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Abstract; To investigate the effect of ambient temperature on the mechanical properties of rubber bearings, high-
speed compression shear apparatus is used to conduct a series of compression-shear tests at varying temperatures
(-20,0,23°C), frequencies (0.2, 0.25, 0.3 Hz), and shear strains (50% , 100% , 250% ) on rubber
bearings (LRB700 and LNR700). Given that the significant inertial and frictional forces generated by the high-
speed and high-pressure (15 MPa vertial compressive stress) , this paper firstly proposes correction methodologies
for accurately determining the performance indexes of bearings under conditions of high-speed and high-pressure
loading. Test results indicate that with an increasing number of loading circles, the temperature variation within the
internal lead core of LRB700 is more pronounced and exhibits symmetry with respect to the height of the lead core,
whereas the temperature variation on the inner wall of LNR700 is minimal. In addition, the primary mechanical
indexes of LRB700 and LNR700 (such as characteristic strength, post-yield horizontal stiffness, and horizontal
equivalent stiffness) exhibit varying degrees of an upward trend as ambient temperature decreases. Specifically, the
characteristic strength of LRB700 increases by 15% to 32% , the post-yield stiffness of LRB700 increases by 7% to
16% , and the horizontal equivalent stiffness of LRB700 and LNR700 increases by 12% to 23% and 5% to 16% ,
respectively. Finally, this research concludes by proposing mechanical performance adjustment coefficients for
LRB700 and LNR700 that account for the effect of ambient temperature based on the aforementioned results and in
accordance with relevant standards.
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Tab.1 Dimensions of specimens
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mm mm mm mm JE B/ mm 25 JEBE/mm J;':’;f( JEBE/mm mm
LRB700 720.00 104.20 241.00 990. 00 7.39 18 4.00 17 133.02 271.02
LNR700 720.00 — — 990. 00 7.39 18 4.00 17 133.02 271.02
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Fig. 1  Configuration features of tearing and location of the rmocouple
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Fig.2  Cooling process of specimen
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Fig.3 Compression-shear test of specimen
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Fig.5 Mounting spherical slide bearing and accelerometers
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Fig.6 Force diagram of test apparatus
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Fig. 10 Correction process of internal friction forces
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Tab.3 Verification of accuracy of equipment inertial force and frictional force correction methods

s e KPR J3/kN KEEEN S RRRATRE (Nomm-)  EREAT
eI s EI% s sk R 2= %
1(0.20 Hz) 62.474 6 60.648 2 3 1.233 3 1.180 4 4
LRB700 -50%  2(0.25 Hz) 100.541 8 95.065 1 5 1.139 6 1.081 4 5
3(0.30 Hz) 71.391 9 71.508 0 0 1.029 0 0.990 7 4
1(0.20 Hz) 120.338 3 111.391 8 7 0.964 0 0.910 9 6
LRB700 -100% 2(0.25 Hz) 140.353 7 131.146 5 7 1.076 1 0.986 0 8
3(0.30 Hz) 130.612 4 126.766 9 3 0.882 5 0.794 0 10
1(0.20 Hz) 130.853 4 125.487 8 4 0.773 9 0.769 7 1
LRB700 -250% 2(0.25 Hz) 166.652 3 164.357 1 1 0.768 0 0.757 9 1
3(0.30 Hz) 160.734 2 150.650 1 6 0.689 5 0.640 2 7
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Fig. 14 Hysteretic curve of isolation rubber bearing

2 1 B IR BT I X B AEAR M S g 2 MR RE R 5
M, GB/T 51408—2021 ¢ 47 b 7 e+ v ) 127 Ff
S D ETTIA 3 AR R B, BIKF i AR 59 g %%
FH0 i IR 7K W 4 ZR B B K SR A
(14 R R 500, S TR XE T R AR G S 7 2 R () TR K
Horn | B R AR SRR B [ P A K et AR B g e
R JG 7K I EE A B K PS55I AT LA o E R T ik
INLARARE

SR ARA 7K - J AR 5 S I K AR S 7K F NI
JEE R 2R 50 R KT S 5 M R R R, X B
700 mm {4 BE AR S JREAEAS [R5 AR iR As =R L
SO BT By R AT AE I g, 5 RO
] A PR BOR B L s e, S R S SRR IR R
230, —20 °C X FE AR e 32 B g 2= PR R 52 i), £
TSR — P [ iy £ BT b IO 14 g 27 1 RE 48 A i 47 43
Mro R, SRR A i A7 10 2 6 i 2 2 1 2 0o
#¥,, Scragging LA M Mullins W FEATHFR , TP, R R=
PR S R A 5 — PO R I 2 b R A M R e, T
iF 85 S JREAE O —20 °CFRBEIRE T A 25 5 A
23 C &M T S IME LLFE T — A A B, AT A5 3]
FARFERRE (I (13) ~ (15) Fim ) 2 e B e 1)
BIERE(PRANAE R S) |

Qu(T)

0u(T) =553 7y @a(23 C) =€ (1) Q423 T)

(13)
K (T
K, (T) =K_“gg(y.)c>1<m<23 T) =
Ce (1)K, (23 C) (14)
K,(T) )
K, =WK“<23 C) =C, (1)K, (23 C)

(15)

x5 FENREREWER700 mm BERKRZEREEERY

Tab.5 Temperature correction coefficient for 700 mm diameter isolating rubber bearing

SCHEZE AN KT IR BT 3 R R KL iy SR IESEEE K252 B e 2R K
LRB700 Cy,(T) =0.488 5¢ 10,656 5 C, (T) =1.063 0e 02" Cy, (T) =1.121 0e > %"
LNR700 — — Cx, (T) =0.065 9e > *' " +0.979 6

& 15(a) 7% T LRB700 {EA R Jn#k T F &
— KT IR 5 g, o oA BR R E TR IH — Ak
S, R R E O an & 15 (b) RS TR, Al
DIE Y IEEIR N 0 °CiF, LRB700 7K - i IR 5
FIMEE 23 C BTt 15% 5 MIREEEE A - 20 CHE,
LRB700 7K~V IR 85 J1AH HE 23 °C E T} 32% .,

16 (a) iR T LRB700 7EAN[RINZE: T F 48—
118 Je i 77 I, i Rt e n &1 16 (b) vh
FLSEZ B s, W LA M ERE N 0 C I,
LRB700 J# i f5 7K F-RIEEAH LG 23 C BT 7% 5 2438
IR K - 20 °CHF, LRB700 Jit IR J5 7K - W 3 AH L
23 C LEF16% .,



%6 1

Ve, 5 25 [EERIE B S50 1 P R AR S e 1 2 P eI

240 -
A
200 - s
&
z 8 N
= 160} s
R @ © -
= ° o 8
= 120 o . :
= . )
B 80F
¥ 8 .
40 - = LRB700-1(50%) e LRB700-1(100%) a LRB700-1(250%)
LRB700-2(50%) © LRB700-2(100%) 2 LRB700-2(250%)
& LRB700-3(50%) © LRB700-3(100%) 4 LRB700-3(250%)
0 1 1 1 1 1 J
30 20 -10 0 10 20 30

1/°C
(a) LRB7003 — Bl /K~ J& IR BY /7

- 101 -
1.8¢
A
1.5}
8
Q 12t
Ql
0.9}
—=— LRB700-1(50%) -~®- LRB700-1(100%) 4 LRB700-1(250%)
5~ LRB700-2(50%) < LRB700-2(100%) ¢ LRB700-2(250%)
—&— LRB700-3(50%) ~® LRB700-3(100%) # LRB700-3(250%)
06 1 1 1 1 1 1
30 20 -10 0 10 20 30
1/°C

(b) LRB7007KF J& IR BY /7 il B & IE#0) & ith 42

E 15 ZEFREREEIT LRB700 7k FJE RS 1700 R

Fig. 15

1.5

1.2+

09+t

> P> @ €00 @ m

» > @ ©B O
» D e @ o m

03+F

= LRB700-1(50%) ® LRB700-1(100%) 4 LRB700-1(250%)
LRB700-2(50%) © LRB700-2(100%) # LRB700-2(250%)

@ LRB700-3(50%) ® LRB700-3(100%) # LRB700-3(250%)

0 L ! L L \

-30 -20 -10 0 10 20 30

1/°C
(a) LRB7002% — I8 J& ik = 7K~ NIl &

JiE AR S 7K T I BE /(KN -mm )
o

E 16 ZEINEREXN LRB700 [EREKER E

Adjustment coefficient of characteristic strength of LRB700 considering the influence of ambient temperature

1.50
1.35F
1.20F
X 1.05f
=
0.90 -
—=— LRB700-1(50%) -®- LRB700-1(100%) 4 LRB700-1(250%)
0.75F - LRB700-2(50%) LRB700-2(100%) = LRB700-2(250%)
—#—=LRB700-3(50%) - LRB700-3(100%) # LRB700-3(250%)
0.60 1 1 1 1 1 1
30 20 -10 0 10 20 30
1/°C
(b) LRB700/E Ik J5 7K - W £ i FE 18 IE & i 2%
spAES

Fig. 16 Adjustment coefficient of horizontal post-yield stiffness of LRB700 considering the influence of ambient temperature

Kl 17 (a) 5 18 (a) 43 @78 T LRB700
LNR700 75 A [ i 28 T80 565 — Bl (1% 7K 1 45 24 W1
L HE R 2B L anE 17 (b) 5 18 (b) HRL 524k
FiR, AT LAE YIRS E ) 0 °C B, LRB700 5

32¢
= 28t g )
g - .
g€ 241 . . .
z . e
2 20F . 9
o6t A :
= g a .
1.2} » .
g ]
B 0.8F
% = LRB700-1(50%) ® LRB700-1(100%) 4 LRB700-1(250%)
04 g LRB700-2(50%) © LRB700-2(100%) ~ LRB700-2(250%)
# LRB700-3(50%) ® LRB700-3(100%) # LRB700-3(250%)
0 1 1 1 1 1 J
300 200 -10 0 10 20 30
t/°C
(a) LRB70055 — Bl /K 45 20 Wl BE

& 17

LNR700 7K 28 % W B AH Eb 23 °C 4390 T 12%
5% ; UIREE IR E N — 20 °C i, LRB700 5 LNR700
AOEZE 3R EE A e 23 C 4050 BT 23% 16% .,

1.50
1.35¢ *
A
1.20F
:m
& Lot
£
0.90F
—a— LRB700-1(50%) - LRB700-1(100%) 4 LRB700-1(250%)
0.75F = LRB700-2(50%) > LRB700-2(100%) © LRB700-2(250%)
- LRB700-3(50%) ~© LRB700-3(100%) # LRB700-3(250%)
0.60 1 1 1 1 1 1
-30 -20 -10 0 10 20 30

t/°C
(b) LRB7007K 45 X NIl B il B 18 IE 10L& ith 42

ZRIRIREX LRB700 7K F &N EHI#0mZR 4

Fig. 17 Adjustment coefficient of horizontal equivalent stiffness of LRB700 considering the influence of ambient temperature
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