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Experimental study on the phenomenon of “local resonance” in

compound ultrasonic vibration systems

JI Yuan ZHANG Deyuan
(Beijing University of Aeronautics and Astronautics,

School of Mechanical Engineering and Automation, Beijing 100083)

Abstract Based on a series of experiments, the phenomenon of “local resonance” in
compound ultrasonic vibration systems is studied. Experiments include relations of the
length of thin threading beam to frequency of resonance, and the effect of the ultrasonic
vibration systems on the phenomena of “local resonance”, and the relation of the length of

the beam to amplitude. The experiments may help in the understanding of the mechanism

of “local resonance”.

Key words

1 3]

i}

AL AR 1982 FHEER, N
SWMFEAGRRIDG, RELEBSXH R
IR WRHAT THLEPR, JFEAELRL
e B EIRN A, e BT FA A AT DA R
“RERILRT WEEAR SR EEEE SR
BRSGH, ATRHLERAK, ARFERSE

.6 -

Ultrasonic compound vibration systems, Local resonance, Experiments

SRR S E AR R AR BONF 0.3), TAK
LUy F 3 S S FARIB I UL R S R
WIHE WA,

4, BEAEREET RELE YLEY
E O RE 2%, KB HLERRS R T 30 [1)
T R IR AR, 24AT, AThE RS
LR B A BEUR T RS A BE 287 A 7 5
BRABE|Z A, WL K TR E e RS IR BN

22 % 6 M (2003)



MK T R4 Rt AR REDIR
AN, ASCfE BB ARSI E FBot A
PR 2 B 8l ) A P L A SR Bl R B R A AT A
“BEILHE" AR, URETSHX SRR
= MR FWET T AR ANLE,
I BXTE A RYLE BT T VIR EIR AT, A
R BISRIEERG T H L KR,

2 HWMEKARBLRAENL RS

0P 1 FTR, WA R RN A
GRELUTF LA (1) s, W
BB AT B A AT R B IR T, Best
RETE. 5 EURASRF RN 45 B4, 2
WEFFASIR L 4, SHERE AN 23 mm, BHEEA
TR TAESR 19kHz; (2) 3 E PHILTEC
AT HEEFSOR SR, T PB4 KT 830
M T SRR, FCOERERE AT LUAE) Lum, %
HRERBE 120kHz; (3) BAEWESEE
C MR A e (e S T
BE GBHICHILTH#E), 5 TRHIE RS
WARIAK, AR PR
BYE, HEESPEALUAT] 1 He, G5
ELETR QB ERIES, (1) B
REGEHERIR RS, RARNIE CHHH
BB AL R AE LR F AN R R S, FTLAME
O 2 3 TR AR A e 28 10 Sy
Ve, 0T FAE L PO T AR A

EEEEERE  APiRAT

FRHT WL
EY
h_qmi%%
P N
s (esrmmn

B 1 AR R RS

LERAOEEARFOHEREN
535mm, HEH 6mm, FF53CH (1] # B

Rl

P R R B AR AR, KA AR RN,
AT HENE, FRRIEMKEFO—3, &
AT AR A 3D R G RN R WA T HORTS
PEAT, AR LR L TR R EE, X
KA RLL 10-15mm 4 B4y 3% 5 48 5 40 AT
WK, S4E - KENBEEAREHT—
KSR, W RERERER fi LR
RT3 A, RSB FIEE
FE&EAAF 15kHz-30kHz ,

3 WRGEREHNEBSH

3.1 WA KESESRIARIERREZE
MXER

ARG MR REE RN (L >
300mm), B SRS FRAFTPEEAN (15kHz-
30 kHz) FrE BB A m) SEHRAEAS, WA 2 Brw,
FEFTRVE B 40 AT A AE 3 YA I L3RRS,
¥ BREE MR ENSEE, TR R
REHRA,

—=— N1
——-N2
——N3

30000
280001
260001
24000
220001
20000
18000-\—‘_._._,“‘“‘\
160004yt 7
320 360 400 440 480 520
HHAFCE L/mm
B2 AFFRESERFRNXR

R IE fL/Hz

Hip FEMHRKA—mEE, —%E BN
MR fon AT LA RN
c
4L
He, ¢ ERTERAELEHPABEFAE ¢ =
5 x 10°mm/s, BUAEAF L = 400mm [, Fip
PIRME fy(FEFAHVEE P 15kHz-30kHz, 1

(T

fin =(2N +1) (1)



17 kHz) %
fnvi=15.63 fny =21.88 fy3=28.13
PG g veiy 8
N1 =176 fi, =21.58 fhs =276

B AR 17.6kHz, 3508 A % 19um
LAKAF L = 200mm B, BiHEREER
N A
fn =18.75

SEBRIR LS 4 18.58kHz, 7EX 51K HHL &
KIRWE 2Lpm, BRIDERIRLS §+ 5860, #
EFRRREE S EIT E AT, RATRDE
WItHERMABEIF REETYE, F—1
HEE A B DK R RIS
PR — A - WERPE S IR EHE, A/
EABERT B3R E A — 2 R A0 50 B K Ik
W, WE—HRR, B EARNE M0
KRB E MR BEE, (X0
XN I IRIE AR A IR, B K PRI R E
17.6kHz , FCATLARY, “BHELER" A5
BASLAFTER), RRY, “REItR" AR 4HEXN
B2 TR R MAEL, maArcE,
BRI RAE U R BN, R
LR AR EA KRR, A
RBAHRESMNARITARREE AR
W THISER, Ak, WAIENZMERERY R
AR MRt iTitie.
3.2 EHARMARGBIRFESFMILIR XK
#

R T, BERTSAKHZ
Bl &SMEE, MIRFFAT LA EAEE SRk &
GERPLL AR, RIEHL RS ) wL)
KA RTFNEE S SR AREEROINE 3
PrsBIER g, A C KPMEAKITRE
TR ABEE, BFRFHEEEETEE
Co BRERBASTIA KA, RALSERRTAT
BRI RRAS I, A S B B BEAT HL D,
FEEALEIEGBRE C ARNABEIMK
8.

A S B BAAT, HAKHKBRE MR
PEAERIRE R, AR ARG EXERET
ARLARKELIIE, FRERERE.

Cl L3 #KH C3
|

—I—CO CZTIE

B3 HARGRNALEN DB

HAEBEER LI Rl

RO R3

AR BRSO SO TR A
19kHz, SEfR TAF B IRFIE A 18.04kHz, 25K
BARAEAREE, BTHESRELEAN,
AR AR BRI S B R I SRR R W
FHAY .

21000

200004+ =Mt

! IR Y
19000t~ H S

RS V/Hz

180001 ;1
1 i b

1700071

16000zt - X

B4 il RA R S IR B K 7

W 4 P, R RER AR, A
AT S A Fo AR M A AE B IR AR IR R R R 7
16.5kHz-18kHz Z[A], B KFTELABSIR
Bt fF FE R, (HR WAL,
AW RA AR F TR RBUT AR
FUHTAMUSERRE BELR . AK
R R R REZBNMEAEARDEAS
LB R IR,

3.3 MARKESRBLRHXF

RE S IR B0 R EANBORAATH, B HRAER

4 18.04kHz, ASHE FFm AR B A IRIE 4 40um . |

22 % 6 A (2003)



MRBAR AT LAEE] (0 5 FTR), AT
B RIRIBHEME T AT = BORE T i A,
B AT RN, SRR R A RIR
RN, BTREHHEEE.

421

38
4
34
303
1
26

3 E =8/ e

22
184

14 T
0 50 150

MFFKF L/mm

7T T T T T T
250 350 450 550

Bl 5 4T RS A AR o6 R 22

FEXHXMIRE, BATIAAE PIZ M RER )
FAREEMUARERE, Xt TR HAEAS. IEFT NS
KT E GBI RS, [k RS B
LR B0 A2 B B AR A AT B B4 AT R
B, EARMRFT S AT BB AL B T B (R
BB, MERERAATB IR, B
EERELBK, SRR, ARTEEH
MR R s, BAMKAAIRERAKE
B, {EE% TR M IRSOR I A 2 DU AR
S 50 4 A T ZE W AT S B 4 M.

R ILRT AN RERE S TR
MKHTOFHE AN, HTRERERD, A

KATEE— s BE R AU T AT LUR S AR XS B 6
EHRRAE, B, WRAT RSN SR B
RGP AE, KEMREENBERERSR
KREEWIFANE, XstR HYRAT ZH
ST 3 SR PR VR RIS B R . R X
AR, MO T RF R KATE I TR i
T AR A R R AL A 20t EL v B B e K diR
W= A B, R LR R S 0
THCR.

4 £ig

O S AN KBRS, ATLLE S
KHEBBEERIRLTFE RRLER
Me, AN, “REEE BRESR TR
R B REWEET R R, REAA
KT B B SRR 5 AR T Il R R
I, MEFFA R B RTLIR A R/
IR AR 5, BN T
EEORE R MAERERA, SMRTRERER
K EAR GRS, FLSRTE AT LLS 2B Bk R 2R
WARK, WTRIET E—EBEANK B
= .

2 £ X M|

EEE, MR, RS MRS, 1982, 1(1): 2—T.
MR, WER. MARE, 2002, 21(1): 19—25.
HMEE NEEY, 1998, 17(4): 6—10.

Arthur Ballato. IEEE Transactions on UFFC, 2001,
48(5): 1189—1240.

N I



