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Fig. 1 Initial microstructure: (a) EBSD IPF-Z (inverse pole figure-Z) map; (b) phase map; and (c) XRD pattern
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Fig.2 (a) Engineering stress-strain curve; (b) EBSD IPF-Z map of the deformed microstructure; (c) corresponding phase map
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Fig. 3 Schematic of the plate-impact experiment and a typical free-surface velocity-time (u-f) profile
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e RE H R 2 U0 B3 ABOR ST 29 1 mmx 1 mm (8 /N ERRE i, JEEBE AR R IR R S B R A
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Fig. 4 Free-surface velocity curves for specimens with (a) different impact velocities and
(b) different shock pulse durations
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Table 1 Experimental parameters and spall response characteristics for the plate-impact tests

Shot No. Ui/ (M5 ™) L/mm L/mm T/us O /GPa o pu/GPa &l a/(ms?)
Al 282 1.02 2.03 0.250 0.64 1.83 6.63x10° 3.04x108
A2 480 0.97 2.01 0.261 0.94 1.85 8.35%x10° 3.92x108
A3 553 0.98 1.98 0.245 1.00 1.95 1.01x10° 4.28x10°
B1 472 0.49 1.03 0.075 0.53 1.40 1.10x10° 8.07x108
B2 491 0.72 1.48 0.225 0.51 1.67 9.32x10° 3.76x10®

XoF e o RE T A 25 R, TR 1.03 mm A0 E 1.48 F12.01 mm, XAV & H R EE
0.49 mm 4 1 & 0.72 F1 0.97 mm, ik vhFFEEHT ] H1 0.075 ps #E4 2 0.225 Fi10.261 pus. 7T LAFE H, 3 41k
() [ P T R 0 O 7 PR 0T, (EL I I ) R (] Bk ok R AT A T S 2 S B K b R S R ZE K
O g H1 1.40 GPa 25 % 1.67 1 1.85 GPa, 3R WIFE i 3 B 15 fUAH W] 45 40, a0 J52 B AR bk -4 82 1 1)
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FA0t  XUBURSE: ohifis APk FZE R I i,V MnyCroCos Fe, WASAS B 5 82 2T LI 2T 58 8 ]

PR3N 2 BA f 52 22 S B o 5 e RTERE, A AR R el 1.10%10° 5T R R 9.32x10° F1 8.35%x10° 7', 1]
BEAN o, i1 8.07x10° m/s? [EAIK & 3.76x10° F13.92x10° m/s®, T Xt DE BERER | a XTI EF Begl
R, R, 3 — 45 5 10 BH Bl A K R il B ZE K, [ Pl T R i 2 A S AR B [ Bk B 11 JR) A R A AU
JIN, T2 2400 B ) 2 T g

X T Ik e R R 1) AR [] A aRE , TR 430 A 2,03, 2.01 F11.98 mm, K A & 50518 1.02, 0.97 Al
0.98 mm, ik MIEZ2E ] 23 51 4 0.250., 0.261 F1 0.245 ps, AR AL T A AKE, Ik, %40 5050 F 8T %
B ol O J2 4 1 RS Bt 5 bl R E 282 my/s i 480 1 553 m/s, [ Hh Il £k A U
(LI 157 Y 400 i, 50 P e R G 2 A H R R el T R MR R . AL Z R, 3 A TR oy Y
54 1.83. 1.85 F1 1.95 GPa, #& 1Ak sh#8 /1, 1hd BHAE R JE 2 0 ik 5 2 1F 1] 30 AL — B0 2544, 24 i
o AR A 2 20 B S A X A PR . SRR, 3 4l T BRI R AR F 4 51 6.63%10°, 8.35%10°
1 1.01x10% 7", [0 Bk A0 BE a, 43514 3.04x10%, 3.92x10° 1 4.28x10° m/s?, Bk | Thi#a s, W FE 2 v
o TR AR v, J2 S R B 1 SR SR s T R

SR B L R s 0 2 2% A T 2 R N S S 1R S 45 T HEL, J2 SR BE o, S B R
il o oF A0 R K op R B ) A AR fE R . T RLE R, FE 2 mm B URE SRR, B op il U R 282 my/s 2
15 28 553 m/s, HEL ., J2 2458 BE o, D [T B0 58 8 5 52 1 38 1 /6 R oo B8 2% A7, Bt ik ot
SLI )30, HEL )22 24560 3 2 7 T i , T [ Bk sk B3 D0 IG5 @ el T i 26 A2 4 2800
ATLLVE H, Z RS S A S A RN A T R 2 2SR 9 )2 24 m S B0 A 7 b o 5 2 30T (R A
[F) 25 A, BEAE AR FE RGN . ko R S i () B4, o AR TH S, T &0 @, B A0 AT s 7 B J5E 8 A
FATRI 5 F, Bl iy SRE T e, I T 3 A e 1 ) 2 3958, (H o AZE /NS R N 3l XS
TS W AR i G A, b S8BT 1 P I R O e 7 P 5 ) B Ry L T IOk v R 8 B ]2
HSH, JHIE BB IE o, WS T W2 . N TE R AT 45 6 5 2 S i 20 2UR LR 3 A0 R AR 2
— 5.
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Fig. 5 Variations of spall response parameters with (a) impact velocity and (b) sample thickness (pulse duration)
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H540%  XUBUEAE: ol R AN bR SER TE)X Si, VM Cr,(CosoFe RS R & 4 2 ST A AFLIRMGE AL AFE R 48 8 3]

Br, I 6 iR . 1 Jext SEM EMR AT BRE > H0 A0 (AL Ab B, I 15 B Tmage] 4 $2 BUREASFLIR 19 1
BE L FSE B W, Fo LA w3 2 o LA B A il RS R il RsE, anl&l 6(b) s o itF— 252k AL
Bo Kt WL S FLIRTE AR AT A 24 /L, B3 1 i, LI 3 230 R sl S e 50 24 WL, /Nt T
FALRPL K AR IE B B . & 6(c) 24t T AT il T 2 mm R LA 5 4 e w/L, 19 50 7 4y
fiE o wrty RS R 282 my/s B, FLIR S8 Fb 3 A B4 B, (B D TR) o b S 3, BT AR A T R 43 L B 4
AT (R ol A otk 5 24 ot R R R & 480 my/s I, FLIR B K LU 32 AR AR A X [R], 3R BA AL A AL R
AETE B 2 5 553 m/s B, FLIR S84 B A3 A3 475 AR DX 1) Sk =, (F AR 43 A A3 i s, B AL R A AR e R
SERRRIE B[R] BF, JER B B AT BT n

200 pm

K6 2 mm AR Rl s BT A9 72 A T 3 8 my B FLIRARRAE - (a) 282 ms, (b) 480 mis, (c) 553 m/s
Fig. 6 Macroscopic deformation morphologies and local void features of 2 mm samples
under different impact velocities: (a) 282 m/s; (b) 480 m/s; (¢) 553 m/s
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FLIASER L WL, 0 AGFHIE, (d) $2 R e HES B4 £ LI TR 3 A1
Fig. 7 Statistical analysis and definition of the void width-to-length ratio (W,/L,) in 2 mm samples under different impact velocities:
(a) SEM image of a typical void region; (b) binarized image obtained by threshold segmentation in ImagelJ, together with the definition
of the void width-to-length ratio; (c) distribution of the void width-to-length ratio (W,/L.) under different impact velocities;
(d) void area distribution ranked in descending order
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Fig. 8 EBSD and SEM characterization of regions near voids in 2 mm samples under different impact velocities
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Fig. 9 Macroscopic morphologies and local void features of samples with different thicknesses
at an impact velocity of about 500 m/s: (a) 1.0 mm; (b) 1.5 mm; (¢) 2.0 mm
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(a) distribution of void width-to-length ratio; (b) void area distribution ranked in descending order
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Fig. 11 EBSD and SEM characterizations of regions near voids in samples
with different thicknesses at an impact velocity of about 500 m/s
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Fig. 12 Three-dimensional distributions of pore morphology parameters at different impact velocities: (a) sphericity distribution
at 282 m/s; (b) volume distribution at 282 m/s; (c) sphericity distribution at 480 m/s; (e) volume distribution at 480 m/s;
(f) sphericity distribution at 553 m/s; (g) volume distribution at 553 m/s
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Fig. 13 Three-dimensional extraction of the two largest voids in samples under different impact velocities:
(a) 282 m/s; (b) 480 m/s; (c) 553 m/s
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Fig. 14 Statistical distributions of void volume and sphericity in 2.0 mm samples under different impact velocities:
(a) volume distribution of voids; (b) sphericity distribution of voids
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Fig. 15 Three-dimensional reconstruction of the sphericity and volume distributions of voids in samples with different thicknesses
at the same impact velocity: (a) sphericity distribution at 1.0 mm; (b) volume distribution at 1.0 mm; (c) sphericity distribution
at 1.5 mm; (e) volume distribution at 1.5 mm; (f) sphericity distribution at 2.0 mm; (g) volume distribution at 2.0 mm
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Fig. 17 Statistical distributions of void volume and sphericity in samples with different thicknesses:
(a) volume distribution of voids; (b) sphericity distribution of voids.
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Effects of Impact Velocity and Pulse Duration on Spallation Behavior and Void
Evolution of a Metastable Si,V.Mn.Cr,,Co,Fe,, High-Entropy Alloy

LIU Zhengyuan'?, ZHANG Tuanwei'?, ZHAO Jiawei'?, DU Shiyu'?, ZHANG Lei'?, WANG Zhihua'?

(1. College of Aeronautics and Astronautics, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China,
2. Shanxi Key Laboratory of Material Strength and Structural Shock, Taiyuan University of Technology,
Taiyuan 030024, Shanxi, China)

Abstract: Metastable high-entropy alloys can exhibit coupled phase transformation, strain localization and
damage evolution under shock loading, and their spall responses are governed by both the loading intensity
and the duration of the stress pulse. To clarify the distinct roles of impact velocity and pulse duration in
spallation behavior and void evolution, plate-impact experiments were conducted on a Si,V,Mn,Cr,,Co,,Fe,,
metastable high-entropy alloy using a single-stage light-gas gun. The free-surface velocity response, spall
parameters, local microstructural evolution and three-dimensional void morphology under different loading
conditions were systematically investigated. The results show that, at a fixed specimen thickness, increasing
the impact velocity from 282 m/s to 553 m/s markedly raises the peak free-surface response and the peak
compressive stress, whereas the spall strength only slightly changes. Meanwhile, internal voids evolve from
dispersed nucleation to localized clustering, accompanied by increased fractions of HCP/BCC (hexagonal
close-packed/body-centered cubic) phases and a pronounced rise in high-KAM (kernel average
misorientation) regions near the voids, suggesting that higher impact velocity promotes local phase
transformation, lattice distortion and concentrated damage development. Micro-X-ray computed tomography
further reveals that increasing impact velocity drives the voids towards larger volumes, stronger spatial
concentration and more complex morphologies. In contrast, under nearly constant impact velocity, as the
specimen thickness increases from 1.0 mm to 2.0 mm, the pulse duration is prolonged from 0.075 ps to
0.250 ps, and the spall strength correspondingly increases from 1.40 GPa to 1.83 GPa. The spatial
distribution of voids gradually changes from dispersed to centrally concentrated, with an enhanced tendency
for interconnection, indicating that longer pulse duration demonstrates greater favorability towards damage
accumulation and localized coalescence. By combining free-surface velocity histories, two-dimensional
microstructural characterization and three-dimensional void statistics, it is shown that the impact velocity
mainly controls the instantaneous driving force for the damage during spallation, whereas the pulse duration
primarily governs the time window for the damage accumulation and the extent of localization. Together,
these two factors determine the nucleation sites, growth paths and final failure mode of spall damage in this
metastable high-entropy alloy.

Keywords: high-entropy alloy; plate impact; spallation; void evolution; phase transformation; pulse

duration
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