
 

Activity Title:  G4 - Mini vacuum cleaner challenge 

Total Time: 3-8 hours 

Student Age: 14-18 years (12-14 
years old should only suggested 
installation) 
 
Application Area:  Waste management, recycling/advanced transformation, reverse 
engineering, science, technology. 

Key Words: Upcycle, circle designing, digital production, reverse engineering, electronic 
waste 

Materials/Materials: 
 
• Old vacuum cleaner 

• PET bottle (waste) 

• 3D printer 

• Laser cutter 

• 3D cad software (Fusion 360, free cad, on shape) 

• DC motor (can be found in old defective electronics) 

• Electronic switch (available on old broken electronics) 

• Electrical wire (can be found in old broken electronics) 

 
Theme: 
 
• Environmental Pollution 

• Global Warming 

 

Considerations: 
 
• All materials to be used in the project must be made from waste materials, none of which 

must be bought. 

• When reconfiguring devices through reverse engineering, attention should be paid to 

electronic and safety issues. 

• The recycling of waste digital materials should follow the design cycle. 

 
 
 
 
 



 

Introduction: 
 

In this study, students learn how to recycle and reengineer electronic waste by 

contributing to sustainable development, and how to reconfigure the operation of devices 

through reverse engineering. In this way, students can evaluate waste materials and contribute 

to sustainable development through recycling and recycling methods. For example, students 

can design a mini vacuum cleaner by combining parts from waste electronics (Picture 1). When 

doing so, students can laser-cut or print parts such as a connection, holder, handle or 3D printers. 

When working with electronic devices, they realize the importance of electronic/safety rules, 

discover how to live and learn by doing progressive work methods. 

 
Picture 1. Recycling vacuum cleaner 

 

It is aimed at learning the principle and reconstruction of the devices through 

engineering, recycling, advanced transformation, and the process. Students follow the design 

cycle to create new prototypes as a result of various trials. The teacher starts by showing a 

vacuum cleaner, naming all the parts that can be found on the device with the students and 

explaining their functions. Students bring their experiences to life by doing and living. They'll 

notice the working prince of an electronic item. 

 

Aim of The Activity: 
 

To increase awareness of recycling, advanced transformation, advanced engineering, 

students design and build a mini vacuum cleaner using parts of waste electronics and other 



 

waste products. None of the parts are purchased. Specially made parts for joints and bodies 

can be designed and produced with 3D prints or laser cuts. 

 

• Defines environmental protection 

• Explains the importance of reuse and recycling and their environmental protection. 

• Applies the engineering design process 

• 2D or 3D digital drawings 

• Designs the product 

 

 

  



 

 
Activity Process: 
 

Preparation Phase: 

1. Check the size of the bottles. It will be easier if everybody has the same type and 

size of bottle. 

2. If you do not want to buy a propellor, you can make one out of a PET-sheet. 

3. To make a powerful vacuum cleaner you could use a powerful high rpm 12v DC 

motor. If so use a DC adapter instead of batteries. 

4. You can watch video in the link (https://www.youtube.com/watch?v=D5Yj7s-EU-

M)  

 

Design Steps: 

Students build the mini handheld vacuum cleaner in 8 main steps. You will need 

access to a 3D printer and laser cutter. In our construction we will use a small 3V DC motor, 

which does not give a very powerful machine. You can recycle this motors from various old 

electronic apparatuses such as cd players, electronic toothbrushes, … If you can find a more 

powerful one (12 V), go for it and take care to adapt batteries to the appropriate voltage 

(GirlsInSTEM, 2022; Homecrux, 2022; Instructables, 2022). 

1. Take the empty plastic bottle and cut it in 2 parts. The front part is two thirds and 

the back part is one third of the bottle. The front part will function as a dust 

collector, in the bottom part we will place the engine: motor and fan (Picture 2). 

 
Picture 2. Cut the plastic bottle 

 

https://www.youtube.com/watch?v=D5Yj7s-EU-M
https://www.youtube.com/watch?v=D5Yj7s-EU-M


 

2. Using a soldering rod or a heated needle or a drill, make holes on the entire bottom 

of the bottle. This is useful for letting suction air out. 

 
 The design of the motor holder is made by parametric design (CAD) for laser 

cutting. Download the file Final_motor.f3d and open it with fusion360 

 Measure the dimensions of the motor and write them down, you will need: 

o height of the motor 

o diameter of the motor 

 

 The design of the motor also depends on the bottle, more specifically: 

o diameter of the bottle 

 It is very important that you measure these dimensions precisely. Once you 

have them, open the file Final_motor.f3d in fusion 360, you should see both 

the 3D file and the drawing (Picture 3). 

 
Picture 3. Fusion 360 

 

 
3. Change the parameters where needed. Click on f(x), a sub window will open 

where you can change the parameters (Picture 4). 



 

 

 
Picture 4. Change the parameters 

 

In this spreadsheet you can change 3 parameters. Change them accordingly. If you 

close the window you will see that the size of the object in preview has changed 

automatically. Save the new model by clicking “ctrl+s”. 

 
4. Within this context, the drawing is the technical file that we use to laser cut. It is 

linked to the first file but it should be updated after the changes in dimension were 

made. Go to the drawing window (Picture 5). 

 



 

 

Picture 5. Drawing window of fusion 360 

 
In the top left corner appears a yellow exclamation mark, this is the program telling us 

that the drawing is not up to date. Click on the exclamation mark to update the drawing 

according to the new parameters. 

If you want to make your own propeller mechanism, you can either use a thin metal 

sheet (for example recycling a thin metal sheet from a cola can) or a piece of PET sheet. 

Draw a circle equal to the diameter of the large bottle on a thin metal sheet. You can also 

make it with a laser cutter. 

 Cut the circle using metal cutting scissors and then draw a small concentric circle near 

the center. 

 Draw 4 lines through the center to divide the circle in 8 wings portions. You will cut 

them later. 

 Cut the sheet along the marked lines to make 8 sectors. 

 Bend each sector equally to make a propeller as shown in the image and also drill a 

hole in the center. 

 

5.  Collect the laser cut MDF pieces of the motor holder. Assemble them in three 

easy steps, everything should fit without needing glue (Picture 6). 

  
 

Picture 6. Collect MDF pieces 

 



 

6. Using a soldering rod, connect electrical wire onto the motor. Then solder on each 

‘foot’ of the motor an electrical wire about 30 cm long. Finish by securing them 

with a heat shrink tubing (Picture 7). 

 

 
  

Picture 7. Collect MDF pieces 

 
 

7. Place the motor in the holder. If measured correctly it will fit perfectly, otherwise 

adjust and eventually secure with glue. Take the DC motor and attach the propeller 

to the mo- tor shaft. Secure it safely with glue (Picture 8). 

  
Picture 8. Place the Motor 

 
 

8. Make a hole at the bottom of the bottle. Place the assembled motor+fan in the back 

part of the bottle. Don’t forget pushing the cables through the hole at the bottom of 

the bottle. Take the 3D printed handle and push the bottom part of the bottle, with 

the motor already in pace, into the slot. 

Solder & place the switch. Take 1 of the two wires that came from the motor and 

put it through the hole in the handle so that it comes out from the top. Cut the wire 

into 2 pieces and solder the two pieces to the switch. Put the loose end through the 

handle again. Take the 2 wires coming out of the handle, strip them and connect 



 

them (do not solder yet) with the two ends, red and black, of a battery clip (Picture 

9). 

   
Picture 9. Placing 

 
 
Example of outputs: 
 

At the end of the study, these outputs will be obtained (Picture 10). 

 

 
 

 
Picture 10. Examples. 

 
 
 



 

Assessment: 
 

Students develop and test the application. The developed app is displayed in class. The 
peer assessment is performed, the application is reviewed based on the feedback. The teacher 
evaluates them through the Application Development Rubric. 

Goals Must be 
improved (1) 

Medium 
(2) 

Good  
(3) 

Very 
good (4) 

Plan designinng     

Prepare application steps     

The Originality of designing     

Usage of designing     

Total     
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