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With the recent industrial technology development, thermal expansion has

become a significant phenomenon. Negative thermal expansion materials, which elastically shrink when
heated, are attracting attention as a method to suppress thermal expansion. One approach to
developing materials with the negative thermal expansion is to create negative thermal expansion by
appropriately laying out multiple materials with different thermal expansion coefficients and
vacancies. Our research group has developed such composite materials using 3D printers. In this
study, our group conducted international joint research with the University of Pittsburgh in the
United States to realize negative thermal expansion in a wide temperature range using a thermally
stable metal. In addition, as a research theme newly conceived during my stay in the U.S., the group
worked on developing a method to suppress the thermal expansion of metal additive manufacturing by
structural design.



¥ XL F-19-—-2
1. WFZERRLA S D75 5

IR DPEEFMR O I LY, TBWE] IO TEBEARBR L 2o TV 5D, ki
IRBIELE B RSN TR BV TIE, /7 A — ML L UL ORI N BN R D580 H D
ZO@YI AT R E R TERRETH D, BERIEO—2>OFIEL LT, i D LM
fate TEBWEZEMEL DNEEZED TS, —EORERMLAEMITMIEBE S OB HE N, AD
BFEZ RN L, TOWBNREAATONTE. LrL, AEEDOKE I0RAET HIREHRIX
L& B IRKO ARG BRI T D 1N %<, ThaBRIICERET D 2 LI RENEET
»H5.

AT L, BEEMBIBRR O B b T Su—F & LT, BNERD R B EEOME
AL EBYNI L AT U NT DI 8T, ABEELALRHTTERND L. RFEWR A =X LIT,
B EERE AT HMBIZRET 5 2 L TS AZ IR IT 2 AT S8, S6I2FD
hif 225 % G A H =X L& L, MEOERBZR(=Z7 v, Rt Eo)aEs
NEBEWT D LD D ZOFTIETHIIUE, ABMEERECRITEDS BME N Tl TE D720,
ZORINARETH L. 12750, BN A D= R LDOHRHERFN A2 BEICHE T 5 @ il
ENMECR D, REEE DO V— 1%, Rt ERED B WEM TR 2 Bl RIC L v HE)
TR TS RE(LETIT, BETIHO~ L F~T U 7 ABIEREEGERER 6D 7V v
2) BRIAT D E 0D HIET, FHRABIEEL AN TEAME B LZ[1,2]. Z0oEA
FPBHI LR CHRERTRE & W 9 RE RSN H D%, MBFC & 2 ai IS g oo B R4
VRIRERAEME D & < O REER T2, #it LT ABEIE 2 S8 T X HIEER D Tl &
WO BRI D D

2. WO HD

PLEDOEFICE S E, KREBELFEE CIIICAELMERAE Tl < B E N EZE LT-4&8
THBWIREAMEI ZERT 2 2 L2 BT, REBLRFE TIE, KEE v Y =T KFEA~D
EWW L@ L, WEASRSBESHMEIOEBELFIEDO—2 L U CitidEiE bk & fEmtt=
FIX—HEFRIE AT L2, S 61, KEWEFICEBHEBEERORBEEENKREZ2BETHD
T EEZEWY, RAEMIET —~ & L TlEREIC L D8RRGSR ORE AN A
7

3. WDk

WO FE TITIEMME T R L X —HREETAT U L AL A VN —E8IC L HBE AR A2
BT 252 LZMETL, By Y NR—F REZECBWCEBEMEH OO OIHEEZZ T2, X 113FhiZ
EA L7228 (OPTOMEC 10 LENS450) L&Y 7V Thsd. L, WHEK THRIHS
WA e BB 3 34 LU, WEPICEEENE TR, TO% b an i CREDHEI NI ETE
FRICEDERBE L7120, REFEZBRG L.

—y

B 1 FEmE = )L F —HERRIE D2 &, BHME TIERL L 72 3Bk A

G T, HESREERT M, B LSRR OELZ2E0MEER L, 8
HICHWD LW FELRSHWLRTWD. & 2 CARME CIdREE R ¢ oM % & F
L, “EMEOFHIEIC LY 8 & Mgh TR SN2 ABMRESHMEIZ TR T 5. MG 5 —fH
HOAREITE, BIERBCTENCRERENH D ZENLEFE L. TORKE, #(Sn,CTE:23.9 X
1076[1/K]) & Hifn(Zn,CTE: 39.7 X 1076 [UK)Z®E L7z, £z, ZOMAEDEITE VOB
PEWE WD Z &b, HAEMB LT 2 DIZRBEIT 2.

F7o, IREMEET —~ Th 5 RN EROBREERIRBIEICOWT, SRR ERSA O
HREME CTH D & L TNIIC P ZEE L HWIRICR T2 7 7 4 AEEE 2 5. BEERDOKX
& IRTARITTE R G DTEIRLH HUIRBEIZIKAFE L, FRICHIMED BN R E WD, T77 1 A
1% 2 EAMEREMEL O L 9 ITHEENTICE YIS oM S &5 2 & T, T OARE)— 7537 %1%
L, BEERZMEITE LR DD, 2O L9 REEARRBIZ AT 7255217 9 121X, @8
JEERICRBIT 2BER 2 FT 2 06ERH 5. O PIEHEE & LT, WS OEHRNRT
ETHLEAOTAREEZRBEERTICRE L FENTERE SN TVD[34]. ZhicxtL,
MREREE WXL DT ER OT REOR T2 2 RBFELRET D L LI, ER#ES
T4 AEEDO VA T U Mgl FHEL AR DY S 2 LT, ERMEEERICE T D E-ERN



il 272 %

4. WFFERH

FT, HAMEIOWBIERF 21T 7. WEEE DATHIIE CHR%E L - A BWRE AR D X
= A LEHK 2 @QITRT[2]. ZOREEIZ AL AX VD KD R 2R TEM 2 b v VTS
THIELTEBETED., ZOWBERD XS METEBTEOMEL LT, ¥ 2 b)ITR
TG ARRE L2, 7235, Sn & Zn OWMEEIEE 1 IR TEEZ AV, SHESITARERES A
ToRE SR AIC KV Bl 2R A R E L. A IREEFRE TR L7 %E1THY CTE 13-12.3 X 1075[1/
KITHY, FENICABIZENERTETND I Lnbhotz.

X 2 ABZRE S B OMEIE. (a) JEATHIETRHIE LI A =X L. (b) BR LG, #
TERAREDMEN T OB AT, MWTOMERERATHD. (o) 1Fk LIz B A

F 1 FEHIHW T EfE

Sn Zn

Y >/ % [GPa] 50 108

w7 Uk 0.36 0.25
CTE[1/K] 23.9x107° 39.7 x 107

WIZ, ERFECOW TR EITo 7. A TIILL T O X 5 22 FIEC B CoghiE 41T
Sl 1 BRMEEEREE CREAEY, InWEaET 5. 2 em{bMERRIC X 2 HEE ISR
HEET, MWMEWEOMEZ VT Sn B0 70 DM 2545, 3 @ FIE2 TYER L7ZRIC Zn 56
ZHLDIAI, ZEELERIC Sn D EELS. 4 AT, Ik, $FEERGICT L0, 2=
v FELORE ZT40mm & Lz, K2 @ICEK LIZ2=y b Lo 2rd. “FEO
&R TR LR EBLITE T D, &S, ERLZRBRA ZmMEL, L——%&
NFHCRER Z5H L=, RO BN FEITH CTE 13#—2.1 x 107°[1/K] & 72 0, AREFRIEIC
LT L VISV OO, FENCABIENBE TE-. BiF COABMEGE M ENT
HIRA~K) 45°C L AB AR RO THD - 72 DK L[1,2], AWFFE TR L -4 8 a2y
BEMBHITR A~ 220°C & IRV EH CRBIZRA R L, L0 ERMERMmELE.

F7, IREMET —~ ThHERBEEEROBRBEERIBIEICONT, ETEAOTRIEE
E L, BAOTHREITRBEORREAE CEBEEOTAREZS VBRI T-L0THY, SEfEEE
FACBIT 2 b EAM 2 EA OTHAETE, —EBEIC—EEOINMEE 0T AE2E 2 5. £
RO OT A & L TH X THRBERIEIC L DB 21TV, S HICRORT v
TR O Z BRIGVEL GIREZOY L VR EPFAOTAEEZ D Z LI &EOEEHE
ERETAHFEE) ICLVEBETDE, RN EBIIEOTANKELIARY, LENLEEE
LTI D L ) R ERAERTEDLLVWIEDOTHD. EROEAOTHRETIZIZO S ntk
ANARAERY 72 e 2 5 %, WIEISARIE & U CRIVWTW22Y, BFEAERE IR O&E8 2o
WL E LCRGICRESMEL, SBICT7 T 4 ABE S fikom b E FZH L2

BlEL L CE&BREBEERICB VT, HUHIER LR 2 7 L— v 5800 B L 72RO K
0 KIS 2 K O R EAHERE T T 4 A EE X 7. X 3T ET V28T, 1R 80mm, &
X 20mm, EE 4mm OEKREZRBEL, NHZERALZE8 T2 4mm AD T T 4 A THE L.
R0 RPN Fon e L, RO FHIRECIEHE & 3 2 WA @ 138 ToIcaE Le. 7eds, #
BHIA ax 718 & Lz, K3 ICHR LN T 7 « AMEEOWE N EZ~T. SBREEY
WCBWTEOT AT EBO LR 25720, BUSTHETOROBR 7 7 0 ANEESN, £



z
(a) (b) & Transparent view
y X

\—\_\4mm

Part layer

@

b\

Vertical displacemen

Building 44mm - minimization edge

Direction

Base plate layer (Cutting part)

Base plate layer (Remaining part)

3(a) BELKIHEHET L. (b) K77 « AL,
72, BUSIC X AMTFIos LTl 2R i85 72002, 7—FRoEEIC > TWnWbZ &b

N5,
KBICK 3R T T T 4 AEER T, WS ONDERTEDE)—72T7 7 4 AiE % @B G
WEICEIVEEL, UAYhy MINLIZE Y Elnzik L URMAZEE 7 L— b Ul v L7z

2, BNmOBREOFHZIT 72, Z2ds, BEIZZ VT 7 A5 —=VICE W HIELZ. N=2 T
FHIORRZK AICEL DD, H—TFT 4 ATREEEARE L BITEMPRELS holo—
KT, 77T 4 AEETIT—F 7 4 AL SHALNT/NS BB FHIl S 47z

SRS

Uniform lattice

1.6 O1lst xX2nd
Optimal lattice
O1st ~2nd Q Q

B
£ 1.4 o] o]
2 8
&
812 r
O

1.0

0.5 0.6 0.7 0.8 0.9 1

Volume fraction

X 4 B GRRATE) OFHHEIRR

<53k >

[1] A. Takezawa, M. Kobashi, M. Kitamura, Porous composite with negative thermal expansion obtained
by photopolymer additive manufacturing, APL Mater., 3 (7), (2015), 076103.

[2] A. Takezawa, M. Kobashi, Design methodology for porous composites with tunable thermal
expansion produced by multi-material topology optimization and additive manufacturing, Composites
Part B: Engineering, 131, pp. 21-29, 2017.

[3] N. Keller, V. Ploshikhin, New method for fast predictions of residual stress and distortion of AM parts,
in: Proceedings of the 25th Annual International Solid Freeform Fabrication Symposium, 2014, pp. 1229—
1237.

[4] N. Keller, Verzugsminimierung bei selektiven Laserschmelz-verfahren durch Multi-Skalen-Simulation
(Ph.D. thesis), Universitdt Bremen, 2016.



9 8 7 1

Takezawa Akihiro To Albert C. Chen Qian Liang Xuan Dugast Florian Zhang Xiaopeng Kitamura 370
Mitsuru
Sensitivity analysis and lattice density optimization for sequential inherent strain method 2020

used in additive manufacturing process

Computer Methods in Applied Mechanics and Engineering

113231 113231

DOl
10.1016/j .cma.2020.113231

Takezawa Akihiro Zhang Xiaopeng Kato Masaki Kitamura Mitsuru 28

Method to optimize an additively-manufactured functionally-graded lattice structure for 2019

effective liquid cooling

Additive Manufacturing 285 298
DOl

10.1016/j .addma.2019.04.004

Takezawa Akihiro Zhang Xiaopeng Kitamura Mitsuru 143

Optimization of an additively manufactured functionally graded lattice structure with liquid 2019

cooling considering structural performances

International Journal of Heat and Mass Transfer

118564 118564

DOl
10.1016/j - ijheatmasstransfer.2019.118564

Takezawa Akihiro Zhang Xiaopeng Tanaka Takuo Kitamura Mitsuru 34
Topology optimisation of a porous unit cell in a fluid flow considering Forchheimer drag 2019
International Journal of Computational Fluid Dynamics 50 60

DOl
10.1080/10618562.2019.1705968




Guo Honghu Takezawa Aikihiro Honda Masanori Kawamura Chikara Kitamura Mitsuru

175

Finite element simulation of the compressive response of additively manufactured lattice
structures with large diameters

2020

Computational Materials Science

109610 109610

DOl
10.1016/j -commatsci .2020.109610

Chen Qian Taylor Hunter Takezawa Akihiro Liang Xuan Jimenez Xavier Wicker Ryan To Albert
C.

46

Island scanning pattern optimization for residual deformation mitigation in laser powder bed
fusion via sequential inherent strain method and sensitivity analysis

2021

Additive Manufacturing

102116 102116

DOl
10.1016/j .addma.2021.102116

Zhang Heng Takezawa Akihiro Ding Xiaohong Xu Shipeng Duan Pengyun Li Hao Guo Honghu

209

Bi-material microstructural design of biodegradable composites using topology optimization

2021

Materials &amp; Design

109973 109973

DOl
10.1016/j .matdes.2021.109973

Takezawa Akihiro Chen Qian To Albert C.

48

Optimally variable density lattice to reduce warping thermal distortion of laser powder bed
fusion

2021

Additive Manufacturing

102422 102422

DOl
10.1016/j .addma.2021.102422




Guo Honghu Ichikawa Kazuo Sakai Hiroyuki Zhang Heng Zhang Xiaopeng Tsuruta Kenji Makihara 396
Kanjuro Takezawa Akihiro

Numerical and experimental analysis of additively manufactured particle dampers at low 2022

frequencies

Powder Technology 696 709
DOl

10.1016/j .powtec.2021.11.029

A. Takezawa

Lattice distribution optimizations for additive manufactured functional structures

ACSMO 2020

2020

A. Takezawa

Prediction of the nano-scale elastic mechanism of the large negative thermal expansion of Ca2Rul-xFexO4-y ceramics by
topology optimization

OptoX-NANO 2019

2019

A. Takezawa

Variable lattice density optimization based on sequential inherent strain method to reduce thermal distortion of selective
laser melting

ASTM ICAM 2021

2021




(To Albert)




