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Lubrication condition monitoring of multiple bearings using impedance spectroscopy
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1. [FC&IC

IT4F:, SDGs (sustainable development goals) DFERICEERNT 5720, Hx RO L 5 BIIZHV G4 85230 i
ZAWEER DL MR RO HN TN D, 207D, HEAIOMEREEL - RMELD F Ly RElroTWEAR, [FF
{Z EHD (elastohydrodynamic) #2238 1) 2 HEERENTIC L 2O Y 27 bEE 5. LER-> T, i oE L
b BHFMLEMNT H72OIC1E, HMRE=4 )V THIFEHWZZEBRBPNLERAIRTHS. ZHET, Alb
IR DESMFIELZ LR L, ST WL L RERRE CHEE I A RETE, 2 olEOmE = FRICHE TE 5
BRA B — & U AJE(EIM, electrical impedance method?) #BHF L, FHEEEOIEN Y #5z ~OIEH I HEI LTV 5.
UL, EEOBBITEROMZZMEH L CRY, fiko EIM 124 TO®S% 0 EHD S5k 2 TR s L
NHETERWD, BEOMZIZH L TEL OFERELE=42) 73252 LIXTERY. 22 TRIFRIL, FH
HRH 2/ U CEBIEIE 2 A L7 2 DO IC K LC, RER B AR5 T 2 BRA v B — & R4 IE(EIS, electrical
impedance spectroscopy®) ZiEH L, N ZENOMSZ OMBEEE Z FRHICHEETEL L2 AN LD THRET S.

2. HEBAE

AR THOWE#Z AR OBAXIZ oW T, Fig 1ITRT. KERRLD 7Y —XE2E A L RIEE% % 2 #68
ML, ENENOE s B L Bt L CRldGEh 2 A U7 B AR 246k L 72, RBRS % Table1 12, 27U — 2%
Pk & B A% Table 2 ICFNFNRT . Figure 2 ICRT 38 Y, SBEMEICAE U5 EREN R & R S Lotk
R¥J—ME% & L7 CPE (constant phase element) DIZFIEIFKAS 2 DEFNHEHE S 2 EMERAHMEL TND Y 0 &R
TR B ARSI L TEONT-EHE A L B —F 2 ZAMnD, Cole-Cole 711 v b (Bl A o v — & L AL, #tdh: 8
FAVE—FRAER) TR =TT 4 T 4 T EITD, {2 OMZORIBEERERE L. Honizizo
FREEHICH LT EIM 28 A L, MRS b, BXOMBEOMER o 28I Lz, W, ROz HAOES
A= U ABBIBRENETNRE L, BEIEEND PRINZEEROESZ A VX A —HT 2R LTz,

LCR meter Table 1 Test conditions
bearing A bearing B Bearing 6306
axial load Temperature, °C 35
Rotational speed, min 500
Axial load, N 436
== T T Radial load, N 0
Maximum contact pressure, GPa 1.0
/ — Alternating voltage, V 0.2
\ AC frequency, Hz 20-1000000
\ linear guide
Fig. 1 Schematic diagram of experimental apparatus Table 2 Grease properties
Bearing A B
Kinematic viscosity, mm?/s at 40°C 17 411
bearing bearing
A B Pressure-viscosity coefficient, GPa! 11.5 16.2
Relative permittivity 2.1 2.1
CPE, CPEg Mass, g 3.6 3.6

Fig. 2 Equivalent circuit of experiment
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3. WREEE

SR, B LU 2 S &2 EINTE W THRIE L7z Cole-Cole 711 v MIZ-OWT, Fig. 3 1RT. EINZEWZHIE
FEER (Fig. 3 FOEA) (2xt LT, Fig. 2 OEMMRIKEHE LI —T 7 4 v T 4 v 7 E2{To R EXBORNER
TRY. ZOD—T T 4T 472 E0PRENDIE X2 OEZOEFA L E—F A (Fig.3 FOF, ROER) &
HARHIEORE (Fig.3 FOFNM, K=M) DMEEAE—HLTWDLI ERNbrD. 2F0, AFERFEX O#ZIC
EULDERA L E—F 2%, HINIZENTEHERBREPOMBTED ZEBRENT. I, Fx0MZIZELD
BHEA X ZAOHEMENS, EMZHAWTH BXWazt=4 1 7 LIERR%E Fig 4 [Ord. BHINZEWE
BIERE R (Fig. 4 POBRRN) X, HEHEORKE (Fig.4 PoHENM, R=EMA) SIFE-HL TV, LT, B
IR S htheoy? & BITEAE—E L TV, ZHUOLORBR LY, BEINCEN S 2KOEZAS LV E—F U AND
il % Doz OPIIREEZ RIRFCE=2 ) 7 TEHZ LRI NT.

4. F&b

EHIEE 2 KK L7 2 S O8lsz 2KIC BIS 2@ M+ 5 2 & T, %2 OWMZ OSBRI E=F) T TE5
ZLenbinol. D%V, EEOEBICHMN S TO 2 EEOIZITH L TEIETIEZR S, &0 3R R e
HEEMTEDLILEEWTS.
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Fig. 3 The result of EIS (Cole-Cole plot) ; black circles in Fig. 4 Experimental values of oil film thickness % and

the graph: experimental value of the series circuit; breakdown ratio « for AC frequency f= 1 MHz; black
black line: fitting result of the series circuit; blue circles: bearing A or B part of the fitting result of the
squares: experimental value of bearing A; blue line: series circuit; blue square: experimental value of
bearing A part of the fitting result of the series circuit; bearing A; red triangle: experimental value of bearing
red triangles: experimental value of bearing B; red B; black dashed line: theoretical prediction by
line: bearing B part of the fitting result of the series Hamrock and Dowson.

circuit.

FTARuU—25#2022 F Kl TRk 159





