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KISSsoft Tutorial: Sizing a Planetary Gear Set for Precision
Mechanics

1 Task

To size a planetary gear set with an input torque of 450 Nmm (0.45 Nm) at 10000 rpm. The
nominal transmission ratio is 4.25. The required service life is 20,000 hours, with an application
factor of K,=1.25.

The package size (external diameter of the gear rim) is 35 mm, including 3 mm material
between the root diameter and the external diameter. The gears are made of sintered
powdered metal. The module must be greater than 0.5 mm (due to manufacturing
requirements). The tooth form must be optimized to make full use of the fact that the gears are
not manufactured using the generation process. The calculation method used here is the one
specified in AGMA: 2101-D04.

2 Starting KISSsoft
2.1 Starting the software

You can call KISSsoft as soon as the software has been installed and released. Usually you
start the program by clicking "Start->Program Files>KISSsoft->03-2011KISSsoft". This opens
the following KISSsoft user interface:

Dell DataSafe
Dell Support Center

Intel
KISSsoft 03-2011 beta
Zoner Draw §

4 Back

Figure 2.1 KISSsoft main window

2.2 Starting the "Planetary gear” calculation module

In the "Modules tree" window, double-click the "Modules" tab to call the calculation for a
"Planetary gear", see Figure 2.2.
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Figure 2.2

Modules
4 Toothing
4 Cylindrical gears

& Single gear [Z011]
s Cylindrical gear pair [2012]
& Planetary gear [Z014]
¥% Three gears [2015]
3: Four gears [2016]

=8 Bevel and hypoid gears [Z070]

w8 Face gears [Z0&0]

! Worms with enveloping worm wheel ..
B, Crossed helical gears and predision ...

& MNon circular gears [2040]
4 Shafts and Bearings
el Shaft calculation [Wo10]
B Roller bearings [Wo5a]
4 Plain bearing

& Hydrodynamic journal bearing [...
& Hydrodynamic axial journal bea...

4 Connections
4 shaft-Hub-Connections
4 Interference fit connections

@ Cylindrical interference fit [
@ Conical interference fit [M0...

@ Clamped connection [M0 1c]
@ Keys [Mo2a]

m

Selecting the "Planetary gear" calculation module from the "Modules" window

23 Basic settings

If the AGMA 2101-method is used for a planetary gear set, it is a good idea to activate the
graphical method for factor Y (as this influences the calculation of root stress). To do this, go to
the "Strength" tab, select "Details" and click the "Pair data" group. Activate the graphical
method and define where the force is to be applied. As some of the solutions found during the
draft design phase will have geometric errors (which cause KISSsoft to cancel the calculation
automatically), we recommend you go to the module specific settings and activate "Allow large
profile shift* and "Don't abort when geometry errors occur”. This allows the KISSsoft software
to continue with a calculation even if an error has occurred. See Figure 2.3.

[#] Define details of strength

System data

=3

Profile modification [none {only running-in})

Driving gear
Life factors Zw, Yx according to AGMA
Reeliability

Requirements for the yield point coeffident

[Sun gear

’Siandard application [y »= 10,90 and Zx >=0.85]

[s3%

’Conseruaﬁ\te

Tooth form factor Y for low contact ratio £z < 1.0 ’Application of force at HPSTC

l Tooth form factor ¥ by graphical meﬂ'nodl
Toothing is well run in (scuffing)

Transmission accuracy level number Ay 7.0000 =
Gear data
Sun gear Flanets Internal gear .
. P
Mumber of load cydes My 0.0000 0.0000 0,0000 10%
Alternating bending factor i 1.0000 1.0000 1.0000
CK ] [ Cancel ]
Geometry | Strength | Reference profile | Tolerances |
System data
Calculation method IAGMA 2101-D04 (Metric Edition) '] Reference gear
Required service life H 20000.0000 h E] Power P 0.0000 kw E
Application factor Ka 1.2500 Torque T 0.0000 Nm @
Load distribution coefficient E] Speed n 0.0000  1fmin
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Module specific settings @

General | Plastic I Planets Sizings Calculations I Required safeties Contact analysis Summary |

Input of quality according to lCaIcuIah’on method for strength A ]

[ varying qualities
[ tnput of normal diametral pitch instead of normal module
[ tnput of number of teeth with decimal places

Allow large profile shift

[ Allows unsymmetrical modifications

Don't abort when geometry errors ocour

[T] Maintain tip drde when changing profile shift
[ Maintain root cirde when changing profile shift
[ use alternative algorithms for the tooth form calculation

Factor for minimum tooth thickness at tip 0.2000

Coefficient for minimum tip dearance 0.1500

Figure 2.3 "Define details of strength" and "Module specific settings" for this example

24 Setting constraints

Go to the "Geometry" tab and input the required number of planets (Figure 2.4). The load
distribution coefficient K, increases the load placed on an individual planet. In this case, set it to

1.0.
@ | Strength | Reference profile I Tolerances |
System data
Mormal module Mn 1.0000 mm SpUr gear ']
Pressure angle at normal section a- 20,0000 *© Helix angle at reference drde B 0.0000 =
Center distance a 0.0000 mm Mumber of planets @
Figure 2.4 Defining the number of planets

| Geometry | Strength | Reference profile | Tolerances |

System data

Calculation method [AGMA 2101-D04 (Metric Edition) hd ] Reference gear

Required service life H  20000.0000 h Power P 0.0000 kO

Application factor Ka 1.2500 Torque T 0.0000 Nm @)

Load distribution coefficient Speed n 0.0000 1fmin ()
Figure 2.5 Defining the load distribution coefficient

25 Rough sizing
Click [OK] to return to the main dialog. Open Rough sizing and specify the required calculation
method (1) and the material (2). Then input the application factor (3) and the service life (4).
Click the radio button‘gJethlgl:tﬂg_Power field to define the load (5), see Figure 2.7.
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Figure 2.6 Call the Rough sizing function

Rough sizing

Conditions Results

Geometry

Mumber of plansts

Strength

Application factor

Pressure angl..ormal section  a- 20,0000 = Suppress integer ratios

Helix angle at reference drde B 0.0000 = Mominal ratio/deviation in % iy iz 4,2500 5.0000

i 4.0000 Quality (AGMA 2015) Q 6.0000 5.0000 5.0000

Calculation method | AGMA 2101-D04 (Metric Edition) - - ] Refer.. gear

Required service life H 20000.0000 h Power
4
. Ka 1.2500 Torgue

0.4712 kw

0.4500 Nm

10000,0000  1/min

Material
aterials — ~ (T]
Sun gear SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 ] L J hd ]
Planets [SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 A ]
Internal gear [SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 | A ]
Accept Delete ’ Calculate ] [ Close
Figure 2.7 Setting the materials, calculation method, application factor and required service life
Specifying the load
To specify the unit used for torque, click the right-hand mouse button on the appropriate field
(Figure 2.8).
Power P 0.4712  kw @
Torgue T 450.0000 (Mm )
kMm
Speed mn 10000,0000  1/m
Mm
Mmm
ough hardened, YOI report 1665 Tabl. 4 e a
in*bf
nniah hardened. WNIT renart 1665 Tahl. 4 j E]
Figure 2.8 Specifying the unit for torque

Define the reference gear (1), the calculated value (2) (if the torque and number of rotations
have been defined, the performance will be calculated) and input the data for the number of
rotations and torque (3) (see Figure 2.9).

Power 1 P 0.4712 kw I
Torgue r 450,0000  Mmm
Speed n 10000.0000  1/min

Figure 2.9 Specifying the load

Then enter the nominal transmission ratio (6).
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Rough sizing EIIEI

Geometry
Pressure angle at normal section g, 20,0000 = Suppress integer ratios
Helix angle at reference crcle B 0.0000 = Mominal ratio/deviation in %
Mumber of planets i 4,0000 Quality (AGMA 2015) Q 5.0000 5.0000 5.0000
Strength
Calculation method | AGMA 2101-D04 (Metric Edition) hd ] Reference gear
Required service life H 20000.0000 h Power P 0.4712 kw @
Application factor Ke 1.2500 Torgue T 450,0000 Nmm

Speed n 10000.0000  1/min
Materials
Sun gear [SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 hd ]
Planets [SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 hd ]
Internal gear [SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 hd ]

Accept Delete [ Calculate ] [ Close ]

Figure 2.10 Rough sizing settings

If KISSsoft were to calculate a design with the basic settings, it would result in an extremely
small module. For this reason, you should lower the value range for the number of teeth from 9
to 12 (7), to force KISSsoft to select a larger module. It is not usually necessary to change the
gefault value for the number of teeth. Then click "OK" to close the input window.

Rough sizing e [@]=]
Conditions Results
Geometry
g —
Pressure angle at normal section a. 20,0000 = Suppress integer ratios ‘l
e —
Helix angle at reference crdle B 0.0000 = Mominal ratio/deviation in %6 iy i 4,2500 5.0000
Number of planets i 4,0000 Quality (AGMA 2015) Q 5.0000 £.0000 6.0000
Strength Limit geormetry @

minimum

Calculation method | AGMA 2 maximum

Required service life pheguij=eiijoeag L8 12 y @
Application factor Ratio facewidth to normal module bfm- 6.0000 20.0000 bnm

Ratio facewidth to reference diameter, gear 1 bjd: 0.0000 1.6000 min

Ratio facewidth to center distance bfa 0.0000 0.7000

Materials

Sun gear SINT D39 [ OK ] [ Cancel ] -
Planets SINT D39 Warmoompacen, Oy PoOWOETE0 e, ONanoyed, TTougnT NaroerTed, VoI TEpOTT 1003 T80T -

Internal gear [SINT D393 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl. 4 hd ]

Accept Delete Calculate ] [ Close

Figure 2.11 Rough sizing default settings "Limit geometry"

Click [Calculate] (8). Look at the results.
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Rough sizing EI@

Geometry
Pressure angle at normal section  a- 20,0000 = Suppress integer ratios
Helix angle at reference cirde B 0.0000 = Mominal ratio/deviation in % iy ic 4,2500 5.0000
Mumber of planets i 4,0000 Quality (AGMA 2015) Q £.0000 £.0000 £.0000
Strength
Calculation method | AGMA 2101-D04 (Metric Edition) hd ] Reference gear
Required service life H 200000000 h Power P 04712 kw @
Application factor Ke 1.2500 Torgue T 450.0000  MNmm

Speed n 100000000 1/min
Materials
Sun gear [SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 hd ]
Flanets [SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 hd ]
Internal gear [SINT D39 warmcompacted, Dry powdered metal, unalloyed, through hardened, VDI report 1665 Tabl.4 hd ]

@
Accept Delete

Figure 2.12 Calculating rough sizing

If you are happy with this, return to the dialog by closing the editor and clicking on [Accept] (9),
see Figure 2.13.

Rough sizing =0 ESR (=3
Conditions Results
a [mm] b [mm] bz [mm] bz [mm] M [mm] B[ z zz z3 X1 xz X"z

4 1 | g | 2
.
[ Delete ] [ Calculate ] [ Close

Figure 2.13 Rough sizing result

The main dialog is now filled with data from the solution generated by the Rough sizing
function. As the module is smaller than 1.0, we recommend you use a different standard for the
tolerances. To do this, go to the "Tolerances" tab. In the Tolerances dialog, select the tooth
thickness deviation "DIN 58405 10e" for each gear, Figure 2.14. Here, 10 indicates the quality
(interval width), where 10 means "lower quality". The letter "e" represents the definition of the
interval limit and therefore also the backlash.
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Geometry Strength I Reference profile kTD\ErancEs )|

Allowances

Tooth thickness deviation ‘ ) < DIN53405 108 2 s
Tooth thickness allowance (upperflower) A -0.0596 -0,1000 mm (@ E]
Base tangent length allowance {upperflower) Awn -0.0560 -0.0940 mm

Mormal backlash (min/masx) I 0.0560 0.0940 mm
Circumferential backlash {min /max) i 0.0596 0.1000 mm

Tip diameter allowance (upper flower) Acs 0.0000 -0.0100 mm [:]
Root diameter alowance (upperflower) A -0.1095 -0.1648 mm [

Figure 2.14 Setting the tolerance

After you have defined the tolerances, you may want to input a better value for the facewidth (in
this example we are leaving the values unchanged (1), see Figure 2.15. Click [Calculate F5]
(2). You now see the first results of the roughly sized planetary gear set in the "Results
overview" (2a) (Figure 2.15).

2.6 Fine Sizing

This completes the presizing step. This is used to provide the Fine sizing function with values
that are approximately the correct size for the subsequent processing steps. Now, to generate
an optimized solution, click the Fine sizing (3) button Figure 2.15.

T K55s0ft - Planetary gear [Z014] - Untided ===

Fle Project View Calculation Report Graphics Extras Help

3 Y =N I Sc
DPHR & BEE L5 KISSsorT
Release 03-2011
Modules B X || Geometry | Swength | Referenceprofie | Tolerances |
4 Tootting | system oo
4 Cylindrical gears
B Single gear [2011] Normal module me 0.5000 mm  [39) [spur gear )
Cylindrical 01
S Cyindrica gear par (2017 Pressure angle at normal section a. w00 = [ Helix angle at reference crde B 0.0000 *©
2 Pinion with rack [7013]
@ Planetary gear [2014] Center distance 2 75500 mm (o] Number of planets 4
2 Three gears [2015] E
£ Four gears [2018] Gear data
0 Bevel and hypoid gears [za7a] Sun gear Flanets Internal gear
2
e Face gears [2060] Number of teeth z 13 15 -7
# worms with enveloping worm wheel [2080]
) Crossed helical gears and precision mechanics wor. Facewidth s (oo 3.0000 3.0000 mm )
& on arcuar gears [204] Profile shift coefficient x 08996 =)
4 Shafts and Bearings
ol shaft calculation [Wo10] Quality (AGMA 2015) Q [ 6 6
Roller bearings [W050]
4 Plain bearing Draming number 0.000.0 0.000.0 0.000.0
& riycrodymamic journal bearing [W070] Tip alteration foma 0.1310 0.1310 0.0000 mm []
& Hydrodynamic axial journal bearings [W07c]
4 Comections Inside/outside diameter d 0.0000 0.0000 0.0000 mm
4 Shaft-Hub-Connections
2 Iterieromes £t connectians Inner/outer diameter of gear rim = 0.0000 0.0000 0.0000 mm
@ Cylindrical interference fit [M01z]
@ Conical interference fit [M01b]
@ Clamped connection [MO1c]
® Keys M022] = 2a
Modes | Examples | Projects
Reauts \ & x |20 geometry & x
Manual B x - =
Results eshing Sun gear -Planets - e "\g gﬁ @,
g _I(Ei'g‘slg ér\_tactram (Transverse [Overlap) Pair 1-2 1.0368/0.0000 H = E ’—gil ol
" Shafts and Bearings Contact ratio (Transverse /Overlap) Pair 2-3 . 1.0034/0. nnnln =
 comectons Sungear  Planets  Internal gear
» Springs Actual tip drdle dy.. 8.087 8.752 -22.371 mm
» Belts and chain drives Root safety 1.2480 0.7334 0.0000
> Automotive Wksaﬁew 0.7158 0.741%4 1.4038
> Diverse
> Ksssys
» Bibliography and Index
Marual | Explorer | Search (Results)| Messages | Information < = il = »
CONSISTENT
Figure 2.15 Calculate, check the results and call the Fine sizing function

Firstly, check the value for the nominal conversion (this may have changed slightly during
Rough sizing) (1). Then input the required values range and the increments for the module
(KISSsoft will automatically select very small values) (2). Define the target value for the gear
rim reference circle (3). To define the correct diameter, deduct 3 mm of the material underneath
the root diameter twice from the gear's external diameter (35 mm). This gives a measurement
of 29 mm. Then reduce this again by a further 2*1 mm for the dedendum (this value does not
need to be correct because the permissible deviation is set to 10%).

Click the "Sizing button" for the center distance (4) to display the possible value range for this
value. In order to force the gear's root diameter to be small enough to ensure sufficient material
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remains below the tooth root, you must input a suitable value in the relevant field (here: 35-2*3

mm =29 mm) (5), see Figure 2.16.

[#] Fine Sizing

Conditions I Conditions I_IjI Results I Graphics |

fo o=

Maximal no of solutions

Mominal ratio/deviation in %

MNormal module

Pressure angle at normal section
Helix angle at reference cirde
Center distance

Range for profile shift coeffident

Reference diameter gear rim/deviation

250

iy ic @ 2,0000
Minimurm Maximum Step
M 0,5000 0.7500 mm U.D@mm
=5} 20,0000 20.0000 = 1.0000 =
B 0.0000 0.0000 = 1.0000 =
a C_ 7.3000 9.9000 mm 10,1300 pam
x -0.6000 1.0000

dz,dsc mm 10,0000 %

Sun gear Planets Internal gear

Maximum tip diameter Oz, mxe 999999,0000 999999,0000 999999,0000
Minimum root diameter derun 0.0000 0.0000 29,0000
Fix number of teeth z 0o @ 0o @ 0o @
Fix profile shift coeffident x* 0.0000 [C] 0.0000 [C] 0.0000 [C]
Accept Delete Report [ Calculate ] [ Close ]

Figure 2.16 Settings for Fine sizing

As you are using the graphical method to determine the root stress, you must calculate the
tooth form for every solution that is found. To do this, click [Conditions 1] (6).

o

Fine Sizing =n =R
Conditions I Conditions I1I | Results I Graphics |
[ calculate geometry only
[ Permit undercut
Reject results with spedific sliding higher than 3
Consider minimum tooth thickness
[ Allow small geometry errars
Suppress integer ratios
List of cutters for reference profile INcne hd
[ sizing of deep tooth form Required transverse contact ratio 2.0000
Contact analysis Without calculation of the transmission error
|| Suspend results which do not meet required safety factors
Check if mounting of planets is possible
Minimum number of teeth Zmin 3
Factor for minimum between root form diameter and active root diameter (dve - d=) M 0.0100
Factor for minimum between root form diameter and base drde (der - de) [ ma 0.0100
Accept Delete Report ] [ Calculate ] [ Cloze

Figure 2.17 Calculating mesh stiffness

Click [Calculate] to start Fine sizing. If a solution is found (if not, a message appears to tell you
no solutions could be found), click on the "Graphics" tab.
If you now only want to include the safety factors, Solution 18 looks very promising: the safety
factor for the root is large enough and the flank safety is more than adequate. As you can
usually improve tooth root safety by modifying the root geometry, flank safety is more important

in this case.
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Normally, you would also check the other criteria (such as transverse contact ratio, specific
sliding, etc.). As this is closely connected with the particular problem you are dealing with, this
issue is not discussed here, and the tutorial moves on to solution 18. Please refer to the
tutorials list at the end of this document for more information about the Fine Sizing function.

Fine Sizing [F=5 EoR ==
| Conditions T I Conditions IT I Results | Graphics |
Minimum root safety Normal module [mm]
1.400 /] 15 0.650
1.300 — 1
0.575
— 12
1.200 — 13
. 5 v 0.500
1,100 — 5 ] 7 18
) 8 14
T 10
4
1.000 — 1 13
i 1
5
0.900 T T = T T T T T T T T l
0.750 0.770 0.790 0.810 0.830 0.850 0.870
Minimum flank safety
Horizontal axis [Minimum flank safety - ]
Vertical axis [Minimum root safety - ]
Color scale [Normal module A ]
Accept Delete Report ] [ Calculate J [ Close ]
Figure 2.18 Graphical display of the results

Go to the Fine Sizing "Results" tab and select a variant by double-clicking on variant 18 or
clicking the [Accept] button (Figure 2.19).

4

9120

0.500

20,000

0.000

I

0.429

0.414

Fine Sizing =5 (EeR =X
| Conditions I | Conditions I | Results | Graphics |
=
N, a [mm] m- [mm] a[f] BIF L zz z3 XL Xz Xz Eaz
1 8.210 0,500 20,000 0,000 15 15 -49 0.451 0.643 -0.564
2 8.210 0,500 20,000 0,000 15 15 -49 0.551 0.543 -0.464
3 8.470 0.550 20.000 0.000 14 15 -45 0.443 0.633 -0.538
4 8.470 0.550 20,000 0,000 14 15 -45 0.543 0.533 -0.438
5 8.600 0,500 20,000 0,000 15 17 -52 0.409 0.390 -0.110
] 8.600 0.550 20,000 0,000 14 15 -45 0.601 0.807 -0.947
7 8.600 0.550 20,000 0,000 14 15 -45 0,701 0.707 -0.847
8 8.600 0.600 20.000 0.000 13 14 -43 0.507 0.489 -0.330
9 8.730 0,500 20,000 0,000 15 17 -52 0.371 0.767 -0.727
10 8.730 0,500 20,000 0,000 15 17 -52 0.471 0.667 -0.627
11 8.730 0,500 20,000 0,000 15 17 -52 0.571 0.567 -0.527
12 8.730 0.600 20,000 0,000 13 14 -43 0.521 0.777 -0.828
13 8.730 0.600 20,000 0,000 13 14 -43 0.621 0.677 -0.728
14 8.880 0,500 20,000 0,000 15 17 -52 0.743 0.754 -0.984
15 8.880 0.650 20,000 0,000 12 13 -40 0.612 0.821 -0.957
15 8.880 0.650 20,000 0,000 12 13 -40 0.712 0.721 -0.857
17 5,990 0,550 20,000 0,000 15 -49 0,403 0.591 0,442

-0.165

[ Accept ][ Delete

][ Report ][ Calculate ][

Close

Figure 2.19

Selecting a solution

When you return to the main dialog (Figure 2.20) the "Results overview" window gives a brief
overview, whereas the entire data record for the selected solution is displayed in the report.
Click "F6" to display the report. At this point, you have finished sizing the planetary gear.
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E KISSsoft - Planetary gear [Z014] - Untitled

File Project View Calculation Report Graphics Extraz  Help
=1 R = 5 = B Fel
DPER @R ZE2 38 LBe
Modules 5 X | Geometry ‘ Strength | Reference profile I Tolerances |
Pl
Toothing System data
4 Cylindrical gears
& Single gear [2011] Normal module ms 0.5500 mm B
% Cyincrial gear pair (2012] Pressure angle at normal section an 00000 = [G2)
,ﬂ Pinion with rack [2013]
@ Planetary gear [2014] Center distance a 8.9900 mm [E
°3 Three gears [Z015] =
88 Four gears [2016] Gear data
Al Bevel and hypoid gears [2070] Sun gear Planets Internal gear
]
ef Face gears [2060] Number of teeth z 15 16 -49
9 Worms with enveloping worm wheel [2080]
F Crossed helical gears and predision mechanics wor Facewidth b 3.0000 3.0000 3.0000 mm E
& Non crcular gears [2040] Profile shift coefficent X 0.5030 E
4 Shafts and Bearings
el Shaft calculation [W010] Quality (AGMA 2015) Q & 6 &
B Roller bearings [W050]
4 Flain bearing Drawing number 0.000.0 0.000.0 0.000.0
& Hydrodynamic journal bearing [Wo70] Tip alteration ke 0.0820 -0.0820 0.0000 mm [7]
& Hydrodynamic axial journal bearings [W07c]
4 Connections Inside/outside diameter d 0,0000 0,0000 0.0000 mm E
4 shaft-Hub-Connections
4 Interference fit connections Innerjouter diameter of gear rim  d 0.0000 0.0000 0.0000 mm
@ Cylindrical interference fit [M01a]
@ Conical interference fit [M01b]
@ Clamped connection [M01c]
@ Keys [M02a] -
Modules | Examples I Projects ‘
Results & X 20 geome
Manual 8 x
» General ) Results Meshing £
. Toothing Contact ratio (Transverse/Cverlap) Pair 1-2 1,1780/0,0000
. Shafts and Bearings Contact ratio {TransverseOverlap) Pair 2-3 . 15235,}\].DDDID
> Connections Sun gear Planets Internal gear
. Springs Actual tip circle d..- 9.739 10.276 -26.226 mm
» Belts and chain drives :uuisaf;ty Dlgig; nlgagé 012?3013
> Automotive ank safety ’ ! !
> Diverse
> KISSsys
> Bibliography and Index
1
Manual | Explorer | Search | Results | Messages | Information «
Figure 2.20 Overview of calculation results

2.1 Optimizing the tooth form

After the gear layout process is finished, the next step is to optimize the tooth form. As the
gears are not manufactured by the generation process (in this case sintered), you can make
modifications at no additional cost. This section describes the most commonly used
modifications to the tooth form of sintered gears. For more details on this topic, please refer to

the tutorials list at the end of this document.

To input the tooth form modification, click the "Calculation” -> "Modifications” menu option.

See Figure 2.21.

E KIS5soft - Planetary gear [Z014] - Untitled

A2 H

Modules
4 Toothing

4 Cylindrical gears

Figure 2.21

To improve initial tooth contact, and to take into account the shrinkage associated with the
sintering manufacturing process, you must define tip rounding. To do this, select "Rounding”
from the drop-down list for "Type of tip modification", and input a value (here: 0.08 mm,

Z

Run

Project View | Calculation | Report  Graphics

Modifications
Tooth form

Contact analysis

Extras

£

F5

g X

-

Mimme=dbime sl mak

Activating the "Modifications" tab page

which is already fairly large) in the input field for Gears 1 through 3 (see Figure 2.22).
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Geometry Strength Reference profile Tolerances | Modifications ‘
Modifications
Start of modification at tip @ @ de [Tlp crde - ]
Start of modification at root der [maximum root form diameter des ~ ]
Type of tip modification [Rounding - ]
Tip medification b, re 0.0800  mm 45.1 =
Chamfer [ tooth end be 0.0000 mm 45,0000 =
p—
| Gear Type of modification Value [um] Coefficient 1 Coefficient 2 Status Comment @p|
Figure 2.22 Tip modification "rounding" the tooth form

You can now input the tooth form modification in the active "Modifications" tab. Click the
"Sizing button" to open the "Sizing modifications" window (Figure 2.23).

E Sizing moedifications IEI
Profile modification | Tooth trace modification
@ Sizing for high load capadity
() Sizing for smoath meshing
Tip and root relisf ['I'lp relief - ]
Madification length ’Short profile madification, arc-ike - ]
Partial load for sizing We 100.0000 %
Consider manufacturing allowances Wz 0.0000 %
Modification of [ Gear 1 Gear 2 [ Gear 3
Tip relief Cea 0.0000 [] 2.0000 [] 0.0000 ] pm
Diameter de 9.44959 9.8692 -26.5590 mm
Length factor [ 0.0000 [] 06482 [ 0.0000 [7]
Root relief Ca n.0000 [C] 0.0000 [] o.0000 [ pm
Diameter de 0.0000 0.0000 0.0000 mm
Length factor =3 0.0000 [C] 0.0000 [C] 0.0000 [7]
[ Accept ] [ Calculate ] ’ Report ] ’ Cancel ]
Figure 2.23 Defining profile correction details

The "Short profile correction, curved" is selected for the tip relief to keep the contact impact
as small as possible. This should then be carried out on Gear 2. Select "Short profile
correction, curved" and click the "Calculate" button. KISSsoft calculates a draft design for
the tip relief, which (automatically) starts halfway between the single tooth contact point, with a
value based on the calculated tooth bending value.

The best solution for the root is usually an ellipse with a larger radius at the end of the involute
and a smaller radius in the middle of the root area between two teeth. To calculate this, click
the "Tooth form" tab and then click "Insert elliptical root modification”. Next click the "Sizing
button" to display a suggested value for the elliptical form.
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Figure 2.24

"Elliptical root modification" adds the alternative

After this definition has been performed for all the gears, either click the "X" icon or press "F5".

20 geometry
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Figure 2.25

Calculating and displaying the tooth form

In the next dialog, activate the collision check.
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Figure 2.26 Activating collision check and displaying pair 1

Click the "g‘- button (2) and select "Apply flank (right)". Now you should see small black dots
at the points where the two flanks contact each other. A black dot means "meshing or almost
meshing", and a red dot means "collision".

2D geometry =
’Meshing Sun gear - Planets Y] H \:ﬁ rE gE {\-g g-r\ % »
-

b Select

*é' Move

5, Zoom

=5 Measure

%, Zoomin +

=, Zoomout

&, Fitwindow Home

Figure 2.27 Automatic connection of flanks, zoom and collision check
Use the "+"/"-" button to zoom in or out, click the right-hand mouse button to open the menu
and, finally, click the ‘g g_, buttons to animate the graphic. Check whether any of the

modifications cause a problem. See Figure 2.27.

When you are satisfied with the result, go back to the main dialog. Click [Calculate F5] and use
the root safety factor to check whether or not the modifications have improved the root
strength.

28 Currenttutorials

The tutorials listed below include additional details about particular topics that are mentioned in
this document:

- Tutorial 009, "Fine Sizing of Cylindrical Gears"
- Tutorial 011: "Tooth Form Optimizations, Tooth Form Modifications"
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