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Tooth Surface Reconstruction Techniques Based on Weight Control and Finite Element Analysis
ZHANG Kaijie, YUE Kunming, XUE Hao
School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: Aiming at the problem of uneven distribution of the commonly used spline fitting method for the spiral bevel gear
processed by the knife pouring method, which affects the accuracy of the tooth surface contact simulation analysis, the
method of realizing adaptive tooth surface partition reconstruction was proposed according to the vertex weight coefficient of
the tooth surface control. The tooth surface partition was realized by the Newton-Raphson method to determine the tooth
face theory control vertex. Based on the calculation method of the double quadratic NURBS surface weight coefficient, the
weight distribution of the tooth surface control vertex was obtained, and the reconstruction of the tooth surface was realized
by determining the optimal number of interpolation nodes in each region according to the control vertex weight coefficient.
Taking the tooth surface of spiral bevel gear small gear machined by knife pouring method as an example, the tooth surface
reconstruction side based on weight control was compared with the CATIA-based spline reconstruction and the Spline-
based interpolation method reconstruction. The results showed that the tooth surface error of the tooth surface reconstructed
by CATIA was random, the average error of the tooth surface was 2. 62 pm, and the error sensitivity of the tooth length
direction was greater, resulting in spot ambiguity in the contact simulation analysis. By using the method of Spline
interpolation reconstruction, the local area of the tooth surface appeared “overfitting”, the error sensitivity of the tooth

height direction was greater, and the average error of the tooth surface was 1. 94 m, resulting in abnormal contact spots in
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the local area. By using the method of surface fitting with the adaptive distribution of the number of interpolation nodes

with controlled vertex weights, the overall tooth surface error was uniformly distributed with a mean value of 0. 79 pm and

the instantaneous contact spots were unique, providing a reliable guarantee for the correction of the gear contact area.

Keywords: virtual processing; weight coefficient; tooth surface reconstruction; tooth surface error; finite element analysis
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Fig.1 Flowchart of surface reconstruction
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Fig. 3 The sketch of tooth surface partition
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AR E P S e M, T o I 58 A A BR T B il 43
reftIER s S,
5 45 &

W EE LA AR 5 A BRI Br A 45 4, X iR e
eV R E A AT T LTS

I Catia X RRHEHE 4 6 HE 1T =R BE VT4, AT A3 4K
PRUEYIYT ST A T 521 55 U0 U BRG] B Sy dkt B DA
AT T T 2 R BB AR 8 o R S L, ST R A < A -
b IR A S TR RS AU S
(1R 15 R I et 2R A 47 T 43 DX, A Rk TR A s X 3R
T BOS A R

FET Rk NURBS M M A i & #5058 07 45 1
A IO P AT 43 A, FR I 1 3 N 43 T % 9 o) T A
[F) ) A 7 250, DA S5 B0 7 1 ) A, T A Ak ke A B
PURE RS A7 LA, T ORUE 4 45 1R 25 76 45 T
T 33 X ek 2450 43 A

WG I ki FH T 1A T 0 040 S 0 T A 1A T 1Y)
PEM, AR T 36T Catia 3R 14 1 A9 7 36 06T B3
S BN 147 T 114 7 3 LA 3ok —F 5 45 ol F14 B A4 14 T
R 2E, Hod R Catia 5245 9 14 T 4 1A R
ZEVMEA 2. 62 pm, FRIEZEH 0. 795 wm, K5 015 25
43,29 wm, K AR ZE R 1.95 wm, RIALE Catia X
P AT LA LA R 2E AR R K T 1) T R R
FIFH Spline HEAT ELHE Y4 A 4 (8 5 44) B 47 T R AR 1R 22 1
B4 1.94 wm, FpifE2E N 0. 549 wm, % KI5 iR 2% K
1.76 wm, % & 7 1R ZE R 2,12 wm, B i B 421
EIEIEAT LG, P05 1R 25 A0 147 8 7 1) B R AU
FHE A 2 ) FE A () 1 TR AR TR 22 39(E R 0. 79 pum , B
WEZEN 0.083 pum, K7 IR ZE R 0. T6m , 14 125 7 ] 1%
574 0. 82 pum , FE BRI 2 ] T0 SR R R 400 1A 3 7 43 i
FRIET s BT LA IR 22 AR AT LY ), 1A
KT 1) 5 0k v o) BB 1R 22 U B S AR — 5, A T
SYANRERR TV O T EEA T DU B TR G

ETARICHE:, X TR R = 5 T 5% 1 1
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