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Abstract

A steering knuckle is one of the most important parts of a vehicle suspension system. This is the major component acts
as a connection point between the wheel hub and the suspension system. The forces coming from the tires are transferred to this
knuckle system hence subjecting it to high varying loads. So the design of a knuckle becomes very critical in terms of its life
with high factor of safety. At the same time, the design also should be robust with the required life, right material selection and
weight optimization, without affecting the desired performance. There have been considerable efforts placed in this direction to
reduce the overall weight of the knuckle system by employing high strength alloys instead of conventional materials or
optimizing the geometry without altering the desired functionality and its life. This project focuses on weight optimization by
using Finite Element Analysis approach. This is done by studying and comparing the results of a rigid baseline model with that
of a optimized model. The optimized model is arrived based on the stresses obtained from the baseline study, hence arriving the
zones for weight reduction. The Analysis will be carried out using Ansys Workbench. Modeling will be carried out using
Solidworks

Keywords: Steering knuckle, Solidworks, Ansys workbench, weight optimization

1. INTRODUCTION

A steering knuckle is one of the most important parts of a vehicle suspension system. This is the major
component acts as a connection point between the wheel hub and the suspension system. King pin is used to connect the
Steering knuckle with the axle. Tie rod is connected to the other end. Then the wheel hub is fixed over the knuckle using a
bearing. The function of the steering knuckle is to convert linear motion of the tie rod into angular motion of the stub axle.

The below picture gives a brief description of the steering knuckle and its attachment.
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Figure 1

VARIOUS PARTS OF THE STEERING ASSEMBLY:

CONVENTIONAL SUSPENSION & PARALLELOGRAM STEERING

Swaybar Uushing

Figure 2

The complete Steering assembly consists of several parts including the Steering knuckle. The major parts of the Steering
Knuckle consists of the below parts.

Steering Knuckle

(i) Tierods
(ii) Control Arm Shaft
(iii) Idler Arm.

(iv) Pie man Arm.

(v) Sway bar and its link.

(vi) Upper and Lower Ball joints.
(vii) Centre Link
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(viii) Tie rod End adjusting Sleeve.

The above picture gives a brief description of these various parts and how they are attached to the main system.
1.2 FORCES ON THE STEERING KNUCKLE:

The forces coming from the tires are transferred to this knuckle system subjecting it to high varying loads. Hence
the design of a knuckle becomes very critical in terms of its life with high factor of safety. At the same time, the design
also should be robust with the required fatigue life, right material selection and weight optimization, without affecting the
desired performance. Major efforts have been made to make the Steering Knuckle lighter in weight to extract more power
out of it and also to make it less vibrant due to less self-weight. Since it is the power carrying component from tie rod to

stub axle it must be very strong, rigid and also as light as possible.

The steering knuckle it subjected to many types of loads like tensile, compressive and torsional loads. Tensile
and compressive loads acts due to forward and reverse motion of the vehicle whereas the torsional loads act due to turning
motion of the vehicle. There have been considerable efforts placed in this direction to reduce the overall weight of the
knuckle system by employing high strength alloys instead of conventional materials or optimizing the geometry without
altering the desired functionality and its fatigue life. Since the steering knuckles are produced in bulk, optimizing the
knuckle in terms of weight or material will have a huge cost advantage over a long period of time. This also helps in

reducing the overall vehicle weight and thus resulting in more efficient, speed and fuel efficient vehicles.

This project focuses on optimization and fatigue life estimation of an optimized Knuckle using Finite Element
Analysis and Hand calculations approach. This is done by studying and comparing the results of a rigid baseline model
with that of an optimized model. The optimized model is arrived based on the stresses obtained from the baseline study,

hence arriving at the zones for weight reduction.
1.3 MANUFACTURING PROCESS:

Steering knuckles are manufacturing using casting or forging based on the requirement. The
manufacturing process also plays a major role on the life of the knuckle due to the reason casting are subjected to air holes
during its process but forging does not have any such defects. These air holes play a major role in crack initiation and
propagation which reduces the overall life. Casting and Forging has their own advantages and disadvantages but their

major difference is in the size of the component to be manufactured and its criticality.

Casting is the process where metal is heated until molten. While in the molten or liquid state it is poured
into a mold or vessel to create a desired shape. Forging is the application of thermal and mechanical energy to steel billets
or ingots to cause the material to change shape while in a solid state. Castings are used for a wide range of wear parts and
components that are too large, complicated, intricate or otherwise unsuitable for the forging process. Forging are generally
used for parts up to certain size and weight due to the fact that the sheer energy required to forge larger items make

casting a much more viable alternative.

By carefully choosing alloys and applying proven methods of heat treatment, we can produce castings
of high quality, strength and wear ability. The casting process better lends itself to making parts where internal cavities

are required.
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1.4 CASTING VS. FORGING:

The advantages of casting include:

. No real upper size limit in casting weight
. Large range of alloy choices
. As forgings remain solid, custom alloys are far more difficult to get into production whereas with casting, alloys

including Chrome, Nickel and Moly can be added at the molten stage.

. Tooling is often less expensive than forge dies
. Smaller production “runs” required
. Complicated/complex parts are no problem

Forging offers uniformity of composition and structure. Forging results in metallurgical recrystallization and grain
refinement as a result of the thermal cycle and deformation process. This strengthens the resulting steel product

particularly in terms of impact and shear strength.

Forged steel is generally stronger and more reliable than castings and plate steel due to the fact that the grain flows of the

steel are altered, conforming to the shape of the part.

The advantages of forging include:

. Generally tougher than alternatives

. Will handle impact better than castings

. The nature of forging excludes the occurrence of porosity, shrinkage, cavities and cold pour issues.

. The tight grain structure of forgings making it mechanically strong. There is less need for expensive alloys to

attain high strength components.

. The tight grain structure offers great wear resistance without the need to make products “super hard” We have
found that, on a blank HRC 38-42 forged grinder insert wear/wash is about the same as a high alloy HRC 46-50 cast
grinder insert. The difference being a HRC 46-50 casting does not have the ductility to handle high impact grinding.

1.5 DETAILS OF THE MODEL CONSIDERED:

An automotive steering knuckle does not have a standard shape and its shape is basically depends on the mounting
accessories assembled on it and the entire steering system. For the analysis of this project, we have considered the
Steering Knuckle of a Ford Fiesta passenger car for life estimation under the able guidance of Ford Engineers. This car
make is one of the most successful models of the Ford which was started in the year 1976. After its first launch, this car
has undergone tremendous changes generation wise and now it is lasting for seven generations. Due to it robust
performance and sturdy design, the components of this car make has scope for tremendous weight reduction without

altering the functionality and safety factors of its subsystems.

1.6 PROCESS FLOWCHART:

. This project focuses on the calculation of the optimization and fatigue life improvement study of an automotive
steering knuckle using finite element methods using multiple steps.
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. These multiple steps involves creating a CAD based 3D model of the steering knuckle using the given

specifications, export the solid model as Parasolid or STEP file using CAD translation/ convertors.

. Create a Finite Element model using the exported CAD file, apply appropriate loads and BCs on the 3D model
and analyze it for structural loads.

. Based on the model structural stress results calculate the predicted fatigue life of the component at all critical
locations and check whether it is within the margins.

. Based on the fatigue calculation, identify the locations where weight reduction and optimization is possible.

. Identifying the locations for weight reduction, reduce the thickness of the component using the engineering
principles and logical conclusion.

. Repeat the structural analysis with the same loads and Boundary conditions for the optimized model. Record the

weight savings in percentage of the total weight.

. Calculate the fatigue life for the optimized component and compare the life improvement against the baseline
model.
. Based on the comparison results, arrive at the project conclusion and recommendations.

1 Materials and Methods

1.1 3D MODELLING OF STEERING KNUCKLING USING SOLIDWORKS

The CAD model of the Knuckle with the piston was created in a commercial 3D CAD Software called Solidworks. A
Parametric model of the Knuckle was created from basic 2D curves and converting them into 3D solids using many
options in CAD like Extrude and Rotate. Stress concentration location was avoided by creating a blend in the model at all
sharp edges to avoid singular stresses. The engine specifications were used to create the overall dimensions of the CAD
model with the accurate bore dimensions. The model was so created in Parametric so that the model can be changed or

modified according to the change in specification at a later stage, if anything required.

SOLID MODEL

Figure 3a Figure 3b
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Meshed Model

Figure 5
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1.2 Loads

Any static analysis carried out on any engineering component always consider conservative conditions wherein it is
subjected to extreme loads and operating points. This is mainly to make sure the product withstands the designated loads
under any extreme condition as well satisfying the factor of safety requirements.

The model is constrained in all directions at the location where the steering knuckle is mounted on the stub shaft and
forces acting due to the inertia loads are applied at all the mounting holes wherein it is connected to other steering

subsystems like tie rod mountings, brake caliper and suspension mountings. These boundary conditions make the model
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rigid hence subjecting it to the worst case scenario.The major loads acting on the steering knuckle are the forces due to

bump loads, braking and cornering. Bump loads is mainly due to inertia load which act on the Steering knuckle when the
vehicle is running over a bump in a reasonable speed. It is usually equal to three times the inertia (3g) in vertical X
direction. Braking loads is mainly due to inertia load which act on the Steering knuckle when the vehicle is applied a
sudden brake while in motion. It is usually two times the inertia (2g) in longitudinal Y direction.

Cornering is mainly due to inertia load which act on the Steering knuckle when the vehicle is taking a sudden turn
while in motion. It is usually one times the inertia (1g) in lateral Z direction. The average weight of the vehicle is around
1150 kgs. The design/load calculations are based on this majorly. A worst case load acting on the Knuckle combining all
the three load cases was taken for analysis considering conservative approach.

These loads when act along with the self-weight makes it more conservative to be considered for the static analysis,
ensuring safe design.

For Bump load case (3g) = 3*9.81*Kerb weight = 33844.5 N (four wheels)
For Braking load case (2g) = 2*9.81*Kerb weight = 22563 N (four wheels)
For Braking load case (1g) = 1*9.81*Kerb weight = 11281.5 N (four wheels)

Case Load Force (4 wheels) | Force (1 wheel) | Direction
Bump 3G*Kerb 33844.5 8461.125 X
Case+ Wi,
Braking+ | 2G*Kerb 22563 5640.75 Y
Cornering wit.
1G*Kerb 11281.5 2820.375 Z
wit.

1.3 Boundary Conditions
The model is constrained in all directions at the stub shaft location where the Knuckle is connected to the Stub.

The loads due to the inertia for all load cases are combined and applied at all the mounting locations in X, Y and Z

directions. The below picture gives a brief overview of the various boundary conditions imposed on the model for

simulation.

2 RESULTS AND DISCUSSION

Finite Element Analysis is a numerical method. It is a Branch of Solid Mechanics. Nowadays, a commonly used
method for multi-physics problems. The applications of FEA is not limited to but also includes majorly the problems of
areas listed below
Structure analysis: a cantilever, a bridge, an oil platform.

Solid mechanics: a gear, a automotive power train.
Dynamics: vibration of Sears Tower, earthquake, bullet impact.
Thermal analysis: heat radiation of finned surface, thermal stress brake disc.

Electrical analysis: piezo actuator, electrical signal propagation.

I e

Biomaterials: human organs and tissues.
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The Finite Element Analysis was carried out using Ansys and the Finite Element Modeling was done using Hypermesh.

The Finite Element Analysis focused on analyzing the baseline model for the worst case scenario to identify the maximum
stress in the model and check whether they are within the allowable fatigue limit.
Based on the finite element analysis of the baseline model, optimization zones were identified and design changes were
done to arrive at the optimized model.

The Optimized model results was compared against the Baseline results along with the fatigue life estimation to

check whether the stresses meet infinite life requirements.
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There are several materials used for manufacturing of steering knuckle such as S.G. iron (ductile iron), white cast iron and
grey cast iron. But grey cast iron mostly used. Casting is a process by which metals are melted and poured into molds or
casts to create a part or products of the desired dimensions and shape. They are allowed to cool down and solidify before
being removed from the molds and used. It has good casting properties, high machinability, good wear resistance as well
as good vibration damping. It can withstand greater load and has a good degree of resistance against corrosion. It,
however, has low tensile strength and elongation properties. It is used in manufacture of many automobile components.

The following properties are used our analysis.

! New Tab X { i Mail - Chinnadurai Shan X | =+ My Cyient X ) @ Grey CastIron = MakeltF: X '( [G Total Materia - Articles X €3]
& C | ® www.makeitfrom.com/material-properties/Grey-Cast-Iron ¥

MakeltFrom.com [Fina | [ compare ]

Material Properties

Brinell Hardness 160 to 300
Compressive (Crushing) Strength 570 to 1290 (83 to 130 )
Density 7.2 (450 )
Elastic (Young's, Tensile) Modulus 82 to 140 (12to 20 ]
Elongation at Break

Fatigue Strength (Endurance Limit) 69 to 170 (10 to 25

Fracture Toughness 10to 20

Melting Onset (Solidus) 1180°C (2160 °F)
Modulus of Resilience (Unit Resilience) 59 to 480
Poisson’s Ratio

Shear Strength 180 to 610 (2610 88
Strength to Weight Ratio 21to 63

Tensile Strength- Ultimate (UTS) 150 to 450 (22t0 65

Tensile Strength: Yield (Proof) 98 to 280 (14 to 41

Thermal Conductivity 46
Thermal Expansion n

Unit Rupture Work (Ultimate Resilience) 0.68to1.0

e rﬁ EH @ wg xH r3 e nfinalp; ™
Figure 13
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The Baseline results showed a max average stress of 70 MPa on the Steering Knuckle, whereas a concentrated band of
stress of 151 MPa due to stress concentration is also observed. This maximum stress due to stress concentration due to
stress singularity is ignored, since such sharp corners does not exist in real life scenario. Detailed Deformation and Stress

Plots are shown as in below.
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The Baseline results showed a max average stress of 70 MPa on the Steering Knuckle, whereas a concentrated band of
stress of 153 MPa due to stress concentration is also observed. This maximum stress due to stress concentration due to

stress singularity is ignored, since such sharp corners does not exist in real life scenario.
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Figure 23

The Baseline model which was analyzed gave results well below the fatigue limit and stress margin. This showed
that the model has extensive room for weight optimization. Major areas were identified where the thickness can be
decreased to reduce the overall weight without affecting the structural integrity. The below zones were reduced to achieve
an overall weight reduction. The weight of the baseline Steering Knuckle is around 4.8 kg. After reducing the thickness at
all zones where the stresses were very well below the margin, the weight has dropped to 4.0 kg, which is closed to around
0.8 kg or 18%.

Fatigue of a component is defined as the number of cycles of loading the component can withstand before failing. Fatigue
failure occurs when the component is undergoing cyclic loading pattern and can fail even when the operating stress is
much lesser the material yield. Hence it is very important to design a component to satisfy its designed life with the
operating stress much lesser than the yield strength.All the mechanical components are designed for a specific life/number
of cycles.

There are several approaches available for fatigue life estimation. We have used the Stress-life approach for this problem
wherein the stress from the analysis is fitted on the S-N curve to estimate the fatigue life of the Steering Knuckle.Most of
the automotive components made of iron or steel are designed to meet infinite life, which means the stresses of the
component would be less than or equal to the material endurance limit. In general, Infinite life is referred to any life cycle
beyond 1000000 cycles. Any mechanical component meeting infinite life requirements can be considered safe.The
Endurance limit or Fatigue limit of Cast Iron is calculated using the empirical formula 0.4*Ultimate Strength.The
Ultimate Strength of Cast Iron is 310 MPa which means the Ultimate strength of Cast Iron is 0.4*310 = 124 MPa. This
number is again influenced by several other factors like manufacturing defects, sharp corners in the specimen etc.

The below table and picture shows the zones where the thickness was decreased and the weight has been reduced. From
the above S-N curve it is very clear, that the estimated life of a Cast Iron component tend to be beyond 1200000 cycles if

the stress is less than the Endurance limit of 120 MPa.The baseline model predicted an average stress of around 65 MPa at
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the critical location which meets the infinite life/fatigue life of 1200000 cycle criteria. The optimized model also predicted

an average stress of around 80 MPa at the critical location which also meets the infinite life of 1200000 cycle criteria.

350 1

300 4

250 4

200 1

Maximun Stress (MFa)

150

100 -

0 0.2 0.4 06 08 1.0 1.2 1.4 %100
Mumber of C-'fl:leﬁ

Figure 25

3 CONCLUSION

From the above discussion and points tabulated, the Steering Knuckle was optimized by around 18% in weight/thickness
using basic principles of engineering. A weight savings of around 0.8 kg material is achieved in one component which
when manufactured in batches would save lot of material/cost making it more cost effective without affecting the
structural integrity of the Steering Knuckle. The optimized model also met the fatigue life criteria which means the
stresses observed in both the baseline and optimized model were well within the endurance limit. Hence the safety of the

optimized model is ensured.
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