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KISSsoft Tutorial: Tooth Form Optimizations, Tooth Form
Modifications specifically for Plastic, Sintered, Wire-
eroded and Form-forged Gears

1 Introduction

11 Summary of the design strategy

These instructions describe a strategy for optimizing the design of gears that are manufactured
using moulding methods (injection moulding, sintering, forging etc.). These special methods for
sizing and optimizing gears manufactured using these methods are integrated in the KISSsoft
calculation software.

The sizing process involves these steps:
- Define the approximate sizes (module, face width, etc.) using the strength calculation
- Define allowances
- Optimize tooth height (aim: achieve effective transverse contact ratio 2.0 whist taking
into account tip rounding, running-in curve for noise reduction)
- Tip-rounding
- Optimize running-in curves/profile correction (aim: improving the wear safety factor)
- Optimize root fillet (increased the root safety factor)
- Determine a mould for the manufacturing process

11 Introduction

Nowadays, gears are increasingly manufactured from plastics because the development of
new materials has made them able to achieve increasingly higher load capacities. The special
properties of plastics allow them to be used in many more areas than steel. A designer can
therefore select the best possible material for their particular application. In doing so, they
define the most important properties of a gear pair, such as load capability, resistance to wear,
compression ratio, stiffness and noise emissions.

Metallic gears are usually manufactured in a milling process. In contrast, plastic gears are
usually injection moulded. If the mould is produced by a wire erosion process, the tooth form
can be optimized at no additional cost. In a milling process, this is only possible with expensive,
specialist tools. However, the injection moulding process does not achieve a particularly good
toothing quality and, once again, this is a problem that can only be solved by implementing
specific measures. Gears that have been modified in this way are referred to as hybrid tooth
forms in the technical literature.

The KISSsoft calculation software includes a large number of special methods for sizing and
optimizing plastic gears. These procedures are fully integrated into a comprehensive, modern
software system that enables you to develop and monitor both standard and hybrid tooth forms.
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2 Defining tooth geometry

2.1Introduction

You can change tooth geometry in many different ways to achieve the optimum ratio of tooth
contact. Depending on the importance of the targets to be achieved, such as low noise
emission, low vibration, strength, sliding, balance, you must prioritize the measures to be taken.

When you start this optimization process, we recommend you set the following defaults:

22 Tip-rounding

For tooth forms produced using a moulding process, the tooth tip edges must be rounded,
because corners can never be created accurately in injection moulding. It is a good idea to
input this data in the main screen for gear 1 and gear 2. As a result, all the most important data
(such as contact ratio, etc.) will then be calculated to include tip-rounding.

This is now illustrated in an example: The KISSsoft system has a tutorial file for this calculation.

This is "Tutorial - 011". Open this file in the cylindrical gear calculation module:
Modules g x

4 Toathing -
4 Cylindrical gears

Examples [ 4

2 kisssoft-tut-013-D-zahnform-optimierung -
By Tutorial-008

g Tutorial-008_ISO

g Tutorial-009-Step1

s Tutorial-009-Step2

@y Tutorial-009-5tep3

@y Tutorial-009-Step4d

g Tutorial-009-5tep5

&
5
i

b
b

i

m

"3 Three gears [2015]
8: Four gears [Z016]
4 Bevel and hypoid gears [Z070]
i Face gears [2060]
! Wormsz with enveloping worm wheel [2080]
% Crossed helical gears and precision mecha...

m

& Tutorial-012_step2

g MNon drcular gears [Z040] i P a) ! i
‘) Examples Projects Modules ‘; Projects
———
Figure 2.1 Opening cylindrical gear calculation and the tutorial file
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KISSsoft - Cylindrical gear pair [2012] - Tutorial-011.Z12

Fie Project View Calculation Report

LPEHE &2 E
Modues & x
4 Toothing a

4 Cylindrical gears
% single gear [2011]
% Cylindrical gear pair [...
& pirion with rack [z013]
@) Planetary gear [2014]
“2 Three gears [2015] H
83 Four gears [2016]
fl Bevel and hypoid gears [z070]
el Face gears [2060]
# Worms with enveloping worm
B, Crossed helical gears and pre
& HMon dircular gears [7040]
4 Shafts and Bearings
sl Shaft calculation [W010]
B Roller bearings [W050]
4 Plain bearing
@ Hydradynamic journal be
@ Hydrodynamic axial joun
4 Connections
4 shaft-Hub-Connections
4 Interference fit connections
@ Cylindrical interferen
@ Conical interference
@ Clamped connection [

© Keys [Mo2a] o
Modules Examples Projects
Manual 8 X
> General
> Teothing

» Shafts and Bearings

> Connections

> Springs

» Belts and chain drives
> Automotive

> Diverse

> KISSsys

> Bbliography and Index

| marual [Explorer | Search

Graphics  Extras  Help

2P REE

=To ==
KISSsoFT

Release 03-2011

Basicdata | Referenceprofie | Tolerances | modificatons | [ Tooth form | [ Contactanalyss | [ operatngbackiash | B Master gear [ [ AGMa 25 |

Geometry

Normal module Ma 6.0000  mm
Pressure angle at normal section a- 0.0000 °
spur gear -]
Helix angle at reference dirde B 0.0000 °

Center distance a

Strength

)

303.0000 mm

Calculation method  |Plastic according to VDI 2545-medified (YF Method B)

4

Gear 1 Gear 2
Number of testh z 5 7%
Facewidth b 44,0000 44,0000 mm
Profie shift coeficent " 0.2485 =]
Qualty DN 361 Q 5 5

Reference gear

Required service life H 20000.0000 h Poner 3 10.5000 ki

Application factor Ka 1.2500 Torque T 2274674 Nm @

Face load factor Kes 1.0000 Speed n 2308000 Ymin O

Material and Lirication

Ger1  [pPALZ, , untreated, VDI2545 [EF]

Gear 2 [PDM, (POM, PPA, etc.), untreated, VDI2545 [SBFWd]

Lubrication [Qnn Input -] (i bath hubrication ]

Results
Results
Contact ratio (Transverse/Overlap/Total)
Gear1
Actual tip cirde dz... 164.982
Root safety 1.8050
Flank safety 1.3666

Safety factor bending

| Resuts [ Messages | Information

& X 2D geometry

=T P Y

CONSISTENT

Figure 2.2

Example file for plastic gears, after calculation ("X")

Click E in the tool bar or press "F5" to calculate the tooth form data. Without tip-rounding the
contact ratio would be 1.6680. You can see the tooth form as a graphic in the lower part of the
window. You can also view the tooth form here and move it to the required position (see the
marking on the lower right of Figure 2.2).

Figure 2.3

2D geometry

[Meshing

He E

M

Tooth form display

You should now save the tooth form locally. To do this, open the "Property browser" (1).
Activate the tooth form of Gear 1 (2) and click the "Save" button (3). This opens an information
window. Here you can make any necessary changes (for example, color) and additional entries
(4). Then click "OK" (5) to save Gear 1's tooth form. Follow this procedure again to save Gear
2's tooth form. You can now view the changes you have made to the tooth form. Then, close
the "Property browser".
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Figure 2.4

2D geometry

=
s THeBEFVY Y § ¥E ¥ 8

Property

Valug -

Information

Gear 1 -Tooth form - automatic (final trea

tment) is being saved.

Color [black

Type of line} |continuous

o
~ OK Cancel
5 =
e ,

2D geometry

[Meshing ']H \g FE £

Saving the tooth form

To define the tip-rounding, go to the "Modifications" tab (see the uppermost marking in Figure
2.5) and input the relevantyalues for Gear 2 and Gear 5:

| Basicdata | Reference profie | Tolerances @ Modifications ) & Tooth form | 35 Contact analysis | 35 Operating backlash | |3 Master gear | 35 AGMA 825 |

Modifications
Gear 1 Gear 2
Start of medification at tip ['ﬁp dircle A ] [T\p crde - ]
Start of modification at root [maximum root form diameter dz N ] [max\mum root form diameter == T l
Type of tip modification [Ruund\ng A ] [Rounding - ]
Tip modification ey T 2.0000 mm 45.0000| © 2.0000 mm 45,0000 ©
Chamfer / tooth end b 0.0000 mm 45.0000 = 0.0000 mm 45.0000 =
‘ Gear‘ Type of modification Value [pm] Coeffident 1 Coeffident 2 Status Comment |
Figure 2.5 Defining tip rounding, here 2 mm radius

Then click on E to apply the changes. If you look carefully at the graphic, you will see the
rounding on the teeth. The original tooth form is also displayed (in black/green or blue).
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2D geometry (=]

o Vo) 2 R FE PEE
* | |Property Value o
4 Gear 1
MNumber of teeth 6
4 Tooth form =

> automatic (final... [ False
4 gutomatic (cha... True
Color M blue
Type ofline  continuous
Trace of the tooth tip [ False
4 Gear 2
Mumber of testh 7
4 Tooth form
4 zutomatic (final... True
Color B dark red
Type ofline  continuous

> _automatic (cha... True Sk
4 | (1] G

Figure 2.6 Rounded tooth tip

Important note:

When you save the tooth form, all previous calculation operations are also active.

In some cases, it may be better to monitor the changes you have made by activating and
deactivating each individual step of the calculation.

You can also reset the graphic properties. This happens automatically when you change the
display in the geometry window. Alternatively, click "Extras"—=>"Configuration tool" in the
"Settings" tab and, in "Graphics", click "Delete".

Configuration tool

Settngs

General settings

User specific overwriting of the general configuration

fle. Reset

Last opened files

List of last opened files in the menu File. Reset

Unit switch

User specific units for input fields, Reset

Tables

Display and distribution of columns in tables, Reset

Graphics
User specific properties of graphics.

Reset

iiiie )

Close

Figure 2.7 Resetting "Graphic properties"

You now see a warning message. As you can further modify the tooth form in the next steps,
you can therefore simply close this message by clicking "OK".

Warning @

Gear1:
%, The bending of the tooth is so large that it may lead to jamming.
- (fb = 1.455 mm; f.adm =jn.i = 0.918 mm)

Figure 2.8 "Warning message: tooth deformation”

Note:
The reasons for this may be, for example, an increase in backlash, a profile modification or
different materials.
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2D geometry

=]
CEEXELY

Meshing
Property Value nd
4 Gear 1
Mumber of teeth
4 Tooth form

> automatic (final
» automatic (cha (
Trace of the tooth tip T
4 Gear 2
Mumber of teeth 7
4 Tooth form
> automatic (final .
> automatic (c
Trace of the tooth tip

4 Generate
Mumber of rotation ... 10 i
MA=lom —isbmemmbim A Celem

4 | m | 3

Figure 2.9 Activating all calculation operations

In the main screen, the value calculated for the contact ratio has dropped to 1.3639:
KISSsoft - Cylindrical gear pair [Z012] - Tutorial-011.712 (===
Fle Project View Calcaton Report Graphics Extras Help

DPHRAPIZTER I @ES KISSsoFT

Release 03-2011

Modules 8 x|| Basicdats | Reference profle | Tolerances | Modifications | 2 Tooth form | 3% Contactanalysis | 35 Operatingbackiash | 35 Master gear | [3] AGMA 925 |
4 Toothing =
4 Cylndrical gears | - Geometry
% Singie gear [2011] Normal module ms 60000 mm Gear 1 Gear 2
® Cylindrical gear pair [...
£ Pinion with rack [2013] Pressure angle at norml section on 20,0000 Humber of teeth 2 E 7
@ Planctary gear [2014] spur gear ) Facenidth b 44,0000 44,0000 mm
*§ Three gears [2015] =
22 Four gears [2018] Heix angle atreference crde B 00000 © Profil shift coeffigent x° 0.2485 2485
={ Bevel and hypoid gears [2070] Center dstance a 303.0000 mm Quality (PIN3%61) Q@ 6 6
wd Face gears [2060]
8 worms with enveloping worm.. Strength

G, crossed helical gears and pre

Calculation method | Plastic according to VDI 2545-modified (YF Methad B)
& Non drcular gears [2040]

4 Shafts and Bearings Required service ife H 20000.0000 h Power P 10,5000 kw
ol Shaft caleulation [Wo10]
& Roler bearings [W050] Appiication factor Ka 12500 Torque T 2274678 N @
# Piain bearing Face load factor Kes 1.0000 Speed n 440.8000 1fmin
@ rydrodynamic journal be.
& tydrodyname sxisl journ Material and lubrication
4 Connections
4 Shaft-Hub-Connections Ger1  [PAL  Untreated, VDI2545 [6F]
4 Interference fit connections
® Cyindrical nterferen Gear 2 [FDM, Thermopiastic (POM, PPA, etc.), untreated, VDI2545 [SBFVd]
@ Conical interference f. Lubrication [Dw,‘ Input - Gil bath lubrication
@ Clamped conmnection |.
Keys [MD22] -
vodkdes
wanusl 8 x
> General Resus & X | 2D geometry 8 x
> Toothing
© Sutmdves ] PE &
> Connections Contact ratio (Transverse/Qverlap/Total) kd
> Springs -
> Belts and chain drives Actual tp circe dex
> Automotive Root safety
> Diverse Flark safety
> KiSSsys Safety factor bending
> Bbliography and Index
Manual | Explorer | Search Resuits | Messsges | Tnformation < | v
CONSISTENT

Minimum tooth thickness at the tip

In the KISSsoft system, the default value for the necessary minimum tooth thickness is
0.2*module. However, for plastic gears (with tip rounding) this value is rather low. You should
set it to 0.4*module instead. To do this, go to "Module specific settings" in the "General"
tab:
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295

Module specific settings

General | Plastic I Sizings

Calculations I Required safeties

Contact analysis

Summary

Input of quality according to

[Calculah'on method for strength

[ varying qualities

[ nput of normal diametral pitch instead of normal module
[] tnput of number of teeth with decimal places

[ Allow large profile shift

[ Allow unsymmetrical modifications

[~] Don't abort when geometry errors ocour

[] Maintain tip circle when changing profile shift

[] Maintain root cirde when changing profile shift

[] Use alternative algarithms for the tooth form caloulation

Factor for minimum tooth thickness at tip 10,4000

0.1500

Coefficent for minimum tip dearance

Figure 2.11

Essential and effective measures for optimizing geometry are:

Geometry changes for a predefined reference profile

You can significantly alter the tooth geometry by varying the module, pressure angles, helix
angle and profile shift of a specific reference profile. In particular, for helically toothed cylindrical
gears, you can usually find an optimum solution with this approach. Here, the KISSsoft
software programs provide an especially effective tool for optimizing the design. The fine sizing
functions generate all the possible solutions for a particular problem and then classify the

results according to the relevant operating criteria.

You call the fine sizing procedure from "Calculation">"Fine Sizing".

contains more detailed information about this.
The Fine Sizing screen:

Specifying the necessary minimum tooth thickness at the tip in module-specific settings

KISSsoft Tutorial 009

Fine Sizing EI@
Conditions I | Conditions II | Results | Graphics |
Maximal no of solutions 250
Mominal ratio/deviation in %& i ic 3.0400 5.0000
Minimum Maximum Step
Mormal module ms 6.0000 6.0000 mm 0.0000 mm E]
Pressure angle at normal section an 20.0000 20.0000 = 0.0000 =
Helix angle at reference cirde B 0.0000 0.0000 = 0.0000 ® E]
Center distance a 303.0000 303.0000 mm 0.0000 mm [ [E
Range for profile shift coefficent X -0.6000 1.0000 E]
Gear 1 Gear 2
Maximum tip diameter e, mex 999999,0000 999993,0000 mm
Minimum root diameter demin 0.0000 0.0000 mm
Fix number of teeth z o @ o @
Fix profile shift coefficent = 0.0000 [] 0.0000 []
Accept Delete Report

Figure 2.12 Cylindrical gear-Fine Sizing

Changing geometry by varying the reference profile

If you change the reference profile (usually by increasing the tooth depth) you will also change
the profile contact ratio. To ensure the tooth forms produce as little noise as possible and run
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smoothly, you should try to achieve a profile contact ratio of 2.0 (or even higher). This
minimizes the stiffness jump caused by changing from single to double contact. Although you
can achieve the required contact ratio by generating a suitable reference profile, interference is
usually caused when the gears are actually manufactured. For this reason, only a limited
number of solutions are possible. To enable you to work on this problem more effectively, the
KISSsoft Fine Sizing design functions allow you to select all the possible solutions for a
predefined target profile contact ratio and then display these options.

To activate this method, go to the "Cylindrical gear Fine Sizing" screen and click the

"Conditions II" tab. This opens the relevant screen:

Fine Sizing ol ® ==
Condiions1 | Conditions I | Results | Graphics |

[ calculate geometry only

[T Permit undercut

Reject results with spedific sliding higher than 3
Consider minimum tooth thickness

[T Allow small geometry errars

Suppress integer ratios

List of cutters for reference profile |None ~ I
</ i Sizing of deep tooth form Required transverse contact ratio > 2.1000
[ —
Contact analysis Mzzrmr - I
[7] Suspend results which do not meet required safety factors
Minimum number of teeth Zain 1} EJ
Factor for minimum between root form diameter and active root diameter (e - d=d) [ M 0.0100
Factor for minimum between root form diameter and base drde (der-da) fma 0.0100
Accept Delete Report Calculate Close

Figure 2.13 Sizing a deep tooth form

Here, set a flag in the "Sizing of deep tooth form" checkbox.

You can either specify the required transverse contact ratio directly or use a predefined value.
The required profile contact ratio then appears in the main menu under
"Calculation"->"Settings" in the "Sizings" tab.

Eliminating contact shock by correcting the tooth form

When a gear pair meshes, the contact of the two new gear teeth causes contact shock. The
more inaccurate the meshing and the greater the deformation of the teeth under load, the
greater the levels of noise produced by this impact. For this reason, if you are working with
plastic gears, the involute at the tip is modified by a relief curve (profile modification). If you are
working with metallic gears, this process is called profile modification at the tip, although in this
case the correction is usually much smaller due to the greater stiffness of these materials. The
curve is usually applied to the tip of both gears. However, as an alternative (for example, in
rack drives), it can also be applied to only one gear, but then both in the tip and the root. The
relief curve consists of three increasingly narrower arcs, which are calculated automatically in
the KISSsoft system and then integrated in the tooth form.

In the KISSsoft system, you can input profile modifications in two different ways

A) In the "Modifications" tab
This new option is available from version 03-2008 onwards.
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In the "Modifications" tab you can input linear and arc-shaped modifications to the tip and/or
root.

The benefit is that any modifications you make here are documented in the main report. This
means the data is easier to input and to view.

We recommend you use this variant from version 03-2008 onwards. The instructions are
given in another tutorial. However, Variant B), below, is described here.

B) Inthe "Tooth form" tab (as before)
You input tip reliefs and relieve curves as part of the tooth form calculation. To do this, call
the "Tooth form" tab:

‘Basir_dala I Reference profile | Tolerances | Modiﬁcaﬁorm%;Tuumfur%onlactana\ysis | .%‘,Operaﬁngbaddash I .%;Mastergear | \%;AGMAQZE |
S —

4 L Gear 1

E automatic (Rack)
4 L3 Gear 2

E automatic (Rack)

Figure 2.14 Tooth form calculation

The default setting here is "automatic”. This means the tool data is generated automatically to
match the reference profile defined in the main screen.

Right-hand mouse click on "automatic" to view a menu detailing other operations. Then click
the left-hand mouse button to add the required operation.

@ 0¥ Gear 1 | Automatically
B automz=-—m-aa = A
4 3 Gear2 Add operation ¥ Automatically
E automz Generate cylindrical gear with hobbing cutter

Choose as result

Deactivate Generate cylindrical gear with pinion type cutter

e Import cylindrical gear data

Delate Generate cylindrical gear with read-in hobbing cutter
Generate cylindrical gear with read-in pinion type cutter
Theoretical invelute/Form grinding

Cydoid

Cirde-shaped toothing

Straight line flank

Add tip rounding

Add tip chamfer

Linear profile modification

Progressive profile modification

Profile modification according ta Hirn

Elliptic root modification

Radius at root

Calculate reference profile

Calculate pinion type cutter _
Madification for mold making

Modification for wire erosion
=sults Iy
Madification for pinion type cutter

Figure 2.15 Possible operations for the tooth form on Gear 1

‘Basir_dala I Reference profile | Tolerances | Modifications | 2 Tooth form | 2 contact analysis | 2 Operating backlash I 2 Master gear | 3, AcMaA 925

4 L Gear 1 Automatically

B automatic (Rack) Consider medifications
E Lingar profile modification

4 ¥ Gear2 nsider chamfer frounding
B utomatic (Rack)

Figure 2.16 Taking into account deactivated tip rounding on Gear 1

You cannot generate tip rounding automatically. In this example, as other tooth form
modifications are involved (for example, profile modification), tip rounding must be the last
operation that is performed. For this reason, delete the flag here.

After the basic gear geometry has been defined, you can modify the involute. Various methods
for doing this have been integrated in the software. The options here are: linear or progressive
profile correction, running-in curve consisting of three circular pitches as specified by H. Hirn
[1], each of which can be combined with tip chamfer or tip rounding. In this case, you must
specify the correction height (diameter at which the correction begins) and the tip relief. Each
value has a sizing function which proposes optimum values based on the profile contact ratio,
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toothing quality, material type (plastic or metal), stiffness and load. By changing the "Factor for
tip rounding”, you can even change the shape of the curve (in the "Progressive profile
correction" option)!

In a progressive profile correction, you can improve the length of contact and the local
lubrication properties compared to those achieved by a linear profile modification. The formulae
for these profile modifications are defined as follows:

Linear correction: 8s(r) = Ca * &r /6rK
Progressive correction: 8s(r) = Ca * (5r / Srk)EXP
S Profile relief (tooth thickness modification)
r Radius at an arbitrary point on the tooth form
Ca Profile relief on the tip circle
or ra—r
oK ra—raK

ra  Tip circle radius
raK Radius at the beginning of the correction
Exp = Factor/5

Factor: range 1-20, usually in the range 5 to 10
(you can input your %\;vn value here)
a

A
STNF 4
e
FAE R
;I : \I\\ o
\ 2
/ ! =) i |
linear progressive circle shaped form circle shaped
Figure 2.17 Profile correction types

Click the Sizing button j to the right of the "Modification starting at diameter" input field to
tell the program to calculate suitable values for the beginning and size of the tip relief.

‘Basir.data I Reference profile | Tolerances | Modifications | 3 Tooth farm | 12 Contact analysis | |3 Operating bacdash I |2, Master gear | 3 AGMA 525 |

4 ¥ Gear 1 Progressive profile modification

B utomatic (Rack) Modification starting at diameter das 159.7410 mm
s Progressive profile modification
4 ¥ Gear2 Tip relief C. 0,9550 mm
s automatic (Rack)
Coefficent for the curvature 10,0000

[] Input of modification in axial section, not in transverse section

Figure 2.18 Suggested tip relief

If the gear is to be manufactured by moulding processes (injection moulding or sintering), it is
essential that all the corners are rounded. You can input the rounding radius at the tip
independently of which profile modification you select. You can also use the "Add tip
rounding" option to add a rounding radius to the tip.

‘Basir_dala I Reference profile | Tolerances | Modifications | 2 Tooth form | 2 contact analysis | 2 Operating backlash I 2 Master gear | 3, AcMaA 925 |

4 ¥ Gear 1 Add tip rounding
E cutomatic Rac) Tip rounding r 1,0000 | mm
B Progressive profile modification
I 2dd tip rounding [ tnput of modification in axial section, notin transverse section

4 ¥ Gear2

E automatic (Rack)

Figure 2.19 Adding tip rounding

You will find the best factor by trial and error. You can view the tooth contact and tooth form in
greater detail by opening the tooth contact window in the screen (shown circled in red at the
bottom right of the window).

To compare the different settings generated when you modify the tooth form, save the last
tooth form that was calculated as shown in Figure 2.4.
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2D geometry ]

SPAELIEE Y
“ | | Property Value -
4 Gear 1
Mumber of teeth [
4 Tooth form =

> automatic (final... [ False
* Progressive pr... D False
> Add tip rounding True
Trace of the tooth tip D False
4 Gear 2
Mumber of teeth 7
4 Tooth form
> gutomatic (final... True
> automatic (cha... True
Trace of the tooth tip [ False
4 (Generate

4 | i b

Figure 2.20 Comparing tooth tip modifications

First click the "Tooth form" tab in the main screen. In the calculation step for "Progressive
profile modification” the stored, active calculation has a "Factor for tip rounding” of 18. In
the "Add tip rounding" calculation step it has a "Tip rounding" of r=1 mm. Run the
calculation again. Now the "Factor for tip rounding” is 10 and the "Tip rounding" is r=2 mm.

Optimizing the tooth root

The fatigue safety factor can be significantly improved by using a large radius at the transition
from the involute in the root filet. If gears are manufactured by a generating process, it is
sometimes difficult to achieve optimum rounding even when using tools with well rounded tips.
However, by making a suitable modification (below the usable root diameter) you can greatly
improve the safety factor.

This modification can be VERY useful if you want to eliminate undercut from the tooth form
(see next figure).

The KISSsoft system can also perform this modification automatically.

You input and calculate optimized tooth root rounding as part of the overall tooth form
calculation, in "Elliptical tooth root modifications" in exactly the same way as tip relief as
described in 2.6.

2D geometry

=]
b SR E E

| Basic data | Reference profile Tolerances ‘ .%‘.Toothform

4 £¥ Gear 1 Elliptic root modification
E automatic (Rack)
E Elliptic root modification
2 £F Gear 2 Coeffident for the curvature 9.0000
E automatic (Rack)

Arc length on the root diameter 0.0000 mm

[] Input of modification in axial section, not in transverse section
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Figure 2.21 Root form without (black, with undercut) and with (blue) optimization

Important: If used with a running-in curve or tip rounding on the mating gear, the start of the filet
may encroach above the root circle. If this happens, it is essential you check the meshing (see
next section).

After you have optimized the tooth form, we strongly recommend you check the precision of the
gear meshing. The contact between the gears should always be in the area of the actual
involute. A crash between the teeth, especially from the tip of the driving gear to the root of the
driven gear, can cause a great deal of damage. You should perform the check using the
minimum center distance value (and, for safety reasons, also with the maximum center
distance). You can input the center distance directly in the screen.

A useful tool for checking that the meshing is correct is the "Check for collision" function.

Click this checkbox to activate the collision check. Then click the relevant icon "3‘. "Flank
left or right" to size the flank to the left or the right. A black square shows you if the flanks
touch each other. If a collision occurs, this square is red.

2D geometry

&)
kR EZY
| | Property Value -

Number of teeth [}
4 Tooth form
> automatic (final. [C] False
> Progressivepr.. || False
> Add tip rounding True
Trace of the tooth tip 7] False
4 Gear 2
Number of teeth 7 m
4 Tooth form
> automatic (final... [ False
> automatic (cha. True
Trace of the tooth tip [ False
4 Generate
Number of rotation 10
Make automatic fla False

< m v

[Mash\ng

m

Figure 2.22 Activating the collision check

Click | |"Properties" to display the settings to the right of the graphic. You can then
activate the collision check.

2D geometry =]
s Wy § P8 FEE
» | | Property Value -
4 Gear 1
Number of teeth &

4 Tooth form
> automatic (final.. [ False
* Progressive pr.. [ False E
> Add tiprounding [C] False
> Eliptic root mo True
Trace of the tooth tip [ False
4 Gear2
Number of teeth 7
4 Tooth form
> automatic (final True
Trace of the tooth tip ] False
4 Generate
Number of rotation ... 10000
Make automatic fla... False
Tue
4 Pair data
4 Center distance 30298401
Tolerance field _ lower allow ™
r

<

Figure 2.23 Collision check

,Crash’ Cotrect contact
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29 Checking for seizure in the gears

3.1

You can prevent the gears from seizing by using an appropriate tooth thickness deviation (as
described in section 4). If you cannot make the tooth thickness deviation as large as
theoretically required (because for example, the remaining tooth thickness would be much too
small) or if another reason may cause the gears to jam, you must check this carefully:

When the gears are run together, the teeth should jam before the tip encounters the root circle
(i.e. minimum clearance must still be present for backlash 0.0.) This important fact is taken
directly from real life and must be noted because impacts at the root are more serious than
seizing between the flanks.

In the KISSsoft system, you perform this check directly in the "Tooth contact" window by
reducing the center distance until the backlash is removed. In this situation, clearance must still
be present between the tip of one gear and the root circle of the other!

KiSSoft - Cylindrical gear par [2012] - Tatoria D11212 —TaT=]
DRERr @B ITEaR 3@ QBB KISSsoFT

I 18
Examples 8 X || Basicdats | Reference profie | Tolerances | Modifications | (3 Tooth form | (3 Contactanalysis | [3 Operatingbackiash | 2 Master gear | [3 AGMA 325 |

@ PlanetarySet 1(1S06336) e

3 kisssoft-tut-008-D-Nachrechn.
lisssoftut-008-0-strvaces

T isssoft-ut-013-D-zabnform- Processing [Foal restment

P Tutoris-008

Gear 1 Gear 2

Configuration [Reference profie gear Configuration [Reference profie gear

==

Reference profie  [Own Input [1.25/0.38 / 10150 53.2 rofil A

B Tutoria-008_ISO
D Tutorisl-009-Stept. Label
B Tutorial-009-Step2

b 12500

Dedendum coefiicent e 1.2500 Root radius coefcent o 0.3300
B Tutoria-009-5tep3
Blg. Tutorisl-009-Stept Rootradius coeffident 3 0.3800 ‘Addendum coefficient b 1.0000
o Tutoria-009-5teps Addendum coeficent [ 12300 Protuberance heicht coefcent 3 0.0000
D Tutoria-010
B Tutorisl011 Protuberanc heicht cosf o000 ©
2D geometry
@ Tutorisl012_stepl Protub . . 0000
@ o1 s et TH S W o §RE PR E
@ Tutoris-o12_step Tip form height coeficient . = — fooon =
Ramp angle
P end Trace of the tooth tip (] False
= | [ topping tool 4 Gear2
8 FaceGear 2 (shaftAnge 60 3 Nomber of teeth |7
> ShaftHub-Connections (only DIN 5451) JTTT
> Shaft-Hub-Connections (only DIN 5462) > automatic (final True
> Shaft-Hub-Connections Trace of the tooth tip [7] False =
> shafts 4 Gener.
" S 1 / \ Namber of otaton . 10
Wake automatic fa... False
Vodues Projects
Examples i Check for collsion True
Menudl 8 x 4 pairdata
> General 4 Centerdstorce  302.7000
> Toathing Tolerance fidd _ user-defined
Resuits 8 x
» Shafts and Bearings oo 13027000 |
 Connections Unit m
> Springs Contactratio (Transverse/Ov| > Active tip circle O False
» Belts and chain rives Gear1 . Actverootarde [ Fase )
> Automotue Actual tp arde 6. 167.742
> Diverse Root safety 18050
 Ksssys Flank safety L4t
» Bblography and Index Safety factor benclng 0,344 4
« i ’

Manual | Explorer | Search Results | Messages | Information

CONSISTENT

Figure 2.24 This is a BAD example: after the backlash has been removed, the tip of Gearl is already deep
in the root area of Gear2!

When designing and optimizing gears, it is especially important that you calculate the root,
flank and wear safety factors for the projected service life of the gear.

Just like steel gears, the material property values for plastic gears (root resistance and flank
strength) depend greatly on the number of cycles. They are also greatly influenced by
temperature and the type of lubrication (oil, grease or none (dry run)).

Whereas for steel, the root strength calculation depends on a single value (for example, root
resistance [og;m] Of 17 CrNiMo6: 525 N/mm2), you will need several diagrams for plastic gears.
This data is stored in the KISSsoft system in separate diagrams for oil, grease lubrication or dry
run. This data is processed automatically in the calculation. This means you can easily modify
material data yourself. You will find more information about this in the manual, especially in the
sections "Materials for gears", "Plastics as specified in VDI 2545", "Plastics".
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3.2 Inputyour own data for plastics

The KISSsoft material database already contains data about some plastics. If you already know
the plastics data, you can save it to the KISSsoft database using the method described below.
The example here uses the "POM" material that is already present:

Start the database tool by clicking "Extras"->"Database tool", open the material database,
and click on data for the gear calculation:

Data base tool [= [ =)=

=

Label Data base Table -
Cylindrical roller bearings (single row, full complement) Wooo WOSWNORM33
Cylindrical reller thrust bearing Wooo WOSWNORM38
Deep groove ball bearing (double row) Wooo WOSWNORM12
Deep groove ball bearing (single row) Wooo WOSWNORM 10
Deep groove thrust ball bearing {one side) Wooo WOSWNORM22
Deep groove thrust ball bearing (two side) Wooo WOSWNORM23
Disk spring standard Moo FO40NORM
Key standard Moo MO2A
Linear drive train MO0D K015
Load spectra 2000 LASTKOLL
Lubricants KMAT KLUB
Machining allowance cylindrical gear 2000 ZADDT
Manufacture process for bevel and hypoid gears 2000 TKLIK
Material Disk spring calculation KMAT FO40
Material Interference fit KMAT MO10 E
Material Plain bearings KMAT wWozo
Material Shaft calculation KMAT Wooo
Material Spring calculation KMAT FO00
Material Welded joints KMAT MO30
Material of bolts KMAT M40
: | Extras | Help Material of enveloping worm wheels KMAT 2080 i
. - Material of gears KMAT Z000
)J = a7 Material of shaft-hub-connection KMAT Moz
Configuration tool Multi-Spline standard Moo MO2E
= Needle cage Wooo WOSWNORM41
4y = Data base tool ] Meedle roller bearing (with [ without internal ring) Wooo WOSWNORM40
Polygon standard Moo MO2D
ne @ Calodator Reference profile DIM 5480 2000 ZPROFS5480
Reference profiles 2000 FFROF
na Hardness conversion Roller bearing Four-peint contact bearing Wooo WOSWNORM 18
Roller bearing Tolerance dasses Wooo WOSTOL
- Language v Roller bearing dearance Barrel Roller Bearings Wooo WOSCLEARANCESD
b Roller bearing cearance Cylindrical roller bearings {double row) Wooo WOSCLEARANCE3L
r_ System of units 3 Raller hearinn rlearance Culindrical roller hearinas {dauble row. full comnlementy w000 WNSCI FARANCE34
.
<z Settings
Figure 3.1 Opening the gear material database

Before you can generate a new material, it must be made available to the materials database.
Click "Material basic data" to define this basic data. To define a data set, click "+". You can
then edit this data set. If you have already selected a material, this data is transferred to the

new data set and a new material description is created.

Diameter range 1

38 53551263 (5t52.3N)
198 SAEB617
197 SAES520(20NCrMo2-2)

1057 Diameter range 2
simiar to 16523 case-hardenec
16523 case-hardene: TS

ol C Diameter ranoe &

50,0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

10,0000

0.0000

0.0000

35 SINTD33 not aloyed/th

36 SINT D33 warmcompacted not aloyed/th
224 Stanyl TW20076 (DMS) PA4.6 GF fber-reinforce EEEE 0.0000 0.0000 0.0000
218 Stanyl TW27186PA%.6 fiber-einforce
218 Stanyl TW271F6 PA%6S fiberreinforee Diameter range 5 0.0000 0.0000 0.0000
17 Stard TW241 PASR imireated T

0.0000

Display entry (==
D 10530 Created by:  KISSsoft on: 01.01.1995 00:00:00
[ Status active Changedby: KISSsoft on: 08.07.2003 00:00:00
Database KMAT Table KISS Fiter [Display only acte datasets ¥ Label POM
PSP — = [ETE——— Type of et = Materiallabel number Comment strengh, reference diameter estinated
187 Nitralloy 135M, Grade 2(AGMA) nitrided 2 y -
152 Nirclloy L3, crade sacviny e Young'.t20°C  Ex 2800.0000 Njmm: Data source mann volume 1 3rd edition chap. 5.6.2
rinded Poissonisratio v 0.5000 Oldlabel
il sehiieda i o o o S
58 PA 12 treated
28 pad beated Coeffi..ansion a 10,0000 10°/°C Material type Thermoplastic (POM, PPA, etc)
59 PA &6 untreated
T Sheari. £20°C Gz 30,0000 Njmm: Hardness 0.0000
Tensile strength R [Njmm?] Yield paint Ry [N/mm?] Raw diameter d [mm] -

i

1

EEE

Figure 3.2 Generating a new data record

The next sections use the material POM (already present in KISSsoft ), to show you which
entries are required. These are "Material basic data" and the module-specific data, here for

"Gear material"
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Display entry ==
jul 10530 Createdby:  KISSsoft on: 01.01.1995 00:00:00
Status active Changedby: KISSsoft on: 08.07.2003 00:00:00
[#] Display entry =
Label POM
Material label number Comment strength, reference diameter estimated ) =D izl | o 220040 0000
Young'..t20°C Ex 2800.0000 N/mmz Data source mann volume 1 3rd edition chap. 5.6.2 izl adne Changed by: on:
passonisratn v 0.5000 Oldiabel Base materel PO, Tremeplesic (oM, PP etc), snireated =)0 Coper ]
Densiy g 14250000 kgfn? Tipeof bestment Comment \D12545 s8]
Coeffi.ansion o 110.0000 10°%/°C Material type Thermoplastic (POM, PPA, etc)  + Fie for @ ®
Shear 120°C 6 930.0000 Njom® Hardness 00000 v 7 || e oot ("R 008 IEIm |
Tensile strength R [Nfinm 3 ield point Rz [N/nm?] Raw diameter d [mm] B Endurance limit root (IS0, DIN/AGMA 2101) —— £x I TR
Bor=ese il 50.0000 0.0000 10.0000 Endurance limit fiank (IS0, DIN/AGMA 2101) O mfSne 45.0000 Njmm?
Diameter range 2 0.0000 0.0000 0.0000 i Endurance limit root (AGMA 2001) s 39810000 bfjn
Diameter range 3 0.0000 0.0000 0.0000 - Endurance limit fiank (AGVIA 2001) Sae 6527.0000 Ibfjinz
Diameter range 4 0.0000 0.0000 0.0000 Mean peaicto-valley roughness root Rs 80000 pm
Mean peak-to-valley roughness flank Ra 8.0000 pm
Thermal contact coeffident Bu 0.0000 Njmm/s*5K
Diameter ranae 0.0000 0.0000 0.0000 i
Figure 3.3 Material basic data module-specific data "Gear material" for plastic

The most important information is the entry under "File for Woehler line", as shown in Figure .
This is where you input the name of the file in which the temperature and lubricant dependent
data is stored. You must save this file in the installation folder (usually C: \Programs\KISSsoft-

03-2011\ext\dat):

Figure 3.4

o o]

@Qv| L% ext » dat v|~‘,‘|.’ o|

Organisieren « In Bibliothek aufnehmen « Freigeben fir + > ~ [@ @'

Name ° Anderungsdatum Typ Grafie n

|#] Z014-DSM_TW271B6.DAT 13.04.2010 14:33 DAT-Datei 3KB

|=] Z014-DSM_TW271F6.DAT 13.04.2010 14:38 DAT-Datei 3KB

\=] Z014-DSM_TW341.DAT 13.04.2010 14:41 DAT-Datei 3KB

|=] Z014-SABIC_DFL36.DAT 03.08.2009 08:44 DAT-Datei IKE |2

|=] Z014-5ABIC_DLO0Z9E.DAT 03.08.2009 0&:44 DAT-Datei 3K8 |

|*] Z014-5SABIC_EFL36.DAT 14.05.2009 09:07 DAT-Datei 3KB

|=] Z014-5SABIC_KAO00M.DAT 03.08.2009 08:44 DAT-Datei 3KB

=] Z014-5ABIC_KLO04.DAT 03.08.2009 08:44 DAT-Datei 3 KB

|=] Z014-SABIC_LCL33.DAT 03.08.2009 08:44 DAT-Datei 3KB

|=] Z014-5ABIC_OCL36A.DAT 03.08.2009 0&:44 DAT-Datei 3KB

|*] Z014-5SABIC_OFL36A.DAT 03.08.2000 08:44 DAT-Datei 3KB

|=] Z014-5ABIC_R2000.DAT 03.08.2009 08:44 DAT-Datei 3KB -
4 | n C

22 Elemente

Location for saving own plastic data

You can now store the material data you are about to input in its own file (you can give this file
any name you like). To do this, we recommend you copy an existing plastic file (for example,
the file Z014-100.DAT for POM), rename it and then edit it.
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Extract from Z014-100. DAT (for POM): Young's modulus
(One-dimensional table with Young's modulus, dependent on temperature)

: TABLE FUNCTION ElastizitatsModul
INPUT X ZahnTempFuss TREAT LINEAR
DATA

-20 0 20 40 60 80 100 120

4400 3950 3500 2950 2400 1800 1400 950
END

Extract from Z014-100. DAT (for POM): Flank strength with oil lubrication
(two-dimensional table with sig. Hlim depending on temperature: columns and load cycles:
lines)

-— Data for flank strength with oil lubrication
-- From Niemann, diagram 22.4/4, for PA66, oil lubrication
: TABLE FUNCTION FlankenSigHNOel

INPUT X ToothTempFlank TREAT LINEAR

INPUT Y Load change TREAT LOG
DATA

20 40 60 80 100 120

0 120 115 108 99 91 76
1E5 120 115 108 99 91 76
1E6 95 90 85 78 68 57
1E7 70 67 63 58 50 40
1E8 52 50 47 44 37 28
1E9 45 42 40 38 32 25
1E10 43 41 38 36 30 24
1E11 43 41 38 36 30 23
1E99 43 41 38 36 30 23

END

3.3 Strength calculation with consideration of effective tooth form

The calculations of the root strength according to the methods in the VDI2545, DIN3990,
1ISO6336 or AGMA2001 standards use a simplified model for calculating the root stress in
which the stress is calculated for a nominally defined cross section (at a point of the 30 degree
tangent on the root filet in DIN or ISO). However, for gears with a pressure angle that varies
greatly from 20 degrees or with verified root rounding (see below), this cross section can be a
long way from the cross section that is subject to the greatest load. The "graphical method"
used in KISSsoft performs the calculation exactly according to the corresponding formulae of
the selected calculation methods (YF and YS in DIN, 1ISO, AGMA) in approximately 50 cross
sections in the root region from the mid-tooth height to the root, and determines the cross
section with the highest bending stress. This data is then used in the calculation. This gives a
much more accurate calculation procedure which can also be used to calculate non-involute
tooth forms. For more information, refer to the relevant section in this manual.

How to activate this "graphical method" in the KISSsoft system. When you input the strength,
right-hand click the Details button. In the next screen, under "Form factors YF and YS"click
"using graphical method" from the drop-down list.

Strength

Calculation method |P\asﬁc according to Miemann

Reference gear Gear 1 - ( Details... )

Required service life H 20000.0000 h Power P 10.5000 kw =)

®

Application factor Ka 1.2500 Torque T 227.4674 Nm @

a2l

Face load factor Kug 1.0000 Speed n 440.8000  1/min
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Figure 3.5

Define details of strength

System data

Profile modification

Driving gear

Life factors Zw, Yx according to ISO 6336
Form factors Yz, Yz

Tooth contact stiffness

[ small no. of pittings permissible

Load distribution coeffident

Mass temperature (souffing, micropitting)
Toothing is well run in (scuffing)

lnone (only running-in)

[Gear 1

’normal {reduction to 0,85 at 10°° cycles)
o ——

)

’using graphical method

[Following formulae of Standard (normal)

Ky 1.0000

B 70,0000 *=C

Activating strength calculation using the graphical method

Now, each calculation will first automatically calculate the tooth form and derive YS and YF

from it.

You can also display tooth root strain at the tooth root in the KISSsoft system. To do this, click
the "Contact analysis" tab, input the required settings and then run the calculation.

‘Basir.data I Reference profile | Tolerances | Modifications | 3 Tooth form | B Contact analysis | |3 Operating bacdash I |2, Master gear | 3 AGMA 525 |

Contact analysis

Contact pair [Meshing Gear 1-Gear 2 - ]
Working flank lnght flank hd ]
Accuracy of calcuiation [medium -
Torsion [an Input - ]
Torque gear A lnut considered - ]
Torque gear B [nnt considered - ]
Partial load for calculation  w: 100.0000 %

Centre distance tolerance [Average center distance allowance

]

Center distance
Single normal pitch deviation

Coefficent of friction

Axis alignment

Deviation error of axis

Indination error of axes

2030000 mm
0.0000 pm
0.1000
Own Input ]
0.0000 pm
0,0000 pm

Figure 3.6

Calculating the Contact analysis

Then, under "Graphics">"Contact analysis", select the graphic you require, like the stress

curve 2D

shown in our example.

Here you see the effective tooth root strain in Gear 1 and Gear 2 during the contact shown in
dark blue and green. The light blue curve shows the progression of Hertzian surface pressure.
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Graphics | Extras  Help

2D geometry [ :5_:, %ﬂ &Q
3D geometry »
< Emn * lofie | Tolerances | | 3 mooth form | B con
H Contact analysis  » Axis alignment
Gear pump 4 Transmission error
AGMA 925 e Acceleration of transmission error
Close » FFT of the transmission error
Mormal force curve (line load) »
ez 4 Normal force distribution (ine load)
Settings Torque curve
Stiffness curve
7| TerquegearB FFT of the meshing stiffness
Partialload for calculatio|  Bearing force curve
Bearing force curve in %
Beearpump Direction of the bearing forces
Function as Kinematics
Pressure atinput Spedific siding long the tooth flank ,
Pressure atoutput Power loss ©
Height of the tip diamet Heat development '
h Heat development along the tooth flank 3
Fonsder Hertaen Flash temperature (IS0 TR 15144) »
Lubricating fim (SO TR 15144) ,
| Spedfic film thidness (IS0 TR 15144) »
= Safety against micropitting (IS0 TR 15144) b
g Stress curve > »
= Bending stress in root area 3 E
Contact analysis Stress distribution on tooth L3
Wear along the tooth flank >
|Stress curve 20
Contact analysis
D 0
Stress curve 2D S ] \ﬁ E
“ | | Proper
Stress [N,.’} m?] 0B E perty
80,000 — G A -Tooth tstr 4 Coordinate system
— ar .- ool oot stresd 4 Angle of rotation automatically
~—  Gear B -Tooth root stres: . 7=
70.000 —| from -17.7120
_ Flank pressure (Middle of to 12,5280
Unit °
50,000 — N
| 4 Stress automatically
from 0.0537
50.000— to 79.8587
] Unit N/fmm2
0m—
l [ = > Grid True
50.000— \ 4 Gear A
_ o
> Tooth root stress (.. True
20.000— 4 Gear B
] > Tooth root stress {... True
10.000 — I Flank pressure (Middle ... True
Ll LU r
0.000 — 1 T 1 T 1 T 1 ' |
-20.000  -10.000  0.000 10.000  20.000 ‘= - - _
Angle of rotation [4] B\tl 100 %, a = 303 mm, fpt =0 pm, p
“ [0 ] r
Figure 3.7 Tooth root stresses and Hertzian pressure, progressions over meshing using the example in the

"Tutorial-3.Z31" file with modifications (progressive profile rounding, "Factor for tip rounding” 10 and "Tip
rounding” r=12 mm)

Contact analysis
[Benging stress in root area Gear 4 20 -] H \:é ;_ =
Tooth root stress [N/mm?]
30,000
25000 —
20.000 —
15.000 — L
10,000 — B
5.000 —
oo | \ I \ I \
130,000 140,000 150,000 160,000 170.000
Diameter [mm]
‘ n L3
Figure 3.8 Tooth root stresses, progression in the tooth root

18/27 13. September 2011 Release 03/2011



4 Defining the Tooth Thickness Deviation

a1

4.2

In the precision engineering industry, the relative deviations (tooth thickness deviation) are
usually much higher for gears with module 1.0 or greater. If the relative center distance
tolerance is large, and the tooth quality is low, you must select a deviation that is large enough
to prevent the gears from seizing during operation. In addition, many plastics have a tendency
to absorb water over time and to swell up.

Experience has shown that it is a good idea to determine the necessary deviation first when
you start designing the gear. There is no point in optimizing a tooth form in detail (as described
below) and then discovering that your carefully designed gear gets "chewed up" at its tip
because the deviation is too great!

Use the method specified in DIN3967 to define the deviation. To do this, you must already
know the operating temperatures and the thermal expansion coefficients of the gears and their
housing. You must also take the swelling into consideration. Here, polyamide is the most
critical plastic (swells up to 2% due to water absorption).

The KISSsoft system provides an example file for calculating plastic gears "CylGearPair 2
(Plastic-Deep Tooth Profile)". Open this file in the cylindrical gear calculation module:

Here you must note the selected tolerances for Gear 1, Gear 2 and the center distance:
Basic data Reference profile |Tolarance5 | Modifications | 3, Operating backlash ‘

Gear 1 Gear 2
Configuration {Reﬂarence profile gear - J g Configuration IREfErEnEE profie gear - I B
Processing {Fina\ treatment - J @ Processing IFinaI treatment - I @
Reference profile {Own Input ‘J B Reference profile IDwn Input ‘I B
Label Label
Dedendum coefficient he 1.5000 D Dedendum coefficient he 1.5000 D
Root radius coeffident p= 0,3000 EJ Root radius coeffident p= 0.3000 EJ
Addendum coefficient b 13000 [#]  Addendum coefficient e 13000 =)
Protuberance height coefficient (. 0.0000 (5]  Protuberance height coefficient e 0.0000 =)
Protuberance angle e 0.0000 © [5]  Protuberance angle e 0.0000 © =)
Tip form height coefficient heas 0.0000 Tip form height coeffident Rese 0.0000
Ramp angle e 0.0000 = Ramp angle Qe 0.0000 =
[ topping toal [ topping toal

Figure 4.1 Preselected tolerances for Gear 4, Gear 33 and center distance

Before you can calculate the operating backlash, click "Z" (calculate) to calculate the
intermeshing. After this, click the "Operating backlash” tab to call the operating backlash
calculation:

Basicdata | Reference profie | Tolerances | Modfications | [0 Operating backlash

Influence of manufacturing

[7] Consider axis deviation error Aceuracy dlas of axis lignment according to (150 10064 . . . s
precision (axis position)

Consider manufacturing error according to DIN 3967 Accurscy dass Q 3 [}

[ Consider runout error Distance batueen bearings L 66.0000 | mm [}

Influences during operation

Temperature rangs housing (minjmax) To 20,0000 70,0000 | °C Relative water absorption during sweling v 0.0000 | %ol% [ fiber-reinforced

Temperature rangs gears (minfmax) T 30,0000 70,0000 | ¢ 4 Relativs water absorption during swellng e 0.0000 | vol% [ Fibar-reinforced | n ﬂ uence Of tem p erature on
Permissible temperature difference TTe (minfmax)  Tar -20,0000 0.0000 | °C -~ Reference temperature Tret 20,0000 . .

E expansion of the casing and
ety = | | B gear bodies

Select material for housing

Figure 4.2 Settings for operating backlash calculation

This example is defined so that seizing may occur during operation. This opens the following
KISSsoft user interface:
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Errar @ Warning @
Wy Attention: Warning:
'0 Gears jam. \, The minimal tip dearance due to the dilatation of gears decreases by more than 50%%!
Figure 4.3 Error messages: Warning message "Gears jam": tooth tips collide

Click the button to the right of E- (create report

=) to display this report:

Results :
Change of center distance by:

43

Warming (mm) [DaC] 0.037
Casing
(mm) [DaW] -0.211
Gears
Backlash change due to:
Center distance tolerances (mm) [Dja.e/i] 0.006/-0.006
Swelling due to absorption of water (mm) [DFQ] 0.000
Warming (mm) [Djthetal -0.114
Misalignment of axles (mm) [DjSigmabeta] -0.006
Mesh single deviation (mm) [DIF] -0.014
Theoretical backlash
- Circumferential backlash
(min.) (mm) Jt.i] 0.118
(max.) (mm) jt.el 0.201
Acceptance-backlash
- Circumferential backlash
(min.) (mm) [Jta.i] 0.102
(max.) (mm) [Jta.e] 0.186
Smallest operating backlash
- Temperature combination
Gear body temperature °C) TR] 70.00
Case body temperature °C) TC] 70.00
- Circumferential backlash
(min.) (mm) [Jtw.1i] -0.105
(max.) (mm) [Jtw.e] -0.021
- Normal backlash
(min.) (mm) [Jnw.1i] -0.100
(max.) (mm) [Jnw.e] -0.020
- Radial clearance
(min.) (mm) [Jrw.i] -0.154
(max.) (mm) [Jrw.e] -0.031
- Torsional angle with fixed gear 1
(min.) (°) [Dphit.i] 0.0000
(max.) (%) [Dphit.e] 0.0000
Figure 4.4 Extract from the operating backlash calculation report

The negative values for circumferential backlash show that the gear pair will jam.

Increasing operating hacklash

In the worst case, the circumferential backlash may be -0.105mm (see the yellow text marked
above). To prevent the gears from seizing, this value must be greater than zero. To do this,
change the tooth thickness deviation (make the teeth thinner). Both gears are reduced by 0.06

mm (to increase the circumferential backlash by 0.12 mm to ensure it remains positive). To do

this, go to the "Tolerances" tab and set tooth thickness tolerance to "Own Input". Then

increase the circumferential backlash by 0.06 mm in each case (for the lower and also the

upper deviation of both gears):
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Basic data Reference proFiIe Modifications

Allovwances
Gear 1 Gear 2

Tooth thickness deviation DIN3967 cdzs A4 E] DIM3967 cd25 v E]

Tooth thickness allowance {upperflower) B -0,0540 -0,0840 | mm E] -0,0700 -0,1100 | mm E]

Base tangent length allowance (upperflower) A, -0.0515 -0,0801 | mm -0.0668 -0,1049 | mm

Mormal backlash {minfmax) in 0.0515 0.0801 | mm 0.0668 0,1049 | mm

Circumferential backlash {min/ma) it 0,0540 0.0340 | mm 0.0700 0,1100 | mm

Tip diarmeter allowance {upper/lower) - 0,0000 -0.0100 | mm D 0.0000 -0.0100 | mm D

Root diameter dlowance {upper/lower) B -0.1713 -0.2664 | mm [] -0.2220 -0.3489 | mm [
Figure 4.5 Original state (tolerance cd4 as specified in DIN37)

Basic data I Reference profile Tolerances | Madifications | \%;Operaﬁngbaddash ‘

Allowances
Gear 1 Gear 2
Tooth thickness deviation

Tooth thickness allowance (upper loweg

Base tangentlength allowance (upperflower) Au TS TRTT mm

Mormal backlash (min/max) in 0.0515 0.0801 mm € 0.0668 0.1048 mm

Circumferential backlash (min/max) e 0.0540 0.0840 mm 0.0700 0.1100 mm

Tip diameter allowance (upper lower) Ae 0.,0000 0.0100 mm =) 0.0000 0.0100 mm =)

Root diameter allowance (upper flower) A 0.1713 0.2664 mm [] 0.2220 0.3489 mm []
Figure 4.6 Increase the circumferential backlash for both gears by 0.1 mm each

After you have input this data, click E— (calculate) again to recalculate the tooth form and then
rerun the operating backlash calculation as described above. This time, no warning appears
(because the gears do not jam) and you see a positive operating backlash in the report:

Smallest operating backlash
- Temperature combination

Gear body temperature (°c) [TR] 70.00
Case body temperature (°c) [TC] 70.00
- Circumferential backlash
(min.) (mm) [Jtw.1] 0.015
(max.) (mm) [Jtw.e] 0.069
- Normal backlash
(min.) (mm) [jnw.1] 0.014
(max.) (mm) [jnw.e] 0.066
- Radial clearance
(min.) (mm) [Jrw.1] 0.022
(max.) (mm) [Jrw.e] 0.101
- Torsional angle with fixed gear 1
(min.) (%) [Dphit.i] 0.0180
(max.) (°) [Dphit.e] 0.0823
Figure 4.7 Extract from the operating backlash calculation report, the operating backlash is now positive

9.1 Introduction

The theoretical tooth form which has been optimized as described above is calculated by the
KISSsoft system, using the mid-value of the tooth thickness deviations. The results in the
required tooth form, which can then be transferred to a CAD program via the DXF or IGES
interface. You can, for example, use this contour to monitor gears manufactured using a
projection process.

You can also mathematically define the injection mould. When plastic gears are manufactured
using an injection process, a certain amount of shrinkage occurs as the plastic solidifies. The
injection mould is therefore designed to be slightly larger in order to compensate for this
shrinkage. To achieve this, the tooth form is expanded both radially and tangentially. Radial
expansion gives an aspect ratio change in the radial direction (i.e. each point on the tooth outer
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9.2

contour is shifted in a straight line from the center point). Tangential expansion causes a

thickening of the tooth and a corresponding reduction in the tooth gap. To calculate the
injection mould in the KISSsoft system, you can predefine the required radial expansion at the
tooth tip and at the root as well as the tangential expansion as a percentage.

Modifying the injection mould to compensate for shrinkage

To activate these modifications, click the "Tooth form" tab to call the tooth form calculation

and then add the additional operations to the existing operation "automatic (Rack)".

| Basicdata | Reference profie | TolerancesC_E Tosth form D

4 ¥ Gear 1

| Automatically

Add operation  »
4 0 Ge

[ 3 Choose as result
Deactivate
Rename

Delete

Results

Automatically

Generate cylindrical gear with hobbing cutter
Generate cylindrical gear with pinion type cutter
Import cylindrical gear data

Generate cylindrical gear with read-in hobbing cutter
Generate cylindrical gear with read-in pinion type cutter
Theoretical involute/Form grinding

Cydoid

Cirde-shaped toothing

Straight line flank

Add tip rounding

Add tip chamfer

Linear profile modification

Progressive profile modification

Profile modification according to Hirn

Elliptic root modification

Radius at root

Calculate reference profile

Calculate pinion type cutter

Modification for mold making

Modification for wire erosion

Modification for pinion type cutter

Approximation for export

—

Permissible deviation

1.0000

pm

A ] lPo\ygonal course

|

Figure 5.1

Tooth form calculation with modifications for mould construction

& X

You can now input the radial and tangential expansion. Click E' to calculate the resulting
tooth form and then click "2D" to display it:

[ Basicdata | Reference profie | Tolerances | 2 Tooth form |

4 ¥ Gear 1

E automatic (Rack)

E Modification for meld making
4 ¥ Gear2

s automatic {Rack)

Modification for meld making
Radial expansion at tip
Radial expansion at root
Tangential expansion at tip
Tangential expansion at roat

Outside diameter of inlay body

Tolerance field for calculation

Diameter

Mean value N

Appraximation for export

Permissible deviation

1.0000|
1,0000
1.0000
1,0000

0.0000

1.0000

%o

um

Tooth thickness

[Mean value

hd l [Po\ygonal course

-]

Figure 5.2

Calling the gear pair display

Note: Before you can display the modified tooth form display, you must first activate
"Modification for mold making" ("Choose as result").

4 £¥ Gear 1
E automatic (Rack)
B Modification for m
4 £¥ Gear2
E automatic (Rack)

Modifica

Radial e

Add operation  »

Choose as result nt

Deactivate nt

e
Delete

4 | £} Gear 1

automatic (Rack)
odification for mold making

Rename 4 u Gear 2

E automatic (Rack)

The color blue indicates that this operation is used for the display!
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2D geometry

[
[Meshing ']H 2 Fr__L_y % 2 A‘ﬁ gj@% %’\"gn-*g"

| | Property Value  *
4 Gear 1
Number of teeth [ =

4 Tooth form
> automatic (final... [C] Fals
4 Modification for.. True
Color
Type ofline  continuo
Trace of the tooth tip [ Fals
4 Gear 2
Number of teeth 7
4 Tooth form

_| > automatic (final... True ™
14 1 ] +

Figure 5.3 Displaying the gears, expanded by the specified shrinkage

If you want to use these tooth forms to manufacture moulds, it is a good idea to export them
individually. Under "Permissible deviation", you can input a value in p to specify the
maximum size of the tooth form deviation. You can now open the graphic window immediately
to display the tooth form of Gear 1 and Gear 2.

Tolerance field for calculation Approximation for export
Diameter ’Mean value A ] Permissible deviation C 3 10000 pm>)
Tooth thickness ’Mean value A ] [Polygonal course A ]

2D geometry

" - L0 e
pstng > HS e %
Figure 5.4 Permissible deviation; open graphic window
2D geometry = 2D geometry =]
L 3 ) )
Tooth form Gear 1 5 B = T Ho 8=y Y
@\ﬁ = ﬂ | [property Value B
- Display Normal section (gap)
Number of teeth 25
4 Toath form
“ True
Color M dark blue
Type ofline continuous =
4 Modification for mol. True
Calor M blue
Type ofline continuous
4 Test dimensions
Wessurement balli.. | [[] False L
» Measuring ball cont... [] False
> measuring crole ba... [] Fake
b Tip circle [C] False
» Root cirde [T Falee
b _Tip form cirde [C] Fabse 2
0 ;
Figure 5.5 Calling the tooth form display for a single gear and exporting the tooth form to DXF or IGES

It is essential you check the title of the graphic. In the left-hand graphic you see the expanded
tooth form (shown with mould construction modification). In the right-hand image you also see
the NON modified tooth form in "black”.

You use this procedure to display the tooth form expanded by the specified shrinkage as in
Figure

9.3 Display the eroding wire/spark gap

In addition, when you calculate the injection mould you can also take the spark gap into
account when you define the eroding wire. During the eroding process, the spark gap is the
clearance between the eroding wire and the material that will form the mould. The eroding wire
must therefore be thinner than the spark gap. For eroding wires used to form teeth, the tooth
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will be correspondingly thinner. If the mould is formed by wire erosion, you can use the same
procedure (spark gap plus wire radius) to also define the feed path of the wire.

To take the spark gap into consideration, you must also use the "Modification for wire erosion"
option.

[ Basicdata | Reference profie | Tolerances | 2 Tooth form |

4 ¥ Gear 1 Madification for wire erosion
E automatic (Rack)
E Modification for mold making
B Modification for wire erosion
4 ¥ Gear2
s automatic (Rack)

Spark gap E 0.0000 mm

Note:Before you can display the modified tooth form, you must first activate "Modification for

mold making" ("Choose as result")

4 {3 Gear 1l Modific
s automatic (Rack)
B Modification for mold making
E Modification for w* -
a £} Gear 2 Add operation b

E automatic (Rack)

Spark

Choose as result

Deactivate
Rename
Delete
T
Original tooth form:
2D geometry Bl
E= T EYEEE2E 2T

Figure 5.6 Tooth form without modifications

‘ Basic data I Reference profile | Tolerances | é‘,Tnmh form |

4 ¥ Gear 1 Modification for wire erosion
s automatic (Rack)
B odification for mold making
B Modification for wire erosion
4 ¥ Gear 2
B cutomatic (Rack)

Spark gap H 1,0000 mm

If a positive value has been predefined for the spark gap, the tooth form will be enlarged (to
compensate for the spark gap).
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94

2D geometry

=
Meshing ']H\;‘g rEHv' % 2 A‘E %\% ?‘g""g"

Froperty Value >
4 Gear 1
Number of teeth 6
4 Tooth form

> automatic (final... D False 3
> Modification for.. [C] False
- e |
Color M cyan
Type ofline  continuous
Trace of the tooth tip [ False
4 Gear 2
Mumber of teeth 7
4 Tooth form
> automatic (final... True
| Trace of the tooth tip [ False

|

4 Generate -
4 | 1 | 3
4 [ *
Figure 5.7 Tooth form with a 1 mm spark gap
‘ Basic data I Reference profile | Tolerances | é‘,Tnmh form |
4 ¥ Gear i Modification for wire erosion
B zutomatic (Rack) Spark gap s 41,0000 | mm

B Modification for mold making

E Medification for wire erosion
4 ¥ Gear2

E automatic (Rack)

If a negative value has been specified for the spark gap, the tooth form is displayed as if an
eroding wire had been passed under the displayed mould.

2D geometry ]
e He BEYY Y § FE FEE
* | | Property Value Il
4 Gear 1
Number of teeth [:3
4 Tooth form

m

> gutomatic (final... [ False
> Modification for... [C] False
> Modification for... True
Trace of the tooth tip [ False
4 Gear 2
Murnber of teeth 7
4 Tooth form
> automatic (final... True
Trace of the tooth tip [ False

4 Generate

Mumber of rotation ... 10

Mazke automatic fia... False -
I e T— b

Figure 5.8 Tooth form with a -1 mm spark gap

If the injection mould is produced by wire erosion, you must check whether the wire you want to
use is fit for this purpose. To do this, follow these steps in the "Tooth form" tab. Reload the
example file "Tutorial-011.212". Then work through these calculation steps in the "Tooth form"
tab:

Add "Modification for wire erosion” with a negative spark gap, which corresponds to half the
wire's diameter. Then click "Modification for wire erosion" again, but this time the half wire
diameter is positive. Then click "Choose as result". Now switch all the settings in the graphics
properties to "True" for all calculation steps.

25/27 13. September 2011 Release 03/2011



‘ Basic data I Reference profile Tolerances | é:Tooth farm

4 ¥ Gear 1 Madification for wire erosion
s automatic (Rack) Spark gap E -1.0000 mm
B Modification for wire erosion
B modification for wire erosion
4 ¥ Gear2
B automatic (Rack) 2D geometry =
[Meshlng v]l."\é éwy)% g% %‘%%
“ | | Property Value ol
4 Gear 1
Number of teeth & =
4 Tooth form 1
4 gutomatic (final... True L4
Color M green
Type ofline  continuous
4 Modification for... True
Color M biue
Type ofline  continuous
4 Modification for... True
Color M red
Type ofline  continuous
Trace of the tooth tip [ False
4 Fazen
< m | »
1.0000 pm
I
Figure 5.9 Inputting half the diameter of the eroding wire as the "spark gap"

You now see all the calculation steps in the tooth form geometry. The blue curve shows the mid
point of the path along which the cutting wire travels. The red contour shows the generated
contour whereas the black line is the target contour.

2D geometry

e Y EEEEEL

/N

Figure 5.10 Check

26/27 13. September 2011 Release 03/2011



3D data can be generated in the usual manner (as for a 2D export) directly via the diskette icon
from the 3D graphic. This data can then be stored. You can use either the parasolid STEP
formats to do this.

3D geometry

Tooth form Gear 1 {| H ¥ f

Figure 5.11 Geometry export
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