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1. FEM Calculation of a Pedal Crank

1.1 CAD Model

A CAD assembly in STEP format served as a template for generating the FEM mesh.

CAD Assembly

Right Crank

Bottom Bracket Shaft

Left Crank

Pedal Crank
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1.2 FEM Model

The 3D mesh generator of the FEM System MEANS V12 generated an FEM model with
108 384 tetrahedra elements and 171 675 nodes.

1.3 Material
The material AL7075 made of Aluminum with the following material datas was selected:

Modulus of Elasticity = 71,000 N/mm?
Poisson's Ratio = 0.34

Tensile Strength Rm = 540 N/mm?
Yield Strength = 580 N/mm?

1.4 Boundary Conditions

Since the two pedal cranks were firmly connected to the bottom bracket shaft, the crank was clamped
fixed in the upper bore.
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1.5 Pedal Forces
For the pedal forces, the FEM model first had to be rotated by -45 degrees in the XY plane. The
pedal force was taken from the Crank test DIN EN, where a vertical pedal force of -1200 N at
an angle to the YZ plane with 7.5 degrees was specified, from which the following force
components were calculated:

Fy=-1200N*0.925= -1110N

Fz= 1200 N *0.075 = 90N

100 000 Lastwechsel

e 150 MM et 150 T et

Bild 26: Kurbeltest nach DIN EN.

Pedal Forces
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1.6 Results

1.6.1 Displacements

Max. Displacements in Y Direction = -1.22 mm

LASTFALL= 1

Verformungen
in Y-Richtung

- 0.0059

0.1703

-0.3485

05228

-0.6930

0.8753
- -1.0515
i

-1.2278
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Max. Displacements in Z Directions = -0.26 mm

LASTRALL= 1 B

Verformungen
in Z-Richtung

I

-0.0342
0.0723

0.1103
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1.6.2 Tensile and Compressive Stresses

The 15t principal Stresses S1 =179 N/mm?

Load Case 1

1st principal Stress

$1

- 165.00
139.06

m 114.78
50.453
66.207
41.921

17.636

kel
.
Edit ]+

The 3 principal Stresses S3 = -135 N/mm?

LASTRALL= 1

Minimale
Hauptspannung 53

- 5.0000
-13621
E -32.193
-50.764
55336
-87.507
- -106.48
]

-125.00
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2. FEM Calculation of the Bottom Bracket Shaft

2.1 CAD Model

The bottom bracket shaft was 110 mm long with an outside diameter of 15 mm. A STEP file
served as a template for generating the FEM mesh.

2.1 FEM-Modell

The 3D mesh generator of the FEM System MEANS V12 generated an FEM model with
158 921 tetrahedra elements and 31 379 nodes.
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2.2 Material

The material AL7075 made of Aluminum with the following material datas was selected:

Modulus of Elasticity = 71,000 N / mm?
Poisson's Ratio = 0.34

Tensile Strength Rm = 540 N / mm?
Yield Strength = 580 N / mm?

2.3 Load

The CAD assembly could not be calculated because the crank, shaft and gear could not be
combined into one part. However, the FEM system MEANS V12 made it possible to use
MPC elements to simulate the lever arm of the bending and torsional moment on the shaft.

2.1.1 Bending Moment

The bending moment is created by the pedal force of 1200 N and the pedal distance of 40 mm.

Kugellager

Fx=1200 N

40 mm f
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2.1.2 Torsional Moment

The Torsional Moment created by the gear force 2000 N and the gear radius of 50 mm.

Fx=2000 N

Kugellager j

Y
z
Fx=-2000 N

2.2 Boundary Conditions

The shaft was firmly clamped at the shaft shoulder because the outer ball bearing was
attached there.
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2.3 Results

2.3.1 Displacements

Displacements of the Bending Moment

Max. Displacements in X Direction = 0.235 mm

LASTRALL= 1 Ba

Verformungen
in X-Richtung

- 0.2351

0.1820
0.1290
0.075%
00223

-0.0302

£0.0833

[
Bearbeiten 1] [+

X

Displacements of the Torsional Moment

Max. Displacements in X Direction = 0.17 mm

LASTFALL=

Verformungen

in X-, Y-, Z-Richtung

01748

01488

01242

0.0999

00743

00438

0.0250

0.0000

120000 N
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2.3.2 Tensile and Compressive Stresses of the Bending Moment

The 15t principal Stresses S1 = 359 N/mm?

LASTFALL= 1 n

Maximale
Hauptspannung §1

- 355.00

298.59
2574
192,83
140.02

87.164

Bearbeiten

X

The 3™ principal Stresses S3 = -302 N/mm?

LASTFALL= 1 [ = |

Minimale
Hauptspannung S3

- 15.000

-30.150
-75.150

-120.15

-165.15

-210.15

-255.15

- -300.00
[+
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2.3.3 Tensile and Compressive Stresses of the Torsional Moment

The 15t principal Stresses S1 = 349 N/mm?

Maximale
Hauptspannung $1

- 425.00

357.89

255.04

23218

169.32

106.46

43.607

-15.000

Bearbeiten D +

The 3 principal Stresses S3 = -378 N/mm?

Minimale
Hauptspannung S3

- 15.000

-52.293
-119.44
-186.58
-263.72
-320.36

-338.01

-455.00

Bearbeiten D +
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