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ABSTRACT:

Steering knuckle is one of the important parts in the vehicle steering system. Under certain operating conditions, the
knuckles reliability threatens the safety of people and vehicles directly. At emergency braking condition, mostly strut
arm and steering arm have maximum deflection in steering knuckle when it is subjected to various load cases. In this
work, finite element analysis of the spheroid graphite (SG) iron strut arm of steering knuckle with strut mount assembly
was carried out to predict its deflection under static load. The analysis result was compared with that of the
experimental results to put forward directions to optimize the shape and material selection.
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The wheel rod is connected to the steering parts and

1. Introduction the strut arm assembly with suspension system from one
In motor vehicles, the mechanical parts are subjected to ~ Side and the wheel hub assembly from the other side. It
different load cases during their service life. Steering has complex connections and tolerates a combination of
knuckles are very crucial component of the vehicle’s static and dynamic loads during its service period. These
steering and suspension system. This has to deflect as forces are transferred to chassis through the strut arm,
much as possible before it fails due to unexpected loads. ~ Steering and lower arm assemblies. ~Therefore,
Since knuckle is made up of cast iron, the deflection ~ displacement and stress analysis of these arms are
study for the given load is very important. Geometric essential for knuckle to satisfy it’s functional as well as
optimization of the knuckle has been investigated ~ Safety requirements [2]. The steering knuckles are
through finite element (FE) analysis to reduce the usually manufactured using forged steel, cast aluminium,
weight. Failure of steering knuckle component leads to and cast iron. The durability of these materials and
the loss of orientation of the vehicle [1]. The steering manufacturing processes were studied and reported that
knuckle component acts as a junction between the the durability of forged steel was superior to the other
steering, wheel hub assembly and suspension system. two materials. Nowadays, spheroid graphite (SG) iron is
Steering knuckle system consists of a strut arm at the ~ Mostly used in the commercial automobile sector to
top, lower control arm at the bottom and a steering arm ~ Manufacture the steering knuckle [3]. _

on the side as shown in Fig. 1. The experimental methods are costly and time

consuming process to predict the performance of
steering knuckle component when compared to other
methods. Hence, researchers are looking for new
methods like FEM, statistical tools and optimization
codes to study the performance. A statistical method was
used to predict the failure probability of steering knuckle
parts to replace the testing time [4]. A probabilistic
design method was approached to bring the
improvement in the product fatigue life prediction and
structural reliability [5]. The optimum casting design of
knuckle was proposed through detailed stress analysis by
using urethane models [6]. The steering-arm portion
undergoes repeated bending loads during the vehicle’s
movement and it leads to failure because of bending
fatigue condition. Through simulations and experiments,
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Fig. 1: Steering knuckle component
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it was found that aluminium metal matrix composite
knuckles could safely replace SG iron and optimized the
strut arm region using genetic algorithm for minimum
bending stress and deflection [7]. It was reported that the
fatigue and impact behaviour were improved by titanium
carbide particulates in aluminium matrix when compared
with conventional materials [8].

Linear analysis can provide most of the information
about the behaviour of a structure and can be a good
approximation for many analyses. It is also the basis of
nonlinear analysis in most of the cases. In this work the
strut arm region was analyzed for maximum deflection
with strut mount assembly under static loading using
experiment and FE methods. The results of FE analysis
were compared with experimental results to put forward
directions for improvements in design.

2. Numerical analysis methodologies
2.1. FE Modelling

The geometric model of the steering knuckle designed in
CATIA was imported into the Hypermesh software to
clean up the geometry and generate the mesh with size
control, curvature and proximity options in order to
generate a reasonable quality mesh. In this study, three
dimensional 10-Node Tetrahedral SOLID 187 Structural
elements are used for meshing steering knuckle because
of its quadratic displacement behaviour. The steering
knuckle is discretized into 65,257 elements with
1,08,083 nodes. Three dimensional 8-node structural
SOLID 185 element is used for meshing strut mount
because of its linear displacement behaviour. The strut
mount is discretized into 17,915 elements with 28,101
nodes. Fig. 2 shows the discretized FE model of steering
knuckle and strut mount assembly. In this study, the
steering knuckle strut arm is modelled with SG iron
material property. The strut mount is modelled with steel
property. The material properties are given in Table 1.

Steering Knuckle

Strut Arm

Strut Mount

Fig. 2: FE model of steering knuckle with strut mount assembly

Table 1: Material properties

Material Property SG Iron Steel
Young’s Modulus 172 GPa 210 GPa
Poisson’s ratio 0.29 0.3
Density 7.10 mg/m®  7.80 mg/m?®

2.2. Contact between strut arm and knuckle

The contact has been established between the strut
mount and strut arm of steering knuckle component in
order to transfer the force. Contact problem is highly

nonlinear and it is important to investigate the contact
between two bodies. The FE model developed using
Hypermesh package is imported into ANSYS software.
In contact analysis, various components are replaced by
pilot nodes that are connected to the steering knuckle.
Hub bolt hole centreline is fixed in all degrees of
freedom with pilot node while the loading is applied to
the strut joints through struts. It provides accurate results
in the strut arm region [9]. A node to surface contact is
established between the strut mount and strut arm of
steering knuckle. The lower control arm is fixed in all
directions. The established contact elements are
displayed in Fig. 3.
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Fig. 3: Contact and target surfaces model with strut mount
assembly

In this analysis TARGET 170 element is used at the
nodes of strut mount surface to transfer the force to strut
arm of the steering knuckle. To create a contact between
surfaces of the strut mount and strut arm, CONTACT
175 element is used. The internal multipoint constraint
(MPC) approach is combined with certain bonded and no
separation contact definitions to define various contact
assemblies and kinematic constraints. The internal MPC
approach can overcome the drawbacks of the traditional
contact algorithms and other MPC tools which are
available in ANSYS software.

2.3. Structural analysis with actual loading
conditions

Structural analyses of a steering knuckle with strut
mount assembly for two static load cases as given in
Table 2 are carried out by assuming linearly elastic
behaviour of the components and material. In this
analysis, the static load is applied at the end of the strut
mount assembly at a distance of 300mm from the centre
axis of hub hole. These two loading cases are referred
from the experimental procedure.

Table 2: Load cases

Load Type
Case 1
Case 2

Direction of load Load (kN)
X-Axis towards the brake caliperarm  17.5
X-axis towards the steering arm 12

3. Experimental procedure

In this study, the steering knuckle with strut mount
assembly is tested for static behaviour of SG material.
The hydraulic actuator (Instron) is used in this testing
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with a capacity of 25 kN. The steering knuckle mounted
on a dedicated fixture with its hub hole is shown in Fig.
4. The static load cases are applied to the strut arm of
steering knuckle through the strut mount column.

Hydraulic Actuator
Steering arm

Fixture setup

Fig. 4: Static test setup

4. Results and discussion

The results of static analysis for the two load cases are
reported in this section using numerical method and
experimental method. For Case 1 loading condition, the
maximum deformation is predicted at the end of the strut
mount column in FE analysis as presented in Fig. 5. The
maximum deformation is obtained at same strut mount
column end in the experimental result which is compared
with FE analysis result as presented in Fig. 6. The
deformation of strut arm column assembly is linearly
increased for the given load cases which is matched well
with the experimental results. For Case 2 loading
condition, the maximum deformation is predicted at the
end of the strut mount column of steering knuckle from
FE analysis as shown in Fig. 7.
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Fig. 5: Deformation of strut arm column assembly for the load case
1 from FEA result
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Fig. 6: Comparison of load vs. Deformation value for load case 1
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Fig. 7: Deformation of strut arm column assembly for load case 2
from FEA result

The maximum deformation is obtained at same strut
mount column end in the experimental result which is
compared with FEA result as presented in Fig. 8. The
deformation of strut arm column assembly is linearly
increased for given load cases which are matched well
with experimental results.
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Fig. 8: Comparison of load vs. deformation value for load case 2

5. Conclusions

The strut arm column of steering knuckle is analyzed
with strut mount assembly using experimental method.
The experimental method is very expensive to analyze
the performance of the steering knuckle component. In
this study, the FE model was developed to evaluate the
behaviour of a strut arm column of the steering knuckle
component for SG iron material with the same boundary
conditions as used in the experimental setup. The FE
analysis result was compared with experimental results
for two load cases. From this comparison, FE analysis
results were closely matched with experimental result for
both load cases. The FE analysis models and procedure
are good enough for further analysis of steering knuckle
to find out its structural performance under different
loading conditions and it can reduce the number of
prototypes and testing of steering knuckle components.
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