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Method and system of measuring resonant frequency of
loudspeaker vibration component by vibration exciter
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Abstract: The method and system of measuring resonant frequencies of loudspeaker vibration components is presented
by using vibration exciter in this paper. The vibration exciter is used as an excitation source to excite the vibration of
measured component. The vibration acceleration (including amplitude and phase) of the testing fixture is measured by
acceleration sensor in real time and the measured component clamped by the fixture can be ensured to vibrate up and
down smoothly in the measured frequency range. Meantime, the vibration displacements of the measured component at
different frequencies are measured by the laser displacement sensor to obtain the frequency response curve of the ratio of
the vibration acceleration of the measured component to the vibration acceleration of the fixture, and finally to calculate
the resonant frequency of the measured component. The experimental results show that the measured frequency re-
sponse curve is the same as the theoretical one, the repeatability and accuracy of measurement results are good, and the
types and range of measuring vibration components are wider.

Key words: loudspeaker; vibration component; resonant frequency; frequency response

0 5 &

Y SRS (AR AR AL IREANE O SR
SIS LIRA A7 75 3 (10— T B R AR . B
I 47 7 SR IR B A SRR AR 10 759 2 B [l 2
T, e B a4 PR R ) R P A
MRS B AR AT BN A IR AR . 12077k

Yok BEA: 2019-01-10; &[] HEA: 2019-03-20

PEZ I BhODi(1994—), %, WiiLFEMA, WLk, $7rmA
AR,

BiflfEE: AR, E-mail: wenzhoubin@mail.ioa.ac.cn

PSS S I E R Q EBON. ROTEUR. EN
BOE T AR A, I HLE SR 75 A B3R
BTN TR IR, TR e E A
2| R, AETVE AR —E M. HATR
PRz 1 I B 2 BRI A, e E R
N0 B AP A AN (R0 R I B N R AR B 2 72 it 2
FRIHICIRIA o 1T %5 Ve LU V8 B A0 8
5 W 4 75 s 2 8] R A AU AR TR A R I 5
W, TCVEHR ORAE SR i e s 477 e A H 8
o 7 A i3 B W ARl R Y, BT
FIT 00 B2 75 28 N S0 (0 IR Bl (57 B 9 =R o 7 il 2 W]
RS> B 2Nl i A AN R R P e 8, T 3



6 M

PO AE: — PSR BAR A8 i 1947 75 AR R B AR AR SRR A R T i R R Gt 645

BUI I EAF R FIHRIRAAE R %

B0 BRI, ASCREH T FeR TR A
Jih 7 AR 3% 75 A 3R 30 A AR I B U ik R
Gt o BT SEIAS I S HL ARSI Tk (4 s R A
f37), TR PRI B I A AR IR AR A2 A 7
E2 e e S e PN S S M el S S R )
PRI, R AR T2 A4 M 7 ) AU 1515 21
W E A 1) A AR R 5, AT T4 3
FEORMER IR, ks 7 IR S Rah
PR AE AL IRA A AR

1 R G B

AR 137 7 AR sl E A SRR R 4t
WE 1R, EEE SRS DhERBOE W
B WIREE. A BB D AR R
R B AR RS G2 B R 25 I 52 7E I B S 48
JEH, WO AR s [ R AR I B SCER T s il
(R4 ARl SR e LR, % e BL T AR IR
e b, N AR RS AR A b WO AR
i R H RO 6 RO AE R B AP 2R AL

e A abcd—PELYR
(LR \‘[i‘j‘

| 55
sl

h.ij — i FEAE R AR
1 NERGRER

Fig.1 Schematic diagram of measuring system
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Fig.2 Schematic diagram of vibration isolation system
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Fig.3 The flow diagram of measuring process

PN SR S MR RN 2 T
5 E & MR R RS AN L, DS A e B
RO (B MR A B EAT AR B .
2.1 BEMAEZIRSIHANBE

A 3 AR E —/N I, WO T B R e Bk
FRAE IR A AT AR S, ASCRA T 3 Kl
PRATAN 3 R AR AR (BN R e A R 3%
A . HMEABIKICE B3 A E L IRS)
Ik EEAH R, DU AT A A R L e R A A D A A
W EAR R AL ARBME LA ]

¥ 3 HEIRAR D HRIE N ev fAl g, FH 3 H
DIE AR IR 7 AARIC A by i M jo 25 3 HBIRES
BOEMABE, X3 REdRASE — R s R ks
AR MR A AT BN RSD: FEfERA B3 R
IR FEAR AR 2y AR 3 M B RS I (S
Fo 4 3 REIRAEATE n IR, 3 HBIRAS
RN 2 BT Ue™, Ul FUse” , i 3
TN T A S 2SR B 38 1) S B (VIR Bl I B2 4331 i
H AN, AT A% ¥ 3 PR SRR R
& U, KRN

U,=(Uie”, Ule”, Use”) (10)

T3 20k FE A% JE 25 4 b B HR 2 I ok B 1) &
A RIRH

A,=(41", 4% 4e7) (1)

A DA M A A, RN R U, 2 (8

EVEN 2019 4F
TR R
A=UM, (12)
KA+, M, NRBGERE, EARRN
m'om
M, =\m" m' m’ (13)
mgh mgi mg/

Hep, m (p=es fr g q=h iv HFRIRE n KIRS)
AR p FEINR AR IR g A B BB & .
A REOERE M, A 9 ANRAEEL, ik, o]
DARREE 3 AR SS AT LL IR 50 3 RIS 214
B, RREINZREHEEM, .
HRHEER n—=2 IR\ 55 n—1 IRFNER n IRIRB) I 1R 4
AN, ATB TS A T A

Un72 An72
Un—l Mn = An—l (1 4)
Un An

HEXRQHETIENUM, =4, L4, U M
A, 53 A B T R IR N T A R R S SR AR
et Ti TR, RIS 3.

M,=U"A (15)

Hrp, n>=3,

W 3 HBARAS AT 3 AR FIRIERFIAN F K A]
BHMRU. U,FU,, IHEE 3 KIS G119
HREINE B N A4 IR EE N e,
DI 32 7 TR AR 2 A N B P LA SR U

(1) RAEFLBEM 3 REIRZR I YILh N B
JEIRE U, U, MU, Bhieas T/, 3 RnEeE
fE R RE RN TR 1. 2 A 3 RIRBIINIRE
AN AN A, T A,

(2) 753 HEIRZREAT R n R(n=3 ) RBhZ )5,
A DRAE Q6 EAR N —IREPEE at+1 OIS
S ERY N R ]

U, =AM, (16)
o, RBUEME M, 720 SRR ET 3 IRIR3)
am b AN TSR], B M =U, "4, .

(3) HHEU,, P55 EERRANBEEE S
Jih 3 FOBIRES TAE, 3 FOInis B AL s s bkt 1
PRSI EN A, WA, FHHEE A A
e N

e=A,,-A' 17

L EAE /DN T P 8 BTN B R 2 1E e, (T
FhMEEEAARGT), ML W, HEIPIRQ),
GRS — IR,



6 M

PO AE: — PSR BAR A8 i 1947 75 AR R B AR AR SRR A R T i R R Gt 647

22 ITEHIRE
FR AN AT IR Bh B Az e St 42, 115545 3]
B LR iR R RSB IE
T3 EAF B WA 1) [ e A A -, JFR
A RO HEARBILRIER . B fEar .
1) TR R A

~’ R2jyo+ax=(2jyo+a) ) x, (18)

XHE, BRI R SR (At i B SR B R
SNANTE L &, ) A (5 BB BRI 1 B AR sl i
R X )2 I8 )36 bR BT 3R
2jyw+a,

(@) Yox o' R2jyota) (19)

KA T LB R BN — B8, NETIHHE,
AR SAS e bR BOIEAE 00V 5 SRt T S0 & . A%
14 B BUIRAE B0F T N

4’0’ +w,
o' +(47° 20, ) o’ +a),'

K S RN A5 38 AR DN A I ) ) A 3 ) S
LRACN h () » MR 2 £ AT 5545 21 4% 8 b0 B
SFITHISIME, 12N k(@) - 3] MATLAB cftool
e TR B XETTE, RYEbrl
EAFENN |h(o) FIEIZ, ATARFE| H (o) RIER
H B [ AR @, MIEI R Ty S5 ARG 2K (9)
AR BRI £, .

3 SIS ARG S E SR

|H (@) =

(20)

PSS RGNl 4 Pos, A 3
gy, MDA B (AR R SR R A
WM IRBEAFE + WOC LS 1% RS PNk JEE A% Je
55), AN BR8N 2 DhREN LR (B R D) A T8ORS <
MO ER), TEDAE SR (R NI
PR 2l RRAIRE &%),

K4 SRS

Figd Photo of experimental system
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Fig.5 Photos of the measured loudspeaker cone samples
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Fig.6 The measured frequency response curves
of different samples
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Fig.7 Comparison of the measured and fitted frequency
response curves
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Table 1 The measured results of w,« y and f; for
different samples

FE b G5 oy/(rad-s™) y/(s) Jo/Hz
FEdh 1 352.84 24.88 56.01
FEdh 2 357.77 24.92 56.80
FEdh 3 35791 24.78 56.82
FEdh 4 356.65 27.41 56.59

4 NFE LIRS )T 251 N 56.56 Hz.
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Fig.8 The vibration displacement curves obtained by direct
measuring method
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Table 2 The measured result of the resonance frequency f,

by direct measuring method
- Jo/Hz
i B Bk
Fedb 1 53.63 53.76
Ffdb 2 54.67 54.75
Ffib 3 53.43 53.51
Ffdh 4 54.08 54.13

4 AFE SRR 1 $41H N 54.00 Hz.
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Fig.9 The frequency response curves measured by the method
in this paper
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