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This paper investigated the hot deformation behavior of an AISI 4340 material through high-temperature compression
experiments. The compression tests were performed to obtain stress-strain curves at processing temperatures of 900,
1,000, 1,100, and 1,200°C, and the strain rates of 0.01, 0.1, 1, and 10s™ up to a true strain of 1.0 in the high-temperature
compression mode of Gleeble® 3,500. A novel 3D processing map, constructed through power dissipation efficiency and
Ziegler's instability criterion, is proposed. The deformation behavior was analyzed by observing changes in the
microstructure from the high-temperature compression tests. Electron back scatters diffraction (EBSD) was used to
characterize the microstructures for various processing parameters. The process workability of finite element analysis (FEA)
was examined in the deformation flow instability map in the three-dimensional space for each strain. As a result, each
particle's strain rate and temperature of FEA data can be observed in a three-dimensional flow instability map to control the
temperature and process speed to avoid unstable zones.
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NOMENCLATURE n = Efficiency of Power Dissipation
& = Flow Instability Parameter
o = Flow Stress
K = Strength Constant
m = Strain Rate Sensitivity Exponent
& = Strain 1. M2
& = Strain Rate
P = Dissipated Power A7t dxe HEl B dE] APAE v AE ddeE
G = Power Generated by Temperature Rises 7Hgele 35 A8 FAolth 1 Bx A AE £ 25
J = Power Dissipated by Microstructure Evolution 9] 75%7MA] 71EEH S8 2%of 7t uer AW
o WaF e oA asle] RS %Y & Sk
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Fig. 1 Gleeble 3,500 hot compression test
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Fig. 2 The initial microstructure of the AISI 4340 (a) Image quality
map, (b) Inverse pole figure map, and (c) Kernel average
misorientation map, d denotes the average grain size, KAM
denotes the average kernel average misorientation
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Fig. 3 Temperature change of AISI 4340 during the hot
compression test
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Fig. 4 Typical true stress-true strain curves of AISI 4340 at different
temperatures
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Fig. 5 Schematic diagram of the constitutive equation in a non-
linear power dissipator and ideal linear dissipator
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