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Abstract: This study optimized the ultrafine grain forging process of 18Ni (250) martensitic aging steel for specific appli-
cation requirements in deep and low temperature environments, aiming to improve the plasticity and toughness of the mate-
rial under deep and low temperature conditions. The study analyzed the behavior of materials during hot deformation pro-
cess and the influence of deformation process on microstructure through hot deformation method , observed the microstruc-
ture after hot deformation, and established the constitutive equation and hot working diagram between material rheological
stress, deformation temperature, and strain rate. Finally, the optimal heat treatment process area was determined, which
is the range of deformation temperature and deformation rate. Research has shown that when the deformation temperature
is higher than 1 050 °C and the deformation is 30 percent, the material exhibits austenite grain recrystallization phenom-
enon. When the deformation temperature is 1 150 °C, the grain structure tends to refine. Based on the thermal deformation
equation and thermal processing diagram with deformation temperature between 850 ‘C-1 150 ‘C and strain rate within the
range of 0. 01 s'-10 s, the ideal thermal processing zone of the material was obtained, which is the deformation tempera-
ture range of 1 050 C-1 150 °C and the strain rate range of 0. 01 s'-10s™.
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Fig. 1 18Ni (250) cryogenic steel process schematic diagram
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Table 1 Chemical composition of 18Ni (250) cryogenic steel %

WH C Ni Co Mo Al Si Mn S p
FRUERLY <0.03 17.0~19.0 7.0~8.5 4.6~52 0.30~0.50 0.05~0.15 <0.10 <0.10 <0.010 <0.010
A LA <0.01 18.1~18.5 7.5~8.3 4.9~5.1 0.40~048  0.05~0.10  <0.06 <0.05 <0.005 <0.008

1 : (H+0+N) <30x107°
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Fig. 2 True stress—true strain curves of 18Ni(250) steel , strain :
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(a) 0.01s", (b)0.1s™, (e¢)1sh, (d) 10s™
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Fig. 3 Microstructure at strain rates of 0. 01 s™" at different temperatures :

(e) 1100 °C, (f) 1150 °C
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Fig. 4 Microstructure of 18Ni(250) steel after deformation at different strain rates at a deformation temperature of 1 150°C : (a)
0.01s™", (b)0.1s™", (¢) 15, (d) 10s™"
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Fig. 5 Plot of peak stress versus strain rate : (a) plot between Ino and Ing, (b) plot between ¢ and Iné



- 86 -

FEIREN

546 45

I
n

m 850 C
@ 950C

In[sinh({ & )]
[~

-0.5 A 1000
v 1050
+1100C

-Lof 41150C

5 4 -3 2 -1 o0 1 2 3
Ine

L (b)

In[sinh( o &)]
o

m 0.01¢™

-0.5 ®0.1s"
A1g"
v10s™

-1.0f

112107  1.2x107° 1.3x10”° 1.4x107° 1.5x10°°
1/n,RT

B 6 WEAEN g — N AR s R W 1 IR R E : (a) Ing 5 ln[sinh (ao) ] XA, (b) 1/mRTYS ln[sinh((w') ]E"]?é/%

Fig. 6 Plot of peak stress versus strain rate and deformation temperature

tween 1 /n,RT and ln[sinh (ow')]

45
|
a0t
g
351
301
—1I.0 —(I).S (I) 0:5 1:0 1.5
In[sinh(a )]
7 Inl[sinh(ao) 5 InZ Z A H)C R E

Fig. 7 Plot of the relationship between In[ sinh(ao) | and InZ

AR REFEFEHCR o FIRAR I 1 (&) , A3 #uin T
Pl o M FH SR8 o I ] v g X AN ] DX 3 ) o oUE 2
ZURIE BLGLH 3 A KT O AL fE o T T

C N[N

: (a) plot between Iné and ln[sinh (ao) ], (b) plot be-

X [A]

(&1 8 2 18Ni (250) B4 B+ % L1 7 - FL i A8 i 4%,
Horh B AR AR R 0.4.0.8, FHIEI8 FI UL, e Fa IX 45,
Fo BRI BE AR T 1 050 “CHREE VG B, iR R Y
il BB FE HOCR ARG . XXk ) T B A
G RS R AN

AR 644 F 18Ni(250) 44 1 Y i 41 42 2
Bl iR. Al LVE 22 B I 1050 “CI, &4k
T TR B PR SRR TR, IR D R 2
g d45) AR 1000 CH, ¥4 HIHL R 5 (K
UNA AR b R e

ZEA PN T 5 O SR AR AT LAAS R B
AN T T2 X A AR 1 B R 1.050~1 150 °C, 48
HOE R 0.01~10 87, % T Z2Va BN TR il FE =
TR ZU R 3 5] AR A5 B IR AR 414,

S
/

850 900 950 1600 1050 1100 1150 850 960 950 1600 1650 11I00 1150
AT HE/C
8 18Ni(250) M BHE#HIN T : (a) ELWAE A 0. 4, (h) ELRNA A 0. 8

Fig. 8 Hot working diagram for 18Ni(250) steel
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Fig. 9 Microstructure of 18Ni(250) steel under different deformation conditions :

(a) deformation temperature: 1 000 °C, strain

rate: 0.01 s'; (b) deformation temperature: 1050 °C, strain rate: 0.01 s™'; (¢) deformation temperature: 1 000 °C, strain rate: 10

s';(d) deformation temperature: 1 050 °C,strain rate: 10 s™
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