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Abstract A dynamic model of vibration system with single degree of freedom with dry friction-rigidity constraint was
established, and the dynamic constraint conditions of piecewise smooth vibration system considering the coupling conditions of
dry friction and collision were given. At the same time, the nonlinear stiffness factor was introduced, and the response periodic
motion types and distribution regions of the system were obtained by co-simulation method. The dynamic characteristics of
motion viscosity and displacement viscosity of mass blocks were discussed, and the basic periodic transition rule in the low
frequency and small clearance parameter domain was quantitatively characterized. The results show that the velocity viscosity
response between the mass block and the belt is mainly affected by the excitation frequency. Due to the existence of dry friction,
the velocity of the first collision between the mass block and the restraint surface is more complicated. The crash-vibration
response between the mass block and the rigid constraint has a strong correlation with the clearance 6 and excitation frequency w,
and abundant dynamic response characteristics appear in the parameter domain of low frequency and small clearance.
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0.12F e N ~0.005-
M |, Sliding bifurcation _oomol
0408»/_\/\:’\\3 o ~0015) oo
= \ ~0020- /
m\i o = \/
0.04 f\”\ . 0025,
/_\/N;Fl/’z/’l f
i 0030 /
‘/—lrWl
o— L 1 1 ) .03 L L L L )
0 04 0-85 1216 20 00 5o 04 08 12 16 20
1

(a)w = 0. 165 fili i 537 ¥l
(a)Impact bifurcation diagram

whenw = 0. 165

(bew = 0. 165 AW 7 E
(b)Periodic bifurcation diagram

when w = 0. 165

0.6

O

0.08
—1/8/1
004~

121
B\ 21 i

0 / 0 \ |
/ , ! n=2
K (j\/ /H 01 = -0.04 ‘/\ 4

0.4

=
02 _\ \ {‘/"2 008} ,.l=|
k \ [N ~0.12 /
N
0 71 B L L L ) ~0.16 L s L L )
0 04 08 12 1.6 20 0 04 08 1.2 1.6 20
o [

(c)w = 0. 6RlFES> 75 K

(¢) Impact bifurcation diagram

(e = 0.6 FM 7 E
(d)Periodic bifurcation diagram

when w = 0.6

whenw = 0.6

B9 NIRRT AR o R 81 g i A 45k X0 037 £ 23225 P4

Fig. 9 Value gap of different excitation frequencies o is the bifurcation diagram corresponding to the control variable

T A TE 43 B A B 2l 0 2 e R A, HX
w = 0.6 132X N 1Y RGe 4 Jm sl 1257 B EE 9 (e )
ELO(d) , [R)FE T 4[] B2 (/N 1) 5 ) LA, 1t 37 e Iy
T AR ARA AL T PR 8 N 2 e bk 5 A o R T
A JE 91 2l (R AR AR S 500, Jo s He LFEAR /N /N ] B
A SN 5 Rl R A T SR B R IR T i A
BN 1) BRI N T 29 BT Ak & A T p/1(p < 8) 3%
A JE IR 38 1 9 By Ry O B 10 AT L, R4
FEAH SR FEAS JE PR S e i i B iR R T B 2R I i
I Bl AR DX I, T T 3 e R 10 4 SRS 4 Ak T T 1
T2 18 W] AR 4B 5L A S 9141 20 5 10 o 7 vp 2R B R 3
FHIE

R T I SEARATE /N T B2 2 K00 A A 408 AR T 30

SHEETALER , 152 & 10 JRrB 404k A 41 JEAS JE 3 3 1T
SRR 1L, B 11 (a) ~ & 11 (d) 45 5160 107 S A J) 3 4R

032 7 0.08-
o P

Al

6/1 1172
|

o2 “BYWR T 0.6},
\\‘w - |
=016~ S ST Y
P~ ‘\‘\\
— ~
0.08— Pt \']‘{u»” 0.02
e
LR .
024 0286%032 036 04 024 028 032 036 04
3 [
(a) fill 8 5322 141 (b) A4 2
(a)Impact bifurcation diagram (b)Periodic bifurcation
diagram
10 &9 5325 Y Jay B R P

Fig. 10 Local enlargement of Fig. 9



4; 46 B 5 W) Wk 7 TR MR 2R B R B 2 Fr B 5 1043
033 [an s21s8 72 0.06r 0321 184 0.06 -
] l“ i l“ 3n ,,14 , 51, 102 |T3 92 '1“ " -
028 <@ 0.05 T I = i
—x - i l\\‘\j‘ 024 o //iiﬁ:,. 0.05 i N,’\/\
><0.21 w ooi | . é | UN
. — =2 . I . e =N o f 7 i
R e /1‘3 / =016 by - = 0.04 ﬁ\; il v /
n=1 ',(/ [ — o, ¢ P
0.07 &, 0.02 /H’ / 0.08- 0.03 :TJ /i \/%Ll
\‘i \\\1 ' D — / BN =1 ,,lz a3 | HL
.'\ PD ’ T l; '\ ‘ o n=2 ‘

0370 0375 0380 0385 0390 0370 0375 0380 0385 0390
) 9

(al )RR 5322

(al)Impact bifurcation diagram

(a2) W3 2

(a2)Periodic bifurcation diagram

(a)3/1HRBNZ G, 53T H 41 PR3

(a)3/1 vibration is transformed by G%, into 4/1 vibration

0321 0.065
22/4 21/4
61122 173 1277163

[ FLT L 0.060

0.24 = v
0.055

= ==
2016 - +0.050

M,

0.045
0.08 ;n"_" T ———— .
NS 0.040—:

i

0 N
0.301 0.306 0.311 0316 0.321 0.326
0

(1) R 537

(c¢1)Impact bifurcation diagram

(e2) JE9I 5325

(e)S/IRBIZ: Gy, i 6/1 k5

(¢)5/1 vibration is transformed by G2, into 6/1 vibration

11
Fig. 11

B 3/1 PR Bl ) 4/1 PR sh 5T 4N R Bl 5/ PR BhER AT .5/
VIRBh1) 6/1 IR 8N4 1E (6/1 P21 7/1 P& 8l e 1 1) il iy
Gyl . WA RIS /INAY 7 1 MR ] 11 () AT, 3/1
PN Gy, oy & 56 41 Pk sh , bk 7 7/2.15/4
8/2 AERRE A T I St RITRE Tl e i ] i {1194 3ot i 28—
Z 9154k (Period Doubling, PD)43 555 1T Jyka 5E 1Y 4/1

iz gl ; RS 11(b) AT UL, 4/1 HRBIZ: G, 3 30 i i
S S/ HR S WA TR BRI IN T 15 & T 13/3.18/4.9/
2. 14/3 . 10/2 ARG E 19 S 35 P sh AR DL , A4 Fif [ B (EL 1)
BN 2 — F A PD 43 3 5 1 AR E 1 5/1 35 3 AR R
11 Ce) N 11 (d) m] AT, /1R B2 GY, 43 2 5% 3 R 6/1
WR3h, B KT 21/4.16/3.22/4 .11/2.17/3 122 AEfa 5E
8 3 R 3l FIEE 1, 6/1 R Bh 22 Gy, 70 26 3 h 771 Pk
B,k T 25/4.19/3 .26/4 ,13/2.27/4 .28/4 14/2 &3 54
FE R IR B FNRIE , 7645 S8 sl i B rh AR AR
A7 . AT LL R Rl AN B S
WIIAHSBEEA NS G, 73 2550k T & B IE R

(¢2)Periodic bifurcation diagram

.02 !
()33() 0335 0.340 0345 0.350 0.355 0.330 0.335 0.340 0.345 0350 0.355
3 3

(b1)flfF 53 22 (b2) Jsl 0153 22

(b1)Impact bifurcation diagram (b2)Periodic bifurcation diagram

(D)4 HRENZ: G, T3t Ry S/ RS

(b)4/1 vibration is transformed by G}, into 5/1 vibration

032~
298 94 13/2 26/4
\1 | | l 191325{4 6(,
0.24
[T
I

0.16} Py
= \\—

¢ L 0.04 )
0 250 0259 0 268 0. 277 0. 286 0.295 0250 0259 0268 0277 0286 0295
)

(d1) i 2

(d1)Impact bifurcation diagram

(d2) 3o &

(d2)Periodic bifurcation diagram

(6N IRBNZ L, 51T 0 711 R Bh

(d)6/1 vibration is transformed by G, into 7/1 vibration

1 10 Jo A8 2t AL AR T8 S A S e 3 20 14

Adjacent basic periodic transition bifurcation diagram local enlargement of Fig. 10

S AR, % WA R 3 UL np/n . (np + 1)/n.(np + 2)/n.,
(np + 3)nF2(np + )20 WIEXAFLE .

3 it

AR SO T B - 1) B 2 R B PR
Peoh RGBSR, 15| AAELAE NI , 2350 LATRT B & Fnik
AR5 oo A Ay 45 ) A28 o 38 2o P [R5 B 7 AR B R
Gi 42 JRy Bl 12 AT Mo A REAE AR AR B T T R
FRIPE ] PR A7 A, S e 38 Bl 8 h S B
SrBOCE R AELR AT o B TS A R
4518

1) o e 5 B R A R 28 o 7 FTERAR w
ZIAIAFAEAR R 1 JCHR OC R, AR R I Ry a2 ol B 2

TR TARIIS B, 0] B & L A ) o B e 5 e
A SR o ) 1 B MR/
2) T Bk e Kl 2 18] T BRSO AT, S BUR

i ) LR T T A | 5 T T A R v T
Y T ) A6 5 24 R A 2 7 IRl AR



1044

IR 1

R

B 2024 4%

3) Jo 15 M 5 24 T (74 Al 8 41 2 5 DB S R
JAl AR o ) I A PEAR 3 14 DGR OC AR, e Il FE AR/ N 1]
B S HU N IR B 1 S B A AT O RHE RS
1k 8 28— Z 8] Grazing 53 % 1 PD 53 2 R LR 1T e
TE /)N (] B AT A0 2 B3 22 90 A% 0 22, B 3 Ry 24 SR T A
f) p/ 1 B - R R 3

4) AR /)N ) Bt 2 B0 oA AR 408 ik AR T 0 9 3l 22
Grazing AT R -« ! 'fljp/l YR BN 2 real- -Grazing s
N ATRE W (p + DR BN, p/1 3R 3l 28 bear-
Grazing 73 % 512 MAE R (p + 1)/1HRSN kSl F
VR T F & AR AR, 28R 3 LA np/n
(np + 1)/n.(np + 2)/n.(np + 3)/n Fl 2(np + 1)/2n 1 JE
AT

2 % 3Lk (References)
(1] sk, 28 #, 1 Wi, % . & Dankowicz slEE 1 Bl 8 4R 8l &
gl o], WS SRah R, 2021,41(3) : 14-20.

ZHANG YanLong, WEI Chao, WANG Li, et al. Dynamic analysis of
the impact vibration system with dankowicz dynamic friction [J].
Noise and Vibration Control,2021,41(3):14-20(In Chinese).
PASCAL M. A new model of dry friction oscillator colliding with a
rigid obstacle[ J |. Nonlinear Dynamics,2018,91(4) :2541-2550.
R AE R, EEIE . B TR AR L R R SR B
J1FREELT ] MUBRERE 2023, 45(5) :1065-1071.

MA Shuo, ZHU XiFeng, WANG JianFeng. Dynamic characteristics
of a collision system with dry friction and nonlinear constraints [ J].
Journal of Mechanical Strength,2023,45(5):1065-1071(In Chinese).
AR, THEA, TGEHR , 55 . 5 F iy 3 T R AR RE IR R SE AT 40
JAE Sl T AT L) ] SRS it 2019,38(22) £ 52-59.
LI DeYang, DING WangCai, WEI XiaoJuan, et al. Transition of
periodic motions of a 1DOF vibro-impact system with symmetrical
constraints|J]. Journal of Vibration and Shock, 2019, 38(22): 52-59

(In Chinese).

[5] %= PhTHEA. & TEEERR R AR IR G M Aa e o i

(1. AE R AR 2R (AR 24 , 2020,48(3) :46-51.

WU Dan, DING WangCai. Bursting oscillations and stability
analysis of dry friction-impact vibration system [J]. Journal of
Huazhong University of Science and Technology (Natural Science
Edition) , 2020, 48(3): 46-51(In Chinese).

RIS , A3 2 e, WU S5 1 by R R 2 i Rl i R 3 R ¢

W8 s l) . HUAER L, 2020,42(4) :805-810.

ZHANG XiaoRong, GU YanLong, XIE Chengli, et al. Dynamics of

a two-degree-of-freedom nonlinear Hertz contact impact vibration

system[ﬂ. Journal of Mechanical Strength, 2020, 42(4): 805-810

(In Chinese).

LRI KRA,F % — 2K T ERE R E R SR 3

1R AT LT ). W SRS, 2021,41(5) :72-79.

AN GuiJie, LIU JunJie, YAN Zhe, et al. Dynamic feature analysis of

elastic collision systems with dry fiction [J]. Noise and Vibration

Control,2021,41(5) : 72-79(In Chinese ).

1‘51 i, (R R T, KRR, . — R ZRNIMERIR IR 2 R G 2 &
FEEITT ], SMORE2ARCT2ER) , 2023, 53(2): 364-375.

YANG Yan, SHI YuQing, ZHANG XiaoRong, et al. Dynamic

stability analysis of a amplitude-limited vibration system with

multiple of Jilin

(Engineering and Technology Edition), 2023, 53(2): 364-375(In

Chinese).

TR, A Rl . 5 0] B 5 2 SRR 20 28 4 JA 0 e 4R

R RHARAELT ). PR35 i, 2020,39(24) 1 1-10.

YIN FengWei, LUO GuanWei, TONG ChangHong. Diversity and

rigid  constraints [J]. Journal University

regularity of periodic vibro-impact of a vibration system with
clearance-elastic constraints [J]. Journal of Vibration and Shock,
2020,39(24) : 1-10(In Chinese).

EAAR, I, B . & ZRITEL AP RS R L
SR T ]. PR35 i, 2021,40(6) : 11-22.
WANG  ShiJun, TONG ChangHong, LUO GuanWei.

[10]

Dynamic
characteristics of a two-degree-of-freedom vibration system with
multiple rigid constraints [J]. Journal of Vibration and Shock,

2021,40(6) : 11-22(In Chinese ).





