmitting signals to driving motors
and data from position measuring systems.

For proper and reliable operation the WATCH-
DOG unit is used. In case when VMCS does not re-
ceive data, microcontroller RESET occurs and soft-
ware restarts again and turns off the drive motor. Pro-
tection is used in the case of losing connection be-
tween VMCS and Main Controller of Steering Sys-
tem (MCSS) or motor failure.

4. Power supply and control system

Power supply consists of an acid-type battery (Fig
6) located in a vehicle (with rated voltage 6V, capac-
ity 12Ah) and voltage regulator LM2940CT-5. This
voltage regulator has temperature and overcurrent
protection.

The Vehicle Control System becomes divided
into two parts. The first part is built in a vehicle (Fig
7) and operates as VMCS and the second is built in
Steering Unit and operates as MCSS. VMCS is re-
sponsible for the communication and measuring the
analog data from input devices controlling UART.

MCSS is the processor AT'megal28, identical as

Fig 5. Electric vehicle models the second generation with
four DC motors with double planetary gears built into
wheels
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Fig 6. Power supply in an electric vehicle of the second
generation model

Fig 7. Control system VMCS in an electric vehicle of the
second generation model

Fig 8. Wheel with ForceFeedback system with digital display

one built in a vehicle. Its main task is to communicate
with a vehicle, data transmission and operation as per
steering algorithm. The reason for locating of the work
algorithms in Steering Unit comes from previous re-
search, conducted with the first generation model of
a vehicle. If algorithms were put in the vehicle, pro-
cessor communication between Steering Unit and
MCSV would slow down.

Steering Unit (Fig 8) is the input device of a ve-
hicle. It contains a steering wheel with push buttons
(forward drive, reverse, stop), an accelerator and
brake.

Actual data like battery voltage, turning angle,
speed, forward drive, reverse drive, temperature are

Fig 9. Radio frequency communicator modules TLX401
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Fig 10. Wire transmission system in RS-485 standard

shown on the display panel of 240X 64 points resolu-
tion, it is located above the wheel. Analog data are
represented as analog rulers. This method is more
driver-friendly.

A wheel has a "ForceFeedback" system with a
direct current motor of 24 V. Feedback controls the
turning angle and tries to set up a steering wheel in
accordance with the angle of articulated joint. When
power supply and Steering Unit are on, the steering
wheel is put at the same angle as the vehicle model.
This makes it impossible to straighten the vehicle af-
ter power supply is switched on. The main motor of
"ForceFeedback" system is controlled by MCSS.
Microcontroller AT2313 PWM unit also controls ro-
tational speed of driving motors in each wheel. The
PWM unit is configured with 10-bit resolution (steer-
ing voltage may assume 1024 different values). PWM
outputs control the bridge circuit L298. In this topol-
ogy there are two transistor bridges and logic control
unit.

Modules which might later be added to MCSV
design are laser position measuring systems and ra-
dio frequency communicator TLX401 (Fig 9). This
would replace a wire transmission system in RS-485
standard.

RS-485 interface (Fig 10) which has been set up
is characterized by simple structure, dependability and
high speed data transmission (up to 4 Mbit/s) and
spiral structure with length up to 1200 m. This stan-
dard is similar to CAN-bus which is at present widely
used in car communication systems.
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5. Software

We used BASCOM-AVR software for program-
ming a vehicle model for microcontrollers AVR and
BASCOM-8051 for AT89C2051. BASIC language has
been chosen for several important reasons. The sim-
plicity and characteristic features of AVR processors
make possible fast modernization of steering software.
Debugging of steering programs is easy because of
built-in simulation procedures in BASCOM compil-
ers. The data transmission protocol between MCSV
and MCSS is supported by protocol S.N.A.P, this sim-
plifies the communication between all parts of a ve-
hicle system. Free software, source codes and tools
facilitate PC programming.

6. Control algorithm

The following parameters are taken into consid-
eration by the control algorithm: axle base, wheel
track, turning angle and vehicle speed. On the basis
of this data adequate rotational speeds for the par-
ticular wheels are calculated. Turning force in articu-
lated joint during drive requires rotational speeds
correction separate for each driving motor. When the
model drives forward there are corrections of all
wheels. Forward driving algorithm depending on the
change of a turning angle controls the speeds of ve-
hicle wheels. A wheel which should go by a shorter
way reduces rotational speed and the second wheel
on the same axle should accelerate speed. The differ-
ences between speeds are proportional to the value
of the difference of demanded turning angle and mea-
sured real vehicle angle. While driving backwards the
algorithm is similar with the difference that a rear axle
and the front wheels are moving straight. This kind of
motion continues till the turning angle is achieved.
Another algorithm controls the turning of a non-mov-
ing vehicle. In this case MCSS reverses rotational
speeds of wheels in each axle dependent on drive di-
rection If a forward direction is chosen, it will be front
axle, with a backward direction it will be rear axle. If
the turning of the vehicle is performed in a neutral
gear both axles react at the same time.

7. Conclusion

The conducted research of the first generation
model has shown that the best control is achieved by
putting a microcontroller with a steering algorithm
into a vehicle and equipping driving motors with their
own microprocessor control systems. With continued
research (second-generation model) we changed our
opinion on the design. In the new design one micro-
processor is responsible for measuring analog data

and controlling data transmission, whereas the sec-
ond one built in MCSS takes care of a steering algo-
rithm and supervision system.

In order to maintain correct operation the sys-
tem has to use fast bi-directional data transmission
between its parts. In the beginning we thought about
communication by using radio frequency 433 MHz.
For that purpose we have TLX401 communicators
which operate at 433,93 MHz or 434,33 MHz and has
data range up to 800 m with 19,2 kbit/s transmission
speed. Testing the present design we have found that
there is no correct transmission between MCSV and
MCSS. The reason of this is known. It is uncorrected
synchronisation of transmission data start of micro-
processors. During the next stages of the vehicle de-
velopment we want to work on this problem and use
special decoding and filtering algorithms.

The preliminary design of a vehicle model makes
an assumption about using optical measuring systems
to describe the position of vehicle parts. Our experi-
ments showed that these systems are very sensitive
during assembly. At present we do not use these sen-
sors, but we control system with processors of '51 fam-
ily (which can be adapted to optical measuring sys-
tems). In the next stages of the development we will
use these optical measuring units.
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