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Simulation Optimization of Controlled Cooling Process for
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Abstract: The network carbides in the core of GCr15 bearing steel bars are a critical factor affecting the fatigue life and
service reliability of high-end bearings. Insufficient cooling capacity within the 700-900 °C range after rolling significantly
promotes the precipitation of network carbides at grain boundaries, while traditional physical temperature measurement
methods cannot accurately to capture the temperature variation patterns within the core. To address this, a full-process
simulation model for the hot continuous rolling and cooling of 40 mm bars was established using DEFORM-3D software. By
precisely calculating heat transfer coefficients for air and water cooling, the simulated surface temperatures achieved high
consistency with actual measured temperatures. A multi-stage water cooling process was proposed. Results indicate that
the optimized cooling system rapidly reduces the core temperature from 860 °C to 639 °C, effectively avoiding the tempera-
ture range where network carbide precipitation occurs, while simultaneously controlling the surface re-reddening tempera-
ture below 609 “C. Experimental verification confirms that under this optimized water-cooling process, carbide precipita-
tion in the core of GCr15 bearing steel bars is significantly reduced.
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Table 3 Specific heat coefficient of GCr15 steel

IR/ C LA (T kg™ - CT)
100 371
200 451
300 461
400 496
500 533
600 568
700 611
800 677
900 787
1000 787
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Fig. 15 Temperature of rolled stock surface and core entering/

exiting No. 5 water tank to upper cooling bed : (a) Rolled

stock surface temperature, (b) Rolled stock core temperature
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Fig. 16 Thermal compression process diagram
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Fig. 17 Comparison of metallographic organization before and after water—cooling optimization :
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(a) Metallographic organization be-

fore water—cooling optimization, (b) Metallographic organization after water—cooling optimization

4 TAIRIF
AWESE S0 FE S B E 180 mmx180 mm J7 ¥R,
Z 07 Y6 A B 4 22 T8 A A AL I R . X ER
HEAT U R A B LU EI B AR LD B DI
¢8 mmx12 mm AYIEAE, IR H THERMECMASTOR-
77100 F AL 560 ML X BF  E AT 2RO 4 S 5
A S0 56 A SR QAR AL IR B 225 SRR AR IR EE R
1 160 °C, FHEH 4 10 °C/s, R IR AT 1) 24 3 min, 45
B A T AT Z 8 R RGBS L, IR
3.6 T B 2 (97 2408 ) WA 5.34 °Cls W R S
Y6 5 D BHREES I 2 639 °C, e, BRI T K PRAL B,
PEARAYPESE T 200 E 16 fif s . 5256 58 e , 7R
FER N B AL AR T, 2 A AR RE S AN, Sk
FEXF He oA, R E f FHZR U FIALA B 7 A 7= T2
152 1 40 mm FE A4 A HUL ST 8 mmx12 mm [
BT ARARE o A A 280 4% (1) A T T RS I8 ok Ak
B, R I RO AE B0 A M O AL 2L s
GiHT, BB T AR R A8 22 5
KA TS G AR LU 17 iR . K17
(a) KA PEALRT I S AR ZY, J5 G T 245 T Ry B
ZUrfn] DL i 3% S 0 A R IR AR AL . &
17(b) AR AL G B & A S, iz T LA H
3 TG B & H B 2R B SOk iR S
B [CAR TR A R AR, B Al ) 52 B 7% 22 40 A IR
AL BT R A T R R, LI ]

e
[1] Zhao X Y, Zhao X M, Dong C Y, et al. Effect of prior microstruc-

WL R X A e i AL . DL B FsR R, 48
LIRS T 24 2 T GCr1 S RSN 44 0>
T DR BR A Ak 2 AT 6 R SR AR R SR

A AT L, 22 B KA T4 T HE 8 GCrl 5 iR
T b 0 TRV IR R 4R T 0 S I R A 700~
900 “C3% — X i) fit 4= B4 Bk i), foff L A 4 S AN 3
ST AR AN T AR BRI AT
5 %Fig

1) 7E 40 mm B A LS B T, ELAT OB 3R
1], AR AAEAE—E R . GG e AL T
5 SN B X b R B, W W) R R ST AR
BRZELIN 0.94 %, e RAAXTIRZE 0 2.41 %, 7453 Bk
T BB B HER

DTEIAT TERHFMAET (U 1.3.4557K
FE B FLAF 1V PRIEFCHS R BE R 706 °C, 734k T 1)
ARAR AL DM H R DX TR] o 7 36 K VA 5 3 DL
PR 5L A O 50 T BE BB AT AR & 700 CLL R & 4
DX [H]

3) MIALIRAT K T4  FEE B 457K 56 28.7 m
L3 HIIK A RE J1 R 2 000 L/ (min-m?) 19 557K 46 , %L
O EBE B B IAE 5 Cls VA b o SSZEIE , Bk
ARy e AT 1 2 Y AR 254, AR B T AS 3 B2 1 2 )
AR AL T2 2 T A R

XTTREM K T RHZEBEUKR T2 R
R AL ORI EIHCR A B R AL B

tures on cementite dissolution behavior during subcritical annealing



55 3 4

TRAEDGEE A28 T 23] GCr15 RlR 5 AR A 1 1) 75 B 1k

- 103 -

of high carbon steels [J]. Metals and Materials International,
2022, 28(6): 1315-1327.

[2] Zhang J G, Shi H'S, Sun D S. Research in spray forming technol-
ogy and its applications in metallurgy[J . Journal of Materials Pro-
cessing Technology, 2003, 138(1-3): 357-360.

(317t . FORMELHM LS T205ED]. Bifg. B
A, 2009: 15-18.

(4] Zerb, for D, 6 PR, 45 . BVISJE 20X 100Cr6 fll K A2k
FAFRARBRACII ST ). RN, 2022, 43(6) : 60-65.

(5] F A, XIEdp, KO, % ARIRELH 2% B X GCrls fi
AR LERE R R [T, AR Pk B2z 4z, 2019, 40(3)
109-114.

(6] Buife, AR, W %, GCr1S R A9 M AL BT 50 if
FLl0]. BAERR (U ELs ), 2002, 38(1): 4-6.

(7] S RN L A St AL S B P2 J0AF5E [ D], Tk
Pl ZRAERE:, 2009: 45-48.

(815K b J& A4 ML A W T 55 Ak % b 7R 409 2 20 B 4 1l AT 52
[D]. dbat: dEsBHER:, 2015: 31-34.

(9] T ok, AR, M E%, 55, GCr15 MRS MUARBR LYY
W S dl[J/0L]. #om T2, 2023: 1-5. (2023-03-12).
https://link. cnki. net/doi/10. 14158/j. enki. 1001-3814. 20220846.

[10] ZERER], fRdeil, EFEM, 5. KWTmHvRRELTS T2
BEUST[T ], ARAERF20E, 2006, 27(6) : 658-661.

(1] BET, Bk, &30, % . GCr15 MRYSFIR S M AL LS
AR R )], SRR, 2025, 50(5) : 46-50.

[12]4E TR, 4580, GCrl 5 AR B0 A B G AR AL I v 2 g iy
FGUAE[]]). REgR)E, 2025, 47(4): 13-19.

[13] Lu X H, Yuan G L, Yan X H, et al. Achieving ultrafine
martensite-bainite duplex microstructures by combining prior cold
deformation with chronological control of phase transformation in
GCrl5 bearing steel[ J]. Journal of Materials Research and Tech-
nology, 2025, 36: 10267-10280.

[14] AT, S 07, PEMESE, 55 . SRR MEFEXS GCrl5 5% 4
AR 2R K R B A o B S e (D], 42 ) i, 2024, 50(5)
29-32.

[15] Fu J W. Microstructure and corrosion behavior of hot-rolled

GCrl5 bearing steel [J]. Applied Physics A, 2016, 122

(4): 416.

[16] T E5E . GCr15 il A i 20 2R3 78 K [0 R sk A 49 i 42 T BT 9
[D]. BIT: TR, 2019: 15-17.

[17] JA4:4E, PRtz , W 050 . TFE JORLBEXS GCrl 5 BlR SNk AL P i
fr B b PR RE R (1], G mARAL T, 2019, 44(3)
100-103.

(18] XSt , WIMAEE , A, 45 . ZCFLIR RS 1) T2 %) @36
mm GCr15 fli7& 39 WRBR AL 9 52 [T ], 5K, 2017, 38
(4): 57-59.

(197 AR . o RSl B b L s 1V BB EREILRTT 52 [ D .
S BTN R, 20212 36-37.

[20] Yao C, Wang M, Cheng M F, et al. Effect of dynamic soft reduc-
tion range and amount on central segregation in bloom and the re-
sulting microstructure in the rod of GCrl15-bearing steel[J]. Steel
Research International , 2022, 93(11): 2200495.

[21] Han H B, Zhao X M, Ding H C, et al. Numerical simulation of
microstructure evolution of large GCrl5 bar during multi-pass
rough rolling[ﬂ- Metals, 2022, 12(5): 812-812.

[22] YangQ M, Lin Y C, Guo ] Z, et al. Spheroidization and dynamic
recrystallization mechanisms of a novel HIPed P/M superalloy dur-
ing hot deformation[J]. Journal of Alloys and Compounds, 2022,
910: 164909.

[23] LiY C, Chen C X, FanZ M, et al. Effects of cooling rate on iso-
thermal spheroidizing annealing of hot-rolled GCr15 bearing steel
[J]. Journal of Materials Research and Technology, 2024, 31:
329-337.

[24] Zhang L W, Li F, Zhang C, et al. Numerical simulation of micro-
structure evolution during continuous hot rolling process of GCr15
steel rod[ J]. Materials Science Forum, 2021, 1016: 1733-1738.

[25] GuSD, Zhang L W, Yue C X, et al. Multi-field coupled numeri-

[

cal simulation of microstructure evolution during the hot rolling
process of GCrl5 steel rod[J]. Computational Materials Science,
2011, 50(7): 1951-1957.

[26] Yue C X, Zhang L W, Ruan J H, et al. Modelling of recrystalliza-

[

tion behavior and austenite grain size evolution during the hot roll-
ing of GCr15 rod[J]. Applied Mathematical Modelling, 2010, 34
(9): 2644-2653.



