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Abstract. To solve problems of uneven growth of sprouts due to unevenness of irrigation in sprout 
production, severe waste of water resources and poor marketability, a sprout tide-type irrigation 
device has been designed. This device can guarantee sprouts demand for moisture, enable even 
growth of sprouts and improve marketability. Besides, it can realize automatic irrigation and save 
water resources, to save labor cost. The sprout tide-type irrigation device design system has been 
designed using the SolidWorks redevelopment interface and Visual Basic development platform. 
This has simplified the originally complicated design work, shortened design period and improved 
product development efficiency. It can solve the problems of sprout tide-type irrigation device 
design and material calculation. It has provided a convenient design method to users and basis for 
material purchase and manufacturing to producers. 

Introduction 
Sprouts have fresh and tender mouthfeel and contain multiple amino acids, mineral substances and 
vitamins, so they feature multiple health protection functions. Besides, they have a shorter 
production cycle, higher efficiency, less investment, fast effect but higher earnings, thus presenting 
a wide market prospect [1]. Today, in sprout production, irrigation usually adopts the sprinkling 
irrigation method, which has great loss from water leakage and evaporation, causes severe waste of 
water resources and features poor irrigation evenness, thereby to lead to unevenness of sprout 
growth and poor marketability [2]. 

The tide-type irrigation is a water-saving irrigation technology, which enables irrigation from the 
cultivation container bottom [3]. It works in the way that water or fertilizer is delivered through the 
closed pipeline to the cultivation container bottom on the tide, while on the ebb-tide, water or 
fertilizer returns through the pipeline. The filtered water or fertilizer can be reusable [4]. The 
tide-type irrigation can effectively improve water resource utilization ratio, save water, reduce the 
seedbed moisture, enhance plant growth speed and solve such problems existing in the traditional 
top irrigation as sever waste of water, uneven irrigation and too great humidity of the seedbed [5,6]. 
Currently most tide-type irrigation systems used in China are directly imported. Related research on 
this field has just started [7,8]. 

SolidWorks is excellent machine design software that can be used for designing all related 3D 
entity models and assembly models. To facilitate users' redevelopment, SolidWorks has furnished 
several hundred of API functions that work as interfaces for development languages such as Basic, 
C++ and other OLE-supporting languages and features favorable development ability and 
compatibility. Most functions of SolidWorks can be realized through calling SolidWorks API 
commands. Redevelopment can simply the originally complicated design work, shorten design 
period and enhance product development efficiency. With the SolidWorks redevelopment method, 
Guo Yi [9] developed a sprout vertical cultivation device design system, Li Weiliang [10] and et al. 
implemented parameterized design of hydraulic cylinders, Guo Ying [11] and et al. redeveloped 
parameterized modules of the housing case of the industrial flat bed sewing machine, Li Zhenhua 
[12] and et al. realized parameterized modeling of the springs for housing box of the CRH, Chen 
Tian [13] and et al. developed the metering pump fast design system, Sun Zhiyang [14] and et al. 
developed a vertical pot fast design system, and Song Qi [15] and et al. realized 3D parameterized 
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design of main parts for common roller of the conveyer. 
To solve problems in the plant growth process, a sprout tide-type irrigation device has been 

designed to realize automatic irrigation, meet water need from sprouts, realize even irrigation, 
thereby to make sprout grow evenly and improve marketability. A sprout tide-type irrigation device 
design system has also been designed, which can make 3D modeling of the device according to the 
growth scale of sprouts and also work out quantity of materials required for manufacturing the 
device. It has provided a convenient design method to users and basis for material purchase and 
manufacturing to producers. 

Overall Structure of the Sprout Tide-type Irrigation Device 
The sprout tide-type irrigation device has adopted a multi-layer vertical cultivation model to raise 
the space utilization ratio. Its trapezoidal structure enables sufficient sunshine for each layer of 
sprouts, so that n the sprout growth process in the sunlight greenhouse, no supplemental lighting 
equipment will be needed, to save the energy required by supplemental lighting. This device is 
composed of the rack, water tank, water pump, water inlet pipe, return pipe, filter, magnetic vale, 
cultivation tank, seedling tray and control system (Fig.1). The rack is used to install the cultivation 
tank, water inlet pipe and return pipe. The water tank stores irrigation water. The water pump is 
designed to pressurize the water and supply water to the water inlet pipe. The water inlet pipe is 
used to supply water to the cultivation tank. The return pipe is designed to enable water from the 
cultivation tank to flow back to the recovery tank. The filter is to eliminate impurities in the return 
water. The cultivation tank is designed for placing seedling trays and storing the irrigation water, the 
seedling tray for cultivating sprouts, the magnetic valve for controlling back flow of water from the 
cultivation tank and the control system for controlling the fixed-time work of the water pump and 
the magnetic valve. 

1

4

2

3
5

6

 

1-water tank 2-control system 3- water inlet pipe rack 4- return pipe 5- cultivation tank 6- rack 
Fig. 1 Sprout tide-type irrigation device 

Development Process of the Design System 
The design system is developed in the following steps: first, use SolidWorks to build a 3D model 
for spare parts; second, use Visual Basic to write the redevelopment program of SolidWorks to 
realize rebuilding of the 3D model of the device and at the same time work out the quantity of 
materials required for making the device. 

Establishment of the 3D Model 
Establishment of the 3D Model of the Rack. The rack has a trapezoidal rack composed of the side 
and the crossbeam, with the side welded with the stainless steel square tube and the crossbeam 
adopting the angle steel. The side and the crossbeam are bolted together. The weld modules in 
SolidWorks are used for 3D modeling of the rack (Fig.2). 
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Fig. 2 Rack 

Establishment of the 3D Model of the Water Tank. The water tank has a rectangular cabinet 
structure composed of the cabinet and the tank cover. On one side of the cabinet is a water inlet pipe 
mounting hole and on the other a return pipe mounting hole. The metal plate modules in 
SolidWorks are used for 3D modeling of the water tank (Fig.3). 

 

Fig. 3 Water tank 
Establishment of the 3D Model of the Cultivation Tank. The cultivation tank has a rectangular 

cabinet structure with the opening in the upper, one side having the water inlet pipe mounting hole 
and the other side the return pipe mounting hole. The cultivation tank is used to placing seedling 
trays. To ensure ventilation of the sprout roots, the cultivation handle has a support rod. The 3D 
model of the cultivation tank is shown in Fig.4. 

 
Fig. 4 cultivation tank 

Establishment of the 3D Models of the Water Inlet pipe and the Return Pipe. The water inlet 
pipe and the return pipe adopt PVC-U water pipes and are connected with tee joints, elbows and 
pipe fittings. Their 3D models are shown in Fig.5. 
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1-water inlet pipe 2-return pipe 

Fig. 5 Water inlet pipe and return pipe 
Establishment of the 3D Models of the Magnetic Valve and the Water Pump. The magnetic 

valve adopts DN 15 normally-closed magnetic valve as the water valve and the water pump adopts 
the submersible pump. They are common parts and have the 3D modeling according to their 
structural parameters. 

Establishment of the 3D Model of the Assemblage. After the 3D models of parts are built, use 
the assembly function of SolidWorks to add the coincided, concentric and tangential relations to 
spare parts for assembly. The interference check function of SolidWorks is used to check the 
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interference problems in 3D model assembly. The 3D model of the assemblage of the device is 
obtained (Fig.1). 

Development of the Design System 

The design system is developed using the SolidWorks redevelopment interface and the Visual Basic 
development platform. Applications include the user interface, redevelopment modules and material 
computation modules. The user inputs design parameters on the user interface. The redevelopment 
module calls API functions of SolidWorks, to realize rebuilding of the 3D models of spare parts. In 
addition, the material computation module calculates quantity of materials required and displays it 
on the user interface. 

Application Example 

Beijing Green Valley Sprouts Co., Ltd. has utilized this system to design a five-layer sprout 
tide-type irrigation device, with each layer holding 6 seedling trays. First, input design parameters 
on the user interface: 5 layers; 570mm long, 240mm wide, 32mm high seedling trays; 6 seedling 
trays on each layer; 300mm interlayer spacing; rack inclination 60°. Then, click the "3D model 
update" button to start the SolidWorks, which will automatically reestablish 3D models of spare 
parts and assemblage according to design parameters input by the user, to produce the 3D model of 
the sprout tide-type irrigation device (Fig.6). Then, click "Material computation" button so that the 
system will automatically calculate the quantity of materials required, including length of the rack 
square tube, steel plate area of the water tank, steel plate area of the cultivation tank, length of 
PVC-U water pipe, number of tee joints/elbows/ pipe fittings /magnetic valves, and pump lift. The 
calculation results are shown in Fig.7. 

 
Fig. 6 3D model of the sprout tide-type irrigation device 

 
Fig. 7 Design System for the Sprout Tide-type Irrigation Device 
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Conclusion 
The sprout tide-type irrigation device has been designed with the tide-type irrigation technology to 
realize vertical cultivation of sprouts and improve space utilization ratio. This device can guarantee 
sprouts demand for moisture, produce even irrigation and enable even growth of sprouts and 
improve marketability. Besides, it can realize automatic irrigation and save water resources, to save 
labor cost. 

The sprout tide-type irrigation device design system has been designed using the SolidWorks 
redevelopment interface and Visual Basic development platform. This has simplified the originally 
complicated design work, shortened design period and improved product development efficiency. 

The application example has indicated that the system can realize automatic reestablishment of 
3D models of spare parts and assemblage according to design parameters input by the user and at 
the same time work out quantity of materials required. The system interface is user-friendly, easy to 
operation and able to realize its functions. It can solve the problems of sprout tide-type irrigation 
device design and material calculation. It has provided a convenient design method to users and 
basis for material purchase and manufacturing to producers. 
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