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Driveline Investigations at Mercedes Benz 

•the problem

•the appropriate SIMPACK model

•measurement and simulation result

•the excitation and the chain of effects

•driveline optimization and sensitivity
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Driveline design for extra long upper class vehicles
Driveline booming vs. beating

High speed driveline booming 

due to prop shaft bending modes

no booming with 

three- parted prop shaft

Low speed driveline beating 

due to rigid body prop shaft modes

two- parted prop shaft three- parted prop shaft
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Basic setup for driveline simulations

SIMBEAM

3 parted prop shaft

sub-frame with 

nonlin. bushings

pacejeka tyre

pneumatic 

suspension

6 cylinder engine

with measured 

gas pressures

electric engine

for hybrid simulations

automatic

gearbox

SIMBEAM 

side shafts

nonlin. mounts

engine, gearbox, driveline

dynamometer test bench

sound pressure

transmission behavior 

F [N]

p [Pa]

rigid car body

nonlin. torsional

decoupling

time domain animation
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Beating of three-parted prop shaft
measurement vs. simulation

Good correlation between simulation and measurement.

driveline speed [rpm]

p [dB]

Sound pressure at co-driver ear, 2nd order driveline 

simulation

measurement

F

p
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Investigation of driveline load levels 

At critical speed the load levels of the prop shaft and sub-frame mounts are increased.

2nd order driveline loads 

sum - y direction sum - z direction

F [N] F [N]

participation - y direction participation - z direction

engine left

engine right

gearbox 

1st prop shaft 

2nd prop shaft

sub-frame front left

sub-frame front right

sub-frame back left

sub-frame back right

driveline speed [rpm] driveline speed [rpm]

critical speed critical speed

load level beating
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Investigation of sound pressure level

The sound pressure level of driveline beating is dominated by 

the load level at the prop shaft mounts.

sound pres. (sum)

sound pres. 

only due to loads in

y direction

z direction

eigenmode 1

eigenmode 2

Sound pressure [dB] -2nd order driveline - co-driver ear

pressure part. - y direction pressure part. - z direction

load part. - y direction load part. - z direction

engine left

engine right

gearbox 

1st prop shaft

2nd prop shaft

sub-frame front left

sub-frame front right

sub-frame back left

sub-frame back right

driveline speed [rpm] driveline speed [rpm]

critical speed
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Find optimal positions of the cardan joints for the following conditions:

plane of cardan joints parallel kink angle identical kink angle minimal

Homo-kinematic condition of three parted prop shaft
Nonlinear optimization problem

In

IIn

III nn || 21 λ=λ

flexible 

disk

flexible 

disk
1st cardan joint

2nd cardan joint

normal unit vector of plane Ι 

1st cardan joint

normal unit vector of plane ΙΙ

2nd cardan joint

),min( 21 λλ

1λ

2λ
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Optimized driveline layout

The optimized driveline layout shows a reduction of 15 - 17 dB in the relevant chain of effects.

15dB 17dB optimized layout

basic layout

2nd order driveline

driveline speed [rpm] driveline speed [rpm]

load level of 1st prop shaft mount load level of 2nd prop shaft mount

sound pressure - due to1st prop shaft mount sound pressure - due to  2nd prop shaft mount

F [N] F [N]

p [dB]p [dB]
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Sensitivity of optimized driveline layout

optimized layout

basic layout

production tolerance

quality level1

quality level 2

2nd order driveline loads

1st prop shaft mount 2nd prop shaft mount

driveline speed [rpm] driveline speed [rpm]

F [N] F [N]

- 50%

For a optimized driveline layout and the quality production level 2

a load reduction of the prop shaft mounts remains by 50% ⇒ stable layout.
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Conclusion

The excitation and chain of effects of driveline beating is explicitly illustrated 

and well understood. 

Optimized driveline layout is generated by solving the nonlinear homo-

kinematic conditions.

The sensitivity of an optimized driveline layouts is shown.


