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Abstract— Cranes are having very wide application in 

material lifting and material handling requirements. Cranes 

are widely used in the heavy industries as well as heavy 

construction sites and for road side assistance. Many types of 

cranes are available, different mechanism have been used for 

building a crane. Most commonly used mechanism is a 

simple four bar mechanism. This project deals with the design 

and analysis of 5tonne capacity crane by using CAD and 

Analysis software. To determine the stress and displacement 

we will perform static analysis. This project is very much 

useful for designing a crane using four bar mechanism as per 

the customer requirement. This project involves the designing 

and analyzing of crawler telescopic crane for limited weight 

lifting capacity of 5 ton. This involved gathering of functional 

and structural requirements of crawler telescopic crane from 

the resources available, Design Calculations, CAD model 

generation, Finite element analysis. By performing Finite 

Element analysis with Linear static conditions with 5 ton 

Weight at extreme extended position, maximum 

displacement of  2.1 mm and maximum stress of 159 MPa 

obtained in Design of smaller boom. This maximum stress is 

observed in frame structure where structure material (AS3679 

grade 350) has yield stress of 330 Mpa. As the displacement 

obtained in the assembly are very less, maximum stresses 

should be considered for the result comparison. It can be 

concluded that a linear static analysis of crawler crane is 

performed with the following boundary conditions. (Mother 

boom is constraint in all the directions at pin joint location 

and hydraulic connections and force due to 5 ton load is 

applied on smaller boom at hook location) are safe as 

maximum stresses obtained are well within the yield stress of 

crane material (ss 320) with factor of safety 2. 
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I. INTRODUCTION 

Material Handling involves short-distance movement within 

the confines of a building and a transportation vehicle. It 

utilizes a wide range of manual, semi-automated, and 

automated equipment and includes consideration of the 

protection, storage, and control of material throughout their 

manufacturing, warehousing, distribution, and disposal. 

There are two types of material handling  

 Manual Handling- Manual handling refers to the use of a 

workers hands to move individual items by lifting, 

lowering, filling, emptying, or carrying them. 

 Automated Handling- Whenever technically and 

economically feasible, equipment can be used to reduce 

and sometimes replace the need to manually handle 

material. 

 Crane and hoisting machine are used for lifting 

heavy loads and transferring them from one place to another. 

A crane is a lifting machine, generally equipped with a winder 

(also called a wire rope drum), wire ropes or chains and 

sheaves that can be used both to lift and lower materials and 

to move them horizontally. It uses one or more simple 

machines to create mechanical advantage and thus move 

loads beyond the normal capability of a human. Cranes are 

commonly employed in the transport industry for the loading 

and unloading of freight, in the construction industry for the 

movement of materials and in the manufacturing industry for 

the assembling of heavy equipment.  

 Different varieties of crane exist. Broughton [1958] 

grouped all cranes into four main categories which remain 

applicable today, namely: 

 Overhead travelling - fixed rails lying on one or two 

elevated girders with a trolley or crane bridge (with hoisting 

apparatus) that can transverse the length of the rails. 

 Jib - usually consists of an inclined member that can 

rotate about a central point and suspends the load from the 

outer end of the inclined member. 

 Gantry - A girder, or girders, connected to vertical 

members which are either fixed or move along tracks at the 

base of the vertical member. The hoisting equipment can 

usually transverse the bridge girder, or girders. 

 Cantilever or tower - A vertical mast with a 

horizontal cantilever that rotates horizontally around the 

vertical member. The trolley and hoisting equipment move 

along the horizontal cantilever.   

A. Basic Components of Cranes: 

 
Fig. 1.1: Basic crane parts 

1) Crawler: To move the crane (creep) in the work area by 

means of a motor rotating tram tracks on his sprocket. 

2) Superstructure: The crane Paddle 

Wheel, control room operator, or where other 

equipment. 

3) Counterweight: The weights used to balance the 

load and a heavy crane to provide stability during 

lifting.  

4) Additional Counterweight: Weight 

of additional (optional) to balance the load and a 

heavy crane. 
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5) Jib: additional extension boom attached to the point 

of giving additional boom length for lifting specified. 

6) Mast: The place to 

proper rope or wire balancer cranes, hoists, and pulley. 

7) Pulley: To play the part of the hook so that it can be 

raised or lowered. 

II. DATA ACCUMULATION 

Details Existing Crane with 4.9 Ton capacity at 2.1m working 

radius 

“HITACHI EX75URT-5” 

 
Table 2.1: Specification of “HITACHI EX75URT-5” 

 
Fig 2.1: “HITACHI EX75URT-5” 

 
Fig 2.2: “HITACHI EX75URT-5” 

 
Fig. 2.3: HITACHI EX%URT-5 accessibility chart 



Design and Analysis of 5 Ton Crane 

 (IJSRD/Vol. 7/Issue 01/2019/029) 

 

 All rights reserved by www.ijsrd.com 114 

III. CAD MODELING 

 
Fig. 3.1: Isometric view of CAD model of 5 ton crane 

 
Fig. 3.2: Side view of CAD model of 5 ton crane 

 
Fig. 3.3: Top view of CAD model of 5 ton crane 

 
Fig. 3.4: Front view of CAD model of 5 ton crane 
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Fig. 3.5: Cad model of smaller boom and lifting mechanism 

 
Fig. 3.6: CAD Model of boom and lifting mechanism 

 
Fig. 3.7: CAD Model of second boom 

 

 
Fig. 3.8: CAD Model of Third boom 

 
Fig. 3.9: CAD Model of Fourth boom 

 
Fig. 3.10: CAD Model of Fifth boom 

 
Fig. 3.11: CAD Model of Mother boom 
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IV. FINITE ELEMENT ANALYSIS: 

Linear Static analysis is performed using above mentioned 

boundary conditions: 

 
Fig. 4.1: Maximum Displacement obtained is 2.1 mm 

represented as red region in above contour image 

 
Fig. 4.2: Maximum Displacement obtained is 2.1 mm 

represented as red region in smaller boom 

 
Fig. 4.3: Maximum Displacement obtained is 1.19 mm 

represented as red region in Second boom 

 
Fig. 4.4: Maximum Displacement obtained is 0.617 mm 

represented as red region in Third boom 

 
Fig. 4.5: Maximum Displacement obtained is 0.125 mm 

represented as red region in Fourth boom 

 
Fig. 4.6: Maximum Displacement obtained is 0.125 mm 

represented as red region in Fifth boom 
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Fig. 4.7: Maximum Displacement obtained is 0.037 mm 

represented as red region in Mother boom 

 
Fig. 4.8: Maximum Stress obtained is 159 MPa represented 

as red region in above contour image 

 
Fig. 4.9: Maximum Stress obtained is 159 MPa represented 

as red region in smaller boom 

 
Fig. 4.10: Maximum Stress obtained is 131 MPa represented 

as red region in Second boom 

 
Fig. 4.11: Maximum Stress obtained is 66 MPa represented 

as red region in Third boom 

 
Fig. 4.12: Maximum Stress obtained is 64.6 MPa 

represented as red region in Fourth boom 
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Fig. 4.13: Maximum Stress obtained is 47.1 MPa 

represented as red region in Fifth boom 

 
Fig. 4.14: Maximum Stress obtained is 59.5 MPa 

represented as red region in Mother boom 

Member Stress Displacement 

Assembly 159 MPa 2.1 mm 

Smaller Boom 159 MPa 2.1 mm 

Second Boom 131MPa 1.19 mm 

Third Boom 66 MPa 0.617 mm 

Fourth Boom 64.6 MPa 0.125 mm 

Fifth Boom 47.1 MPa 0.125 mm 

Mother Boom 59.5 MPa 0.037 mm 

Table 4.1: FEA Results 

V. RESULT DISCUSSION: 

A Finite Element analysis is carried out on crawler crane by 

applying 5 ton load at extreme extended position, as 

designing extreme critical position will lead safe design in 

non-critical positions. 

 By performing Finite Element analysis with Linear 

static conditions with 5 ton Weight at extreme extended 

position, maximum displacement of  2.1 mm and maximum 

stress of 159 MPa obtained in Design of smaller boom. 

 This maximum stress is observed in frame structure 

where structure material (AS3679 grade 350) has yield stress 

of 330 Mpa. As the displacement obtained in the assembly 

are very less, maximum stresses should be considered for the 

result comparison. 

 From the results of Finite element analysis it is seen 

that maximum stress 159 MPa present in the structure are 

concentrated to very small region. And allowable yield stress 

for material is 330 MPa. 

 With this result discussion it is seen that maximum 

stresses obtained are nearly half of the material yield stress, 

Hence the design is said to be safe with factor of safety 2. 

 
Table 5.1: Material properties (AS3679 grade 350) 

VI. CONCLUSION 

The purpose of this research is to obtain optimal design for 

crawler crane for 5 ton weight lifting capacity. A typical 

Crawler crane with same size is available for 4.9 ton weight 

lift capacity. 

 On the basis of objective, data accumulated and 

design calculations the CAD model of the Crawler telescopic 

crane designed using Solidworks. After CAD modelling the 

Finite Element Modelling and Finite Element Analysis was 

carried out by using HYPERMESH and Nastran to validate 

the Designed CAD model. The linear static analysis results 

for extreme critical extended position shows that the stresses 

are well within the safe limit, hence the design is safe. 

 It can be concluded that a linear static analysis of 

crawler crane is performed with the following boundary 

conditions. (Mother boom is constraint in all the directions at 

pin joint location and hydraulic connections and force due to 

5 ton load is applied on smaller boom at hook location) are 

safe as maximum stresses obtained are well within the yield 

stress of crane material (ss 320) with factor of safety 2. 
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