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Abstract  
King-Pin plays an important role in steering, suspension and stability mechanism of any heavy duty vehicle like 

truck, bus, containers etc. Tyre inclination angles are set with respect to King-Pin only, which directly affect 

tyre life. King-Pin is a connecting media between excel and wheel. Turning of wheels, balancing etc. are the 

important functions of King-Pin. 

 As it needs to work in tough conditions hence it is made up with tough metals like high carbon steel, 

chromium steel etc.  Still there are few issues with the life of pin and improper lubrication of King-Pin bushings 

can cause King-Pin contact points to begin to wear at the steering knuckle. You will notice signs of King-Pin 

and bushing failure from incorrect vehicle alignment, premature and uneven front tire wear, and rough 

handling. Experiencing these symptoms while driving may result in a shaking cab or steering wheel. Because of 

the potential for further damage and operator safety risks, properly diagnosing and repairing worn King-Pins, 
bushings and tie rods needs to be addressed promptly.  

 In this paper the King-Pin is to be redesigned and strength performance is to be carried out by using 

manual calculation method and CAD/CAE tools. In manual calculation method the all design parameters are 

inspected and redesign of King-Pin is done with proper designing formulas. CAD model is developed by using 

reverse engineering process and further strength performance is carried out on CAD model in CAE tool like 

ANSYS 14.5. Also the role of vibration is to be checked. By studying all generated results conclusion will be 

drawn. 
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I. HEAVY DUTY FRONT AXLE KING-PIN 

The King-Pin angle has an important effect on steering, making it tends to return to the straight ahead or 

centre position because the straight ahead position is where the suspended body of the vehicle is at its lowest 

point. Thus, the weight of the vehicle tends to rotate the wheel about the King-Pin back to this position. The 

King-Pin inclination also contributes to the scrub radius of the steered wheel, the distance between the centre of 

the tyre contact patch and where the King-Pin axis intersects the ground. If these points coincide, the scrub 

radius is zero. 

 

 
Figure 1: King-Pin Location on Hob axle and beam axle 
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Figure 1 shows the King-Pin installed in between hub axle and beam axle. Bushings are attached on the 

hub axle for the hub movement. King-Pin is fixed on beam axle and bush is attached on both sides for proper 

turning. Thrust bearing is also attached on the King-Pin which protect King-Pin from damage while sudden 

shock is imposed on wheel 

 

II. CAD MODELLING OF KING-PIN 

To prepare the CAD model of King-Pin few commands from sketcher module and part module are 
utilized. Figure 2 shows the CAD model of King-Pin, which is developed in CATIA V5R19 software. Circle, 

Rectangle, Axis etc commands from sketcher and pad, shaft, groove and fillet etc commands are utilised from 

part module. Height, Diameter, groove-depth are taken from reverse engineering process. 

 

 
Figure 2: CAD model of King-Pin 

 

III. STRUCTURAL ANALYSIS OF KINGPIN 

3.1 Discretization/Meshing refers to the process of translating the material domain of an object-based 

model into an analytical model suitable for analysis. In structural analysis, discretization may involve either of 

two basic analytical-model types. 

 

 
Figure 3: Meshed view of King-Pin 
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Table 1: Nodes and Elements 

Type of Element 3D Tetragonal 

No. of Elements 10954 

No. of Nodes 20308 

 

3.2 Material Properties Required 

Young’s Modulus, Poisson’s Ratio and Density are three most important properties we need to perform 

structural Analysis of any mechanical component. 

Table 2: Properties of 20MnCr5 for Structural Analysis. 

Property Value 

Young's Modulus (E) 2.1e5 MPA 

Poisson’s Ratio (µ) 0.285 

Density (ρ) 7865 kg/m3 

  

3.3 Boundary Conditions 
To simulate the proper physical condition, loads and fixed displacement are to be attached properly. In 

case of King-Pin, it is fixed at the centre of the pin where it actually comes in contact with axle bush. For this 

project King-Pin used in heavy duty vehicle like bus is considered. Hence the load which is to be applied on 

King-Pin is considered including thrust and torque. The total load applied in case of steering of wheel and 

torque applied is calculated by using formula, which is explained Chapter 6. Hence the Actual Boundary 

Conditions are as follows. 

 
Figure 4: Boundary Conditions applied on King-Pin for structural analysis. 

 

3.4 Steps to Perform Structural Analysis 

To perform structural analysis of King-Pin, following steps are to be performed. 

Step 1: Open ANSYS Workbench 14.5 Software and select structural analysis option 

            from analysis setting menu. 

Step 2: Set material Properties in engineering data module for King-Pin. 

Step 3: Import .igs format file of King-Pin into design modeler module. 

Step 4: Apply material property to imported King-Pin geometry. 

Step 5: Perform Meshing operation in model module. This process is also called as 

           descretization/Meshing process. 

Step 6: Apply Boundary Conditions on King-Pin. 

Step 7: Select required result type from solution menu. 
Step 8: Solve the analysis. 

Step 9: Save required Results. 

 

3.5 Structural Analysis Results 

By performing Structural Analysis following results are obtained. Figure 5 shows the total deformation 

by the application of structural load as shown in boundary conditions. It is observed that the maximum 

deformation is 0.1203 mm only. This deformation is having acceptable range. Also at the end only maximum 

deformation accurse. Remaining King-Pin body having minute deformation. 
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Figure 5: Total Deformation obtained in Structural Analysis. 

Figure 6 shows the Equivalent stresses obtained in structural analysis of the King-Pin. We have used 

20MnCr5 material and maximum stresses found at the fixed position. 300 MPA stresses are in acceptable range. 

Also the remaining King-Pin body portion is in blue colour which shows the minimum stress value. 

 

 
Figure 6: Equivalent Stresses developed in King-Pin 

 

 
Figure 7: Shear Stresses developed in King-Pin 

 

Above Figure 7 shows the shear stresses developed in King-Pin. These stresses are very less. At the centre of 

pin, where it is fixed, the maximum stresses (24MPA) accurse. 
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Figure 8: Normal Stresses developed in King-Pin 

 

Figure 8 shows the Normal stresses in structural analysis. The maximum stresses and minimum stresses 

are at the centre of the King-Pin. It has 133 MPA value. This value also has a safe limit. 
By observing all the values in structural analysis result, it is found that all values do not damage the 

King-Pin. Also the application of such load regularly will not affect the King-Pin life. 

 

IV. CONCLUSION 

By studying all results generated by analysis, it is found that the normal working load will not damage the King-

Pin. Hence King-Pin can be damaged/failed by only two conditions. 

1) Wear due to continuous running and jerks leads the scratches on the King-Pin surface which create play. 

Hence due to play King-Pin may fail. 

2) Sudden large shock or jerk will cause the failure of King-Pin. This shock will have more force which may be 

the reason of crack in King-Pin structure. 
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