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__________________________________________________________________________________________ 

Abstract: The boom of sprayer trolley as the research object, a force analyze under the most 

dangerous working condition was made, and the thrust of each variable pitch cylinder and the 

force at the center of the hinge joint were obtained. The boom’s three-dimensional model was 

built by Pro/E and the static and modal analysis of the boom was carried out by Workbench, 

and the stress distribution and deformation of the boom under the above working condition 

were obtained. The natural frequency and vibration characteristics of the first 6 steps were 

calculated. The boom can meet the performance of the condition, which provides a reference 

for the future design and research of the boom system. 
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__________________________________________________________________________________________ 

1. INTRODUCTION 

The boom is one of the important components of the sprayer trolley. Whether its structure is 

reasonable or not will directly affect the work quality and operation stability of the sprayer 

trolley [1]. The boom not only needs to have a considerable overall structural strength and 

stiffness, but also ensures that no excessive deformation occurs during the vibration of the 

concrete conveying process and reduces the fatigue damage of the boom. Therefore, through 

the force analysis, static and modal analysis of the boom, understanding the stress distribution 

under the maximum working conditions and the natural frequency and vibration mode 

characteristics of the each boom are of great significance to the spraying operation of the 

spraying trolley. It is conducive to improving the reliability and safety of the concrete injection 

process. 

2. THE COMPOSITION OF THE BOOM OF THE SPRAYER TROLLEY 

The boom of the sprayer trolley is divided into three levels. The large-arm is used for lifting 

and lowering. The middle-arm and little-arm are folded . The little-arm has a telescopic arm. 

The large-arm and turntable and between arm and arm are connected by a hinged multi-bar 
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linkage. The entire boom is driven by a full hydraulic pressure and the folded boom can reduce 

the space. Fig. 1 is the structure diagram of the boom.  
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1. Swing base 2. Swing hydraulic motor 3. Swivel support 4. Large-arm 5. Pitching oil cylinder 

of large-arm 6. Pitching oil cylinder of middle-arm7. Middle-arm linkage 8. Middle-arm. 9. 

Pitching oil cylinder of little-arm 10. Little-arm linkage 11. Little-arm12. Telescopic arm 13. 

Sprayer 

Fig. 1 The structure diagram of the boom. 

3. FORCE ANALYSIS OF THE BOOM 

3.1 The Select of Calculation Operating Conditions  

The working state of the boom is determined by the spatial position of each arm. When each 

arm is in the horizontal deployment position, the force applied to each hinge hole of the boom 

is the largest. In this state, the force distribution of the entire boom is the most complicated. The 

maximum deformation, the bending moment is also the largest, and in the state, the boom is 

more prone to swing, especially the distal telescopic arm and the sprayer [2]. Therefore, the 

following content is mainly for the analysis and research on the state. 

3.2 Force Analysis 

The entire boom is seen as a rigid body, and the arms of each level are hinged end to end and 

connected to the turntable by large-arm. When the boom is in the horizontal unfolded state, it 

can be seen as a cantilever beam articulated on the turntable. The arms of each level are 

simplified as a gradually changing beam with a linear variation, and the equal load applied to 

the end of the fore arm and the head of the rear arm is equal. The end values of the load are: 

1 2 3 4 5q q q q q、 、 、 、 , the gravity generated by the concrete conveying pipe and its internal 

concrete is decomposed into a concentrated load 1 2 3 4F F F F、 、 、  and a torque 1 2 3 4T T T T、 、 、  

acting on the midpoint of each arm in accordance with the force translation theorem. A 

concentrated load 5F is generated at the end spray head. Due to the wind load relatively small 

compared to other loads, it can be ignored excluding [3]. Fig. 2 is the force diagram of the 

boom.  
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Fig. 2 Force diagram of the boom 

According to theoretical mechanics, the thrust of the each cylinder and the force at the hinge 

points of each arm can be derived. The values are shown in Table 1.  

Table 1. The force of each cylinder and the rotation center point 

Name Value/KN 

CF  240.87 

DF  170.97 

KF  67.21 

AyF  46.63 

AxF  233.71 

EyF  -37.07 

ExF  -168.37 

MyF  -21.7 

MxF  65.21 

4. STATIC ANALYSIS OF THE BOOM OF SPRAYER TROLLEY 

The static analysis mainly checks the strength of the components, according to the force 

analysis of the boom above, and the strength is solved by the Workbench [4-5]. Due to the large 

number of fabric arm members, only the large-arm of the boom is selected for analysis, and the 

analysis method for the other arms are the same. 

4.1 Pre-processing of the Large-arm Model 

The model simplification method used in reference 5 simplifies the boom model: the bosses 

and pins at the articulations between the boom and the turntable are omitted, the pins at the 

connection between the boom and the cylinder, and the bosses at the junction with the 

secondary arm. , small rounded corners, pins omitted. The simplified model is imported into 

ICEM and meshed. The results are shown in Fig. 3. There are 66,434 cells and 35,949 nodes in 

total. 

The large-arm model was introduced into the Workbench and the material of the large-arm is 

WELDO 900E , its yield strength is s 900 MPa  , tensile strength is 940 MPab  , elastic 
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modulus is
52.1 10 MPaE   , Poisson's ratio is =0.3 , density is

3 3=7.85 10 kg m  , and 

allowable stress is  =586 MPa . 

 

Fig. 3 The meshing diagram of the large-arm 

4.2 Finite Element Static Solution and Result Analysis 

Import the pre-processed model into the Workbench for displacement and load boundary 

conditions: In the horizontal static state, the boom has only one rotation relative to the turntable, 

that is, it limits the five degrees of freedom of the large-arm. Using the MPC constraint 

equation in the Workbench to simulate the connections between the parts for omitting the 

connection part of the simplified model. According to the force analysis of the boom in Fig.2, 

the load distribution and size of the large-arm under horizontal condition are obtained, and the 

load of the large-arm is applied to the large-arm model.  

Fig. 4 and Fig.5 are obtained by Workbench. It can be seen from Fig.4 and Fig.5 that when the 

large-arm is in the horizontal working state, the maximum stress occurs at the bending of the 

hinged end of the boom and the turntable, and the maximum value is max 205.59 MPa   

maximum. The maximum deformation occurs at the hinged end of the large-arm and the 

middle-arm, with a value of 22.215 mm. Ma Hongfeng [7] buckling test and analysis of 

concrete pump trucks
，

boom, estimated the yielding process of the pump truck, with reference 

to the analysis results, compared with the results of finite element analysis, and further using 

the Donghua 3819 static resistance strain gauge in the large, take up to 50 measurement points 

on the large-arm model for actual test. Comparing the finite element analysis results with the 

measured results of the corresponding measuring points are basically consistent with each 

other, which shows that the finite element analysis results are reasonable, and no large 

deformation occurs when the large-arm is in the horizontal working state, and the maximum 

stress value is also within the allowable stress range in the selected material. The boom can 

operate safely under this operating condition.  

 

Fig. 4 The total deformation cloud diagram             Fig. 5 The stress cloud diagram of 

of the large-arm                                                   the large-arm 
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5. MODAL ANALYSIS OF THE LARGE-ARM 

The modality is the inherent vibration characteristic of the mechanical structure. The modal 

analysis mainly studies the vibration characteristics of the system in the undamped state, which 

is mainly manifested in the natural frequency and mode shape of the system itself. Since the 

low-order frequency has a great influence on the system, the first 6 natural frequencies and 

mode shapes under the no-load condition of the large-arm structure is selected, as shown in fig. 

6 . 

 

(a) 1 mode shape                                            (b) 2 mode shape 

 

(c) 3 mode shape                                                 (d) 4 mode shape 

 

(e) 5 mode shape                                           (f) 6 mode shape 

Fig. 6 The first 6 steps natural mode schematic diagram of the large-arm 

Table 2 can be obtained through the first 6 intrinsic modal vibration modes of the large-arm. 

The vibration modes are mainly divided into horizontal and vertical oscillations, horizontal and 

vertical bending, overall structure distortion and horizontal and vertical bulging. 
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Table 2. The first 6 steps modal analysis results of the large-arm 

Step Natural frequency (Hz) Vibration mode 

1 0.513 swing 

2 0.537 lateral swing 

3 1.651 Front-end relative swing 

4 2.259 front-end swing in the same direction 

5 3.168 middle upright 

6 4.091 Overall twisting and front-end oscillating 

 

According to the review of the relevant literature, it can be seen that the pumping cylinder 

stretches from 17 times/minute to 25 times/minute, and the operating frequency of the spray 

pump truck is calculated to be 0.283 Hz to 0.42 Hz. According to Table 2, the natural 

frequencies of the first six steps modal of the large-arm are all greater than the working 

frequency of the cylinder, and the probability of resonance between the cylinder and the boom 

is small, and the threat to the boom system is not great. The deformation is easily found in the 

vibration pattern. Boom joints can be further optimized by increasing the rigidity of the joints. 

6. CONCLUSION 

Through the design of the boom of the sprayer trolley and its force analysis under the 

horizontal state conditions, the force of each cylinder's thrust and the force of each arm hinge 

are obtained. Use Pro/E to model the large-arm and import it into Workbench for static and 

modal analysis. The maximum deformation of the large-arm is 22.215mm, the maximum stress 

is 205.59 MPa  , and the first 6 natural frequencies and mode shapes are determined. The boom 

can meet the actual work requirements and provide important value for the design and research 

of the boom of the sprayer trolley. 
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