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Effect of high temperature and high strain rate on the dynamic mechan-
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Abstract: The dynamic mechanical properties of austenitic stainless steel 06Cr19Nil10 were studied by
a high temperature split-Hopkinson pressure bar (SHPB) at temperatures of 25-300 °C and strain rates
of 1000-3000 s '. The austenitic stainless steel 06Cr19Nil0 shows strain rate strengthening effect in the
range of 1 0003 000 s ', and temperature softening effect in the range of 25-300 °C. A scanning elec-
tron microscope (SEM) was used to observe microstructure of deformed sample at strain rate of 3 000 s .
It is found that under high strain rate, the deformation zone density is high, and decreases as the deform-
ation temperature increases.
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Fig. 1 The true stress- strain curves of 06Cr19Nil0Oausteniti ¢ stainless steel deformed in different strain rates
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Egg | 1200} ®
1000 - 1000 |
§ 300 | %«_s 800
= ——=1008s" | < 600f —o—=9765"!
s 600 —i=1550s1 | © =1 5% 5!
400 —v—¢=2100s" 400 —v—¢=2 088 5!
——&=2580s"! K ——¢=2597 57!
200 —*—&=2950s"! 200 g ——=2969 57!
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
& &
1000 | 1000 (d)
800 800
[ <
£ I £ 600
= 600 s
S —o—¢=1 073 5! S 400 —o—¢=970 5!
S i oy
! &= s &= s
200 § ——¢=2 543 5! 200 § —+—¢=2 522"
——=3028 5" ——=2933 5!
0 01 02 03 04 05 0 01 02 03 04 05

4 06Cr19Ni10 B IR FNE—

Comparison of the true strain-stress relationships of 06Cr19Nil10 austenitic stainless steel at different strain rates and
fixed deformation temperatures

(a) 25 °C; (b) 100 C; () 200 C; (d) 300 °C

=8 BF

AEim.

BT ER %

SERIASIN - BN X R



B

BARAR, 25, B R R AR AT 06Cr19Ni10 W FCAR M S ZS 124 M RE B B I - 149 -

24 DIRHZINER

I AR FRBR AL AR AR AR T S 38, 6 R
ANWTEE T, 5755 8] A0 58 EAE A AR v o, {1 AR T
U HEIN; R SRLARTE | BRI BT b T i
S, WS A BH R 5 1z 2, A Rk Y i R A 4
wl L W TR EE RGN, (A AR T e AR v i
— B0 s g, A BRI, SRR
5 FEREAVR, DT LN 7 B o 105 P P T R, 2R3
FREERACN, . ATEAE A AR TE AR 5 | SR A
MR, AT PRI AR 46 KRB SHE AR
WRAEH . TR AR S F IR TR 5, I 1) dfoks A=
K, g,

—MAHOLT, B8 CCARAR G B AR T Ay 4% B 4 i
JE 3 T I /D, i I 7% S A I HE A, AR
AR AT AR A BV AT, e AR R T 2R A SC SUfE —
P, YR AR R Hy 3000 s, FEIREE 25, 100,
200 . 300 °C FARESERY B ZmE 6 rn. K6
Tl DUE A AR IR A, I ACAE IR Ge, BHARA
FEIE R, AEHERR, AT 2 BRI, S 3500 AR R
o B 6(a) 2 (h) A LEZ8 FAH AT, A 28285 5 A

HAZH, SR T R 2R, A BEAR UG Ik, £
3 AR A B RS, 1) B A2 3h, i
LMo X IEE H TR TR A T, IS VR
ot T ShRERE R, IR TE] A4S & s, R
R gt I T REAR, AR AL E TR RIS,
FHRFEH S FRAS S R AZ RGO, R R i 9k 3l
JIHE, S HEAS ARER A E8

1000

£ 600}
% /
—0—7=25C
400 F ——T7=100 C
—4—T=200 C
200 b ——T7=300 C

1000 1500 2000 2500 3000
éls!
ES5 ARIRET =01 NEINASHTEHXR
Fig. 5 The relationship between true stress and strain rate
at £¢= 0.1 at different temperatures

Bl 6 06Cr19Ni10 BE/ARNFMIENITE 3 000 s TAEEETHGHIMILELR

Fig. 6 Microstructures of 06Cr19Nil10 austenitic stainless steel after deformation at different temperatures and a strain

3 &#

1) ZE R 28 #1000, 1500, 2000, 2 500, 3 000
s, BEFE IR AR, ELN 100N, AE8 N IR EE
ASHAT], W AR Y N AR 3411, 06CT19Ni10 [ AR A5
A3 TN B S P TR AR

2)FEIRE 25, 100, 200, 300 °C T, & W28 %
(ARG, BN 3G, B iR B2 ST, 06Cr19Ni10
B FCARAN G 0 2 B0 1 B I8 A o AR SR A SO0

3 ) ek B R AR AN A AR FR R A AN 5 AR T A %
JER/INVAE X, BNAREET AT B ER, W G AR i
JER VAT AT B BRI, X S5 A 5



- 150 - W gk Pl K 2022 4F5 43 &

4)WF5E T 06CrI9Ni10 WA N mld e S Es g sr o B A A 7 e, Dy B EAE U

WS AN S S 2 PEREROWZH R, S SR nT LA BEES K.

B2k

(1]

[2]
[3]

[4]

[5]

[71]

[8]

[9]

Liu Yong. Studies on welding properties for sealing lip welding structure austenitic stainless steel valve[D]. Dalian: Dalian
University of Technology, 2017.

(X 55 5 JR AR 2 1) R QAR B A ) 1 AR R RERIFZY (D). R G H TR, 2017.)

Huang Chao. Analysis on the mechanical properties of 316 L stainless steel [D]. Harbin: Harbin Engineering University, 2016.
(M. 316 LS 2= HEREWFS (D). MR MR AR, 2016.)

Mei Rong, Ren Zhijun, Chou Wei. Hot deformation behavior of 06Cr18Nil1Ti austenitic stainless steel[J]. Ordnance Material
Science and Engineering, 2019, 42(6): 88-92.

(o, SR, Ut 06Cr18Ni LI TiBR [UIA R EEMAVESLAT IS )], SRR Rl 5 T 1, 2019, 42(6): 88-92.)

Dai Zhefeng. Stress corrosion test research on 316 L austenitic stainless steel in complex medium condition [D]. Hangzhou:
Zhejiang University of Technology, 2009.

(R, 316 LABEHILE R A0 BT b B L) JE i e BF 72 [D]. HUM: # T Tk R, 2009.)

Dong Hanshan, Li Xiaoying. Surface engineering for joint prosthesis: State-of-the-art and future directions[J]. China Surface
Engineering, 2008, 21(5): 1-14.

(BB, /e, NSRRI T AR A BULIR SATHE()]. o FE 2R T2, 2008, 21(5): 1-14.)

Ling Ling, Li Xingxing, Wang Xuelin, et al. Constitutive model of stainless steel 0Cr18Ni9 and its influence on cutting force
prediction [J]. China Mechanical Engineering, 2012, 23(18): 2243-2248. )

(K3, R, T2k, 55, 0Cr1 SNIOANEE A R K HXF I I S0 22w 23 # (9], Hh FE AL TR, 2012,23(18): 2243-
2248.)

Wang Yan, Wang Mingjia, Cai Dayong, et al. Effect of deformation parameters on microstructure evolution of medium
carbon steel[J]. Transactions of Materials and Heat Treatment, 2005, 26(4): 65—68.

(FH, EUISE, 55K, 45, i B B IO AR AN I AV IEAT o BRI T R[], RPRHAAE BEZE 4R, 2005, 26(4): 65-68.)
Wang Y L, Jia G Z, Zhang T, et al. Dynamic mechanical behaviors of high-nitrogen austenitic stainless steel under high
temperature and its constitutive model[J]. Explosion and Shock Waves, 2018, 38(4): 835—-840.

Zhang Jing, Jiang Chunxia, Qiao Bangwei. Deformation behavior and constitutive equation of 14Crl17Ni2 steel at high
temperature[J]. Hot Working Technology, 2018, 47(14): 38—43.

(TR, A, TR0 14Cr17NI2 SRS AT 0 AR D BRI SE )], #1122, 2018, 47(14): 38-43.)

[10] Wu Liang, Hu Yiseng, Ji Xiang, et al. Dynamic mechanical behavior and constitutive model of FV520B martensitic

precipitation-hardening steel[J]. Journal of Mechanical Strength, 2018, 40(3): 584—588.
(ZE, WARAR, 200, 55, B [RIRITVE AL AN FV520B 2h25 2= PR RE M A BRL (5 [J]. HLBGREE, 2018, 40(3):
584-588.)

[11] Zhang Hong, Suo Tao, Li Yulong. Mechanical behavior of a stainless steel material at elevated temperatures and high strain

rates[J]. Journal of Aeronautical Materials, 2012, 31(1): 78—83.
(BKREL, R, ZE e AEWMEHRR. SRR T S A RERIR B ITE 0], Ia bR, 2012, 31(1): 78-83.)

[12] Xu Zejian, Li Yulong, Liu Mingshuang, et a/. Dynamic mechanical properties of stainless steel 0CrI8Nil0OTi welded joint at

elevated temperratures and high strain rates[J]. Acta Metallurgica Sinica, 2008, 44(1): 98—104.
VPl 22, XUWTHE, 55, AEEAI0CTISNI 10T Fe Sk i A8 T A S 1A PERELT]. B Jm 7412, 2008, 44(1):
98-104.)

[13] Shang Bing, Sheng Jing, Wang Baozhen, et al. Dynamic mechanical behavior and constitutive model of stainless steel[J].

Explosion and Shock Waves, 2008, 28(6): 527-531.
(£, K, TR, & NERM B I 1158 AR, B AE S v, 2008, 28(6): 527-531.)

[14] He Zhu, Zhao Shougeng, Yang Jialing, et al. Experimental investigation of the dynamic material property of stainless steel:

0Cr17Ni4Cu4Nbl[J]. Journal of Materials Science and Engineering, 2007, 25(3): 418—421.
(fif, SR, 32 Bk, %5 0Cr17Ni4CudNbANE M BN T AHEREDTFE (0] MREIRR =5 TR, 2007, 25(3): 418-421.)

[15] Wei Yuwei, Li Ning, Wen Yuhua, et al. Effect of martensite content on dynamic and quasi-static mechanical properties of

1Cr17Nildual-phase stainless steel [J]. Heat Treatment of Metals, 2012, 37(11): 6-10.
(BLEAR, 257, SCEAE, 55 IS 10 1Cr 1 TNIDSUR AN 85 B 2l 25 Ak i 2 0 A PR RE RS2 [T]. 4 s #R b 3, 2012,
37(11): 6-10.)

[16] XuZ,LiY.Dynamic behaviors of 0Cr18Nil0Ti stainless steel welded joints at elevated temperatures and high strain rates[J].

Mechanics of Materials, 2009, 41(2): 121-130.

[17] Lee W S, Chen T H, Lin C F, ef al. Dynamic mechanical response of biomedical 316 L stainless steel as function of strain

rate and temperature[J]. Bioinorganic Chemistry and Applications, 2011, (12): 1-13.

[18] XiongZ P, Ren X P, Bao W P, et al. Effect of high temperature and high strain rate on the dynamic mechanical properties of


https://doi.org/10.3321/j.issn:1007-9289.2008.05.001
https://doi.org/10.3321/j.issn:1007-9289.2008.05.001
https://doi.org/10.3321/j.issn:1007-9289.2008.05.001
https://doi.org/10.3969/j.issn.1005-5053.2012.1.016
https://doi.org/10.3969/j.issn.1005-5053.2012.1.016
https://doi.org/10.3321/j.issn:0412-1961.2008.01.019
https://doi.org/10.3321/j.issn:0412-1961.2008.01.019
https://doi.org/10.3321/j.issn:1001-1455.2008.06.008
https://doi.org/10.3321/j.issn:1001-1455.2008.06.008
https://doi.org/10.3969/j.issn.1673-2812.2007.03.024
https://doi.org/10.3969/j.issn.1673-2812.2007.03.024
https://doi.org/10.1016/j.mechmat.2008.10.005

551 SRARK, 45 5 ELE I AEHEXF 06Cr19Ni10 S8 [RARA A J1 2= P E i 5 - 151 -

[21]

[22]
[23]
[24]
[25]

[26]

Fe-30Mn-3Si-4Al TWIP steel[J]. International Journal of Minerals, Metallurgy and Materials, 2009, 20(9): 835—-841.

Li Guohe, Wang Minjie. Dynamic mechanical properties and constitutive relationship of hardened steel (45 HRC) under high
temperature and high strain rate[J]. Explosion and Shock Waves, 2010, 30(4): 433—438.

(RN, R, ACBEASHILE il i I8 T 98 25 1 2 PERE A G R (0], 1A 5 b, 2010, 30(4): 433-438.)

Bao Weiping, Ren Xueping, Zhang Yi. The characteristics of flow stress and dynamic constitutive model at high strain rates
for pure iron[J]. Journal of Plasticity Engineering, 2009, 16(5): 125-129.

(B TP, AR, T3 Sk AE 2 A2 38N (I S 0 0 Rk MRS A B VEARY SC R D). BB TR 4, 2009, 16(5):
125-129.)

Yan Qiushi, Sun Bowen, Yang Lu. Study on dynamic mechanical behavior of structural stainless steel at elevated
temperature and high strain rate[J]. Journal of Huazhong University of Science and Technology(Natural Science Edition),
2019,47(5): 128-132.

CIEIRKSE, PN, A7 3. v il i I A8 58 T SN B 9 s 25 00 2 PERE I ST [0, AR rh BHEOR 2 27 i (B AR B4 1), 2019,
47(5): 128-132.)

Zhou Huijiu, Huang Mingzhi. Strength of metal materials|[M]. Beijing: Science Press, 1989.

AZEA, BUE. SEARSREZ M), JEat: Bleg i, 1989.)

Mi Z L, Tang D, Dai Y J, et al. In-situ observation on the deformation behaviors of Fe-Mn-C TWIP steel[J]. International
Journal of Minerals, Metallurgy and Materials, 2009, 16(6): 646-649.

Li D Z, Wei Y H, Liu C Y, et al. Effects of high strain rate on properties and microstructure evolution of TWIP steel
subjected to impact loading[J]. Journal of Tron and Steel Research, International, 2010, 17(6): 67-73.

Xiong R G, Fu R Y, Su Y, et al. Tensile properties of TWIP steel at high strain rate[J]. Journal of Iron and Steel Research,
International, 2009, 16(1): 81-86.

Xiong Z P, Rrn X P, Bao W P, et al. Dynamic mechanical properties of the Fe-30Mn-3Si-4A1 TWIP steel after different heat
treatments[J]. Materials Science & Engineering A, 2011, 530(12): 426-431.

A A A

T T T T S T T T S O S U S OO S, U SO SO O, SO U O o SO SOy SO S S o

(E3ZEE 134 D)

[31]

[4]

Chung S, Yoon J. Numerical analysis of effects of electromagnetic stirring on solidification phenomena in continuous
casting[J]. Ironmaking and Steelmaking, 1996, 23(5): 425-432.
Luo Bogang, Wang Guorui, Zhou Deguang, ef al. EMS parameter optimization of continuous caster[J]. Iron and Steel, 2005,
40(10): 32-34,79.
(BHAM , S, AL, 2 L REBEES A AL [)]. 898k, 2005, 40(10): 32-34,79.)
Gong Zhixiang, Chen Gang, Jiao Xingli, et al. Effect of mould-electromagnetic stirring on structure and inclusion in 450 mm
concasting round billet[J]. Special Steel, 2004, 25(4): 35-37.
(GRAEH, PRI, SR, 45, 45 5 a8 L REBE S @450 mmi% 85 B MR BURII AW 2 A [T]. F55K M, 2004, 25(4): 35-37.)
Ji Zhenshuang,Shen Yanchen. Improvement of central segregation of billet by electromagnetic stirring[J]. Journal of Iron and
Steel Studies, 1992, 4(3) : 17-21.
(CELIRAL, PR FL. ] B B S S R ) P Lo AT (0] SN BRIIF ST 4T, 1992, 43): 17-21.)
Li Guozhong, Chen Feng, Chen Weiqing, et al. Effect of mould electromagnetic stirring on carbon segregation of medium
carbon continuous casting bloom[J]. Steelmaking, 2008, 24(1): 43—46.
(ZR L, PRI, BRABIR, 45, M-EMSXT AR W 7 Mt (n A AR 2 [J]. R4, 2008, 24(1): 43-46.)
Bo Kaitao, Cheng Guoguang, Wu Jie, et al. Mathematical model of molten alloy flow in mold with two pairs of magnetic
poles[J] .Journal of University of Science and Technology Beijing, 1997, 21(4) : 334-337.
CRETT, BLEDIE, S0, 45, WA BIRERAE T 45 b A% N VRS 4 R U sl A B A L[] AL st RO 2241, 1999, 21(4)
334-337.)
Yang Xiaozhi. Effect of electromagnetic stirring on continuous casting billet quality[J]. Continuous Casting, 2000(4) : 41-42.
(e, LR BEFEXT 35/ N T B 52 IR )], 38, 2000(4): 41-42.)
He Jicheng. Improving steel quality by electromagnetic field[J]. Iron and Steel, 2005, 1(40): 24-30.
(BRFEAR. FL RGO s b A T[], B8R, 20035, 1(40): 24-30.)
Thomas B G, Quan Y, Sivaramakrishnan S, et al. Comparison of four methods to evaluate fluid velocities in a continuous
slab casting mold[J]. ISIJ International, 2007, 41(10): 1262—1271.

it TRRER


https://doi.org/10.11883/1001-1455(2010)04-0433-06
https://doi.org/10.11883/1001-1455(2010)04-0433-06
https://doi.org/10.3969/j.issn.1007-2012.2009.05.024
https://doi.org/10.3969/j.issn.1007-2012.2009.05.024
https://doi.org/10.1016/S1006-706X(10)60116-1
https://doi.org/10.1016/S1006-706X(09)60015-7
https://doi.org/10.1016/S1006-706X(09)60015-7

	0 引言
	1 试验材料及过程
	2 试验结果与分析
	2.1 真应力-真应变曲线
	2.2 温度对真应力的影响
	2.3 应变率对真应力的影响
	2.4 显微组织观察

	3 结论

