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Abstract: The steering knuckle most important part of vehicle which connect to front wheel with the help of suspension
system, wheel hub and connecting steering system and chassis. Over all concept of my project is light weight reduction ratio
in main reason. When using Mild steel, and Mild steel addition of Nickel to compare the weight and structural strength. Due
to its large volume production its optimization of the steering knuckle for its weight or volume will result in large-scale
savings. To apply loading on steering knuckle due to longitudinal reaction and vertical reaction and weight of vehicle and
steering reaction. The design of the steering knuckle model prepare in CREO 2.0 and the static analysis is done in ANSYS
WORKBENCH 15.0 consider the reaction . This result is verifying by compare with calculation. Consider these result model
is modified.

Index terms: Mild steel, and Mild steel addition of Nickel, weight'erwvolume will result in large-scale savings.

1. INTRODUCTION

The steering knuckle is the connection between.the tie rod, stub axle and axle housing. Steering knuckle is connected to the axle
housing by using king pin. Another end is connected to the tie rod. Then the wheelthub is fixed over the knuckle using a bearing.
Steering Knuckle is vehicle which links suspension, steering system; wheel:hub.and brake to the chassis. It undergoes varying loads
subjected to different conditions, whilesnot affecting vehicle steering performance and other desired vehicle characteristics. The
function of the steering knuckle is tos€onvert linear motion of the tie.rod into angular motion,of the stub axle. The lighter steering
knuckle resulting greater power and less the vibration because of the'inertia is less. The steering knuckle carries the power thrust
from tie rod to the stub axle and hence it must be very strong, rigid and also as light as Possible. Inithe case of automobile vehicle,
during steering and turning.the steering knucklesis'subjected to compressive and tension loads and due to the wheel rotation it is
also subjected to torsional'load. The knucKle is important component that delivers all the forces generated at the Tier to the chassis
by means of the suspension system. The design of the knuckleuis usually done considering the various forces acting on it which
involves all the forces generated by.the road reactionon theswheel:when the vehicle'is in motion. The.design also includes various
constraints that are related tQ the knuckle such as brake system, steering system, drive train and suspension system .Steering knuckle
for automobile applications is typically manufactured eitherby forgingorfrom casting. However, castings could have blow-holes
which are detrimental from durability and fatigue points of view. The fact that forgings produce blow-hole-free and better parts
gives them an advantage over cast parts. Due to its large volume production, it is only logical that optimization of the steering
knuckle for its weight or volume will result in large-scale savings. It can also achieve the objective of reducing the weight of the
vehicle component, thus reducing inertia loads, reducing vehicle weight and improving mass production in auto part industry.

The part of steering knuckle component are given below:

1. Suspension Mounting Upper Arm/Strut Mount

2. Tie Rod Mounting / Steering Arm

3. Lower Ball Joint /Suspension Mounting Lower Arm

4. Ball Bearing Location / Stub Hole

5. Brake Caliper Mounting.

Strut with coil spring

Brake Caliper

Lower Control Arm

Steering Knuckle

Fig no: 01 Steering knuckle assemble

The shape and size of steering knuckle component depends upon the vehicle weight because vertical load of the vehicle is directly
act on it and hence the steering knuckle component subjected to power thrust from tie rod to the stub axle and hence it must be
strong and inflexible in nature. The knuckle steering mechanism of a car free to revolve on a on single axis. The knuckle is vital
component that delivers all the forces generated at the Tier to the chassis by means of the suspension system. The design of the
knuckle is usually done considering the various forces acting on it which involves all the forces generated by the road reaction on
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the wheel when the vehicle is in motion. Weight reduction is becoming important issue in car manufacturing industry. Weight
reduction will give substantial impact to fuel efficiency, efforts to reduce emissions and therefore, save environment. Weight can
be reduced through several types of technological improvements, such as advances in materials, design and analysis methods,
fabrication processes and optimization techniques, etc.

2. LITERATURE REVIEW

A workshop report published by an agency of the United States government (Feb2013) focused on the development in light
weighting and the technology gap for light duty vehicle. Also the set the goal for weight of vehicle for year 2020 to 2050.The target
for reduction of weight of LDV chassis and suspension system is 25% by the year2020.

Prof.R. L. Jhala et. al. (2009) assesses fatigue life and compares fatigue performance of steering knuckles made from three
materials of different manufacturing processes. These include forged steel, cast aluminum, and cast iron knuckles. Finite element
models of the steering knuckles were also analyzed to obtain stress distributions in each component. Based on the results of
component testing and finite element analysis, fatigue behaviors of the three materials and manufacturing processes are then
compared. They conclude with that forged steel knuckle exhibits superior fatigue behaviour, compared to the cast iron and cast
aluminium knuckles.

k. h. Chang and P.S. Tang (2001) discuss an integrated design and manufacturing approach that supports the shape optimization.
The main contribution of the work is incorporating manufacturing in the design process, where manufacturing cost is considered
for design. The design problem must be formulated more realistically by incorporating the manufacturing cost as either the objective
function or constrain function.

Rajkumar Roy et. al. (2008) focus on recent approacheso automatingithe manual optimization process and the challenges that it
presents to the engineering community. The study identifies scalability as the major challenge for design optimization techniques.
GAs is the most popular algorithmic optimization approach. Large-scale optimization will require more research in topology design,
computational power and efficient optimization algorithms:

Purushottam Dumbre et al.in his paper “Structural Analysis of steering Knuckle for Weight Reduction” used steering knuckle for
study. Weight reduction of steering knuckle'is the objective of this exercise for.optimization. Typically, the finite element software
like OptiStruct (Hyper Works) is utilized to achieve this purpose. The targeted weight'orimass reduction for this exercise is about
5% without compromising on the structural strength. Topology optimization can be usedto'reduce the weight of existing knuckle
component by 11% while meeting'the strength requirement, with limited design space given with or without change in material
properties.

3. MECHANICAL TESTING
3.1 LIST OF TEST CONDUCTED
1. Tensile test
2. Impact test
3. Hardness test
3.2 ROCK WELL HARDNESS TEST:
Table no: 0¥ MILD STEEL

SPECIMAN APPLIED LOAD ROCKWELL HARDNESS MEAN
NUMBER
TRIALA | TRIALB | TRIALC
MS steel 150 101 104 101 102HRC
Mild steel & nickel 150 110 132 146 129.33
Mild steel =102HRC

Mild steel & nickel =129.33HRC

Tableno: 02 : MILD STEEL'AND MILD STEEL & NICKEL

TESTS MILD STEEL MILD STEEL &NICKEL
Brinell Hardness Test 26.21 BHN 25.90 BHN
Izod Impact Test 1.22 Jimm? 3.83 J/mm?
Charpy Test 1.35 J/imm?2 4.18 J/mm?2

Table no: 03 Tensile test

Yield Yield stress | Ultimate Ultimate Breaking % of Strain Young’s
Material point (N/mm2) Point stress Point Area module
(KN) (KN) (N/mm?) (KN) (E)
Mild steel 17 216.56 19.8 252.20 25 52.75 0.145 5277.23
Mild steel
&Nickel 20 254.6 28 356.55 34 64 0.113 11860.7
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4. MATERIAL TREATMENT
4.1Heat treatment on Mild steel
The heat treatment includes heating and cooling operations or the sequence of two or more such operations applied to any material
in order to modify its metallurgical structure and alter its physical, mechanical and chemical properties. Usually it consists of heating
the material to some specific temperature, holding at this temperature for a definite period and cooling to room temperature or below
with a definite rate. Annealing, Normalizing, Hardening and Tempering are the four widely used heat treatment processes that affect
the structure and properties, and are assigned to meet the specific requirements from the semi-fabricated and finished components.
Steels being the most widely used materials in major engineering fabrications undergo various heat treatment cycles depending on
the requirements. Also aluminum and nickel alloys are exposed to heat treatment for enhancement of properties.
4.1.1Annealing

Annealing refers to a wide group of heat treatment processes and is performed primarily for homogenization, recrystallization
or relief of residual stress in typical cold worked or welded components. Depending upon the temperature conditions under which
it is performed, annealing eliminates chemical or physical non-homogeneity produced of phase transformations.
Types of annealing

1. full annealing

2. Isothermal annealing

3. Spheroidise annealing

4. Recrystallization annealing
5 Stress relief annealing.

Full annealing (conventional annealing)
Full annealing process consists of three steps. First stép is heating the steel component to above (upper critical temperature for
ferrite) temperature for hypoeutectoid steels and above (lower critical temperature) temperature for hypereutectoid steels by 30-

SOOC. The second step is holding the steel component at this temperature for a definite holding (soaking) period of at least 20
minutes per cm of the thick section to assure equalization of temperature throughout the cross-section of the component and
complete austenization. Final step is to coal the hot steel component to room temperature. slowly in the furnace, which is also called
as furnace cooling. The full annealing.is used to relieve the internal stresses induced due to cold working, welding, etc, to reduce
hardness and increase ductility, to refine the grain structure, to makeithe material homogenous.in respect of chemical composition,
to increase uniformity of phase distribution, and to increase machinability.

5. PROBLEM IDENTIFICATION

It has been seen from the knuckle producers that weight lessening and propelled materials are the genuine requirement for the
present vehicle industry. The steeringsknuckle represents most extreme measure of weight:of-all suspension parts, which requires
high need of weight decrease. Under working condition is subjectedto element powers transmitted from strut and wheel. The weight
lessening of steering knuckle is.done to such an extent that the quality, firmness and life cycle execution of the steering knuckle are
fulfilled. Topology advancement is completed to deliver lighter, less costly and more effective steering knuckle that displays exact
measurements, unnecessary machining and requires less part handling.

Because of its huge volume generation, it is just intelligent that improvement of the steering knuckle for its weight or volume will
bring about substantial scale reserve funds. It can accomplishthe target of decreasing the heaviness of the vehicle part, in this way
lessening idleness loads, diminishing=vehiclesweight and enhancing vehicle execution and fuel economy. So considering car
improvement and significance of relative angle, for example, fuel utilization, weight, riding quality, and taking care of, subsequently
advancement of new material is vital in the vehicle.industry. Mass or weight decrease is getting to be distinctly vital issue in auto
fabricating industry. Weight diminishment will give significant effect to fuel'efficiency, endeavors to lessen emanations and hence,
spare environment. Weight can be a few sorts of mechanical changes, for example, propels in materials, outline and investigation
strategies, manufacture procedures and streamlining systems, and so forth.

6. DESIGN OF STEERING KNUCKLE

CREO model of steering knuckle component was made in 3D modeling software Creo 2.0. It consists of Stub hole Brake Caliper
mounting points, Steering tie-rod mounting, Suspension upper arm mounting and Suspension lower arm mounting. Steering knuckle
component design mainly depends on suspension system geometry and steering geometry. The design also needs to follow the
criteria and regulations, which the size should be mainly depends on suspension system. Connection to the tie rod, suspension upper
arm and suspension lower arm. Therefore the design needs to be stressed on these three connections, as well as one side of connectors
where brake caliper mounting is attached. The shape and size of steering knuckle component depends upon the vehicle weight
because vertical load of the vehicle is directly act on it and hence the steering knuckle component subjected to power thrust from
tie rod to the stub axle and hence it must be strong and inflexible in nature.
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Fig no: 02 DESIGN:OFSTEERING KNUCKLE

steering knuckis

7. DESIGN METHODOLOGY

7.1 ANALYTICAL EVALUATIONS
Digitizing steering knuckle geometry
Stress (FEA) Analysis

Modal Analysis

7.2 STEPS INVOLVED IN METHODOLOGY

Step 1: Modelling of steering knuckle using 3D modelling CREOSoftware.
Step 2: Finite element modelling of the steering knuckle.

Step 3: Analysis of steering knuckle using ANYSY WORKBENCH software.
i Element selection.

ii. Discretization

iii. Mesh generation.

Step 4: Finite element stress analysis.

Step 5: Modal analysis.

7.3 PROCEDURE FOR A STATIC ANALYSIS
1. Units

2. Model

Geometry
KNUCKLE
Coordinate Systems
Remote Points
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Moment - Remote Point
Mesh
3. Static Structural
Analysis Settings
Loads
Solution
Solution Information
Results

4. Material Data
Mild steel
Mild steel & Nickel
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8. MESHING
CREO Model of steering

into an ANSYSWORKBE ’ 0 3 : ave default mesh control. There
are we can used smartmesh ne m i k onverted into STEP file. This
model is imported int( i i s i

quality of mesh fine el

Nodes 18774
Elements 10295
Mesh Metric None
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ig: 04 Meshing

9. LOAD APPLICATION FOR STEERIN NUCKLE
9.1 LOAD CALCULATIONS ON NODES
To observe maximum stress produce into‘steering knuckle, model is subjected to ex e conditions and static analysis is carried
out in Midas. Steering force from tie rod to steering knuckle was analytically calculated andiapplied to knuckle with its self-weight.
Table no: 06 loading condition
LOADING CONDITION
Braking/Force 1.5mg
Lateral Force 1.5mg
ng Force 45-50N

mg

If the knuckle is desig aking force acting on it produced moment. This calculated as,

Braking force =1

For calculation braking

Perpendicular distance m sidered).

Moment = Braking for pendicular dista

This moment is acting on steering knuckle whe

perpendicular to each other. Thus the resultant force

F =VX2+Y2+22

X =Y =3mg =3x310x9.81=9123.3 N

Z =1mg=1x310x9.81=3441.1 N

F =+(9123.3)2 + (9123.3)2 + (3041.1)2 F =13255.84
Table: 07 Load applied on knuckle

4561.65%94 = 422875.1
oreakcaliper is mounte
iven by,

(for one wheel)
ince all loads act in X, Y and Z direction are

LOAD APPLIED ON KNUCKLE
Node Description Load
A Steering Force 50 N
B Force 9123.8 N
C Force 91238 N
D Moment 4.288e+005 N.mm
E Fixed support --
F Moment 4.288e+005 N.mm
G Moment 4.288e+005 N.mm
H Force 91238 N
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Fig no: 05 Static load acting of each node point
10. MATERIAL DATA

There are several materials used for manufacturin
iron. But grey cast iron mostly used. Forged
used

In my project consideration of two mater

Of steeri

5. iron (ductile iron), white cast iron and grey cast

nuckle such a
i is application. For this Ferrite ductile iron is

ere are Mild stee ild steel +nickel.
Table no: 08 Material data

S.NO DATA MILD.STEE -~ LD STEEL &NICKEL
1 Density, 8.7421e-006 @ 3 816 e-006 kg mm~-3
2 Coefficient of Ther i 7.2e+00 e+006 C -1
3 Reference Tempe 22C 1 1C
4 ung's Mod ’ 2.1e+005 MPa. .| = 2.1e+005 MPa
5 on's Ra e 0.3 0.29
6 BulkModulus [ T 1.75e+005 MPa 1.55e+005 MPa
7 adulus 80769 MPa 81769 MPa
8 Yield Strength E 216.56 MPa 254.6 MPa
9 essive Yield Strength 135 MPa 155 MPa
10 Ultimate Strength 252 MPa 356.6 MPa
11. ANALYSIS

ne in ANSYS Workbench 15.0
ing to project we assume a

The analysis of steerin ponent
was determine from va search paper. Acce

required load of steering knuckle component
age weight of vehicles is 1240 kg. The weight are
directly acted on all the four knuckle. Thus the weight of vehicles acted on one wheel is 310 kg. Thus the average weight of vehicles
acted on each wheel is 310 x 9.81 = 3041.1 N. There are various forcesact on this such as braking force, moment, lateral force,
steering force as well as loads on knuckle hub in X, Y and Z directions The various analysis results are shown in figures which are
given below:

11.1 ANALYSIS OF MILD STEEL MATERIAL

=956

s==
—O. 67715 Miin

SO 00 i <¢
i
45 00 e

Figno: 06  Directional Deformation of the mild steel about X axis
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-0.093401
-0.13735
-0.18129 Min

45.00

Fig no: 07 Directional Deformation of the mild steel aba

114
-1.359
-1.6036
-1.8482 Min

Fig no: 08 Direction
In the above diagram r

4304.7 mm™4
Moment of Inertia Ip2 8734.4 mm™4
Moment of Inertia 1p3 | 6131.4 mm™4

S0,00 amrm> <¢
>

as5. 00

Fig no: 09 Total deformation of the steering knuckle in mild steel material
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A: Static Structural
Equivalent Elastic Strain
Tvpe: Equivalent Elastic Strain
Unit: mmfmm
Time: 1

15-02-19 6:24 Pha

0.026808 Max
02383
-0zos51
017872
014894
011915
-00S9362
0059575
00297 sSs
1.5652e-7 Min

o e e

QDiDD D <-
Fig no: 10 Equlvalent Elastic strain

Referring to the analysis results, the maximum stress on all thexdesign are far below the material yield strength and very less
deflection under the assigned loads.

A: Static Structural
mMaximum Principal Elastic Strain
Tvpe: Maximum Principal Elastic Strain
Unit: mmfmm
Time: 1

15-02-19 6:24 P

0.021241 Max
018881
016521
014161
011201
0094407
0070205
0047203
0023602
3.4597e-8 Min

i e R R v

90.00 {mirm)
1

Fig no:11 Maximum Principle Elastic Strain

A: Static Structural
Equivalent Stress
Type: Equivalent {(von-hises) Stress
Unit: MPa

Time: 1

15-02-19 6:34 Ph

4467.6 Max
3971.2

34748

2978 .4

24382

19856

14892

9928

496.41
0.0095493 Min

90.00 {mm) <~
]
45.00 %

Figno: 12 Equlvanlent (Von-Mises) stress
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B63.238
42158
21.078

4.705e-8 Min

S
1
45.00 =

Fig no: 13  Strain Energy
11.2 ANALYSIS OFMILD STEEL & NICKEL MATERIAL

=
45.00 -

no: 14 Total Deformation Mild steel & nickel Matrial

0037399
-0.087334
-0.21207
-0.3368

-0.46154
-0.53627
-0.711 Min

z
45.00 -

Fig no: 15 Directional Deformation of Mild steel & nickel Material about X axis
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» 0.223493 Max
oi1re7e

| 013264

| | o.ossagg

-0.0057862
-0.051929
-0.089=2071
-0.144a421
-0.19036 Min

S0.00 gmimd

Figno:16 Directional Deformation of Mild steel & nickel Material about Y axis
Table no: 10 Property:of mild steel & nickel

Volume 2.6759e+005 mm?3
Mass 2.0914 kg
Centroid X -15.474 mm
Centroid Y -1.9287 mm
Centroid Z =1:6228 mm
Moment of Inertia Ip1 3942.8. mm™4
Moment of Inertia Ip2 8000 “ mm"4
Moment of Inertia Ip3 5615.8 mm~4

1. 64354e-7 Min

= \4\‘ =
45 00 T -

Fig no: 17 Equivalent Elastic Strain Mild steel & nickel material

- 1467.6 Max
2971.2
34748
zg7s.a
| zas=
1 195358
1as9 2
agz.8
1496 41
0.0095493 Min

S0.00 i

Fig no: 18 Von-Mises stress
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Strain Eneray
Type: Strain Energy
Unit:

4.93403e-8 Min

80.00 (mmd 0—~£. iz

Figno: 19  Strain Energy
12. RESULT
The following table represents the various results obtained in‘the base,model, modified model of Mild steel and Mild steel&
Nickel.
Table no: 11 Result

Parameter MILD STEEL MILD STEEL
&NICKEL

Total Deformation 0.18643 0.19575

Directional Deformation 0.392 0.4116 mm

Von-Mises stress 4467.6 MPa 4467.6 MPa

Strain Energy 189.71 mJ 199.2 mJ

WEIGHT 2.3408 Kg 2.0914 kg

Percentage of weight reduction’=(Existing-Optimum) / Existing
= (2.3408-2.0914) / 2,3408
=0.1065%x100
Total percentage of weight reduction = 10.65 %
The result show that the mild steel.and nickel compasite could be better material for knuckle than mild steel.

Von-Mises Stress

10000 44676
. 9000 3971.2
2 8000
'_
g 7000 2978.4
[0
‘E 6000 2482
4467.6
g 5000 3971.2
é 4000 2978.4
£ 2482
S 3000
% 2000 496.47
1000 49641
0.0095493  0.0095493
0
0 10 20 30 40 50 60
Series2 0.0095493 = 0.0095493  496.41 2482 2978.4 3971.2 4467.6
Series] 0.0095493 = 0.0095493  496.41 2482 2978.4 3971.2 4467.6
time
Series1 Series2

Fig no: 20 Von-Mises Stress
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weight reduction ratio

2.4 2.3408
= 2.3
X
c 22
= 2.0914
S 2.1
[«5)
= 2
1.9 . . .
mild steel mild steel &nickel
o 2.3408 2.0914
Axis Title
Fig no: 21 total weight reduction ratio
Directional Deformation mild steel

2
<@ 1
= 0 \:
= -1
: 3 —
-8 Column2 Column3 Column4 Column5 Columné Column?7 Column8
©
Lhz axis 0.35342 0.10879 -0.13584 -0.38046 -0.62509 -0.86972 -1.8482
‘g—y axis 0.21422 0.17027 0.08238 0.038435 -0.0055106 | -0.149456 -0.18139
E:’—X axis 0.394 0.27321 0.15441 0.0356175 = -0.083175 -0.20197 -0.67715

tme

— X XS —\ axis 7 gxis

s o=

e
Directional Deformation mild steel & nickel

Fig no:22 Directiona

1
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og — e ————
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15

2
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

=@ X axis -0.711 '-0.58627 -0.46154 -0.3368 -0.21207 -0.08733 0.03374 0.16213 0.28687 0.4116
—e— 1 axis 019036 -0.1421 -0.09807 -0.05192 -0.00579 0.040356 0.086499 013264 0.17878 0.22493
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Fig no: 23 Directional defamation of Mild steel &Nickel
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Total Deformation

- 5

o 4

S 3

e 2

S

= 0

% 100 200 300 400 500 600 700 800 900 1000
mild steel & nickel 0 0.21750.435010.652510.87002 1.0875 1.305 1.5225 1.74 1.9575
mild steel 0 0.207150.414290.621440.82859 1.0357 1.2429 1.45 1.6572 1.8643

time
mild steel mild steel & nickel

Fig no: 24 total deformation of two materials

CONCLUSION

The steering knuckle has been modeled and analysed using /ANSYS WORKBENCH 15.0. The multiaxial force acting on the
suspension component was analysis for three load:€ase. To study effect of force a ANSYS model of steering knuckle geometry was
developed and analyszed two material, mild steel& nickel, cast iron .To various parameter such as total deformation, directional
deformation, maximum principal stress and maximum shear stress completely analyzed. The study steering knuckle joint component
give the small change in directional deformation and reduce the overall weight of the vehicle. The result show that the mild steel
and nickel composite could be better material for knuckle than mild steel.
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