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Hot deformation behavior and establishment of constitutive model for H13 die steel
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Abstract: In order to improve the hot working performance and optimize the hot forming process parameters for H13 die steel. the hot de-
formation behavior of H13 die steel under different strain rates, deformation temperatures and true strain ranges was studied by thermal
simulation tester Gleeble-3800, and two kinds of constitutive model such as Arrhenius with strain compensation and BP-ANN were estab-
lished to describe the flow behavior of H13 die steel. The results show that the flow stress decreases with the decreasing of strain rate and
the increasing of deformation temperature. By comparing the prediction ability of two established constitutive models, it is found that the
correlation coefficients of Arrhenius model and BP-ANN model are 0. 99536 and 0. 99952, the average relative errors are 3.58% and
1.23%, and the average absolute errors are 4. 45641 and 1. 37732, respectively. The BP-ANN model has better accuracy and stability in
predicting the high-temperature flow stress of H13 die steel.
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Table 1 Chemical compositions of H13 die steel ( %, mass fraction)

C S Mn P Si Cr Cu Mo v Al Fe
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Fig. 1  Diagram of hot compression experiment
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Fig. 2 Experimental curve of hot compression
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Fig. 3 True stress-true strain curves of H13 die steel under different strain rates
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Fig. 5 Comparison of flow stress between experimental values and predicted values by Arrhenius model with strain compensation under

different deformation conditions
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Fig. 9  Comparison of flow stress between experimental and predicted values by BP-ANN model under different deformation conditions

TR SR 1/MPa

300

250 -

200 -

—_

W

(=1
T

100 |-

w
(=]
T

AARE=3.58%
R=0.99536

100 150 200 250
KRB /1/MPa
(@)

300

300

250

200

150

100

TS B 1/ MPa

50

AARE=1.23%
R=0.99952

50 100 150 200 250
SEUHAL BN 1/ MPa
(b)

Pl 10 ST U Bk 3 AR FSTI 7 3 iz 3 =2 ] B A S

(a) RASAMER Arrhenius

st

(b) BP-ANN #5%

Fig. 10  Correlation between experimental and predicted flow stresses

(a) Arrhenius model with strain compensation

(b) BP-ANN model

300



4510 14

RS . HI3 BRI AV IEAT Ry B A A R ST 229

[10]

[11]

of Tron and Steel Research, 2022, 34 (12): 1334-1344.

Lin Y C, Chen M S, Zhong J. Constitutive modeling for elevated
temperature flow behavior of 42CrMo steel [ J]. Computational Ma-
terials Science, 2008, 42 (3) . 470-477.

Lin Y C, Chen X M. A critical review of experimental results and
constitutive descriptions for metals and alloys in hot working [ J].
Materials & Design, 2011, 32 (4): 1733-1759.

s, EEW, B0, & GBI 22MnBS #UETE AR
B[], JEERHCRSASER, 2013, 35 (11): 1450-1457.
Zhou J, Wang B'Y, Xu W L, et al. Damage-coupled constitutive
model of 22MnB5 steel in hot deformation [ J]. Journal of Univer-
sity of Science and Technology Beijing, 2013, 35 (11). 1450-
1457.

%, EEW, WEE, % MEOHSER 6111 4 S H
AIRAMBER [T]. ORI F M, 2013, 35 (10):
1333-1339.

Fu L, Wang BY, Lin J G, et al. Constitutive model coupled with
dislocation density for hot deformation of 6111 aluminum alloy
[J]. Journal of University of Science and Technology Beijing,
2013, 35 (10): 1333-1339.

FRRME, WONE, ExE, . SRR R IRIES WS
ABARMKRLER [J]. S P, 2022, 42 (9): 4-37.
Yuan K B, Yao X H, Wang R F, et al. A review on rate-tempera-
ture coupling response and dynamic constitutive relation of metallic
materials [ J]. Explosion and Shock Waves, 2022, 42 (9) ; 4-37.
BB, 2K, BEITHY, S 4CrSMoSiV1 PR ELAT i $A A8 T
FREHINTE [1]. SURTRME, 2021, 45 (2): 71-77.
Qiu Y, Yuan F, Zeng Y S, et al. Hot deformation behavior and
hot processing map of 4Cr5MoSiV1 hot working die steel [ J]. Ma-
terials for Mechanical Engineering, 2021, 45 (2). 71-77.

MRl 2, 506, XEM, % HI3 W& RAVEERIES
WA RAT R (1] M TREEMR, 2022, 29 (6):
193-202.

Chen G X, Sang B G, Liu HW, et al. Hot deformation character-
istics and dynamic recrystallization behavior of H13 steel at high
temperature [ J]. Journal of Plasticity Engineering, 2022, 29
(6): 193-202.

T, whAERE. FETRUEAME Arhenius BEBIHY TC20 $L& 4
AR [J]. SR, 2018, 39 (9): 1939-1942,
1947.

Mao H, Han Y Y. Study on constitutive equations of TC20 alloy
based on strain-compensated arrhenius model [ J]. Foundry Tech-
nology, 2018, 39 (9) . 1939-1942, 1947.

W E, EORHM, ZEUEE, ¥ JEF Amhenius SRR T
B TSRS A SC R [J]. MM TR, 2016, 52
(4):90-96, 102.

Cao J] G, Wang T C, Li H B, et al. High-temperature constitutive
relationship of non-oriented electrical steel based on modified Ar-
rhenius model [ J]. Journal of Mechanical Engineering, 2016, 52
(4):90-96, 102.

TEAE, AR, ZEERY, . GGGTOL BRI SR AR IR AT
T REARRER S, [T]. BIEHOR, 2022, 47 (12): 249~

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

255.

Ding HY, Guan Y J, Li Y Q, et al. Deformation behavior at high
temperature and establishment of constitutive model of GGG70L
ductile iron [ J].
(12) . 249-255.
Ber, Bt APRHIN TS RS @ik [M].
Tolb Rz R, 2008.

Yang H, Zhan M. Material Processing Experimental Modeling

Forging & Stamping Technology, 2022, 47

Py PEdE

[M]. Xi’an: Northwestern Polytechnical University Press, 2008.
XU, DPEAL ) XHF, S5 Cu-12%Al & 4 i il R 47 2 B
WA R BP M AR [1]. MR TR, 2009
(1):10-14.

Liu X F, Ma S ], LiuJ P, et al. BP neural networks models for
constitutive relationship during high temperature deformation
process of Cu-12%Al alloy [J]. Journal of Materials Engineering,
2009 (1): 10-14.

o, T, A ZL205A F4A 4 1k ki R A AR R K 8
L (1], BHEHAGMEISEHE, 2021, 42 (8) : 125-136.
Deng X F, Wang K, Shi W. Constitutive model and numerical sim-
ulation of ZL205A aluminum alloy during quenching [J]. Transac-
tions of Materials and Heat Treatment, 2021, 42 (8) . 125-136.
Pasco J, McCarthy T, Parlee J, et al. Constitutive modeling of
modified-H13 steel [ J]. MRS Communications, 2022, 12 (3):
343-351.

Zamani M R, Mirzadeh H, Malekan M. Artificial neural network
applicability in studying hot deformation behaviour of high-entropy
alloys [ J]. Materials Science and Technology, 2023, 39 (18).
1-9.

JIGL, LiFG, LiQH, etal. A comparative study on Arrhenius-
type constitutive model and artificial neural network model to pre-
dict high-temperature deformation behaviour in Aermet100 steel
[J]. Materials Science and Engineering: A, 2011, 528 (13-
14) . 4774-4782.

ASTM E209-18, Standard practice for compression tests of metal-
lic materials at elevated temperatures with conventional or rapid
heating rates and strain rates [ S].

Sarkar A, Kapoor R, Verma A, et al. Hot deformation behavior of
Nb-1Zr-0. 1C alloy in the temperature range 700—1700 C [J].
Journal of Nuclear Materials, 2012, 422 (1-3). 1-7.

Song C N, Cao J G, Xiao J, et al. High-temperature constitutive
relationship involving phase transformation for non-oriented electri-
cal steel based on PSO-DNN approach [J]. Materials Today Com-
munications, 2023, 34. 105210.

Lin Y C, Zhang J, Zhong J. Application of neural networks to pre-
dict the elevated temperature flow behavior of a low alloy steel [ J].
Computational Materials Science, 2008, 43 (4) . 752-758.
TR, BRI, =i, S5 JET GA Bk BP Ml mIZg iliivis
TSR BRI ESr [1]. MRETAR, 2022, 50 (6): 170-177.
Wang Y T, LiJ L, Yuan K F, et al. Establishment of hot deform-
ation flow stress prediction model based on GA improved BP neural
network [ J]. Journal of Materials Engineering, 2022, 50 (6):
170-177.



