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Cyclic Deformation Experiment and Constitutive Model

of High—speed Railway Gear Steel 18CrNiMo7-6
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2. State Key Laboratory of Mechanical Behavior and System Safety of Traffic Engineering Structures,
Shijiazhuang Tiedao University, Shijiazhuang 050043, China )

Abstract: To study the cyclic softening/hardening behavior of high—speed railway gear steel 18CrNiMo7-6, RPL
100 electronic creep fatigue tester was used to carry out the uniaxial symmetrical strain cycling experiments on the
gear steel under different strain amplitudes. Then, the ratchetting behaviour of gear steel 18CrNiMo7-6 under differ—
ent stress conditions was tested to study the ratchetting evolution of gear steel under asymmetric stress cycling. The re—
sults show that the gear steel(18CrNiMo7—6 ) exhibits the cyclic softening characteristics under strain cycling and ex—
hibits two stages of decaying ratcheting strain rate and constant ratcheting strain rate under asymmetric stress cycling.
Then,a modified elasto—plastic cyclic constitutive model was established by introducing the evolution equation of

ratchetting parameters related to the cumulative plastic strain into the Ohno—Abdel-Karim nonlinear kinematic hard-
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ening rule. The simulated results show that the model can reasonably predict the cyclic softening characteristics and

the ratchetting evolution of gear steel(18CrNiMo7-6).

Key words: high—speed railway gear steel ; cyclic softening ; ratchetting behaviour ; constitutive models
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18CrNiMo7-6 under different strain rates

X588 18CrNiMo7-6 7E N AR HR 0.2% s7'
FEIRA RN AR R R RS T 520, AR
WEAE Y B 0.5%H1£0.6% , 153 HIFEERIN 710
75 ZR IR L K e 1z 4 7 3 8 5 O B SR R ) 6 3R
WE 5 s, HE S 7R R 18CrNiMo7-6 FEI
AR G PRSI0 P B PR AR, BRI 1
N 7 L LT B ] P 348 o sz el /0N . ) s A1 i
ARMEAE R , VAR A TR A AR AL R R A MZ
LG P 1A 2 23 I A6 A0 B TR IR S8 i T 52 i
I, ABAESEIBFTE RIAE R R U N I H AR A T2
TATER G2,

A %50 18CrNiMo7-6 7EHNZR Y J1 32K 100
MPa/s NHFJE T AEXT R IR N RECA T 3000, &

BERIFFE T AN ) T B0 A 4 B RS A2 TE 1 2
Pl 6(a)gh i THERN J1 T8 (200£800)MPa ) /1
IO s T B ARt 2, T DA 9 0 B 58 P %
TE S 56 TR R N T3 D07 AR BN [ P F) 9 B HEAS (A
A S IR R Ty B A, (R )34 1) Ririe £E
MR LR .

1200

800

N

o

S
T

0 s

71 a/MPa

VA

-400 |

)

-800

-1200 L L
-06 -04 -02 0 0.2 0.4 0.6

R £/%
(a)SZH6 PO PE IR 7 2% IR (R AR I £0.5% )
1200
900 |

—-600 -
-900

~1200 e :
-08 -06 -04 -02 0 02

NAE &%
(b)) SZER AHEFR R A7 07 AR 28 (7 AE 1 (H+£0.6% )
1200

1 1
04 06 08

00000000 o
- 1 000 DDDE—JJDDDDDDDDQD:DDUDDDDDU[:ED 0
[POOO000000000000000000000000000000006008008588888H

800

a

—o— +0.6%
600 —— +0.5%

400

Wil 1o B A IR B o, /MP

200

0 1 1 1 1
0 20 40 60 80 100

R NI
(o) SEHRAA RIS 187 3 B 1Y B 2
B 5 xrkm LR T #4640 18CiNiMo7-6
B VEEREAAT A
Fig.5 Cyclic softening characteristics of gear

steel 18CrNiMo7-6 under symmetric strain cycling
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Fig.6 Experimental results of ratchetting for gear steel

18CrNiMo7-6 under asymmetrical stress cycling
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