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Abstract

Project Code: MRG5480164

Project Title: A Study on the Mechanism and the Parameters Affecting to Sliding Loss of
a Parallel-Axis Gear Pair

Investigator: Assistant Professor Dr. Chanat Ratanasumawong
Department of Mechanical Engineering, Chulalongkorn University

Email Address: chanat.r@chula.ac.th

Project Period: June 2011 — December 2013

Gear is commonly used in many engineering works especially in transmission systems.
Although a gear pair has relatively high efficiency, power loss increases significantly when
multiple-stages of gear reduction is used. The study on the mechanism and the parameters
affecting to sliding loss is a basic research that is very important for gear design. This study is
separated into two parts that are the construction of a mathematical model for estimation of
sliding loss, and experiments to investigate the gear sliding loss and also to verify the ability of
the model. About the model, the sliding loss of a spur gear pair is considered firstly. Afterwards
the sliding loss of a helical gear pair that is modeled as the multi-section spur gears align
slantwise along with base helix angle is constructed. In the experiment, the back-to-back gear
test rig is used. The gear parameters considered here are helix angle, pressure angle, face
width and module.

The estimated results show that the gear pair having larger helix angle and module has
higher sliding loss but the gear pair having larger pressure angle and wider face width has
lower sliding loss. By comparison between the estimated results and experimental results, the
estimated results agree well with experimental results in the case of the effects of pressure
angle and module, however the effects of helix angle and face width still cannot predicted

correctly.

Keywords: Spur gear, Helical gear, Sliding loss
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Parameters Value
Number of teeth, Z 30
Transverse module, M; (mm) 3
Transverse Pressure angle, (&, (deg) 20

Helix angle, [/ (deg) 335
Face width, F\W (mm) 20,25,30
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Parameters Range Increment
Number of teeth, Z 20-50 10
Transverse module, My (mm) 2-6 1
Transverse Pressure angle, ¢ (deg) 14.5,20

Helix angle, [/ (deg) 15-30 5

Face width, FW (mm) 20,30,40,50,100
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LA
Gear set
Parameter

23T 40T
Number of teeth 23 40
Module (mm) 3.95 2.32
Pressure angle (deg) 25 28
Face width (mm) 19.5 26.67
Center distance (mm) 91.5 91.5
Temperature (°C) 110 110
Absolute Viscosity (cP) 10.7 10.7
Surface roughness ([im) 0.32 0.2
Load operation condition (Nm) 140, 275, 413, 546, 684
Speed operation condition (rpm) 2000,4000,6000,8000,10000
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Gear set

Parameters

S$1 S2 S3 S4
Number of Teeth 30 45 30 20:40
Module m (mm) 3 2 3 3
Pressure Angle X (deg) 20 20 14.5 20
Helix Angle 'V (deg) 0 0 0 0
Face Width FW (mm) 20 20 20 20
Gear ratio 1:1 1:1 1:1 1:2
Pitch Diameter (mm) 90 90 90 60:120
@I’]i’]dﬁl 4.2 wwmﬁma%naaLﬁaueﬁmﬁ‘lﬁmaao

Gear set

Parameters

H1 H2 H3 H4
Number of Teeth 30 30 30 15
Transverse Module m, (mm) 3 3 3 6
Transverse Pressure Angle O, (deg) 20 14.5 20 20
Helix Angle Y (deg) 33.5 33.5 33.5 33.5
Face Width FW (mm) 20 20 40 20
Gear ratio 1:1 1:1 1:1 1:1
Pitch Diameter (mm) 90 90 90 90
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(Ptotal )T:O = I:)spin (4-4)
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Abstract

Gear is an important machine element in the transmission system that has been used
extensively in various works. Although the efficiency of a gear pair is high, multi-stages gear
transmission is frequently used that makes the total power loss increase significantly. With this reason,
the study on the parameters that affect to the sliding loss of spur and helical gear pair is very
important and can be used as the basic data for the gear design or gear selection for reducing power
losses in the gear system. The parameters focused here are module, pressure angle, helix angle, gear
ratio and face width. The study was done by using gear meshing model to estimate the effects of gear
parameters, and also experiment by back-to-back gear test rig. The experimental results show that the
gear pairs having larger module, larger gear ratio and wider face width have higher power loss, but the
gear pairs having larger pressure angle and larger helix angle have lower power loss. By comparing the
experimental results to the estimated results, it is found that for the effects of module, pressure angle
and gear ratio the experimental results agree well with estimation results, but the results do not agree
for the effect of helix angle and face width.

Keywords: Sliding Loss, Model, Spur Gear, Helical Gear, Back-to-Back Gear Test Rig.
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Experiment Estimation
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Experiment Estimation
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