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Table 1 Types of planetary gear drive of the few difference in number of teeth
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Table 2 Basic parameter selection of internal gear pair of the few difference in number of teeth

difference working expectation of
pressure centre  addendum modification
in number  module pressure int erference
angle distance  coefficient coefficient
of teeth angle of prnfi]e
Zr— 7 m o o a hi [ Gy] X1
1 1 20° 55.9898°  0.840 0.75 0. 05 0.0157,
2 1 20° 40. 7279° 1.240 0. 80 0. 05 0.0157,
3 1 20° 30. 7423° 1.640 0.75 0. 05 0.015Z1
4 1 20° 27.5630°  2.120 0. 80 0. 05 0.007Z,

Note: When module is not equal to 1, must multiply centre distance a’ by module m.

s

3.3 ha
he = 0.6 0.8, , &,

3.4 Gs

( ) G< 0 , G:> 0
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3.5 x1
X1 2 N [Gs]
, X, 13l (n) n
3
G" - [G]
X&m— 1) — x&n) _ s s
dG.
(dey)
dG:  2(sin0 — sin0k2
dey = ( L_ 20600 - &)
1 cosiX
3.6 x2
X1 , x2
3)
Table 3 Geometrical calculation formulae and examples
examples
No. items marks calculation formulae inital final
values  values
1 module m= 1 — 1
2 pressure angle [\ o= 20° — 20°
3 working pressure angle o o= 55 98982° —  55.9898°
4 number of teeth Z = 7, - 1_2 — 49
in external gear
5 number of teeth Z, Zy= i(Z,- Z)) — 50
in internal gear
6 addendum coefficient h, he = 0.75 — 0.75
7 init%?_l modification X1 x1 = 0.0157, 0.7350 0.6693
coetllicient o ext ernal
gear = .. Zr— 7. .
8 Eodification coeffident X2 xy = m(mvo( - k) + x, 1.4085 1.3428
of internal gear
9 reference diamet er d, di = mZ, — 49
of external gear
10 reference diamet er d, dy= m2, — 50
of internal gear
11 reference centre a a= %(Zg - 7Zy) — 0. 50
dist ance
12 modification centre d  q'= q 2% — 0. 84
cos{

dist ance
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Table 3 continued
examples
No. items marks calculation formulae initial
v s final values
13 centre distance Y Y= a'Ta — 0. 34
modification coefficient
14 addendum of hat  ha = m(h, + x,) 1.485 1.419
external gear
15  addendum of internal her  hao= m(h, — x1- ¥) - 0.325 0.259
16 Tip diameter of dy  da= di+ 2ha 51.97 51.839
external gear
17 tip diameter of der dp= do— 2he 50.65 50.519
internal gear
18  base diameter of dyr dpi = dicosx — 46.0449
external gear
19  base diameter of dyy  dipp= drcos — 46.9846
internal gear
20 tip pressure angle O cosOhi = 3: 27°37'34"27°20' 53"
of external gear
21 tip pressure angle ®o2  cosGo = ‘(11‘2 21°56'0" 21°33'30"
of internal gear
22 tip radius of o p o La 25.985 25.919
external gear
23 tip radius of T2 Tao= % 25.325 25.259
internal gear
24 expectation of [G] [G]= 0.05 — 0. 05
interference of profile
25  interference of profile G, G,= Z (invou+ &) — 0.5995 0.05012

Zy ((invowe+ &)+
(Z>—- Z)) inveX
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Table 3 continued

examples
No. items marks calculation formulae initial
final values
values
rin= a”- ra
26  intermediate prameter & cosl = T — 2.48436 2. 48439
al
of external gear
: : rL + d?- r
27 intermediate parameter & cosh= T 2. 46409 2. 46407
of internal gear
X(ll): Xl_ G.s_ G,
28 first alternation X dG, 0.6693 —
calculationof modification e s
coefficient of external
Be dG.  dG._ 2(si indo )
. . . s s —
29 first derivative of i San(,‘l - snla) 0. 151374 —
dx; dx; co s
interference of profile 2(6 - 6)
30 repeated calculation T he items 8- 27 are repeatealy — —
calulated according to modification
coefficient X (" . Modification coeffi—
cient X{" .when G,= [G,] = 0.05
0.055 is just right wanted. After
that, the all parameters are calculated
according to modification coefficient
X,
. . 1 '
checking calculation [ €= 2_“[ Z1 (tanCai — tan®') — — 1.125
of contact ratio Z, (tanGp— tano() |2 1
hecki lculati f
checking calculation o G Cazm 't o tu> 0 . 0.180
tip
collision interference
base tangent Wi Wi= mcoso{ (K- 0.5)+ — 17. 381
length Ziinvol + 20 imsin
2
spanned numbe of teeth K1 K= %,Zl + 0.5+ %tan(x in round 6
of external gear number
base tangent Wy Wi= mcoso{ € K2 — 0.5)+ — 17. 856
length Zrinv]+ 2x,msin®
spanned number of K2 K= %,Zz + 0.5+ %lan(x in round 6
teeth of internal gear number
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Fig.1 Block diagram of driving calculation for the few difference in number of teeth
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Table 4 Modification coefficient selection of internal gear pair of the few difference in number of teeth

external gear internal gear
L spanned base o spanned base contact
number modification num ber m odification| .
. number tangent . number tangent ratio
of teeth | coefficient of teeth |coefficient
of teeth lenght of teeth lenght
Z] X] K] W1 ZZ X 2 KZ WZ Gx

difference 1 in mumber of teeth

30 0.3937806 4 11.01665 31 1. 065659 4 11.4900 | 1.123361
31 0.4105069 4 11.04207 32 1. 082385 4 11.51542 | 1.122764
32 0.4272364 4 11.06749 33 1. 099114 4 11.54085 | 1.122238
33 0.4440330 4 11.09296 34 1. 115911 5 14.51714 | 1. 121756
34 0.4607991 4 11.11841 35 1. 132677 5 14.54259 | 1.121336
35 0.4777127 4 11.14396 36 1. 149591 5 14.56813 | 1.120931
36 0.4946450 5 14.12034 37 1. 166523 5 14.59370 | 1. 120559
37 0.5116061 5 14.14592 38 1. 183484 5 14.61928 | 1.120225
38 0.5285712 5 14.17151 39 1. 200449 5 14.64486 | 1.119923
39 0.5455941 5 14.19713 40 1. 217472 5 14.67048 | 1.119634
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Table 4 continued
external gear internal gear
spanned base spanned base cont act
number modification num ber m odification|
o number tangent o number tangent ratio
of teeth | coefficient of teeth [coefficient
of teeth lenght of teeth lenght
Z X K, W, Z, X K, W, (M
difference 1 in number of teeth
40 0.5626140 5 14.22275 41 1. 234492 5 14.69610 | 1. 119379
41 0.5796908 5 14.24841 42 1. 251569 5 14.72177 | 1. 119134
42 0.5967638 5 14.27407 43 1. 268642 6 17.69825 | 1. 11891
43 0.6138476 5 14.29973 44 1. 285725 6 17.72391 | 1. 118708
44 0.6310731 6 17.27632 45 1. 302951 6 17.74967 | 1. 118494
45 0.6481933 6 17.30201 46 1. 320071 6 17.77538 | 1. 118318
46 0.6652311 6 17.32764 47 1. 337109 6 17.80100 | 1. 118176
47 0.6825936 6 17.35350 48 1. 354472 6 17.820685| 1. 117983
48 0.6996976 6 17.37918 49 1. 371575 6 17.85253 | 1. 117847
49 0.7168619 6 17.40490 50 1. 388740 6 17.87825 | 1. 117720
50 0.7341253 6 17.43069 51 1. 406003 6 17.90404 | 1. 117581
51 0.7512196 6 17.45636 52 1. 423098 7 20.88053 | 1. 117486
52 0.7686504 6 17.48226 53 1. 440528 7 20.90644 | 1. 117338
53 0.7858821 7 20.45885 54 1. 457760 7 20.93220 | 1. 117235
54 0.8033310 7 20. 48476 55 1. 475209 7 20.95812 | 1. 117104
55 0.8205482 7 20.51052 56 1. 492426 7 20.98387 | 1. 117020
56 0.8377389 7 20.53626 57 1. 509617 7 21.00961 | 1. 116940
57 0.8550529 7 20.56208 58 1. 526931 7 21.03548 | 1. 116853
58 0.8723894 7 20.58792 59 1. 544267 7 21.06127 | 1. 116767
59 0.8896674 7 20.61371 60 1. 561545 8 24.03789 | 1. 116693
60 0.9069956 7 20. 63954 61 1. 578874 8 24.06373 | 1. 116619
61 0.9244901 7 20. 66549 62 1. 596368 8 24.08967 | 1. 116527
62 0.9398844 8 23.64083 63 1. 611762 8 24. 11418 | 1. 116732
63 0.9571048 8 23.66659 64 1. 628983 8 24.13994 | 1. 116680
64 0.9745457 8 23.69249 65 1. 646424 8 24.16585 | 1. 116608
65 0.9919184 8 23.71836 66 1. 663796 8 24.19171 | 1. 116543
66 1.009238 8 23.74418 67 1. 681116 8 24.21754 | 1. 116490
67 1.026603 8 23.77004 68 1. 698481 8 24.24339 | 1. 116432
68 1.043870 8 23.79583 69 1. 715748 9 27.22001 | 1. 116393
69 1.061196 8 23.82166 70 1. 733073 9 27.24584 | 1. 116346
70 1.078573 9 26.79835 71 1. 750451 9 27.27170 | 1. 116298
71 1.096055 9 26.82429 72 1. 767933 9 27.29764 | 1. 116242
72 1.113347 9 26.85009 73 1. 785225 9 27.32345 | 1. 116205
73 1.130731 9 26.87596 74 1. 802609 9 27.34932 | 1. 116165
74 1.148113 9 26.90183 75 1. 819991 9 27.37519 | 1. 116125
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Table 4 continued

external gear

internal gear

d bas d bas .
number modification spanne ane num ber m odification| spanne ane contact
o number tangent o number tangent ratio
of teeth | coefficient of teeth |coefficient
of teeth lenght of teeth lenght
Z] X[ K] Wl ZZ X 2 KZ WZ GX
difference 1 in number of teeth

75 1. 165518 9 26. 92772 76 1.837396 9 27.40107 | 1.116087
76 1. 183218 9 26. 9538 77 1.855096 9 27.42716 | 1.116010
77 1. 200464 9 26. 97958 78 1.872342 10 30.40376 | 1.115995
78 1. 217934 9 27. 00551 79 1.889812 10 30.42968 | 1.115954
79 1. 235147 10 29. 98209 80 1.907025 10 30.45544 | 1.115939
80 1. 252614 10 30. 00801 81 1.924492 10 30.48137 | 1.115905
81 1. 269837 10 30. 03377 82 1.941715 10 30.50713 | 1.115892
82 1. 287340 10 30. 05972 83 1.959217 10 30.53308 | 1.115852
83 1. 30492 10 30. 08573 84 1.976798 10 30.55908 | 1.115814
84 1. 32210 10 30. 11146 85 1.993978 10 30.58481 | 1.115810
85 1. 339657 10 30. 13745 86 2.011535 11 33.56162 | 1.115766
86 1. 357350 10 30. 16353 87 2.029228 11 33.58770 | 1.115718
87 1. 374721 10 30. 18939 88 2.046599 11 33.61357 | 1.115693
83 1. 397023 11 33. 16945 89 2.068901 11 33.64280 | 1.115189
89 1. 414533 11 33. 19541 90 2.086411 11 33.66876 | 1.115170
90 1. 426854 11 33. 21781 91 2.098732 11 33.69116 | 1.115643
91 1. 449637 11 33. 24737 92 2.121515 11 33.72072 | 1.115113
92 1. 467440 11 33. 27353 93 2.139318 11 33.74688 | 1.115069
93 1. 484893 11 33. 29944 94 2.156771 11 33.77280 | 1.115048
94 1. 501962 11 33. 32510 95 2.17384 12 36.74928 | 1.115069
95 1. 514196 11 33. 34745 96 2.186074 12 36.77163 | 1.115533
96 1. 537064 12 36. 32789 97 2.208942 12 36.80124 | 1.115027
97 1. 548965 12 36. 35001 98 2.220842 12 36.82337 | 1.115506
98 1. 572110 12 36. 37982 99 2.243988 12 36.85318 | 1.114987
9 1. 589885 12 36. 40596 100 2.261763 12 36.87931 | 1.114957
100 1. 601342 12 36. 42778 101 2.273220 12 36.90113 | 1.115459
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Table 4 continued
external gear internal gear
spanned base spanned base cont act
number modification num ber m odification|
o number tangent o number tangent ratio
of teeth | coefficient of teeth [coefficient
of teeth lenght of teeth lenght
Z X, K, W, 7z X, K, W, [
difference 2 in mumber of teeth

30 0. 4791342 4 11.07501 32 0.8502467 4 11.36671 | 1.261963
31 0. 4957864 4 11.10038 33 0. 8668989 4 11.38208 | 1.261229
32 0. 5125598 4 11.12583 34 0.8836723 4 11.40753 | 1.260555
33 0. 5295414 4 11.15143 35 0.9006539 5 14.38395 | 1.259900
34 0. 5464967 4 11.17700 36 0.9176092 5 14.40953 | 1.259331
35 0. 5633513 5 14.15333 37 0.9344638 5 14.43604 | 1.258859
36 0. 5805663 5 14. 17909 38 0.9516788 5 14.46079 | 1.258338
37 0. 597625 ] 5 14.20474 39 0.9687377 5 14.48644 | 1.257921
38 0. 6147974 5 14.23046 40 0.9859101, 5 14.51216 | 1.257515
39 0. 6318403 5 14.25610 41 1.0029530 5 14.53789 | 1.257190
40 0. 6491367 5 14.28191 42 1.020249 5 14.56361 | 1.256833
41 0. 6663479 5 14.30766 43 1.037460 6 17.54019 | 1.256533
42 0. 6836409 5 14.33347 44 1.054753 6 17.56599 | 1.256242
43 0. 7008012 5 14.35919 45 1.071914 6 17.59171 | 1.256013
44 0. 7181579 6 17.33586 46 1.089270 6 17.61756 | 1.255760
45 0. 7355454 6 17.36173 47 1.106658 6 17.64344 | 1.255522
46 0. 7529494 6 17.38762 48 1.124062 6 17.66932 | 1.255308
47 0. 7704609 6 17.41357 49 1.141573 6 17.69528 | 1.255084
48 0. 787958 ] 6 17.43952 50 1.159071 6 17.72122 | 1.254882
49 0. 8053678 6 17.46541 51 1.176480 6 17.74711 | 1.254714
50 0. 8229018 6 17.49138 52 1.194014 7 20.72391 | 1.254539
51 0. 8404332 6 17.51735 53 1.211548 7 20.74988 | 1.254376
52 0. 8579483 6 17.54331 54 1.229061 7 20.77584 | 1.254228
53 0. 8755552 7 20.52016 55 1.246668 7 20.80186 | 1.254076
54 0. 8930579 7 20.54611 56 1.264170 7 20.82781 | 1.253958
55 0. 910757 1; 7 20.57220 57 1.28187 7 20.85390 | 1.253806
56 0. 9283258 7 20.59819 58 1.299438 7 20.87989 | 1.253692
57 0. 9458129 7 20.62413 59 1.316925 7 20.90583 | 1.253604
58 0. 963538 | 7 20.65024 60 1.334651 7 20.93193 | 1.253487
59 0. 9811604 7 20.67627 61 1.352273 8 23.90880 | 1.253377
60 0. 9987344 7 20.70227 62 1.369847 8 23.93480 | 1.253295
61 1. 016389 8 23.67915 63 1.387502 8 23.96085 | 1.253201
62 1. 034118 8 23.70526 64 1.405230 8 23.98696 | 1.253104
63 1. 051841 8 23.73136 65 1.422954 8 24.01306 | 1.253015
64 1. 069476 8 23.75740 66 1.440589 8 24.03910 | 1.252941
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Table 4 continued

external gear

internal gear

) spanned base spanned base cont act
number modification num ber m odification|
number tangent number tangent ratio
of teeth | coefficient of teeth |coefficient
of teeth lenght of teeth lenght
Z Xy K, W, Z, X K, W, Ex
difference 2 in mumber of teeth

65 1.087235 8 23.78353 67 1.458348 8 24.06523 | 1. 252853
66 1.104810 8 23.80953 68 1.475923 8 24.09123 | 1. 252803
67 1.122727 8 23.83576 69 1.49384 9 27.06829 | 1. 252703
68 1.140284 8 23.86175 70 1.511396 9 27.09428 | 1. 252663
69 1.158097 8 23.88791 71 1.52921 8 27.12044 | 1. 252583
70 1.175845 9 26. 86486 72 1.546958 9 27.14656 | 1.252527
71 1.193682 9 26.89104 73 1.564795 9 27.17274 | 1. 252457
72 1.211604 9 26.91727 74 1.582716 9 27.19897 | 1. 252374
73 1.229099 9 26.94332 75 1.600212 9 27.22492 | 1. 252358
74 1.247004 9 26.96945 76 1.618117 9 27.25115 | 1.252290
75 1.264804 9 26.99560 77 1.635917 9 27.27730 | 1.252235
76 1.282490 9 27.02168 78 1.653602 10 30.25421 | 1.252201
77 1.300229 9 27.04779 79 1.671342 10 30.28032 | 1. 252161
78 1.318199 9 27.07406 80 1.689311 10 30.30659 | 1.252095
79 1.335851 10 30.05094 81 1.706963 10 30.33264 | 1. 252070
80 1.353725 10 30.07714 82 1.724837 10 30.35885 | 1. 252023
81 1.371448 10 30. 10325 83 1.742561 10 30.38495 | 1. 251991
82 1.389389 10 30. 12950 84 1.760502 10 30.41120 | 1. 25194
83 1.407165 10 30. 15564 85 1.778278 10 30.43734 | 1. 251908
84 1.424961 10 30. 18179 86 1.796073 10 30.46349 | 1. 251874
85 1.442575 10 30.20781 87 1.813687 11 33.44034 | 1. 251869
86 1.460990 10 30.23439 88 1.832103 11 33.46692 | 1. 251768
87 1.478818 11 33.21139 89 1.849931 11 33.46309 | 1.251733
88 1.496241 11 33.23728 90 1.867353 11 33.51898 | 1. 251751
89 1.514270 11 33.26359 91 1.885382 11 33.54530 | 1. 251702
90 1.531878 11 33.28962 92 1.902990 11 33.57132 | 1. 251696
91 1.549890 11 33.31592 93 1.921003 11 33.59762 | 1. 251653
92 1.567676 11 33.34206 94 1.938788 11 33.62376 | 1. 251635
93 1.585439 11 33.36819 95 1.956552 12 36.60072 | 1. 251610
94 1.603175 11 33.39430 96 1.974288 12 36.62682 | 1. 251605
95 1.621099 11 33.42054 97 1.992212 12 36.65307 | 1.251574
96 1.639433 12 36.39788 98 2.010546 12 36.67959 | 1. 251498
97 1.657287 12 36.42407 99 2.02840 12 36.70578 | 1. 251479
98 1.674872 12 36.45008 100 2.045985 12 36.73179 | 1. 251487
99 1.692635 12 36.47621 101 2.063747 12 36.75791 | 1.251471
100 1.710576 12 36.50246 102 2.081689 12 36.78416 | 1.25144
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Design and Calculation of Planetary Gear Drive of the
Few Difference in Number of Teeth and the CAD

Chen Daimin, Wen Jian, He Ping and Zhao Mingjing
(College of Mechanical Engineering Changchun University, Changchun 130022)

Abstract

This paper describes the method which is used for designing the drive of the few differ—
ence in number of teeth and the algorithm of the CAD. It consist of the operating principle,
the parameter selection, the geometrical calculation, the computer block diagram and the ta—
bles of modification coefficient. According to given program, the geometrical parameters of
284 internal gear pairs have calculated by the computer and the calculation example has given
in this paper. The practice result indicates that the method of the design and the calculation is

correct and it is able to provide references.

Key words: T he few difference in number of teeth, M odification coefficient, Interference

of profile, Contact ratio
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