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Abstract

A study has been made on defects which are formed in manufacturing processes
of engine bearing and also on fatigue crack growth behavior in each step of
bearing metal manufacturing. After the first step (sinter brass powder on steel
plate ; Series A) many voids are made on brass surface and its size is decreased
at the second step (rolling process of sintered plate ; Series B). After the third step
(re-sintering step of brass powder and rolling ; Series C) the number of voids is
decreased and its type shows line. The time of fatigue crack initiation and the
growth rate of fatigue crack are in order of Series A, Series B, Series C. These
reasons are that void fosters the crack initiation and growth, and residual stress
made by rolling process affects on the crack growth rate in Series B, C. In
forming and machining processes by use of final bearing metal, crack was
observed at internal corner of flange and peeling off was observed at interface
between steel and brass. Owing to the above crack and peeling off, it is considered
that there is a possibility of fatigue fracture during the application time.

IIE Aol y, A2 ddT, Ax3Y, 48
Keywords : engine bearing, fatigue crack growth, manufacturing process, defact

1. ME (AN&# A Series A)
A 2FH  2FZT BE GAs
(A8 # M3 : Series B)

drwolge Ag £Fo vzvyg doy=
ool 7} glom, wak AL HMo|TE o] ut A 3FTA 0 GAst Fo| FFuedE 2x=E
A Ast wie] B ©i do] Yt} o)A 2As sttt (A9 ¥ ¢ Series C)
o wlolg wwe Az 2 AP oo U a3 AYPTAHL T8 3744 BHOE o
o] A FAolA LA Ado] A EF VI of
dom WAL RHAY Ao st A 184 WMoy Hgs 2asz wdge
a7 S4s7] wiolrh = g @

Aol Z-8% wojey mge] AxuA A 2T L gel FAAE JFI
o ge 4 7k BAHoZ o]Fo] AT}, A 3FA L IIAVMEeR AR e AAT

A 184 : Ao FEwods 24w o

old¥ Ze FAHAA, 2 FAwich wAig A

« AR AN ST wa, g, g FEc WA gveAel ddan ol 2 el

o1 A 7} A e Atse wolge e wds o

,45,



Al A A A ed T =), Al AL, 2011

e

nE Aoz AztEc) ey of7le vk
T Folr 77} o] ")
olge] wrEAgo] FHe
(e}
AL, SEF3]e] WMo Fuge] JAA FH
Fet A7E o, HojF ]
Azt o] FZEA m
ZAE dAye glew, T
Trgo] 71y AACA o] F

=)
o, rfu
UG
LN U
o
o of
2 o o
e o= i
e e

Hehd B ATl Az 2 49 7 v
el AR WMAUEF, Aol Bx A
G4 ol AAEE 243 ohe, 349 2
ol 7 AuT olg WasH wa A4 A}
& Fo o€y WEFdow WAREE A
3 zAbeha @k velsbA, el@isl mAbE A
e wom shel AFE o9/ Aol¥ A7}

< Table 19 Y
2 ANgHE AFstgon,
13 2ok Al gF 7R
g oo A VtFeE =
At or, ANYPYEE Avlst T Alumina Powder
2 WPt H2AFLS AR F2ZAEY
= AFg3te] $¥ 120MPa, 2249 R=0.1, 30Hzol
A A A B T

E 1 3EME 2 I[AXM dF, KS D 3512 SCP1
Chemical C Mn P S Si
composition,

Wt% 0.12 05 ]0.040 | 0.045 | 0.35

Ultimate| Yield

El tion, | Hard
MechanicallStrength, [Strength, ongation, | Hardness,

% (HR30T)
properties WPa WPa ’
300< | 180< 25< 65>
R30
‘ o
3

| /] 20 ] N Izo I

| 50 |
230

,46,

kil

A

3. 4

o

dn o uE

31 MEZH wWE Hew 2 BEaASe

[= =

35}
(1) Z&-&3 Hioj2ol & yFaeiel nE
7. =]

d-&F ol HEelA, A-&F "IN 4

7}
s g 2AMuE 219 29 (a), (b), (@)l
YErEh ()= Al 15789 dulz, 5 et
FEELE 1A 22T AR AAd Alew,
dEzo] Zolt},

e A 2TA] FHZE, (8 4AT T 7
AWE BolFa gk (o A 3349 dH=,
)& 22 7t 24dsta g4dd Aok (' X
W, e gl 13 22" FEo] A A

5
& T #BAARE TIHerdE IRFELD]

28kV X200 1eern 00003

du 9ee ¢ 5 ek 1 2
FEel BELolE o 01 mm otk TepA, A 1
ofe) MgmA LA,

A}

k-
=



ARAARNE ATl BAHA For, A
dole Auge melm Qrh E Y, AR
FEol qhelol ostel Ael xwslel Aot we
A, dAzRe FEadds A%e AAG: &
4g Ege & 4 dth AT @ B

gl g fA%T Yok (©F BY,
oJste] 22 gl wer ge glo,
2y ge APedlel A FHYoE
= Aol ol A 23 &Zel skl -

o
12 Az (a)9 12kl 93X
3ol dojUAA T BFREH, 2450
M Ea AR 249 olF L ko] o

3 2 FPa, A AL AN 3
g% wolgulge AAWNE LI Vel A}
$EF NZFABAY do| WG o A
Eex dom B3 A 3TAS AP HY
A% el oA st gdvka & 4 9l

b

a3 39 (a), (), (©°, &
T oy 3% w9 AR (E1000)S
AA ATt =3 AT BFS A Y 49
(@), (b), (c)oll BHeRARI (] &-50000)S A A} T},

o] FFrHole FE5 YA Alojo] Ax 2L
#%e F&(micro void)E°] EATS & F AUt
I Hol=e] AV UF Hol=xrt ¢ £ 01
mmE dE AE tg AFFHG o]AL Hol=
W] F&o] 73k R ETE k3 FHZoA, F
g go] golgy] wolet AZEh

4 39 (b), 28 49 (b)EZFH, Al 15404
Hol=52 ofqdol oA 1 A7/} &
A= w9\, Pl st Holm Atthol
of &} (sharpening)3t= 4 &S Holi it oA
Sfdoll ojsle] Hol=7) W3 wiToln, Kol
Hyo] e Hhakd e FElskx s ¥t wat
dAe] wke, sty oR ke wolg
He Azels Ao ¥z F93814 golx ®
o 3 g dvk a9 Hol=o] Aol M
A= Hdststs Ao 939k

ouE AUtk HOE(A 2¥3F FHREHE Hel=
2 7| Kt AFolgta RE A vfEH)EEE
g2y gdoe] WA A e A Zolet
AgHTe] HoAdZel oA #F9-57] o)),

offl o,
oZ:LlE

O ot
st

[e)

2|0 o o

=, grelel olajA mel=s} @ wFom WSy
A 3 RelE FANAL, 1 Awe deleil o
o ¢UAFL FAAAA HW, 1 AgoiH
golatsl wzitdol WASA ° Aolth whebA,
A 28R AR dely Mge vzede wi

AAMeld AARE TARY Ao o
a9 39 (©F w9, A 334L S @ Wold
=

g Al 254 Fol #FHJY neE 2
o] ~de oz welrth 1y 19
goarde B, Al 284S AF Adgee 27
adAge oA SdHew MY, HdstE o
Uees & F Utk oA A AR =
gt e] FHelM A58 e disE 2dE F
Aot F, Aol Ads Hd @45, 2 dde
Hesteld 245, 2Xg 7IHeR s v=d
o] EAol FolaA 7] witoltt. AemRH
e O v Z3ES AR A dEs ¢
ATk aYEm & Aol T3 J2dd
A3 Aded AdA FAsEA AANH ddE
Kl Hi, HEHogE Hoygs Hyz o

£

s
100km 002002

,47,



A S A ARG AT =E), A3H AB, 2011
AW 7

2eku ®500 Soum 00BBOI

(c) Series C
03 4 2t 3™o| w2, #oj2 HEe gE
EHMEfS| B3l (TH| )

a7 5 SX ME 2 I AISTEA

32 Aol MHIHOIN Byt HEt

Meld EaA AdmAeln wase Age oo o EE WEE fe7lw A8 " oT
2% 590 ), (el wsiT e FaAe g oo T AIRYE TUSHE WESw AT @
(b= BT 3 ol B € s ARSI A g ssel wely

| sdsl Aoz, 353 29 2o FAETn 8T At cleE A A we

Hl-‘:q Ho] 9lee o & 9}l a)REE Tz A ?j"‘jj‘lﬂ dxE '5]'?1] 2 Folt. 53 7o Xé?
B! _/F e =g 47&01 Al el W TT?OH}B} et “#EMW v el g
WEol 9ee o & Anh wAe AAmge & o o I8 #A Hem A & Aedel =
AL Hola ,\)\QU% w3 Ay}, A4 (branching) gt a3 g

How wol mels 4 & FAvG Fol
e U A o @
'é‘
3z
=

g2 ol A Tl

l‘).i

33 4 M=3d = MF T AldEo "2

dAel sz felo] @ & Qoh gm0 =2 EH

WA REe 9 %a e we pronmg, () H2IE Hi=del 2y
o] WHE 3 Zo] odle] AL AT I 2 97 A 134 & AHAT APALY Series A, Al 2F
w) & o]t} g $9 Series B % A3¥7% F°] Series Col o

ZAA AY Foll A FAAM A A stef  AAF d=dd @Jr 13*4 s,
Fdo] wAGTE AL W A7g Apgolrt @ Series?l A WAV Y AGHEE wad)
o Agd ofF 2 gdRFol A7) Wiel, Aol 29 6ol A4 ZM'E?P o <l el
0= o] At} FrigtE AL F ZAA Y A T WA R RxsTs WA "k oY
237 Waty] ojg & Aojth. (hRFH, Tdx ool = o] &1 hoop stress7t FAEA 5
ARE A% Zelx W R A2 AAT Hl, o] $HE G HOR wude] Auel
QE ANANROR At Zdx 9 we IFE BatA "k webA 2 AdoA el o], £

,48,



MR AHFE T FY AT E =it F), A3l Az, 2011
Az T4 w2 vejgvige] 233 B H e s

How AA-AGIIZANFES Fdsiogte AA
T A HE3eA €k a9 6025,
Series A& o}F o] 2 AZ](N=4E+04)d] &3 o &
FE g2ade] LAY 5S4 & v 1
du wmeE £2x2 dadte] N = 1.7E+05 oA 3
ool o]23 it} Series Be et Alo]E4= N

= 36 E+05°]a, Series Ci= N = 1.3E+06°.2, o
/BEHE HAZE ¥48E AR Series ColM 7% 71
279 SYA7] = Series
A7} 7}%} w231 Series C7} 74 =29, Series

B7}b 2 £39E & F At oz a9 49 &
T W Ao REH & F dXe], Series A9
Z Hol=vt ARTdE B EXJSSE/] o)zt

AZtElH | Series B, Series CEHo® Z4E W
Ago] oA Fado] wEh I ZFEA e
Hdolux AH A & & vk ¢, AL
A5 Uil = 7&%%@% A A, F 2 o
g ARAE FOAYI= o2 A A3l
whebA . JFAgo]l E3F Series B, Series C7}
Series ART H2Z7g Ao tjg Ago] o
w, of7le Ao flo] HHFHom AFate] A
=3 A3E Fdvtn AZAHET e, E3lelA
A Fgo]l 7] 10 mm7bA] A4S

e AIFFMNANTE 27 FAAREES
o W 7 Gk 7Y 62FE 7] AARE

%=+ Series A > Series B > Series C 92 &
T ATk EBE 7] o]Fe] dEHIEE(da/dN)E
e Blo] 19 7elth. F7] o]Feo] wHEATSE
=X Series A > Series B > Series C 92 &
T U gEAgEEE FEdAA Y AR
24 AFSEe JIFS wE=rH4] agRrz o
G 7] A e} o], Holmrt A3 HF-&E ol
§li= Series AolA 71 whE HdEANETE B
l BoR olsHrt. 53] wdHol7t #e x7

AT, Fdsl st 2a% 4Fees
Qe WA wE Ao® A ArH4IEL

welA ) Series A9l ol g Fdo] 1A
g Hol=E uwhe} Adsta, I O Hol: 4 El

717v ddidez A7) Wi, 1 AT P
Series B, Series CH.U} A tjdo =z wgitiy &
T Atk oleldk =AY FEAG A T
%373‘0]7} 10mmE HAAMHUARE SAHT e
o, 7 41 wE Ho|r} FTrhghel wep $H
GUAFKI7E AAA, 78 FARHEAoR x7

of E7stA Autstr] wito]Th
Srol Al e 9oEA] Hol=Tt X
3T o] Hogg S AHeHA, o] e A
Fa wEade] HA 9 Agte] ddITFE 73
= e Aogm AHI wp Jrh 2y
Series B, Series C¢] A7} HoFTo] o]gf3h
AtgEe] IR d B g g AA dFE

FAE Fahe 2 2 age, oled Agsel
FF EAF FREo] et Agolr] wE
o, M Aste] $AAZZA 4T A
2= FRQcas ¥ 5 g Wie] ohdst Atm
A, 28d 4ol FwEE 4% BRsdel &
Hol F&d odFe FHFILE ol FFA
ozt vzd U% 4F 54& m Ao o

Pk ages A 2
B ovEe] AxzeALe FAATHA AR
1]

4
EEEIEEE

Mg feld o, ol
& PAAAE UF FhlRL T 4 Atk

¢ Series A
40 m Series B
35 o n A A Series C
£ L
30 K
£25 ¢
(o]
€20 A
g A
15 r
(6]
©10
5 - K
L 3 ]
0 L Lol L Lol L Lol

1.0e04 1.0e406 1.0e406 1.0e107
Nurrber of Cycle, N(cycles)

O 6 2 Series?| T 27 Mut=zHM

. i = AF—1 2, 4-0802
102000 ] *Series Ay = ae-tax

ASeries B |y = 2E-15x* %%

WSeries C |y = 1E-14x*2%°
10E-02

Log(da/dN)
&
?

B
8

1.0E-08 t
105401 105402 1.0E+03

,49,



(1) Zzag Mud =z
Series A, B, C9| ¥ =2+
7] Sl3ted, BEF EHNA
= S ¥ 89 (a), (b), (c)°ﬂ
. °] ;"Oﬂ"}x_é AE]OEE‘H 5mmeo] °]
Al #98
§_ x—]jrol:/\l—o

=1

(b) Series B (x100)

), A31H AZ, 2011.

1:

wa As

Kl

Series A9 1§ 8(a)il"?‘5i TEHEE AAAH
Al A o2 o AL wa 9o
& Series B (b), Series C (0)&o2 Z4= oF
H o}, Series CollAE= &Ho] Ao AL
L EAR aF-o] AdlthE AL,
FS @ol Wolx x2A F SHAFTH(AVIA=
Hole A3hHE Mdexoxw Higrh=
o|tt. FE Tl Hol=rt M Wi Hgk 1 A7)
7} 74 2 Series AolA 8Fo] AU Ag AL
old Wefo A olsiE 4 Urh wEhA], W]
g Axfgd Fo FHHE AFF(Rol=, A4
3hova TE, veE NAE S)ES JETE A
32 golslA e FAEE At &
o 232 AZRFFL oy Ag¢S 44Ut
= FA4o 5101 of 3tar, o7l Hel Al i wojg
H
2t
H,

-ﬁﬂ09é~

o%

2o Az g4 Adettn A e
Sob sl 14 Aok HE AHE F
A el ek el Astd W FAAY
245 458 ¢
% FolA mol=rh 4
99 hE itk o]
#Fde $4 427 4
2 stol Mz ddo
Y 1004 9T 5 ek

il

[¢]

p
i

<l

il
lo

Lo

ol

1-m o o
o
!
i
=)
i)
=
o
ot
!
)y

m]o

4. ZE
(F) Mz=E WA Fhsta = -2
5 Hﬂoiacluﬂe-’] 7t Azegel mEs Feo

Aol Aol A% wAel dstel mASATh EE 7
T4t NGRS Al N2AGE FIFO
2A, Az 2 JEagel ) A Al el
Gulgre] sz AF oG AgshAel thstel
AEseh ol Aee thgt 2o

D AF FHE AD B-2F volgrgs A
ol

ol = el
FoAEE A4 e, 53 22 24, 9

,50,



A7) e G Y] S =), A3 AZ, 2011
Az 4o ot vojguge] Agua 2L 32N AF

of eate] HgtEkle]l FMstatwA HIwe W
g TUAA, F 55 Aol JIFEE 4sA7
= Z24E AT Aok

2) Al 1&AHAA TS %%
52 A 284 oA 1
w, Al 3F3A e oA ””Q%

3) oy 4y o 7]71]7}%
YHeles Tddo], oHde 3%
27F HFEHSAT oleld AES AME
g2 ol& JhEAde] At
4) 279 AN 7= Series A7} 7 w2
Series C7} 7} =g, Series B7} =1 $3+<]
o ¢ th o] AL Series Al & Hol=7} N
2ad FAE =ZI wolgt AZtE T,
Series B, Series CZo 2 Z4% FwAsglo] zbo}
A Fraghe] o IR dolwrt FUhs
Ade AztEh wmek b BAgo] E3E Series
B, Series C7} Series ART} 327 d Ao o
gk Aol =2 ZL 1 4d9 shfolt)

5) wEHIEEE Series A ) Series B )
Series C ¢ #o)Ath dEHAFAEEE T EAY

g Flil
:

5 We
5ol

( N
e ?9‘ W L
ER
23X pe
S

EO
S =2

ol B X
M = lo

o K

WA R 240 R[S He] g wErh 1
Hog FEEAYA 7| A} o] Holmrt Al
ZHF83o] 9l Series AolA 71 wE FEA

HEEE Hel Ao oF )

6) Al 3zl oA Hol=rt GRS
sl 1 Eol HelFelizul, ol @ AFEL A
#del w4 2 Avel A 4FE FAE el
= A 2 23y gl FutHe 45 ARE
Hol Zdo] otdFe FASFLE Hopd, FFA
SR R " 4 54& Rep @ 1
Hu2 A 2 3TAHoR oofAE Holy WY
AxsAe FANgqAd BHANE w§ fold
FAoR, woly widel WiihHIA =5 FEA
71 fEd FHgolga & 4 9l

7) Mol g AxHAY Fol FHHE AT
(Hol=)& v2itd Mag &olsiA st= B2E
Az 2z AxFHL odd AFe =
U7t FAHo] molof s, ole]st A A =
Wolg weel Az FAHL HAsitta A

(11 A E, “Asak dxduwopge] @3 w3
=y
(=)

2] 248, “gelddzle woty AA", =4

(31

(4]

(5]

(61

,51,

wo] & 7] & 15, pp.93-96, 1994.
O, B L HEOBIE,
pp.162, 1967.

AH, BE, “EX/AMoIES S GERICRITT
WRIETIG 02 #F, 31-348, pp. 908,
1981.

AH, BlE, fEEE, SR & IR E
T % GHET B I b AR AS & ZUSHE B E)
HANEE P i A, 47-416, pp.376, 1981.

eI,



