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Fig. 3.1 involuteX Worm Gear Design System

3.1 Introduction

The involuteX Worm Gear Design System is a complete design system
for worm gear sets (consisting of a worm and a worm wheel). For worm
and helical gear combinations, please use the involuteX Worm and Helical
Gear Design System.

3.2. Software Features
Table 3.1 shows the available software features.

Table 3.1. Software Features

3.3 Icon Buttons
The toolbar contains 17 icon buttons including [Dimension],
Profile], [Strength], [FEM], and [Transmission].
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3.4 Basic Rack Setting

Before using the System, the user needs to configure the basic rack
settings by selecting: (1) basic rack type (full depth, stub gear, or special),
(2) worm tooth profile (Type 1, 3, or 4), (3) tooth profile reference
(cross-sectional or normal), and (4) worm wheel shape. Fig. 3.2 shows the
Initial dimension setting screen.
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Descrigtion Symbol
| Addencum factor | hac |
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[ Section e
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Fig. 3.2 Initial Dimension Settings

3.5 Gear Dimension Setting

Fig. 3.3 shows the Gear dimension setting screen. The user may change
items such as the gorge radius, tip diameter, root diameter, and center
distance. For the tooth thickness reduction and the tooth surface thinning

Item Page | Applicable factor , specifying one automatically sets the other.
<1> Basic Rack Setting 13 O
<2> Worm Tooth Profile (Type 1) 13 O D) : &
Description Symbaol Uit Worm Worm wheel
<3> Worm Tooth Profile (Types 3 and 4) 13 © | Modls [ o [ om | 2. 00000
[ Pressure angle | alghan | dea | 15.00000
<4> Hob Setting 13 O [ Number oftrreds Jteth | Zwzz | | & [ o
. I Reference diameter ] mm | 10.0000 | @ #3.4633
<5> Tooth Profile Calculation (Standard) 14 O Lond srgle Gamma | deg | 27 | 34 [ 913 "
<6> Tooth Profile Calculation (Interference) 14 © Addendu?hﬂr‘zif::g;ue'ﬁwm t: W — ;::SZS?O
<7> Gear Dimension 14 o N o |+ |
3 : [ Certer distancs [ a mm | 43,7347 [or_J[cance | v Figure!
<8> Gear Meshing Drawing (2D-DXF, 3D-DXF) 14 O ‘ sk B T e
i i [ Direction of helix = =1 Right hand |
<9> Tooth Profile Rendering (Image Display) 14 © ‘ e | l_mmg’m
<10> Tooth Profile Rendering (Mounting Error 14 © [ Tooth surface thinning factor | ¥h [ “o.5esan 0.51764
. | Theortical bal dismeter [ mm | 3.5710 32782
Adjustment) [ Bl diameter [ [mm | 3.5000 | 3.5000
. | Tip racius [TRa [om | 0.5000 | -----
<11> Tooth Profile Rendering (Backlash Angle) 14 © P a——
<12> Tooth Profile Data File Output (2D-DXF,| 14 O Fig. 3.3 Gear Dimension Settings
3D-DXF)
<13> Tooth Profile Data File Output (3D-IGES) 14 © 3.6 Tool Setting and Gear Dimension Calculation
<14> Strength Calculation (Metal) 14 O Specify the specifications of the hob for cutting the worm wheel. The
<15> i 14 efault setting angle of the hob is determined to match the axial pitch. The
15> Strength Calculation (POM) default set le of the hob is d d t tch the 1 pitch. Thy
<16> Strength Calculation (PA) 15 © diameter and setting angle of the hob affect the tooth profile of the worm
— wheel to be cut. For the Type 3 worm, however, the diameter of the
<17> Gear Accuracy O RS ) i .
3 grinding wheel affects the tooth profile. Fig. 3.4 shows the Tool dimension
<18> 2D-FEM Tooth Profile Stress Analysis 15 © . . . .
setting screen and Fig. 3.5 shows the calculated worm gear dimensions.
<19> Transmission Error Analysis 15 ©
<20> Sliding Speed Graph 15 © Tool dimension b_?|
<21> Hertzi t h 16 Description Symbal Uit alue
ertzian Stress Grap! © | Mutnber of threds | zwH — | :
<22> Fourier Analysis 16 © [ Refererce diameter | dH mm | 30. 0000
H __ | Lead angle [ zammaH | deg | 7.6623
<23> Design Data Management O | e e (| it
<24> Tooth Contact Analysis 16 © [ Sefting center distance | aH | mm | 55.73470
. . [ Tip radius [ R mm | 0.2000
<25> Bearing Load Calculation 16 o [ Grinding stone tip diameter | Gd | mm | 300, 0000
<26> Center Distance Variation Analysis 16 © o] [eneet
<27> Tooth Profile Modification 16 ©) Fig.3.4 Hob specification Settings

O (Supported as standard) © (Optional)



Dimensions ﬁ__(|

Description Symbol Uit WOrm Wiorm weheel

I Adddendum [ ha  [mm | 2.0000 | z.0000

[ Dedencum [ ht [om | z.5000 | z.5000

[ Toath depth [ [m | a.soon | 4.5000

I Clearance [k [Tom | 0.5000 | 0.5000

I Base diameter | o W| ***** | 856745

| Lasd [z [mm | 137110 | -----

[ Pitch [ ex [om | £.8555

I Certter distance [ a [Trm | 43,7347

| Diameter tactor | el - | 4.5826 | _____

I Gorge radiuz | n [mm [ - [ 13.0001

[ Toath hottom width [wn [mm | 18018 | ————-

[ Chordal addencum | hi [Trom | z.0335 | z.0232

[ Theartical chordal tooth thickness | S0 | mm | 3.1416 | 3.1411

| Designed chordal tocththickness | 51 | mm | z.0028 | 4.1764

| Three pinzs distance(Pin ta Tip) | dma W| 12.3644 | —————

[ Three pinz distarcetPintoFiny | dm | mm | 11.7287 [ -—--—--

[ Over ball distance [amn [wm [ - [ 37,4451

| Transverse contact ratio | Epsilon-a ,T| 1.78:20

Fig. 3.5 Calculated Worm Gear Dimensions

3.7 Tooth Profile Calculation
(1) Standard Tooth Profile Analysis

The System calculates the tooth profile of the worm wheel using the hob
specifications specified in Fig. 3.4.
(2) Interference Analysis

Setting a large lead angle prevents the worm from contacting the worm
wheel at the center of the tooth flank because of the lead difference between
the worm and the hob. The Interference Analysis feature analyzes the tooth
profile of the hob to help the user eliminate interference. For details, refer to
Section 3.20.

Calculation of tooth profile |Z||E|[z|

" Mo interference tooth

| L3S || Cancel|

Fig. 3.6 Tooth Profile Calculation

3.8 Gear Meshing Drawing

Fig. 3.7 shows the cross-sectional tooth profiles of the worm and the
wheel meshed at the axial center of the worm. Even if the teeth seem to be
meshed correctly in this 2D drawing, interference may occur in other
sections. Incorrect tooth contact due to interference or assembly errors can
be checked using the Tooth Profile Rendering feature in Section 3.9.

Contacting teeth profile

Fig. 3.7 Gear Meshing Drawing

3.9 Tooth Profile Rendering

Using the Tooth Profile Rendering feature may reveal severe interference
on some tooth flanks of the wheel as shown in Fig. 3.8 and Fig. 3.9, even if
it seems that there is no interference in this 2D drawing in Fig. 3.7. Fig.
3.10 shows the control form used for Tooth Profile Rendering. The user can
not only change the viewing angle by specifying the X-, Y-, and Z-axis
rotation angles, but also scale the image by entering the Z-axis travel
distance. It is also possible to observe how the meshing state changes by
varying the angle and position of the worm shaft.

The control form also offers optional features: The first feature provides
(1) worm shaft angle, (2) worm shaft position, and (3) center distance
adjustments. The second feature is used to display the backlash angle.

Rendering

Fig. 3.8 Tooth Profile Rendering (Left) Fig. 3.9 Tooth Profile Rendering
(Right)

[ Weaxsange | -30 4] i

[ vaxsange | 135 4

| Zadsange | 0 4
Zaxismavement | 7700 4 i
Rotational speed '—ILU

Ftation angle step T4 B

Option

| “wiorm axis angle | 0.000

[ wiorm azis posttion | 0.000
Centre distance | 0.000
Backlash angle -0, 0487

Worm rotation angle 70.0000

Fig 3.10 Tooth Profile Rendering Control Form
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3.10 Tooth Profile Data File Output

As shown in Fig. 3.11, the user can choose to output worm and wheel
tooth profile data into four kinds of CAD-format files. Fig. 3.12 is an
example of a 3D worm wheel tooth profile displayed in a CAD system.

Output gear profile g|
("  Contacting teeth profile 200DXF)
("~ Contacting teeth profile 30DXF)
" Warm teeth profile(lGES)
" Warm wheel tooth profile(IGES)

Cancel

File 3.11 Tooth Profile File

Fig. 3.12 3D Tooth Profile Data in a
CAD System (IGES)

3.11 Initial Strength Calculation Setting

Fig. 3.13 shows the Initial strength calculation settings screen, in which
the user can select the material used for the worm wheel. Clicking the
[Select material] button displays the Metal material selection screen as
shown in Fig. 3.14.

Setting material to strength |Z”EI El

v Metals ¥ POM v Pa
Metals
Descrigtion Mame of material
| worm | Carburizing alloy steel
[ wormwheel |Fhosphor bronze centrifugal casting article
| Allowable stress coetficient(Scim) | 1.550
Select materials
FOM
Descrigtion Hame of material
| Warm | Metal
[ worm wheel | M30-44 |
[ wolratio | xMe0
PA
Descrigtion Mame of material
| worm | Metal
[ wormwhesl | mMC nylon
[ Stressratio | 1.000
ori || cancel

Fig. 3.13 Initial Strength Calculation Settings (with [Select Material]
button)



Metallic material

Worm whee|

Warm

Phosphor bronze centrifi gal

astingarticle Alloy stee] HE400

Alloy steel HEZED
Carburizing alloy steel
Alloy steel HE40D
Alloy steel HEZEO
Carburizing alloy steel
Alloy steel HE4OD
Alloy steel HEZEO
Carburizing alloy steel
Alloy steel HE4O0O

Phosphorbronze chille d
castiigs

Fhosphar bronze
£and Mold Castng

Forgings

Auminum bronze

Aoy steel FEEHD 5g
Eras Alry el FEE50 X
Gray cast ren Foremes N

Ok, Cancel

Fig. 3.14 Metal Material Selection
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3.12 Strength Calculation

Fig. 3.15 shows the strength setting screen for resin (PA) materials. The
results of the strength calculation for the resin and metal materials are
shown in Fig. 3.16 and Fig. 3.17, respectively.

PA Strength items f'5_<|

Description Symkaol Linit Wyarm ‘Wiorm wwheel
[ Torgue z0.000 | 355,247
| Rotational speed 00,000 | 23,265
I Life cycles 10000000
| Condition of lubrication Grease j
| Temperature of circumference &0.000
| Bending factor 1.z00
| Bearing safety factor 1.150
[ Shear safety factor 1.200
I Friction costficiert 0.0500

Fig. 3.15 Strength Specification Settings for Resin Material (PA)

PA Strength result @

De=cription Symibol Uit Walle
| Circumferential speed | W | mis | 0.137
I Efficiency | nR [ — ] 0,574
[ Effective face width | bw | mm | 5.700
[ Tangertial force | Ft | N | 20,083
| Load sharing coefficient | vepsiton | - | 0.5&0
‘Warm wheel hending stress
[ Elastic modulus [ B | Mra | 2095, 755
[ Toath form factor v [ — ] 0.584
[ Smodth coefficient [ | - 1.315
| alowsble bending stress | sigmeB | MPa | 19.028
| Alowsble tangential foree | Fa I N FENE
I Bending stress | sth = | 6614
Waorm wheel shearring strencth
I CircLlar thickness | so | mm | 4753
I Cross section | a | mmz | 31,040
| Alloweable shearing stress | Sigmas | MPa | 11.417
| Alowable tangertial foree | Fs I N E6E. LEE
I Shearting strenoth | sfs = | 10,518
Wyarm wheel pitting strength
| Helzian stress | SigmaH | MPa | 19.4581
| Zllowable helzian stress | Sigma Him | MPa | 20241
[ Pitting strength [ st [ — ] 1.080

Fig. 3.16 Strength Calculation Result for Resin Material (PA)

Strength result{Metal) ['5_<

Dezcription Symibol Linit “alue
I Sliciing velocity | ws | ms | 0.343
| Efficiency | e | ] 0.547
I Zone factor | Zo | — | 0.79z2
| Sliding welocity factor | | ] 0.637
| Rotational speed factor | Kn | | 0.690
| Tangertial force |/ | ow ] 3881.264
| Alloweable tangential force | Filitn | M | 1&09.191
I Pitting strength BEE 0. 415

Fig. 3.17 Strength Calculation Result for Metal Material

3.13 FEM Tooth Profile Stress Analysis

Stress analysis can be easily performed by simply clicking the [FEM]
button after strength calculation. Fig. 3.18 shows the FEM analysis setting
screen. The user may change the Young modulus, Poisson ratio, number
of partitions, and load values. Fig. 3.19 and Fig. 3.20 show the results of
FEM analysis on the worm and the wheel, respectively.

FEM analysis items [Z“El@

Description Symbal Unit Worm ‘Wyorm wheel
I Material zymbol | — | - |carburizing [Phosphar bra
[ Elastic modulus [ e | wpa | zossoo.o | zoseoo.o
[ Poizzan ratio | e |- 0.3200 | 0.3200
| Mumber of parttions(Heighty | vl | | 10 | 10
| Mumber of parttionswicthy | Hd | — 23 [ zo
| Position of the load point = 2 [ 2
[ Load [/t | n 3581, 264
| Mumber of the color tane [ ne | — | 100
| Magrification of the displacement | =d | - | 100

Fig. 3.18 FEM Analysis Settings
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FEM worm stress analysis FEM worm wheel stress analysis

s Disp. value Strass aan Disp.valus | Stress
r Sigma y T Sigma x T Displacement ( Sigma y T Sigma x T Displacement
Sgma2 | isigmat | Teu Signa2 | Isigmal Tau

Sigmal max= 374 91 T(MPa)
Sigrmea min=-119 57 2(MPa)

Sigmaimax= 428.271(MPa)
Sigmal min= -85 EI3(MPa)

4z28.271 374,917

I -85.632 —

Fig. 3.19 FEM Analysis on Worm
(Stress=01)

I -119.572 —

Fig. 3.20 FEM Analysis on Wheel
(Stress=06,)

3.14 Transmission Error Analysis

Fig. 3.21 and Fig. 3.22 show the setting screens for transmission error
analysis. The graphs in Fig. 3.23 and Fig. 3.24 show the results of analysis
on the rotation transmission error and wow and flatter, respectively. These
errors were raised by assembling the worm and wheel pair to have pitch and
radial runout errors and rotating the worm by one turn. The graphs in Fig.
3.25 and Fig. 3.26 also show the results of analysis on the rotation
transmission error and wow and flatter, respectively, but they were raised
by rotating the wheel by one turn.

& Rotation error analysis items: S]]

Rotstion
© Worm one revaldion

Worm Worm wheel}
Nolifcation oi e sharl | Wiorom |
Pitch deviation input type. [ [ et madimm <]
[iorom |
[aes |
[y

Rotation error, analysis items

Retation
€ Worm one revoltion

Worm Vorm whes!
Netificetion of the shaft Micro-m
Shatt site change quantity
el angle amourt of change deg
Pressure angle deviation deg
Lead angle deviation deg

& orm wheel ane revolution £ Worm wheel one revoltion

0.00 0.00
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[
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500008 I

[
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Fig. 3.21 Transmission Error Analysis
Settings (Worm)

Fig. 3.22 Transmission Error
Analysis Settings (Wheel)
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Fig. 3.23 Rotation Transmission Fig. 3.24 Wow & Flatter 1
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Wow and flutter,

Transmission error

EEX
MaxWiF= 0415
Min ¥ F= 0,372
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Wow & Fluter =0.015

Rotational Angle=0.00
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Fig. 3.25 Rotation Transmission Fig. 3.26 Wow & Flatter 2

Error 2

3.15 Frequency Analysis
Fig. 3.27 shows the result of analysis on the frequency measured when
the worm is rotated by one turn; Fig. 3.28 shows the result of analysis on

the frequency measured when the wheel is rotated by one turn.

[ EEIX]

Fourier, transformer, Fourier, transformer,

oatn oetn
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Fig. 3.27 Fourier Analysis 1 Fig. 3.28 Fourier Analysis 2
3.16 Hertzian Stress and Sliding Speed Graphs

Fig. 3.29 shows the Hertzian stress exerted on the tooth flank surface
when the worm is rotated by one turn; the graph in Fig. 3.30 shows the

sliding speed measured during that time.
These graphs are useful after the transmission error analysis.

Helzian stress FEx Sliding velocity =163
Rotation angle=50.000{deg) Max 4875 578(Pa) Rotation angle=50.000{deg) M =0 476(mis)
Herlz stress=2307 45001WP%) Hin =1225 855(Ps) Sioing speed=0 4520m/s) Min =0.433(is)
8000.000 7 0,490
< soon0004 G 0450+
I 4000000 £ namny I_'JF\_’
S 2000.000 %, 0480+ o —=- 3
@ & 0450 HL_,I
§ 2000000 - 97 gg4p J-—“ L ]_I
1000000 £ 0430
g @ 04204
£ 0000 ; ; ; 5 O ; ; ; g
3 y
| |
Warm rotation angle(deg) ‘Worr ratation angle(deg)

Fig. 3.29 Hertzian Stress Graph Fig. 3.30 Sliding Speed Graph
3.17 Center Distance Variation

This feature simulates how the center distance changes when, like on a
double-flank gear rolling tester, the worm and the wheel rotate while
mutually pressing each other's tooth flanks. The results of this simulation
are shown in Fig. 3.31 (circle graph) and Fig. 3.32 (line graph),
respectively.

Fluctuation between shafts E”Elg‘ Fluctuation between shafts E”E‘El
lygonal line ray]| Magnification 13.00 Circle graph || Magnification 20,00
Axiz fluctuation(Micro-m) 501830 789 icro-m) MWaximum distance hetween shattstmm) 50
Minimum distance between shafts(mm) 50 Eﬁﬂ—»‘ Minimum distance between shaftstnm) 50
Maximum axis fluctuation(Micro-m) 145.97 Weandimum axis fluctustion(Micro-m) 14597
—_—
666 67-
=
g At PRTERTE
g 33333 VRV A AT LY T
=
5
k=)
£ 49.735mm
g
T 33333
5
=T
-656.67- : : :
Eli 180 270 360
Rotational Angle of Worm whesl(teg)
| Rotational Angle(dea) | 30 | Rotational Angle(dea) | 30
[ Shatt fluctuation(Micro-m) | 41084 [ Shatt fluctuation(Micro-m) | 41084
K i3 I K i
Fig. 3.31 Center Distance Variation Fig. 3.32 Center Distance Variation
Graph 1 Graph 2

3.18 Bearing Load Calculation
Fig. 3.33 shows the bearing load setting screen; Fig. 3.34 shows the result
of the bearing load calculation.

o e e | (O X
=D 7 [ io.0m0 [ 173-eete Force added to worm and worn wheel
Friction coefficiert m 0.0622 Description Symbol | Unit Worm Worm wheel
Besting spen api [ m so.ooe0 [ zoooon | | | efoce | R | W | Z000.000 | 38ei.142
Bearing span a2p2 [ mm z0.0000 | 20.0000 I e [Fa [ W | 3si.a%: | awo.000
o ctaions drection | Formal rorarien | | (e W[ it e | TieaE
v Figure;
“Worm bearing load
‘ Description Symbol | Unit Bre &l Bry &2
Thrust load Faa M 3881.142
Fi racial load Fral N 800,000 1200.000
Fr radial load Fra2 N 466,995 700,482
Fa radial load Fra3 N -385.114 388.114
Racial load Fra N 803.879 1620.205
Worm wwhesl bearing load
Description Symbaol | Unit Brg b1 Bra b2
Thrust load Fah N 2000. 000
Fr radial load Frivt M £83.744 E83.744
Ft racial load Fro2 N 1540.571 1940.571
Fa radial load Frod N —2236.733 2236.733
Raclial load Frb N 2E543,154 3423.581

Fig. 3.33 Bearing Load Calculation
Settings

Fig. 3.34 Bearing Load
Calculation Result

3.19 Tooth Contact Analysis

An example of analysis on the tooth flanks of the worm and worm wheel
is shown below. The setting screen in Fig. 3.35 provides various settings for
tooth contact analysis. In this example, analysis will be made on the tooth
contact of the worm and wheel specified in Fig. 3.3. Here, the number of
rotation position partitions is set to "4" although it accepts values in a range
of 3 to 20. Fig. 3.36 shows a tooth contact state between the worm and the
wheel and Figs. 3.37 to 3.40 show their tooth contact states by 1/4 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. 3.36 slightly differs from
the tooth profile rendering image shown in Fig. 3.8. 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 of the wheel.

Teeth contact analysis

Description Symbol Unit Model

| Wheel ratation angle | Theta r | den | 0. 0000
| Wheel operation anale | Theta = | deg | 0.o0000
| Wiorm angle deviation X | Dphi x | deg | 0.0000
[ Wyarn angle cevistion v | Dphiy | deg | 0.0000
| Wiarm angle deviation Z | Cphi z | den | 0. 0000
| Wiorm mourting deviation X | Detta X | mim | 0.o0000
[ Worm mounting desiation v |Detay | mm | o0.0000
[ "Warm maunting deviation Z |DetaZz | mm | n0.0000
| Wiarm coordinate fragmentation number | - | - | o
| whesl coordinate fragmentation numeer | - | - | 1
[ Interlocking limitative distance | — | micro-m | zoo
| Retstional displacemert number of parttions | - | — | 4

| Set value confirmation model || Analysiz | | Tooth contact || Contacting value |

(W i0ne pitch tooth contact [Calculated in muttiple rotational displacement]:

(") Fixation position tooth contact [Calculated only in rotation angle Sita r position)
| Color distribution mezdmum distance | - | Micro-m | 200

Fig. 3.35 Tooth Contact Analysis Settings
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Face contacting

| Xexisengle | -20
Yadsange | 0 . 0
Zaxisangle | 60

[ Zaxis movement | 5000

[ Rotetionsl speed | 1001

Meshing postion | 1«

[hesl retation angle [Theta r [deg | —4.3502 I 200

o vous
Fig. 3.36 Tooth Contact State (Worm and Wheel)
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Fig. 3.37 Tooth Contact State 1 Fig. 3.38 Tooth Contact State 2

Face contacting EEX Face contacting FEX

AW

Fig. 3.39 Tooth Contact State 3 Fig. 3.40 Tooth Contact State 4

Face contacting

In addition to viewing the tooth contact state as a color pattern as shown
in Fig. 3.36, to examine it in more detail, the user may click the [Tooth
contact value] button in Fig. 3.35 to display the contact clearance values in
Fig. 3.41. The slider control bar at the bottom of the screen can be used to
change the target rotation position (1 to 4 in this example).

Contact clearance value table [Unit : mm]

2 [z ] [z I 77
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_IEEII_
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[ Background color

Fig. 3.41 Contact Clearance Values

3.20 Example of Hob Tooth Profile Analysis Simulation”
3.20.1 Introduction

The tooth contact state between the worm and the worm wheel in mesh
will be influenced by the hob used to cut them. The contact point will be
deviated to a great extent particularly if the lead angle of the worm is large
or if there is a significant difference between the diameters of the worm and
the hob. Since this is caused by the lead difference between the worm and
the hob, to obtain a proper tooth contact, it is necessary to modify the tooth
profile of the hob. The following is the result of examination on the tooth
contact and backlash of the worm gear using the involuteX Worm Gear
Design System.

3.20.2 Examined Gear Set

The specifications of the examined gear set are shown in Table 3.2.
Compared with the worm's pitch diameter of 12 mm, the pitch diameter of
the hob used to cut the worm wheel (shown in Fig. 3.42) is 36 mm. This
requires the hob to be installed at a setting angle of 14.5916 (degrees) to
match the axial pitch.

Normal module =1.8mm
Number of starts =1

Pitch circle dia. =36mm
Lead angle =2.86598deg
Hob set angle =14.5916deg
Hob tip radius _ =0.2mm

Fig. 3.42 Hob Dimensions

Table 3.2 Worm Gear Specifications

[tem Symbol| Unit Worm Wheel
Worm type - - 1 and 4
Module pitch mn | mm 1.8
Pressure angle an | deg 14.5
Number of starts | Zw - 2 -
Number of teeth Z - - 40
Pitch circle dia. d mm | 12.000 75.4765
Lead angle Y deg 17.4576
Mindimpolit o | - | = | 02
Center distance a mm 44.0983
Tof";ll} thinpning fn | mm | 0871 0.871

3.20.3 Tooth Profile Rendering

Fig. 3.43 and Fig. 3.44 show the tooth profile rendering images of the
Type 1 worm and worm wheel. It can be seen that, while there are three
occurrences of major interference on the worm and wheel cut using the
non-modified hob, the modified hob has no interference and the worm and
wheel mesh without interference around the center of the tooth flank.

Fig. 3.43 Tooth Profile Rendering
(Non-Modified Hob)

Fig. 3.44 Tooth Profile Rendering
(Modified Hob)

3.20.4 Relationship between Hob Diameter and Backlash

Fig. 3.45 shows the change in the backlash amount when the diameter of
the non-modified hob is increased from 12 to 100 mm. The graph shows
that the backlash becomes the maximum at a hob diameter of 18 mm and
decreases as the hob diameter increases. With the modified hob (shown in
Fig. 3.47), the amount of change in backlash improves significantly and the
backlash becomes approximately constant as shown in Fig. 3.26.

0 007
o0 Worm Type;1
-005 = Hob Zw=1
= 2,05
E g
= -0t EOO"
= —
z L+ E
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Fig. 3.45 Hob Diameter versus Fig. 3.46 Hob Diameter versus

Backlash Graph 1 Backlash Graph 2
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- :
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Fig. 3.47 Tooth Profile of Modified Hob

1) MPT2001-Fukuoka, Excerpt from Amtec Catalog, 2001




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


