The Japan Soci ety of Mechanical Engineers

483
HABIR S 2SR (CHR) F#X No. 09-0826
76 & 763 %5 (2010-3)

=4k 0RO W R E B

IE S I R T T

Impact Vibration of Two Beams

Akira HARADA, Yutaka YOSHITAKE** and Hiroaki OGINO

** Graduate School of Science and Technology, Nagasaki University,
1-14 Bunkyo-machi, Nagasaki-shi, Nagasaki, 852-8521 Japan

Impact vibration of two beams was treated as an example of the impact vibration of continuous
systems that are expressed by vibration modes and following points were researched by numerical
calculation and experiment. (a) The number of modes needed to express the impact vibration
phenomena sufficiently. (b) Whether there is the grazing bifurcation or not. (¢) The energy level
of each mode that excited by the impacts. The followings were made clear. (1) By adopting six
natural modes, the theoretical result and the experimental ones about bifurcation diagram agree well
each other qualitatively, and the characteristic of the diagram is a little different from that of the
beam impacted to the wall. (2) The transition from periodic vibration to chaos is interpreted as the
grazing bifurcation and its bifurcation becomes a little different one depending on the phase relation
of the beams. (3) The tendency of the energy levels of the modes excited by the impacts is similar
to that of the beam impacted to the wall, but the levels are little lower.
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Fig.1 Model of impact vibration of beams
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Fig.3 Damping coefficient (a) Using 1st ~ 3rd mode
(o :Beam 1, m : estimated ones for Beam 1, 10 100+

O :Beam 2, @ : estimated ones for Beam 2)
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(b) Experiment

Fig.6 Bifurcation diagram (4=7 mm, Region II)
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Fig.7 Bifurcation diagram (d=17 mm, Region I)
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Fig.8 Bifurcation diagram (d=17 mm, Region II)
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Fig.9 Bifurcation diagram (magnified detail)

(d=7 mm, Beam 1, (a) Region I, (b) Region II)
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Fig.10 Bifurcation diagram (magnified detail)

(d=17 mm, Beam 1, (a) Region I, (b) Region II)

BEEHE OB TREEOZHEEZ /M LTH,
1 fEEERE & A 2 ORI OMOIREMRIEA N
TN ENDNS., 20T EMS, BRI IzBy
T, BRERICK 5T, REBEOHZUREIE FRRIC, 2
BREERZHWEREFROSEREOHMTIX
grazing I ERZ L TENWEEZ 5N5.

TR I ICEETSE, Eowb-1), 100-DN5, EE)
BZminE 5 & 2 EESERE VW= BUERI B Oy
FRREOEFATIX 1 fEREIHHRS ((A) 25 N REEHHR
g (B) Ehrsidbniz<ungy, 227 mm i
BT 17 BERHRE), 2R 17 mm (BN T 98
SRR AL T\ Z &A% 5. K ob-2),
10025, Zd N EEGHRS (B) 13, FEFITHK
WIRBIEGEEL THAEL, T <ICHA R (C) ~EH-T
WBZENONS., ZOZENS, K 9b-1), 10(b-1)
IZRNTNDMEIEARITIE 1 RN S A R
AT, §720E grazing SMEE RAAB5DT
e EBbNns. —4, K 9b-3), 100-3)05,
REECERDIE TN & N BEES (B) 5
AFZ (C) ITEB-7=1, EEN2L</I25. HDb-1)
~(b-3) LIED BN S BRI ROTFEN DN 5.

4-3 ZEHRIBEERAIE R EEEOEHIRENC
BT, ERABIIEIEENBETETH D, £,
EZRRER DfRNIEL D BETZEEE & RONRIOIRI RS
BREVIEZIREI TH - 720, R EROERIEES)
KBNTREDEL S ki A EHS. K11

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

asaunn
48 5 352 54 356 58
fHz

(a) =7 mm, Region I

(b) d=7 mm, Region II

w
T

Amp., y, mm
-
Amp., -y, mm
S o
%000,

§

af G ) | o
63 7 73 0285 37354 56 38
fHz fHz
(c) d=17 mm, Region I (d) =17 mm, Region II

Resonance curve :: @ :Beam 1, O : Beam 2
Displacement at impact :: ® :Beam 1, .. : Beam 2

Fig.11 Resonance curve and displacement at impact

ICHEZENLE (xy=x,=1) 1TBUT BB OZEAHRIG & Hohh
1T & o T IR R USHIRIRERIC 5 B R D22 DS
P DOMHEZE TN TNEROIREOT Oy N TRT.
¥z, PEAROPLEENIZENFNER 1 FONE 212D
NWTO7ay M THD I EE2EKTS. EET &
A7 1 AP BT BROEDRAE S B/ MEDZE
D OfEZ, 100 B TEE L TRDE=. s,
BB EI 1 OB AMESE, I 1 bl U Cligeiris
PRRVEL LTS T &, KUY, BERREIENE
AMEZALE O EMRIBOME D HRRNE <
7% Z LRI, FHRIRERIZH 2R OEZIE DM

SHEVIZIFHRIBEOMAHIICAMH L TND Z EAhhs.

ZDTEMNS, REBOHIEEISIIRRD, HZe)N
H CTWBRIOERNEE Z D KIHIORNER S E D
Mh5T, BAFITNFIREE L TWD EHERIN
5. FITRIZ, BAEERE W TIREIODIREE - 22
PrBEZHND.

M 11 2B TINRIREED E A IREEUIE L N &
EOBMEIEER 12 1ORT. BREOBHEHIZNETN
P21 B UNE D OBENRE TH D T EEEBHT 5. £,
OFIRUNVEITRENBAE THRENELUTHBDZEN
TNREAMAIREE (j,x3, >0) KON A IRE

(3, %y, <0) THEENELCTNDZLEBKTS. K
M5, HRREBORIIZITNFREEE L TS I &,
RO, HERIREEDBIIZNL D E— 27 (T THEZENE L
TWAIZENOMND, £z, BRI & 0 2T 5 &,
fEELI TI, 221 & 213501 FEEHEL T\
20, RO TR, FE—EORETRHL TS

B = & B

g g

g g
% Taod
2 a0
2 N

0 20 30 0
T

(a-1) Region I, 6.85 Hz

(a-2) Region II, 5.16 Hz

SmminE
T

T T

(b-1) Region I, 6.85 Hz (b-2) Region 11, 5.16 Hz
Solid line : Beam 1, Dashed line : Beam 2
O :impact with y, X y,>0, v :impact with y, X y, <0
Fig.12 Time histories ((a) : =7 mm, (b) : =17 mm)
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