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Fig. 4.1 involuteX Worm and Helical Gear Design System

4.1 Introduction

The involuteX Worm and Helical Gear Design System is a complete
design system for worm and helical gear sets.
4.2. Software Features

Table 4.1 shows the available software features.

Table 4.1. Software Features

Item Page Applicable

<1> Basic Rack Setting 18 O
<2> Worm Tooth Profile (Type 1) 18 O
<3> Worm Tooth Profile (Type 3,4) 18 ©
<4> Gear Dimension 18 O
<5> Gear Meshing Drawing 18 O
<6> Tooth Profile Rendering (Image Display) 19 ©
<7> Tooth Profile Rendering (Mounting Error 19 ©
Adjustment)

<8> Helical Gear Specification Correction 19 ©
<9> Tooth Profile Data File Output (2D-DXF, 20 O
3D-DXF)

<10> Tooth Profile Data File Output (3D-IGES) 20 ©
<11> Strength Calculation (POM) 18 O
<12> 2D-FEM Tooth Profile Stress Analysis 19 ©
<13> Transmission Error Analysis 19 ©
<14> Fourier Analysis 20 ©
<15> Sliding Speed and Hertzian Stress Graphs 20 ©
<16> Design Data Management - O
<17> Tooth Profile Modification 18 ©
<18> Strength Calculation (Polyamide) 18 ©
<19> Tooth Contact Analysis 20 ©

O (Supported as standard)

© (Optional)

4.3 Basic Rack Setting
Fig. 4.2 shows the Basic
rack initial dimension setting

Initialize dimension,
Basic rack
" Standard " Stub {+ Either
Addendum factor hac 1.000 | =mn
Dedendum factar hfc 1.250 [xmn
Ract racius factor Re 0.300 | =mn
Clearance factor ckc 0.250 [xmn

| TvrE 2 - |[Grinding stone diameter | 100.0000

[Heiical gear root | Filler curve connecrion -|
Cancel

screen. For the worm type,
Type 1, 3, or 4 can be selected.

Bazic Rack

Wiarm type

[ Tooth surface thinning factor limit

Fig.4.2 Basic Rack Initial Dimension

Setting

4.4 Gear Dimension Setting

The user can specify the module, number of starts, number of teeth,
pressure angle, and reference tip diameter to calculate the gear dimensions.
The center distance and tooth surface thinning factor can be specified as
desired. Fig. 4.3 shows the gear dimension setting screen and Fig. 4.4
shows the calculated gear dimensions. The Tooth profile modification
screen shown in Fig. 4.4 enables the user to modify the tooth profile of the

‘worm.
Dimensions E
Description Symbol | Unit Worm Helical gear
I Mociule [Twn [Tom | 1.00000
[ Fressure angle [Caiphan [ deg | 15.00000
[ Humber of threds /teeth [z | — 2 [ 31
[ Reference diameter [ [wm [ to.oooo [ 31.83m2
[ Addencum modification cosfficient | Kn2 | — |  ———- [ 0.00000
[ Lead angle /Helix angle [ Gamma | deg i " [3z t[iE.os ¢
[ Direction af helix [ = = || rRight hand
[ Tip diameter [Tda [om | 12.0000 | 33.6392
[ Raot diameter [at [mm | 7.5000 | 29.1392
[ Certre distance [a [om | 20.81960
[ Cleatance [ o mm | 0.2500 | [ = Worm tooth modify items x
[ Face width [ [om | 15.0000 | e e e
[ Thinning tor backlash [Tm mm | 0.40000 | 0. off oty vake 55308
[ Tocthsurfacethinning factor | X |~ | —0. 41411 | 0.3 MACTE
[ Measureing ball diameter [Ten [em | 1.7000 1.3
[ Tip radius [ om | 0.2000 | 0.9 L 7\
[ Roct radius [ [ | o.zoog | - < / \\
Iv wiorm taath modification Ok ,Wl / \

Fig. 4.3 Gear Dimension Settings — —
Fig. 4.4 Tooth Profile

Modification
Dimensions
Description Symibol Lnit Worm Helical gear
Axial madule | ome [ omm | 1.04855
Aial pressure angle | aiphax | deg | 15,6931

Pitch diameter | aw [ omm 6.6500 | 3z.5043

Base diameter [ [ mm [ - [ 31,2833
Theotitical certre distance [ e [ mm |
Addendum [ ha [ mm |
Dedendum | hr [ mm |
Tocth depth [ n [mm |
Lead [z [ mm |
Axial ptch [ [ mm |
Diametral quotiert | a =
Chordal addendum [ Hi [mm |
Theotitical chordal toath thickness =R
Chordal tooth thickness [ s [ mm |
Mumber of teeth spanned | | -
Theorttical base tangent length [ v [ mm |
Eiase tangert lenath [ w [ mm |
Theoritical dimension over three pins(Pin-Tipy | dho [ mm |
Dimension over three pins | o | mm
Theorttical ower kall diameter [“ame [ mm |
Over ball dismeter [ em [ mm |
Transverse cortact ratio | Epstipha | —~ |

il backlash (reference) | Bx | mm | 0.03483

Fig. 4.5 Calculated Worm Gear Dimensions

4.5 Tooth Profile Drawing
Fig. 4.6 shows the cross-sectional tooth profiles of the worm and the
helical gear meshed at the axial center of the worm.

Contacting

Fig. 4.6 Gear Meshing Drawing

4.6 Strength Calculation

Fig. 4.7 shows the strength setting screen. For helical gears (resin), the
System calculates the strength based on the Lewis formula. The stress
values are experimental values taking into account the temperature and life
cycle of the material. Fig. 4.8 shows the result of the strength calculation.
The available material options for helical gears are M90-44, KT-20, GH-25,
and Nylon.



Description Symbol Uit Wiorm Helical gear
Material Tructural stee | Tstesl
ame of mateial WPa casC Tructural steel
Phosphor bronze
Allwable bending stress | SgmeFim | WPa 1%6.0 ES
Alowable Herznstress | SigmaHim | WPa 4305 nenlad
Elastic moduis E Wa 2059400 GH-28
TaG1E
Wa0-Ratio
Drive gear worm -]
Toraue T vem =] 76,000 T 246312
Rotational speed n o 155557 I 12,303
Lite cycies: L 10000000
Condition of ILkrication Grease |
Temperature of circunterence 1 deg C 0.000
Bending safety factor E3 1,200
Piting safety fector = 1.150
Shear safety factor 55 1,200
Wylon stress rain - [ = [ ==
Friction cosfficent [ 0.0700
ok [ caneel

Fig. 4.7 Initial Strength Calculation Settings

Strength result &

Description Symbol Unit Wiorm Helical gear
I Sliding velocity RS S | 0,073 | ---—-
I Periphersl spesd | v S [ —— [ 0.022
I Effiziency = [ 0.795
I P valug [y [ weamis | £2.677
| Descrigtion (Bending) | symbal | unt | W | Helical gear
| Tangential force | Fx | N [ 151.554
I Material factor | [ 1,000 | 1000
[ Tooth form factar [y [ — ] 0.388 | 0.752
\ Speed correction factar | Ky | - | 1.000 ‘ 1.000
[ Temperature factor [ T — [ 1.000 1.000
[ Lubrication factor [ | — [ 1,000 1.000
\ Compound effective face width | [ | mm | 11.736
[ Allowable bending stress | Sigmabim | MmPa | 156.000 | 195.000
\ Mzximum allowahle bending stress | Sigma | MPa | 163.333 \ 163.333
| Allowable tangential force | " Fa | n [ 742,917 | 1441.170
[ Bending stress | sigmsb | MmPa | 33.320 | 17.176
I Bending strength | =t [ = [ 4,502 | 5.505
I Dezctiption (Pitting) | Symbal | Unit | Wr | HeTical gear
I Allowable Herzisn stress | SigmaHim | MPa | 450.500 | 430.500
I Elastic moculus | E | wmpa | 205340, 000 | 205340.000
| Allovwable tangential farce | fh | N | 43.48¢ | 43,486
| Herzian stress | sigmeH | MPa | 858,380 | 358.380
| Pitting strength | sth [ = [ 0.327 | 0.327
| Descrigtion (Shearting strength) | Symbol | Unit | Wik | Helical gear
‘ Circular thickness | S0 | mm | ----- ‘ 1.954
[ Crass section |- [ mmz | [ 13.142
\ Alloweable shearring stress | SigamShim | MPa | ‘ 117.&600
\ Alloveable tangential force | F= | M | ‘ 1875.958
\ Shearring stress | Deltas | MPa | ‘ 9.501
[ Shearring strength [ sts | = [ —— [ 12.378

Fig. 4.8 Strength Calculation Result

4.7 Tooth Profile Rendering

Fig. 4.9 shows a satisfactory tooth contact state. However, care should be
taken when designing a gear set because setting a large lead angle may
cause double contact or tip contact (as shown in Fig. 4.10) failures.

Faulty tooth contact may also occur in worm and worm wheel gear sets
because the tooth profile of the worm wheel is dependent on the diameter of
the gear-cutting tool.

Rendering.

Rendering

ol

Fig. 4.10 Tooth Prole endering
(v =16.5°)

Fig. 4.9 Tooth Profile Rendering
(vy=11.5°)

4.8 Helix Angle Correction (Helical Gear)

One way to improve the tooth contact state in Fig. 4.10 is to adjust the
pressure angle or helix angle of the helical gear. Fig. 4.11 shows the
modified tooth profile rendering image drawn by using the corrected
specifications shown in Fig. 4.12 to increase the helix angle of the helical
gear by 1 degree.

Rendering

X axis angle 20 kil il |
 axis angle 2o 4 1

T axis angle 0 Kl i |

T ads mavement sooo 4 | |
Rotational speed T Al |
Rotation angle step o 4] |

Gption
[ Vormasange | 0.000
Worm exdis pesitian 0.000

Centre distance | 0.000

Fig. 4.11 Tooth Profile Rendering ( 3 =17.5°)

Helical gear tooth profile compensation

Description Symbol Unit Walue
| Pressure angle compensstion | délpha | deg | 0.00000
| Helix angle compensation | cbeta | ceg | 0.00000
[ Rotation compensation | dsta | deg | 0.00000

Canceled Helical gear tooth profile compensstion

Fig. 4.12 Corrected Specifications

4.9 FEM Tooth Profile Stress Analysis

Stress analysis can be easily performed by simply clicking the [FEM]
button after the strength calculation. Fig. 4.13 shows the FEM analysis
setting screen. Fig. 4.14 and Fig. 4.15 show the results of FEM analysis
on the worm and the helical gear, respectively.

SIS

Description Symbol Unit ‘Warm Helical gear
| Material zymbal | — | - [structural s [structural s
| Elastic modulus [ E | wra | zossao.o | zossso.o
| Poissan ratio [ | — o.300 | 0.350
| Height partitions [ va | — 10 [ 10
| Wicth partitions [ me | — 22 [ 3
| Load paint postion [ P | — 2 [ z
| Load [ rt | w 151,554
| Mumber of the color tone [ e | — 100
| Magrification of the displacement | Sd | - | 100

Fig. 4.13 FEM Analysis Settings

FEM worm stress analys &| FEM helical gear stress analysi &|
wm | Dispvale Stress == | Disp.vae |  Stress
[ Sigma y T Sigma x T Displacement Sigma T Sigma x T Displacement
Sigma 2 isigma 1 Tau sgna2 | [sigmat Tau
Sigma Tmar= 52.837(MPg) Sigma Tmar= 55 95(WPg)
Sigma 1min= 5.0 5(WPs) Sigma 1min= 15 409(MPa)

I $5.958

I-1 5.409 [~

Fig. 4.15 FEM Analysis on
Helical Gear (6;)

I $2.837

I-B.EHS [~

Fig. 4.14 FEM Analysis on Worm
(Stress=0;)

4.10 Transmission Error Analysis

Fig. 4.16 and Fig. 4.17 show the setting screens for transmission error
analysis. The graphs in Fig. 4.18 and Fig. 4.19 show the results of analysis
on the rotation transmission error and wow and flatter, respectively. These
errors were raised by assembling the worm and helical gear pair to have a
pitch error and rotating the helical gear by one turn. Fig. 4.20 shows a
Fourier analysis graph.



Transmission error analysis items Transmission error analysis items

Rotstion Rotation
£ warm ane revolution % Helical gear cne revaluion ® CEIREREETER O R ER R
- o =
Worm: [ peicsloesr i | helicalgear |
. ——T & o Description Symbol | Lnk Value
escripion it d s Notification engle of shat | RrA deg 0. 00000
Natification angle of shaft | Ri4 deg 0.00000 T T AT
hiatification of shaft Rl [ Micro-m 0.00 e = T FRTTIT
Angle of eccentricity el deg 0.00000 Eccertricty e [ Morom .00
Eccentricity e Micra-m 0.00 Pitch deviation input typs Set maximum |
B e T rr— Miercmum pich devion | friax .00
= Rl Bl T i
5 1
g z vare
T E] 576
Z ) 4+.093
] 5 1.447
= e 2.666
MiCTD-m) - 7 nrse ||
I [on Jcencer] Lo Jlcn=]

Fig. 4.16 Transmission Error Fig. 4.17 Transmission Error

Analysis Settings (Worm) Analysis Settings (Helical Gear)

Wow and flutter

Transmission error

Rotetional Time=0 5167
Waw & Flutter =0.581
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Fig. 4.19 Wow & Flatter
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Fig. 4.20 Fourier Analysis

4.11 Sliding Speed and Hertzian Stress Graphs

Fig. 4.21 and Fig. 4.22 are graphs showing the sliding speed and the
Hertzian stress, respectively. Because graphs show the results of analysis on
the point of contact between the tooth flanks of the worm and helical gear,
the optional transmission error analysis feature is required.

Sliding velocity

Herzian stress

Rotation angle=0.000(deg) Wax =0.08B(is) Retation angle=0 000(deg) Max =339.262(MPa)
Siing speed=0.082(is) Min =0.056(/s) Herlz stress=663 561 (WPa) Win =354.952(MPa)
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Fig. 4.21 Sliding Speed Graph Fig. 4.22 Hertzian Stress Graph

4.12 Bearing Load Calculation
Fig. 4.23 shows the bearing load setting screen; Fig. 4.24 shows the result
of the bearing load calculation.

Bearing load items %)

Descriion Symbol | Lt orm Helcal gear
Tordue T Nem - 20,0000 | 246.3418
Bearing span aten o z0.0000 | 20.0000 T —————
Sostis sear sokz | mn Description Symbol | Unt “worm Helcal gear
prestenotwamrsdn | [ Croumferertialforce | Pt | M| £0.150 | 45l.564
o J[ceea) =z el force [Fa [ | Tisss | eo.50
[ Radisl force [ [w [ #5576 [ ess7e
Worm bearing load
Description Symbol | Unit Brg a1 Brys2
y Thrust load Faa | N 151,554
al Fi el load Fral | N 30.075 30,075
Fr raclal load Fra2 | N 21788 71788
Fa radial loa! Fras | W -17.5%8 12.558
Radial loedl Fra | M 31448 5683
Helical gear bearing load
“Bre al Description Symool | Unit Brg b1 Ergh2
b2 Thrust load Fab | N ©6.160

Fa il ot C\) \L Fi o For [ W TLve e
Ft :Cicumferential oad Fivadal load Froz | W 75,777 75.777
Radial loard Fb | N 75,823 58764

Fig. 4.23 Bearing Load Calculation Fig. 4.24 Bearing Load

Settings Calculation Result

20

4.13 Tooth Contact Analysis

An example of contact analysis on the tooth flanks of the worm and
helical gear is shown below. The setting screen in Fig. 4.25 provides
various settings for tooth contact analysis. In this example, analysis will be
made on the tooth contact of the worm and helical gear specified in Fig. 4.3.
Here, the number of rotation position partitions is set to "3" although it
accepts values in a range of 3 to 20. Fig. 4.26 shows a tooth contact state
between the worm and the helical gear and Figs. 4.27 to 4.29 show their
tooth contact states by 1/3 pitch. This example, however, does not take the
deflection of the teeth and the pitch error into account.

It is noticeable that tooth contact pattern in Fig. 4.26 slightly differs from
the tooth profile rendering image shown in Fig. 4.9. The reason for this is
that the analysis in this example was made at a fineness that is two times
(up to five times allowed) greater than that of the number of tooth profile
partitions setting used for the tooth profile rendering image.

In addition to viewing the tooth contact state as a color pattern as shown
in Fig. 4.26, to examine it in more detail, the user may click the [Tooth
contact value] button in Fig. 4.25 to display the contact clearance values in
Fig. 4.30. The slider control bar at the bottom of the screen can be used to
change the target rotation position (1 to 3 in this example).

Description Symbol | it Macel
Helical gear rotation angle Siar | deg 0.0000
Helical gear aperation angle Stas | deg 0.0000
Vorm angle devistion Fhix | deg 0000
Wiorm angle deviation ¥ Py | deg 0.0000
Worm angle: devietion Z oPhiz | deg 6.0000
Worm mounting deviation K DeftaX | mm 0.0000
Worm maunting cevietion Detay | mm 0.0000
Worm mounting devietion Deftaz | mm 0.0000
Worm coordinate fragmentation number = o
Helical gear coordinats fragmentation number B
Interlocking limitive distance Wicre-m | 100
Retetional cisplacement numser of partions | - 3
Helical gear pressure angle compensation o Alpha deg 0.0000 X axis angle -0 AT [ cintarmicro-|
Helical gear helix angle compensation dBeta | deg 0.0000 VTS oIS 1 Y
et Emmll T
Set value confirmation moded | [_Analysis ][ Tooth contact | [(Cantacting vabie | | |[Zads movemert [ so00 <] | |
@ One pitch tooth cortact [CalcUlated in mutiple Fotational Rolelonel speed 11001 44 Dol
Weshing posiion T | I
) Fixaion postion tooth contact [Calculeted only in rotetion angle Sita r postion] ecat gz rotston angs [Star [deg | ~5-80%% -
Color distriltion maedmun distance I ["Micro-m [ 100 [ worn [ Heical gear [ e Frame | Backcobr |

Fig. 4.25 Tooth Contact Analysis Fig.4.26 Tooth Contact State

Settings (Worm and Helical Gear)
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Fig. 4.27 Tooth Contact State 1

W\

Fig. 4.29 Tooth Contact State 3

Fig. 4.28 Tooth Contact State 2
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Fig. 4.30 Contact Clearance
Values
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4.14 Tooth Profile Data File Output

This feature enables the user to output gear meshing drawings into
DXF-format files.

Also available is the option to output the tooth profiles of the worm and
the helical gear into 3D-IGES-format files.
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