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Abstract— “SKYSCRAPER CLEANER” is a machine 

powered by a combination of PLC’s and motors and 

linkages with majority of cleaning done manually. The 

addition of this technology will enhance this further making 

skyscraper cleaner an ideal choice for the companies having 

skyscrapers in metropolitan and polluted cities. Our device 

Skyscraper Cleaner achieves cleaning of surfaces at high 

rise and also at greater heights resulting in reduction of 

manpower and saving time. This saving is mainly relied on 

PLC which divides the function of various parts in the 

device by activating it whenever required and also controls 

the forward and backward movement of the entire device. 

Therefore, this is an automated device. These features make 

skyscraper cleaner efficient for cleaning high rise buildings 

and giving optimum output and customer satisfaction. 

Key words:  PLC, Cleaning Components, Skyscraper 

Cleaner         

I. INTRODUCTION 

As we all know the ancient ruins of Mohan-jo-daro situated 

on the banks of Indus River. It depicts the well plan ned, 

well organised structures, which can be considered as base 

of the structures of our modern cities. With the flow of time, 

humanity progressed and so their lifestyle. Its reflection can 

be seen from the city of Rome, where buildings up to 2 to 3 

floors were first visualised.  

         In the 18th century, industrialisation as realised in 

European countries where the industry working class were 

compelled to live in limited space. Since the limited spaces 

can’t be expanded horizontally so they expanded it 

vertically. This served a basis for the invention of high rise 

buildings. 

         The effect can be seen in the city of New York 

which is known as the hub of skyscraper. Earlier in 60’s, the 

skyscrapers built were of cement and steel. This did not look 

good because it would cast shadow on the ground, leaving 

the ground surface in darkness, even in the brightest day 

light. 

           This problem was tackled by the advent of glass 

covered sky scraper. The outer glass surface reflected 

sunlight on to the ground providing solutions to our 

problems. But it had a disadvantage, since the sky scrapers 

are built in polluted atmosphere of metropolitan cities. Also 

dust from air would settle on the glass leaving bad scars on 

the glass. As the Sky scrapers were a brand figure to the 

organisation owning it, there was a solution required. 

This problem was being tackled by our project   

“THE SKY SCRAPER CLEANER” 

                    The same problem was tackled by some people 

who can be seen. They used to hang on scaffold and clean 

the glass with their own hands. The advancement either 

verticals or horizontal was made by the rope suspension. 

Then came another solution , which employed a suspended 

platform fastened on the top of building and the cleaner by 

standing it would do the cleaning work. The above 

discussed method provided a major solution but it left a 

major threat to human life. Also the time taken by the 

manual work is more. 

         We have solution to this by making the process 

automatic, through our project 

“SKY SCRAPER CLEANER” 

II. ADOPTED MECHANISM 

 
Fig. 1: Catia Model of Mechanism 

It generally contain the six major parts that is 

A. Working Sub Unit [WSU]: 

It is the control unit of our adopted mechanism. It houses 

motors, PLC component, sensors as well as the connections 

of vacuum pump. 

 
Fig. 2: Catia Model of Working Sub Unit 

B. Travelling Sub Unit [TSU]: 

Each of the travelling sub unit holds 4 suction cups .each 

end is mounted on each sides of the working sub unit as 

shown in figure. It also holds the slider mechanism for the 

purpose of sliding mechanism. 

 
Fig. 3: Catia Model of Travelling Sub Unit 

C. CRANK: 

Crank is a link which connects the motor mounted on 

working sub unit to the travelling sub unit. 
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Fig. 4: Crank 

D. Cleaning Components: 

As it is supposed to clean the glass surfaces, the brush 

assembly should be soft and light in weight so that it doesn’t 

leave any scratch on the glass surface. 

 
Fig. 5: Brush Assembly 

E. Sliding Channel: 

We have taken 14 inch length sliding channel mounted on 

either side of the connecting arms so as to obtain smooth 

sliding, facilitating our operation. 

 
Fig. 6: Sliding Channel 

F. Connecting Link: 

Connecting link is the element which connects the central 

working sub unit to the cleaning unit. It is called so since, it 

acts similar to the connecting rod of a single slider 

mechanism. 

 
Fig. 7: Connecting Link 

III. ASSEMBLY 

A. Working Sub Unit [WSU]: 

 Similarly a motor and sensor arrangement is done 

at the central part of the frame. 

 A circular disc type plate MS to hold suction cup is 

key to the central motor. 

 The connecting rod is pin to the forward end of the 

frame 

 
Fig. 8: Assembly of Working Sub Unit 

B. Travelling Sub Unit [TSU]: 

 First we fabricated the travelling sub unit as shown 

in figure:- 

 
Fig. 9: Assembly of Travelling Sub Unit 

 Then we attached to suction cups to it. 

 
Fig. 10: Suction Cups 

 The next step was screwing the sliding channel, 

such that it should rotate about the screw axis 

freely and its turning moment is constrained with 

the help of a stopper. 

 This entire crank assembly was then mounted on 

travelling sub unit with the help of grooves 

provided on the pin. To constrain the motion of 

crank on the pin, we used 6 mm I.D circlips. 

 The hub on the crank is keyed to the motor shaft 

through a dowel pin of 3 mm diameter. Dowel pin 

was used as it can be easily dismantled and 

assembled again. 

The updated assembly is as shown in figure. 
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Fig. 11: Travelling Sub Unit with Suction Cups 

C. Cleaning Assembly: 

 Moving to the most major section of our project 

that is the assembly of cleaning components which 

includes brush. 

 The cleaning assembly is held from the two ends of 

the sliding channel and a connecting rod is used to 

give a rigid support at the centre. 

 The connecting rod and sliding channel is bolted to 

each other as shown in figure. 

 
Fig. 12: Cleaning Assembly 

IV. WORKING 

 
Fig. 13: CAD Model of Working 

 From the figure it can be seen that the unit 

progresses by twice the crank length. If crank 

length is 150 mm, when motor rotates, the unit 

progresses by 300 mm. 

 Hence when the unit reaches the end of the 

building the unit needs to take a turn so as to clean 

another section. Therefore when the crank rotates 

twice the unit will reach another section which is 

600 mm wide. Thereby the crank length 

justification also provides the section length and 

plays a decisive role in brush length. 

 The brush length is taken as 600 mm equal to 

section length. 

 
Fig. 14: Actual Working of Model on Glass Surface 

[NOTE: The working unit is 500 mm and brush 

length is taken as 600 mm, so as to have an easy turning 

operation at the end of skyscraper] 

V. CALCULATIONS 

A. Calculate the Diameter of Suction Cup Needed: 

 Metric units, D=11.2  (
   

   
)....(1.1) 

Where, 

 D=diameter –mm 

 m= Mass –mm 

 c= number of cups 

 b= Vacuum –bar 

 s= Safety Factor (4 for vertical climbing) 

Selecting 100 mm diameter suction cup (as per 

selection in reference papers) 

 Mass of working unit = 15 Kg 

 Number of cups used for lifting = 8 

Therefore,    100 = 11.12  (
      

     
)     

Hence, vacuum suction pressure,                               

    b = 9.5 kPa (Taking 10 kPa) 

Therefore we are selecting a vacuum Pump 

generating 10kPa of vacuum pressure. 

B. Calculation of Weight Lifting Capacity: 

 Metric Unit , c = 
0.    x    x   

 
.......(1.2) 

Where, 

            c = weight –lbs 

            D = Diameter in inches = 100 mm = 3.94       inches 

(Already selected) 

            V = Vacuum pressure = 10 x     Pa = 2.95 in Hg    

            N = Safety factor = 4 (for vertical lifting/climbing) 

    
      x  (    )  x  .     

 
 

                     

Hence lifting capacity of one suction cup = 2.04 Kg 

Hence lifting capacity of 8 suction cups = 8 x 2.04 = 16.33 

Kg 

Which is greater 16.33 Kg > 15 Kg 

“Hence design is SAFE.” 
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C. Motor Rating Required For Determination of Crank 

Length: 

 Unit weight = 6kg.      (for each rotor = 6/4 = 1.5 

kg) 

 Also, motor torque generated = 20kg*cm 

    Hence by: T = F*r...... (1.3) 

                     20 kg = 1.5 * r 

                            r = 13.33 cm     

                            r   = 10 cm (for safety) 

VI. SPECIFICATION 

A. Motor: 

 We are using RS38 dc gear motor. 

Operating volt 12 V 

Weight 300 grms 

Stall torque 20 Kg*Cm 

Rotation 10 RPM 

Quantity 5 Nos. 

Table 1: Motor Specification 

 
Fig. 15: RS 38 Motor 

B. Proximity Switches: 

Type PNP (Capacitive) 

Function NO  (normally open) 

Operating voltage 10 to 30 V 

Quantity 5 Nos. 

Table 2: Proximity Sensor 

 
Fig. 16: Proximity Sensor 

VII. PLC [PROGRAMMABLE LOGIC CONTROL] I/P & O/P 

LOGIC OPERATIONS 

A. I/P Components: 

 Start switch 

 Proximity sensor (LC) 

 Proximity sensor (RC) 

 Proximity sensor (centre motor) 

 Proximity sensor(end of frame) 

B. O/P Components: 

 Motors 

 Valve (centre) 

 Valve (end) 

 Centre motor 

1) Connection: 

 
Fig. 16: PLC I/P & O/P Connection 

2) Logic Operation: 

 When PB1 is pressed Q1 & Q2 both act. Q1 is 

active and after 5 seconds Q2 is off. Motor starts 

rotating (Qo) 

 When motor has rotated for about 180 degree it 

counts I1 & I2 (i.e. when counter counts 5 counts) 

then Qo steps.Q2 is activated first (and 5 seconds 

Q1 is released). Motor starts rotating (Qo). 

 When motor has rotated for about 180 degrees (i.e. 

when counter counts 5 counts) Qo stops.Q1 is 

activated first (and after 5 seconds Q2 is 

released).Motor starts rotating. 

 When unit reaches at the end I4 is activated.Q1 is 

actuated (after 5 seconds motor starts rotating 90 

degree and then Q3 starts).Q3 is actuated till I3 

counts 3 units. After 3 units motor stops Q3 stops. 

 Then Qo motor starts (after 5 counts i.e. 180 degree 

rotation). Q2 is activated (after 5 seconds Q1 is 

released) and motor Q0 again starts rotating. 

 After 5 counts i.e. 180 degree rotations Q1 is 

actuated (after 5 seconds Q2 is released) 

 After the centre motor again rotates up to 90 degree 

i.e. 3 counts on I3 and the normal operation starts.  

VIII. SUCTION COMPONENTS 

We are using 1/400 W power (output watt 270 W) vacuum 

cleaner, since from calculation we require 10 KPA suction 

whereas the vacuum cleaner provides 16 KPA gauge 

suction. 

A. Suction Connections: 

Single solenoid operated 5x2 DC valve 
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Fig. 17: Suction Connection 

The 3x2 suction control valve and 5x2 suction 

control valves both are single solenoid operated valves. The 

actuation signal applied to the solenoid actuates the valve 

and connects the respective suction to the vacuum cleaner. 

When valve is actuated: 

 CENTRAL VALVE: 3x2 valvesconnects central 

suction out to V.C. 

 SIDE VALVE:  5x2 valves  connects TSU sector 

to the V.C. 

 The actuation signal to the solenoid valves are 

provided for the PLC. 

IX. RECOMMENDATION OF FURTHER STUDY 

As it has been mentioned earlier, the performance of our 

project sky scraper cleaner can be improved by updating the 

torque of motor. It can also be updated by adding 

arrangements for water to flow through the glass surfaces 

and then clean it by brush. Resulting in complete cleaning of 

glass surfaces under any climate. Related technologies could 

be experimented. It would also be helpful to maintain great 

aesthetic looks of the glass covered sky scrapers over the 

year. The scope of the project was limited to only dry 

cleaning of the surfaces. So the future scope can be 

expanded. In future the scope of this project can be extended 

so as to add vacuum sucker which will suck the dust 

particles on the surface and then clean it by water. This will 

be considered as a complete process of cleaning. 

X. CONCLUSION 

Our project was the complete addition of mechanical 

knowledge, mechanical components, electronic components 

and designing. 

         The aim of this project was to design a device 

which provides a solution to the cleaning of glass covered 

high rise buildings, by applying various mechanical and 

electronic technologies and by automating the process which 

could result in less man power and improve the cleaning 

output. With the help of PLC and motors, the user would be 

able to easily access the device. 

         This project taught us each and every genre of 

mechanical and electronic components, it specifications and 

its need in our project. It also gave us the idea of managing a 

particular work in given span of time considering the risk 

involved and inculcated in us the values to work as a team. 

It was a good learning experience both at technical level 

understanding and also at our personal development level. 
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