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New Development Center Chemnitz/ Stollberg
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988 Motorsport gears

Important facts

Straight teeth

small contact ratio < efficiency

6 ~11..13

ay ~ 27°...33° > flank pressure
Bigger module and small teeth count

> root stress

Ei
L
Weight
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Motorsport gears

Conventional gears Motorsport gears
Fn =N
Fr Fg
FT |:T
Important facts Important facts
« Helical gears « Straight teeth
» High contact ratio > NVH « Small contact ratio - efficiency

- e~ 1.0...1.5,¢,~1.8 =¢,~3.0...3.5 2> g,~1.1...13

» Deep toothing with ay ~ 17.5°... 25° * oy~ 27°... 33° = flank pressure

« Small module and high teeth count * Bigger module and small teeth count
—> efficiency -> root stress

Durability JRE=====N Efficiency T { Efficiency
~ I -
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Calculation

Important facts

Straight teeth

small contact ratio < efficiency

6 ~11..13

* @y~ 27°..33° - flank pressure

* Bigger module and small teeth count
> root stress
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Calculation

Durability of mechanical elements

» Lifetime calculation with load cycle for different races

« Calculation of mechanical elements in KISSsoft/KISSsys (gear pairs, shafts and

bearings) Calculated

Racetrack load cycle Service life calculation
lt__.* ' ' '

« FE-Simulation to verify ISO calculation and optimize the mechanical elements

Root stress fixed gear Root stress fixed gear Tooth root stress at the spline over normalized contact ratio
. . . oy N Normal force per flank at the spline Date 18.01.2018
without influence of rim with influence of rim legenda: ma Date 18.01.2018
principals [MPa] 600 10
100 ——SYH - HE BTVZ Wella

116578 /Fz —+—SYM - HS STVZ Nabe
120000 500 - i 1000 - ASYM - HS STVZ Welle
1114.29 ,ﬁm “31 BASYM 800 ASYM - HS 5TWZ Nabe
102857 @‘ ay astM T ASYM - HE STVZ Nabe oplimiert

— o e, S E w0
s2e57  E - N 5 £
857,143 S S PR Y] =m0
Tes o T T )
eas74 5300 N / £ 6o

3 \ S @
600000  F ar N Y 500
suzme | s o :
428571 & 200 13,5‘0}_” ﬂf_w-v £ ano
542867 N = ano
267143
171428 o0 20
867143 ﬂ ﬂ J] ]: 100
0.00000 0 ml]][[ﬂﬂmm [l )

1234587 885 1011121314151817 18 1820 2122 23 24 [} : 5
number of flank normalized contact ratio [-]
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Conclusion for gears

AV uses one of the best materials in market
Center distance is chosen for the best fit option
The gears have big modules and contact angle
The contact ratio is about 1.2

The load cycle includes the necessary races
Straight gears instead of helical gears
Validated flank corrections

Fully rounded tooth root

- material fixed

—> weight and durability

- reduces flank pressure

—> good efficiency

—> durability

—> efficiency, durability, weight
—> flank pressure

—> root stress

Where are the potentials in geometry for future motorsport gears?

1. Optimization in tooth root stress
2. Optimization in flank pressure
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Important facts

Straight teeth - - -
T ear optimization
6 ~11..13
ay ~ 27°...33° > flank pressure

Bigger module and small teeth count

> root stress
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L
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Gear optimization — tooth root stress

1. Parametric tooth model for symmetric gears
Different teeth numbers Comparison between KISSsoft model and
N

*1 ? parametric model
g 8 T

Ratio 1 Ratio 2 Ratio 3 il ’ | :, Il

Complete model Tip relief

{in, S A

, :rw‘;"[:__‘,‘..,,
M““:i :} l ‘ ‘;“ il 1] lv‘ / //
/ It ik

Root
geometry

Tooth engagement

blue Parametric model
‘ ' KISSsoft model
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Gear optimization — tooth root stress

2. Automatic transfer from 2D-model to 2D-FE-Sim.

A B A
Von Mises

stress

Tooth root stress

(.
P

e Mg 7 334E+02

Maximum
displacement - — - e —
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Gear optimization — tooth root stress

3. Variation of different tooth root geometries

e Trochoide form VO e Full radius V1
* Full elliptical form V2 « Combination V3
— 1x variable of 3x radius
— 1D - variation — 2X variables

— 2D - variation

R1 /T T\ R1

R2
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Gear optimization — tooth root stress

Software Tool “Multi-Objective Design Study”

Method of MODS

« Generate a parametric model (e.g. sRxAAEEEE 1
root geometry of the gears) . '

/st soonm_RU_RY & IF1_force
+ Define a Creo Simulate analysis VI =
where the measurements are included
(e.g. maximum principals at the root)
« Create an analysis feature in the
model tree which refers to a Creo
Simulate analysis

S
» Open the Multi-Objective Design
Study

& ZF13
Pigric ]
S IF2

File = Model | Analysis | Annotate Render Tools View  Flexible Modeling  Applications 1AV

f‘m“ Analysis ﬁ User-Defined Analysis @ Mathcad Analysis @ Mass Properties ™ B Geometry Report ~ E Mesh Surface 101

“]H Saved Analysis E Excel Analysis Prime Analysis é Short Edge T Dratt % Dihedral Angle TS

—- Measure “’: Tolerance imulate
kA Performance Monitor 3, Toolkit-Based 2 ExternalAnalysis [ Thickness - 5 Pairs Clearance €5 Curvature ™ apalysis v 2,5 Statstical \esign Study  Analysis
Manage ¥ Custom Model Report Measure Inspect Geometry ¥ Desil

@] Feasibility/Optimizati

automotive
engineering

» o Extrude 10

iU

» 52 "Group LOCAL GROUP
* %% VARIATION

v

94 Multi-Objective Design Study

ANALYSIS X
Feature Element Tree
w Tree
Elements Info
S Analysis Analysis
P Name Changing
8 Type Creo Simulate
¥ RegenReguest Only DesignStudy
i} Defintion Defined
p 2 Result params Defined
4 L3
w Name
Name
Type
UDA Relation
O ExcelAnabss
(7 External Analysis () Watnca a

RegenRequest
Always
Read only

Back

v X

(@) Only DesignStudy

Hext
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Gear optimization — tooth root stress

Software Tool “Multi-Objective Design Study”

Sampling Method | Manual *

Master Table X

M et h O d Of M O DS Run Experiments on : @) All Combinations One Per Row
i Create a neW M O DS- Fi Ie (e . g - : RU_RU_N E U ”) D’“"E"‘_:::I‘:_’;’AR d260:FEM_VA... d259:FEM_VA...

. Create a master table with setup > define the | e o [ g
design variables with their domains : T =

* Click in the design variables/measurements H >< u .
which should be evaluated o | Fle Soup Table Record Tools Optons

« Select sampling method (e.g. Manual) S wnsoon |, [ U S

« Compute the master table —

* Check the results in the table below or in the B wasTER 1A
result file which will be created in your working =

' fol f o
directory folder afterwards o
Name: MASTER_TABLE Records: 176
fem_*.rar_S,lm_*.-z_ru_ru.tI:lI : ZF:VARIATL..  ZF1ZVARIATL. ZF13:VARIATI.. ZFZ1:VARIATI..
811.610800 181.807600 -
1 Table of Experiments
2 2 £15.464700
99323070 1o o
0 0 0.8 1.25 0.2 1351.113 B28.9549 —2156.495 0.8452379 2156.48 22.17145 B 812507600
1 0 0.8 1.25 0.3 1351.33 825.9746 -2161.471 0.8366373 2161.413 22.31153 & 22 926880 211.003300 76 818300
2 1] 0.8 1.25 0.4 1356.056 814.8403 -2188.478 0.8420004 2188.477 22.08432
3 0 0.8 1.250.5 1360.183 829.0782 -2170.702 0.8365653 2170.626 22.12516 22 437670 £12.832200 177750400
& 4 0 0.8 1.25 0.8 1359.395 821.3367 -2166.931 0.8416894 2166.292 21,93171
227312 1188 S
2 5 0 0.8 1.25 0.7 1350.889 821.7013 -2156.687 0.835236 2156.367 22.51754 8 22.731210 813.146100 177.732100 hd
10 6 0 0.8 1.25 0.8 1354.541 B11.3545 —2173.557 22.44328 ‘ .
117 0 0.8 1.25 0.9 1356.463 519.2055 —2163.827 0.8398569 216 22.1 &
iz 8 0 0.8 1.251 1354.554 809,952 -2139.888 0.8509046 2139.888 22.44855 809 i
13 9 0 0.8 1.25 1.1 1353.408 B842.7401 -2164.583 0.8402552 2164.52 21.88827 8
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Gear optimization — tooth root stress

4. Results of different tooth root geometries

Vo V1 V2
B1
\4
vV.w v
iy T T
tooth root stress ogs [N/mm?] tooth root stress oz Benefit [%] tooth root stress o, Benefit [%]
B1[mm] B1 [mm] B1 [mm] B1[mm]
Trochoide 688.9 2.45 7621 2.45 9.6% 2.45 7168 245 3.6%
G 665.9 2.50 6939 2.50 0.7% 2.50 686.1 2.50 -0.8%
o 2.55 665.2 255 -3.6% 2.55 674.6 2.55 -2.5%
Benefit [%] 2.60 660.8 2.60 -4.3% 2.60 6721 2.60 -2.9%
o 0,
Trochoide 0.0% 2.65 655.4 2.65 -5.1% 2.65 672.5 5.3(5) ;z; of
cull radius = 2.70 654.8 2.70 -5.2% 2.70 677.2 2. -2.1%
2.75 662.4 2.75 -4.0% 2.75 6784 2.75 -1.9%
tooth root stress o, [N/mm?] 2.80 662.7 2.80 -3.9% 2.80 683.6 2.80 -1.1%
Trochoide coL3 2.85 668.0 2.85 -3.1% 2.85 692.6 2.85 0.2%
. ) ' 2.90 673.7 2.90 -2.3% 2.90 708.0 2.90 2.4%
ull radius 684.2
3.00 681.5 3.00 -1.1% 3.00 696.3 3.00 0.7%
Benefit [%] 4.00 7413 4.00 7.1% 4.00 7474 4.00 7.5%
5.00 767.6 5.00 10.3% 5.00 765.8 5.00 9.7%
Trochoide 0.3% 7.00 780.7 7.00 11.8% 7.00 7905 7.00 12.6%
full radius -0.7% 1000 | 8045 10.00 14.4% 10.00 7752 10.00 10.8%

— the tooth root stress of gear 1 can be reduced by 5.2% to 655.4 N/mm?

— the tooth root stress of gear 2 can be reduced by 2.9% to 672.1 N/mm?

© AV - 03/2018 - TS-G1 - Tim Miiller - Development of asymmetric gears with Creo Simulate



[ ]
automotive I C|
engineering

Gear optimization — tooth root stress

4. Results of different tooth root geometries

tooth root stress oz [N/mm?]

R2 RL [mm] V3

[mm] 125 13 135 14 145 15 155 16 165 17 175 18 18 19 195 2

020 999.0 6610 6519 6414 6405 6381 700.4 7155 8332 769.3 8068 8154 8104 8693 898.0 8731

030 999.0 6604 653.1 644.6 639.0 6282 6569 677.2 7140 7069 7395 7519 767.3 8195 789.6 7959 T T
040 999.0 660.8 6530 650.7 637.7 6305 6279 637.3 662.6 672.8 689.6 700.7 7242 7285 7488 7436 R1 "~ R1
050 999.0 6618 6517 650.0 636.3 6206 6241 6314 6445 669.9 692.6 6852 7051 7021 7124 720.2 THT

060 999.0 6618 651.3 6432 637.6 6313 6248 6207 6319 6645 6599 6654 6735 6825 7025 704.8 R2

0.70  999.0 660.2 6529 645.0 637.8 630.5 625.0 6228 626.0 6475 6469 659.8 669.1 673.6 6865 687.4
0.80 999.0 661.2 651.7 644.8 638.8 630.0 6245 620.2 6406 6419 648.7 6575 670.1 6820 690.6 682.6
090 999.0 659.8 650.4 6453 638.6 631.3 625.7 6266 633.0 6423 6588 6689 6784 669.2 6835 701.7
1.00 999.0 6604 653.0 6446 6378 6329 6286 6358 6573 6547 658.6 6661 6742 679.8 677.4 6829
110 999.0 662.3 653.0 6453 640.0 638.7 646.2 6572 669.6 6679 6853 6914 679.1 706.1 684.1 682.3
120 999.0 661.9 655.0 6485 657.1 667.3 673.0 6748 6753 6758 6773 680.2 677.1 681.8 678.8 680.9
Benefit [%]

R2 R1 [mm]

[mm] 1.25 13 1.35 14 145 15 155 16 1.65 1.7 175 1.8 1.85 19 1.95 2
020 99.0% -42% -5.7% -7.4% -7.6% -8.0% 29% 3.7% 17.3% 10.4% 14.6% 15.5% 15.0% 20.8% 23.3% 21.1%
030 99.0% -43% -55% -6.9% -7.8% -9.7% -49% -1.7% 35% 25% 6.8% 84% 10.2% 15.9% 12.7% 13.4%
040 99.0% -43% -55% -59% -8.0% -93% -9.7% -81% -40% -24% 01% 17% 4.9% 54% 8.0% 7.4%
050 99.0% -41% -5.7% -6.0% -83% -9.4% -10.4% -9.1% -6.9% -28% 05% -05% 23% 19% 33% 4.4%
060 99.0% -41% -5.8% -7.1% -8.0% -9.1% -10.3% -11.0% -9.0% -3.7% -44% -35% -23% -0.9% 1.9% 2.3%
0.70 99.0% -43% -55% -6.8% -8.0% -9.3% -10.2% -10.6% -10.1% -6.4% -6.5% -4.4% -3.0% -2.3% -0.4% -0.2%
0.80 99.0% -42% -5.7% -6.8% -7.8% -9.4% -10.3% -11.1% -75% -7.3% -6.2% -48% -28% -1.0% 0.2% -0.9%
090 99.0% -44% -5.9% -6.8% -7.9% -9.1% -10.1% -99% -88% -7.3% -46% -3.0% -15% -29% -08% 1.8%
1.00 99.0% -43% -55% -6.9% -8.0% -88% -9.6% -83% -48% -52% -46% -34% -22% -1.3% -1.7% -0.9%
110 99.0% -4.0% -55% -6.8% -7.6% -7.9% -6.6% -48% -29% -3.1% -05% 04% -14% 24% -0.7% -1.0%
120 99.0% -41% -52% -6.2% -4.8% -32% -24% -21% -2.0% -1.9% -1.7% -1.3% -1.7% -1.0% -1.5% -1.2%

— the tooth root stress of gear 1 can be reduced by 11% to 620.2 N/mm?
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Gear optimization — tooth root stress

4. Results of different tooth root geometries

tooth root stress o, [N/mm?]

R2
[mm]
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20

1.25
999.0
999.0
999.0
999.0
999.0
999.0
999.0
999.0
999.0
999.0
999.0

Benefit [%]

R2
[mm]
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1.10
1.20

1.25
99.0%
99.0%
99.0%
99.0%
99.0%
99.0%
99.0%
99.0%
99.0%
99.0%
99.0%

1.3
677.7
678.3
674.9
676.5
674.1
673.0
688.8
673.7
673.9
675.6
675.4

1.3
-1.7%
-1.6%
-2.1%
-1.8%
-2.2%
-2.4%

0.0%
-2.3%
-2.2%
-2.0%
-2.0%

1.35
664.3
665.8
664.4
662.2
667.4
666.0
668.4
669.4
671.3
667.2
672.3

1.35
-4.1%
-3.8%
-4.0%
-4.4%
-3.6%
-3.8%
-3.4%
-3.3%
-3.0%
-3.6%
-2.8%

1.4
658.1
660.3
658.1
658.4
657.7
657.2
662.1
660.6
660.2
660.4
680.3

14
-5.0%
-4.7%
-5.0%
-5.0%
-5.1%
-5.2%
-4.4%
-4.6%
-4.7%
-4.7%
-1.6%

1.45
650.0
650.0
652.4
650.8
653.0
652.4
655.0
651.7
655.9
656.1
681.7

1.45
-6.4%
-6.4%
-6.0%
-6.2%
-5.9%
-6.0%
-5.5%
-6.1%
-5.4%
-5.4%
-1.4%

15
643.4
642.2
645.6
646.5
643.6
644.2
644.8
644.7
645.8
657.4
684.7

15
-7.5%
-7.6%
-7.1%
-6.9%
-7.4%
-7.3%
-7.2%
-7.2%
-7.0%
-5.2%
-1.0%

1.55
642.6
660.6
641.6
643.6
637.9
637.2
638.4
639.7
648.7
671.0
691.3

1.55
-7.6%
-4.6%
-7.8%
-71.4%
-8.4%
-8.5%
-8.3%
-8.1%
-6.6%
-3.0%

0.0%

R1 [mm]

1.6
700.8
664.0
674.7
637.2
633.6
632.0
631.8
634.6
651.8
676.1
686.1

1.65
758.5
697.9
670.0
636.3
632.9
632.8
639.8
648.3
660.8
700.7
692.0

R1 [mm]

1.6
1.4%
-4.1%
-2.5%
-8.5%
-9.1%
-9.4%
-9.4%
-8.9%
-6.1%
-2.2%
-0.8%

1.65
8.9%
0.9%
-3.2%
-8.6%
-9.2%
-9.2%
-8.1%
-6.6%
-4.6%

1.3%

0.1%

1.7
746.5
708.2
665.3
653.3
639.1
640.1
645.0
654.1
678.4
693.4
691.9

1.7
7.4%
2.4%
-3.9%
-5.8%
-8.2%
-8.0%
-7.2%
-5.7%
-1.9%

0.3%

0.1%

1.75
751.3
719.7
687.6
677.7
648.3
658.9
656.9
657.2
683.7
692.3
697.2

1.75
8.0%
3.9%
-0.5%
-2.0%
-6.6%
-4.9%
-5.2%
-5.2%
-1.1%

0.1%

0.8%

1.8
779.0
731.7
703.9
679.8
657.1
679.9
681.1
678.1
691.0
692.3
690.8

1.8
11.3%
5.5%
1.8%
-1.7%
-5.2%
-1.7%
-1.5%
-1.9%
0.0%
0.2%
-0.1%

— the tooth root stress of gear 2 can be reduced by

© AV - 03/2018 - TS-G1 - Tim Miiller - Development of asymmetric gears with Creo Simulate

1.85
768.1
749.7
709.5
680.6
675.5
687.8
686.9
690.4
695.0
698.3
698.7

1.85
10.0%
7.8%
2.6%
-1.6%
-2.3%
-0.5%
-0.6%
-0.1%
0.5%
1.0%
1.1%

1.9
815.9
759.0
695.0
687.1
671.8
702.6
693.3
696.4
702.3
698.9
692.4

1.9
15.3%
8.9%
0.5%
-0.6%
-2.9%
1.6%
0.3%
0.7%
1.6%
1.1%
0.2%

1.95
786.8
783.7
697.8
703.0
690.6
684.7
703.8
692.7
686.5
712.8
686.9

1.95
12.1%
11.8%

0.9%
1.7%
-0.1%
-1.0%
1.8%
0.2%
-0.7%
3.0%
-0.6%

828.1
779.5
820.5
738.3
699.8
692.5
706.0
694.0
702.7
707.6
700.8

2
16.5%
11.3%
15.8%

6.4%
1.2%
0.2%
2.1%
0.4%
1.6%
2.3%
1.4%
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9% to 632.8 N/mm?



[ ]
automotive I c
engineering

Gear optimization — tooth root stress

5. Final stress results after optimization

« Gear 1 - engagement point B « Gear 2 - engagement point D
VO Trochoide V3 comb. R1R2 VO Trochoide V3 comb. RLR2  pincpas wpa)

631.751
700.000
650.000
600.000
550.000
500.000
450.000
400.000
350.000
300.000
250.000
200.000
150.000
100.000
50.0000
0.00000
-1072.75

— max. 680.9 MPa — max. 618.7 MPa - max. 691.6 MPa — max. 631.8 MPa

— the tooth root stress of gear 1 can  — the tooth root stress of gear 2 can

be reduced by 11% be reduced by 9%

© IAV - 03/2018 - TS-G1 - Tim Miiller - Development of asymmetric gears with Creo Simulate
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Important facts

Straight teeth

small contact ratio < efficiency

6 ~11..13

ay ~ 27°...33° > flank pressure
Bigger module and small teeth count

> root stress
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emLem  Asymmetric gears
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Gear optimization — asymmetric gears

1. Analysis of basic symmetric gear for validation

 Hertzian stress Legend: min. « Tooth root stress Legend: max.
principal stress [MPa] principal stress [N/mm?]

0.00000 800.000
-135.714 742.857
-271.429 685.714
-407.143 B628.571
-542.857 571.429
-678.572 514.286
-814.286 457.143
-950.000 400.000
-1085.71 342 857
-1221.43 285.714
-1357.14 L & S 228.571
-1492 86 171.429
1628.57 114.286
-1764 .29 B7.1429
-1900.00 0.00000

« Max. Hertzian stress: « Tooth root stress:

- Max. 1997 MPa - ~ 2000 MPa - Max. 867 MPa - ~ 870 MPa

- 1SO 6336: 2040 MPa - 1SO 6336: 921 MPa

— Contact analysis : 2130 MPa — Contact analysis: 987 MPa
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Gear optimization — asymmetric gears

2. Parametric tooth model for asymmetric gears
Different teeth number Pressure angle Shift coeff.

Ratio 1 Ratio 2 Ratio3

Tip thickness factor Tooth engagement Moduli,
center dist.,

tooth root
geometry,

tip relief
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Gear optimization — asymmetric gears

3. Automatic transfer from 2D-model to 2D-FE-Sim.

Minimum
principal

Maximum
displacement Tooth root stress

8 11ZE+02

Hertzian stress ‘
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Gear optimization — asymmetric gears

4. Asymmetric tooth synthesis - New asymmetric gear

« Calculated 1200 options with

E 2D-FE Analysis
=, « 2 days automated simulation
Q ] .. . | * Variation of:
- ° o o > ° °
wn e e .
c % bog®s e o= %, — Moduli
('5 0 n:o:o o d °
N ° SRR L p — Pressure angle
= oo |8, o8 . .
T — Tip thickness factor
— Shift coefficient
o o o filtered results .
results — Engagement point
root stress [N/mm?] — Drive and coast side

* Otherwise possible

— Teeth numbers, reference
@ Interesting area profile, profile modifications

- Benefit in root and flank stress
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Gear optimization — asymmetric gears

5. Analysis of results - New asymmetric gear

.8, L} r ] '
» o o gefilterte Ergebnisse oo geﬁltene Ergebnisse

Herzian strees
[MPa]

Herzian strees
[MPa]

alle Ergebnisse X " ,' -~ '- alle Ergebnisse
oo alpha 1 38 . o e« alpha 1 38
o ¢ ¢ alpha 2 40 N o e * alpha 2 40
alpha3 opg=| a1 alpha3 opg=| 41
e« alpha 4 2 * * alpha 4 2
« alpha 5 3 * » e alpha 5 i

Root stress [N/mm2] Root stress coast side [N/mm?]

s
s
LY

Herzian strees
[MPa]

Herzian strees
[MPa]

N e
. o e
-n -2 R L " -'
* o[* *  gefilterte Ergebenisse oo geﬁltene Ergebenisse
alle Ergebnisse DRCK X alle Ergebnisse
« « « alpha Schub 18 — % * | « = alpha Schub 18
» « » alpha Schub 20 o » » alpha Schub 20
alpha Schub 22 alpha Schub 22
¢ » » alpha Schub 24 [ » » alpha Schub 24

Contact ratio [-] shear stress coast side [N/mm?]
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Gear optimization — asymmetric gears

6. Benefit analysis - New asymmetric gear
0
5 s
@ n'©
> \ c o
= \ 8=
Q : N = D
) ol
8 \ I 9 uso
) o -Og:ﬁltene Ergebenisse
. alle Ergebnisse
o o ¢ place 1-10
o » 1st place
Place root stress [N/mm?]
Rating:

« 65% flank stress

« 20% root stress

« 10% sheer stress coast
« 5% contact ratio
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Gear optimization — asymmetric gears

7. Results Hertzian stress - New asymmetric gear
° 1 Legend: min. ° 1 Legend: min.
Symmet”C gear prizcipal stress [MPa] Asymmetrlc gear prigcipal stress [MPa]

0.00000 0.00000
-135.714 -135.714
-271.429 -271.429
-407.143 -407.143
-542 857 -542 857
-678.572 -678.572
-814.286 -814.286
-950.000 -950.000
-1085.71 -1085.71
-1221.43 -1221.43
-1357.14 -1357.14
-1492 86 -1492 88
-16828.57 -1628.67
-1764.29 -1764.29
-1900.00 -1900.00

« Maximum Hertzian pressure: « Maximum Hertzian pressure:

- max. 1997 MPa - ~ 2000 MPa — max. 1864 MPa - ~ 1870 MPa

- 1SO 6336: 2040 MPa — Benefit of 6.5 % to the symmetric

— Contact analysis : 2130 MPa gear
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Gear optimization — asymmetric gears

7. Results tooth root stress - New asymmetric gear
° 1 Legend: max. ° 1 Legend: max.
Symmetrlc gear prigcipal stress [N/mm?] Asymmetrlc gear prigcipal stress [N/mm?]
800.000 800.000
742.857 742.857
685.714 685.714
628.571 628.571
571.429 571.429
514.286 514.286
457.143 457.143
400.000 400.000
342857 342857
285.714 285.714
i S 228.571 228.571

171.429 171.429
114.286 114.286
57.1429 57.1429
0.00000 0.00000

« Tooth root stress: « Tooth root stress/ root geom. V3:

- max. 867 MPa - ~ 870 MPa - max. 723 MPa - ~ 730 MPa

- 1SO 6336: 921 MPa — Benefit of 16.0 % to the symmetric

— Contact analysis: 987 MPa gear
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Gear optimization — asymmetric gears

8. Conclusion for the new asymmetric gear

Where are the potentials in geometry for the future gears?

1. Optimization in tooth root stress - different tooth root geometry
2. Optimization in flank pressure - higher pressure angle

v’

Benefit of 6.5 % in Hertzian pressure to the symmetric gear
—> Allows a facewidth reduction
The tooth root stress is still better then in the symmetric gear pair

v
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Gear optimization — asymmetric gears

9. Hertzian stress vs. normalized contact line

—o—sym VZ - 600 Nm-b =155 mm
—e—asym VZ - 600 Nm-b =135 mm

Herzian strees [MPa]

0.0 0.1 02 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
normalized contact line [-]

© AV - 03/2018 - TS-G1 - Tim Miiller - Development of asymmetric gears with Creo Simulate



[ ]
automotive I c
engineering

Important facts

Straight teeth

small contact ratio < efficiency

6 ~11..13

ay ~ 27°...33° > flank pressure
Bigger module and small teeth count
> root stress

Ei
L
Weight

Summary and outlook

ller - Development of asymmetric gears with Creo Simulate
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Summary and outlook

Summary

« Asymmetric tooth design and an optimized tooth root geometry offers a stress
potential between 6% to 10%

v v

* Furthermore it is possible to reduce the shaft length
* In conclusion the gearbox would be shorter

v’

* Bigger pressure angle means smaller sliding speed
« Smaller friction in contact line

v’
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Summary and outlook

Outlook

« Asymmetric tooth design usable for street vehicle?
— Benefits are a better power density, efficiency and NVH behavior
— Only useable for transmission with one preferred direction of load
— Production is more expensive and not fully investigated at the moment
— There are some research projects about this topic at FVA

* Possible customers
— Motorsport
— Sports cars
— Commercial vehicles
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Thank You

Tim Muller

IAV GmbH, Ingenieurgesellschaft Auto und Verkehr

Auer Stral3e 54
09366 Stollberg

GERMANY

Contact:

Phone: +49 0371 2373-4630
Email: tim.mueller@iav.de

WWW.iav.com



