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Steel Transformations Change With Rapid Heating Rates
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Project Background

* TA Instruments (Bahr) 805L Quenching Dilatometer is Commonly Used to
Study Steel Transformations.

* Maximum Heating Rate for Austenite Using Standard Specimen Design,
4 mm Diameter by 10 mm Long,

* Limited to 200 °Cs™
* Large Temperature Variations with Standard Specimen Heating at 200 °Cs™

* Industrial Induction Heating Rates Can Exceed 1000 °Cs™

* What Are the Effects of Changing to Tubular Test Specimens on
* Heating Rates in Ferrite Pearlite vs Austenite?
* Temperature Gradients during Transformation?
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TA 805L Quench Dilatometer and Push Rod Modification for Tubes
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Dilatometer Heating 4 mm OD by 10 mm Long 1045 Steel Specimen
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Non—Uniform Heating Along Specimen Length — Heating at 200 °Cs™
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Effect of Specimen Design on Heating Austenite at Maximum Power
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Modeled Temperature Variations in 10 mm Tube Heating at

Maximum Power
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10 mm Stainless Steel Tube
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1045 10 mm Tube
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Modelled Temperature Variations in Tube Versus Solid 1045 Steel at
Maximum Power
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1045 4 mm Diameter by 10 mm Long Solid Cylinder
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Modelled Heating Curves Showing Deviations Between Center
Control and End Temperatures of 10 mm Diameter Tubes at

Maximum Power

1200

1000 F

oL
-
<

600 F

Temperature, °C

400 F

1.5




H=AT TR=AT

ST HEAT TREATING SOCIETY
CONFERENCE & EXPOSITION

Actual Heating Test for 10 mm diameter by 7.5 mm long by 0.1 mm
wall thickness 1045 steel at maximum power.
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Conclusions

* With a TA 805 L Dilatometer it is possible to increase the maximum heating

rate for 1045 steel up to about 400 °Cs™ as austenite and over 500 °Cs? as
ferrite-pearlite by changing the specimen design to a 10 mm diameter by 1
mm wall thickness by 7.5 mm long tube.

* The temperature gradient is approximately the same for the 4 mm diameter
solid and the 10 mm diameter tubular specimens heated with the
maximum power input

*A_, temperatures are not accurately determined for either specimen type at
maximum heating rates due to thermal gradients causing anomalous
expansion during the transformation.
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