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Fig. 1 Nonlinear dynamic model
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Fig. 2 Amplitude-frequency characteristic



el

RS B A IR S UURE 2R GE Y 3 00 25 03 B 323

B 2 WoR T HGAE L AR R 3 R G AR R A7 AR
D0 IR g i 8 R AT 3 Y A A 2.y B DA R R
RBOAATRE R I od Br. AP RS
BT IRIE R ZAEAE . TS BT BRER IR . BRI
How O GGG B R IEAE T abe SN, B
FIE A ¢ mio 7E ¢ mib HEHIRIIR o A UMY
WIS IR KA ¢ )iF] e mi B A BEER B
ARG A BER I G (AR Ik 08 28 78D - fi i Bl A SODR
PAEHTME] 7 RIE e B £ m. WEREIRPUE
M G i/ 22 v 18] 2 v fE 2R Sk B s s 1), A
[ RG e Bl d g ARG A EN d BN D R
BRIER . ol 2 R GE I 2 S AR R BR B G . Bl S AR R

b MR R 1 /N 0 3 /S e 2 B g
1.5 2.0
g 1.0 13
3 =< 1.0
0.5 0.5
OO 00

@/ (rad * s7)
(a) HIEMHEEH RS

(a) Nonlinear coefficient

®/(rad*s™)
(b) MM R

(b) Linear elastic coefficient

LR 1 R AR R R GRS A

ARG S ROEA T B RS PR AE AL I A 3 .
HT AT 7 B R G0 1 H A 2 RO AR L 2R 3 Y
RN R A e B ¢ A2/ RG22 39, LR
ANk R GOl E RS R 4L, MR ARG A% &
ARLEAPE R, Bl e = 0, Ul 48 A2 O 26 1 A% 4 e A0
FRbk i . 2 R SRSk Sk AR A A R
b £ 160 A7 B 2l » Hh TR TR A IR T IR R
AN WS A R A A A o DR IR AU il S
b AR HE A AR R . 2y S RH JE R ¢ BOE S
PR 3 L 0 i O B O 1) B - (9 2 AR g SR m
(R B » EC A g O B~ A2 [ 28 4R 3l DUAE &
298 1A M U 9 O s b R R PR AR K

@/ (rad * s7)
(c) LHFMHERE

(c) Damping coefficient

@/ (rad *s™)
(@ W H =%

(d) Exciting force parameter

B3 S0 A X ik I R

Fig. 3 Influence of parameter variation on amplitude

5 REMHRBRERHESHE

(21 W HE AT L B 1 SRR AE J7 R
(A+0.04)* =
— 4w —(2—0.3a)) J[w—(2—0.9a5)] (22)
A R G840 32 1% AR 45 B0 W 90 vk it 2 (I8l
) BN 3 A Py=[1.78,0. 141, P, =
[1.78,0.79],P,=[1.78,0. 93], Hrp P, RjiZ &R
FREM S Py APy NOZORFRE S . E Po=[1.78,
0. 148}, B w=1. 78 rad/s,a, =0. 14 m B {& A ¢
HEAR 7R (22) . 185 A= —0.04+:,/0.173 33,3
HF R AE AR (1) 52358 4 67, R b Py A 1 T O A 2
HERGE 195 M BAE P, =[1.78,0. 79 ], A=0. 17,
SRR FRAEAR A S HE O IE . G Py sS4 1 R 5
fEle ANFRE M Y P, =1[1.78,0. 93]/, A =
—0.04+4i/1. 018, SL3HE A 71, BRI Py S4B 48
S WA A R 1Y . I A s 2R S AR PR B
2 G000 g R — 2 BEE S B AT A A

2G5 10 A M ) R A AT LA A ST T LR 4
M AR 2 FEXE LY 3 A8 Py Po s Py s 3R A
K w=1.78 rad/s #1113 F ] Matlab/Simu-
link BC{E 70 A7 T 5345 2 AR - 15 [ 0 s S5 08 &1 4
4 FNE S5, HE 4 B R B IR S TONE 2R 48 Kk A
RIFREOT RBIRINE 0 =1. 78 rad/s FI R
G — YR R IR IE o FIAHAL y BRI ERE I (a0 =
0 m,y,—0=0 rad) , 4i g F A 17 B 28 J7 48 K AR5 ) »
2 ARG o FaETE 0. 14 m, AL y B2 ETE 0. 09 rad
e A 2 Ry Py S (P, =[1.78,0.14]), H
K5 o, AR IRIE o 2 0. 6 mu IR AHAL v 2
3.14 rad(a,—y=0. 6 m,7,_, =3. 14 rad) , & % Y ¥
W FRE L [ R 22 T 8K R ¥ i B 4% s RS IR R
a FRETE 0. 93 m 245 AHAL y BUETE 2.5 rad /245,
P 2 iy Py g (Py=[1.78,0.93]),

FH A7 EL 3 BT R R TC IR ) Ih A5 A el X T R
WRTE w=1. 78 rad/s B, R 55 i 54 & /i 7 fE 30
e Py B0E Py Wi RA P, SCINE 2), 450 3%
BT 2R G0 4 A SRR R 0 T 1) R A0 A 1k il 1 2



324 B oshom K 5 2 W 037 &
0.02 0.08
2 0.01 N
o = 0,04
g 0 B
> I 0
% -0.01 N
002305010 015020 025 %0700 010020030040 0 100 200 300 400 500 "0 100 200 300 400 500
a/m Y /rad t/s tls
(a) affi*FH (b) 7HHFHE (c) ol E (d) VI T

(a) The phase plane of

(b) The phase plane of ¥

(c) Waveform of a (d) Waveform of ¥

4 a—¢=0 m,y,—=0 rad Hﬁ*ﬁ%ﬁ@*ﬂ?ﬂ@

Fig. 4 Phase plane and waveform in q,—¢ =0 m and y,_, =0 rad

0.04 1.2
1.0
0.8

a'/(mes")
o
7'/ (rad * s™)

-0.02 0.6

04 06 08 10 12 %4

a/m
(a) P
(a) The phase plane of

-0.04

V/rad
(b) YAHFE

15 20 25 30 35

(b) The phase plane of ¥

0100 200 300 400 500 >0 100 200 300 400 500
t/s tls
(c) affiriky e (d) VIR
(c) Waveform of (d) Waveform of ¥

IEI 5 a-0=0.6 m,Y,=o =3.14 rad Bj‘*ﬁ%ﬁ@ﬁﬁlﬁ@

Fig. 5

fiRAb A3 AR H R A P R AR RE 1 X P2
AT LAY 10 53 A — AN e SRR 1Y TE AT A S 5
s A AN RESE B . AR 40 1k B WP — N FRUE M i )
U A5 PR DRE A Ul K Al L ) 28 3R 3l DL bE &
GEI A E U T W0 46 25 1R T X 5 kM R A
DRI 7 ] 2 4IR 3 UAE 28 48« 3l 24 1 00 46 2 % - fiE
5 ARAT DR 14 A % 1 - S92 B DT AR 3 J5E PR T Ak

=N
$'ﬁjo

6 % it

D) BRI HE 5 2 G0 AE R RAE D0 T — I fB)
fige s LA B RV b5 08 A 0T B S A 9 TR o )
R 30 R A1 75 MRS RE gk AR - 1T AR S B o A R 8
figp P A P (7 AL, LB RN T 57 EL 0 A A — 2

2) [A) 25 R sl BT 28 58 ) SR O R AR — R Y
W R G B2 A E W AN SR AR E 1 i g —
PRATEN . REHARERIAFE R IR T
RGP tR 25 T BUBRBRBLR (9 O AR A K
R B AR AL BT S IR AR TR RIS
PG AERS - DUEARAT R ) DUAE AR IR

3) TEARIUE ZR S8 A AR I A AF AR B B $2 F - 3 2k

Phase plane and waveform in a,—¢=0.6 m,y,—,=3. 14 rad

AR RS R AT LR R AR G Y e R Ak R o AR
B RS /N L A 3 W3 R e e iR g s Al
B RAR W 5 32 i R G DU L

sz % X ik

[1] Blekhman I I. The Setting up of the self-synchroniza-
tion problem of the dynamic objects with internal de-
grees of freedom and methods of its solution[J]. Jour-
nal of Biological Chemistry, 2014, 260 (24); 13321-
13327.

[2] Zhao Chunyu, Zhao Qinghua, Zhang Yimin, et al.
Synchronization of two non-identical coupled exciters in
a non-resonant vibrating system of plane motion[ J].
Journal of Mechanical Science & Technology, 2011,
25(1) :49-60.

[3] Panovko G Y, Shokhin A E, Eremeikin S A. Experi-
mental analysis of the oscillations of a mechanical sys-
tem with self-synchronized inertial vibration exciters
[J]. Journal of Machinery Manufacture & Reliability.,
2015, 44(6) :492-496.

[4] Pound B, Macala J, Mokhothu N. Theoretical and ex-
perimental study on synchronization of the two homo-

dromy exciters in a non-resonant vibrating system[ ] ].



el

5 AL AF e BGRAR L [ A IR Sl DUAE AR G 00 8l g 2 0

325

(5]

L6]

7]

[8]

[9]

[10]

Shock &. Vibration, 2013, 20(2) :327-340.

K, Db, Bri. MEAEFEE RS R G LA S
B os Joor o 58 D). ¥k 3 TR 24 e, 2012, 25
(2): 167-173.

Lai Xin, Wu Jianzhong, Yuan Bo. Numerical simula-
tion and experiments on electromechanical coupling
characteristics of pile hammer synchronous vibration
system[J]. Journal of Vibration Engineering, 2012, 25
(2): 167-173. (in Chinese)

Zhang Xueliang, Wen Bangchun, Zhao Chunyu. Ex-
perimental investigation on synchronization of three co-
rotating non-identical coupled exciters driven by three
motors[ ] ]. Journal of Sound and Vibration, 2014, 333
(13): 2898-2908.

ZEg L, X0, R A WAL 30 S B IR S LY A
[ Ee oo [T R 3h i 52 W, 2016, 35(3):
541-546.

Li He, Liu Dan, Zhao Chunyu, et al. Self-synchro-
nous theory of no-swing vibrating machine driven by
dual-motor[J]. Journal of Vibration, Measurement &
Diagnosis, 2015, 35(3):541-546. (in Chinese)

Zhao Chunyu, Wen Bangchun, Zhang Xueliang. Syn-
chronization of the four identical unbalanced rotors in a
vibrating system of plane motion[J]. Science China
Technological Sciences, 2010, 53(2) :405-422.

2l 2, Dk m. S FRECUR S LML [R] 2B )
BLT]. sl L 527, 2013, 33(S1):9-14.

Li Ye, Li He, Geng Zhiyuan, et al. Self-synchroniza-
tion of hand-held vibrating machinery[J]. Journal of
Vibration, Measurement &. Diagnosis, 2013, 33(S1);
9-14. (in Chinese)

BN, BRiR . XU, JELR MR 3 R G T AR
RIME IR W B 4 AT [T ] MU L2 2% 4, 2014, 50
(3):100-107.

(11]

(12]

[13]

[14]

[15]

Li Xiaohao, Chen Shuping, Liu Jie. Harmonic vibra-
tion synchronization analysis of nonlinear vibration
system based on frequency catching phenomenon[]].
Journal of Mechanical Engineering. 2014, 50(3): 100-
107. (in Chinese)

Fang Pan. Yang Qiming, Hou Yongjun, et al. Theo-
retical study on self-synchronization of two homodro-
my rotors coupled with a pendulum rod in a far-reso-
nant vibrating system[]J]. Journal of Vibroengineer-
ing, 2014, 16(5):2188-2204.

Zhang Xueliang, Wen Bangchun, Zhao Chunyu. Vi-
bratory synchronization and coupling dynamic charac-
teristics of multiple unbalanced rotors on a mass-spring
rigid base[ ] ]. International Journal of Non-Linear Me-
chanics, 2013, 60(2):1-8.

Alqahtani A, Khenous H B, Aly S. Self-synchroniza-
tion in a system of nonlinear van der pol oscillators[ J].
Applied Mathematics, 2015, 6(6): 922-932.
Potapenko M A. Influence of an additional degree of
freedom of the oscillating part of a system on the self-
synchronization of mechanical vibration exciter [ ] ].
Journal of Machinery Manufacture &. Reliability,
2015, 44(6):497-501.

Zhang Xueliang, Zhao Chunyu, Wen Bangchun. Syn-
chronization of three non-identical coupled exciters
with the same rotating directions in a far-resonant vi-
brating system[ J]. Journal of Sound and Vibration,
2013, 332(9): 2300-2317.

E—1EE B0k, &, 1979 4 10 A
A PRI, B AL B
J12 WRBF AL 8RR BRE Kk IR
BN T8 R G T ) (I R K
2014 A58 54 B T DI,

E-mail: zhangnan@ bucea. edu. cn



