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Introduction

Automotive closures and dent resistance
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Fig-1: Schematic of car assembly [4]
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Fig-2 : Schematic of closure assembly [4]

Objective

An FEM simulation method is used to investigate in order to predict dent
resistance and sound prediction of automotive exterior closure panels.

Dent resistance in the automotive panel design is a key property to
evaluate its ability to accurately predict the panel’s durability. Stiffness
and dent resistance has a correlation in the design of door, hood and roof
outer panels, influencing the aesthetic quality of the vehicle and
consequently customer satisfaction.
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Closure structure

From fig-1and 2 it can be seen that it is the hinged exterior system that
provides access to the interior passenger compartment, the vehicle cargo
space and the engine compartment.

Advances in research and technology have led to the development of
automotive sheet materials with higher strength and thinner gauge. They
are being used to reduce vehicle weight and thus, improve fuel efficiency.
However, with the increasing use of thinner sheets, dent resistance of the
auto body suffer, becoming a critical issue for exposed panel applications.

Understanding of rear closures

\
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Fig-4 : Tailgate - Pickup truck [1]
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Fig-5: Cargo - Commerical [1]
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Fig-6 : Liftgate — HatchBack [1]

Oil canning

Oil canning can be defined as possible waviness in the flat area of metal
panels. In technical terms, oil canning is referred to as elastic buckling
(most commonly known as “stress wrinkling®). It can occur in any type of
material panel, including steel, aluminum, copper and zinc.
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Fig-7: Schematic of a typical dent resistance vs. stiffness measurement system,
with typical force vs. displacement output graph. [6]
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Causes

Differential stresses within the metal are responsible for oil canning. As
the metal tries to relieve these stresses in the panel with the high width to
thickness ratio, the material buckles out of plane, thus producing the
characteristic waviness of oil canning. These stresses may be introduced
in a number of stages in the panel manufacturing process.

Importance of test

It is important to consider the implications on the oil canning behavior
during the pre-program design of automotive assembilies. It is impractical
and prohibitively expensive to build many prototype modules and test for
resistance to various loads. Relying on validated CAE tools would be
imperative in the design and development of such a structure.

Predicting dent resistance of automotive paneling

Based on testing using the practical techniques outlined, empirical
formulae predicting the force and energy required to initiate a dent have
been presented in recent years. Typically:

where

* W s the denting energy

* Kkisaconstant

« oyis the material yield strength
* tisthe panel thickness

¢ Sisthe panel stiffness

Oil canning methodology

Test locations

* The location should be chosen on the basis of experience and
engineering judgement — which entails large unsupported panel
areas with minimum curvature — and considering results from eigen
frequency analysis.

* Test locations must be reviewed and confirmed with a design and
release engineer.
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Procedure

* The indenter pad must be fit on the surface being tested and
normal load should be applied where the entire periphery of the pad
contacts the surface. It must also be ensured that the pad is not
placed on features lines and is not overhanging.

* The load applied to the pad should be provided by enforced
displacement method instead of concentrated force method since
the latter leads to panel failiure when buckling occurs.

* The deflection values are measured at the test location on the outer
panel. The outer panel must withstand the prescribed loading
condition without any damage on the surface, i.e., dent or cracks.

* There must not be any objectionable sound during the physical test.
So in virtual simulation, it is assessed by calculating the kinetic
energy.

Excepted output from oil canning

Sound prediction

Objectionable sound is assessed by identifying the significant rise in
kinetic energy during the loading phase and followed by calculating the
strain energy drop.

Output request

* Reaction force at the Load Point(LP) at the intender midpoint.
* Deflection at the Response Point(RP) at the test panel node.
* Energy and nodal displacements.

Limitation

* Itis the nature of the buckling that very even a minute difference in
a structure (panel thickness, panel curvature, adhesive stiffness,
stamping or stress induced during the assembly process) may result
in a very large difference in buckling behavior.

* Arobust method is not available in CAE to predict the worst-case
test locations in terms of maximum panel deflection or critical panel
buckling. It might miss the hot spots during its evaluation. Therefore,
it is advised to test the maximum number of test locations in the
panel.
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Area of interests
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Fig-8 : Front door weak zone - unsupported region [7]

Fig-8 depicts the weak zones of the front door where dent resistance
needs to observed. These test locations must be reviewed and confirmed
with the design and release engineer.

In the reference image, marked regions are the places where the
possibility of more deflection could occur during the testing. It is due to
the lack of support and there are no nearby attachments connected to the
outer panel.

More test locations are considered in those weak zones compared to
other regions.

FEA/CAE requirements

¢ Mesh

o Finite elements modeling has to be created according to the body
durability standards.

o Model conversion checks need to be done.

¢ Material

o Elastic plastic material data has to be given to respective
components.

o For non-metallic materials, separate data has to be given. (e.g., glass)

¢ Contacts

o Appropriate contacts have to be given at the possible contact
region between the components.

o Contact between intender and outer panel has to be defined.
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* Software
o Preprocessing: Altair Hypermesh, ANSA
o Solver: Abaqus

o Post processing: Altair Hyperview, Metapost

Fig-9 : FE Door Sub-Assembly [9] Fig-10 : FE Hood Sub-Assembly [9]

Oil canning of fender

.

Fig-11: Fender Assembly [8]

It is part of the closure subsystem which can be seen above the front
wheels. The headlamps, fascia and wheel liners get attached to it.

Model preparation

» Front end BIW with fender assembly cut at centerline and a X-cut at
rear, including a part of the A pillar (distance of 350mm from the
hinge point).

» Fender assembly, along with neighboring components like headlamp,
fascia and splash shield can be included if required.
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Boundary conditions

* DOF1to 6 constrained at all cut edges.

Acceptance criteria

* Based on standard test conditions, results are evaluated on the
following parameters:

o Panel deflection(mm),
o Buckling load(N),

o Maximum plastic strain and sound energy prediction by
KinEmax (mJ).

**Note: Acceptance criteria varies from one OEM to another

Oil canning of hood
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Fig-12 : Hood assembly [8]

o lItis part of the front closure which closes the engine compartment and
power train subsystems along with the battery and other electrical and
electronic components.

« There are two types of systems for opening the hood. One is by strut
and the other by a prop rod.

Model preparation

» Only closure is considered and hinges are removed.

» Masses of cowl, front and rear seals are removed.

* Primary and secondary bump stops and latch positions must be as
per data from the design and release engineer.

Boundary conditions

» DOF constrained 1to 6 at hinge points, bump stops and latch.
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Acceptance criteria

¢ Based on standard test conditions, results are evaluated on the
following parameters:

o Panel deflection(mm)
o Buckling load(N)

o Maximum plastic strain and sound energy prediction by KinEmax (m))
**Note: Acceptance criteria varies from one OEM to another

Oil canning of door

Fig-13 : Door of Box Type Car [1]

It is part of the side closure, which typically allows the passenger to enter
or to load luggage into the vehicle. There are different types of doors
available depending on the segment like swing doors, sliding doors,
scissor doors and cargo doors.

Model preparation
e Only closure is considered and hinges are removed.
» Glass and weather strips attached to it are removed.

« Trims and their mass are removed.

Boundary conditions

e DOF constrained 1to 6 at hinge points and latch.

Acceptance criteria

¢ Based on standard test conditions, results are evaluated on the
following parameters:

o Panel deflection(mm)
o Buckling load(N)

o Maximum plastic strain and sound energy prediction by KinEmax (mJ)

**Note: Acceptance criteria varies from one OEM to another
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Oil canning of lift-gate
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Fig-14 : Door of Box Type Car [1]

It is a part of the rear closure subsystem, which closes the boot space. It is
attached to the body hinge for its opening operation and locked by
latching.

Model preparation
e Only closure is considered and hinges are removed.
* Glass and weather strips attached to it are removed.

« Struts and their reinforcements are removed.

Boundary conditions

* DOF constrained 1to 6 at hinge points, bump stops and latch.

Acceptance criteria

* Based on standard test conditions, results are evaluated on the
following parameters:

o Panel deflection(mm)
o Buckling load(N)

o Maximum plastic strain and sound energy prediction by KinEmax (m))

**Note: Acceptance criteria varies from one OEM to another

Root cause

* Once the test location runs are completed, animation for the respective
locations are analyzed using HyperView software. The purpose of this
analysis is to ensure that the response to the applied load on the
location is behaving the same as the physical test.
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* After analyzing the animations, if it is observed that any of the locations
are not meeting the test requirement, a counter-measure study is
carried out for finding a better solution.

* This study includes the region of failure and checks if the same issues
occured earlier from the data of previous programs. A cross checking of
the material data on all the components is carried out, as a change in
material properties of components closer to the outer panel might
result in failure.

* Load vs deflection curve is studied as well to check out the responses
of each location for the applied load.

* Once the analysis is done, counter-measures are taken according to
the failure location on the panel.

Counter measures

If a lack of support or weak zones on the outer panel cause some of the
locations to not meet the requirement criteria, counter measures are
available, as described below.

» Composite patch (solid): As the name suggests, it will be made up of
two different materials with various material properties. Generally,
the Young's modulus of the materials is higher compared to that of
the outer panel.

o Decision-making skills are required for determining the size,
dimension and thickness of the patch based on engineering
judgement. A bigger size or thicker patch can lead to a high cost.
Usually, the patch is of a square or rectangular shape as shown
below.

Fig-15 : Composite patch

* Up-gaging the outer panel thickness; or, based on the failing
locations, if any parts are in proximity to it, the thickness of that part
can be varied; or Class A surface can be modified based on the
virtual simulation results from the design and release engineer.
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Physical testing

4 N\
Middle of the reinforcement patch
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Fig-16 : Physical testing reference image on closure [6]

* Intender properties:
o Diameter: 756mm
o Thickness: 15mm
o Material: Steel

* As perthe above Fig-16 in physical testing, the markings are made on
the outer panel of the respective closures.

* Fixture, which consists of the Intender pad, is placed on the markings
and associated load is applied on it.

¢ Forthe given load, the displacement values are recorded.

¢ Datais collected for all the test locations and compared with the virtual
simulation results for accuracy.

Conclusion

* QOil canning testing is specifically aimed for the prediction of dent
resistance and buckling load performance of the outer panel for the
prescribed load conditions.

* Using composite patches at the failed areas, dent resistance improved
drastically.

* Sound transfers will be predicted by the sound energy calculation.

* Abaqus solver is used to carry out virtual simulations and correlate with
test data.
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Abbreviations
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Computer Aided Engineering

FE Finite Elements
FEA Finite Element Analysis
FEM Finite Element Methods
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