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ABSTRACT:

The objective of this paper is to achieve structurally
optimized body by improved approach of simultaneous
styling & engineering analysis to understand structural
behavior in the initial phase of body design.
Understanding of the structural behavior through virtual
validation of concept frame while styling is in progress
can help to reduce the cycle time.

Traditionally body structure engineering and analysis is a
lengthy process which dtarts sequentially after the
computer aided styling (CAS) is available and concept &
feasibility is completed. Conventional approach of body
structure design involves surface generation with reference
to benchmarking of vehicle for joinery and master section
finalised. This conventional finite eement method usually
deals with alarge sized computational model and thus hinders
efficient design evaluation.

In new methodology, body structural performance targets
are sdlected from benchmark vehicle. Design calculations
are done and section properties of body critical members
are determined. BIW is represented by 3D beam elements
and the beam model strength analysis is conducted. NVH
targets are also evaluated on beam moddl. A methodology
is developed based on calculations for master sections &
Chassis frame using shear flow method & combine
loading (bending & torsion) for body. After selected
materials, gauges (Thickness), geometric properties &
manufacturing processes, final virtual validation analysis
is carried out on 3D body data. The virtual validation
results arein good correlation with the actual test results.

This methodology of structural optimization of body
design provides an extremely fast route to ensuring the
vehiclé's body structure meets or exceeds the relevant
basic structural targets, thisis discussed in detail.

OBJECTIVE: The objective of this paper is to discuss
the improved approach of BIW design. Understanding of
the structural behaviour in theinitial phase of BIW design
can help to reduce the number of virtual prototypes and
the time taken for their evaluation. This is based on
concurrent  styling, benchmarking, Engineering &
Analysis.

GOAL AND OBJECTIVE:

1. Reduction of Vehicle design and development cycle
time.

2. First Time Right structurally optimized design.
3. Reduce number of physical and virtual prototypes.

4. Understanding of structural behaviour in the initial
phase of BIW design

5. Improved vehicle design

CONVENTIONAL APPROACH: Traditionaly
BIW dtructure engineering and analysis are lengthy
process which starts sequentially after CAS is available.
Conventional approach of body structure design is
graphically represented on the flow chart bel ow.
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NEW APPROACH:
Graphically represented on the flow chart below

Hew Adopted Approach
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In new methodology, basic body structural performance
targets are set based on historical benchmark data. The
new concept BIW structureis represented by tubular frame
represented virtually inform of 3D beam elements joint to
each other at nodes. The 3D beam elements represent
criticl master sections of the BIW responsible for
achieving structural adequacy. Each 3D beam is then
broken down in to multiple elements represented by 1D
element virtually. 1D elements are assigned with cross
section properties representing the master section.

- CAE is carried out on the BIW frame to verify the
compliance with basic structural stiffness targets.

- Weak zones and critical joineries are identified.
- Master sections are redefined

- Critical joineries are strengthened by improving the joint
definitions.

- Additional beams are introduced in the structure if
necessary.

- Non performing beams are eliminated/ repositioned for
optimized structural performance.

All above steps are concurrently undertaken while styling
isin progress thereby saving time during final analysis.

Beam M odel Preparation

STEP:1

As per structural performance targets selection of cross
sections is done based on manual calculation. A library of
organs is used to generate Beam model efficiently. Some
beam cross-sections and properties are listed in below
table. Each project generates new organs creating an
extensive knowledge bank. Such a bank is a resource of
expertise and knowledge is thus readily transferred and
the design process is not dependent on particular
individuals and their subjective value judgments.

Side Sill Section |
Bl
[
L1
Wi
T
F
F s
Pl
Tk i i El E 4
i My  |wmatiy [Arwas sagtis  |sgesaran
L1 BACER Lot Chik - e S L LN S - 1)
SE Bk LI AL ATE Fok
Pl il [TFE] L= [LYF 1R3
£l [ | | i 2663 |1
PR e e (FTTT t2i
- i i [ i LAl
arw Lot o T T DT aaramin IrETaE gea Hfli
L d TELAET] SN MR M&u | CHRR] ERGLALS|



http://www.pdffactory.com
http://www.pdffactory.com

a o
] -
]
s T
= siten
. — -
e - = =
W,
1k -
Y o
. ¥ =
£ = i
-
.
L]
1 1 s s T 1
7 e )
ra =
= e an
o > 1 THRE
i
6 06 :|
" 3 v @
- -
& A
1 P 3
{ =} { { 4

DOEFLES Th

Same type or segment vehicle selected for benchmark and
teardown to collect data.

STEP: 2

Beam Model calculation: It can be seen that the starting
point for al projects is a set of requirements (mass,
structural integrity etc.). A beam model is built up for each
concept that represents the BIW with sectional properties.
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Inputs: 1. FAW, 2. RAW, 3. Vehicle layout

For Chassis section Bending and Torsion giffness
calculations done.
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For body section calculation, Shear flow method used. x a—
 ——— i |
Forces valies E.__"—"._'E 3 T —
- e . . Section properties like, Section Modulus, Moment of
| inertia, Polar moment of inertia comparison done with
‘s
] benchmark deta.
Software used: MS Excel and Beam Boy

STEP: 3

Based on initial rough cut styling surface a beam mode is
R Lo 18 20 prepared taking structural & nonstructural members into
account all the features that are finalized from the product
definition. The beam model master sections that best fit
the quantitative and qualitative criteria of product
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Software used: Catia V5R17
STEP: 4

CAE & NVH ANALYSIS:
CAE ANALYSIS:

Bending and torsion analysisis carried out to identify weal
beams and critical joineries.

Bending Stiffness: The main static bending loads are
transverse loads acting vertically downwards on the body,
such as engine, passengers etc. Additional bending occurs
from the dynamic behavior of the vehicle such as surface
irregularities. To design a BIW with a high bending
gtiffness has to ensure section modulus is higher in Z-
direction as the second moment of area of the body will be
higher.

The second moment of area of a section is the constant
that measures how much of the beams material is
distributed about the neutral surface of bending. Material
near to the neutral axis doesn’t contribute much to the |
value. For example beams such as | beams are considered
very gtiff in bending however they are not good in torsion.
Techniques such as corrugating thin sheet metal is often
used in body design to increase the second moment of area
of thin sections.

Torsional Stiffness: A BIW also has to be stiff enough to
withstand loads that produce twisting moments and hence
must be stiff in torsion. Torsional loads occur frequently
when a vehicle drives over uneven terrain; however the
main torsional loads occur on account of dynamic loads
during high speed cornering. A BIW that is not
sufficiently <tiff to withstand these loads can have
catastrophic results.

Torsional stiffnessis essentially the ahility of a structure to
resst twisting loads. (i.e. it's the congstant of
proportionality between the applied torque and the angle
of deflection)

Essentially the aim of the BIW structural designer isto get
the structure to behave as closed to a closed box as Modes
corresponding to the peak point Mobility possible. Thisis
achieved by incorporating bending and torsional structural
elements into the body of the vehicle.
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NVH ANALYSIS: In order to have good NVH, it is
necessary to place global modes of body like bending,
torson & matchboxing away from idle excitation
frequency & should be well separated to avoid coupling.
Also it is necessary to ensure that the powertrain &
suspension mounting locations on body have sufficient
local stiffness so that forces coming from road &
powertrain don't affect the tactile vibrations & incab
noise. Global modes are governed mostly by the body
sections & the local modes by the joint stiffness. Global &
local dtiffness of the body can be evaluated in terms of
normal modes and point mobility respectively. In beam
model sections are defined as properties using Hyperbeam
module in Hypermesh 10.0 which can be easily modified
for multiple iterations. Joint stiffness is modeled using
CBUSH (spring) elements. Joint stiffness is calculated by
carrying out static tiffness analysis of FE models of joint.
Further joint sensitivity analysis is carried out to find out
which joints need to be strengthening to improve the
normal modes & point mohility. Thus using beam model
body sections & joints are optimized with normal modes &
point mohility as governing parameters.

STEP: 5

Final changes done as per the CAE / NVH results and
again step 4 repeated. CAE & NVH analysis provide
complementary results leading to an optimized BIW
structure. After achieving the final results target Detail
Design Engineering start.

Advantages.

Time taken in last devedopment of BIW was
Benchmarking: 2 months, Concept feasibility: 3 months
and for CAE 8 months.

With new adopted approach time taken is: 8 months for
benchmarking, Concept feasibility and CAE by concurrent
engineering. Time save is 5 months.

With above tangible advantages also having some
intangible advantages are NVH & structural optimization
of the BIW performed at the earliest phase of the vehicle
design process, reduces the number of physical & virtual
prototypes.

Conclusion:

The new approach of BIW development dragtically
reduces the development time, cost & improves first time
right quotient .This approach also enhances the BIW
structural performance with minimum iterations. This
approach is extensively used in all upcoming vehicle
models of Mahindra & MahindraLtd. India
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