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Design of musical instruments based on precise physical modeling and
high-accuracy numerical analysis
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This work develops vibro-acoustic numerical analysis methods of musical
instruments that can contribute to their real design. The development is achieved through
high-fidelity physical modeling of vibro-acoustic phenomena in musical instruments and high-accuracy

numerical analyses of governing equations of the modeling. The study treats 12 musical instruments
including timpani, violins, and cymbals. The physical modeling involves full vibro-acoustic coupling
and high-order nonlinear phenomena, without any simplification and approximation. For the numerical
analysis of the governing equations, spectral methods are adopted; spectral methods can often
achieve greater accuracy in solving ordinary and partial differential equations than other numerical
methods, such as the finite difference, finite element, and boundary element methods. Using the
developed methods, design of optimal form of existing musical instruments and creation of

unconventional form of instruments are performed.



B X C—19. F—19—1. Z—19 (@)

1. WFFERAE SO 5

BRER OIRE) « FEFFEZ BRI IR LS A2 BEICTHIT 5 2 L1, BRoT A v ozhE
{LICE T D, Z D72t Y 2 BT ATl S8 2D 72 H S OB B R 0% =]
THMET UL LTI T2 L0 HFERE SN TV, L LEBEOREITE ORRLESZRN
BHECTHY, HHET ANOEONDIRE) - FEREIC OV CEm L Th, fREiuIrt+o72
HLOWHKAE LT LE ), AR O X0 B iEiE & EERE 2 B 8 L CTT 258120, 2=
531E(FDM), A RESEIE(FEM), BiFERIEBEM) 2 & OB AR L 72> T D08, €D
X9 A BT 2@ A LT AFZEIC B W TC S &, BIRES CILIRE) - S T U V7 OREEIEN
RN DR, TOFHIL, BELRWIET U o 723 RIS O & 2 5 LB RE F1 03 2k
ENBHZ L E, BEBERWHET Y N TEREE LTHEDOXEGTROEEN D H 5 EEfE
DT DITHEAMBHEARL T LE) ZENR v 7 L RENLTHD, TNHDI LR, X
ZRBAZE « HIVED EH I TEAEMAT(FDM, FEM, BEM)NERH SN D Z L3 -> T, MESCRAN
HDEFRERNOIEMEINTLE D THEARHAHATHD, EMERERFIIEZEZ WS,

2. Lo HB
U bEDOHEROL &, BFREENE Z 22RO, IR8) - H a4,
- BEEROBIREHIET 0B ADT L—F L 2R B RV O/ S WEHRAR O F £,
CEERDOT WA VNCHEICET A ENTE D LX) ICERENT S

ZEThDH, BT, FOX D RERERRE - HFELEMITITHL - T, HORBROHBE X
W TRT 2 2 6N TED L2 NUE, BxlZZ0ORMEEICHMTE- L5250, T/
b PEERORS] O & L COMITRECHINIINCHA LW THh D L ZAD, LITOR:

c BHDOEERE, FTOEBIELLOTHD LD DN?
c HDHEEITONT, TOEHZO LIORG LI1X{7eD»?
WX LC, 13HEME « B 2 fE o T ER) - ERMRIRE 2R CE L REMNH D, LTI D
RENE, BEROT VA ARETOBIHBRE~T 4 — Ky 7 TE L REMNH 5,

3. WHEDTIA
AWZEIZIE, RELSZGTTUTOONL@OD 4 >ORM(Tny =7 MNBd S,

OIRSE) - BEHEET ) V7 OB ey =7

BAR OIS - NMERRE O E 72 MBLE T NV 2 2T 5 Z L 8T 5, T OB R % T
THES, ZNFETEHELLWVELEND Z DL o7, MREZOIERIIE, RAERR L
OFEAEM, BIOEEARHREBICOWT, TX 9 ARV BB FRBLT 5,

QBRI O ERBET 1Y =7 K

FEEAL i ST X AR O EW® D & 2 BEfif 475572912, FDM, FEM, BEM O X 9 72
— WA IR BUERAT TR AT, NS WEHR AN CRENCEREE e BEMR N EF 6D AT |
JL{%(Spectral Method) % A3 %,

LFREOOIZ LV EEINT, BT A NNCHICET D LN TEOHELAT OIRE) - 58
BAafptr gz, Fii®@@o7ny =7 h~FIHT 2,

OFHBDOT (> T V= 2 |
RO & AR R ZH S LT QRIS KIF T 22T, BB L ICRE
T 57 FA AARSOBAEND £ 9 BB RBOWEOAE, b5V EHREFEORE b & T
BUBIEOAVE R A D, 2T 5 7 A ViREFE L, &GOSR KIET 5 KB - &8
FURHEDS K D SIS NS L 2IEL TR Y, BIEO MBS CHEEFOMILE BICRIET 75,
SEITIE T2 K 5 U2, AKERRHT AT & > CREBO AR b ARIUE, TET 4 — /3y
7 LTHMICRESND Z b HY X5,

OFHIBROT 1 b & A THET Y= s |
BA%E L 7R E) - S EEARHT AT X o TR SN HTHBIEOREBIC OV T, 20T 1 b &



A T RECHIET D, 7a b XA T OIRE) - WAL L RE L, P OWEIRONERED F2H
SNTVDEDEHERT 2, SBIT, BOOTEFHMEFERLIT-> T, FilloFEANER SN TND
BT D,

4. WFIEERH

£, RIS RE LTV, T3 =, UrAA Dy, 2 7UionT, £
TNORIR T LIGONTMREUTIZE LD D,

1) Tq4 3=
-1 12, AW TRESE LT2T « v =% Lo & T B ISR O M LT 7 AL O 2 =74,
~y ROREIGIIEN 2/ T R E L TWEEET Wb 5, v b v MIFERIE AR EREZH

T5 1 ERfkeLTEET LT 5, LT, Zh b ~y KT
LA RLINERES, AN & 2O S 5, iy AT
BAEfT FiE L LCE, 74 = DR R TH e

5o LRI B LR ERT, MEAKNOT—) e 1 |
THRECRBA L, EEENE BT DAY MAEOBEME e

MHAA DRI G « SRR TIEEMBE L, Pt
IO DR 7 vt A%, BIRSCHE 28 2 72n

5, BIE, EMAMEYIEL, OB ICE SN T

SATSERICILT 5 LV LD Th D, ABIFETIE, AT B

B A b T3 & L T #E 9  fk (Differential Frikv=m)

Evolution: DE) & Fu iz, StEfliefbatis (AR oo L8lsT

i & RIS R DA 250 T 4 TRERHE) ICE K1 BSSEE 0 AL B b

D, T4 YR= e~y NORBERGT 7 L — b —7 24 ZOYEET AL
Lice T4 RN=DEFEAORELELT, 2O
I FIENFT SND, T 4 8= NHER Y Yy BEL 4D @) @) @y G

FREAT SRR LRl T0s, cnomee(]) (D R R P

J: D ) ﬁ%?ﬁﬁ&%&ﬁtto)%%?é@ 2 %%D;& H BREROHD

BBKE L, ~y KOYL 7R E, mE g o o e

Ep, 77 MVOREES h ZRFHESE LT, Bl Cgne vusmose U rourmeona

BB EME L, B3 1A S Ao ) 2 e
ARBISE 27~ 9, 50 HAREICKIT DRFHE EEGEESL
BOEL LT, E=9.15x10°Pa, t=0.670x107 BFE-FERMIEMLCESILEED, BEn (EyFE) 262

m, p=717kg/m’?, h=0.100m Z#57/=, F-11I, B-1 74 R=OEEE—KIOUT

oL ETOEAMEELEEZRL TN D, BJ-2 ~v R OEAREE— K&

T4 R=DE y FRRE OBFR

Q) vrAAU v

SORENS &, BOKIRENG 2 UL U 72T T 6
%, BLY, BOEMCL DS EOHMEE G EE LT .
RN FEA S Lo, X410, K CHEE LT 7 A
AV DLl SOMELE T MEOMINE &2~ T, 55T, W
REE OBE L LTET B L, BEABEEREIC X
BRI CHEAE T D, BIZoW T, FEM 12X 5%
EMNTIC CRHET D, BOMREEZED I B, SO, -~
v R, 7yl ZIICHONWTIE, 3 RITHMEARESE -
LTCTET LT B, 5ORITONTIE, BHIOPNPST-
PHEFL L TCET/MET D, KEBDOEDMOEERE AR copde
REA L UCHBAHRE L, e DDA AT s And  opeei e casalibli it altaliiittastat]
RCEENTZEERZOIRHFERENXE L THALTDH, £ Generation
TR OFTEHERNE, 1 BoOEMY TERE L TELY K-3 DE IZX-o> TAR I =4
b, FORFEINEITZEMNEC L THESN S, K-5 2B 5 BRSO

13, REMTREEZEMEKE LTRLELDTH D, SUTEEROfE, FRIIE RO
i, BEFOBKIEE ORI, SoX A0 EYE % 7R T,
AERITEREPDEAINTZ LD ERS>TND, - s _
BRI TR % T, B OB R O ﬁ%ﬁggggifﬁﬁméﬂt
BT 2~V DR VY B OB S 2 5 BB OME, )
BEY, BOWY—77 A 4) CERENEMRT p8 TN [l falfu fn/fu S/
RAEANT = ALEFT, K613, BRI 3000 | 153 201 248 204
DEFOMRRERE R LTV, 0=0 EOSH(S4 00 [ 18 200 205 2o

I S T ) (213, Sk CRBL TG o | o2

Objective function
N w » ul
L]

=
)




IR LND,0=45 LT 5 (EEHEITH) &,
REDINZ BN TWD Z ERNG D, BIZ, =90
ELT5(FE2EBFRICENIED) &, REINE
W2 BN TWAZ ENGD,

3) v

UV, IERIEEIN T ORETHD Z L)
5, IEMIIT R & LI D 2 =— 7 7388 D
—DOTh 5D, K-712, o)L OWHEET LD
FHEE R LT, Yy 2NV ORIRIE, HBOEREY L L
THHET L END Z EN—KITH L0, K
W2 CIZZF NI Z T, 3 v 7S DR E SR
LUy e—b, FIBEFICBED L NT (AT 4
v 7R~ by N OBEF R ZEE S -
ETVERZRZE LT,

K-8 1%, ¥ 7L OWBRENT OFf 2~ LT
%o NFhEMIEST2HE (Tight grip) &, #%<
o756 (Loose grip) 12, T 7VILDFHED AN
7 ha T NEDIIIEDLDEONEHE L
MERTHD, BBEWEKSNRKE 2RFRENEZ S 5
TENDEETRALN, 79 vivaFElidng
LU NINEDET DREEEHCE T\ 5D, Loose
grip DA, 7 T v v 2 FORBEN AT T
RKEL o TWDERT BN BND, HEROME &
EERHEOENN X Z Lo FazEll
DFRBLNARER BT TV & AT T

Bow stick = 3D Elastic body

Bow hair= Stretched beam
. Bridge
v, : Bow speed fixedg— end Bow stic

at the hand :
boundary condition
(constant value)

Bow hair

v, : Bow speed
at the string

Stringms String

XK-4 A AV UL EESOWEEET UL

B S A
IN
VH Bow m String m
(FEM) (Theoretical
VB (N Vs analysis) VA
B’ S’ A

v, : Bowing speed of the bow at the hand
v, : Bowing speed of the bow at the bowing point

Jy, : Frictional force
v : Vibrational velocity of the string at the bowing point

v, : Vibrational velocity of the string at an arbitrary receiving point
-5 SOXAFI T A%E D EREIRE)
DEE A

AT 5 Z ERTE . s

BFIEDMERRIC X 0, FHIL M x5 & L e
TV b DLSORERE FohB M L7,
ZNLIONT, ERENORBT Licfg m= T el —= e —
SNERREUTICE LD 5, —

— ————

@ 7

BT 550 3 YEZEMIED) (HHRE) & it —
R & RSP O KR TR, 7 8 -

JEDRFRM L BT ) v ORI D

0 = 45 degrees

WHEDEE SN AR AEEL, S
Dlinr~— LMo 3 WITHIFEAAE
HaZB LmEET Ve, ZOERE
BUEARNT FIE OB 21T o 72, £ E HW
T, ED LD eSS W T2 ST
HE, BT A0 3 WonZEMEE N AE L D
OMPEHRT S L, BT FoRE A
F7e D “UCRANS B R D E S W &
T LD, Nv~w—, BT 5%, 7
Uy VORGHESH AL LT,

F-, v — 7 O EHHEIRE)
BELTDEAFTIIRAEEBRB LT
JBEDOIRENGOWERE T ML &, E DO ERE

-6

0 = 90 degrees

M 0ms

12.6984 ms 19.0476 ms.

25.3968 ms 31.7460 ms

BHLREIC 1T B 5 OB ORI 5 R

SOBRLDOME ORMRERFT 57290,
= Z FERCT T ~MER S 725G (B BIELS,
0=

0,45,90 YD EMERERT,

JERAERAT RO 21T -T2, TOMNTFEEZRAWT, BT JEBICBIT DX v F OEVINR,
YT ) DEEICH 2 DB ONTORHNEIToT-20 M T, v FOENILIZET ) OEE
OHIE O Lot EDBLENS, N~ — % I OFTERIGEOT A &2 1T o7,

B) =L 7 Py I R=AFH—

BE% - BIBEIRO—MIE LT, =LV M) v I R—AFHZ—DOYHET LEHBE LT, %L,

WA AT DRREGE LT, RF 1133 WoTHIERIRENS & L TBlE 7 b LT, FRg,

%

IR ORI R TETH D AT v TRIEZE LTEMIET NV 2 RE, TOXR R LHE

L, ORI & FEE L7,

(6) AT FZ L

ARXT EMEHINDF X U —~y FIZIRONTOWOIBIERDESRDO XA T I 7 A 2EBRE LY
HETNVAEME L, ~y FIIBIREYS; & LTEET e, 7 MAROES Lk ST,



AXTIIREIRENE & L CmEE T UL, ~

R & OWEZEO TR E ML LT, IRETIE
ZHWT, AXTOREEZE2HZ LT, Hilz
BRECODART KT LDTHA v EITo72,

(1) /e o e
~y FIZM DD EICHRT D~ B 2 | 75 - BRI
OYEEDO R —E, B L0 brdkinol (L S8 e

Ui 70 W AZ RS D TR DO AR —ME & B RE L
TeWBE T AL ZAT O LIRIT, ~ v FOIERRIY
PEHINER U 7o SRR 4L L7, € D3l
TR OB FiE & LTE, A7 FLik S TS
DUABATV, WL - SAFLER ST, Crrmmmmms ]
BRTBICL ), AROE YT ERBERDD g7 osv—t~iy hoFAT s AR
FHRZHA LML, S BT/ DOEZEE DR ST L DT T AL

D -OThHD, EyFIIA F(EyFoBH T

AR) T D 2 LR WREL 2o T,

Ly 27192,
V) ULOIRENS D@

(8) —#H Ly FOBRERXY Y2
e T RRY T AR I DEAF Iy T
AuBE LTMILET MEEITV, TNEETE  olur . avs
RENDOEMEIERBLA~EASTH Z & T, Bk 0o
GO L0 MR RN FIE AR LT, sk (B o
%), BIOERFIM IXENEZH T 53R w{

e LT, SR E), By 7 (B 1T = U OENERA Y g
R B8R\ O RIRIIS b L CHEE T L A
b Ui, MR CEER) ORI 3E B LT E oD i (38 o
BOIZOWTIE, BAEATHY =L LT, e s e ’
WA CGEED, 3 L OBGEB) 13, ABRVER o n
DOz L TYHTE ?/V’ﬂf‘ L7, ?%%ﬁg*ﬁq’: ST ORB IR OANS N OIS L

EICEY, THOFEAERESTAERAHL K-8 T VOMELE T AVFELS RGO
T ERN, 5T, BRI A0 3k AT va g Tk
JLZEREE 2 HET S Z LN ARE L AR o T, NRFOIRY FOBENOEEE LTS,

(9) 7‘::1:1

B TR E L THEEFAD, VT RRy I A X I DEAFTI T AZEE L
BRI FIEE F = S L, F o o ORERED 9 5, TR 26T 5 285
ELTC, B =2 REATIENR R VEE ORIEES & LTt eT b Lz, v 7 « AT
4 e T D e T LB — R e NZN— T = VIRES & U CTERE T U LT, R T
IZXY, = FECOMEIZ X - T, LR OFHIT 5~V ARV R S VD F TR
MINEAT D ERHLNE o7,

(10) %

B FPRER DO — DO THLEOWHET VEBE LT, SRTENEZAETL22EISE LT, A
EAEIT 3 ROTHMEAIEEN S & L TEEE T UL LTz, & 512, NEMETN 58 BIZ X 58550
HET L ELT, INEFEOMDAT 4 v 7 « AV » S 2 GO ATEEHE L, BZEE
DFEVPER T HFEOLMERBATEI2YDEET NV EFREZHBE L,

(11) #sE

MEEZFTOMWEARDE A F I 7 A% BB LUIZWEET VAR LT, AT, HAMEY =
o, FRIFERMGY =L E LT, EARTRIERS & LTI eT Mb L, 2o 2 E S w7
WPRE T NAFIR AR LT, BB FIEICLD, EAOMEDE WL, vz LDERREDY
ML ORI B & 2 5 F AL O RBEN [ e W EL T T L & BB T2+ 5
T ENTET,

(12) BT 7V Fxy bERFT Ny B)

EABE DB WP E ST L Th 5 Schumacher /(7 ) %y NOWEEF L), BIW
JENT AEFRET V(R T oy NOWERET V) LB L, ~VEIOWNHES - S5 3 Ioe S 05
BEGOIMHTET NVEMBE L, S50, BEEHORELEZET L7201, iy o VR
@i E L TWHEET ML LT, Vo VIRENGIXARERIE, 8055 3BT %5 5
Helmholtz-Huygens fi%) H R CTHE LEE R ERIEIC L - TERIEMHT S, 5 Z2mu)ic 7 v
L7z, ZHUC LY, BIROIRBEE L, ~OVERD O 3 Rt H BT L 5 F OB LA R i hE
BT T VIR AL LT,



9 8 0 0

Nao Sato and Toshiya Samejima 44

Vibration analysis of piano strings involving dynamics of hammer shanks 2023

Acoust. Sci. & Tech. 230-238
DOl

10.1250/ast.44.230

Fukiko Ishida and Toshiya Samejima 44

Physical modeling wind instruments involving three-dimensional radiated sound fields 2023

Acoust. Sci. & Tech. 247-258
DOl

10.1250/ast.44.247

Shintaro Sakai and Toshiya Samejima 44

Vibro-acoustic analysis of cellos using the finite and boundary element methods and its 2023

application to studies on the effects of endpin properties

Acoust. Sci. & Tech. 259-268
DOl

10.1250/ast.44.259

Toshiya Samejima 44

Vibration analysis of a bowed string involving dynamics of a soundbox and neck and its 2023

application to a Chinese traditional bowed string instrument “ Erhu”

Acoust. Sci. & Tech. 281-291

DOl
10.1250/ast.44.281




Yuya Oguchi and Toshiya Samejima 44
Physical modeling of Japanese temple bells using thin cylindrical shells involving dynamics of 2023
clappers Shumoku
Acoust. Sci. & Tech. 292-301
DOl
10.1250/ast.44.292
77
2021
277-287
DOl
Toshiya Samejima 42
Nonlinear physical modeling sound synthesis of cymbals involving dynamics of washers and 2021
sticks/mallets
Acoust. Sci. & Tech. 314-325
DOl
10.1250/ast.42.314
Shu Sekiguchi and Toshiya Samejima 43
Attempt to create unconventional tones of snare drums using numerical analysis 2022
Acoust. Sci. & Tech. 117-120

DOl
10.1250/ast.43.117




75

2019

412-418

DOl

30

2022

2022

2022




2022

2022

2022

FEM

2023




2023

2023

2023

2023




2021

2021

2021

2021




Morse

2021

2022

2022

2020




2020

2021

2021

2021




2019

2019

2019

2019




2020

2020

2020

]
https://ww.kyushu-u.ac.jp/ja/research/information/artdesign/design/design4l
Recent Studies at Faculty of Design
https://ww.kyushu-u.ac.jp/en/research/information/artdesign/design/design4l







