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Effect of YG1500 High Strength Stainless Steel Smelting and
Forging Process on Microstructure and Fracture Toughness

Dong Xiaoliang"?, Wang Xianhua'?, Yang Peng'?, Zhang Xiuli'?, Xu Guangpeng'?, Wu Yi'?, Xie Pu'?
(1 Institute of special stainless steel , Daye Special Steel Co.,Ltd., Huangshi 435000, China;2 Hubei Provincial
Key Laboratory of High—quality Special Steel, Huangshi 435001, China)

Abstract: The ¢300 mm diameter YG1500 high strength stainless steel was produced by VIM + VAR + forging process,
the simulation analysis of the vacuum self-consumption melting speed and the primary dendrite spacing was carried out by
Meltflow-VAR software with the range 4. 0 kg/min-5. 0 kg/min. The Gleeble compression test was conducted at 0. 1 s™ and
1 s compression rates under 950 ‘C-1 100 “Cconditions. Industrial-scale production trials were ultimately implemented us-
ing vacuum self-consumption smelting at 4. 2 kg/min, forging heating temperatures of 1 100 ‘C, 1 040 °C, with strain rates
of 0. 1 s" and 1 s™". The resulting $300 mm bar products underwent rigorous analysis through metallographic examination,
grain boundary angle measurement, and mechanical property testing. The results show that: forging process was carried
out at a temperature of 1 040 ‘C, the fracture toughness of YG1500 steel produced by forging process with an average strain
rate of 0. 1s™ can reach105 MPa. m">-115 MPa. m'?,20 MPa. m"?>-30 MPa. m"” higher than another group of processes , At
the same time, the martensite plates in the steel are more uniform and smaller, and the number of large and small angle
grain boundaries in the steel greater.
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Tablel The chemical composition of YG1500 steel%

C Cr Ni Mo Al S p Si Mn
0.03 13.00 810 2.00 1.20 0.001 0.002 0.01 0.01
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Table 2 YG1500 Gleeble test conditions

e HREE BRI e e T
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1100 10 300 K& 0.6 0.151
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Fig. 1 Heat treatment process of YG1500 steel
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Fig. 2 Simulation diagram of primary dendrite spacing at different melt rates of YG 1500: (a) 4. 0 kg/min, () 4. 5 kg/min, (c¢) 5. 0 kg/min
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Table 3 Melting rate of YG1500 steel vacuum self-
consumption smelting process

W E A/ FEHE (B 4.2)/(kg+ min™)
0.5~2 4.0~4.1
2-3 4.10~4.25
3-4 4.15~4.30
4-~5 4.1~4.2
5-6 4.0~3.8
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Table 4 Forging process test of YG1500 steel

T ARRYGREE/C PRIB ] /h RKYAETE H B/ (mm-s™") RIS A
1 1100 2 150 0.15
2 1 040 2 100 0.10
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Fig. 3 YG1 500 steel microstructure at different temperatures under the variable speed of 0.1 s : (a) 950 °C, (b) 1000 °C, (c)

1050 °C, (d) 1100 °C
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Fig. 5 YG1500 stress—strain curves at different strain rates :
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Fig. 4 YG1500 microstructure at 1 000 “C with different strain rates :

R T A

:(a)0.1s7,(b)1s™
(a)0.1s", (b)1 s

TRBE SR 5 SR FH A HL B+ EBSD X RE (14 i AL A T
Ty M, B g R A 7 BRI 7 Al LR
T2 2 KA RN/ IN A B S AR AR A AR T
21 o KA RN B A RO 22 BB R
JE CEP ) IR 45 ) R AN /N 57, Xl 5 18 6 BT 1)
AR UM A, JU R KA TR R 1 W7 4
PIEA U B 25 Ak, o T2 1A KA i P i
H43.6% , 120 2 WK A0 BE i A M 51.9.%
2.5 SR

YG1500 9478 W41 #1225 F 19 Jr2#bERe L 3
SHR. HRSTTLUE N, T4 257~ K244
PEFE AR AR SR, HLEE T2 1 A PR A A 7 24
FIMEFEFRIETE T 20 ~ 30 MPa.m',

S00 M4 AHAH LA : (a) T 51, (b)) T 252

Fig. 6 Microstructure of YG1500 steel : (a) process 1, (b) process 2
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Table 5 Mechanical properties of YG1500 steel

o565 H R,/MPa R ,/MPa A% Z1% K,/(MPa.m'"?)
B 21515 >1415 =10 250 290
T 1 540~1 570 1 420~1 440 11~12 54~58 80~88
122 1550~1 570 1430~1 450 11~12 56~60 105~115
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Fig. 7 Relative frequency of grain boundary angle of YG1500 steel : (a) process 1, (b) process 2
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