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Size effects on tensile properties of H80 thin sheets

CUI Baojin, TONG Guoquan, MA Zhenwu

(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In order to investigate size effects on the tensile properties of thin sheets and deformation mechanism,
tensile tests and micro-hardness tests of H80 thin sheet specimens with similar grain sizes but different thickness
were performed. In order to study the effects of thickness, grain size and the micro-hardness distribution on the
tensile properties of thin sheets, grain boundary strengthening model and weak grain deformation mechanism were
built. According to the experimental data, strength and plasticity both decreases with thickness decreasing,
which presents a size effect of thinner sheets, weaker strength. However, the variation coefficient of strength and
plasticity presents an opposite law. The transverse mean hardness of thin sheets increases with the increase of
thickness, while the variation coefficient is contrary for transverse hardness. The reason why the size effect of
tensile properties occurs is that the percentage of grain boundary decreases and the percentage of single grain
increases with thickness decreasing. In addition, the micro-hardness results indicate that the formation
probability of easy forming areas increases with thickness decreasing and intensively deforming of easy forming
areas is the main reason for premature fracture of the thin sheets.
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Table 1 Heat treatment parameters
JEEE t/mm Bk S FRERSE d/ pm v/d
0.40 400 C,1 h 34.6 11.80
0.10 500 C,1h 33.8 2.94
0.05 500 C,1 h 35.3 1.40
0.03 600 C,1 h 34.2 0.86
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Fig.1 The micro-hardness measuring position
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Fig.2 Effects of the thickness on the strength
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Fig.4 Schematic of grain allocation in thin sheet specimens
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Fig.5 Variation of grain boundary percentage with thickness
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Fig.6  Microstructure of 0.03 mm thick H80 thin sheets
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Fig.7 Effects of thickness on plasticity
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Fig.8 Hardness nephogram of 0.03 mm thick H80 thin sheets
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Fig.9 Hardness nephogram of 0.4 mm thick H80 thin sheets
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Table 2 Statistical analysis of hardness values for 0.03 mm thin sheets

#H1 H2 #H3 H4 45 #Ho 47 48 49 1o MEgE AARHET
69.52 93.15 108.85 83.1 73.15 94.94 68.29 110.93 74.37 94.99 87.12 17%
®3 0.4 mm HiRRKEEEEHESITHT
Table 3  Statistical analysis of mean hardness values along the thickness direction for 0.4 mm thin sheets
H1 42 A3 44 M5 4o M7 4 8 Ho 410 Ml BRET
142.76 135.74 136.49 148.05 140.96 158.6 131.83 152.15 141.37 134.58 142.26 5.7%
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Fig.10  Schematic illustration of easy deformation zone
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