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Abstract

The hot compression test of EH460 steel was carried out on Gleeble-1500 thermal simulator to
investigate the hot deformation behavior of the steel. The deformation temperature was 900°C~
1150°C and the deformation rate was 0.01~10 s-1. The results show that the main deformation
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mechanisms of EH460 steel are work hardening, dynamic recovery and dynamic recrystallization
from the true stress-true strain curves. The flow stress decreases with the increase of deformation
temperature and increases with the increase of strain rate. The flow stress under different defor-
mation conditions is calculated by constructing the constitutive equation. The correlation coeffi-
cient between the predicted value and the experimental value is 0.994 and the average relative
error is 4.498%. The correlation is good. By analyzing the hot processing map, it is concluded that
the parameters suitable for hot working of EH460 steel are mainly 950°C~1080°C, 0.1~10 s,
1040°C~1080°C, 0.01~0.1 s"1and 1130°C~1150°C, 0.01~0.1 s1.
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W TR K R SIS N R, FERR. KB, RS SRS, ST 05
PE RE I ISR RE R T R ER[1]. ASSCHFFE IR T G H EHA60 4N, JE AR IR R
B 300 mm, FUACKE I T2 RN 100 mm, 7EEMIN IR, fbl 4 UM GE7E B R 7 i 355)
PR — KR, R FI O B8 22 57 R B (E IR A 2R, IR AR 1R 22 56 T4 T AR M 6 D7 T )
Fi, ZFGER)FES EE LR . R RS AR OB IE, BN T BET M ERE, 2
AN A1 . XIAA3IE LW AT 3500 mm H R AR AL PR LR AR B L FLAIL Sy AL T 2R R T
MR 40T SR, oGE T TERE. B ar A AR AT AL, SHERE N T T 2280 L
HEFPERE, SRS FANF I TS EABARAH I, Qe BE & S 5 ORI 2V RE R B 18
BB TN R TEAT . R BRI T A BN A - FLNAR 28 o] S Wi AR B A7 5 AR T 2
ZIRISR AR, A7 R AT T AN [ AR T 2 A R R AR N A7, B T T AW e falX . A X AR AL
i, BA B 3IRT A BHE SEFR A T o R AR iR 8 T S A LRI B AL IR AR (4]0 B, FLERFE[S) i@
WHARIETEAT NIARRE T 5545 Q345E MR TENLE, BIZhA& R FERAEEME . RAERERZMET, 3)
AHEARFEESGR. RABREEFMT . E0[6])% IR 2205/Q345 B NidkT & & #E4i 1% H SEM
ST R A RIEGE 5 RO, IRER H 2205/Q345 TEATLHEF A 1~10 s~ HEFEA 1050 C~1100°C i #UE
R EBRRAF . WAERIN TATIR R BT ARG BB, HANI e gt i k4 - LA 48
SR

RICHETHEPET- & EH460 AT RIS AT 7L L AR TEAT R, I b BLRL T - ELRIAR 2% |
YRR A F) 7 RN 22 ) AN T LR R EHA60 SN RN T T 235, NN Se PR~ 32 AL g k4 .

2. REF%

IR AN 1) EH460 84, HAL2ER i 1 i, JREGASRWE 1 Fizm. 78 Gleeble-1500
AR IS N BEAT B m) il X AR SRS, RSN 010 mm x 15 mm. RIEEFEN: BL 5SCls
WEEIIFAE] 1100°C, fRIR 2 min A H R EOFEE —E, FBLL10°Cls AETEBTERE, R 20 s
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UAEARAE R 20 IS — 8, PR T HUE SR, ABTRIRE N 900°C~1150°C, ATIER 5N
0.01. 0.1. 1 F110s™", TAERIATE N 60%, H)5LL 20°C/s A HIRA B 5. SHIRELEE,
A% TSR RS TR WGHAT 20k, SRIGHFIF CMY-310 440 B A Xt i i 20 2R kAT M 22

Table 1. Chemical composition of EH460 steel (mass fraction, %)
7= 1. EH460 SR FE R D (REDE, %)

C Mn Si P S Nb A% Ti Ni Mo Cu Alt Fe

0.19 1.51 0.34 0.0045 0.0082 0.041 0.084 0.016 0.54 0.042 0.17 0.036 Bal.

Figure 1. Original microstructure of EH460 steel
[ 1. EH460 $RANJRIRLHL]

3. BR5Te
3.1. RN - ENTiZk

] 2 Jy EH460 WM LR 7y - JLN AR 2RI, e IE AT A1, EH460 AR TAT A E B2 hn Thifk . 3
A (BN BN A S AR ARHE I TR Ak SR B A A TR R AT BN ) - BB 2R o = AN B
1) 0 AL 26K T B A FRA IR, R0 TAE Ak 5 3 S A, AR B Bl AR 2 PR 38 IR 438 K5 2)
TR RN T A, I ZhA A & 32 ST, AR N B AR R 3 98N s 3) i A Ak S
RET AR, RN TREAG 51 R 1A 4 1Y 58 -5 ) A TR A 7 A IR A B ARG A B HRA 3 AP, kR
AE R TIR B A AT H R R R e RS 7]

M 2 AT, EARTAR AN, AR N ) A AR T AR R I G . AR TR A, A
B T B REIE R, AR TR R B O, WO AR N IR R AT B A S
TR, TENAREMFER, R RHEELATEF AR, XE—ERE L6 T 38R
IR, BkES 1 ALIE 8], Wom AR B JIHE K.

TEAR TR R AR, AR 7 B A AR TR B 3G 0w Bk . AR IR A, SRS SR, R
(2855 JJREAK, §BoER M, Z kA TIRAR SR . iR AL RS A i # DA KB 5 i 1 5
AR AR B T R AR KT SR R s RIET IR T 2 A AE R A5 L Cottrell FATHAE I IR R, (1 45E3)
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Figure 2. True stress-true strain curves and predicted value of EH460 steel (a) 0.01 s (b) 0.1 s';(c) 1s7';(d) 105"
2. EH460 N E R 7] - BRI FFUNER) 0.01s™5 (b)0.1s'; (o) 1s'; (d)10s™

3.2. InTHREHLRER

I TR ZR 6 = do/de W TR W72 A8 TG R Hhobn A4 R B 28 3 A — 38 2 TR B3 851101, BA 1000°C
0.1 s~ N, KEFN Sy - FRNAS AN Tk R AE TR — B, WlE 3 fioR. ERRIFER, T
WAL ZRIA BB AE,  ULBHTEN A B, IR R A SNSRI EFZ AT, RAMN T, BENAS S
MIBER, BRI R SR B REh AL, I LR ZHEDN, RN IHEEEEWIT,
N TR AR B A AAE FHIE B34 P (B9 R R4k S net, JRAER o380, I TAE k3 3K
FERTE, M RAET 0, JREEAR TSI, OS5 BN, Serhn Tk s ik,
IR IR [10].

3.3. HEAMTSIE

FT BIRRIGHIE, 575 IR B AMEE . AR TR A AN S AR M2 IR a] XU 2k IE5X Arrhenius #E74H
Z (Zenner-Hollomon)Z #OR ik it 22 81 /1 RS TE 5% A1 2 1A A 5 2 [10] [11], ansl(D)FR:
Ao™, ac<0.8
Z=éexp(%)= A, exp(fBo), ac =12 (1)
A[sinh(aa)}n , forall &
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Figure 3. True stress-true strain and work hardening rate;
1000°C, 0.01 s
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Figure 4. Linear fitting diagram of thermal deformation coefficient (a) ny; (b) £5; (¢c) n; (d) O; (e) In4
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Figure 5. The relation curves between thermal deformation coefficient and strain (a) a; (b) n;
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Table 2. Thermal deformation coefficient under different strain conditions

% 2. FRNER THRER RN

a/MPa!
By 0.02054
B, -0.17574
B, 1.18878
Bs -3.77067
B, 6.23205
Bs ~5.20818
Bs 1.73482

G
G
G
G
en
Cs
Co

3.7288
50.65894
—359.99252
1125.21531
—1816.45497
1481.33256
—482.22607

Dy
D,

D;
D,
Ds
Dy

O/kJ-mol™!
323.23065
86.98456
—1239.74205
6134.25919
~13303.93617
13141.48317
—4798.23787

E,
E,

E;
E,
Es
Eg

In4
26.21126
88.81128
—795.74658
2921.94047
—5295.29151
4699.51266
—1624.97917
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Figure 6. Correlation between experimental and predicted stresses

& 6. I ERFUNERAE R

SR YRR A THI 0 B R AR N T AR R TR L Sk SR AR AT R BB K K A Ok R EU(R) AP
YIRS R ZE(AARE) R AT /34T 11], R Al AARE ik AN(5) (6)i7R.

R= ZL(EI_E)(R_F) (5)
VN (E-E) X (P-PY
1 N Ei _Pi

AARE (%) =Nz ——x100% (6)

455 (5)FI6)IT 15 R 15N 0.994, AARE 1HN 4.498%, AHFEMERT: AR GRS HEMET,
AR NI AS K 7 2 B A B IR IR B, T DU A R 1 TR0 AR B g
34. HBMIE

AT AL EHA60 8N AN T2 £ UL e #oimn T A2 X, 28 T 38 kB34 (Dynamic Material Model,
DMM)FEME R iR 56 Bdis vl & 37 EH460 AN T . Hrh DMM #7575 8 iR 78 AR T fE iR A A

i=1

DOI: 10.12677/ms.2022.124043 415 PR R


https://doi.org/10.12677/ms.2022.124043

it s %

XHRIG N M 1 A T ), — 8B RAEHVE R FEd LA E R UFE L, RIRE R FEELE(G), 5 — 8B 1E
P ITFE PR H SUEAR RS, IR EO) [12]. MR RE SRR H (DR R:
o=Kég" (7)
K. o NN 1, MPa; K NHEG m NI RBUSIRE, NRAEB IR S B2 R AR
R T HEAEFPRIR o 5 & PR R, ATH ZRZHAE R W@ FrR[13] [14], 44637~ ()15 m,

A (9)
no=a +a(Iné)+a,(Ing) +a,(né) ®)
_O(lno)| . 2
m= a(nd)| =a,+2a,(In&)+3a,(In¢) )

m IR F R ONFERU R A R EARBUR LA, Wom WVEEDN 0~1, — A m 3l | 58, UiIH
BB LT . SARAERG BT KL R TR 75 278 DR FERUE T MRFSHIE & DIFFERUE 1 9 VIR
WO 2V AR AL, — RO BORIN B 5 RAE S A R B MBS P48 A%, O TIEReSEaF[13]. o
AJ FHAS T R URAEH m R Ix N (10):

2m

po2m (10)
m+1

RACHIE & AR AR R S ERAT AN, AR LB W] TR ) e s XA X, (1D,
&> 0 Fon g alX, ik EMRHEIZ X IEHT AN THITERERT: & <0 FonRRaX, XA RN T T g
KAELEINGTYNHT < R RSN A SRR OBV AR, 7R HIN T R RETZ X 5

Gln( " j
f=— U <o (4

Olné

AR E T, BIEEE & MR T ¢ vTH DhERFERUE, R ThEe ke s i mT DU A2 % 4%
PERASTENLE Z B IR R ARSI Ty AR ¢ FRFa I & T RFald, R Jofa B mr LU
TAXFIRIX; &S INEARFA &M TR TE, w7 fros. @ RN 0.2,
0.4, 0.6 1 0.8 B AN T AT 1, #n T Fa X 32 B HTE 900°C~1040°C, 0.01~0.1s™'\ 900°C~950°C,
0.1~10s ', 1080°C~1130°C, 0.01~0.1 s ' Al 1070°C~1150°C, 0.1~10s"' X3k, MAEARFN, » X
WALE %5, H EH460 H7ENAR RN 0.8 B 552 brdz = b B v i 30 T 5e Bk A o, #Lh 0.8
2% 50 EH460 W AEHIN TIXA[11]. HE 7()IETFMNAZE N 0.8 B IEE XN 1050°C
~1100°C 0.1~10 5™, Fit - 7E 0IX 38 Py M6 HoAt X Sk 50 5 e 2B sh 2 ol RS A 46 i, vl B 122 X A
AN T X3 o [ B 485 6 AN ) AR 8 4% R AR n T I el 45, & & 0 TR T ZIX A 22 950°C~1080°C
0.1~10s™'. 1040°C~1080°C. 0.01~0.1s™' Al 1130°C~1150°C 0.01~0.1s",

3.5. #EME4n

Pom T X LPRAEF BE S H B, HAFRRRTEAREETN, & FxEMALHTRIE. K 8(a)~(c)
NAFFCIRE 1050°C . AT R H0N 0.01. 0.1 F1 1 s HURJE S 5 B4, 18 8(d)R1E 8(e) AR
#0.01 s IR EHIA 1100°CTHT 1150°C FIFESE G AL 3T R4 7 34 B4 Sl ee, B
HEPA 5 TR SRl P 4h R IR AR R B R, BRSO RE 2=, WK 8(a)~(c)fim. MG
MR, ERTLIEE N 1050°C IR TERHARE KA T T4 dh, AR S il e i A8 1 B8 R4 /N ok, 76
PURA A G, F4RSR e RAED RIEEARE RS KA, HEKSEPASRERRKR, BOEHT
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Figure 7. Hot processing map of EH460 steel under different strain (a) 0.2; (b) 0.4; (c) 0.6; (d) 0.8
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Figure 8. Microstructure of the sample under different deformation conditions. (a) 1050°C, 0.01 s';
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T R A
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X EH460 4R7EAS TR N 900°C~1150C ZBHER N 0.01~10 s~ 454 F T HIESHIRK:, 5 #T
T BH460 SNV TEAT MR T, 23 EELS BT

1) EH460 AN AL TEAT N E 20 TR . BRI S M4 Ew, Ry - JNAR M2t
AN A AR TN, IR A8 I g B AR T PR3 K s /) B AR T 3o 238 P 388 KT 39K o

2) @ E S EH460 WA T HE, tHE EAR RIS A4 TR FE, # I 5 a7 X b, R
{E9 0.994, AARE {H 1y 4.498%, HHRVERLT.

3) 2T DMM AT T EH460 4NTEA R NS & T #8000 T B, JF38 0 WA R AR T 2641 1) R4
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