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Effect of heat treatment on the mechanical properties of 27SiMn steel
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ABSTRACT Excellent mechanical properties of 27SiMn hydraulic support can be achieved by heat treatment. In this paper heat

treatment orthogonal experiments with four factors and three levels were performed to investigate the effects of quenching temperature

and holding time as well as tempering temperature and holding time on the mechanical properties of the hydraulic support. The heat

treatment process was optimized as quenching after holding at 930 °C for 40 min and then tempering at 480 °C for 50 min. At these opti—

mized heat treatment parameters the hydraulic support has excellent comprehensive mechanical properties: the yielding strength of 895

MPa the tensile strength of 1030 MPa the elongation of 15% the area reduction of 54% and the impact energy of 53.3 ] which

meet the requirements of 27SiMn steel according to the standard GB/T 17396—1998.
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Table 1 Chemical composition of 27SiMn steel %
C Si Mn S P Cr Ni Cu
27SiMn 0.32 1.29 1.33 0. 003 0.0189 0.079 0.011 <0. 009
RX3—15-8 . . GB/T 228—2002
T~ R~ R, -
f T, t,. AN Z
27SiMn T,, 855%C 3
855 + (30 ~70) °C
GB/T 17396—1998 27SiMn
: 835 MPa. 980
2 L,( 3% . MPa. 12% - 40% 39 .
3
3 . 4 .
5 4
Table 2  Orthogonal experiments with four factors and three levels
27SiMn
T, /C ¢, /min T,/1C t, /min 5
1 890 30 450 50 A
2 910 40 480 60 L>T0 > 6>t
3 930 50 510 %0 T,>T, >t, >t,,; T,>T, > t, >t
T,> t,>T, >t,; ,>T >t >
3 ty. N N N
Table 3 Experimental programs designed by the orthogonal experimental
table 125 MPa.144. 3 MPa.2. 5% 3% 8.
3.1
T,/C t, /min T,/C t, /min 450 ~510°C 50 ~80
1 890 30 450 50 min 27SiMn
2 890 40 480 60 1 '
3 890 50 510 80 C o Mn.Si
4 910 30 480 80 .
5 910 40 510 50 ’
6 910 50 450 60
7 930 30 510 60
8 930 40 450 80
9 930 50 480 50 890 C
. 930 °C
3 . GB/T 17396—1998
50mm  $10

mm 10 mm x 10 mm X 55 mm 930 C.



.36 34
4 27SiMn
Table 4 Mechanical properties of 27SiMn specimens under different heat treatment processes
R, /MPa R, /MPa Al% Z1% /]
1 890 °C 30 min 450 C 50 min 935 1115 15 53 37
2 890 °C 40 min 480°C 60 min 887 1040 15 57 48
3 890 °C 50 min 510 C 80 min 775 927 18 59 39
4 910 C 30 min 480 °C 80 min 835 987 16 55 47
5 910 C 40 min 510 C 50 min 802 942 16 56 52
6 910 C 50 min 450 C 60 min 867 1040 15 55 45
7 930 C 30 min 510 °C 60 min 797 940 16 57 44
8 930 C 40 min 450 C 80 min 947 1090 13 55 43
9 930 C 50 min 480 C 50 min 872 1015 14 55 56
5 27SiMn
Table 5 Orthogonal experimental results of 27SiMn specimens 30 ~ 40 min
T, 1 T, ty
K, 865.8 855.8 917 870
K, 835 8525 865  850.8
/MPa Ky 8725 838.3 792 852.5 40 min.
R 37.5 17.5 125 19.2 3.2
930 30 450 50 890 ~ 930 C
K, 1027.5 1014 1081 1024 30 ~ 50 min
K, 990 1024 1014 1007 27SiMn 2.
/MPa  K; 1015 994 936.7 1002
R 37.5 30 144.3 22 480 C
390 40 450 50 GB/T 17396—1998
K, 16.25 16 14.7 15
K, 16 15.25 154  15.8 480
/% K, 15 16 17.2  16.08 <
R .25 0.75 2.5 1.08 >
890 5030 510 80
K, 56.7 553 546  55.1
K, 554  56.3 56 56.7 50 min.
/% Ky o 56.1 56.5  57.6  56.4
R 1.3 1.2 3 1.6
890 50 510 60 c o c
K, 41.3 43 42 48
K, 48 47.6 50 45.7 ’
/1 K, 48 47 45 43 ,
R 6.7 4.6 8 5
930 40 480 50
KKK, R 1.2 e
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Fig.1 Effects of quenching temperature and holding time on the mechanical properties: ( a) quenching temperature; ( b) holding time
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Fig.2 [Effects of tempering temperature and holding time on the mechanical properties: ( a) tempering temperature; ( b) holding time
27SiMn
a N (930 C 40 min) + (480 °C 50 min) .
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Table 6 Mechanical properties under the optimum heat treatment and the GB/T 17396—1998 standard
R, /MPa R, /MPa Al% Z1% A1l
— — 835 980 12 40 39
930 °C 40 min 480 °C 50 min 895 1030 15 54 53.3
(1) (2)
480 °C
30 ~40 min

N N
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(3)

(930 C 40 min) +

(480 °C 50 min) . 895

MPa 1 030 MPa 15%

54% 53.3])

GB/T 17396—1998 27SiMn
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