
Design Exploration of Bumper 
Systems 

Using Advanced CAE Techniques
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� “Data driven design process tool” to explore the 
design of a bumper system using advanced 
CAE techniques 

� Identifies the main effects and interactions 
between various critical parameters of a bumper 
system on its functional objectives

� More time spent upfront, but the total product 
development time is significantly reduced
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Challenges faced by Bumper Engineers of Today:
� Increasingly aggressive fascia styling
� Conflicting requirements
� Commonization across global platforms
� Constant pressure to reduce cost and weight
� Increasing performance objectives and additional 

functional requirements 
� Shortened product development cycles
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� Assimilate all these challenges very quickly and 
accurately 

� Provide architectural direction for the bumper 
system at very preliminary stages of vehicle 
development 

� Be accessible and easy to use with real time 
response
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Is performance 
acceptable?

Initial Product 
Requirement

Design engineer 
creates/updates 
design in CAD

CAE engineer builds a 
FE model from the CAD 

CAE Engineer performs FE 
analysis on the FE model

Stop!
Yes

No

Design improvements 
suggested in the form 
of sketches, basic 
curves and provided 
to design engineer
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MORPHER 

User imports data deck and 
executes a series of steps 
to parameterize the model

Parameterized 
Model Data 
Base
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(Batch Mode)
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Bumper 
Height

Bumper 
Depth

EA Package 
Space

Leg Catcher
Z position

Leg Catcher X position
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Design Variable Minimum Maximum

EA Package 50 mm 90 mm

EA Angle 7° 30°

V depth -10 mm
10 mm

Bumper Height 90 mm 150 mm

LC x position 0 mm 50 mm

LC z position -40 30

Legform height -50 50

EA thickness 1 3

LC thickness 1 3

High density poly ethylene 
Pedestrian Impact Energy Absorber
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Design Variable Minimum Maximum

Bumper Position -50 mm 50 mm

Fascia profile Flat Curved

EA package -40 mm 10 mm 

Bumper Height 110 mm 150 mm

EA Corrugation -3 mm 50 mm

EA Thickness 2.25 mm 2.75 mm

Bracket Thick 1.0 mm 2.0 mm

Suspension (k) 0.05 0.5

New IIHS deformable barrier Energy Absorber

corrugations
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Good 
Bumper 
Design

Bumper 
Under-
ride
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•The proposed tool works best when enough data 
is available. 

•The RSM prediction between data points will be 
more accurate with a larger number of analyses. 
•If the data is not sufficient, the results obtained 
from the RSM may not be correct.

• The initial Finite Element Model mesh should be 
of a good quality.

•Morphing a poor quality mesh may result in 
unacceptable element distortion

•The process may require more upfront effort
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•This proposed design process methodology using advanced 
CAE Parameterization and Optimization techniques:

•Answers needs of the bumper industry
•Enables engineers/users to make fast and well informed 
decisions on major bumper design parameters at critical 
early stages of vehicle development cycle.
•Helps an engineer better understand the main effects and 
interactions of various design parameters of a bumper 
system on numerous performance requirements, which are 
sometimes conflicting in nature. 

•This in-depth understanding of the contributory effects of 
design parameters on the performance objectives could help 
the engineers immensely in providing numerous early and 
accurate architectural directions to the program team
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