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Abstract. The gears in the high-speed heavy-duty gearbox of the high-speed train are typical
high-speed heavy-duty gears. Combined with the transmission principle and structural
characteristics of the high-speed train drive gearbox, to ensure adequate lubrication of meshing
gears and bearings, an optimization of the lubricating oil flow inside the gearbox was conducted.
The oil and gas two-phase flow model inside the gearbox adopts the VOF model, and the
turbulence model adopts the standard x-& model. Fluent is used for simulation calculation. The
results show that the exhaust port position of the gearbox has little effect on the flow of lubricating
oil inside the gearbox; the overall pressure distribution inside the gearbox is relatively uniform,
with higher pressure only at the meshing gears; the distribution of lubricating oil inside the
gearbox is related to the rotation of the gears, and the flow velocity of lubricating oil is mainly
affected by the rotation of the gears, with the maximum flow velocity appearing around the gears;
the flow of lubricating oil inside the gearbox meets the lubrication requirements of the gearbox.
These results provide support for the lubrication design, flow channel structure improvement, and
effectiveness evaluation of high-speed train transmission gearboxes.
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1. Introduction

The high-speed train drive gearbox is installed on the bogie of the high-speed train car body,
suspended at the front end of the car body and bogie. The drive motor is connected to the gearbox
on the bogie to transmit power and propel the high-speed train. As shown in Fig. 1, the high-speed
train drive gearbox is responsible for traction and speed control of the train. It is a typical
single-stage high-speed heavy-duty gear transmission, usually consisting of a pair of meshing
gears, bearings, and a lubrication system to ensure smooth operation of the gearbox [1].

Fig. 1. High-speed train drive gearbox

High-speed train drive gear box gear box body internal by a pair of external meshing gears
through the large gear oil churning formation of immersion and splash lubrication, splash lubricant
and realize the lubrication of bearings [2]. The lubricating oil eventually flows back to the bottom
of the casing to complete the circulation within the gearbox. Adequate lubrication of gears and
bearings is crucial for ensuring safe operation of the high-speed train. Poor bearing lubrication can
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lead to temperature rise, vibration, and abnormal noise, while poor gear lubrication can cause
surface adhesion and wear [3]-[5].

To prevent oil leakage from the exhaust vents during operation of the high-speed train drive
gearbox, it is necessary to analyze the pressure distribution inside the gearbox and the flow of
lubricating oil, and to assess the impact of exhaust vent positions on lubricating oil flow [6].

This paper analyzes the flow of lubricating oil inside a certain model of high-speed train drive
gearbox using Fluent, obtaining the velocity and pressure distribution of lubricating oil inside the
gearbox. This analysis provides technical support for lubrication design, flow channel structure
improvement, and performance evaluation of high-speed train transmission gearboxes [7].

2. Model and grid division

The volume fraction of oil and gas two-phase flow inside the gearbox changes at the interface,
causing motion and deformation at the interface. Therefore, the VOF model [8] is used to describe
the interface between the two fluids. The turbulence model adopts the standard x-& model [9] for
moderate computational complexity and high accuracy. Additionally, considering the effects of
forces between gas-liquid phases, surface tension, and gravity, the Simple algorithm [10] is
employed. This approach can handle complex geometries and boundary conditions, using any type
of grid, while solving other equations such as energy and turbulence with first-order implicit
methods. The standard wall function [11] is used near the walls, requiring less computation and
suitable when wall proximity has minimal impact on overall flow.

Due to the complex structure of the gearbox, unstructured hexahedral grids are used in
three-dimensional numerical simulations to ensure accuracy and reduce computational time. The
gearbox computational domain is divided using block-structured grid partitioning techniques into
five major blocks: front gearbox, middle gearbox, rear gearbox, small gear region, and large gear
region, each further subdivided into multiple blocks, totaling approximately 5 million grid cells
as shown in Fig. 2.

d) Pinion gear area

f) Block grid in large

h) Local grid of exhaust
gear area holes
Fig. 2. Gearbox grid division

g) Local grid of tubing

e) Large gear area

3. Influence of exhaust port positions on lubricating oil flow

Fig. 3 shows the CFD computational model of the gearbox [12], with red markers indicating
the positions of exhaust ports in the gearbox. Three different exhaust port positions were selected
for calculation: one at the original position (Prototypical case 1), and two others positioned to the
right of the original exhaust port location (Modified case 2 and Modified case 3).

During calculation, with oil level h = 34 mm and rotational speed w = 200 rad/s, the effects
of different exhaust port positions on the flow field inside the gearbox were analyzed under stable
lubricating oil flow conditions over a calculation period of 0.24 s. The results at time t =0.15 s
are shown in Figs. 4-5, depicting velocity distribution and volume fraction of oil at the same

'VIBROENGINEERING PROCEDIA. OCTOBER 2024, VOLUME 56 1 97



LUBRICATION OPTIMIZATION OF HIGH-SPEED TRAIN DRIVE GEARBOX.
TIAN J1, CHANGWEN TAO, TAO SUN

cross-section taken at the axial center of the gearbox, reflecting velocity and lubricating oil
distribution within the gearbox.

From Fig. 4 and 5, the velocity distribution and the volume fraction of the lubricant in the
gearbox changed slightly after the case2 and case 3 modifications compared to the case 1
prototype.

Based on the CFD simulation results, Fig. 6 shows the variation in large gear power loss over
time due to different exhaust port positions, as well as the corresponding average power loss
values. Although the power loss of the large gear varies over time with different positions, the
fluctuation frequency is generally consistent, with fluctuation ranges within 1-2 kW, which is
within the acceptable range. Comparing the average power loss values of the modified cases with
Prototypical case 1, Modified case 2 shows a reduction of 0.064 kW (a relative decrease of 4.9 %),
while Modified case 3 shows an increase of 0.073 kW (a relative increase of 5.7 %). Therefore,
the impact of the modified exhaust port positions on power loss is minimal compared to the
original position.

In conclusion, based on comprehensive CFD simulation results, the influence of exhaust port
positions on the flow field inside the gearbox is not significant.

o @“ﬁ .-—M 3
¢) Modified case 3

Fig. 3. CFD computational model of the gearbox
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Fig. 4. Velocity distribution at different vent positions
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Fig. 5. Volume fraction of lubricating oil at different exhaust port positions

4. Overall pressure distribution inside the gearbox

Under the condition where two gears are rotating simultaneously, five surfaces perpendicular
to the gear axis are taken as characteristic sections for analysis, as shown in Fig. 7. Sections 1 and
5 display the static pressure distribution in the non-gear regions inside the gearbox, while
Sections 2 and 3, and 4 show the static pressure distribution at the gear meshing locations. Fig. 8
presents a contour map of the static pressure distribution inside the gearbox.

From Fig. 8, it can be observed that the overall pressure distribution inside the gearbox is
relatively uniform, with pressure increasing only at the gear meshing points.
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Fig. 6. Variation in power loss of the large gear with Fig. 7. Schematic diagram of section position
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corresponding average power loss values
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a) Section 1 b) Section 2
Fig. 8. Static pressure distribution at different sections inside the gearbox

5. Simulation results and analysis of lubricating oil flow

To reduce computational complexity, based on the gearbox structure, a two-dimensional
simplification of the lubricating oil flow at the gear meshing locations was conducted, with a
dynamic simulation along the axial middle section [13]-[14].

The simulation of gear meshing motion adopts a two-dimensional dynamic mesh. Due to the
small clearances between gears, to ensure calculation accuracy, a small mesh scale with a total of
501,672 meshes was used. Gear rotation was driven by a dynamic UDF (User Defined Function),
enabling transient meshing flow simulation of the two-dimensional gears.

Lubricating oil flow distribution inside the gearbox is shown in Fig. 9. The figure takes a
section at the axial center position of the gearbox to show the gear meshing situation.

In the calculations, the large gear rotates clockwise; blue represents gas phase and red
represents liquid phase.

From Fig. 9, it can be observed that the distribution of lubricating oil inside the gearbox is
related to the rotation of the gears [15]. The lubricating oil lifted by the large gear is then pushed
to the gear contact area by the small gear, and finally thrown to the top of the gearbox.

Since the velocity field inside the gearbox is mainly influenced by the rotation of the gears,
sections at the gear meshing points were taken, such as sections 2, 3, and 4 from Fig. 7. Sections 2
and 3 are close to each other, with similar velocity distributions; thus sections 2 and 4 were
selected, as shown in Fig. 10. It can be seen from Fig. 10 that the maximum velocity inside the
gearbox appears around the gears. There are differences in velocity distribution among different
sections, but overall the differences are not significant.

From the analysis, it is evident that the flow of lubricating oil inside the gearbox ensures
sufficient lubrication at the gear meshing points, and the lubricating oil thrown to the top of the
gearbox also provides lubrication to the bearings, meeting the lubrication requirements of the
gearbox.
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Fig. 9. Distribution of lubricating oil in gearbox at different times

a) Section 2 - b) Section 4
Fig. 10. Distribution of velocity field inside the gearbox

6. Conclusions

This paper analyzes the flow of lubricating oil inside the gearbox during the operation of
high-speed train transmission gearboxes. The two-phase flow model (oil and gas) inside the
gearbox adopts the VOF model, and the turbulence model uses the standard x-& model with the
Simple algorithm. Simulation calculations were performed using Fluent software, and the results
show: (1) The position of the exhaust port of the gearbox has a slight influence on the velocity
field inside the gearbox, the volume fraction of lubricating oil, and the power loss of the large
gear, but the impact is not significant, indicating that the position of the exhaust port has little
effect on the flow of lubricating oil inside the gearbox; (2) The overall pressure distribution inside
the gearbox is relatively uniform, with higher pressure only at the gear meshing points; (3) The
distribution of lubricating oil inside the gearbox is related to the rotation of the gears. The velocity
field is mainly influenced by the rotation of the gears, and the maximum flow velocity appears
around the gears. There are differences in velocity distribution along the axial sections inside the
gearbox, but overall the differences are not significant. The flow of lubricating oil inside the
gearbox meets the lubrication requirements of the gearbox.

Through the simulation analysis of professional fluid simulation software, it is concluded that
the position of the exhaust port has little influence on the flow of lubricating oil, the highest
pressure is at the gear mesh, and the maximum flow rate in the box is around the gear, which
provides technical support for the lubrication design, channel structure improvement and
performance evaluation of high-speed train transmission gear box.
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