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output ends. In addition, the front wheel hub reducer and the rear wheel hub reducer are directly

connected through a long drive shaft. In theory, the speed of the front and rear wheels is the same'?’.

Figure 2 Power transter

Since the traveling transmission system adopts the above structure, its steering will only cause
the speed difference between the left and right systems, and will not cause the difference between
the front and rear wheels. Therefore, this paper will not analyze it.

When a vehicle travels in an uneven environment, the rotation speeds of the front and rear
wheels will be different. Take the 10SC32-48B shuttle car produced by JOY company as an example.
Table 1 shows the relevant parameters of the shuttle car. When the shuttle car travels and encounters

a step with the same height as the ground clearance of the body, the walking posture and distance

between the front and rear wheels are shown in Figure 3.

Table 1 Relevant parameters of 10SC32-48B shuttle car

Project Value

No load mass 20.5T

Rated load mass 13T
Ground clearance of vehicle body 290 mm
Wheel outer diameter 1219 mm
Distance between front and rear wheels 2590 mm
Transmission ratio of hub reducer 25.5:1

Total transmission ratio of traveling system 65:1
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Figure 3 Posture and distance between the front and rear wheels of the shuttle car crossing the obstacle

It can be seen from Figure 3 that when the front wheel rolls on an obstacle with a height of

290 mm, the turning angle is 58.39°, and the rolling distance of the rear wheel is 535. 33 mm. It is

assumed that the rotation angle of the rear wheel 6 is

535.33
= x 360° =~ 50. 35° (1)
12197
Then, the angle difference between the front and rear wheels is
(2)

B =58.39° - 50.35° = 8.04°
it can be obtained that the

Since the total transmission ratio of the hub reducer is 25.5 : 1,

theoretical angle difference between the two ends of the long transmission shaft is
(3)

6 =125.5 x 8.04° = 205. 02°

From this, it can be concluded that when the shuttle car is running on the potholed road, the

theoretical maximum angle difference between the front and rear wheels can reach 205.02°. This

shows that there is an "internal holding torque" between the front and rear wheels in the traveling

transmission system. The theoretical maximum value of this torque can be calculated.

When the shuttle is fully loaded, the total weight is about 33. 5 t. Regardless of the uneven load

distribution of the four wheels, the load of each tire is

33.5 kN x 9.8 m/s’
G = 4 5 = 82,075 kN

(4)

Table 2 shows the adhesion coefficient of tires on different road surfaces. The maximum

adhesion of coal yards to tires is
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F, =uG, =0.45 x 82.075 kN =~ 37 kN (5)
Where w is the adhesion coefficient of tire in the coal yard, w=0. 45. The torque generated by this

adhesion on the long drive shaft is

;1 000F,R

14

~ 883 Nm (6)

Where : R is the radius of the tire, R=0. 61 m; i is the transmission ratio of hub reducer, i=25.5.

Table 2 Adhesion coefficient of tire on various road surfaces'”’

Pavement soil Adhesion coefficient Pavement soil Adhesion coefficient
Concrete 0.9 Loose gravel 0.36
Dry clay 0.55 Compacted snow and ice 0.2
Wet clay 0.45 Solid earth road 0.12
Compacted clay 0.4 Loose soil road 0.55
Dry sandy soil 0.2 Coal yard 0.45
Wet sandy soil 0.4 Loose gravel 0.45
Rock pit 0.65

This torque not only exists in the process of shuttle car operation, but also may persist when the
shuttle car stops, which may lead to the following problems .

1) This torque will increase the load and extend the action time of it, cause fatigue and wear of
components in the system, and shorten the service life of the system.

2) This torque will produce reverse output phenomena such as front wheel pushing, rear wheel
pulling, or front wheel pulling, rear wheel pulling, etc., which will reduce the actual traction effect
and increase internal friction, resulting in poor escape ability and off-road performance of the shuttle

car.
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3) This torque can only be released by slipping the tire. However, the shuttle car is a heavy
load transport equipment, with a total mass of about 33.5 t when fully loaded. Tire slippage will
cause serious tire wear and reduce its service life.

4) Due to the existence of this torque, when the shuttle travels at a fast speed, the traveling
transmission system is vulnerable to very large load impact, resulting in broken teeth, broken shafis

and other faults'* .
3 Optimal design of transmission shaft

The long transmission shaft of the system belongs to a slender shaft, and its structure is shown
in Figure 4. The length between two cross shafts is 1 790. 7 mm. If the transmission shaft can be
changed into an elastic torsion shaft like a torsion bar, this torque in the system can be relieved to a

certain extent, thus reducing the load impact on the system.
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Figure 4  Structural diagram of long transmission shaft

After design and calculation, the transmission shaft is optimized. The optimized structure is
shown in Figure 5. The long steel pipe 4 is no longer responsible for the transmission of torque. It is
slip sleeved with the right universal joint fork 5 to ensure the radial stiffness after dust prevention.
The long torsion bar spline shaft 3 is connected with the spline of the left universal joint fork, and
the expansion limit is carried out. It is welded with the right universal joint fork 5. The long torsion

bar spline shaft 3 is responsible for the transmission of torque, and the material is 60Si2CrVA spring
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steel. In the critical state of tire skidding, that is, the torque is 883 Nm, the strain and the stress are

shown in Figure 6 and Figure 7.
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Figure 5 Structural diagram of optimized long transmission shaft
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Figure 6 Torsion angle of spline shaft of long torsion bar
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Figure 7 Stress distribution of spline shaft of long torsion bar
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It can be seen from Figure 6 that the deflection angle of the spline end face of the long torsion
bar is 53. 58°, that is, before the tire skids, the theoretical angle difference between the two ends of
the long transmission shaft is 53. 58°.

Based on the analysis of formula (3), since formula (3) is applicable to exireme working
conditions, in practice, the ground undulation is mostly about 120 mm, and the adjusted front and
rear wheel angle difference is about 55. 84°.

The theoretical angle difference between the two ends of the long drive shaft is 53. 58°, which
is close to 55. 84° considering the elastic deformation of each component of the transmission system.
It can be considered that the optimized structure can meet most working conditions in practice, can
effectively reduce the impact of " internal holding torque" , and does not need to release torque
through tire slipping. Thus, the occurrence of destructive faults such as shaft breakage and tooth
breakage can be greatly reduced. We think the optimization scheme is ideal.

It can be seen from Figure 7 that the maximum stress is 846.09 MPa. The performance
parameters of spring steel 60Si2CrVA material are shown in Table 3. After treatment, its yield
strength can exceed 1 666 MPa, fully meeting the use requirements, and leaving about twice the
safety factor space. In addition, the material has high elastic limit, low overheating sensitivity, and
can achieve a fatigue life of more than 10’ times, fully meeting the use needs of the long transmission
shaft'®,

Table 3 The performance parameters of 60Si2CrVA

Project Value
Tensile strength o, =1 862 MPa
Yield strength o, =1 666 MPa
Elongation & =6%

Reduction of area ¢ =20%
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4 Conclusion

The failures occur most frequently in the traveling transmission system of shuttle car. This paper
introduces its common faults, and analyzes the common faults in combination with the body structure
and transmission system layout and its characteristics. Through analysis, it is concluded that "
internal holding torque" is the main cause of the fault.

This paper proposes a structural optimization scheme to solve this problem. In the optimization
design, the torque transmission shaft and the radial stiffness are assumed by a long torsion bar spline
shaft and a long steel pipe respectively. Through the relevant analysis and calculation, as well as the
finite element analysis of the long torsion bar spline shaft, it is concluded that the torsion angle
generated by the long torsion bar spline shaft when the shuttle car skids under full load is 53. 58°,
and the maximum stress is 846. 09 MPa. The spline shaft with long torsion bar can produce large
elastic torsion, thus reducing the value of "internal holding torque" and its impact on the traveling

transmission system, effectively improving the service life of all parts in the system and the reliability

of shuttle car.
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