a0k Bs5H A = Vol. 40 No. 5
2025 4 10 A JOURNAL OF EXPERIMENTAL MECHANICS Oct. 2025

XEHS:1001-4888(2025)05-0621-12

ETRVEHEMERBFITENEHERRE
WEEESERTHEBRIFLREHAR

REM, EERE, Twm!
(1. g Z RERFEDFFERT, W R#ER 610207 2. T4 Fg 2838 K27 MRS AAT A AR R 2= ot . )1 AR 610031)

WE: ATLERFREHAALR BLICU2 K352 8 EM A BREMAARENBET -2 REZHK
CT(Computed Tomography,CT) AL R %, FA R IZAGLHARTHESHMEANH AL LS8
AMA EEHSLHESE THZAENTHBAREIE, 44, A3 REZHKCT 24 KF B4
BREEEHEEE THENLIREE - IR T HER  ARBAL TLAG ZLEMER ;KRG L
TZH)HFRGE I TR, FHEIMERFRXFAILABRAIGEAH A, EIRT HARAER
AR, ERAV . EFTABHNR.AHFARZEV TS CHABA . AFERTALZRET
Wi HATFEREE ARPRENESCHREEEERRFBRBAO LT &, R EHEE mn B
NEBFAE, B E R TT AR B B, B3 U IR 5 9 4B TR A A, X AR AR IR B B R
W RIZENL AR IR R B ERGHIL RER AR, R KB AGEL TR G
IR GBI A B AFENRILRAG AT LKL, FFRLLTIRG,

KER: BAELSMEAMM; REZRCT; Z4£H4FB%; HNEHEL

PESES: 0341 MEKFRERAD: A DOI: 10.7520/1001-4888-24-030

0 587

4B A W TR IR FR 25 O TR R mRURE Cln AR BR AURE R BRI IR B B S 0 TR A ) AN 4 AR R
A — R BUZE R T RE — IR AE AT AL .t TRk e R 0 B SR AR R L (8 4 JE L 2 A IR A kL L R R 4
JE LR A R LA B B A I RS v BE L DR L AR VR A LA S T ZS A R L A T R A N 45 X I RE 2% o
B ZF RS EA TN M E AR HA R IR SR R A e s L E R
R BERE F1 . DA B R AU R B AR R RGBS . SRR R R AR AR
T AR A A RE AR IS O AR RO R T A AR B IR B Gt T O B 2 L WA I A o SE R L fL
T By A AU R AR ST AR SR A T AR R R R A AT B AR TR IR 0o R R W RE ML L X
B 28 s A T R e A A R A R X,

H T4 8 52 AR A R 12 RE 5 22 WAR B AT M B g 2 52 . ORBULOV 280 fiff 55 %% Bt
BA AR WA ) AR R 2 0 R A AR SR S 4 S R AR B M N L I 3 BUR K AR AR A RE DT
P AN ORBULOV 2605815 31 7 & 4 4 0 TR 78 TR 48 4500 Wi B T B9 AR # B A 28, PERONT %50
WFE T 524 4 8 A0 TR X Ry A8 A R . XTA SN s 2 B A & R WK 09 & 0 fnk fEfig )
5523 O R B AR X 2 B R R SE AT 6. ZHANG 2687 % B A 30 TR MR T RE BE 1 5 0 A48 R B IEAH G,

* YR B HEI: 2024-02-05; B BH#I: 2024-04-28
BEMESE: Q994 B il mIR R, FERRIE. B ELBR S 2R, BHR X HFLEL2EH AR, Email: fanduan@

pims. ac. cn



622 S, (2025 4F) 85 40 35

BEAh . SZLANCSIK 28NS B 58 T AN R b 5 00 25 o0 B 3R Xt B0 366 420 4 0 TR 4 ) 7 4 1k BB 0 B i L & B 7 48
SR AR A O O T L TR 2R A R — A K T2 18 1 T & B 3 R WA Bk A O iR 1Y
AR A 4 R M IR B B0 nY Ae & IR g

RAJAK %0978 A356 #RG 4 h 58 SIiC 25 D Ek . K %484 4 BA % AR . ISR B 1
F I HLZE U8 B B oK i & BT 3 4 B AR B S 0 BBk . LIN SRRV Y R B R AR IR A TR A R
T[] 5 Bk i B T 48 085 2 A T TR W R A 0P 580 3 485 A O B 0 R il 7 o 1 2 AR A1 B 7 72 S e
ORBULOV %Y AE ALSi, e i 5% 43 5 ABRFR 42 R SF R 150 pm #1500 pm B9 S8R 45 0 3
B LA RI BB ARTE] HL B 2 s O R 1 5 v AR PR SC IR 45 RT3 T 3 M E & & @ kA B 2%
ZERIMERE . R I H B AN E AR 2 O R B A BT R RE J7 58 . R A R B AR ZS O R AT 2 Fh B2 25 0 T Bk
B ABIR R fE PR RE B 3R . MONDAL 265 % B PA L8803 0 I J0kE &2 6 4 J 900 Tk b B 7 A X 45 12
9 0.02~0. 04 B, P15 1 ) FIRE 8= W CRE ) 25 g 1 . bR AR 32 S th FEAORE Y 220 07 7 e P it
G 1 IRV B UL, A J2 1 11 it 2 5 AR R A8 i 6 R A R A 15 R R (8 AT T L G 8 R AE
SR A AL M T HE 22 303 0 RO A SO 25 4 L i R AE T+ B N 5 21 8 & AL 1 R 465 #4 : RE O &R SR 45 4
o PR AR T AT A T

TEAAET S5 ok )25 B XS R R H R 98 1 22 FL o TR A0 7 i 40 el 2 o A0 ol O 245 g i b o
I A5 A S XS £ 0 A B R TT L TG BRI 3 TR R R Y P S SO 45 F AR N R BR E R R AR B o R
BALCH ZEU i i i AR 4 X5 2 A 50 i 1 R W) v e 25 TR 46 1 3 5 BBk =22 18] /9 7 7 43 i 5 4%
BBt B R B RS Bk =2 I A e B B 2 B R A TR A RE B MR . OHGAKI™®Y 4 fifi i LAz CT
(Computed Tomography,CT) FMEF B 5T T K8 7 wh il i 48 F i 0547 0 . GHAZT 2500 FH &
A7 CT X P L 4 Ja Y TR 25 A7 o i 5 R 4 28 S 560 L UL A8 1 DN S L i R b B 1 it Ak el A i i CT R %
AR A BR TR, S0 Uk IF F0 1 4 W IR A A AR

I I X 4 T8 3 A2 A Y0 TR A4 22 0 7 2 P B L TG V8 2 o 650 25 I 8 S b s 80Tk 0 B9 1 2R R
BT BT AT RS 5 & B R A TR A BIROULZ AR5 L AE X 48 250 TR A8 3 7 4 2
A HLR A BHR A BT S LB R A AF SR AR 2 . DR, AR SCHREF P A B AR 28 4 R B AL L 7E 1 T
[l A5 4 S B IR P XS 2R A% (BL16U2) 2R 3 45 8 1 IR0 R RT J2 A% 2R 45 . 1 48 ol T LA S92 B0 4% b
P 3 B CAn b ol 3 A 0F MR IE AR 5 080T ) R A A Kt BRI S sh Akt B A R RS R
TRD B 18] 53 BF IOK 25 8] 43 BE Y X BF RS8R X ST Zefig i 8. 7~30. 0 keV, EBER T 28 2 mm X
1 mm (B8 X )P A3 i3 BL16U2 2R3, X — Fl5 25 10 Ok 10 57 3 52 A 3 TR b R 7 o 0 25 20 2
AEINET B =SS AR R A R AT TR B CT RAE 456 | F B T2 Ak R
Ji 76 RO B B 0 B 3 ol R e L O 2 R RE R X R R R

1 MHRRIESELETTE

1.1 HREHRLE

A P A ) B R 5 5 YL R AR 98 T T L BRSO 6061 B 4 L T Ak S5 FE R R R
B, BRI & AR AR 09 250 Bk . A5 BIMBH) A6 25 F FIRRAE | O6F 55 6L 55 L TAORE R B0 B SO
HAEHAIT T X G4 8 (X-ray Diffraction, XRD) ., 14 B, T & 1 5% (Scanning Electron Micro-
scope, SEM) | it & 4. H 6 1 (Energy Dispersive Spectroscopy. EDS) K i fif CT AL, AL L5 R un ¥ 1
Iz . XRD A BT 10°~90%, R 2R 52 AL TR 9 XRD 1 P2 /i 3 59 AL A AL Sis O, 17 5 1
(F 1)) Hort ARSI R A 6061 554 4o Al Six O T S 1R A 25 O 3R 0 E B4y, T2 0
BN AR DTS B B R A IR A OE T 9% & LU T SEM K EDS £AiE. SEM K EDS
FAE B ORI 3 B U R 43 A R NI 1(b) ~ (D TR . Al JEER M Si LR IR 431 43 R E 41l
IR T A A8 A 4 BR AR S 28 Ok . I 1D SEM 45 S 3R 10 1 St ot R 4 v 43 A1 78 25 0 S0k 19 51 18 B3
B RCR TR AL 115 5 JC 125 DA AL 3, 250 BlOBR 00 A 78 50 5 4 AR b, 30 TR RE L 22 B IR JE B W A% n)

ik



55 W RESLAF . JET A0 5 5 IR B 300 T LT R 494 B0 60 2 5 5 0 DR R TR R i FR AT 5T 623

(e)

* Aluminum
« ALSLO

0,008 -

0,002

40 R0 120 160 200 240
W pum

B 1 B2 ORI B IR 2 6 0 TRAORL ) AR 43 1 RO 45 4 3R A« () X IR 2R 437 55 3%
(b) £ L 7 2 O B 5 (o) A (D 43 3 O i i G IO AR AL TG 3R I Si TG 3R A9 25 il 43 A1 5
() FLiR S 80 HAR I GETH 43 A0 L SRR RN W BOE S 4 A &
Fig. 1 Phase analysis and microstructure characterizations of the as-received Al matrix composite
foam doped with hollow beads: (a) X-ray diffraction; (b) scanning electron microscope micrograph;
(¢) and (d) spatial distribution of Al and Si elements characterized by energy dispersive spectroscopy;

(e)equivalent diameter distribution of pores. and the solid line denotes the lognormal fitting
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Fig. 3 Major steps of 3D digital image segmentation for Al matrix and pores in Al matrix composite foam

SO: gray-scale image of typical subregion in sample; S1. threshold segmentation; S2: top-hat algorithm and

local iteration method repair the unsatisfactory regions; S3: connectivity test Separates disconnected pores
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Fig.4 (a)bulk engineering strain-engineering stress curve of Al matrix composite foam under
quasi-static uniaxial compression; (b)the gray-scale longitudinal slices of sample
under different bulk engineering strain characterized by in situ micro-CT; (c)3D

pore morphology images under different bulk engineering strain
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Fig. 5 The evolution process of the the distribution of 3D structural morphology parameters of pores

in the Al matrix composite foam: (a)equivalent diameter; (b) sphericity; (c)flat index; (d) elongation index
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Fig. 6 Collapse of five typical cells during compression: (a)large-diameter circular cell; (b)large-diameter

flat cell; (¢) small-diameter circular cell; (d) small-diameter flat cell; (e)slender cell
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Fig. 7 The collapse processes of two types of cell elements arranged in different positions,
and a schematic diagram of positional slicing
P1: cell elements arranged horizontally on a deformation concentration band; P2: cell elements
arranged vertically on a deformation concentration band; P3: cell elements arranged vertically
away from the deformation concentration band; P4: cell elements arranged horizontally

away from the deformation concentration band
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Deformation dynamics of an aluminum martix composite foam:
An in situ synchrotron tomography study

ZHU Tongtong', CHAI Haiwei*, FAN Duan'

(1. The Peac Institute of Multiscale Sciences, Chengdu 610207, Sichuan, China; 2. Dynamic Materials Data Science Center, Southwest
Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: Based on X-ray fast imaging beamline (BL16U2) at Shanghai synchrotron radiation facility
and a home-made material test system, an in situ micro-CT system was set up to study the 3D
structural deformation and failure process of an aluminum syntactic foam doped with hollow
microbeads under quasi-static uniaxial compression. The bulk engineering stress-engineering strain
curve of the specimen under quasi-static compression and the 3D structural models under the specified
strain states are obtained by the in situ micro-CT system. Based on 3D digital image analysis methods,
the evolution of pore morphology parameters and the collapse process of cells are quantified. In the
pre-collapse stage, a small number of hollow microbeads are broken, and it’s not exactly an elastic
deformation. After entering the plateau stage, a large number of hollow microbeads in the matrix are
destroyed, and a deformation concentration zone is formed. The strain continues to increase while the
stress remains stable until most of the cells break and collapse, and fragments fill in the gaps after cell
collapse, and the whole specimen gradually densifies. Tracking the collapse of several cells, the cells
with higher sphericity have stronger compressive resistance, and the cells with the longest axis
perpendicular to the loading direction are the most easily destroyed. The cell with dense small pores
around it breaks first and induces the adjacent cell collapse.

Keywords: aluminum matrix composite foam material; in situ micro computed tomography; 3D digital

image; evolution of microstructure



