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Abstract: The high load capacity and the harsh working environment of mining dump trucks re-
quire suspension structures with good damping properties and simple structures. Hydro-pneu-
matic suspensions are widely used due to their non-linear stiffness and damping characteristics,
which allow them to adapt to changes in external load excitation. To solve the problem of high
stiffness of the vehicle under the loading impact conditions, which leads to easy damage to the sus-
pension and tyre components, a two-stage pressure hydro-pneumatic suspension system is de-
signed to meet the needs of the new vehicle based on the single-chamber hydro-pneumatic suspen-
sion. The 1/4 hydro-pneumatic suspension of a mining dump truck is applied as the research object.
By comparing the pressure, dynamic deflection and acceleration of the two type suspension cylin-
ders through simulation and experiment respectively, the damping characteristics of two-stage
pressure hydro-pneumatic suspension system during the loading process are obtained.

Keywords: Mining dump truck; hydro-pneumatic suspension; damping characteristics; loading im-
pact; double-accumulator

1. Introduction

Hydro-pneumatic suspensions are widely used on off-highway vehicles due to their
variable stiffness and variable damping characteristics. The working environment of min-
ing dump trucks is harsh, and the impact on the vehicle during operation can cause seri-
ous damage to the hydro-pneumatic suspension and tire components.

To improve the overall service life of the vehicle, this paper designs a two-stage pres-
sure-type hydro-pneumatic suspension system and studies its damping characteristics
under loading conditions[1]. A new type of two-stage pressure-type hydro-pneumatic
suspension for mining dump trucks produced by a company is used as the research object.
The single-chamber and two-stage pressure-type hydro-pneumatic systems are modeled
by AMESim software, and the damping characteristics of the single-chamber hydro-pneu-
matic suspension and two-stage pressure hydro-pneumatic suspension in the loading
process are analyzed through simulation and experimental comparison[2]. The two cham-
bers of the two-stage pressure chamber hydro-pneumatic suspension do not participate
in the work at the same time, when the spring load is not large, the main chamber acts
alone, and the air pressure of the main chamber gradually increases with the increase of
the load, when the pressure of the main chamber is greater than the air pressure of the
compensation chamber, the two chambers will work at the same time, so as to ensure that
the vehicle has basically the same inherent vibration frequency at no load and full load.
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Figure 1 shows a sketch of the structure of two-stage pressure hydro-pneumatic suspen-
sion.

When the suspension is in the compression working, the piston and the piston rod
move upward relative to the cylinder barrel, at this time, the volume of o0il chamber |
becomes smaller and the pressure becomes larger. The volume of oil chamber || becomes
larger and the pressure becomes smaller, the check valve opens, and the hydraulic oil
inside the oil chamber | is compressed to flow in two directions, part of the hydraulic oil
flows into the oil chamber [l through the check valve and the damping hole. The other
part of the hydraulic oil flows into the low-pressure accumulator through the rubber hose,
so that accumulator gas chamber is compressed, the volume becomes smaller and the
pressure rises. When the pressure reaches the initial pressure of the high-pressure accu-
mulator, the high-pressure accumulator opens and the hydraulic oil flows into the high-
pressure accumulator through the rubber hose[3].
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Figure 1. Schematic diagram of two-stage pressure hydro-pneumatic suspension structure.

2. Development and Analysis of the Mathematical Model of Hydro-pneumatic Sus-
pension
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Figure 2. Mathematical model of two-stage pressure hydro-pneumatic suspension

Hydro-pneumatic suspension starts to work when the vehicle passes over road ob-
stacles as shown in Figure 2, a mathematical model of the single wheel two degrees of
freedom vibration of a heavy vehicle suspension system is established. This model only
considers the vibration of the suspension in the vertical direction and ignores the vibration
of the other degrees of freedom. The equations of motion for the suspended and non-
suspended masses are obtained from the mathematical model as follows.
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Mliz + F + Kl(XZ _Xl) + C].XZ = 0 (2)

M,, M;—non-suspended and suspended masses; Z;,Z,, X—pavement excitation,
displacement of non-suspended and suspended masses; Xy, X,—acceleration of
non-suspended and suspended masses; XZ—Velocity of non-suspended mass
blocks; )"(3—re1ative acceleration of suspended masses; K,—tyre stiffness; C,—
tyre damping; P,—low pressure accumulators; P,;—high pressure accumula-
tors.

—_

3. Hydro-pneumatic Suspension Modeling and Simulation Using AMESim

In the AMESim simulation software, a two-stage pressure hydro-pneumatic suspen- 2
sion model was constructed based on the single air chamber as shown in Figure 3. The 3
simulation model was created based on the actual structural parameters of a mining dump 4
truck and the main parameters are shown in Table 1. 5
®
” 6
Figure 3. Two-stage pressure hydro-pneumatic suspension model. 7
Table 1. Hydro-pneumatic suspension model parameters 8
Name of parameter Parameter values
Dynamic deflection characterization /mm 500
Cylinder bore /mm 220
Piston rod outer diameter /mm 180
Low-pressure accumulator initial pressure /MPa 1
Low-pressure accumulator initial volume /L 3.4
High-pressure accumulator initial pressure /MPa 4
High-pressure accumulator initial volume /L 4.264
Damping hole diameter /mm 15
Check valve diameter /mm 15
Tire rigidity / N/m 6 X106
Tire dampening/mes! 20000
Suspension quality /Kg 3000
Non-suspended mass /Kg 3050
Gas variability index 1.4
Damping bore flow index 0.62
One-way valve flow coefficient 0.61
3.1. Simulation Analysis and Experimental Comparison 9
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The pressure and displacement sensors were installed on the oil and gas suspension
during the experiments and the mounting positions are shown in Figure 4. The pressure
and displacement information of the suspension was obtained by means of DEWE-2600
multi-channel data acquisition instrument[4,5].

Figure 4. Sensors installation position.

The experimental vehicle is the newly developed TLD110 mining dump truck from
Shaanxi Tongli Heavy Industries, with a body weight of 40 tones and a load capacity of
70 tones, having a total weight of 110 tones at full load.

To verify the correctness of the simulation analysis, the oil density and oil tempera-
ture during the simulation are consistent with the actual experiment. To exclude the factor
of self-weight of the body to be considered during the experiment, the simulation model
was first run unloaded for the 30s to make the system reach static equilibrium, and then
seven times 10 tons of loading excitation was input one by one to obtain the pressure
change curve of the suspension cylinder accumulator as shown in Figure 5. As can be seen
from the graph, the cylinder pressure oscillation peak is getting smaller and smaller,
which is due to the vehicle stiffness getting higher and higher during the loading process
in the experiment, the uneven loading mass, the drop position, and the offset of the center
of gravity of the loaded material[6,7]. The maximum relative error between the simulation
data value and the experimental test value of the single air chamber hydro-pneumatic
suspension is 5.70%, which is within a reasonable range and verifies the accuracy of the
simulation model[8,9].
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Figure 5. Pressure characteristic curve of hydro-pneumatic suspension.
3.2. Characteristic Analysis

3.2.1. Pressure Characteristic Analysis
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The hydro-pneumatic suspension pressure characteristic curve is shown in Figure 6. 1
The cylinder pressure did not reach the high-pressure accumulator opening pressure dur- 2
ing the first six loadings, the high-pressure accumulator of two-stage pressure type did 3
not work at this time, and the cylinder pressure reached the high-pressure accumulator 4
opening pressure during the seventh loading, and the high-pressure accumulator worked. 5
From the graph, the peak pressure of the cylinder of the single-chamber hydro-pneumatic 6
suspension is 4.93MPa,and the peak pressure of the cylinder of the two-stage pressure 7
type hydro-pneumatic suspension is 4.75MPa, the peak pressure of the cylinder of the 8
new hydro-pneumatic suspension is reduced by 0.18MPa[10,11]. Then, the cylinder pres- 9
sure changes of both suspensions tend to be close to each other, which indicates that the 10
two-stage pressure-type hydro-pneumatic suspension is more responsive and can protect 11
the suspension better. 12
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Figure 6. Variation curve of cylinder pressure. 14
3.2.2. Dynamic Deflection Characteristics Analysis 15
The dynamic deflection characteristics of the hydro-pneumatic suspension piston 16
concerning cylinder barrel are shown in Figure 7. The two-stage pressure type high- 17
pressure accumulator did not work during the first six loadings, and the high-pressure 18
accumulator worked during the seventh loading. 19
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Figure 7. Variation curve of dynamic deflection. 21
3.2.3. Acceleration Analysis 22

The acceleration changes curve of the oil and gas suspension is shown in Figure 8. 23
The two-stage pressure high-pressure accumulator did not work during the first six load- 24
ings, and the high-pressure accumulator worked when the seventh load. As can be seen 25
from the figure, the acceleration peak of the two-stage pressure hydro-pneumatic suspen- 26
sion is decreased by 62.3%, compared with the single-chamber hydro-pneumatic suspen- 27
sion of -3.88mes>2. 28
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Figure 8. Variation curve of acceleration.
4. Conclusion

A two-stage pressure hydro-pneumatic suspension was designed based on the origi-
nal single chamber hydro-pneumatic suspension, and the output characteristics of the hy-
dro-pneumatic suspension system were analyzed and studied under the vehicle loading
impact. The following results can be obtained from simulation and experiment analysis:
1) the peak pressure of the cylinder of the improved two-stage pressure-type hydro-pneu-
matic suspension is reduced by 0.18 Mpa; 2) the maximum displacement of the piston
compression stroke of the new two-stage pressure hydro-pneumatic suspension increases
by 3mm during the loading shock, and the two-stage pressure hydro-pneumatic suspen-
sion system is more conducive to stabilizing the body under the same excitation. The sim-
ulation and test analysis proved that the two-stage accumulator system is effective in im-
proving the impact resistance and smoothness and stability of heavy vehicles.
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