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STUDENT NAME: 

Designing a Helmet
 
Create a Prototype:
 
Now that you have tested the materials, you will need to design your prototype helmet.  The materials you tested costs can be found on the table below.  Each section needs to have a material for it.  Each square represents one unit.  30 units make up the circumference of a Medium to Large adult sized helmet.  Your helmet will need two layers.
 
Your helmet will be tested in 4 sections of the helmet, one in the back, one in the front, and one on each side.  Please remember the criteria:
 
· Must cost under $300 
· Must have two inner absorption layers
· Must be comfortable to wear
· Average force must be under 500 N for the targeted area of the front of the head (bolded section of helmet)
· Average force must be under 700 N for non-target helmet areas
 
 
	 
	Foam Rubber
	EVA Foam
	Non-Newtonian Fluid
	TPU Padding

	Cost per unit
	$2
	$4
	$10
	$6

	Comfort
	Low
	Medium
	High
	High

	Impact Absorption
	Medium
	Medium
	High
	High


 
 

 






Helmet Design One Name:
Helmet Prototype Outer Layer (Closest to helmet):



Back of Helmet
	 
	 
	 
	 
	 

	 
	 
	Testing section 4
	 
	 

	Testing section 2
	 
	 
	 
	Testing section 3

	 
	 
	 
	 
	 

	 
	 
	Testing section 1
	 
	 

	 
	 
	 
	 
	 


Front of Helmet

Cost: ____________________

Helmet Prototype Inner Layer (Closest to head):
 

Back of Helmet
	 
	 
	 
	 
	 

	 
	 
	Testing section 4
	 
	 

	Testing section 2
	 
	 
	 
	Testing section 3

	 
	 
	 
	 
	 

	 
	 
	Testing section 1
	 
	 

	 
	 
	 
	 
	 


Front of Helmet
Cost: ____________________


Evaluate:
 
Your helmet was tested similar to how it would be in the lab.  A 6 lb. (2.72 kg) medicine ball was dropped from 2.5m onto the layers that you have chosen.  Unfortunately, our computer malfunctioned and deleted all of our force data leaving us only with the average time in milliseconds for each material combination.  We were able to calculate the impulse imparted on the ball as 19.12 Ns. Use this information to help you calculate your impact forces and evaluate the effectiveness of your helmet.
 
Using the information above and the provided data below, calculate the forces on the different areas of your helmet on the next page.
 
	Material Combination
	Time in ms

	Inner Layer
	Outer Layer
	

	Rubber Foam
	Rubber Foam
	22.49

	Rubber Foam
	EVA Foam
	24.67

	Rubber Foam
	Non-Newtonian Fluid
	26.93

	Rubber Foam
	TPU Padding
	30.59

	EVA Foam
	EVA Foam
	27.31

	EVA Foam
	Non-Newtonian Fluid
	30.11

	EVA Foam
	TPU Padding
	34.76

	Non-Newtonian Fluid
	Non-Newtonian Fluid
	33.54

	Non-Newtonian Fluid
	TPU Padding
	39.42

	TPU Padding
	TPU Padding
	47.80


 











	Average Force on Testing Section 1 
(Targeted area)
	Average Force on Testing Section 2
 

	Example:
J= Δp = Favg·Δt
Time must be converted to s for this equation
19.12 N= Favg ·(time for material combination/1000)
 
 




	 
 




	Average Force on Testing Section 3
 
	Average Force on Testing Section 4
 

	 
	 


 
Now that you have your data, did your prototype meet the criteria successfully?
 
 
 

Where is there room for improvement in your design even if it met the criteria?










Design a second helmet on the following pages based on the knowledge you gained from your first design.
Helmet Design 2 Name:
Helmet Prototype Outer Layer (Closest to helmet):

 
Back of Helmet
	 
	 
	 
	 
	 

	 
	 
	Testing section 4
	 
	 

	Testing section 2
	 
	 
	 
	Testing section 3

	 
	 
	 
	 
	 

	 
	 
	Testing section 1
	 
	 

	 
	 
	 
	 
	 


Front of Helmet


Cost: ____________________




Helmet Prototype Inner Layer (Closest to head):

Back of Helmet
	 
	 
	 
	 
	 

	 
	 
	Testing section 4
	 
	 

	Testing section 2
	 
	 
	 
	Testing section 3

	 
	 
	 
	 
	 

	 
	 
	Testing section 1
	 
	 

	 
	 
	 
	 
	 


Front of Helmet
Cost: ____________________




Re-evaluate:
Using the provided data below, calculate the forces on the different areas of your helmet.
 
	Material Combination
	Time in ms

	Inner Layer
	Outer Layer
	

	Rubber Foam
	Rubber Foam
	22.49

	Rubber Foam
	EVA Foam
	24.67

	Rubber Foam
	Non-Newtonian Fluid
	26.93

	Rubber Foam
	TPU Padding
	30.59

	EVA Foam
	EVA Foam
	27.31

	EVA Foam
	Non-Newtonian Fluid
	30.11

	EVA Foam
	TPU Padding
	34.76

	Non-Newtonian Fluid
	Non-Newtonian Fluid
	33.54

	Non-Newtonian Fluid
	TPU Padding
	39.42

	TPU Padding
	TPU Padding
	47.80


 



















 
	Average Force on Testing Section 1 
(Targeted area)
	Average Force on Testing Section 2
 

	Example
J= Δp = Favg·Δt
Time must be converted to s for this equation
19.12 N= F ·(time for material combination/1000)

 
	 

	Average Force on Testing Section 3
 
	Average Force on Testing Section 4
 

	 
	 


 
Did this second helmet meet the criteria successfully?  Why or why not?
 
 





Which helmet will you choose to recommend, why?
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