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Hysteretic model of disc spring isolation bearings and its experimental verification
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Abstract: To study the hysteretic model of disc spring isolation ( DSI) bearings, the mechanical property and
deformation performance of DSI bearings were investigated ,and the Origin-oriented ( O0) hysteretic model of DSI
bearings was proposed. The mechanical performance of a typical DSI bearing under reversed loadings was studied
and the OO hysteretic curves of the DSI bearing were investigated, whose results were used to verify the OO
hysteretic model of the DSI bearings. The results indicate that the OO hysteretic model of the DSI bearings had the
characteristic of asymmetry, and the friction forces had significant influence on the OO hysteretic force
characteristic. The tested load-displacement hysteretic curves of the DSI bearing had the characteristic of asymmetry
under reversed loadings. The loading frequency had little influence on the mechanical property of the DSI bearings,
while the loading amplitude and vertical load had great influence on that of the DSI bearings. As the dynamic load
amplitude increased, fullness of the load-displacement hysteresis curves of Model E gradually decreased, and the
asymmetry of the curves gradually increased. As the preloading displacement increased, the load-displacement
hysteresis curves of Model E tended to be full, indicating that its energy dissipation capacity gradually increased.
Moreover, the OO hysteretic model can simulate the mechanical performance of the DSI bearings effectively, and
the errors between the simulated results and the experimental results were within 8% .
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Fig. 1 DSI device
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Fig.2 Friction forces in DSI device
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Fig.3 OO hysteretic model
INENIEE £, 22 (4) b DSIRE 17 28 Fy 55
T LM Fop, Bl Fy = Fo 00 Fo, /EFT Cin#& T
W) BRI F, TR
1 —fm(nn— 1) —Jn (6)
SREF A (1) th B iR ik Fy 5 HAL
R R X R LRSS AIHIER(T) RIR]4E
f3 DS & By AR NI L k&,
k, = Fo/(mf),
3 m Sy DSI 2 & BRES2H 105 4K
HIBNIEE ky 220 (5) v DST & A7 8 Fy 55
FHRATE Fo, BI Fy = Fo , W Fo AERTT (HIT
OL) BB F, A RNl
1 +fM(’Ln—1> +fR. (8)
SRIEF A (1) th B 7 i p ke Fy 5 HAL
BRI X R i F% [, R (9) BT 5
15 DSI 2% # 1) HIZ M EE ks

Fo=F

(7)

st = FCX

ky = Fo./(mf,). (9)
JNE AL T DSI A i B8 T KN Ry
Fij =FRj<fw(n_1> +fn)’ (10)

HIZR LT DSI e b i EEHE T KN Ry
Fyo= Fo (fuln = 1) +f3). (11)
TE R, N B 53 C it b, DSI % i
RS e A S n), I REE BC TRIRIALRS 1 I
lxj = (fcj _fo)m' (12>
45518 3t DST YR ) SRS &, T R
BRI ky AIR N
ky, = (klij - k3f0x>m/lxj‘ (13)
2.3 00 mENEBRHREANFHFIRE D
HEAX
00 YK IR ikt 1) 7] 8 4] 3] DS %
BT SRS 4 S HAR S T i ik
2.3.1 CRESHHN A
00 WIS At =S HELAH M (&1 4) . R 22
2 (Un 0A Bt AB BY) s BEZ (U DA Bt (BC BY) 5 T 4&
2:(n €D BL.DO BY). B PD Fom R HE 4L, If
ME: FZRZ,PD =+ 1; BEL,PD = 0; T &4,
PD = — 1. REHGERAER] 3 PRE S NiE TR,
2.3.2 WEItE AKX
I — BEBEL WU 7K AR FR R, , BEZRIIE A
IR A AR . T T INBTF 5 AR S5
LEIVEE/ SR SUea
0—A,PD =+1,x>0,P = kx;
A—B,PD =+1,x >0,P = kx;
B—C,PD =0,x<0,P =k, 5 —k(x—2x,¢);
C—D,PD =-1,x <0,P = ky;
D—A,PD =0,x>0,P = kyx +k,(x —x, )3
A—B' ,PD =+1,x >0,P = kx;
o g DSEAE IS, 2,y v, 200 BEL BC
AR T A, B JRE LA 0,y S BEZR AD B 5 AL 5.
2.3.3 fFSE
1) IETA IR 3 x>0, [ [Einagnsd, s & < 0;
2) Y x TEREZ DA L), x s e TR

%y —xl <l x_, —x, 1, (15)
M x FERELR BC R, x B R T
I 2, 5 =2l <l x5 =2, 1. (16)

3) Y x INBEL DA i JE S22 26 AB I G « AN
5 x R TR
%,y —xl=lx_, —x, 1, (17)
1w INBEZ BC iR 224 CD I 3 x A2
50 x i 2 R A
| w g —xl =1 x5 =2, .
4) NZEEL ) BELe st JE T, S o« 2.
Zia UL R, AT R TR R IR S
BIZAFRFF S HES UK 4 Frs i Al

(18)



556 T4, 5 B e PR R

B R R A 6 e - 181 -

x>0

<

2<0,lxp5—x 1<l x5— 2,0

-«

2<0, | xp5-x =] x._n—xl,_(;l‘-
— >
<

%50, 1 xia—x 121 x4 — ] T %>0, 1wy =2 1 <l =m0

x < 07 | X — X l<| X — xwl

E4 00 rENERHITERREE
Fig.4 Flow chart of OO hysteretic model
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Tab.2 Test cases

TG d,/mm d,/mm J/Hz
1-4 6 0.5 0.1,0.2,0.5,1
5-8 6 1.0 0.1,0.2,0.5,1
9-12 6 2.0 0.1,0.2,0.5,1
13-16 6 4.0 0.1,0.2,0.5,1
17-20 10 0.5 0.1,0.2,0.5,1
21 -24 10 1.0 0.1,0.2,0.5,1
25 -28 10 2.0 0.1,0.2,0.5,1
29 -32 10 4.0 0.1,0.2,0.5,1
33 -36 14 0.5 0.1,0.2,0.5,1
37 -40 14 1.0 0.1,0.2,0.5,1
41 -44 14 2.0 0.1,0.2,0.5,1
45 -48 14 4.0 0.1,0.2,0.5,1
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Tab.3 Equivalent stiffness K, and equivalent damping ratio £
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