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Design of Gear Dimension and Tooth Flank Form for Optimal and
Robust Gear Performance

Inho Bae’, Tae Hyong Chong*

1

Tooth errors inevitable in the manufacturing process have large effect on the strength/durability and vibration performances
of gear drives. We show that the manufacturing errors affect the overall gear performances, especially vibration performance,
and propose a robust optimal design method for gear dimension and its tooth flank form that guarantees reliable performances

to the

previously developed gear optimal design method for the strength/durability and vibration performances. Then, the statistical
analysis method is applied to find a robust design solution for the vibration performance which is generally very sensitive

to the
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Abstract ﬁ

variation of manufacturing errors. This method begins with a search of optimal design candidates by using the

manufacturing variations.

Manufacturing Error(] 2 © &), Optimal Design(2|#d7), Robust Design(%21-d4A)
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Fig. 2 Proposed gear design algorithm
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Fig. 3 Gear optimization procedure

Table 1 Error level for design parameters

b Error level 0 | )
Pressure angle [°] -0.033 0 +0.033
Helix angle [°] -0.007 0 +0.007

Profile modification [um] -5 0 +5

Lead modification [¢m] -5 0 -5
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Fig. 4 Composite tooth flank form for the designed gears
Table 2 Designed gears by using the gear optimization procedure
Gear 1 Gear 2 Gear 3 Gear 4
Pinion J Gear Pinion L Gear Pinion L Gear Pinion L Gear
Normal module [mm)] 26 2.6 2.6 26
Pressure angle [°] 2 23 25 27
Helix angle [°] 18.95 19.67 19.7 4 19.72
Addendum modification coefficient | 024 | 002 02 | 024 | -024 03 | -03
Profile modification [¢m] 10 10 10 5
Lead modification [m] 20 15 | 25
Hertz stress [N/mm’] 2764.0568 2748.3627 2669.8249 L 2517.6521
Flash temperature index [N/mm)] 1523.3468 14524323 1310.5385 1157.1042
Root stress [N/mmz] 1202.8218 | 1125.0069 1167.3115' 11289799 | 1146.8390 | 1136.0314 | 1055.6669 | 1088.3734
Vibration excitation force [N/mm] 13194 1.3606 1.4568 14018
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Table 3 Statistical analysis of gear 1

Gear 1 Hertz stress | Flash temperature index |Root stress (pinion)| Root stress (gear) | Vibration excitation force
[N/mm’] [N/mm] [N/mm’] [N/mnT] [N/mm]

Design value 27640568 | 15233468 | 12028218 1166.1883 13198
[0000] 28253389 | 15763787 | 1213.9983 1181.5135 2.4636
[0111] 2763.6683 15227906 | 12029454 1166.4178 1.3168
[0222] 2701.7250 1469.5508 | 11953985 11546105 3.9264
[1012] 2784.3497 15472616 | 11954505 1161.1332 2.6097
[1120] 27264815 1497253 | 11867010 1146.2877 14228
[1201) 27813734 1523.1987 | 1233.0381 1193.9555 1.8253
[2021] 2748.1538 15242288 1174.4650 1140.8785 26791
[2102) 2800.4038 1546.2728 1220.8839 1185.9613 1.9106
[2210] 2742.8623 1498.4942 1215.1559 1174.6945 1.9708
Average 2763.8174 1523.1002 1204.2285 1167.2725 22361
Maximum 28253389 1576.3787 1233.0581 1193.9555 3.9264

Standard deviation 383848 31.5834 18.2796 182171 0.7981
Coefficient of variation|  0.0139 | 0.0207 0.0152 0.0156 03569
Table 4 Statistical analysis of gear 2
Gear 2 Hertz stress | Flash temperature index |Root stress (pinion)| Root stress (gear) | Vibration excitation force
[N/m’} [Nimmj [N/mm’} [N/mm'] (N/mm]

Design value 27483627 1452.4323 1167.3115 1128.9799 1.3609
Average 27473169 1454.6256 1164.5241 1129.1979 25934
Maximum 2822.7706 1507.9638 1190.1629 1153.7688 4.9989

Standard deviation 47.3295 32.4850 18.0683 17.6316 1.1302
Coefficient of variation| 00172 0.0223 0.0155 0.0156 0.4358
Table § Statistical analysis of gear 3
Gear 3 Hertz stress | Flash temperature index |Root stress (pinion)| Root stress (gear) |Vibration excitation force
N/mm’] N/mm] (N/mm’] [(N/mm] (N/mm]

Design value 2669.8249 1310.5385 1146.83%0 1136.0314 1.4569
Average 2669.0778 1311.6811 1142.1359 1137.2466 23395
Maximum 2741.8921 1356.5072 1167.0378 1160.4396 4.1916

Standard deviation 44.8998 27.2371 17.2348 17.3481 0.7621
Coefficient of variation]  0.0163 0.0208 0.0151 0.0153 03257
Table 6 Statistical analysis of gear 4
Gear 4 Hertz stress | Flash temperature index |Root stress (pinion)| Root stress (gear) | Vibration excitation force
N/mr’] [N/mim] N/mnt’] [N/m] [N/mm]

Design value 2517.6521 1157.1042 1055.6669 1088.3734 1.4023
Average 2519.2239 1157.1310 10553716 1088.4432 3.4428
Maximum 2590.4718 11983661 1078.0592 1111.0129 6.0484

Standard deviation 43.6851 24.7426 15.8619 17.8583 1.7591
Coefficient of variation]  0.0173 0.0214 0.0150 0.0164 05110
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Fig. 5 Comparison of the gear designs

Table 7 Comparison of design results by using Eq. (7)

Gear 1 | Gear 2 | Gear 3 | Gear 4

Average 22361 | 2.5935 | 23395 | 3.4428
Standard deviation| 0.7981 | 1.1302 | 0.7621 { 1.7591
F 1.5200 | 1.8618 | 1.5509 | 2.6010
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