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Observation of Lubrication State and Lubricant Replenishment
under Sliding-Rolling Motions with Single-Charging Amount

JIANG Nan, LI Xinming', YANG Ping, GUO Feng

(School of Mechanical and Automotive Engineering, Qingdao University of Technology,
Shandong Qingdao 266520, China)
Abstract: Using a ball-on-disc film and friction measurement apparatus, the lubrication states, and lubricant
replenishment behaviors were experimentally observed under sliding-rolling conditions with single-charging amount.
The results showed that for a fixed sliding-rolling-ratio (SRR), the transitions of contacts from boundary lubrication to
elastohydrodynamic lubrication (EHL) were found, the trends of which were highly dependent on the lubricant charging
amount. The out-of-contact replenishment mechanism was responsible for the transitions. Given entrainment velocity,
the inlet distance decreased and starvation width broadened with variations of SRR from a negative value to a positive
value, which was attributed to the large differences of replenishment time. Under fully starvation states, the contact

replenishment mechanism played a significant role in the establishment of local EHL films.
Key words: sliding-rolling-ratio; single-charging lubrication; starvation; lubricant replenishment; lubrication states
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Fig. 1 Structure of apparatus and measurement scheme
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Table 1 Experimental conditions

Parameters Specification
Entrainment speed, u./(mm/s) 2~512
Sliding-rolling-ratio, -1.0~1.0
Load/N, Maximum Hertz pressure/GPa 32,0.49
Lubricant amount/uL 5, 10, 20, 100
Ambient temperature/ °C 20+1

#2 FRBERLETHERMIKE, u, = 128 mm/s
Table 2 Disc speed and ball speed under different
sliding-rolling ratios, u, = 128 mm/s

X -1.0 -06 02 0 0.2 0.6 1.0

ug/(mm/s)  64.0 89.6 1152 128.0 140.8 166.4 192.0
uy/(mm/s) 192.0 166.4 1408 128.0 1152 89.6  64.0

x3 REREEHMER

Table 3 Properties of lubricants used in experiments

Lubricant Viscosity(Pa-s@20 “C) Density(kg/m’@ 20 °C)
PAO4 0.03 0.820
PAOI10 0.13 0.835
PAO40 0.78 0.842

B2 N H X A R 2o N - Z A 5t %
L5 5 X 3 5 1 B B 1, T R SR A 2 i R, B
[/ Z AR P ™ B T DA HY AR Y5 pL
MR, HBOEE Au, = 64 mmy/sitt, 7EREE T
WES I Z i 5, JExd i X AN 5 5 5 4
TSGR FEAEOE E Nu, = 96 muy/si Z il 5t C 3
KA X5 B = 05 Hu, = 128 mnysif, Z il

Fig. 2 Variations of images with entrainment velocities under different lubricant charging amount, PAO10, {= 0.6
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Fig. 3 Variations of film thickness, friction coefficient and
specific film thickness with entrainment velocities under
different lubricant charging amount, = 0.6

B3 ASEIGb R TR BRI AR R A N 5 I s R i B
Ak, PAO10, (= 0.6

FEGEIME D920 uLZAF N, BRI Z MR
AL H Z AR R, S S R BT R A
W 7E AR 9100 pLi A EE HOIRAS T, Hl X
THABE 7 B2 P B 7 AR R B, 818 R TR B Bt )
R R 2 Aw R 2 22 B 5 W PR S, ELR 32 38—
S L FRY B 20802 A A 298 S8 S0, R T B 44 2 S T
PR A e . A P20 pL AR ALl EE100 uL
(K120%, {5 3 2 I 58 45 SR A%, 2 WY 3k 3 A 730 1 2%
SR A7 AE i A M it
2.2 BEEEREE TEREIIN OHEIRZSHIR R

N T RS VR BRI T R S [l AZh T
15 58 B OH e = 128 mmy/s T 8 Il BB TR L IR A2
R, B4 IR HAE 1.0 28 100930 Bl 9 321k, 3
RLE T S AN BRI HUE S T2 . dr B 2~3 i 45 2R
AR, PR D920 w4 i XA R A3k P 9 Rl A Ak
TAMEEERE T, B R4 1 7 AHmE N5 F110 uL
TR R M4BT B ERTLE W, 4t
BN pLA AR, N Z L 5 C 5 i [X 34 552
S B2 B Z MM Ak X ey sk X3 e 5 B8 e i B
AR TP, 35 78 00 (i 25 P T SR A X g 7R gy
T AL AR S 1815 5E BEah 1 3 BB WO [l (B4
WHEA-AT7 1) B Z 0T hEEAME, AT R X
PR B4 e RV RFAIE . {EL I 4(a) 2R, ASFITEIR HE 2%
PR A X ok X3S ) 98 AN TR X5 N T X
IATIRESA R, BN Z il -5 $e i X 30 7748 X
PR, B2 X P $ ™ DX IR, v B IX — AR
¥, Ka@) g LT Z L, I E LTERNSH
D = bja (a N 2E3Z A EAR)RAEA AN A RS e =
TR RZ. E4(b)gr th 17 = ith 98 5 DI 18 VR LL (1 A2 1



ERN TLAM, 55 IR AT T A BT T IR A 5 1 70 (el SRR R s W 2 13

0.4

, , , , , 0.12
—-0.8 -04 0.0 0.4 0.8

é
(b) Inlet distance and starvation width
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