MSL Lab Experiment # 6

Integral Fastener Design and Experiment


A) Reading Materials & Homework:
· B.J. Hamrock, B.D. Jacobson and S.R. Schmid, Fundamentals of Machine Elements, McGraw-Hill, New York, NY, 1999, pp. 713-716 (attached).
· Homework: HW 6
a) With guidance from the attached section of the Hamrock text, use the equations presented there to show that for a ‘Type 1A’ (constant rectangular beam cross-section) integral snap fastener the insertion/mating force can be described as:


[image: image1.wmf]
Hint: Use Eqn. (15.68) and the relationship between the transverse load P and the maximum deflection y for a cantilever (you can use your EMD text for this).
b) Draw a free body diagram of the fastener Type 1A, including reaction forces and moment at the left support, when a point on the insertion surface (surface with angle  (see Fig. 15.26, but assume uniform cross-section along the length)) is in contact with a mating retention block, and write the 2d equations of equilibrium.   

c) Draw another free body diagram of the fastener Type 1A as you did in part (b), but now one that is deflected by y (see Fig. 15.26) at the point on the insertion surface in contact with a mating retention block. Write an equation for how the insertion angle  changes, considering the angular deflection of a cantilever beam with a point load.  Write the 2d equilibrium equations for this free body diagram.
B) Goals of this Experiment:

1. Learn about different types of integral fasteners.

2. Learn how to conduct an experiment to characterize integral fastener performance.

3. Determine the insertion and retention forces of cantilever-hook snap by conducting experiments as well as performing predictive calculations.

C) Lab Experiment: 

Two different forms of cantilever hook fasteners are provided.  Measure the dimensions of fasteners using a caliper, including determination of the offset y that deflection must accommodate.

1. Calculate the insertion and retention forces by hand using the equations given in the Hamrock text, or developed in your homework.  The supplier of the ABS polymer used to produce these fasteners states a modulus of elasticity E=2,136 MPa and a coefficient of friction =0.12.
2. Use the Instron machine (with customized fixtures) to measure for each fastener the forces exerted during insertion and retention.  Measure these entirely during a single experiment (data collection), starting insertion motion (15mm/min) by hitting the ‘down’ arrow and, once completely inserted, reversing direction by hitting ‘stop’ followed by the ‘up’ arrow.  For each experiment plot that force as a function of time, labeling each of the four load peaks by the combination of its direction (insertion or retention) and the snap head surface being contact (insertion or retention).  From these, quantify the Insertion Load (which must be supplied for assembly) and the Retention Load (which may be supported during use without release).

3. Perform a repeat experiment for each fastener.

4. Compare the results and discuss possible sources of error for the difference.  Derive (with help from your instructor) new equations for the insertion and retention force that correct for erroneous assumptions in the original equation. Take additional measurements during the experiment to check your new equations.  Are you able to obtain a better match with your experiments?  What parameters are the most difficult to accurately measure?  Discuss how sensitive your results are to errors in these parameters.

Worksheet for fastener testing

Measure the following dimensions from the given cantilever fasteners using a caliper

	
	Beam Width
	Beam Thick.
	Beam Length
	Offset
	Ins.

Angle
	Ret.

Angle

	Snap #1
	
	
	
	
	
	

	Snap #2
	
	
	
	
	
	


Use the equations in the Hamrock textbook to calculate insertion and retention forces for each fastener

	
	Snap #1
	Snap #2

	
	Insertion F
	Retention F
	Insertion F
	Retention F

	Calculated Values
	
	
	
	


Use the Instron machine to measure insertion and retention forces for both snaps and repeat the procedure two times for each geometry.    Then calculate the average insertion and retention forces for each fastener.

	
	Snap #1
	Snap #2

	
	Insertion F
	Retention F
	Insertion F
	Retention F

	Run #1
	
	
	
	

	Run #2
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Average
	
	
	
	


Calculate the difference using the average experimental data and the results from the equations in the Hamrock textbook.

	
	Snap #1
	Snap #2

	
	Insertion F
	Retention F
	Insertion F
	Retention F

	percent difference
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