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Fig. 4 Pulses in presence of a gap between the incident bar and transmitted bar
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Fig. 6 Temperature evolution of elastic bar ends under the protection of thermal insulation

layers of different structures in the environment of 600°C
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Fig. 9 Temperature evolution at the end of elastic bars during

the period of preheating thermal insulation materials
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Fig. 10 Temperature distribution of the specimen after
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Fig. 11 Temperature distribution of TIL after contacting with the specimen at different moments (1s, 2s, 3s)
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Fig. 12 Temperature distribution around the heat exchange interfaces at 600°C at different moments (1s, 2s, 3s)

3 LI RIGIE

PEHUCE AR R 6mm . = R Smm B BIAEIE 45 BAE , SR A SCHE R 09 5 ¥ 43 51 AE 400°C S 600°C R A
2 [A] Fsf >R FH v U ) 20 PR 20 2 o A7 X BB ZH S A5 R 1B 13 14 Fras . 7E 400°C & 600°C T .ok
PSR 2 15 1 TR TR A ek 20 26 vk P 45 45 B9AE 2700s W AR R 19 45 SRR — 2, 0 45 JE IR B F7 (il
TR 45 501 Ji A B0 G AN BH 8, S B3 R v B 1) 4 M 40 5 oS A (ELVE Ry iz 4 R I JiE Bl L R
o ik [7) 20 P i 2 2 vk TN 25 2R R 657 MPa, SR FHAS SCHf A TIL BRIk 45 2 8 659MPa Fil 673MPa) | i



ER EHEME A BRAIRJZ D T R R SHPB S8 Al AT 2 i 65

AR b A3 DL RSB YE AR T B B B N )oK AT ROAF A — Bk . 38 O A S AT T g O A AR A, TR
ZERNAT i I B AR S B b B AR B 1 167°C LW R UL L 2 BR T LR TIL B9 J) 7 P ne 5 B A%, mf
W 7E 45 MAE 400°C ~600°C T BB T F . FifiE S80I BE N 400°C B T2 600°C .45 89 By it 8l i )
BT A T 16 A 3K A] R 5 565 — AU AR P G2 A oG, B A AR B AR AR R Al R DL A T
HOMEANEAH BB EEITE, W ALV Nb . Ti, NIRRT F1 R TN RE 4 508 suik fe 4 F a9 ix
B8 F R T AN U 5 A A AR & S EB0A AN T sh AT Ok BN AR e

900 900

ey il e A phe e A s § )
800 ' ki 800 | R UM
T00 700 |
600 600 |7 AT A TIL G 4
& &
& Pe=) = so0
= 500 B ASCHATILH E
=400 f i = 400
5 300 ‘ 300
g s 200 e 45+ TILs-2700/5-600C -1
200 o 454 ” - it
L e e — 8- 45+ TILs-2700/5-600°C -2
- — B~ 45§+ TILs-2600/5-400'C-2 100 SRS T00600T
—=— 4514-2700/5-400°C IS S Bl T
"u T o o1 o T T 0 0.05 0.1 0.15 02 0.25 03
f it LA
B 13 43002k 1 A BB 2 CTTL) Ko i A 25 ek 14 4330k E BRI 2 CTTLD B g i ) 25 P
AR IR 45 BITE 400°C I B 3 285 75 45 i) 107 i £ HATE TR 45 BITE 600°C I i) 3l 285 7 45w 17 1t 2
Fig. 13 Dynamic response curves of 45 steel obtained by Fig. 14 Dynamic response curves of 45 steel obtained by
inserting TILs vs. rapid assembly technique at 400°C inserting TILs vs. rapid assembly technique at 600°C
A
4 g

(1) B0 AEAS SCHR A 529677 i 9 T A7 P T A A BRI TR 2 TIL, KO R R B IR Tt & & A
IBAE . 7E 400°C PA L 58 R8s, nl s H A A S PEAT 5 10RE 2 (W) B0 28 b 47 A

(2) 38 3 B AU S 56 45 R A0) 25 B ik 1 S BV 20 R B0 & B AR BRI IR BE ) 600°C Y 5245 2% 1F
T S FT R s R EEAR T 200°C (R fmiis B 167°C)  AEBRAERT [ Y (1) AR SR EE R IEZY 2. 24 %%,

(3) 73 39l 2R FAS SCH H Y S 56 J5 1 45 il ] 25 PR 21 A VA A8 400°C 600°C TR X 45 B9 BE A7 n 2 . Bir
PRI AR FEA — 2, AT I T7 ik 5 R B0 FZ R IR 2 TIL A4 RN %E 45 #7E 400°C ~600°C
RIS A8 T R RE

s BT AR Wl SHPB 5256 9 A 2800 BE 38 il 32 BR T B £ 0 J2= AN [R] B9 3 = 1 BE A Bl 2P B L 78
S PR IS R ORI AN TR 45 0 R Rk B A ) 5 36 i 38 8 456 X 1o i M OB R L T2 ) ) e A B e L 6 2 S 38

o

%

S & Uk

C1] Jos, Jisrig. Ak, 5. SHPB SI i #2 ha A AR TE R 0 S B R 25 43 B L], SE88 1%, 2017, 32(6):771
— 780 (WAN Zhang, FAN Lifeng, WANG Lin, et al. On the real-time physical image synchronization analysis
for rock deformation and failure mode based on SHPB[J]. Journal of Experimental Mechanics, 2017, 32(6). 771
—780 (in Chinese))

[ 2] Klepaczko J R, Rusinek A, Rodriguez-Martinez ] A, et al. Modelling of thermo-viscoplastic behaviour of DH-36
and weldox 460-E structural steels at wide ranges of strain rates and temperatures, comparison of constitutive
relations for impact problems[ J]. Mechanics of Materials, 2009, 41(5):599—621.

[ 3] Davoodi B, Gavrus A, Ragneau E. An experimental and numerical analysis of the heat transfer problem in SHPB
at elevated temperatures[ J ]. Measurement Science and Technology, 2005, 16(10):2101.

[ 4] Lennon AM, Ramesh K T. A technique for measuring the dynamic behavior of materials at high temperatures[]].



66

Lo (2023 &) 38 4

L5]

£6]

7]

[8]

L9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

International Journal of Plasticity, 1998, 14(12).:1279—1292.

Chiddister J L, Malvern L E. Compression-impact testing of aluminum at elevated temperatures[ J]. Experimental
Mechanics. 1963, 3(4):81—90.

Lindholm U S, Yeakley L. M. High strain-rate testing: tension and compression[ J]. Experimental Mechanics.,
1968, 8(1):1—09.

Campbell ] D, Ferguson W G. The temperature and strain-rate dependence of the shear strength of mild steell J].
Philosophical Magazine, 1970, 21(169) :63—82.

HIF3C, X3CE. 30CrMnSIA ##ia sh 28 1 e S e AP 5e [ . M KES ey, 1998, 18(4):310—316 (XIA
Kaiwen, LIU Wenyan. Experimental study of dynamic properties of 30CrMnSiA steel at high temperature[ J].
Explosion and Shock Waves, 1998, 18(4):310—316 (in Chinese))

e, A, 2R R, A TR BB BEXT R SHB 56 1 22 i B A LT ). e S wds . 2001, 21(4):277—
281 (TONG Jingwei, GAO Congfeng., LI Hongqgi. et al. Numerical analysis on the error in the split Hopkinson
tension bar test at temperature gradient[ J]. Explosion and Shock Waves, 2001, 21(4):277—281 (in Chinese))
Gilat A, Wu X. Elevated temperature testing with the torsional split Hopkinson bar[ J]. Experimental Mechanics,
1994, 34(2):166—170.

Eleiche A M, Duffy J. Effects of temperature on the static and dynamic stress-strain characteristics in torsion of
1100-0 aluminum[J]. International Journal of Mechanical Sciences, 1975, 17(2) :85—95.

Frantz C E, Follansbee P S, Wright W J. New experimental techniques with the split Hopkinson pressure bar
[C]. 8th International Conference on High Energy Rate Fabrication, United State, San Antonio, 1984:1—18.
Nemat-Nasser S, Isaacs J B. Direct measurement of isothermal flow stress of metals at elevated temperatures and
high strain rates with application to Ta and Ta-Walloys[J]. Acta Materialia, 1997, 45(3):907—919.

Wang J, Guo W G, Gao X, et al. The third-type of strain aging and the constitutive modeling of a Q235B steel
over a wide range of temperatures and strain rates[ ] ]. International Journal of Plasticity, 2015, 65:85—107.
Tan X, Guo W, Gao X, et al. A new technique for conducting split Hopkinson tensile bar test at elevated
temperatures[ J]. Experimental Techniques, 2017, 41(2):191—201.

Yang G, Guo W G, Liu K, et al. The accuracy analysis of SHPB experiment at high temperatures and high rates
with pneumatically synchronous mechanism[J]. Mechanical Science and Technology for Aerospace Engineering,
2015, 34(9):1455—1460.

LiY, Guo Y. Hu H, et al. A critical assessment of high-temperature dynamic mechanical testing of metals[J].
International Journal of Impact Engineering, 2009, 36(2):177—184.

Li P, Yuan K, Guo W, et al. Dynamic compressive behavior of a single crystal nickel-base superalloy at ultra-high
temperature: mechanism investigation with a modified electric synchronous SHPB technique [ J]. Journal of
Materials Research and Technology. 2022, 18:637—657.

Lankford J. Temperature-strain rate dependance of compressive strength and damage mechanisms in aluminium
oxide[ J]. Journal of Materials Science, 1981, 16(6):1567 —1578.

MR, B, WIn . A A AR & AT S IR SHPB SEs o R[T]. & R B 2R, 2010(1): 37 — 42
(XTAO Dawu, LI Yinglei, HU Shisheng. High temperature SHPB system with heat insulation for short ceramic
bars[ J]. Chinese Journal of High Pressure Physics, 2010(1):37—42 (in Chinese))

SRR RMEAE . T, SE. T PR IR 2 A AR ST e b PR M T ], SEER 14, 2021, 36(4):471—479
(GUO Jinli, ZHANG Yanheng, LU Ning, et al. Rapid detection instrument for interface defects of thermal
barrier coating[ J]. Journal of Experimental Mechanics, 2021, 36(4):471—479 (in Chinese))

WEAR, Rar, Wi, S BARE IR SRR R MR AR B D MBS )], SER 144, 2020, 35(2):234— 242
(ZENG Yuchun, ZHU Qi, YANG Dong, et al. Experimental measurement of elastic modulus and residual stress
of thermal barrier coatings[J]. Journal of Experimental Mechanics, 2020, 35(2):234—242 (in Chinese))
Tasdemirci A, Hall I W. The effects of plastic deformation on stress wave propagation in multi-layer materials
[J]. International Journal of Impact Engineering, 2007, 34(11):1797—1813.

AR, AR e, RV Dy R U R LML P P B Tl R SE R, 2007 (GUO Weiguo, LI

Yulong. SUO Tao. Concise course of stress wave foundationl M]. Xi'an: Northwestern Polytechnic University



ER PHEM A IR R D TR L SHPB S8 A 0] A5 E 20 B 67

Press, 2007 (in Chinese))

[25] Z=MEAE, SBAEEL, QIFFAL, 55, MELE RIS RM SHTB 5080 77 8 A R dr LT]. B dE S s, 2018, 38
(2):426 — 436 (LI Penghui, GUO Weiguo, LIU Kaiye, et al. Validity analysis of materials’ dynamic tensile
SHTB experimental technique at ultrahigh temperature[ J]. Explosion and Shock Waves, 2018, 38(2):426 —436
(in Chinese))

[26] FEd%4s, R, sRmRI, 55 5 SR AN SOW RN SR IT] BIE S, 2021, 41(5): 051101
(WANG Jianjun, YUAN Kangbo, ZHANG Xiaogiong. et al. Proposition and research progress of the third-type
strain aging[J]. Explosion and Shock Waves, 2021, 41(5):051101 (in Chinese))

[27] Nemat-Nassaer S, Guo W G. Thermomechanical response of DH-36 structural steel over a wide range of strain
rates and temperatures[ ] |. Mechanics of Materials, 2003, 35(11):1023—1047.

[28] WangJJ, Guo W G, Gao X S, et al. The third-type of strain aging and the constitutive modeling of a Q235B steel
over a wide range of temperatures and strain rates[ ] ]. International Journal of Plasticity, 2015, 65:85—107.

[29] Jing L, SuX Y, Zhao L. M. The dynamic compressive behavior and constitutive modeling of D1 rail way wheel

steel over a wide range of strain rates and temperatures| ] ]. Results in Physics, 2017, 7:1452—1461.

Feasibility analysis of applying thermal insulation
layers in high-temperature SHPB tests

LI Yanping', YUAN Kangbo?, TAN Xueming'

(1. School of Aeronautics, Northwestern Polytechnical University, Xi'an 710072, Shaanxi, China;

2. Department of Engineering Mechanics, South China University of Technology, Guangzhou 510641, Guangdong, China)

Abstract: For Split Hopkinson Pressure Bar (SHPB) tests at high temperatures, controlling the
temperature of the elastic bar ends and specimen to avoid the excessive temperature rise of elastic bars
and excessive temperature drop of the specimen is significant to ensure the accuracy of experimental
results. Based on Fourier' s Law, an idea of inserting thermal insulation layers with a specific
structure between the elastic bars and specimen is proposed to reduce the heat exchange efficiency of
elastic bars/furnace and elastic bars/specimen. Thus the temperature of elastic bar ends and the
specimen can be controlled within allowable range. In this paper, a kind of thermal insulation layer
that can be used in high-temperature SHPB experiments were designed. The proposed method is
verified by numerical simulations and experiments. The results indicate that the strength of the
thermal insulation layer was degraded sharply above 400°C. Thus the thermal insulation layer can be
regarded as a gap between specimen and elastic bar. As a result, the effects of inserting thermal
insulation layer on stress wave propagation can be ignored. For a test conducted at 600°C, the
temperature at the end of elastic bars were kept below 167°C, and the average temperature of the
specimen decreased 2. 24%. The stress-strain curves of 45 steel at 400°C and 600°C obtained by this
method agree with that obtained by Rapid assembly technique, which demonstrates the feasibility of
the proposed method.

Keywords: SHPB; high temperature; high strain rate; thermal insulation layer; feasibility



