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Hobbing of Pinions Conjugate with Ruled Surface Face Gears
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Abstract: To address ruled surface face gears’ limited application in small transmission ratios
resulting from the lack of conjugacy with cylindrical gears, pinions conjugate with ruled surface
face gears and outlines a corresponding hobbing method is proposed. Firstly, the equations of
ruled surface face gears and the conjugate pinion are established, and the deviation morphology
between a conjugate pinion and a cylindrical gear is obtained. Subsequently, the equation of
Archimedes worm hob is derived, and a mathematical model of the cylindrical gear is developed
according to the motion coordinate systems used in hobbing and meshing principles. Based on the
motions of cylindrical gear hobbing, the hob’s cutting edge approximates the conjugate surface
through radial movement of the hob and additional rotation of the workpiece, expressed using
Taylor polynomials. A sensitivity matrix equation is established, the singular value
decomposition method is used to iteratively solve the equation to obtain the polynomial

coefficients, and finally, the machining tooth surface is obtained. To evaluate the transmission
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performance of ruled surface face gear pairs, load tooth contact analysis is conducted, with a

comparison made with conventional face gear pairs and cylindrical gear pairs. The research results

reveal that with the same parameters, the load performance of the ruled surface face gear pairs

aligns closely with that of the conventional face gear pairs., which indicates the potential for the

former to fully replace the latter. Finally, the method is validated through numerical examples

and simulation processing, with a numerical example error of less than 1 pm, and a simulation

result error of less than 6 um. This underscores the feasibility and accuracy of this method.

Keywords: ruled surface; conjugate pinion; tooth surface deviation; sensitivity matrix; hobbing;

load tooth contact analysis
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Fig. 1 Gear grinding in point contact
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Fig. 2 Ruled surface of orthogonal spur face gear
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Fig. 3 Generation coordinate system of the pinion
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Fig. 4 Definition of tooth surface deviations
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Fig. 5 Morphology of tooth surface deviations
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Fig. 6 Transmission ratios and maximum deviations

10 12 14

2 TRJIFEA W By 14 10 7 TR

PRI T B AT R )R R Tk
— BT REZESL YIS Hn T k07 30 A Sl
IN Tz Y A EE AR R R 12 B 2, v el B K A
W FE TR U0 AR i 3 5 0 5 T AR oF R R, N )T
200 PRI TG T B A A7 % o1 A i T S 2 I A
/N A Y 25 () 52 24k ot TR R T G S B A T i
AP 7 iR,

F7 s T
Fig. 7 Principle of gear hobbing
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Fig. 8 Geometric shape of the hob shaft section

3 HLBE/NE RN 5k

3.1 EEEREERM

R 0 /0N 6 5 [ 145 % %) 0 T i 25 R 1T
A RN A B U T AT R AR R A T A A fE R 18 I
JSRTTI S A L o) | I NS TR E v/ e 1R v i
FOVR G N ok . B B VR T Jee il 8 A 1 % 2 AL
SRR S R B T VR T U2 s AT A Y A
BB G R T T A B85 1) Y ik 45 03 Bl iR A I T
AR R AN 9 P,

-

0 O'
I' ,,4?&'" 'Y‘
e ‘

12
FO N T A R

Fig. 9 Coordinate system for hob machining
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Fig. 10 Machining motions of conjugate tooth surface
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Table 1 Basic parameters of face gear
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Fig. 11 Finite element model of face gear drives
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Fig. 12 Contact stresses of face gear pairs
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Fig. 13 Bending stresses of face gear pairs

http: // zkxb. xjtu. edu. cn

Fig. 14 Bearing contact and bearing transmission error of

face gears
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Fig. 15 Cutting edges approaching the conjugate profile
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Fig. 16 Tooth surface deviation and computer numerical

control machining result of tooth surface
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Table 2 Polynomial coefficients of additional motion axes

B %5 a,/107° b,/107%
0 0.097 5 0.106 6
1 0.089 9 0.826 7
2 0.0518 4.4619
3 0.109 1 —1.0736
4 0.094 2 0.3606
5 0.097 6 0.034 2
6 0.096 8 0.109 8
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Fig. 17 Computer numerical control machine tool

model
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Fig. 18 Simulated machining results and errors
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