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X760 Bumper Automation

and Optimisation Process

Dr Tayeb Zeguer Jaguar Landrover

Currently the bumper system is developed through a wide variety of individual virtual test methods, the
majority of which also have to be verified with physical testing. This paper will describe a new process
that produced a one combined virtual process to encompass the full bumper as a system development
method by creating One model for a bumper as one system with multiple attributes and requirements
and using only one code “ LS-DYNA and LS-OPT”.

To facilitate this, improvements are required in both CAE prediction confidence and test method
interactions for the following requirements: low speed impact, pedestrian leg impact, thermal stability,
stone chipping, firmness feel and NVH. The benefit of this approach is to reduce bumper system cost
and mass through integrated system design strategy, at early stages, considering all requirements
together and have a potential to reduce reliance on physical testing.

1 Bumper Automation Process

Load Case Development

Objective
-1 To develop a series of load cases based on existing models at JLR
Steps
Cataloguing of existing load case build ‘include’ files,
2. Build a common vehicle model using this catalogue.
Create clean and consistent load case set.

4. Carry out a multi disciplinary optimisation for the bumper as a system
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Load Case Development

JLR DYMNA, Abaqus, Nastran Bumper Models

Distillation into Common Model

Model Tuning

Commeonisation Efficiency
Documentation
of Learnings
Single Common LS-
DYNA Model '|
Automation Routine /
"

Load Case List

1. Pedestrian:
J Upper Leg.
O Lower Leg — FLEX PLI and WG1T. |

2. Low Speed Impact:
O RCARIFC1T,
4 Thateham/FCOS.
1 FEDESE1 Pendulum and Barrier.

3. Thermal Stability:

O Heat Cycling
4. Extreme Strength.
5. Firmness Feel (Zones A, B: Push and Pull, C and D - Grille).
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Primer Integration

- The Bumper Automation Module is integrated into standard JLR
toolsets (Oasys Primer) and allows the automated build of front
bumper load case models, improving model consistency and build
efficiency

Flow Chart

Bumper
Automation
Toal

Automated Assembly of
Bumper System Load Cases
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2 Bumper Optimisation Process

Objective

_ To optimise the bumper system considering all major loadcases

-1 Setup a multi-criteria optimisation to obtain a set of design variables
that fulfil all design requirements
= The oplimisation setup is assisted by the automated model build
process since all the necessary loadcases can be considerad due
to the use of a common model
= Also the optimisation setup is quicker and consistent as the
includes considered for optimisation have to be defined once only

Multiple Loadcases

Optimised
bumper

Lower Leg ‘ Upper Leg

J Pedesfrian and firmness feel lpadcases
considerad

 Other loadcases can be easily added
due to the commeon madel appreach

Firmness Feel

Optimisation Setup — Objective

1 the multi-objective setup is to minimise the mass and maximise the
leg score while keeping the performance levels of the baseline design
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Optimisation Setup — LS-OPT Inputs

All design vaniables Loadcase specific desian vanables
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Optimisation Setup — Responses (Scores)

-1 Composites are created to use leg impact points and EuroMCAP
scoring in the optimisation as constraints

-1 The functions used for scoring of the leg impact are shown below with
the performance limits
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Optimisation Setup - Responses

-1 The monitored responses are loadcase dependent

Ligament Elongations Tibia Maments

Ugper Leg

PCL | acL | moL | Upper U?ll:rder L‘"i'; Lower

Femur Forces Femur Moments
Lowar Lag

Sum of femur forces Upper | Middle | Lipwer

Firmmess Displacement
Feel

Displacement in the direction of push/pall

Optimisation Setup - Constraints

- The constraints are also loadcase dependent
= For the leg impact loadcases, the sum of scores of the upper leg
and lower leg is used
SCorey, =10

= The firmness feel constraint is dependent on the position where the
load is applied

~ The loading positions and the respective displacement limits
are given in the table below
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LS-OPT Setup
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[ Other loadcases can be easily considered in the optimisation loop
[ 100 samples for upper leg and lower leg and 30 samples for firmness
[l Response surface based optimisation

Optimisation Results
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Optimisation Results

Cormespondng design vanables setling of the predicted optimum
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Optimisation Results

1 The mass of the designed parts has reduced from 947 kg to 7.34 kg
{mass saving of 22.5%)

! The optimisation is driven by the firmness feel loadcases since this is
the only constraint violated during the optimisation

) The predicted optimum is at the boundary of the feasible design
space since it narrowly satisfies the firmness feel constraint

-1 The optimum variables and its comparison to the starting variables
are given in the following slides

! Also the important design variables for each loadcases are identified
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Important Design Variables - ULEG

L) Linear Correlations

- Most important variables, for total upper leg score, are Young's
modulus of bumper (skin, bezel, grill) materials, bumper skin
thickness and bezel thickness

Important Design Variables - LLEG

Ll Linear Correlations

— —
T I T T P T
B g s e gl e et

1 Most important variables, for total lower leg score, are Young's
modulus of bumper skin matenal and under tray, bumper skin
thickness, headlamp bracket thickness, under tray thickness and
lower grill thickness
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Important Design Variables - Firmness

Ll Linear Correlations

Responses
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! Most important variable for all firmness feel loadcases is bumper skin
thickness

-l For zone A, bezel thickness and headlamp bracket thickness is
important

2l For zone D, grill criss-cross thickness is important

\ariables

Response Surface Accuracy
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The response surfaces represent sufficiently well the observed responses. This could be further
impraved by ether laking a high order approximation (more simulatons reguined), reducing the design
space or by farmulating & seqguential aptimisation
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Important Variables
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The chart shews the influence of design variables on various responses. The most influential design
variables for all loadcases being thickness parameter of the bumper skin, under tray and grill.

Optimum Design Validation - ULEG

) The optimised design scores the maximum possible 6 points,

Famur Forpes (kK] Fermur Moments (Hm)| Points Scored

Cascrigtion Upgsar Lowar Moment
sum — MY Frmur e— Forre Point [— Raint
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Optimum Design Validation - LLEG

) The optimised design scores 5.3 points, losing some performance at
the 500 and 600 locations in-terms of the ligament injuries
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Optimum Design Validation - FIRMNESS

-l For the firmness feel loadcases the evaluated optimum satisfies all
the constraints but displacement at zone A is its limit
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Summary

4 Following from the models generated from the bumper automation
process an oplimisation is setup considering few of the several
possible loadcases

O Material properties and thickness of the bumper parts are chosen as
the design variables

a The optimisation was formulated to minimise the mass while satisfying
the leg injury criteria and firmness feel displacement requirements

O Key design parameters were identified for each loadcases that could
be fine tuned lo meet the performance requirements

d An optimum design was obtained which is representative of all the
loadeases considered
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