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Study On Elliptical Gears (Report III)

By Toshiro Kasahara
Kameari Works, Hitachi, Ltd.

Abstract

In the previous (second) report, the writer described the use of the variable
speed cutting method in order to make approximately uniform the ununiform gear
tooth pattern cut by the uniform speed method on a fellow type gear shaper. It
was indead possible to obtain a symmetrical gear tooth pattern for ordinary elliptical
gears by the application of the variable speed cutting method. This third report
discusses the errors related to this manufacturing process, and determines, from the
viewpoint of these errors, the optimum pitch circle radius of the pinion cutter used
in cutting. Finally, in order to facilitate designing and manufacturing, the ratio
of the maximum and minimum radii of elliptical gears was obtained from the ratio
Wmax/ Wmin of the maximum and minimum angular velocity components of the
elliptical gear to be designed, and a series of numerical tables, such as variable
speed coefficient based on the logarithum of the above ratio, the eccentricity of the
variable speed change gear, and the optimum pitch circle radius of the pinion
cutter, were obtained for convenience in variable speed cutting. Moreover, a des-
cription is given of the tests, manufacturing methods, and measurements of an

elliptical gear for a flying shear made for the Nippon Steel Plate Company.
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Table 1. Values for Calculation of Elliptical Gears
Wmax | Wax | | | | Whnax i
g | k ! > (R)a || 55— - k ! 3 ' (R)a ! = | k : | e R)/a
Whin J - Wnin / : | Wmin g o
|
1.00 | — — - | 0.50000 4.75 | 0.92865 | 0.11053 | 0.05544 0.48282 8.50 | 0.87217 | 0.20202 | 0.10206 | 0.47020
1.05 0.99993| 0.00011 = 0.00005 | 0.49993 4.80 0.92774 | 0.11197  0.05616 0.48261 8.55 | 0.87154 | 0.20305 | 0.10260 | 0.47007
1.10 0.99972 ' 0.00043 @ 0.00022 | 0.49993 @ 4.85 0.92685 | 0.11341  0.05689 0.48240 7.60 | 0.87092 | 0.20408 | 0.10312 | 0.46994
| R 0.99939i 0.00092 0.00046 | 0.49985 | 4.90 0.92595 | 0.11484 | 0.05761 @ 0.48219 | 8.65 | 0.87029 | 0.20510 | 0.10365 | 0.46980
1.20 0.99895| 0.00166 @ 0.00078 | 0.49974 4.95 | 0.92506 @ 0.11626 | 0.05832 0.48199 8.70 | 0.86968 | 0.20611 | 0.10418 | 0.46967
[ | :
1.4 0.99845 ' 0.00233 | 0.00117 | 0.49960 5.00 ! 0.92418 0.11767 | 0.05899 0.48179 || 8.75 | 0.86906 0.20712i 0.10470 | 0.46954
1.30 0.99785 0.00322 0.00161 @ 0.49946 5.05 | 0.92330 0.11908 | 0.05975 0.48159 8.80 | 0.86845 | 0.20813 | 0.10522 | 0.46941
1.35 | 0.99715 | 0.00412 | 0.00206 | 0.49931 5.10 | 0.92242  0.12048 | 0.06046 0.48139 | 8.85 | 0.86784 | 0.20914 | 0.10573 | 0.46928
1.40 | 0.99647 @ 0.00530 @ 0.00265 | 0.49913 5.15 | 0.92155 0.12187 @ 0.06116 0.48119 8.90 | 0.86723 | 0.21014 | 0.10625 | 0.46915
1.45 | 0.99570  0.00646 @ 0.00323 0.49893 5.20 | 0.92068  0.12326 0.06187 0.48099 8.95 | 0.86663 | 0.21113 | 0.10677 | 0.46902
1.50 0.99488 @ 0.00748 0.00374‘ 0.49872 2.25 | 0.91982 0.12453 @ 0.06251 0.48079 9.00 | 0.86603 | 0.21212 | 0.10728 | 0.46889
1.55 0.99402 ' 0.00898 | 0.00449 | 0.49851 5.30 | 0.91897  0.12602 | 0.06326 0.48059 9.05 | 0.86543 | 0.21311 | 0.10782 | 0.46876
1.60 0.99314  0.01034 0.00517 | 0.49829 5.35 | 0.91811 0.12738 | 0.06395 0.48039 | 9.10 | 0.86483 0.21409i 0.10830 | 0.46864
1.65 0.99221 | 0.01172 0.00586 | 0.49806 5.40 | 0.91727 0.12874 | 0.06464 0.48020 | 9.15 | 0.86423 | 0.21507 | 0.10895 | 0.46851
1.70 0.99127  0.01316 0.00658 | 0.49782 5.45 0.91642 0.13124 | 0.06591 ' 0.48001 9.20 | 0.86364 | 0.21605  0.10932 | 0.46838
[ | [
1.75 0.99029 | 0.01463 0.00732 0.49758 5.50 | 0.91558 0.13144 | 0.06601 0.47982 9.25 | 0.86305 | 0.21702  0.10982 | 0.46825
1.80 | 0.98930  0.01614 | 0.00807 @ 0.49734 9.95 ‘ 0.91475 0.13278 @ 0.06669 0.47963 | 9.30  0.86246 | 0.21799  0.11032 | 0.46812
1.85 0.98829 0.01767 0.00883 0.49709 5.60 | 0.91392 0.13412 | 0.06736 0.47944 9.35 | 0.86188 | 0.21896 | 0.11082 | 0.46800
1.90 | 0.98726 0.01923 @ 0.00962 0.49684 5.65 ‘ 0.91309 0.13545 0.06804 0.47925 9.40 | 0.86130 | 0.21992 | 0.11132 | 0.46788
1.95 | 0.98622 0.02081  0.01041 0.49658 5.70 | 0.91227 | 0.13677  0.06871  0.47906 | 9.45 | D.Bﬁﬂ?li 0.22087 @ 0.11182 | 0.46776
| |
2.00 | 0.98517  0.02241 0.01120 @ 0.49632 5.75 | 0.91145  0.13809 | 0.06938 0.47887 9.50 | 0.86013 | 0.22183 | 0.11231 | 0.46764
2.05 | 0.98411  0.02402 0.01201 = 0.49606 5.80 ‘ 0.91064 0.13940 | 0.07004 0.47869 9.55 | 0.85956 | 0.22278 # 0.11281 | 0.46752
2.10 | 0.98304 0.02565 0.01283 0.49580 0.85 0.90983 0.14070 | 0.07070 0.47851 9.60 0.85898‘ 0.22375  0.11330 | 0.46740
2.15 ‘ 0.98196 | 0.02729 0.01365 0.49554 5.90 | 0.90908 0.14200 | 0.07141 0.47833 9.65 | 0.85841 | 0.22467 | 0.11379 | 0.46728
2.20 | 0.98088 0.02895 0.01448 @ 0.49527 2.9 0.90823  0.14329 | 0.07202 0.47815 9.70 | 0.85784 | 0.22561 0.11428 | 0.46716
| | ; |
2.25 | 0.97980 0.03061 0.01531 0.49499 6.00 | 0.90743 0.14457  0.07267 0.47797 |  9.75 0.85728 | 0.22654 ' 0.11476 | 0.46704
2.30 | 0.97871 0.03227 0.01614 0.49472 6.05 0.90664 0.14585 | 0.07332 0.47779 9.80 | 0.85671 | 0.22747 | 0.11525 | 0.46692
2.35 | 0.97761  0.03395  0.01698 0.49446 6.10 0.90585 0.14713 0.07397 | 0.47761 9.85 | 0.85615  0.22840 | 0.11573 | 0.46680
2.40 | 0.97652 0.03563 0.01782‘ 0.49419 6.15 0.90506 0.14840 0.07461  0.47744 9.90 | 0.85559  0.22933  0.11621 | 0.46668
2.45 | 0.97542 | 0.03731 @ 0.01866 | 0.49393 6.20 0.90428 0.14966 0.07525 | 0.47727 9.99 i 0.85503 | 0.23025i 0.11669 | 0.46656
2.50 | 0.97432  0.03899 | 0.01951 0.49367 6.25 0.90351  0.15091 @ 0.07587 0.47710 10.00 ! 0.85447 | 0.23117  0.11717 | 0.46644
2.55 | 0.97323 0.04068 0.02055 0.49339 6.30 0.90274 0.15216 | 0.07653 0.47692 10.10 | 0.85337 | 0.23299 0.11812 | 0.46622
2.60 0.97213‘ 0.04237 | 0.02199  0.49313 = 6.35 | 0.90197 0.15341 0.07716 0.47675  10.20 | 0.85227 | 0.23481 £ 0.11907 | 0.46599
2.65 0.97104 | 0.04405 0.02204 0.49287 6.40 0.90120 | 0.15464 | 0.07779 @ 0.47657 10.30 | 0.85118 | 0.23661 | 0.12001 | 0.46576
2.70 0.96994 | 0.045?4i 0.02288 ' 0.49264 @ 6.45 0.90029 0.15613  0.07855 0.47640 10.40 | 0.85010 | 0.23839‘ 0.12094 | 0.46553
| | |
2.75 1 0.96885  0.04743 | 0.02373 | 0.49236 6.50 0.89968 @ 0.15711  0.07905  0.47623 | 10.50 | 0.84903 | 0.24016 K 0.12187 | 0.46531
2.80 0.96776 0.04911 | 0.02457 | 0.49208 6.55 | 0.89893 | 0.15833  0.07967 @ 0.47606 | 10.60 | 0.84797 | 0.24192 ' 0.12279 | 0.46508
2.85 0.96668 = 0.05079 | 0.02541 | 0.49181 6.60 0.89818 0.15955! 0.08029 | 0.47589 | 10.70 | 0.84691 | 0.24367 | 0.12370 | 0.46486
2.90 | 0.96559 | 0.05247 ' 0.02625 | 0.49155 6.65 0.89743 | 0.16076 | 0.08092 | 0.47573 10.80 | 0.84586 | 0.24541 | 0.12461 | 0.46464
2.95 0.96451 0.05428 0.02716 | 0.49128 6.70 0.89669 | 0.16196 0.08152 @ 0.47557 10.90 | 0.84482 0.24713 | 0.12551 | 0.46443
| ' . |
3.00 0.96343 = 0.05581 | 0.02793 | 0.49102 6.75 : 0.89595 | 0.16316 | 0.08213  0.47540  11.00 0.84379| 0.24884 @ 0.12540 | 0.46422
3.05 | 0.96236i 0.05748 | 0.02876 @ 0.49076 6.80 0.89522 | 0.1643ﬁi 0.08274 | 0.47524 11.10 | 0.84278 | 0.25053 | 0.12729 | 0.46401
3.10 | 0.96129 | 0.05914 | 0.02960 | 0.49051 6.85 | 0.89449 | 0.16555 | 0.08335 | 0.47508 1128 | 0.84174 | 0.25222 | 0.12818 | 0.46380
3:15 0.96022 | 0.06080 | 0.03043 | 0.49026  6.90 | 0.89376 | 0.16673  0.08395  0.47492 11.30 ! 0.84073 | 0.25390 | 0.12906 | 0.46359
3.20 0.95916 0.06236 | 0.03121 @ 0.49001 6.95 | 0.89303 | 0.16791 0.08456 0.47476 - 11.40 | 0.83937 | 0.25556 @ 0.12994 | 0.46338
| |
3.25 | 0.95810 @ 0.06410 | 0.03208 | 0.48976 7.00 I 0.89231  0.16908 | 0.08515 0.47460 11.50 | 0.83873 | 0.25721 @ 0.13081 | 0.46318
3.30 | 0.95705  0.06574 | 0.03291 @ 0.48951 7.05 | 0.89160 | 0.17035 | 0.08677 0.47444 11.60 | 0.83?75i 0.25885 | 0.13167 | 0.46298
3.35 | 0.95600 0.06738 | 0.03373 0.48926 7.10 | 0.89088 | 0.17181 | 0.08655 0.47428 11.70 | 0.83676 | 0.26048 ' 0.13253 | 0.46278
3.40 0.95496 0.06901 @ 0.03455 0.48900 7.15 0.89017 | 0.17181 | 0.08694 0.47412 11.80 0.83579 0.26210' 0.13338 | 0.46258
3.45 | 0.95392 0.07064 | 0.03536 0.48874 7.20 0.88948 | 0.17369 | 0.08751 | 0.47396 11.90 | 0.83482 0.26371 | 0.13423 | 0.46238
! | | : |
3.50 0.95288 | 0.07225 | 0.03617 | 0.48849 7.25 0.88876 | 0.17487 @ 0.08812  0.47381 12.00 | 0.83386 | 0.26530! 0.13507 | 0.46218
3.99 0.95185  0.07386 @ 0.03698 | 0.48824 7.30 0.88806 0.17602 | 0.08870 0.47366 12.10 | 0.83290 | 0.26689 | 0.13591 | 0.46199
3.60 0.95083 | 0.07547 | 0.03779| 0.48800 7.35 0.88736 | 0.17715 | 0.08928 | 0.47351 | 12.20 | 0.83195 | 0.26846 | 0.13674 | 0.46180
3.65 0.94981 0.07707 | 0.03859 @ 0.48775 7.40 0.88667 | 0.17829 | 0.08986 | 0.47336 | 12.30 | 0.83101 0.27001 | 0.13756 | 0.46161
3:70 0.94879 0.07867 | 0.03939‘ 0.48751 7.45 | 0.88598 | 0.17941 0.09044 | 0.47321 i 12.40 | 0.83007 0.27158i 0.13839 | 0.46142
3.70 0.94778 0.08026 0.04019 0.48728 7.50 0.88529 (0.18054 | 0.09102 = 0.47306 @ 12.50 | 0.82914 | 0.27312 | 0.13921 | 0.46123
3.80 0.94678 0.08183 | 0.04099 | 0.48704 7.55 | 0.88460 | 0.18166 | 0.09159 @ 0.47291 = 12.60 | 0.83822 | 0.27465 | 0.14002 | 0.46104
3.85 0.94578 | 0.08341 | 0.04178 0.48680 7.60 | 0.88392 | 0.18277 | 0.09216 0.47276 @ 12.70 | 0.82730 | 0.27618 | 0.14083 | 0.46086
3.90 | 0.94478 ' 0.08487 ' 0.04251 ' 0.48657  7.65 | 0.88324 | 0.18388 | 0.09273 0.47261 | 12.80 | 0.82639 | 0.27769 | 0.14163 | 0.46068
3.95 | 0.94379 ' 0.08653  0.04335 0.48634 7.70 | 0.88257 0.18493| 0.09330 | 0.47246 = 12.90 | 0.82549 | 0.27920 | 0.14243 | 0.46049
' | I | |
4.00 | 0.94281 0.08808 | 0.04413 0.48611 | 1.70 0.88190 | 0.18608 | 0.09386 0.47231 } 13.00 | 0.82458 | 0.28069 | 0.14323 | 0.46031
4.05 0.94183  0.08963 0.04491 ' 0.48588 7.80 | 0.88123 0.18718 | 0.09442 0.47266 @ 13.10 | 0.82369 | 0.28218 | 0.14402 | 0.46013
4.10 0.94086 | 0.09117 0.04560 0.48565 7.85 | 0.88056 0.18827 @ 0.09498 | 0.47202 ' 13.20 | 0.82278 | 0.28369 | 0.14482 | 0.45995
4.15 0.93989 | 0.09270 @ 0.04645 0.48542 | 7.90 0.87990 | 0.18935  0.09554 | 0.47188 13.30 | 0.82192 | 0.28512 | 0.14558 | 0.45977
4.20 0.93892 | 0.09422 0.04722 0.48520 | 7.95 0.87924 | 0.19043 | 0.09609  0.47174 & 13.40 0.82104L 0.28658 | 0.14636 | 0.45960
4.25 0.93726I 0.09574  0.04798 0.48498 8.00 | 0.87358| 0.19151 | 0.09665 | 0.47160 | 13.50 0.82017i 0.28803 | 0.14713 | 0.45942
4.30 0.93701 | 0.09725 0.04874 | 0.48476 8.05 | 0.87793 | 0.19258 | 0.09720 @ 0.47145 | 13.60 - 0.81938 | 0.28933 | 0.14783 | 0.45926
4.35 0.93505‘ 0.09876 | 0.04950 0.48454 8.10 0.87728 0.19365 | 0.09775 | 0.47131 | 13.70 | 0.81844 | 0.29089 | 0.14866 | 0.45908
4.40 | 0.93512 | 0.10025 | 0.05025 0.48432 3. 1o 0.87663 0.19471 | 0.09830 | 0.47117 13.80 | 0.81759 | 0.29232 | 0.14942 | 0.45891
4.45 0.93418i 0.10174 | 0.05100 0.48410 8.20 ‘ 0.87593 0.19577 | 0.09884 0.47103 13.90 | 0.81674 | 0.29373 | 0.15018 | 0.45874
4,50 | 0.93324 | 0.10322  0.05175 0.48389 8.25 0.87534  0.19682 | 0.09939 0.47089 | 14.00 | 0.81578 | 0.29531 | 0.15102 | 0.45857
4.55 0.93231 | 0.10470 | 0.05249 | 0.48367 | 8.30 0.87470 | 0.19787 | 0.09992 @ 0.47075 |
4.60 0.93139 | 0.10617 @ 0°05323 | 0.48345 8.35 0.87406 @ 0.19892 @ 0.10046 0.4?061.\ |
4.65 0.93048‘ 0.107ﬁ3i 0.05397  0.48324 8.40 | 0.87343 | 0.19996 | 0.10100 @ 0.47048 |
4.70 0.92956 0.10909 | 0.05471 0.48303 8.45 | 0.87280 0.20099 | 0.10153 | 0.47034 J
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