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Abstract— For light duty construction work, generally mini 

hydraulic backhoe excavators are used and mostly there are 

soil surfaces for excavation. So, design of backhoe 

excavator is critical task in context of digging force 

developed through actuators during the digging operation. 

The important criteria for the design to be safe is that, the 

digging forces developed by actuators must be greater than 

that of the resistive forces offered by the surface to be 

excavated. The two important factors considered during 

designing an excavator arm are productivity and fuel 

consumption.  As the present mechanism used in excavator 

arm is subjected to crushing and bending stresses during 

lifting and digging operation respectively, because of which 

failure occurs frequently at the bucket end of the arm. So, 

the new mechanism of excavator arm is designed and the 

Pro-e software is used for making the 3D model of the 

excavator arm linkage. By using ANSYS workbench 

software static analysis of each of the excavator arm 

component is done at existing digging force and also at 

newly calculated digging force. Also the bucket volume is 

increased to compensate for the loss in production due to the 

reduction in digging force. Increased in bucket volume will 

also increase the amount material to be fed in the bucket. So, 

dynamic analysis is also done by applying the force acting 

when the bucket is fully filled with material. The 

comparison of proposed model with the existing model is 

done. 
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I. INTRODUCTION 

Applications for backhoe excavator in India include use as a 

utility machine at large construction sites and urban 

infrastructure projects as well as the loading of hoppers and 

trucks, trenching, the cleaning of canals and ditches, general 

excavation, solid waste management and even demolition 

and mining work. The useful task of backhoe hydraulic 

excavator is to free and/or remove surface materials such as 

soil from its original location and transfer it to another 

location by lowering the bucket, digging, pushing and/or 

pulling soil then lifting, swinging The excavation of this 

task is usually performed by a human operator who controls 

the motion of the machine manually by using the visual 

feedback provided through his or her own eyes .Typical 

hydraulic backhoe excavator linkages are shown in Figure 

14. It consists of link members: the bucket, the stick, the 

boom and the revolving superstructure (upper carriage). On 

the other hand, the work functions of the backhoe often 

overlap those of other machines such as front-end loaders, 

tractor shovel, scrapers, clamshells and draglines in 

addition, it is particularly useful for trenching foundation 

footing excavation, basement excavation and similar works. 

Normally backhoe excavators are working under worst 

working conditions. Due to severe working conditions, 

excavator parts are subjected to high loads and must work 

reliably under unpredictable working conditions. Thus, it is 

necessary for the designers to provide not only an equipment 

of maximum reliability but also of minimum weight and 

cost, keeping design safe under all loading conditions. The 

force analysis and strength analysis is important steps in the 

design of excavator parts. 

A. Configurations: 

Excavators come in a wide variety of sizes. The smaller 

ones are called a mini-excavator or compact excavator. One 

manufacturer's largest model weighs 84,980 kg (187,360 lb) 

and has a maximum bucket size of 4.5 m³ (5.9 yd³). The 

same manufacturer's smallest mini-excavator weighs 1470 

kg (3240 lb), has a maximum bucket size of 0.036 m³ (0.048 

yd³) and the width of its tracks can be adjusted to 89 cm (35 

inches). Another company makes a mini excavator that will 

fit through a doorway with tracks that can be adjusted to 

only 70 cm (28 inches) wide. 

To identify the basic pieces, the cab attaches by 

way of a pin to the deck which holds the final drives which 

have a gear that drives the tracks. The Boom attaches to the 

cab by way of a large pin. Attached to the Boom is the Stick. 

Attached to the stick are the bucket and optionally, the 

thumb. Usually 2 large hydraulic cylinders lift the boom. 

Some booms have a swivel capability so the boom can 

swing independent of the cab. The stick provides the reach 

along with the boom. Usually a model 
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same manufacturer's smallest mini-excavator weighs 1470 

kg (3240 lb), has a maximum bucket size of 0.036 m³ (0.048 

yd³) and the width of its tracks can be adjusted to 89 cm (35 

inches). Another company makes a mini excavator that will 

fit through a doorway with tracks that can be adjusted to 

only 70 cm (28 inches) wide. 

To identify the basic pieces, the cab attaches by way of a pin 

to the deck which holds the final drives which have a gear 

that drives the tracks. The Boom attaches to the cab by way 

of a large pin. Attached to the Boom is the Stick. Attached 

to the stick are the bucket and optionally, the thumb. 

Usually 2 large hydraulic cylinders lift the boom. Some 

booms have a swivel capability so the boom can swing 

independent of the cab. The stick provides the reach along 

with the boom. Usually a model of excavator have optional 

lengths of stick that enhance either reach (longer stick) or 

break-out power (shorter stick). Bucket sizes and 

configurations are used for varying purposes. A wide 

"clean-up" bucket is used in situations where too much dig 

force would make the surfaces uneven. It "cleans-up" a site 

smoothing and filling the ground. A "dig bucket" is much 

smaller and usually has teeth to break into the ground. 

Buckets have numerous shapes and sizes for various 

applications. "V-shaped" buckets can penetrate frozen 

ground. 
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B. Excavator Attachments: 

In recent years, hydraulic excavator capabilities have 

expanded far beyond excavation tasks with buckets. With 

the advent of hydraulic powered attachments such as a 

breaker, a grapple or an auger, the excavator is frequently 

used in many applications other than excavation. Many 

excavators feature quick-attach mounting systems for 

simplified attachment mounting, increasing the machine's 

utilization on the jobsite. Excavators are usually employed 

together with loaders and bulldozers. Most wheeled 

versions, and smaller, compact excavators have a small 

backfill (or dozer-) blade. This is a horizontal bulldozer-like 

blade attached to the undercarriage and is used for pushing 

removed material back into a hole. Prior to the 1990s, all 

excavators had a hangover, or "conventional" counterweight 

that hung off the rear of the machine to provide more 

digging force and lifting capacity. This became a nuisance 

in tight turn areas - the machine could not swing the second 

half of its cycle due to restricted turn radius. In the early 

1990s The Komatsu Engineering Company launched a new 

concept excavator line that did away with the "conventional" 

counterweight design, and so started building the world's 

first tight tail swing excavators (PC128, PC138, PC228, and 

PC308). These machines are now widely used though out 

the world. 

C. Material: 

The material used for Hardox 400. Hardox 400 is abrasion 

resistant steel with a nominal hardness of 400 HBW. 

Typical applications are components and structures subject 

to wear. Hardox 400 is available in thicknesses of 3 – 130 

mm. Hardox 400 is available in widths up to 3350 mm and 

lengths up to 14630 mm. For widths ≤ 1600 mm and 

thicknesses between 3 - 8 mm preferred widths are 1500 or 

1600 mm. Hardox 400 is not intended for further heat 

treatment. It has obtained its mechanical properties by 

quenching and when necessary by means of subsequent 

tempering. The properties of the delivery condition cannot 

be retained after exposure to temperatures in excess of 

250ºC. 

D. Three Dimensional Models of the Components of the 

Excavator Arm: 

The below figures are drawn in Pro-e software. These give 

the total assembly formulation of excavator attachment. 

 
Fig.1. 3-D Model of Arm-Boom Pin 

 Fig. 2: 3-D Model of Actuator-Arm Pin 

 Fig. 3: 3-D Model of Arm-Bucket Pin 

 Fig. 4: 3-D Model of Bucket 

 Fig. 5: 3-D Model of Arm 

 Fig. 6: 3-D Model of Boom 

 Fig. 7: 3-D Model of Link 

 Fig. 8: 3-D Model of Rod 

 
Fig. 9: 3-D Model of Linking 
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Fig. 10:  3-D Model of Shock Link 1 

 
 Fig. 11: 3-D Model of Shock Link 2 

 
Fig. 12: 3-D Model of Shock Link 3 

 
Fig. 13: 3-D Model of Link Assembly 

 
Fig. 14: 3-D Model of Excavator Arm Assembly 

II. PROBLEM FORMULATION 

The Excavator arm or boom is subjected to crushing and 

bending loads imposed by lifting and digging respectively. 

Because of this stress concentration is more at the bucket 

end of the arm. Failure occurs frequently because of 

torsional and bending stresses. At the bucket end, there is a 

play in the pin joint and so dislocation occurs. 

This all types of failure can be minimized or 

removed by concentrating the different failure causes and 

remedies can be discussed in proposed work. 

III. RESEARCH METHODOLOGY 

The research methodology will cover as follow – 

-Collection of failure data 

 Numerical calculation 

 Validation of work with reference work of existing 

Excavator arm.  

 Computational analysis using ANSYS 

 Validation of results with newly design excavator 

arm by ANSYS with numerical analysis. 

 Conclusion. 
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