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Tooth profile modification of the spur gear based on fuzzy comprehensive decision
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ABSTRACT Based on the time-varying mesh stiffness and the Blok flash temperature theory the influence of tooth profile modifica—
tion parameters on the load sharing ratio transmission error and tooth surface flash temperature were systematically analyzed in this pa—
per. The optimum tooth profile modification parameters were identified under the single-objective condition. On the other side based
on the fuzzy comprehensive decision theory the optimum tooth profile modification parameters were identified under the multi-objective
condition. The correction factor X, was proposed and its value was also given. Then a formula was introduced for calculating the mod-
ification amount. By the comprehensive optimum parameters of tooth profile modification the maximum amount of tooth profile modifi—
cation is the X_ times of the deformation of the alternating points B or D of the single and double tooth meshing regions under the condi-
tion that the modification index is 1. 43 and the modification form is long modification.
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1 Fig.2 Load distribution model: ( a) gear pair without modification;
('b) gear pair with modification
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1
Table 1 Basic parameter list of the study object
2 /2, m/mm al(°) b/mm x, /%y P/kW ny /(remin ')
271735 3 20 25 0/0 80 2000
E/MPa v p/(kgem3) cl(Jokg™'eK™h) A(Wem oK)
2.06 x 10° 0.3 7850 465 46
3 - (a) (1)
Fig.3 Distribution of load-sharing ratio and transmission error along the meshing line: ( a) load sharing—ratio; (b) transmission error
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Fig.4 Influence of tooth profile modification on the load-sharing ratio: ( a) influence of the modification index on the load-sharing ratio; ('b) influ—

ence of the modification amount on the load-sharing ratio; ( ¢) influence of the modification method on the load-sharing ratio

5 - (a) ; (b) 7 (e
Fig.5 Influence of tooth profile modification on the transmission error: ( a) influence of the modification index on the transmission error; ( b) influ-

ence of the modification amount on the transmission error; ( c) influence of the modification method on the transmission error
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Fig. 6 Distribution of the flash temperature along the meshing line: ( a) flash temperature with different loads; ( b) flash temperature with tooth pro—

file modification
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Fig.7 Influence of tooth profile modification on the flash temperature: ( a) influence of the modification amount on the flash temperature with a long
modification way; (b) influence of the modification index on the flash temperature with a long modification way; ( ¢) influence of the modification

amount on the flash temperature with a short modification way; ( d) influence of the modification index on the flash temperature with a short modifica—

tion way
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Fig.8 Flash temperature under the optimal parameters: ( a) influence of the modification amount; ( b) influence of the modification index
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Table 2 Influence of the modification amount on the load-sharing ratio transmission error and flash temperature
/m 1%
A B D E
26.5 0 1 1 0 0
21.5 0.071 0.933 0.928 0. 066 6.9
/pm /pm /pm 1% 1%
26.5 26.6 25.7 3.38
5. 64
21.5 26.6 24.2 9.02
/pm /C 1%
16.2 33.7
1.48
21.2 34.2
3 (5) C.
N C=a°R
C.
|j).5|:lj).6 0.5 0.4 0.3 0.2 O.ID
4.66:3.81: 1 5:4:1. C:%)A%.s 0.45 0.4 0.35 0.3 0.2QF
0.1 .2 0.25 0.3 0.35 0.4 0.5U
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Table 3  Statistical analysis of the optimal modification amount under different geometric and load parameters
i Ao
/
(remin~") A,/ pm X,
17/25 3 20/2000 38.0 38.0 23.2 383532292623.2 32 0. 842
23/30 2 50/1500 51.5 51.5 31.5 51.547.543.539.535.531.5 43.5 0. 845
27135 3 80/2000 26.5 26.5 16.2 26.524.522.520.518.516.2 22.5 0. 849
33/45 4 150/2500 18.9 18.9 11.5 18.917.415.914.412.9 11.5 15.9 0. 841
43/92 2.5 200/3000 17.1 17.1 10.4 17.115.814.513.211.8 10. 4 14.5 0. 848
0. 845
3
84.5% B.D

84.5%.
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Fig.9 Distribution of the factors along the meshing line under the optimal parameters: ( a) load sharing—ratio; ( b) transmission error; ( c) flash

temperature
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