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Fig.4-1 Main part of radial needle bearing fatigue life tester
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Table 4-1 Fatigue life test condition
Table 4-1 % 55 FamakliR 54

Tester Radial needle bearing fatigue life tester
Inner race Drive:17mm dia., 10.2mm width
Bearing Outer race Driven:20mm dia.,10mm width
Needle No. of needle 20
Needle size 1.6mm dia., 6.8mm width
Material Bearing steel (SUJ2)
Cage Pressed steel
Radial clearance 0.02mm
Lubrication |500ml 120 °C
Test condition|Drive roller 2000rpm
Running in  {0~4000N 60s
Test 4000N

(2) #ERIM

BRI O Z Table 4-2 128 L7z, FEMITIZKFIL DS A2 1T 5 72 /3T 7 ¢ VR0
AV, WA E 1 RS L7 R A & A% 2 B A b CRlA L7o/A
Bl 3 FEDFE 6 FifHE L7z, A LZEMOMERBLIORA LN Z LULARRAT o
— bk (TCP) , Zhifkr~r v (DBDS) , WM L T LA VR R— K (OBCS)
DOEER X OWEIR % Fig4-2 I[Z/kL7-. TCP % 0.3masswfii 59 5 L RkBrimod P &I
0.025mass%, DBDS % 0.2mass%ld &35 & iRl S &% 0.06mass%, OBCS % 1.0mass%
BlEd % & Camid0.15mass% & 72 5. 2o, iR ek 2 IINA OBl & I3 IR D ATF
BLOCVT HICEA SNV TWAIRINFIEEZSZIC L. £, AR CER L7 BRio
BRI XIRINAI &R D 72N DIE E A LRI —Th D, Lo TARMIREICEBW T y F o 7
FFAZ KT TN R E DO DR BT T X 5 L B XMt bR L7z, 723 CatP+S it
FAT A== RART Y DY F o 7 FHamilho 2 Ehi L7z,

Table 4-2 Chemical components of test oil
Table 4-2 5B O ALK

mass%

Sample oil code P S Ca P+S CatS Ca+P CatP+S
Mineral oil 150N | 99.7 99.8 99.0 995 988 98.7 98.5
Tricresyl phosphate] 0.3 0.3 0.3 0.3
Dibenzyl disulfide 0.2 02 02 0.2
Overbased calcium

1.0 1.0 1.0 1.0
sulfonate
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Base oil Tri-cresyl phosphate
Hydro cracked mineral oil

Viscosity at 100 °C, 5.3mm’/s o0—p O—@
S: 3ppm, N: <5ppm, - 3
Dibenzyldisulfide Overbased calcium sulfonate

- 2+
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3) " CaCOs

Fig.4-2 The properties of base oil and chemical structures of additives
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Fig.4-3 Pitting test results of single additive oil
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Fig.4-4 Pitting test results of combined additives oil
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Fig.4-5 Results of pitting test with Ls, Life
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Fig.4-6 Optical photographs on outer race tested with oil P
Fig.4-6 P 5B O S 55
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Fig.4-7 Result of calculating contact pressure
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Fatigue life, s 5886 5304 4260 6381

Fig.4-8 Structure of tribofilm on outer race
Fig.4-8 Sl D53 SRR O it
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Fig.4-9 Relation between fatigue life and film thickness
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Fig.4-10 EPMA analysis result of bearing (2000s) before fatigue damage
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Fig.4-11 SEM photograph of sample S and P+S
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Fig.4-12 SEM photograph and section profile in flaking off part
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Fig.4-13 Relation between fatigue life and hardness of tribofilm
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Test fluid
Upper race
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Under race

Fig.4-14 Main part of thrust needle bearing fatigue life tester and test bearing
Fig.4-14 AT A h=— R)L_T Y v 7 OFEEE Sy & iRl

(2) R

AHBRMIXZ o7 v =— AT Y 73R & [F—O Fig.4-2 |27~ L7 HNAl 2 vy, Table
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Table 4-4 Fatigue life test condition
Table 4-4 % 55 A7t al BRI 1

Tester Thrust neeedle bearing fatigue life tester
Beari Drive:39mm outer dia.,
earing Upper race 28 mm inrer dia.
Under race Driven:40mm ourter dia.,
26.5 mm inner dia.

Needle No. of needle 12
Needle size 2.0 mm dia., 5.0 mm width
Material Bearing steel (SUJ2)
Cage Pressed steel
Radial clearance 0.02mm

Lubrication  J150ml 120 °C

Test condition |Drive roller 1000rpm

Running in 0~ 5880N 20s

Test load 5880N

(3) EREME DIIHT

AT A== RART Vo T OBEBEEIEORE L, ©yF o 7HEmlBREO AT A =
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HWTERIE L ORI O TR AR OREE S Lz, SBI27 4+ —
T AA F B — A EHBBEIEMEE (FIB-TEM) 20T A 42 B — A TRk 2 7E &
HIANcI v L, ZoWimic AR UM e BEEE L. £, VT 0=—F
NRT Y o ZREROE L RIREICT ) A VT v 4 —Z AV B RO O S 2 J1E L.
E DR BEMEE (AFM) & I OWERER % O SR 1 OO 72 R iiofl S 2 & L7z, 3Bk
FOWERE L O EMIE T o7 =—RA_XT U v 7 TORBREE &[S LTz,
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Fig.4-18 Optical photographs on needle tested with oils
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Fig.4-19 Optical photographs on needle tested with oil P, S and Ca
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Fig.4-20 Circumference speed of thrust needle bearing
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SHIZ=—FA_XT7 VY TZTORRMBLYONRAICE yF 7B AEL TS, ZORKILS
WMDI, EHL—A L FTHL— 2K DBEERMER R > TWbHevEEZLND. £
2T, BB ISR S AV B SR IR O 21T\, By T U F & OBIMRE MG L.

(2) BEREEEOLEFHRR & R

4.3.2 (2) CHEM L HFBMBIIC L A2 E=— NAXT U vV OEEROBIEOF D
FRBON CEESCRIREN R DREN L bOZREWZ L L GRIILE. &I, £0
REFWZ O E R OITR DA & uFEE%E SEM & EPMA THIE L7z ©RZ 0N —ETh Y,
BOS L TWADIRIMAIEHRE O &R S FRN R =— NAXT U o e gl & Lz, =

OFRERFIZxF L, XPS ZHWIEEROREB LIS F L ANy 2 Y U I K DR H D

SN EATVY, BRI O OFE & & ORHR S 2 JE L.

XPS OYIEFEF % Table 4-5 1277 L7=. S, P, P+S li% 40~50nm & FHXHAIZHEEE
UMM AR L T2, Cat+P jilids L OY Ca+P+S JH 085 FUB I TE < 130nm UL ECHh -
7. Ca i#1, Ca+S % 80~130nm & FHXIAYIZIE WA ERL LTz, Ca RifsIIAI(OBCS)
Bade L AR T DB REEIENIE S 225 2 E R0 T2y, BEIRIX A RINAI TR OB AR
EFIZ EDEX R DT

Table 4-5 Properties of tribofilm by XPS
Table 4-5 XPS |Z X 2 52 S IR O Sy i 5L

Sample oil code P S Ca P+S CatS CatP  CatP+S

Chemical species FePO, FeS Cao FePO, CaO Cao CaO
Fey(POL), Fey(PO,), FePO,  FePO,

nm 40 40 80 50 130 Overl30 Overl30

BB ORI DUV T, Cadilt, P, STHIEENZEN, BBV T A, U UEREE,
AL 8RR LTz, Cat+S I CIZEB (b /v v 7 A3, P+STHTIZ Y VRSN ENENAE
LT, BABSRA KR S o 7= DX, S RIINAIDOBIGHEDS Ca RIRIIFIRC P R T
MANLE D AL, ZORBRSEMHTIE, BEAERISLRhoTzlzdeEZZ bbb, ZOFE
1% 3 D FZG i B 57 5kBR 1 WTm@%VﬁﬁM&?@x#f@# B SRR T
bEMHB R Sl & W&éﬁf%.it,mw@acwms@@%éi,&Mﬁw/
U ALY RSN, ETILY CRIEEMPNRBIEL TS H O EHEE I L.
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Fig.4-21 Cross-sectional FIB-TEM micrographs of the tribofilms
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Fig.4-22 Relation between fatigue life and film thickness
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Fig.4-26 Relation between fatigue life and tribofilm performance
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