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Model and Simulation conditions

B Gearbox model
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Fig. 1. Exploded view of high-speed EMU gearbox. GW represents the outgear wheel
side; GM represents the outgear motor side; PW represents the ingear
wheel side; PM represents the ingear motor side
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Model and Simulation

conditions

B Gearbox parameters

Parameter
Module (mm)
Tooth number of input gear
Tooth number of output gear
Tooth width (mm)

Bearings installed on input
shaft

Bearings installed on output
shaft

Quter surface

Inner surface

Value
7
22
75
70

NSK-SHA/R70

NSK-SHA/R205

Parameter
Center distance (mm)

Helix angle (° )

Pressure angle (° )

Inner Diameter (mm)
Outer Diameter (mm)
Bearing width (mm)
Inner Diameter (mm)
Outer Diameter (mm)
Bearing width (mm)

H Oil volume adjusting device
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Name No.

Cavity gear 7

[ee]

Cavity connecting hole

Flow regulating hole 9

Oil volume adjusting device 10

Cavity pinion 11
Rubber plug

Name
Frame
Shape memory alloy spring
Moving shaft
Constant force scroll spring

Reel

Fig. 2. Installation position and structure diagram of the oil volume adjusting device
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Model and Simulation conditions

B Simulation process

MPS
Granulation

n

Fig. 3. Schematic diagram of lubricating oil granulation.

B Simulation conditions

Model Immersion depth Velocity of EMU Temperature of
(Xh) (mfs) lubricant (°C)
GKO1 35 34.7 60
GKO02 3.0 34.7 60
GKO03 25 34.7 60
GKO04 2.0 34.7 60
GKO05 3.0 8.3 60
GKO06 3.0 16.7 60
GKO07 3.0 25.0 60
GKO08 3.0 333 60
GKO09 3.0 417 60
GK10 3.0 50.0 60
GK11 3.0 55.6 60
GK12 3.0 34.7 -25
GK13 3.0 34.7 0 Fig. 4. Annular monitoring sample window
GK14 3.0 34.7 30 .
GK15 3.0 34.7 90 on bearing.
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Experimental verification

B Oil distribution
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Fig. 5. Mechanical layout of the FZG efficiency gear test rig. Fig. 6. Comparison of oil distributions.
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Fig. 7. Comparison of churning loss.
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Results and discussion

B Analysis of flow field characteristics in the gearbox

(a) Number density (b) Velocity field distribution (c) Coverage rate average (d) Lubricate distribution

Fig. 8. Flow field characteristics of gearbox under GK02-C.
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Fig. 9. Flow field characteristics of gearbox under GK02-O.
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Results and discussion
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Fig. 10. Comparison of lubrication characteristics under GK02:
(@) lubricant volume of bearings; (b) power loss of gears.

B Influence of velocities
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Fig. 11. Comparison of lubrication characteristics with different velocities:
(a) volume flow rate of each bearing; (b) power loss of gear pair
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Results and discussion

B Influence of oil immersion depths
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Fig. 12. Comparison of lubrication characteristics with different oil immersion depths:
(a) volume flow rate of each bearing; (b) power loss of gear pair

B Influence of oil sump temperatures
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Fig. 11. Comparison of lubrication characterlstlcs with different oil sump temperatures:
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Conclusions

B The MPS method has great advantages in analyzing the splash lubrication characteristics
of acomplex gearbox and in providing a theoretical basis for analyzing the lubrication
characteristics of complex models.

B The power loss of gears and the volume flow rate of lubricant of each bearing are
positively correlated with the velocity of the EMU, the immersion depth, and the oil sump
temperature. The velocity has the greatest influence on the power loss of gears, and the
higher the velocity, the more obvious the trend of power loss increases. The volume flow
rate of lubricant of each bearing is most sensitive to the immersion depth. The deeper the
immersion depth of output gear, the more obvious the growth trend of the volume flow
rate of oil supply to each bearing.

B Oil volume adjusting device mainly reduces the power loss of gears and the lubricant
volume flow rate of each bearing by reducing the amount of lubricant stirred by the
output gear.
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