 TIMKENSTEEL %

Material Science
Engineering and Steel
Making/Metallurgy
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What is Material Science Engineering (MSE)




Careers in Material Science Engineering



Metallurgy Summary



TimkenSteel - Overview
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TimkenSteel — Where Are We?
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Agenda



Steel Making Production




Melting — Electric Arc Furnace

012



Refining — Vacuum Arc Degasser (VAD)
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Casting

Bottom Poured Ingots OR Continuous Casting

%



Forge Press



Rolling Mill
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Piercing




Faircrest Steel Plant
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Harrison Steel Plant
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Gambrinus Steel Plant




Agenda



Heat Treating



Microstructures in Steel
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Steel Properties

Customers will specify property requirements based off the application

Samples are cut from the steel product after heat treat and prepared for
various tests

Steel properties are measured by a variety of tests
® Tensile Test
Strength
Ductility

®  Charpy Impact
Toughness

o Hardness

®  Jominy Test
Hardenability



The Tensile Test



The Stress vs. Strain Curve
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The Stress vs. Strain Curve



The Charpy V Notch Impact Test



Charpy “V” Notch Impact Toughness
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Hardness
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Jominy Test - Hardenabillity

CARBON

A measure of the ability for STEEL N
steel to harden in depth

Prepare a sample, heat it to -—-

hardening temperatures,
cool from one end at a
controlled rate ’ l

Measure the hardness
variation along the sample




Steel Making

BRINELL HARDNESS— 3000 KG.

N

ROCKWELL
"C" HARDNESS

ROCKWELL
'C"HARDN ESS

N\

BR INELL HARDNESS — 3000 KG.

ROCKWELL
"B' HARDNESS
'B"HARDNESS

ROCKWELL

SIXTEENTHS FROM QUENCHED END OF JOMINY BAR
ALLOY
STEEL N

CARBON

STEEL
\

SIXTEENTHS FROM QUENCHED END OF JOMINY BAF



Metallurgy Summary



Discussion



