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Abstract: The single-pass compression tests on 18CrNiMo7-6 gear steel were conducted by Gleeble-3500 thermal simulation machine to ex-
plore the dynamic recrystallization behavior and the evolution law of grain size of steel under different deformation temperatures and strain
rates. Then, the dynamic recrystallization and grain size models were established and simulated by finite element software Deform-3D, and
the complete recrystallization characteristics in the central region of the sample and its changing expansion trend with the temperature were
revealed. The simulation results show that the central region of the specimen undergoes complete recrystallization and expands with the in-
creasing of deformation temperature. Under low strain rate condition, the incomplete recrystallization area increases due to the lack of distortion
energy and dislocation accumulation. The grain size decreases with the decreasing of deformation temperature, but it may lead to mixed crystal.
At the same time, the grain sizes in the center and expansion regions are generally larger under low strain rate condition. With the increasing of
deformation, the grain size shows opposite changing trends at both ends, and this mixed crystal phenomenon is particularly significant.
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Table 1 Chemical compositions of 18CrNiMo7-6 gear steel

( %, mass fraction)

C Mn P S Si Cr Ni Cu Nb Mo V

0.17 0.69 0.0070.0030.2 1.66 1.6 0.04 0.0330.28 0.008
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Fig. I  Schematic diagram of hot compression test
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Fig. 2 Microstructure of 18CrNiMo7-6 gear steel before thermal

deformation and after annealing treatment
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Fig.3 60-0 curve at deformation temperature of 1050 °C and strain

rate of 0. 01 s™"
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Table 2 Average grain sizes of samples under different

strain parameters

K5 ARIRE/C pAsdgsT B PR pm
1 900 0.1 0.8 6. 11

2 950 0.1 0.8 8.53

3 1000 0.1 0.8 11. 14
4 1050 0.1 0.8 18.32
5 1100 0.1 0.8 19.32
6 1150 0.1 0.8 24.86
7 1050 0.01 0.8 19.43
8 1050 1 0.8 13.45
9 1050 5 0.8 10.92
10 1050 0.01 0.05  266.75
11 1050 0.01 0.3 43.35
12 1050 0.01 0.6 37.99
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Table 3 Mathematical models of recrystallization
kinetics for 18CrNiMo7-6 gear steel
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Fig. 5 Simulation results of grain size under different deformation temperatures and strain rate of 0. 1 s™'
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Fig. 6  Simulation results of recrystallization volume fraction distribution under different deformation temperatures

3.3 TRERNIHEHERHFME BERF RS 50 0.8, 181 7 FRaf LAA H, BlE AR
K7 AP 8 35 L BE S 1050 € AR SEARAREAR, aCE PO v (57 RIS K DX I o RO
AR B RN SE A EEAE G L B A B A AR, K, AL A DX SR AT K, A ORE R [R]BR E

N

P34 f R R /pm 135 LR /pm

80 80

55 55

30 30

6 6
(®)

(@)
B 7 ASTEWREE A 1050 °C | ASIRIA R AR TR A Sk R T B2 SR
(a) 0.1s"  (b)0.01s™!

Fig. 7 Simulation results of grain size under different strain rate and deformation temperature of 1050 C



200 B =

549 3%

-

&MY
1.00

0.67

0.33

0.00

®)

P8 A [ i AR AR PG R AR R M AL

(a) 0.1s7"

(b) 0.01 s

Fig. 8 Simulation results of recrystallization volume fraction distribution under different strain rates

PR, R, & 8 v LA H, FE R AR
R 0.1 sT B, RO XU A T e A,
PR RR 0.01 7' MITEOL T, R FRES &R 58
SR, X HRZ AT 172 ok R
SRR, SRIMTIZ AT Hots DX B 125 S IR B 40 8
KBTS 5, SR s SRR R RAR, P
SEAFR RN X I, AR E R R, X T
BARA S SR AH T R R AL R R, T
TR LS L R R B IR shse . JfF HAE
IR A AR, AR AR AS AR ALK, B TIE AR
NS, WAERE M RIS, BEAR T R ER AR
FEPE, XA FIT AR SRR,
3.4 TRRIEXLERRTHNE

El 9 NAS B I E A 1050 °C . I AR R
0.1s™", NASHA 0.8 AL Sk R F 431 2 &
SEME R, SRR SR Es, 7R
Ui AL DX, e KB AR RS 7E 142.7 ~ 156.2 pum
Z 8], X 5E 9c T iR A AR AV A, FERBIK
DX 3sk AR UL R R R SE A 36,6 ~48. 1 pm Z[A], FEAR
XL T 9a Hi ik RS, EARIE iR Aok R
SHERA I G B AL, LA SRR SEAE 21,2 ~
31.4 wm Z[E), W ob WG, el W, P45
s RO 0 2 2 1 TS o B A e, RS A
HA—EmEFEYL,

4 Hib
(1) 4 T8 % 126 42 W B2 1 6 K1 18CeNiMo7-6

RS HTE Rl AR A A P B0 B S RS R IR B e
TESHRVEE, B T ixa i sh A4

Ik SIS

(2) ST dohn )OSR, 25 U A 4
MBI 2EAE AL 1 Deform-3D Xt 56 44 L 2E 17 20
ASTRAE AN, ST S YO A A BROTADUSE R |
3T TR R SR Z A OCR BB,
AR X R AR T S e f A, I HEEE LY
TR IR, 5 4 FRA5 i Y XS AR K, 7R (RN
ARFCRIS, TR REMALE LR AN, (1S
SEEm AR A S A X R

(3) FR&S f 24 SR RS B 5 728 TR A [
/AN, AR AR A A 23 3 TR & o AR Y
AR RN SR RSP BOR, BEE AR R3S, o
U B ASE RIS DX Il P R T A, (L 79 3 19
LIS LT 1 2 N =T R VRV | R T

SE Lk

[1] Wang G, Gao C, Zhang Y X, et al. Size effect on the fatigue
performance of 18CrNiMo7-6 alloy steel [J]. Steel Research In-
ternational, 2021, 92 (9): 2100054.

[2]  YueZ, Shuyan W, Guang T X, et al. Effect of microstructure on
fatigue-crack propagation of 18CrNiMo7-6 high-strength steel [J].
International Journal of Fatigue, 2022, 163. 107027.

(3] Bambach D M, Stieben A, Bleck W. 18CrNiMo7-6 with TRIP-
effect for increasing the damage tolerance of gear components-Part
I: Alloy design [ J]. Materials Science Forum, 2014, 3129
(783-786) . 633-638.

[4] Wang G, Zhang Y, Gao C, et al. Effect of residual stress and
microstructure on corrosion resistance of carburised 18CrNiMo7-6
steel [ J]. Anti-Corrosion Methods and Materials, 2020, 67
(4): 357-366.

[5]1 #5700 MPa 5% K B4 14 3l 245 73 45 oy 5 HCME A 4
[D]. #UL. 1K, 2019,

Li T. Dynamic Recrystallization and Numerical Simulation of



ECR: W24 . 18CrNiMo7-6 1A # Y 2 A5 405 fi B R AN R (E AL 4D 201
3R R T /pm
100.0
73.3
46.7
20.0
P9 BRI T 01 = 5 S AR 200 [
(a) HAE (b)) KA (o) KB (d) KHC
Fig. 9 Companison between grain size distribution nephogram by simulation and metallographic structures
(a) Distribution nephogram  (b) Area A (c¢) Area B (d) Area C
700 MPa Grade Automobile Beam Steel [ D]. Zhenjiang: Jiangsu Forging & Stamping Technology, 2023, 48 (11): 212-220.
University, 2019. [10] PRk, #EE, BRIAfER, 55 TC21 SKA PR T2 AUAR
(6]  Z=H0RS, Waeih, BAL, % BUEZS GHA169 Hild & &k SIREATTE (1], 2P TR, 2023, 30 (8): 195-201.
ARTEAT A FRJCAE L [ T]. #AAb3E 2023, 38 (3): 18- Tao C, Cui X, Ouyang D L, et al. Numerical simulation and ex-
24. perimental study on hot compression process of TC21 titanium alloy
LiBS, Zeng X S, Zeng M T, et al. Finite element simulation of [J]. Journal of Plasticity Engineering, 2023, 30 (8). 195-
hot deformation behavior of as-forged GH4169 superalloy [ J]. 201.
Heat Treatment of Metals, 2023, 38 (3): 18-24. [11] X252, 45k, WOk, . 18 TC4 A & sl 8P
(7] IRWELE. T FREESRXT 42CiMo RBh A TT45 S A s mRL A [J]. AT RRE AL ()], WA s bR S TR, 2022, 51
R SRR, 2022, 57 (2): 106-109. (11): 4137-4145.
Qiu Y Y. Influence rule of pressing rate on dynamic recrystalliza- LuY Y, LiJY, Guo WH, etal. Dynamic recrystallization be-
tion of 42CrMo steel [J]. China Metalforming Equipment & Man- havior and numerical simulation of fine grain TC4 titanium alloy
ufacturing Technology, 2022, 57 (2). 106-109. [J]. Rare Metal Materials and Engineering, 2022, 51 (11):
(8] ELUD, AE, AL % HIS6 SRS FA AR 4137-4145.
SEERITI [1]. BEHA, 2023, 48 (1). 245-252. [12] Patryk J, Hugh S, Sumeet M, et al. Finite element modeling of
DuS, Li Y, Li M, et al. Experiment and numerical simulation hot compression testing of titanium alloys [ J]. Journal of Materi-
study on dynamicrecrystallization for H156 hot work die steel [J]. als Engineering and Performance, 2022, 31 (9): 7160-7175.
Forging & Stamping Technology, 2023, 48 (1) 245-252. [13] Irani M, Lim S, Joun M. Experimental and numerical study on the
(91  Jhk, Phaves, BRNWI, 5. RMSO s B VS IEA T AT temperature sensitivity of the dynamic recrystallization activation en-

BROCHERL [J]. #BRHAR, 2023, 48 (11): 212-220.
Su B, Sun Y M, Chen G, et al. Thermal deformation behavior and

finite element simulation on RM80 ultra-high strength steel [J].

ergy and strain rate exponent in the JMAK model [J]. Journal of
Materials Research and Technology, 2019, 8 (2) . 1616-1627.

(F#% 229 W)



