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Gear Tooth Modification Based on Reliability Robust Optimization
Design
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Abstract; Based on the reliability of higher order moments theory, by integrating optimization
design, sensitivity design and robust design, a reliability robust design model of cylindrical gear
transmission modification parameters was built and a cylindrical gear modification optimization
method which regards modification parameters as the design variables and modification parameter
sensitivity and gear quality as the objective function was proposed so as to solve the problem of
gear modification parameter determination from the perspective of reliability-based robust design.
Apart from that, the effect of the change of tooth modification parameters on gear transmission
reliability was studied, whose ideal numerical results were validated and obtained through
computer programing. The numerical example showed that the proposed method is a convenient
and practical method to improve the amount of gear tooth modification, which can provide a
theoretical basis to determine the best gear tooth modification.
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Table 1 Value table for each parameter
SH s mgz =wE mEE
Zr 1.0 0.033  4.9536x10° 3.4392x10°°
Zy 1.03 0.03399 5.4129x107° 3.8709 x10°°
Z 0.92 0.03036 3.8573x107° 2.4639x10°°
Z, .04 0.03432 55721x107° 4.0234x107°
Z, 2.3 0.01116 2.1516x10™° 5.2509x107®
Zy 1.0 0.033  4.9536x10° 3.4392x10°°
7 189 9.49 L1781 x10°  2.3522x10*
E (N/mmZ)l/Z(N/mmZ)l/Z (N/mm2)3/2 (N/mmZ)Z
Z, 0.81 0.00405 9.1568 x10™* 7.8023 x107"°
Z, 0957 0.004785 1.5102x1077 1.5203x107°
K, 1.484 0.1613 57847x107 1.9631x107°
K, 1.0 0.033  49536x107° 3.4393x10°°
K. L16 0.03828 7.7320x107° 6.2271x107°
Ky 168 0.05544 2.0404 x10™* 2.2709 %107
Yo 1.0 0.033  4.9536x10° 3.4392x10°°
Yo 2.1 0.0693 4.5875x10* 6.6886x10°
Y,uT, 0.9 0.03267 4.8065x107° 3.3037 x107°
Y,uT, 1LOL 0.03333 5.1037x10™° 3.5789x10°°
Yo T\ = s -6
YT, 1.065 0.035145 5.9837x10™° 4.4244x10
You 2% 0.07788 6.5111x10™ 5.2122x107"°
Yo 214 0.07062 4.8547 x10™* 7.2129x107"
Yo 1.7 0.05775 2.65481 x10™* 1.4406 x10™*
Yoo 1N 0.06402 3.61679x10™* 4.9625x10*
Y, 0715 0.003575 6.2981x10™* 4.7370x107"°
Y, 0.8 0.040 8818x10™° 7.4240x107"
Ky 1603 0.052899 2.0404 x10™* 2.2709 x107°
K., 1.16 0.03828 7.7320x107° 6.2271x107°
F, 3464 519.66 L9343 x10° 61149 x10"
Cam 310 62 0 4.4329 x10'
O 1300 156 0 L7767 x10°
Z, 1.0 0.033 0 3.5578 x107°
Y=Yy, L0 003 0 3.5578x107°
b 200 L0 0 3.0
m, 4 0.02 0 4.8x1077
d 1487 0.74375 0 0.9180
A, 0.016 gx107 0 1.2288x10°"
Ah 1.3333 6.665%107° 0 5.9253x107°
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F2 REBEEEMEEREANATE
Table 2 Contrast on robust optimization based
on tooth surface contact strength

EA S PeALHT tites
Bsu 2.9455 3.164 4
Brw 3.5159 3.8273
Rycs 0.999 4 0.999 7
Ry, 0.999 7 0.999 9
dRyy/doryy,, 6.014 x10°° 1.963 x10°°
dRpy/dZy, 7.819 x 10 * 2.552 x10°°
dRy/dZ, 7.591 x10* 2.478 x10°°
dR\/dZ, 7.518 x10 72 2.454 x107°
dRpy/dZ, 8.499 x 10 2.774 x107°
dRy,/dZ, 7.819 x 10 * 2.552 x10°°
dRyy/dZy 7.819 x10 3 2.552 %1073
dR.,/dZ, -1.871 x10~° -5.768 x107*
dR.\/dZ, -2.287 x107°  —7.050 x10°°
dRyy/dZ, -5.360 x107°*  —1.652x107?
dRy,,/dZ, -4.537x107°  -1.398x10°°
dRyy/dA, -3.053x107"  -1.582x10"!
dRy/dAR 1.628 x107° 7.518 x10~*
dRy,/dK, -2.171 x10*  -6.690 x10~*
dR/dK, ~1.463 x10°  —4.508 x10~*
dRy/dKy, -1.292 x10 -3.982 x107*
dR;/dK,, -1.871 x107° -5.768 x107*

®3 REBERTHEZTEEREMLLIEI
Table 3 Contrast on robust optimization based on
tooth root bending fatigue strength

EA S Ak R thAklE
Bin 1.745 8 2.4233
Brn 1.7490 2.4442
Rycs 0.987 7 0.9876
Ry 0.959 9 0.9927
dRpy/dor g, 1.273 x10°* 3.063 x10~*
dRpy/dY 1.880 x 10 ! 4.522 x10 2
dRpy/dYy; 3.947 x 10" 9.496 x 102
dRyy/dY s, 3.987 x10 ! 9.592 x10?
dRpy/dY peerr, 3.706 x 10~ 8.916 x 102
dRy,,/dYy 3.947 x10 ! 9.496 x10?
dRpy/dYy, -6.952x107*  -1.110 x1072
dRy,/dY, -9.376 x1072  —1.497 x107?
dRyy,/dY, -2.295x107"  —3.664 x107?
dRyy,/dY, -2.051 x10 7" -3.274 x107?
dR,,,/dA, -23.076 86 -6.912 66
dRy,,/dAh 1.231 x10 " 2.192 x10°?
dRpy/dK, ~1.641 x10™"  —2.619 x10?
dRpy/dK, -1.106 x10™"  —1.765 x1072
dRpy/dKp, -1.024 x107"  -1.634x107?
dR,,/dK,, -1.414x107"  -2.258 x107?
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