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Chaotic Vibrations and Internal Resonance Phenomena
in Rotor Systems
(Case that the Critical Speeds of a Combination Resonance and
Subharmonic Resonances of Order 1/2 are close)
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** Department of Electronic-Mechanical Engineering, Nagoya University,
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In rotor systems, if the gyroscopic moment is small, a forward natural frequency and a backward
natural frequency almost satisfy a condition of 1: (—1) internal resonance. In such systems, the
critical speeds of the forward and the backward subharmonic resonances of order 1/2 and the
combination resonance are close in the vicinity of twice the major critical speed and internal
resonance phenomena may appear. This study clarifies dynamical characteristics of nonlinear
phenomena due to internal resonance, such as steady-state oscillations, almost periodic motions,
bifurcation phenomena, and two kinds of chaotic vibrations, at the rotational speed of twice the

major critical speed.
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Fig. 1 Experimental system
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Fig. 2 Resonance curves
(Experiment : a = 80 mm)
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(a) Steady-state vibration (d : 1542 rpm)
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(b) Almost periodic motion (e : 1562 rpm)
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(c) Chaotic vibration (f: 1589 rpm)

Fig. 3 Time histories and Poincaré maps
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Fig. 4 Largest Lyapunov exponents
(Experiment)
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Fig. 5 Resonance curves
(Experiment : ¢ = 80 mm)
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Fig. 7 Theoretical model
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Fig. 8 Resonance curves (e{!) = 0.1)

AT D, o TRERBEE [p; — py) ORIFE
WEBORIBORAME & B/ MER R, T bOKIR
RHEORT, BLOBET B RBOBED I,
B2 TR L7 SRR L EMEIC B — B LTV B,

35 1/2 ROBERERIERIZETHHAR

X8 D 1/2 IKETEFRBLAEIR A DI OSROMEIRIC
B SIREIHRS L, X (3) ZEEEERES L RS,
X8 TEFEMENHLIRIBEMEEIEL LIz w =211
DV OHDEEREE TD 0, ORI, K7 P
VEBBLURARY M EK 9 ISR

9(a) (w = 2.095) IX, 1/2 ROEFREILRICKIE
L, RT A VEBTI2EANEND., FDRY |
NVTIREEREE w By, +(1/2)w B, % LTER
A RRKESBENTVS. K9(b) (w = 2.099) TiX,
Ay PRI K Y IRE A E O RERER & L TR,
AYITERL TWAHZ LR TE, R7 I VER
X2 DDANL—T % L5122 D. DL ERY
MU £(1/2)w BiSr, BLXOEEESICME, 20
MR FERIZZ < DR S BRAE LTV D, &
CIZREREE L B s L, BMEMENEEL, BT
YHVEBON—TE2E (K 9(c) (w=2.100)) , 4
BLEL TV, 2LT, B9(d) (w=2.131) Tik
R IR L 220, BT 0 VEGITHTRER
PUZB LT RDERICRSE. A7 PIZBWTIX
+(1/2)w B fHE, BELOEHES IR T T2,
JEVWEBE THREVE Sy DI EREAC A L CTRAEL TO
LT ENGTND. INOOBITRRIZN 3 TRLEZE
BREER L EMMIZ—-F LT 5.

U E DR TRONIRBEKIZOWVWT, Uy
77 74 Mt E L. 1042, K8 D A D&
(w=2.087 ~ 2.200) (2T BHEKY ¥+ 7 7H¥%
Y. BEREE w = 2.125 H72 0 TIE B OHKIZ3]

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

2440 [l 5% 0 o 4 AR L P9 SR L B
, 3807 EAEN, Fow=2.175 TiX 2ps]A ORERD
6ﬁ}mmmmmmmmmmmmmmmmmm BIC3I S AEND0, U ¥/ 7 IRIEAE R 5T
, time —- WAHD, w=2.135 ~ 2.165 fTILIZI) 5 EHRE
1 05 BHTY ¥ 7 788ENBEL RS,
g 01 S PLEORATRRIC LY, ERORA LD AR
§$; ..l | N DIRBYHE & AESHROPBE AT 5 LB TEL
PR T T
(a) Steady-state vibration (w = 2.095) 3.6 MEBERIER [p, —p] 1ISBTEHFR
, _380T KRBIBHEORE S ZRT T A—F D & |
5W}HHMHHMHMMHﬂMMﬂMM NEC L L & OSREREE 11 IORT. B8 08 |
_2 fime — - LRy, FEFRMMIR p; — po) IZBIE LIZIRIE
o . 05 EREDIMES L 25, £ LT, TORBERERIC ;
g or] 1 li ], | BT, w =200~ 2.05 FHET, KERIRIELHIE -
g0 l DREENRETD.
R T S S S R 1210, 2 ORETEIEE [py — po) (BT 5 508
(b) Almost periodic motion (w = 2.099) ' EFEBO 0, ORZIE, K70 VER, AT B
<507 NVEERT. ®12(a) (W = 1.96) THEIRIBH B0 B

2

] | | R e L CRVARCE(LL, BT 0 LB
= time — 1 BEORAN =T L85 AT PV, wr, Wb %57,
-2

1 o MR w sy & AN, EOmMIC S0k

gmg v WKRET S, BEREEY BiF 5 &M 12(b) (v = 1.998)
S0 lll‘ o1 { D IR E IR T b VBRI 2 BEORAL— I ‘
“ies T e IR | 5. SbCEEEEY FFBE, K12(c) (w = 2.00)
(c) Almost periodic motiog (w= 2.100)81 AT 85I, RABRISIREMEG L0, KT A
BRI AR Lo ROBRITRD. A7
20 | M wy, wy 53, EHREEE w Sy & ERR SR
L bl Bt bt ottt WCHELSBRETS.
[ 11 OFZERBEIIR [py — p] OIRIBEIAEDIZ
o : 2 WTORKY v 7 TR0 ER R 13 [ORT
RS o] w = 1.95 MM S, FEMEIR [p, — py] ORIBE
Ef:;} Ly 2{ B FEHORAEICHIEL T, BEKRY v 7/ 7HEEIFL
R 2 0g2 720, PRIEZEFIESKE VR (w = 2.00 ~ 2.05 £t
~(d) Chaotic vibration (w = 2.131)
Fig. 9 Time histories and Poincaré map i =0.06
|55 2
< 0.02 o0 o p(‘j’)’:o.mz
g J :—;([1)21 I,A\',:' § e =0.07
% 0.01 p(‘:’:o,mz . "_g__ 1
é 1e™=0.10 g
2 000 mmm = mmm e — - ——
= Fj______. — & 0 —o-0r0-0 OG- =
> 011 — , , o 1.8 1.9 2.0 2.1 2.2
3 2.10 2.15 2.20 Rotational Speed o
Rotational Speed
Fig. 10 Largest Lyapunov exponents Fig. 11 Resonance curves (e®) =0.07)

(G

NI -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

HEEIR O A A4 AIRE & N EHRFAR 2441

)G LCRRY ¥ 7 7HREIIIEE 8D Z L

f time —w- 5, WA RIRENDIENERTE .
@0 INLOBTERIIERTCELNTZRS, 6 DER
-2

ZEMMICERALTEY, ILITT7A—FDREIC

g o] - Lo TH, FIEBEIEE [p; — p,) B3 Ly 42
Eom1 ‘ h o REOBEDFRREMENHD L EZHLNIILTNS.
1E-3 . ] 1“ ] U EI . 2 .
2 0 1z 2 042 4 & "
(a) Almost periodic motion (w = 1.96)
BOIERBIERFEL R D, AimE L EmEOEA
3507

2 - , | FEENEE 1 - (=1) OPBRIED B % b EE
il ‘ AT T #h o> EAERREEE 0 2 fEFHTIZ BT B HER ROV T
UTFORHRE R,

1 2
§ o] = (1) 2 HHO 1/2 KO BMBEIEORE, BLV, fi
Bl | == FE RO I ER) DR £ L.
X —1 | .
BT R SRS T I (2) 1/2 RAHBB RO BEMONETIE, &y
i IYIC & B IRIERER 5, 7+ AR BAET B
CEEEELE.

(3) FnZERRE IR O IRIBEER )5 DR IRR R 28
gL, ERTIX, A7V VERIZBITS1END

P : E 2EDN—T~DONIEREEBE L, HRHT T,
2 019 o dig FARRRICNA, X BICh 4 RIBRIDRELH 52>
£0.014 4 oL
1€3 | I|| L L “ ‘ I
-2 -1 0 1 2 o -4 0 9 4
(¢) Chaotic vibration (w = 2.00) X ik
Fig. 12 Time histories and Poincaré map (1) Sethna,P.R,Trans. ASME, Journal of Applied
Mechanics, 27-1(1960), 187-195
< 002 (2) (LA - KM, #A, 42-358(1976), 1692.
g, 1 f’;g-gm ~ (3) Nayfeh,A.H., Balachandran,B., Appl Mech Rev
é 0.01 -{ g¥=0.012 Vol.42, No.11, Part2, (1989), 175-201.
2 | e™=0.10 (4) AH - HE, #iC, 63-606(1997), 321.
g ‘ (5) AH - HLE -7, #iaC, 63-614(1997), 3335.
g 000 1= == === ; > (6) FL - AME - LM, HHR C, 66-642(2000), 370.
; . (7) Wolf,A., 124> 3 4, Physica 16D(1985), 285-317.
g 0.01 v (8) WA - CAHE, HEFm, 41-345(1975), 1374.
g T T LB 1 T T =
3 18 19 20 241 22 (9) WA - HE - I, HER, 41-341(1975), 133,
Rotational Speed o (10) WA <A, EEZEROTIE (2001),21, 207,
Fig. 13 Largest Lyapunov exponents (11) Wi, e, 22-123(1956), 868.
(12) AR, #F, 26-164(1960), 612.

NI | -El ectronic Library Service




