
IOP Conference Series: Materials
Science and Engineering

     

PAPER • OPEN ACCESS

Reliability Modeling of Double Beam Bridge Crane
To cite this article: Zhu Han et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 362 012028

 

View the article online for updates and enhancements.

You may also like
Effect of temperature on natural
frequencies of bridge structure of
metallurgical crane
L Zhao and H Jin

-

Effect of Transverse Damage on
Transverse Load Distribution of Bridge
Side Beam under Moving Load
Wei Qiang Du

-

Codimension-two bifurcation of axial
loaded beam bridge subjected to an
infinite series of moving loads
Xin-Wei Yang,  , Rui-Lan Tian et al.

-

This content was downloaded from IP address 18.119.104.238 on 04/05/2024 at 20:12

https://doi.org/10.1088/1757-899X/362/1/012028
https://iopscience.iop.org/article/10.1088/1757-899X/1043/4/042047
https://iopscience.iop.org/article/10.1088/1757-899X/1043/4/042047
https://iopscience.iop.org/article/10.1088/1757-899X/1043/4/042047
https://iopscience.iop.org/article/10.1088/1755-1315/580/1/012036
https://iopscience.iop.org/article/10.1088/1755-1315/580/1/012036
https://iopscience.iop.org/article/10.1088/1755-1315/580/1/012036
https://iopscience.iop.org/article/10.1088/1674-1056/22/12/120502
https://iopscience.iop.org/article/10.1088/1674-1056/22/12/120502
https://iopscience.iop.org/article/10.1088/1674-1056/22/12/120502
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsuUuwyhy70Y5amjLE-zeTXZzIJxwXzlWYsMCCca_Iv4ekOpcm_r6dSqvUXwTPvLJDerwsP0zY_03JEKg8YG8GXRX9f5xz2KeaWRRR7lk-E-V0QcMcaahYXszxWnUT2wZ1O7ra_I102EYBqZvYxo37TzZ2DKX5kt0l49IzWqnUYhdkKboFWOIdGAC6c_RVjrbKQleAfmMWQnoyD-G5IsT6fELlUH-o19TWjVU-FWcj4OJ1hy1u2lYH9aBc2pgz9-klyxaHCiIA1unm4OY0hZnSn22va3LcrS2LNX2U7GPvJIY6KyTddl-llNVEyKIWtVHHj7PWt_4tbFPeUqnZ_SRMfuT6mRXw&sig=Cg0ArKJSzIMJc96ZCwi6&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890‘’“”

International Conference on Smart Engineering Materials (ICSEM 2018) IOP Publishing

IOP Conf. Series: Materials Science and Engineering 362 (2018) 012028 doi:10.1088/1757-899X/362/1/012028

1 

 

 

Reliability Modeling of Double Beam Bridge Crane 

HAN ZHU
1, a

, YIFEI TONG
1, b

, JIAHUI luan
1, c

, XIANGDONG LI
2, d*

 

 

1 Nanjing University of Science and Technology, Nanjing, China 

2 Jiangsu Province Special Equipment Safety Supervision Inspection Institute, 

Nanjing, China 

E-mail: 
a
1019632618@qq.com, 

b
tyf51129@aliyun.com,  

c
484503036@qq.com,

 d*
765801038@qq.com. 

 

 Abstract. This paper briefly described the structure of double beam bridge crane and the 

basic parameters of double beam bridge crane are defined. According to the structure and 

system division of double beam bridge crane, the reliability architecture of double beam bridge 

crane system is proposed, and the reliability mathematical model is constructed. 

1. Introduction 

Bridge crane is a large lifting equipment and widely used in business workshop, which can effectively 

reduce the labor intensity and improve work efficiency [1]. However, most of the bridge cranes 

currently used in our country are produced before the 1980s. Considering the cost of production, only 

a small amount of bridge crane was scrapped. Most of the bridge cranes entering the aging state are 

still in service. The aging problem is increasingly prominent and bringing greater risks. The key to 

solving the above problems lies in establishment of a set of effective fault detection and diagnosis 

system and reasonable risks assessment. The reliability analysis of bridge cranes is an important means 

to ensure safe and reliable operation of cranes and is also an important step to establish the fault 

detection and diagnosis system. In this paper, a double beam bridge crane is taken as the research 

object, whose reliability model is established and reliability parameters are determined. 

2. Double beam bridge crane system structure 

The double beam bridge crane (shown in Figure 1.) is composed of three parts: metal structure, 

mechanical transmission and electrical equipment.  

http://creativecommons.org/licenses/by/3.0
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Figure 1. Double beam bridge crane. 

(1) Metal structure includes bridge, trolley frame and control room. The bridge is a removable 

metal structure consisting of main beam, end beam, trolley rails and guardrail. The trolley frame is 

welded by a steel plate with lifting mechanism and car movement organization. Control room is 

suspended under the bridge and equipped with electrical control equipment for the operator to use. 

(2) In order to realize the different requirements of crane, the mechanical transmission is divided 

into lifting mechanism, trolley traveling mechanism and cart traveling mechanism. The lifting 

mechanism used to realize the lifting of the goods and installed on the upper of the trolley frame, is 

composed of motor, brake, reducer, coupling, reel and pulley. The trolley traveling mechanism drives 

the load for lateral movement, which is composed of motor, brake, coupling, reducer, wheel and drive 

shaft and other components. The cart traveling mechanism drives cart wheels running along the track 

and the trolley and goods for longitudinal movement, composed of wheel, angle shaft, reducer, 

coupling, drive shaft, brake and motor and other components. 

(3) The electrical part consists of electrical circuit and electrical equipment. 

3. The main parameters of double beam bridge crane 

The following are the main parameters of the double beam bridge crane: 

(1) Lifting capacity:   5T         10T       16/3.2T 

                  20/5T        32/5T      50/10T 

(2) Span:   10.5M       13.5M      16.5M     19.5M 

           22.5M       25.5M      28.5M     31.5M 

(3) Working conditions:  

A5 (Used for less frequent jobs such as general machining and assembly workshops). 

A6 (Used for more frequent jobs, such as auxiliary lifting in metallurgy and foundry shops). 

A7 (For busy use and hot metal lifting). 

When the weight is expressed as a fraction, the numerator indicates the main lifting weight, and the 

denominator indicates the secondary lifting weight. 

A crane with a weight of 5 or 10 tons is a single hook crane with only one set of lifting mechanism. 

16/3.2-50/10 tons of cranes have two hooks, so there are two independent lifting mechanisms. The 

main hook is used to lift heavy objects. In addition to lifting lighter objects, the auxiliary hook can also 

be used in conjunction with the main hook to turn or reverse the object in its rated load range. But it 

must be noted that two hooks are not allowed to simultaneously ascend two objects. When two hooks 

work together, the weight of the object must not exceed the weight of the main hook. 

4. Selection of reliability parameters of double beam bridge crane 
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In engineering, the following three reliability parameters are commonly used. 

1) Reliability 

Reliability refers to the probability of the product completing the set function under the specified 

conditions and within the specified time. 

2) Failure rate [2] 

Failure rate refers to the probability that a product has not been malfunction at a certain time and the 

failure occurs within the unit time after this time. 

3) Mean time between failures (MTBF) [3] 

MTBF is an important reliability parameter for repairable products. The repairable product occurs N0 

failures in use, after each repair to continue to use, the continuous working time (i.e. the time between 

failures) is
01 2, , , , ,i Nt t t t      , and the observed value of MTBF is 

0

10 0

1
N

i

i

T
MTBF t

N N

          

 (1) 

where, T is the total working time of the product. 

Among them, the application scope of MTBF is extensive, and it is also a measure of the basic 

reliability of the repairable product, which reflects the related requirements of the product on 

maintenance resources [4]. For a repairable large mechanical equipment of double beam bridge crane, 

because the reliability of its parts and components have big difference, MTBF is selected as its 

reliability design and evaluation of reliability parameters. 

5. Establishment of reliability model for double beam bridge crane system 

When establishing the reliability model, we need to collate and analyze the failure information of the 

crane, and judge the source of the fault, so as to find the mechanism of the failure and deal with the 

fault in time. Combined with the structure of double beam bridge crane, mechanical transmission is the 

most important part of crane and the most prone to failure [5]. Therefore, the double beam bridge 

crane are divided into three important subsystems. 

 1) Lifting mechanism system 

The lifting mechanism includes motor, brake, reducer, coupling, reel and pulley group etc. 

 2) Trolley traveling mechanism system 

The trolley traveling includes motor, coupling, reducer, brake, drive shaft and wheel etc. 

 3) Cart traveling mechanism system 

The cart traveling mechanism includes motor, angle shaft, reducer, coupling, drive shaft, brake and 

wheel etc. 

It can be seen that the double beam bridge crane consists of three subsystems, and its reliability system 

can be made up of a simplified series model. The reliability diagram of the double girder bridge crane 

subsystem is shown in Figure 2. 
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Figure 2. Reliability architecture of the subsystem of double beam bridge crane. 

According to the above analysis, the reliability model of double beam bridge crane system is as 

follows: 

       L T CR t R t R t R t             

(2) 

where, R(t) is reliability of double beam bridge crane system, RL(t) is reliability of lifting mechanism 

system, RT(t) is reliability of trolley traveling mechanism system, RC(t) is reliability of cart traveling 

mechanism system. 

The reliability block diagram of the double beam bridge crane obtained by connecting the parts of 

each subsystem is shown in figure 3. 

 

Figure 3. Reliability architecture of double beam bridge crane system. 

For double beam bridge crane, the subsystem is also composed of various component. The reliability 

model of the subsystem is as follows: 

       1 2S nR t R t R t R t        

 (3) 

where, RS(t) is reliability of the crane subsystem, Ri(t) ( i =1,2,⋯,n) is reliability of part i . 
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6. Conclusion 

According to the characteristics of double beam bridge crane, the system is divided into three 

subsystems. The reliability architecture is proposed as well as its reliability model.  
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