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Impact of Microstructural Inhomogeneity and Geometrically Necessary
Dislocations on the Bauschinger Effect in 18Ni Maraging Steel
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Abstract: Maraging steel is indispensable in aerospace, automotive, and other fields because of its excellent balance of
strength and toughness. However, the Bauschinger effect, which is commonly induced by cyclic loading during service, can
significantly alter a material's yield strength. This leads to a loss of dimensional accuracy and even premature fatigue
failure, thereby compromising service reliability. Current research still lacks a systematic understanding of how
microstructural heterogeneity regulates the Bauschinger effect. By analysing the cyclic deformation behavior of 18Ni(300)
steel under solution-treated (ST) and solution-treated plus aged (STA) conditions, combined with characterization via
electron backscatter diffraction (EBSD) and transmission electron microscopy (TEM), this study reveals that the synergistic
effect of nonuniform martensite block size distribution and localized enrichment of geometrically necessary dislocations
(GND) is the key mechanism exacerbating the Bauschinger effect. Research has demonstrated that homogenizing a
material's microstructure and GND density through appropriate heat treatment protocols is an effective approach to mitigate
the Bauschinger effect.
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Fig.1 Size of the cyclic loading sample
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Fig.2 Schematic diagram of the hierarchical structure of
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(d) 800 'C 1 h/AC+480 ‘C 3 h/AC; (e) 850 'C 1 h/AC+480 C 3 h/AC; (f) 900 ‘C 1 h/AC+480 ‘C 3 h/AC
Fig.3 EBSD maps of the ST and STA samples of 18Ni(300) maraging steel: (a) 800 ‘C 1 h/AC; (b) 850 ‘C 1 h/AC; (c) 900 ‘C 1 h/AC;
(d) 800 “C 1 W/AC+480 °C 3 W/AC; (¢) 850 °C 1 /AC+480 ‘C 3 W/AC; (f) 900 ‘C 1 h/AC+480 °C 3 h/AC
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Fig.5 TEM images and elemental distributions of the 800 ‘C 1 h/AC+480 ‘C 3 h/AC sample: (a) bright-field image; (b~e) EDS maps
of Fe, Mo, Ni, Co; (f) SAED patterns
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Tab.2 BSP values for quenched and tempered samples at the reversal point

800 C 1 h/AC+480 C 3WAC 850 'C 1 h/AC+480 'C 3 h/AC 900 ‘C 1 h/AC+480 ‘C 3 h/AC

Loading method Prestrain Cycle Reversal Reversal Reversal
point/MPa BSP point/MPa BSP point/MPa BSP
1 2093.52 0.615 2030.27 0.563 212224 0.326
2 2011.46 0.610 1977.92 0.518 2061.40 0.288
Compression-
Stxetching 1.25 pet 3 1982.60 0.604 1958.72 0.454 2030.27 0.257
4 1961.96 0.587 1943.97 0.445 2010.46 0.250
5 1945.93 0.571 1935.48 0.438 1932.93 0.252
° BSP
2.3 GND
800 C 1 h/AC.850 C 1 h/AC 900 C 1 h/
AC3 1%
- © ),
6 &1 BSP 3 o , 1
Fig.6 Cyclic loading curves of the materials®” 5
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, 900 C 1 h/AC+480 'C 3 h/AC 850 C 1 h/AC 900 C 1 h/AC ,
BSP (0.326) 88.6%., 88.5% .67.1% 8
7 EBSD , Ta GND ,800 C 1 h/AC GND
, X 8 GND ,
, 7a Aztec crystal 3 GND
, 800 ‘C 1 h/AC+ 9 , 9 ,3
480 'C 3 h/AC GND 5.0x10"~5.5x10" m?
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Fig.7 EBSD analysis of the martensite structure of 18Ni(300) alloy: (a) 800 C h/AC+480 ‘C 3 h/AC; (b) 850 C 1 h/AC+480 C
3 hW/AC; (c) 900 C 1 h/AC+480 C 3 h/AC
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Tab.3 BSP values for quenching samples at the reversal point
800 C 1 h/AC 850 'C 1 /AC 900 'C 1 h/AC
Prestrain Cycle Reversal Reversal Reversal

point/MPa BSP point/MPa BSP point/MPa BSP

1 904.56 0.132 896.15 0.070 902.16 0.079

2 968.30 0.277 973.12 0.225 969.51 0.262

1 pet 3 951.47 0.313 956.28 0.258 958.68 0.271

4 939.44 0.301 943.05 0.252 941.85 0.288

5 929.82 0.297 931.02 0.273 934.63 0.285

8 GND :(a, d) 800 C 1 h/AC; (b, ¢) 850 C 1 h/AC; (c, ) 900 C1 h/AC

Fig.8 Microstructure of solid solution samples and distribution of GND: (a, d) 800 ‘C 1 h/AC; (b, e) 850 ‘C 1 h/AC;

9 GND GND

histogram: (a) 800 C 1 h/AC; (b) 850 'C 1 h/AC; (c) 900 'C 1 h/AC
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(¢, ) 900 C 1 h/AC

:(a) 800 C 1 h/AC; (b)850 C 1 h/AC; (c) 900 'C 1 h/AC
Fig.9 Histogram of the GND density distribution calculated from the results in Fig. 8 with the mean GND density labelled in each
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