ME 302  --  Mechanical Engineering Laboratory I

Experiment 4     

Fracture Toughness and Strength

(1 week) (revised 7/05)

Objectives:
To understand the relationship between the strength and fracture toughness of alumina ceramic including the concept of weibull modulus.  To understand the principles of impact testing and its use in characterizing fracture toughness. 

Equipment:
Instron Universal Testing Machine




Impact Tester

Material:
W-1 Tool steel, polyester, polyester/glass composite and alumina

Pre-lab:

Clearly define and distinguish between the stress-intensity factor and the fracture toughness.  What are the relative fracture toughness differences between ceramics, polymers and metals?  How do glass fibers affect fracture toughness and why?


Provide a write-up on impact testing technique.   Knowing the initial velocity of impact and the impact force versus time, clearly show how the cumulative impact energy versus time, and the impact energy versus displacement  can be calculated.  Show your derivations.

Provide a write-up on the weibull modulus and its evaluation.

Procedure:


1. For carbon steel, polymer and the polymer composite the fracture toughness will be measured in terms of the impact energy, Ji  required to break a notched square cross section specimen.  From Ji the fracture toughness, KIc can be approximated as:
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where E is the modulus of elasticity, ( is the Poisson’s ratio, and Af is the area of fracture surface on the broken specimen.

2. For alumina ceramic, single edge notched beam specimens will be fractured in four-point-bending and toughness will be calculated by:


KIc = [(P(S1 - S2) a1/2)/(BW2)] Y


Y = 1.99 -2.47(a/W) +12.97(a/W)2 -23.17(a/W)3 + 24.8(a/W)4

where P is the 
fracture load, S1 and S2 are the outer and inner loading spans, 
respectively, a is the notch depth, W is the specimen width in the direction of the 
notch, and B is the specimen thickness transverse to the notch.

3. Unnotched alumina samples will be fractured in four-point bending and the strength calculated from a knowledge of the specimen dimensions and the span.  The strength will be related to the toughness using
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where (f  is the fracture strength and c is the natural strength-controlling flaw size. 
Safety Procedures:  Remember to use a face-shield while operating the Instron and other equipment.

Tables and Figures:

1) Graph of force and impact energy versus time for steel, polymer and polymer/glass (raw data)

2) Graph of force and impact energy versus displacement for steel, polymer and polymer/glass (calculated).

3) Graph of force versus crosshead displacement for notched and unnotched alumina

4) Graph of flaw size versus strength for alumina

5) Weibull plot for alumina showing weibull modulus

6) Table showing toughness and strength data for alumina and the calculated flaw size

7) Table showing the fracture toughness of all the materials tested.
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