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Effect of Heat Treatment Process on Structure and Mechanical
Properties of Steel Q345D for Rudder Stock

Fan Qiumei, Fu Chaobo, Zhang Yongheng and Wang Haizhen
(Zhongyuan Special Steel Co Ltd, Jiyuan 459008 )

Abstract The structure and properties of ®280 mm forgings of steel Q345D (% . 0.18C, 0.41Si, 1.34Mn,
0.05Nb, 0.08V, 0.024Al) after quenching + tempering treatment and normalizing treatment have been tested and stud-
ied. Results show that with 890 °C air cooling for 200 s, then water cooling +570 “C tempering the steel tensile strength R,
is 2630 MPa, yield strength R, is =455 MPa and impact energy A, at —20 C is 28 ~40 J; with normalizing at 910 °C
air cooling, the R_, R, and -20 °C A, of steel are respectively =575 MPa, =390 MPa and 42 ~59 ], all the mechani-
cal properties meet the requirement for rudder stock product; the structure at depth 30 mm from surface of quenched-tem-
pered rudder stock piece is tempered sorbite + granular bainite, at center it is pearlite + minor granular bainite, and all the
structure at surface and center of normalized rudder stock piece is pearlite + ferrite.
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Table 1 Requirement for chemical composition of Q345 steel grades /%

Z 7 C Mn Si P S v Nb Ti Al
A <0.20 1.00 ~1.60 <0.55 <0.045 <0.045 0.02~0.15 0.015 ~0.060 0.02 ~0.20 -
B <0.20 1.00 ~1.60 <0.55 <0.040 <0.040 0.02~0.15 0.015 ~0.060 0.02~0.20 -
C <0.20 1.00 ~1.60 <0.55 <0.035 <0.035 0.02~0.15 0.015 ~0.060 0.02~0.20 =0.015
D <0.18 1.00 ~1.60 <0.55 <0.030 <0.030 0.02 ~0.15 0.015 ~0.060 0.02~0.20 =0.015
E <0.18 1.00 ~1.60 <0.55 <0.025 <0.025 0.02 ~0.15 0.015 ~0.060 0.02~0.20 20.015
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Table 2 Melting end chemical composition of steel Q345D
/ %
C Si Mn P S Nb Al A
0.18 0.41 1.34 0.012 0.005 0.054 0.024 0.08
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Table 3 Mechanical properties of rudder stock piece after
heat treatment

s R,/MPa R_/MPa A/% -20 C 0%
i R/ME Agy/] Agy/]
Ek 390 575 30.0 48/42/59  71/70/79
R 455 630 20.5 40/28/37 109/108/95
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Fig.1 Structure morphology of rudder stock piece of steel Q345D; quenched-tempered:; at depth 30 mm from

surface- tempered sorbite + tempered granular bainite (a) (b), at center- ferrite, pearlite + minor granular bainite (c)
(d) ; normalized- at depth 30 mm from surface- pearlite + ferrite (e), at center- ferrite + pearlite (f)
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