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Abstract: For 18CrNiMo7-6 alloy steel, the isothermal compression tests were conducted under the conditions of the strain rate of
0.001-1 s™" and the deformation temperature of 700—1000 °C by Gleeble-3500 thermal simulation test machine, and the true stress-true
strain curves of 18CrNiMo7-6 alloy steel under different conditions were obtained. Then, the thermal deformation behavior of 18CrNiMo7-
6 alloy steel was analyzed, and the Zerilli-Armstrong (Z-A) constitutive model of 18CrNiMo7-6 alloy steel was constructed to describe its
thermal deformation behavior. By comparing and analysing the predicted value of Z-A constitutive model with the test value of isothermal
compression test, it was found that the linear correlation coefficient between the predicted and test values was 0. 9750, and the average
relative error was 8. 1792%. In order to further improve the prediction accuracy of the model, the fifth-order polynomial of strain was used
to describe the material parameters related to strain in Z-A constitutive model, and the model was modified. The linear correlation coeffi-
cient between the predicted value of the modified Z-A constitutive model and the test value was 0. 9853, and the average relative error was
5.5358% , which effectively improved the prediction accuracy of the constitutive model.
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Table 1 Chemical compositions of 18CrNiMo7-6 alloy steel

( %, mass fraction)
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Fig. 1 True stress-true strain curves of 18CrNiMo7-6 alloy steel
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Table 2 Parameters of Zerilli-Armstrong constitutive model
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Fig. 2 Comparative analysis between predicted values of Zerilli-Armstrong constitutive model and test values
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Table 3 Modified parameters of Zerili-Armstrong constitutive model
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Fig. 3 Comparative analysis between predicted values of modified Zerilli-Armstrong constitutive model and test values

5.5358% , fBIEJ5 BRI 7 B A AR S B A HLAT 85
LF R TR

SE 3k

(1]

WuJZ, Wei P T, Liu HJ, et al. Effect of shot peening intensity
on surface integrity of 18CrNiMo7-6 steel [J]. Surface and Coat-
ings Technology, 2021, 421; 127194.

Xu G T, Luo J, Lu F Q, et al. Characterization of fracture tough-
ness for surface-modified layer of 18CrNiMo7-6 alloy steel after car-
burizing heat treatment by indentation method [J]. Engineering
Fracture Mechanics, 2022, 269 108508.

Qin S W, Wang L X, Di LY, et al. Effect of carburizing process
on bending fatigue performance of notched parts of 18CrNiMo7-6
alloy steel [ J].
107161.

Engineering Failure Analysis, 2023, 147.

Krawezyk J, Pawlowski B, Bata P. Banded microstructure in
forged 18CrNiMo7-6 steel [J]. Metallurgy and Foundry Engineer-
ing, 2009, 35 (1). 45-53.

Fu P, Jiang C. Residual stress relaxation and micro-structural de-

[7]

velopment of the surface layer of 18CrNiMo7-6 steel after shot pee-
ning during isothermal annealing [J]. Materials & Design, 2014,
56: 1034-1038.

Cao R Z, Wang W, Ma S B, et al. Arrhenius constitutive model
and dynamic recrystallization behavior of 18CrNiMo7-6 steel [J].
Journal of Materials Research and Technology, 2023, 24. 6334-
6347.

S, A, SRR, . 18CiNiMo7-6 4N J-C B fif
RURBSHERE I [J]. M REFFER: TH¥I, 2023, 4
(1):70-76.

WuSY, Zhang ] W, Lu F Q, et al. Investigation on failure pa-
rameters of J-C damage model of 18CrNiMo7-6 alloy steel [J].
Journal of Zhengzhou University: Engineering and Technology Edi-
tion, 2023, 44 (1). 70-76.

WrdE, FRR, R, . 18CiNiMo7-6 B &N s A A
HWSHhE [1]. #InT T2, 2023, 52 (8): 49-53.
XuGT, LuF Q, WuSY, etal. Determination of dynamic consti-
tutive parameters for 18CrNiMo7-6 alloy steel [ J]. Hot Working
Technology, 2023, 52 (8): 49-53.

W3, TR, BT, 4. 18CNiMo7-6 MRS TEAT N



%4 AL 18CiNiMo7-6 G 49 Zerilli-Armstrong A AT (13 57 J (5 1E 241

RS [1]. SJEHEIE, 2023, 48 (2) . 103-109. Armstrong constitutive model in simulating the metal-cutting
Xie Y K, Wang Q C, Chen Z K, et al. Hot deformation behavior process [ J]. Journal of Manufacturing Processes, 2017, 28
and microstructure evolution of 18CrNiMo7-6 gear steel [ J]. Heat 253-265.
Treatment of Metals, 2023, 48 (2): 103-109. [14] CaiJ, Wang K S, Han Y Y. A comparative study on Johnson
[10]  ERI, Rg, skafl, & T2 RAEEIRA 18CrNiMo7-6 & Cook, modified Zerilli-Armstrong and Arrhenius-type constitutive
SRMAMSEAE [J]. MK, T2, 2020, 41 models to predict high-temperature flow behavior of Ti-6Al-4V alloy
(2):38-43. in a+B phase [J]. High Temperature Materials and Processes,
Wang G, Song J, Zhang ] W, et al. Constitutive parameters of 2016, 35 (3): 297-307.
18CrNiMo7-6 alloy determined by a polycrystalline model [ J]. [15] Samantaray D, Mandal S, Bhaduri A K. A comparative study on
Journal of Zhengzhou University: Engineering and Technology Edi- Johnson Cook, modified Zerilli-Armstrong and Arrhenius-type con-
tion, 2020, 41 (2): 38-43. stitutive models to predict elevated temperature flow behaviour in
[11] Zhan HY, Wang G, Kent D, et al. Constitutive modelling of the modified 9Cr-1Mo steel [ J]. Computational Materials Science,
flow behaviour of a B titanium alloy at high strain rates and elevated 2009, 47 (2): 568-576.
temperatures using the Johnson-Cook and modified Zerilli-Arm- [16] T, Fi, BE%E, % ETHERIESIXE K 20C2Ni4A #
strong models [J]. Materials Science and Engineering; A, 2014, Johnson-Cook AR K #m T/ [J]. #im T 1.2, 2020,
612; 71-79. 49 (13): 103-108, 119.
[12] He A, Xie G L, Zhang H L, et al. A modified Zerilli-Armstrong Wang W, Wang B, Yan H J, et al. Johnson-Cook constitutive
constitutive model to predict hot deformation behavior of 20CrMo model and hot processing map of 20Cr2Ni4A steel based on isother-
alloy steel [J]. Materials & Design, 2014, 56 122-127. mal compression tests [ J]. Hot Working Technology, 2020, 49
[13] Gurusamy M M, Rao B C. On the performance of modified Zerilli- (13): 103-108, 119.

i (3% 234 W) i
[ =, mumsMERAR ]
% W1 R A . 2024 457 A 1 H %
} FERIRIE ;. htips: //conference. cstp-cmes. org. en/site/index. html? siteid = 10243 }
i PPN, ARG, WS B AR TR R ﬁ
b MEA RGP R T i
i M. REER i
boORSRNIN, RS R X, A R G AT R B B A AT RIS, i |
jr&wmwmmam§M@%o%@ﬁmmﬂﬁgu%ﬂ%\ﬁ@%\@m4¢@%5ﬁﬁ%mgﬁ><%ﬁm>%ﬁﬁi
b AR R A t
L RREHMEABLE !
P s R AU B R A, ISR R . RMREBERT L AR AT, SRR R AL, LA |

—+

DOPRSEBRAR SR, Sl T 1 A E R TR U A A . RHIFISE T AR S A Ml A SRR BB R R AR TR ﬁ%é‘]bﬁ%%i

%Eﬂ%’(?ﬁﬁ]&ﬁﬁ@ BRI R A G SR R R BT OR, M R LB S I < R
i‘ﬂﬁdtﬁlﬁl’ ROV PPk ; FARTERAWERG TR, IS S SRR EEFTLN. 1
1 AR T IR EDRIR T SO, RE T A 30 Hi K% E duanya@ cmes. org, t
N 5 !
+ BRREN: e GENF, #86, 15210857179)  Z#EE (HMUER, oK, 15201461873) | +
{ XME3E (Y. BN, 13126752672) . A Ak (13811919643) I
1 FiE: 010-62920654, 82415084 t
E E-mail; duanya@ cmes. org i
E T ENU TR s P TR 2 i



