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Abstract: Based on the structural analysis of metal hollow sphere composites, metal hollow sphere composites were pre-
pared by metal mold gravity casting. The technological process of metal mold gravity casting of metal hollow sphere composite
is introduced, and a metal mold with low cost, simple molding and multiple use is designed. The experimental trial produc-
tion and material verification of metal hollow sphere composite are carried out. The results show that the metal hollow sphere
composite with complete pore wall structure and random distribution of pores can be prepared by metal mold gravity casting
method, and the single design and gradient design of hollow spheres can be realized. The matrix and hole wall structure of
metal hollow sphere composites are relatively dense, and the thickness is about 25~30 pm interface layer. The stress-strain
curve of metal hollow sphere composite has obvious elastic stage, plastic plateau stage and densification stage, and the met-
al hollow sphere composite material designed with hollow sphere gradient has significantly improved its basic mechanical
properties compared to the metal hollow sphere composite material designed with a single hollow sphere. Finally, compared
with the traditional closed cell aluminum foam, the metal
WA B, 2022-05- 14 EEEE. 2022-09-10 hollow spheres compos.ite has higher overall stability and
N . stronger energy absorptlon.
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Fig. 1 Schematic diagram of metallic hollow sphere composites
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Table 1 Chemical composition and dimensional parameters of steel hollow spheres

Hollow sphere Chemical composition/wt%

Dimension parameters

Outer diameter/mm Wall thickness/mm Mass/g
<0.60 Mn,<0.15C,<0.1P
P ’ ’ ’ .27 . .7
Spec <0.03 Si, <0.025 S,bal. -Fe 8 035 0-73
16~18 Cr,12~15 Ni,2~3 M
316L " b o 14. 80 0.65 3.23

<2 Mn, <1 Si, <0.03 C,bal. -Fe
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Table 2 Chemical composition of ZL101A aluminum alloy
Element Si Mg Ti Fe Mn Zr /n Al
Content 6.5~7.5 0.25~0.45 0.08~0.2 =<0.2 <0.1 =<0.2 =<0.1 Bal.
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Table 3 Components of two metallic hollow sphere composites( MHSC) sample

Sample Matrix

Hollow sphere arrangement

Reinforcement

Random stacking with hollow

MHSC sample 1 ZL101A aluminium alloy

MHSC sample 2 Z1101A aluminium alloy

sphere gradient design

sphere single design

Random stacking with hollow

SPCC steel hollow sphere

SPCC steel hollow sphere,
316L stainless steel hollow sphere

Bl 7 B RS SR A A BRI

Fig.7  Steel hollow sphere aluminum alloy matrix composite sample
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Table 4 Basic mechanical properties of MHSC

MHSC ( hollow MHSC ( hollow
Sample sphere single sphere gradient
design) design)
Young’s
4.16 6.05
modulus/GPa
Compressive
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strength/MPa
Platform
68. 65 76. 69
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Fig. 13 Stress-strain curves of MHSC and closed cell aluminum foam

LR A T RE A 1k T B B pe TR R L - 7 iy
LALLM IBMET- 15 DL SRH A 5w (7 B Y 14
Z5 10T MHSC AR PH AL IR S0 A4 B A R B 5 1
AR, AT MHSC RPRES) P FL I TR B AR A B0 R A
W RE BE 1 S Rt 78 B O3S AT o, Ferh MHSC Bk
TEAT T AL BT A S0 AR I BE 1 MR i T AL AL I IR 40
FHEE,

10?

10"}

100k

—=— MHSC(hollow sphere single design)
10" —— MHSC(hoIIpw sphere gradient design)
—4— 7050 aluminum foam [26]

—v— Pure aluminum foam [26]
—&— 6061 aluminum foam [27]

0 10 20 30 40 50 60 70 80
Strain/%

14 MHSC B H5 PFLI R B L B0 AR AR AE I X 1L

Fig. 14 Comparison of energy absorption capacity between MHSC

Energy Absorption/(MJ - m3)

1072

and closed cell aluminum foam



555 1 T B SR OCHKRESHE G T A 427

15 25t T MHSC ARG LI IR ER AR LI BE S
AR HHZE, AT MHSC B BHS PH LI TR B0 61 A A LI i
PRt L AS R A3 NG A, e MHSC A4 RHE AL BN
G g WD ae T o P R R PR R P
4 MHSC #1RHS LI IR A R IR RES B, i o 7
LA, MHSC AR L T P AL I PR S0 A4 R W RE 2 o 7
A B ] 4 0L T R

4 % %

(1) RH B BT AP & UL A8 E 0] L]
A DR — B SR RO S R O ERE AR,
PrHIBE B A TR 50 . By TR . Al d A wl

40

—=— MHSC(hollow sphere single design)
—e&— MHSC(hollow sphere gradient design)
30+ —*— 7050 aluminum foam [26]

o —¥— Pure aluminum foam [26]

3 —e— 6061 aluminum foam [27]
L

)]

0 10 20 30 40 50 60 70 80
Strain/%
[&1 15 MHSC #H5 P AL 10 TR B3R KL LT RE XS L
Fig. 15  Comparison of specific energy absorption between

MHSC and closed cell aluminum foam

5 MHSC ##5 A FLIER B IR aE S H
Table 5 Energy absorbing parameters of MHSC and closed cell aluminum foam

MHSC (hollow single

MHSC (hollow sphere

Pure aluminum

Sampl o [ 26] o [27)
ample sphere design) gradient design) 7050A1 foam foam 25! 6061Al foam
. ZL101A aluminum ZL101A aluminum 7050 aluminum . 6061 aluminum
Matrix Pure aluminum
alloy alloy alloy alloy
. SPCC steel SPCC steel hollow sphere,
Reinforcement ) — — —
hollow sphere 316L stainless steel hollow sphere
Energy absorption
ey sRorpron. 33.73 37.86 5.31 1.67 2.23
at 50% strain/(MJ +m™)
SEA at 60% strain/(J +g™") 19.29 22.81 8.93 4.15 5.84

Note: SEA—specif energy absorption, W& 4%

't , AEREOERE GBS & TR AL T AT
GYVES

() ENHEERENEES LERE G E, HA
I EREG , 25 OBRTEFAR PN 1, HARSEE 58
BIBRE S5 . TR R SR 5 250 BROBE 41 418K
REUE, IFPENUES & R 1R N 4G A TR A LTIAE
TR T AW)E, ZAE)EEEH AL, Fe il Si X 3 Foc
ZHM, REZEEA R 25~30 um,

(3) &JRa D ERE A ARG R -5 AR i 48 B A B g
RYHAPERTY BE . SRS & B Be RN s AL B B, X EL g P AR
i R G AL AR RR I ICRE T DL B
ILIRREGESEL, S5 R, 2.0BRB I MHSC ##
B LT a8 DER B —5 T A9 MHSC #8545 P 6 3 A
BILFH

(4) M FAEGE A FLIAR SR M RE, MHSC M RHE 8
PRV BB iy N ) AT 22 . HAF G ) e
IR RGBS WRETE AR, B (BT BB AN L
WCRERE SR, FEZE MR AR . Rl v AR N 3 S o B
Do
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