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Effects of Lubricating Oil Oxidation on Tribological Characteristics of Low-Current Electric
Sliding Contacts Made of Porous Materials
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In recent years, with the demand for lower electricity consumption and longer life of automobiles, it is required to
reduce current consumption and improve the reliability for electric sliding contacts. In this study, for the purpose of lower
current consumption and reliability improvement of the sliding contacts, the tribology characteristics (coefficient of
friction and electrical conductivity) of the sliding contacts made of impregnated porous material were experimentally
examined to determine the impact of oxidized lubricant in the impregnated porous material upon these characteristics.
The experiment on the tribological characteristics was conducted using a pin-on-disk friction test machine and a surface
analysis device. As a result, the following findings were obtained. The oxidation of the lubricant in the porous material
increased the lubricant viscosity and enhanced generating the oxide film on the sliding surface, causing an increase in the
friction coefficient of the sliding contacts. Besides, the addition of oxidation inhibitor and corrosion inhibitor to the
lubricant decreased the amount of carboxylate on the sliding surface generated by the oxidation of the lubricant,

contributing to the reduction of a deterioration in the electrical conductivity.
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Fig.1 Schematic diagram of the experimental apparatus Fig.2 Measurement circuit
Table 1 Specifications of rider Table 2 Specifications of disks
Rider material SuUJ2 . . Bronze Cu-Sn-
- Disk material
Curvature radius R [mm] 2.8 ©
Length L [mm] 5.6 Diameter [mm] 40
Width B [mm] 5.6 Thickness [mm] 8.0
Roughness Ra [um)] 0.02 Permeability k [m?] 1.2X10%8
Vickers hardness HV 780 Relative density [%] 76
Table 3 Experimental conditions
Applied load W[N] 1.0 R
Disk rotating speed U [m/s] 0.03 ~ 035 - c . D ’:::;‘{J
Lubricating oil  (Base oil) PAO ) E, o /’Z’ 2& B - KA
Viscosity 7o [Pa * s] 0.59 (@26C) © g O
> e .
- Octylated £0© Base oil
Additive A (1.5mass%) ) ) 8
diphenylamine g ‘ ‘ ‘ ‘
2,6-Di-tert-butyl- 100 200 300 400 500
B (1.5mass%) .
4-methylphenol Exposure time [hour]
C (1.5mass%) Benzotriazole Fig.3 Extracted oil viscosity versus exposure time

X 1 IZEBRIEE O 273, BEICEHECEX 27 — A RE L2 74 & (BEEm) #EfET + A7 (&
i) IR LAT T L Y BN SNDHERTHD. 74 Z13lszii sun #-c, L )i ERmPik ch s.
R LIHRE RS, BEET ¢ A7 IXHEHFROZALEMEICH Y, MiFmE BB CER Iz, K2 ICEE R
T T AT UM S E, AKFEE G AR E FREE T AN D H. B & SCRHMAONEIZER Y £
FONT NG U AEY TEMAEORIEICLI-0L, Bro bl a8es W THmELZ AR L-. £7-7—24
BIEIZERY HF o2 LTr— Re/mc LV EHEFRO vy ZRIE LT, T4 X LElEET « A7 o
EE V. #X 2 OREEZANCTHIE Lz, Bohniz V. kv, DEEE (=vvy) 3% Lz, 22TV (=1.0V)
RIERELRED i OBE T, =1 THfifpikiE, =0 THEEBREIRETH L.

# 3 \TEBREMR X ORI R OUIFIRK > & RINEZ T, AR CIES LSBT, 3 EJEEL, FHA
T DOWHEEEFERE L L CTHW, B, Btk s EuLw) AV CRHiid 5.

FEERITIEH (PAO) DA, FLITIRINA A = 77 I SR LR IEAD (RN A), B: 7 = /7 — /VRE{EBL A (s
I B), C: EEPIEA RN C) OWIihs 1RSI S AV RIS ER ST G 4 FEEADERET 4 A
7 TATo . ATEEORELRT 4 27 % 140°CICRE L-IEEMN T LY YBIREABHIND L ITHKE L. [
HRT 4 A7 Z4—EWE (0h, 250h, 500h) FUEMZICHY L, BEEEMRE u 36 JOVBER « sz fetdi S & o
BfRERDT-. ZOBE S DIEEZLE T D702, fWE W —ED F CHEREE U 22 {b X7z, Zo—#HDE
BRiL, UDRWEN OGNS ES HIETITo72. u BEWt & § EDERERDT=DL, ~FH &AW, [bis
T 4 A7 NOEEH O L OEEET « 27 REOFEHZIT o7, HRIIA~F Y 2000 BRyweo b, [k

[No.20-1] BAHMFEER 2020 FEERAE FHEMXE (20209.13-16, ZHE)



Copyright©2020 —fR#tMiE A BHAMHFS

FEEEEE (Brookfield ¢ DV-III ULTRA) % HWWNC, MIHHORERIEICMHH L-. ZOREEK 3 (rd. AKX
HFo SHIEX 3 O g EEHEH Lz, BERT ¢ A7 13008 % O 1 B X O OJIE & FEIRED AT L=

3. HERUER

3-1 REBREBEROERRES L UVHREE

4 |\Z—7ERFfE] (Oh, 250h, 500h) fik{& L7=&BlET ¢ A 2 % T2 SRR O BREREL 1 35 OV BIERS « & il
RS & ORRETRT. wid, WE L S OFBHNTIE, ERRIZE RV @E MEZ R T, E 72 mE
BAMR7Z2 < AR D u iR Z 7R3, HEE D ¢ 13 0h & Ll Lisv M2 7R3, — 52 OEAIIFER SRk A, B, C
TR L. FEMOSE, HuERORFRICEMR/e < o IR 03 L —EDEEZRT. IRINE A, B, C DA,
tfEiX 250h (0.2 2>5 0.3) >500h (0.13 725 0.23) TH 5. FZIRMM A, B, CIZEDREZEITIZEA 720,

PLEDZ Ennn, MRS NZENAl A, B, CIEcfED ERAMA 5.

Base oil Oil A QilB QilC
0.20 0.20 0.20 0.20
= 500h
5 018 | 4 0.18 018 | / 018 |
B
& 016 | 0.16 016 016
o
o
£ o o50n| 0.14 014 | 0.14 \‘\’_‘
£ 012 ' 0.12 012 012
o
O
0.10 . 0.10 - 0.10 . 0.10 -
1.0E-04 1.0E-03  1.0E-04 1.0E-03 1.0E-04 1.0E-03 1.0E-04 1.0E-03
0.4 0.4 0.4 0.4
- 500h
% 0.3 -eo----oo;%%< 03 Y o 03 » 03
s | A7 | T < w4 "
po DVl I Tla-
g 02t 250h 02 o9 027 g:-_:::-ii_--o 02 | o z,»e
Y— O /”
8 Oh - N o---""" <
e 01t Vv R 01 ~ 01 » 01 t ©
> & & o K
g e L
0 el I 0 R---""" < I 0 t====== R 1 0 O--==-- 7
1.0E-04 1.0E-03  1.0E-04 1.0E-03 1.0E-04 1.0E-03 1.0E-04 1.0E-03

Bearing characteristic number S=pUL/W

Fig.4 Coefficient of friction 1 and degree of separation 7 versus bearing characteristic number §

3:2 L S58ERAEFRECOERMERDOEERREE L USEHE

TA X EEEET 4 A7 OB N AR EZ £ T2 O THIUL, EERRFICEIR < 1 BEL O 1L S O—1ff
Bl LTRED. —H3-1HTIE, 74 ¥ L RIRKESNZBEET 4 A7 O u B IO i S O— Wik s L
THET Z N TETRAEBELINOBFEEOFIEN R ST, £ 2T, WRBENPERR S v7e~F ¥ ik olE
W7 4 A7 %AW (FRZABRET) u BE N OWUEME Y, WRAEELSOFIEEOREZ G 5. MSiZud
T O LESZERES S = 7 \UL/W () KAKKEEE 1.8X105[Pa « s]) & OEMRZ/RT. BN A O u % 0.22~0.25
& FERENC B o b TR U2 <7, £ OMMOTEEM O w 1I3AERFIZEE D 53, HIE L7z S OHiPHN T Oh
XV BIERWVEZ T, F£72, 0h 2SO TIFEMA RS RKE S, I B & Cldvhawv. —F r thifrozEHET,
TR TOMEIEIT Oh 2ME< 250h & 500h TidMiaam U4 <7, F£7z, 250h & 500h OfEIE, @O0 C 25 0.13
N5 02 ERBIKS, WINMA & BiX02205 03 DfEZRL, FliX 03205 035 EEVMELTRT. Zbo
ZEND, 140 CTHE SN EHET 4 A7 O L 5 BREIZITEEROBLIC XD E (R F7 AR 7 4 VL)

[No.20-1] BAHMFEER 2020 FEERAE FHEMXE (20209.13-16, ZHE)



Copyright©2020 —fR#tMiE A BHAMHFS

DAERKOPHER S 4L, T OEMBITIEMETINME TRRL LEZOND. WIHHTIE, FIART 4L LDER

WREDOFEM 2 T 5.
i Oil A Oil B oilC
0.6 Base oil 0.6 06 06
3.
S 05 | Oh 05 05 05 |
8 v
E 04 04 04 r 04
g 0.3 >N 0.3 0.3 0.3
(<5} . B . B . B . B
8 ¢ ¢ _—g—9-9 o—o—o2 o .' -2
% 02 | '/v\%.’. 02 | 02 t Oﬁ‘:':' 02 f L=l
o
0.1 ,_250h 0.1 L 0.1 L 0.1 L
1.0E-09 1.0E-08 1.0E-09 1.0E-08 1.0E-09 1.0E-08 1.0E-09 1.0E-08
0.4 0.4 0.4 0.4
5&0h
£ 03 gmea Qo 03 0.3 03
S 03 r &g 3T - ST R 3T
‘é f 04:: ..... .’?x -0 8'-"'&\:&0
553 N
202 f 250h 02 | 02 } O 02 F ey 4
> oh d
G ‘ Py e——"'e’
g 01 o-¥-o-0" 01 01 o 01 r
2 e O )
< O-----er-9 O
8 9 : 0 : 0 : 0 na
1.0E-09 1.0E-08 1.0E-09 1.0E-08 1.0E-09 1.0E-08 1.0E-09 1.0E-08
Bearina characteristic number S’"=#UL/W
Fig.5 Coefficient of friction u and degree of separation 7 versus bearing characteristic number S
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Fig.6 Concentration of oxygen and carbon on the surface versus Exposure time
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Fig.7 Total concentration of oxygen and carbon on the surface versus tribological characteristics
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