Computationa! Design of
Sustainable Struct’ur S\thr

Junji Kato
Nagoya University

Nov. 2-4, 2026 , \
ICGA2027, Xi'an International Conference Center | Xi‘an, China



. Research Overview and Long-Term Vision
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1. Research,Overview and,Long-Term Vijsion

Pillar 1: Nonlinear Multi-Material Pillar 2: Vibration/Wave Metamaterial | p e
Topology Optimization ! Design | Computational design of nonlinear mechanical
P Material A | metamaterials with programmable wave propagation,
@ o cosopesio : tunable bandgaps, and energy dissipation.
y D Material B Viscoelasticity | Elastoplasticity |
.,. b (g, perelisid _ (dissipation) | (irreversible) k(demdaﬁon)
- MaterialC | | ~N ¥
(e.g, damage)
B Multi-material nonlinear topology optimization W Bandgap and defect-mode design
&l Subloac!iqg surfar;te' rpodel for stable analysis (multiscale / supercell) l ™ ; .
B Non-adjoint §ensmwt3{ (low oost) W One-way wave propagation (non-reciprocal design) | ‘ h‘lltlaf stahe After nonlinear n'_latenal evolution
M Stress-based interpolation (material-parameter free) (wave blocking) (tunable transmission / new bandgap) -

4 Material nonlinearity enables new functionalities in vibration/wave metamaterials.

‘ Viscoelasticity ) Hyperelasticity Elastoplasticity ‘ Damage mechanics
- c, \ ‘
I e e & | 7 o
Frequency-selective damping Deformation-tunable bandgap Amplitude-dependent control Qm&?dgfmm
. \__ QY . 220002 2 4% )

mp Toward next-generation metamaterials by integrating material noniinearity and wave control.
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Pillar 1: Nonlinear Multi-Material

Topology Optimization

. (e.g, elastoplasnc)

D (eg, Wpe'ﬂasﬂc}
Material C
. (e.g.,, damage)

® Composite of different constitutive laws
® Numerical instability -> Smooth function

® High computational cost

-> Adjoint-free sensitivity (AFSA)
® Grayscale and complicated sensitivity

-> Stress interpolation
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Pillar 2 Vlbratlon/Wave
Metamateria! Design

® Bandgap and defect-mode design
® Multiscale / supercell approach

® Directional wave transmission
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Pillar 2 Vlbratlon/Wave
Metamaterial Design

Pillar 1: Nonlinear Multi-Material
Topology Optimization

-v_—J

‘%\ \ . (eg, elmplasﬂc)
D (eg. Wperdasﬂc}
Material C
. (e.g.,, damage)

® Composite of different constitutive laws

® Band d defect-mode desi
® Numerical instability -> Smooth function andgap@nd defect-rpac design

® Multiscale / supercell approach
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® High computational cost

-> Adjoint-free sensitivity (AFSA) | ® Directional wave transmission

® Grayscale and complicated sensitivity
-> Stress interpolation
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Numerical instability in nonlinear multi-material TO
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Difficulty in elastoplastic and damage models

Stress Stress

gradient discontinuity gradient discontinuity

B

! Solid

— Void

Strain Strain

Elastoplastic model Damage model Optimization (ex. Damage model)

« Bad convergence due to material nonlinearity

» Gradient-based topology optimization requires the differentiability of the evaluated functions



Smoothed constitutive law | Subloading surface model
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Smoothing stress-strain relationship

. - —— Subloading surface
"\ ~«------ Normal yield surface

—— Subloading surface
------ Normal yield surface

Stress
Stress

Strain Strain

elastoplastic model damage model - Subloading surface model

P b(o_!eff & R) = ||0_feff|| B \/?Rk(gp) <0 (Hashiguchi, 1980) can eliminate
su 9 b 3 —
gradient discontinuities

—

R = ||€?|U(R) = 4U(R) » Subloading surface model stabilizes

U(R) =u Lol TO process
<R o Re)




Concept of elastoplastic-damage interpolation
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©
%

A I p Y AP
elastoplastic body elastoplastic body elastoplastic body O = (1 D )J
(undamaged, (undamaged, (damaged,
effective stress €fM) effective stress M) nominal stress )
effective stress ©ff effective stress  ©ff
1 » TO based on material interpolation

requires single constitutive model.

« Effective stress framework can express

pyHinal stress ' both ductile and quasi-brittle.
 Damage threshold " is interpolated
ductile material quasi-brittle material between materials.
(large ™) (small ™)

Nara and Kato (2026), CMAME 6



Damage model | some smoothing are utilized
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(D Equivalent strain (only tensile deformations contribute to damage evolution)

PIRCHE

i=1

(2 History variable progression

(0 (6 — kp <0)
. (é - K'n)Q _
Rn+4+1 = KEn + f’f?s (€n+1 By HJT?»-) fn(g r— Iin.) = 4 277 (O <E—hn S 77)
\ (€ — Kkn) g (n < &— Kn)
® Judgement of damage occurrence
act __ K+ K‘th + \/(’i _ K;th)Q + €
A 2
@ Calculation of damage variable (Mazars and Pyaudier-Cabot (1989) )
thi{
D_1_|F (1 —a) N a
Kact exp b(,{act ) . ch)

(® Viscous regularization (Duvaut and Lions (1976))
T At

v

T+ At ”+T—|—At

v
Dn+1 —

non-smooth

& Rp41 = maX(’{n: gnJrl)

non-smooth

act th
AN w5, = max(o g,

Dn+1
Nara and Kato (2026), CMAME



Optimization problem
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Optimization problem

Objective function minimize f(s) = —/ /0' : de dS2 Maximizing energy absorption capacity
QJe
Constraint subject to g(s) = / 5; dQ) — V<0 Volume of ductile material
9
: : "y ¢ :
Design variable NV 0<s; <1 Material volume fraction

« Material parameters interpolation based on SIMP method
» Derived sensitivity based on path-dependent adjoint variable method (Alberdi et al., 2018)
« MMA



Numerical example | Sensitivity verification
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- A .

Conditions A
Enforced displacement 20 mm '_¥
N D N i
| displacement incremental: 0.4 mm,
| = Poi tio v="0.3
1000 mm oisson ratio v=0.
R.=0.7, uy=150, a =100, = 0.02
L p
1N l \ . . _ a=0.9,b=500
: W o E— Stress—strain observation point
2000 mm
Ductile . : e :
« Comparison of analytical sensitivity with FDA
Elastic modulus E [MPa] 30,000 210,000
Initial yield stress oy [MPa] 30.0 300  Conducted with three initial design variables
Elastoplastic tangent modulus (50 = 0.1, 0.5, 0.9)
Ee» [MPa] 10.0 500
Damage threshold xth 0.001 0.2




Numerical example | Sensitivity verification

NAGOYA UNIVERSITY Nara and Kato (2026), CMAME
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Numerical example | Optimization result
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Enforced disp 10 mm

@

'1 | o ] . |
e ’ﬁ""ﬂr o | | Nt A
-I-'!' .’:,'1"r- |
g L .J
M. 12.16 % M. 711 %
f=-7.17%106 f=-7.47 X106
Conventional method Proposed method
(without smoothing) (with smoothing)

» Proposed method improved convergence
* Proposed method enhanced ductility of structure

Material 2
1.0

0.5

AjsuaQ

0.0 -
Material 1

0.82

0.41

abewe(

0.0 -

11



Numerical example | Optimization result
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60 mm F———3
T Material 2
1.0 I
enforced displ. 2 mm ’ o
10 mm 0.5 3
150 | ' 5
mm L <
60 mm 0.0 !
Material 1
NSNS
1 0.82
O
" Q
% 0418 3
* Q
- - (D

. [ ] P ' (-‘1 “ . -

Rosd L%
. = = -‘

M. 20.41 %

£=-6.03 % 10
Conventional method
(without smoothing)

M. 13.56 %
f=-6.54%10¢

Proposed method
(with smoothing)



High computational cost in adjoint variable sensitivity
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Path-dependent adjoint variabie method

Load 4 f(8) =F(s,u1,...,upn . ,C1,...,Cn )
& /0’0/0"0’.)
Mstep Nstep
. N )
A f=rf(s)+ Z A, R, + Z w,, Hy,
/ (2Sensitivity analysis n=1 n=1
[ OF OR,, 1 OH,, .1 OR,, OH
AT _ n—+ T ) n+ AT n T n -0
K ou,, T Ant ou,, tHng Ou,, tAn Oy, + b ou,,
oF OR,, .1 oH, 1 OR oH
AT  Gftnt1 o1 nt TRy pOH,
4D>isp i 8671 + n+1 8Cn + u'n,+1 8Cn _|_ n 8Cn _|— ’l’n 8Cn

Global adjoint equation
« High sensitivity accuracy

« Huge computational time and memory consumption

e Complicated formulation

13



Adjoint-free-sensitivity analysis (AFSA)
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Adjoint-free sensitivity analysis!'l and its challenges Kato (20154), SMO

What is Adjoint-free sensitivity analysis (AFSA)? Loags  Otructural analysis

Displacement control nodes

Load works only displacement control nodes

\ 4

. « Forward and local sensitivity calculation

( ¢

Sensitivity analysis

» Expectation of high speed and low memory Disp

Remaining chalienges and research subjects

« Lack of quantitative evaluation of computational cost
 Difficulties in modifying or extending material models due to the complexity of sensitivity

formulation
(Obtaining the required stress sensitivity requires differentiating the entire constitutive model)

14



. AnalySIS methOd Nara and Kato (2026), CMAME, prepared

NAGOYA UNIVERSITY

Sensitivity derivation based on Kato et al. (2015a)

« Objective function

minimize f(s) = —/ /cr - de dQ2
QJe

 Direct differentiation of discretized objective function at load step n+1

Vsjf // sza:é+(C:Vsj€):é—|—a:Vsjé dt d2

Implicit terms

* Load works only displacement control nodes
« Symmetric tangent stiffness tensor

\/
« Sensitivity of discretized objective function at load step n+1

vsjfn—}—l 3) /v* On+1 - A‘c-;:'n,—b—l df?

Explicit term IS current strain-fixed derivative

15



. Stress mterpolatlon
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Stress interpolation

Stress interpolation(2 3. 4]
on = (1- Sf)o'y(zl) 4 3?0-_512)  Elimination of design-dependent material parameters
 Arbitrary constitutive laws for each phase

Conditional stress sensitivity

Vion=psi ! (o < D) + (1 - spwiel) + Vol

Following Kato et al. (2015), the stress sensitivity in each phase vanishes

« Only stress is required to obtain sensitivity

2] Kato et al. (2015b), IINME » Reformulation is completely unnecessary when changing models

[3] Han et al. (2026), CMAME
[4] Nara and Kato (2026), CMAME, prepared 16



Analysis method el gt
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Objective function sensitivity

¢
Vsjf(s):—// [V;ja:é+LC:VUJ¢) —€—t+0 TV, €|ldidl
QJo

Start from principle of virtual work

/ o:V,edl— )W'/: 0  Load works only at displacement control nodes
Q JT

/ [rjr :Vse+o: Vsjé] dQ2 =0 Time derivation
Q

o=C:e¢

/ [((C ; Vsjs) L E+ o Vsjé] dQ2 =0 Utilizing
Q &:Vsjé‘:(C:VSje):é

Assuming tangent stiffness is symmetric

17



Numerical example | computational cost
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Conditions of evaluation

200 mm

Prescribed disp 10 mm 1

1000 mm

> [4]
Material 1 Material 2
Elastic modulus E [MPa] 30,000 210,000
Initial yield stress oy [MPa] 30.0 300 . . g 4 .
. . « Confirming conditions before comparing
Elastoplastic tangent modulus £ [MPa] 10.0 500

. . . computational cost
Load step: 50 (displacement incremental is 0.2 mm)

Yield criteria: von Mises » Three types of sensitivities match

Hardening: isotropic linear [4] Nara and Kato (In preparation) 18



Numerical example | computational cost
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Results of evaluation

_ 1400 5 1.6
- 1200 O 14
£ 1000 812
S 800 =
5 > 0.8
§)‘ 600 SQ 0.6
00 £ 04
5 200 © 0.2 & X \,
0 CEEEEEI “- 0
0 50 100 150 200 250 0 50 100 150 200 250
Number of load increments Number of load increments
== A\V/M == AFSA (material) === AFSA (stress) == A\V/M === AFSA (material) === AFSA (stress)
(a) Total execution time (Wall-clock time) (b) Peak memory usage

CPU: 2 X Intel Xeon Gold 6326 (2.90GHz, 16 cores each)
Parallelization: OpenMP, 8 threads (pinned to CPU cores 0-7)
Implementation: Eigen, compiler optimization -03

Optimization: 3 optimization steps

Measurement: 10 runs per condition 19



Numerical example | Multi-material TO
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.. Material 2
Constitutive law .
(Drucker-Prager) (von Mises)
. : ‘ v 2
Yield function  ®gup = ||o”|| + V2np — V2ERE(EP) < 0 Do = ||| — \/;Rk(ap) <0
Flow rule el = ")/aq)sub = il eP = »‘yaq)sub = 7 o'
o o] Jdo o]
Equivalent plastic D \/55' p_ 2.
strain evolution B v — V3!
70 70 300 300
60 60 250 ] 250
50 S0 200} | 200
2 40 $ 401 a a
o o 0150 0 150
n 30 on 30t n 73]
20 20l 100 100
10 10 50 50
00 0.001 0.002 Q.003 0.004 0.005 OO 0.001 0.002 0.003 O0 0.001 0.002 0.003 0.004 00 0.001 0.002 0.003 0.004
Strain Strain Strain Strain

Compression ( ) Tension ( ) Compression (Material 2) Tension (Material 2) 20
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Numerical example | Multi-material TO o k0T —cER
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160 mm

Sensitivity verification

32 mm
—
Prescribed disp 4 mm [ 7]

A
(oXe) 320 mm \
0.0 0.5 1.0
SV
Material volume fraction
Material 1 Material 2

0.0 5.3 X104 5.3xX102
! B

Equivalent plastic strain

Material 1

Elastoplastic tangent modulus Ee [MPa]

/ Material 2
(Drucker- \
(von Mises)
Prager)
Elastic modulus £ [MPa] 30,000 210,000
Initial yield stress oy [MPa] 30.0 300
10.0 500

L2-norm error: 0.732%

Displacement incremental: 0.04 mm,
Poisson ratio v= 0.3,
SIMP penalty p =3,
7= 0.5 (Drucker-Prager)
21



Numerical example | Multi-material TO
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Optimization results

16 mm
Prescribed disp 2 mm r'_'u

160 mm

f=-134%104

F=-1.46 % 104

mat1: von Mises
mat2: von Mises

mat1: Drucker-Prager
mat2: von Mises

Material 2

10y =
T

5

<

<}

0.5| c
3

| D

>

o

a

0.0 o
>
Material 1
9.7%102 g &'
[

c.

QO

o

=

9.7X 1048 ©
Q

%)

L a.

v

I3

00- 5

8.96% increase in energy absorption

through pressure-dependent modeling

22
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&7  Numerical example | Limitation LBR, ZOMORR
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Conditions of inapplicability

OE

0.0 0.445 0.89
e XM
BERIL

Point 1 Point 2 Damage model (Simo and Ju, 1987)
Point2

Other limitations

« Symmetric tangent stiffness

| * Only displacement control
A e  lgnoring body forces

« Small deformation assumption

« Limited to external work maximization
Cyclic loading 23

A1 1494444
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Topology Optimization

. (eg, elmplasﬂc)

D (eg. Wperdasﬂc}
Material C
. (e.g.,, damage)

® Composite of different constitutive laws
® Numerical instability -> Smooth function

® High computational cost

-> Adjoint-free sensitivity (AFSA)
® Grayscale and complicated sensitivity

-> Stress interpolation

p 7\ I &
Pillar 1: Nonlinear Multi-Material T

Fa e 4V 4

Pillar 2: Vibration/Wave
Metamaterial Design

® Bandgap and defect-mode design
® Multiscale / supercell approach

® Directional wave transmission




Localized Vibrations in Phononic Crystals
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Background: Phononic bandgaps suppress propagating elastic waves.

Motivation: Prescribed local resonances concentrate vibration at selected sites for frequency-selective sensing

and energy concentration.

Challenge: place a localized resonance at a chosen frequency while separating competing modes.

Stage !: host bandgap

Frequency
/\ —
o0 @ . —

Bandgap
o0 o
L

00  —

22y —— €

r X M r
Wave vector

Host-cell optimization
opens a bandgap.

Stage lI: localized mode

Frequency

fu

* =
fi |

Defect mode

\_/_/

r X M r
Wave vector

Supercell defect optimization
creates an in-gap localized mode.

Goal: localize vibration within a defect near a prescribed target frequency.

CB acceleration

Full cell Reduced cell

""" — b |nteI’IOr ¢
oooooo e modes °

Around 2000 dofs

oooooo

Around 60000 dofs

Interface DOFs retained

Repeated analyses are costly.
Reduce the cell interior and reuse the
fixed host matrices.

Xinlin Xu, Junji Kato, Reduced-order topology optimization of defect spectra in phononic crystals, 2026, CMAME, submitted and (arXiv:2605.26435)
Xinlin Xu, Junji Kato, Topology optimization for multiple prescribed defect resonances in phononic crystals, 2026, JSV, submitted



Problem Formulation
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One target frequency

P, attracts modes toward the target.
P: pushes competing modes toward gap edges.

msin . Meinglh = ZSij(fj) + WTZ(I_SJ)PT(J(J')

JE€D JE€D

—

~N

Attraction Repulsion

attract the target frequency ~ move competing modes outward

subject to VV(;) <V.
fi — fee\’ (fi — fu)?
Pa(fj)z( J ﬁef”) » Pf) = exp {—TQM]
futfu

3 fl\‘I:

e N 26
S;=exp |:—( Ji p fdef)

S; selects modes by distance to the target;
several modes nearby can be attracted.

2



Problem Formulation
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One target frequency

P, attracts modes toward the target.
P: pushes competing modes toward gap edges.

= [SiPu(fj) + we(1 — )P, ()]
JjED
V(s)

D

msln J, single

<V.

subject to

R 2
Pu(fj) = (fj I fdef) » Pu(fy) = exp [—%] ’
5, = exp [_( Lo Sf;ef ) - hitho

3 fl\‘I:

S; selects modes by distance to the target;

several nearby modes can be attracted.

Multiple target frequencies
min Jmulti - AO?a l )\1?1*

V(s)
Vb
Mo and A balance attraction and repulsion.

subject to <V.

Why can’t the single-target selection method continue to
be used?

With several targets, the same mode may be selected more

than once.
fl f2
« - - @
Targets j /
© > @ ®
Modes

One-to-one assignment matches each target to a
different mode.



. Target Placement and Mode Separation
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Matching the target frequency alone does not control neighboring defect modes.

Jsngte = Zsjmfj)% w, 3 (1= ) (1))
JjED. jE€D
Attrggtion Reptﬁsion
Attraction only Attraction + Repuision
§ Match the target frequency
Match the target frequency.
Move competing modes outward.
e 1301;;»;1:"’\ —
5 ’ /. 2 |
= <& = N = Afr =26.37 Hz
110+ () _ 1101
gc>f‘ ¢ Afr— 14.11 Hz 100 Hz ? § v 100 Hz
] o ) o
= >
& 90 S 90-
L L
——— S ———— g
@ 24 ' 70 ——
I X M r I X M

Nearest-mode separation increases from 14.11 to 26.37

Hz (+87%).



. Model Reduction for Defect Optimization
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100 Hz 200 Hz 1300 Hz Stage li optimization time (h)
N.A.A.: . . . ::é:x 16.4x 20.1x
{ ) ( ¢ 25 | =
y . ’ . 4 20 ‘ 16.10
b‘ )‘ .‘ ) 15 11.00
0202 10 /
PINAINMIN 5 1.70 |a| 0.67 0.80

100 Hz 200 Hz 1300 Hz

~

T =——_— —

= — 1300 Hz B Full model @ Reduced model

S -

> —

g = - — = —

g B Property  100/200Hz 1300 Hz
S VI Ei/E:(GPa)  0.02/0.50 3/70

p1/ p2 (kg/m?) 1000 /3000 1180 /2700

Same design in each structure—dispersion pair. vi /v 0.30/0.30 0.35/0.35
The 1300 Hz case uses a different material contrast.

CB reduction reuses the fixed host and updates only the central defect.



Localized modes at two target frequencies
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V. &

\ "

-

A R T A

One optimized defect supports localized modes near 9000 Hz and 14000 Hz. Material  E (GPa) p (kg/m°) v
1 4.35 1180 0.37
Mode shape Kinetic energy 2 210.0 7780 0.30

Host gap and defect modes

9000 Hz 84.3% 20000-
target in the defect
~ 15000+ 7 14000 Hz
T LS =
>
o 10000 9000 Hz
( AN . @
-
14000 Hz 91.0% O 5000-
target in the defect L
0 . . .
Normalized kinetic energy r X M r

0.0 0.2 0.4 0.6 0.8 1.0

Wave vector

Different localized mode shapes coexist in the same defect.



. Verification | vibration localization
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Why validate? / \/ - v 27,
Check whether localization persists under an applied load in a finite sample.
7000.0 Hz nk=51.89% Gy=13.12 How to read the sweep

>
(=]

o
ul
Normalized kinetic energy

The frequency marker and
energy field advance together.

0.0
% 100 \ . _ Colors show the energy patern.
- —— With defects L'?
2 {\ I - Intact host = M
5 <
> 2 Compare concentration and
g | Jl = amplification to identify
c : 1077 ‘ ‘ )
Frequency (Hz) Frequency (Hz)
Energy concentration Local amplification
Fraction of sample kinetic energy in Defect-region RMS displacement

the three defect cells. relative to the intact host.



Multiple Resonances in one defect
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Target frequencies and localized modes

2 targets
9000 Hz 14000 Hz
a’l
3 targets ﬁ
777777 . 77777777
9500 Hz 12000 Hz 14500 Hz
4 targets E ﬁ %
9000 Hz 11000 Hz 13000 Hz 15000 Hz

Two to four prescribed frequencies can be accommodated in one defect.

Corresponding dispersion

9

£ 10000

)

o

El_)

=0
Ezoooo]géf

9

2 10000
B —_——
o — : = :
L ———
i 0+— . |

20000 —&

Frequency (Hz)
)
o
(@)
o

o
— AT

14000 Hz
9000 Hz

14500 Hz
12000 Hz
9500 Hz

15000 Hz
13000 Hz
11000 Hz
9000 Hz



Asymmetric elastic-wave transmission
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—— forward: transmitted

AVAVAVAl = aVaVaVA

unidirectional structure

backward: blocked (reflected)

unidirectional structure

Applications: Unidirectional wave transmission enables
vibration isolation, noise shielding, directional energy
harvesting and signal routing.

Mechanism: A topology-optimized structure converts an
incident P-wave into an S-wave in one direction and
reflects it in the other.

Ny
. _ 1
minimize f(§) = — Z (TR (wr) = T r(wi)]
s Ny =
V(s
subjectto gy (§) = ) -1<0,
Vlim
. G()
§) = -1 <0,
g6 (8) G
0.0<s§<1.0.

Background

Background

1 Material 2

0.75

0.5

0.25

0 Material 1

« Left / Right boundaries: exact modal DtN ports

 Top / Bottom: periodic

Material E(Pa) P(kg/m?)
1 5X108 2000
- 4 2 5X10° 8000

33



Asymmetric elastic-wave transmission
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100 1 r Left — Right 0.30 Desidn regin 1 Material 2
: \ —— Right - Left
: 0.25
80 0.75
— = 0.20
X :
S 60- design band Eois 0.5
7 5000-6000 Hz
€ ; 0.10
c 40 - ; 0.25
g 0.05 t
o
i 0.00 L ] 2 0 Material 1
20 0.00 0.05 0.10 0.15 0.20 0.25 0.30
X (m)
0 | . ; | . \ designed metamaterial
4000 4500 5000 5500 6000 0500 7000

Frequency (Hz)

Transmission versus frequency

Shaded band is the design band 5000-6000 Hz.

Inside the band

* Forward transmission averages 99.93% (minimum 98.98%)
» Backward transmission averages 0.04% (maximum 0.49%)

34



Asymmetric elastic-wave transmission
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5500 Hz t=0.000 ms

left to right
q

y (m)
0.30

Total field

|ul 0.15

left to right
99.97% of the energy is transmitted

0.00
0.30

P wave
1UP | 0.15

0.00

0.20
0.02% of the energy is transmitted
S wave

|uS| 0.15

0.00

X (m)

0.0 0.2 0.4 0.6 0.8 1.0
Normalized displacement magnitude (= 2x1074 m)

Left-to-right: the P-wave is converted into an S-wave inside the structure (77% S, 23% P)

it is reflected (98%) and builds a standing wave on the right, leaving the left side almost at rest.

35



Conclusions and future perspectives
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Nonlinear multi-material TO

» Stabilized ductile and quasi-brittle TO by smoothing functions
« Updated Adjoint-Free SA (ANSA) and achieved low computational cost

» Stress interpolation avoided complicated SA derivation and grayscale

Vibration / Wave metamaterial design &
~

« Bandgap & selective defect mode control / Frequency-selective transmission

i L

, : _ , 9500 Hz 12000 Hz 14500 Hz
 Direction-dependent wave control & Metamaterial design

Right — Left

Prospects

« Toward next-generaticn metamaterials by integrating nonlinear multi-material phenomena
and wave control 36



JUNJI KATO / RESEARCH OVERVIEW

Selected Publications

Selected journal papers

2026 Xu, Nishiguchi & Kato

A two-stage topology optimization framework for designing multi-scale
elastic metamaterials with cross-scale dual bandgaps
CMAME

2026 Nara & Kato

Multi-material topology optimization of ductile and quasi-brittle materials

with gradient-continuous constitutive law
(.“ s \ME

2026 Liu et al.
Multi-material dynamic topology optimization of reaction force

minimization problem with viscoelasticity
Finite Elements in Analysis and Design

2026 Nakano, Nishiguchi & Kato
A QUBO Formulation for Multi-Material Topology Optimization With
Quantum Annealing

2026 Takaara, Nishiguchi & Kato

Topology optimization of microstructures considering multi-scale thermo -
£lvad problems

2025 Xu et al.

Variable Density Interpolation for Dynamic Topology Optimization

IJNME

2025 Nara et al.

Stability-enhanced topology optimization applying a subloading surface

penalty to elastoplastic materials
SMO

FACULTY PROFILE
Nagoya University (EN)

LAB WEBSITE
www.nuopt.org

2025 Matsui et al.
Multiscale Topology Optimization Applying FFT-Based Homogenization
[JNME

2025 Katsumata et al.

Topology Optimization for Large-Scale Unsteady Flow With the Building-
CuberMethod

2018 Kato, Yachi, Kyoya & Terada

Micro-macro concurrent topology optimization for nonlinear solids with a

decoupling multiscale analysis
[(UNME 113(8), 1189-1213 | DOI: 10.1002/nme.5571

2015 Kato, Hoshiba, Takase et al.
Analytical sensitivity in topology optimization for elastoplastic composites
SMO 52(3), 507-526 | DOI: 10.1007/500158-015-1246-8

o4



