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Study on Tooth Surface Error Correction of NC Grinding of
Orthogonal Face Gears

FANG Shuguang, MING Xingzu, WANG Hongyang, LUO Dan
( School of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Firstly, based on the meshing principle and the transformation relationship between generating
coordinate system of NC grinding, the mathematical model of tooth surface of face gears can be derived, followed
by a division of the tooth surface grids of face gear in 5 x 9, and a calculation of the theoretical coordinate values of
nodes. Then three coordinate measuring machines (CMM) are used to measure the coordinate values of the grinding
tooth surface joints, and tooth surface deviations of grid nodes can be obtained by analyzing and decomposing the tooth
surface error. With the identification equation of the tooth surface error having been established, the sequential quadratic
programming (SQP) method has been proposed to optimize the machining parameters of the machine tool, thus
completing the correction of the tooth surface error of the opposite gears. The result of tooth surface error correction
shows that the error of tooth surface in the working area tends to be stable, and the corrected tooth surface error is
obviously improved, but the transition area near the tooth surface needs further improvement.
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s BEHEE. 2017-05-26

EEWH. HFEHRBFESRIINE (51375161) , A HARSAIEASIIHE (201774023 )

EERIY: IOk (1991-) , 3, ALK, IR Tl KB mi A, 5007 I Al R
E-mail: 858211527@qq.com

BIEMEE: WX (1964-) , Y5, WIRIGIEN, W T R2E2, WL, M40, FEMSFETFHE SEAHA
7 B ZF 558, E-mail: mxz9036@126.com



2 (71 N DR AN N S S 14

2017 4F

1 HRE=

T 17 56 4% Bl S — i B R 14 48 5 50 S 14 40 5 1Y
e tEsh s, B HASWEE. EEER, L3
SRRSO U AR A TV A ) S — N T
¥, DB B4 5 i e 2 TR LT AR . SROWTE S AN
RN, HAhg e 1A 5 r s I RE R A
ARZWC AN, X TEEEG e g (s
R JUTAS RE S ) 20K, HRETE TGS — bR

1) EAEHTE

] A1 X8 T 1 VA7 1 325 B AR T T R B SRR X T
WAz R E SR AR, B ESNE A WFSE R R
U5 5 A SO 1T 47 6 P9 4 T O 25 AR A T I o, AT
FTRT T FE ARORE

F. L. Litvin 25 A\ P A2 b4 1 i o 48 s ) n 1
B, S TSR EE I AL

G. Goch™ XHAHSEIRF 8 (INH 5% . RHAE%E ).
HETREAE 1A e P R U 1 S LR AR T T ERIR,
XS A A A s, Iy AR e B A
KARH, FEH8 T 2 Pk

T. Pfeifer 2 A P F| = AR bRl F2 ML T 425
HEVT AR N T =R A bR s, JHRIIT & TSR Y
DAAMZEDSL S8 1522, BAEULSER BodT T &6 TE
B . SOABTE I lxE =2 0 B . 1 B, 2 Bivfzs.

2) ENEHER

B X T T8 RO S AR s, AT A2 By
B, PRUTOT  1E 145 6 1A T 0 2 5 T AR F S AR 2
RIS T —E AR

THER AN SR R, AR T LR I
KLINGE-INBERGP100 b Xk #& 5 T8 #5410 225,
Shy TR A ) T B A T4k

TGN T BT = AR bRI . ST
R T Gleason il B8 iE HE 14 46 1) R 16 147 ThT A5
R, HFH 22 BT AR T = AR AL e A 3 A s
o VA7 T 380 B A TR PR 2, AR e T — R 25 e
FHESBUE EVURTAEE S8R ik, DA SdE S
W T LARDRS B2

A U R A A TN TR AR vk
T TIRAWIFE, 0 FH 22 i 181 1 23 () SO0 SR e v
RWNTHIR T TEIE.

TN PVBEGE TSR AR A S AL O A
A7 THT 158 22 5 R 000 o AL b R R T R AR 1R T AR bR R AN
EATERAIREE, SHT T AR AT Sk B AR XTI
RZEMIFN

AR T I P s, — AR BRI AR AT

P S R R R i iR 22 A T i, ikl LA e
ZE TR RIS MR ZES B Ik, ASClEE A bR
O SR 20 TR0 A T 14 0 2 B g AT T AR 22
FRSEE L A TR ZE NI R AR, LUK Bl Nk
S IR ZE R H

2 HEEEEEZBFERERE S E Mg
HitE
AHIFFEAE 7N i LI 3 A 85 B U L QMK SO0A |,
K FHWETE 00 48 B I AE A T RS, T I 8 B B Rk
18Cr2NidWA, HILAZEIFE 1 P,
F1 EXHERERSH

Table 1 Basic parameters of orthogonal face gears
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Fig. 1 Tooth profile section parameters of the involute cutter
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Fig. 2 Generating coordinate system of face gears
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Fig. 3  Grid division on tooth surface
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Table 2 Theoretical coordinate values of grid nodes of the tooth surface mm
S 1 2 3
X y z X y z X y z

1 74.488 01 -92.856 00 -46.522 30 64.371 80 -80.916 80 —45.753 50 72.966 28 -94.09710 —-43.614 10

2 73.350 80 -91.271 60 —46.580 70 65.660 83 —82.431 40 —45.582 20 71.888 61 -92.47050  —43.628 60

3 72.194 31 -89.687 20 —-46.639 20 66.881 45 -83.978 20 —-45.444 00 70.804 34 -90.850 50  —43.644 70

4 71.033 20 -88.121 50 -46.711 30 68.070 20 —85.53590 -45.339 10 69.710 97 —89.23980  -43.668 90

5 69.839 82 -86.57270 —46.782 30 69.233 94 -87.111 40 —-45.256 40 68.607 40 —87.63270  —-43.703 70

6 68.618 42 -85.046 00 -46.851 50 70.380 33 —88.692 00 —45.194 80 67.486 89 —86.034 80  —43.750 50

7 67.362 25 -83.543 70 -46.918 40 71.509 41 =90.279 40 —45.145 40 66.350 04 —84.44580 -43.81510

8 66.056 73 -82.095 90 —46.966 90 72.629 12 -91.877 10 —45.108 60 65.187 24 —82.869 60  —-43.902 30

9 64.758 05 -80.660 60 —47.005 40 73.739 81 —93.477 10 —45.077 80 63.990 73 -81.30230  -44.027 30

i : >
X y z X y z

1 63.595 27 —-81.687 90 -42.311 90 71.422 34 -95.314 70 —40.689 40

2 64.726 66 —83.294 00 -42.242 20 70.410 36 —93.643 50 —40.663 00

3 65.830 58 -84.911 00 -42.192 40 69.394 07 —91.981 40 —40.635 60

4 66.916 72 -86.529 30 —42.161 50 68.376 05 -90.322 10 —-40.611 60

5 67.991 49 —88.159 20 —42.142 30 67.352 18 —88.664 00 —40.595 60

6 69.057 51 —89.790 20 -42.133 90 66.323 50 —87.008 90 —40.584 20

7 70.112 40 —91.426 70 —42.134 20 65.287 44 —85.359 80 —40.582 70

8 71.161 29 —93.066 40 —42.142 10 64.244 84 —-83.707 10 —40.593 80

9 72.205 91 —94.706 60 —42.155 60 63.190 64 —-82.065 50 -40.623 70
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Table 3 Measuring coordinate values of grid nodes of the tooth surface mm
e 1 2 3
X y z X y z X y z

1 73.825 68 -93.347 40 —47.087 80 63.677 46 —81.578 60 —46.036 10 72.273 91 —94.556 50  —-44.170 50

2 72.679 33 -91.780 10 -47.119 70 64.951 36 —83.052 90 —45.914 40 71.188 18 —92.94190 -44.164 40

3 71.516 47 -90.211 70 —47.154 40 66.168 72 —84.564 60 —45.828 80 70.096 18 —91.33540 -44.15790

4 70.352 55 —-88.660 60 —47.207 30 67.360 37 —86.097 60 —45.764 10 68.995 11 —89.738 70  —-44.157 50

5 69.162 79 —-87.124 40 —47.269 40 68.528 82 —87.650 80 —45.716 60 67.884 40 —88.14740  -44.164 60

6 67.954 92 -85.606 50 —47.347 10 69.680 84 —89.213 00 —45.683 90 66.758 15 —86.567 60  —44.180 80

7 66.730 65 -84.101 80 —47.456 50 70.816 37 —90.784 20 —45.660 10 65.615 93 —84.998 50  —-44.209 60

8 65.482 30 -82.612 80 —47.601 60 71.942 54 —92.367 20 —45.645 60 64.451 67 —83.44750  —-44.25590

9 64.267 56 -81.097 00 —47.759 70 73.059 44 —93.953 50 —45.634 70 63.259 25 -81.91570 -44.32510
i : >

X y z X y z

1 62.829 40 —82.255 50 -42.614 10 70.704 88 —95.738 60 —41.242 20

2 63.964 19 —83.837 30 —42.593 50 69.682 49 —94.076 70 —41.194 50

3 65.073 60 —85.433 40 —42.585 10 68.656 46 —92.42570 —41.144 10

4 66.167 97 —87.035 60 —42.589 30 67.627 83 —90.776 80 —41.094 70

5 67.250 69 —88.649 80 —42.601 10 66.593 62 —89.130 40 —41.050 60

6 68.325 41 =90.267 10 —42.620 40 65.555 02 —87.488 60 —41.007 60

7 69.389 51 -91.891 30 —42.645 50 64.507 80 —85.851 70 —40.970 30

8 70.447 07 —93.518 80 —42.676 10 63.456 17 —84.215 40 —40.939 60

9 71.501 02 —95.148 60 —42.710 40 62.392 33 —82.590 40 —40.919 00
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Fig. 7 Normal errors of the tooth surface
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Fig. 8 Error analysis of the tooth surface
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Table 4 Normal deviation of grid nodes of

the tooth surface

mm
s 2 3 4 5 6 7 8 9
1 -0.003 -0.001 0.005 0.013 0.012 0.009 0  —0.029-0.073
20 -0.003 0 0.003 0.007 0.013 0.019 0.032 0.048
3 =0.006 -0.007 -0.005 —0.004 0 0.002 0.006 0.008 0.020
4 -0.002 -0.002 0 0.003 0.003 0.006 0.008 0.011 0.013
5 —0.011 -0.011 -0.012 -=0.010 =0.011 =0.010 —0.009 —0.005 —0.004
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Fig. 10 Corrected tooth surface errors
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