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Detection of a Rotor Crack by a Periodic Excitation

Yukio ISHIDA and Tsuyoshi INQUE*?

*2 Department of Electronic-Mechanical Engineering, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, 464-8603 Japan

Dynamic characteristics of a cracked rotor with a periodic excitation force are investigated. Due
to the open-close mechanism of the rotor crack, the equations of motion of a cracked rotor have
linear and nonlinear parametric terms. When a periodic excitation force is applied to a cracked
rotor, various kinds of resonances, which are not observed in a symmetric rotor and an asymmetric
rotor with linear spring characteristics, occur due to the unique spring characteristics of a cracked
rotor. We clarify characteristics of these resonances theoretically and experimentally. These results
enable us to detect a crack on-line without stopping the system.

Key Words: Vibration of Rotating Body, Cracked Rotor, Nonlinear Vibration, Critical Speed

1. ¥ 2 M &

EEEBICRA L2 T v 713, F0F I EEEE
ERCTD LR L EBITRE L, DWITITKRERE R
D, FEIMBRTHD. BREILD, SBLTT
IVERDBERBRGE, REARKREER, v—F OMER
RREOFEHMERIL, "M ax b, BEHERNELNL
BOREBHY, HE, 7T v 7 REICL DIESSM
DEALIZHE B L RBRZEESHIE Shang (-0,

2#500) FrnEcic, 75 v 2 OFEHHEIC
BERLT, FEREE (F£IER) OOBRRE0EES
72 EDEEEE (BIERR) TE CHERBLIERS N
BEXDZE2@EL, TORELZHALICLE. L
L, [EESEEAR O TERE EIERIEEE 3 Z 0 B D 45 L3R SO
THRAAWESIZIE, ZoLyR#HERSBICEALTY
Tyl DREEERFETDII LIXTERND.

AWRTIE, 72& AR Z /R eE=2) )
R BRI M AA T, T B B SR T (2 [EISHEAR % 00
RLT, 72y I7BRIHEITS FIEOBRELENE T
INET, ZoXd%, EHEIEET ORI L INE
LT 7 v 7 OBEETT S BFRIEHE ShTuviu,

RETHEFEL, 75 v OEHGHMEICRET S
HIBBRROREOFERERHTZHOTHY, BT
DEAMAIN N DOKRE SIIEEHOBEL Y 1 4—4—
NEVEBETHRIIHRETHD EMELTWS. Lk

* FERasft 200345 A 20 H.
IR, HEBRERFR TR (D 464-8603 & BT
TRERKEMT).

E-mail : inoue @nuem.nagoya-u.ac.jp

BoT, FABISFIOFMIIHEEZIC L0 +alcE
WAMETH D L L BIZ, 7T v BNV EEE Tt
WEEDRGFE LR, EENRIEE A ERAE L
iz, HIMADORBEHEPKRE S2E(LEETY, 5
NeJITHZELIBETH A, SoEEHRE %
ESHTI 7 v 7 CRET 2 HEBFHIELR~DH
BT, RO ROREOELIZH LTHREK - &
HICKHS TE, AREIIREBICER TR 2L E2 5.

AT, EIRACEIR S b B 7= [l
ETERPOEEG#HARIL, 77 Faxz—& 2Ly A
KA EMZ, ZEOREEEELSETROGEY T
N5, EY, WELEEETVE RO CERET 21T
W, 77w 7 R DIEMEMICER L TEE ORI
HIRVFEAET DI LR, FOREBERLZHA S,
L, TNOIZEB LY 7 v 7 OBRKELZBRRT 5.

S0IT, BN Ty 7 2 ANt 1 >0
ERAEZ IR Y (T - ElédR 2 K EXHEL, Fhe R
ARIANE—ZIZEVEE 1 FRAENCIRE L CER%
1TV, ERRMEATHE R & LLBRET1 5.

2. 8y s A

KEZFFT X 0 EAMMERT % AEWE O EEEHR
227 7 v 7 B Ao Bl R BN S % 2 135
B DB OMITET L L LT, B 1(a) D
Xo% 2 BHEHREKEHEIALEZZS. 02 H
HERXEBHET VIS YA uE—2 v hotEf %%

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

896 ABMMECL20—F 277y 7 OKRY

B LR bBE2EEHmET L THY, BT
HEE (z,y) 2170, R EF (6,,0,) DAEITD
O B, EBROCBNT, ZOEFLL 4 HEE
BT NVORT ORI E L, EEMNICIRZOET IV
TR RRELNDZ 2R L. ARXT
iZ, RATRISR L T B IR R IIE R oA N MERT
HDEHELRLOTHY, HEENEZRERDID, fEHT
NEVWELRZZ0 2 BHERZIEESHTETLEAN
il Zo2 BRHERXEEET M, ER
IZRWTIN A B IR RS 2 AR REIA BT —
AV MEEREES. &b, EHOERICHG SR
T, —EEF—A b My BWMERTHEEXD.
75y ORBAEETNMMET B0, K 1(a) I

SRTERILERER O —zy &, BhE & L ICEERT 5 EER
HAER O - 'y WD, BEEEMEBIZRIT 58D
&A% 0 TRL, TOFHIEEERD O -2z F&
O—yz B~OBREAY 0,, 0, BEEEERO O-2'2
HE O-y'z BOREAL 0, 0, TRT. EHSE
ER 0Oy @%E, Milk) KFTLo275v2
DEEFEICADES L, FEREER O -2y kiz
BI277yra—20keEHEE 1(b) TRTZ
EMTED. O=2' FRDOIERHIZZ v 7 g
U E UTRIBRETERIL, O —y' FRITikHh
DIEL FENC & B 27 T v 7 OBBRO 1= DX Rt A%
LU, WiH#T (piecewise linear:PWL) #xXD i
B 22 L35 L, FhErATREND D,

_M:::: k10,

=M, = (ks — Ak2)6, (8, >0), (1)

-M} = (kz+ Ak)8;, (6, <0).
K (1) 2B LEER O — zy ICBIT 25K, 6, 12
EWTBEICED, 7Ty n—F DL E
5. BABEER PWLEFTL) OS5y rua—#
OES TR, HINT 5 EHIRIRESERE — A
v hNOEEME, BRI THERRE D, 1272
L, XD £, F IHEFRETHY, 6, >0 0L &
CEORFELY, 0, <0 DEXETO/RFTELD.

O + ipwly + s + (A1 £ A2)(0,Co + 6,55)
+(1F A2)0, = M cos(wt + ) + My cos(t + agq)

By —ipwly + By + (A1 £ Ag) (025 — 6,C5)

+(1F A2)0y, = M sin(wt + a) + My sin(Q + aq) + Mo

(@)
I, M= (1-idp)rw?, Cp = cosnwt, Sp, =
sinnwt, Ay = (ky — ko)/(ky + k2), Ay = Ako/(ky +
ko) MV ThB. i, EAROEENET—A L N EERE
T AERE— 2 MO, w IXEEEE, ¢ i3
R, T EEHAROV BV, o iZFD o H L DA

vy ol
Crack OL/T)i
0
B @é“}t
/
P 0
0x s

X
(a) 2 DOF inclination motion model

_Mx'

k, | k, - Ak,
Open
0 0, 0 9,
k, + Ak,
(=k)
closed

(b) Restoring moment

Fig. 1 Theoretical model of a cracked rotor
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Fig. 3 Resonance curves (w = 3.0)
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Fig. 6 Resonance curve (w — Q = py,py)
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Fig. 7 Resonance curve (w + Q = py, pp)
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Fig. 8 Resonance curve (—w + Q = py,ps)
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Fig. 9 Resonance curve (2w — Q = py,ps)
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Fig. 10 Resonance curve (3w — Q = ps,ps)
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Table 2 Occurrence of resonances

Necessary factor for
the occurrence of resonances
Resonance 2" order Gravity | External | Asymmetry
nonlinear excitation
parametric force
excitation
term due to
crack
2w-R=p; .p, O O
w-Q=p, ,p, O @) O
w+Q=p, .p, O O O
-~w+Q=p, .p, & o &
3w-Q=p, .p, @] O O
-w-Q=p oDy Does not occur with 2" power series
approximation
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Fig. 11 Experimental system
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Fig. 12 External excitation force
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(c) Frequency variations of resonances

Fig. 13 Resonance curve and resonance frequencies
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Fig. 14 Spectra (2=10.3 Hz)
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