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Abstract. In view of the present situation that the automation level of handling equipment for bagged
agricultural materials in railway transportation is low in China, a specific electric-driven
self-propelled handling equipment was designed, which can move automatically in the narrow train
carriage to transport bagged agricultural materials. The handling equipment was mainly composed of
steel frame structure, and used six wheels with dual driving wheels in center, an independent driving
unit with two motors. The control system was designed based on Freescale K60, it can realize the
straight moving and the in-situ steering through the infrared remote control. Then the handling
equipment was manufactured and tested. The experimental results showed that the designed
electric-driven self-propelled handling equipment could run reliably by the infrared remote control,
and it has preferable load performance and possibility. It can realize the in-situ steering with little
space, meeting the requirements of transporting bagged agricultural materials in narrow train carriage.
The design can provide reference for the modernization of agricultural material logistics equipment,
and provide a preliminary experimental platform for further study of the automatic control of
agricultural materials handling equipment.

1 Introduction

China is a large agricultural country. At present, the majority of food, fertilizers, feed and other
powdered agricultural products are transported in woven sacks by the train. Most bags are loaded and
unloaded manually in China. These bagged agricultural materials are heavy in weight, and some of
them are chemical corrosive and toxic. Moreover, the whole work environment is basically filled
with dust and noise. Working in such an environment is not only labor intensive and inefficient, but
also will cause irreversible damage to both the physical and mental health of the workers. In addition,
according to the field research, the current age of the staff was generally large and there was a
subsequent shortage of human resources, which is an urgent problem such a logistics enterprise need
to solve.

In recent years, AGV [1-6] has been widely used at home and abroad. But most of them still apply
to large space such as factories and warehouses, which are not easy to be used in small space. At the
same time, automatic navigation way of AGV [7, 8] such as electromagnetic guidance, optical
guidance, tape guidance, and laser guidance, needed to fix the facilities in the workplace, which is
difficult to realize in the train logistics with highly mobility. Aim at the above problems, a large
electric-driven self-propelled handling equipment for the train logistics was designed in this paper in
order to realize the mechanization and automation of the agricultural transportation operations in the
railway carriage.

2 Structural design of the handling equipment

The electric-drive self-propelled handling equipment designed in this paper will carry on the
transportation of agricultural materials with pallets in the train carriage. In order to adapt to the
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narrow space in the train carriage, it required not only the handling equipment to be small enough
while meeting strength and stiffness, but also the turning radius as small as possible. Therefore,
according to the size of the train carriage and the tray, the designed handling equipment was 1000mm
long, 850mm wide, the total height of it is 73 1mm, and the height of the chassis is 28 lmm. In order to
reduce the steering radius, the handling equipment used a six wheel dual drive system, and the two
drive wheel was located in the middle of the vehicle [9]. The power source were two 48V-1.5KW
brushless DC motors. At the same time, a battery pack connected by four 12V lead acid batteries was
used as the power supply, and the battery type is 6D155.

The six wheel dual driving wheel center structure not only made the equipment balance and
bearing capacity better, but also the steering of the handling equipment more flexible. Moreover,
through the differential rotation of the two driving wheels, the in-situ steering function can be
realized [10-12]. The utility model was characterized in that the drive unit was relatively independent,
and the tray support, the chassis and the universal wheel were welded as a whole support frame. And
the driving unit was connected with the whole support frame through springs, steel plates and bolts.
The overall structure design of handling equipment is shown in figure 1. The drive unit mainly
included drive wheel, drive unit, support frame, drive motor, flange, drive shaft, deep groove ball
bearing and bearing seat, as shown in figure 2.

1.Pallet holder 2.Chassis 3. Universal wheel 1. Driving wheel 2.The carriage of driving unit 3. Motor
4. Driving unit 5 Battery 4. Board springs 5. Flange 6. Drive shaft
7. Deep groove ball bearing 8. Bearing seat
Fig.1 The overall structure of handling Fig.2 Driving unit
equipment

The spring steel plate in Figure 2 not only had the function of connecting, but also made the
handling equipment have a certain elasticity and shock absorption ability. It can ensure that the
equipment can reach the ground in six wheels in most working conditions, and the force distribution
is uniform. The motor and the drive shaft were driven by gears and chains.

3 Design of the control system of the handling equipment

3.1 General scheme of control system

The electric-drive self-propelled handling equipment adopted Freescale Carle K60 [13] series chip
as the control core, and was controlled by infrared remote control. When walking, two speed signals
of the driving wheel were collected by photoelectric encoder, and feedback control was carried out to
ensure the straight walk of the device. At the same time, ultrasonic ranging sensor was used as
auxiliary to realize obstacle stopping during walking. The composition of the control system is shown
in figure 3.
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The infrared receiving module of the control system adopted the VS1838 type. The photoelectric
encoder selected has a resolution of 600P/R. The ultrasonic ranging sensor used the HC-SR04 type.
The size of the LCD display screen is 3.2 inches, and the resolution is 320%240. According to the
selected device, the hardware circuit of the whole control system was designed, as shown in figure 4.
According to the schematic diagram of the circuit, the control circuit board was made as the hardware
foundation of the handling e:quipment.I
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Fig.4 circuit schematic
3.2 Control system software design

3.2.1 General strategy of control system

The overall control strategy of the control system is shown in figure 5. After the system was
powered on, the initialization was completed. Then, whether the handling equipment can move was
determined according to the information measured by the ultrasonic distance measuring sensor.
Finally, the control chip controlled the working state of the two motors according to the different key
information received by the infrared receiving module, to realize the actions of forward, backward,
in-situ, left and right pivot steering and stop. At the same time, the encoder transmitted the collected
speed information to the control chip, and adjusts the speed of the two drive wheel according to
analysis and comparison of signals from the speed sensors. The display function is not shown as an
auxiliary function in the overall flowchart.
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Fig.5 Integrated control strategy

3.2.2 Motor control

The driving motor of the handling equipment used was the permanent magnet brushless DC motor
[14, 15]. The drive motor has a complete set of motor drive controller. There were three control wires
on the motor drive controller, the low level brake wire, the backing wire and the speed signal wire.
Low level brake wire and backing wire were active for low level signal. While the speed signal wire
receives analog voltage signal, and the range is 0~3.3V. Different voltage corresponding to different
speed, the higher the voltage, the faster the speed. Therefore, only control of high and low level signal
of the control pin on the control board was required for controlling of the low level brake wire and the
backing wire. As for the speed control, it was necessary to produce a PWM wave with a certain duty
cycle on the control pin to form the corresponding analog voltage.

3.2.3 Infrared control

The handling equipment was controlled by infrared remote control, so it was necessary to decode
and judge the infrared signal issued by infrared remote controller. The infrared program was based on
NEC standard infrared decoding [16, 17]. The control chip can identify different keys on the infrared
remote controller by judging the key code obtained by decoding, so that the corresponding control
can be performed.
3.2.4 Encoder information acquisition and feedback

The detection of the rotation speed of the two driving wheel was realized by an optical encoder
[18], and the encoder shaft is connected with the shaft center of the drive shaft through a flexible
coupling. By comparing the speed of the two driving wheel by the control chip, the handling
equipment can walk straightly. Specific operations were as follows: the rotation speed of one of the
two motors (denoted as motor 1) was used as a reference. When the rotation speed of another motor
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(denoted as motor 2) was lower than the motor 1, the control chip raised a certain voltage by
appropriately increasing the duty ratio of the control pin of the motor 2 so as to appropriately increase
the speed of the motor. When the motor 2 speed was higher than the motor 1, then vice versa. By this
method, the speed of the two motors was basically the same, so that the deviation of the device during
the straight walk was within the allowable range.

Secondly, in order to the using encoder to realize automatic control of handling equipment about
90 degrees left and right pivot steering, the strategy adopted was to detect and control the number of
turns of the driving wheel when steering. When the steering wheel conducted a 90 degrees pivot
steering, the running path of the two driving wheels on the ground was a circle, and each driving
wheel passes through 1/4 circles. According to the quantitative relationship between the length of the
trajectory and the circumference of the drive wheel, the moving device was rotated about 0.73 circle
when it was conducting a 90 degrees pivot steering, and the coaxial encoder shaft was rotated 0.73
circle accordingly. The number of pulses emitted by the encoder in each turn is 600, and the number
of pulses corresponding to the 0.73 turns is 438. The number of pulses is counted by the interruption
of the pin, and when the value reaches 438, the control chip controls the stopping of the two motor
and realizes the automatic 90 degrees left or right pivot steering.

3.2.5 Obstacle distance detection

The working principle of ultrasonic sensor obstacle detection is that the IO port is used to output
the high level signal at a certain time on the Trig port of the sensor to trigger ranging. The module
automatically sent eight 40KHz square waves and automatically detected if there was a signal to
return. When a signal was returned, the Echo port of the sensor outputted a high level to the
corresponding 10 port. The duration of the high level is the ultrasonic distance from the launch to the
return, and the detection distance = (high level time * sound speed) /2. Through the distance signal
processing, whether the obstacles in the safe range was determined. The safe distance was 30cm.

4 Experiments

The electric-driven self-propelled handling equipment has been trial-manufactured, shown in
Fig.6. To verify that each part of the handling equipment meets the design requirements and the
reliability of the control system, experiments on straight-line walking, pivot steering and handling on
load were carried out indoor. The speed of the handling equipment was controlled within 0.5m/s
during the experiments.

Fig.6 The electric-driven self-propelled handling equipment
4.1 Straight-line walking experiment

Straight-line walking experiment was carried to verify the control precision of the handling
equipment when walking in straight line. An eight-meter route was chosen, the starting and terminal
position were marked by white slips. The handling equipment was walking beyond a yellow line of
109mm in width, which was used as a reference to judge the deviation of line walking. The design
goal is that the deviation is no more than the width of the yellow line after walking eight meters in
straight line, that is, the deviation rate is less than 1.4%. Fig.7 shows the straight-line walking process,
including the starting, middle and terminal position.
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(a) Starting position (b) Middle position (c) Terminal position

Fig.7 Straight-line walking process (Photos)

During the low speed walking of the handling equipment, the change of the frequency (speed) of
the two driving wheels was measured, as shown in Fig.8 (Intercepted a piece of data from the starting
point of the handling equipment).

35

LT
I AR INL A

———
——

e Wheel 1
~'Wheel 2

-
n

Frequency(Hz)
B

0.5

oooooooooooooooooooooooooooooooooo
mmmmmmmmmmmmmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmmmmmm

Fig.8 Speed change of driving wheels
Under the feedback control, the speed of the two driving wheels fluctuates in a small range and
basically keeps stable, thus ensuring that the handling equipment can walk in a straight line.

4.2 Pivot steering experiment

This experiment was carried to verify the feasibility of pivot steering of the handling equipment,
and observe the slip degree of the handling equipment while pivot steering. The dimensions of the
handling equipment are known to be 1000mm X 850mm (length and width). Pivot steering can be
regarded as the rotation motion centered on its center, so the minimum space for pivot steering is a
circle with a diameter of approximately 1312mm, as shown in Fig.9.

850mm

1000mm

Fig.9 The minimum space for pivot steering
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A square area with a side length of 1360mm was labeled as the experimental region. According to
design intention, the handling equipment would be proved to have a good performance of pivot
steering if it is still in the marked square area after several continuous turns in situ. Fig.10 shows the
starting, intermediate and final state of the handling equipment during the experiment.

—_————
I _

(a) Starting state (b) Intermediate state  (c) Intermediate state (d) Final state

Fig.10 The experimental process of pivot steering
As Fig.10 shows, the handling equipment eventually stopped in the marked square area after
several continuous turns in situ, and there is not too much slip compared with the initial position. By
observing, the handling equipment had not been beyond the square area during the whole experiment.
It is proved that the handling equipment has a good performance of pivot steering, such as turning in
situ to any angle, good stability, and small space for pivot steering.

4.3 Handling experiment with heavy load

On the basis of the experiment of straight walking and pivot steering, it was necessary to carry out
the handling experiment with heavy load on the designed handling equipment to test the feasibility
and load capacity. In the experiment, the blue tray was placed at the top of the handling equipment,
and it was stacked with bagged agricultural materials. Then, the handling equipment was controlled
to carry out the transportation operation, as shown in figure 11.

Fig.11 Experiment of carrying capacity
The tray was stacked with bags of flour (50Kg/ bags) and rice (50K g/ bags), with a total weight of
more than 1 tons. The whole transportation process was stable in power output and smooth in
handling. Pallets and bags of agricultural materials had no tendency to fall. The experiment proved
that the designed handling equipment has better stability and has a certain load capacity.

5 Conclusion

(1) According to the requirements of transporting farm bags of agricultural materials in the narrow
railway carriage, the overall mechanical structure scheme of the electric drive self-propelled
handling equipment was determined.
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(2) The overall scheme of electric-drive self-propelled handling equipment control system was
designed. A software and hardware control system based on Freescale K60 control chip was
developed, including double motor drive control, infrared remote control, walking steering
control, encoder acquisition and feedback control, ultrasonic sensor ranging control.

(3) A prototype of electric drive self-propelled handling equipment was developed and related
experiments were carried out. The experimental results showed that the developed electric
drive self-propelled handling equipment and its control system can reliably realize the
functions of straight walking, in-situ steering and load handling by infrared remote control.
The handling equipment had better load performance and passability, and the steering space
required for in-situ steering was small, which basically met the requirement that the handling
equipment carries the operation of carrying agricultural materials in a narrow railway carriage.

(4) The designed handling equipment drive control system had stable performance, reliable data
communication, modular control unit, and can realize effective control of electric-drive
self-propelled handling equipment. This laid the foundation for the follow-up handling
equipment running in the complex conditions, for example also provided an experimental
platform for future research on more advanced control such as visual control, to make the
handling equipment more intelligent.
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