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Experimental Modal Analysis and
Vibration Modes Characteristics
of Violin

Bor-Tsuen Wang?, Way Long?, Chung-Yueh
Pan?, Wei-Chih Lin!, Jhe-Lun Li !, Kai-Ling
Mal?

!Department of Mechanical Engineering,
2Department of Wood Science and Design
National Pingtung University of Science and
Technology
Most Project : MOST 107-2221-E-020-018

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 renounce box and
amplify the sound radiation. This work adopts



FoL- R EARERFERT IR RFHE PR P EAR-ONEA T Lo P
The 27th National Conference on Sound and Vibration, Taoyuan City, June 22™, 2019.

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

SVM software [ kg

structure model, and so forth both the violin component o S B R E s E ER g B onl g U
and assembly vibration modes can be obsr,)erved, MITRFASERRRRT R LR
respectively. The violin’s vibration modes can be B e

identified for global structure modes by operational =
deflection shape (ODS) and local component modes. The 1= 3 DT ([0
global modes reveal vibration in all components, while the — DR
component modes show only one or several components s

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 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.
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Keywords: violin, experimental modal analysis (EMA),
vibration modes, modal parameters, operation deflection
shape.

M#1 FRF 1Z:552

Log Magnitode (/0N)

AR

1.5E+03 %403

(@) et B %—- 0~2000Hz

2105 2135
SN |

Log Magnitade (2700

(b) et B %= 0~2000Hz

B 5~ 47 5 U S e g 3R E A

186%%
B

55%% 1563% .
B SR - B SR

B2~ | #FLI-EpeP MBS
o ¢ EARER SR 1RS¢

Chinese Society of Sound and Vibration

1235% 1985k

R



E

EFARRR S

1B FFHE PR

":’:3\[&] O\_&_:H_—.J._—El

The 27th National Conference on Sound and Vibration, Taoyuan City, June 22™, 2019.

BRI
0-06:419.62Hz _

IMEEEIR-159~203558,

INRZRIR- 101 1585%R4

B 6~ ] 3 F gt B4

BipamEn
0-01:158.47Hz

THGEERE
F- 01 159.04Hz

&

&

B 7~ B HHC F

BpGmER
0-02:

Eiw B

/
N

B-01:159. 37Hz

B e ] 2 R

AR

F-02:199. 831ir _N-02:199.65Hz

%*\

(4l
K

B 8-

BRRAmuE

B-02:199.48Hz

B ER
DA EEER
7.64Hz ODS 817Hz

0-18:817.46Hz_

e
ODS:817Hz ODS:817Hz
(@ FePBHEEk-o
BAgEmEE fEBIEE
N 07 763.60Hz

0-15:760.41Hz

- ODS 760HZ

# /
i

b)) F&

N

B-11:760.41Hz

ORI B

O FRE SRS 1 AT ¢
Chinese Society of Sound and Vibration

N-01:158.13Hz

S-01:158.47Hz

$-02:198. 35Hz

DA EEEE

__ODS:419Hz

B-05:417.94Hz S-05:417.75Hz

CRE T = AR
UERE FTE
oy B e e s o
A A S i a4
F-02:198Hz F-03:266Hz F-04:280Hz F-05:417Hz F-06:456Hz
= = = =
8 , 9 i 10 ‘ 11 f
F-07:544Hz F-08:676Hz F-09:815Hz F-10:870Hz F-11:898Hz
M#55 FRF 552:55Z 9 ot
% 100 ] 3 5 6 8
g 2
‘ 1
5
2 001
0 800 1E+03
. (Hz)
(a) Ef‘r?‘ﬁ@:ﬁ ﬁt*’%ﬂ%&%ﬁ"‘l
BT P p cEag
¥ { 24’3if ngps‘? 1;,70?
B-0L15OHz  B-02199Hz B-03:268Hz B-04342Hz  B-05416Hz B-0646lHz  B-07:550H:
= B e o e s
8é!5) %i ﬁ‘,u‘?llg
B-08:723Hz | B-091755HZ_ B-13:985Hz

B-10:784Hz

B-11:864Hz

B-12:918Hz

M#28 FRF 186Z:186Z

Logbaznitnde (i)

ODS:760Hz

(b) 447 % 5 o de st 407 45 1)
B 10+ & 4 55 5 e B0 45 )
L1 L RFA AT AL
A R
Wh - F RS | KR 8RS
(Hz) ~ Fe £ (%) | (HZ) ~ Fe kv (%)
A-01]158.47 | 0.88 | A-01|158.98 |0.88| O-01| 158.47
A-02]199.83 | 0.86 | A-02]198.35(0.96| O-02 | 199.83
A-03(268.28 | 0.68 | A-03 | 266.88 [0.70] O-03 | 268.28
A-04] 280,61 | 1.54 | A-04]279.98 |1.94| O-04 | 280.61
A-05(344.65| 1.04 | A-05|244.65 (1.02] O-05| 344.65
A-06(419.62 | 0.95 | A-06 | 419.77 |10.96| O-06| 419.62
A-07] 458.02 | 0.96 O-07| 458.02




%

¥ =

Lo B FARESSE IEEEHE P RAE P EAR-O~EA Y LD
The 27th National Conference on Sound and Vibration, Taoyuan City, June 22, 2019.
21 P RF R AT REMD)

21 LRF D REF LA D)

A-08] 465.89 | 0.97 [ A-07 [ 462.00 [0.79| 0-08| 465.89 | [A-51|1825.80] 1.30 0-59 | 1825.80
A-09] 475,50 | 0.90 | A-08 | 472.01 [0.94] 0-09| 47550 | |A-52[1869.00] 1.21 0-60 | 1869.00
A-10[549.44 | 1.56 | A-09 | 549.40 [1.71] 0-10| 549.44 | |A-53[1894.19] 0.98 0-61| 1894.19
A-11]680.44 [ 1.29 | A-10] 681.44 [1.35] 0-11 | 680.44 A-48 [1909.70[0.71| 0-62 | 1909.70
A-12 691.65 | 0.88 | A-11 [ 691.06 [0.12| 0-12| 691.65 | [A-54|1922.52| 0.64 | A-49 [1925.49]0.72| 0-63 | 1922.52
A-13] 725.68 | 1.30 [ A-12 [ 725.37 [1.24| 0-13| 725.68 | [A-55|1953.50| 1.08 | A-50 [1952.80[0.82| 0-64 | 1952.80
A-14] 735.80 | 1.02 [ A-13 [ 735.50 [1.02| 0-14| 735.80
A-15|760.41 | 1.32 | A-14| 760.58 |1.26| O-15| 760.41 20 FEF R ECE
A-16|769.34 | 1.18 | A-15[769.54 |1.08| O-16 | 769.34 iR 2 $
A-17|785.37 | 1.14 [ A-16 | 782.14 [0.50] 0-17]| 785.37 Hz
A-18]817.46 | 1.17 [ A-17 [ 815.75 [1.19| 0-18]| 817.46 I,
A-19] 836.03 | 0.29 [ A-18 | 836.63 [1.09]| 0-19| 836.03 0-01 "
A-19 [ 854.46 [0.71]| 0-20| 854.46 158.47
A-20]869.29 | 1.28 | A-20 | 869.27 [1.02] 0-21] 869.29 Hz
A-21|896.63 | 1.28 | A-21 | 897.50 [1.23] 0-22| 896.63 %ﬂ%§“YF@5 %wa%mvraé
A-22915.20 1 0.9 0-231 915.20 F-01:15847Hz B-011150.37Hz_
A-23]925.04 | 1.05 0-24| 925.04
A-24/987.99 | 1.09 [ A-22 | 988.07 [0.18]| 0-25| 987.99
A-25(1021.80| 0.80 | A-23 [1022.00[1.06| 0-26 | 1021.80 0-02
A-26(1049.10] 0.96 | A-24 [1049.04[0.91| 0-27] 1049.10 | | 199.83
A-271059.51{ 0.77 0-28 | 1059.51 Hz
A-28|1084.33( 0.49 | A-25|1085.31]|0.93| O-29 | 1084.33 FRELAEXKY)=QL) | PR AEXKY)=21)
A-29]1092.01| 1.18 [ A-26 [1097.20 0-30| 1092.01 F-02:199.83Hz B-02:199.48Hz
A-30|1111.54 0.88 0-31] 1111.54
A-31]1131.96] 0.80 [ A-27 [1130.25[0.89] 0-32 | 1131.96 @
A-32|1147.60| 0.86 | A-28 |1148.10[0.95| O-33 | 1147.60 0-03 N
A-33[1172.25] 0.83 | A-29 [1168.56[1.09] 0-34 | 1172.25 | | 268.28 Q
A-34]1205.12| 1.06 | A-30 [1205.99]1.12] 0-35] 1205.12 Hz :
A-35[1219.30] 0.82 | A-31 [1219.40[0.90] 0-36 | 1219.30 FRLEXY)=(12) | #FELEXY)=(12)
A-36/1245.80| 1.03 0-37| 1245.80 ~03:266.80Hz B-03:268.28Hz
A-37|1257.96| 0.55 0-38| 1257.96
A-38[1315.10] 0.66 | A-32 [1314.20[0.97] 0-39] 1315.10 0-04
A-39(1349.10] 1.28 | A-33 [1347.70[0.91| 0-40| 1349.10 | | 5061
A-34|1388.05[1.19] 0-41 | 1388.05 Hz )
A-40{1397.49] 0.09 | A-35 [1399.25[0.76] 0-42 | 1397.49 FE LAY
A-36 [1429.52[1.20] 0-43 | 1429.52 F-04:280.61Hz
A-41|1437.44] 0.75 0-44 | 1437.44 B
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 0-05
A-43(1513.66| 1.42 0-47| 1513.66 344.65
A-39 [1527.90[0.41| 0-48 | 1527.90 Hz
A-40 [1543.26[0.96] 0-49 | 1543.26 FRLANXY)=QD) | FELEXY)=21)
A-41[1570.31[0.93| 0-50 | 1570.31 F-05:343.63Hz B-04:344.65Hz
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] O-53 | 1635.30 4?;_)52
A-47|1648.37| 1.21 | A-45 [1648.21[1.12| 0-54 | 1648.37 Ho . |
rliseolossT 1 T loseTiesses FRLAKYRS | F7LAKDCY
d S 2 F-06:419.62Hz B-05:417.94Hz
A-50[1728.99| 0.96 0-57| 1728.99
A-47 |1784.40[0.97| O-58 | 1784.40
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# 2 5 FEF RS HL )

320 5 F A FREF G )

& x
T e o | [H] "
0-07 0-14

458.62 735.80
Hz . Hz . .
FRLEXY)12) FRLAQ 7))
F-07:458.02Hz F-12:735.80Hz
0-08 0-15
465.89 760.41
Hz 7 Hz :
P13 %KY)=(L2) L a(C,T)=(L1)
B-06:465.89Hz B-11:760.41Hz
0-09 0-16
475.50 769.34
Hz .l ” Hz "
FEILENXY)=GL | FmREXY)=(1L2) §RPMA B FLER
F-08:474.81Hz B-07:472.01Hz F-13:769.34Hz
0-10 0-17
549.44 785.73
Hz ‘ 7 . Hz
FRLACT)=L2) | FELAEXY)=223)
F-09:549.44Hz B-08:551.18Hz B-12:785.73Hz
O-11 0-18
680.44 817.46
Hz . Hz )
FRLAC 7))L FRLAENXY)=22)
F-10:680.44Hz F-14:817.46Hz
0-19
836.03 ,
. Hz o -
_ PR &, T)=(33) PR EXY)=(22)
F-11:696.04Hz B-09:695.49Hz B-13:837.39Hz
0-13 0-20
725.68 854.46
Hz 7 Hz
FELEXY)=22) 4% HEAE
B-10:725.68Hz S-11:854.46Hz
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g 5
Hz "
0-21
869.29
Hz 5. s
FRLANXY)=QD) [ FEZLAC T)(LI
F-15:869.20Hz B-14:867.10Hz
0-22
896.63
Hz 5.
FRLAEXY)=21)
F-16:896.63Hz
0-23
915.20
Hz r
FRLEC,T)=EI)
B-15:915.20Hz
0-24
925.04
Hz
Rl B
5-12:925.04Hz
0-25
987.99
Hz -
_ FEREXY)=(23)
F-17:980.23Hz B-16-987 99Hz
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