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Thermal deformation behavior on 34CrNi3MoV steel
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Abstract: In order to analyze the thermal deformation behavior of 34CrNi3MoV steel, the isothermal thermal compression tests were conducted
on Gleeble-1500 thermo-mechanical simulator with the deformation temperature of 800—1200 °C. and the strain rate of 0.01-10 s™", the corre-
sponding rheological stress curves were obtained. Then, the sensitivity of rheological stress to deformation parameters was analyzed, and the val-
ues of material parameters a, n, () and A under different strain amounts were calculated. Furthermore, the corresponding relationship between
each material parameter and strain amount was fitted by the fifth-order polynomial, and the high-temperature rheological stress constitutive equa-
tion of 34CrNi3MoV steel was regressed by the strain-compensated Arrhenius model. The results show that the dynamic recrystallization curve
characteristics of 34CrNi3MoV steel is obvious when the temperature is 1000-1200 °C and the strain rate is 0. 01—-1 s, and the peak stress be-
comes more obvious with the decreasing of strain rate and the increasing of deformation temperature. The rheological stress predicted by the con-
stitutive equation has a high agreement with the test results, and the average relative error R in the entire test range is only 5. 52% , which
indicates that the constructed model is reliable.
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34CeNi3MoV M RA L R IVEEE o Ee, B T HDEH s RO B, DAL T 22 55
P, ek PEE s i TR, T R

ESTH: HEARR2HLHAHSWITHE (NSFC) WokE RaZFisk, Fik, fEERAr=mr, BEm
(U20A20272) ; 314t 45 72 R RH4% B IR @5 & 30 (22351001D) 5 U A A 5 B H TR A AL R IR A R AR T
HB s v B 22 ST 1R TS 30 H (21122015004) 5 T 648 55 S5 1 THa ORI, 7 2045 SR T S VAR TR IR
s e e ST AR BN e, 1 TR R 2
&I o Y =), , Am It & — N N N
Eomal: 2259963@ 163, com B BURMEFE A e e AH R, HAM R Rk
BISEE: & K (1984-), B, W, HOZ, MiE5m A, O EIEE B GRS, P, 2R

E-mail: xudong_xyz@ 163. com ﬁﬁ]ﬁ%ﬁ%& , ,E\:':F‘Fr%"ﬂ‘%ﬁ Arrhenius *%E:u[}] N JOhn'



212 B Ok ¥ R

5 48

son-Cook 5714 . Norton-Hoff AL . Zerilli-Armstrong
ORI A B ARk A 5 R T 5 TR L AR,
RS — bR BURE B . JlE, 7" FE Ar-
thenius BAITYELRN 1, FI RN A AMEXTEIA i & 2
BOHTEIE, BIEARY Arrhenius ASKY 772 BAT R
FESCHERES M, HAT, 34CeNi3MoV #WABFSE ki 32
TR FHUb T2 SR AR o R B 5T
EEAHGE, PRI, MZMRSIEAT N TR
SEAR TR H A AL

ASCLA 34CeNi3MoV A4 4 fIF 52 % Gt 47 1 L3
S I TE 4 a8, o0 A 7 W AR Ay i 2, AR A
Arthenius X 34CeNi3MoV 4K 149 Uik 8h 1 ) A< 44 7
FEFEAT T, 7ER SRS N, AR 7 RE Y
FEEVEVEAT THE, RIS IR A A B AR ) E
LB T L2 E et —E 2%,

1 R AR 7 3%

I RE R Tl # 5L 19 34CiNi3MoV 4, &
FERRERY MG N D8 mmx12 mm, LRI L2 1,
R4 R TR E 1 iR, SRR f B #
ERT, #H A R#ER R 20 C -7, FHRE
1200 CJEfRiE 180 s, i fRIAFE S22 B ICIRIL, T
PR FE N 10 C - s, FIRETILIRE, 4§
I 30 s, BORIHEIRBE A 18], e 58 R4 I
5, AR A SEUT . ZIRIRE T8 800,
900, 1000, 1100 A1 1200 °C, NZEHF & 4 0.01,
0.1, 1FI10s™, JKABHHEN S50% (N & N
0.69) . H4ifa Wi R K AL 31, 38 o 4 40 12
TS 40 5 1) SRR 30

%1 34CrNi3MoV REYLERH ST (%, RESH)
Table 1 Chemical compositions of 34CrNi3MoV steel ( %, mass fraction)

C Si Mn Cr Ni Vv Cu P S Fe
0.28~0.35 0.15~0.4 0.5~0.8 1.2~1.5 3.0~3.3 0.35~0.45 0.1~0.2 <0.02 <0.015 <0.001 A&
G 12 VT R TR O 3= N VAW B 5.8 = 5 5 B
1200 C, 180 s

REE/IC

7" 800, 900. 1000. 1100F11200 C
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Bl 1 34CrNi3MoV AR AR A T AR
Fig. 1  Process flow chart of isothermal thermal compression test for

34CrNi3MoV steel
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Fig. 2 True stress-true strain curves of 34CrNi3MoV steel under different deformation conditions
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Fig. 3 Fitting diagrams of o-Ine (a) and Ino-lne (b) under different deformation temperatures at strain of 0.2
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Table 2 Values of material parameters for

34CrNi3MoV steel under various strains

P a/MPa™! n Q/(kJ »mol™")  In(A/s™h)
0.05  0.009944  5.7761 379.92 33.764
0.10  0.008639 6. 1444 399. 31 35.617
0.15  0.008025  6.1780 400. 64 35. 808
0.20  0.007632  6.0987 397.26 35.612
0.25  0.007391 6.0374 395. 41 35.579
0.30  0.007241 5.9732 393.76 35. 561
0.35  0.007136  5.8782 391.13 35.429
0.40  0.007058  5.7819 389. 12 35.330
0.45  0.007005  5.7278 389. 81 35. 462
0.50  0.006962  5.7262 393. 86 35.892
0.55  0.006919  5.7823 402.76 36.763
0.60  0.006912  5.959% 422.39 38.596
0.65  0.006994  6.5675 476. 99 43,699
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Table 3 Polynomial coefficients of material constants &, n, Q and InA fitted by Arrhenius model

a n q InA
a,=0.012 ny=4.94 q,=331.78 Ind,, =29. 34
a, =-0.051 n,=23.95 q,=1401.47 Ind, = 128. 32
a,=0.230 n,=-165.05 4, =-10233.34 Ind, =-929. 03
a, =-0.536 n,=508.75 45 =33725.26 Ind, =3091. 22
v,=0.614 n,==757. 67 q,=-52745.07 InA, =-4875. 81
as=-0.272 ns=442. 31 qs=31981.48 Ind =2972. 06
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Fig. 8 Verification curve of constitutive equation
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