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Abstract of Thesis

Metallic foams are attractive materials for weight reduction, high energy absorption and thermal shielding.
Even though these advantages, industrial applications are still limited mainly because of low specific strength
and difficulties in forming and joining. By bulk forming, metallic foams may lose the advantages due to pore
closure and densification. Nevertheless, bulk forming of metallic foams has several advantages in fabrication of
components with desired shapes, work hardening, unusual microstructure and controlling pore morphology.
Therefore, it is demanded to reveal deformation behavior and to establish forming technology of metallic foams
for industrial applications.

In this study, in order to investigate deformation behavior of metallic foams and density change in bulk
forming, cold extrusion of sheathed closed cell foams was conducted. Changes in extrusion load and density of
foam core were investigated. The extruded billets were severely deformed by high-ratio differential speed rolling
to observe the microstructure. To explain compression behavior of metallic foams with porosity change, repeated
compression tests of both open and closed cell foams were conducted. Constitutive equations for metallic foams
were discussed for numerical simulations.

In chapter 1, background, motivations, purpose and outline of this thesis are described.

In chapter 2, cold extrusion of sheathed closed-cell type aluminum foam was conducted with three extrusion
ratios. The load-stroke curve of the sheathed foam was much different from that of solid material. The sheathed
foam was densified until the extrusion start with gradually increasing load, then the extruded through the die
with high load. In extrusion ratio of 12.96, the density of foam core increased from 0.279 Mg/m?3 to 1.58 Mg/m3
before the extrusion start, then increased from 1.58 Mg/m3 to 2.32 Mg/m? by passing the die. The density of
foam core increased with increasing extrusion ratio. The density before the extrusion start is sensitive to the
extrusion ratio.

In chapter 3, closed-cell aluminum foam was deformed by extrusion or by combination process of extrusion
and high-ratio differential speed rolling. Cell crushing during the processes induced severe plastic deformation
at cell walls, and pore closure leading to effective grain refinement. The achieved grain size was 1.3 um and the
fraction of high angle grain boundaries was 0.69. Under the same processing conditions, only dynamic recovery
occurred in the non-porous (bulk) aluminum. It is found that bulk forming of metallic foam could be a process
for grain refinement.

In chapter 4, compression behavior of metallic foams was investigated. Typical stress-strain curves show an
elastic region at the first step, followed by a plateau region with a constant flow stress. After the plateau region,
the foam is densified with sharp increase in stress. Repeated compression test of open-cell type nickel foam was
conducted to reveal porosity change and to derive constitutive equation for prediction of deformation and

density. The compression test was conducted with two types of cylindrical foam billets which are different in




mean pore diameter (dpore: 0.8 mm and 3.2 mm). Nominal stress of the open-cell foam gradually increases until
the strain of 0.4, after that stress increases parabolically. Plateau region was not clearly observed with the open-
cell foam. The apparent density and diameter of the foam with 0.8 mm in mean pore diameter shows little
increase until the nominal strain of 0.4 (density: 0.423 to 0.681 Mg/m3). After the strain of 0.4, the density
rapidly increases with increase in diameter of the billet to 2.69 Mg/m?. The equation for change in radial strain
and relative density was derived based on Oyane’s equation considering volume change. The radial strain
increment increases with decrease in porosity.

In chapter 5, repeated compression test of closed-cell type aluminum foam was also conducted to investigate
deformation behavior. Plateau region was clearly observed. In the plateau region (nominal strain: ~ 0.5), the
apparent density gradually increases from 0.287 Mg/m?3 to 0.523 Mg/m3 with little increase in diameter of billets.
After the plateau region, the density rapidly increases to 0.796 Mg/m? with increase in diameter to 10.52 mm.

In chapter 6, Changes in radial strain and compressive stress of open-cell and closed-cell foams was predicted
by the constitutive equation. Even though the pore structures are different, the radial strain increments of open-
cell foam and closed-cell foam are similar if the porosity is same. Appropriate material constants (a = 3/V2,m =
0.3) for the constitutive equation based on Oyane’s yield criterion, were derived. Changes in density, stress and
diameter of billets were predicted. Even though pore structures are different, deformation behaviors of metallic
foams are predicted successfully by the constitutive equation with same constants.

In chapter 7, applications of metallic foams in bulk metal forming are described.

Through this study, deformation behavior of metallic foams in bulk forming processes is made clear. Changes
in dimensions and flow stress are described with density change. Deformation, flow stress and density are
predicted with a constitutive equation. In addition, formation of fine-grained microstructure is found in metallic
foams after bulk forming. Therefore, this thesis contributes establishment of bulk forming technology of metallic

foams and their industrial applications.
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1. TAI=ULETY—RIN7 v —X FEABEET VI =0 AOmEIE R Lz, Iy
TIEA br—2 L L HICHETRLITHML, AT A=Y AR FRITEBLSNTRIC, SHETEA
AN O LAMTOI, FO%RMENENET 2 &V ) BEASRICFHFE ORI L2 RH L. ok x,
LA REVIEE, HHILMOBEDOLL LT H A ANOOMH LFOBE L KT NI EbhbE TR
H L7,

2. FET VI = KIHEFE L AT CTHRONBEEERIC, SHIROTAIMTE LCKRE N RBE#HEIE %
A L CHMAEMBR OB 21T, Ek7nt 2 L0 H KRARROEAEOKE WIHRES SO Z & %
AL, K[ALOEERHCRARIADREND &0 S A TEZE LTz,

3. Z7u—XRBAEFEET NI =y LABLOA—7 VR = v 7 VO FFERGRER T OJEREREZ, Y
B UEMEEZRHT 5 2 & CEEER(LEXIGSIT THAEL TWD. ZOREE, 0T 04 LLTIZBIT2ERIT
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BRI RO EMBERE AR U TIRE SN KRB OBREML: LEATRNAIZ NS Z LT, ZhbDRuse
JBEOBEEIAL L BT EFB & BEf T (R TE 52 2 A LT,

U ED X 51T, ABBISEIE V7 LIBT3 ueR OB, MEZEL, MISEEZEHLZL D THY,
R OM TEM OfESLE L O TRAFAOIERICHF L TE 2H L mMRAE2ZHEATEY, METEHO
RBICHBKNT 2 & ZHBKREV. Lo T, K@U Him L& LTlEH 2 b0 LB 5.




