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Tab.1 Basic parameters of the gear pairs
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Fig. 1 Schematic diagram of NW planetary transmission system
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Fig. 2 Schematic diagram of vibration testing test
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Fig.3 Accelerometer layout and measurement locations on gearbox
housing
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Tab.2 Orders of shafts and gears
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iR 12 5909 180. 36 Tab.3 Load spectrum for gear modification
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Fig. 4 Color map of variable-speed order analysis before
modification
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Fig.5 Input load spectrum configuration of the planetary reducer
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Fig. 6 Normal load per unit length distributions under varying
operating conditions
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Fig. 7 Vibration acceleration curves under various operating
conditions before modification
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Fig. 8 Flank contact load and stress contours under condition 7

before modification
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Fig. 9 Dynamic response curves under condition 7 before micro-
geometry modification
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Fig. 10 Schematic configuration and parameters definition of gear
profile modification

BERTE Lk R AR WY 1A T8 07 0] KBRS RE, HEH
R A M1 58 S P A o A P R A A AE . IR e
LR ¢, TR

C,=F By %: (6)

FRIPVEILENR, SOCRRIGHLATRT 0,
it B B2 1 5 O o 7 48R Y T 00 s AT 1B 3
FIFR, B BRI RN AR, HilZFE
ESEANK AR . 24 P RRHE N IR R HE S B

F4 EHRBVSEESE
Tab. 4 Preliminary modification parameters of gear pairs
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based on genetic algorithm
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Tab.5 Optimization objectives and weight distribution
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Fig. 12 Optimization process of the genetic algorithm
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Tab. 6 Genetic algorithm optimization of modification parameters

B pm
B4 KIR%S —YATER | “HITER
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Fig. 13 Flank contact load and stress contours under condition 7
after GA optimization
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Tab.7 Monte Carlo method optimization of modification parameters

BfI: pm
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Fig. 15 Flank contact load and stress contours under condition 7

after Monte Carlo sweeps
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Tab.8 Comparison of tooth contact under different optimization

algorithms
pUEZS 7N Ui (RS SRR

— B F R E/ um 0. 86 0. 89
TSR/ 2.12 2.21

— A P 1 1) A /(N/mm) 84.5 98.2
TP B 1 1) A (N/mm) 93.0 95.7
— IR KA T3/ MPa 937 1015
TG KA 1/ MPa 1063 1142
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Tab.9 Modification parameter table of the second calculation result

BfL: pm

BIESH KBHFE — AT YT R
IR EOY i 1.31 3.31 3.42
WRELR R -7.26 -2.25 -4.99
WSO = 2. 88 2.33 3.34
Wi AR E -4.23 -3.91 4.33
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Tab. 10 Modification parameter table of the three calculation result

BfI: pm

B4 PN EES . ZRATR
WL S Y fik 1.21 3.16 3.31
WAL R ~7.43 -2.39 -5.07
WSO = 2.92 2.38 3.15
Wit 2R E -4.31 -3.97 4. 46
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Tab. 11 Comparison of performance indicators before and after
modification
PUR-S LD T /pm BIE)G/wm | XGRS/ %
— RGBT % 1.76 0. 86 51.1
e iR % 1.68 2.20 -26.2
PO =Sizt 7 TAEIE/(Nimm) | AETEJE(N/mm) | % Ho A/ %
— YA
e 110 84.5 23.2
TR
A 113 93.0 17.7
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— Yl KA 7 1075 937 12.8
ZORIRR N 1 2080 1063 48.9
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Fig. 16 Dynamic response curves under condition 7 after micro-
geometry modification
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Fig. 17 Comparison of harmonic-excited vibration accelerations

before and after modification under various conditions
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Tab. 12 Comparison of performance indicators before and after

modification
AR TBH/pm | BIER/pm | SRR/ %
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Fig. 18 Rotational speed monitoring curve
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Fig. 19 Measured vibration acceleration slice of the 180th order
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Vibration characteristics and micro-geometry modification design of high-
speed NW planetary transmission under time-varying conditions
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(2. China Academy of Machinery Zhengzhou Research Institute of Mechanical Engineering Co., Ltd., Zhengzhou 450001, China)
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(3. Military Representative Office of HJJ Equipment Department in Zhengzhou Area, Zhengzhou 450005, China)

Abstract: [Objective] To address the prominent dynamic excitation and severe structural vibration issues of an NW-type
planetary gearbox under high-speed and varying load conditions, a multi-objective micro-geometry tooth modification optimiza-
tion methodology was investigated. [Methods] Firstly, a coupled system dynamic model incorporating a flexible housing, bear-
ing stiffness, and non-linear gear meshing features was formulated using finite element sub-structuring techniques. Secondly,
based on the extracted operational load profiles, multi-node steady-state contact characteristics and dynamic transmission errors
(DTEs) were resolved via tooth contact analysis (TCA) to identify the baseline misalignments. Thirdly, parametric optimization
swings utilizing a linear-weighted comprehensive fitness function were executed via a genetic algorithm (GA) to determine the
optimized combination of helix crown, helix slope, and profile modification variables across the sun and planetary gears, the
search efficiency of which was comparatively verified against the Monte Carlo random sampling strategy. Finally, test verifica-
tions were subsequently conducted on a variable-speed order analysis drivetrain platform to record the chassis vibration accelera-
tions before and after micro-geometry implementation. [Results] Parameter sweeps indicate that the evolutionary GA scheme
exhibits superior convergence stability and searching accuracy over the statistical Monte Carlo routine. Under the dominant
180th meshing order frequency, implementing the GA-optimized modifications trims the DTE of the first-stage gear pair by
51.1% and minimizes the peak contact stress by 12.8%. Dynamic simulations demonstrate that the peak vibration acceleration of
the housing drops from 347.26 m/s’ to 137.98 m/s’, yielding a 60.26% reduction. Laboratory order tracking matching the numeri-
cal trajectories confirms that the maximum measured vibration acceleration drops from 997.4 m/s* to 581.4 m/s’, which success-
fully suppresses tooth flank corner contact and substantiates the outstanding engineering applicability for noise, vibration, and
harshness (NVH) mitigation.

Key words: Reducer; Gear modification; Vibration; Transmission error (3. F3)



