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Schematic diagrams of compression experiments:
(a) Lower strain rates; (b) High strain rates (setting up spacing

ring)
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Fig. 6 Typical compressive stress—strain curve of lotus-type

porous magnesium
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Fig. 7 Longitudinal-sectional morphologies of lotus-type porous magnesium compressed at strain rate of 1 X107 s™! in direction

vertical to pores at nominal strain of 0(a), 0.15(b), 0.30(c), 0.45(d), 0.60(e) and 0.70(f)
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Fig. 8 Longitudinal-sectional morphologies of lotus-type porous magnesium compressed at strain rate of 30 s ' in direction vertical

to pores at nominal strain of 0(a), 0.15(b), 0.30(c), 0.45(d) and 0.60(e)
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Fig. 9 Longitudinal-sectional morphologies of lotus-type porous magnesium compressed at strain rate of 950 s ' in direction
vertical to pores at nominal strain of 0(a), 0.15(b), 0.30(c), 0.45(d), 0.60(e) and 0.70(f)
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Fig. 10 Effects of strain rates on stress—strain curves of

lotus-type porous magnesium compressed in direction vertical

to pores
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Schematic diagram of energetic method used to
calculate densification initial strain of lotus-type porous

magnesium
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Table 1 Effect of strain rate on platform stress of lotus-type

magnesium with porosity of 61% compressed vertical to pores

Strain rate/s ' Oyl /MPa % /%
Oyl
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1650 19.7 6.5
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Fig. 12 Effects of strain rates on densification initial strains of

lotus-type porous magnesium
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Fig. 13 Deformation mode of single pore under different stress condition compressed vertical to pore: (a) Before deformation;

(b) Ovalization deformation; (c1) Flatten deformation; (c2), (¢3) Flatten deformation and rotated in different direction
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Fig. 14 Schematic diagrams of two deformation modes of lotus-type porous magnesium compressed in direction vertical to pores:
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generating along diagonal line and propagation process



2496 PR R AR 2016 4712 H
M BVEGRFER, RS B SR By, of LB g I A R P A 32 B e e ) S
A I Sk SRR A 0 — S 1) 55— A ik, DR WA, SR mrs S B L RIR 22 ALk i N AR A TR 4 AR
AR Bl SR A e R A AR, B B RREAT T s A 8 15 R o End R g L] %
JR AR TR Bt A e ke A it ) 573 — i P4 A 9 T A DB ) FRIFIR 22 FLBE T 1L 1) s 4 I AN ] s 4 A48 1 4
RUAHERE, SRR AEAR SR . T ik KGR A 15 ATRUE Y, a4l e &k

B 15 mslfHGEHLC kAR 2 AL R T
ASALTT TG I AR T o R

Fig. 15 Compressive deformation process of
lotus-type porous magnesium at strain rate of
950 s recorded by high-speed camera with
shooting speed of 50000 frames/s and different
compressive deformation degrees (Arrows mark
samples): (a) 0; (b) 10%; (c) 18%; (d) 30%;
(e) 39%; (f) 50%; (g) 62%; (h) 73%; (i) 85%



26 4558 12

FE, A AR R 2 LR T AL T RS EAT A 5 ) AP RE R R

2497

M) 53— (VRIS it B A BT IR A AR
B EGAR T, X R/ AR AL F] 950 s
I, FIR 2 SLEAE T 5 RALT R AR 50 52 2
N B . R, AR AL 1R R
AaiS, R ALBRAE RN AR 3 AR A i AR AN
RIYVAFIAICAT Xy, X0 B8 2L A ] A R
KRR A ER IR Y 3 o0 ARSI 2 A2 FE R R AR B
VR R HE S AT %o

3 #ig

1) T H AL R 4EnT, FRR 2 FLBE N ) —
VAR Moy ok Ny 2R PR I BB B N ) R A
TIEEISF- 6 B BRI, g 2R3 0 (9 35 SEAR B B, N B
IV DI IES 561N WAL 5| VA N 8

2) T LT ) H 4 AR S R 2 AL
BEMARTEAT s i 2, AE AR ¢ <60s ' 4T
(1 BT 7 SO AL R A AR TE, SR 55
AALIIFLEE RS 1 AL RS H B A I Tl
TR W SR TN, B G B AW =42, A
B SIS SN T AR R & O 450~1650 s
AN, IR BRI R MR, AL
B 1) AL N IR R B AR TR S T B AR Ty, AHSE
TG HTIREERT A Ze 7 10 TG R e B, Rl 46 1E
ATANWT 1) 5 0 1 26 T L 7 9

3) AR R FR 2 FLBEIN ) A M e A iR
(sg ), HCZ AL 5 B BT AS ) AR S R S AL
(AR T 7 OB AL T 84k, o AR 6 N 52 o e 5
(S AN

REFERENCES

[1] DEGISCHER H P, KRISZT B. Z{Lilik4&/E[M]. T, F
2, B Abmt R TR AL, 2005: 1-4.

DEGISCHER H P, KRISZT B. Handbook of cellular metals[M].
ZUO Xiao-qing, ZHOU Yun, transl. Beijing: Chemical Industry
Press, 2005: 1-4.

[2] BANHART J. Manufacture, characterisation and application of
cellular metals and metal foams[J]. Progress in Materials Science,
2001, 46(6): 559—632.

[3] GIBSON L J, ASHBY M F. Cellular Solids: Structure and
Properties[M]. 2nd ed. Cambridge UK: Cambridge University
Press, 1999: 1-10.

[4] SHAPOVALOV V. Method of manufacturing porous articles:
United States, 5181549[P]. 1993—06—26.

(3]

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

NAKAJIMA H, IDE T. Fabrication of porous copper with

directional pores through thermal decomposition of
compounds[J]. Metallurgical and Materials Transactions A, 2008,
39(2): 390-394.

NAKAIJIMA H. Fabrication, properties and application of porous
metals with directional pores[J]. Progress in Materials Science,
2007, 52(7):1091-1173.

NAKAJIMA H, IKEDA T, HYUN S K. Fabrication of lotus-type
porous metals and their physical properties[J]. Advanced
Engineering Material, 2006, 6(6): 377-384.

HYUN S K, NAKAJIMA H. Anisotropic compressive properties
of porous copper produced by unidirectional solidification[J].
Materials Science and Engineering A, 2003, 340(12): 258—264.
ICHITSUBO T, TANE M. Anisotropic elastic constants of
lotus-type porous copper: Measurements and micromechanics
modeling[J]. Acta Materialia, 2002, 50(16): 4105—4115.
KORNER C, HIRSCHRNANN M, BRAUTIGAM YV, SINGER
R F. Endogenous particles stabilization during magnesium
integral foam production[J]. Advanced Engineering Materials,
2004, 6(6): 385-390.

RENGER K, KAUFMANN H. Vacuum foaming of magnesium
slurries[J]. 2005, 7(3):
117-123.

WEN C E, YAMADA Y, SHIMOJIMA K, CHINO Y,

HOSOKAWA H, MABUCHI M. Compressibility of porous

Advanced Engineering Materials,

magnesium foam: Dependency on porosity and pore size[J].
Materials Letter, 2004, 58(3/4): 357-360.
OSORIO-HERNANDEZ J O, SUAREZ M A, GOODALL R,
LARA-RODRIGUEZ G A, ALFONSO I, FIGUEROA I A.
Manufacturing of open-cell Mg foams by replication process and
mechanical properties[J]. Materials and Design, 2014, (64):
136—-141.

MUKAI T, KANAHASHI H, MIYOSHI T, MABUCHI M,
NIEH T G HIGASHI K. Experimental study of energy
absorption in a close-celled aluminum foam under dynamic
loading[J]. Scripta Materialia, 1999, 40(8): 921-927.
DESHPANDE V S, FLECK N A. High strain rate compressive
behaviour of aluminium alloy foams[J]. International Journal of
Impact Engineering, 2000, 24(3): 277-298.

DANNEMANN K A, LANKFORD J J. High strain rate
compression of closed-cell aluminium foams [J]. Materials
Science and Engineering A, 2000, 293(1/2): 157-164.
DHARARN C K H, HAUSER F E. Determination of
stress—strain  characteristics at very high
Experimental Mechanics, 1970, 10(6): 370—-376.
MONDAL D P, GOEL M D, DAS S. Compressive deformation

strain  rates[J].

and energy absorption characteristics of closed cell aluminum-fly
ash particle composite foam[J].
Engineering A, 2009, 507(1/2): 102—109.

XFT e, 2T, WPEURT. AR R FRR 2 AL AT TR

Materials Science and



2498 R 4 A AR 2016 4 12 H

U M AR TEAT 0 5 e Re i m ). EAG e )EY properties of lotus-type porous magnesium in the direction
1R, 2016, 26(4): 747-757. parallel to pores[J]. The Chinese Journal of Nonferrous Metals,
LIU Xin-hua, YAN Yu-ping, XIE Jian-xin. Effect of strain rate 2016, 26(4): 747-757.

on the compressive deformation behaviors and mechanical

Effect of strain rate on compressive deformation behaviors and
mechanical properties of lotus-type porous magnesium in
direction vertical to pores

LIU Xin-hua, YAN Yu-ping, XIE Jian-xin

(Institute for advanced Materials and Technology, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Lotus-type porous magnesium was fabricated by unidirectional solidification, and the compressive
experiments were subsequently conducted in the compressive direction vertical to the pores at strain rate in range of 1 X
107-1650 s ' using GLEEBLE—1500 materials simulation system and split Hopkinson pressure bar (SHPB). The effects
of strain rate on the compressive deformation behaviors and mechanical properties of lotus-type porous magnesium were
investigated. The results indicate that the compressive deformation process of lotus-type porous magnesium consists of a
linear elastic stage, a plateau stage and a densification stage at various strain rates, and the stress increases with the
increase of strain without the stress peak. The strain rates have significant effects on the compressive deformation
behaviors of lotus-type magnesium in the compressive direction vertical to the pores. When compressed at a lower strain
rate less than 60 s™', lotus-type magnesium deforms mainly in the way, the round pore was firstly flatten to ellipse, then
the wall of some pores earlier starts to collapse into the hole by a crescent-shaped bending and forms a first deformation
band which is vertical to compressed direction. When compression continues, the deformation band forms continually.
However, when compressed at high strain rates between 450 s ' and 1650 s, the deformation band first forms along the
diagonal direction and expands along the direction vertical to the diagonal. The strain rates have obvious influence on the
mechanical property, and the main mechanism is that the deformation way of pore at lower strain rate is different from
that at high strain rate.

Key words: lotus-type porous magnesium; strain rate; deformation behaviors; mechanical property; deformation

mechanism
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