[5] Planetary gear design system
(Planetary gear and Mechanical paradox gear)

Fig.5.1 Planetary gear deS|gn system

5.1 Abstract

This software is a software that can easily design planetary gear
s and mechanical paradox gears, and can automatically determine t
he combination of the number of teeth, the center distance, etc., a
nd can easily design the gear dimensions and gear strength. In add
ition, interference check of planetary gears, profile shift factor calcu
lation, etc. can be easily calculated. Figure 5.1 shows the whole sc
reen of the calculation result.

5.2 Gear to apply

(1) Type : Equal arrangement (Planetary, Solar, Star)
(2) Material of the gear  : Steel, Plastic
(3)Tooth profile : Involute

(4)Option : 3K paradox type, Small number of teeth, Double pinion, and
Non-equal arrangement

5.3 Property (Basic rack)

In the properties, set the tip diameter determination method, basic rack,
module or center distance reference, gear accuracy and friction
coefficient. Figure 5.2 shows the property screen.

B nital settings (=] = =
Setting of the basic rack coefficient
o
@ Standard O Special B
Symbol SUN PLANET RING RINGZ — o
| hac | 1.0000 [ 1.0000 | 1.0000 [ 1.0000 =
[ nfe [ 1.2s00 [ 12500 [ 12500 [ 1.2500
i cke
[ Re | o0.3750 [ o0.3750 [ — | Basic Rack
| Mormal pressure angle [ Alpha-n | 20.000000 | deg I~ Double pinion
Type of tip diameter calculation Entry type of gear size
@ Standard @® Centre distance
) Equivalent clearance ) Module
| Awverage friction coefficient (affect strength efficiency) | myu | 0.0800
JIS B 1702-1(1998) precision (aﬂem fn, s(rengm) -

Fig. 5.2 Property (basm rack)

5.4 Selection of planetary gear mechanism
Select the planetary gear type shown in Figure 5.3.
(1) The number of planet gears is 1 to 21.
(2) The number of teeth can be selected from the method of direct input
or the number of teeth list calculated from the speed ratio (Fig. 5.5).
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Fig. 5.4 Gear specification (input) Fig.55 teeth list
(3) You can calculate module distance from center distance or center
distance from module.

(4) The calculation of the profile shift factor is performed so that the
backlash becomes zero from the module and the center distance.

(5) The default value of thinning for backlash is 1/2 of the JIS backlash
standard middle value.

(6) The tip circle diameter is calculated from the basic rack and
dislocation coefficient set in the property, but it can be changed.

(7) The shape of the tooth root of the external gear is a trochoid based on
the basic rack. The tooth root of the internal gear is the input R
connection.

(8) Gear tips can be created with a single R.

(9) Changing one profile shift factor changes the remaining ones in
tandem, but you can enter each gear individually. The tooth shape can be
confirmed by confirming the tooth thickness and the crest in Fig. 5.6.
You can also check the tooth profile and clearance after changing the
profile shift factor and tip diameter on this screen. The tooth shape at this
point is only the tooth surface, and the root shape is not included.
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Fig.5.6 Support ofthe dlmen5|0n
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55 Gear dimension

The various calculation results are shown in Fig. 5.7 to Fig. 5.10. On
this screen, you can check the interference, efficiency, clearance and

backlash.

n Gear dimension output E’
T Tooth thickness T Pair meshing T Efficiency ]
Desciption Symbol | Units SUN GEAR | PLAMNET GEAR ‘ RING GEAR
Transverse pressure angle Alpha-t | deg 22.795877
Base helix angle Betab | deg 28.024321
Transverse circular pitch Pbt mm 3.3443
Normal circular pitch Pbn mm 2.9521
Lead pz mm 219.9115 106.8142 433.5398
Base diameter db mm 37.2578 18.0966 73.4511
Reference diameter d mm 40.4145 19.6299 79.6743
Winimum invelute diameter (TIF} dt mm 38.85293 18.2424 77.8816
Maximum involute diameter dh mm 42.3847 21.4269 81.7775
Addendum ha mm 0.9851 0.9928 1.0294
Dedendum hf mm 1.2649 1.2572 1.2206
Whole depth h mm 2.2500 2.2500 2.2500
Addendum modification xm mm -0.0149 -0.0073 -0.0294
Mormal profile shift ceefficient xnc —_ -0.0851 -0.0643 0.0533

Fig.5.7 Result (Gear dimension)

B Gear dimension output E’

Dimensions | iTooth thickness! 1 Pair meshing 1 Efficiency )
Desciption Symbol| Units SUN GEAR PLAMET GEAR RING GEAR
Normal tooth thickness sn mm 1.5083 1.5240 1.5315
Transverse tooth thickness st mm 1.7423 1.7598 1.7685

Number of teeth spanned zm — & 3 1z

Base tangent length(standard) W[ mm 16.9637 7.7334 35.3827
Base tangent length{Design) w mm 16.9157 7.8934 35.4397
Measuring ball diameter dp mm 1.6881 1.7020 1.6609
Measurement over balls(standard) dm mm 42.6297 21.8687 77.3801
Measurement over balls(design) dm' | mm 42.4383 Z1.7636 F7.5533
Caliper depth H [ mm 0.9964 1.0162 1.0253
Caliper tooth thickness(standard) Sj mm 1.5597 1.5646 1.5921
Caliper tooth thickness(design) SP mm 1.5087 1.5233 1.5221

Fig.5.8

Result (Tooth thickness)

8] Gear dimension output o) @ )
Dimensions T Tooth thickness T ‘Pair meshing | Efficiency
Desciption Symbol | Unts|  SUNGEAR | PLANETGEAR |  RING GEAR
Operating fransverse pressure | Alpha-wt | deg 22.6947 22.6947
Operating helix angle betaw | deg 29.9816 29.9816
Operating pitch diameter dw mm | 40.3846 | 19.6154 19.6154 | 79.6154
COperating facewidth bw mm 10.0000 10.0000
Clearance ok mm [ 02500 [ 0.2500 02501 [ 02501
Contact length 08 mm 4.2652 4.3641
Near transverse contact ratio Kat = 0.5838 0.7212
Far transverse contact ratio Kaz = 0. 6516, 0.5838
Transverse contact ratio Ka — 1.2754 1.3050
Overlap ratio Kb = 1.5915 1.5915
Total contact ratio Ke — 2.8669 Z.8965
Sliding ratio at tip Slipa. — [ 07002 | 05057 02565 | 0.5688
Sliding ratic at root Slipf — [ 10229 | 23357 13245 | -0.3450
Transverse backlash jnt mm 0.0386 0.1088
Backlash angle fheta [deg | 03031 | 06241 06887 | 0.1687
Total backlash angle(input axis} | [Theta’ | deg 0.6376 (5un)
WMaximum contact diametar dja mm [ 423847 [ 214269 | 214268 [ 812018
Winimum contact diameter dif mm [ 39.0446 | 183343 | 183038 [ 77.8816

Fig.5.9 Result (Pair mashing)

ﬂ Gear dimension output

(o] ® sl

Dimensions TTDDth th\cknessT Pair meshing T

Rotate ratio
SUN PLANET |

mNG |

CARRIER

| 1.0000 —1.0294|

Efficiency I 0.9880

AING GEAR interference |

0. DDDDI

Description RING
Invelute NoT occurrence
Trochoid Not occurrence
Trimming Not occurrence
Clearance(mm}
Sun tip and Planet root 0. 2500 (mm)
Planet tip and Sun root 0.2500(mm}
Planet tip and Ring root 0.2501(mm)
Ring tip and Planet root 0.2501(mm}

0.3365

Fig.5.10 Result (Efficiency, etc.)
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5.6 Tooth profile figure
56.1 Tooth profile (2D)

The meshing of the gears is displayed in a two-dimensional view as
shown in Figure 5.11 and Figure 5.12. Since the auxiliary circle and the
common normal can be displayed by the operation screen, it is easy to
check the contact position of the tooth surface. You can change the

rotation angle of the gear to zoom in.

lo e s

I8 20 figure of meshing gears

(= B 5

B 2D figure of meshing gears

Fig.5.11 Meshing of the
tooth profile

Fig.5.12 Zoom

5.6.2 Meshing of a pair tooth profile (2D)

The meshing of one tooth can be confirmed in the two-dimensional
view of Fig. 5.13. On this screen, you can check the interference between
the internal gear and external gear teeth and the tooth base in more detail.
You can change the rotation angle of the gear to zoom in.

[ Meshing profile figure(SUN-PLAN... [-=-||- ). |[u3a]
SUN
PLANET

- —

B Meshing profile figure(PLANET RL.. [-=-|[-5- ][]

PLANET
RING

Fig. 5.13 Meshing of a pair tooth profile (2D)

5.6.3 rendering

Gear mesh can be displayed in a three-dimensional view as shown in
Figure 5.14 and Figure 5.15. In addition, a control form that can be
rotated in the X, Y, and Z directions is shown in Figure 5.16.

ﬂ 3D rendering of meshing gears

=R =

Fig.5.14 Teeth rendering
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5.8.2 Strength specification input

B 30 rendering of meshing gears [ = | Contact line
< Enter various values in the strength specification input screen shown
= e in Fig. 5.21. The torque and rotational speed can be set by either input
Rotation(Z) B ‘ 1 . .
S e . side or output side.
Speed 1 K »
Step ange 20 s L [A strength Item(Strength screen 2/3)
RDm::wnnaz‘::l:ﬁrans\aupn g: g;s : ],: : Description Symbol  Unit SUN GEAR PLANET GEAR RING GEAR Carrigr(arm)
ertical translation 15.679 < r » Sun input torque T N-m 30.0000 14.4042 58.1022 88.1022
Shaft Error angle 0.000 1 ‘,7 » Sun input rotations n rpm 1000. 0000 1029. 4118 0.0000 336.5385
Rotational direction Rotational speedirelativity) nj rpm 663. 4615 1265.9502 336.53285
[© Postive O Reverse Life repetition frequency L [x1000 10000 20588 5072
| wire Frame || Back coior | Drawing congition | [ Printing | Circular speedirelativity) v ms 1.4025 1.3029 1.3029
Visible / Hid Lubricating way = = il box. LI
{’7 SUN [ PLANET  [¥ ANG I~ RnG2 | Temperature t Cdeg 60. 0000
. . Overload coefficient Ko — 1.0000 | 1.0000 | 1.0000
Fig.5.15 profile (Zoom) Fig.5.16 Control form Bending saey factor 5[ — 12000
Piting safety factor SH = 1.1500
Bearing support type . = symmetrical with both axis raceiving L‘
o ) Direction of gear rotation . = positive only ﬂ _
5.7 Sliding ratio graph Frofils mod fston = [ = [ sentoete =] dmrioeme o
. ) ) R ) Roughness of tooth surface | Rmax |micro-m 6.0000 [ 6.0000 | 6.0000 | | Reverse |
The sliding ratio graph is shown in Fig. 5.17 and Fig. 5.18. Toolh contact condtion n tre oad [ — | — = | =
= — —--. Lubricating oil coefficient ZL — 1.0000 1.0000 1.0000
."“*5‘""‘—‘ ;5:?’@ B S50 o (RANIT and V) e Load dlsg(nhulmn ratio TF — 1. 0000
$liding ratio UN-PLMET Sliding ratio gragh PUMET-R1ND . . .
B - Fig.5.21 Input (Gear strength dimension)
o W
, o e
i Tt ; 5.8.3 Strength calculation result
e i T L The intensity calculation result screen is displayed in Fig. 5.22 and Fig.
SN rolling wgle (0 degrees FLBEET redling wgle In degrees
e ,_"-7_7_-_:_',1 ,fif;.,_'f:'_‘ 5.23. The strength calculation also takes into account the efficiency and
T — o fr——————— o meshing ratio. The metal gears are subjected to strength calculation

based on JGMA 401-01: 1974, JGMA 401-02: 1975. Moreover, the
stress value of the resin material adopts the experimental value of the

(Sun X Planet) (Planet X Internal)

Fig.5.17 sliding ratio graphl

Fig5.18 sliding ratio graph2

material in consideration of the temperature, life and so on.

58 Gear Strength ﬂ Strength result(reference)
5.8.1 [Initial settings for gear strength calculation | sun-rLaner =
- . ey . strengthi r Tooth surface strength ]
You can select metal material and plastic on the strength initial setting e S | TR BT S
H H . . Allowable bending stress SigmaFlim MPa 441.5000 441.5000
screen shown in Fig. 5.19. Select the allowable stress oFlim and cHlim — - — e e
from Fig. 5.20. Note that orim and onim can be input arbitrary numbers. Toath form factor s — 24262 27153
Load distribution factor Yeps —_ 0.8281 0.8281
The torque unit can be selected from N-m, N-cm, kgf-m, kgf-cm and Heibx angle factor Yoeta | — 0.7500 0.7500
Life factor KL — 1 0000 1.0000
gf‘ cm. Dmension factor KFx = 1.0000 1.0000
Dynamic load factor Kv —_ 1.0403 1.0403
[ strength setting(Strength screen 1/3) =8 =R Speed correction factor Ko — — —
Torque unit - — —
((-' Nm O hem  Ckgim O kghem O gkem ‘ lEmponiae ooy ]
Lubrication factor KlLo — — —
SUN GEAR | PLANET GEAR | RING GEAR Vaterial factor Pl — — —
| carburizing hardening || carburizing nardening _=|| carburizing hardening =l Call creumference force = W 71,4268 3671659
Material | SCM420 j Material | SC420 j Material | SCM420 j Allowable circumference force Filim N 2347.1505 2094.1575
SigmaFlim(MPa) [ 2415 SigmaFlim(MPa) | 4415 SigmaFlim(MPa) 441.5 Bending strength St = 63193 5.7036
SigmaHlim(MPa) | 1343.5 | [ SigmaHim(WPa) | 1343.5 |[ SigmaHiim{Pa) | 1343.5 Bending stress SigmaF MPa 69,8653 774076
inside hardness [ HV [~ 305 inside hardness [HV [~ 305 inside hardness | Hv | 305
[surface hardness [HV [ 720 | [surface hardness [HV | 720 | [surface hardness[Hv [ 720 i i H
Fig.5.22 Gear strength calculation result (Bending)
Strength result(reference ==
\| WMaterial property coefficient | ZM | (MPa)®® 183.8 | 183.8 | 1sa.8 n ( ) -7
SUN-PLANET -
! . .
Bending strength T Tooth surface strength: ]
Fig.5.19 Input (Material) Description(piting) Symbol | Unit SUNGEAR | PLANET GEAR
Alowable tooth surface stress SigmaHiim MPa 1343.5000 1343.5000
B carburizing gear X Effective FaceWidtn bw mm 10.0000 10.0000
Structural [Centerhardness| o F | iy | Efective Tooth sulpe T oHiin | =l Zone factor ZH — 2.2288 22288
dllaystesl | THE | AY | WRa carburizing |y | HRc | WPa Material property coefficient ZW [(MPay05 [ 189.3000 180.8000
g 3 gg .5 g g ?35 Contact ratio factor Zeps = 0.9100 0.9100
4] 5 372.5 2 [ . Life factor KHL — 1.0000 1.0000
SCH415 g g 3EL 4 ? - Roughness factor ZR — 0.9204 0.9204
7 4 1 DComparatively Smooth velocity factor Fat) — 0.9581 0.9581
light
EL.2 Y 2. Hardness ratio factor ™ - 1.0000 1.0000
SCMaza 5 7 z : Load distribution factor Khbeta | — 1.0000 1.0000
H 5 7 3 4 -
f 37 05 H 3 15 Dynamic load factor K — 1.0404 1.0404
El a7 | da0.s 4 5 'oung modulus E = = =
SHCAZ0 gy 430.5 4 | 1830
5 500' 5 569 Call circumference force Fe N 371.1537 366.8942
] 505 ] B08.5 Allowable circumference force Fclim N 909.7035 909.7035
SHEB1E [0 Al : - Tooth surface strength i = 24510 24795
oK | cancel | Tooth surface(Hertz) stress SigmaH 1Pa 858.1527 853.2142

Fig.5.20 Example of the allowable stress of the steel

Fig.5.23 Gear strength calculation result (Pitting)
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5.9 Hertzstress graph
Hertz stress graphs are shown in Figure 5.24 and Figure 5.25.
=lle s

Max Herzian Stress =  858.153 MPa

H Hertz stress{Sun and Planet)
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Fig.5.24 Hertzian stress (Sun)
o lo =

Max Herzian Stress =  584.572 MPa

[ Hertz stress(Planet and Ring)
Roll &1

HPSTC

Herzian Stress (MPa)

ﬂ_l Planet Rol | Anole in Deagress ﬂ
Fig.5.25 Hertzian stress (Planet)
510 Other

(1) Tooth profile data of gears can be output.

® DXF file : 2D, 3D Al teeth meshing
® IGESfile  : 3D(Tooth)
® TEXT file : 2-dimensional tooth profile coordinate

(2) You can print dimensional calculation results, strength calculation
results, 2D tooth profiles, slip ratio graphs, and Hertz stress graphs.
(3) You can save and load design data.

511 Mechanical paradox gears (3K type)

A Mechanical paradox gears using a total of four gears of the sun,
planets, and two internal teeth is well known. Mechanical paradox gears
are very computationally expensive, but can be easily designed using this
software. The input is for the sun gear, the fixed for the internal gear 1,
and the output for the internal gear 2 type 3K type only.

The number of teeth of internal gear 1 and internal gear 2 determines
the same direction deceleration and the reverse direction deceleration.
The design example is shown below.

511.1 Specification of gear specifications
(1) In Properties, select module criteria.
(2) Select the 3K type in Figure 5.3 and proceed to the mechanical
paradox gears in Figure 5.26.
(3) Input the design reduction ratio as 135 and the number of planet gears
asthree.
(4) Display the tooth number list screen, and select the combination of
the number of teeth that seems appropriate. (See Figure 5.27)

As selection conditions at this time,
(a) Difference between the actual speed ratio and the design speed ratio
error.
(b) The number of teeth must be correct.

Here we choose 21=20, z2=31, 23=82, ;=85 as an example.

(5) Then press the Tab key and enter a=20, =20, m,=1 in order. When
the module is entered, the standard center distance, profile shift factor, tip
circle diameter and root circle diameter are determined based on the
basic rack in Figure 5.2.

(6) The theoretical center distance is 27.6686 mm, but it can be changed
according to the purpose. Fig. 5.26 shows the gear specification screen.
(7) Once the center distance and module have been determined, you can
change the tooth height and tooth thickness. On this screen (Fig.5.28),
you can change the profile shift factor and tip diameter while checking
the tooth profile. Check the contact of the teeth, interference with the
teeth, clearance and internal gear.

B Gear dimension input o] =@ =
Planctary gear type choice | Specificireduction) [
Entry method of number of teeh
(& Select by Design speed ratiofio] and number of planet gears[Nz]
" Direct entry of number of teeth
[¥ Auto change [da,df] by bxn] W Auto change pn2xn3] by [xn1]
Description symbol|  unit SUN GEAR | PLANETGEAR | RING GEAR | RING GEARZ
| tem ==l Input | — | Fix | Output
Rate of design speed (reduction) o = 1350000
Number of gears N = 1 [ = [ = [ =
Humber of teeth z — 20 [ [ 82 [ =
Rat of actual speed (reduction) i % 144.50000
[ Speed ratio error [Detai| — | 7.0370
[ Normal pressure angle [Apan | deg | 20.00000
[ Helix angle [Beta [ geg | 20 °[ o [ o
[ Direction of helx == Right Hand Left Hand Left Hand Left Hand
[ Centre distance [a [ mm | 27.55762
[ Nermal module [mn [ mm | 1.00000
| Addendum modification coefficient [ xn [ — | 0.26858 | 0.17328 | 0.61513 | -0.81387
[ FaceWidth [ o [ mm | 2o.00000 [ Z0.00000 [ 10.00000 [ 10.00000
[ Thinning for backlash [ [ mm [ o0.0390 o] o-0ss0 [of] o.0se0 [] o.0s30 [
[ Ball diameter [ap [ mm | 1.8178 | 1.7371 | 1.6810 | 1.5728
[ Tip diameter ["da | mm | 23.82072 | 35.33607 | 86.23284 [ 86.82737
[ Root diameter [Taf | mm | 13.32072 | 30.83607 | 90.99284 | 91.32737
[ Tip radius [Tra [mm | 0.00000 | 0.00000 | 0.00000 | 0.00000
[ Root radius [ [Tom [ —--- [ —-- [ 0.30000 | 0.30000
| Consiger input valus(tooth ticness and clearance) |
Fig.5.26 Input of gear dimension
nmwum,twmuummammm..@‘
¥ Toon rangecsen 1) = [w [ = oK
W TemmageuentZz) [ 8 | W | = | Cose
I Tocth rangeiRies 23 [w| Recskc

[ Welocky emoripercentage) | 10,0000

Nurger SunZt | PwetZ | RingZy Rrg24 | Ackuelspend

a " ™ [

Fig.5.27 The number of teeth list

s chane s chasge [Pasetse s g v
[P asg fing reet

_Detwt [ Cowe |

Fig.5.28

(8) Check the efficiency, meshing ratio and slip ratio on the dimension
calculation result screen as shown in Figure 5.29-5.32. The efficiency of
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the mechanical paradox gears in this example is 73.1% as shown in
Figure 5.32.

(9) Also, check how much the interference between the external gear and
the internal gear can actually be secured by one tooth engagement.

(10) In the case of the example, the dimensions of module 1 have been
determined, but it may be necessary to change the size by strength
calculation. In that case, change the tooth width or increase the module
distance, center distance and tip diameter, etc. The strength calculation
should be done carefully as the ratio of torque increases as the rotation
ratio increases.

[ Gear dimension output ol = ==
‘Standard 1 Thickness T Pair meshing T Others
Desciption symbol| unk | SUNGEAR | PLANETGEAR | RNGGEAR | RINGGEAR2
Transverse pressure angle at | deg 21.172832
Base helx angle Betab | deg 18.747237
Transverse circular ptch Fot | mm 3.1175
Hormal circular pitch Pon_ [ mm Z.9521
Lead Lead mm 183.7080 284.7475 753.2020 780.7592
Base diameler | mm 15,8468 30.7626 ¥1.3719 54.3490
Reference pitch diameter d mm 21.2836 32.9895 87.2626 90.4551
Winimum validity diameter (TIF) @ [ mm 20.1670 31.6121 86.4925 |  B86.8274 |
Maximum validity diameter dh mm 23.8207 35.3361 90.6558 50.9501
Addendum ha | mm 1.7686 1.1733 0.3849 1.8139
Dedendum hf mm 0.9814 1.0767 1.8651 0.4361
Wihole depih N mm 2.7500 2.2500 2.2500 2.2500
Addendum modification xm mm 0.2686 0.1733 0.6151 -0.8139
Normal profile shifted coefficient | xnc | — 0.2116 0.1030 0.6955 —0.7276
Fig.5.29 Result (Gear dimension)
[E] Gear dimension output = e =
Standard T Thickness 1 Pair meshing 1 Others.
Desciption symbol| unt | SUNGEAR | PLANETGEAR | RNGGEAR | RING GEARZ
Normal tooth thickness sn mm 1.7248 1.6501 1.0612 2.1005
Transverse tooth thickness st [mm 1.8358 1.7560 11294 7,238
Humber of teeth spanned m [ — B B 12 0
Base tangent w mm 10. 8506 12.9215 35.7414 2B.9098
Base tangent length(Design) W mm 10. 8116 13.8775 35.7934 28.9688
Measuring bal diameter ap [ mm 18178 17371 16810 15728
Dimension over bals(standard) am [ mm 24.4103 35.6576 561585 36.7829
Dimension over balls(design) dam’ mm 24.3235 35.5873 B6.3598 86.9894
Caliper depth H] mm 1.3009 1.1925 0.3835 1.8050
Caliper tooth thickness(standard) ERED 1.7647 1.6964 11230 Z7.1631
Caliper toth thickness{design) si | mm T.7234 1.6456 10573 7.0963
Fig.5.30 Result (Tooth thickness)
B Gear dimension output == =4
Standard 1 Thickness. T Pair meshing 1 Others
Desciption symbol unit |  SUNGEAR | PLANETGEAR | RING GEAR PLANET And RINGZ
Operating transverse pressure_| awt | deg 23.3285 23.3285 13.5267
Operating helix angle betaw | deg 20.2852 20.2852 157433
Operating pitch diameler dw | mm [ 216138 | 335014 | 335014 | 8e6i67 | 87555 | 316402
Operating Facewidth ow | mm 20.0000 10.0000 10.0600
Clearance ok | mm | 02202 0.2292 02708 | 02708 04380 | 04380
Contact length @ [mm 3.3669 +.5a69 +.8405
Near lransverse contact ratio | Kal | — 06608 0.5260 16016
Far transverse contactrao | Ka2 | — 0.7400 06608 ~5.0450
Transverse contact raiio Ka | — 1-4008 15868 15527
Overlap ratio b | — 7.1774 10887 10887
Tolal contact ratio ke | — 3.5761 7.6755 2. eats
Sliding ratio at tip sipa | — [ 05762 | 06042 01474 [ 03240 00258 | 03649
Siiding ratio at root Sipf | — | 15268 | 13587 | 04792 | 01728 | 05745 | 00252 |
Transverse backash ot | mm 0.0876 0.1077 ©.1088
Backlash angle jSta [deg | 05061 [ 03285 04012 [ 01517 01478 | 04052
Total backlash angle(input axis) | jSta’ | deg 1.1341 (sun)
Weximum contact diameter ga | mm | 238207 | 353351 | 353381 | 903275 | 353381 | 896187
Winimum contact diameter of | mm | 203372 | 319584 | 316620 | 854028 | 317130 | 888274

Fig.5.31 Result (Pair mashing)

B Gear dimension output =] = |
Standerd | Thickness | Pairmeshing |  others!
Rotate ratic
sun | PanET | RMG | CARRER | mme2
| 1.0000 | -0.3226 | 0.0000 | 0.1961 | 0.0069
__ Efficeney [ 07155
RING GEAR interference: |
Description RING. RINGZ
Involute Tt doesn’t It doesn't
Trochoid It doesn't It doesn't
Triming It doesn't It doesn't
Clearance(mm) |
Sun tip and Planet root 0.2292(mm)
Planet tip and Sun root 0.2252 (mm)
Planet tip and Ring root 0.2708(mm)
Ring tip and Planet root 0.2708(mm)
Planet tip and Ring2 root 0. 4380 (mm)
Ring2 tip and Planet root 0. 4380(mm)

Fig.5.32 Result (Efficiency, etc.)

5.11.2 Tooth profile (2D)

The meshing figure is shown in Fig. 5.33. In the enlarged view of Fig.
5.34, it can be clearly seen that the planetary gear is engaged with the two
internal gears. In addition, you can observe the state of the meshing
rotation of the strange planet by the tooth profile rendering shown in Fig.
5.35.

&8 20 figure of meshing gears === (== ==

I8 2D figure of meshing gears

S

— ]

Fig.5.34 Zoom

Fig.5.33 Meshing tooth profile
[ =0 e

“ 3D rendering of meshing gears
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Fig.5.35 Teeth rendering (Gear ratio=135)

5.11.3 Mechanical paradox gears example (Spur gear)

(1) Gear strength calculation, sliding ratio and Hertz stress graph can be
calculated in the same way as planetary gears.

(2) Figure 5.36 shows an example of drawing a mechanical paradox
gears with a spur gear.

B Tooth Profile Rndering(3D mesh) | = || = =53]

Fig.5.36 Teeth rendering (Spur gear, Gear ratio=93.8)

5.12 Small number of teeth (optional)

You can design a planetary gear with 4 or fewer teeth. In the case of a
small number of teeth, it is necessary to increase the helix angle because
the contact ratio decreases. The following is an example of drawing a
planetary gear with 1 sun gear, 1 planet gear and 2 internal gear teeth.
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Fig.5.37 Teeth profile(2D)
5.13 Double pinion (option)

Set the double pinion in Figure 5.2 Properties. The design example is

shown below.

Fig.5.38 Teeth profile (3D)

=R =)

Eniry mefhod of number of tesh
5, i d
T Direct enery of numter of festn
@ Asto change [dadf] bylsal [ At changs [un2and] by [snl]
Descriptos symbel|  unk SUN GEAR PLANET FLANETZ RING GEAR
Ten = [ = [ et [ outgut | owtet [ FIx |
Fiaté 61 delgn saeed (educien) | & T
Hurbar o gears [ = D | ] 73 |
Ramber 31 et i =) 10 | FEeE [ 3% [
Fatd o1 = [ 3 1.8
Sted rale arrer | . 0000
Nerml preatart Angh Wpaa | oy 0. 00000
Tealx ntgie [T 0 i I ‘[ =
Drecton of e — Feght aad Lefkasd | Aghthana | AghiHana
Canire aetance [ 3000000 | ie.e000 | $%.30000
m | mm . 55090 =
aifcation costicent | xa | - 0,050 G.0ET8T 5.00872 T.0ve3
Fackvnas, | mm 3500000 | 1t.00000 | 1%,00000 | 3%.00000
Theing o backiass m mn 00430 | o.o0e [of o.0sw0 [of o.he0 o
Tal Gameter &% | mm .50 3.5000 3.0000 3. 0000
T Sameter @ [ mm Fe.a0102 | 18,51909 | 19,01469 | %%, 00000
Fioed dameter @ | om Fo.eekE | 1299909 | i4.3899 | va.ioran
T rade | mm 5. 20000 0. 30000 0.30000 5. 30000
Fioet radus w [ mm G- 35000
[ ] [aeverse | [ cear | [ Cote || Conuser mpu vaeiaaom meness asa cisarance) |

Input dimension

Fig.5.39

=

symbsl | und SN GEAR PLANET GEAR | PLANET GEARZ RINNG GEAH
Tranaverss pressare ange at o | 1.17
Ease ras ange. Beun | oeg TR, 747337
Tranweerss cecuer pcn Fot [ mom ER)
Hormal circuslar plich Pen | mm 3.6902
Lead Uead | mem | 706 6730 T3, 7810 140, Thh TR
Base cameier & [mm TE.0ETT T4.8851 T 1% T T6T
Fittarence pach Gameter @ [mm I T 15, 5627 17,7939 7. EIT
i vakity demeter (1) | & | om 3. 3%68 Ti.5807 16,3788 6. 0BT
Vi vaidey Sameter = [ 8. 5877 18,4564 T9.7E8E 0,717
Addendun R 13000 TR 15608 30807
Dedendun [ . 15457 1.5343 1,5516 1.8529
Whole degth » L] ERLEEL IR ENIELY ERE
Aade [ 0. 0168 00782 T, 0108 T.0700
Tisrmal prefie shifiea costicent | wme | — -6.0957 ~5.0218 5,038 [T
Fig.5.40 Result (Gear dimension)
on it : [E=SN =]
Standaed 1 Thicinses 1 Pair eneshing 1 )
Deacwten aymibol wl | SUNGEAR PLAKET GEAR | PLAHET CEARD PLANETZ And BMG
[Daratig sanevares prossars | oA | ahg ILARE [ LR EEEE]
[~ Cpemingravcarge [bew | dey 5.4 Ta. A58 To0a50
Cipatng pech dusrete: @w [ mm [ Jeoo00 [ 165000 e | 17303 e | 17303
Goersing Facewan o [mm 156600 - 0000 3. 6000
Ciearance a [mm [ oma [ a3 onz | enm Barts | esim
Tostac lengin 0 [mm L) ¥ a1aT T 4356
Tiear banwveras cenmact e | Kol | — Ties T
Tar irvsbeores coct e | a7 | — EA) G
Tranaverss eariact ratn o [— 15 FRTTTy
e ed CHE 1. 5064 1. 5664
Total contact ratio K [ — EH 8978
Sidieg rali ol 10 e [ — | G953 | ovwm | 0By | owies | omes [ ewm
Saing e # oot St [— SR [wesor [iaso | Tiee | S | 4d%e
Trava erss saeimsn v [mm|  o.om% [ o.o8if . 160
Hachineh arge Fts [deg [ Do [ o8SE oEme [ edrm CECIE R
T [oe 35738 (un)
Hanrmm et dameie dp | mm | 26377 | sams | whess | mroe | miee | esar
Minkwer coniaca dameter | G | mm | 256474 | TABSTE | eGeed | f6a017 | 96130 | eAmad

Fig.5.41 Result (Tooth thickness)

Fig.5.42 Result (Pair mashing)

=l & )
Ceacpiin symbol unk | SUNGEAR | PLANETOEAR | PLAMETOEARD | PLANETZAed MO
Dpevatng raateeras prossars | awl | 545 31,5084 I1.534K 15153
Diraraing ekt ange et | Sep T5. 0451 5. 0458 To. 0480
Ciparateg pch dermter Ow [ [ 740000 | wooon | tawee [ raoa | areee [ 1am
Digeraiing Facewaan tw | mm 18, Gews 8. e 5. 0000
Ciearance a [m[ onn [ onn R Bariy | 83nm
Cortas enpn [ m 1358 B.o883 54376
[ ear banaveras contact rate | Kol | — T Toeaih Toia
Far trasaenris costest rato ad = 0. 6758 0, 8478 0. TART
TrAMVErsE Cantact et [ —_ 1.35179 12887 15913
g e e 1386 1356 1. 5060
(3 2,624 2.5801 16878
Eiiing roli al fo ) asey [ oreme s [ oW (L ]
Sading rate & roct Sigt AN [ [naime [ 7 | aamd | 43w
T T T R S T B =
Hackinah angie Bta |oeg | 0430 | omeas kM0 [ osTh Gy [ anaw
e | e a.Erak (aun)
axmam costacd dwreter | e [ mm | GRSET | thased | Mhea | wrem | moow | eamm
Winkmorn contec darster | of | me | 336474 | TABSTE | 14%0ea | setkir | 1eA348 | easeas

42

‘Standard T Thickness T Pair meshing T
Rotate ratio
SUN | PLANET | PLANET2 | CARRER | RNG
| 1.0000 | -2.8636 1.5934 -0.5455 | 0.0000

Efficiency l 0.9248

RING GEAR interference |

Description RING
Involute It doesn't
Trochoid It doesn't
Triming Tt doesn't
Clearance(mm) |
Sun tip and Planet root 0.3121(mm)
Planet tip and Sun root 0.
Planet tip and Ring root 0.31232 (mm)
Ring tip and Planet root 0.3122(mm)
Planet tip and Ring2 root 0. 3130 (mm)
Ring2 tip and Planet root 0. 4719(mm)

STzt

Fig.5.43

Result (Efficiency, etc.)

| Sun rotational angle | 0.00
J
[X Ccentercross [ Reference circle

[X Basecircle [ Tipcicle [~ Root circle

[~ Validity circle(max TIF) [~ Valicty circle(min TIF}
[ Line of action(SUN-PLANET)

[ Operation line(PLANET-PLANET2)

[ Operation lne(PLANET2-RING)

[~ Operating pitch circle(SUN-PLANET)

[~ Operating Pitch circle(PLANET-PLAN

[~ Operation line(PLANET2-RING)

| Number of PLANET gear | 3

[ Drawing scale | 0.8752

Fig.5.44 Meshing of the tooth profile (2D)

A= 20.0000(mm){Sun

B=
C= 16.64
= 25,3333(mm)(Pla2-Ring)
= -6667(mm)(Pla-Pla2)
Deg-0 52.0290(deg)
Deg- 8

Fig.5.46 Configuration of the gear
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The design example of the planetary type (deceleration) nonuniform
layout is shown below. In the case of Fig. 5.51, the number of sun teeth is
15, the number of planet teeth is 21, and the number of internal gear teeth
is 57 under the condition of equal arrangement. If the number of internal
gear teeth is 56, it can be calculated by setting the unequal arrangement
shown in Fig. 5.51.

H 3D rendering of meshing gears EIE

B (E Gear dirmension nput ol e s
w3 _ Planetary gear type choics [ Plenetary(reducton) ]
T Kl v ~ Entry method of number of teeh
::w %J_ '_'_: {* Select by Design speed ratiofio] and number of planet gears[N2]
:m : : i~ Direct entry of number of teeth
sy woen ol 12 [¥ Auto change [da,df] by [xn] [¥ Auto change [xn2xn3] by [xn1]
@ ouben  C Reverne Description symbol|  unit SUNGEAR | PLANETGEAR | RING GEAR
(e Proee [ ewet cone | oraveng coromen | [ promns | ttem — — Input | output | Fix
R Rate of design speed (reduction) o — 5. 0000
Number of gears. N — 1 | E] | 1
Fig.5.47 Teeth rendering Humber of tzeth z [— [ = [ = [ s
Rate of actual speed (reduction) i % 4.80000
Speed ratio error Detta_i = -4.0000
= Stﬁﬂ]‘;‘ —— m:ng\’S)u it | SUNGEAR | PLANET GEAR | PLANETGEARZ RING GEAR | C SO Ko Aean | cea 0.
Sun input rotations n pm 1000.0000 | 2863.6364| 1594.4056 0.0000 545.4545 Direction of helix = = — | — | —
Rotational speedirelativity) nj pm 15454545 | 2318.1818 | 2139.8601 | 545.4545 Centre distance a mm 33.00000
Life repetiion frequency L [xwo00 [ 10000 15000 13846 3528 N p pren 1. 80000
Circular speed(relativity) V| ms 19421 1942 19421 19321 Addendum medification coefficient xn = 0.20724 0.14802 0.50328
Lﬁ::g:‘;xy = cu_eg e T | FaceWidth b mm 20.00000 20. 00000 20. 00000
Overload coefficient Ko | — 1.o000]  1.0000[  1.0000 1.0000 Wi 7 fsiesy n mm 00470 [ 0-0510 [ o-0e70 |L.]
Bending safety factor SF — 1.2000 Ball diameter dp mm 3.0000 3.0000 3. 0000
Pitting safety factor =H — 1-1500 Tip diameter da mm 31.34606 41.93287 100. 81181
ST TG = Yo with both 25 r2oziing =l Root diameter di mm 23.24606 33.83287 | 108.91181
Direction of gear rotation == postive oy - =
Profie modification == soesmtexecws  w || ossntexsous z‘ ossnt exec v ;;:lr?:;fs r: :: _D_'_E:D_DDD _D_'_D_E:DDD z: 2:::';
Roughness oftoot surface | Fmax [merem|  6-0000]  6:0000]  6.0000| 66000 meverse | L
Tooth contact condition in the load | — — Good - oK I Reverse I Clear I Close Consider input value(tooth thicness and clearance) |
L“[';;‘f,g,ﬂ;::’f;f;”‘ ?'; — -0 i;z;;l S oo I~ unequality poision of planet gear. You can enter an optional number of planet gear.

Fig.5.48 Gear strength (Bending) Fig.5.51 Equality position of planet gear

(st M" “",',,_,,' "MI” = ’m]- e 1 = The input screen with the number of internal gear teeth changed to 56
T e ) ) e T is shown in Figure 5.52. The module has mn = 1.5 as in Figure 551, so
Efective Face\Width L3 mm 15. 0000 A15. 0000 15. 0000 15. 0000 ) ) ) ; : .

Tt ot ne L= LR e L L the internal gear profile shift factor is slightly larger. The input screen
i p——n — e e e
e — e B e B with the number of internal gear teeth changed to 56 is shown in Figure
Dmension facior Hix - 1.0000 1. 0000 1. 0000 1, 0000 ) ) )
5 2 G S 5.52. The module has mn = 1.5 as in Figure 5.51, so the internal gear
Speed corection fader Ko
e e profile shift factor is slightly larger. Figures 5.53 to 5.55 show the
Matanal tactar L] — ——— —— s
1 Torce Fl N I 77T 78, N7 TR . 0146 THAT, R T dimension I’esultS.
Alnwable circumference foree Frim N 3549, 4064 3030. 0047 3095.6166 5037.96T6
Bending strength m - 1.2778 1.1122 1.1616 1,9251
Usndng streas. Sgral [ TA%. 104 TAE. SRAR ELTRTER EELETHE ﬂGear(ﬁmensim input \E/\E‘g

Fig.5.49 Gear strength (Pitting) " T |

~Entry method of number of teeh

" Select by Design speed ratiofio] and number of planet gears[N2] Z1,72.73 List

(& Direct entry of number of teeth

[V Auto change [dadf] by[xn] k2 Auto change [xn2xn3] by [xni]

Tooth profile data file output and sliding ratio graph, etc. are equal to

Description sympol| uni | SUNGEAR | PLANETGEAR | RING GEAR
1 ftem —_ — Input I Qutput I Fix
the baSIC SOﬂware Rate of design speed (reduction) io — 5.0000
Number of gears N = 1 [ 3 [ 1
Number of testh z = 15 [ =22 [ se
. - . Rate of actual speed (reduction) i % +.73353
5.14 Non-equality position of planet gear (Option) Specd o aror Do 1| —
Normal pressure angie Apan | deg 0. 00000
Helix angle Beta deg 0 °[ o [ o
Direction of helox — — e I — I —
Centre distance a mm 33.00000
Normal module mn mm 1.80000
‘Addendum modification coefficient | xn | — 5.z0724 014802 T.11125
FaceWidth b mm 20. 00000 20. 00000 20. 00000
Thinning for backasn T | mm | 0.0470 [m] 0.0510 ] 0.0670 [
Bal diameter o | mm =.0000 3.0000 3.0000
Tip diameter da mm 21.34606 41.93287 101. 20050
Root diameter df mm 23.24606 33.83287 109. 30050
Tip radius ra mm 0.00000 0. 00000 0. 00000
Root radius rf mm | - | 0.41250
Consider input valuetooth thicness and_ckarance) |
[¥ unequalty poision of planet gear, You can enter an optional number of planet gear.

Fig.5.52 Non-equality position of planet gear

Fig.5.50 Non-equality position of planet gear
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8 Gear dimension output [E=R[Em === [ The non- equality position [
Standard ]’ Thickness. T Pair meshing T Others. ] Number of gears. 3 - Al
Desciption symbol| unit | SUNGEAR | PLANETGEAR | RNGGEAR setangle 1 0.000000(0) -
Transverse pressure angle at | deg 20.000000 Setangle 2 Zreoneizs -
Base helix angle Betab | deg 0.000000 Setangle 3 233.309859(27) =
Transverse circular pitch Pbt | mm 5.3138 =
Mormal circular pitch Pon mm 5.3138
Lead Lead mm 0.0000 0.0000 0.0000
Base diameter db | mm 25.3717 35.5204 94,7210 I — A2
Reference pitch diamater d mm 27.0000 37.8000 100. 3000 A3 r
Minimum validity diameter (TIF) mm 25.3861 35.7367 101.2005
Waximum validity diameter dh mm 31.3461 41.9329 108. 3800
Addendum ha mm 2.1730 2.0664 -0.2003
Dedendum hf mm 1.8770 1.9836 4.2503
Wihole depth h [ mm 3.0500 3.0500 3.0500 narmow postion| | ok | [ Reset | [ Close |
Addendum modification xm | mm 0.3730 0.2664 2.0003
Normal profile shifted coefficient | xnc | — 0.1691 0.1066 1.1657 F|g556 Non'equality pOSition'l

Fig.5.53 Result (Gear dimension)

] The nen- equality position
ﬂGeardl'mensTun output E’E‘ Number of gears 3 -
Standard 1 Thickness | ipairmeshing | Others Gt 10.140845(2)
setangle 2 0.000000(0) B
Desciption symbol| unt| SUNGEAR | PLANETGEAR |  RING GEAR Setangle 3 5.070423(1) E
Operating transverse pressure | awt | deg 22.6897 26.2362 10.140845(2) b
Operating helbx angle botaw | deg 0.0000 ©.0000 ;E‘g;égﬁg;
Operating pitch diameter dw | mm | 275000 | 385000 39,6000 | 105.6000 25.352113(5)
Operating Facewidth bw | mm 20.0000 20.0000 B 30.422535(8) i
Clearance o |mm | 04105 | 04105 | ogess | 0eeaE 3s.40205807) [
Contact length oa mm 7.8176 7.9166
Near transverse contact ratio Kal — 0.8336 1.0400
Far transverse contact ratio Ka2 | — 0.7333 0.4498
i — 1.4335 1.4838
TTBHS‘;V::;;D:E:‘ e :: — 0.0000 0.0000 Default I ’m oK I Reset I Close I
Total contact ratio Ke | — 1.4335 1.4898 - - .
Siiding ratio at tip sipa | — | 07284 | 082007 01341 [ 05170 F|g557 N0n-equallty p05|t|0n'2
Sliding ratio at root sipf [ — [ 40172 | 26850 -10708 | -0.1548
Transverse backlash it [ mm 0.0380 0.1180
Backlash angle Sta [deg [ 04426 [ 03162 03807 | 0.1428
Total backlazh angle(input axis) | jSta’ | deg 0.9756 (Sun)
Waximum contact diameter da [mm | 313461 | 419329 | 419329 | 107.7984
Winimum contact diameter df [mm [ 255683 | 362134 [ 361018 [ 1012005

Fig.5.54 Result (Pair mashing)

B Gear dimension output =R E=H
Standard | Thickness | Parmeshing | ot

Rotate ratio |

sun | PaneT | RNG | caRrer
| 1.0000 | -0.3521 0.0000 | 0.2113

Efficiency I 0.3813

RING GEAR interference |

Description RING

Involute It doesn't

Trochoid It doesn't

Triming It doesn't R X .

Fig.5.58 Non-equality position of planet gear
Clearance(mm) I

Sun tip and Planet root 0.4105 (mm)
Planet tip and Sun root 0. 4105 (mn) B 2D figure of meshing gears [F=-JF=- ][] || [ 20 rendering of meshing gears
Flanet tip and Ring root 0.6838(mm) -
Ring tip and Planet root 0.6838(mm) Hou e ckY,

Fig. 5.55 Result (Efficiency, etc.) \

By clicking "Uneven layout setting” on the toolbar, Fig. 556 is
displayed. As for the indication of unequal arrangement, the [A1] gear in
Figure 5.56 is the reference gear. Also, since the unequal arrangement
angle can not be input arbitrarily, select from the angle table shown in [B]

of Fig. 5.57. There are 71 types of arrangement angles of planetary gears
in the example.

The arrangement is shown in Fig. 5.58 so that the tip circle of the [A2]
gear and [A3] gear does not come in contact with clicking the "minimum
arrangement" in Fig. 5.56.

Now, the tooth shape meshing in the case of selecting the second
10.1408 ° from the angle of "B" in Fig. 5.57 is shown in Fig. 5.59. An
enlarged view of [C] is shown in Fig. 5.60, and tooth rendering is shown
in Fig. 5.61.

Fig5.59 [C] in Fig.5.58 Fig.5.60 Tooth rendering

In addition, strength calculation, tooth profile data file output, etc. are

the same as the basic software. Calculation examples when the number
of planets is 5 are shown in Figure 5.62 to 5.64.

44 AMTEC INC. www.amtecinc.co.jp



e
[ Gear dimension input =] & = ﬂ Q.ItFH.It files E
Planetary gear type choice | Planetary(reduction) s

[ By mettiod of umber af tech _ Interpolation accuracy(micro-m) 1.0000
" Select by Design speed ratiofio] and number of planet gears{Nz]
& Direct entry of number of testh Partiticn of flank direction 21
¥ Auto change [da,df] by [xn] ¥ Auto change [xn2,xn3] by [xn1] _ .
D ipti bol it SUN GEAR | PLANET GEAR | RING GEAR UDE:I’EIII'II] ml}del
escription symbol un
o e O T " DXF(2D,30 Mesh)
Rate of design speed (reduction) io = 5.0000
Number of gears N — 1 [ 5 [ 1
Number of teeth z — 16 [ 24 [ s bt IL‘.S‘JI:ZD J[Dmh} Close
Rate of actual speed (reduction) i % 3.81250 '
Speed ratio error Detta_i — -23.7500
Normal pressure angle Alpa-n | deg 20.00000 — K;ES.Txt
Helbx angle Beta | deg 20 M E [ e "
)
Direction of helix = = RightHand | LeftHand | LeftHand + suN " PLANET (" RING ' RING2
Centre distance a mm 3300000
Normal module mn mm z.00000 = - - .
Addendum modification coefficient | xn = 0.24759 0.28296 0.23548 Flg 5.65 OUtpUt file Settlng
FaceWidth b mm 20. 00000 20. 00000 20.00000 —= w
Thinning for backiash n mm 0.0530 [ ] 0.0510 [ o.0es0 [L] r z
Ball diameter dp mm 4.0000 4.0000 4.0000 - — " —
Tip diameter da mm 39.15386 35.02490 93, 20000 - | < m
Root diameter df mm 30.15386 26.02430 102.02676 = 3 3 =
Tip radius ra mm 0.20000 0.20000 0.20000 i E a & H
Root radius rf mm || - || --—-— 0.41250 i 2 : : - :
Consider input value(tooth thicness and clearance) I ; : ; E
[V uneguality poision of planet gear. You can enter an optional number of planet gear. & '
Fig.5.62 Non-equality position of planet gear design ] 3 i

Fig.5.66 CAD (san gear) Fig.5.67 CAD (ring gear)

B The non- equality position (el
Number of gears 5 -
set angle 1 0.000000(0) -
=et angle 2 T0.818672(12) ~
=et angle 3 141.639344(24) B
=et angle 4 218.360656(37) ~
set angle 5 289.180328(48) ¥ |

| {Default Ilnarruw pusmnnl | 0K || Reset || Clnsel
Fig.5.63 Non-equality position-3

B Tooth Profile Rndering(3D mesh) | = |[ @ |(wt3w]

Fig.5.64 Tooth rendering
515 Tooth profile data file output

The tooth profile of the generated gear can be output as a file in Figure
5.65. Fig. 5.66 and Fig. 5.67 show CAD drawing examples.
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