Impact Behavior of Large SFS90A Forged Product
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Abstract
Impact behavior of large SF590A (Fe-0.65C-1.5Mn-0.035P-0.0355-0.3Cr-0.15Mo-0.4Ni-0.3Cu) forged propeller shaft
was studied in this study. Charpy impact specimens were prepared from the forged product with different heat number.
The impact value of each specimen with different heat number tends to vary greatly depending on the prior austenite grain
size and, less significantly, on the amount of sulfur. The dominant metallurgical factors affecting impact behavior of
SF390A forged product are discussed based on fractographic and metallographic observations.
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Table 1 Chemical compositions of SF590A used in the present study (wt%).
Heat No. C Si Mn P S Ni Cr Mo Al Fe
1 0.428 0.258 0978 0.0127 0.0036 0.173 0.158 0.019 0.0043 Bal.
2 0.448 0.271 0960 0.0091 0.0025 0.182 0.150 0.024 0.0064 Bal
3 0429 0236 0961 0.0084 0.0087 0.177 0.143 0.015 0.0045 Bal
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Fig. 1 Schematic diagram for (a) propeller shaft and the location for Charpy impact specimens and
(b) the details for the Charpy V-notch impact specimen.
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Fig. 2 Impact test results for the specimen prepared from propeller shaft.
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Table 2 Impact energy values for forged propeller shaft in this study
at different temperature, locations and directions.

Impact energy (J)

Temp.
Heat No. 0) Flange Axis
Longitude Transverse Longitude Transverse
20 32 32 29 25
1 0 23 24 19 16
-10 18 18 17 8
20 29 23 8 11
2 0 20 17
-10 15 11
20 17 17 20 15
3 0 10 13 14 11
-10 10 14 i2 11
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Fig. 3 Optical micrographs of specimens with
heat number of (a) 1, (b) 2 and (c) 3, respectively.
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Fig. 4 SEM fractographs of impact tested specimens
with heat number of (a) 1, (b) 2 and (c) 3, respectively.
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Table 3 Average grain size, cleavage facet and hardness values for the specimen in this study.

Heat  Average grain ASTM grain  Average cleavage Hardness
No. size (um) size No. facet size (um) (HRB)
1 208 +1.5 8.0 195 +12.3 583
2 251 +3.1 75 269 176 56.8
3 62.1 +28.6 5.0 64.5 421 58.0
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Fig. 5 Optical micrographs of MnS observed for the specimen with heat number of
(a) 1 and (b) 3, respectively, and (c) matching EDS analysis result for MnS shown in Figure 5(b).
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