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Heat treatment process of residual heat after forging of complex precision
forgings for difficult-to-deform metal gear blank

Xiao Gangfeng', Liang Jingfeng', Liu Meihua®, Xu Erling’, Xia Qinxiang', Li Yixu’
(1. School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China;
2. Guangdong Shao Casting Precision Forging Co. , Lid. , Shaoguan 512099, China)

Abstract: For the problems of high energy consumption and low efficiency in heat treatment after forging of precision forgings for gear
blank, an isothermal normalizing heat treatment process of residual heat by using forging residual heat was proposed, which reduced the
heat treatment time and saved the energy consumption on the basis of ensuring the performance of forgings. Then, according to the dimen-
sion and material characteristics of gear blank, the heat treatment process of residual heat after forging was developed, and the finite ele-
ment simulation model for the heat treatment process of residual heat after forging was established by software Deform. Furthermore, the
distribution laws of temperature, equivalent stress and microstructure of forgings during heat treatment were studied. The results show that
during the heat treatment process, the cooling speed for the upper end face of inner hole of gear blank is the fastest, and the pearlite con-
tent is the highest, while the cooling speed for the outer ring center of gear blank is the slowest, and the pearlite content is the lowest. The
maximum equivalent stress generated at the inner wall is about 60 MPa. Thus, the developed heat treatment process of residual heat after
forging can obtain qualified microstructure and hardness, and greatly reduces the energy and time of heating and holding in the isothermal
normalizing heat treatment process.
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IR 533z 30 5 8l ) 1 BRI AR
P, FEMRB AR il RS2 BRI 8, rbly 3R
IZUR B, DI, & BA M ZE5 1w P hE
RIS EEIERE Y o MR H R B T 204

KR EEE. 2024-01-26; f&ITHHI: 2024-04-08
EEWB. I AERELIRAETH (210907154533470)
EEREN: MR (1987-), B, i+, Bl
E-mail : xiaogf@ scut. edu. cn

BRIEE: E5F (1964-), &, HL, R

E-mail: meqxxia@ scut. edu. cn

FoAPRLE B 9 A, TGS S A e N A A
BRMFRARNL ST, ELME LI 2 0 T 75 1 ) 27 2k
A, WUk, FEfT 8 n PO H, DAFRAT 2 50 1 Bk
AR+ B G 2R BT i BRE R, AR — R
FH A5 IR E A5 T4 Fph BT 220 AR A5 R4 14 B4 R
PEAE . H R A S il 1E K R AR PR A % B B SR
MR A B IO AR TR B L B A
FEELZMREIR . A T ERAR, [R]IRE ) 4 i B
o 7 I A I TR] R R A R R A
BAR



204 B E

/N 5549 %

$BIG A AR BRI 2B A B i SRR R A T
PEKEE KA B, B AR B TR, R
WA A AL B R A BE TR AN BRI H A,
] N AR A AH DG 2= B0 R S A B T 3R T TSR
WA B X 42CrMo SRR R IEAT T A AR K A B
AR TR A RE R BN X SCrNiMo #AE
P ELAN BT A PEIAE BE T 20 g AT R, &5 SRR,
K FHEB 5 A AR A BEORAURT LA A A 2 R AR AR
NS, TRIS AR D T 25. 8%, 2 — 4R X
35CrMo R AV B A By AR BIGE k| I B P Ah it
VAT TOFSY, S5 RM, MXTE ARG T,
FER PR SR B AR A A B2 2 % RGP 2R
SEPERERUTTHE T, SR AR ARRAL B T 20 BB 65 A3 25 b
25 S AL IR ], AR SEHRAET BT T 500V AR
FREFT A 5 A AT YA KK R Y VAR ok A4 3 T
2, BEREW, RPOKILE W KIS R E
FEPERE R4, oAb B S ( 41 4135 5 FLAE B 4 3
PO R, SRR AR, AR bR A VR A
BT R fl FHEZEK

DL BB 3 A vh T A PG A 3 X 20 2 R Pk g
(R REI 7 TET , R A FA AR A B 3 R v 1) ol O 2 29 %
RE AT AR T FRF SR 55/ AR SCAR IR SCrd20H 9 145 4%
KGR F124 e . SR F R T A
MRS R AL B T2 R A FR T E A4 4
4 Deform BFFY T H f A% PR AL 35 3 5 v 6 14 1 1R B8
ALl SRRV I A | OO 4 AR % R AR Ak

T, NIRRT B A 8Bn A AP B T 2R )
St T HS AR

1 BERHBAAETZREENF

VAR IRE B R g RS el 1 iR, AW
fURPRBI R g2k, o, D ik S8 ERRE 1R 19 T
B, d KRR BER, H IR IR B
JE, h RSB EORE . BRI M A SCra20H
B, AR R o R PR R B AN 3R 1 RN SR 2 iy
AR R Ae, IR I 4R K A LG AR B AR Y
T, Acy AINFANE 52 5648 B R IR IR B, Ar
KB ETF UG K AR R RS AR IR, Ar, NRH
Hh 58 45648 MR E AR AR, M, Rk 5 G A
FARRRIGIREE, M, AV K B AR AR (1) 24 1
W,

XV AR BR300 OR AR IR IE K T 24K
SRS I TR T A P BT MRS R AR E

-4 D

R EE N i R a N

Fig. 1  Structural dimensions for precision forgings of gear blank
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Table 1 Chemical compositions of SCr420H steel ( %, mass fraction)

C Si Mn P S Cr Ni Fe

0.20 0.31 0. 66 0.017 0.010 0.86 0. 06 A

%2 SCr420H HEIEFRE (°C)
Table 2 Critical temperatures of SCr420H steel (°C)
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Fig. 3 Isothermal normalizing process route by residual heat after forging
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Fig. 4  Observation points on forgings
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Fig. 5 Temperature distributions of forgings in air cooling process

(a) Temperature change at each point during air cooling
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(b) Temperature distribution of forgings after air cooling
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Fig. 8 Microstructure change curves at each point during heat treatment

(a) Ferrite

2.4 TBEESH
SRR 5 SURN A 2 DA O, GHB A A 4k 1

(b) Pearlite

JR BT H LU A TR, SR AR I AU A 2 A 2521
LU L BT S A B R RE R 1, Bk st



4510 14

H IS MR G R I R AT

FAGIBA R T AP B T2 207

BRGEB
0.330
0.326
0.322
0.318
0.314
0.310
0.306
0.302

0.298
Min 0.298
Max 0.330

-

(@

BIHABI K
0.702

0.698
0.694
0.690
0.686

0.682
0.678
l 0.674

0.670
Min 0.670
Max 0.702

®)

K9 Pk BRAS S e i LU

(a) BREE

(b) B

Fig. 9 Microstructure distributions of forgings after heat treatment

(a) Ferrite

(1) B

2
H= Y Hp, (1)
i=1

Ko H, BRSO R, Hoh B L H, 53
TR R R AR BROCAR B A [GEE, H, =90 HBW |
H,=200 HBW; v, Fll v, 735l iz SR R AR ARG i
AR RSB

M0 (1) AP, Btk & aim, R,
BREM T EME, RN,

HRPEAE 00 45 5, e U 1 1 7 A~ B
(E4) SHATREEE T, TS BB P b 2
(OB PR . e/ NBEFEE N 163.7 HBW, i T 418
AR B KBEEE Ry 167.2 HBW, {7 Tk 5 N
fL b, A5 B I AT G A R e K

Ve HROE BB AT B S A A B X
BLA A HEATRE R I, M SRR, R
SRR ER (4 rhogi 2) 6 R SR AR, A N
156. 8 HBW , i Al i e KA 3 BUAE 14 56 208 N L | i
m (E496), MEEA175.6 HBW, S5HigH
AT IR 22/ N T 5%, KE T BLE M e ok

3 i

(1) $UE T —FhExF SCra20H 50 56 245 68 1
FRIEBS AT AR IRAE A B T2 o T 2 ) P B
R KATE T B A TN TS FE A AR IR B [A]
2o HANTE, R % A B T 2 TS AT DAk
15 RAFHBUE], KB EA%REEE

(2) HRIRABAEFE XA I, 3 58 B P LB i
T PO AR SR P e A, I B S A TR o B /N, FE N
BE LD R R AE %08 7 60 MPa, iE/NT SCr420H 4K

(b) Pearlite

(IR, A2 FEURME AR | TR R,

(3) HERAFIY ST Bk 2R AE X2 B B AR 58 4
Brith, TG FeER oM E L3 K H A B BT AR
Sk, 7RG 0 B0 Py FL L it T A HL ) R AT
HERO B S R, 2T iR AR IE
KK B RE FEAE 156. 8~175.6 HBW, 4
T B P SR

S 30k

(1] BREE, JAZOR. REWRWAODITIERE [1]. MERES T
P4, 2011, 29 (3): 478-482
Chen H, Zhou X Y. Research progress of gear steel for automobiles
[J]. Journal of Materials Science and Engineering, 2011, 29
(3): 478-482.

(2] XIEwk, FEE, ZER, & BOGHIEEEXT 7CrSiMnMoV

ARG ERE g [1]. BIRHAR, 2023, 48 (11):
185-195.
Liu Y B, Guan Y J, Li Y Q, et al. Influence of laser heat treat-
ment on microstructure and properties for 7CrSiMnMoV die steel
[J]. Forging & Stamping Technology, 2023, 48 (11). 185-
195.

(3] BGIE. ARFHOR B A A AL BE T 207 B F 58 M S 8l Ak
[D]. J7IN: AERET R, 2011
Huang Z. Research on Waste Heat Heat Treatment Process Method
and Parameter Optimization of Marine Large Forgings [ D]. Guan-
gzhou: South China University of Technology, 2011.

(4] BRAvlsl. 42CeMo SR BB IR KCIAAE TR (7], fRE S
i, 2008 (10): 28, 30, 32, 34.

Chen X Y. Forging residual heat quenching heat treatment of
42CrMo steel forgings [J]. Forging & Metalforming, 2008 (10) :
28, 30, 32, 34.

(5]  ZEW. SCNiMo HPAERLBMB G MR T 2058 [D].
JUM . AEREETR, 2014,

Tong Z. 5CrNiMo Hot Work Mold Steel After Forging Residual

Heat Treatment Process Research [ D]. Guangzhou: South China



208 B & o R 5549 %
University Of Technology, 2014. ment of Metals, 2017, 42 (8) . 93-97.
[6] ZF—Ik, WIE, EXE. W KEMAHBRIE KPP T 2 [10] Eudr, WA SRE5HEE (M), 2 Jbat: U
g8 [J1. JTARAEME, 2012, 31 (3): 43-46, 51. Tl HifAt, 2007.
Li Y Z, Huang Z, Xia Q X. Research on heat treatment process Cui Z Q, Qin Y C. Metallurgy and Heat Treatment [ M ]. 2nd
for afterheat utilization of long-shaft heavy forgings [ J]. Guang- Edition. Beijing: China Machine Press, 2007.
dong Shipbuilding, 2012, 31 (3): 43-46, 51. (11] BReEW], BOEME. RABRAF 00 FU R B [J]. & Em
(7] Fsiok, Wik, WM, 55 S0CeV MK ERUEMF LI T2 T (#JNT), 2010 (5): 40-41, 45.
fiifk [J]. AT TL, 2020, 49 (14) . 143-145, 148. GengX M, Li D W. Practice of tempering heat treatment for large
Zhai C L, Miao J, Zhang J, et al. Optimization of heat treatment forgings [J]. MW Metal Forming, 2010 (5) . 40-41, 45.
technology of 50CrV steel automobile stabilizer [J]. Hot Working [12] BRAR, BARRE, HWFE, % SBEAEEAN 573
Technology, 2020, 49 (14): 143-145, 148. RERR R [1]. &JBHALRE, 2007, 32 (S1): 40-
(8]  HHRZRER 1RERWI, fRWeME. PUCHEOREAE T [M]. 2 i 4.
Jba. ML Tl AL, 2006. Chen Z L, Lyu D X, Cao M Y, et al. Study on residual stress and
Fan D L, Xu Y M, Tong X H. Heat Treatment Data Manual crack failure in metal heat treatment [ J]. Heat Treatment of Met-
[M]. 2nd Edition. Beijing: China Machine Press, 2006. als, 2007, 32 (S1). 40-44.
(9] X0, &R, &KW, 5. 2P 5% 0% ERIE KX [13] sk, ZFKA, ZWE, 55 20CiNi2MoV B2 2 it i h

20CxMnTiH 58 W i 41 20 Je M g
2017, 42 (8): 93-97.
Liu C, Yang C, Zhao Z B, et al. Effect of multiple-step continu-

SRR (1] )R b,

ous cooling and isothermal normalizing on microstructure and me-

chanical properties of 20CrMnTiH forged steel [J]. Heat Treat-

MIZE TN [T].
66.

ICFRHEOR A, 2017, 40 (1): 60—

Zhang J, Li C S, Li B Z, et al. Continuous cooling transformation
behavior of 20CrNi2MoV steel [J]. Journal of University of Sci-
ence and Technology Liaoning, 2017, 40 (1) 60-66.

(L'fi-ﬁg 202 W) FrTE

© [E UL N S 2558 2, SEIT L A R RO AR
FAIR R, W Spm,

® SRR R M SEEE A HIAE 7. 8 em 245 5 ASHERI
YEHIIE 16 em 245,

@ RISMH =R, LEMA L, H—RAMHERL; &
& 0 S8 BE BRI BT IR 25 ML (AT 48 MFE4F) LA R/ T
AT RASE,

® AUE R AR AR5 S

® iFE A —HER S TR AL (PR
© L SCHRNHHAEIE SO | IR AR (FEESCH S | Ak 45
W D] 7 bRE) s SRS ESCIREREEN) . TR, CiE
RRISCREER, FRAESONFI 12 fLL EBE Sk, EEARLT 34
MEARIREN, 2T 340, REM “, 5 (, etal) 7 FR; LR
hANES . —BE (EFRE) SBRJE (Fl: Zhang Y H),

JESCRARSE SO S5 SCRR, T BRI I S0 5%

iR

G BT
http:

Hhb .

s

AT

(U WIR XEMEH. RICEH (1], M4, digiE, g8
(W15 ¢ T2 TR, it

[2] % M#% B4 EXERETFAS) (M1 kg, m B
B R, AR

(3] VEE fEH. B4 (BOSAETAE) (M), %, ko TR

A . R HORHE, HARAE.
(4] B3CHE WSCUEE. BSCEH [A]. R3UEHRE. BE
A (BCRAETRYE) [C). R, AR, R
[5] BARIRG 1EE. WICBH (FEXEREFRE)
WA SULIAL, HRRAE.
(6] 2#Anpic R, WICEH (3L E

[R].

=

TKRE) [D].

SR, BRAFERAL, 4R

(7] BFICHE SRIMFEHRTAH. LREH [Pl LFIE
TR, HE AT HI (4, 2008-02-03).

[8] BeARbriE  Hrifs, PRMEAK [S].

[9] fEZSCHk 1B, WSCBH [EB/OL]. ZREUHITL R # A2
/7 e, RFESHHS (41, 2008-02-03).

[10] StASCHR (BdiiE) %, R3C8R [DB/CD]. HiRR
R, AR,

JE SR RS SR 2 7% SRR 12191

(1] EM, TR, BUNIT, 5. SiC,/2024A1 B & FRHR B K
VB RIE [J] . SRR, 2012, 37 (5). 22-26.
Wang B, Zhang K F, Lai X M, et al. Pulse current auxiliary deep

I~

drawing of SiC, /2024 A1 composites sheet [J]. Forging & Stamping Tech-
nology, 2012, 37 (5): 22-26.
3 BRAXNREXK

(1) Wl TR “PEEBR" RO,

(2) RWICTAR, WAPERMBAEI, HH—MEH, Wi
M—RaZ#d, —2RkN, RAKILAMFRRE, IHERRAEH
3 [, ALK Of B 38 R 1 28 3 TR B A T B U A 23 4 19
(3) ZH A R A A, 388 2 KM ke o 5 4 2 PR
JEREREN T E-mail & VEE SR

4 HEDERARX

Motk JETETTEIE XA K 18 5 (HREHAR) IEES
B . 100083  Hiif . 010-62920652, 010-82415085
E-mail ; fst@ 263. net
PIik: hitp: //www. fstjournal. net/
(BEHAR) B3



