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Customer Proximity in Germany
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Customer Proximity Across the Globe
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New Development Center Chemnitz/ Stollberg

© IAV · 03/2018 · TS-G1 · Tim Müller · Development of asymmetric gears with Creo Simulate 4

Stollberg 2015

Stollberg 2015

Stollberg 2020
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Agenda
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Motorsport gears
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Conventional gears Motorsport gears

EfficiencyDurability

Important facts

• Helical gears

• High contact ratio  NVH

 εβ ~ 1.0…1.5, εα ~1.8 = εγ ~3.0…3.5 

• Deep toothing with αN ~ 17.5°… 25°

• Small module and high teeth count 

 efficiency

Important facts

• Straight teeth

• Small contact ratio  efficiency

 εα ~1.1…1.3

• αN ~ 27°… 33°  flank pressure

• Bigger module and small teeth count

 root stress

Efficiency
Durability

Weight
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Durability of mechanical elements

• Lifetime calculation with load cycle for different races

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

bearings)

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

Calculation
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Racetrack

Calculated 

load cycle Service life calculation



Calculation
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Conclusion for gears

• IAV uses one of the best materials in market  material fixed

• Center distance is chosen for the best fit option  weight and durability

• The gears have big modules and contact angle  reduces flank pressure

• The contact ratio is about 1.2  good efficiency

• The load cycle includes the necessary races  durability

• Straight gears instead of helical gears  efficiency, durability, weight

• Validated flank corrections  flank pressure

• Fully rounded tooth root  root stress

Where are the potentials in geometry for future motorsport gears?

1. Optimization in tooth root stress  different tooth root geometry

2. Optimization in flank pressure  higher pressure angle

Reduced 

stress level

Smaller

face width

Reduced 

weight

Better

efficiency
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Gear optimization – tooth root stress
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Comparison between KISSsoft model and 

parametric model

Tip relief

Root 

geometry

Complete model

blue Parametric model

yellow KISSsoft model

B
D

1. Parametric tooth model for symmetric gears

Different teeth numbers

Ratio 1    Ratio 2 Ratio 3

Tooth engagement
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Gear optimization – tooth root stress
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Maximum

displacement

Von Mises

stress
Mesh control

Mesh control

Tooth root stress

Hertzian stress

2. Automatic transfer from 2D-model to 2D-FE-Sim.
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• Full radius V1

• Combination V3

of 3x radius

 2x variables

 2D - variation

Gear optimization – tooth root stress
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• Trochoide form V0

• Full elliptical form V2

 1x variable

 1D - variation

3. Variation of different tooth root geometries
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Gear optimization – tooth root stress
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Software Tool “Multi-Objective Design Study”
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Method of MODS

• Generate a parametric model (e.g. 

root geometry of the gears)

• Define a Creo Simulate analysis 

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 

• Open the Multi-Objective Design 

Study



Gear optimization – tooth root stress
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Software Tool “Multi-Objective Design Study”
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Method of MODS

• Create a new MODS-File (e.g. “RU_RU_NEU”)

• Create a master table with setup  define the 

design variables with their domains

• Click in the design variables/measurements 

which should be evaluated

• Select sampling method (e.g. Manual)

• Compute the master table

• Check the results in the table below or in the 

result file which will be created in your working 

directory folder afterwards

1
2

3

4

5

67



Gear optimization – tooth root stress
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4. Results of different tooth root geometries

tooth root stress σFB [N/mm²] tooth root stress σFD [N/mm²]

Trochoide 688.9 Trochoide 691.3

full radius 665.9 full radius 684.2

Benefit [%] Benefit [%]

Trochoide 0.0% Trochoide 0.3%

full radius -3.5% full radius -0.7%

tooth root stress σFB [N/mm²] tooth root stress σFD [N/mm²]

Trochoide 688.9 Trochoide 691.3

full radius 665.9 full radius 684.2

Benefit [%] Benefit [%]

Trochoide 0.0% Trochoide 0.3%

full radius -3.5% full radius -0.7%

tooth root stress σFB [N/mm²]

B1 [mm]

2.45 762.1

2.50 693.9

2.55 665.2

2.60 660.8

2.65 655.4

2.70 654.8

2.75 662.4

2.80 662.7

2.85 668.0

2.90 673.7

3.00 681.5

4.00 741.3

5.00 767.6

7.00 780.7

10.00 804.5

Benefit [%]

B1 [mm]

2.45 9.6%

2.50 0.7%

2.55 -3.6%

2.60 -4.3%

2.65 -5.1%

2.70 -5.2%

2.75 -4.0%

2.80 -3.9%

2.85 -3.1%

2.90 -2.3%

3.00 -1.1%

4.00 7.1%

5.00 10.3%

7.00 11.8%

10.00 14.4%

tooth root stress σFB [N/mm²]

B1 [mm]

2.45 762.1

2.50 693.9

2.55 665.2

2.60 660.8

2.65 655.4

2.70 654.8

2.75 662.4

2.80 662.7

2.85 668.0

2.90 673.7

3.00 681.5

4.00 741.3

5.00 767.6

7.00 780.7

10.00 804.5

Benefit [%]

B1 [mm]

2.45 9.6%

2.50 0.7%

2.55 -3.6%

2.60 -4.3%

2.65 -5.1%

2.70 -5.2%

2.75 -4.0%

2.80 -3.9%

2.85 -3.1%

2.90 -2.3%

3.00 -1.1%

4.00 7.1%

5.00 10.3%

7.00 11.8%

10.00 14.4%

tooth root stress σFD [N/mm²]

B1 [mm]

2.45 716.8

2.50 686.1

2.55 674.6

2.60 672.1

2.65 672.5

2.70 677.2

2.75 678.4

2.80 683.6

2.85 692.6

2.90 708.0

3.00 696.3

4.00 747.4

5.00 765.8

7.00 790.5

10.00 775.2

Benefit [%]

B1 [mm]

2.45 3.6%

2.50 -0.8%

2.55 -2.5%

2.60 -2.9%

2.65 -2.8%

2.70 -2.1%

2.75 -1.9%

2.80 -1.1%

2.85 0.2%

2.90 2.4%

3.00 0.7%

4.00 7.5%

5.00 9.7%

7.00 12.6%

10.00 10.8%

tooth root stress σFD [N/mm²]

B1 [mm]

2.45 716.8

2.50 686.1

2.55 674.6

2.60 672.1

2.65 672.5

2.70 677.2

2.75 678.4

2.80 683.6

2.85 692.6

2.90 708.0

3.00 696.3

4.00 747.4

5.00 765.8

7.00 790.5

10.00 775.2

Benefit [%]

B1 [mm]

2.45 3.6%

2.50 -0.8%

2.55 -2.5%

2.60 -2.9%

2.65 -2.8%

2.70 -2.1%

2.75 -1.9%

2.80 -1.1%

2.85 0.2%

2.90 2.4%

3.00 0.7%

4.00 7.5%

5.00 9.7%

7.00 12.6%

10.00 10.8%

 the tooth root stress of gear 1 can be reduced by 5.2% to 655.4 N/mm²

 the tooth root stress of gear 2 can be reduced by 2.9% to 672.1 N/mm²
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Gear optimization – tooth root stress
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4. Results of different tooth root geometries

V3
tooth root stress σFB [N/mm²]

1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.95 2

0.20 999.0 661.0 651.9 641.4 640.5 638.1 709.4 715.5 833.2 769.3 806.8 815.4 810.4 869.3 898.0 873.1

0.30 999.0 660.4 653.1 644.6 639.0 628.2 656.9 677.2 714.0 706.9 739.5 751.9 767.3 819.5 789.6 795.9

0.40 999.0 660.8 653.0 650.7 637.7 630.5 627.9 637.3 662.6 672.8 689.6 700.7 724.2 728.5 748.8 743.6

0.50 999.0 661.8 651.7 650.0 636.3 629.6 624.1 631.4 644.5 669.9 692.6 685.2 705.1 702.1 712.4 720.2

0.60 999.0 661.8 651.3 643.2 637.6 631.3 624.8 620.7 631.9 664.5 659.9 665.4 673.5 682.5 702.5 704.8

0.70 999.0 660.2 652.9 645.0 637.8 630.5 625.0 622.8 626.0 647.5 646.9 659.8 669.1 673.6 686.5 687.4

0.80 999.0 661.2 651.7 644.8 638.8 630.0 624.5 620.2 640.6 641.9 648.7 657.5 670.1 682.0 690.6 682.6

0.90 999.0 659.8 650.4 645.3 638.6 631.3 625.7 626.6 633.0 642.3 658.8 668.9 678.4 669.2 683.5 701.7

1.00 999.0 660.4 653.0 644.6 637.8 632.9 628.6 635.8 657.3 654.7 658.6 666.1 674.2 679.8 677.4 682.9

1.10 999.0 662.3 653.0 645.3 640.0 638.7 646.2 657.2 669.6 667.9 685.3 691.4 679.1 706.1 684.1 682.3

1.20 999.0 661.9 655.0 648.5 657.1 667.3 673.0 674.8 675.3 675.8 677.3 680.2 677.1 681.8 678.8 680.9

R1 [mm]R2

[mm]

Benefit [%]

1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.95 2

0.20 99.0% -4.2% -5.7% -7.4% -7.6% -8.0% 2.9% 3.7% 17.3% 10.4% 14.6% 15.5% 15.0% 20.8% 23.3% 21.1%

0.30 99.0% -4.3% -5.5% -6.9% -7.8% -9.7% -4.9% -1.7% 3.5% 2.5% 6.8% 8.4% 10.2% 15.9% 12.7% 13.4%

0.40 99.0% -4.3% -5.5% -5.9% -8.0% -9.3% -9.7% -8.1% -4.0% -2.4% 0.1% 1.7% 4.9% 5.4% 8.0% 7.4%

0.50 99.0% -4.1% -5.7% -6.0% -8.3% -9.4% -10.4% -9.1% -6.9% -2.8% 0.5% -0.5% 2.3% 1.9% 3.3% 4.4%

0.60 99.0% -4.1% -5.8% -7.1% -8.0% -9.1% -10.3% -11.0% -9.0% -3.7% -4.4% -3.5% -2.3% -0.9% 1.9% 2.3%

0.70 99.0% -4.3% -5.5% -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% -4.2% -5.7% -6.8% -7.8% -9.4% -10.3% -11.1% -7.5% -7.3% -6.2% -4.8% -2.8% -1.0% 0.2% -0.9%

0.90 99.0% -4.4% -5.9% -6.8% -7.9% -9.1% -10.1% -9.9% -8.8% -7.3% -4.6% -3.0% -1.5% -2.9% -0.8% 1.8%

1.00 99.0% -4.3% -5.5% -6.9% -8.0% -8.8% -9.6% -8.3% -4.8% -5.2% -4.6% -3.4% -2.2% -1.3% -1.7% -0.9%

1.10 99.0% -4.0% -5.5% -6.8% -7.6% -7.9% -6.6% -4.8% -2.9% -3.1% -0.5% 0.4% -1.4% 2.4% -0.7% -1.0%

1.20 99.0% -4.1% -5.2% -6.2% -4.8% -3.2% -2.4% -2.1% -2.0% -1.9% -1.7% -1.3% -1.7% -1.0% -1.5% -1.2%

R2

[mm]

R1 [mm]

 the tooth root stress of gear 1 can be reduced by 11% to 620.2 N/mm²
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Gear optimization – tooth root stress
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4. Results of different tooth root geometries

V3
tooth root stress σFD [N/mm²]

1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.95 2

0.20 999.0 677.7 664.3 658.1 650.0 643.4 642.6 700.8 758.5 746.5 751.3 779.0 768.1 815.9 786.8 828.1

0.30 999.0 678.3 665.8 660.3 650.0 642.2 660.6 664.0 697.9 708.2 719.7 731.7 749.7 759.0 783.7 779.5

0.40 999.0 674.9 664.4 658.1 652.4 645.6 641.6 674.7 670.0 665.3 687.6 703.9 709.5 695.0 697.8 820.5

0.50 999.0 676.5 662.2 658.4 650.8 646.5 643.6 637.2 636.3 653.3 677.7 679.8 680.6 687.1 703.0 738.3

0.60 999.0 674.1 667.4 657.7 653.0 643.6 637.9 633.6 632.9 639.1 648.3 657.1 675.5 671.8 690.6 699.8

0.70 999.0 673.0 666.0 657.2 652.4 644.2 637.2 632.0 632.8 640.1 658.9 679.9 687.8 702.6 684.7 692.5

0.80 999.0 688.8 668.4 662.1 655.0 644.8 638.4 631.8 639.8 645.0 656.9 681.1 686.9 693.3 703.8 706.0

0.90 999.0 673.7 669.4 660.6 651.7 644.7 639.7 634.6 648.3 654.1 657.2 678.1 690.4 696.4 692.7 694.0

1.00 999.0 673.9 671.3 660.2 655.9 645.8 648.7 651.8 660.8 678.4 683.7 691.0 695.0 702.3 686.5 702.7

1.10 999.0 675.6 667.2 660.4 656.1 657.4 671.0 676.1 700.7 693.4 692.3 692.3 698.3 698.9 712.8 707.6

1.20 999.0 675.4 672.3 680.3 681.7 684.7 691.3 686.1 692.0 691.9 697.2 690.8 698.7 692.4 686.9 700.8

R2

[mm]

R1 [mm]

Benefit [%]

1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.95 2

0.20 99.0% -1.7% -4.1% -5.0% -6.4% -7.5% -7.6% 1.4% 8.9% 7.4% 8.0% 11.3% 10.0% 15.3% 12.1% 16.5%

0.30 99.0% -1.6% -3.8% -4.7% -6.4% -7.6% -4.6% -4.1% 0.9% 2.4% 3.9% 5.5% 7.8% 8.9% 11.8% 11.3%

0.40 99.0% -2.1% -4.0% -5.0% -6.0% -7.1% -7.8% -2.5% -3.2% -3.9% -0.5% 1.8% 2.6% 0.5% 0.9% 15.8%

0.50 99.0% -1.8% -4.4% -5.0% -6.2% -6.9% -7.4% -8.5% -8.6% -5.8% -2.0% -1.7% -1.6% -0.6% 1.7% 6.4%

0.60 99.0% -2.2% -3.6% -5.1% -5.9% -7.4% -8.4% -9.1% -9.2% -8.2% -6.6% -5.2% -2.3% -2.9% -0.1% 1.2%

0.70 99.0% -2.4% -3.8% -5.2% -6.0% -7.3% -8.5% -9.4% -9.2% -8.0% -4.9% -1.7% -0.5% 1.6% -1.0% 0.2%

0.80 99.0% 0.0% -3.4% -4.4% -5.5% -7.2% -8.3% -9.4% -8.1% -7.2% -5.2% -1.5% -0.6% 0.3% 1.8% 2.1%

0.90 99.0% -2.3% -3.3% -4.6% -6.1% -7.2% -8.1% -8.9% -6.6% -5.7% -5.2% -1.9% -0.1% 0.7% 0.2% 0.4%

1.00 99.0% -2.2% -3.0% -4.7% -5.4% -7.0% -6.6% -6.1% -4.6% -1.9% -1.1% 0.0% 0.5% 1.6% -0.7% 1.6%

1.10 99.0% -2.0% -3.6% -4.7% -5.4% -5.2% -3.0% -2.2% 1.3% 0.3% 0.1% 0.2% 1.0% 1.1% 3.0% 2.3%

1.20 99.0% -2.0% -2.8% -1.6% -1.4% -1.0% 0.0% -0.8% 0.1% 0.1% 0.8% -0.1% 1.1% 0.2% -0.6% 1.4%

R2

[mm]

R1 [mm]

 the tooth root stress of gear 2 can be reduced by 9% to 632.8 N/mm²
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• Gear 2 - engagement point D• Gear 1 - engagement point B

Gear optimization – tooth root stress
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5. Final stress results after optimization

 max. 680.9 MPa

V0 Trochoide V3 comb. R1 R2 V0 Trochoide V3 comb. R1 R2

 max. 691.6 MPa  max. 631.8 MPa max. 618.7 MPa

Legend: max. 

principals [MPa]

 the tooth root stress of gear 1 can

be reduced by 11%

© IAV · 03/2018 · TS-G1 · Tim Müller · Development of asymmetric gears with Creo Simulate

 the tooth root stress of gear 2 can

be reduced by 9%



Agenda

© IAV · 03/2018 · TS-G1 · Tim Müller · Development of asymmetric gears with Creo Simulate 20

Motorsport gears

Calculation

Gear optimization

Asymmetric gears

Summary and outlook



• Tooth root stress

Gear optimization – asymmetric gears
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• Hertzian stress

• Max. Hertzian stress:

 Max. 1997 MPa  ~ 2000 MPa

 ISO 6336: 2040 MPa

 Contact analysis : 2130 MPa

• Tooth root stress:

 Max. 867 MPa  ~ 870 MPa

 ISO 6336: 921 MPa

 Contact analysis: 987 MPa 

1. Analysis of basic symmetric gear for validation

Legend: min. 

principal stress [MPa]

Legend: max. 

principal stress [N/mm²]
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Gear optimization – asymmetric gears
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2. Parametric tooth model for asymmetric gears

Different teeth number Pressure angle Shift coeff.

Tip thickness factor Tooth engagement

B
D

Moduli, 

center dist., 

tooth root 

geometry,

tip relief

© IAV · 03/2018 · TS-G1 · Tim Müller · Development of asymmetric gears with Creo Simulate

Ratio 1    Ratio 2 Ratio 3



Gear optimization – asymmetric gears
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3. Automatic transfer from 2D-model to 2D-FE-Sim.

Maximum 

displacement

Maximum 

principal
Mesh control

Hertzian stress

Tooth root stress

© IAV · 03/2018 · TS-G1 · Tim Müller · Development of asymmetric gears with Creo Simulate

Minimum 

principal



Gear optimization – asymmetric gears
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4. Asymmetric tooth synthesis  New asymmetric gear
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u
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M

P
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1

1 Interesting area

 Benefit in root and flank stress

• Calculated 1200 options with 

2D-FE Analysis

• 2 days automated simulation

• Variation of: 

 Moduli

 Pressure angle

 Tip thickness factor

 Shift coefficient 

 Engagement point

 Drive and coast side

• Otherwise possible

 Teeth numbers, reference

profile, profile modifications

…
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5. Analysis of results  New asymmetric gear

Bigger pressure 

angle

Smaller pressure 

angle

Bigger pressure angle 

coast side

Smaller pressure angle 

coast side
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6. Benefit  analysis  New asymmetric gear
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Rating: 

• 65% flank stress 

• 20% root stress 

• 10% sheer stress coast

• 5% contact ratio
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• Symmetric gear • Asymmetric gear
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7. Results Hertzian stress  New asymmetric gear

• Maximum Hertzian pressure:

 max. 1997 MPa  ~ 2000 MPa

 ISO 6336: 2040 MPa

 Contact analysis : 2130 MPa

Legend: min. 

principal stress [MPa]

Legend: min. 

principal stress [MPa]

• Maximum Hertzian pressure:

 max. 1864 MPa  ~ 1870 MPa

 Benefit of 6.5 % to the symmetric

gear
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• Symmetric gear

• Tooth root stress:

 max. 867 MPa  ~ 870 MPa

 ISO 6336: 921 MPa

 Contact analysis: 987 MPa 
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Legend: max. 

principal stress [N/mm²]

Legend: max. 

principal stress [N/mm²]

• Tooth root stress/ root geom. V3:

 max. 723 MPa  ~ 730 MPa

 Benefit of 16.0 % to the symmetric

gear
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• Asymmetric gear

7. Results tooth root stress  New asymmetric gear



Gear optimization – asymmetric gears

29

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

Reduced 

stress level

Smaller

face width



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  



© IAV · 03/2018 · TS-G1 · Tim Müller · Development of asymmetric gears with Creo Simulate



Gear optimization – asymmetric gears

30© IAV · 03/2018 · TS-G1 · Tim Müller · Development of asymmetric gears with Creo Simulate

9.  Hertzian stress vs. normalized contact line
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Agenda
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Motorsport gears

Calculation

Gear optimization

Asymmetric gears

Summary and outlook



• Asymmetric tooth design and an optimized tooth root geometry offers a stress 

potential between 6% to 10% 

• Furthermore it is possible to reduce the shaft length

• In conclusion the gearbox would be shorter

• Bigger pressure angle means smaller sliding speed

• Smaller friction in contact line

Summary and outlook
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Summary

Reduced 

stress level

Smaller

face width

Reduced 

weight

Better

efficiency

 




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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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Tim Müller

IAV GmbH, Ingenieurgesellschaft Auto und Verkehr

Auer Straße 54

09366 Stollberg

GERMANY

Contact:
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