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Report Requirements

Each student will provide a memorandum style report that must include the following: The definition of “hardenability”
, the meaning of the term “base diameter (DI)” and an insert a graph of the hardness profile for an AISI/SAE 4140 steel found in the literature.
  Discuss the significance of hardenability multiplying factors, as they relate to HSLA steels (see reference 2).  In addition, provide the definitions of the words: martensite, bainite, cementite, pearlite and ferrite.  In what order, from the quenched end of the Jominy end quench specimen, would the above listed microstructural features be observed.  

Introduction

What is hardenability?  The primary objective of austenitizing, quenching and tempering a steel part is to produce a hard martensitic microstructure in the material.  The ease of accomplishing this task is a measure of the steel alloy’s hardenability.  The higher the hardenability the easier it is to produce a martensitic microstructure throughout the part.  Alloying elements are added to iron to influence the hardenability of steel.  The most significant being: C, Mn, Si, Ni, Cr and Mo.  Additions of V, W and Ti are also useful depending on the application.  If the steel alloy has a very high hardenability it is possible the produce nearly 100% martensite in large parts.  

Measurement of hardenability is accomplished experimentally through the use of an end-quench apparatus, illustrated in Figures 1 and 2, that produces a severe quench at one end of an austenitized steel bar.  The linear heat transfer through the length of the bar provides an infinite number of continuous cooling paths that can be correlated to the kinetics of the decomposition of austenite.  The quenched end is nearly 100% martensite.  At some distance from the quenched-end, for HSLA steels, the microstructure becomes pearlite and ferrite.  In between, mixtures of martensite, bainite, ferrite and pearlite
 are possible depending on the distance from the quenched end and the specific alloy being evaluated.

The Laboratory Experiment

The recommended austenitizing temperature for AISI/SAE 4140 steel is between 845-870°C.
 The student is expected to research other aspects of the heat treatment process such as: quenching, tempering and the role of alloying elements on hardenability.  A standard Jominy end-quench specimen will be heated to the suggested temperature and placed in the Jominy end-quench test apparatus.  After the quenching and cooling process is completed, a flat is ground on the longitudinal axis of the Jominy bar.  A series of HRC hardness measurement will be made at approximately 1/16-inch intervals along the length of the bar.  This data can be compared to published and computed data.  Theoretical Jominy end quench hardness profiles will be generated using software developed at the Caterpillar Tractor Company.
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Figure 1.
Schematic of Jominy end-quench facility.  After Smith.
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Figure 2.
Jominy end-quench apparatus located in the Metallurgical Engineering Laboratory.  The left image has the Jominy test bar setting on the cross bar -- the quench-water is running.  The right photo shows the sample in the end-quench position.  Note the water is spraying out at the bottom of the test bar
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