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Abstract— Steering Knuckle is linked with other linkages and 

supports the vertical weight of the car, hence plays major role 

in many direction control of the vehicle. It requires high 

quality, durability and precision. The main objective of this 

paper is to explore performance of the steering knuckle. This 

can be achieved by performing a detailed load analysis. 

Therefore, this study has been dealt with two steps. First part 

of the study involves the determination of loads acting on the 

steering knuckle through hand calculations. Then the stress 

analysis will be performed using analysis software and based 

on it optimization of steering knuckle will be suggested. This 

may also improve the depth knowledge of its function and 

performance in terms of durability and quality. 
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I. INTRODUCTION 

Steering knuckle is main part in any vehicle because it 

requires lots of attention in selection because once it is 

damaged then it has to be replace with the new one. Steering 

knuckle is a prominent component in car which takes the 

loads from the wheels and transfers these forces to the 

suspension system. Structural Components such as a steering 

knuckle might be strong enough to withstand a single applied 

load but has a chance to fail when subjected to a fatigue or 

dynamic loads. Depending on the vehicle and suspension 

design, the steering hub or spindle will also vary slightly. In 

the case of all front wheel drive or vehicles, the steering 

knuckle will also be the location where the power steering 

comes into play.  

 
Fig. 1: Exploded view of Knuckle joint with spindle 

The vehicle wheel mounts to the exterior portion of 

the knuckle with the help of attaching itself to a spindle or a 

hub as shown in fig.1. The suspension inboard connection and 

the tie rod will attach through the using a special mounts that 

allows  the knuckle to pivot when the steering wheel is turned.  

To put this in simpler terms, the steering knuckle holds the 

wheels in place on the vehicle and lets you change the 

direction that you are driving. 

II. PROBLEM DEFINITION 

Steering knuckle requires lots of attention in selection 

because once it is damaged then it have to replace with the 

new one. This problem can be solved by redesigning the 

steering knuckle. So, the steering knuckle can be made 

compact by integrating with spindle which helps in good 

steering capabilities and in turn saves cost. The study is 

performed to find out best possible solution & improve 

strength. The Redesign of steering knuckle is to verify by 

using customize package of ANSYS, HYPERMESH to 

perform finite element analysis. The static stress analysis is 

Perform and the results are compared with theoretical 

calculations.   

III. PROPOSED WORK 

A. Objectives: 

 Steering Knuckle is made compact by integrating with 

Spindle to improve steering capability and reduce cost 

and weight.  

 Knuckle is redesigned in CATIA V5. 

 Optimization is done to reduce the weight of knuckle. 

B. Methodology: 

 Develop CAD model and determine loads on different 

maneuvers.(fig.2) 

 Hand calculation and mathematical modelling. 

 Analytical study by using Ansys. 

 Theoretical and mathematical study to  validate results 

 Redesign to optimize result 

 Validation of all results 

 
Fig. 2: 3D drawing of steering Knuckle 
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C. Experimentation: 

The experimental analysis is to be performed so that the 

steering knuckle can be redesigned and the results are 

obtained to calculate its performance. The static stress is 

performed and the results are compared with theoretical 

analysis. Optimization is done where the stresses acting are 

less without compromising its strength. The experimental 

analysis is done on universal testing machine to analyze the 

axial and bend stress results. The result from experimental 

testing are to compare on software and the theoretical study 

and find out prediction of best solution can be conclude. 

IV. FABRICATION OF PROTOTYPE 

A prototype is fabricated for testing purpose. And modified 

Spindle portion should be fabricated. The general fabrication 

process includes following steps, 

 Selection of knuckle 

 Turning  

 Facing 

 Welding 

 Final  finishing 

1) Selection of knuckle 

Existing model is impossible to manufacture as it is forging 

component, also cost of manufacturing is so high, and hence 

it is direct purchased from market of material Forged (M.S) 

as per modified dimension with Spindle portion exactly close 

to stub hole. For spindle fabrication, first simple mild steel 

material rod is selected. It ensure that the existing material 

and modified dimension portion should having same 

material. 

2) Turning 

This operation is one of the most basic Machining Processes. 

Here, the part is rotated while a single point cutting tool by 

moving parallel to the axis of rotation. Turning can be done 

on the external surface of the part as well as internally 

(boring). The initial material is a work piece generated by 

other processes such as casting, forging, extrusion, and 

drawing. Turning is the removal of material from outer 

diameter of rotating cylindrical work piece. Turning is used 

to reduce the diameter of work piece, usually a specified 

dimension and produce a smooth finish on the metal. 

Taper turning falls into three categories such as short 

tapers of relatively obtuse angles  turned with the top-slide, 

longer tapers of a more acute angle produced either by setting 

the tailstock over or by use of a taper turning attachment, and 

internal tapers. 

There are some common methods for turning tapers 

on a lathe, 

 Off-setting the tail stock 

 Using the compound slide  

 using a taper turning attachment  

 using a form tool 

3) Facing 

In the turning work involves moving the cutting tool at right 

angles to the axis of rotation of the rotating workpiece. This 

can be performed by the cross-slide, if one is fitted, as distinct 

from the longitudinal feed (turning). It is frequently the first 

operation performed in the production of the workpiece, and 

often the last hence the phrase "ending up”. 

4) Welding 

Tungsten inert gas (TIG) welding is most commonly used to 

weld Steel (M.S) alloy. In this system, an arc is struck 

between a tungsten electrode and the workpiece to provide 

the necessary heat, while the filler rod is fed in by hand. The 

weld area is protected from atmospheric contamination by an 

inert shielding gas (argon or helium), and filler material is 

normally used, though some welds, known as autogenously 

welds. A constant current welding power supply produces 

electrical energy, which is conducted across the arc of a 

column of highly ionized metal vapors and gas known as 

plasma. This system can produce welds of higher 

metallurgical quality than any other method. In this system, 

distortion may be greater, but extremely neat concave welds 

are possible, thus reducing the stress concentrations. 

5) Model final finishing 

Once the frame is constructed some coating is needed to 

prevent it from corrosion and enhance its appearance. 

Anodizing is used for this purpose. Anodizing involves 

immersion in an acid bath, is a protective process that 

prevents corrosion by putting a tough oxide film on the 

surface of mild steel. This oxide layer may be dyed to provide 

an attractive appearance as well as protection. 

A. Final Prototype Produced: 

For experimental test on UTM necessary a proper fixture 

plate to hold the component properly. 

 
Fig. 3: Final prototype of integrated steering knuckle with 

fixture plate 

B. Experimentation: 

The experimental investigation is performed on fabricated 

prototype on universal testing machine (UTM) at Praj 

Metallurgical Lab, Kothrud, Pune. Compression test and 

axial test has been performed on the prototype of integrated 

steering knuckle produced. The input conditions are recreated 

in the lab while the component is being tested. The boundary 

and loading conditions are matching the practical working 

conditions in which the vehicle is expected to perform. An 

equivalent maximum load of 1400 N is applied on the 

prototype for testing purpose. 

1) Objective of Experimentation: 

The stress analysis of an integrated steering knuckle, which 

is employed in 4 wheeler belonging to the medium segment 

of the Indian automotive market. In the design of this kind of 
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integrated steering knuckle both the elastic characteristics and 

the fatigue strength have to be considered as significant 

aspects. In addition to this particular elastic property, as a 

result of the research effort in reducing the mass of 

components typical of the automotive industry, these springs 

have to face very high working stresses. The structural 

reliability of the steering knuckle must therefore be ensured. 

So for this purpose the static structural (stress) analysis using 

finite element method has been done in order to find out the 

detailed stress and displacement distribution of the integrated 

steering knuckle. 

The modified simple steering knuckle is 

manufactured as per the dimensions obtained at Zest 

Technology in Pune. The integrated steering knuckle stress 

and deflection is obtained and verified by software. This 

knuckle testing is Perform for finding its behavior in the 

practical application. The knuckle testing is carried out under 

atmospheric conditions. 

The parameter study is performed for the variation 

which is studied in software verification.The overall 

objective is to determine the stress and deflection with respect 

to the load variation. 

2) Components: 

The experimental set up consists of following components 

 Test component – Prototype of Integrated steering 

Knuckle. 

 Load frame - Usually consisting of two strong supports 

for the machine.  

 Load Cell- A force transducer or other means of 

measuring the load. 

 Cross head - A movable cross head (crosshead) is 

controlled to move up or down. Usually this is at a 

constant speed: sometimes called a constant rate of 

extension (CRE) machine.  

 Means of measuring extension or deformation - Many 

tests require a measure of the response of the test 

specimen to the movement of the cross head. 

Extensometer is sometimes used. 

 Output device - A means of providing the test result is 

needed. Some older machines have dial or digital 

displays and chart recorders . Many newer machines 

have a computer interface for analysis and printing. 

 Conditioning - Many tests require controlled 

conditioning (temperature, humidity, pressure, etc.). The 

machine can be in a controlled room or a special 

environmental chamber can be placed around the test 

specimen for the test. 

 Test Fixtures , specimen holding jaws, and related 

sample making equipment. 

3) Description of Machine: 

The component produced for the experimentation which is 

used for the testing. The input conditions are recreated in the 

lab while the component is being tested for performance. The 

loading and the boundary conditions will be matching the 

practical working conditions in which the vehicle is expected 

to perform. For simplicity, a Universal Testing Machine is 

engaged along with a suitable fixture for the component 

testing purposes and load cell are being used for recording the 

displacement in the component while loading. The load 

applied is 5000N which is the maximum load acting along the 

strut region. 

C. Specimen:  

1) Integrated steering knuckle  

 
Fig. 4: Experimental set up of integrated steering knuckle 

for lateral test 

 
Fig. 5: Experimental set up of integrated steering knuckle 

for longitudinal (bend) test 

D. Graphs: (Load vs. Deformation by UTM): 

 
Fig. 6: Test: Lateral force 
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Fig. 7: Test: Longitudinal force 

V.  OPTIMIZATION OF INTEGRATED STEERING KNUCKLE 

Optimization methods were developed to have lighter, less 

cost and may have better strength too. Due to high speed 

computing and software development, various optimization 

types, software technics, methods, and tools are 

available.There are four disciplines for optimization process. 

1) Topology optimization: The optimization process gives 

the optimum material layout according to the loading 

case and design space .  

2) Shape optimization: this optimization gives the the 

optimum outer dimensions and optimum fillets .  

3) Size optimization: the moto of applying this optimization 

process is to obtain the optimum thickness of the 

component.  

4) Topography: it is  shape optimizations advanced form, in 

which a design region is defined and a pattern of shape 

variable will generate the reinforcement. 

Weight reduction is done using optimization 

software Optistruct. The weight reduction is done using 

Topology optimization by meeting the strength, safety factor 

targets. And the corresponding weight reduction is analyzed. 

 
Fig. 8: Loop of topology optimization 

A. Topology Optimization Methodology: 

It uses highly advanced optimization algorithms; OptiStruct 

solves the most complex optimization problems with 

thousands of design variables in a short period of time. 

OptiStruct advanced optimization engine allows users to 

combine topology, size and shape, and topography 

optimization methods to create better and more alternative 

design proposals leading to structurally sound and 

lightweight design. Manufacturing requirements can also be 

defined as input to the simulation to create design proposals 

that are easier to interpret and to manufacture. 

Design Constraint Von-  Mises stress < 390 Mpa 

Objective Function Volume reduced 

Design Variable Density of the element 

Table 4: Topology Optimization Methodology 

 
Fig. 9: Stress 

 
Fig. 10: Displacement 

  

 
Original 

Design 

Optimized 

Design 

% 

Reduction 

Mass (kg) 3.55 3.2 9.859% 

Stress (Mpa) 454.747 328.5 27.76% 

Displacement 

(mm) 
0.796385 0.6018 24.42% 

Table 5: Optimization Result: 

VI. CONCLUDING REMARK 

By using above case studies, we can determine the working 

and design (always very tricky) front suspension system 

which also takes care of steering system attached to the same 

front wheel. The vehicle suspension system is responsible for 

the vehicle control, driving comfort and safety as the 

suspension carries the vehicle body and transmits all the 

forces between the road and the body. Based upon studies, we 

can apply boundary conditions to the model and carry out 

analysis. To determine the nature of failure caused due to 

stresses developed, analysis can be done on FEA software. 

Based on analysis optimization of steering knuckle be stated. 
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VII. CONCLUSION 

From the review of the Research papers it is concluded that 

in most of the cases steering knuckle faces a problem that 

once it is damaged it has to be replaced by other. So, here is 

a scope for us to improve. We can make a spindle that is 

integrated with steering knuckle and check for its improved 

performance.  
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