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Modelling of an eAxle with planetary and cylindrical
gear stages for structural dynamic investigation

Introduction to dynamic simulation of eAxle with EXCITE™ Power Unit

Goals of analysis:

dynamic evaluation of the system
gear mesh assessment

bearings assessment

mounts vibrations

NVH analysis

detecting possible dangerous phenomena in new
design or finding a root of existing problems

Possible solutions/approaches

Basic/simplified simulation (GGEA, center nodes)

« Advanced simulation (ACYG, center nodes, DGBB)

Extended simulation (microgeometry, tooth nodes,

stator forces)

Tools

« Condensation/Data recovery
« Node Set, Surface selection
« 2D results (Impress Chart)

« 3D results (Impress 3D, Impress M)

« Animated results

« Modal analysis

« COMPOSE Apps

« EXCITE™ Acoustics

Gears evaluation tools
« Advanced Gear Animation
« Contact Pattern Plots

PGS/e-Motor
« Retained nodes selection
» Phasing tool
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Model description

Passenger car eAxle — main data:

Maximum vehicle speed 180 km/h
Maximum angular velocity

(e-Motor) 21000 rpm
Maximum angular velocity

(differential) 1170 rpm
Transmission ratio 18 -
Transmission ratio (PGS) 2.585 -
Transmission ratio (CGS) 7 -

Total mass 80 kg
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FE modelling workflow

> Identifying bodies and joints =

> Defining retained nodes positions P B =
(bearings, gears, spline gears) 7 2E RN

» Creating FE models with retained == =0 = ¥
nodes 1& 3 # -\}, d:' B

» Condensation (sub-recovery matrix) \ E=E=E

> Validation of FE model (TP, MA,
Hammer / Shaker test)

> Extensions for e-Motor/PGS
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EXCITE™ Power Unit model
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EXCITE™ Power Unit model - loads
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EXCITE™ Power Unit — 2D results

Gear Mesh Forces

)
g 8 3§ 3§ ¢ ¢

total normal force - left flanks (N

i

total normal force - left flanks (N}

5500 I I 6000
AngR (deg)

Transmission Error

= 120.6

120.3

transmission error (ref. gear pitch radius) (micron}

5500

6000
AngR (deg)

Angular Velocity
Fo00
] Rotor (rpm)
eooo ] Sun gear (rpm})
1 Planet carrier {rpm)
Input shaft (rpm)
— 50007 Intermediate shaft (rpm)
o ] Differential (rpm)
= 4000 Wheel (rpm)
= 2000
= ]
o ]
@ 2000 -
= ]
l ]
= ]
= 1000
ES ]
c 4
< 5]
1000 -]
2000 — — T T T —
4000 5000 8000 To00 8000 2000 10000 11000
AngR (deg)
Moment
10
] Rotor - Sungear (N.m)
[
-0 ]
£
z
—-30
G 0]
E ]
o ]
=50
60
0] WM. i
] Iyl
20 — T T T T T T B
0 1000 2000 3000 4000 5000 6000 7000 2000
AngR (deg)

| AVL International Simulation Conference 2019 | 7




Modelling of an eAxle with planetary and cylindrical
gear stages for structural dynamic investigation

EXCITE™ Power Unit — 2D results
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EXCITE™ Power Unit — Modal Analysis

& Modal Analysis (Beta Version)
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EXCITE™ Power Unit — 2D results
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The Face Load Factor is computed for each time step separately using the quantity
'SliceNormalForcePerUnitLength'. In case that multiple flank pairs are in contact at the
same time, only the flank pair j closest to the pitch point is taken into account. Kyg is
defined as the quotient of the maximum line load q...(j) and the average line load
Qaverage(J) at the flank pair j:

Kup = Amax(3) / Qaverage(d)

Tooth 30: Normal Force Per Unit Length - Left Flanks Face load factor K_HBeta
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EXCITE™ Power Unit — 2D results
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EXCITE™ Power Unit — 3D results
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Transfer paths
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EXCITE™ Power Unit — 3D results
ACYG flexible body e e

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

| AVL International Simulation Conference 2019 | 14




Modelling of an eAxle with planetary and cylindrical
gear stages for structural dynamic investigation

Acceleration level kagnitude dB (20%0g(y/1e-08
0 15 20

EXCITE™ Power Unit — 3D results
ACYG flexible body
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EXCITE™ Power Unit — 3D results
Stator Forces
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[ Results
Monitoring

Modifications of Body

Cancel |
Help |

These modifications will be applied to the condensed model during simulation.
Geometry | Mass' Stiffness | Damping Load |

Iv Import from File

File[ load\§5001150_150_E_Demonstrat( <<

Import from File

Enable to define an external load file

File

Browse to select the appropriate load file.
The format of the load file must be as follows:

12 Y node number 1 node number 2
0 <dof> 2 <dof>
Ledots ¥ 1edofs
2<dofs ¥ 2<det>
0 0 o
time-1]angle-1 load-11 load-21
time-2|angle-2 load-12 1omd-22
time-3langle-3 load-13 load-23

with:
B 1 ... load versus time
2 ... load versus angle
2 <dof> ... degree-of freedem 1 to 6
load defined in absolute coordinate system
@ l<dof> ... degree-of freedom 1 to &
load defined in reference coordinate system
5 2<dof> ... degree-of freedom 1 to &
load defined in body coordinate system
Example:
1 10001 10001 10001
011 12 13
0000

000 16227.5
3.33333333333e-005 0 0 16928.8
©.66666666667e-005 0 0 17729.8
0.0001 0 0 18567.5
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EXCITE™ Power Unit — 3D results

Stator Forces
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EXCITE™ Acoustics
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