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Two Software Solutions: One Common Goal

KISSsys: Design of Transmissions GEMS: Calculation and Manufacturing
of Bevel and Hypoid Gears

= Kinematic calculation
of shifted
transmissions,
differentials and power
split

= Design and analysis
of spiral bevel &
hypoid gears

= Establishment of data ’\ =

for Gleason gear [7)a

= Load Capacity of production machines

Transmission, using

load spectra :
» Establishment of data

for Gleason blade

= Efficiency and Thermal grinding machines

Rating, power losses

» Closed Loop to

» Housing compliance

_ _ manage
considered by stiffness manufacturing
matrix processes

» Dynamics of Shaft
Systems
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Two Software Solutions: Complimentary Process for Bevel and Hypoid Design

KISSsoft: Bevel Gear Design GEMS: Bevel Gear Design

= Geometry and strength = Open Design, Seamless
calculation according to — Connectivity
SO, AGMA, DIN, DNV, ... [EII = |Import design data files from
CAGE and UNICAL

» Sizing and variation of » |nterface with GEMS through
macro geometry such as e e— touchscreen or conventional
pressure angle, spiral -] |- mouse/keyboard

angle, offset, ... = 3D gear and pinion graphics
with animation

= Bevel gears in systems - =======  |nteractive tooth surface and
and calculation of EPG ease-off correction and
(VHJ) misalignment from ; optimization

pinion and wheel shafts = Real blank geometry for both

pinion and gear

= Misalignment are including > . » 2D/3D loaded TCA, including
shaft bending, bearing interactive root bending stress

stiffness, housing and contact stress output with
deformations ... S-N Curves

» |nteractive tool design with
graphical slot and blade output
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New Features in KISSsoft Release 2019

m KlS5soft - License number 165 - Bevel and Hypoid gears - Untitled
File Project View Calculation Report Graphics Extre

J New Curl+N | % 5 3

* Open... Ctrl+0

%= Open exclusively...

. « Save Ctrl+S
Import and export of GEMS DDE files ess..
» helps for transferring data between SW's. Restore default template
* NOo micro geometry is transferred 2:;’2: : cevie
Flank fracture for bevel and hypoid gears
= as per Draft ISO 10300-4 (edition 2019)
Scuffing for bevel and hypoid gears s > ¢
= as per Draft ISO 10300-20 (edition 2018)
Differential bevel gears : /
» sizing of alterations due to bores, required webbing LI S N N
thickness, etc.
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System Design Loop: KISSsys using GEMS

System Design & Gear Design & Analysis
Simulation h
| J = “‘

GEMS®

Cutting Grinding

Gear Optimization
Strength

NVH
Efficiency Gear Testing
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Design Processes: Workflow 1

Workflow 1: Gear design calculation

KISSsoft

Drivetrain Design Solutions

Gleason Engineering & Manufacturing System

Q‘Q GEMS®
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Gear Design Calculation: Sizing in KISSsoft

STEP 1: Sizing in KISSsoft using the rough and fine sizing

3 Rough sizing x
Transmission ratio u
1. Ente”ng the Ioad data |n KISSSOft Ratio facewidth to mean normal module  b/mg,
Ratio of outer cone distance to facewidth R./b
- the rough sizing gives a first design Mean spral ande gear 2 b [_so0000]e
Mean normal module M mm O
Number of teeth, gear 1 7 J
Facewidth gear 2 b, mm [
2. Design variation with fine sizing (DOE, Run many Outer pech dameter gear 2 = mm
cases) entering the variation for spiral angle, pressure ACCEPER) [ Caloviate | | Caneel | ™5~
ang I e , n u m ber Of teeth ’ tOOth helg ht Conditions I~ Conditions I~ Conditons 111~ Results ~ Graphics
Flank safety Gear 1 Number of teeth Gear 1
1.400 —_ g 2000
-> the best macro geometry is determined 30— oo
o _* I 11.000
1.000 ;
. 0.60 o.lso 1.50 1.‘20 1.210 1.Iso 1.‘80
Root safety Gear 1
Horizontal axis SF; - Root safety Gear 1 -
Vertical axis  |SH; - Flank safety Gear 1 A
Color scale 7y - Number of teeth Gear 1 -
Accept Delete Calculate Close Contact analysis| Restore
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Gear design calculation: Export Gear Geometry from KISSsoft to GEMS®

STEP 2: Export from KISSsoft and Import in GEMS

8

| KISSsoft Interface to GEMS, Edition 2019

[x] - o x
Fe Projet Vew Cokubtion Report Grophes Exvas Heb
3 e own LB BRE MWW KiSSsoft
i Open_ Qo Rebease 2018136
Open ceprofle  Manufacturng  Tokrances  Modfications  Rating  Factors.
N EEE
80019 mm O [+] Gear | Gear 2 Detais...
420.0000| mm ® | i Number of testh 2 []
by 2000/°  [¥]  Facewdh b 70,0000 70.0000| men
Profie shft coefficent X 0.2307. -0.2307 . [n
BevelGear 5 (Geason).z70
Shatts 1.W10 35.0000] > ] (% Tooth thi. tion factor X 0.0000 oo D
15023509_15010300_sample1.Z70 28854 @ [6] %] quaity (150 17485)  Q H 7 =3
ViGearPor 12 _ .
46470 = [ Shaft angle 3 90,0000 °
T Hypod offset a 0.0000] men
Modues  Projects Materal and breation
Examples B®X  Gear1  Casehardenng steel = | |Steel, Grade 2, HRCS8-64(AGMA), case-hardened, AGMA 2003; only for BEVEL GEARS | =
> Muta - .
,Bm";’" G2 Casehardening steel = [Steel, Grade 2, HRCSB-6¥(AGMA), case-hardened, AGMA 2003; only for BEVEL GEARS BIEs
> Beks and Chans Lwhrceton |OF 150G 150 = [#/[+ o bath bbrcabon -] [+
* Bevel and Hypoid
4 BevelGear
4 BevelGear
o BevelGear
< BevelGear Resuks (basc calculation) LE
4 o
i BevelGear
= Bevelear Allgemein
= Flank breai.
typodasi, | Profitberdeckung [ea) 1108
diso230s_.. | g berdeck: 1616
2 1sozmm0s. prungubsrdeckung [e6]
415023500, | Botriebsart Zugoetrien
4 15023509_.
o AGMAS29
o Kingenberg. Komponenten Rad 1 Rad 2
Ma. Se. Eua. Resubs (basc cacuaton) | Resuks (specal cakubtion) Messages | Information  Graphis ist
Exports GEMS fie E!‘!L) INCONSISTENT

+* GEMS® = u} X

: Apps Help

New )

Total Gear Solutions. Gleason

Open

Close

Save
Save As

Composite Report

B OB

Data Viewer
Reset Design

Export
B sampleJobs
Settings

Exit

DesigniSummary,

Save As

Import SPA



Gear Design Calculation: Design and Manufacturing Analysis in GEMS®

STEP 3: check and optimize for manufacturing:

cutter head system, blade edge radius, tooth thickness, undercut, strength (Q-number, ..),
TCA (nominal position), etc.

& File slel hypoid-S0degree-Th

Design | Dimension Sheet | Gear Asial view | Pinion Axial view | Gearset Axial view | 30 view | Pinion 2D | Gear 2D |

Strength & Cutter Properties @

[ General Info

Design ID: | FM_Samplel| Engineer ID: MJE CustomerID: Bevel Gear Sample

=

Shaft Angle: | 900 |"

Number Of Teeth  Pinion:

‘Gear Face Width: | 32.0000 | mm

Tooth Taper:

Final
Gear Stock

Module: mm  Pitch Diameter: | 1920160 | mm
Pinion Offset: mm
Pinion Spiral Angle: " Pinion Hand:

Pinion Pressure Angles  Sum: | 400 | 0.8 | 00|

Pinion Stock Allowances:  Soft:

Pinion Roughing Point Width:

Rotation:

Backlash  Min:

Gear Addendum Factor - C

Gear Paint Width * || 2032 | mm
Round Cutter Specs:
Edge Radi

Gear: | 1| 4 File: pl pleting: e g - [m] X
Cleanup [ ey Summary e O ————
Contrg ‘Gear | Pinion| Info | Control Data | 3D Mode! | Backiash | Gear Rall Positions | Pinion Roll Pesitions | Legend Pinion Gear
Toprem
Drive (Convex) um Top HT-TH Default ~ Coast (Concave) um Flankrem
(®) Custom & End-Relief Toe
v End-Relief Heel
- UMC Toe
Front Angle UMC Heel
5 .
. Lines 9
& Columns 15
Outer € Ease Off Scale Factor 500
95.6663
Inner Cone
58.8067
315 656 708
Mounting [

Direct Dimensionat input [] #F x|
Pinion: Gear:
Working Depth: mm
Addendum: mm

Whole Depth:
P
Dademtim i [ 00— ][ 00 |

mm

Advance Settings
Gear Root Line Face Width: mm

Pinion Root Line Face Widt mm

Pinion Face Width:
Special Depth Constant:
Mean Gear Radius: mim

Gear Pitch Angle:
Pinion Face Angle:
Pinion Root Angle:

Eliminate Interference:

Fixed Settings Gear Calculation: [

[ RN .o - W o

Toe » Mean » Heel

Pinion
100
29.0

786

348

280

106.0

Totals:
0

E(V)=0.4483 mm

P(H)=0.3246 mm

6(G)=0.0000 mm

Totals:

E(V)=0.7385 mm

G(G)=0.0000 mm

Transmission Error

0
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[ Heel
TE:-31.03
PP:-051

Contact

[ Heel
TE: -50.60
PP: 050

Contact

e )~ [SSHIEN ] epor |

KIS

None v

Gear.
100 °
300

Ssoft



Gear Design Calculation: Export Gear Geometry from GEMS ®to KISSsoft

STEP 4: Export Gear Geometry from GEMS ® to KISSsoft

¥ GEMS®

File Name
[ Geometry |
Pinion Gear Unit
Number Of Teeth 13 a
Shaft Anlge 900 o
Hypoid Offset 200 mm
Mean Normal Module 2329 3346 mm
Outer Transverse Module 5803 4364 mm
Mean Spiral Angle 45583 25407 -
Pitch Angle  23.601 65,043 -
FaceAngle 26983 66381 -
RootAngle 2232 61228 -
Nominal Pressure Angle Drive  17.79 1739 -
Nominal Pressure Angle Coast ~ 22.21 221 -
Limit Pressure Angle  -2.503 00 -
Spiral Hand Left Right
Face Width 3686 320 mm
Mean Pitch Cone Distance 76,631 89.263 mm
Outer Pitch Cone Distance 95666 1058% mm
Outer Pitch Diameter 76604 192016 mm
Outside Diameter 88813 193289 mm
Mean Addendum Coefficient 10 10
Mean Dedendum Coefficient 1313 135

Mean Clearance Coefficient
Profile Displacement Factor
Tooth Thickness Factor
Mean Whole Depth
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ce(

95.28092
-

3 KiS5océt - Licemse mumber 165 - esel snd Hypei geas - Ut

RBEPZaE aw

profie  Manufscturng  Tolerances  Ratng

W
g
g
E
3
o

Stage 520
BevelGear 5 (Gleasan) 270 0.0000|

shafts 1.w10 A T “ [=

15023508_I5010300_sample1 770
Ext

& Non crodar ge. v
Moduies  Projects Materal and Lbricaton
Examples #%  Gearl  Case-hardening steel = 18CrNMo7-6, case-hardened, 1S0 6336-5 Figure 9/10 (MQ), Core hardness >=25HRC Jominy J=;
Gear2  Case-hardening steel = 18CrNM07-6, case-hardened, IS0 6336-5 Fgure 9/10 (MQ), Core hardess >=25HRC Jomay J=1. 7+
Connections. Lubncaton O ISO-VG 220

Face gears
Shatt:Hub-Connections (...
Shalt-Hub Cornectons (.
Shaft-Hub- Connections
shatts
Sprngs

~ Systems

% Stage
7 Planetary
3 Planetary (gearpais)
1% ThreeGearChain
B FourGearChain
5 BevelGear
Weriaus
Worms with enveloping .

Resubs (basic cakuieton)

Mol Search Exampls  Resuks (basic cakuisbon)  Resuts (specal cakubiban)  Messages  Informabaon
Imparts GEMS fie

- b x

KiISSsoft

Rebease 2015-145

Gear 1 Gear 2 Detais...

Number of teeth : [ o[ 9

Facevidth b 0.0000, 0.0000] o

profhe shit coefoent  xon.| 00000 [ 0.0000] w [
Toath thick...ton factor e 0.0000 0.0000 o
Quaty(s017485) o | 6| g

shatt angle 4 90,0000 °

Hyped offset a [ oowo[mm

+

=« [#] Oibath brication - *

INCONSISTENT

KISSsoft



Gear Design Calculation: Final Documentation in KISSsoft for Strength Rating

STEP 5: the calculation in GEMS and KISSsoft are consistent

I3 15560t - License numbber 165 - Bevel and Hypoid gears - Untitled - o x
Fle Project View Cakuaton Report Graphcs Extras Hep
DesHAsx1QE s BRREFRERE AV KiSSsoft
Relesse 2019.145
Modules #x Bascdata Process Reference profie Manufacturng  Tolerances Ratng  Factors
I SVS;';‘G-L “ Configuration
v Base mo... Type Unform depth, fig 3 (Face Hobbing, Kingelnberg) i 3
v Toothi..
v O Geometry
® | Mean nomal module Mo 4.7324) mm @ [ Gear 1 Gear 2 Detaks...
~
@ | Owerptergear2 do | 279.9998) mm O |4 Number of teeth z | 7)[ 0
: Normal pr..ure ange - 1onale el Facwith b | 50.0000 50.0000, mm
@ | Gext o x| 03m|[ 03m “e
4 Mean spr..le gear 2 | 100th geometry | System 25 | 0052][  ooms] =
77| moemongwt RGRAARPIARFIFPP v LEL NG -0 | f 6
® . z 90.0000| ©
a2 o [ oomlmm
Mo.. Pro.. Materal and ubricatior
Exampes 8% Gear1 Casehard (% 1=25HRC Jomiy J=12mm<HRC28 * '+
ookt | Gear2  [Casehard 1=25HRC Jominy J=12mm<HRC28 [+
Betsand C... |  Lubrcation Ok SOV L a3y
Beveland ... \
Beveod ge...
‘Connections
Crossed hel...
Cyindical g... =1
Face gears | Resuks (basc calultion A | x
Shaft-Hub-... A\
Shaft-Hub-... -
ShaftHup-,. =~ Gemeral
Shafts Transverse contact rato
Ssﬁyﬂmgs Overtap ratio
Various Operation mode Right flank (Gear 1): Coast flank, Left flank (Gear 1): Drive flank Q
Wortos i Ratate second gear ndependently n dockwise: Coast flank, Ratate second gear independently n
counterdociavise: Drive flank il
Components PR —vara -
Outer tp dameter (mm) [dae] 130997 282305
le.. Ex. 47 Resuts (basc cacuiaton)  Resuks (specl caloulation)  Messages  Information  Graphics st
CONSISTENT
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® ple1-completing

TCA Summary
Gear | Pinson | Info | Control Data | 30 Mode! | Backiash | Gear Roll Positions | Pinion Roll Positions.
[ Gest [ Pinon ] Aremate Speedt 100 [ Soid

n
ie
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Design Processes: Workflow 2

Workflow 2: System calculation

KISSsoft

Drivetrain Design Solutions

Gleason Engineering & Manufacturing System

0‘0 GEMS®
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System Calculation: Define Load Cases in KISSsys

STEP 1: Create system model in KISSsys and define load cases

KISSsoft

- FM_Bevelks - o X
File View System Insert Extras Window Help
UAFEHE RS Ew=E S 0 B BRI E PR THTREESE 2 0 L = = = 32 0-KISSsoft Drivetrain Design Solutions
KISSsys 03/2018A
L@ L B e 2 O =g L4 s & g I &I EQ LI
Model # x torface [dSettings [dBevelDisplacements  [d InterfaceGEMS 4[» Properties g x o
v A B C D N B
R » B9 AuxResults 1 Variables FE DS Type ‘kSysSpeedOrForce ‘ b
- 5 BevelDisplacements e ag
3 @ Boundaryl 2 Definition Dislog ~ @& Boundaryl Position 04
- @ Boundary2 3 s/ _VERSION &
> B Efficiency Al config @
% | v Gearbox 4 woowe S objed .
g v 1 Shaftl 5 Import Data ExportData | Import Resuits |P| Position2DView N
& Bearingl 6 |R| power »
2 & Bearing2 slepeed @
® & CalcShaft 7 I3 Define Load Spectrum rque
+ CentricalLoad it ~
- ‘ 8| Generate &g Definition Define -
E Coupling @
1 4 Gearl Number of bins
v b Shaft2 .
% 8 Bearing1 Spectrum type (speed and torque) ‘Faclors ‘
B Bearing2 Frequency type ‘Frequency fraction, Total=1 ~ ‘
- Oparang e
" Properties
@ L Coupling Speed defined to ‘,O.Baundaryl "
- Gear2 Tew 8 x
@@ > a8 12 Torque defined to LO.BDundaryl " oY E:
> B HighestDamage O =
o oo Lok |
=) G Info
> © InterfaceGEMS é\q%
© 5 PreSizing
*| > &R dinterfaceGEMS  [APreSizing [AkSys3DView [d LoadCases
° ettings
> &F ShaftsSystemAnaly...
@|  #cytem Frequency  Torque Speed Name E_mm
5 UserInterface
© T KSys30DView i 0,25 1 1Drive 100%
y @ kSysGL3DView
@ 2 0.25 0.5 0.50rive 50%
¢  Model Templates I
3 0.25 -1 -1Coast 100%
4 0.25 0.5 -0.5Coast 50%
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System Calculation: EPG Values in KISSsys

STEP 2: Calculate misalignment values EPG and export to GEMS

4 KiSssys - FM_Bevel ks

File View System Insert Extras Window Help

UAEHE 8o @@t &%) B BRSNS ¢

Model

2 x [ UserInterface

[d Settings

TSR EEE 80T

[d BevelDisplacements [ InterfaceGEMS 4[| Diagram

B

V4 01 - KISSsoft

KISSsys 03/2018A

& x

=)

>

>

B9 AuxResults

&5 BevelDisplacements
@ Boundaryl

& Boundary2
Efficiency

v L. GearBox

>

>

>

>

v fn Shaftl
B Bearingl
B Bearing2
sk CalcShaft
£ CentricalLoad
L Coupling
1 Gear1

v i Shaft2
B Bearingl
B Bearing2
= CalcShaft
4 CentricalLoad
L Coupling
1 Gear2

> ag a2

&5 HighestDamage

@ Housing

i Info

InterfaceGEMS

& PreSizing

3 Results

B3 Settings

& ShaftsSystemAnaly...

& System

B3 UserInterface
= kSys3DView
& KSysGL3DView

Model

Templates

1
2
3
4
5
6
7
8

A B C D
Defiiton Dizlog Read from File Show

Generate Graphic Contact pressure: Pinion

kSysGL3DView
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System Calculation: Import EPG Values in GEMS

STEP 3: Import Load Cases and Press RUN to perform the FEA calculation

¥ GEMS®

i ance [ mm )
Pinion 95.28092
Gear 4448634

Dista
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System Calculation: Transmission and Stress Results in GEMS

STEP 4: Results generated. Export to display in KISSsys

€® GEMS®

e = e e e e
Stiffness ( GPo) Linear TE (um ) B
& 3
o
o
.
B z
2 [g
5 =)
—
=
| B
@ |8 ]
sl o
o
g
2 g
i
g £
&
7]
-
5
B
=
El
m
E]
=
X m
£
=
&
E
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System Calculation: Inclusion of Analysis Results in KISSsys

STEP 5: Import Stress and TE results in KISSsys
Future Plan: Continue to run NVH analysis in KISSsys

- KISSsoft

File View System Insert Extras Window Help Drivetrain Design Solutions
UAEHE R0 xS 0B ERLeRE PR THITREEE E 0 L = = = 82 0-KISSsoft

KISSsys 03/2018A
Model & x [Quserinterface [ Settings  [d BevelDisplacements [ InterfaceGEMS 4[| Diagram 8 x

A= A B C D
> B2 AuxResults
&5 BevelDisplacements

@ Boundaryl
& Boundary2

1
2
= 3
> &l Efficiency
« B GearBox 4 owpcwe
5
6
7
8

Contact Pressure n

T

B Bearingl

B Bearing2
sk CalcShaft

L Centricalload Crcmesrs | prn
L Coupling

1 Gear1
v i Shaft2 kSysGL3DView
B Bearingl
B Bearing2
= CalcShaft
4 CentricalLoad
L Coupling
1 Gear2
> ag a2
&5 HighestDamage
@ Housing
i Info
InterfaceGEMS
& PreSizing
3 Results
B3 Settings
& ShaftsSystemAnaly...
& System
B3 UserInterface
= kSys3DView
& KSysGL3DView

Width [mm]

Model ~Templates
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Let us stay in touch!

If you are interested in testing and

acquiring the interface, contact us at

INfO@KISSsoft. AG or

sales@Gleason.com
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