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Hot Deformation Behavior and Processing Map of USS122G
Ultra—high Strength Stainless Steel

XIE Shuai'?, HE Feng', SHI Wenpeng®

(1. School of Materials, Northwestern Polytechnical University, Xi'an 710072, China; 2. Jiangxi Jinghang Aviation Forging &
Casting Co., Ltd., Jingdezhen 333000, China)

Abstract: Ultra-high strength stainless steel possesses excellent mechanical properties, processing performance and
corrosion resistance, and can usually be used to manufacture key devices in the aerospace, aviation and marine fields.
However, there is still a lack of documentation for the reasonable design of hot processing maps of ultra-high strength
stainless steel since research on hot processing technology for alloys is insufficient and valid technology for processing
ultra-high strength stainless steel is lacked. In this work, USS122G ultrahigh-strength stainless steel, which has excellent
performance and application potential, was chosen as the subjective alloy. The isothermal compression deformation
behavior of the alloy was studied via a Gleeble-3500 thermal simulation experimental machine. The corresponding
deformation (strain), deformation temperature and strain rate are approximately 60% (0.9), 930~1 130 °C and 10°~10' s,
respectively. On this basis, an Arrhenius-type constitutive model of the alloy was established and modified. Furthermore, a
hot working diagram based on the Murty instability criterion was obtained. The results show that the flow stress of the alloy
decreases with increasing deformation temperature (or decreasing strain rate). The flow stress of the alloy with a strain of 0.9
can be well predicted by the present Arrhenius-type constitutive equation. Moreover, the suitable strain rates for the
alloy are 0.01~0.28 s, 0.1~0.28 s and 0.01~0.81 s for temperatures of 930~975 °C, 975~ 1 050 °C and 1 050~1 130 °C,
respectively, according to the present hot working diagram.
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B 1 ARRASERE T USS122 & 4 J1 -k 48 111 2% < (a) 930 °C; (b) 980 °C; (c) 1 030 °C; (d) 1 080 °C; (e) 1 130 °C
Fig.1 Stress-strain curves of USS122 alloys with different deformation temperatures: (a) 930 °C; (b) 980 °C; (c) 1 030 °C; (d) 1 080 °C;
(e)1130°C

AR BE 8 T E 0 A Ak 5 | i AR A A A S
o — 7 A i rp AR A A I 7 i R AR R R I
/N

2 AR N AR % USS122G #8 & 5k B A
BN RN Ty - R AR 2k . BT a] DU H | I AR
AARRYIEBLT T s S A, X EE R
TBEE 22T R FE T, MR B CRE ) 15 B K e
FESE T, JR T 20 8 AR A5 50 I K, AR 98 O 47 b KT
T AR Ak Bl R B 57 B 4 45 S5 BEL T A A T B A
SRS 25 FE-45 b 5 3 A AT o i R A= 45 USS122G
T e 5 N B AT B0 I 0 N

2.2 Arrhenius & 7K #1# 5

a3 USS122G w51 B2 AN 45 B A1 4 ) A AR
T 7R, AT DASRER BT A o R rh I A N g B i
550 AR AR A AT, DT X PR T i B AT
W, HATEE W HE R 1Z #02& Sellars SE04E H Y
Arrhenius AU 5L T AUM IF 5% sR A A BE AL | ) 22 7E
ZME e E] T 7 R IR T,

&=A ]a'n'exp(—%) ()
&=A ,exp(Bo)exp (—% ) (2)

P2 R R R R USS122G & 4 I 1-Ri A8 2« (a) 102 s7; (b) 107 875 () 10°s™; (d) 10" s
Fig.2 Stress-strain curves of USS122G alloys with different strain rates: (a) 102 s™; (b) 10" s7; (¢) 10°s™; (d) 10' s™
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Fig.3 Fitting relationships between flow stress and different variables: (a) Ino vs. Ing; (b) o vs. Ing; (¢) In[sinh(ao)] vs. Ing;
(d) 1 000/7 vs. In[sinh(ao)]
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Fig.6 Sixth-degree polynomial fitting between material constants and strain: (a) InA; (b) ¢; (¢) ny; (d) Q
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7 ASTRI BT 52 5008 5 T0INAE 1) 5% 22 40 87+ (a) 930 °C; (b) 980 °C; (c) 1 030 °C; (d) 1 080 °C; (e) 1 130 °C
Fig.7 Error analysis of experimental and predicted values at different temperatures: (a) 930 °C; (b) 980 °C; (c) 1 030 °C; (d) 1 080 °C;

(e) 1130 °C
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€l 8 USS122G i iy 5 I AN 45 B AL A [ A2 R A9 A T2 181 < (a) 0.3; (b) 0.5 (¢) 0.7; (d) 0.9
Fig.8 Processing maps of USS122G ultrahigh-strength stainless steel under different strains: (a) 0.3; (b) 0.5; (¢) 0.7; (d) 0.9
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