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In the 17th century, German Prince Rupert of the Rhine brought glass drops to

England’s King Charles II as an intriguing parlor trick. The elegant tear-drop

shaped glasses include a very long “tail”, but what makes them so impressive is

their extreme surface compressive residual stresses. The high magnitude

negative stress increases the surface strength of the glass drops such that one

can actually hit the drop with a hammer and it will not break. However, as soon

as you snip the tip of the tail, the stresses are released, and the entire drop

shatters into thousands of tiny pieces. The compressive residual stresses form

when a molten drop of glass is quickly cooled in water. The rapid solidification

at the surface locks in a large volume amorphous structure and the interior

forms a slightly smaller volume structure. The volume differences ensure that

the surface is in compression and the center of the drop is in tension. Check out

this video created by Purdue Engineering to learn more about these drops:

https://youtu.be/lt-zvsGvtqg.

As it turns out, we still use the principle of controlling residual stress through

thermal processing of glass today. So-called safety tempered glass is heat

treated to ensure that surface compressive stresses are high enough in

magnitude that when the glass breaks, it breaks into pea-sized pieces rather

than large sharp shards.
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Test rings of AISI 9310 steel are subjected to a

representative gear manufacturing sequence

that includes normalizing, rough machining,

vacuum carburizing to 0.03”, austenitizing,

quench, cryo-treatment, temper, and finish

machining. Characterization of a test ring and a

metallurgical sample after each manufacturing

step allows tracking of residual stress and

microstructural changes along the sequence.

The results presented here are particularly

interesting because the highest compressive

residual stresses appear after removal of copper

masking, not after quench as expected. Data

can be used for future ICME models of the heat

treat and subsequent machining steps.

Analytical methods include X-Ray Diffraction,

optical and electron microscopies, mechanical

testing, and hardness testing.

Vacuum carburizing of 9310 gear steel followed

by austenitizing, oil quench, cryogenic treatment,

and tempering is known to impact residual stress

state of the steel. Residual stress magnitude and

depth distribution can have adverse effects on

part distortion during intermediary and finish

machining steps. The present research provides

residual stress measurement, microstructural,

and mechanical property data for samples taken

along a specific heat treat sequence. 
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