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Tab.1 Structural parameters of the herringbone gear pair
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Yl 2 44 41
VEEE/mm 3.5
10 T o/ (°) 225
EE £ B/ (°) 28.02
Jiké 1) LT T ey
REVEY -0.010 7 0.0107
AHA K 58 bimm 60 59
i B s/mm 50 50
Sy E A d/mm 174.45 162.55
W TR H % d /mm 181.38 169.62
VAR P B 42 d, /mm 165.63 153.87
UG a/mm 168.50
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Tab.2 Material properties of the gear
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e B3 i /M Pa 1230
R p/(g/em?) 7.85

T 1R Al 57 BR 9 1 600 MPa, 25 % 574 FR b7 430 MPa.,
VE 2 BORHA BT VIR J1[7]=0.57 , bt BRER > 518.7 MPa,,
0 3ok A R A A TR B B8 2 R LS R
G [RG5S AR 7 88 RN S o3 A PR
o ARSI SRR B T AL B E 20 20 100
i, 5 L B A 200~1 500 r/min, 6728 5 4 A0 R
41 400~5 400 N-m, HAK T 2404 3 iR .

®3 AFERRITHENRETR

Tab.3 Test conditions for bending stress of the herringbone gear

pair
T iy ANBil e 3 n/ (r/min) S NS T/(N»m)
1 200 1400
2 400 1400
3 600 1400
4 600 2 000
5 800 2 000
6 800 2400
7 900 2400
8 900 3000
9 1 000 3000
10 1 000 3400
11 1100 3400
12 1100 3 800
13 1200 3800
14 1200 4200
15 1300 4200
16 1300 4 600
17 1400 4600
18 1400 5000
19 1500 5000
20 1500 5400
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Fig. 1 Finite element model of the herringbone gear pair
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Fig. 2 Meshing model of the herringbone gear
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Fig.3 Contour plot of surface stress distribution on the
herringbone gear
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Fig. 4 Physical view of the herringbone gear pair
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Fig. 5 Schematic diagram of the power-enclosed herringbone gear
test bench
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Fig. 6 Installation positions of strain gauges
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Fig. 7 Measurement point locations in the finite element model
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Fig. 8 Variation curves of tooth root stress during a meshing cycle
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Tab.4 Comparison of the maximum tooth root stress obtained by

two methods

T i/ AR/ PR 15 B TR )i
(r/min)  (N-m) KA /MPa fi KAii/MPa
1 200 1400 68 64
2 400 1400 71 71
3 600 1 400 74 78
4 600 2000 90 83
5 800 2000 93 90
6 800 2400 109 102
7 900 2400 115 135
8 900 3000 144 159
9 1000 3000 149 170
10 1000 3 400 159 172
11 1100 3400 162 173
12 1100 3 800 182 178
13 1200 3 800 185 190
14 1200 4200 201 194
15 1300 4200 204 201
16 1300 4600 219 216
17 1400 4600 222 209
18 1400 5000 237 228
19 1500 5000 240 227
20 1500 5400 255 234
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Fig. 9 Comparison of the maximum tooth root stress between finite
element simulation and test
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Fig. 11 Regional division for the tooth root stress distribution
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Fig. 13 Predicted tooth root stress distribution of the herringbone
gear
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Prediction method of root stress distribution in herringbone gears

WANG Cong' LENG Sheng' JIANG Zenghua’ CHEN Fuxing' LU Fengxia'

. College of Mechanical & Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

(2. Hunan Aviation Powerplant Research Institute, Aero Engine Corporation of China, Zhuzhou 412002, China)

Abstract: [Objective] To achieve rapid prediction of the root stress distribution in herringbone gears under variable
operating conditions and address the high computational cost of the finite element method, a prediction model for root stress
distribution based on a BP neural network was constructed. [Methods] Firstly, finite element simulations were conducted on a
herringbone gear pair under 20 sets of operating conditions with varying rotational speeds and load torques to obtain stress
distribution data in the tooth root region. Secondly, tooth root stress tests were performed, and the simulation results were
compared with the experimental data to verify the validity of the finite element model. Then, a stress subregional prediction
method was adopted, in which the tooth root region was divided into three subregions, and BP neural network models were
independently constructed and subsequently integrated to form a global prediction model. Finally, a set of operating conditions
outside the training samples was selected, and both the finite element simulation and the proposed model were employed to
obtain the root stress distribution and its maximum value, thereby validating the predictive performance. [Results] The results
indicate that the root stress distribution predicted by the model is highly consistent with that obtained from finite element
simulations. The prediction error for the maximum tooth root bending stress is 4.6%, and the mean squared error of the
prediction is 3.017 MPa, demonstrating the effectiveness of the proposed model. This study provides a reference for the rapid
evaluation of tooth root stress in herringbone gears under variable operating conditions.
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