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Abstract: During the generating grinding of aviation face gears, the combined effects of wheel speed,
feed rate, wheel indexing angle, and grinding depth continuously alter the grinding contact zone, resulting
in significant differences in surface texture and envelope residuals between the tooth tip and root as well as
the inner and outer radial regions. To achieve accurate prediction and optimization of tooth surface topogra-
phy, this study investigates a face gear pair consisting of a 21-tooth cylindrical gear and a 28-tooth face
gear with a module of 3 mm, a tooth width of 4 mm, and a shaft angle of 90°. A homogeneous coordi-
nate transformation and meshing equations were established to describe the kinematic relationship between
the cylindrical gear and the face gear coordinate systems, while an involute CBN grinding wheel was
employed to replace the virtual cylindrical gear for generating grinding. A grinding wheel surface model
was developed by incorporating a wheel diameter of 150 mm together with 300-mesh(about 50 pm) abra-
sive grains characterized by randomly distributed positions and protrusion heights. The unfolded gear sur-
face (X is from 43 to 47 mm, Z is from 0 to 6. 75 mm) was discretized into a height field, and the simu-
lation and prediction of gear surface topography was realized through Boolean operations of abrasive grains
and gear materials. Furthermore, the grinding width, contact arc length, effective number of abrasive
grains, and undeformed chip thickness were adopted as characteristic parameters to determine the effective
cutting state of each abrasive grain according to the rubbing-ploughing-cutting transition criterion, thereby
establishing the influence of wheel speed, wheel indexing angle, feed rate, and grinding depth on the dis-
tributions of surface roughness (Sa) and envelope residuals. Grinding experiments were conducted on a
Makino V33-5XB five-axis machine tool, and the ground tooth surfaces were measured using a VH-
7Z500R ultra-depth-of-field microscope after wire electrical discharge machining and ultrasonic cleaning.
The results demonstrate that the predicted Sa agrees well with the experimental measurements, with a
maximum relative error below 9.76%. The gear surface roughness decreases with increasing wheel speed
but increases with larger wheel indexing angles, feed rates, and grinding depths, among which the wheel
indexing angle exhibits the most significant influence on topography uniformity. When the wheel indexing
angle is reduced from 1.25% to 0.50°, the maximum envelope residual decreases from approximately
2.40 pm to 0.30 pm, and the high-residual regions near the upper tooth surface and local boundaries
shrink considerably, indicating that enhanced grinding path overlap effectively suppresses local peak-to-
valley residuals. The novelty of this study lies in integrating the face gear generating kinematics, stochas-
tic abrasive wheel surface, effective cutting criterion, and Boolean material removal algorithm into a uni-
fied surface topography prediction framework. The proposed model predicts not only the overall tooth sur-
face topography but also the variations in surface morphology along both the tooth height and radial direc-
tions, thereby providing a theoretical basis for the optimization of face gear grinding surface quality.

Key words: face gear; generating grinding; gear surface topography; prediction model
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Tab.1 Main design parameters of face gears
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Tab.2 Parameters of the grinding wheel and grinding process
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Fig. 6 Prediction process of the unfolded surface morphology of face gears in grinding
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Fig. 7 Distribution of tooth-surface envelope residuals under different grinding wheel indexing angles
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Tab.3 Comparison of simulated and experimental tooth surface roughness under different process parameters

¥ WEFH(emin ) AMESM/C) BEGHEE/(memin ) BEHITREE/um {5 E. Sa/pm S Sa/pm WE/ %
1 1000 0.75 1.2 10 0.73 0.78 6.85
2 1500 0.75 1.2 10 0.65 0.67 3.08
3 2000 0.75 1.2 10 0.58 0.54 —6.90
4 2500 0.75 1.2 10 0.53 0.50 —5.66
5 3000 0.75 1.2 10 0.49 0.45 —8.16
6 2000 0.50 1.2 10 0.41 0.37 —9.76
7 2000 0.75 1.2 10 0.59 0.63 6.78
8 2000 1.00 1.2 10 0.94 0.91 —3.19
9 2000 1.25 1.2 10 1.29 1.17 —9.30
10 2000 0.75 0.6 10 0.47 0.44 —6.38
11 2000 0.75 0.9 10 0.52 0.49 —5.77
12 2000 0.75 1.2 10 0.58 0.55 —5.17
13 2000 0.75 1.5 10 0.63 0.59 —6.35
14 2000 0.75 1.8 10 0.69 0.756 9.57
15 2000 0.75 1.2 5 0.55 0.52 —5.45
16 2000 0.75 1.2 10 0.59 0.58 —1.69
17 2000 0.75 1.2 20 0.63 0.65 3.17
18 2 000 0.75 30 0.71 0.76 7.04
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Fig.8 Comparison of predicted and experimental values of gear surface roughness under different process parameters
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Tab.4 Maximum envelope residuals and morphological characteristics at different grinding wheel indexing angles
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Fig.9 Variation of maximum envelope residual under different

grinding wheel indexing angles
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