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__________________________________________________________________________________________ 

 

Abstract: The research of automatic glass curtain wall cleaning device plays an important role in the 

cleaning of outdoor glass. The lack of cleanliness has always been a very distressing problem. Many 

cleaning workers often have safety accidents and the clean environment is unspeakable. With the 

rapid development of modernization, there are more and more high-rise buildings. The glass curtain 

wall cleaning robot has important practical significance and broad application prospect in improving 

the working environment, improving the working efficiency and reducing the cleaning cost. In this 

paper, the cleaning system of cleaning robot is designed, and 3D modeling is carried out, which can 

realize the high efficiency of cleaning technology, the reliability of cleaning mechanism and the effect 

of recycling and recycling of cleaning liquid. 
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1. RESEARCH BACKGROUND 

With the rapid development of our country, there are more and more high-rise buildings. Data show 

that China current building area of 50 billion square meters, including curtain wall accounts for 5, 

each year up to 90 million square meters of curtain wall. If the low charge rate of 3 yuan per square 

meter, the cleaning frequency of cleaning once a year, the domestic curtain wall cleaning market scale 

is above 7.5 billion yuan. [1]If you take into account the market size of the removable high-altitude 

wall painting, the market size will be more than 10 billion. In recent years, in the form of government 

orders, the first and second tier city governments have made clear regulations on the cleaning of the 

outer facades of tall buildings, penalizing properties that violate the order, and also greatly enhancing 

the market  ability to pay. Generally speaking, the governments of Beijing, Nanjing, Guangzhou and 

other places basically require the glass curtain walls to be cleaned at least once a year. In the event of 

major celebrations or special international or national events, they will also demand a unified cleaning. 

At present, the equipment for cleaning the exterior wall of buildings in our country is mainly manned 

equipment: lifting platform, hanging basket, rope and so on, the application of automatic cleaning 

equipment is quite few .[2] However, the traditional cleaning mode is extremely dangerous, 

inefficient and wasteful of water resources. In addition, some glass curtain walls gradually protrude 

from the bottom up, and manual cleaning simply cannot be completed. Traditional methods often use 

high pressure water guns to wash the curtain walls. When it comes to super high-rise buildings, water 

cannot reach such a height. Often use fire ladder or helicopter high-pressure water-jet cleaning, water 
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consumption is very high, and the cost of work is extremely high. Refer to domestic and foreign 

related information, and actual market visit, there is no automatic cleaning glass curtain wall 

automation device. Therefore, we want to design a device that can replace this working mode, ensure 

safety, save energy and reduce emissions, save water and improve working efficiency. High-rise glass 

curtain wall automatic cleaning system came into being. As shown in fig 1.1 

 

 
Fig. 1.1 

2. CURRENT SITUATION OF RESEARCH ON CLEANING ROBOT 

Foreign research on high-altitude curtain wall cleaning robots has already been done, with Skywash 

in Germany, BE in Japan, SIRIUSC in Germany and Sky Washer in the United States all offering 

different commercial solutions, but none of them have been widely popularized. Domestic research 

on cleaning robot started late. Since 1988, Shanghai university has developed a window cleaning 

robot and a spherical wall climbing robot, but the safety is not very good. Harbin Institute of 

Technology is also an early research unit of the wall mobile robot in China. Supported by the national 

"863" intelligent robot, it has poor performance in obstacle crossing and face conversion. Beijing 

university of aeronautics and astronautics has successfully developed the WASHMAN, CLEANBOT 

Ⅰ, SKYCLEAN, "window to poach brush robot", "hanging basket type window robot", "LanTianJie 

treasure" series of curtain wall cleaning robot prototype, various aspects performance improved. At 

the present stage, with the technological maturity and performance improvement of some core parts, 

labor costs in China are rising, and the government has incorporated the high-altitude curtain wall 

glass cleaning into the scope of policy control, this industry has a certain development soil. At present, 

domestic ispider, Placebot, r-storm, Clear Go, and always-tech are also experimenting in this aspect. 

Several companies have basically selected self-research equipment to provide cleaning services in 

cooperation with third-party cleaning companies. 
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3. CLEANING SYSTEM STRUCTURE DESIGN 

3.1 The difficulty in the research and development of high - altitude glass curtain wall 

cleaning robot 

It's not easy to develop such an artificial high-altitude curtain wall cleaning robot. From the overall 

design requirements, the following functions should be satisfied: 

1. Adsorption function 

2. Mobile function 

3. Obstacle avoidance function 

4. Cleaning function 

Among them, the mobility function, the barrier function realization difficulty is not low. The difficulty 

of the moving function lies in that the machine should be able to adapt to various wall materials such 

as glass, metal and powder wall, and be able to walk on curved surface and control posture. The 

barrier crossing function requires the machine to be able to cross obstacles such as window frames in 

the process of moving, and some need to realize the transformation from ground to wall surface, and 

from wall to wall surface. Surface walking is still a difficult problem at present.[3] 

In view of these problems, there are mainly two solutions: one is to find a way to develop a universal 

machine; the other is to develop different robots for different materials. The former is more business-

friendly and the latter is technically easier to implement. 

3.2 Cleaning process analysis 

The main pollutant component of the glass curtain wall of high-rise buildings is atmospheric dust. 

Therefore, it is the key to improve the robot cleaning quality and efficiency to develop a good cleaning 

process for the corresponding working conditions. First, use the cleaning liquid to wet the glass 

curtain wall to be cleaned and separate the dirt under the combined action of mechanical force and 

cleaning liquid. Secondly, by washing the cleaning liquid and removing the residual liquid on the wall 

of the glass curtain, the glass curtain wall can be cleaned. Finally, the cleaning solution is recycled 

after use, filtered and purified, and then used again in the cleaning operation of the new glass curtain 

wall. 

3.3 Design of cleaning system structure 

The surface of the objects to get rid of surface dirt until the purpose of cleaning. According to the 

operating environment, the mechanical force of brushing and scraping is selected to cooperate with 

the form of neutral cleaning liquid to clean the glass curtain wall. [4]Common brushing includes a 

brush, dish brush and roller brush, and the cleaning method of roller brush is selected here. The 

cleaning system includes the cleaning body of the cleaning mechanism and the cleaning liquid 

circulation device, and its task is to complete the cleaning of high-rise glass curtain wall, sewage 

recycling, filtration purification and recycling . 

3.4 Composition of robot ontology system 

The body structure of the high-rise glass curtain wall cleaning robot is shown in fig3.1, with a total 

length of 880mm, a total width of 700mm, and a total height of 270mm (without water tank of 

230mm). The whole structure mainly includes moving mechanism, adsorption mechanism, cleaning 

mechanism body, cleaning liquid circulation device and so on. Cleaning robot ontology in the form 
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of screw drive and driven gear rack drive coordinate frame type mobile way to realize on the glass 

curtain wall cleaning robot moving alternately, with inside and outside the framework of multiple sets 

of vacuum, implementation of alternating adsorption on glass curtain wall, so as to realize the glass 

curtain wall cleaning robot ontology on the vertical and horizontal directions with wall e function; 

The cleaning of the glass curtain wall is realized by the combination of the mechanical friction of the 

roller brush and the scraper and the neutral cleaning fluid. 

 
Fig. 3.1 

4. SUMMARY 

This system aims to solve the problems of high-rise glass curtain wall cleaning, with good adaptability, 

high reliability and high safety factor. In addition, compared with the traditional way, the cost of use 

is extremely low, which is within the acceptable range of the owner. Actively respond to the national 

call for energy conservation and emission reduction, save water, save electricity, and China's current 

grand strategy is consistent with that of green environmental protection and zero emission, which is 

of great value to popularize in the current environment with severe haze weather [5] and prominent 

air pollution problems 
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