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A Machine-Settings Compensation Method for Reducing
Machining Error of Spiral Bevel Gear Tooth Flank

SONG Biyun, TANG Jinyuan, RONG Kaibin, DING Han

(Key State Lab of High Performance Complex Manufacturing, Central South University, Changsha 410083, China)

Abstract: A machining error control model and a machine-settings compensation method of spiral
bevel gears are proposed to solve the problem that it is difficult to ensure the machining accuracy
of tooth flank due to unavoidable errors in the process of spiral bevel gears. Firstly, based on the
relative position and motion relationship between tool and workpiece in actual machining, the
functional relationship between the machine-settings and tooth flank is determined according to
the coordinate homogeneous transformation and meshing principle and an accurate tooth flank
model of spiral bevel gear is established. Then, the normal distance between the actual tooth
flank and theoretical tooth flank is calculated to establish a geometric error control model driven
by the machine-settings. Next, the sensitivity of the machine-settings is analyzed, so that the
machine-settings with high sensitivity are selected as optimization variables of the error
compensation model to improve the optimization efficiency. Finally, the tooth flank error

minimization problem is transformed into a least square problem, which is solved based on the
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improved 1.-M algorithm to revise the machine-settings and to reduce the machining error of tooth

flank. A pair of spiral bevel gears ground by duplex helical method is used as an example to verify

this method. The results show that after the compensation of the machine-settings, the

machining error of spiral bevel gear tooth flank is reduced by more than 65%. The measurement

error of tooth flank is no more than 0. 005 mm, which can meet the actual needs of engineering.

It is proved that this method can effectively improve the machining accuracy of tooth flank. And

it can provide an idea of machining error compensation for spiral bevel gears and other complex

curved surface parts.

Keywords: spiral bevel gears; error compensation; duplex helical method; machining accuracy;

Levenberg-Marquard algorithm
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Fig. 1 Schematic diagram of duplex helical method of

spiral bevel gear
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Fig. 2 Geometric error model of curved parts
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Fig. 3 Optimization flow chart of machine-settings
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Table 1 Initial machining-settings
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TG d,/rad 0. 060 3 0.598 5
J1% A R /rad 0.045 3 0.259 7
T H A Ev/mm 0.125 58 0
LA 7. /rad 0.351 3 0. 403 7
KA X /mm 0.438 73 0
PRA Xp/mm —3.126 4  —3.869 14
HEH m. 2.5259 2.075 4
IR AE IE R B 6.684 8 0
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Fig. 4 The tooth flank model of spiral bevel gear (includeing

working surface and root fillet)
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Table 2 Machine-settings after adjustment Table 4 Measurement results of actual errors after error
¥ 1l compensation
e LR T 5% JNES St S SEPRAN T AR 22/ pm
#1671 L Si/mm 161.322 2 161.653 /NI /NI KA A ™
(A.D 3.5 3.4 4.7 3.4
F I e g/ rad 0-881 4 0869 2 (A.2) 2.1 1.2 41 2.9
JHiifh d, /rad 0-060 3 0-598 5 (A.3) 0.7 0.9 4.0 2.4
JI%eff Rai/rad 0.045 3 0.259 7 (A D 0.5 0.1 3.3 1.8
T H R Ev/mm 0.125 58 0 (A,5) 0.9 1.8 4.3 3.1
LR Y/ rad 0.350 8 0.414 6 (B.D) 2.7 2.2 4.2 2.8
KEE A Xy /mm 0. 438 73 0 (B,2) 1.9 0.9 3.8 2.0
PR fi7 Xp/mm —3.1264  —3.869 14 B3 0-9 0-7 2.2 1.6
N (B,4) 0.4 0.2 2.6 1.1
R m. 2.512 6 2.080 3 (B.5) L5 0.9 3 5 L6
BRI A 1 7% K. 6.684 8 0 . 2.9 1.7 4.0 2.1
(C.2) 2.1 0.5 2.9 1.7
A 3 RERIA R A TR £ TR 4R (C,3) 0.3 1.0 1.9 L1
Table 3 Prediction results of machining errors C, 1 2.1 0.3 1.9 0.7
P (C.5) 3.0 1.5 2.0 1.5
RERH] BT S WG (D,D) 3.4 2.7 3.6 1.7
! 2 (D,2) 1.6 0.5 2.3 0.5
JNRSTNITR 0.347 3 0.1705  0.0511 (D.3) 0.4 0.4 1.9 0.4
BiRE NEMTE 0.2998 0 0.1705  0.118 1 (D,4) 0.1 0.3 1.0 0.3
/mm  KHEME  0.4402  0.176 1 0.076 3 (D.5) 0.9 1.8 1.6 1.2
KHMT 0.4122  0.2107  0.048 5 (E,D 2.6 1.8 3.5 1.7
NEEMITE S 0.018 9 0.0105  0.003 1 (£.2) 1.9 2.1 0-8 0.
(E,3) 0.0 0.0 0.0 0.0
BAiRE NEME 0.0149  0.0083  0.004 7 Eb) 57 Ly o] o7
/mm KEME 0.0196  0.0130  0.004 1 (E.5) L1 9.1 0.2 P
KENE 0.0178  0.0112  0.004 5 (F.D 3.1 2.9 3.1 0.9
(F,2) 1.5 0.7 0.8 1.7
09 (F.,3) 1. 1 0.2 0.8 0.5
Lifia) “=%=—-=== (F,4) 2.5 1.7 0.4 0.9
-1.7270 -3.0809 (F,5) 3.0 2.8 1.7 2.1
16383 2p=32130 (G.1 3.4 2.8 3.0 2.1
wi, .:'?.'..":5’? (G,2) 1.0 0.6 0.8 2.2
(1 T T 77 171
4.100 0 —4.607 1 (G,3) 1.6 0.3 1.4 1.2
A i (G4 3.2 0.8 2.5 0.1
Ca) /Mg A RES (G.5) 3.5 2.9 3.5 1.7
B9 R O T B I LR 2 (H,D 3.2 3.3 2.5 2.2
Fig. 9 Theoretical error of tooth surface (H,2) 1.2 1.8 0.4 2.7
(H.3) 1.9 0.8 2.8 1.2
PHAE R B9 0T 2400 A7 I T30 W 10 B (b Lo o9 o -8
TR . TG AU A BL G T % 2 A 0 5B e . . o
7 T 2 0 R 5 SR P 11 . P 11 R el 4 oo o ) - o \ o
AR LR A N T SEBIE R /N R RS PRz (I,3) 1.9 1.4 1.9 3.4
2R . ST I & g5 R X m] AN M (I,4) 3.0 0.8 3.9 2.8
TAT ™ THIIN TR 25 B KAE 4008 3.5 pm 4. 8 pm, (.5 3.9 2.4 3.0 2.4

http: // zkxb. xjtu. edu. cn



108

(3

i

N

%

Eird i 56 %

%

KT 81.520.67. 8% s KA M ™ T AN T35 25 e K
5N 4.3 pm 4. 7 pm JEART 78.1%.73. 6%,
PR T 15 2215 3 1 A R0 R S PR TR K .

P10 e 4 o 58 i T A
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after error compensation
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