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Classification

Bevel gears

Straight bevel gear skewed bevel gears  spiral bevel gears

7\

without offset with offset
(Bevel gears) (Hypoid gears)
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Cutting systems straight bevel gears

Coniflex

Mechanical machines:
= Generating process only

CNC machines:

» generating and formate process
available
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Cutting system straight bevel gears

Revacycle
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Cutting system straight bevel gears
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Spiral bevel and hypoid gears

—_—— —xx

Face Hobbing
(continuous indexing)
constant tooth height

Typical brand names are:
Klingelnberg Palloid®
Klingelnberg Zyklo-Palloid®
Gleason TRI-AC®
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Face Milling
(single indexing)
modified tooth height

Gleason 5-cut
Gleason Duplex Completing
Klingelnberg ARCON

KISSsoft



Face Hobbing

Cutter radius

1 outer blade +
1 inner blade =
1 blade group

Messerkopf-
drehung

The workpiece rotates continuously while the cutting tool plunges.

The effective curvature radius is influenced by the number of blade groups and
cutter radius.
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Face Hobbing
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Face Hobbing - Pinion
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Face Hobbing - Gear
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Face Hobbing

The tooth height is constant The lengthwise curvature is an
elongated epicycloid
The slot width is varying =>» grinding is not (directly)

possible, lapping or skiving
(HPG) is applied
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Face Hobbing

Cutting tools — Universal cutter head
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Palloid®

Defined by cutting length SF and
diameter dk

=> Warning in KISSsoft if the cutter
size doesn't fit

Zyklo-Palloid®

Defined by blade groups and cutter
radius, or Klingelnberg machine

type

=>» Sizing of cutter radius in KISSsoft
possible
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Face Hobbing

Cutting tools — individual blade design (stick blade system)
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Gleason PENTAC® FH
Gleason Spiroform
Gleason TRI-AC®
Gleason Cyclocut™
Klingelnberg SPIRON
Oerlikon FS

Defined by:
blade groups and cutter radius

=» Sizing of cutter radius in KISSsoft
possible
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Face Hobbing

Reference profile

Face hobbing requires only little tilting of the cutter head in order to create
the required lengthwise crowning. Zyklo-Palloid® doesn‘t apply tilt at all.

Hence also the root land is flat. There is no risk at the toe or heel side to get
interference with the counterpart. The recommended tip clearance c* is:

Face Hobbing : 0.25

Zyklo-Palloid®:  0.25
Palloid : 0.30
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Face Milling

Messerkopfmittelpunkt

Cutter radius
Messerkopf-

drehung

The workpiece has no rotation while the cutting tool plunges.

The effective curvature radius is only determined by cutter radius and cutter tilt.
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Face Milling - Pinion
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Face Milling - Gear
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Face Milling

Geometry

oV
v
2V

The tooth height is not constant

The slot width is constant
(Duplex Completing) or
modified (5-CUT

FIXED SETTINGS)
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V4

The lengthwise curvature is an

arc of a circle

=>» grinding or lapping is
possible
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Face Milling

Cutting tools — individual blade design (stick blade system)
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Gleason PENTAC® FM
Gleason RSR®
Klingelnberg ARCON

Defined by:
cutter radius

=>» Sizing of cutter radius in KISSsoft

possible
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Face Milling

Reference profile

|

| |

EE:::RK\\KN\\\\\\\\\\\\\\&::E\\..!EL

Face Milling requires bigger tilting of the cutternead in order to create
the required lengthwise crowning.

Hence the root land is not flat and there is a higher risk at the toe or heel
side to get interference with the counterpart (especially for Formate
Gears). The recommended tip clearance c* is:

Face Milling (Duplex): 0.35
Face Milling (5 cut): 0.3
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Generating and non-generating process

Generating process

After plunge process, the tool generates the
workpiece by the generating motion.

Application:

= Zyklo-Palloid (both members)
= Pinion (always)

= Ring gear if ratio < 2..2.5

Formate process (Non-Generate)

Only plunge process, no generating process
Application:

» Ring Gear if ratio > 2..2.5

KISSsoft
Tab ‘Process’; Gear 1

Manufacture type |generate
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Gear 2

generate
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Hard-Finishing methods and quality

Ranges for achieved quality (samples for d,, = 250 mm):
= Lapping: Quality 8..9

= Grinding: Quality 2..4

= HPG skiving: Quality 3..5

The quality number influences the strength safety values (by K,).
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Bevel Gear Geometry
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Bevel Gear Geometry

1. Determination of pitch cone parameters
(acc. to ISO 23509)

J’*"
A
.:'Pf-;‘;.:—:ﬁ.:fxi
. . - ,,,f_;;-‘:"f?%i;f‘é;; ___________ B
The dimensions at outer pitch cone are e
- - : : e S, ! e
independent of straight, helical or spiral bevel %‘\ AN
type, and independent of cutting method

Gleason, Klingelnberg
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Bevel Gear Geometry

1. Determination of pitch cone parameters

For the calculation of the pitch cone parameters, a set of initial data is necessary:

= Number of teeth z,, z,

= Shaft angle X

= QOuter pitch diameter of gear (wheel) d,

= Face width b, fm2
= Mean spiral angle B,

de2? !

These parameters may be determined with the dimensioning calculation based
on operating data, e.g. following the Klingelnberg dimensioning calculation
procedure.
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Bevel Gear Geometry

1. Determination of pitch cone parameters

ik
Gear ratio u: oz,

. : 1
Pinion pitch angle 3;: ) =arctana
Gear pitch angle 5,: 5,=X-6,

- ,,First Aid“ - Formula
Outer cone distance R.: R, = ey
=% 2sin g,
Mean cone distance R,,: R _R b,
mL2 — Ne2 T T4
Mean spiral angle ;
p g BmZ ﬁml =IBmZ
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Bevel Gear Geometry

2. Gear dimensions

A set of additional data is necessary:

= Pressure angle

=  Profile shift coefficient

=  Addendum and dedendum factors
=  Thickness modification coefficient
= packlash

= Addendum and dedendum angles

The addendum and dedendum factors and angles are depending on the applied
cutting method. Profile shift coefficient is applied based on e.g. avoiding undercut

on pinion toe side (inner side).
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Bevel Gear Geometry

2. Gear dimensions
2.1 Determination of basic data

Mean pitch diameter d,;: Oy = 2Ry SIN 0,

.
Mean pitch diameter d_,: dn, = 2R, 8N 6, % dm2
d,, Ccos
Mean normal module m,: oy =22 P
Z2
Outer transverse module my;: M., _9: > First Aid“ - Formula
Z2
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Bevel Gear Geometry

2. Gear dimensions

2.2 Determination of tooth depth at calculation point

Mean addendum gear h_,,:

Mean dedendum gear hg,:

Mean addendum pinion h,,:

Mean dedendum pinion hy;:

Clearance c;:

30 /17.10.2022 / 068-Bevelgear.pptx

ham2 - mmn(h *ap _Xhml)
hfm2 - mmn(h*fp +Xhml)
haml = mmn(h *ap +Xhm1)

hfml - mmn(h*fp _Xhml)

c=m,,(h*, -h*,)

0y
S
& kN
e RN
/3,5,” LS
P RSN
EA [SRVAY
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Bevel Gear Geometry

2. Gear dimensions
2.3 Sum of dedendum angles ~0;, addendum and dedendum angles

h h
Standard taper: YO, = arctan( f”‘1j+arctan( fsz

m2 m2

Uniform depth : X0, =0

= \“\?111115}\\
90m R_,sin
. 2@ — et 1_ m?2 m?2 —_ .
Duplex taper: f [ R tan crcos 5, j( - ] Qy

(constant slot width)
Modified taper: 20y =20 20y, =1.3-20
(modified slot width)

The sum of dedendum angles @ is calculated depending on the cutting method
as well as partially on cutter radius r.,, etc. From sum of dedendum angles ~©;
the addendum angles ®, and dedendum angles ®; are determined.
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Bevel Gear Geometry

2. Gear dimensions
2.4 Determination of tooth depth:

hai @\
., =h b

Outer addendum h_: a2 T Etan Oy

A
Outer dedendum hg,: N> =N +gtan O
Inner addendum h,;: i = Nae —gtan O
Inner dedendum hg;: Niro = Mo 2 —Etan Oy,
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Bevel Gear Geometry

2. Gear dimensions
2.5 Determination of blank dimensions

da|1
OUtSide (tlp) diameter dae: dae1,2 = de1,2 + 2hae1,2 COS 51,2 /6A
2 g \Tﬁ\\\\
Inside (tip) diameter d;: d,i1, =d;y, +2h,,,COSS,,
Face angle a1 2- 5.y =5, 40,
(Root angle 8f1,2:) 5112 =0,,-0,,
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Hypoid gears

Hypoid gears have an offset between the axes.
The offset leads to a bigger pinion diameter (positive offset) and therefore higher

strength. Also the overlap is higher and the gears are quieter.

The offset creates horizontal sliding and therefore higher losses and a higher risk
of scuffing.

KISSsoft
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Hypoid gear geometry

Specialities of hypoid gear geometry are:

The pitch apex don'‘t intersect in the crossing
point.

The calculation of pitch angles is an iteration,
also also depending on i.e. the cutter radius.

Face width of pinion is higher than face width
of gear, due to contact ratio.

Spiral angles of pinion and gear are different.
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Hypoid gear geometry

Limit pressure angle

The limit pressure angle modifies the pressure angle and is required in order
to balance the meshing conditions for drive and coast side of hypoid gears.

The limit pressure angle is considered with an influence factor f;,
differently for each cutting method:

fim fOr Face Hobbing: 1
f,im fOr Face Milling (Duplex): 0.5
fim fOr Zyklo-Palloid® : 0

=» in KISSsoft, the factor can be entered under ,additional data“
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Bevel cone types — straight bevel gears

The cone type ,standard® means the
geometry where all apex coincide in the
crossing point, in one point.

KISSsoft: Standard, fig 1

For a constant tip clearance of pinion tip to T
wheel root. The face angle of wheel is own

iInput and hence also non-constant tip

clearance is possible.

KISSsoft: Standard, fig 4 s e

For own input of individual face and root
angles (gear 2). Neither root nor face apex
coincide in the crossing point.

KISSsoft: Standard, fig 2
- recommended for straight bevel gears

37 /17.10.2022 / 068-Bevelgear.pptx KISSSOﬂ



Bevel cone types - spiral bevel and hypoid

The cone type ‘Duplex’ means the root line is
changed, so that the slot width is constant. This
IS required because the cutting method

‘Completing’ cuts both flanks in one m/c setting.

KISSsoft: constant slot width, fig 2

The cone type ‘Tilted root line TRL" means the
slot width is modified. This results from the
cutting method ‘5-cut’ where different m/c
settings are applied for pinion.

KISSsoft: modified slot width, fig 2

The constant tooth height is applied for face
hobbing (Klingelnberg or Oerlikon).

KISSsoft: Uniform depth, fig 3
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Backlash - Tooth thickness modification

Using a cutting method with individual
blade design:

The backlash is introduced by modified
blade point widths.

The setting in tab "Tolerances’ is 'no
backlash’.

The backlash is defined by the tooth
thickness modification coefficient by two
different values.

The conversion of backlash into tooth
thickness factors may be used.

39 /17.10.2022 / 068-Bevelgear.pptx

Allowances Gear 1

Tooth thickness tolerance |No allowance v| @
Tooth thickness allowance A, | 0.0000‘ | 0.00[:-[:-| mm
Normal backlash jn | 0.0000‘ | 0.0000| mm
Circumferential backlash  j: | D.D[}DD‘ | [).[:-[:-[:-[:-| mm
Tip diameter allowance Ay | D.DDDDH —D.D350| mm O +
Root diameter allowance Agfs | D.DDDD‘ | 0.0000| mm O
Gear 1 Gear 2 Details...
Number of teeth z | 14‘ ‘ 39|
Facewidth b | 254000  254000| mm

Profile shift coefficient

Tooth thickness modification Bactor Xsm |

Quality (IS0 17485)

0.0364)  -0.0550

Shaft angle b 90.0000/ °
Hypoid offset a | [).[)[)DD| mm
Gear 2 Details...

25.4000 | mm

-0.5052
-0.0550

KISSsoft




Backlash - Assembly

Using a cutting method with universal

t | . Allowances Gear 1
O O S . Tooth thickness tolerance v| Q
oppe ower

) ) Tooth thickness allowance A, 0.0000| | 0‘0000| mm
The backlash is introduced by assembly Normal backlash h 0.0000]| 0.0000] mm
using |arger mounting distance for ring Circumferential backlash j; 00000” 0.0000|mm
. Tip diameter allowance  Ags 0.0000|| —0.0350|mm O +
gear. The gears have nominal tooth Rookdameter lowance Ag | | 20000] mm O
thickness.
. . . ) . Gear 1 Gear 2 Detalls...
The setting in tab ‘“Tolerances’ is ‘no Number ofteth 2 | 1) 54)
, Facewidth b |  50.0000  50.0000| mm
allowance - Profile shift coefficient 5 . < e
Tooth thickness modification fact mn 0.0300‘ ‘ 70.0300| |
Quality (DIN 3965) 5 5 ’
The tooth thickness modification e ’ I Qz-zgzglzm
coefficients are equal for pinion and ring
gear (+/- values).
Circumferential backlash, middle (mm}) [imt] geart —0,000!—0,0(2?)ear2
. Circumferential backlash, outside (mm) [et] -0.000/-0.000
In the report, backlash = O IS Shown Normal backlash, middle (mm) ) -0.000/-0.000
Normal backlash, outside (mm) [ien] -0.000/-0.000
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Drive side / Coast side

Drive side:
= Pinion concave flank
= Gear convex flank

Coast side:
= Pinion convex flank
= Gear concave flank

In KISSsoft, the settings are:
» Tab ‘Basic data’: Hand of spiral

LH/RH

= Tab ‘Strength’: Driving gear

pinion / gear

= Tab ‘Strength’: Working flank gear
1 left flank / right flank

- Result; Drive side or Coast side
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[+]

Normal pressure angle 20.0000

Gear 1

Mean spiral angle Gear 2

Rating

Driving gear

Working flank Gear 1

Sense of rotation, looking at tip of Gear

Operation

KISSsoft

Required service life 20000.0000| h




Forces on shafts

Calculation of forces

According to ISO 23509, Annex D

Tangential forces:
20007,

F —
mt2
d m2

Radial forces:

F X c0551
= | tana
radl,D nD Cosﬁml
Axial forces:
sin51
JF.':ml,D =| tano nD

cosf_4
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—tanf_; sind,

+tanf . cosd; | F

F1’nt1

mtl

General influence factors

7.1Forces and circumferential speed

Nominal circum. force at pitch circle (N)
MNominal circumferential force of virtual cylindrical gear (N)
Drive side
Forces calculated according to ISO 23509 with G cio”
Axial force (N)
Radial force (N)
Normal force (N)
Forces calculated without coefficient of friction
Axial force (%)
Radial force (%)

Remarks:

Forces if rotation goes in opposite direction (coast-sided):
Axial force (N)

Radial force (N)

Normal force (N)

Axial force (%)

Radial force (%)

Gear 1 -——————— Gear 2
[Fmt] 9366.1 11386.2
[Fvmt] 10427.6
[Fal 12093.4 975.1
[Fr] 2926 10171.6
[Fnorm] 15299.0 15299.0
[Fa/Ft] 129.119 10.411
[FriFt] 3.124 108.601
[Fal -8235.9 8899.1
[Fr] 9608.0 -6247 2
[Fnorm] 15743.8 15743.8
[Fa/Ft] -87.933 95.014
[FriFt] 102.582 -66.700
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Input of an existing bevel gear pair

Conversion from GLEASON dimension sheet

Basic data =

Process

Reference profile

Manufacturing

Configuration

Type

Constant slot width, fig 2 (Face Milling, Gleason-Duplex)

L

SPIRAL BEVEL GEAR DIMENSIONS NO. V001002
PINTION GEAR

NUMBER OF TEETH. . . . . . . 21 38

PART NUMBER. . . . . . . . .

DIAMETRAL PITCH. . . . . . . 4.934

FACE WIDTH . . . . « . « « 1.496" 1.496"

PRESSURE ANGLE - PIN CONCAVE 200 oM

PRESSURE ANGLE - PIN CONVEX. 200 OM

SHAFT ANGLE. . . . . . . . . 30D OM

TRANSVERSE CONTACT RATIO . . 1.268

FACE Cpemacs mamea 2 ema

MoDIFI 1, Dimensioning

OUTER

MEAN O ;

prren| 11 Basic Data

CIRCUL

WORKIHN Pinion Gear {

WHOLE

craaza| |Shaft Angle = hY

ADDEND] | Hynoid Offset a "

DEDEND|

ouTsID) | Number of Teeth/Ratio z 8 42 t

musorz| | Quter Pitch Diameter: Gear de2 344.1000 ;

CUTTER) | Face Width b 54.0000 540000 %

GeERR F| |Mean Normal Module m nm I !

ROUGHI.

OUTER Transverse Module of Gear m te2 8.1929 i

L@ ™5 [Mean Spiral Angle Bm 35.0000 350000 ¢

Spiral Hand RH LH
Nominal Cutter Radius rw 140.0000 140.0000
Number of Blade Groups z0 11.0000 11.0000 L
Nominal Pressure Angle: Drive o N vl S
Nominal Pressure Angle: Coast o Nx1 i
Limit Pressure Angle o lim (
Pitch Angle & 10.7843 79.2157 j
Outside Diameter dae 82.4559 M51271 &
Mean Pitch Gone Distance Rm 1481433 1481433 §
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V|

[[@ Conversion from GLEASON dimension sheet
Pair data
Transverse module gear 2 (outside)
Outer pitch diameter gear 2
Normal pressure angle
Mean spiral angle, gear 1
Shaft angle
Hypoid offset

Cutter radius

Number of blade groups

Gear data

Number of teeth z
Facewidth b
Tip diameter (outside) Oae
Tooth depth (outside) he
Face angle da
Mean circular thickness Smt

Tooth thickness at tip (middle, arc) ti

Normal backlash

jen (Min/max)

4.5357| mm @®

2
3

T

dez 176.8930 mm O

20.0000| ©

o
5

35.0000| ¢

™M

90.0000| ©

0.0000 mm

5]

114.3000 | mm

)y

1.0000

5

Gear 1 Gear 2
W W
| 25.4000 | 25.4000/ mm
| 75.3256 | 178.2869) mm
| 9.1483)| 9.1483 mm
| 26.2402 | 723856 °
| 7.8900/ | 4.2877 mm O
| 2.0357| | 2.3456 mm
| 0.1269| | 0.1269] mm

Accept  Calculate  Report | Cancel

KISSsoft




Special reports

Under reports, several special reports are available:
= Report similar to GLEASON layout

» Report similar to Klingelnberg layout
= Input file for the virtual cylindrical gear

Report Graphics Script Extras Help

Il Generate F6&
Special reports » GLEASON report for spiral bevel or hypoid gears
Drawing data » GLEASON report for spiral bevel or hypoid gears, Imperial units
Proposals for hardening depth Scuffing calculation according ISO/TS 10300-20
Service life calculation KLINGELNBERG Protokoll
Sizing of torque KLINGELNBERG Report
Tooth flank fracture Input file for the virtual cylindrical gear
Settings
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Special reports

VERSION=42;
KSOFTVERSION=03/2014;
KISSSOFT REPORT ~ GLEASON DATA SHEET MODULE=Z012;
RechSt.ZahnZMNachK=1;
RechSt.xs_Ownlnput= 0;
anly for Gleason spiral bevel gears| ?;ngé'ﬁaégi;%; 01_:
Z5.Geo.beta= 0.523599;
Z5.Geo alfn= 0.349066;
PINION GEAR ZP[0].a= 813.37259;
NUMBER OF TEETH . . _ . 11 54 ZP[0].AXTollD=10240;
PART MUMBER . .. .. .. 0.000.0 0.000.0 ZR[0].z=11.2259;
MODULE . ........... 6.681 ZR[0].b= 425000,
FACEWIDTH ... ... 50.00 50.00 ZR[0].xnul= 0.4000;
PRESSURE ANGLE . ... 200 oM ZR[0].ZDTollD=10010:
SHAFT ANGLE .. ... ... 900 OM %E%g{igﬁ‘n%g%gn
TRANSVERSE CONTACTRATIO . 1.244 ZR[0].Tool RefProfile DBID=10400:
FACE CONTACT RATIO ... 1.592 ZkegR[0].XS= 0.0300;
MODIFIED CONTACT RATIO .. 2.020 -
QUTER CONE DISTANCE . . .. 184.09 1. Dimensioning
MEAM COME DISTANCE . . . . 159.09
PITCH DIAMETER .. ... .. 73.49 360.76 1.1 Basic data
CIRCULAR PITCH . . ... .. 20.99 Pinion Gear
WORKING DEPTH . . ... 10.00 b
WHOLEDEPTH. ... ... 11.25 11.25 Shat Angle z 50.0000 Deg. [
CLEARANCE ... 125 125 Hypoid O fiset a 0.0000 mm
ADDENDUM ... ... .. 7.00 3.00
DEDENDUM . 4.25 825 Number of Teeth/R atio z 14 39 27857
Outer Pitch Diameter: Gear dez 176.8530 mm
QUTSIDE DIAMETER . . . .. 8721 361.96 o - -
PITCH APEX TO CROWN 178,98 3380 Face Width b 25.4000 25.4000 mm
MEAN CIRCULAR THICKNESS . 11.44 6.70 Mean Normal Module mnm 32133 mm
QUTER NORMAL TOP LAND . . - - car
MEAN NORMAL TOP LAND ) ) Transverse Module of Gear mtg2 4.5357 mm
INMER NORMAL TOP LAND . .. - - Mean Spiral Angle Bm 35.0000 35.0000 Deg.
PITCH ANGLE . .. _.._.. 11D30M T78D29M Spiral Hand left right
FACE ANGLE OF BLANK . .. 11D30M T8D29M
ROOT ANGLE 11030M 78029M MNominal Cutter Radius rw 114.3000 114.3000 mm
DEDENDUM ANGLE . . . 0D oM 0D oM Wumber of Blade G roups z0 1.0000 1.0000
QUTER SPIRAL ANGLE . . .. 37D5 1M " -
MEAN SPIRAL ANGLE 300 oM Mominal Pressure Angle: Drive ahlwl 20.0000 Deg.
INNER SPIRAL ANGLE . . . . 21D50M Mominal Pressure Angle: Coast alx1 20.0000 Deg.
HAND OF SPIRAL ... LA RH Limit Pressure Angle alim -0.0000 Deg.
Pitch Angle i 15.74588 702532 Deg.
Outside Diameter dae 75.3256 178.2869 mm
Mean Pitch Cone Distance Rm 81.2726 81.2726 mm
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Interface between KISSsoft and GEMS

Interface between KISSsoft and GEMS

» For bevel and hypoid gears

= Macro geometry of gears

= | oad data

)

| File Project View Calculation Report Graphics Script Extras Help

[ New
i Open...
'F2 Open exdusively...
= Save
Save as...
Save as template
Restore default template

Import...

=1 Mail to...

Restore...
Properties
502 Hypoid (150 10300 Sample 2 FM).Z70
01 Bevel (KN 3028 FH).z70
501 Bevel (ISO 10300 Sample 1 FM).Z70
01 Spur (ISO 6336).712

Exit

Ctrl+N
Ctrl+0

Ctrl+5S

3

N E B

GEMS I ﬁ
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= Check for cutter head size
= Check for final blank geometry
= Check for blade design (radius, ..)

KISSsoft



Strength calculation
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Strength and life time rating methods

technical
accuracy of
results
Test rig tests, field
Contact tests ...
analysis
Rating
standards
SO,
AGMA, .. _ time, calculation speed,

time effort, costs,..
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Strength and life time rating methods

Rating standard Contact Test rig tests,
analysis field tests
Source ISO, AGMA, ... KISSsoft, GEMS, Customer site
FEM, ..

Life time
information, g x g

safety value (stresses, stress

distribution)
Macro geometry g 4 g
(varied, (defined, 1 gear (defined)
optimization) pair)
Micro geometry g
(incl. tolerances x g
& misalignments) (method A) (varied, (defined)

optimization)
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Strength calculation

DIN 3991
ISO 10300 (2001)
ISO 10300 (2014)
AGMA 2003 (B97, C10)
DNV 41.2 (2012)

Plastic gear not in not in
Niemann / Winter KISSsoft KISSsoft KISSsoft
Plastic gear

VDI 2545

Klingelnberg Palloid

KN 3025, 3026, 3030
Klingelnberg Zyklo-
Palloid

KN 3028, 3029, 3030
Flank fracture

ISO/DTS 10300-4 (2019)
Scuffing

ISO/TS 10300-20 (2021)
Micro Pitting

ISO/TS 6336-22

Red: not available, green: available and in KISSsoft, light green: available but not in KISSsoft
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Strength calculation

Static calculation

= [For bevel gears and differential gears \F‘ . |42
available e
= Calculates safety again material values F) o
‘yvield point’ and ‘tensile strength’ il it
\l2 . )
Contact analysis AN f

=  Stress calculation under load

= Considers tooth deformation according to
Weber / Banaschek

= Considers displacements of gears o .

= Considers micro geometry E

= Tooth form based on virtual cylindrical gear %0 b0 o 100 200
. Width [mm]
(no m/c settings)

Contact anal lysis n

|Cnntact pattern on tooth flank Gear 1 M |»

fnin = 0.00000 N/mm
max = 1468.48750 N/mm
AH = 0.00000 pm

AG = 0.00000 pm

AV = 0.00000 pm

Drive flank is active.
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Strength calculation

The bevel or hypoid gear geometry is
transferred into a virtual cylindrical gear
geometry.

The dimensions in middle of face width
are used.

For the strength calculation of root and
flank the (modified) formulae of
cylindrical gears are applied.

Hence there is no difference in loading

capacity calculation between Face
Hobbing and Face Milling.
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Strength calculation 1ISO 10300

Calculation of surface durability (pitting, acc. to ISO 10300-2, method B1)

The contact stress o, is determined on the nominal contact stress c,. The
bevel gear factor Z, accounts for the influence of the bevel gear geometry. The
hypoid factor Z,,,,, accounts for the influence of lengthwise sliding onto the
surface durability.

The permissible contact stress o is based on tests from cylindrical gears
which provide a wide range of tested materials.

The value of the minimum safety factor for contact stress, S,,.,;,, sShould be 1,0.

On :O-Ho\/KA'Kv Kip Ky <oy

—LygLeLis Ly Oup :O-Hlim'ZNT 'Zx -ZL-ZV -ZR -ZW-ZHyp
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Strength calculation 1ISO 10300

Calculation of tooth root strength (acc. to ISO 10300-3, method B1)

The tooth root stress o is determined on the nominal tooth root stress c,. The
bevel spiral angle factor Ygz5 accounts for smaller values of contact lines |,
compared to the total face width and their inclination. The cutter head size is
considered in the factor K.

The permissible tooth root stress o IS based on tests from cylindrical gears
which provide a wide range of tested materials.

The value of the minimum safety factor for tooth root stress, S¢,,, should be >
1,3 for spiral bevel gears. For bevel gears where pm < 5°, S¢.;, should be > 1,5.

Op =0ro Ky Ky -Key - K, <0

Fmt

oo “Yea YooY, Yo - Yis Orp = Okiim Vs " YN “ Varerm * Vrrerr * Yx

&

Oro =
n
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Tool data for root stress

Root radius coefficient
» Enter the cutter edge radius from summary
=  Switch input mode to ‘length’

K|SSsoft: Final machining Gear 1

Tool selection < @

elect reference profile

Designation /1.0 1O 53.2:1997 Profil C|
Dedendum hs 3.2906 | mm o
Root radius D ‘ D.BDDO| mm &
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Face load factor K5 in 1ISO 10300:2014

Kig = Kiippe * 1.5

General factors

Application factor Ka 1.1000 Q
Dynamic factor K, 1.0203| O
Transverse load factor Kna 1.1606 [

l?:f-

Mounting factor according to 15O 10300-1

Verification of contact pattern Mounting conditions of pinion and gear
neither member one member both members
Contact pattern is checked: | cantilever mounted | cantilever mounted lever mounted
for each gear setin its 1.00 1.00 100

housing under full load

for each gear set under
light test load 1.05 110 125

for a sample gear set and
estimated for full load 120 1.32 150

NOTE: Based on optimum tooth contact as evidenced by results of a contact
pattern test on the gears in their mountings.
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Settings in KISSsoft for ISO 10300:2014

Effective face width b
The default value acc. to ISO 10300 for b, is = 0.85*b
=>» This is to be changed by the user with the effective contact pattern width

Overlap contact ratio &g

The overlap contact ratio g5in 1ISO 10300:2014 depends on the effective face
width b

=>» direct comparison with ISO 10300:2001 is not possible (unless b = 1)

Profile crowning
Two settings available for ‘high’ and ‘low’ profile crowning

Tooth root with load spectra Consider all negative load bins as positive v‘

Profile crowning |Inw (automotive gears)

Effective facewidth (ISO 10300) calculated with  beg/b |

0.8500| OJ
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Sample calculations in ISO/TR 10300-30

Geometry calculation:

Initial data

Calculation — Pitch
cone parameters

ISO 23509

Additional data

Results — Pitch cone
parameters

|

X, a,zy, 2z, dy,ordgand by, fo,0r 2, I

[ Metnodo || Method 1 || Method2 || Method3 |

I %gp: Xgc

+ Xhny +-» | | Rt Rmz: 64 62 Bt Bmz

4

Calculation - Gear dimensions

f (data type l); f (data type Il)

— -

Results - Gear dimensions

b,d,, R, 5, 6.h.,h,
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Operation data

load, speed, material, lubrication, etc.

\ 4

Geometric data of bevel gears
according to ISO 23509
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Sample calculations in ISO/TR 10300-30

Strength rating:

- « Part1: Introduction and general influence factors =—— « « == « ¢ — .

v

v

Method B1

.| General load factors K Geometry of virtual Geometry of virtual .

| according to Method A, B or C cylindrical gears cylindrical gears .

(o= | .

° W e 6 e A e S 6 e R 6 e R R S 6 e e 6 e e 8 e— — —_— —— p—— —_— —

8 : = Part2: Calculation of surface durability « = « « ==« =« o p o ——. — o0 —td e —

-— | M Z - Factors for pitting I

o . according to Method A, Bor C * .

N | Contact stress Contact stress |
— . evaluated: Gy.g¢ evaluated: Gy.g;

permissible: Gup.a4 permissible: Gyp.a2

| L’ Y - Factors for bending
according to Method A, Bor C

| Tooth root stress® Tooth root stress® '
5 evaluated: or.g¢ evaluated: or.g p
i_ permissible’ Grp.51 permissible: Gsp.a2 I

59 /17.10.2022 / 068-Bevelgear.pptx

KISSsoft



Overview of results

For all four examples shown in the ISO/TR 10300-30, the flank and root safety
factors S, and S are calculated in KISSsoft and compared to reference
calculations in the ISO/TR 10300-30.

Comparing KISSsoft to ISO/TR 10300-30, all rounded to two digits

2.00
® 150,/ TR 10300-30, SH

175 M K|55s0ft, SH -
= ISO/TR 10300-30, SF, gear 1

1.50 W KISSsoft, SF, gearl _

M [50,/TR 10300-30, SF, gear 2

® KISSsoft, 5F, gear2

[
P
un

1.00

0.75

Calculated flank and root safety factor [-]

=
w
o

0.25

0.00 -

Example 1, method B1 Example 2, method B1 Example 3, method B1 Example 4, method B1
Calculation example from I1SO/TR 10300-30
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Strength calculations AGMA 2003

5.1.1 Fundamental contact stress formula

The fundamental contact stress formula for pitting
resistance of bevel gear teeth is:

2T
5. = qﬂ\/ﬁ;f{af{vf{mcgcm ..(1)

20001,
Oy = Zg s Z, -KAKL'KHBZIZIC ..(1M)
el

The formula for permissible contact stress number

is:
I M{ (2)
_ Ogtim INT 2w (2M)

o =
HP '
SyKoZ,

61 /17.10.2022 / 068-Bevelgear.pptx KISSSOﬂ



Strength calculations AGMA 2003

The I (Z;) factor is calculated using the following
formula:

_ Spe cosy cosPp Py
- FdC,my; Py 15.2.1 Spiral bevel asymmetry

I

z, = 8c Pyo €OS Pm cos op ?;”nmr Since spiral bevel gear teeth are not symmetrical in
bdg Z;eny °* " the lengthwise direction, the stresses will differ
between the concave and convex sides of the tooth.
Normally one calculates the stresses onthe concave
side of the pinion tooth and convex side of the gear
tooth since these are the usual driving surfaces. For
bi-directional operation of bevel gears, a complete
analysis would require calculating the geometry
factors independently for each side of the tooth.

62 /17.10.2022 / 068-Bevelgear.pptx KISSSOﬂ



Strength calculations AGMA 2003

2.2.1 Fundamental bending stress formula

The fundamental formula for bending stress of gear Pinion geometry factor:

teeth is:
_Yer nfer P ..(25)

T = _ I
5 = :TP Pd Eﬂ Ku Ks Kﬂ:‘/ﬁ‘(’ F ?"N.Iﬁi " F Pm
* Fd 1 Ky J _ Yg1 Tmyot By myy ..(25M)

¥, = 4

2000 Tl KA Ky YIKHB;/IEK/JI Eny ¥; Tptl b Mt
O = . )

bd, Y ¥
Pinion geometry factor in AGMA The formula for permissible bending stress number
depends on drive and coast IS
operating conditions. _ sak ®
" SpKpKp
Fatigue limit sat (SigmaFlim) is OF 1im Y
different for bevel gears than for Opp = TSR T: ...(6M)

cylindrical gears.
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Strength calculations AGMA 2003

The bending stress number is different in
AGMA for cylindrical gears (AGMA 2001-

D04) than to bevel gears (AGMA 2003-C10).

AGMA 2001, grade 2 (65’000 Ib/in?, 450
N/mm?2) corresponds well to ISO quality MQ
(b) with og;;,,, = 460 N/mm?2. So, grade 2 in
AGMA 2003 corresponds with ISO MQ (b).

TElim Ore
|
ME
500 2 : 1000
L MQ
[+
400 800
300 ML 600
500 600 700 800 900 HV
50 55 60 65 HRC
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ISO 6336-5

Bending stress number (allowable), s (oF tim)

Grade 11

Ib/in? (N/mm?2)
Grade 21!

Grade 31

See figure 10

12 500 (85)
22 500 (154)

30 000 (205)

See figure 10

13 500 (95)

35 000 (240)

40 000 (275)

AGMA 2003-C10

Allowable bending stress number?), sz

Ib/in2
Grade 1 Grade 2 Grade 3
see figure 9 see figure 9 --
45 000 55 000 --
22 000 22 000 --
65 000 or
55 000 70 0008 75 000

AGMA 2001-D04
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Gleason Strength Factor - Q

Definition

The Q-factor is the most frequently
used factor in the Gleason Dimension-
Sheet.

The factor, Q, is used to calculate the
dynamic bending stress in the tooth
root fillet, where it is maximum.

The bending stress (psi) for each
member is found by multiplying its
factor, Q by its applied torque (Ib-in).

Source: Bending stresses in Bevel
Gear Teeth, Gleason Works, 1981

65 /17.10.2022 / 068-Bevelgear.pptx

2Py K,
 FDJ

Py = large end diametral pitch (transverse)

m X

D

[

9}

I I 1l I ]

AAAAX

s = size factor. See Fig. 2.

= actual face width in inches for corresponding member. This may be different
on the two members.

= large end pitch diameter in inches for corresponding member.

= geometry factor for corresponding member. See Figs. 4A through 4J or
Appendix A.

T QK, K,
KK,

=¥

strength factor for corresponding member.
overload factor. See Table 1.

load distribution factor. See Table 2 or Fig. 3.
dynamic factor. See Fig. 1.

cutter radius factor. See Chart Appendix E.

(e}

3

KISSsoft



Gleason Strength Factor - Q

Conversion between units

In the metric system, when the Q-factor is multiplied by the pinion torque
in Nm, the result has to be multiplied by 0.61 in order to obtain a result in
N/mm2,

Torque [Nm] . Q . 0.6102327 = bending stress [N/mm?]

The conversion of Nm in inch-lbs requires a factor of 8.85075. This factor
multiplied by the Q-factor results in PSI, which has to be converted with
the factor 0.0068947 into N/mm?:

Torque [Nm] . 8.85075 . Q . 0.0068947 = bending stress [N/mm?]
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Gleason Strength Factor - Q

Q-Factor in KISSsoft

When using the AGMA 2003, the Q-
factor is calculated based on Eq. 5.

The Q-factor may differ to the Q-factor
from the Gleason calculation.

The Q-factor is listed only in the special
report.

2Py K,
FDJ

5.2.1 Fundamental bending stress formula

The fundamental formula for bending stress of gear
teeth is:

| 2Ty P KoK, KKy,
Fd 1 K.J

_ 20007, K, Ky Yy KHﬁ (5M)

..(5)

St

°F T Tba, Ma Y,¥

Report Graphics Script Extras Help
'] Generate F6

Spedal reports ’ GLEASON report for spiral bevel or hypoid gears
Drawing data ’
Proposals for hardening depth
Service life calculation

Sizing of torque

Tooth flank fracture

Scuffing calculation according ISO/TS 10300-20
KLINGELNBERG Protokoll

KLINGELNBERG Report

Input file for the virtual cylindrical gear

GLEASON report for spiral bevel or hypoid gears, Imperial units

Settings [
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Miner’s rule

F’?l F’i'z mn.

+ =+ + =1
A

Na TN TN,
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Scuffing/Scoring

» Scuffing is a severe form of adhesive wear that can result in progressive
damage to the gear teeth.

= Scuffing is not a fatigue phenomenon and may occur instantaneously.
» Rating against scuffing should be done for all steps in the load spectrum
individually.

= Rating method is available in ISO/TS 10300-20, ISO/TR 13989, DIN 3991 or
AGMA 925-A03.

Mild scuffing: often self-healing Hot severe scuffing
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Flash temperature method

= Flash temperature method predicts the probability of scuffing by comparing the
maximum contact temperature with the critical scuffing temperature (ISO/TS
10300-20).

= The contact temperature 65, IS the sum of the bulk temperature and the flash
temperature calculated by Blok.

Oy =0, +0

B max fl max

= The scuffing temperature 84 is calculated from the test gear or provided from
field measurement.

0, =0, +X, 0

flmaxT

= Safety factor
Ouer,p Bulk temperature of test gear (T) or interfacial (i)

6. -0,
Sy =——o Xy  Structural factor

0 - eoil

B max
eOiI

Oil temperature, in °C

Onmaxm Maximum flash temperature, in “C, of test gear (T)
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Integral temperature method

» Integral temperature method predicts the probability of scuffing by comparing
the mean value of the contact temperature along the path of contact (integral
temperature) with the critical scuffing temperature.

= The integral temperature is the sum of the bulk temperature and the weighted
mean of the integrated values of flash temperature along the path of contact.

O =04 +C, -0

C, : Weighting factor from experiments, (= 1.5 for cylindrical gears)

flaint

= The scuffing temperature should be provided for the scuffing tests (see ISO
14635, FZG test procedures) or from field measurement.

= Safety factor

Hi ntS
o)

int

0.5 . Scuffing integral temperature, in ‘C

SintS =
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Calculation process of scuffing safety ISO/TS 10300-20

Local calculations over the path of contact

the parameters are calculated at 11 positions over the path of contact. The smallest
safety value is considered as the critical safety value.

Stresses and velocities

local contact stress, Sliding and sum velocity, Lubricating film thickness, Coefficient
of friction, ..

Occurring contact temperature

Is composed from the bulk temperature (determined by the power losses) and the
flash temperature

Permissible contact temperature

includes the limit temperature from scuffing test, the influence of contact
temperature and contact time
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Major influences for scuffing safety

Runin
running-in of gear pair has a high beneficial influence for high scuffing safety.

Load stage of lubrication

the load stage of lubrication according to FZG step load test is required for the
calculation.

Material Xy

Profile crowning ‘high’ and ‘low’ Through-hardened steel 1.00
high profile crowning leads to reduced Phosphate-coated steel 1,25
load at tip and root of tooth. Copper-coated steel* 1,50
Bath or gas nitride steel 1,50

Hardened carburized steel, with austenite content:

Structure factor

less than average 1,15
considers several typical remedies such as average (10% to 20%) 100
phosphate or copper plated gears. - greater than average 0,85

Austenite steel (stainless steel) 0,45

*for phosphate- and copper-coated steels use running-in factor X for
not run-in surfaces
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Settings for Scuffing in KISSsoft

Lubrication with scuffing test data

The calculation requires the data
from the load stage scuffing test

The oil type ‘GL5’ typically has a load
stage of approx. 14 (Pinion torque of
800 Nm).

Further research is currently done
regarding testings of oil type ‘GL5 .
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Load stage scuffing test

k factor for pressure-viscosity coefficient (AGMA 925)

s factor for pressure-viscosity coefficient (AGMA 925)

[@ Define lubricant e
Own Input

Comment 150-VG 150 |
Qil/ Grease |0i| v|
Density oil p kg/dm?3
Nominal kinematic viscosity at 40°C Vag mm?2/s
Nominal kinematic viscosity at 100°C Vioo mm?2/s
Lower limit service temperature Brmin =T

Upper limit service temperature o °C
Lubricant base |Minera| oil base v|

Pressure-viscosity coefficient at 38°C

a3s8 m?/N O

Cancel
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Settings for Scuffing in KISSsoft

Several settings for Scuffing

Calculation method

Factors, root, flank Bevel gear ISO 10300:2014, Mett - &
Scuffing 150/TS 10300-20:2021 v
[[q Details for scuffing calculation ? >

[1 Peak overload factor according to DNV 41.2 (for short period torque peaks)

[ Define mass temperature B
Lubricant factor X 1.0000 O -
Toothing is well run in Yes v

Relative structural factor Xyrer 1.0000 Q

Gear 1 Gear 2
Qil level hai 0.0000 | mm Q
Cancel
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Settings for Scuffing in KISSsoft

Flank modification

With profile modification, the . A_ B C D E — with modification
risk of scuffing can be reduced, 500 == w/o modification
as the pressure _at begin and 180 1 |
end of meshing is reduced. 160

140
With the contact analysis, the 120~

100—

scuffing is rated over the -
complete path of contact. -

T T
280 -140 0 140 28.0
Angle of rotation (Gear A) [°]

0 .
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Tooth flank fracture

Method according to Annast

Investigation done on bevel gears
Published in 2002

Method according to ISO/DTS 10300-4

Investigation done on cylindrical gears
Basis thesis is from Dr. Witzig, Munich
Thesis published in 2012

Adaption for bevel gears directly possible
ISO technical report currently under process
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Figure 2 Flank breakage —two different wheel:
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Tooth flank fracture ISO/DTS 10300-4

= Failure initiated below the surface due to shear
stress, crack often at approximately half the height
of the tooth

= Failure initiated typically at or below case-core
interference

= Crack starter often is a small non-metallic inclusion

= Crack propagates from starting point towards
surface and towards inside of tooth, later being
larger crack at approximately 45deg angle to the
flank surface

= Often, no indication of surface fatigue like
micropitting or pitting are observed even if tooth
flank fracture occured
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Tooth flank fracture, safety factor

An effective shear stress T(y) Is compared to a local material strength 7,.,(y)
where (y) is the material depth.

A material exposure A, (y) is calculated for each depth (y) and each point x on
the flank.

1 7 .(y)
Spp=——+¢ 285 4 (y)=—L~
A +e i FF x v)= S TG
FE. 2 1-pe?r (1’)
f‘z = 0,2
A.F‘F,max = max(AFF,x(J"))

Method A: stress distribution based on contact analysis, stress is known for
each point x on the whole flank

Method B: for some specific points in the contact
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Tooth flank fracture, effective stress

The effective shear stress T.(y) is a function of the shear stress due to external
loads and the residual shear stress (and some interaction of the two)

Togr (.1*’) =Tep1 (.1*’) — A Tegr LRS (J") — Ter RS (J’}

Tt local occurring equivalent stress state

Teff L equivalent stress state due to external load, without consideration of
residual stresses

Te L rs  INfluence of the residual stresses on the equivalent stress state
Terrs ~ Juasi-stationary residual stress state
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Tooth flank fracture, effective stress

Residual stress profile oxg(y)

The residual stress profile is used for both parameters, the influence of the
residual stresses on the local equivalent stress state At ; ps and the quasi-
stationary assumed residual stress state T g

lors (V)] 2
AT rsy(V) = Ky % 32 -tanh(9 - y*1) — K, TeffRS = (72 |ors (V)|

Method A requires a measured residual stress curve. Method B describes a
procedure to calculate the residual stress depth profile org,, from the hardness
depth profile HV(y):

Ops(1)=-125-(HV(y)- HT.

care )

for (HV(y)-HViyre) < 300

G (1) = 02857 - (HV(v)— HV. ) - 460 for (HV(y)-HViure) > 300
where

HV eore is the core hardness;

HV(y) is the local hardness at the material depth y (hardness depth profile).
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Tooth flank fracture, hardness depth profile

The hardness depth profile HV(y) can either be measured (method B) or
calculated (method C) according to two methods Thomas and Lang.

Also the calculation of the local material strength 1., requires the hardness depth
profile.

Method according to Lang Method according to Thomas
HV(y*) = HV,, +(HV,, ...~ HV.,.) f(3") HV(yY) =a, -y2 +b,-y+¢,
f(y7) =10t HV(y)=ap - y*+b, -y +a
= Y v (}’) = chore
' CHD
a =-00381
b =-0,2662
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Tooth flank fracture, permissible stress

The local material strength 1,.,(y) is calculated as follows

AT N \ .
Tpe;l' (.1' ) _ ‘K T, per ‘Rmﬂrermf H‘P’{1 )
K: per is the conversion factor;
Katerial is the material factor;
HVW(y) is the hardness at the material depth y (hardness depth profile).

Table 2 — Values for K

material

M atel’l al faCtO r Case hardened Kinaterial

steels

Tooth thickness in mm

R~ 3< Stp-D = 10 10 < Stp-p = 40 40 < StBD

min. 800 N/mm? 1,00 0,90 0,70

min. 900 N/mm? 1,13 1,00 0,90
Conversion factor: K =04

r,per
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Settings for Tooth flank fracture in KISSsoft

Selection of calculation method:

Calculation method

Factors, root, flank Bevel gear 1SO 10300:2014, Mett | s
Scuffing ISO/TS 10300-20:2021 v|
Tooth flank fracture 1SO/DTS 103004 (draft) | -
[ Details for flank fracture calculation — ? by
Gear 1 Gear 2
min max min max
Hardening depth tss | 0.5000| | 0.5000/ | 0.5000/ | 0.5000| mm @
Hardening depth too | 0.0000 | 0.0000 | | 0.0000 | 0.0000 | mm
Hardening depth txo | 0.0000 | 0.0000 | | 0.0000 | 0.0000 | mm
Core hardness ~ HVeore HV
Hardness curve ISO/TS 6336-4 Method C1 | |[ISO/TS 6336-4 Method C1 |
Cancel
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Calculation of hardness course

m Define material Gear 1

The calculation of hardness course needs:

Own Input

= Surface hardness Label [18CiMo7-6
Comment |ISO 6336-5 Figure 9/10 (MQ), core

. Core hard neSS Basicdata  Calculation data
= Case hardening depth Young's modulus E N/mm?

Poisson's ratio v

Density p kg/m?2
The SU rface hard neSS |S ente red In Coefficient of thermal expansion | a 10¢/°C

Material type Case hardening steel

‘material properties’.

ne of treatmen ase-hardepe
Surface hardness
Core hardness

: [ 1200.0000 N/mm=

The core hardness is

ente red i n 1 Defi ne [ Details for flank fracture calculation ? X
H J
Materlal ) min max min max
Hardening depth tsso | 0.5000/ 0.5000 | 0.5000 | 0.5000| mm
The case hardenin : : : :

: g ) Hardening depth tio | 0.0000| | 0.0000 | 0.0000| | 0.0000| mm
depth CHD is entered in Core hardness  HViaee -
‘Details for flank fracture’. Hardness curve Isorrj 63b36—4 Method C || [ISO/TS 6336-4 Method C1  ~|

¢
Fr{;{;rg fr?mi f?lsee -:- Cancel
. 4

0 )
SO/TS 6336-4 Method C2
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Measured hardness curve

The file with measured hardness data is added to the

material properties, or added in Tab “Tooth flank fracture’.

Quality according to ISO 6336-5

[ Define material Gear 1 *
Own Input

Label 18CrNiMo7-6 |
Comment b—S Figure 9/10 (MQ), core strength >=3OHRC‘

‘MQ according to IS0 6336-5 (good quality) v‘

[ Details for flank fracture calculation ? X
Gear 1 Gear 2
min max min max
Hardening depth tsso | 0.5000/ | 0.5000| | 0.5000| | 0.5000| mm @
Hardening depth too | 0.0000| | 0.0000| | 0.0000| | 0.0000| mm
Hardening depth tio | 0.0000| | 0.0000| | 0.0000| | 0.0000| mm
ore hardn Hv__ | 345 9000 HV

Hardness curve |me database v| SO/TS 6336-4 Method C1 v|

Cancel
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~S

DATA

1 8.2 jae
2 8.3 675
3 0.4 650
4 8.5 625
5 8.6 608
6 8.7 578
7 8.8 545
3 8.9 88
9 1.8 475
18 1.1 455
11 1.2 429
12 1.3 427
13 1.4 427
14 1.5 415
15 1.6 482
16 1.7 486
17 1.8 413
18 1.9 388 P
15 2.9 399

Evzluation a

|Tonth flank fracture | Hardness curve | Gear A v‘

Flamaae i BBBES

700 —

Depth y/bH

Calculation at peint 5
bH = 0.4455 mm : Half of the Hertzian contact width

KISSsoft



Results of Tooth flank fracture

In the graph ‘evaluation — tooth flank
fracture’ the results are shown for:

= Hardness curve (measured or calculated)
= Equivalent stress state T
= Material shear strength T,

= Material exposure Ag: is the maximum
permitted exposure (0.8), red curve to the
right - too high exposure
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Evaluation [ = |
|T[:[:th flank fracture | Shear stress at critical point | Gear A v|
FEamaaa i BE hE S
270 —
240 —
210 —

0——71—

&

Calculation at point 5
bH = 0.4455 mm : Half o

E
S 150 \/4\#&

Evaluation

|TDDth flank fracture | Material exposure at critical point | Gear A

e |

NEALEY

& QR W BEBE o

MFFIW = 0.800
_J 7

?p

Depth y/bH

value: 0.800.

Calculation at point 5
AFF: Maximum value reached: 0.972; recommended maximum

PRl PRI Y N
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Results of Tooth flank fracture

Using the contact analysis, the safety for
TFF is calculated along method A.

This considers the flank and lead Safety against tooth flank fracture
modifications, gear misalignment and load ' !
distribution under applied torque.

The result is shown in the graphic ‘Graphics
- Contact analysis - Safety against tooth
flank fracture’

The material exposure A, (y) is calculated R K
for each point x on the flank and hence the e K ot
safety factor SFF is also shown for each
point on the flank.
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Klingelnberg Norm KN3028

Zyklo-Palloid® Cutting method from
Klingelnberg

Manufacturer's data for spiral teeth

In the tab ‘Process’, the list of cutter heads [ Adort data from Kiingelnberg machines list
‘Machine AMK400 Flight circle 135 No of starts 5 ~

IS available, if the cone type ‘Uniform
depth, Face Hobbing, Klingelnberg’ is

Machine type

SeleCted . According to Klingelnberg
Machine | Cutter flight radius Normal module
: ) 25 30 0.25 ... 1.60
Several checks as defined in KN 3028: FK41B 30 (025) 075 160
55 (1.2) 20..40
100 24 .55
) : : : AMK400 135 3580
= Machine size (machine distance) 170 35  65.90  (12)
= |nterference at inner side o o
KNC40 75 20..45
= Etc. 100 2455
135 35 .80

No calculation of machine settings in
KISSsoft.
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Efficiency calculation

Nzp
1 Fy(x) ve(x)
H Vv = § dx
p.cosey F, v
x
T 03 tooth 1 4 tooth 0 tooth -1
02 b Sl \
Vp,lvn . P l
0.1 4 . | f‘ e
0 e } - -
A s E
T tooth 1 tooth 0 tooth -1
104 ———=—— r
A= ' =
Fol Fagw 0.6 4 -
p '
0 }
A B D
(x-v,/vt..)‘)'a' tooth 1
0.24
0.1+
0

area [ betweenAand B
area P between D and E
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E] betweenDandE
= [ betweenAandB

vi=05m/s

™o
S
S
©
gy

L—— Path of contact ——————I

Hy
Um

Tooth mesh loss factor
Mean friction coefficient
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Efficiency calculation in KISSsoft

In KISSsoft, the efficiency calculation is available for various methods:
= Niemann

= Wech

= |SO 10300-20

= Own input

The calculation according to Wech is basically recommended.

m Medule specific settings

General Sizings Calculations Tooth form  Safety factors  Differential gears  Cont
General
U] Always calculate transmittable torque (utilization)

U] Calculation with own Woehler line (5-N curve)

Consider protuberance if angle difference is greater than 3.0000| °

U] Calculate virtual cylindrical gear for inner and outer segi

Efficiency calculation in acc. with

Coefficient of friction
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Contact analysis
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Contact analysis - Theory

Theoretical model
= The face width is splitted into
several virtual cylindrical gears

= Each virtual cylindrical gear has
it's own tooth form with:

= Operating pitch diameter,
centre distance, etc.

= Operating load, etc.
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Contact analysis - Evaluation

Graphics:

= Contact pattern on tooth flank
on ring gear (based on line load)

= Transmission error (TE)
= FFTOf TE

= Scuffing

= efc.

Report:

= Flank pressure

» Peak-to-peak transmission error
= eftc.
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Contact analysis n
|Fnrces and stresses | Contact pattern on tooth flank | Gear 2 v‘
RidGm e i 28 BE

'E outside inside

£.10.0

= 8.0

2 6.0

2 40

% 2.0

o 0

'_

qﬁ"
Width [mm]
Contact analysis n

Blue min = 0.24 N/mm
Red max = 1291.62 N/mm |Excitation | Transmission error amplitude spectrum v|

AV = 0.0000 pm
AH = 0.0000 pm
AJ = 0.0000 pm

Drive flank is active.

Q@ maae it BehE o

Transmission errar amplitude [um]

Order of harmonics

Order of harmonics

Amplitude (pm)

1 2.5574 100.00
2 0.2430 9.50
3 0.0593 2.32

Relative value (%)
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Contact analysis — in KISSsoft

Contact analysis

= several settings for load stages

Coefficient of friction

= with sizing acc. to literature

Axis alignment

= with definition own input and from shatft files

Factors EZ Contact analysis & X 41

Aanufacturing Tolerances Modifications X Strength b
Settings
Resolution |Iow v| [ Calculate excitation force
Take into account load factors |KA:K\,:KV: 1.00 v|

Consider load spectrum

Partial load factor for calculation w | 100.0000| %

Manufacturing influences

Coefficient of friction b 0.0500] < @

Axis alignment influences

Axis alignment...
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Calculate load-free contact pattern

Marking paste thickness s 6.0000 | pm
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Operating load

Contact analysis n

The ContaCt analySIS IS performed |For|:es and stresses | Contact pattern on tooth flank | Gear 2 v|
= Under full load: 100%, Ee®m Qe i BRERES
= Under partial load, as on the roll testing machine:

outside inside

e
. E100
the torque is approx. 10 Nm, =~ 3% g
2 4
. £ 20
= Consider load spectra Eotrrrrr oI
AT @ P
. idth [mm]
= Consider overload factors K,, K e o
Blue min = 0.24 N/mm ~
Red max = 1291.62 N/mm
AV = 0.0000 pm v
_ . Contact analysis n
vlanufacturing Tolerances Modifications X Strength X Factors & [E Contact analysis & > Eh
Settings |For|:es and stresses | Contact pattern on tooth flank | Gear 2 v|
Resolution ||DW v‘ [ Calculate excitation force R'\‘ "I" '?:‘{ i (J:rl 'E:'\ @)\ ?'H’ EEE, _@ E'\ IJé]
Take into account load factors |Ka:K\.:K,,: 1.00 v‘ Calculate load-free contact pattern

Marking paste thickness s 6.0000| pm

Partial load factor for calculation w: | T outside inside
E 10,0
& 8.0

. . @ 6.0 7 %—

Coefficient of friction u | [).[)5[)[)‘ < 9 e
£ 2.0

Axis alignment influences 3 0 LN L L B S I B B B B B B S p
=

s PRI R IR I R R

Width [mm]

Blue min = 0.20 N/mm
Red max = 102.38 N/mm

Ao
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Contact analysis

Differences between KISSsoft and GEMS contact analysis

KISSsoft contact analysis

straight, helical and spiral bevel gears

using Weber/Banaschek

flank form based on mathematical
approach (planar involute)

—> deviations to m/c settings approach

no evaluation of Ease off, path of
contact

calculation of root stresses, Hertzian
pressure

safeties for scuffing and flank fracture

according to ISO
nominal position (VH under testing)

GEMS contact analysis

spiral bevel and hypoid gears
using FEM

flank form based on machine
settings

evaluation of Ease Off, path of
contact

calculation of root stresses, Hertzian
pressure

root stresses evaluated with S-N
curve

including the EPG, VH misalignm.

-> The contact analysis in KISSsoft is not a replacement of GEMS!
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Design of bevel gears

Part I:
Macro geometry
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Required safeties

Define:
general factors, material,
calculation methode

Analysis of
critical gear set

Required safeties
in KISSsoft

Sizing of new gear set
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Required safeties for bevel gears

ISO 10300-1:

Supplied gears or assembled gear drives should have a minimum safety factor for contact stress Sy min
of 1,0. The minimum bending stress value Sg i, should be 1,3 for spiral bevel including hypoid gears,

and 1,5 for straight bevel gears or those with g, < 5°.

The minimum safety factors against pitting damage and tooth breakage should be agreed between the

supplier and customer.

Forging differential bevel gears:

Required safeties are typically much lower

due to strengthening effect by the
webbings, S, =0.4...0.8

Note, that the required safeties also

influence the damage values.
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11. SERVICE LIFE, DAMAGE

Required safety for tooth root [SFmin] 1.40
Required safety for tooth flank [SHmin] 1.00

Service life (calculated with required safeties).

System service life (h) [Hatt] 52.521
Tooth root service life (h) [HF att] 1.305e+004 52.
Tooth flank service life (h) [HHatt] 132.7 520.
Damage calculated on the basis of the required service life [H] { 5000.0 h)

F1% F2% H1% H2%

38.32 9519.93 3768.96 960.72

Damage calculated on basis of system service life [Hatt] ( 52.5h)
F1% F2% H1% H2%
0.40 100.00 39.59 10.09
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Required safeties in KISSsoft

In KISSsoft, the settings are defined in the tabs ‘Safety factors’ and ‘Sizings’

m Module specific settings

General Sizings  Calculations  Tooth form
General

Configuration

Required safeties for metal (ISQO/DIN)

Root safety

Flank safety

Safety against scuffing (integral temperature)
Safety against scuffing (flash temperature)
Safety against tooth flank fracture

Safety factors

Differential gears  Contact analysis  Diagrams  2D/3D geor

|5afeties not depending on size v‘

m Module specific settings

Take following
Root safety
Flank safety
[ Safety against tooth flank fracture
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General Sizings Calculations  Tooth form

criteria into account for sizings, service life and load spectrum calculations

Safety factors  Differential gears  Contact analysis

Safety against scuffing (integral temperature)

[ Safety against scuffing (flash temperature)
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Rough sizing of bevel gears

The rough sizing functionality provides
a first design. It follows basically the
Klingelnberg sizing formulae and
considers the parameters b/mn and
R./b.

The parameter b/m_ ., is usually in the
range of 7...12. The smaller the value,
the higher the rooth strength.

Note: in the FVA project 411, root
failure was intentionally ,produced” with
b/m_,, = 10 and flank failure with b/m_
=7.2

The parameter R_/b is usually 3 for
spiral and hypoid gears.
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[ Rough sizing macrogeometry - ] X
Transmission ratio u

Ratio of facewidth to normal module b/myn <
Ratio of cone distance to facewidth Re/b <«
Mean spiral angle Gear 2 Bz e <«
Mean normal module Mmn mm [
Number of teeth, Gear 1 71 |
Facewidth Gear 2 bs mm [
Outer pitch diameter Gear 2 d=2 mm [J

Accept | Calculate | Cancel

\
|
i
|
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Gear noise type

Whine

= Mesh frequency and it's harmonics

= Ghost frequencis (frequencies goes u with increasing speed)
= Profile excited

= May occour at both heavy and light loads

Rattle

= Externally excited

= Lights load

= No distinct frequencies

Gimmick sounds

= Clicks from nicks
= Squeals of plastic gears

103 /17.10.2022 / 068-Bevelgear.pptx KISSSOﬂ



Noise introduction

Typical frequency spectrum for Whine

Gear Mesh frequency Side Bands
fm > N1fS1 e N2fS2 rnfm * ifS!
mf,, t ifg,, where
m=123,--

i=1,2 3,--

Lower Frequencies
t ifg, ghost

+ ifg, (/frequency

ll‘u ’I ! ll (I ”L”“|

£ g
Frequency

L,or L, (dB)

m
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Noise optimization

For noise optimization, macro geometry, micro
geometry and manufacturing have to be considered.

For macro geometry, the contact ratio (Gesamt-
uberdeckung) is a main parameter. Note, that the
contact ratio is calculated differently between the
calculation standards.

For micro geometry, the Peak-to-peak
transmission error (Drehfehler) is minimized by low
crowning. Note, that for strength performance (i.e.
scuffing) crowning is required.

For manufacturing, high pitch and runout quality, as
well as the micro structure, are to be considered.
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Drehfehler in prad

Drehfehler in prad

3 3 83
‘

—_
o o

o

o

N W B O
o O

1,73 185 1,97 2,09 220 2,31 242 254 2,65 277
Gesamtuberdeckung

Hohenballigkeit in pm
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Fine Sizing of bevel and hypoid gears

The fine sizing functionality provides a
variant calculation within given
min/max values for the macro e .

g e O l I l et ry Conditions T~ Conditions T~ Conditions T[T Results ~ Graphic
.

Minimum flank safety Number of teeth Gear

0.950 i | I 24.000
As a result, many parameters can be 9] - % I
compared as i.e. root safety, flank o S m M,
safety, efficiency, axial and radial B
forces, etc. o] R

- e o0 }*;Ili)n[;mum root sa%é%\? 0 oo

Horizontal axis ‘SFW. - Minimum root safety V‘ ‘ [).765[)‘ ‘ 1.5?53‘ m}
Vertical axis S - Minimum flank safety Y] 0.7925] | 0.9348 01
Color scale ‘21 - Number of teeth Gear 1 v‘ ‘ 11.00[)[)‘ ‘ 24.00[)0‘ ]

Contact analysis | Calculate| Delete Save Restore Close
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Fine Sizing: Conditions |

In conditions |, parameters as spiral angle, face width, number of teeth, etc. are

varied.

Typical settings:

= Increase the ‘Maximal No. of
solutions’ to ca. 5000.

= Select ‘Outer pitch diameter’

= Enter min / max values and step
for the required parameters
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I3 Fine sizing macrogecmetry - m} ®
Conditions I = Conditions II ~ Conditions III ~ Results ~ Graphic
Maximum number of solutions | 50[)[)‘
Nominal transmission ratio i | 2.7857‘
Deviation from nominal ratic  Ai | 5.[)[)[)[)‘ %
Input |Outer pitch diameter Gear 2 v‘
Minimum Maximum Step
Outer pitch diameter Gear 2 dez [ 1768930/  176.8930]| 0.0000|
Normal pressure angle a | 19.0000/  21.0000]] 1.0000] °
Mean spiral angle Gear 1 By | 250000/  40.0000]| 5.0000] °
Facewidth Gear 2 b | 254000/  25.4000]] 0.0000| mm o
Profile shift coefficient Gear 1 X | 0.5052| | 0.5052 || 0.1000|
Hypoid offset a | 0.0000] | 0.0000| | 0.0000| mm o
Number of teeth, Gear 1 | B‘ ‘ 18‘ ‘ 1‘ &«
Gear 1 Gear 2

Fix number of teeth | 14| | 39‘ O
Update fine sizing inputs.

Accept | Contact analysis |Calculate] Delete Save Restore Close
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Fine Sizing: Conditions Il

In conditions Il, parameters for deep teeth form and different cone angles are

varied.

Typical settings:

» For spiral bevel gears, only
‘Addendum coefficient gear 1
and 2’ are varied.

= For differential bevel gears,
also ‘Addendum and
Dedendum angle gear 2’ may
be varied.
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I3 Fine sizing macrogeometry - m] X

Conditions I ~ Conditions II ~ Conditions Il Results ~ Graphic

Reference profile

Minimum Maximum Step
Addendum coefficient Gear 1 (middle) h'py \ 1.0000] | 1.0000/ | 0.1000| O
Addendum coefficient Gear 2 (middle) huz \ 1.0000] | 1.0000] | 0.1000 O
Addendum angle gear 2 Bz \ 2.1324]| 2.1324] | 1.0000/ ° O
Dedendum angle gear 2 82 \ 6.4934|| 6.4934| | 1.0000] ° O
Gear 1 Gear 2
Dedendum-Addendum difference hpa-h’ses | W pr-h a2 ‘ [).25[)0‘ ‘ [).250[)‘ O

[ Always set the maximum possible root radius coefficient p*»

I
/,,
/,.’/
o
-
.
I
2zt
£
R 1d
P
€6 mimiminininimimimieiei-i—-—-
R
1Y
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Fine Sizing: Conditions Il

In conditions IlI, various options and settings can be defined.

Typical settings:

» Ratio face width to cone
distance (for Gleason gears) is
setto0 0.27 to 0.32

» Ratio cone distance to face
width (for Klingelnberg gears)
Is setto 2.8t0 3.3

= No check for b/mn

» For differential bevel gears,
many special geometry
conditions may be applied.
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I3 Fine sizing macrogecmetry

Conditions I ~ Conditions II ~ Conditions III ~ Results ~ Graphic
General
Show values of KISSsoft main calculation as additional variant with number 0
[ Calculate geometry only
Strength calculation with load spectrum
Constant cutter radius

[ Reject solutions with lower than required safety factors

Contact analysis ‘Withuut contact analysis calculation v‘

Only take solutions into account if the following conditions are fulfilled

Minimum distance of active diameter to form diameter Aus-Cer 2 ‘ [).[)[)DO‘ mm
Minimum transverse pressure angle at root form diameter agues 2 ‘ [)_[)[)DD‘ e
Minimum root radius in the reference profile pp = ‘ [).[)[)DD‘ mm
Minimum tip clearance cz ‘ [).[)[)DD‘ mm
Minimum tooth thickness on tip form dircle Svran = ‘ 0_0000‘ mm
O Tip rounding or chamfer (in tab "Modifications") must be executable
Minimum Maximum

Ratio of facewidth to cone distance bR | 0.2700] | 0.3200) mm
Ratio of facewidth to normal module b/Mmn ‘ 6_[)[)[)[)‘ ‘ 2[)_[)[)[)[)‘ mm

Contact analysis Calculate = Delete Save

= «

0O «

Restore

Close
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Fine Sizing: Results

In tab ‘Results’, all the solutions are displayed. The initial solution 0 is displayed
bold.

[ Fine sizing macrogeometry - ] x
Conditions I ~ Conditions II ~ Conditions III  Results ~ Graphic
. . Nr. a, [mm] b; [mm] bz [mm] My, [°] a, [°] B [°] 7y n  °
T | tt R S N 0 0.0000 25.4000 25.4000 3.2133 20.0000 35.0000 14 39
yp I Ca S e I n g S - 1 0.0000 25.4000 25.4000 6.0251 19.0000 25.0000 8 23
1 1 1 1 1 2 0.0000 25.4000 25.4000 5.5464 19.0000 25.0000 9 25
" R I g ht Cl I C k I nto th e SO | Utl O n fl e I d 3 0.0000 25.4000 25.4000 5.3295 19.0000 25.0000 9 26
- . 4 0.0000 25.4000 25.4000 4.9514 19.0000 25.0000 10 28
| n O rd e r tO S h OW / h | d e g eal' an d 5 0.0000 25.4000 25.4000 47778 19.0000 25.0000 10 29
. 6 0.0000 25.4000 25.4000 44718 19.0000 25.0000 11 31
d esl g n p arameters 7 0.0000 25.4000 25.4000 43207 19.0000 0000 11 32
. . . 8 0.0000 25.4000 25.4000 4.0768 19.0000 25.0000 12 34
u Cl k th | t tl 9 0.0000 25.4000 25.4000 3.9584 19.0000 25.0000 12 35
I C 0 n e CO O u m n I e I n 10 0.0000 25.4000 25.4000 3.8519 19.0000 25.0000 13 36
H 11 0.0000 25.4000 25.4000 3.7460 19.0000 25.0000 13 37
order to sort the complete list b b e e s owe  mae 5
- . 13 0.0000 25.4000 25.4000 3.5552 19.0000 25.0000 14 39
aC CO I’d | n g tO a re q U | re d 14 0.0000 25.4000 25.4000 3.4648 19.0000 25.0000 14 40
15 0.0000 25.4000 25.4000 3.3010 19.0000 25.0000 15 42
p aram ete r 16 0.0000 25.4000 25.4000 3.2229 19.0000 25.0000 15 43
. . 17 0.0000 25.4000 25.4000 3.0807 19.0000 25.0000 16 45
u S | t | t d t 18 0.0000 25.4000 25.4000 3.0125 19.0000 25.0000 16 46
e e C S O u I 0 n S I n O r e r O 19 0.0000 25.4000 25.4000 2.9505 19.0000 25.0000 17 47
- - N n nnnn 25 AnNN 25 AnNn 7 Q70 10 nnnn 25 Nnnnn 17 AQ o
delete unsuitable variants : >
Contact analysis = Calculate| = Delete Save Restore Close
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Fine Sizing: Graphics

In tab ‘Graphics’, 3 parameters can be visualized in one graph.

Typical settings:

= For horizontal and vertical axis,
the design criteria are selected,
as Syin Semine €fficiency, etc.

* For color scale, the gear
parameter are selected, as
number of teeth, normal
module, spiral angle, offset,
etc.
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[ Fine sizing macrogeometry

Conditions I~ Conditions II ~ Conditions III  Results ~ Graphic

Minimum flank safety
1.000

0.950 —

0.900 —

0.800 —

0.850 — 9693

Number of teeth Gear
I 18.000

I 13.000

266

23 o

s 250 268 170 65
b Usa 172 2 160

0.750 T T
0.60 0.85

1.10 1.35 1.60 1.85 2.10 2.35
Minimum root safety

Horizontal axis ‘Spmin - Minimum root safety

| 0.8487 | 2.2107] 0
Vertical axis ‘SHm\n - Minimum flank safety "H T H 0985 ‘ O
| 8.0000][  18.0000 I

Color scale ‘11 - Number of teeth Gear 1

| Accept HCGntact analysis‘ |Ca|cu|ate|| Delete H Save H Restore H Close ‘
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Design of bevel gears

Part Il
Micro geometry
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Modifications

Tooth flank modifications are applied in
order to achieve gear optimizations in
strength and reduce noise.

Considering the EPG displacements,
bevel gears are typically manufactured
with default length crowning.

The available modification types are:
= Spiral and profile angle

= Lengthwise and profile crowning
= Twist

= Topological modification
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T 1T T 71T 71
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Contact pattern including

misalignments - without
modifications

Tooth height [mm]
I
o
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Contact pattern including
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AXxis misalignment

Under load, pinion and ring gear are
displaced due to tooth normal forces, which
cause deformation of shafts and bearings.

Also temperature influences have to be
considered.

The relative position between pinion and gear AH 1 AP
Is considered in the loaded contact analysis — Av /AE
Axis alignment.

’ A3 1A
The contact pattern is typically moved due to Ax
the VHJ displacements. l

T T T T
o2

Width [mm]

|
2 Q N
S S
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Definition of displacements

ISO/TR 10064-6
= VHG

Klingelnberg (Literature)

= VHJ: Vertical, Horizontal
- in KISSsoft

Gleason (Literature)

= EPG: Excenter, Pinion, Gear
E+ means offset increasing, so the
direction depends on hand of spiral

115 /17.10.2022 / 068-Bevelgear.pptx KISSSOﬂ



EPG Calculation according to Draft ISO 22849

Calculation by approach of vectors

shaft bending -
lines
= o = _ Vel5 5 \

— acos| 1%z }@_ _ |(x1—x2)o(v1><v2)|_
Soef T T B O
—”(fm_iz)x ‘72” = E+a .where ¥, =% + (Pnom*+P)-¥

=l " o 1

%~ % X7,
—H( P2 ”\711”) 1” - E+a .where Xp= %t (Gnom"'G)"_’:z
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V & H displacement and contact pattern

V displacement

= theoretical displacement is along the face
width

* independent of the cutter head size

H displacement

= theoretical displacement is
a) for small cutter heads: along the face width
b) for large cutter heads: in profile direction

Properties of small cutter designs:

= Advantage: contact pattern remains in central
position under load (see ‘cutter head factor’)

» Disadvantage: when lapping, the flank can’t
be lapped fully.
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Modifications

Modifications are defined in the tab ‘modifications’ and verified in the 3D graph.

Geometry 3D n

Typical modifications and values are: Modifiatons  Gear g

= Lengthwise crowning Ll e
face width / 1000, for pinion

= Profile crowning, diameter-centered
0.005 * normal module, for pinion and
ring gear

= Spiral angle
for TCP position optimization

Cc [um)

ifi

d

Additional modifications

Variant for calculation No variant defined v +

Gear  Hank Modification type Value [pm] Factor 1 Factor 2 Status
Gear 1  both  Profile crowning, diameter-centered 30.0000 active
Gear 1  both Hank line crowning 50.0000 1.0000 active
Gear 2 both  Profile crowning, diameter-centered 30.0000 active
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Production of bevel gears
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Process with conventional manufacturing

In KISSsoft / KISSsys the gear design using fine sizing is done.
The macro geometry including load data is transferred to GEMS®

The contact pattern is developed and LTCA is calculated.
The results are transferred back to KISSsys

System De5|gn & Gear Design & Analysis

9

Gear Optimization
Strength

NVH
Efficiency

System Testing

J —

ﬁ = .
: s e l' y
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Sample for design of bevel gear set (industrial application, Face Milling, ground)

Macro geometry in KISSsoft

» Face width to outer cone distance (b/Re): 0.33

= Spiral angle (beta): 30°

= Gear radius: from GEMS

Cutter head size (ratio involute / outer cone)
= Ratio involute / outer cone : (0,95)..1,15

Base design of TCA in GEMS (final ground design)

= Lengthwise crowning: face width / 700 (standard industrial gearbox)
= Profile crowning: defined by blade curvature, 800 mm
= Contact pattern position: slightly to toe

Blade design (both members)
» Protuberance pre-cutting: straight toprem 4.5°, height by letter
= Protuberance grinding: no protuberance, or blended toprem
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Sample for design of hypoid gear set (automotive, Face Hobbing, lapped)

Macro geometry in KISSsoft
» Face width to outer cone distance (b/Re): 0.33

= Spiral angle pinion (beta): 40..50°
= Tooth root radius: from GEMS
= Offset: usually 10..15% of d,

Cutter head size:
= Ratio involute / outer cone : 0,90..(1,1)

Base design of TCA in GEMS (pre-manufacturing)

= Lengthwise crowning: face width / 800
= Profile crowning: defined by blade curvature, 500 mm
= Transmission error: approx. 40 yrad (after lapping 20..30 prad)

Blade design (pinion only):
» Protuberance (pre-cutting): straight toprem 4.5°, height by letter
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Production with 5-axis milling

The process of manufacturing with 5-axis machines is as follows:

v | -233.9915 | pm

AH | 199.7815 | ym

A | 387.1006 | pm
Az | -0.0146/ ©

outside inside

Width [mm]

\

J Source: Euklid CAD/CAM AG

Source: GOM mbH
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3D models and contact line check

For straight, helical and spiral bevel gears 3D
models can be generated and exported as
STEP files.

Modifications are possible with length and
profile crowning, pressure and spiral angle and
twist.

With contact line check the manufactured
contact is checked and optimized.

The STEP models can be used for 5-axis milling
cutting method.
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|Gear geometry | System v|
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Geometry 3D ﬂ

|Gear geometry | System v|
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3D models and contact line check

Face Hobbing Face Milling

Tooth height:  Parallel tapered
Lengthwise: Elongated epicycloid straight, arc of a circle

Differences to conventional bevel gears: Profile shape is planar involute, non-
conjugating contact of ring gear and pinion for Klingelnberg
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3D models and contact line check

Checking of contact lines is possible using
the option ‘Skin model’.

Skin model
Volume model

Volume model (single tooth)

Rotate independently one gear according t0  giume model (single tooth space)

the hlnt in the message bOX SO that a Skin model (Elongated single tooth space for CAM generation)
smallest contact line is shown due to
intersection of the two models. s AT [

By rotation of the gears, all the contact lines
can be checked.

\

E///

Initial tooth contact Tooth contact with crowning

126 /17.10.2022 / 068-Bevelgear.pptx KISSSOﬂ



Verification of contact pattern

Drive side

KISSsoft Roll tester
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Verification of contact pattern

Coast side

KISSsoft Roll tester
(note: interference line in root) (note: interference line in root)
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Transmission Error

Spectra of meshing

Ordnungsspekirum der gemitis ften Zahnteilung

[wad] an FRad (peak-to-peak)

o 1 3 4 5 B T a8 a i
Ordrungen Zahneingrifi
Max-Toleranzen Min-Toleranzen W Spekiralamplituden W Tolerenzie hier
Zug Fi= 985.29 urad fi=  588.40 urad k= 458.92 urad fimax =  518.68 urad fi_mit= 28552 urad
Ordnungsspekirum dar gamitis ften Zahnteilung
§ me
)
2
i 300
g 20
E 100{
04
o 1 3 4 5 B T a8 a i
Crdrungen Zahneingriff
Max-Toleranzen Min-Toleranzen W Spekiralamplituden W Tolerenzie hier
Schub Fi= 1085.61 urad fl=  510.53 wrad k= 1151.43 urad fimax=  1046.71 urad fimit= 46373 urad
Mazzng: Abenass. H Karr. H
Fammiy_O1D_00001224 Einflanke nwalzprifung 000 [ -
TEST_1_00000002 KLIMOELHBERG

129 /17.10.2022 / 068-Bevelgear.pptx

KISSsoft



Measurement grid for 3D models

For topological measurements of gear flank, the nominal data are calculated in
KISSsoft ‘Calculation — Measurement grid export’.

The data are provided in the definition and format of Klingelnberg and Gleason
measuring machines.

HHHHHHHHHHHHHHHHHH FTT L] FETT] EE L]

Save report for active root diameter and root form diameter

[[ Calculate measurement grid ? X * NOMINAL - COORDINATE - LIST FILE:
= ==% GEAR CONVEX ===
General %
Drawing number ‘0.000.0| | * PART # : NUMBER OF TEETH % Z ! 13
Gear ‘Gearl V| "‘ g.eee.0 GEAR THEORETICAL @1 Sep 2021
= DIFF. ANG: % DEDI ! -12.6835 REF. PT.: ! (5, 3)
Measurement grid area ‘Touth flank v| -

Distance from tooth tip O.BGOO| mm <

a
w
B
[>]
0
w
~J
S

=
w
=
L8]
=
[Ye]
[=3]
P
w

.2580
.3374
.3990
.450
.493
.263
23397,
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Save report for slot width
DATE: B1/89/2821 TIME: 15:48:87 UNITS: mm
Format o 28 28 o o o o EEEE L £33 EE % 4 R R R R ~
Measuring machine ‘Gleasnn v| = I X Y z XN YN EN%
Number of columns | d 1 1 36.6293  1.4638 -30.4978  0.0492  0.9663  0.252
Number of rows ‘ 5| 1 2 37.5131 1.8287 29.2434 @.8969 8.9435 B8.3168
[ Generate nominal coordinates (Grid points lie on the flank) 13 38.3927 8.4584 27.9898 8.1360 8.9197 8.368
1 4 39.2631 8.233@ 26.7346 8.1698 8.8952 B8.412
flestienentondin t 1 5 40.1193 -1.8201 -25.4802  ©.1997  ©.8783  8.450
Distance from toe ‘ 2.5400|mm < 2 1 34,6598 1.3731 28.7339 @.8531 8.9647 %]
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Topological modification

It is possible to add topological modification as ‘grid data’, in order to adopt the
geometry of any bevel gear into the KISSsoft 3D model.

The measurement data can be provided to KISSsoft in the typical format of
GLEASON or KLINGENBERG measuring machines.

Calculati[m Rep[:-[t Graphl[:s Scrlpt E)(tras HEIp m Calculate topological modifications from predefined measurement points ks
2 Run F5 Measurement machine Gleason v|
Modifications Maximum no. of iterations
v
Strength Convergence tolerance 5.0000 | pm
Tooth form
Contact analysis Permissible number of points outside the tolerance (excluding edge points’ __5

Measurement grid file

#2 Rough sizing macrogeometry | | &
n e
B Fine sizing macrogeometry [J Remove edge points in the measurement data

7 Fine sizing modifications (microgeometry)

Load spectrum from time series Gear I:l Data format Klingelnberg

Topological modifications
Tooth thickness modification factor Xem 0.0000

[/ Settings Accept Save Report | Calculate

Number of columns Number of rows

i.d
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Topological modification

Using measuring data of an i.e. existing bevel gear, the flank topology of the

KISSsoft bevel gear is modified accordingly.

Finally, the modified KISSsoft model contains the same flank geometry as the
existing bevel gear and can be exported for milling.

MESSDATEN - LISTE
*¥*% GEAR CONVEX ***%

R R R A A AR R R KRR R AR KA KRR AR KA AR AR R KKK R R AR KA KA AR KRR KA AR AR KA KRR R KA KA AR R KR KRR AR KKK AR K Koy

ERROR TITLE: &

PART NRME: KISSsoft 001

% (7,1) ! (5,3) 5

SPALTENZAHL % NSPG !

9

ZEILENZBHL % NZLG !

5

* J I

-
-

232.

DATUM: 9/13/2011

e 50 R KRR KRR R KRR RO R RO KRR KRR KRR KRR KR KR KR R KRR R R KR KRR K
XP
*23456789012345676830123456789012345678901234567890123456789012345678901234567

9119

12:20:54 M

YP

.1394

-202.
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* ENGULAR TOOTH-THICKNESS ERROR % ZDIF ! -4.8115 [DEG]
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%
%
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ZFP

8059

]

FN

.001z

1 2 235.4701 34.5717 -199.2362 0.0030
1 3 237.9829 37.1819 -195.6665 0.0001
1 4 240.4458 39.9716 -192.09¢68 —0.0040
15 242.8538 42.9421 -188.5272 0.0015
2 1 225.9494 21.9365 -195.8134 0.0005
2 2 228.5254 24.0985 -192.3614 -0.0011
2 3 231.0662 26.4346 -188.9094 0.0015
2 4 233.5674 28.9457 -185.4574 -0.0024
2 5 236.024% 31.6328 -182.0054 -0.0071
31 218.5369 12.6829% -188.8211 -0.0043
3 2 221.1091 14.6009 -185.4867 -0.0012
3 3 223.6549 16.6890 -182.1523 —0.0003
3 4 226.1704 18.947% -178.8179 -0.0005
3 5 226.86515 21.3779% -175.4836 -0.0064
4 1 210.7530 4.3320 -181.8286 —0.0070
4 2 213.3035 6.0294 -178.6119 —0.001e
4 3 215.8357 7.892% -175.3952 0.0007
4 4 216.3459 9.9227 -172.1785 0.0000

é

Geometry 3D

Modifications | Gear 2 vl

NoR QR PPHSIFISFI @ L& -~
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I
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3 -40%.9%0
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£
o
v -360. 423
=
e Bl .

In case of a negative modification value, material will be removed from
tooth flank.
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Production of forged bevel gears

The forging process has many more
degrees of freedom in the design than
for conventional, milled bevel gears.

On the other hand, there are a number
of additional restrictions, which the

engineer has to consider, and also the
calculation software has to be able to Source: mav.industrie.de
consider these points. | o

Webbings, no jamming of gears

KISSsoft calculates the root alteration
based on tip alterations of the counter
gear, and the required tip clearance.

Rounding radius at the tip
in the tab ‘Modification’, the tip rounding radius is entered.
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Production of forged bevel gears

Demoulding of parts is required

the transverse pressure angle at root
form circle must be greater than O (or
any experience value).

No interference when rolling

the distance of active diameter to form
diameter must be greater than O (or any
experience value).

Minimum root radius

a minimum root radius based on a tool
radius can be entered.

Tooth thickness at tip form circle

for avoiding through hardening, a
minimum thickness is required.
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Production of forged bevel gears

Root alterations are a result of the
forging process and lead to higher
bending strength.

Tip alterations are applied due to space
constraints and to avoid jamming with
root alterations.

A disadvantage is the reduced contact
area and the increased Hertzian
pressure.

In KISSsoft, there are two possibilities
for sizing the alterations:

- sizing of tip alterations based on
space constraints

- sizing of root alterations based on
minimum webbing thickness, etc.
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Production of forged bevel gears

Sizing of root alterations

In the ‘module specific settings’, the
root alteration can be sized according
to the given design constraints:

- required distance between bore and
webbing at toe

- required distance between bore and
washer

- maximum pressure of thrust washer

- required distance between bore and
webbing at heel

The webbings at the outer side follow to
a specific algorithm by considering di,
max pressure, daAS, sBfAS.
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Fine Sizing of differential bevel gears

Together with GKN Driveline, the fine sizing
was enhanced with special parameters,
which are useful to rate the
manufacturability of the forging
manufacturing process.

The parameters are calculated at 3
positions over the face width: inner, mean
and outer side.

= Tip clearance
= maximum root radius —
= tooth thICkneSS a_t tlp General Sizings Calculations  Tooth form  Safety factors  Differential gears  Contact z\'

General

= tran Sve rse CO ntaCt ratl O y etC . [ Always calculate transmittable torque (utilization)

[ Calculation with own Woehler line (S-N curve)

Calculate virtual cylindrical gear for inner and outer section

Position inside (0%=Inside, 50%=Middle) 10.0000| %

Position outside (50%=Middle, 100%=0utside) 90.0000| Y%
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Fine Sizing of differential bevel gears

Typically, the differential bevel gears have large
blank modifications (webbings).

At outer and inner side, tip and root are
alterated. Also, the alterations are depending
on the counter gear.

For the strength calculation, the modified blank
geometry (tip and root alteration) are
considered in the contact analyis.

The contact analysis can be activated within
fine sizing.

—
-

15.500
12.000
7,900

°

©

26 . 500
» -21.000

' 1 -
ngle of rotetion {Gear A) [deg]
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Fine Sizing of differential bevel gears

SBfAS

Root alterations (webbings)

a) root alteration at heel side

= pased on permissible pressure
= pased on the bore diameter

= based on required thickness of webbing S / e \

s . daas
o |
s |
_— e — L — - d;

b) root alteration at toe side i !
= pased on the bore diameter
» based on required thickness to bore

Tip alterations

the tip alteration is determined automatically,
so that the required tip clearance is
achieved.
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3D models for differential bevel gears

Forged differential bevel gears have different definition for profile shift and tooth
thickness allowance than conventional manufactured bevel gears.

The models can be adjusted, that the value for profile shift and tooth thickness
allowance is constant over the face width:

-0.021
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Bevel gears in transmissions
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Bevel and hypoid gears in transmissions

Many applications in KISSsys
=  Automotive

» Industrial

= Marine

= Aircraft

= GPK models in KISSsys
= efc.
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Influence of rolling bearings - arrangements

R &ﬂ'{;‘c{i} et
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Influence of rolling bearings - arrangements
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Influence of rolling bearings — stiffness

Influence from bearing stiffness

= Considers compliance of roller bodies and 042
inner and outer ring due to hertzian contact.

= Activate the bearing stiffness in KISSsys
(globally).

=)
3
I

0.06 —
0.03 —

Displacement [mm]
o
|

-0.03 -
-0.06 -
-0.09 —
1
D .
Axial direction Y [mm]
CALCULATION METHODS
Helical gears IS0 6336: 2006 Method B Disconnected |:
Bevel gears Bevel gear IS0 10300:2001, Method B8 Disconnected |:
Warm gears IS0)TR 14521:2010  Disconnected |:
Crossed helical gears Cross helical gear according ISC 6336: 2006 and G.Miemann, Method B/C  Disconnected |:
Face gears Method IS0 6336:2006-B/ Literature Disconnected |:
Shafts : [
i

Muodified rathing life according 150 281
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Influence of rolling bearings — temperatures

Influence from bearing
temperatures

= calculates the reduction of
bearing clearance

= the inner ring has the same
temperature as the shaft

= the outer ring has the same
temperature as the casing

= the resulting operating bearing
clearance is shown in the report

«rolling bearing»

Define the shaft and housing
temperatures in KISSsoft
(individually) or in KISSsys

(globally)
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Tolerance field

Press fit, shat internal ring

Shat speed

Shat temperature

Diameter

Diameter
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Embedding

Hertzian pressure

E flective interference (80.0 ("C})
Bearing clearance change

Press fit, hub external ring

Hub speed

Hub temperature

Diameter

Diameter

Interference

E mbedding

Hertzian pressure

E flective interference (60.0 ("C})
Bearing clearance change

Rolling body temperature
Rolling body expansion

Total bearing clearance change
QO perating bearing clearance

SHAFT SETTINGS
Reference temperature [°C]
Housing temperature [5C]
Shaft{s) temperature [°C]

Gears

[ni]

[Ts]
[dsoT]
[dbiT]
[Uwd]

[=]

[p]
[Uwi_eff
[&Pdi]

[no]

[rnl
[DboT]
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[Uwo]
[so]

[p]
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M
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Consider gears a

Mean value
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0.0
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120073
0.000
0.000
0.000
0.000
-108.035

0.000
60.0
250102
260110
0.000
0.000
0.000
0.000
104.045

0.0
20125
-45.235
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Influence of shafts - thermal expansion

Influence from shaft temperatures
= calculates the thermal elongation

of the shaft

= one temperature per shaft

possible

= athermal reference point can be
defined, which results in an axial
offset of the shaft compared to the

casing

X axis global
Y axis global
Z axis global

E Reference point for thermal expansion

0.0000|

40.0000

0.0000

mim

mim

mim

oK Cancel
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Influence of housing stiffness

Contact analysis considering housing stiffness from ANSYS, ABAQUS or
NASTRAN

p:}w HABAQUS

LIA
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Influence of housing stiffness

The stiffness matrix is created in FE and
imported in KISSsys.

The nodes are positioned at the bearing
centers.

The bearing position displacements are

calculated iteratively with the shaft calculation.
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UNIT SYSTEM

Active Unit System = 1

(1 =5I, 2=CGS, 3 =BFT, 4 =BIN, 5=MKS, 6 = MPA, 7 = uMKS)

MASTER NODE POSITION

Number = x-coor d y-coor d z-coord
200001 -0.415 0.0232029 0.
200002 0. 0.0232029 0.
200003 0.315 0.0232029 0.
200004 -0.415 0.4162171 0.
200005 0. 0.4162171 0.
200006 0.315 0.4162171 0.
-
** GENERATION OF SUBSTRUCTURE 29999
*USER ELEMENT, NODES= 6, LINEAR, UNSYM
«* ELEMENT NODES
200001, 200002, 200003, 200004, 200005, 200006
*“MATRIX]
33054
-20005|
27981
-62549

Static
Calculation

YES
END

Bearing
reactions

Housing
deformation
calculation

New bearing
positions

Calculation
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Is bearing reactions
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Influence of housing stiffness

Investigations on a industrial gearbox showed, that the influence of housing
stiffness was rather small.

So, it is not a general need to apply the housing deformation. However, for e.g.
vehicle transmissions the housing compliance may be considered.

VHIJ displacements on bevel gear

300
D — —
-100
-200
v

mwithout load  munder load, w/o housing  munder load, with housing

displacement [um]
=
=

H J
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Position of gear — documentation point

In the shaft calculation, the displacement of the shaft
Is shown, what is helpful for understanding the
deformation.

With the documentation point, the displacement
values at center of bevel gear can be verified.

Elernents-editor B
Label |beve| gear |
Comment | |
Position on shaft % mm
Position in global system Y mm
Equivalent stress oy N/mm?2

X Y z Riz
Displacement u| 0.0057 || -0.0240| | 0.0264/ | 0.0270| mm

F -0.3695| | 11635/ | 1.7088| | 1.7483| kN
Torque M| 9.23091 || -25.0000 | | -15.0182 | 17.6325| Nm

bevel gear
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Misalignment calculation in KISSsys

Template «BevelDisplacement»

Presentation Draw deflection lines

Deflection scale 1000 | Setup model |

Type Gleason (EPG) | Calculate |

Load on Coast Side | Export deflection |
_____
Shaft results at middle of facewidth
PFinion displacement [mm] 0.051002 0.0013305 -0.064243
Finion rotation [deg] -0,020326 -0,12695 -0.0183
Wheel displacement [mm] -0.032505 0,22956 0.06791
Wheel rotation [deg] -0,0058792 -0.00034374 -0,0096932
Bevel gear displacements E [mm] P [mm] G [mm] S [deq]
Total 0.13215 -0.033886 0.28057 -0.008606 7
Pinian 0.064243 -0,00135305 0.051002 -0.0183
Wheel 0.06791 -0.032505 0.22956 0.0095932
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shows the displacements of pinion and wheel at middle of face width for each
force element and cumulated.

shows the calculation of EPG and Sigma for each shaft and cumulated.
—> these values are to be used for the LTCA in GEMS
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Interface of EPG values between KISSsys and GEMS

Template «<GEMS Interface»
= |oad cases are defined by the user, as e.g. «Drive 100%>», «Coast 100%», etc.

= XML Exchange for transfer of geometry, load & misalignment data to GEMS
LTCA, and results from GEMS LTCA into KISSsys

» Results are shown in KISSsys, such as contact pressure, stiffness, transmission
error, root stress, etc.

Contact Pressure n
S
"]

Definition Dialog Read from File

Import Data Export Data Import Results

Generate Graphic Contact pressure Wheel Drive 100%

19601 T T T T 71
N N D ) )
’xk. \k. 'ﬁ. ;JI‘

Angle of rotation (pinion) [deg]
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NVH analysis of a rear axle

For investigation of the emmitted noise
of a rear axle, several steps are
needed.

A) In KISSsys, the static dimensioning
of the drivetrain of the rear axle is
done.

B) The model of the rear axle is
created within the MBS software
(e.g. RecurDyn).
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NVH analysis of a rear axle

TCA Summary |

Gear|Pinion | Info | Control Data | 3D Mode! | Backiash | Gear Roll Positions | Pinion Roll Positions | 555 Legend

C) The bevel or hypoid gear pair is o [ [t ot o
developed and optimized within
GEMS. .

D) The exact 3D models are exported
from GEMS and imported in the MBS
software.

E) The gear contact forces are S

calculated in the MBS Softwaré. f,=ks™ + CW |5‘|m25m3
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NVH analysis of a rear axle

F) The contact patterns are
compared between the MBS
software and GEMS, for
validation purpose.

G) The structural modes are
calculated in the MBS
software.
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NVH analysis of a rear axle

H) The evaluation of the noise emission
Is done using virtual accelerometers.

1) A speedup is simulated and the
pinion mounting distance is variied. The
emmitted radiated power is displayed in
campbell diagrams and with spherical
radiators.
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Virtual Accelerometer Used for
Postprocessing
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Recommended literature

ISO 23509: Bevel and hypoid gear geometry
ISO 10300: Calculation of load capacity of bevel gears

ISO/DTR 19041: I1SO rating system for bevel and hypoid gears — Sample
calculations

ISO/TR 10064-6: Code of inspection practice -Part 6: Bevel gear measurement
methods

ISO/TR 22849: Design Recommendations for Bevel Gears

ISO/TR 13989: Calculation of scuffing load capacity of cylindrical, bevel and
hypoid gears

Klingelnberg: Bevel gears, Edition 2016

Gleason: Gear Encyclopedia, Gleason, Rochester NY, 2008

Efficiency: Untersuchungen zum Wirkungsgrad von Kegelrad und
Hypoidgetrieben, Wech, 1987

Scuffing: Zur Fresstragfahigkeit von Kegelrad- und Hypoidgetrieben, Markus
Klein, 2012

Flank fracture: Tooth flank fracture — basic principles.., |. Boiadjiev, 2014
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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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