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Title of Thesis: Experimental and Theoretical Study to Predict of Austenitizing and Tempering Temperatures from the
Mechanical Properties of Martensitic Stainless Steel AISI 410.

Abstract: This research involved the study of the effect of heat treatment conditions on the mechanical properties of
martensitic stainless steel type AISI 410. Heat treatment process was hardening of the metal by quenching at different temperature
900°C, 950°C, 1000°C, 1050°C and 1100°C, followed by double tempering at 200°C, 250°C, 300°C, 350°C, 400°C, 450°C, 500°C,
550°C, 600°C, 650°C and 700°C, were evaluated and the study of some mechanical properties of the metal such as hardness, impact
energy and properties of tensile such as yield strength, tensile strength, fracture stress and percentage elongation. Also, the effect of
heat treatment on the microstructure of the metal was observed.

The experimental results showed the relationship between the change in quenching and tempering temperature with the
mechanical properties. The martensitic stainless steel which was hardening by quenching followed by double tempering gives the
highest value of hardness at 1050°C quenching temperature and 200°C tempering temperature. Whereas the best result for Impact
energy at 900°C and 650°C quenching and tempering temperature. Besides the best result of yield strength and tensile strength
undergo recorded at 1050°C and 200°C quenching and tempering temperature. Whereas, the best result of fracture stress at 1050°C
and 200°C, and the percentage elongation undergo recorded at 900°C and tempered at 650°C.

Drawing the relationship between the change in hardness and impact energy with the change in the quenching and tempering
temperature, show that the suitable combination of the hardness and impact energy occurs through the tempering of steel at 450°C.

It was found that the undissolved coarse grain of chromium carbide at 900°C low quenching temperature, whereas at high
guenching temperature from 950°C to 1100°C the chromium carbide dissolved at grain boundaries caused weakened of the material
and initiation of brittle cracking.

The hardening and tempering give a microstructure be essentially of fine tempered martensite due to double tempering and
coexisting of ferrite phase or blended of ferrite and martensite with small particles of nonmetallic inclusions depends on the
guenching and tempering temperature and type of the metal.

Annealing processes caused softening of the material and increase the ductility due to coarse grain growth of ferrite phase with
spheroidal chromium carbide.

Multiple outputs Artificial Neural Network model was built with (Matlab) package to predict the quenching and tempering
temperatures. Also linear and nonlinear regression analyses (using Data fit package) were used to estimate the mathematical
relationship between quenching and tempering temperatures with hardness, impact energy, yield strength, tensile strength, fracture
stress and percentage elongation. A compared between experimental, regression analysis, and ANN model show that the multiple
output ANN model is more accurate and closer to the experimental results that the regression analysis results.




