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Abstract 
Due to the complex structure, huge volume and harsh working environment of the quay 
crane, the dynamic load acting on the structure cannot be directly measured, and the 
dynamic load of the structure can only be identified by the response of the structure 
under the action of the dynamic load.  Therefore, in order to obtain the dynamic load 
status of the quay crane during the working process, a method for identifying the load of 
the quay crane based on the stress of the front girder pulling rod and the vibration 
acceleration signal of the hinge point is proposed, and the basic principle and 
implementation steps of the method are introduced. Taking a 60T quay crane in a large 
port in China as the research object, the finite element model of the quay crane is 
established and the transient analysis is carried out, the correlation between the 
acceleration at the key points and the stress of the pulling rod is calculated, the key 
variables are selected, and the quay crane is obtained by observing the changing trend 
of the curve. The corresponding relationship between the average stress of the lower rod 
and the average vibration acceleration of the hinge point under the action of the dynamic 
load, the least squares fitting is used to fit the coordinate point data formed by the two, 
and the function expression between the average stress and the average acceleration is 
obtained. and verified with actual data. This method provides a new way to indirectly 
obtain the quay crane load through vibration acceleration. 
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1. Introduction 

The quayside bridge crane (referred to as the quay crane) is an important port loading and unloading 
equipment, and its normal working status largely affects the loading and unloading efficiency of port 
containers. During the working process of the quay crane, the trolley runs on the front and rear beams 
of the quay crane at high speed and heavy load. Under the action of the dynamic load, the stress on 
the metal structure changes continuously, which will lead to the appearance of fine cracks in the metal 
structure and gradually expand, eventually leading to Fatigue failure of the structure reduces the 
service life of the quay crane. In order to reduce the cost and prolong the service life of the quay crane 
to ensure the loading and unloading efficiency of the terminal, the current modern port widely adopts 
the condition-based maintenance system based on the condition monitoring and prediction 
technology. Research on safety management has accumulated a lot of valuable data.  

The metal structure of the quay crane accounts for more than 60% of the total weight, and the upper 
structure is often subjected to changing dynamic loads. The main component to bear the load is 
pulling rod. Due to its large slenderness ratio and low stiffness, it is more prone to cause fatigue 
failure. Therefore, the information about the dynamic load plays an important role in the status 
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identification and fatigue life evaluation of the quay crane [1]. To realize the evaluation of the fatigue 
life of the quay crane, it is necessary to know the load condition of the quay crane. However, it is 
difficult to directly collect the dynamic load data of the quay crane due to the complex structure, huge 
volume and harsh working environment of the quay crane. At present, the method of finite element 
analysis is generally used in the relevant research on the fatigue life assessment of quay cranes. The 
fatigue life of quay cranes is evaluated by establishing the finite element model of the research object 
and performing transient dynamic analysis to obtain the load state of the quay crane during operation. 
Reference [2] simulated the trolley running on the girder track by establishing a finite element model 
of the quay crane, and obtained the load spectrum required for calculation according to the results of 
the transient dynamic analysis, and realized the analysis of the fatigue life of the girder in front of the 
quay crane. Reference [3] used neural network technology to obtain the load spectrum of cranes with 
different rated loads. The load spectrum obtained by these methods has a certain reference value, but 
lacks the support of measured data, and the accuracy of fatigue analysis needs to be improved. 

According to the theory of structural dynamics, it can be determined by the response of the system 
under the working load of the quay crane. For the complex structure of the quayside crane and it is 
impossible to establish an accurate system model, this paper takes a 60t quay crane in a large port in 
China as the research object. By establishing a finite element model and performing transient analysis, 
the relationship between the pulling rod stress and the vibration acceleration at the girder hinge point 
is studied. A new method for quay crane load identification based on vibration acceleration signal 
and stress signal is proposed. 

2. Basic Principles of Load Identification 

In order to establish a mathematical model to obtain the load of pulling rod, firstly use the finite 
element software ANSYS to establish a solid model and conduct transient dynamic analysis, and then 
do a correlation analysis between the vibration acceleration and the pulling rod stress at the main key 
points of the pulling rod system. Then find the variable with largest correlation. Finally, a 
mathematical model between related variables is established through theoretical analysis. 

2.1 Finite Element Analysis 

Simplified solid model is established according to the drawings of a 60t quay crane in China, and the 
units used are BEAM189, LINK180, MASS21, and PIPE288 [4]. The trolley is simplified as the 
external load acts directly on the girder. In order to further simplify the model, ignoring the effect of 
additional loads on the mechanical properties of the structure, the material density was adjusted to be 
1.5 times that of the steel [5]. The overall model of the quay crane is shown in Figure 1. 

Through the transient analysis, the pulling rod stress and the acceleration value of each key point are 
obtained over time, and the correlation between them and the pulling rod stress is calculated[6]. 

 

 
Figure 1. The model of quay crane 
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2.2 Theoretical Analysis of Pulling Rod System 

The pulling rod system is simply a statically indeterminate structure composed of pulling rods, girders 
and trapezoidal frames. There are hinge points above the contact surface between the front girders 
and the middle section of the girders to provide displacement constraints in the x-axis and y-axis 
directions, as well as lower supports.  The clockwise rotation constraint provided by the pulling rod 
and the girder joint point is affected by the tension of the pulling rod and the self-weight of the girder. 
According to Newton's second law, it can be known that the greater the load on the quay crane girder, 
the greater the acceleration reflected in the vibration response. By calculating the average stress and 
average acceleration over a period of time, the relationship between acceleration and stress can be 
established, and finally the law of quay crane load variation can be revealed through acceleration. 
The average stress σ  for a period of time is calculated as follows: 

 

σ = ∑ σ /N                               (1) 

 

In the formula: σ  is the absolute value of the incremental stress on the tie rod, and N is the number 
of sampling points in a period of time. 

The formula for calculating the average acceleration over a period of time is as follows: 

 

𝑎 = ∑ 𝑎 /𝑁                              (2) 

 

In the formula: 𝑎 is the vibration acceleration at the hinge point, and N is the number of sampling 
points in a period of time. 

Using the results of the transient analysis to draw the time series diagram of the pulling rod stress and 
the time series diagram of the vibration acceleration at the hinge point, as shown in Figure 2, it can 
be found by comparison that the two have similar fluctuation trends.  Draw the acceleration-stress 
scattergram, as shown in Figure 3, through observation, we can see that there is a linear relationship 
between the two variable, and the mathematical model between the two can be obtained by least 
squares fitting [7]. 

 

 
Figure 2. Timing diagram of acceleration and stress 
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Figure 3. Stress-Acceleration Discrete Plot 

 

The steps of the quay crane load identification method based on the vibration acceleration signal and 
the stress signal are as follows [8]: 

(1) Remove the raised state data and abnormal points in the data;  

(2) Differentiate the measured stress signal to obtain the absolute value of the stress increment;   

(3) Calculate the average stress according to the formula (1), and draw the average stress change 
curve;  

(4) Calculate the average acceleration according to the formula (2), and draw the average acceleration 
change curve;  

(5) Take the average stress increment as the ordinate, and take the average acceleration and the 
abscissa, and a scatter diagram is drawn;  

(6) According to the relationship observed between the two variable in the scatter diagram, the least 
squares method is used to obtain the fitting curve;  

(7) The average stress and the average acceleration are obtained from the fitting curve. The functional 
expression of the relationship between , and the average stress is calculated by the average 
acceleration. 

3. Research Objects and Layout of Measuring Points 

This paper takes a 60T quay crane in a large port in China as the research object, and all the data 
come from the data collected by the NetCMAS (network condition monitoring and assessment system) 
developed by the Research Center of Handling Machinery Condition Monitoring and Information 
Processing, Department of Mechanical Engineering, Shanghai Maritime University.  Since the quay 
crane has been subjected to high-speed and heavy loads for a long time, the motor load is large, the 
track impact is large, and the stress fluctuation is large. In order to effectively monitor the above-
mentioned parts, corresponding sensors are installed in each key part of the quay crane. The specific 
installation positions of the sensors are shown in Figure 4. This study only uses the data measured by 
the sensors numbered Z3V and Y3S. 
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Figure 4. Layout of the quay crane sensor 

4. Example Verification 

4.1 Signal Preprocessing 

4000 sampling points of the quay crane were selected for analysis during a certain period of time in 
2012. Since the quay crane is not affected by the dynamic load during the elevation stage, the data 
with an elevation angle greater than 20° was eliminated from the data set by MATLAB programming. 
In addition, due to the harsh working environment of the quay crane, it is affected by the background 
noise and other operating mechanisms during the signal acquisition process. The collected signals 
have certain deviations and abnormal values that need to be eliminated from the signals.  In this 
paper, the variation curve of the signal fluctuation amplitude is obtained by differentiating the original 
data, and the distribution graph is drawn by the hist function of MATLAB to find that the data 
conforms to the normal distribution.  The raw data were excluded and filled with the third quartile 
(Q3) [9]. The resulting timing diagram is shown in Figure 5. 

 

 
Figure 5. Stress signal of tie rod in quay crane 

4.2 Crane Load Identification 

According to formula (1) and formula (2), the average stress fluctuation curve and the average 
acceleration curve are obtained by calculating the selected 4000 sampling points with 100 points as 
an interval, as shown in Figure 6. Therefore, changes in mean acceleration can reveal trends in mean 
stress fluctuations. 
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Figure 6. Average stress and average acceleration 

 

Since some missing values in the last 99 calculations are filled with zeros, the average value 
calculated at the end shows a downward trend, which is obviously inconsistent with the actual change 
trend, so the last 99 points need to be removed. In order to observe the relationship between the 
average stress and the average acceleration, a scatter diagram is drawn with the average stress 
fluctuation value and the average acceleration as the abscissa and ordinate, as shown in Figure 7. 

 

 
Figure 7. Average acceleration versus average stress fit curve 

 

Observing the distribution of coordinate points in Figure 7, it can be seen that all points are 
concentrated in the vicinity of a straight line, indicating that there is a linear relationship between the 
average acceleration and the average stress.  Least-squares fitting of the data with a first-order 
polynomial can obtain the functional relationship between the average acceleration and the average 
stress: 

 

𝐹 = 10.414 ∗ 𝑋 − 0.16622                           (3) 
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In the formula: F is the average stress in a certain time interval, the unit is MPa; X is the average 
acceleration in a certain time interval, the unit is m/s². 

5. Conclusion 

In this paper, a method for identifying the load of quay cranes based on the vibration acceleration 
signal and stress signal is proposed, and the proposed method is verified by the measured data of the 
quay crane in service, and the relationship between the average stress and the average acceleration is 
successfully obtained, which verifies the feasibility of the method.  This method has practical 
significance for load classification, fatigue life assessment and condition monitoring of quay cranes. 
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