e L B 4
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

DOI: 10.11858/gywlxb.20251246

R T 301 AEFEWAIBNS LR HI 5"

HEEl, IR, BRXEL BRK!L BEAZ HRAK!

(1 EBEAE AR A E R B R 22 AT B i m SE 00 s, %8 G 230027;
2. PEBFEEBARZ TSR R0, 28 #IE 230027)

WE: REFRNTERREELSELBETATHENIE, SIHBWRERAEHEERETERER. BLLE
AEHATATHREELZLAMAFETLREE, TATHHNELREBEF G THASME, FRAL2 HALFH TN
301 A AR (30~298 KD S&AEE (4000~5000 1) #8415 Bl TEIEH A A1 570 B LSRR, 2 fATHHER
BERBEHNXRIAEDENREFARAS LR REAEXEME, 2wilaMHEEE 77K 5 REIIN F WM ELEIAL,
HREREH, BAAHIZFR ARG ENT RAEME, AMKTHHESWEE BIEMEREEREE, &
MAFTHNREFRTERNAN TS, FERAGTRAEEZEZIUTE N ERIMEW ZALF, 5 &4 T N4
THVEMBU R E R R HER, £ EA E, KA Johnson-Cook AR X 5 A ¥ M ab HATI A, R A
B — . RFARARRKEBEAFELRE T 2 BB SR MO RE T EEN R 7 B T,

R A K MAR; BRTT; BTREK;

hESHS: 0347, 0521.9 WHERFRINES: A

301 ANEEAN (GB/T 12Cr17Ni7) AE Ny —Ff f R0 W7 Fa B8 [RAR AN, B e s g . R 24t
PLORRE . BT YA Ik LR rh R R A e 0021, R 3 N T AEA A AU T S AR T R b Rk AR 1
TR R 5 IR AR AR B4, S VA AN A i, TTTESR TH AR 50 B A 52 (g (R B, ORRr L R i 2 Pk
ALY, IX POy R 5 BE - SRR RA R, 456 I S R ek A D A Ak e g LM AR i S
R PUE AT S ok TR A A IR 0

TESEBRARAL 26 A, BOVAEEAN AL L5 T I A oty B 2 PR 858 SR 2 BRI AN AL SR 12 5 2
PR T ZIR X 55 i AR 2Rt BSIDL S5 2 R A I AR B i far -1, BEFLR B, MOBHEZNES
IS T R Cnsh & e IR EE . JRBI N S SRR Je H Rl (g4
BIU) I . shaA AR , SR SRR THAA R EZES 12, MRtk ie SHLH B e
TR LRGSR AP PTEREMERR R ay U314, (RO MR, 15T N A 52 iR
AR S ORI R, RAWEF 301 AEEANTE I KR 5 i N AR A E T RIBhEs 1%
PERE, KPPl A IR A BT (0 n] S LA S AR R L U6l o, 3 R RN AR R S
XA R BN 2 0 S B [F AL, KA T A S AR R [ 1,

WA KT BRI NNES J1 AT NI A, B e R S A RN, DS 1OV B BUs
(20155 . {5141, SCHRODER C %5USIRGAF 7t T M RME ST . R EIE 5000 s™' %4 T 1)

*Wschs H . 2025-10-31; f&RIH#E: 2025-12-08

HEETH: EXRAMRREESE (12372372, 11872361)

EZ A IS (2001—), 2o, WiLAFFEAE, 3B AERER T AR S AR AT 7.
E-mail: ting0705@mail.ustc.edu.cn

WEEE: EME (1985—), B, 1§+, RITARR, TENEMEZNE )47 NS, E-mail:

pfwang5@ustc.edu.cn



mailto:ting0705@mail.ustc.edu.cn
mailto:pfwang5@ustc.edu.cn

e L B 4
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

SNASHARIT N, EERME T HEZE NN RN SR, 0 301 AEEMAEBIKE (<77K)
HHEMNTR (>10° s7) BWEKME FTHRGEN FAIFEHEAL, Rl &1 R 5 & sh & K 46
5 BNAS R AR PR A IR AR A PR BT L S AL 2 S O T 2122, DA 2 2 IR TSR 1
AR O SO R BE 7, A DASI IR YA B = 5 1 A R VG R e i, BRI N AR R AT
ToVECRUE HERA (IR FE 4% 5 ) 50l & (325, X b KRG R Bk, PREHIZ) TXF 301 AN
SR M i IR R BE R 275 AT A BRI E -

KRB K —EET AR MR ABIKR SN RS, "SI T 30K BRI
FER RN RN . T ZLK T, HFRT 301 AHBHNTE 30K GEIRE) £ 298K (=) %
HIEE N SSRGS ahA e .  Ea iR TEE SRR REEER TR SIS 8RR .
MBI I TARAAT Sy S R RO LR WL R o A 7 BRSR A 25 R 4 e 2 (R ot 1) %2
AT S VP AR AL T E B S IR AU S R K

1 LM Sk E

1.1 SEEG44 %} EBSD 4345 XRD 04F

ASEERIEH 301 AEENMEAFE AN SR, WHF0 T HAE 30K GEIGIR N 298K (iR Bl 836
WIRIBNAS 40 S5 3hA R )R . 301 ANGEE0 A LR S 1 0 R S8 W (R 2808 L R 2 FRD T g ol
Re DA SR N TAEALEE J1, TEMUTEATR . BB I8 SR S DA A B ME . A0 7R
22 1) L ) R0 5P [ L A T e 5 AR HE AR 301 ANEBAR AL 475 L AT

Kl 1(a) 1 1(b) 73l BE 7 1 2 1) SL AR B ) LRV 4 1) EBSD AH P ATHRFAE, B 1(c) M AHZH ikt
PhBl. S5 REH, BaFLiee i S IRARA & & B EmD 2 LI & . i X ST o an &
1(d) 7~ ShrdER - (PDF#33-0397 A1 37-04749/ 6k}, JRE L E
20=43.582°. 50.791°. 74.697°. 90.694°. 95.965%.“44.645°F1 82.281°% {7 B ) % I B & AR AE Aoy 50
Hor 20 WG X SR ST ERINAR 2 [ Jeff . Hor y-Fe(1 1) A THIAT ST SR P F o (5%, HLERA)
FLIHIRE S AT TG 58 B = T 2 LA b

X—ILR AT EBSD 5 XRD M5 3 ¥ % 5. EBSD M AHZH A & &, 1M XRD J B df T
R 43 Ao ERARZ ML IRE St B A B 2, (HHL B G AR okt 2 REALI R 0 A ML Z R, Hrfl
HIRE T R A S BRI, (H A ESE R E A, SRS XRD W7 mFATEE R, A
M7= AR B R AT S 5 o A 24 FLAIESE T PRFRRE T R B8 AR AR B A B3 A R BUA 2 AR AR, s
[va) L FRIARE o 2 B0 H B SR ) SR RRAE



e L B 4
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

—| [

(a) Multi-directional rolling EBSD (b) Unidirectional-telling EBSD
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(b) Unidirectional rolling sample
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Fig.6Tensile and compressive symmetry of multi-directional rolling samples (77K and 298K, (.€=SJOOOS‘1 )

2.2 BakLEleEm

fE 298 K 77 K 130 K =AMREESFAF N, SR 50008 )38 5 00 B [ £L 1 1A HEAT Bl S o i I
ARSENG,  FERTAPRLE )2 RAT OREAT T RITST . W T(a)FTas K AR ) - R AR R WY, MECT R
I (298 KD KA FHIJIZAAT )y, APRME 77 KNSRI A 0 ) 224 0 s B2 B 2 3R T (RIS
ZNAZ IR R I R, B A R i R RN, IR — BRI R i T REAL T A AR AL
FAR R R BB, i B — PR 2 30 K, APRISREERRSE BTF, (HEEIE W PRAR, R
RPARIR IR AL, BT 77 K i I 23R 1k

AR5 B 7(0) o (14 Je A 2 5 A AR T 3t — 2D F s AR BE A BB ARV S IMBSR T
FOBH JE R 810 MPa. AR 298 K BEZE 77 K M1 30 K, o IRGEZ S0 50 ETHEa s, X
RYMCIR B Z 0 T A HE a2, MR 7 A RHRIaE ST IR AT B8 2o« e B A A2
FE 77 K-298 K X, JEIRIEE RIGKGEBAN 2L, X 54T i #E vh 2R A e oS sl 22 75 3 22
VRN K, A SRR EEAMBIE RN T TAE 30 K SF A T 5 08 (I 2k SR TR A5 P11k
SRR B, X RME AR IS th A A I8 3 32 )™ B IR, SRR AINEE & RIS, REUEZ S
JRE PRI [Fa) 14 B S 1

4 - - 2.4
Stramzl;:;tI?SOOOs M Strain rate=500(ls'l
n —T77K 22 Strain rate=0.01s"1
% st — 30K
Z 18}
2 = 1.81
& &
[75]
002 %)
= o
.: b
g 12}
=
Bl
]
= ( Strain rate=0.01s" 298K
0 . . 0.6 . . . . . .
0 20 40 60 0 50 100 150 200 250 300 350
Engineering Strain (%) T(K)
(a) Compression stress-straincury€ (30K . 77K and (b) Material yield strength at different temperatures under
298K, £=5.000s") the same strain rate

B 7 S AT LA AR i £ AN (7] B TR RIAN R i B T R 0 S8 A%
Fig.7Stressstrain ofiunidirectionally rolling samples under different strain rates and temperatures

23 TRGRY

N TSI A0 2 1) L A R0 B ) LA o LR 00 S R RT3, R AT T 4 L R AR
(SEM) FAEE)IE 8(a) h AT LAF Y, Zid 2 [y S AL BERIRE S FEAN IR 2 S AR 3R 564 T R 3
AR BB AR T RE T), HRIAEATIA R 50% A b, WoRth REFI s gt . fERMA RN,
AL SR ZU YY) RS 5| R LSRR DIy, FEE R R A GBI — LG T R AA R 2 1 4L
Hl 23R VRO, SR, ARALAR S SR ZN E 2(a), AT REME] 1 BDI N AR SR A
AT, R T MRHESIS B N IRE R IRIRRE AT BEAh, bl AR 2 A A ARl R
TSRO A AN RS R RE A ] 8(c) I 8(d). LR LATIR, ZrafLilil & i R IaGa 4 L vk
dr PG R kL F R, KR R A R0 A e b e A R R IR e

HMIEEZ T, FEELHIAE ih T ok = A R s EAEHLE], R R DL R BIY N 5
FEAPRIRE R TR . AL, mARAENTERTR . ] 8(b)Fras, REUSBIYIATIRIEY e, R
B ARG PEARFAE o T 0 B B ) LA AL R REA ROR 20 2 S AL, TCVRZE MR R, MIAESZS



RSV
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

BRI ZE PR L fE

-,

ds& ling

(a) Multi-directional rolling

!/

——
= it NN
: 111 §
o £ 04 \>~
N
3y
2 ' 0.0
0 1 2 3 4 5 6 7 8 9
/é Area(um?)

(d) Multi-directional rollingsampleGrain Size
Statistical Analysis
K8 %Fﬂ]ﬁL%’Jﬁﬁin‘ﬁﬁﬂ%)ﬁ%i@ﬁi@ﬁ (298K, €=5000s") A1 [#LHIFES EBSD 4347
Fig.8 Adiabatic shear bands and cracks<after

ompression tests of multi-directional rolling samples and unidirectional rolling

samples (298K, £=5000s")
?'\J‘Jf?c)\ﬁﬁﬁ’%ﬁ*ﬂrft%‘”ﬁm?ﬁ@ﬁ@‘%)ﬂﬁ%ﬁ%ﬂﬁ AT 35050 2 LR 0 3D 5 7
FRSHEET T 5400 SEM £

%m&@%a{’ WY, ORI 5AAT R 2 TR S MR, B St o 1 7>
Hris 2l 7 & H R i (298 KO SR, W70 2 LK RIS 59 40 A0 S 9 5 40 9(a)

PoRBs), & PINEWTRERS AL . m FEW 8 R R T M A T R h LI AT AZ . KR
RS 9¢ o IXFPLR/IN ) B TS S R AR T AL S AIZ B S R AH O, R IR
Fin A ISR T IRSF T RAFHIRERWRICRE 1, FLI 2L DL ) & N E .

SR, FEARIR (77 KO BhaSHMEAE S, WrDUBSUR A B AR, BRIy A R Ik 2 ]
9(c) 5 R EFI I & K AR AR RIS B2 0] T AL ERE R, SERDRHEIEREC, M
FiE I RIES e, TR AERESEIEPERS AL 5 & X IR A BT U1 R A MR AL KRBT V19 58« 1A
SRS LR W TR B L )P A2 0 LAHERR RN RO IEVEITRE, 5 Wb e WO N R A2 45 R — 2K

PR E [FRE R B0 H R AR AR . 7RSI (298 KO ZhAEGEAAE T, W R T R
HEPIRI L (B 9(e) 3 (X8, RUIBIEAITY T M A% 1, MRS B E).
MR (77 KD a5, Wi RER K ITUIRE 4l (B 9(f), RUIATE R & = i
s BIUNRASSON E RN ARIRANE] 7RI, (et TR VRIS K E, B



RSV
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

RGBTV R

RO AL IR bR A 47 g 2R I S Y, SRR R TR AN AT
AR B W 2T RO R ARIELE I 5 v AR AL . HI L HE 3l (R AR T AL A28 50 28
PEVEAS 170 J5 SRAL BT VI AR [ i BT 2R AR, e & P BUM R R DL M E 36248 o AWE TR AL KL EAR
I BN AS BT T BRI R AL T B RO A MES, X Pl SUREH BT S RE T A S
(K TRER FOME

i Y

(d) Local shear dimples on the fracture surface of the

dynamically stretched sample at 77 K

(e) A large number of regularly arranged slip lines on the (f) Shear dimples on the fracture surface of the sample
fracture surface of samples at 298 K dynamically compressed at 77K
1 9 2 i 4L R i 1R S 36 5 A THT SEML A (77K and 298K, €=5000s)

10



e L B 4
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

Fig.9SEM characterization of the cross-section of multiaxial rolling samples after tensile and compressive tests (77K and

298K, &€=5000s")
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Dynamic Plastic Deformation Mechanism of 301 Stainless Steel

at Low Temperatures

HUANG Tingting!, WANG Pengfei', CHEN Meiduo!, ZHAN Junlan', TIAN Jie?, XU Songlin!
(1.Key Laboratory of Materials Mechanical Behavior and Design, University of Science and Technology of
China, Chinese Academy of Sciences, Hefei 230027, Anhui, China;
2.Engineering and Materials Science Experimental Center, University of Science and Technology of China,
Hefei 230027, Anhui, China)

Abstract:Deep space exploration faces challenges from extreme temperatures,and’ complex high-speed
operating environments, placing higher demands on the low-temperature impact résistance of materials. In
this study, a low-temperature Hopkinson bar impact experimental device was.déveloped to achieve dynamic
loading of materials under ultra-low temperature conditionswithin a vacuumdliguid helium environment. The
dynamic mechanical response of 301 stainless steel produced by two rolling processes was investigated under
the combined effects of low temperature (30K—298K) and high /strain™rates (4,000 s7'-5,000 s™).
Experimental results show that the yield strength of both materials exhibits a significant negative correlation
with temperature and a positive correlation with strain rate. The unidirectionally rolled samples displayed an
anomalous increase in toughness at 77K. The study indicates, that the unidirectional rolling process induces a
higher content of martensitic phase, thereby endowing the/material with greater strength. Microstructural
characterization results reveal that the anomaliesyin’ magrescopic mechanical behavior stem from the
competition of deformation mechanisms.Atroom ‘t€émperature, the samples mainly exhibit a toughness
fracture mechanism, dominated by ductile dimpleS, whéreas at low temperatures, they transition to a brittle
fracture mode, dominated by quasi-cleavage. Based on this, the Johnson-Cook constitutive model was used to
fit the mechanical properties, demonstrating good consistency with the experimental results. This research
provides important experimental methods and'theoretical support for the dynamic strength and toughness
design of metallic materials under éxtreme low-temperature impact conditions.

Keywords: impact loading; lowt€mpetature; strain rate; adiabatic shear; fracture mode;
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