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1. INTRODUCTION

Nowadays, the use of road-rail vehicles [1] is necessary for continuous rails maintenance systems in
many countries such as England, Germany, Japan, China, and other countries. The standard gauge [2] rail has
a distance of 1.432 m between the tracks, which is ideal for placing the wheels on the railways [3] because the
distance between the wheels and the rails is the same. Rail inspection vehicle or rail maintenance in foreign
countries, also known as road-rail, hi-rail, and hy-rail. It is a pickup truck that can be run on roads and on
railway tracks using tire wheels because the distance between the wheels is equal to the distance of rails.

The pick-up truck runs on the rails, a set of train steel wheels is used as guides to force the tire wheels
to run on the rails and the hydraulic system is installed to control the lift or drop. In Thailand, meter gauge rails
are used with a distance between the rails of 1.0 m. This makes the rubber wheels unable to be placed on the
rails because the distance between the rubber wheels is greater than the distance between the track meter gauge.

Therefore, the researcher has designed a device and mechanism to drive the train steel wheels on the
meter gauge rail by using hydraulics to lift the car to make the car tire float above the and have a set of extra
to support the tire's power. It drives a guide train steel wheels to make the car move, which is a new concept
for modifying pickup trucks in Thailand to be used as rail inspection cars, track maintenance, and able to drive
in confined areas that cars can't reach if a train accident occurs. It can be used to transport victims to
intersections to transport victims to the hospital.

The finite element analysis is the guarantee to design for the mechanical part that has maximum
internal stress several safety factors times less than the yield strength of the used steel material to prevent
structural failure [4]. The research uses finite element analysis to investigate the guide train steel wheels and
axle assembly of hi-rail vehicles under static loads due to rails excitation. Hydraulic control is controlled by a
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programmable logic controller (PLC) and HMI touch screen. The DC-to-DC converter [5] is supplied 24 Vdc
to PLC [6] and HMI touch screen. The advantage of guide train steel wheels and axles assembly are used low-
cost materials and can be easily installed on any pickup truck in Thailand. When this type of vehicle is
discontinued, the device can be removed.

2. RESEARCH METHOD
The hi-rail vehicle is a developed pickup truck with including assembly of guide steel wheels set and
axles. The next section has proposed the parts of the system is being as:

2.1. Analysis of the front and rear guide train steel wheels and axles assembly

The front and rear guide train steel wheels and axles assembly are building geometrical model shown
in Figure 1, then bring the model that came analysis of structural strength with finite element analysis [7]-[9].
The design takes into account the selection of parts that have a major impact on the force acting on the vehicle's
weight and payload. Some parts of equipment such as brake discs, brake pipes, mounting bolts have been cut
off.

Figure 1. 3D drawing of the guide train steel wheels set installed to the prototype pickup truck

Figure 2 shows the geometrical 2D model of all guide train steel wheels assembly. Table 1 shows the
numbers of nodes and elements of FEA models are listed. Finite element analysis (FEA) is carried out on
ANSYS workbench to catch equipment stress, extreme elastic strain, and whole deformation with the meshed
model as shown in Figure 3.

The static excitation force acting on guide train steel wheels assembly is determined from the weight of
the vehicle 1,500 kg and the payload weight of 500 kg. The total is 2,000 kg. The static force is placed at points
A, B, C, and D. Therefore, each point of load is 500 kg or approximately 5,000 N as shown in Figure 4.
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Figure 2. Geometrical model of all guide train steel wheels assembly
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Table 1. Element specification of the FEA models of guide train steel wheels assembly

Bounding Box

Length X
Length Y
Length Z

Volume
Mass

Centroid X

Centroid Y

Centroid Z
Moment of Inertia Ip1
Moment of Inertia Ip2
Moment of Inertia Ip3

Nodes
Elements

4.2024 m
0.18 m
0.25153 m

3.8094x102 m3

299.04 kg
3.6398 m
1.0898 m
1.1743 m
1.2322 kg-m2
439.39 kg-m?
438.8 kg-m?

465743
275643

0.59383 m 0.71428 m
1.1005 m 1.7214 m
0.59006 m 0.59625m
Properties
1.9642x102m3  4.4469x102 m3
154.19 kg 349.08 kg
5.2344 m 2.0463 m
1.6395 m
1.5628 m 1.4597 m
25.388 kg-m2 92.688 kg-m2
6.5884 kg-m2 13.853 kg-m2
21.909 kg-m2 100.33 kg-m2
Statistics
1200004 2883103
709257 1835247

4.2024 m
0.18 m
0.25153 m

3.8094x102 m3
299.04 kg
3.6398 m
2.1892 m
1.1743 m
1.2322 kg-m?
439.39 kg-m2
438.8 kg-m?

468884
278031

0.000

0.500

1,600 (m)

0.250

0.750

Figure 4. Static excitation force acting on the guide train steel wheels assembly

The results were obtained from the simulation [10]. The stress that occurs will have the force acting
on all four steel wheels, with the front train steel wheels having the maximum force acting on the front axle
beam and at the point of contact of the steel rails with the rails. The rear steel rails are pressurized on the lower
crosshar and the maximum compression is obtained at the steel rails contact to the rails. The result of the
equivalent stress [11] is shown in Figure 5. As illustrated in Figure 6, the total deformation of the rear guide
train steel wheels and axles model is symmetrical on both wheels (left-right), with the maximum deformation
value of the structure being 0.0092 m or approximately 9.2 mm. The property of material steel st 37 for the
construction of guide train steel wheels and axles are shown in Table 2.
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Equivalent Stress

Type: Equivalent (von-Mises) Stress (Average Across Bodies)
Unit: Pa
Time: 1

3.385e9 Max
2.008967
1.85447
1699827
1545387
1,3908e7
1.2362e7
1.0817e7
9.2719e6
7.726606
6.1813e6
4.636e6

3.0907e6
1.5454e6
51.253 Min
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Figure 5. Equivalent stress of front and rear guide train steel wheels and axles model
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Figure 6. Total deformation of rear guide train steel wheels and axles model

Table 2. Properties of structural steel st 37

Detail Units
Density 7,850 kg/m?®
Coefficient of thermal expansion ~ 1.2x10°C*!
Specific heat 434 JIC
Thermal conductivity 60.5W/mC
Resistivity 1.7x107 oh m
Compressive yield strength Pa 2.5x108
Tensile yield strength Pa 2.5x10
Young's modulus Pa 2.1x10%
Poisson's ratio 0.3

The simulation results of material can withstand the loading conditions applied and have less than
deformation. The steel density is about 7,850 kg/m®. The young's modulus for steel is 210,000 Mpa. That is so
high young's modulus that changes its shape slightly under elastic load. The poisson's ratio is 0.3 that the
material has less deformation.

2.2. Design of mechanical part
The following is a description of the mechanical system proposed design.

2.2.1. Specification of hydraulic pump and cylinder

Consider choosing a 12 VVdc 1.6 kW hydraulic pump [12], [13]. The pump kit is an assembly with two
double-acting valves to control double-acting hydraulic cylinders [14] in the front and rear cylinders.
Specification of hydraulic pump set and hydraulic cylinder are shown in Table 3.
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Table 3. Specification of hydraulic pump and hydraulic cylinder

Detail Units
Hydraulic pump
DC motor 12V 1.6 kKW
Gear pump 1.6 cclrev
Tank capacity 8 liters
Modular block for solenoid valve 2ea
Solenoid valve DC 12 V:3C2 2ea
Pressure gauge 0-250 kg/cm?
Hydraulic cylinder
Bore 50x35x500 mm
Barrel 50x60 mm
Rod 35 mm
Stroke 500 mm

Figure 7 is shown installing of a hydraulic pump and hydraulic cylinder at the front of the vehicle.
The hydraulic pump set is placed on a thick steel base, that is attached to the chassis. Then, connect the
hydraulic pipelines from the solenoid valve to the front and rear hydraulic cylinders.

Figure 7. Installed hydraulic pump at the front of vehicle

2.2.2. Operation of front and rear guide rails steel and axles sets

The operation of the rear train steel wheels drives when the steel wheels are put down on the rails is
controlled by the hydraulic cylinders with a programmable logic controller. When the vehicle is driven forward
that the direction of tire wheels will rotate clockwise. The auxiliary tire wheels rotate in a counter-clockwise
direction and finally make the train steel wheels turn in the same direction as the tire wheels. Finally, it makes
the train steel wheels turn in the same direction as the tire wheels. shown in Figure 8.

Direction of rotation
of auxiliary tire wheels

Direction
of rotation
train streel

Direction of rotation
of tire wheels

Figure 8. Train steel wheels put down on the rails

2.3. Design of electrical and PLC control

The programmable logic control programmable [15]-[18] is programmed to control the electric
hydraulic pump and 4/3 direction control valves for the front and backside cylinders. The system can operate
by pressing a button on the touch screen inside the car or using a mobile phone from outside. The vehicle is
equipped with an application written in the MIT inventor program [19], [20]. The Arduino Uno board and hc-
05 bluetooth [21] modules will receive signals from mobile phones and send the control signals to PLC input
with the relay module. Figure 9 is shown the overall architecture of the hi-rail vehicle control system and
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installing of the HMI touch screen [22], mobile phone with an application android control program. Inside the
cabin is equipped with a control screen, emergency switches that can control the hydraulic system [23] from
the inside. The mobile application [24] can be used to control the lifting of the rail steel place on the rails from

outside the car as shown in Figure 10.

Front bvdraulic cylinder Rear hydraunlic cylinder
- |
-
f—
;: 4/3 direction
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— ﬂﬁ control Valve
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Hydraulic Pump
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Figure 9. Overall architecture of hi-rail vehicle control system
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Figure 10. HMI and application mobile phone control
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3. RESULTS AND ANALYSIS
To evaluate the performance of mechanical design, the hardware and software are completed on a hi-
rail vehicle. We conduct a real test by running hi-rail vehicles on a road and rails is being as:

3.1. Road test results

The researcher drove this hi-rail vehicle from Rajamangala University of Technology Isan Khon Kaen
Campus along with the Mittraphap road station to the test point of the Tha Phra-Khon Kaen railway line at a
speed less than 90 km/hr and recorded by a GPS Speed application [25] as shown in Figure 11.

Average: 16.7 kmh | Maxim o

W Run test on
road

Clatance (]

Speed funh|
0833533588

Figure 11. Show recorded routes and speed ranges of cars on the road through the GPS speed application

3.2. Rail test results

When running on a concrete road, arrive at the test track. Then place both steel wheels front and rear
on rail tracks and drive the vehicle at a test speed of not more than 30 km/hr in both forward and reverse
directions as shown in Figure 12. The GPS position track of the driving on rails was shown in Figure 13. The
testing and demonstration of the running on the real track by run-up for a real test on the railroad tracks at Tha
Phra Station, Mueang District, Khon Kaen Province as shown in Figure 14.

Figure 12. The put down of rear and front train steel wheels on rails

3.3. Results of vibration signal while run on the rails

The accelerometer [26] was used to measure the vibration of the chassis body of the vehicle that
converts mechanical force to vibration [27] by measuring using the application G sensor Logger [28]. The
vibration was measured in the x, y, and z axes of the test points is being as. Figure 15 and Figure 16 show that
the vibrations signal in the z-axis is very high relative to the other axes. In the x- and y-axis, vibrations at
constant frequencies may be vibrations due to the wheel polling. It's not good enough and in the z-axis, it shows
that the rear-drive gear to the steel wheels flicks vigorously, or it could be that the center roller wheel might be
touching the tire too much due to the high-lift tire wheel. As the rubber wheels rotate, the power is transmitted
through the roller wheels, causing this high x-axis vibration. And it's also possible that the design features of
the rubber tire's contact point with friction may be asymmetric in the chassis line.
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Figure 14. Test run on the rails at Tha-Phra railway station, Khon Kaen province
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Figure 15. The vibration signal of the rear of the vehicle tested on the rails
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Figure 16. The vibration signal of the interior area of the vehicle tested on the rails
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4. CONCLUSION

This research project has proposed the development of a pickup truck modified to add equipment that
can make the vehicle run on the road or rails. This vehicle could be useful for rails maintenance or transporting
people if a train accident occurs in a remote area that cannot be reached by vehicle. This pickup truck is
equipped with an additional weight of about 250 kg. The road test can be driven normally. The test runs on the
rails that the speed will not exceed 30 km/hr. The vehicle runs well and there is some vibration along the front
and rear wheels. The prototype vehicle was not designed in terms of both front and rear suspension and could
be developed in further research. As for the control system for hoisting steel wheels on the rails, there are two
types of designs which are programmable logic controllers and mobile application systems that work well.
Placing the front and rear steel wheels on the rails takes about 30 seconds to lift the vehicle. The front and rear,
guide train steel wheels assembly are used electric hydraulic pumps driven by dc electric motors that consume
a lot of electricity. While in use of this vehicle on rails, the engine should be started. The results of the test
running on the rails and showing the results of the vibration signal measurement at a speed of not more than
30 km/hr. 1t was found that vibration in the z-axis, which is the key line that can cause the vehicle to derail at
high speeds. The transfer of power into the steel wheels with this mechanism is based on the friction of the tire
contact area. There may be a flicking of the tire wheels due to the tire wheels when hanging in the lift. The
force that holds the axle and wheels with leaf springs and shock absorbers may not be stable enough. Therefore,
the vehicle running on the rails should run at a speed of not more than 30 km/hr.
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