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(Keynote lecture)Development of High-speed, High-precision Analysis Technology
from Mode Superposition Method to Interactive Plural Eigen-frequencies Control

R — BV
Ichiro Hagiwara
T BERT WFZefehlZds (T101-8301  HURHS TR H XAh H BRI 5 1-1)
E-mail:ihagi@meiji.ac.jp

Here structural-noise coupled problem for a large scale model is discussed. In this phenomena, the FEM matrix is
unsymmetric so that left and right eigen vectors are different each other where the mode methodis difficult to be used.
But we have discovered the relationship between left and right eigenvectors with which eigenmode sensitivity of the
coupled problem can be expressed explicitly. Now they use broadly the mode acceleration method where the loss of
precision caused by omitting higher eigenmodes can be compensated. But it is clear that Ma- Hagiwara mode method
is superior to the mode acceleration one. And as far as mode synthesis method based on mode method which is
necessary for a large scale model, Ma- Hagiwara method is superior to Super element of MSC/NASTRAN which is
based on mode acceleration one. Moreover it is possible for us to get a faster and higher precision system with our
response surface optimal method, interactive energy density topology change method and Ma-Hagiwara mode method.

Key Words : Vehicle Interior Noise, Ma- Hagiwara mode method, MPOD, Eigen mode sensitivity, Mode superposition
method, Vibration- Noise coupled problem, Strain Energy Distribution, Kinetic Energy Distribution, Control for Plural
Eigen Frequencies,
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WMIBEZTO FEM AKX DER 8 8
CMS Zf& > THLMHED B HEHDHIR 141 89
HEHBEDE A [EREHT 301 1044
RS NI=ARXORBEEYEEZEAD 34 52
BLE
k=% 484 1193

4. FERDICHRALGRECBRITEN

Z Z TlE,MPOD(Most Probable Optimal Design)[9] % T
AVHTIT 4T ERVR R AL L8] DM E %
A AT B RS

(1) el @RI #L 5 RE 1L MPOD %

MPODIEIL 2 DD AT v T bl TS, X5 v 71T
I, AREHEIERD D RS T £ 5 ik A RER L, K
DAT v 72T, ZOEBKOELPREE L LSE5. &4
|, KK S LCTRAW AR 77 v P =a—TF %
v hU—27 (BLF, HNNEWSED) 13, AhTr—2&tihT
— X BT ECEBRT 52 Lk, o AN BIR
ERIBICERT LN TE D7), EEGRAHEHT — ¥
X ={X\, X5, X5,y X, } & E MBI S H FIVCHEHET —
BT D

B (x) =€) (=123, (391)

BB T (40) THb i, HIMEY IXrOW NS

KoOLND.
n
r(x) = a (X) (40
k=1
A2
» 100) “
g _ AL
d 01
D X

design variable

(5 I D
ZIT, o\ IRBEHEOET MR THY, FHICK
DIRESIND. ZOFET —ZOEOTF N, W hif Ok
d

<min(X, - X [}G,j =12, Ni=j) @D

min

R B G2 5.
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(@)  MPOD—RTF w1~

—BESARELERIC L 0, NEOPEEE SRR D, 20
EERUEDDOEGEMNT D EiIck Y, I L% 3%
2L T 5.

ZIZT, dpin AR CH Y, ZOEORE X
2 & o TR LR D b L— RA T DT R %
W22 ENTED. KBIRT L D Atk BB IR L
di (i=1,2) XD K& ST, ZOREENOMBAMED0.715
LV REVKIESTHD. dyin 201k W/ E<d2 kY
RELSHEELEEAITE, E—7 AATEETE 20,
BRA MEORWE—Z ALZERITE S, £/, ®FIX
N=(+1)(n+2)/2 & T2, FEMAAFENEREND
BECHE IR MR LR OBBEICIEINERE L L, M
a2 MED BWEGEAL SR SN L5601 B OFRTT
HAEORWGEIEINE/NSL T2, Hohgd7HAD
JBAE 2 R, HNNIZFE SRISE w2 1Ek 3 5. 2h
XV FifR X, BT, REMEONSCHE %, Fd24)IC &
UKW

X0~ %,

<¢
~ - “1
X

(42)

CITRIIKEOEETH S, b Lz SR T s
BROBINZEAT S . BIFE AT, &M@ 2L X,
Rl T HERSMEIEZH WS, Thbb EHHS
HE D3 0 @)D X D ITRTET B

o1 =ai(% )~ % q) (i=12...n) (43)

2T, g (=120 BOBOEERELT, oK,
DEBIZ L > TRDDHEDTH D, IHIT, o DRE
SEFETEZZ LI 2T R L— RAT7 DR EFHKARIC
ERTLHIENTED. Thbb, qaREmMDH L
IZE o TEHEONT Y FFKRE L, &FEKIC > TS
EME O & <, BITROBITZ < 25, W,
aj /NS <TIE, BFEIRIZ D7 o TIREdhiEm O ek
EMELS, FERAOEIDL 2%, 12720, 1EHOKE
T, —BAELEE V5. BN S RE LT D,
FOINEEERD, FFOHUNIZ Y S8, Iciiff 2k 5.
AR (44) ZWl-dETHRYIRT.

(b) MPOD—RTFv F2-

Xy AT v 7 1 TR U= Ui fE & 5 2 5 3% EHE
B, £(X), F(Xe) & g(Xe), §(Xy) 1T AU
% H RS & H B o IEARAE & A i 2 515 B
DITEUE, 36 LW e ZBUROBMMEE LT, X (44), (45D
BUORGME 2L, T L5, 29 TRITFIUE, X
ZIBINFERE LTHFE ATV, PR AT 5.
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A Study on Plural Eigen Frequencies Control by Optimization Method Aided Energy Density Method
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Toshie Sasaki, Yang Yang, Mi Dahai and Ichiro Hagiwara
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HIESS

If there is a dangerous frequency band in the structure, it is required to avoid it at the design
stage. Topology optimization is generally cited as a method to achieve this, but in fact, it has
been shown that it is not easy to achieve the purpose with this method. Therefore, we have
developed a new energy density method. We have shown that we can get interactively many solutions
which satisfy the targeted situation. Here we obtain a more limited solution such as the lightest one by

optimization method aided energy density method.

Key Words : Control of Plural Eigenfrequencies, Index of generalized eigenfrequency, Optimization
Method, Strain energy density, Kinematic energy density

1. [FL&®IC
REXEW) D3RO [E A JE I B0A A3 2 FIEIS DV TiiET
LT, 2 E0FRY, M, ik &35
L. IO OHEEORBREIRERE LT, HHELTV,
SR LT VRENRIS A H 5 b D LHEER S LD, FIIES
HORBORY LMK S HET 5 E BRI 4~
10Hz £ S TWa. fit-> T, FBRHIZMZ T, ¥—h, 7
07 e PEERE ORI R D IRER O [ A E
T EERR B BOR NI HALX L S & H M B8
THEOF\RFTSND. EHEEEEHET 57200
RlZoWTiE, —MFIZiE, bR e Y —K#E[1][2]2
bIFondHR, i, TnEERALTCHMNEZERT
HZEEFBES TRV EERLTERE[3]. £2T,
ARIZBNTH I I THMCEIREICET, RIT 1
KOFXTEEZGIZHHOLORFLNRNZ L& 2%
TRYT. LT BEROLORELNRWERE LT, A
Va2 DMNEIRRRTL00, FbEh, ENELN
RVEREZRE L TWDHO0, REZESEZE, —3X
—BEETHAT D RN X —FESMAOFEHR T,
DOBREOZLAELRANDZ L H 3 ET/RT. KRIC4ET
A VBT IT 4 TR AX—HEEELHL, TOLH
L, HFEEICENFH THHObLORELNDL Z 2R
T. SETIE, 4ETIHRNLOMEREONLDIIXL, &
EBR/NOHEN, LV,

2. TERDEEZEMERBEILENIC X HRET
T, T AR O e g & LT, BAEBS L LT

MU B AR N7 7

BROE A R FRHCHIE 5 2 &6 B B
KD —fALEAMEEE] & L, kit & L TRk
wAEEZ WD,

fxzfo*+(Z?;1Wi(fi_foz)n/ZZnZJWi)l/" (1)

foi 1L, iROBMNETDEABIEEL [, m, n 1TEEH, Wilk
FEAHT fo L L HICEHTHD. T VIR 1 ITRT 420
mmx300 mm, JEE | mm QR TH D, MEHIF R
— &L, BT — & 1%, B 256.9kg/m?, ¥ 7 H 0.664
GPa, A7 V1034, EEIL, 324g THDH. 2JFHM
KFEOEMCEAMEMIT 21T O & 1 R D 5 IROIEIBIR
DEAEIEEIL, FNFN, 12.99 Hz, 26.13 Hz, 38.71 Hz,
4796 Hz, 51.79Hz TH 5. fERMENEH5%E 25Hz D
40Hz L35 &, BUTO 1R E 41k, 5 ROEA JERENT,
Z OEREREER I SEN TR Y, BELRNI L
SR 5. fEEECTIRN O 2 RO 3 kOB A E R

- 420mm -
i
300mm E&1mm
Y
B 1 EmiRopiR
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m
%107
10

9.28
8.32
7.36
6.39

5.43
4.71

K2 EWERYTS7 A:#F%D RO

oo BEEZ ZNFH 24.0Hz, 41.0Hz [ZERET 5. UL,
()T, l=2,m=3,fy, =24.0Hz, fj3 =41.0HzTH 5.
for =0.0Hz,n = 2,W,=W5=1.0 &£3%. LLF, kKD LIHIT
BRI X DAl LT 21T O . (D) st HUS
WE & Ui bESEIC L » T, SMEIFZEL LAn & 54t

BT 2 EFROREE, RFHEKITImZ22v. 1) K2
WRT LI E$ik?£tﬁﬁ_%ﬁénfﬁb,é
b ZOXMHHENRIZND X ORET S, TOMER, 1A
TEEFHE 80 T, i bDOBREFIEHDOEIL 20 THD.
FEFZOREX, TRO.0mm, ER1.0mm &35, (1)
T ML, RDHDMED 0.1 LT, HDHVE, #v iR Uik
RE8000 &35, (IV) AREFREL L OWEAHAETT,
TEATENEIZ £ 2 fed@(LfiEdT & $ 12 COMSOL Multiphysics
EHATS. (V) ERHIEEEZMRESEE L T2 5.
T, D 90%LTERDLEIIICHRET S, Bk
DOEGEALRNT 21T o 72 & 2 A, #0 iR LEl%k 80 LIk, [#H
HEMEIEL, K2 BElORTEIICFAEEN k> TL
Fofz. 2 KIE, 24.76 Hz THEEIZE L7223, 3 KIZ, 38.39
Hz THIEZMRET S Z L3, ERESNARV 3 ROE
HERELSTDHRELREND T2, [W2,W3]=[1,1000] T
et U722y, [RIREIC 150 [B1C (1 ¥k,2 ¥k,3 &k,4 R)=(13.00
Hz,26.16 Hz,38.79 Hz,48.07 Hz) (ZUX#k L7-. KR L LT3
WITHHME S BFa EED B3, ¥ 2 Wi, BEAHZ S
AN/ E LIz e bbbl ooz,

Objective

F28METETHHEERR

0 50 100
RiBE

P—REILICKIERER. 2—7y FREK 2 RIT
2bHz, 3 RI% 40Hz, EHREBEHE:2 R(E 24. T6Hz, 3 Xl 38.3%Hz T,

BAEIZE LR,

3. FiHiDHERNFEOoNLGWEROERDHA
HIR C M L 72 fEk OALFR @ L ARET TR 23S H
Rinol=DiE, THELELWVIERTEE -0, &
IR EDREICEYEEZRNTWND D), B, T
DO SRR ONR EIFFAHTHS. 22T, =xL
X — B ENAIAE L CRIA T 5 =3 L% — B E 54 b
D, BENELWMNE D DOHIEIA TE AW Ratd
5. K1 OETNANTEBEMERORNETHELND 1K
MNH 5 IRETOERABEKESETE— FOOTAHT X
L — 5 [ ONER) = ) L X — 5 AT & X 3 1R,
1B EIIRET212)EHDDIFEE2KE—RT, x
M 1R, y 2 RkERT. 2 BHITEAERE, 3EH
IZE— REIR, 4 BB Ws FOT AT R VX —EE, 5B
H Wil T#EB = r VX —FBETHDH. 2 TOREIL
MRETRETRERT AT THEEZD Z &T%
0T, 3ROBEFEEEE LT 5720, v AEHITRE
RITDZ LI DD, NRFH YA LE CALEICH
D, Ld, "XOZFALF—BER ADT R /LF—
EEXYELS, ZIICREFRETIUTEMICK LT3R
OEARBEEILI TR TLEIZ LITRD. ’@’&’
@ 3WE LT LIEbE LV REETH Y IRE
WCHEPEE RNTWEZ L2 D,
*ﬁ,zﬁmﬁﬁ%ﬁﬁ@%—F@,ﬂﬁ,vxk%
(2, R CALEICAES 2 DN T L X —BEN
EWESBIFET 5. BICARETBEE R, ~ A
TRBEERE AR D, 2IROEFET— R ETRRE

1(1,1) 2(1,2) |32 a(1,3)

12.99H2 26.13Hz2 38.71H2 47.96H2 8x10°
: - m -6 m i ;
- | I} 1X10
’ - - - n

B3 H10EBETILOLAEMZIFICSITIEERER £— FBK,

IRLE—FE Wk

FEIRILYX—FE (Ws), EE
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IRBAERFTICR AR T 2 & 2RE T2 &0V 93T
ERSNDFREMEN S 5. Lk, =X —EEMAAZE
BIECHF SN = XN X —BESMEFITTL5 2 L1
LV, LT HHEHRRETH ST LDl

4, AVEASV T4 TIRILX—MEEFZEIZD
T

BETHA LR TIT 4 T RNX —BEALEFIE
X, MR ETDEAEEELT — N O RV —F 04
D, FRRHIBROMNBEERESEAETIT 4 TITHk
DTN D THD. Z OB, B LB i fe
WLEEERT AL bARETHD. Z 2 TZRLF—
EEMMAEEEL, R T L2, EA[RSHED
AR L SEME RIS L > THRESND E VD Z L &F
HAT2b0TH5%.

o, = [ (2

n %, BEERDE— FORE, 1%, nFHOBEA MR
B CTHD. Kk, 1L, nFHOSMMIE, m X, nEHO
HEMERETHD. OFTHAZRAXF—HEEORE LA
%, ZOE— FOAXTH Y, HEI=RLF —EEDORKE
REZAZIFOE—ROATHLIEZFAL, BE
FsaE T 51003, 20F— ROARITRERIT %
RIEZ T 50y, v 2 &R LT, SMEEs L CHE

B Z T D000, HHWIER G &Y. £z,

A B E BT 52, = AASRERT D05, /SRICH
T2 OMND, HOHWIEM G EHE L TERLTHHOT
HDH. WHRETHLEDTA LV HTIT 4 TZRILX—F
FERIHRBEACIRNT 21T 5. BT AR OB EHC W TCIE, 3
HEFLCbOEMES. BIEOEEED 3 % & AKIC 25Hz
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22D 40Hz Z fEREEHe IR e 375, £, 2RE TFiF5
N, RREICREFHIT D, 22T, AL, v AERE
BT DELRET, M4 ORTAT v 102 KOS
FLEBIHE 180mm, #E 10mm D RZFRIT 5. 3 ROEAE
WHGX, BT A7, v~ AERICNERT D Z L1, midbo
BB CHrA L, SEREEE L CHTRYT 2 Z & T, BAARK
T ERDZZERTFTHETES. 22T, K4DRT 71O
3 RIZBT DIRFLER & #HE 60mm, FE 80 mm DE I THl
WD, WX, 20mm &T5. Z OIREETHEAE M
ZEET D & (1R,21K,3 R,4 ¥R)=(11.30 Hz,22.31Hz,39.06
Hz41.13Hz) L 720, 2 IFBAZIZEE Lz, 3 RO EH B
B, MIMObLDELHETHE ERSTIEND DD
40Hz IZEE L2V, O TZORET, =X —EEL
FoRTHE, MA4DAT T 21705, HBIC3KREAFH
EE EiF b, AREERD E XX —HEDOR
WERSSIE ARV, 3 RO L X — KBS Tk, |ROES
W, A7 v 7 1 T2 WAICEELEE 2055
PR T RN X —FEEDOFG N AHSRRD LI, £
T, H2T, Z OfEFTICHE 180 mm, A% 30 mm DR A FR
Jo &, ERBEKE (1KR2 K3 k4 E = (11.62
Hz,22.64 Hz,40.66 Hz,46.00 Hz) & 72 V), I EERL S 4172,
BAEIERIE, K5 ElRTEB80THEL. ZOXHITHE
N2 EOAET 7T 4 7L DREFTHREOERNG
LNTND.

5. HIEHEZEILEDER

ZHHOFIETIE, oM T, Mtz —EL
LIREDHZLSETHLNZEDTHY, #lAIE, it
a2 Z LS ETHMRE T oML ERH L Z LT+
BEAbNDIRLE, MUICHEL OENRHD Z ERTHISH
5. ZOEDICAVET I T 4 T ZRNR—E LA
BIETIE, BERERE RO TREkas Lcod Tidk

Ef:2 25Hz B F 40Hz B4 I

1% 2R 3K 4R
PLIEGIENEG 12.99Hz¢ 26.13Hz< 38.71Hze | 47.96Hze | ik
& < o >

. -

S |2%k%TFFs. | Ws :
T | SRR - m () m
E|3%%EFs (@)
P | ~ RICHE Wk - :
! Il = I
[ A A 11.93Hze | 22.31Hze 39.06Hze 41.13Hze
S [3XR%ELIF3 Ws. | ;
.
E
P Wk -
2 Il N [ .

W L 7= A A e 11.62Hze

22.64Hze

40.66Hz« 46.00Hz«
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D, < 70mm, 180mm < Dg < 200mm & L, E&EHK/IML%E
FEELELTWAZ Lk, HiiROREFZEE D1, D2, Ds
X, PSR 60 mm, {80 mm, HRE 2.0 mm A3
KiZZ2B 91T L, FUx, PIHISMOHE 180 mm, #f 30
mm AN D K OBRE LT, ATORE, ikl
[B1%% 140 BT L, 2K, 3 ROEAFEREKIE, 23.39
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A Study on Interior Noise Reduction

BrEsfE D, ORORHEY, FRE—HE)
Aya Abe, Dahai Mi and Ichiro Hagiwara
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3) i BREKRT WFFERRIEER (T101-8301
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Under the Corona disaster, the number of people enjoying music at home is increasing, and noise
complaints are increasing in residential areas. Therefore, we are studying the development of a foldable
and lightweight origami sound insulation board so as not to disturb the neighbors. As a study on indoor
noise reduction, to reduce and optimize the sound pressure at the ear position by applying it to truck cabins
is studied so far, so applying this method is thought of. On the other hand, since the shape optimization of
the shaded soundproof chamber using Bezier curves is studied, and good results can be obtained when the
material is paper, models of origami sound insulation wall shape are proposed and simulated based on

this.

Key Words: Sound pressure, Origami, Optimization
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Acoustic Analysis Simulation for Developing an Acoustic Space with Origami Structure

IREEF-D, KR, AEEY

R — R

Keiko Yamazaki, Mi Dahai, Masanori Hashiguchi and Ichiro Hagiwara

1) BIERS: (T101-8301 HUGUHS TAUH KA HER A1 — 127 7 —,L 7 1 o | 8F408HF5E2EM, E-mail:
keyyamazaki@meiji.ac.jp, ihagi@meiji.ac.jp)
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dahail722@gmail.com, topology117@gmail.com)

The purpose of this research is to develop a simple sound-reducing shade to enjoy playing music at home.
The requirements for the shade are relatively inexpensive, foldable, suitable size and acoustic environment,
and most importantly sound dampening ability. Normally, the development of such a product requires
many prototypes and verifications, but in this research, by utilizing finite element analysis (FEM), it is
possible to find the optimum material and shape without producing a large number of prototypes. In this
paper, we designed a new sound-reducing shade that incorporates the ideas of Origami engineering. We
also report the results of the feasibility study by FEM analysis of the sound-reducing shade.

Key Words : Sound-reducing shade, Origami engineering, Metamaterial, Finite element analysis
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Finite-element analysis of acoustic metasurface

far BJEY, ok K
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Smart society requires high-level sound field control. Since the sound field is determined by the shape of
the object, research on acoustic metasurfaces using the concept of metamaterials is important for sound
field control. In this study, we examined how the sound field is formed in the space by controlling the
phase of the sound field on the wall using finite element analysis.

Key Words: Sound Field Control, Metasurface, Finite-element analysis
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(c) Membrane-type structure

Fig.1 Typical three-types of acoustic metasurface.
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Fig.2 Wave motions with different phases along metasurface.
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Solid Mechanics Analysis by Customizing Material Constitutive Relation
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Numerical analysis technology based on physics is an important technology to support the future smart
society, Society 5.0. In the numerical analysis of solid mechanics, whether or not the constitutive relation
of materials can be set correctly is directly linked to the validity of the calculation. In this research, we
considered to customize and freely set the constitutive relation of materials that are not implemented in

the analysis software.

Key Words : Society 5.0, Constitutive Relation, COMSOL Multiphysics
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The authors have developed an effective CAE application in the field of food cooking science.
Furthermore, by building a new system environment, we started activities to create a ubiquitous CAE
educational environment that can be used by anyone, anytime, and anywhere. Furthermore, by preparing
textbook corresponding to the developed CAE application, we constructed a mechanism that allows
application users to become familiar with the theoretical background. These series of results are reported

in this work.

Key Words : Ubiquitous Education, CAE Application, Food Science
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Proposal of ubiquitous multimedia education style to support Society 5.0

KoK, fan =EY, A B

Dahai Mi, Masanori Hashiguchi and Yoshiki Muramatsu

1) LHEE Rl =7 ) o 7o AT aat BAiTED

B (T101-0047 HACER T H X ANAH1-9-5

SFA#H H ' /L5F, E-mail: midahai@kesco.co.jp)

2) Bt L= (HEAERIT)

A= =7 ) 7R T RS EREPIEE (T 101-0047 RAUA T8 H X P H1-9-5

SFA## H £ /L5F, E-mail: hashiguchi@kesco.co.jp)
3) i+ B KT AEEEREE TR #d% (T 156-8502 FAUHSHEMA X AL F1-1-1, E-mail: y-murama@nodai.ac.jp)

The production and utilization of valuable information play an essential role in Society 5.0. By
overcoming the Covid-19 pandemic, its importance was strongly recognized. The authors have been
researching and developing CAE applications with an emphasis on ubiquitousness (anyone, anytime,
anywhere). However, from the educational site, both the teaching side and the learning side have a strong
demand for an educational style that is “easy to understand, interesting, and easy to use”. Therefore, this
research discussed the method of utilizing multimedia through CAE application for next generation

education style.

Key Words : Society 5.0, Ubiquitous Multimedia Education, CAE Application

1. [XLC®IC

A~ — M h42x (Society 5.0) 1, 542 (Society 1.0) ,
BT (Society 2.0) , T.¥#t% (Society3.0) , [&F##:
2> (Society 4.0) 1Z#i < Hi7- 72t % f5 9. Society 5.0 i,
7 4 P H VR (BIERZEW]) B EERME SV AT A
IZR0, BEFRRELESOREORI LWL T L L%
EZ25. BRKIZIZI0T (Internetof Things) TA L £/ %
ORE, HEPHEREILAT D 2 & THE TITRVMlE
ZAIK L, ANTH06E (AD 12X > CRERICHET, HEAR
HEWAERMT D CHEEERETD 2B HET.

CAE (Computer Aided Engineering) 1335 HEEH T5% 0
B THY, CAEZTEATIEERICRIESLER A L
K Thbarvta—% ETHANWARR RN & FrNcAT
FZENTEIAKIEHENTWA R, FHHFERWRNE
WO BB TEANEERNDESHD. — i TCOMSOL
Multiphysics TD 7 7"V & Z OfdAitre & 2 1L GETH -
WOTH - EZTH]CAELTEH TE 5% ¥ ACAESR
BRaRFHTEATE D[] KACBT 2HEBE DI,
S HIZHBITENT O~V F AT A T RIERLE
X0 BRI B0 AN STV 5 [2].

AfETCl, EIROE LA~ — Mhe 2 HEE - R
T5ETREEREL LT, CAERMTEEE I WIIER
MTOENEHE] B0 LT, 28R Z A Thow LT
AT 4 T EHBAIIEA LB LWETE A X A LV E Bt
L7=OTHET 5.

2. AEXIRAMERXRELT LG
CAEIZ—ICHMMEB NI ET VAR L, ik
HMFZAENES THEEZHL, MEER Sa/Elk L B
HHEBZHR AT ) OB RO FXTH L. #E->T, TD
La CIEIREBE THEMMEANT SR L5, L2
AH, BIGO T2 NE &3 D503, Hl 2 135K O
FERHERI ST oMt TEZ2ET 5 X 2 RBGETH
i, ZEMOWERLAEOER L Vo721 A7 B K
T 50T, BGOREMEDNCAEMNT 2 H HICFIH T
LR FENRNETHA S, BGOHINEIXLT L
LIFFTE T L OHEMETIIARNDOT, T#HTH) 25
CAEL LTCCAET U NRHEHTHS. [WwoOThH LT
H] CAET 7V OFAIZIZT A B A7 V) —DFETHEX
77 A NEBIEOPCIZA v A b=t HIE RV (Fig.l).

COMSOL Desktop (GUI)

| Model builder  Application builder Compiler |
R&D ‘ exe(Windows)
for CAE model Apps Compile .sh(Linux)

‘ app(macOS)

Figl CAET7 7'V LS4t 27 U — A BRESIC L D H
DEWEHE~D 2 XX ACAEDEADIEE.

3. FELIIZEDCAET 7 DEFHE
(1) ELEEHE

HENIC A TS 2R T2 RG22 ET 5.
AL I, Fig.2l279 K 918, 2ok (Solid particles) ,
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TR FRIBR ORI TH 5K (Liquid water) , 1EEMET
LTRSS 2 8 CHEARIZ /2 > 720k (Solid water, ice)
MO DZIBERTET VL TE 5. IR & B BEEE
92 S U PR I IR & B A O IRTE L 72 fEik (Mushy
zone) BFET 5.

!'"'""mt'e'r""""""'l

Ice -
Solid particles

Fig.2 Freezing soil.

Hifg o N TR +BE (AGF, Artifitial ground freezing) % 1&
BT DI, BRI HHBEE 2 248, FIRITER DA
Fr, FOFITHENR EJEER S 5. I ENR ORI 5
MHCZE L SE T AT EBEOE IR & I3 5.

BUG O BT 13 v K 018 BE A AL 0 R 0 7 B 2 37
EL, HTFKOFENDOD DM FIZH#IER N T+ 2K
THNENRDB.

(2) EREAER

HWEOWNETIIM T AR N TEY, ZL—HITHR
DS . BRI L —HE TBT b ARE A (=
YENE—EAEIC XD HEBEET VEGT) THRO.

FAERUTIR D L9 7R ER AR O TR 5.

dp
prspa"' V- (p,l'u) =Um

Sy = Sufe,
Qm = Swfp(pfce - pw)a_:‘l

Sw = Swres + (1 = Swres)012(T)

- ar - . _
(pcp}eq a0 PG VT +V-q=Q

TSI TREE SR E A o CHERIL LR o~ 138
D Ji%E (Method of lines) % fifi - CHfi{k. L 7z. COMSOL
MultiphysicsDEF /L BV F—TEF LI LT-.

(3) BA% L1=CAE7 Y
TRIEH A ERMREE LTHRRE LT 7Y 2Fig.3iIcr

BHREEOERERE TS L.

BHAEE mF@ﬁJﬁ%Eﬁ WHRETE A L
FRATHRE R (BERICIH D IRE L HEE 0T LE ST
4/L@mfAﬁ®ﬁﬂﬁ)% BFRTDHZ L.
FROFRED A —NVFEHRICEBRET L L
Ei# ~D CAE &7 /L OEETH DO FESL

7 7 U OERIE COMSOL Multiphysics ® 7 7Y 47—
a v ENFEER L.

CAE TiX7 7V OB{B) A N IE Td 5 ) Verification &
5 Z LIIMETHY, XoF~—7 L g
% Z & THREEE EE L.

B OBNENZOT7 7V &5 Z LT, Figd lZr-d

®® @@@ﬁ

F28METETHHEERR

£, MBMA NN = A L% T T 7 4 v 7 AFK RN CTHAE
WCHHRTX, &6, BEOHMBREROETIC L > T
ORI B D VII RN 72 B H & o 72 What-
f I BHRLICTE S,

Eﬁiﬁ?“tﬁfiz%

Untitiedrph - ATRSCS2ERRARE. 2UEXTONNSOEREY a
ATREmIFFTY | AT

[0 L=
ARAEE B4l B8

Lifi—MEs—ILR{E
womsan IHEBIPALBAD k=
I

NEITAIN AT

1
P SELERET
+

1@ @ad-H

20|
10}
0|
-10|
-20|

!WJH (h)
RHFEEUIBERE .
OA~—-1E5E0]EE

T (degC)

B 1 (degC)

Fig.3 Apps for AGF multiphysics analysis.

Cases of no failure of AGF Failure case

- [h]

t=4.5 [h]

t=6.5 [h]

{a) Sw without secpage llaw (b)) Sw, T and streamlines with seepage fow [)t =6.5 [h]

Fig.4 Simulation cases done by the present CAE app.

Z o7 7Y IXGUI (Graphical User Interface) 23V <05
KAIARZ=A XS ETEH 3 ITHATE, COMSOL
AR T 5o TEITBN T 7 A VAL T 1 &
YATZY =T [WoTh - E2TH) FHANERTS.

4. TILF AT 4 THEEED BT
B ~DCAEE T NV OHE TN (®) O A ki
(@) Fig3d LAR— MR D L~L & 3R E T I3
R, B, A v a, SRR EETHA
THZLLETCHETED L EMR LI, ~VF AT 4T
HREIZ T 7V DT — b~ ~DA TV = MEAT
(b) ™A=V T iR E S THMIBOURLE S|
() BT AHERECE T A
WL THEGICEBTEDL I LA TEL.
ERODO)IIEIREOHEEROSRICER (BERX
=« X - GEMP, tWURL~D Y > 7)) |, )ILFERT—
S OBRBIEDOMIA R T — 4 OGRS A TH 5.
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