New Features in Gears
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Manufacturing knowhow in KISSsoft

Gear 1
Fra-machining Finion type cutter - -
Final machining Waorm grinder and dresser - i

] Check for Power skiving

Tab ‘Final machining’ in 18 is moved into Tab ‘Manufacturing’ in 19!
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Manufacturing knowhow in KISSsoft : Power Skiving

Power Skiving Check added (Honing is planned)

Finion type cutter
Tock selecticn
Mt defined
Power siavng machine Own put
Mirsmem tool dameter [ S— 0.0000| mm
Nanomum tool diameter [ W 245.0000  mm e
" Toos rumber of teeth e 20 Generating process -
(] Export gear/took geometry (PowerSkavingToolToGearL.z17) Factors -
Tip orde (with slowance) -
Meshing tool with work plece
meamem reot form dameter de, ¥
Defraon of ans crossing angle Cross nes angle "
0.7604
Cross mds angle (Gleason) Znome | 2000
» 34561 | mm
Cross axds angle (Wemenn) Losmen | 20,0000 | *
Helkx hand of gear (teol) helox ket hand = 3 information X
n
Mekx orgle ot reference orcle (Sool) R, | 200000 ¢
¢ @0, 1\
u‘ Colison check 1 \ —
|

Teol colksion 2t gears and |
Groove width L 0.0000  mm \\ Iv"
Groove Gomater o 0.0000 | mm \ % ‘
Ll
" [T] Coltmon wis toor's rear i /
Pre-machining Pindon type cutter v =

aal machining Not defined v th defeemation (Sl 919 |
" ¢k for Power skiving Loy
—

Gear 1

3 /[ October 23, 2019 / KUM International 2019 / Dr. Ulrich Kissling KISSSOﬂ



Manufacturing knowhow in KISSsoft : Power Skiving

Use the Iay_out button! Tool's number of teeth 20 . -

Visualization of Gear with Tool

Export gear/tool geometry (PowerSkivingToolToGearl.z17)

\ Crossed helical gears and Precision mechanics worms - PowerSkivingToolToGear1.z17
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Manufacturing knowhow in KISSsoft : Power Skiving

Check with examples from Gleason in Studen

Gleason
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Manufacturing knowhow in KISSsoft : Power Skiving

Implemented in Fine-sizing

m Fine Sizing - O
Conditions I Conditions I Conditions IIT Results Graphics
Nr. - m,, [mm] a, [®] B[] ) 73 ¥y d.> [mm] £4 £5 £ i PSK, PSKz; <

1 0.600 22.500 0.000 32 -50 0.800 29.341 0.975 0.000 0.975 -1.562 | Yes 21

2 0.600 22.500 0.000 33 -51 0.800 29.941 0.980 0.000 0.980 -1.545 | Yes 21

3 0.600 22.500 0.000 34 -52 0.800 30.541 0.984 0.000 0.984 -1.529 | Yes 21

4 0.600 22.500 0.000 35 -53 0.800 31141 0.988 0.000 0.988 -1.514 | Yes 21

5 0.600 25.000 0.000 30 -47 0.146 27.169 1.459 0.000 1.459 -1.567 | Yes 21

] 0.600 25.000 0.000 31 -48 0.133 27.754 1.464 0.000 1.464 -1.548 | Yes 21

7 0.600 25.000 0.000 32 -49 0.120 28.339 1.469 0.000 1.469 -1.531 | Yes 21

8 0.600 25.000 0.000 33 -50 0.108 28.924 1.473 0.000 1.473 -1.515| Yes 29

9 0.600 27.500 0.000 30 -47 -0.005 26.988 1.408 0.000 1.408 -1.567 | No 0

10 0.600 27.500 0.000 30 -47 0.095 27.108 1.378 0.000 1.378 -1.567 | No 0

11 0.600 27.500 0.000 31 -48 -0.017 27.573 1.411 0.000 1.411 -1.548 | No 0

12 0.600 27.500 0.000 31 -48 0.083 27.693 1.382 0.000 1.382 -1.548 | No 0

13 0.600 27.500 0.000 32 -49 -0.030 28.158 1.414 0.000 1.414 -1.531 | No 0

14 0.600 27.500 0.000 32 -49 0.070 28.278 1.386 0.000 1.386 -1.531 | No 0

15 0.600 27.500 0.000 33 -50 -0.043 28.743 1.416 0.000 1.416 -1.515 | No 0

16 0.600 27.500 0.000 33 -50 0.057 28.863 1.389 0.000 1.389 -1.515 | No 0

17 0.600 30.000 0.000 30 -47 -0.147 26.817 1.358 0.000 1.358 -1.567 | Yes 27

18 0.600 30.000 0.000 30 -47 -0.047 26.937 1.334 0.000 1.334 -1.567 | Yes 27

19 0.600 30.000 0.000 30 -47 0.053 27.057 1.312 0.000 1.312 -1.567 | Yes 27

20 0.600 30.000 0.000 31 -48 -0.159 27.402 1.360 0.000 1.360 -1.548 | Yes 27

21 0.600 30.000 0.000 31 -48 -0.059 27.522 1.337 0.000 1.337 -1.548 | Yes 27

22 0.600 30.000 0.000 31 -48 0.041 27.642 1.315 0.000 1.315 -1.548 | Yes 27

23 0.600 30.000 0.000 32 -44 -0.170 27.989 1.361 0.000 1.361 -1.531 | Yes 27

24 0.600 30.000 0.000 32 -44 -0.070 28.109 1.339 0.000 1.339 -1.531 | Yes 27

25 0.600 30.000 0.000 32 -49 0.030 28.229 1.317 0.000 1.317 -1.531 | Yes 27

26 0.600 30.000 0.000 33 -50 -0.182 28.575 1.362 0.000 1.362 -1.515| Yes 27
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Double planetary stage in 4-Gear-Chain & Fine sizing for 4-Gear-Chain

Speed N 15000.0000 | 1/min () - \ [q rianet carrier ? X
raving | System M Calculate as double planetary stage
Nle o o
Flanet carrier speed n 500.0000 | 1/min
Flanet gear Gear 2 +Gear3 -
OK Cancel

|7z 3N NN |

clearance13

New example added: 22 Double pinion PlanetarySet

New license: Z1c
Supplementary data

In the report:

his gear stage is suitable for a nicyclic stage with a sun in the center.
Angle between center point, gear2-gearl-gears (°) [aM213] 33128
Distance between tip circles gearl-gear3 (mm) [clearance13] 64 152
Distance between tip circles gearZ-geard (mm) [clearance?d] 74856
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Double planetary stage in 4-Gear-Chain & Fine sizing for 4-Gear-Chain

New: 4-Gear-Chain with Fine-Sizing

I Fine sizing - O X
Conditions T Conditions IT Conditions I Results Graphics
Maximal no of solutions
- - . 3 - ) Norminal ratio/deviation in +-% i
Center distances used are defined in the ‘Basic data’ tab. @ == = S
Normal module my [ 4.3000] | 43000 | mm [ 0.0000| mm -
Normal pressure angle a, [ 22.5000] | 225000 ° [ 1.0000]
A S
Exception, when special feature for double planetary is activated. s Do Comm) (o) Com] o
. . . . [ 1] 0] 2| 2| s0| ]
Then dv4 is given, center distances are varied. . sl o ean
Size as double planetary stage (all center distances vary)
MNominal ratio z4/z, i
V-Circle internal gear d.a Mmim %
aMz;s [7] CLys [mm] Clag [mm]
12.284 73.970 82.534
12.284 73.110 83.394
Y 23.162 70.204 77.454
Addltlonal 23.162 069.344 78.314
results for 25.162 68.484 70.174
33.308 62.379 73.243
double 33.368 64.719 74.103
) 39,0917 60.954 09.048
planetary: 39.017 60.004 69.908
43,348 56.328 04.826
43,348 30.408 62.716
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9

Crossed helical gear pairs with internal gear & with rack

Crossed helical gear pairs with an internal gear.
No strength calculation available (no known rule exists).
Pinion can also be a spur gear.

Geometry 3D n

Toath geometry | System

Geometry 3D

Tooth geometry | System
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dal = 112.4634 mm, dfl = 96.6113 mm, Asl = -0.0330
al = 112. mm, =96, mm, Asl = -0. mm
da2 = -107.0065 mm, df2 = -122.9163 mm, As2 = -0.0600 mm —
-
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Crossed helical gear pairs with internal gear & with rack

Pinion with Rack.
Strength as for a gear with >1000 teeth.

Gear 1 Gear 2 Details...
Number of teeth z ‘ 15‘ ‘ 27‘ - ﬂ Define type of gear 2 ? X
Facewidth b | 18.0000 | | 180000 mm ¢
Profile shift coefficient | 0.2182] | -0.2182| * L] Gear 2 deined as a rack
Quality (IS0 1328:1995) Q | 6 | 6| Cancel

F
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Asymmetric gears

Asymmetric gears:

- LTCA (Stiffness acc. Weber-Banaschek adapted)
- A sizing function for the gear root radius / tool tip
radius of asymmetric gears was added.

This module is no longer a beta version but some
functionality is still limited for asymmetric gears:

- No premanufacturing

- Only for cylindrical gears

- Only ISO 6336 and VDI plastic calculation available
- No rough and fine sizing

p=m,*m

Tooth centre line on the 4
position of the profile |

reference line (P) \ sp/2 : spl2 €p=Sp
e ple b
K / //

a
(]
L
y 1///)
P--3-F 4-—P
Profile
_C& reference line
y

- No operating backlash calculation

- No madification sizing
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New in DIN

Draft: Calculation of load capacity of cylindrical worm with globoid gear wheel with rectangular crossing axes

DEUTSCHENORM  Entwurf September 2018

ICS 21.200 Einspriiche bis 2018-12-24
Vorgesehen als Ersatz fiir

Entwurf DIN 3996:2012-09

DIN 3996

-
Z

Tragfihigkeitsberechnung von Zylinder-Schneckengetrieben mit sich Ca|cu|ati0n Of the efﬁCiency rep|aced
rechtwinklig kreuzenden Achsen
by a new method.

Calculation of load capacity of cylindrical worm gear pairs with rectangular crossing axes

Oehler, M.: FVA-Forschungsvorhaben Nr. 729/L. Schneckengetriebewirkungsgrade. FVA-Heft Nr.
1226 (2017)
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New In ISO

(replaces: ISO/TR 15144-2)

= =
EE | T8 | ® -
25| 23| =5
Calculation of load capacity of spur and helical gears = = E = E =3

sS| 23| 2=
=~ Fa | F
= W

Part 1: Basic principles, introduction and general influence factors X

Part 2: Calculation of surface durability (pitting) X

Part 3: Calculation of tooth bending strength X

Part 4: Calculation of tooth flank fracture load capacity X

Part 5: Strength and quality of materials X

Part 6: Calculation of service life under variable load X

Part 20: Calculation of scuffing load capacity (also applicable to bevel

and hypoid gears) — Flash temperature method X

{replaces: ISO/TR 13989-1)

Part 21: Calculation of scuffing load capacity (also applicable to bevel

and hypoid gears) — Integral temperature method X

(replaces: ISO/TR 13989-2)

Part 22: Calculation of micropitting load capacity X

(replaces: ISO/TR 15144-1)

Part 30: Calculation examples for the application of ISO 6336 parts X

1,235

Part 31: Calculation examples of micropitting load capacity <
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Cylindrical gears

Some ISO standards are renamed:

Scuffing 1SO TR 13989-1/2 -> ISO TS 6336-20/21
Micropitting ISO15144 -> SO TS 6336-22
Tooth flank fracture ISO DTR 19042 -> ISO TS 6336-4

KISSsoft



New edition of ISO6336-1, 2, 3 and 6 in 2020

New edition of ISO6336-1, 2, 3 and 6 will be published at the end of 2019.
In V2019 of KISSsoft only on request available.

6336-3 (Bending):

- Tooth form factor YF always calculated with XE.I
(smallest thickness)

- External gears, produced with a hob: No change

- For all internal gears, and external gears produced

with a shaper cutter, method acc. VDB?B? IS used.

Form factors ¥y, Y |Fullnwmg formulae of Standard (normal) '|
Following formulae of Standard {normal)

Tooth contact stiffness using araphical method

if internal toothing according to VDL2737

|| Limited pitting is permitted
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New edition of ISO6336-1, 2, 3 and 6 in 2020

6336-3 (Bending):

- Helix angle factor YB changed, much bigger for f > 10° :
oFO increased

- New: The factor fe considers the influence of load
distribution between the teeth (fe = 0.63 ... 1.0) :
oFO decreased

-> gFO0 for B >= 20" significantly increased !
-> gFO0 for 3 = 0..10° and ¢, >= 2.0 significantly decreased !
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Influence of manufacturing tolerances

> Example:

Right flank with tip relief Ca varied in 6 steps from 18 to 48 um, cross varied with length factor in 6
steps from 0.5*mn to 5.5*mn. So 36 variants are checked.

Additionally torque is varied in 3 steps from 41.6 to 100 % of nominal torque. So 36*3 = 108 LTCA

calculations are performed.

m Modifications sizing

Conditions I Conditions II Results Graphic I Graphic II

A
Mo. Gear Synchror Flank Type of modification Number of steps  Value (min) [pm] Value (max) [pm] Factor 1 (min) Factor 1 (max)
1 fear 1right  Tip relief, progressive 5 18.0000 48.0000 0.5000 5.5000
Gear . , . .
2 n 1 right Tip relief, progressive & 18.0000 48.0000 0.3000 5.3000

Example: Tooth number 30:43, module 4 mm, helix angle 17° and a pressure angle on the right flank of 31° (face width 40 mm, torque on pinion 1682 Nm, speed 2180 rpm).
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Influence of manufacturing tolerances

Optimisation for noise

= Compensate primarily for tooth bending to avoid contact shock and to reduce the transmission
error (PPTE).

-20.0
-22.0 -
£-24.0
5-26.0 -
5728.0
£-30.0 -
c£-32.0
3-34.0 -
£-36.0
$-38.0 -
©.40.0 -
42.0 -
44,0

| T 'él T l T I T I T | T ] 1:
PO I R

Angle of rotation (Gear A) [°]
Contact shock: €4 under load = €a_theoretical PPTE

(Peak to peak transmission error)

17 [/ October 23, 2019 / KUM International 2019 / Dr. Ulrich Kissling KISSSOﬂ




Influence of manufacturing tolerances

Overview of the main results for 36 profile modification variants at 3 torque levels.

Profile contact ratio under load €,  Total contact ratio €, PPTE Maximum Hertzian pressure
epsalpha epsgamma : o sigHmax
—.-Il.::: 7:§NMN :::.d 9:?"]""‘ MAX: 1.916 —t“: ::m”’;N :L:‘d 93" 9le MAX: 3.054 Load 282.3N s p:SGSM load 847. 7N NI SRR 168'2.7Nm
) MIN: 1.221 = MIN: 1.963 ' MAX: 2.759 um ” m 719487 :,.'L“: )

. 30 .
THEO.: 1.698 s THEO.: 2.977 * s MIN: 0.407 um

°
1 2612 i

Solution 8 can be a "good compromise" for min, mean and max load.
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Influence of manufacturing tolerances

Very important to consider manufacturing

tolerances in the selection process of
modifications

Check of the stability of a chosen modification
variant when profile and lead errors are added

Conditions I

Base modifications (are not varied)

1

2

3

A
No.

Gear

Gear 1

Gear 1

Gear 2

Gear 2

Flank Type of modification

both  Tip relief, arc-like
both  Crowning
both  Tip relief, arc-like

both  Crowning

Value [pm]

42,1000
10.0000
42,1000

10.0000

Factor1 F

1.9658

1.9630

Conditions I Conditions I Results Graphic I Graphic IT

Nc:? Gear Synchror Flank Type of modification Mumber of steps Value (min) [pm] Value (max) [pum] ¢
1 Gear 1 1 both  Pressure angle modification (value) 2 -6.0000 6.0000
E .............. Gear 1 2 both  Helix angle modification, parallel (value) 2 -7.0000 7.0000

Inputs for the simulation of manufacturing errors to check the ‘stability’ of a proposed solution.
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Influence of manufacturing tolerances

Simulation of manufacturing errors to check the ‘stability’ of a proposed solution. ‘No tol’ on the left

side is the theoretical solution without any error.
Maximum Hertzian pressure

Profile contact ratio under load €,  Total contact ratio €, PPTE
epsalpha, new epsgamma, new PPTE. new sigHmax, new
) . —8—Load 700Nm —o—Load 933.9Nm —8—Load 1682.7Nm
~8—Load 700Nm —@—Load933.9Nm —@—Load 1682.7Nm ——theoretical ~8—Load 700Nm -@—Load 933.9Nm —@—Load 1682.7Nm ——theoretical —o-10ad 282.3Nm ~®—load 565Nm ~@=Load 847.7Nm
MAX: 1.767 MAX: 2.723 MAX: 1156 MPa
fHal, FHR1 MIN: 1.567 fHaal, fHR1 MIN: 2.287 . hig mm‘ 023’1229 um fHal, fHR1 MIN: 814 MPa
fHa2, fHR2, THEO.: 1.698 fHa2, fHR2, THEO.: 2.977 Ha2, HB2, * 0.312pm dHaz, 0182,
fHal, fHR1 fHal, fHR1 § fHal, fHR1
No tol. No tol. A ~_ fHal, fHB1 No tol. ¢
fHa2, -fHR2, fHa2, -fHR2, Notol. “, Y a2, 2, fHa2, -FHR2,
—® \ \ / (,‘
HHeZ, B2, Bl FHesyTBe, SO HHa2, fHR2, fHa2, fHR2, fHa2, -fHR2, Ha2, fHR2,

Overall, the increase in the range of 10% of the critical parameters is acceptable. The proposed modifications can be considered

KISSsoft

appropriate for the manufacturing process.
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New papers

New papers about cylindrical gears

VDI-Conference 2019 (Munich)

- Combining gear design with manufacturing process decisions, U. Kissling, U. Stolz, A. Tarich.

- Derivation of tooth stiffness of asymmetric gears for loaded tooth contact analysis, B. Mahr, A.
Pogacnik, A. Langheinrich.

- Comparison of Strength Ratings of Plastic Gears by VDI 2736 and JIS B 1759, In Vision of
Building a New International Standard, I. Bae, U. Kissling.

FTM-Meeting 2019 (Detroit)
- Sizing of profile modifications for asymmetric gears, U. Kissling.

Others
- Efficient layout process of cylindrical gears with manufacturing constraints, |.Tsikur.
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Thank you for your attention!

Sharing Knowledge

KISSsoft AG, A Gleason Company
Rosengartenstrasse 4, 8608 Bubikon, Switzerland
T. +41 55 254 20 50, info@KISSsoft.AG, www.KISSsoft. AG
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