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Fig. 1 Reverse Taylor impact experimental setup and schematic diagram using VISAR testing technology
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Table 1 Reverse Taylor experiment parameters

vi(m-s™) Flyer size/(mmxmm) Taylor rod size/(mmxmm) Length-diameter ratio of Taylor rod
273 @24x12 @5%40.0 8.0
400 @24x12 @5%40.0 8.0

S ASY 2 2H 52 ) Taylor 5558 | Fh 1] 2 2

300}
AR e an & 3 fros, el i 4 8s T n] 45 ik T - V=400 m/s
g
5 =4
1 '§ 200 - v=273 m/s
Oy = icrodpAufs (1) g 150 b
3 Aug Ay RS (AT 1 11 ph R R AR, S wo0p
Aufs = Ugs) — Ussa 5 Ug) ~ ustﬁ‘j)ﬁ)ﬁi%E;pﬂq*j*jl‘%Eo E 50 + Au.
Jet i i A R IO A (&) TN A2 8 (&) 43900 R 0 ‘ ‘ ‘ ‘
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&= Fmd = Cood 2 Time/us
de B 3 5] Taylor £ B T g R A A Hh 28
&= E 3) Fig.3 Reverse Taylor rod free surface

velocity-time history curves
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Table 2 Reverse Taylor experimental parameters of 30CrMnSiNi2A steel

vi(ms ™) u/(m-s™) u/(m's™") oy/MPa &/107 &/s!
273 77.10 38.55 1560 8.34 4109
400 77.85 38.93 1 600 8.42 4617
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£ 9 24 T A UL E I 7 R S R T BB A . e B3R R K
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A o NI, 0 = on/0e, o NEKIET, o BERIN J15 D,~Ds MRS
30CrMnSiNi2A B F1 304 A58 ) = B B S50 3% 3 Fis .

&3 30CrMnSiNi2A 8" 71 304 THEWAM RS
Table 3 Material parameters of 30CrMnSiNi2A steel and 304 stainless steel

Material pl(g-em™) E/GPa A/GPa B/GPa C n m
30CrMnSiNi2A steel” 7.8 217 1.58 0.38 0.020 0.245 1.06
304 stainless steel 7.8 207 0.34 0.25 0.014 0.210 1.03

K H LS-DYNA971 Fit J¥ A5 408 1o 5 BF 4N 30CrMnSiNi2A 7E S [ Taylor #1748 o5 th Y 3h 28 J1 247 M o
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I LR U U 4 o) 042 i PO 40 oA A0 98 42 i 1 1R A B e IR 52 . RO M RE R 304 S4B, Taylor #F
FBEA 30CrMnSiNi2A Y, BIGIE R A Solid164 7S A BIT, K A5 Taylor FF AR R F 5 525 (%) R <)
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Sl ) b A P 26 B AR TR B K, SR X R BT T R T LA/ BA G A R AR T i B P A B AR B . Taylor
FESR FH 1/4 Sl X B A0 A ASE, 35 8 6 R THT 249 5, SR FH 8 IO At IRUST 30 - AR, o 42 J o i P 4%

K4 25 T BB RS VISAR 3R 45 3 59 Taylor #T [ Hy 8 8 I FEh X4 e . B 4 AT L
BB AL 25 5 55 S0 MR 25 R W) A B4, B T B AL A A .

350 450
Experimental data
T: 300 T: 400
: = 350 | Experimental data
£ 250} g p
= 2 3001
£ 200 2 250}
2 4
g 150 Simulation data g 200F
£ 100 € 150}
] 3 ] i i
z Z 100} Simulation data
o o
e 0 = s0f
0 L L L L L L 0 ; ’ L L L L L
5 10 15 20 25 30 35 5 10 15 20 25 30 35
Time/us Time/us
(a) v=273 m/s (b) v=400 m/s

€4 Taylor #1 H o T EEE AR 2 X LE

Fig. 4 Comparison of free surface velocity-time history curves for Taylor rods
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Table 4 Taylor rod size

Flyer size/(mmxmm) l/d  Taylor rod size/(mmxmm)

Flyer size/(mmxmm) I/d  Taylor rod size/(mmxmm)

2.5 @5%12.5 6.0 @5%30.0
224x12 3.0 @5%15.0 @24x12 7.0 @5%35.0
4.0 @5%20.0 8.0 @5%40.0
5.0 @5%25.0
5 R T 400 m/s fi# i B R ORRK AR

Iﬁﬁ:fifﬁfg;ﬁﬁ E‘J%*@Z@%*ﬂ%&iyﬁﬁ@@ﬁ _ _
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SR AR T AR v TR RS Hh s XK, e R A AR VR I (@) /d=2.5 (b) /d=3.0

A5 1.96, A H B AK X 355 1/d=4.0 B 1 7E
i DX R TR R S AR R T
KA R SR AR I8 X5, I HJF 6 3R ik AR JE
1/d=8.0 WY FFBR T #E 1 o o 11 BRI M AR TR S, 6
TR i B S 0 B T AR T, R BB PR AR I X
e K AEROB A N AR 3K #) 3,30, 3T 60% B 90 BRI
R PR AE A

XN A A8 Ll (4 A 7 BOE S, 1T LU
th: 1/d=2.5 1 1/d=3.0 BT A 23 B K A2 E X
B, T 1d>4.0 IR 2 B I AR TE DX

FE AT A KAT (1d>4.0) B 5 Jones 251
it 1K Taylor FF4 o i A A4 (9 25 9% 35 B 43 B
2B B A ARG, W 6 TR . RAFT AR IR
(BB 1) H 4 a7 7= Az 04 w8 o 78 28 Ay 9 M 3k e T I
L tkiz shal e, B S 2 07 0% B B T i 98 4 3k DA
R AL 5 | R ) Iy A 0 B AR TR i o U
WA BB TR RS A2 B B T 22 5 FF
AR TE B BE B R . E B B T By AT
AR R h, WIS B LT AN, K S 2 1
T, RSP A 6 BT 1 B BE TR B Bk AR
¥ ik, M Taylor #7728 JE 1t #2100 5, 1/d>4.009 FF
54 Taylor #1158 FE 1 5 (45 4F .

K7 45t T 7 MR AR LUAF AR B B 2R
RN ZE . B 7 AT LAE Y, R KAR HEAT
1 B4 TR e Ak 1 S T A AR T ARl e IR A Ak 1
B, W LU R RS AR F IR R 2 4 5 1 41

(c) l/d=4.0

(d) 1/d=5.0

(e) ld=6.0

N

() 1/d=7.0

|

(g) //d=8.0
Pl s fdid S 400 mys (¥ Taylor AT
SEROBYERN AR A A5 AR TE
Fig. 5 Equivalent plastic strain distribution and structural
deformation of Taylor rod with impact velocity of 400 m/s
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FEAE T7~82 m/s X [0 . A T HIEE AR REX — LA, K 8 45 8 T AR AR FU AT Ji AR o504k 1) F vl 3 1
B L. ME 8 AT LA H: 24 1/d>4.0 I, Aug ¥ TA2E; 24 1/d<4.0 B, B Aue 71515 3 5 J IR 55 P2 I
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Fig. 7 Free surface velocity of rods
with different aspect ratios
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Fig. 6 Geometric deformation in two stages of Taylor impact
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Fig. 8 Free surface velocity at the yield point
of rods with different aspect ratios

Center point of the
free surface of the rod

P9 R B s B B OT A (1/4 KR
Fig. 9 Element positions taken for lateral stress
testing points (1/4 model)
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Fig. 10 Lateral stress curves of internal elements near free surfaces with different aspect ratios
&5 AEHCELL Taylor FF R BERBILE R

Table S Statistical analysis of numerical simulation of Taylor rods with different aspect ratios

Ild Auyg/(m-s™) Expansion area Lateral stress tend to zero Stress state
2.5 120 No No Three-dimensional
3.0 113 No No Three-dimensional
4.0 82 Yes Yes One-dimensional
5.0 79 Yes Yes One-dimensional
6.0 78 Yes Yes One-dimensional
7.0 77 Yes Yes One-dimensional
8.0 77 Yes Yes One-dimensional

2.3 AN[ET¢FIEE B R [ Taylor #1818 2 8 38 B 15 4L

R FHRE ) = 2 45 & 45003 2 D R 53t Taylor A HYZSIE S WL . B 0y = fih B 32 S iebA s iz 7k
BXTWT R, E LR 0" = OO, K on = (01 + 00 +03)/3, 01 0y o A — 3 0 5 = N )5
Oear = V(@1 —00) +(0 =03 + (02— 0)/ V2o HRE 7 =Bl B A9 5 SCRT 00, 7 B i) o A A0 4 S 38 o
RECRE 9 R =k B 20301 g 1/3 FI—1/3, 2l 4H I SR v B B =Rl N . A BF5T0 2 R, AR
JO7 3 = BE TR SRR N RS, B TR BRI T = AR N TR S R AR I R, B T Y .

ANFRE S33% T B =5 o BB AN SR 6 FroR o 240 71395 I 46 107 3 IR A e A B A 1
ARZSIE, 7 7 =5l B2 0 e 67 B DE R AR A, BT BE D Y E LS H A (5), BRI AR TE J-C
SRR R SCrp A g =Bk B A ST/, LR IV ) = AR N TR I SR 00 A M KA, AR R
TR R B, B, 305 REERLCRAS T AR IR AR A PR
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Table 6 Stress state parameter values under different stress fields

Loading method Principal stress component o
o o, o,
Three directions equal pull o o o Positive infinity
Three directions unequal pull o o 0.50 1.67
Two way equal pull o o 0.67
Uniaxial tension o 0 0 0.33
Torsion o 0 - 0
Uniaxial compression 0 0 —o -0.33
Two-direction equal pressure 0 - - -0.67
Three-direction unequal pressure —0.50 —o —o -1.67
Three-direction uniform pressure - - - Negative infinity

K LS-DYNA971 )7 IF Ji& [ 1] Taylor #1485 BUEA AL, K v 5 Taylor A1 22 18] SR H 452 fodt i T 4% ik
B, O HOR TV U 42 TR 42 ik T s AR A0 4 S 0 22 () ) o B4 o R B TG N B AR R 4L
Taylor 119 TF 2L, B2 B T0ARIE 51 S i 453 0 88 2ot i P8 ), R B IT i 4% 1 g 73 B B 2, I Tt
ORI, AT N BR AR R B0 o A SEPRIS O b, RS2 MR B iy o PRIk, SR A BRI BT
RIS AT RN, LAY/ AN B T B3 X 45 4 -k vl 1 £ 552 i)

Taylor #1574 (1) A BRIC 5T E 2 A 188 000, HLIGIE AL Solid164 7S MK T, fi/NEIG R SF R
0.05 mmx0.05 mmx0.20 mm, H:H 7% 18] b R SF Bk, BT Taylor A7 BLOT 7R fil 1) 1 & A= K AG e 4 98 1
I, R HIX AR 55T mT DA/ ST fE R A8 B
AR RS AR B . Taylor 12K A 1/4 Sl X R AR
Y, 150 B 6B T2 B, R T AR I A RS ) 43
A, x5 o S 0 000 A AT 0 b B, 1/4 AR Bl 1L Taylor £y 1/4 U
& 11 s, Fig. 11 Modeling diagram of Taylor rod quarter model

7 T BERRAS B ) AS [R5 3 BE R Taylor FF A9 AR TE K W44 50, b dy A1 4, 4351~ Taylor
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Table 7 Deformation and fracture modes of Taylor rod with ultra-high strength steel under different impact velocities

vi(m-s™) dy/mm ly/mm dy/mm [/mm Deformation and fracture modes
180 5 40.0 6.20 37.80 Slight deformation
230 5 40.0 7.20 36.60 Upsetting
273 5 40.0 7.70 36.30 Upsetting
350 5 40.0 9.60 33.95 Upsetting
380 5 40.0 10.63 33.00 Upsetting
400 5 40.0 11.30 32.35 Mushroom shaped deformation
450 5 40.0 12.92 30.58 Mushroom shaped deformation
475 5 40.0 13.84 29.81 Mushroom shaped deformation
500 5 40.0 14.01 28.95 Petal shaped cracking
550 5 40.0 27.08 Petal shaped cracking
610 5 40.0 21.03 Petal shaped cracking
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Fig. 14  Stress triaxiality history and damage cloud map of Taylor rod at two points (380 m/s)
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Fig. 16 Mushroom shaped deformation of Taylor rod at two different impact velocities
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Dynamic Mechanical Behaviors of High Strength Steel Based on Taylor Rod
CHU Jianpeng, FENG Jiancheng, ZHOU Fangyi, JU Xiangyu, BAI Guoxia
(Navy Submarine Academy, Qingdao 266042, Shandong, China)

Abstract: The dynamic mechanical properties of 30CrMnSiNi2A steel under high strain rate impact were
studied using both Taylor rod impact experiment and numerical simulation. Based on the result of Taylor rod
impact experiment, the Johnson-Cook constitutive model and failure model were utilized to simulate the free
surface velocity of 30CrMnSiNi2A steel under Taylor rod impact. The numerical simulation results were
then compared with the experimental free surface velocity profiles obtained, demonstrating a high degree of
congruence. Subsequently, the influence of Taylor rod specimens with varying length-to-diameter ratios (/d)
on the outcome of velocity interferometer system for any reflector (VISAR) test within the reverse Taylor
rod impact test was examined. The study identified the optimal //d range for Taylor rod that are suitable for
VISAR testing. Employing the concepts of stress traxiality and damage number, the fracture failure
mechanism and deformation mode of the Taylor rod were analyzed. Three distinct deformation modes were
identified: rough deformation, mushroom deformation, and petal cracking. The analysis of the Taylor rod’s
fracture failure mechanism has elucidated that the failure occurring at the central region of the sample is
predominantly a result of compressive forces. Conversely, the cracking observed at the periphery of the
sample is primarily attributed to the influence of tensile forces. It was also observed that fractures of the
Taylor rod initiate preferentially at the edge.

Keywords: reverse Taylor rod; Johnson-Cook constitutive model; stress triaxiality; fracture failure

mechanism
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