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Analysis of VH-CATT EHL Minimum Film Thickness in Meshing Process
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Abstract Based on the tooth surface equation of the Variable hyperbolic circular—arc—tooth—trace (VH-
CATT), the gear meshing principle is used to analyze the tooth surface contact during the meshing process, the
positions distribution of the VH=CATT meshing point during meshing process of the concave and convex tooth
surface is obtained. According to the principles of gear geometry, the formulas for calculating the important pa-
rameters of EHL such as the principal curvatures and entrainment velocity of the VH-CATT meshing point dur-
ing meshing process of the concave and convex tooth surface is obtained. The Downson—Higginson minimum
film thickness model is used to analyze the minimum film thickness of EHL in the VH-CATT meshing process,
and the variation rules of EHL. minimum film thickness in the meshing process of gear pairs with different gear
design parameters are obtained. Theoretical analysis shows that the lubrication condition between the dedendum
of driver gear (the concave tooth surface) and the addendum of driven gear (the convex tooth surface) of VH-
CATT is the worst, where the wear failure of tooth surface is most likely to occur. When the input load increas-
es, the minimum film thickness decreases slightly, and the gear is provided with the characteristics of impact
load resistance. With the increase of pressure angle, the minimum film thickness increases so that the lubricity
and bearing capacity are improved. When the tooth trace radius becomes longer, the minimum film thickness de-
creases slightly, selecting a reasonable cutter head radius to process the gear can improve the lubricity. The re-
sults provide a theoretical basis for the lubrication design and wear calculation of VH-CATT.

Key words Variable hyperbolic circular—arc—tooth—trace (VH-CATT)  Contact analysis  Elastohydro-
dynamic lubrication(EHL)  Minimum film thickness
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Fig. 1 Principle diagram of rotating cutter—head milling
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Fig. 4 Tooth surface contact diagram of driver gear and passive gear
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Tab.2 Principal curvature on meshing point 107 mm™

iy K,,u KI,2 Kg, ng

1 0.31131 -10. 528 60 0.31792 2.280 13
2 0.31117 -9.47545 0.317 78 2.336 36
3 0.31104 -8.613 83 0.317 64 2.395 44
4 0.31090 -7.895 85 0.317 50 2.45759
5 0.31077 -7.288 35 0.317 36 2.523 05
6 0.310 63 -6.767 65 0.317 22 2.592 09
7 0.310 50 -6.316 39 0.317 08 2.665 01
8 0.310 36 =-5.92155 0.316 94 2.742 16
9 0.31023 =-5.573 17 0.316 80 2.82390
10 0.310 09 -5.263 50 0.316 66 2.910 67
11 0.309 96 -4.986 43 0.316 52 3.002 94
12 0.309 82 -4.737 08 0.316 38 3.10125
13 0.309 69 -4.51147 0.31624 3.206 22
14 0.309 55 -4.306 38 0.316 10 3.318 54
15 0.309 42 -4.119 12 0.31596 3.43901
16 0.309 29 -3.947 47 0.31582 3.568 56
17 0.309 15 -3.789 56 0.315 68 3.708 26
18 0.309 02 -3.643 79 0.31554 3.859 34
19 0.308 89 -3.508 82 0.31540 4.023 25
20 0.308 75 -3.383 49 0.31526 4.201 70
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Tab.3 Entrainment velocity on the meshing point

. () B u, /| AEHE u, | AR T/
T fEEiG) (m/s) (m/s") (m/s)
1 1. 689 66 10. 400 00 5.200 00 2. 600 00
2 1. 689 66 10. 400 00 5.200 00 2. 600 00
3 1. 689 66 10. 400 00 5.200 00 2. 600 00
4 1. 689 66 10. 400 00 5.200 00 2. 600 00
5 1. 689 66 10. 400 00 5.200 00 2. 600 00
6 1. 689 66 10. 400 00 5.200 00 2. 600 00
7 1. 689 66 10. 400 00 5.200 00 2. 600 00
8 1. 689 66 10. 400 00 5.200 00 2. 600 00
9 1. 689 66 10. 400 00 5.200 00 2. 600 00
10 1. 689 66 10. 400 00 5.200 00 2. 600 00
11 1. 689 66 10. 409 91 5.204 95 2.602 48
12 1. 689 66 10. 458 05 5.22902 2.614 51
13 1. 689 66 10. 506 19 5.25309 2.626 55

. Ny B u, /| BWHERE ) | R u "/
T EEGQ) (m/s) (m/s") (m/s)

14 | 1.68966 10.55433 | 5.27716 2,638 58
15 1. 689 66 10. 602 47 5.30123 2.650 62
16 1. 689 66 10. 650 61 5.32530 2. 662 65
17 1. 689 66 10. 698 75 5.349 37 2.674 69
18 1. 689 66 10. 746 89 5.37345 2.686 72
19 1. 689 66 10. 795 03 5.397 52 2.698 76
20 1. 689 66 10. 843 17 5.421 59 2.710 79
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Fig.4 Calculation parameters of minimum film

thickness of EHL
s HEESRU | MEBEG | B Eow P
107 10° 107
1 2.301 46 5.23187 1.776 09 0.149 72
2 2.300 45 5.23187 1.774 53 0. 157 64
3 2.299 44 5.23187 1.77297 0. 164 86
4 2.298 43 5.23187 1.771 41 0.171 42
5 2.297 42 5.23187 1.769 85 0.177 37
6 2.296 41 5.23187 1.768 30 0.18275
7 2.29540 5.23187 1.766 75 0. 187 59
8 2.294 40 5.23187 1.765 20 0.19191
9 2.29339 5.23187 1.763 65 0. 19573
10 2.292 39 .23187 1.762 10 0. 199 07
11 2.293 56 .23187 1.760 56 0.201 95
12 2.303 16 .23187 1.759 02 0.204 38

13 2.31275 .23187 1.757 48 0.206 36
14 2.32233 .23187 1.75594 0.207 90

1.754 41 0.209 02
16 2.341 47 .23187 1.752 87 0.209 71
17 2.35102 .23187 1.751 34 0.209 97
18 2.360 57 .23187 1.749 81 0.209 82

19 2.370 11 .23187

. 748 28 0.209 25

5
5
5
5
5
15 2.33190 5.23187
5
5
5
5
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20 2.379 64
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Fig. 7 Distribution of minimum film thicknesses at different
speeds during VH-CATT meshing processing
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