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Abstract—Growing competition in automotive market
makes it more and more necessary to reduce the
development time and cost of the product development
process. One of the most costly phases in the vehicle
development process is the field durability test and high
expenses for this phase can be attributed to the number of
prototypes used and time needed for its execution. Also,
multiple iterations of designing, building and testing
prototypes are no longer affordable against the time and
cost constraints for developing a competitive product.
Today, analytical tools in the form of computer simulation
have been developed to such a level that they reliably
predict performance. Hardware prototypes cannot be made
in early design phase, however, today with the use of
computer aided engineering tools virtual models can be
created to accurately represent physical models and to take
right decisions at the right time. It became necessary to
come up with innovative solutions which are cost effective
and effective and at the same time which will meet the
performance requirement, to sustain in growing market. A
step towards frugal engineering is to replace number of
subassemblies in the vehicle with a single multifunctional
invention. A massive trend is coming to unite various
subassemblies together and give one integrated solution
which will reduce cost of designing, tooling, manufacturing,
assembling and overall cost of many subsystems. The work
design of integrated multifunctional module for heavy
commercial vehicle will replace various subsystems
including towing device mountings, suspension mounting
systems, cabinet mounting systems with single design. This
work involves evaluate various loads coming on the module
during different working conditions. Based on these
loadings and space available the module will be designed
which will meet the structural performance criteria. The
main objective of the module is to lower the weight and cost
of component, and provide more robust design to customer.
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l. INTRODUCTION

Cost reduction is the key to the successes ofrithastry. If
different single functional parts get replaced hyirgegrated
multifunctional module along with the comparativeight

topology

reduction then it will not only advantage of thdfefient
aspects of the cost reduction, but also an addesh#abe to
the vehicle mileage.

|. PROCESSMETHODOLOGY

Evaluation of the design space by
Determining available space envelope for
componer

Il

Create replica of the design space named gs
Super Bracket Envelo

Il

Analyze Super Bracket envelope for all loading
event

JL

Calculate Force and Moments at connection |of
Bracke

JL

Develop a truncated F.E. model for topology
optimizatior
4 L

Apply extracted forces and moments for eagh
loading ever

JL

Topology Optimization

J1

Extract basic Shape from design envelope

Il

Provide Design guidelines to get initial feasible
design

JL

Check its adequacy for all loading events.

Figl. Flow chart of Process Methodology

At the same time product must be introduced withimum
lead time, that emphasis on the reduction of tlael féme
with innovative computational techniques. In thioriw
three different parts; cab mount, suspension mauodttow
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hook mount are replaced by the single bracket naased

Super bracket and final design of this is obtaittedugh
the optimization technique. In order to reduce &z time
finite element analysis method of sub structurmgsed [3].
In this method, initially a Super bracket is analyzusing
the full frame model which includes some millionsgdee
of freedoms, so forces and moments at the joints
extracted. In further analysis this forces are usesimulate
actual load path. With this, trimmed finite elemantalysis
model is used to optimize the Super bracket.

A. Details of Design Space

=)

]
=

Fig.2. Design envelope formed after replacing the
prescribed parts

Figure 2 shows the design space calculated basettheon
actual room for filling the material. This desigpase will
be acting as boundary for integrated Super brackiee
total mass of the Subsystems to be replaced arg gék
side, while the Mass of Design space envelope 3d ber
side. So the target is to engrave the final shdp8uper
bracket from this block which will weight much lesshan
26kg, resulting considerable mass reduction.
B. Analyzing super bracket for all loading events
This is the very first version of the design. Aistetage, we
have to validate the design envelope against thedatd
load case. The super bracket in full model is shawthe
Figure 3. At this stage super bracket is highlyralesigned
and it is followed by the Optimization.
Results of this analysis are post processed insteps. In
first step stresses in the super bracket are cHeadainst the
acceptance criteria and in second step bolt foetethe
attachment points of the super bracket are bracket
extracted for the sub structuring. The finite elatmaodel of
the full frame chassis used in the analysis is shiowFigure
3. Three mounts are replaced by the super brackate

ar

Analysis setup and acceptance criteria: Followmads
were considered for evaluating the performancéefSuper
bracket and aggregated mounted on it [2].

1) Jounce: 2g Even bump on front axle.

2) Tramp: 2g Uneven bump on front axle.

3) Aggressive Turn: Severe turning scenario.

4) Frame Twist: Cross Twist and Bogie Twist.

5) Peak Inertial Loads: Due to self weight and road
accelerations.
3g Vertical loading.
1g Vertical + 0.9g longitudinal loading.
0.3g Lateral loading.

Racking: Vehicle turning of multi rear axle vehicle

6)
7
8)
9)

2
&

o ot .,

Front

suspension

Engine and
transmission

Rear Axle

Super Bracket
(znvelop)

Fig.3. Full frame chassis model with Super bracket

For these loadings, acceptance criteria for desigiuation
are as follow: under racking and cornering loatfgesses on
the super bracket should be less than endurandediirthe
material while for rest of the load cases stresseshe
bracket should be less than yield strength of theeral.

Material Details of Super bracket are as follows:

1) Austempered Ductile Iron (ADI)

2) Yield Strength= 550 MPa

3) Endurance Strength = 317 MPa

Vehicle specifications are as follow:

1) Front Axle Weight Rating (FAWR): 71.26 kN

2) Rear Axle Weight Rating (RAWR): 204.87 kN

3) Gross Vehicle Weight Rating (GVWR): 276.13 kN
The results of the FE analysis are checked agahest
acceptance criteria and it is observed that theigdes
envelope is structurally adequate and there ishdurscope
for the mass reduction. The One another objectivéhis
analysis was to evaluate the forces and momentsraieal
on all bolting location of the Super bracket fdrlaad cases.
So, these forces and moments can be directly osadatlyze

finite element modeling was completed, the modeknhe truncated model of frame with only super bracKais

connection validity is ensured by carrying out teyfprming
an unconstrained modal analysis. To ensure if hattaxles
were properly loaded, the forces at the constraifitaxle
were calculated and compared with the rated capatithe
both the axles.

method will reduce the time required for analy&siring

this analysis force and moments are calculatedbasdd on
that force and moment matrix is developed [5]. &@mple
the force and moment matrix for Jounce load caggvisn

below in Table I.
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After analyzing the results of the full frame sta#inalysis
with super bracket, the next objective is to engrdie
shape of the super bracket from design envelope tHi®
optimization tool of Hyper Works is used.

TABLE 1. FORCE AND MOMENT MATRIX FORJOUNCE LOAD CASE

Bolt No.  Fx(N) Fy(N) Fz(N) = Mx(N.mm) My(N.mm) Mz(N.mn)
Bl  -2.21E+01 6.43E+03 -2.60E+)3 -8.44E+05 2.39E+04 360+
B2  -256E+02 6.42E+03 2.19E+03 -3.97E+03 1.43E+03 -1.00I=+
B3  -1.09E+03 3.06E+03 4.86E+)2 -4.86E+03 -1.80E+03 1.@3E+
B4  2.12E+02 3.15E+03 5.00E+0)3 -2.76E+03 5.13E+03
B5 -2.58E+02 1.38E+03 6.01E+03 -2.13E+03 5.12E+03 4.72E+0
B6 -1.67E+03 -2.14E+C3 1.24E+03 -1.37E+03 3.91E+-03 2.0BE+
B7  5.48E+02 -8.83E+C2 1.81F+03 -1.12E+03 -5.54E+03 1.03E+
B8  1.99E+03 -2.21E+C2 2.75E+03 -4.14E+02 -1.17E+04 1.03E+
B9  5.19E+02 -9.13E+C2 -1.18E+04 -1.46E+02 2.16E+04 -3.031=
B10 -7.36E+02 1.12E+03 -8.03E+02 -2.13E403 -1.32E+03 1403
B11 -2.71E+02 -8.97E+(2 5.21E+02 1.55E+03 -1.26E+03 E3.08
B12  3.96E+02 -4.75E+(01 4.13E+02 3.23E+02 -1.06E+03 2@BE=+

Il TOPOLOGY OPTIMIZATION

Topology optimization can be defined as a matherahti
approach that optimizes material layout within aegi
design space, and for a given set of loads and daoyn
conditions such that the resulting structure meats
prescribed set of performance targets. Using tapolo
optimization, engineers can find the best concepigh that
meets the design requirements [4].

This replaces time consuming and costly desigratitems
and hence reduces design development time andlioxesa
while improving design performance. As discussedieza
the full frame model will take a longer time to gigolution,
this will cause higher computational cost. This oals
increases the design lead time and limits the nunadfe
iterations carried out so full frame model is trated
suitably. The truncated FE model used in optimaratis
shown in Figure 4. Based on the loads extracteeaitier
step, loads and boundary conditions are appliedh®
truncated model. The extracted forces were appaltettheir
respective bolting location while the truncatednfeawas
constrained in all direction. Now this shorter miodell
take less time for solving. Figure 4 shows the itketd load
and boundary conditions considered for topology
optimization. For Topology optimization the mostpiontant
inputs requires are design space, design constrant
objective function. Figure 5 shows the detailsha tesign
space and non-design space. All the mounting locatdf
the super bracket, where bracket and its bolts fvdme
rails were considered as non design space. Howtneerest
of the area of super bracket was termed as degigoes
from where material will be removed. For extracting
feasible shape of Super bracket various iteratiomese
performed by changing numerous parameters. Amdhigst

iteration one of the following iteration describleélow has
provided most feasible solution:

The objective of optimization was minimizing volurap to
20% of original design space volume. For this ofation
all forces coming during all loading events wereasidered.
The design constraint was, the stresses inducéukifinal
design shape under all loading condition shoultebe than
250 MPa i.e. 50% of yield strength of Austemperedtite

1386+0470ON (material of Super bracket).

+ Forces and moments
Evaluated in chapter-5 at
= eachbolting location were
" | applied at their respective
locations.

+*Truncated frame
section Constrained in
all Directions

Fig.4. The truncated FE model used for optimization

Non Design Space (Al
connecting Loeations)

o

L

Space claim-for Super
bracket (Design Space)

Fig.5. Design and non-design space definition

Along with this, following manufacturing conditionsere
also applied which includes:

1)
2)

The design should be symmetrical about YZ plane
The casting should be single drawn and draw
direction should be along X-axis

Minimum wall thickness of suggested design
should be 15mm, to ensure good casting.

3)
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The figure 6 shows the optimization set up.
A. Result Discussion of the Topology Optimization Tiemao
Result of optimization study was post processetthénform
of element density using Altair Hyper View. For rlents
having density zero was removed as it indicatematerial
required at that location, while elements havingsity 1,
shows that material is must [1]. Accordingly alleth
elements in design space were assigned a contogngp
from O to 1. As a standard practice followed by gnan

Objective: Minimize Volume up to 20%
G iint: Stress should be less than < 250 MPa(1/2 of Yield Stress)

Load events considered:
»lounce

>Tramp

> Racking

» Aggressive Turn

»Cross Twist

» Bogle Twist

> Lateral Inertial load

» Longitudinal inertial load
> Vertical Inertial load

Manufacturing consteaints considered:
> Symmetry aboutVZ plane

> Single Die - Draw direction constraint
> Minimun wal thickness: 15mm

experts in computer aided engineering industry based : el e
. locationis captured for each load case.
on literature survey, the threshold value to remdie ;mjeFnrfzs;ntiwinmenrstaveﬂ«e
irectly applied at bolting sections.
material was considered as 0.3, it meant the elentving PT s s o 14l

density less than 0.3 was to be removed to gel $inape.
The figure 7 shows the results for the topology
optimization. Fig.6. Optimization set up

1,2: Create Vertical and Horizontal wall with minimum thickness (15mm).
8: Create ribbing structure at suggested location.

Element density varies between o 4: Provide tow hook pocket in front.

0~ Material not required b v .' 5,6: Prc?vide fJ'_I.Eetl Jjunection and at rearend

7: Provide material removal slot at front bottom as suggest.

1- Material requived {eritical)

In order to convert the shape obtained from theoltuyy
optimization analysis in the feasible shape, fewanichanges
were suggested. These changes helped design tearaate
appropriate CAD data. The recommended design clsange
includes, adding filet at sharp edges, adding raterhich
keep the flow of material continuous, add ribbirgg at top as
suggested by solver, providing tow hook mountingked at
front region. Figure 8 shows the design recommeéonsit
suggested on result of optimized shape [7].

Based on the recommendation and interaction witkigde
team the initial design of the Super bracket waselbgped.
Mass of the initial design of Super bracket wad 2tg which
is very much less than the mass of the subsysteniset
removed i.e. 26kg. Additional optimization iteratf were
performed to reach to the most optimal design. Viass of
the final design of super bracket was 19.26kg whicB6%
less than that of other subsystems. This finalgiesif the
Super bracket is further validated for all the lozabes by
using Radioss linear solver and solver and it imébthat the
design of the Super bracket is structurally adexjoahsidered
loading scenario [6].

Fig.8. The design recommendations suggested on result of
optimized shape.
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