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Frictional Behavior and Film Thickness of Some Liquid
Crystals in Elastohydrodynamic Lubrication

Hisung Lee'

Korea Railroad Research Insitute

Abstract — The tribological properties of eight different liquid crystals were investigated in a concentrated point
contact device and a ball-on-flat contact. For comparison, the same tests were also performed with commercial
greases and the corresponding base oils. Under the fully flooded conditions studied, liquid crystals in a con-
centrated point contact showed lower friction than commercial greases and greater film thickness dependence on
rolling speed than grease base oils or greases. Test results also showed that the film thickness and friction were
little influenced by the composition of the examined liquid crystals.
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Table 1. Liquid crystal compositions, % (w/w)

1D. DBSA® TEA® Glycerol
LC1 62.0 33.6 4.0
LC2 59.85 35.15 5.0
LC3 63.24 29.76 7.0
LC4 58.5 31.5 10.0
LCS5 59.16 27.84 13.0
LC6 61.0 39.0 -
LC7 65.0 35.0 -
ILC8 68.0 32.0 -

a. DBSA : Dodecylbenzene Sulfonic Acid
b. TEA : Triethanol Amine

Fig. 1. Schematic diagram of concentrated contact
simulator.
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Fig. 2. Schematic diagram of sliding “mixed film”
apparatus.
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Table 3. Traction coefficients of liquid crystals in full
film EHD contacts (K=1, 2=0.05, 6=0.0 rad)

=
003 - § . Velocity Traction Coefficients
= Material
o2k % (m/sec) P.=1GP, P.=1.2GP,
= 0.6 0.011 0.027
o~ LC1 1.2 0.009 0.021
_OIO, —0.028 0025 0.0 1.8 0.007 0.014
Slide Roll I’Ratio ] ' 0.6 0.012 0.027
001 LC2 1.2 0.008 0.026
1.8 0.007 0.026
e 0.6 0.020 0.033
03 LC3 1.2 0.012 0.029
1.8 0.008 0.031
=004 - 0.6 0.014 0.023
Fig. 3. Traction characteristics of LP7(K=1, V=1.8 m/ LC4 1.2 0.008 0.017
sec and P,=1 GP,). 1.8 0.006 0.024
0.6 0.009 0.021
Table 2. Comparison of measured versus published LCS :g gggg 88}3
traction coefficients in typical base oils and greases - . :
in full film EHD contacts 0.6 0.019 0.020
Traction coefficients Lce 12 0010 0.025
Material Velocity = R 1.8 0.005 0.024
(m/sec) H e W 0.6 0.014 0.021
GP.  GPR GP, LC 7 12 0.012 0.023
0.6 0.062 0.072 18 0.009 0.036
(0.054) (0.068) 0.6 0.020 0.016
Polyurea 12 0.056 0.070 LC 8 12 0.011 0.020
Base Oll ’ (0047) (0062) 1.8 0.010 0.035
18 0.053 0.067 0.6 0.005 0.008
(0.041) (0.050) Glycerol 12 0.003 0.007
0.6 0.051 0.068 1.8 0.002 0.006
) (0.042) (0.062)
Polyurea 12 0.040 0.062
Grease "~ (0.034) 0057) W% RTE S ug Ade) shadse 29
1.8 0.032 0.057 £57F 0.6 misecol A 1.8 misec® F713Hol] ol 72k4
(0.030) (0'05? 893, S=F(Hertz) o] 1.0GPoIA 12GP2
. 05 oo o0 ooy TR i —7}4&3@ 1?4:11&4 Fol mE o
Base Oil (0.046)  (0.059)  (0.065)
18 0.049  0.061 0.061 32. 7T EEAY
: 0.043)  (0.060)  (0.063) oA 24 HolEle] UBA 9 Az v)wo] o
San;(())trac 10 0.1150;=111.207GP8) 3 BFFAS BRE) 9sia oM Tajie ek &
*Values in parenthesis are from Ref. [2(3] (K=)l 2=0.05 HTAR ARG SWAUNE el s
6-00 12d) [BIESL 2005 g e gaslgele 9 SuEs] 2
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Fig. 4. Average coefficients of friction for the liquid
crystals and glycerol in the sliding contact.
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Fig. 5. Average coefficients of friction for the liquid
crystals and glycerol in sliding contact.
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Fig. 6. Film thiskness for polyurea grease, P,~1 GP,,
typical behavior of grease.
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Fig. 7. Film thickness for LC 1, 3, 4, 5 and LC 8,
P,~1 GP,, continuous feed with scraper.
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Fig. 8. Film thickness for LC2, 6 and LC7, P,~1 GP,,
continuous feed with scraper.
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