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Abstract— Cleanliness is next to godliness. Maintaining a 

clean environment is good for people health and wellbeing. 

Cleaning is accomplished by manual effort in most 

developing countries. Manual sweeping is laborious, time 

consuming, physically demanding, leads to fatigue and 

musculoskeletal disorders. Sweeping devices are costly and 

cannot be afforded by common man. It is proposed to develop 

a low cost manually operated sweeping device, with manual 

drive to brush, debris collecting tray and adjustable handle. 

Motive of the project is to develop an easy to use product to 

reduce fatigue during sweeping, improve efficiency, 

ergonomic design, low cost and leaves floor free of debris. 

This sweeper can be used by most people from school going 

kids to elders to sweep their surrounding with less strain. 
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I. INTRODUCTION 

India is a developing country, dust and pollution is a common 

scenario in most part of India. Deposit of dust, soil, and 

microbes on environmental surfaces is harmful and lead to 

infections. A better cleaning is necessary to maintain a clean 

and healthy environment. 

Housekeeping is the act of cleaning the rooms, 

furnishings of a home and its surroundings. Housecleaning 

includes activities such as sweeping, dusting and disposal of 

waste. It may also involve outdoor chores like removing 

leaves from path way, cleaning windows, sweeping doormats 

and around. 

Many house old in India uses age old cleaning 

methods for their house-keeping, the reason being that, the 

modern available device are costly and cannot be afforded by 

a common man. Moreover sweeping devices that are 

commercially available are aimed at industrial application 

and not domestic house old. 

Owing to these reasons, need is felt to develop a low 

cost sweeping device for household use. With the help of this 

sweeping device, people can sweep their house and premises 

with minimum effort, low cost and at better efficiency. This 

cleaning device will be easily moved to place of work, used 

with minimum effort and competency. 

II. CONCEPT DEVELOPMENT 

 
Fig. 1: Tasks in concept development phase [1] 

A concept is defined as a description of the form, function 

and features of a product drawn by hand or using CAD tool. 

A Concept will be having a set of specifications and an 

economic analysis of the project.  Figure 1 show Phases in 

concept development. 

III. CONCEPT GENERATION 

A concept generation is a process of describing the concept 

using 2D sketch or 3D models. The mission statement for the 

project, the customer needs list, and the product 

specifications are the ideal inputs to the concept generation 

process. Problem to be broken into simpler sub-problems. 

Functional problem decomposition starts by representing the 

problem as a single “Black box” Showing the relation of 

material operation, energy and signal flows. As shown in 

figure 2. 

 
Fig. 2: Overall “black box” 

The second step in problem decomposition is to 

divide the single black box into sub functions, to create a 

more specific description of what the elements of the product 

might do in order to implement the overall function as seen 

in figure 3. Few of the concepts are mentioned below out of 

many possibilities. 

 
Fig. 3: Function diagram showing sub functions 

A. Concept 1: Belt drive, horizontal brush axis, fixed handle 

and tray 

 
Table 1: Concept Combination Table for Concept 1 

http://en.wikipedia.org/wiki/Home
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Fig. 4: Concept 1: Belt drive, horizontal brush, fixed handle 

& tray 

As shown in table 1 and figure 4 this concept has a 

rigid frame, wheels are mounted on a horizontal axle that is 

fixed to the frame, handle is also fixed, the tray is integral part 

of the frame , the assembly resembles a trolley. Brush is fixed 

on horizontal axis which is assembled to the guide in the 

frame. Drive arrangement has a drive pulley mounted on one 

end of the wheel and driven pulley on one end of brush shaft 

connected by a belt. Hence as the wheel is rotated the drive is 

transmitted to the brush, rotation of brush cleans the floor 

when moved over the dirty floor. 

B. Concept 2: Belt drive, vertical brush axis, fix handle and 

remove tray 

 
Table 2: Concept Combination Table for Concept 2 

 
Fig. 5:  Concept 2: Belt drive, vertical brush fixed handle & 

remove tray 

As shown in table 2 and figure 5, this concept has a 

rigid frame, wheels are mounted on a horizontal axle that is 

fixed to the frame, handle is also fixed, the tray can be 

removed to empty dust collected, and the assembly resembles 

a trolley. Brush is fixed on vertical axis which is assembled 

to the guide in the frame. Drive arrangement has a drive 

pulley mounted on one end of the wheel and driven pulley on 

one end of vertical brush shaft connected by a compound belt 

drive (open twisted cross) as shown. When wheel rotates the 

drive causes brush to rotate and clean the floor, when moved 

over the floor. 

C. Concept 3: Chain drive, horizontal brush axis, adjustable 

handle and tray 

 
Table 3: Concept Combination Table for Concept 3 

 

 
Fig. 6: Concept 3 Chain drive, horizontal brush, adjustable 

handle & tray 

As shown in table 3 and figure 6, this concept has a 

rigid frame with wheels mounted on a horizontal axle of the 

frame, handle is adjustable to help sweep below cots, tables 

etc, the tray can be removed to empty dust collected, Brush is 

fixed on horizontal axis which is assembled to the guide in 

the frame. Drive arrangement has a drive sprocket mounted 

on one end of the wheel and driven sprocket on one end of 

horizontal brush shaft connected by a compound chain drive 

as shown. When the device is pushed in forward direction, 

rotation of wheel cause chain drive to move leading to brush 

rotation for sweeping and cleaning the floor, when moved 

over the dirty floor. When the device is pulled in opposite 

direction the wheel rotates but drive is not transmitted to 

brush due to free wheel, hence the brush doesn’t rotate. 

IV. CONCEPT SELECTION 

Concept selection involves computation of relative 

importance of the selection criteria and focuses on more 

refined comparisons with respect to each criterion that is 

weighed using the  method of “analytic hierarchy process for 

decision making”  devised by Thomas L. Saaty.[3]  Concept 

3 was selected for further development.  
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V. CALCULATION FOR THE DESIGN 

A. Initial force required to move the sweeper 

Considering the weight of frame, handle, wheel, brush 

system, drive system and collection system, Calculation is 

made to find out force required to move the sweeper, 

Schematic figure 7 is used referred for calculation.  

 
Fig. 7: Sweeper Schematic 

Fs = µ Rn, Where 

Fs = Initial Force required to move the sweeper. 

µs = Co-efficient of friction 

Assuming the weight of sweeper is max 20kg. 

Load per wheel is 5kg (20/5=5kg) 

µs for nylon wheel is 0.2 and for Steel bearing it is 

0.1 

1) Friction force for 2 nylon wheel is 

Fs = 0.2*5*9.81*2 = 19.62N 

2) Friction force for 2 steel wheels is 

Fs = 0.1*5*9.81*2 = 9.81N 

Total initial force required to move the sweeper is 

19.62+9.91=29.43N or 3kg. 

B. Force required during movement of the sweeper 

Fr = cW, Where  

Fr = Force required to move the sweeper due to 

rolling resistance.  

µr = Co-efficient of rolling friction 

Assuming the weight of sweeper is max 20kg. Load 

per wheel is 5kg (20/5=5kg) 

µr for nylon wheel is 0.04 and for Steel bearing it is 

0.01.  

1) Friction force for 2 nylon wheel is 

Fs = 0.04*5*9.81*2 = 3.92N 

2) Friction force for 2 steel wheel is 

Fs = 0.001*5*9.81*2 = 0.098N 

Total force required during movement of the 

sweeper is 3.92+0.098= 4.01N or 0.4kg. 

C. Brush rotation speed for sweeping 

Rotation of the nylon wheel provides drive to the brush 

through a Chain sprocket setup. Earlier during concept 

development simple chain mechanism was finalized, but 

during detail design need was felt to use compound chain 

mechanism as seen in figure 8. 

 
Fig. 8:  Drive arrangement schematic 

 Driver sprocket 1= T1 = 44 Teeth. 

 Driven free wheel 2 = T2 =16 Teeth 

 Driver sprocket 3 = T3 = 44 Teeth. 

 Driven free wheel 4 = T4 =16 Teeth 

D. To calculate velocity ratio 

Velocity ratio = Driver/Driven 

= T2/T1*T4/T3 = 44/16*44/16 = 7.56. 

E. To find the speed of driven free wheel 4 

Assume driver sprocket makes 1 rotation per sec. 

Speed of Driven free wheel 4 = Velocity 

ratio*Driver sprocket 1 = 7.56 *1= 7.56 revolutions/sec. 

Brush is mounted on same shaft as driver free wheel 

and hence brush also makes 7.56 revolutions /sec 

1) Condition 

For the brush to have sweeping action the linear speed of 

brush should be ~ 3 times greater than driven wheel speed. 

Assuming driver wheel rotates 1revolution /sec. 

2) Angular velocity ω = 2*Π*n 

Where n is number of revolutions per sec = 2*Π*1 = 6.28 rad 

/sec 

3) Linear velocity ν = ω*r, 

Where r is the radius of the wheel.  

Outer diameter of the driver wheel is 0.2m = 6.28 * 

0.1 = 0.628m/s or 2.26km/h. 

Similarly considering the rotation speed of the 

driven free wheel4 as 7.56 revolutions /sec and brush speed 

is also same as mounted on same shaft. 

4) Angular velocity ω = 2*Π*n = 2*Π*7.56 = 47.5 rad /sec 

5) Linear velocity ν = ω*r, 

Where r is the radius of the brush. Outer diameter of brush is 

0.1m = 47.5 * 0.05 = 2.375m/s   or 8.55 km/h 

The linear velocity of the brush 3.78 times more than 

the linear velocity of driver wheel 

VI. TESTING 

The working prototype of sweeping device was tested in a 

wood working industry to sweep the floor area 55.74 m², free 

from saw dust and chipped wooden particle. Points observed 

during the operation were time taken to sweep a particular 

area,  quality of sweeping ,ease of use, ease of dust collection 

,ease of emptying and ergonomics factors like any pain in arm 

,pain in back as in traditional sweeping. Comparative 

sweeping trials conducted for 3 days at 2 instances per day. 

Trial 

number 
Day 

Traditional 

sweeping 

time in min 

Use of 

sweeping device 

time in min 

1 1 9.2 4.8 

2 1 8.9 4.9 

3 2 9.4 5 

4 2 9.3 5.1 

5 3 9.1 4.9 

6 3 9.2 5 

Average time 9.05 4.95 

Table 4: Sweeping trials comparison 

Considering average time taken for sweeping by 

manual sweeper is 9min and walk behind sweeper as 5min, 

efficiency is computed as below. 

 Process efficiency = (Manual sweeper time – walk 

behind sweeper time)/manual sweeper time = [(9-

5)/9]100 = 44.44%. 

Walk behind sweeper was easy to use, cleaning was 

comparable to manual sweeping, dust was easy to collect and 

empty. 
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VII. CONCLUSION 

The Sweeping device is ergonomically compatible and 

overcomes the perennial problem associated with stress, 

fatigue and foster musculoskeletal disorders. The device 

performs quality cleaning in par with manual sweeping. It has 

an improved operating efficiency of 44.44%. It is affordable 

and cost lesser than the commercially available products. The 

sweeping device can operate below sofa, cots having ground 

clearance greater than one feet, making it more useful in 

home environment. The sweeper is compact hence can be 

operated with ease and shifted to different area of work. 

Simplicity of mechanism, makes it easy for use by majority 

of people. 
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