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Randomness analysis of dynamic responses of a slider-crank system with clearances
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Abstract .

The dynamic responses of a slider-crank system with clearances considering friction forces and

randomness of system parameters were analyzed. The system’s dynamic model was set up based on Lagrange’s equation,

and the approximate function relationship between the system random parameters and its dynamic responses was derived by

using the BP neural network. The numerical characteristics of the system dynamic responses were solved with the moment

method, and the statistical results were obtained. The effects of the randomness of the system’s physical parameters and

geometric parameters on the system dynamic response were examined. In addition, the model and the method proposed

here were verified with an example. The results illustrated that the randomness of the system parameters can’t be ignored

and the randomness of the clearance has a greater effect on the dynamic responses of the system under the same coefficient

variation of parameters.

Key words: joint clearance; slider-crank system; neural network; dynamic response

TEN Z IR R G, d1 TR IR 22 BE S IE  LL J
HLFIZ B0 2L, 12 2l Al 6] B2 A a5 1, 34 5 2
P Y 52 Bz 3 5 BLAR 2 3 2 1a] it Bl 22, HLAE 8 3)
R I Bl ) 2 AR 0 A7 A BIGE () 2 2% 4 Ak, 155
P Ay 7 A il g, DA 5 D AR 2l | AR R
JES, BB 2 H A L MBS YRR, IR R L s
SEIE FE e TSR AR A S —
P 3 R T L JEE R L oy IR S AR DR R A o T
BRAE N BB R G LT SR BES B BAT —
ABEBLYE , 256 5 JEIX SE BEAL P RN i R G B, # fi
OIMTAS R R AT TR SE B, [R) s 0 5 [ B 2R G n]
FEVE AT BARAL BT B E T R

SEATH . ER EABREIE A (51175398)
e FT: 2013 -03 =25 fEucRiticE] H 17:2013 - 07 - 15
HfE% BIE P, MLE, 1984 48 10 2k

IR, FE PSR 545 [ BB i K 1) 3h 1 22 LR A
Lot P20 mT R T2 AR STk 2 14y
ST 18] BRI T B A HLAS R e dE AT 1 3y 2a
FE, BB L3 W4 Ak il 488 13 %) 5 [ B BC R e 3
SRR BRI R, T 1 R BEAE BEAY TR RE 20
HAT o SCHRE3 030 %8 25 [ BRI T BR B 23 1) SR 4k
ZWRGHATEN 1200 e SCRRL4 TR AL Bk 3
o R B B 114 Hh A T B ALAL 1 A% s f R AT it SRk
[5 ] 2T Pyragas J7 3538 & [l U i A T B AILAG HEAT
R R I AT o AELAE A b SCHIR AR B v 2 i A7 2 0
P P 329 40 00 1 2 A A sl S, i S B _E A AL A
F VR HTR X Se S0 U 7T RE 52 B0 1 R 7R 2 1) i
BLPE o X5 o] Bt R 4 AL R 5, 2 B0 BE AL X
RGN SIFHER IS AR B o SCRRL6 =7 X0
[ B2 AN R S RO S AT AILAL B 3l g R 64T 1 00
Bro BRI, X T & A I B FIEE R B S B2 1A R 58



55111

(13 J1 22 Hr IS SN A 4

ARSCEET LA B WFSE MR, i 1 5[] B FEE 45 1)
AT D R T 04 3l g 2 BT [R] I 2545 25 I R G
ZRAUTSEIIBEPLIE, FH BP N T 22 9 25 11 R
RBOEITRE ST, Sk AR e LA BE AL AL B AR GE sl g
IO [ PR R SRS 5 2%, 1) R R A: 1 4% Wi oz 5 14 32 {EL A
¥75 22t 8] A 22 AL R, B 58 T R G4 BEHL S B
ARG SRR, 38 i Monte — Carlo (MC) #£41)
IERTH A R A TR, i T — 28 T AN e .

1 HABR ARSI FENIES T

1y v b 28 ¢ HARUARSC TS 1) 7 2 6T, T A AB
R BC BR300 Ly F Ly, fA LA 3 o 28

SCRLA ST WSS v, W
%, = Lycos(wt) + JL; - [L;sin(wt) ]° (1)

1 HiisE R G
Fig. 1 Slider-crank system

VU ZE L, ALy AR E N S ELUIR A IE 250 A
[ BERLAE 5, % xR AL AR A B € 7E4T &
288 v IIME pe FIITT2E o0 05008 -

[y, sin(wt) 17 (2)

fe = pycos(ot) + i, -

o = {cos(wt) + 5 (o) }a’il +
i, = Ly, sin(or) 12
M, 2
e

A g, B g, 7090000 Ly Ly W9SAE, oy, BT 0y, 230500
L, ML, B35 22

R0 W E] R 3, ) BERT SR HH R € A9 5 A
JINIEBE B AN J5 2%

2 REBEHRERRAFNINFZER

2.1 [EFREERERARE
R TR 5 8 I A9 7 A, 45 28 8 BN AL R &S

ARG, —MEATARN A dizsl; 7 — Mot BA §
NARRYIZZ . H AL PR B () 32 B Ay = A
B, — O W PR Y, 2 1R 03 25 RS A2 i ot 11
IR, XE A R gl i 18] A9 3 g R L R R
RGN TIOR3 e S A B E AR, A5 T
DA il 2o e vh R R e R O BEAS . O I, AR SC
SR T AL g 1 B B R g 1 A P il B

R IR AR T B R BBl I e g 1 RERILPE 43 A 131
P12 I 7 1) T A A A R, 3 Al 7 ARl 800 1) 422 20 31 Oy
ry KTy HOC R W] BRI/ -

r,=ry—r (4)
A ZECRI A ST ik 0 03 ) SR I VR A
Opy =TT, (5)

K2 [a]BEAE L

Fig. 2 Revolute clearance joint
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Fig. 3 BP network structural model with two hidden layers
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Fig. 4 Slider-crank system with clearance
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Tab.1 Means of system member sizes

and physical parameters
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Fig.5 The velocity

response of the slider

Fig. 6 The acceleration

response of the slider

Fig. 7 Means of velocity

response of the slider
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Tab. 2 Different random parameters impact on the numerical characteristics of system dynamic response
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