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Evaluation of the Sliding Frictional Characteristics at the
Different Loading Mechanisms and Normal Stiffness
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*Department of Automotive Engineering, Han Yang University

Abstract—Frictional characteristics with the change of loading method and normal stiffness at dry
sliding surfaces were experimentally and theoretically evaluated in this study. For the study, a ball-on-
disk typed test rig was built and implemented, which allowed a proper selection of loading mechan-
ism and normal stiffness of the test rig. Loading method were varied from dead weight to pneumatic
cylinder and spring loading, and the normal stiffness was varied by a spring of different stiffness.
Test results showed that frictional characteristics at various loading methods were different even
though the operating variables were the same. Discrepancy in the frictional characteristics, such as
coefficient of friction and fluctuation in the normal load, were explained by the change in dynamic
parameters of the test rigs. Results also showed that coefficient of friction, which defines as a ratio
of frictional force divided a normal load, could be differently evaluated in the calculation when fluc-

tuation in the normal load was significant.
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Fig. 2. A sectional view of the various loading devices:
(a) dead weight; (b) pneumatic; (c) spring.
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Table 1. Coefficient of friction at the different loading
mechanisms and normal stiffness of rig. (Normal load,
49 N; Sliding velocity, 0.1 m/s; Data average duration,
1/3 sec)

Loading Mechanism Dead

Pneumatic  Spring

Stiffness (N/m) Weight

k=9800 0.64 0.62 0.66
k=98000 0.66 0.69 0.79
k=705600 0.68 0.65 0.72
Rigid bar(k ) (.70 0.70 0.72
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Fig. 3. Coefficients of Friction at the different dy-

namic stiffness (Normal load, 19.6 N; Sliding velocity,

0.1 m/s; Dead weight; Data average duration, 1/3 sec;

tang=7x 10"
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Table 2. Standard deviation of the normal load fluc-
tuation at the different loading mechanisms and dy-
namic stiffness in the steady state. (Normal load, 49 N;
Sliding velocity, 0.1 m/s; Data acquisition frequency, 10
kHz)

Loading Mechanism Dead Pneumatic Spring

Stiffness (N/m) Weight
k=9800 0.62 0.71 0.75
k=98000 0.67 0.71 1.07
k=705600 1.23 .90 1.21
Rigid bar(k-—e) 1.76 123 2.28
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Fig. 6. Fluctuation in the normal load at the different
loading mechanism when the governing rotating fre-
quency is low (Normal load, 19.6 N; Sliding velocity, 0.
004 m/s; Stiffness, 98000 N/m; Data average duration,
1/3 sec; tang=7X 107).
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Fig. 11. Theoretical fluctuation in the normal load at
the different loading mechanisms (m;=2 kg, k,=98000
N/m, (=0.2).
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