Homework for Dr. Varshneya (Due November 5, 2008)

Pls e-mail your answers.

(1) Show by mathematical analysis that, for a parabolic stress profile typical of a thermal tempering of a semi-infinite glass plate, the surface compression is twice the magnitude of the internal tension and that the case depth is roughly 1/5th of the plate thickness. [See Figure 13-43 of the “good book”, 2nd ed; or Fig 13-39 of the 1st ed].
(2) Very short question: Show using Figure 13-45 (2nd ed) OR Figure 13-41 (1st ed) that, even at the highest of the heat transfer coefficient, a 2 mm thick glass plate develops only about 10 MPa surface compression. [Comment: Hence, thin glass products can not be meaningfully strengthened by thermal means].
(3) Assume that a 6 mm plate of 15% Na2O.8%CaO.1% MgO.2Al2O3.74%SiO2 (wt%) glass is ion exchanged by immersion in molten KNO3 at a temperature well below the strain point of glass. For simplicity, assume that the K+ ion concentration drops off linearly to zero starting from a 100% exchanged surface. Calculate the surface compression and the center tension when the penetration distance is (a) 20 microns and (b) 40 microns. Measured values of surface compression in typical commercial SLS glass are often around 500-600 MPa. Comment on the difference, if any. [Young’s modulus E = 70 GPa and Poisson’s ratio  = 0.22. You will need to use the SciGlass CD attached to the inside of the goodbook’s back cover to calculate density of the parent and the K+-exchanged glasses. Kindly also note that equation 14.53 in the “new testament” should read  in place of e. Equation is correctly given in the “old testament”.]
Note: correction has been made to the original in above problem (74%  SiO2 )  10/31/08

