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Development of a Metal 3D Puzzle Structure Capable of Controlling Anisotropy / Isotropy in Mechanical Properties
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Fig. 1 1Z7RT & 512, 27 O EEF 3x3x3 BLil) %
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R R L. ENFRON HEER  RERDRTD
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Powder or solid cube

Hollow shell Powder/Solid composite

Fig. 1 Schematic of the three-dimensional model of the powder/
solid composite structure. Powder or solid cube units were
combined with a hollow shell structure, as indicated by the
arrow. Adapted with modification from Ref. 9.
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Fig.2 Relationship between the number of solid cubes and
Young’s modulus of powder/solid composite structures
calculated by the law of mixture. Adapted with modification
from Ref. 9.
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Fig.3 (a) Scanning electron microscopy image showing the
morphology of the Co-Cr-Mo powder. (b) Schematic of the
building direction. Adapted with modification from Ref. 9.
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3HEF D 3D N A NWHEERE, HAT b~ A XHIZT
R L 72 Co-Cr-Mo & &7 & (EOS I /V)V b 7 & 4 MPI,
EOS) (Fig.3 (a)) & L — ¥ KIRGEHA G2 (EOSINT
M 290, EOS) #H\WC, L—% M 195w, FlifgE v F 40
pm T L 72, M R OB B R  2 M E 8T 2 —
y (& 21X, #ESHRLRH RRIEIR) ofE % bkE§ %
7oz, WAL, SHEOR AL EE B X2k b
& 912 E L7z (Fig. 3 (b)).

3. 3D /NXIBEFOREIRAIMER

Fig. 4 |2, F8i 3 K&t % b > &EHREEE S X
OV S 7l 2 0 L 7o M i (DR, Fec fifnsfh & it
w3 2) o xflhm, Eifh3 Haeh i 2R o
H B O RO x i, y i, z#i o — 03 &l
2R 3D SN AR O T EE, W EENC AT
EHEFE (Thbb, fhEo [H] & L oliEd 2 EE
F)OFAEIARGE T 5. FCCHEEMF T, 150 75 b —
IR OFEBARER SN S, RS R &
5 TRETHH I L2 ERL TV,

Fig. 5 127" & 9 IS &4 &4 & Fee ko v~
R, F#3HRTIRIER%STH - —F, HEE
R, 3B SMER LA Lok By, &8 3D /S
ANREROY v 7, EERNIC X ) RERBRT L
BRBEFEBORENRY - ICk o TTFMTE S, EBIC

3000

(a)

2000 _ A
s &
0 e
il CI N
72; 500 &
g & &

4 0
1000 |(c) ) S Tz ) . 6
s N L P
X ﬂ
0
0 0.1 02 03 0.4

Strain

Fig. 4 Stress-strain curves of various models: (a) the all-solid
model, (b) the face-centered cubic (FCC) model, and (c)
the H model. Adapted with modification from Ref. 9.
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Fig. 5 Young’s modulus of (a) the all-solid model, (b) the face-
centered cubic (FCC) model, and (c) the H model. Adapted
with modification from Ref. 9.

InmoniczhThotEEoy y 7R LU EHE3
HZBTBY 7RO/ /R, GHEL B
BIZF—HLTwA ik, LELZAFMICHHOES
HELREFUELERT L 0O ERRFTTRRET
HIEEREWT S, 262, KFHEIEX, NEHEOTH
BEZOV A XK x B3 eb LT, Y%
XU & 2 B A B 0 25 /% 5 M oo il 1 §E B o
WFRPWFTE S,

4. ¥ & B

FAERR R & EREE AT % 3D /S AV & H ICHETES
HAGDLED I LT, MR FHHEORMIIE
BBl s &0 LA CoOEHYL2 T, 3D
IRANVD LIS, HET A=y % HIHT 5720 T, BWY
OBMIEEFRMETE L7720, blrbEEge L TR
55 ) FRPBEREMEORENO LS.

#t Fis

AWFFEL, SIP (BEHY A/ X—2 a3 YElET O ST L)
SIRERMBRSE Y AT 2L 277 ) TV EGOWEHR
TIBICEDEREINT LA SICHEEZRLEY

2 E XM

1) Garden, N. and Schneider, A.: Topological optimization of internal
patterns and support in additive manufacturing, J. Manuf. Syst., 37-
1, (2015), 417.

2) Soro, N., Saintier, N., Merzeau, J., Veidt, M. and Dargusch, M.S.:



Quasi-static and fatigue properties of graded Ti-6A-4V lattices
produced by Laser Powder Bed Fusion (LPBF), Addit. Manuf., 37,
(2021), 101653.

3) Liu, Z., Zhang, Z. and Ritchie, R.O.: Structural orientation
and anisotropy in biological materials: Functional designs and
mechanics, Adv. Funct. Mater., 30-10, (2020), 1908121.

4) Nakano, T., Kaibara, K., Tabata, Y., Nagata, N., Enomoto, S.,
Marukawa, E. and Umakoshi, Y.: Unique alignment and texture of
biological apatite crystallites in typical calcified tissues analyzed by
micro-beam X-ray diffractometer system, Bone, 31-4, (2002), 479.

5) Nakano, T., Kaibara, K., Ishimoto, T., Tabata, Y. and Umakoshi, Y.:
Biological apatite (BAp) crystallographic orientation and texture
as a new index for assessing the microstructure and function of
bone regenerated by tissue engineering, Bone, 51-4, (2012), 741.

6) Tanaka, M., Matsugaki, A., Ishimoto, T. and Nakano, T.: Evaluation of
crystallographic orientation of biological apatite at vertebral cortical
bone in ovariectomized cynomolgus monkey treated with minodronic
acid and alendronate, J. Bone Miner. Metab., 34-2, (2016), 234.

7) Cheal, E., Spector, M. and Hayes, W.: Role of loads and prosthesis
material properties on the mechanics of the proximal femur after
total hip arthroplasty, J. Orthop. Res., 10, (1992), 405.

8) Noyama, Y., Miura, T., Ishimoto, T., Itaya, T., Niinomi, M. and
Nakano, T.: Bone loss and reduced bone quality of the human
femur after total hip arthroplasty under stress-shielding effects by
titanium-based implant, Mater. Trans., 53-3, (2012), 565.

9) Ikeo, N., Fukuda, H., Matsugaki, A., Inoue, T., Serizawa, A.,
Matsuzaka, T., Ishimoto, T., Ozasa, R., Gokcekaya, O. and Nakano,
T.: 3D puzzle in cube pattern for anisotropic/isotropic mechanical
control of structure fabricated by metal additive manufacturing,
Crystals, 11, (2021), 959.

10) Reuss, A.: Berechnung der flieBgrenze von mischkristallen auf
grund der plastizititsbedingung fiir einkristalle, J. Appl. Math.
Mechan., 9-1, (1929), 49.

11) Voigt, W.: Ueber die beziehung zwischen den beiden
elasticititsconstanten isotroper Korper. Annalen, Physik., 27-12,

(1889), 573
EERN
LT E N
FUKUDA Hidetsugu

1981454 H22 H A=, 20044F S AGHNRL 2 K A g
: U AT L LR 20064F MATH TR S R 2
P e KEBATEY AT ATEYBIST. FES S ¥
< 7O RFHASH AR, 20134 KBRS RE I LEW R~ 7
V) T OV HE RERL SO A BRRAR 5 T W (CLAE) CRIROKES) .
201 S4E Rl A0 v S5 M A TR C AR B 2. 20194 (6] i Al
202 14E [ AESRIE. BUIEDOBEP © A M ITR S04 B ARSI
8 HARBERNA A A =7 2%4, HRLEHEHBER L.
Email : fukuda@mech.yuge.ac.jp
TEL : (0897) 77-4650

HE

IKEO Naoko

19854127 18 H 4E. 200845 AR A A0 I #E
TR RS, 20124F KBOK S K EFFE LA e RE
<7 ) T OV RER A SO SRR ST, IR
4 (T8E) CRBOKS:) . A KSR T AW 2E R B BUED K

L =145 Vol. 29, No. 3 (2022) 183
P, @A SHEE  HAREIR S-S 0528m3Em) L (2018
i), BAR= 7 3 Al 23 R (2020) 2 & T84
HAGRYS, BEEYS, HERNA AT TVFERRE.
E-mail © ikeo@mech.kobe-u.ac.jp

TEL : (078) 803-6470

wiEH VS

MATSUGAKI Aira

19844E2 15 H 4. 200645 KPR A S B A LR

RH 20134 KPR FREBE LM RER~ 7Y
S T OV RER O SRR 5 T L (T

%) CRBRAZE) . [ KBRS KR LA ERE 4T 20204E 6]

Bh#. 20214F RdEHdz. BIEOMM - AR EEE - MilaEwS. =

W @ HAREGIRSFSE 18I L3EEh I (20214F), HANA A< 7

U T OVESEHESER T (20204F) 7 & BTIR SIS ARSI S,

HANA =5 TIVEFERRE,

E-mail © matsugaki@mat.eng.osaka-u.ac.jp

TEL : (06) 6879-7506

A s

ISHIMOTO Takyuya

198047 H4 H 2. 20034 KPS L4500 A B
TR 20084 KBRS Kb LA 78
™ T T OVAER SR SRR BT F
it (L) (KBRS . [BRBOR S KSR LA 7 RE SR EB
20094E [F Bh#. 20144E AR, 20164E R AESUZ. 20214E 5 1A
EEMFFEEAR T T A R TV I =y AEIFRIFZE L 2 4 —
P2, IR R B TR RE SR EHdz. BUED WM © &Ei#
e - AR, S B ARSI S-S T8 BT (20204F) -
gremFr E3EFHEL (20194E), HANA A= 71 74 FlaEdE
B (20184F) 7 & pTR % es © HARSIMSESR, HARSMH 2,
AANA AT ) TVER R Y

E-mail © ishimoto@sus.u-toyama.ac.jp

TEL : (076) 411-4897

A
NAKANO Takayoshi
’@m 196749 22 H Az, 199045 KB A S A58 23,
_—ey 199245 KPR K2 A 25 I 2 Wi 2 B i i U
Jﬁ‘? 157, 19924F KKK A b TR B F.
199644 (T04%) CKBRRS:). 19994E [, 200 14F [6 B #U%
20084F [ 4%, 20204 [F] B I 38 v A A & A G%EE - AMIFZEH 56
Loy —Hd% - vy - GME). BUEOWM - && iy, &
A, 3D v Y GRS F20mEESIB IR (2022
i), BISMIALZ 70y 7 4 T (20214F), HARER A2 40
T Qo214E) - WY A (20194F), SCGHEFEKERERFH
WLt (WREEM) (20204F), H AR M S50 (JERER) (2019
), HANA =7 7TIVERKERYW (B5) (20164), F8Ml
A AEAHRALA I (201248) 7 & TR A & 0 AR &R 54 (2021
20224ERERIR), HANA <7 7IV¥E CHLEY - 8,
Av— b 7ot RS (HH), AARGEEGNSES (B, B
kG Ehs ((GER) 2 &
E-mail : nakano@mat.eng.osaka-u.ac.jp
Tel & FAX © (06) 6879-7505




