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Tab.1 Load cases of static friction coefficients test

i ﬁ%}q IV ﬁ%ﬁ% FE3/MPa
1-1 442 0.10 1-7 217.4 0.48
1-2 59.4 0.13 1-8 251.0 0.56
1-3 92.9 0.21 1-9 284.4 0.63
1-4 121.6 0.27 1-10 346.7 0.77
1-5 155.1 0.34 1-11 409.0 0.90
1-6 183.8 0.41 1-12 471.1 1.04

1.2 RIELER

R STk [22] H hir 8 st 2R 5505 3 8 X G
RV 3B FEWBRTATRIR ) A L
PEZ B0 910 3.09.12.02 F126.98 N/mm,, &3 H# 1
HTAL 1-2 0 1-5 F1 110 gl 2 ARy iy T Bk
MR, B3, B BB R R A AR e A
T B HE T E SR, FEAR XS B8 Sl T R i
S — A BB T, 20 TR R R 452 2R L



44

TREREHHOR

%57 %

B 44 A, Fe S PR 2ems K . ffka 4 A= (2) v
1, %2 Au—TEAS R 0.005 , BIFEE 488 22 By S b
A SUEAZEARN K,

20 - — 112
THe1-5
- = TL#&1-10

B} [H)/s
3 BREEE SN phzk

Fig.3 Testing curves of static friction force
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Tab.2 Load cases of dynamic friction coefficients
P T B A
2—1 442 0.10 2—-6 513.6 1.14
2-2 92.9 0.21 2-7 609.4 1.35
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Fig. 5 Friction force—displacement curves under simple harmonic waves
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Fig. 8 Friction characteristic curves in Case 2-5
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Tab. 3 Values of coefficient @, b and ¢

TS JE5%/MPa
a b c
2-1 0.10 0.201 0.148 16.33
2-2 0.21 0.202 0.161 13.87
2-3 0.41 0.196 0.146 11.34
2-4 0.78 0.202 0.140 10.98
2-5 0.94 0.200 0.134 13.50
2-6 1.14 0.207 0.134 14.60
2-7 1.35 0.204 0.133 17.90
2-8 1.57 0.204 0.134 20.43
2-9 1.76 0.204 0.132 20.62
2-10 1.96 0.207 0.130 20.84
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Fig. 9 Variation of friction coefficient with pressure and sp-
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Tab.4 Comparison of test and numerical simulation results under various conditions
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Fig. 11 Comparison of seismic response based on exponential function model and Coulomb model
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Frictional Characteristics and Mechanical Model of PTFE Against Stainless Steel Under Low Loads
ZHAO Shoujiang' , DAl Junwi’

(1.The Palace Museum, Beijing 100009, China;
2.Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics, CEA, Harbin 150080, China)

Abstract:

Objective Polytetrafluoroethylene (PTFE) is a highly effective solid lubricating material that has been widely applied in engineering,

particularly in sliding isolation bearings. Its friction pair with stainless steel effectively controls the upward transmission of seismic en-

ergy and reduces the seismic response of the superstructure through frictional energy dissipation. However, existing research and ex-

periments have primarily concentrated on the friction characteristics under heavy load conditions, with limited understanding of the
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friction behavior under low load conditions. With growing awareness of preventive protection, seismic isolation technology has been
increasingly employed to safeguard various free-standing objects, including cultural relics and precision instruments, which are typi-
cally small in volume and light in weight. Given the close relationship between friction characteristics and contact surface pressure, it
is of practical significance to investigate the friction characteristics of PTFE and stainless steel under low load conditions. This re-
search contributes to enhancing the accuracy of isolation effect predictions and optimizing the design of seismic isolators.

Methods The specimens of PTFE and 304 stainless steel were prepared to ensure a smooth surface and accurate size, and a test device was de-
signed and constructed. When measuring the static friction coefficient, the relative moving speed of the specimen was set at 1.5 mm/s. A series of
vertical loads were applied to the specimen, and the corresponding static friction force was recorded. The relationship between the static friction
coefficient and the pressure was then obtained. A simple harmonic wave was employed as the displacement excitation, with an amplitude of 6 cm
and a frequency of 0.4 Hz, to measure the dynamic friction coefficient. The relationships between friction and displacement were recorded under
different vertical load conditions. The variation of the dynamic friction coefficient with velocity and pressure was analyzed. Based on the test re-
sults, a mechanical model describing the friction and velocity of PTFE and 304 stainless steel friction pairs was established. The established fric-
tion model was compared to the classical Coulomb friction model. The accuracy and differences between the two models in predicting friction be-
havior were evaluated by comparing the test results with the numerical analysis results.

Results and Discussions The static and dynamic friction coefficients are correlated with the vertical load. When the pressure is between 0 and
0.5 MPa, the static friction coefficient exhibits a pronounced decline with increasing pressure. When the pressure is between 0.5 and 1.2 MPa, the
rate of decline of the static friction coefficient slows down and stabilizes at 0.045. Regarding the dynamic friction coefficient, when the pressure
is between 0 and 2 MPa, there is a trend of initial decrease followed by a subsequent increase. However, the growth rate continues to slow down.
In addition, under the same pressure, the dynamic friction coefficient increases with increasing velocity and tends to stabilize after the velocity
reaches a certain threshold. The upper limit values under different pressures are close to 0.202. In the multiple vibration response tests, the coinci-
dence degree of the acceleration time-history curves is better than that of the relative displacement. Regarding the acceleration response, the time-
history curves exhibit consistent trends and minimal differences in the extreme values, and the coincidence degree between the curves is excep-
tionally high. For the displacement response, the repeatability of test results is relatively poor, with differences in the displacement values of each
curve at a specific time. However, the overall shape or trend of the curves remains relatively consistent, with local segments exhibiting consider-
able similarity. As the number of tests increases, the coincidence degree of the displacement response curve also increases. The theoretical analy-
sis results based on the novel model are in good agreement with the experimental results. When the Coulomb model is used, if the friction coeffi-
cient is relatively low, the isolation efficiency and displacement response of friction slip will be overestimated. In contrast, if the coefficient is
higher, these results will be underestimated.

Conclusions The static and dynamic friction coefficients of the PTFE—stainless steel friction pair are found to be significantly influenced by
pressure under low-load conditions. Based on the test results concerning the relationship between friction coefficient and sliding velocity, the pro-
posed exponential function model proves to be more suitable for simulating the friction behavior under low loads and for accurately evaluating
the isolation effect of sliding isolation bearings. This holds substantial importance for the development and enhancement of sliding isolation bear-
ings designed for free-standing objects.

Key words: polytetrafluoroethylene (PTFE); stainless steel; sliding isolation; mechanical model; low loads; friction coefficient
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