Freshman Engineering Clinic II

Section 6
Bicycle Helmet Material Properties

February 20, 2008
Purpose: The purpose of this laboratory exercise is to become familiar with and measure some fundamental properties of materials used in bicycle helmets.

Theory: Much of the theory was discussed during the previous lecture period.  This included load versus displacement plots, stress-strain curves, compression versus tension behavior, energy considerations (resilience and toughness), and bending stresses.  Some of the basic formulas required include:

Stress = ( = P/A for tension or compression testing, where P is the applied load and A is the cross-sectional area.

Stress = ( = M*y/I for bending stress where,

M = bending moment = P*L / 4 for a beam with a point load at midspan and L is the beam length.

y = distance from the neutral axis to the extreme fiber (half the height for a rectangular section)

I = moment of inertia = b * h3 / 12 for a rectangular section with b = width and h = height.

Strain = ( = change in length / original length

E = Young’s modulus or Elastic modulus = slope of elastic part of the stress-strain curve.

E = ( / (
Potential energy – concept used as part of impact tests.  To complete laboratory reports, each team is expected to look further into this concept and how it is applied in the lab.

Procedure:
Four different tests will be performed during the laboratory period.  An overview of the tests is provided here but additional notes should be taken during the testing to fill in details of the equipment used and additional steps that may be performed.  Each team will collect a portion of the data but all teams will share all data.  Teams are encouraged to include photos of the test setups and procedures for inclusion in their laboratory reports.

Tension test of strap material – Samples of the strap material will be pulled in a test machine (5000 lb capacity).  Load and elongation will be recorded during the testing as well as the load at which the material fails.  An additional test will be run to test the clasp strength.  Lab reports should include sample load versus elongation plots and presentation of the failure loads.  Results should be discussed in the report.

Compression test of foam – Two types of foam are available for testing.  These foams are similar but not the same as those used in bicycle helmets.  The foams will be loaded at a constant strain rate and load and displacement data will be recorded as well as the loads at which the foams crush.  The data should be presented in the laboratory reports and discussed.  During the laboratory period teams should record the loading rate being used and dimensions of the test samples.  The presentation should include example plots of stress versus strain for each foam type.  These plots may be superimposed on a single plot.
Flexural tests of foam – Foam materials will be tested in flexure.  A simple span with center-of-span loading will be used.  The load will be applied slowly until the foam sample fails.  The failure load, failure mode, and specimen dimension should be recorded.  The failure stress for each sample should be calculated and presented in the laboratory report.

Impact testing of foam – A non-standard test apparatus has been developed to allow for relative comparison of energy absorbed during impact by foam samples.  Further details of the arrangement should be recorded during the laboratory period.  Specimen dimensions should also be recorded and the energy dissipated calculated (account for friction losses).
Additional measurements – teams are asked to consider any additional measurements they feel will be helpful in completing the laboratory reports.  As an example, teams may want to determine the density of the foams being used.

Deliverables: Each team is to submit a formal laboratory report.  The report should include all sections as described in previous instructions.  Use of graphs, tables, and figures is appropriate to these reports.  The reports are due in two weeks.

