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Calculation of Thermo—mechanical Coupling Deformation Model for
25Mn-7A1-1C Low—density Steel

LI Xuezhi', WANG Zitong®, QU Xiaodong®, LIU Wei*, MENG Fanzhi*, LIU Peng’

(1. Anshan Iron & Steel Group Co., Ltd., Anshan 114021, Liaoning, China; 2. Hot Rolled
Strip Steel Mill of Angang Steel Co., Ltd., Anshan 114021, Liaoning, China)

Abstract: The hot deformation behavior of 25Mn-7Al-1C steel was investigated through single—
pass hot compression tests in the range of 9 00~1 150 °C for temperature and 0.01~10 s~! for strain
rate. The constitutive equation and hot processing map of the tested steel were established. The results
showed that the hot deformation activation energy of the steel was 447.5 kJ/mol, and the degree of
dynamic recrystallization changed under different experimental conditions. Through synergistic
analysis of dynamic recrystallization behavior and the hot processing map, hot working parameters with
low temperature and high strain rate could enhance the impact toughness of the low—density steel. The
optimal rolling process parameters for 25Mn—7Al-1C steel were confirmed as deformation temperature
of 1 000~1 100 °C and strain rate of 0.01~1 s7".

Key words: low—density steel; thermo—mechanical coupling deformation; constitutive equation;

hot processing map

AR I — S R R T 1933 AR i 26
2# 3 Ton 1 Korter 7 K 42 H , L FR &2 49" .
1958 4 Ham %' JF & T — Fh Fe-34Mn—-10Al-
0. 76C K% BE AN, X AR AR M ALY A T 7588

ZEeEik, TR, 2006 45 Bl FAb st BHE R 2F G 580 ) T
L, E-mail:13841214212@163.com
— 20 —

JEIR ] T 750 MPa, 3 — SR 0G5 132 499 TRk e
T 20 28 50 AR AR BE A AN T R AR AT
87w R X VR 4 ] S Bk R 9 Y (Ad-
vanced High Strength Steel , AHSS) ) i/ 5¢ 4 ' 7%
JG o MPRMASH T3 R AR £ 5 B TR 23 B R e 7R
G A REE IR AR AT O A Bl T T A A



¥ 4R B K

2026 % % 4 M

ANGANG TECHNOLOGY

& % 460 #

ST MR E IR I AR T A 5T A PR 4
AT 2 2 A i A L PRI BE R AE AR B
RH ) S W 585 18 88 5 P45 ot o) B % 0 S
Bo SEBrBin T AR, AR R AR N I AR E E
(B, T2 52 A8 U B N A 3 55 T 8 S R] A
P, = BRSSP R e TR AR TR AR
VS 42U Ge A LS o B Zener-
Hollomon (Z) Z 0] 47 R FRAE I B 5 17 A% 3 6 (1)
AR R HEAE TE LV ) — 00 8 5 B T2 4L
(9 N TE JCIEK 5 4545 Prasad 3l 2581 BB A (Dynamic
Material Modeling, DMM ) , BE#E B} 22 R0 43 41 LA £
JE AR X 8] 5 2R A DX T, Sy ] 5 5 BRAL ) T 22 %
LRSS . BT IR S A O
FEA RS L 25Mn—7AL-1C 387 A 25 155 5 g BF
TR, RGRTZMNAIAE 900~1 150 °C N A2
0. 01~10 s Bl AN IS TEAT R, M 2 i iR A
P75 R sl Bm T, WA L T T2 X
], 15 70 S 1228 v i B AR 8 2 A B Tl A L AR
75 TGRS S S5EHE S %

1 g b kRS ik

FH LB R R 75 kg25Mn=TAl-1C {1 %5 F 49 -
Gerh EE o WA B T 2K 5 EE T ER 2] 170 mmx
200 mmx280 mm. i i HL RN FL AT 1 250 CAR
4 h)a, LR ELILEZ FLHT 18 mm By
W, IFRABRHETREAH EER . EH T
FRELH 5 [ H 50 4~ @8 mmx 12 mm [RFE IR

4 F Gleeble-3800 i 5 HL K i FF i #4 &=
1 200 “CA&YR 25 min, IR Z 1 150 °C .1 100 °C .
1050 °C.1 000 ‘C.950 °C.900 ‘CHIFATELIREE , 435
1E0.01s.0. 1518710 s BN AR R fliAe
Z RN FTEIE 65% ¢ AL, anEl 1 s .

1200C 4,
&
X
flo A5 T 3 JE 900,950,1000,
| 1050,1000,1150°C;;
= J¥ 2% 3 #.0.01,0.1,1,10s '\,
JE 8% 73 2% T 65% ol
o IR T/ s

B BERAERRETZE

Fig. 1 Process Diagram of Single—pass Hot Compression Test
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Fig. 2 True Stress—strain Curves at Different Temperatures and Strain Rates
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Table 1 Peak Stress of 25Mn—7Al-1C Steel MPa
) PARE IR
AR s
900 C 950 °C 1 000 °C 1050 °C 1100 °C 1150 °C
0.01 191 189 128 82 65 53
0.1 268 202 161 125 98 81
1 351 277 234 201 164 123
10 385 332 278 241 189 150
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Table 2 Z Parameter Value of 25Mn—-7Al-1C Steel under Different Deformation Conditions

PASTHRE
AR T
900 °C 950 °C 1 000 °C 1050 °C 1100 °C 1150 °C
0.01 2.67x10" 3.91x10" 6.65%10'° 1.29x10" 2.83x10% 6.89x10"
0.1 2.67x10" 3.91x10" 6.65%10" 1.29x10" 2.83%10' 6.89%10"
1 2.67x10% 3.91x10" 6.65%10" 1.29x10" 2.83%10" 6.89%10'°
10 2.67x10* 3.91x10% 6.65%10" 1.29x10" 2.83x10"® 6.89%10"
g . ALY B T BRI ERR P
16 TE B YRR S i 5 A vp  FE R G (A5 T
144 IR A B RE T AR ) SRR R J (B AR
@Dii P T 20 U A B R L AR T AR S LI AR
18 gETP ) Z IO SRR T RFE R P, =&
36 Z IR T (13) %Ik,
34 R2:0.98494 & o
ol P:G+]:J(Mé+fé&r (13)
0 0
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Fig. 5 Linear Regression Analysis Plot of IgZ— lg[ sinh(ao) ]
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FEALISE R BT A A I A8 2 A 6T I L T (B, Inoc=a+blné+c(lnég)+d(lneg) (18)
SR X BB T = IR S5 RN S5 R W (18) m=d (lno) /d (Iné)=b+2 (Iné)+
WA EIMILE R a, b, . AIRAK(19)3H5ERHY 3d (Inég ) (19)

mAH ¥ 25 m HARA K (16) 75 21 4 D) R FEH R 4L S i S PR EL R T L X R 0. 65 11
VI T-Iné-lno AR, B T4 BORBIAR SR MF B RE R FEHIUT Wb AT T, e R

FRH RS, e AT B RE EAE LA - (PR W B AN 3 iR o
3 METH0.65HHIRERN AE
Table 3 Flow Stress Values at the Strain of 0.65 MPa
PARTE
Jof AR e /s
900 C 950 °C 1000 °C 1050 °C 1100 °C 1150 °C
0.01 172.74 132.22 92.99 68.69 54.19 40.53
0.1 256.69 197.37 146.09 119.10 92.02 70.53
1 345.67 254.78 220.83 184.27 146.12 112.17
10 376.66 324.82 264.33 228.86 185.68 146.36
W 2% 3 v 2% U 8 (R =0 (18) AT =1k R4 SEWBRETHMERH
FEEHRBRL A  Iné—Ino A KNS = IREELLE Table 4 The Fitting Coefficients at
— N S w Each Deformation Te at
M an &l 6 s 528G R a, b, ¢, dBUA Lo roneon rhpeenn
. AL IR C a b c d
N4 FR . T
900 2.538 66 0.091 47 —-0.045 98 -0.008 20
2.6
2.5 950 2.406 17 0.098 57 -0.002 70 0.009 62
2.4
2.3 1 000 2.344 06 0.142 86 —-0.050 67 -0.014 10
2.2
5 2.1 1 050 2.265 45 0.149 49 -0.047 71 0.007 66
0 2.
. ?g 1100 216471 016371  -0.04839  -0.01127
1.8 1150 2.049 88 0.166 33 -0.042 98 -0.007 81
17 -900'C ~=950C == 10001C
1.6+ ——1050C ~4—1100C — 1150°C
1.5 . 1 . . ,
2.0 -15 -1.0 05 0 05 L0 WEIE R a, b, ¢, dRARKX(19)PRTT
Iné .
B6 Ini-ino BUAES SR EMA HE m ff FARAIER S .
\ 3 1H b3 » +
Fig. 6 Scatter Plots and Cubic Spline Fitting F = (16) 11545 2 D R AEH R AL n 1H, 45
Curves of Iné-Ino il[li% 6 7 o

Table 5 Strain Rate Sensitivity Coefficient m

PBTE
o AR R /s
900 °C 950 °C 1000 C 1050 °C 1100 °C 1150 °C
0.01 0.176 99 0.224 81 0.176 34 0.43225 0.222 03 0.244 53
0.1 0.158 83 0.13283 0.201 90 0.267 89 0.226 68 0.228 86
1 0.091 47 0.098 57 0. 142 86 0. 149 49 0.163 71 0. 166 33
10 -0. 025 09 0.12203 -0. 000 78 0.077 05 0.033 12 0. 056 94

BE 6 T.Iné n(HBHEIATHMEAA L, 2 il T-Iné—n 1) Z4ETE 5 (OLIE 7)), FEXTIRL 7 647
— 25 —
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Table 6 Power Dissipation Coefficient n
PRI
B A s

900 C 950 C 1000 °C 1050 °C 1100 °C 1150 °C

0.01 0.300 75 0.367 09 0.299 81 0.603 59 0.363 38 0.39297

0.1 0.274 12 0.234 51 0.33596 0.422 57 0.369 58 0.372 48

1 0. 167 61 0. 179 45 0. 250 00 0.260 10 0.281 36 0.28522

10 -0.051 47 0.217 51 -0. 001 56 0. 143 07 0.064 12 0.107 75

R B REREFEHUR A (WLIE 8)

0.60600
0.54020
0.47440
0.40860
0.34280
0.27700
0.21120
0.14540
0.07960
0.01380
-0.05200

B7 T-Iné-n =4 IRE
Fig. 7 Three—dimensional Morphology Diagram of 7—In -7
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Fig. 8 Energy Dissipation Coefficient Chart
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RAGHIEAT B0 R AS & 5 RE AR RO R B A
RE TR LS e AR BN T 208 11, AR SCR ]
Prasad Y &t A9 P AT 0 o (19 A2 SR A A A
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e 9 i .

+m<0 (20)
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Fig. 9 Instability Function Chart
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AR R NT 1 57 YRR ok DX P IR A N AR
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WHIFERL R B (E7E 0. 28~0. 54,

1 050 “CH} 4 EBSD 4 E K ki RO i 4e i1 il
K12,

SRR 0 e Y AN W& 6 L S W . )
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Fig. 10 Hot Processing Map

1150 7 ROHCR 2, 25T B FO A kiR KR < 120 wm, T
1100f 008 4 OB AT 5 L 19. 5% , IS (7 0. 1685 A
4%1050;%41 0.34 - R T 71050 CHRMFT TR 10 pm PLUF B9 dR
5?21000._&—’/ Lo Qog B TFUA IR, 20~40 pm R8I B B B0,
= v/_/ : RS AR B EG A R R b kR
950},3400(-)20%\ <2 07 110 wm, F-45 5 iR AR AR & L 54. 4%, LIk (R
I i e 6(%7:(831 0.26. PIFREE FAMMI%EAE T34 TG B R

1.0

SEATPEAS i, H IR FEHCR Bl T A AL
152 FEAE S AEAT N RO RE S G L, FRAS S A A
B SE 4

20 40 60 80
A L U]/ wm

100 120

(a) EBSDHHE; (b) diki N R et
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