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Abstract

Xinjiang serves as the largest production base for high-quality cotton in China, and mechanized
cotton harvesting has emerged as a critical trend in the development of modern agriculture. The rear axle
constitutes the key transmission component and primary load-bearing part of the cotton picker. The
dynamic characteristics of the transmission system directly influence the stability of the cotton picker
under complex working conditions. In response to issues such as excessive vibration and frequent faults
like tooth breakage in the gear transmission systems of domestic cotton pickers, this thesis focuses on the
drive system of the cotton picker's rear axle as the research subject. An overall drive system scheme is
proposed, and the assembly structure is constructed. A system dynamic model is established to analyze
its dynamic characteristics, and an optimization design for gear tooth modification is conducted based on
vibration response. A vibration test bench for the rear axle drive system of the cotton picker is established
to verify theoretical analysis results, including modeling accuracy and optimization rationality. This
study provides theoretical support for predicting the vibration response of the cotton picker's rear axle
drive system and achieving vibration and noise reduction, while also offering practical references for
optimizing the gear drive system of domestic cotton pickers. The primary research contents of this thesis
are summarized as follows:

(1) Design of the rear axle transmission system of the cotton harvester. An overall transmission
system scheme for the rear axle of the cotton harvester is proposed based on the existing structure. The
hydraulic drive system employs a volumetric throttling speed control circuit using variable pumps and
motors, while the transmission system utilizes a three-stage gear transmission system comprising a
reducer box, main reducer, and wheel-side reducer. The structure of the rear axle assembly of the cotton
picker, which includes key components of the transmission system, supporting parts and steering parts,
has been constructed. By designing a reasonable mechanical transmission ratio and torque transmission
path, the function of reducing speed and increasing torque has been effectively achieved.

(2) Establishment of the system dynamic model and analysis of dynamic characteristics.
Considering meshing stiffness, transmission error, meshing damping and tooth side gap and other
nonlinear excitation, ABAQUS software was used to carry out tooth surface loading contact analysis to
obtain the excitation parameters, and considering the gyroscopic effect of rotating machinery, a dynamic
model including gear rotor-gear meshing pair, drive shaft-support bearing was constructed by finite
element node method. Campbell diagram was used to analyze the natural characteristics of the system,

such as natural frequency and critical speed, and Newmark-beta method was used to solve the motion



equation to analyze vibration characteristics such as displacement, velocity and acceleration. Under rated
working conditions, the vibration response of the second-stage and third-stage gear-rotor system presents
periodic motion and quasi-periodic motion, respectively, while the first-stage gear-rotor system presents
chaotic motion, and the vibration displacement RMS value curve has a hopping phenomenon in the speed
range of 750-1180 rpm and 2210-2500 rpm.

(3) Optimization design of system gear tooth profile modification. The basic principles of tooth
profile modification and tooth direction modification were described, and the optimal modification
amount was determined by combining genetic algorithm V2 of Romax software to improve the gear load
distribution and stress concentration. The optimized transmission error and meshing stiffness excitation
parameters were inserted into the system dynamics model, and the vibration response of the first stage
gear-rotor system was changed from chaotic motion to stable single period motion after modification.
The response curve of vibration displacement RMS value does not appear jumping phenomenon, which
significantly optimizes the dynamic characteristics of gear system.

(4) Test bench construction and vibration response test. Design the test scheme and build the
vibration test bench of the rear axle drive system of the cotton picker, measure the vibration acceleration
at the key node, and compare the theoretical results with the test data. The theoretical values are
significantly similar to the experimental values in the vibration trend, peak value and resonance region,
and the quantitative errors are due to the test conditions and model simplification. The overall reduction
in the RMS value curve of vibration acceleration of the modified system reaches 34.24%, and the actual
improvement in vibration response by tooth profile modification is verified. The accuracy and
optimization rationality of the model are verified.

Key words: Cotton picker rear axle; Transmission system; Dynamic characteristics; Gear tooth

modification optimization; Vibration test
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Fig. 1-1 The proportion of cotton sown area and cotton output in Xinjiang in recent ten years. (a) cotton
sown area in the last ten years, (b) cotton production in the last ten years
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Fig. 1-3 John Deere CP770 cotton picker rear drive axle structure
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