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Abstract

The violin is a kind of string instrument. The sound
generation is excited by using the bow rubbing the
string to induce the vibration transmitted to resonance
box and amplify the sound radiation. This work adopts
experimental modal analysis (EMA) on the violin without
the string tension to obtain vibration modes of violin.
EMA takes measurement by the roving impact hammer
and the fixed accelerometer on the top plate, back plate,
side plate, and neck of violin, respectively. The four
individual parts of the assembly violin is performed
EMA, respectively, to obtain the frequency response
functions (FRFs) as well as modal parameters, including
natural frequencies, mode shapes, and modal damping
ratios, after the curve-fitting process. In modal parameter
extraction software, the individual component structure
models for the four parts are assembled to obtain the
entire violin structure model, and so forth both the
violin component and assembly vibration modes can be
observed, respectively. The violin’s vibration modes can
be identified for global structure modes by operational
deflection shape (ODS) and local component modes.
The global modes reveal vibration in all components,
while the component modes show only one or several
components vibrate and others do not. The top plate and
back plate are known mostly related to sound quality

of violin. Their vibration modes are identified as global
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free motion modes and fully or partially fixed local plate
modes. This work shows EMA techniques on complex
structure such a violin by taking measurement on
individual parts and assembling to the entire structure for
comparing the individual part and assembly structure’s

vibration modes.

Keywords: Violin, Experimental Modal Analysis (EMA),
Vibration Modes, Modal Parameters, Operational
Deflection Shape
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24 Journal of Applied Sound and Vibration

R MESHAERER (H)

TR AR — JERERR — ~ IR
HRE  HABER (Hz)  [HELE (%) BRE HRAWEER (Hz)  FHEEE (%) HRE  BHAVEE (Ho)
A-38 1315.10 0.66 A-32 1314.20 0.97 0-39 1315.10
A-39 1349.10 1.28 A-33 1347.70 0.91 0-40 1349.10
A-34 1388.05 1.19 0-41 1388.05
A-40 1397.49 0.09 A-35 1399.25 0.76 0-42 1397.49
A-36 1429.52 1.20 0-43 1429.52
A-41 1437.44 0.75 0-44 1437.44
A-42 1480.84 0.01 A-37 1487.72 0.01 0-45 1480.84
A-38 1492.50 1.19 0-46 1492.50
A-43 1513.66 1.42 0-47 1513.66
A-39 1527.90 0.41 0-48 1527.90
A-40 1543.26 0.96 0-49 1543.26
A-41 1570.31 0.93 0-50 1570.31
A-44 1599.25 0.57 A-42 1598.73 0.63 0-51 1599.25
A-45 1620.00 0.85 A-43 1619.82 0.64 0-52 1619.82
A-46 1635.30 0.82 A-44 1636.76 0.60 0-53 1635.30
A-47 1648.37 1.21 A-45 1648.21 1.12 0-54 1648.37
A-48 1666.00 1.04 A-46 1664.10 0.99 0-55 1666.00
A-49 1683.60 0.85 0-56 1683.60
A-50 1728.99 0.96 0-57 1728.99
A-47 1784.40 0.97 0-58 1784.40
A-51 1825.80 1.30 0-59 1825.80
A-52 1869.00 1.21 0-60 1869.00
A-53 1894.19 0.98 0-61 1894.19
A-48 1909.70 0.71 0-62 1909.70
A-54 1922.52 0.64 A-49 1925.49 0.72 0-63 1922.52
A-55 1953.50 1.08 A-50 1952.80 0.82 0-64 1952.80
*/FEZ%TZT}E@JT%%Z%/J\T%Z@%KQ%‘Bﬁgzﬂﬁiﬁﬁﬁﬁk , O%Jﬂ;ﬁﬁi%lz F—02:199.8%—?;{“5%%0%:199.65HZ

HORE NESHVIRENERR R 7 R AR AR B 4]
PRES IR ACHET TSR - B 7 B2 18] 8 - O-01 SR AE
158 Hz 81 0-02 $HARAE 199 Hz i Ry NEZ EEAGLE R

e 1 .

B-02:199.48Hz $-02:198.35Hz

HE » BRI ~ 2511 - (UG - B9 158 Hz - 199 He
WA SEBEATBURRA - [ O Fy/ ST
i 9 (a) O-18/F-14 ST 817 He 5 VAR
IR » B - 0 - MR - SR o

9 (b) O-15/N-07/B-10 $E#AE 760 Hz K 175 75 12 . et Z‘i;ﬂ; :Fu\‘ﬁg\u; bt dod
S BURIRE - WO R o o hCh O SRR TRTLAIR - hupiidx dot
0-06/F-06/B-05/S-05 #E3R1F 419 Hz %75 1H i B 15 i

RN BRSO -




BEREEEE
0-18:817.46Hz

View:
BLX: vs

TR GEER

ODS:817Hz ODS:817Hz

25

SAMEERE
_}éﬁ)DSﬂGOHZ _N-07:763.60Hz

K

ODS:760Hz

B-11:760.41Hz

(b)

TRGREED
_F-06:419.62Hz
= —gj_ B

B-05:417.94Hz
(©)
9 EUUFEEMEHRE ¢ (a) A BREIRE < (b) B
R~ B AEREIRA ¢ (o) |k ~ = > AR
it

S AR » BT HITIE - hip://dx.doi.
org/10.6282/JASV

S-05:417.75Hz

3.3 /MRS AE A AR T 2 IRE) U RE

N REIBAE A % R BN S R
B > T HEAE A ELA S 15 SR R AR - 32
SR B R (E BARR > H [~ /55 1
(TR G 903 ) SRR TR SRR Y B
SHIE - R M R R S MR (S
R R T R8T © 1B 8 0-02 74K 199 Hz
[ By R SRR BRINRE » e FATHERE 2 (003 Bl T
DB H BB RS By 7 IS 3 L 2SI

LT LR R AT B R E G B 25

BRI BIE RV NES X T RS - HEiR e i
ZPHER (X Y) = (1,2) © [# 9 (a) O-18/F-14 /M
SR Y L E 2 R RS (local mode) HA7JHH
BEE WX Y =2,2) &9 (b) O-15/B-11 Fyrii VU
TEZ FEE R YRR (X V) =(1,2) ~ [E& 9 (o)
0-06/F-06/B-05 fy i i B 7y i VU e [l i fog 0 e BB R
HYHER (X 1) =2, 3) BRSPS E
NIRRT FE A RS IR B R SR AH ] MG AT
B MESERHIERRIRIUR I -

3.4 /MRS b B AR R B
REREIE T NEESETEREE T BT
SRR A NRE AR I > AN SR A BRE IR R R
YRS - B 10 (a) Ry G pOiER B ok S A
REHREY ~ @ 10 (b) SRy & BORS BN ch B ARG R
A o H[EIZZH 0 ~ 1000 Hz THiff BLEr il 2 AR A Bl
AR (AR B E BT - B IR & B e & e
Ak BB B0 0 ~ 1000 Hz RS ELES A 2
PARBIRAUBEIIANTR 2 > STEmAT T -
1. F-01/B-01 ~F-03/B-03 #/FH& 3% (X, V) = (1, 2) ~F-02/
B-02 ¥EIESE (X, V) = (2, 1) & RHHAGHAE (global

mode) °
2. F-04 SR MY B E ERYE @ SRR R (X, 1)
=(1,1)-

3. F-05/B-04 EEE 3% (X, V) = (2, 1) ~ F-06/B-05 YHE T
WX, Y)=(2,3) & AuEREE D G RS -

4. F-07 Ryt U & Er BRI E R (X Y)
= (1, 2) {H R RN -

5. B-06 BHE EERIMEYHEHER X, VN =~0,2) &
IS EEHRE -

6. F-08/B-07 Fy 55 = [&] & 5 & i B fe P B 3%
MHE - mfR =6, 1) FRk X n=(1,2)-

7. F-09/F-10 ¥#iE s Bl 1 B A 2 > RERR M
F-10 i Ei4R 575 - B Ay THI AR UE 2 &) 5E Jo 30 1 3ak
RS > (H ARV EE SR/ )N o

8. F-13 s R @ I G 4p TAs - A0 S [E 2 Hi 4y - HEr
FoPHEFZEEFTIERY, ©

9. -4 WHIER (X, V) = (2, 2) KHEKRIYAEEER
ERE ARG o

10. O-24 #H#AE 915 Hz ~ 925 Hz "N LA IR Z fiRE) 5

& GRS R -



26  Journal of Applied Sound and Vibration

F-06:456Hz

F-03:266Hz F-05:417Hz

F-01:158Hz F-02:198Hz

F-04: 280Hz
é’ 4’ éﬁ l’ ué’
F-07:544Hz F-08:676Hz F-09:815Hz F-10:870Hz F-11:898Hz

M#55 FRF 55Z:552 9 11

"o 200 400 600 300 1E+03
Hz)

(@)

KRN N NNE

B-01:159Hz  B-02:199Hz  B-03:268Hz  B-04:342Hz  B-05:416Hz B-06:461Hz  B-07:550Hz

(RENEN

B-08:723Hz  B-09:755Hz  B-10784Hz  B-11:864Hz  B-12.918Hz  B-13:985Hz

M#28 FRF 186Z:1862 ~

0 200 400 600 800 1E+03
Hz)

(b)
B 10 AR AR -
(a) TG 5 (b) 21

ik ASCEE - R E T TR
org/10.6282/JASV

> http://dx.doi.

LA Eafam B mT 3R - i B e i 2 fIRBN AR
EHy Ry BEAarERE - VUFH (S E BLEH R [ E R RRR
DR, B8 328 [ 3 H e D R Sl R > L7 o ] AL e ]
TEZJE AR R R % -

=i
4- Nsysii]

A e BRI ITIN S LR 2 /MES
PRal/ MESIRBMHERER M - HEZGERAT ¢
L. B NeE SRR « ik > fIA - ZSEDK
HR oI T EERIERE AT > DUES R ZH IS
FEIRRE - HEHHh R SHRe R TS MES A

®2 AR IRIREIHEE

TP iﬂ‘;—_lg—{
ﬁl:. db
TELRE (Hz) TR FR
O-01 158.47 EiF= ‘
YHEERE VIR
X, N=(1,2) X, N=(,2)
F-01: 15847 Hz B-01: 159.37 Hz
0-02 199.83 EzE™ ,
YHEERE Y EE
X, N=@2,1 X, N=@2,1
F-02:199.83 Hz  B-02: 199.48 Hz
0-03 268.28 Ezg™
Y E R VIR
X, nN=(,2) X, nN=(,2
F-03:266.80 Hz B-03: 268.28 Hz
0-04 280.61 :
YRR
X, n=1,1
F-04: 280.61 Hz
0-05 344.65
YHEERE Y EE
X.N=@2,1 X, N=@2,1
F-05:343.63 Hz B-04:344.65 Hz
0-06 419.62

PHEEER
X, 1)=(2,3)
F-06:419.62 Hz

UIESE
X, 1)=(Q2,3)
B-05:417.94 Hz




LT R A TR RE G R 27

22 AN RIREIGRS (48) #2 HREERIRENMERS (48)
e PR veee  BER
HE 25 =3 b
TERE (Hz) IR =LY TERE (Hz) AR B
O-07 458.62 O-13  725.68
| bad
YRR YRR
X, N=(1,2) X, N=(@2,2)
F-07: 458.02 Hz B-10: 725.68 Hz
0-08 465.89 T’ O-14
Ve E YRR
X, N=(1,2) (E, ™)=(1,2)
B-06: 465.89 Hz F-12:735.80 Hz
0-09 475.50 O-15 760.41
YRR YIRS VI ER
X nN=G1) X, nN=(1,2) (E, ™=0,1
F-08:474.81 Hz B-07:472.01 Hz B-11:760.41 Hz
0-10 54944 EF= ’ O-16 769.34 \
l 5 b i
YRR VIR L A |
(E, ™)=(0,2) X, 1=(2,3) TEELG
F-09: 549.44 Hz F-13:769.34 Hz
O-11 680.44 0-17 785.73 —
YRR YRR
(., ™)=(01,2) X, N=(2,2)
F-10: 680.44 Hz B-12:785.73 Hz
0-12 691.65 O-18 817.46

'

F-11: 696.04 Hz

PR
(E.T)=@33)
B-09: 695.49 Hz

VR
X, 1)=(2,2)
F-14: 817.46 Hz




28  Journal of Applied Sound and Vibration

%2 EES RS (H) %2 EHESIIREIAE (8)
g o 512 g 512
0-19 836.03 B 0-25 987.99 ’
YR F-17:980.23 Hz =%
X. V)= (2.2) X, 1)=(2,3)
B-13: 837.39 Hz B-16: 987.99 Hz
0-20 85446 [= 5 AR EE - S E T - hitp/dx.doi.
| org/10.6282/JASV
. CEREIEEE - AGHEST & BALE BT MRS AR
R VRS - SRS UL R M B B IR
S-11: 854.46 Hz VT BATHIETE - SR TSP AL ST
021 86929 EF= DG FREEC 5y B R (B4R PR 7 BT B S 7 5
% o
2. NEEHREIEAE TR S BN B SRS -
- : : LA & T A S BB R ARG - SRR/
@@%%2 @§§§_13 IR RBIAE A S A T A IR B - ZEe
T B SR B - RN LR MR B,
027 89663 EE= B o MEEREEAR KB T ) B R R
BT RSAE - Hop R0 - BIAEPER
U REIAE -
3. $HEBIZEErBRSE T AR S - i
YR P P i i B L 2 B B A B P B
%ﬁ?@?&hz B NSRS HE o WA FRIREN AR
o o1san VSR B S AT A 8 N - HEBT I B B/
SREEHTR P E 2 DREE AR R A A TG -
e
Y )
(., =@ AL RH BT a T B AV B A - 13 LA5ERE
B-15:915.20 Hz WIS Dt
0-24 925.04

{HIRREARE
S-12: 925.04 Hz

LYRHE © MOST 107-2221-E-020-018 » 5 [ 255

EZ BN

(1] EAEf ~ BREAR - BB e - R ERERD
M8 B B IR B AR R PR R ST - P E R EIIRED
Bl TR ESE 18 mEtard - 210>



(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

2010 ;5 EmC4m5E @ C-150 o

SHEE S - BN - EAER - S BA - BHE
EPRIE o ﬁ%ii%‘%’i%’l‘%ZT}@ﬂ P L B o
FTAE P ERERE S TR & -
2L > 2007 5 303-315 H -

TN - 23GE - #RE - FHLREREE
I %% 2 BH 3% B 5 B FE B - Matlab & Simulink
s - 216 > 2012 5 Fm5C4R9E - No.38 -
FAERS - HEIR - 5 fth 2 IR B RR AT -
hEE RS EEGE T CEEH g - Sl
2004 ; 197-205 H -

FAERS ~ GREEEE o 5 5% 2 IREY B R MR
af o MERBFEEGE MBS G -
2R 0 2006 5 GwSLHRIT 0 AT o

FAER - EEETL - BEE - RS - BaRE
B BREE ST - P
FERERE) RS TRESMmE & - 246
2012 ; sl 4msR @ C-09 o

TAERS ~ SRR~ SR o M HRIRAE Z IR B
AT - ANSYS 2003 EE & FH R & Eim
SEFEE o TR 2003 ; 71-84 FH o

TAERS ~ BPREF - SRR - SRR E) B Ry
Mz HE - TEREIRESHGEE TESEgE T+
JEE TS & - 2= > 2002 5 245-252 F -
Runnemalm A, Molin N E, Jansson E. On operating
deflection shapes of the violin body including in-
plane motions. J Acoust Soc Am, 2000; 107: 3452-
3459. doi:10.1121/1.429415

Schumacher R T. Compliances of wood for violin
top plates. J Acoust Soc Am, 1988; 84: 1223-1235.
doi:10.1121/1.396623

Marshall K D. Modal analysis of a violin. J Acoust
Soc Am, 1985; 77: 695-709. doi:10.1121/1.392338

LT R A TR RE G R

29



