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ABSTRACT

Automotive chassis is backbone of vehicle. Chassis carries steady load, vehicle load, driving force and braking
force. Hence chassis has to be designed for static and dynamic loading. In this paper chassis of Eicher 20.16 has
been considered, and the behavior of chassis under same load but varying thickness is studied through Ansys.
Keywords — Ansys, chassis, deformation, thickness, torque.

I. INTRODUCTION

The automotive chassis is tasked with
holding all the components together while driving,
and transferring vertical and lateral loads, caused by
accelerations, on the chassis through the suspension
and to the wheels. A ladder frame is the simplest and
oldest frame used in modern vehicular construction.
It was originally adapted from ‘“horse and buggy”
style carriages as it provided sufficient strength for
holding the weight of the components. If a higher
weight holding capacity was required then larger
beams could be used. It was comprised of two beams
that ran the entire length of the vehicle. A motor
placed in the front (or rear sometimes) and supported
at suspension points. Add the passenger compartment
and a trunk with a load and it becomes a simple
indeterminate beam.

Here the chassis of Eicher 20.16 is of ladder
frame type which has two side members or
longitudinal members of C- cross section and seven
transverse members called cross members of C- cross
section. The chassis has been modeled in Ansys 13
using the most of the actual dimensions. FEM
analysis was done using Ansys 13.

Il1. DESIGN AND CALCULATIONS
2.1 Determination of load
Model No. =20.16
Side bar of the chassis are made from “C” Channels
with 230 mm x 76 mm X 6 mm
Cross member of chassis are made from “C”
channels with 210mm x 76 mm x 6 mm
Front Overhang (a) = 1588 mm
Rear Overhang (c) = 2145mm

Wheel Base (b) = 4800 mm
Material of the chassis is St 52

E=2.10x10° N/ mm2
Poisson Ratio = 0.31
Radius of Gyration R = 230/2 =115 mm

Capacity of Truck = 11400 kg = 111834 N
Capacity of Truck with 25% overload = 139792.5 N
Weight of the body and engine = 2700 kg = 26487 N
Total load acting on chassis = Capacity of the Chassis
+ Weight of body and engine
=139792.5 + 26487
=166279.5N
Chassis has two beams. So load acting on each beam
is half of the Total load acting on the chassis.
Load acting on the single beam = 166279.5/2
=83139.75 N
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Fig. 2.1 (a) C- section of side member
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Fig. 2.1 (b) C-section of cross bar
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For Validation of FEM Model i.e. type of element
and mesh density, a cantilever beam is taken of same
length as that of main member of chassis also the
cross section is same.

2.2 Type of element: - Solid45 is used for the
analysis.

Prism Option

Element coordinate
system (shown for
KEYORTI)=1)

I
Tetrahedral Oplion -

Surface Coordinate System

Fig.2.2 solid45 element type

Tab 2.2 Table of Mesh Density
No. of element 51614
No. of Nodes 18824

An arbitrary load of 1 N/mm is applied in
the form of pressure on the upper face of C channel is
constrained for all DOF at the end is determined
using formula.

Deflection of chassis for cantilever beam
Y=[(wx 1)/ (8xExI)]

Where,

Y = deflection at the free end of beam

w = Load per unit length

| = Length of beam

E = Young’s modulus of the material of the beam

I = Area moment of Inertia of beam about an axis
passing through its center of gravity

= [(1 x 85334) / (8 x 2.1 x 105 x 16622980)]

=189.84 mm
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Cantilever Beam with UDL

Fig. 2.2 (a) Deformation of cantilever beam

The fig. no.2.2 (a) shows deformed shape of
cantilever beam with undeformed shape,
Deflection obtained by FEM= 191.66 mm
Deflection obtained by
method=189.84mm

Analytical

Error =[(191.66-189.84)/(189.84)] x 100
=0.959%
As error is within acceptable limit, mesh density and
type of element selected are capable of giving correct
results for whole chassis.

I1l. FEM ANALYSIS OF MODEL
3.1 Modeling

Model of chassis drawn in Ansys is as
shown in figure..

youes ANSYS

DEC 10 2013

TYPE UM
11:18:01

Fig.3.1 model of Ladder chassis frame

3.2 Boundary Conditions and Loading
The truck chassis model is loaded by static
forces from the truck body and load. The load is
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assumed as a uniform distributed obtained from the
maximum loaded weight divided by the total length
of chassis frame. Detail loading of model is shown in
Figure. The magnitude of force on the upper side of
chassis is 166279.5N.There are 4 boundary
conditions of model; the first two boundary
conditions are applied in front of the chassis, the
other 2 boundary conditions are applied in rear of
chassis, there are shown in Figure.

ANSYS

DEC 10 2013
11:26:39

Fig. 3.2 (a) Load condition model

lELEl{ENTS ANSYS

DEC 10 2013
11:21:dL

Fig. 3.2 (b) Boundary conditions

3.4 Element and nodes:
The meshed truck chassis model has 175988
elements and 62005 nodes. The element is

tetrahedral.

3.5 Results:

The location of Von Mises stress and
maximum shear stress are at corner of side bar which
in Figure. is 182.994 MPa.

ANSYS

DEC 9 2013
1011410

1
NODAL S0LUTION

STEP-1
5UB =1

TIE-1
SEQY(ATE)
DI =7.622
SHII =. 079506
ALK =162.994

.079506 40.727 81.3%5 122.023 62,
20.403 61.051 101.688 142.346 182,934

Fig. 3.5 (a) von mises stress in chassis

Von mises stress is more in the region near
to rear leaf spring or axle.
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Fig.3.5 (b) maximum von mises stress location

3.5.1 Displacement:

The displacement of chassis shown in
Figure. The magnitude of maximum displacement is
7.622 mm.
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lDISPLAEE}ElﬂT ANSYS
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DHX =7.622

Fig.3.5.1 Deformation in chassis

Von mises stress is 182.944
Deformation is 7.622

3.6 Effect of torque:
During the study, Torque is varied & its
effect on the stresses & deformation is observed.

Table 3.6 Effect of varying torque

Max. Max. Stress
Iig Torqume)(KN- Deformation (MPa)
' (mm) Von Mises
1 8 48.304 430.752
2 8.5 51.323 457.674
3 9 54.341 484.594
4 9.5 57.361 511.518
5 10 60.38 538.44
P ANSYS

N 12014
¥ 23:19:05

Fig. 3.6 boundary condition and load condition on
ladder frame chassis

Here, it is observed that, as the torque
increases, the maximum deformation increases
continuously as shown in the figure.
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Fig. 3.6 (a) Torque Vs Maximum Deformation of
Ladder Chassis
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Fig. 3.6 (b) Torque Vs Maximum Von Mises
Stress of Ladder Chassis

Here, it is observed that, as the torque
increases, there is increase in von mises stress.

WWW.ijera.com 153|Page



K. I. Swami et al Int. Journal of Engineering Research and Applications

WWWw.ijera.com

ISSN : 2248-9622, Vol. 4, Issue 2( Version 1), February 2014, pp.150-154

3.7 Effect of torque by varying thickness of cross
member:
Table 3.7 Effect of torque by varying thickness of

Cross member

Sr. | Thickness Max. . Maximum
No. (mm) Deformation stress (MPa)
(mm) Von Mises
1 5.667 58.588 591.734
2 6.337 52.651 483.575

IV. CONCLUSION
Analysis of Ladder Chassis Frame is

performed during this dissertation work. Following
conclusions can be drawn from the same.

v

The maximum value of Von Mises Stress is
occurred at the Hinged point of at the Right end
of the beam near the top edge of Ladder chassis
frame.

At the free end of the beam, highest deformation
has occurred leading to lowest stresses.
As the torque decreases, the
deformation decreases continuously.
As the torque decreases, there is decrease in von
mises stress.

Deformation & Stresses are directly proportional
to load applied.

As thickness increases of cross member, there is
decrease in von mises stress and deformation and
vice versa.

maximum
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