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Design, Analysis and Optimization of Crane Hook
Model Din 15401

N. Lenin Rakesh, Nikhil Kumar Mishra and Piyush Kumar

Abstract--- Crane hook are highly liable component and are always subjected to failure due to accumulation of
large amount of stress which can eventually lead to its failure. In this paper the design of the hook is done by
analytical method and design is done for the different materials like forged steel and high tensile steel. After the
analytical method design and modeling of hook is done in modeling soft-ware (pro-E) .The modeling is done using

the design calculation from the modeling the analysis of hook is done in FEA software (ANSYS).

Keywords--- ANSYS, pro-E, Design, Analysis and Optimization.

l. INTRODUCTION
Crane hooks are the components which are generally used to lift the heavy load in industries and constructional

work. Recently, excavators having a crane-hook are widely used in construction works site. One reason is that such
an co-excavator is convenient since they can perform the conventional digging tasks as well as the suspension
works. Another reason is that there are work sites where the crane trucks for suspension work are not available
because of the narrowness of the site. In general an excavator has superior maneuverability than a crane truck. Very
few people have already worked on the optimization of crane hook. Generally material type and cross section area

and radius are design parameter that affects the weight of crane hook.
Cast iron, structural steel is generally used as manufacturing material for crane hook.

The behavior of mechanical properties of different steel grades at elevated temperatures should be well known to
understand the behavior of steel and composite structures at fire. Quite commonly simplified material models are
used to estimate e.g. the structural fire resistance of steel structures. In more advanced methods, for example in finite

element or finite strip analyses, it is important to use accurate material data to obtain reliable results.

1. FAILURE OF CRANE HOOKS
To minimize the failure of crane hook, the stress induced in it must be studied. A crane is subjected to

continuous loading and unloading. This may causes fatigue failure of the crane hook but the load cycle frequency is
very low. If a crack is developed in the crane hook, mainly at stress concentration areas, it can cause fracture of the
hook and lead to serious accidents. In ductile fracture, the crack propagates continuously and is more easily
detectable and hence preferred over brittle fracture. In brittle fracture, there is sudden propagation of the crack and

the hook fails suddenly. This type of fracture is very dangerous as it is difficult to detect.
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Bending stresses combined with tensile stresses, weakening of hook due to wear, plastic deformation due to
overloading, and excessive thermal stresses are some of the other reasons for failure. Hence continuous use of crane
hooks may increase the magnitude of these stresses and ultimately result in failure of the hook. All the above

mentioned failures may be prevented if the stress

1. METHODOLOGY ADOPTED
A virtual model of DIN 15 401 lifting hook similar to actual sample is created using pro-e software and then

model was imported to ANSYS software for Finite element stress analysis and the result of stress analysis are cross
checked with that of Winkler-Bach formula for curved beams.

IV.  PREPARATION OF CAD MODEL OF HOOK
For generation of CAD model of crane hook various geometrical features and dimensions are selected. Some

features are approximated for simplification. Pro-E Wildfire 5.0 software is used for creating solid model of hook.
Swept Bend advance feature in Pro-E is used. Complete Solid CAD model is prepared and it is saved in .igs format.

Similarly for all required cross section solid CAD model is generated.

V. OPTIMIZATION
For optimization of crane hook, the effect of few geometrical parameters is studied by changing these

parameters, like inner and outer width of the crane hook cross section. The effect on mass, displacement and stress
on crane hook by varying the inner width of the hook cross section. The other dimension during this analysis

remains unchanged.

VI. CIRCULAR CR0OSS-SECTION CRANE HOOK CREATED BY PRO-E

VII. TRAPEzOIDAL CROSS-SECTION CRANE HOOK CREATED BY PRO-E
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VIIl. ANSYS FINITE ELEMENT METHOD
ANSYS is a finite element- based tool that provides a powerful design and analysis software package. ANSYS

Mechanical software is a comprehensive FEA analysis (finite element) tool for structural analysis, including linear,
nonlinear and dynamic studies. The engineering simulation product provides a complete set of elements behaviour,
material models and equation solvers for a wide range of mechanical design problems. In addition, ANSYS
Mechanical offers thermal analysis and coupled-physics capabilities involving acoustic, piezoelectric, thermal—
structural and thermo-electric analysis. It is regarded by many researchers and engineers as a modern, accurate,

robust and visually sensible tool to provide solutions for numerous engineering and scientific problems.

1X. MESH GENERATIN BY ANSYS

X. FixXED SUPPORT APPLIED

Be+003 (mm)

XI.
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XIl. STRESS COMPARISON BETWEEN CIRCULAR HOOK AND TRAPIZODAL HOOK
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X1, STRESS COMPARISON WITH 3 DIFFERENT MATERIAL OF CRANE HOOK
Wrought Iron

Wrought iron is an iron alloy with very low carbon content with respect to cast iron. It is soft, ductile, magnetic,

and has high elasticity and tensile strength. It can be heated and reheated and worked into various shapes.

XIV. STRUCTURAL STEEL
Steels are alloys of iron and carbon, widely used in construction and other applications because of their high
tensile strengths and low costs.

XV. FORGED STEEL
This is the most common process for steels. At high temperatures, the ductility is excellent. The forging
temperature that can be used primarily depends on the steel’s carbon content. Steels with higher carbon content or
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alloying elements have lower maximum allowable forging temperatures due to their lower melting temperature.

the temperature of the steel is too high, then “burning,” or incipient grain boundary melting, of the steel can occur.

XVI. STRESS COMPARISON BETWEEN DIFFERENT MATERIALS OF HOOK
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XVIl. STRAIN COMPARISON BETWEEN DIFFERENT MATERIALS OF HOOK
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XVI1Il. DEFORMATION COMPARISON B/W DIFFERENT MATERIALS OF HOOK
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XIX. FAILURE THEORY OF VON-MISES STRESS
Von Mises stress is widely used by designers to check whether their design will withstand a given load

condition.

( )<}-
c1to,— (01 0 -
1T02 102) =2

Where, 61 =max stress
o, =min stress
oy = yield stress

FS= Factor of safety

XX.  BENEFITS OF THE DETERMINISTIC ANALYSIS

e Using the deterministic analysis, we have been able to investigate the performance of the design over
continuous ranges of the input parameters, using a limited number of simulations.

e  From the response surface, we are able to identify the key parameters really influencing the design.

e  Also, we have been able to identify several candidates for the final design. Using engineering practice helps
then to choose the final one.

e  The deterministic approach helps identify the performance that can be reached with the actual Design
(Trade Off plots)

XXI.  LIMITATION OF USE

e  Working load limit (WLL) should never be exceeded.

e Hook-blocks should be used in vertical lift only.

e Rigging blocks should be used only as in design specifications. Blocks should not be used for towing
unless specifically designed and marked for that purpose.

e  Swivels should be used in either vertical or horizontal plain only.

e  Shock or side loading should not be applied unless equipment is designed for that purpose.

e  Load should always be in seat of hook or eye. Never at point!

XXII. CONCLUSION
For the evaluation of strength and durability of machine element stress concentration factor are generally used.

In order to optimize the weight of the crane hook, the stress induced in crane hook must be studied. The review of
previous research permits to conclude that the curved beam such as crane hook needs more broad investigation since
very few articles in this field have been published yet. The study of earlier publication enables us to conclude that it
is possible to remove unwanted material where stress concentration is low and for that Finite Element Method

(FEM) is one of the most effective and powerful method for the stress analysis of the crane hook.
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