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Fig. 1. Bifurcation diagram of Logistic model: (a) u €
[0, 4]; (b) u € [3, 4].
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Fig. 2. Variation of the mean value obtained from

neighbor distance series in Logistic model (u € [0, 4]).
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Fig. 3. Variation of the standard deviation obtained

from the neighbor distance series in Logistic model

(u € [3, 4]).
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Fig. 4. Variation of the changing rate from the adja-
cent points in the average-series obtained from neigh-

bor distance series in Logistic model.
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bor distance series in Logistic model.
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Fig. 19. Variation of the mean value obtained from
the neighbor distance series in Duffing oscillator on

the parameter 4.
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Fig. 20. Variation of the standard deviation obtained
from the neighbor distance series in Duffing oscillator

on the parameter §.
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Fig. 21. Variation of the changing rate from adjacent

points in the average-series obtained from the neighbor

distance series in Duffing oscillator on the parameter 4.
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Fig. 22. Variation of the changing amplitude from ad-

jacent points in the average-series obtained from the
neighbor distance series in Duffing oscillator on the

parameter J.
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Fig. 23. Phase orbits of the Duffing oscillator.
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HAE AT
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z=uxy— cz. (7)
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H Runge-Kutta R0 5 HE, sz, v, 218
KT a7y 27 Bl El 24 s,

ME 24 B BLEH, YMa KEALT5.4—18.8
Z NI, A e A TIREARES.

XF T Lorenz M5 81, J5 58 AH 4T A4 1] 1) 4 46t 14
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THELARAR 7 77 81 (K 2000 #5) 18] 6 20 25 48, oA
A0 P B9 I S b v 22 B A% A it 2 Gn 6 25 B

M 25 W] DA H, 3 N TR IR S, AR AR R 25
VIE B EIN; ERMDIRE T, BE o H2810, B
B b 2 A AR A AL TR MDIRAS I, AHAR R
bR 2 AR Ak sh M B ST ) kN VR R S
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Fig. 24. Bifurcation diagram of Lorenz model: (a) Bifurcation diagram of = and a; (b) bifurcation diagram

of y and a; (c) bifurcation diagram of z and a.
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Fig. 25. Variation of the mean value and standard deviation obtained from the neighbor distance series in
Lorenz model: (a) Mean value variation of z; (b) standard deviation variation of z; (c) mean value variation of

y; (d) standard deviation variation of y; (e) mean value variation of z; (f) standard deviation variation of z.
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Fig. 26. Variation of the changing rate and changing amplitude of the adjacent points in the average-series

obtained from the neighbor distance series in Lorenz model: (a) Changing rate curve of z; (b) changing

amplitude curve of z; (c) changing rate curve of y; (d) changing amplitude curve of y; (e) changing rate

curve of z; (f) changing amplitude curve of z.
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Fig. 27. Phase orbits of the Lorenz model.
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Fig. 28. Variation of the mean value obtained from

neighbor distance series in Logistic model with noise.
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Fig. 29. Variation of the standard deviation obtained

from the neighbor distance series in Logistic model

with noise.
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Fig. 30. Variation of the changing rate from the adja-
cent points in the average-series obtained from neigh-

bor distance series in Logistic model with noise.
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Fig. 31. Variation of the changing amplitude from
adjacent points in the average-series obtained from

neighbor distance series in Logistic model with noise.
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Table 1. Comparison of the mean value and standard
deviation obtained from the neighbor distance series

originated from the data array of different length.

HAEFKE 3000 4000 5000 6000 7000
YA 13.70 13.71 13.70 13.70  13.70
i 0.030 0.028 0.030 0.030 0.031

MR ITTLVEH, AR 7oK — 58

LN A A WA E N4 €10 Y a e TK W MME 7 U

TR IE AN, R HAR PR T OB R T BT Y

TERIFAN G2, (R0 Hr 8, BT IR a2
HRZ | S SR 2 A I3

K Ak IR B 23 A (9 B K L R 10000 £, 2
ARSI T 7 AU BE, Bk FU TR 34T
M. 7t Logistic BB T, Hlu = 3.6 B, AFK
TP AR EERT, 533 T S AR A8 K PE 28 Py 51 () 34
AbRHEZ AR, 45 R 2 frail.

T2 RETH KR TR S S 2
*HE
Table 2. Comparison of the mean value and standard

deviation of the distance series obtained from neighbor

sub-sequences of different length.

FPFAIKE 1000 3000 5000 7000 9000
¥IMH 13.71  23.75 30.66 36.28 41.14
FRUEZE 0.032 0.025 0.021 0.012 0.008

M2 W LAE 48—k B SR K
JEARARRYEOLR, THE BT ARS8 7 F7 21 K R 38 m
I, YE 22 W R OK, bR 25 (H 2 W R, AR
FEAB AR TR 73 A e A7 BT T B, HLE S3E
AT TR 4 AT e 1 3, 5 T X A
R S HORS I ZAL; 7 FF 51 B BE /N, AH
A R RSB, PRAEZEIGOR, ME 40
AN B ., (E 8 i E 7 S A AR R AR
e FAARANE FE, [RIFE AT LR R R ZS X 43 oK.
FEUL, 24 P BT e A0 BE AN R I, AT BLA [ £ i
IR VRTERFAE, A2 2RI A R, ik
FEE S, L8R KE—EN, BE T FPKE
FR3G 0, 43t e N T 2= 2 3900 S 9800, B DA 5 22
AR A L A T 0T T R R TP ) 5K A Ak 12k B

gk L RTAL S A BT P AR K BE A SR T
751 B B TR o A 45 SR — e R, (A2
A e BRI T I ROR. P S, TR
KEE R B AR, AR A FE 5 E H A T
BR, M SLPRE DUE R, ATk U K — )
FF 31, AXCRT LA H 55 08 75 (1 520, 38w DLHCAS B8
(DX A3 RO, 5 AH 25 T B AL BT 7 2 H50de B i) 8 AH
b, ASSCOT VR 3 At 45 R T S B MO B
/N, BRI B, RSP ELRUK.
253 I %

BT RH AT HOHE T PR ARG A 2 5 AH 48 53 2 1
PRE AL, F T FEA R RS AY, 40 Logistic
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AR E AR AL, 7T LS e R 2 B3 1 TR HE K,
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AERA; T AE AT A S RN, 5 a] DL (53 23 VR
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Fig. 32. Schematic drawing of the rotor experiment kit.
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Fig. 33. Vibration signal diagram obtained from the
channel 1 at the rotating speed of 3000 r/min.

W T IR BNAE 5 2 FE T I (] PP 45 2 45 5 5
B, AEAT A — 21 v 4 0 L B I Th) 3 282 38 A 1) B o
B i Ja I Ta) R 2 TR RAR AR S, AT T B 4
(IR B HE s 18] A ORI Y, A SR A
MR ZE. BT LA, AT DA IR Kt o 18] R 28 1
WE, Xt TE 5 AR R AT 2 A, I AR

AR A th 2 S Bk A5 IR AR B 35 S AR AR

3.1 HRIT

T8 55 3 43 73] 7 3000, 4000, 5000 r/min i, F]
FEIN S A SRR IR BN (5 5, F TR dOIRAS
U

AR R BOIRES, X T PR I IR 315 5 B0,
LT R 18] A AH BRI, AR PR SAH 4R T 3 41
(KB 2000 £3) 8] 1 EE B A AR, HURH AR ER 25 5 411
BE, XHEE R TR 3.

K3 RN ARAREE R R A S EXT
Table 3. Comparison of mean values obtained from
the neighbor sub-sequences distance series at different

rotating speed.

&g/ V

WiE1 #iE2 i 3 i 4

ek

3000 r/min 347.24 258.01 1322.05 663.58

4000 r/min 448.34 353.34 1665.45 808.53

5000 r/min 523.29 418.10 1843.68 883.90
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R AR AR B M I A AL SR AL IR P

Table 4. Variation rate and variation range of the mean value obtained from the neighbor sub-sequences

distance series at the different rotating speed.

4000 r/min %f k¢ 3000 r/min

5000 r/min X Et 4000 r/min

JEIE 1 JEIE 2 JEIE 3 JHIE 4 JEIE 1 JEIE 2 JEIE 3 JHIE 4
A2 29.11%  36.95%  25.97%  21.84% 16.72%  18.33%  10.70%  9.32%
AR RE )V 101.10 95.32 343.39 144.95 74.96 64.76 178.24 75.37

Xt 3 LU ), A FETE PR R0 E
T, BEEFEAWIIEOR, 55 AL AT 2 A A AR AR <R
e R F AN ER RS P N

XFEEAN R R EOIR S, THE A 5 AR AT RS
FeA RS E AR SR RAAL IR, 250 3R 4.

MR ATTUUE M, AR RHEERET, M8
I B0 R AR 51 A B AR A 3 R AR A 34 LA B
2. P, ARSI 2 E R HOR AN R RO S
AR 7y R, BES ] M IN e 752 (A2 1L,

3.2 RIS

U - 5 R R IR ) B, RS HUOUE R R, R AR
PRENAE 5. K LG IE H RS FIRE BRIk 35
T, MR B A E s A A ) B RS, I 4 N
3000, 4000, 5000 r/min i, BCFHFAFE LIRS T
HIFHAREE B P AN IIE, SR8 TR5—3K 7.

R5  REARARE S IEHOIRA T AH SRR B 5 51 (¥ 48 %
(3000 r/min)

Table 5. Comparison of the mean values of the neigh-
bor sub-sequence distances between the normal condi-

tion and rub-impact condition (3000 r/min).

I AY

TARIRZS I 1 JHIE 2 iE 3 JHIE 4

EHFRE 347.24 258.01 1322.05 663.58

il AR A 335.92 253.24

W EER 5 —R TR DL H, AFREHEE
IPRBNE T, EAFEF R FAT N, A BERES R A&
I, AHARRE B 7 51 () 35 E A 2 U IR HARAS B ).

AR () B OIRAS TR, X PRI BE R A 5 1E H R
B, THEAHAR I B 8 2 AR R AR
W 8 A4l

M ST LLE h, fEA R IE T, Al IR
HIEHEIRESHLL, ﬁHzBEE%TLFJi"J{EE‘JM"\ﬁ}#l:[:
I, BTk, AT DLE R 1% 8548 L X 2 Rl EE IR 2

1236.37 617.67

HIEHIRES, BARBERET, MERE S IEH
R X 2 S W] e — 2,

R6 MRS IEH R T AR E 2 51 1 38 X bl
(4000 r/min)

Table 6. Comparison of the mean values of the neigh-
bor sub-sequence distances between the normal condi-

tion and rub-impact condition (4000 r/min).

&R /v
TARRES JEIE 1 JHiE 2 JHiE 3 JBIE 4
ERERE 448.34 353.34

1665.44 808.53

il AR A 428.17 349.20 1592.89 764.94

RTOWEERE S IEFCIRES TAH SRR B R 51 1) B E X Ll
(5000 r/min)

Table 7. Comparison of the mean values of the neigh-
bor sub-sequence distances between the normal condi-

tion and rub-impact condition (5000 r/min).

e /v
TARRSE JEIE 1 JHIE 2 JEIE 3 JHIE 4
IERIRE 523.29 418.10

1843.68 883.90

Tilf BEAR A 473.97 373.31 1720.19 768.68

K8 MEARIRES X LU IE RS (R AH 4B EE B 35 (B 90 Ak
/i R

Table 8. Reduction rate and reduction range of the
mean value obtained from the neighbor sub-sequences
distance series comparing the rub-impact condition

with the normal condition.

WiE1 W2 WiE3 W4
3000 r/min  F{LE  3.26% 1.85% 6.48% 6.92%

TARIRE/V 11.32 477 85.68 4591
4000 r/min  ALF  450% 1.17% 4.36% 5.39%
BAIEE/V 2017 413 72.56  43.59
5000 r/min  AFtkE  9.43% 10.71% 6.70% 13.04%
AR /V  49.32  44.80 123.50 115.22

030503-14


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 3 (2016) 030503

3.3 I

IR 5 A AR EE s RO, THEAS
BIYRBNME 5 WA AT it o 8y S A, R
B 7 TARIRAS AR AL, DU T2 40 R JBE # s
B, AT LA H, A 4R R B B S T LA RO R
X 7 AR EUIR S, BEE B0 K, A AR B
HE gk, HAMEIE; RN, 77 DAL A b
AR AN RV R 25 ORI R s, 4 iE R
I, AR EE B M B b, HARCRIE. i,
B AR SRR AR R B0 15 5 0 Wik, T
LT M2 e LR 7 RS 22 AL

BUCHUM 0 = 2R H 28 580, Hopr = £ IR 3
E T AR MER AL B N &, X ARZ i AR
Fafd 5 AT iR I 7 E R I EDR. T IS
TARR e MR R 2, R4 TC 145 21 ok ol (1
RUF R, AR (8] SR SRR e AT RN S
HUCIEMERRAT, N 1R e R SO A (IR
&, BRI v, S5HAML, R T ES A
R KA i 1RO (R VR T 2 B IR AN 7 AR
FEAURFAE, — D7 TS 17 o0 i R o el AR R
ORI N R, 53— 7 T HAR 5 Ab B P T R i 8] .4
K. U], TE S B AR AR A R
TN T %, S TR R R RN SR % SRR I R, fg
g F T R AUMIRB15 5, X BIXEFHUR AR IRZS
DESMIN2L T

4 B

BEXT T AR A AR R 0T T, AR
e 5 AR R B A ) 0 BT 7, Il AR I
THEA AR T EdE SR BE B AR, A — 4ES [R] 2 51 2 4k
JEAHRREE AR P 2, EAT IR R 04T, et T

1) 3k Py AR SR B S fEL A AL I 0, T BLAERF
MR VR AR AL, FH SR BE B SME AN bR v = AE AR A AT
DU i W7 2t 3R VR AR S R AR A, AR SRR B AR AL
P 7 51 v R 4 e 38 A0 2l 2 AN AR A i i 24,
W] DLW s SRR AL VRTINS, EE AT
3 BT SR 2R R i)

2) SAEG R BRI L, AR B e 51 K 2y
B3 ERET 1 A A 1A) SE A S5 R, BAT — 5 [T
BE7), B AR M E S, G TR
R B2 24k S T L[ P A s e o E

WL 52 A AL 73 M 9 7 T, T LS {6 R i VR
W,

3) FHAR RS 7 51 (1 B 2 B AR S AR S
mAs 22k, el M1 T AR S HORES, 7T A
P AE 2 SEF RS M A 2 i, 28OR R4 i B
PR T R, BAT RO A S B N 23 18] A 7).

SE3H

[1] Lorenz E N 1963 J. Atmos. Sci. 20 130

[2] Zhang X D, Liu X D, Zheng Y, Liu C 2013 Chin. Phys.
B 22 030509

[3] Hossein G, Amir H, Azita A 2013 Chin. Phys. B 22
010503

[4] Coelho A L'V, Lima C A M 2014 Eng. Appl. Artif. Intel.
36 81

[5] Varney P, Green I 2015 J. Sound Vib. 336 207

[6] Krese B, Govekar E 2013 Transport. Res. C' 36 27

[7] Wang J S, Yuan R X, Gao Z W, Wang D J 2011 Chin.
Phys. B 20 090506

[8] Mohammad Z K, Ozgur K 2015 Ocean Eng. 100 46

[9] Jin W L 2013 Transport. Res. B 57 191

[10] Sun K H, Yang J L, Ding J F, Sheng L Y 2010 Acta
Phys. Sin. 59 8385 (in Chinese) [#hwlF, MiEFl, T K&,
BEFIIG 2010 P E4R 59 8385]

[11] Kulp C W 2013 Chaos 23 033110

[12] Look N, Arellano C J, Grabowski A M, McDermott W
J, Kram R, Bradley E 2013 Chaos 23 043131

[13] Jiang L P, Xu K J, Qin H Q 2007 J. Vib. Shock 26 49
(in Chinese) [VLJEF, IRFH, ZiE#) 2007 #ksh 5rhdi 26
49]

[14] Zhang Y 2013 Chin. Phys. B 22 050502

5] Leung S'Y 2013 Chaos 23 043132

[16] Wang J S, Yuan J, Li Q, Yuan R X 2011 Chin. Phys. B
20 050506

[17] Takens F 1981 Dynamical Systems and Turbulence
(Berlin: Spring Verlag) 366

[18] Zhang J,Fan Y Y, LiHM, Sun HY, Jia M 2011 Chin.
J. Comput. Phys. 28 469 (in Chinese) [ik#F, #F#H R, &
i, IME X, Ti5E 2011 HHEEE 28 469)

[19] Jiang A H, Zhou P, Zhang Y, Hua H X 2015 J. Vib.
Shock 34 79 (in Chinese) [¥ &%, JHBE, %2, R
2015 #kah Hbd 34 79]

[20] Zhang S Q, Li X X, Zhang L G, Hu Y T, Li L 2013 Acta
Phys. Sin. 62 110506 (in Chinese) [FK#l#E, 258#, koL
[, #k¥E, ZE5 2013 YHZ4R 62 110506

[21] Li H, Yang Z, Zhang Y M, Wen B C 2011 Acta Phys.
Sin. 60 070512 (in Chinese) [Z#8, ¥/, 3K LR, HHE
2011 ¥HEHR 60 070512]

[22] Kim H S, Eykholt R, Salas J D 1999 Physica D 127 48

[23] Zhang S Q, Zhao Y C, Jia J, Zhang L. G, Shangguan H
L 2010 Chin. Phys. B 19 060514

[24] Ji C C, Zhu H, Jiang W 2010 Sci. Chin. 55 3069 (in
Chinese) [ffi52 3, 48, T4 2010 HERIS 55 3069)

030503-15


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1175/1520-0469(1963)020&lt;0130:DNF&gt;2.0.CO;2
http://dx.doi.org/10.1088/1674-1056/22/3/030509
http://dx.doi.org/10.1088/1674-1056/22/3/030509
http://dx.doi.org/10.1088/1674-1056/22/1/010503
http://dx.doi.org/10.1088/1674-1056/22/1/010503
http://dx.doi.org/10.1016/j.engappai.2014.07.009
http://dx.doi.org/10.1016/j.engappai.2014.07.009
http://dx.doi.org/10.1016/j.jsv.2014.10.016
http://dx.doi.org/10.1016/j.trc.2013.08.001
http://dx.doi.org/10.1088/1674-1056/20/9/090506
http://dx.doi.org/10.1088/1674-1056/20/9/090506
http://dx.doi.org/10.1016/j.oceaneng.2015.03.013
http://dx.doi.org/10.1016/j.trb.2013.08.013
http://wulixb.iphy.ac.cn//CN/abstract/abstract16476.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract16476.shtml
http://dx.doi.org/10.1063/1.4813865
http://dx.doi.org/10.1063/1.4837095
http://dx.doi.org/10.1088/1674-1056/22/5/050502
http://dx.doi.org/10.1063/1.4847175
http://dx.doi.org/10.1088/1674-1056/20/5/050506
http://dx.doi.org/10.1088/1674-1056/20/5/050506
http://jvs.sjtu.edu.cn/CN/abstract/abstract4643.shtml
http://jvs.sjtu.edu.cn/CN/abstract/abstract4643.shtml
http://dx.doi.org/10.7498/aps.62.110506
http://dx.doi.org/10.7498/aps.62.110506
http://wulixb.iphy.ac.cn//CN/abstract/abstract18600.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract18600.shtml
http://dx.doi.org/10.1088/1674-1056/19/6/060514

32 % R Acta Phys. Sin. Vol. 65, No. 3 (2016) 030503

[25] Gao Z K, Yang Y X, Fang P C, Zou Y, Xia C Y, Du M [29] LiuY, Fu C 2006 Control Eng. Chin. 13 377 (in Chinese)
2015 Europhys. Lett. 109 30005 D, A 2006 6] TR 18 377)

[26] Gao Z K, Zhang X W, Jin N D, Donner R V, Marwan

[30] Tang Y Z, Lou J J, Weng X T, Zhu S J 2014 J. Vib.
N, Kurths J 2013 Europhys. Lett. 103 50004

Shock 33 60 (in Chi HouE, HERR, HEE,
27] Lit L, Li G, Guo L, Meng L, Zou J R, Yang M 2010 %02214 e 'SHEPEE ;n;sg()) G, B, 355k, kA
Chin. Phys. B 19 080507 o ]

(28] May R M 1976 Nature 261 459 [31] Li C B, Sprott J C, Thio W 2015 Phys. Lett. A 379 888

A chaotic analyzing method based on the dependence of
neighbor sub-sequences in the data series”

Qiu Chen-LinV?"  Cheng Li"

1) (School of Aeronautics and Astronautics Engineering, Air Force Engineering University, Xi’an 710038, China)

2) (School of Jet Propulsion, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
( Received 21 August 2015; revised manuscript received 22 October 2015 )

Abstract

Ever since the special characteristics hidden in the chaos was discovered, the chaotic behavior has been extensively
studied as a ubiquitous and complex nonlinear dynamic phenomenon, which is gradually extending to various disciplines
of natural and social science, and the significant values in the theoretical and the practical application have attracted
much attention from scholars of different fields in the recent decades. Conventional methods of analyzing chaotic dynamic
systems, including the Lyapunov exponent, correlation dimension, Poincaré map, unavoidably encounter some common
problems, such as reconstruction of the phase space, determination of the linear area, etc. Besides, the current approaches
each also possess a poor capability of balancing the direct observation and the quantitative calculation. Based on the
fact that the neighbor data relate to each other to some degree, taking those shortages into consideration, aiming at
depicting the chaotic features efficiently, a new method of analyzing the complicated chaotic motion is proposed. During
the processing of that novel approach, the Euclidean distance is continuously computed to represent the dependence of
the adjacent unit, after that, the original complicated array is converted into a simpler series composed of the distance of
neighbor sub-sequences with more distinct characteristics. The mean value and the standard deviation of the newborn
series are exacted to assist in describing the chaotic changing law. The method is adopted for studying the typical
chaotic models, like Logistic model, Chebychev model, Duffing oscillator, Lorenz system, etc. , which proves the good
performances in explaining the chaotic variation rules in different systems. Based on the model verification, it could
be seen that the method could detect the chaotic motion both qualitatively and quantitatively, and the ability for that
method to resist the noise is improved up to some degree, what is more, the information about the real model is not
required, thereby simplifying the analysis of the complicated chaotic behavior whose authentic model is unavailable. In
addition, the method is applied to decomposing the vibration signal to monitor the working condition of the rotating
rotor, and the results show that the conditional variation could be detected obviously. The analyses above show that
the proposed method, on the basis of the dependence between nearby data, could perform well in observing the chaotic
feature in an efficient way which simplifies the operation and clarifies the chaotic variation, moreover, the application

potential of this method is worthy of great attention.
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