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Abstract

The paper investigates a model of a double girder crane with a closed rectangular cross-section. The crane
consists of a main girder and two side beams, which allow the entire crane to move along the length of the
factory. The movable loads of the crane are represented by rail trolleys that are suspended by a pendulum. The
strength of the crane structure is analyzed using the Abaqus software, which enables the identification of
locations that are subjected to high stress and deformation. Based on the simulation results, a plan to improve
the girder structure of the crane is proposed to ensure optimal working conditions throughout its lifespan. This
study provides valuable insights into the design and performance of double girder cranes and can be used to
optimize the structural design of cranes for better efficiency and safety in industrial settings.

Keywords: Oscillation, dynamic load, simulation, double girder crane, reliability, durable, stress, strain, force,
moment, deflate.

Date of Submission: 16-05-2023 Date of acceptance: 30-05-2023

I. INTRODUCTION
1.1. INTRODUCTION

A double girder overhead crane, also known as a bridge crane, is a type of heavy-duty crane commonly
used in industrial settings for the handling of large and heavy loads. These cranes are designed to provide
maximum efficiency and versatility for a wide range of material handling applications. With its double girder
construction, it offers improved stability, increased lifting capacity, and a wider lifting span compared to single
girder cranes. The double girder overhead crane is an indispensable tool for factories, workshops, warehouses,
and other industrial facilities where the handling of heavy loads is a daily routine.

Crane is a kind of lifting equipment, which is divided into two main types: single girder crane and
double girder crane. This equipment usually consists of a system of supporting beams placed highly in the
workshop. Cranes are used in many different fields, their main use is to lift and move goods, materials and
equipment from one location to another. The two ends of the main girder are connected to the side girder, on
which the wheels and motors are located. Side girders help move the entire crane along the factory. Block-and-
tackle is mounted on the main girder to lift and move loads along the main girder [1]. Depending on the
requirements of use, people use different lifting loads and speed levels. When lifting and moving loads,
oscillations are often generated, which causes the crane to bear dynamic loads. Therefore, when designing
cranes, it is necessary to consider vibrations to ensure safety and high reliability in use.

The optimal design of the crane plays an important role in determining the appropriate size of the
structure on the basis of ensuring sufficient strength with minimal weight. Such a design reduces costs and also
has a positive impact on the crane structure. In cranes, metal structures account for 60% to 80% of the total
machine weight. Therefore, many designers are still struggling to solve the problem of reducing crane weight
but ensuring the reliability of all structures during its service life. It is very important to calculate to ensure that
the metal structure has high strength, rigidity, stability and reliability during operation. The result of this
calculation is: repair costs, dealing with downtime leading to stalled goods supply, no crane failure leading to
loss of life and equipment. In recent years, several studies have been carried out to optimize the crane structure.
Simulation solutions are considered very good for crane design analysis and evaluation. M. Bhutta, et el used
finite element analysis for design optimization of twin beam crane arm [2]. Gerdemeli et el used numerical
methods to analyze and simulate the deformation process of the crane under load [3]. Mabrouk et el studied to
improve crane design under load fluctuation by simulation method [4], some authors have focused on
optimizing structure by finite element method, tissue methods and simulate numbers as in some works [5-9].
However, these studies have not mentioned the problem of vibration leading to bearing dynamic loads of the
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crane structure when working. In addition, the vibration analysis and simulation of the crane structure under
dynamic loads to ensure continuous working for a long time is an important issue, but it is still very limited in
current studies and has not been studied for specific results for a long time. To solve these problems, we use
Abaqus software to simulate and analyze to give a better structure for double girder crane.

1.2 SIMULATION OF DYNAMIC LOAD-BEARING STATE OF DOUBLE GIRDER CRANE
1.2.1 Oscillation modeling

The hoist slides on two runway rails, the trolley frame slides on the hoist and the hook block hangs
single pendulum type heavy load. Such movements will create oscillations on the crane girder. We have built
the oscillation modeling as shown Figure 1, where A and B are sliding mount links, the force acting in this case
is a harmonic function.

F=PCos(1)
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Figure 1. The oscillation modeling

The object lifted has mass M, its load is decomposed into two components as normal load and
tangential load. When the hoist slides on the rail with speed v, the lifting body will oscillate in a simple
pendulum around the equilibrium position O by an angle a. Therefore, the force acting on beam AB will change
periodically F = Pcos(Qt).

The double girder crane assembly was modeled using SolidWorks software and subsequently imported
into Abaqus software for simulation. Figure 2 displays the model of the double girder crane.

Figure 2. Model of double girder crane
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1.2.2  Simulation of dynamic load condition
Material model
The material model imported is steel, and its parameters are presented in Table 1.

Table 1. Material model

Parameters Young’s Modulus Poison’s Ratio Mass Density

Value 2.1*1011 0.3 7800

Setting boundary conditions and loads

After analyzing the oscillator model, the boundary conditions have been established. The load is
applied as pressure. The hoist moves on the rail from point A to B at a speed of v. The values of force and
velocity parameters of the hoist slides are depicted in Figures 3 and 4, respectively.
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Figure 4. Load setting
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Il. RESULT AND DISCUSSION
Upon constructing the model, establishing the material model, boundary conditions, loads, and meshing, the
simulation was carried out. As a result, we obtained the simulation outcomes of the hoist slides running on the
crane girders, which are illustrated in Figure 5.

ODB: datb.odb  Abaqus/Explicit SDEXPERIENCE R2017x wihu May 21 14:02:40 S|

Figure 5. Simulation of hoist slides running on crane girders

The stress and strain diagrams are shown in Figures 6 and 7.
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Figure 6. Stress diagram
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Figure 7. Strain diagram

Through the diagrams shown in Figures 6 and 7, it can be seen that the stress changes continuously over
time, increasing gradually from 0 to 4 seconds. Between 4 and 5 s the stress increases most and then gradually
decreases to 0. Strain is almost non-existent at the initial 0 to 4 s interval but in the 4 to 5 s interval it is strong
deformation.

I1l. CONCLUSION
In conclusion, a dynamic model of a double girder bridge crane with varying harmonic loads has been
successfully developed and analyzed. The simulation results indicate that the stress and deformation of the crane
system continuously change over time, with the main girder experiencing maximum stress at 4.5 seconds and
strong deformation occurring between 4 to 5 seconds. This information is crucial in understanding the crane's
behavior and performance during its operation, and can aid in optimizing its design and improving its efficiency
and safety.
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