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Abstract— With the increasing importance being given to the 

machines for carrying out the earth moving task the need for 

carrying out proper designing and finite element analysis of 

such earth moving equipment is increasing by leaps and 

bounds. As these are heavy duty equipment and many 

different kind of weld are here to dominate the strength of 

overall structure, it become utmost necessary to carry out 

various calculations for the life estimation .More over in this 

era of globalization and cut throat competition it is sufficient 

that the machine should perform satisfactory but also it is 

very important to carry out analysis to reduce the chances of 

failure. The model given was of an excavator’s arm, is 

generated by using CAD software CATIA V5, which is used 

as the input for the finite element analysis. Solid model once 

generated can be used to carry out finite element analysis on 

it. Analysis procedure consists of the following tasks to 

obtain the final results of static analysis which is used as input 

for fatigue and crack analysis. 

1) Meshing the model using suitable elements. 

2) Assigning the material properties to the meshed model. 

3) Applying the boundary constraints. 

4) Applying loads on the model. 

5) Post processing of the results to view the solution. 

Various stress plots and displacement plots are obtained as 

results. The software used to carry out the analysis is Hyper-

Mesh 8.0. For post processing of the results ABAQUS 6.8.3 

and IDEAS 9 is used. For calculation of fatigue life two 

approaches viz. Stress-life and LEFM were used. Three 

different stresses values were taken far the stress-life 

approach for life estimation. The best method is justified. For 

crack analysis the results of stress analysis were taken as 

input and the at the weld interface zone various load 

calculation and size evaluation were performed manually. 

Later the life is estimated using suitable method through 

LEFM. 

Key words: Excavator’s Arm, CATIA V5, Stress-life 

Approach, LEFM 

I. INTRODUCTION 

Welded components are most prone to fatigue failures. The 

crack initiation and early propagation at weld toes is governed 

by the local stress distribution around the weld. The demand 

of efficient methodology for calculation of fatigue life at 

these regions has increased in last decades after advent of the 

finite element analysis. Knowledge of exact behavior of crack 

propagation is necessary to determine the total life of the 

component at welded regions. Another requirement is to find 

the efficient technique for stress analysis through FEA tools. 

It is an evaluation project for the justification and 

calculation of fatigue life in welded components using 

available FEA tools in which several approaches investigated 

to find the best suitable aroach for stress analysis, fatigue-

weld simulation and crack analysis. Justification of currently 

available techniques is also needed and since practice of crack 

analysis is not performed by the company hence the 

methodology for crack analysis is to be done as well. 

II. DESCRIPTION OF THE MODEL 

It is one of the components of an excavator connected to 

boom from one end and with bucket in other end. The boom 

is attached with the help of two hydraulic cylinder one at the 

bucket cylinder bracket and other from the arm cylinder 

bracket. The bucket is attached to the arm from top boss and 

idler boss. The given model is of a short arm whose 

dimensions are 

Total length 

 
1160mm 

Top-boss 

 

90mm OD, 51mm ID,40 mm bush 

diameter 140mm height 

Supporting 

plate - 3 
Upper and lower Supporting plate 

Foot-boss 
79mm OD, 52mm ID,40 mm bush 

diameter 125mm height 

Arm cylinder 

boss 
70mm OD, 40mm ID, 15mm height 

Idler-boss 
69mm OD,47mm ID,140mm height 35 

mm bush diameter 

Bucket 

cylinder boss 

60mm OD, 35mm ID, 20mm height 35 

mm bush diameter 

Table 1: 

 
Fig. 1: Excavator’s Arm Model 

A. Problem Statement 

The excavator’s arm subjected to a variable state of loading. 

It undergoes cyclic loads during the digging-dumping process 

which is studied here ranges from high tensile and 

compressive loads and cause fatigue. Weld regions are 

severely affected and exhibit most-likely-to-fail areas. 

Accurate prediction of fatigue life demands calculation of 

exact stress distribution at these regions thus originating the 

need of weld simulation techniques for stress measurement 

and then for fatigue life assessment. Therefore it was 

necessary to investigate exact fatigue life calculation & finite 

element modeling techniques for the same. This brief 

literature survey reviews some of these aspects. 
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B. Design Philosophies 

1) Safe-Life 

In the Safe-Life philosophy products are designed to survive 

a specific design life with a chosen reserve. Calculation alone 

may be used, or there may be some testing. The design life 

will then be some fraction of the estimated life, typically 

about one fifth for safety-critical components. The penalty is 

that components have to be taken out of service when it is 

likely that they still have substantial remaining life. 

Furthermore, with the approach there is always a possibility 

that components will be very reliable and over designed. 

2) Fail-Safe 

To reduce some of this waste of useful fatigue life, and 

maintain or improve the operating safety of a component in 

the later stages of its life, the philosophy of Fail-Safe may be 

adopted. An inspection procedure to detect the failure is 

needed, and a clear definition of action to be taken following 

this inspection must be specified. 

3) Damage-Tolerant 

If a crack is found the component could be taken out of 

service immediately, but it is possible that failure is not 

imminent. We would then need information about the 

loading, how that loading affected crack growth and how big 

a crack would be needed to cause collapse. This is the basis 

of Damage-Tolerant design. 

C. Metal Fatigue & Fattigue Crack Growth 

A fatigue crack initiates and grows as part of a two-stage 

process. In the early stages a crack is seen to grow at 

approximately 45º to the direction of applied load following 

the line of maximum shear stress. After traversing two or 

three grain a boundary its direction is seen to change and it 

then propagates at approximately 90º to the direction of the 

applied load. These are known as Stage I and Stage II cracks 

and are illustrated in fig 2 

 
Fig. 2: Stage 1 & 2 Cracks 

D. Fatigue Life Prediction Methods 

1) Stress-Life or S-N Approach 

2) Strain-Life (Crack-Initiation or Critical-Location 

Approach) 

3) Linear Elastic Fracture Mechanics 

III. STATIC ANALYSIS 

The excavator’s arm experiences a static loading due to the 

digging and dumping operations. The main objective of this 

study was the static analysis of excavator’s arm to find the 

stresses at various weld locations in the same. These results 

of stress analysis will be used for the calculation of weld-

fatigue life of weld regions. 

A. Finite Element Modeling 

Finite element modeling of any solid component consists of 

geometry generation, Applying material properties, meshing 

the component, defining the boundary constraints, and 

applying the proper load type. These steps will lead to the 

stresses and displacements in the component. In this study, 

similar analysis procedures performed for the excavator’s 

arm. 

B. Geometry Generation 

The model of given dimension is generated using CATIA 

V5R17 [Fig 1] 

1) Meshed Geometry 

The meshed geometry of excavator’s arm, for first case 

(digging), is shown in fig3 having 7943 elements and, for 

second case (dumping), total no. of elements are 14744 

shown in fig 4. 

 
Fig. 3 Excavator’s Arm Meshed Geometry (Load Case 1) 

 
Fig. 4 Excavator’s Arm Meshed Geometry (Load Case 2) 

2) Parameter for Case 1 & 2 

Parameter Shell Elements Solid Elements 

Min. Angle Quad 30 40 

Max. Angle Quad 140 155 

Aspect Ratio <5 (Acceptable) <5 (Acceptable) 

 =1 (Ideal) =1 (Ideal) 

Warpage <5 (Acceptable) <35 (Acceptable) 

 =0 (Ideal) =0 (Ideal) 

Jacobian 0.7 (Acceptable) 0.7 (Acceptable) 

 =1 (Ideal) =1 (Ideal) 

Table 2: Load case I (digging) & Load case II (dumping) 

3) Boundry Condition 

Component     

 
Top 

Boss 

Idler 

Boss 

Bucket 

Cylinder Boss 

Arm Cylinder 

Boss 
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Fx(in Kgf) -560.63 -1036.36 1390.69 -9.68 

Fy(in Kgf) 
_-

769.89 
352.67 276.11 -575.73 

Table 3: 

Parameter Shell Elements Solid Elements 

   

Min. Angle Quad 30 40 

   

Max. Angle Quad 140 155 

Aspect Ratio <5 (Acceptable) <5 (Acceptable) 

 =1 (Ideal) =1 (Ideal) 

Warpage =0 =0 

Jacobian 0.7 (Acceptable) 0.7 (Acceptable) 

 =1 (Ideal) =1 (Ideal) 

Table 4: Load Case I (Digging) & Load Case (Dumping) 

4) Finite Element Analysis Result & Discussion 

Component     

 
Top 

Boss 

Idler 

Boss 

Bucket 

cylinder 

Arm 

cylinder 

   boss boss 

Fx(in Kgf) 
-

6076.43 
214.23 5063.10 -6934.68 

Fy(in Kgf) 341.12 822.26 352.52 7213.17 

Table 5: 

 
Fig. 5: Contour Plot of Minimum Principal Stress (Digging 

Case 1) 

 
Fig. 6: Contour Plot of Maximum Principal Stress (Dumping 

Case1) 

 
Fig. 7: Contour Plot of Maximum Principal Stress (Digging 

Case2) 

 
Fig. 8: Contour Plot of Minimum Principal Stress (Digging 

Case2) 

 
Fig. 9: Contour Plot of Maximum Principal Stress (Dumping 

Case2) 

 
Fig. 10: Contour Plot of Minimum Principal Stress 

(Dumping Case2) 
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IV. THEORETICAL ASSESSMENT OF FATIGUE LIFE 

A. Stress Life Approach 

The stress analysis results were carried for the computation 

of fatigue life. The fatigue exponent and fatigue coefficient 

were calculated by using Basquin’s equation. . The allowable 

stress is calculated for 4500 hours. Fatigue life estimation for 

respected regions and load cases were listed below in table 

given below. 

Location 
Case 1 

(Hours) 

Case 2 

(Hours) 

Case 3 

(Hours) 

Bottom plate with side 

plate 
1.9E 6 2.2E 6 1.9E 12 

Around foot-boss on 

doubler 
   

Plate 1.14E 8 1.7E 8 4.5E 6 

Around Bucket cylinder 

boss 
1.15E 8 4.4E 7 8.1E 6 

Table 6: Fatigue Life Estimation at Critical Locations & 

Different Load Cases 

B. Fracture Mechanics or LEFM Approach 

For fracture mechanics approach, the FEA results were 

carrying forwarded from previous static analysis. Various 

load calculations were evaluated for this cross section. Loads 

on the cross section were calculated and tabulated as below. 

Tensile Stress 38.7165MPa 

Tensile Load 232.299 N/mm 

Section Modulus 6 mm3 

Bending Load 464.598 MPa 

Length of Side-Plate 42mm 

Table 7: 

The stress intensity factors corresponding to different crack 

lengths are: 

Crack Length (mm) Stress Intensity Factor,K1 

 (MPa*mm^0.5) 

1.5 160.03 

2 210.4 

2.5 351.73 

3.0 236.63 

Table 8: 

To calculate the value of maximum crack-to-width ratio at 

instability of crack from where the crack length starts ceases 

or from where crack will arrest, a graph is plotted between the 

weight function and crack-to-width ratio. The maximum 

value of this curve is calculated using maxima function, thus 

maximum value of crack length at which it arrests is 

evaluated. The graph and equation of the curve is as follows: 

 
Fig. 11: Weight Function versus Crack-To-Width Ratio 

C. THE Result of This Analysis given below 

1) Maximum value of weighing function occurs at 0.3896. 

2) Final crack length at which the crack arrests is 2.34mm. 

3) Using Paris-Erdogen equation FRO LEFM life 

prediction, and taking Paris constant as 10E-11 and Paris 

exponent as 3 (from data table for steel). 

4) Life is 3512 cycles. 

V. CONCLUSION & FUTURE SCOPE 

A. Conclusion 

The first part has justified the current method of fatigue life 

calculation. Three different approached were applied and 

current method is found out to be best among all others. There 

is no need to change the current methodology as adopted and 

implemented by the company. Secondly a method with 

available tools is prepared to calculate the life of the 

component after onset of the crack. The life of the component 

calculated is 3512 cycles. The component will fail after 3512 

cycles. 

B. Future Scope 

The fatigue life estimation is done here using hot spot method 

without considering the effect of weld pool. Further work 

may extend to the evaluation of the fatigue life considering 

the property of heat affected zone. The weld geometry may 

also be modeled. For crack analysis various other model of 

boom and lower frames may be analysed Thermal fatigue and 

vibrational fatigue can be studied. Currently only static 

loading is considered; dynamic consideration must be applied 

in future 
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