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Study of Evaluation Index Characterizing Dynamic Friction
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Abstract

The dynamic characteristics of shock absorbers,
as components of the suspension, have a large ef-
fect on dynamic performance, i.e., on automobile
maneuverability, stability, and ride comfort. The
damping force of a shock absorber is the sum of
the hydraulic damping force due to pressure loss
of the fluid and the frictional force generated at
the oil seal and other sliding parts. This frictional
force plays an important role in damping function
because its response is quick, even though the
generated force is smaller than the hydraulic
damping force.

Since the lubrication state of the friction part of
the shock absorber changes in diverse ways and
the effectiveness of the hydraulic fluid additive
also has complex effects, friction behaviour chang-
es in a dynamic and complex way. This has never
been adequately elucidated from an industrial per-
spective, and there are no cases of fundamental
research on dynamic friction characteristics with
a focus on the behaviour typical of shock absorb-
ers.

This paper focuses on the speed dependence
characteristic of friction. In this case, there are re-
peated dynamic state changes between dynamic
and static friction, and therefore the conventional
measurement method was not sufficient for obtain-
ing the actually needed characteristic. Therefore,
in order to ascertain dynamic friction characteris-
tics suitable for shock absorbers, we developed a
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device that can measure the speed dependence of
friction at high accuracy, and thereby established
a measurement methodology. Based on analysis of
the measurement data, the previous evaluation us-
ing only the average fiction force was inadequate,
and thus we attempted to create evaluation indi-
ces for extracting features of the dynamic friction
characteristics.

Validity was examined by using the three new-
ly proposed evaluation indices, and as a result it
was confirmed that the features of friction are
quantifiable by using the indexes.
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2 Example of dynamic friction behavior
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3 Schematic of reciprocating tribo-tester

DAEEER S, ChICY yREBRE 2L YTC
L) B SE A AL RoTWS, BEDIL, ¥
¥ RBRR BB E ) A A O AR =V R VT
FHANL 72, BRSO, B X ) — iR
WZHIHT A2HEE L > TV 5.
2.3 EtEIFE

Ta v T T NIBWT, B SRR
WCKECHEBRZE 2 501%, TS EEOBKHE
IR MIRIEIRE ICH L EEZOND. 22T, B
B ESMEE VITRT L 912, BE#E D 560mm/s
FRPE F COREREIZ BT, HRIE £0.1mn~ = 2.0mm,
JEWE RS 0Hz L feE L7z, MEICB LT, RIE%
+25mmT300[E (60sec) D FilEE % Efi+ 5 2
EICXY, EWIRREL 225 X9 ICEShih & BEE R 2
U T Fio, BERELZZCSEL00, Hl
ERNITRB N 2 —EHS LT L w 9 BRIk
BIMAEAE T HIREE L, 1501 (30sec) Tk

BRIZEE I OWE Z MG L 72,

# 1 Sliding test conditions
Normal force 20 N
Temperature 30 °C
Amplitude +0.1, 02, 05, 1.0, 20 mm
Frequency 5 Hz
Oscillating mode Sine wave

Maximum velocity

3.14~62.8 mm/s

Nitrile Butadiene Rubber (NBR)
Edge angle: 140°

Contact length: 8 mm

Hard chromium plating
Surface roughness Ra 0.01um

Pin sample

Disk sample

2.4 FHEY T

Ta v T TV = NOBEEEEE, TR E 4 A
N —VORETIZL o TRELEITEY. 22
TERFERTIE, ANV =AM ELT, Yavy
TTI=NERHINTwETZ7)u= ) -7
¥ YTy (NBR) w7z BEBEEICIE,
F AV v TR % B L Cein 2 140° o L 7
ALy bL2b%E, Ui & L TR
L7z, 74 A7 ICE, AN ruy FEH
WHHENTWRHE 7 ulado &2 Wz,
T A A7 RENIHBEL B 2L, RSz
Ra=001umPl F & L7z WM, 4fEO
Yav o T 7Y = NHIEENE vz VEEIH RS
BE L LEOMTRE R A E 2 1T, A FEoEENTX
FIZFE CEREZ R L TW A2, Oill, 2, 31213

_4_



KYBH# #59% 2019—10

#F 2 Properties of test oils

Density | Viscosity Chemical composition
at 1T at 40C Sulfur | Phosphorus Zinc
(g/em) | (SO | (ppm) (ppm) (ppm)
Oil-1 0.86 109 121 1090 0
Oil-2 0.86 11.3 77 526 0
Oil-3 0.86 11.2 204 347 0
Oil-4 0.85 12.6 1900 896 690
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5 Friction characteristic in different amplitude
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6 Calculation concept of the spike index
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