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Study on grease composition design to improve electrical pitting resistance for bearings

AT+ (IB) xlUT HER SIA TV (E) ZEH BE CIATI b (E) = —1&
Yurie Yamashita*, Takeshi Tsuda*, Kazunori Miyake*

*JTEKT CORPORATION

1. [XCE®HIC

HENEOBECICHENE — X T FEOMZ BT HIHERMEOR EARO SN TWD. BRENEAE LGS, WZo
HRENRLHLERICIE, WHCIREBR (Vv V~—2) BRAEL, WO CZAmIc BB T5. 2ok, #it,
BB X ONE W AT OB i L ONEERM OW T O EABRE SN TWS . BEAEMICE LTI, Bttt
T I D HEZ LA OERICANA RRATHEET T V0 (T—R) Vo7 h—Rr7F v 27 (CB) #AWES
U—ANRERTHD M. EE LA LENMOEMNRSLETH Y, %E 1T CB R ISRIFAICEE £ 72 3R LRk L
TLEOIREOERS S, —J, MlbHEIFICE, sax bErs08, BRIETHIET I v 7 R—ILOff 4
FHOMBENI 2 P H D). WTFHICLTHL—E—HTHY, BRZ#HEo £/ A N CEIAERFT LWL
BARIEHHNRD SN THD.

EARGIEICBIT 2 EEENE, H< 0 LEBAOBLSEIMOAEE SN TR Y, 1981 FI2i37 Y — 2 OfHEIC &
S TMHERMEN 2V, EWMCHRMAOFENRETIEICHEET L2 ERHALNLE RTINS Y. £ OHEA, HIEA
IIHERMETH Y, HBRICX DMERESIFFIN D2, BERBRE FICBW T, WO ME LI X 2 B Rzl oH
mn, B lbofiitts X OBREBRAZ SIS L0 tmEZ 5 2R L, MEAMENMETT 2. Z oMl
FHEFF L7 E E Ko X FClERMEEZMF ST 2720100, FEEAORMIRLENTHS. LnLlians, 7Y
— AT E I KT T HBIIH LR > TE LT, BMINAIZRERZIEHLTH LT U — A2 BFH 2 308
HD.

AT, —BRAUBRE—FHIZYV—2L CB A7V —R2A2HNT, T—¥42fELHEEOMZERFMRT
LEAMEHEEIT 7. RIS, HONFHEREEZXML, ML LIHFBIORBELZLE L7 Y — 2 2R IEL, T
MiZziT-7-. ok, RIEZV —21F, E—2AOWZICEIHEHINLZTLT ) —RATh5D.

2. RE&

21 JY—X

AREHZ U — 2 OFAE L OWEIRZ Table 1 12779, HilRZ ) —2AOENEEZIBRET 2720, T—FH & LTHAMIC
AN HATW5 Sample A, FBHEEIAHOEES ) —2 L LTHWHLI TS Sample B #8&E L7z. Sample A /% CB
HEEAOTLT 7Y —ZATHY, Sample BIZCBEHZ/V—ATH5D. %id+25L9I2, Sample A, B DN 5,
CBEAZ Y —ARMT LHIHEAFMICBHRERERLRV. 2O Enh, VLT 7V —AZBITDHMEKDEE
BILO, MEESCHEBIEIEL Vo B 2HIREHT T 227 Y —ADIMERMEEZMFT L7z, Sample HC-P, HC-C,
HC-RIE, ZEMIZFE URILAKFEMEZR, R 7 I 0@l THELNZY LT 7Y —2THDH. F£7-, Sample HC-
P, ET-P, ES-PIE, #MbH L OFZT LT &L, B KMEaHW-Y v LT/ —XTH%. Sample ES-P+OP I,
BREBFME Y ¢+ v 7 A RIEOP) 2/ L CRIH L, B - Wi LIC < < BRBHEIE R A - 72 7 ) — A TH D, Kl
TiE, 7V —2A0bLH 1 EOEBE/NSLTHED, WInbbrdEE 250220 1F— L7,

Table 1 Compositions and properties of sample greases

Sample A B HC-C HC-R HC-P ET-P ES-P ES-P+OP
Thickener Diurea Carbon Diurea Diurea Diurea Diurea Diurea Diurea
black (Alicyclic) (Aromatic) (Aliphatic) (Aliphatic) (Aliphatic) (Aliphatic)
+ Organophilic
phyllosilicates
Base oil Hydro- Hydro- Hydro- Hydro- Hydro- Ether Ester Ester
carbon carbon carbon carbon carbon
+Ester
Kinematic 43 mm’/s 31 mm’/s 31 mm’/s 31 mné/s 31 mm’/s 16 mmt/s 47 mm’/s 47 m’/s
viscosity
(40 °C)
Penetration | Around 250 | Around 250 235 270 251 241 267 270
(60 W)
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Table 2 Measurement conditions of volume resistivity

BT IS WO L <7 U‘~x}§ s Measurement device Ultra high resistance meter
ETHZENREETHD. ZDD, 7 ) —ABAMH Amount of grease 08ml
W—ERH LR DRI 2 E L, RS - :

FREE LN LT (Table). AWE, Ffikog — Samplethickness 1,000 pm
BAEZE CGfmEMm) Fiz7 Y —2% 0.8 ml A7 Voltage 10v
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Table 3 Measurement conditions of oil film thickness

YN L. - ORI EE A FN (10 Test specimen Coated glass disk/Steel disk

V) L, $0REPEE T Y 2 VR EEL s Load 20N

FHCHIE Lz, (REEHCHIERIZ JISK 6911 IZH-SWTH Speeds 2,000, 1,800, 1,600, 1,400, 1,200, 1,000,

L7z, 800, 600, 400, 200, 2 mm/s
Temperature 100 °C
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Table 4 Test conditions of electrical pitting test

THM L. T AR O TERIHERIIT LA, Test bearing 62022RUCM
ﬁlﬁ]ﬂﬂﬁiﬁw 520N @Tﬁi%?ﬂbﬂ L7243 B 47 A Blsh Input current and voltage DC6.0 A, Max5.0V
ZEHR S, H 7 ARMEHRIL Y v AL > U T RED Axdial load 14N
I—FT 4T EINTEY, ¥T ARG & SHEK & DM
WNATET 2 HIEE S 26 TUEIC TRER AR Th Rotational speed 1,800 r/min
5. 7V —AOWEE, FHESEE 2,000 mm/s 225 2 - o
mmfs % T S, SEECOTHMLLS e Aot emperare GERECHS
L7= (Table3).
Axial load
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VA8 SRNON ] i [ G Nt RN S A s s ; L"*_';'_""‘ power supply
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7-. EEERBRIT, BETICBWT, TXF U TAMEY
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R L U7e . Jeds, REBRSME T, EikE iR
ERWIEE, BIZIRIE & A C B TIREINEE 1T
B L7,
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Slip ring
Shaft

Fig. 1

Schematic view of electrical pitting test

CB&HZ U —A (Sample B) @ CB DEHE - [FHTIRIEZ MR T 270, 7 ) —AZBURETICHET L2 FEL L
THER L —F — OB L V-, L i3 63 5 (BR), BFA— 24453 (Zoom Factor) 133 8L U6,
BIEMEEIX 100 Hz & L7z, Sample B3 H £ S FIN CB THAH-0, HES L —F—dObBMEIc g sn=Y

U —Z2HORFILCB ThDH EHEE L.

CB O 1 ki D K& &%, Wik Sample B Z Wiflg L EA A B+ TaAMEE

(SEM) THIZELLMEDLD 100 nm BETHY, KFETHE S NI FITEEO 1 TR+ 8E LB S iz 2

~3WKLFTH D EHEE LT,

2.2.5 BREEEDS R

Bk X 5 IcHhZ BERBR% O Sample B (37U — 2 H T CB M EEE - RITL TWB Z ERDD 72720, Wiro &
L T Sample ES-P+OP %Ki L, Sample B 38 L ONES-P+OP IZ5i1} 5 CB B L UNOP DRIT LT &2l Lz, &
I« Sl TOmOEERBR S 4 Table 5 12, MR % Fig2 \ORT. RBRE OV 72 MW L850 2 B0 Tl
NWRELSFAELTIMAER > &, & 5 THROABE S IZ 0 TEREL R L=, CB &8 213 JISK 6226-1 IZHD0 %
BEBHNEEELZAVCHEE, OPEFEBEFIEEXBEAVWCSIGAENLEI L.
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Table 5 Test conditions of centrifugal test

Rotational speed 15,000 rpm
Centrifugation time 60 min.
Temperature 100 °C
— Inner
________ | Outer
Filter
— - 0il

Fig. 2 Schematic view of correcting samples after the centrifugal tests
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Figure 3 |Z Sample A, B OEFERFLRPER R 2T .
F7e e, WERPIEIX CB EE5H 27 U — X (Sample
A) LHELT, CBEAHZ U —A (Sample B) D J573/)
S, HEENBEFTHD I LB ho7-. E7-, Figd
2> O HEE XX Sample A LV & Sample B D723 2
LGy hole. ZRHOZ NG, Bl COHEE L
T EX Sample BO A BEFITHDH EEZLND.
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Thdl-w, HBRETEOEEO LRI RV, sk
FIX Sample A & FIERICERAICE AL TV .

Figure 7 127”3 & 912, E&FHAMIL Sample A 2% Sample
B LVEATWDZ ENNhole. ZORRIL, BERK
iE, %9 LS REIREEN NS KRS LW CB &
F7V—ADOEBREFEMPENLTND LITRLLNWI L%
ARLTWD. DFY, HEMHEOZDIZHH LT CB (3F]
MAPicEREmMmERT T 28B4 E St LT
7 — 2 BENHERIEICENDFREIEE R D2 L&
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Fig. 3 Volume resistivity of grease sample A, B

160
g E10 |
£z 91
-
= 80 L
E 58
=g
SRS 40

0
Sample A Sample B

Fig. 4 Oil film thickness of grease sample A, B
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Fig. 5 Observation results of a bearing after the test using
sample A
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Fig. 6 Observation results of a bearing after the test using
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Fig. 7 Electrical pitting lifespan of bearings with sample A, B
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CB&EHAZ U —A (Sample B) 12/ & 417z CB BSRBRFICmATOCREL R Z T Z SIS LV IHERERSMKT T 52 &
R T D720, HER L — P —aEBAMEIIC LD 7 U — A O CB R OB 217 o 7= FBRATD Sample B 13

0.5 ~ 1 um O CBR DB —HEITHHL Tz (Fig8). —J7, #ERHK TIX, 3~5 um BE DO K X REEROIE AL
@Iz (Fig9). 2D Z &nb, Sample B ITABRHIIRHTCEEENFA L, #1 O NS mELE & 58 4 o ] o B fili i
IZ CB OBERPEEAZEND Z LT, BEEREN L CRERATN, 0O L TFOHMECEIRICA =7 RNE Y
BEBELILEEZS.

Fig. 8 Observation result of CB particles in sample B before the test using confocal laser fluorescence microscopy
(Left : Zoom Factor 3, Right : Zoom Factor 6)

Fig. 9 Observation result of CB particles in sample B after the test using confocal laser fluorescence microscopy
(Left : Zoom Factor 3, Right : Zoom Factor 6)

2024
12



33 YLF7ITU—RDOWMEERY
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L7z Sample HC-P, ET-P, ES-P %, mAb/KFEM, =—7 /A, =27 LMOIETHRBERIUEN /NS, ERREITE
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Fig. 10  Volume resistivity of synthesized urea greases

Figure 11 {Z[BI#AHE 2,000 mm/s DD ZNZEND V) —ADMKE S 2777, RALWKFEIME VW=7 ) — A (HC-
F) BN, MEE SIS X S AFEORENRKE L, BREAT IVBLOWEKET I % A7z Sample HC-C,
HC-R OHEE I NEN -7, ZHUIIRRAT I V0B EHFRET I v 2 AWEEDE & 5 FNIEE) hIC Bl R i~ 5 x
IRIMNHERE L, WD L OREERMEE (7Y —RK) RERL LD THDEBZ206159. 2oLy, HMEE
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ITEFHEIIRN NSNS OO, MEE S RNEWTZ, OP OFFITEEM: 2 Bl &8 2 alfEME N RIB S -,
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Fig. 11  Oil film thickness of synthesized urea greases
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Fig. 12 Electrical pitting lifetime of synthesized urea greases
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Fig. 13 Correlation between electrical pitting lifetime Fig. 14 Correlation between electrical pitting lifetime
and volume resistivity and oil film thickness (2,000 mm/s)
3.4 CB 8 & U OP O {RtTtED L&

ES-P+OP MR D EME A LA Z W TWAIZ B 5T, CBEAFZ U —A (SampleB) & HE7p 0 EAFaN A L
L. ZOHERO—DITREITERS 5 LHEE L, 200 BERBRIC L 5 WA % i U7z f5 % Fig.15 (27”79, Sample
B g 0 O & AMIITT CB BENRZ2 > TE VLN K-> TZ U —2H0 CB MmarL7. —J, Sample ES-
P+OP |% OP DIEFEEEALARBD 5N, RITHBD BN hoTo. DI Lnh, @WisZEERFIZB VTS OP 1L, Rir
LS, HE AR ZEMRMMHERTE L0, BERFMIBENL VDL LEEXD.
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Fig. 15 The amount of CB or organophilic phyllosilicates in sample CB, ES-P+OP after the centrifugal tests
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Figure 3,7 B L 13 I/r L7z@ v, EEMM EAIZH W27 Y — X Sample A 3 X' HC-C, HC-R, HC-P, ET-P,
ES-P i3I, RFEEIEO /NI LV ERFMPERY, KEEFEEDN/ NSV ) —RE EERFEFMITIRN 72, 2
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BEN L TRERDFAL, ZO ETORERCEHEEICARR—REZVERLZIISRHITEEXD.
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