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ABSTRACT: 

If the roots of the water channel slope dig into the soil, it may cause the soil structure 

to loosen, and then increase the risk of slope landslide[1]. In this context, the design 

of a channel slope weeder that can adapt to different slopes is very important for the 

protection of the water channel slope. The weeder concept vehicle designed in this 

paper is mainly composed of four parts: drive car, frame mechanism, track 

mechanism and weeder mechanism. At the same time, the structure is analyzed by 

finite element method, and the stability and safety are analyzed by strength. The 

reference is provided for the design of the algal removal vehicle on the channel slope.  
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1.INTRODUCTION 

 
Weeding of water conveyance channel slope is an important project management measure, 
which involves many technical and environmental considerations[2]. Especially in slope 
engineering, the stability of soil is very important to the long-term operation of engineering 
structures[3]. By weeding regularly, the soil structure can be effectively prevented from being 
disturbed by the roots, and the stability of the slope and the overall project safety can be 
maintained. Secondly, slope weeding also helps to reduce soil erosion. In large-scale water 
conservancy projects such as long-distance channel water delivery, soil and water loss of slope 
will not only cause waste of soil resources, but also lead to water pollution and ecological 
environment problems. Through effective weeding measures, soil surface erosion can be 
reduced during rainfall, surface water quality can be protected, ecological balance can be 
maintained, and environmental protection concept of sustainable development can be met[4]. 
In addition, slope weeding is also an important means to improve the beauty of the project and 
management efficiency[5,15-18]. Long-term vegetation growth will not only affect the visual 



 

 

effect of the engineering facility, but also may lead to maintenance management difficulties and 
increased costs. By regularly removing weeds, you can not only beautify the engineering 
environment, but also enhance the efficiency of project management and the overall image of 
sustainable development[6,11-14]. 

2. OVERALL STRUCTURE DESIGN OF CHANNEL SLOPE WEEDER SYSTEM 
Channel slope weeder is divided into the following four mechanisms: 
1) Drive the car：  the two front wheels are responsible for steering, the two rear wheels are 
responsible for providing driving power, the overall length, width and height size is not less than: 
2000mm*700mm*700mm; 
2) Frame structure：  frame structure a single frame length of 4000mm, width of 2000mm, two 
groups of assembly can reach 8000mm; 
3) The track mechanism：  through multiple groups of track wheels drive the frame structure to 
move laterally, the overall length, width and height of the track mechanism is not less than 
2000mm*300mm*440mm, and the working slope is not less than 45°; 
4) Weeding mechanism：  the weeding mechanism is controlled by the motor, which can realize 
the adjustable height up and down, the adjustment height range is not less than 200mm, and 
the mowing diameter range of a single group of mechanisms is not less than 700mm. 
The four institutions are constructed with 40 square steel frames to ensure sufficient strength. 
The following are the four parts of the drive car, frame mechanism, track mechanism and 
weeding mechanism to introduce its design, and the strength of the frame structure to meet the 
safety requirements [19,20]. 

2.1 COMPOSITION PRINCIPLE 
As shown in Figure 1 in the working state of the slope weeding vehicle of the South-to-North 
Water Transfer channel, the weeding vehicle is mainly composed of four parts: drive car, frame 
mechanism, track mechanism and weeding mechanism. The drive car moves forward on the 
trunk road to provide power for the entire weeder. The frame mechanism is mainly composed of 
40 square steel splicing, easy to install and disassemble, and the frame mechanism and track 
mechanism are installed together, driving the frame to move horizontally along the ramp to 
complete the weeding operation. The main body of the weeding mechanism is mainly 
composed of two parts: the motor and the nylon rope. The motor drives the nylon rope to rotate 
and cut the weeds, and the height can be adjusted according to different conditions to adapt to 
different slopes. 

 
(a) Effect diagram of the working state of the weeder 



 

 

1. drive car structure 2. frame structure 3. weeding mechanism 

 

(b) Side view of the working status of the mower 
Figure 1.Overall picture of the weeder on the slope of the South-to-North Water 

Transfer channel 

2.2 STRUCTURE DESIGN OF DRIVE CAR 
The driving car is mainly composed of mechanical arm, car frame, small distribution box, light 
gasoline generator, wheels and other devices. The overall frame is composed of 40 square 
steel, the overall length, width and height are not less than: 2000mm*700mm*700mm, and the 
interior has enough space to install gasoline generators and distribution boxes and other 
supporting devices. The two front wheels of the driving car are responsible for steering, and the 
two rear wheels are responsible for driving. Two 40-square steel mechanical arms are installed 
on the upper part of the driving car model, as shown in Figure 2. 

 
Figure 2. Structure design of the drive car 

1.mechanical arm 2.car frame 3.distribution box 4.gasoline generator 5.wheels 



 

 

The overall frame of the drive car is composed of 40 square steel, the thickness of which is 
2mm. The model is shown in Figure 3. The mechanical arm on the upper part of the drive car 
and the frame structure are connected by pins, the Angle can be adjusted with the slope, and 
the three tracks and weeding mechanism are connected by lines inside the mechanical arm to 
provide continuous forward power. The distribution box controls the overall operation and the 
operation of the individual mechanism respectively, which is convenient to adapt to the different 
working states of the weeder. Considering the outdoor operation, the power needs to be 
convenient and efficient, the light gasoline generator is selected as the source of all the power 
of the whole weeder, and the 10KW open-rack gasoline generator is selected, as shown in 
Figure 4. 

 

Figure 3.Design of 40 square steel structure 

 
Figure 4.10KW open frame gasoline generator 

2.3 FRAME STRUCTURE DESIGN 
The frame structure is composed of three parts: transverse longitudinal beam, mounting plate 
and weeding mechanism installed on the frame structure[7]. The length of a single frame group 
is 4000mm, as shown in Figure 5, the width is 2000mm, and the two groups can reach 8000mm 
after assembly. Each frame mechanism and track mechanism are assembled by mounting 
plate, the size of which is 120*120*4mm. Bolts and nuts are used to fix the installation plate, as 
shown in Figure 6. The frame structure can span the entire slope, and only one way movement 
can achieve the weeding function. The main body of the frame is made of 40 square steel 
splicing, each beam is equipped with weeding mechanism, and staggered installation 
increases the weeding area. The frame mechanism and the track mechanism are installed in 
phase, which can adapt to different slopes and ensure that the frame structure will not slip. 



 

 

 
Figure 5. Assembly diagram of 4000mm frame structure 

 

Figure 6. Mounting plate 

2.4 TRACK MECHANISM DESIGN 
The main body of the track mechanism is composed of three parts: fixed frame, track wheel and 
mounting plate. The frame structure is driven by multiple groups of track wheels for lateral 
movement. The overall length, width and height of the track mechanism are not less than 
2000mm*300mm*440mm, as shown in Figure 7, and the working slope is not less than 45°. 
The main body of the fixed frame is welded by 40 square steel, and the side welded mounting 
plate can be assembled with the frame mechanism to adapt to the width of the channel slope. 

 
Figure 7. Track mechanism diagram 



 

 

2.5 DESIGN OF WEEDING MECHANISM 
The main body of the weeding mechanism is composed of two parts: motor and nylon rope. The 
height of the weeding mechanism is controlled by the top motor, which can realize the 
adjustable height up and down, and the adjustment range is not less than 100mm. The lower 
motor drives two nylon ropes to rotate at high speed to achieve weed removal. The diameter of 
the mowing range of a single group is not less than 700mm. The nylon rope is rotated by the 
motor to cut weeds, and the working height can be adjusted up and down through the motor on 
different slopes to meet the weeding work under various working conditions. The weeding 
mechanism model is shown in Figure 8. The overall cutting height of the weeding mechanism 
can be adjusted from 5-205mm, and the minimum cutting height of weeds is 5mm, as shown in 
Figure 9. 

 

Figure 8. Model of weeding mechanism 

 

Figure 9. Height diagram of weeding mechanism 

2.6 CONTROL SYSTEM 
The designed control system includes the lifting system of the weeding mechanism, the motor 
of the weeding mechanism driving the nylon rope, the internal motor of the track, the driving 
motor of the car, etc. There are two motors in each weeding mechanism, one realizes the lifting 
of the weeding mechanism as a whole, and the other drives the rotation of the nylon rope 
through the motor to achieve the pruning of weeds; The motor in the driving car and track 



 

 

controls the traveling speed, realizing the same speed of multiple wheels and realizing 
multi-wheel deviation correction. 
In this design, STM32 chip is the main control chip, and the motor control system is designed 
and developed independently, which can meet the lift and fall of 7-14 sets of weeding 
mechanism at the same time, and the rotation speed is synchronized with the rotation direction. 
At the same time, through programming, the action of the drive motor can be 
coordinated/separately controlled to ensure that the drive car and the frame structure move 
forward and backward simultaneously. 

3. STABILITY AND STRENGTH ANALYSIS OF FRAME STRUCTURE 
Because the length of the channel slope is mostly 4000-8000mm, when the two sets of 
4000mm frames are assembled together, the load and working conditions are the most severe, 
so the stability analysis and strength check of the assembled frames are carried out at this 
time[8-9]. 

3.1 STABILITY ANALYSIS 
Strength check is carried out on the two sets of 4000mm frames. After the assembly of the two 
sets of frame mechanisms, the total mass is expected to be about 120kg, the height of the 
center of gravity is about 313mm, as shown in Figure 10, and the anti-roll moment is 
1200N*0.313 m. When the external thrust is greater than 2009N at the height of 0.5 m, the 
center of gravity is in the middle. It will overturn and has excellent stability. 

 
Figure 10. Center of gravity and mass of the overall frame 

3.2 STRENGTH OF FRAME STRUCTURE 
ANSYS workbench was used to test the strength of the frame structure model[10]. Contact 
constraints were applied to the bottom of the frame. In order to verify the load-bearing capacity 
of the frame, 500N force was applied to the top of the beam frame, and 500N force in the 
horizontal direction was applied to the connection with the manipulator arm of the drive car to 
analyze the overall strength of the frame. 
Firstly, the model was meshed. The meshing method was set to hexahedral mesh, and the 
mesh size was set to 10mm, as shown in Figure 11. 

 

Figure 11 Grid division 
The number of grid nodes is 371104 and the number of grid units is 186438. 



 

 

Because the bottom of the frame is connected to the track wheel, the contact constraint is 
adopted and the standard acceleration of gravity is added. In order to verify that the structure 
has sufficient strength, 500N force is applied to the top of the beam frame, the direction is 
perpendicular to the beam frame downward, and the constraint and 500N load are applied to 
the connection of the mechanical arm of the drive car. Constraints and load application are 
shown in Figure 12. 

 

Figure 12. Adding constraints and loads 
According to the above Settings, the deformation and overall stress of the frame structure are 
analyzed. The stress-deformation cloud diagram is shown in Figure 13. 

 
(a) Stress nephogram 

 
(b) Deformation cloud image 

Figure 13. Intensity cloud image of vertical pole 
According to the stress and deformation cloud map, the maximum deformation of the frame 
structure is 7.02mm and the maximum stress is 76.275MPa, which shows that the strength 
meets the requirements and there is a large margin. 

4 CONCLUSIONS 
Slope weeding in long-distance channel water transfer project is not only a simple greening 
management, but also a comprehensive engineering measure involving project safety, 
environmental protection and social benefits. Through scientific and reasonable weeding 
program, it can effectively prevent risks, protect the ecological environment, ensure the 
long-term stable operation of the project, and provide solid and reliable technical support and 
guarantee for the allocation of water resources. 



 

 

The design of the channel slope weeder as the research object, completed the analysis of the 
design scheme, the establishment of the model, the simulation analysis under harsh conditions, 
and the stability analysis. The results show that the stability is excellent, the maximum 
deformation of the frame structure is 7.02mm and the maximum stress is 76.275MPa under bad 
working conditions, which shows that the strength meets the requirements and has a large 
margin. The design and simulation optimization results can provide reference for the overall 
scheme design of the channel slope weeder and improve its safety and economy. 
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