[4] involute ASM (high-intensity gear design system)

Fig. 4.1 involute ASM (higa\:intensity gear/asymmetry gear)

41 Abstract

This software is design support software for asymmetric pressure
angle involute gear (hereinafter referred to as asymmetric gear). The
whole screen is shown in Figure 4.1. Asymmetrical gears can increase
tooth load capacity without changing gear size or material. Compared
with standard pressure angle, high pressure square teeth have lower
Hertz stress, smaller friction coefficient, smaller slip ratio, and lower
flash temperature.

4.2 Software structure

The configuration of involute ASM is shown in Table 4.1. "O™" in the
table is included in the basic software, "©" is optional.

Type of gear: involute gear, external and internal gear

Table4.1 software structure
Item

Structure

<1> Basic rack
<2> Gear dimension
<3> Inference
<4> Tooth creation drawing
<5> Meshing drawing
<6> Meshing rotation function
<7>Tooth profile (DXF file)
<8> Tooth profile rendering
<9> Gear accuracy
<10> Design data management
<11>JGMA6101,6102, JIGMA401,402
<12> Metal x plastic gear strength (JIS B 1759 )
<13> Bearing load
<14> Toath profile (3D-IGES file)
<15> Rotational transmission error
(Fourier analysis, Wow - flutter, CSV output)
<16> Tooth modification (involute, lead, bias)
<17> Contact pattern
<18> FEM Tooth Profile Analysis

OGO © |O|O[0|0]O[0|O|0[0]|0|0|0|0|0

4.3 Property (Basic rack, accuracy, strength)

Setup screen is shown in Fig.4.2~4.5.

+ gear combination : external x external, external x internal

« Basic rack : normal, low, special

+ tooth tip circle decision  : normal, equal clearance

+ There are two types of strength calculation standards for steel gears as
shown in Figure 4.5.
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* JGMA 401-02:1974, 402-02:1975
- JGMA 6101-02:2007, 6102-02:2009
In addition, the strength calculation standard of plastic gears
corresponds to JIS B 1759 (2013).

(4, Detuatt setng

| Dasic rock  Dimersion  Acoracy  Streeat
|
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@ Racomnend ) Full  (O5as ) Either

iSymbol Pinion |
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Left pressuns angle(ded]

Fioct R factor Faght) roft Baaic rack

Clamance (achn [] Achual demersion figure

(i3 - Standiard

Basic rack (asymmetry)
(==

Fig. 4.2

A, Default setting

Basic rack Dimension  fecuracy  Strength

Gear type
@ External % Bxternal () External % Internal

Determination of tip circle
@® Standard

Eoual clearance
Default value is set when sstting. O

Determination af profile shift coetficient and center distance
O determine center distance from xn
O determine xn from center distance
(@) determine center distance no relation to xn
ok

Cancel Standard

Fig. 4.3 Dimension

==

Basic rack Dimension Accuracy  Strength

4, Default setting

Kindz of accuracy

(D) JIS B 1702019761 JGMA 116-02(1085)
(® JIS B 1702-1(1998) JIS B 1702-2(1998)
(O JIS B 1702-3(2008)

o]8 Cancel Standard

Fig. 44 Accuracy

=

ﬂ, Default setting

Bagic rack Dimension  Accuracy Strength

Kinds of strength calculation
(®) Steel gear streneth caleulation @) JGMAGTN1-026102-02
() JGMALDI-01,402-01

Unit type

(® Sl unit

) mks unit
() Plastic gear strength calculation{JIS B 175%:2013)

Fig.4.5 Strength

Gancel Standard

4.4 Gear dimension
The gear dimensions calculate the dimensions, contact ratio, sliding
ratio, tooth thickness, etc.. The contact ratio of the undercut-generated
gear is calculated based on the True Involute form (TIF) diameter. Also,
if the tip is rounded, the contact ratio is calculated taking into account the
tipR.
(1) The relationship between center distance and dislocation coefficient is
the following three types.
(1.2) The profile shift factor is given to the pinion and gear to determine
the center distance.
(1.2) A profile shift factor is given to each gear based on the center
distance.
(1.3) The center distance is arbitrarily determined ignoring the profile
shift factor.
(2) There are 4 types of setting method of profile shift factor as follows.
(2.2) Input the profile shift factor directly to each gear.
(2.2) Input the over pin size and determine the profile shift factor.
However, in the case of asymmetric gear, it is not possible to the span
measurement.
(2.3) The arc tooth thickness is input to determine the profile shift factor.
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Fig. 4.6 shows the gear specification setting screen.

Fig. 4.8 shows the dimension result screen when the tooth tip R is set
t0 0.2 (C surface is also possible) with the chamfering setting shown in
Fig. 4.7.

A, Gear setting =l = ]
[ ten  [ormol o ]| Pmon |
Module e mm 3.00000
Humber of teeth : = 20 | 40
Pressure anele(left/right) cn | deg | a0.0000 [ 17.0000 | &n.0oo0 [ 17.0000
Helix angle 8 deg s [0 [ nw |"m
Helix direction - - Right hand e Lett hand
Reference diameter d mm E9.28203 13856408
Base diameterileft/rieht] db mm 67.6461 | E5.3305 | 115.2923 | 130.6610
Ihput type of tooth thickness | ——— —--= | Profile shitt coefficie « |Profile shift coefficie ~
Profile shift coefficient N - 0.50000 L
Measurement ball diameter dp mm 5.311 c‘,cu?:,”tg'cﬂmfﬁ;kms
Over ball distance dm mm 79.52664 146, 13031
Gircular tooth thickness Sn mm £.03701 4.71239
Genter distance 3 mm 105.60000
Taath thinhine for backlash frn [ul] 0.00000 0.00000
Face width b mm 40.00000 40.00000
Tip diameter da [ul] 78.48203 145 TB406
Root diameter df mm E3.5820% 129.88406
Basic rack root R{left/ight) rf mm 0.6600 | 0.6600 0.EE00 I 0.EE00
oK Catice| Chamfering Clear
Fig. 4.6 Gear dimensions
A, Chamfering setting (=R o=
i ot e e s e
Chamfering - — Rounding ~
T R 13 mm [ 0200 | 0200 [ o200 | 02w |
Chamfer(radius direction) ch mm
Chamfer(circumference direction) | cB mm
Gancel Glear
Fig. 4.7 Chamfering setting
A, Result of dimension o & )
— [ G [ G |
R P e
Traneverse module mt mm 2.46410
Transverse pressure angle at deg 33.6901 19,4444 33.8901 19.4444
Effective face width b mm 40.0000
Lead pz mmm 76,9911 753.9822
Profile shift amount Hm mm 1.50000 a.na000
Addendun ha mm 5. 1000 a.8000
Dedendun hf i 2.8500 4.3500
Tooth depth h mm 7.9500 7.9500
Clearance o mm 0.3270 0.9270
Contact diameter(tip} dea mm 79.3564 79.8076 145.6079 145. 5405
Cortact diameter(root) def mm BE.0783 £6.9392 13%.1944 124.9449
Base cylindical helix angle b deg 25.6583 28.5648 25.6589 28,5648
Transwerse contact pressure angle S deg 35.0814 21.8763 35.0314 21.8763
Contact pitch diameter dw mmm 70.4000 140. 8000
Transwerse pitch pht mm 9.0850 10.2621 9. 0850 10.2621
Mormal pitch phn mm 8.1821 4.0130 8. 1621 a.0130
Contact leneth ea mm 11.1180 16,1877 11,1180 15,1877
Trangverse contact ratio -3 - 1.2279 1.4800 1.2279 1.4800
Overlap contact ratia &8 = P bR
Total contact ratio £ - §.3500 §.8020 3.3500 §.6020
Lowest point contact ratio sal -— 0.7800 0.9126 0.7800 0.9126
Highest point contact ratio saH - 0.4473 0.5674 0.4479 0.5674
Sliding ratio(tip) =E] - 0.3871 0.8243 0.2702 0.5443
Slidine ratiolraot) ob - -0.3703 -1.1974 -0.6315 -1.6659
Ower hall distance dm’ mm 79.5268 146. 1303
Mormal circular tooth thickness e mm B.0370 4.7124
Trangverse circular tooth thickness st mm B.9703 6.4414
Ghordal height hj mm 5.2123 a.5300
Chordal tooth thickness(Reference) 5j mm 6.0327 47119
Addendum factor of basic rack. hao - 1.2000 1.2000
Dedendum factor of bazic rack hio -— 1.4500 1.4500
Backlash it mm 0.2402
Transverse backlash jtn mm 0.1887 0.2229 0. 1367 0.2228

Fig. 48 Gear dimension result
4.6 Tooth profile

Tooth profile calculation can give division numbers to each tooth
profile as shown in Figure 4.9. Then calculate the left and right tooth
profile with "Tooth profile calculation” and show the tooth profile as
shown in Fig. 4.10. The functions related to tooth shape are tooth profile
information (Fig. 4.11), tooth shape creation (Fig. 4.12), zoom and
distance measurement (Fig. 4.13), and R measurement (Fig. 4.14) as
shown in the supplementary form. In addition, there are functions to
display and rotate diameter, modification tooth profile, action line, tip
width, odd tooth Y measurement.
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4, Tooth profile calculation

=] ==

| ltem(Division No) [Symbol | _Pinion | _Gear |
30 30

Fillet area wuf
Ihvolute area wui 50 50
Chamfer area WL 15 15
Tip circle area wut 10 10
Tooth flank hul 18 18
Cancel Clear

Fig. 4.9 Tooth profile computation specification

A, 2D taath profle figure (=N EE ] |

1
& support form

Fig. 4.10 Meshing drawing

[0 [ECD
) | B0 | RE0IM | 10006 | Ta2eas

'.h.ll -'!:l:-'{ 'l'.:)a-'! ll‘.\:l&‘; !
Fig. 4.11 Tooth profile information ~ Fig. 4.12  Generation profile
4 fa . :
[Dotince bt 2o 3¢ l |: Rme .-,‘.,:'.._,.I' X
e

Fig. 4.13 Distance measurement Fig. 414 R- measurement
4.7 Teeth profile rendering

The mesh of the 3D tooth profile can be drawn as shown in Figure
4.15, and the contact line can be observed at the mesh. In addition, the
direction of the tooth profile can be freely changed by the auxiliary foam,
and enlargement, reduction and rotation display of the gear can be
displayed.

A, Rendering (=] ==

Fig. 4.15 Tooth profile rendering & support form

4.8 Gear accuracy

Figures 4.16 and 4.17 show tolerances for errors according to the new
JIS gear accuracy standards JIS B 1702-1: 1998 and JIS B 1702-2: 1998.
In addition, it is possible to switch between the new JIS and the old JIS
by the settings shown in Figure 4.4. There are the following five types of
gear accuracy standards.
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+ JIS B 1702-1:1998, JIS B 1702-2:1998, JIS B 1702-3:2008
+ JISB 1702:1976
+ JGMA 116-02:1983
[ by - T

Fig.4.16 JIS B 1702-1-2 setting

Fig. 417 Accuracy tolerance

4.9 Gear strength calculation (steel)

The gear strength calculation has " JGMA6101-02:2007" and "
JGMA 6102-02:2009" based on " 1SO6336:2006" as shown in Fig. 4.5.
In addition, there are two types of "JGMA401-01: 1974" and "402-01:
1975". Fig. 4.18 shows the setting screen of strength calculation. In this
example, the high-pressure angle side is used as the acting tooth surface,
but it is also possible to calculate the strength with the low-pressure angle
side as the acting tooth surface. The selection of materials displays a
selection form of the materials adapted to "material” and “heat treatment"
as shown in Figure 4.19. Fig. 4.20 shows the setting screen for the
coefficient related to bending, Fig. 4.21 shows the screen for setting the
coefficient related to surface pressure, and Fig. 4.22 shows the strength
calculation results.

Note that " " in the screen is an auxiliary function that allows you to
perform numerical conversion, various coefficients, and coefficient
selection.

e SMAGTaT-02, JoViA ele =]

Power JGAME101-6102  Material JGMAGT01-6102 Bending JGMABIDI-02  Pitting JGMaB" ¢ [ *

[ wen Jombo| Unt | Pmon | Gewr |
Caloulation face width b mm 40,000 40,000
Tooth profile factor YE | — 1,723 [EE]
Stress correstion factor ¥8a | - .08 1878
Tatal tooth profile factor YFs — ECL 3.505  |m
Gontact ratio factor Ve | — 0.746
Helix angle factor ve | — 0.750
Life factor YN — 0.47 [ 0976 |m
Siee faotor x = 101z M| 012 W
Application factor KA | — 1.000 L]
Dynamic factor kv | — 1,088 L
Dynamic fastor | - 1.088 L]
Face load factor K8 | — 1,000 Ll
Operating condition factor BT | — oo | 000 M
Material safety factor SFM | — 1,000 T.000
Cancel Clear
Fig. 4.18 Strength calculation (Power setup)
A, Strength calculation[IGMAST-02 KGMAGIZ-02] = =
Power JGAMSI01-6162 Malerial JAMAGIUI-5102  Derling JGMAG101-02 Pitting JGMAG * |+
““ = T =
Chass Carburied od querched gesr o |abrond ored gquerched geer
Kird Allgy sies| | Aoy leel -
Symbal SOMATEH o [SCMATEH = | ‘
Allowable bending stess aflm | MPa | 491.0 431,10 5
Allowsble pitting shess rHiim | MPa 11300 1120.0 | Jn
Gure hardness —  hv [ i | : :;|
Surlace hardess ([ S0l 560 an | O
Moduhis of ehiaticity E MPa 06000.0 | 206000.0 || 5
Fussun's ratio v - | 0.50 U.50 ’“i=
ok Corne Cler S T
Fig. 4.19 Strength calculation (material)
A Srength d
Power JRAMEIDI-610)  Materisl JGMASIDI-610) Berdrg JGMAS
Calculation face width
Tooth profile factor ¥F =
Sresa camection facee V54 " v
Tenal 1o pretie foctor Fs .
[+ s Y Cear
ot atan Eacin Yo
= 1 Miodulus of ] Wiodulus of
I‘elllr(a\Te;ulu :‘ = ) %] T ety £yup,| Ml fiivii Aol
ot — H el FoE B Z0E00E
ST Jacdkx i e (T e 202000 Cast steal 202000
Poplication Factor EA = 1 1.0 Duetide wan 17zm00 Dhaetile wan 178008
Tymanic fackr K | — 120 Ty oot irem 118000 Ty ot iom 116000
Dynanic factor W 1.9 Paissor's ratio LR}
Face o for i = o
et L Y Elasticity tactor ZE [ MEa 188.8
Cperating condition Iackr [ L0 |m g T e T TR o ool
Mareriad saioty Toctr T Tl T {AMterdinn) Steel i Carbon, Alloyed, Mitriding, Stainkess stend
ok we T T

Fig. 4.20 Strength calculation (for bending factor)

A, Sarevgth ealeulation NGNS HT-02 | KGMAK107-00]
Materal JGMABID1-6102 Bendrg JAMALI1-07 Pritng JOMASIN-02

Erfective face midth ]
Zone factor ZH
Cotcal il permt faclie e
Matarial constant tuctor ZE
Comlnch rates lochor iz
Helix anele factor za
Ludricant (ncter 7
Lubricant wpeed facor Ty
Pioughess factor 2R
Dimeraion tactor o
Hardreses ratia faclor n
Litn fachie 2N
Application facsor KA
yrame: Lnctor [
Dyramic fector (3
Face koad distriution eur | KHA
Face koad diriution facte | KHA
K
x| CHa

Heﬂenal safaty factor Shnin

Fig. 4.21 Strength calculation (for pitting factor)

4, EEEZGMA6101-02,JGMA6102-02] [E=Nch =

A BUa 002 @) | BE Finion Gear

oF | WP 243373 242120

aFF | WPa £38.568 639,556

SF 2.561 7.637

Ftlin N 36985.321 38108597
A BlIGHE102-02 E) | 25 | B Pinion Gear

BT aH WPa 83,512 483,512

F ol | WP 2040.095 2040095

SH 2.308 7,503

Felin N 77032.430 77032, 490

Flg 4.22  Strength calculation result

4.9a Tooth profile factor

The method of calculating the dangerous section tooth thickness when
determining the tooth profile factor of a symmetrical tooth gear is defined
in each standard, but the dangerous section tooth thickness of the
asymmetric tooth gear is not defined. In this software, as shown in Fig.
4.23 and Fig. 4.24, the dangerous section distance on the high-pressure
angle side is doubled to be the dangerous section tooth thickness. The
load position can be selected from the tip and "HPSTC".

35.100°
i
Y '
1 A0 40964
B s5e—8.1928

(mn=3, z=40, a=30°, =0°, x=0)
Fig. 4.23 Tooth thickness at critical section (Ex. at Tip load)

Total tooth profile factor(Pinion) | v

Tip dia metar(slandard) “

Load position | Tip diameter(standard)

— Effective inv
Pinion cutter | Critical load dlameter(HPSTC)

IR S 77 T
Protuberance
Toath profile factar YF === 1.7288
Etress correction factor 5a = 2.0a80
Total tooth profile factor TF= == 3.6037
Dengerous section tooth thickness | SFn mm g.6107
Dengerous section tooth depth hFa mm 7.9248
Load anele <tFan | dee 38.9041
Gorvergence angle ] deg 397746
Load diameter dk mm 79,4820
QK Apply Sancel

The load position can choose at tip or HPSTC.
Fig. 4.24 Tooth form factor
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410 Gear strength calculation (plastic gear)

The strength of plastic gears can be calculated by selecting JIS B 1759
(2013) in Fig. 4.5. Although JIS B 1759 “Method for evaluating bending
strength of plastic cylindrical gears” is not applied to asymmetrical tooth
gears, the tooth form factor is calculated as shown in Figure 4.23. The
allowable bending stress of plastic material is based on the gear operation
test, and the allowable bending stress of POM is determined to be 80.0
[MPa] from the experimental results of various places. Then, the bending
stress at the tooth is compared with the allowable bending stress at the
tooth taking into consideration various factors (such as shape factor of
the base, life factor, temperature coefficient of the atmosphere, etc.).
Please see the standard for details. An example of strength calculation of
plastic gears is shown in Figure 4.25 t0 4.29.

[, Gearseting ==
Symbo] unit | Piion |
Module mn | mm 1.00000
Mumber of teeth z = 18 | 30
Fressure anele(left/righ) | an | dee | 30.0000 | 17.0000 | §0.0000 | 17.0000
Helix angle # dee aw [0 [ nm [Ym
Helix direstion = [= Righthsnd  + Lsft hand
Referance dismeter d mm 17.02604 31.92533
Base dismeterlleft/rieht! | db | mm | 145074 | 16.1314 | 27.2014 | 30.3583
Input type of tooth thickness | —— | -— | Profile shift coefficie | Prafile shift caefficie «
Frofile shift coefficient | = 0.20000 0.00000
Measurement ball diameter | dp | mm 1.738 1764
Over ball distance dm | mm 1.93303 34.48159
Gircular tooth thickness s | mm 1.74741 1.57080
Center distance a mm 24.80000
Tooth thinnine for backlash | fn | mm 0.00000 0.00000
Face width b mm 10.00000 1000000
Tip diameter da | mm 19.52634 34.32683
Foot diameter & [ mm 1452654 2902583
Basic rack root Rileft/ieht) | rf mm 0.220 [ 0.220 0.220 [ 0220
Gancel Ghamfering || Clear
Fig. 4.25 Gear dimensions
A, Bending strength of plastic cylinder gear JIS B 1756:2013 =l = =
Torque input mode Torquerotational speed input meds
@ Torque—poner O Pamer—toraue @ Pinion O Gear
Evaluation tooth face — COWleft face contact cn=300000d
Miater ial == = POM > FOM v
Transmission power P [ 1047120
Toraue T Hem T.0000 (B[ 1.4750 [
Retational speed n st | 1000. 0000
Tangential load Furt N 1158274
Tangertial velocity o mis 0.9033
Transverss contact pressure anele | awt | dee 5276441
Transverse contact ratio ca | — 1.3363
Number of contact N = 3339353 5333383
Rim thickness R mm 5.0000 5.0000
Allowable bending stress aFlim | MPa 81018 81018
Tool tip Reft) 12200 0.2200 |l
Tool tip Riright) ol mm 0.2200 0.2200 |
Tooth root shaps factor i = [ o0 |m
Life factor YHT = .77 || .52 |
Ervironment temperature factor | 8 = 1.000 L]
Temperatur rising factor VA = 0,848 ]
Lubricant factor L = 1,190 L]
Mating gear factor M — 1650
Minimum safety factor SFmin [ -—- 1000
Gancel Clear

Fig. 4.26 Strength calculation (Power setup)

A\ Result of bending strength of plasiis clinder gear 5 B 1752213 R
Bending | Equivalent spr grar Factor
Hymbal Uit Pinion
aF | MR .14
¥F = 1.7k
E [ wm 0.7
" & - 1,880
Pueilory anglelFor toath thicknes W[ e -0.360
{Gere ating e of rinch, tookarion cutterFoot denemrous vectin keatked | ¢ | .15
Testh thickress of root dengerous gecton 5Fn mn 2,218
fem lergth of banding mamsnt bFs | nm 1462
oot oot R &F men 0.488
Basa clinder helix angle ab | e
Fig.4.27 Strength calculation result
A, fiest ol bending strength of plastic cheler gear 15 8 17982013 o ]
B [Lauivalent apur eear | Foctor
Bem{ Equivalent spar goar) Symbol Unit  Pinion Gear
Muster of toath m == 18.EE43 24388
Trinvarse conti e ean 147
Feterence dumeter @& me 18,6643 34.9mE
e Fim | me T
Baze din &n | mn 8. 130 10,3071
T damator dan mn .48 7.3
Diameter of th crcle passing tinieh the outer pentione 10oh nechind asal | 0 | ma 19,0851 35.4758
Freasure angle of the outer ponsOre ooth mevhing ares) “en dee ELRLE LM .08
Argle of the cuter pord{Ons tooth nechirg s Te deg 1517 1. kb5t
Working angle o #e outer panticine toath meshing area) afen | dex 42,5088 a0.9598

Fig. 4.28 Virtual spur gear
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A, Result of bending strength of plastic clinder gear IS B 17592013 [ = | = [
Bending  Equivalent spur esar | FaGior |
Ttem{Factor) Symbol | Unit Pinion Gear
Stress correction factor e - 1.921 1.833
Ratio of arm length{SFn/hFe) L - 1.614 1.538
RatiolsFn/ o F) as - 2.385 2.394
Helix angle factor e - 0.833
Rim thickness factor Y8 | - 1.000 1.000
Back up ratio BR | -— 1.867 1.887
Allonable bending stress oFF | MPa 45,280 48,588
Safety factor for bending strength | SF | -— 1.359 1.53
Safety judgment — [ = | SF>%nin | SF>SFuin
Fig. 4.29 Factors

411 Bearing load

Calculate the load acting on the gear and the load acting on the bearing.
The load type calculates 20 types of load acting on each bearing, such as
tangential force and normal force. The calculation result is shown in
Figure 4.30.

4.12 Tooth surface modification (tooth profile, lead, bias)

An example of tooth surface modification is shown in Figure 4.31. In
order to obtain this tooth profile, tooth shape correction can also be given
by numerical input as shown in Fig. 4.32. However, it is also possible to
input numerical values to the patterned tooth profile as shown on the
right. Similarly, lead modification can also be set as shown in Figure 4.33.
This tooth profile modification and lead modification can be expressed as
shown in Figure 4.34. And if it copies to the opposite tooth side, it will
become the same tooth profile of the right and left tooth surface, and if it
is combined, it can be displayed as Figure 4.31.

In the combo box at the top of the screen in Fig. 4.34, you can select
"Tooth profile”, "Lead" and "Tooth profile and Lead". Also, the direction
of the tooth profile can be specified by the action line or gear diameter.
And, the magnification of tooth profile modification can be set up to
maximum 1000 times.

.=."5.E-

aTIONIDE

Fig. 4.31 Tooth surface modification (topo graph)
4T f o E
| &, Tocth profie modification{ e %
17,8047 (II:‘
] 12,6980 | wa
0 =
" I Tip Side e Rost Side 1
[ X} 2
:‘ 0.0 | aw 9.8 [ am
i3 & male 564 (R3] ¥ axls acale 500
o [ e | Char

Fig. 4.32 Tooth profile modification
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o x

=¥ Local Wedif il iom
face vidth  valuo aw
(X1 .0 | A Toath flank modification|Ar) w
$.0100 1.4
10,0100 15
TP S| 0000 (E)] . [ #0607 | -
= - e 1.1 I
30,0000 1.5 x
3.0000 1.4 6.0 ] um 6.0 ] in
i 4z 1e0 X
Koaxi male SLE (8] ¥ In 500 CE G

Gareel e

Fig. 4.33 Lead modification

I ———

A, Gear modification(Pinion) — [m] x
Modification Profile, flank  ~| Toothprafile | Line of action
Division number of teoth prafile | 1 v Scale | 500
=7 =)
] B 13

X a4z soale =320 () L Y ans rosle =500 X aus foale =29 (40 Yads sosle =500

=7 =7

TOR |

JB0TTOM | TOF| | EOTTOM

X wissoale =08 (+)  Yasds sosle =500

ok

Xosiz soale s0A (+)  Yadssesle =500

Cancel

Fig. 4.34 Tooth profile & lead modification, topo graph

Topograph

The tooth profile which has been given tooth surface modification can
be set by the tooth profile calculation specifications in Fig. 4.35. The
tooth profile calculation conditions set here are valid for the tooth shape
shown in Figures 4.10 to 4.14. And this tooth profile can be displayed as
shown in Figure 4.36 because it can be superimposed in the rendering in
Figure 4.14. Here, the tooth surface is adjusted on the pinion, so the
yellow tooth surface appears in the red tooth surface in the figure (the
gear is uncorrected).

[=] = [

ﬂ, Tooth profile calculation

hom{Division No) [Symboi] Pinion | _Goar |
wuf an a0

Fillet area
Involute area vui 50 50
GChamfer area ur 16 16
Tip circle area wut 10 10
Tooth flank hul 1% 1%
Cancel Clear
Fig. 4.35 Tooth profile calculation

4, Rendering

= ][5 ]

% am Herale fnge
s Fetale fegie
£ wos Fotae Frae |

itialze

Fig.4.36 Tooth rendering (tooth modification)

4.13 Tooth surface contact

Tooth contact condition can be set in Fig. 4.37 and tooth contact can
be confirmed. Here, the tooth contact is shown in Figure 4.38 and Figure
4.39 when the contact clearance is 2.0 pm with the parallelism error and
the misalignment error as 0.

A, Teeth contact setting (][ ]
C en  Tomlum] vk |
Genter distance a mm 105. 6000
Parallelism error P deg 0.00000
Discrepancy error di deg 0.00000
Lead divizion number hul - 13
Tooth profile interpolation accuracy ac Hm 0.0
Division Mo. of rotation(per 1 pitch) | urP - 50
Gontact mazimum clearance [ Hm 3.0
Rotational direction
@ BOTHiboth faces) () oW left face) (O CWlright face)
Cancel Glear

Fig.4.37 Contact analysis setting
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A Tecth comtact

K axiz Rotate Anele

¥ axis Rotate Angle

Z axiz Rotate Anele
Scaling

[80 ] dee
[0 dee
([

A A A A
L]

Speculer Power %
@ Pinion (O Gear A Top Side Marker [ Iformation
Back Golor nitialze
Fig.4.38 Contact pattern (pinion)
A oo contact [EERECE
X axis Ratate Angle | 60 || dee < >
¥ axis Rotate Angle | 0 ]| deg < >
Z axis Rotate Angle | 0 || dee < >
Scaling (] & < >
Speculer Paner E < >
O Pinion @ Gear [ Top Side Marker Information
Back Galer nitialize
1916

Fig.4.39 Contact pattern (gear)

4.14 Transmission error

In transmission error analysis, it is possible to perform no-load
transmission error analysis with the tooth profile given in Fig. 4.31. Axis
deflection and rotational speed can be set with the transmission error
setting in Figure 4.40, and 2D analysis or 3D analysis can be performed.
Also, the pitch error can be set to the maximum value or the pitch error
of all teeth as shown in Figure 4.41.

Transmission error analysis results,[ Gsv File | (rotation unevenness)
and Fourier analysis results are shown in Figures 4.42 to 4.44. You can
also hear [Noise] at |v onur= (3| in Figure 4.42. Transmission error
analysis, wow flutter, and Fourier analysis results can be output to a CSV
file as shown in Figure 4.45 using in the lower left of
Figure 4.42.

This software is a no-load transmission error analysis. Please use [22]
CT-FEM ASM for stress analysis, transmission error analysis and flash
temperature analysis corresponding to load and axial angle error.
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Fig. 440 Transmission analysis setting
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Fig. 4.41 Pitch error setting

AMTEC INC. www.amtecinc.co.jp



' T ) . [ R

Wi | . =

Fig.4.44 Fourier analysis Fig.4.45 csv file example

4.15 Tooth profile output

The generated tooth profile can be output in the tooth profile file
format shown in Figure 4.46. In the case of 3D-IGES, output is as shown
in Figure 4.47.

In the coordinate correction setting shown in Fig. 4.48, it is possible to
output the tooth profile in consideration of use for the mold. As an
example, Fig. 4.49 shows a tooth profile (2D) considering a module
contraction rate of 20/1000. In addition, tooth profile coordinate values
can be output as a text file by "TXT 2D" at the bottom of Fig. 4.46.

4, T prtte cutput =

File tarmat Coordnate comection setre

Cupt protie % Fron 00 Oer

O b 10

21 o a0

& 105 10

OITENT 30 [ dont sl i cicte cocdste

Ourpest . Ciait

Fig.4.46 Toath file format
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“ Fig.4.49 D safnple

Fig.4.48 Coordinate correction setub

416 Calculation example of internal gear

The internal gear can be calculated by selecting “External gear x
internal gear” in the settings in Figure 4.3. Examples of gear
specifications, dimensions, meshing diagrams, tooth profile rendering,
and tooth contact are shown in Figures 4.50 to 4.53. The pinion shown in
Fig. 4.52 has the same gear face modification as in Fig. 4.31. In addition,
strength calculation, transmission error analysis, tooth profile output, etc.
are the same as “external gear x external gear”.

" Geae seting o b
TS ] T T T
Modale | mm 300000
Fumber of testh ] [E] 55
Pressire angleleft/tight] | an | dog | A0.0000 | 170000 | .0000 | 17.0000
Helix angle 4 [ dee | w['[ 0 [ em |'®m
Helix dusction Ruhl hard | Faghl hared

1700208
A4.EBEE | BE.433E | 146.E743  162.BRTS

Rederence dismeter d mm &.3750
Eaan dismater(lett/rght) dn mm

Fpuat type of toalh heckness | — —  Pralile shalt conliicie ~ | Frolike shill conflar

Predile shift cosfficiera W #.30000 0. 30000
do mm §.338 B.201
£ mm 4510832 1R5. 05351
S | mm | smone | seme |
Conter distarce a mm £5.00000
Toolh thawie for backlssh | In | mm | G000 | 0.0m00 |
Tace width b mm | es.0000 | 25,0000
Tip diameter da mm 4767677 167 267
Fout dumeter dl mm 00007 179, 20057
Dasic rack root Adkfufieht) | f | mm | T.0000 | 1.0000 | 10000 | 1.6000 |
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Fig. 450 Gear dimensions (internal gear)
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Fig. 451 Meshing drawing Fig.4.52 Tooth profile rendering
4, Teeth contact . =E = A, Teuth contact (e

() pinion
Fig.4.53 Contact pattern

(b) gear

417 FEM tooth profile stress analysis (option)

Examples of FEM analysis are shown in Figure 4.54 and Figure 4.55.
The setting method is the same as [1]involute £ iii (spur and helical
gear design system).

A S 1l P

==

Fig.455 FEM (3D), dm

418 Other

The printing function, [HELP] function, and saving / reading of design
data are the same as [1]involute X iii (spur and helical gear design
system).

Please use [22] CT-FEM ASM for the analysis of 3D stress, tooth
surface stress, flash temperature etc. of asymmetric gear.
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