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Characteristic of Crack Growth and Progress on the Rolling Contact Fatigue
(In a case of Metal)
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Department of Materials Science Engineering, Nagoya University
ERE R Ry EE R LA el A 9, FLo) B4, WA ol 2 YHE Hof 4]

4} 4
YRSl Aol Pbsat HbringW AP olgohol WS Fohol mE Fode] w4, WAHAE TASHALH
73} pitting, flaking ® shé) 27) 64k A5 Wake] Uel] 471 HEW
oo sheigjelel o) s 4E-go] AE il Faubee] Aske AR @ =
Aok, e LE 1 $atel Qojd FRUAN 45 2ol 2l
of 7halell 2AZ shed ARDHE) I HT oA
2 ko] g da/dN- A [ A ) A @ A7E deic

Abstract In the first part of the paper, the crack growth process in rolling contact fatigue has been investigated on
ring type plate specimens, in which crack growth is two dimensional and cracks are observed on the side surface of the
specimens.

The results have shown that cracks are initated from the contact surface in tensile mode in the direction approxi-
mately normal to the contact surface and after some short length of growth, shear mode growth occurs from the tip of
the crack and it grows until the separation of the surface layer, namely flakung type failure, occurs.

In the second part, mode I fatigue crack growth tests have been made by using an apparatus designed based on the
concept that the subsurface fatigue crack growth in rolling contact fatigue is the mode 1 fatigue crack growth under
the stress state where the tensile mode growth is suppressed by compression stress.

The test results have shown that the mode 1 fatigue crack growth occurs if the superposed compression stress is

enough to suppress the tensile mode growth.
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Table 1. Chemical composition (wt%) and mechanical properties of the material.

C Si Mn P S Cr
1.01 0.34 0.30 0.01 0.005 1.53 0.02
- 0.2% - -
Tensile
Proof Elongation Hardness
Material Strength
Stress (%) (HRC)
(MPa)
(‘\/IPa) %
(J1S) 1646~ 2460~
05-15 62.5
SUJ2 | 1686 2470
- 60mm -
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Fig. 2. Rolling contact fatigue testing machine.
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(h) Side view of shear moder transverse cracking
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acroscopic view of fracture surface observed from the direciion shown hy an arrow in figure (b).

(d) Higher magnification view ot the area shown by a frame in fipure (o)
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(b) Higher magnificarion view of the area shown by g frame
(¢) Higher magnification view of shear mode growth,

e
G 2mm

(e)

Fig. 6. Cl'u('k growth with an increase of stress eveies of the specinen designated by "A™ (P,

(a) N= 3.42% 107 (28.6% Ny (b)y No 513510 (12,97 N
(c) N (L?H* 100 (57.5% NO (di No855& 10 (7165 No
(e) N LI 107 (97.3% N

‘?‘!‘ oi 4

i figure

Fate] b W 65

o

offoltl s ok ¢ 3lvh ofefRk 2Eef e B
'»;«l;él vhizaz, 47 5Oh) @] AR-R) 3= wja ) o zedg-

ety ddabsdel shrbze el chebgan 2l
Il él%k(Fﬁg-S(lﬁfﬂL9$~%‘~E IRl I S S
ahrjhiell Akl I S cheR qle

Ael

41,4

Asle] ol u) ha1e) kel 075
Fig 6o Chebo ik 4@ ol AR RS ol 4 o]
Al sk opal Rabebe] S sk o) wha
dholl olq) st % gl AgAe) AT ol%
o] el b gee] Sule) whel ] A dlohe e o}
shul wpelek,
g, 60 2] AP28.6 %N ol 4] 9-41 7| s

el
Yoleh 4 zbul i Fegol b
}\‘E &'5}‘ . il;f(( Il) 33], "‘] “! ( 42. ””uf )’” ]l%

o) #] 742h whsEo i Aink e elel Al bl aodo] wh sk

iod A gkt

—
50 um

flaking.

L arrow shows the fracture inmtiation vegion

3078MPa, Ny

LG 1O o P, 3.



66 gaAasts) A A7d A1z (1997)

2le.n o] Apole] Aek Fodo] WAlshct T A7tsc.
Fig. 6(c),(d) sl A 2ejgr wado] Ewat aiol] 7rhe:
wapo 2 ARFA2A AR, U Fig. 6(e) ol vl
53%N ol 4] REle F48A Fodo] sl wha)y) o
2 do7m ge ¢ 4 ek Fig. 6ol4 Hwﬂ 25 2
o] wrelgme) 7| TE 4 Bl 4 QAW Fdol
A, R QA o f& 13 o4 zwam, a3
oA AEmol g U

oz NHste] % 41 ER
&o] ol AYL & 4 olrh. MsHEHZFAANAY
A Zbalgo] HEHETE A9} BhEF 60-70% AT ol BL A
Yz Fdalto] Heweate] £ug Austn ok
A7+,

O

o] 4, EEeA A2

o] Wolx 7} 2%

3. EE N WRFHEIITAIH

A& 2ol oA el Yo} Qalal Eel) Ao
s o ofah 4717

A FAEe GEFeYste) YA o]
o} AZSHE hESHAN Y BRADS AR S WA T

Aslel Ay | F2E A5t

Agel AH4-" A5 e FTER7HJIS T SKS), 1
‘r‘“]”ﬂ“ﬂ’:‘(7076—T6 TNO1-T4)olc}t, GFulEgta
AHagE olf RE I TEFFA o] SolshA] dejufn
72 *‘ztﬂolw} B-5k7] dFolck AlEH ¥4t
24, k&2 B mAln A|Parije] FEEFig 74 Ut
el gint. A1PHL Fig. 7(a)el vebdl 713} ol Zoty

o
M)

to

o =8, 2 g olel F sl Sl 2s 1 )
A2 Fds Eajstelch © MY A AF Folw AYA
SoHs 45399 2E AIE EFoT 13

o}. Fig. 7(b) o} 45-&H sl R A 4o} 7o] Fdnio]
AR () AU E(6y) WS Fakshe A
©2 sjof gtk o]}& BE 1 ¥

Aype) QgHE 472
o A

Iol )2 e 2 ghe AEEAA 2
MESD, dSERREZ 259 “PUo o] AHAR
B31E F3 QR oho] A7)N e AEE W ¥
o Aol A BET ¥4 Fof 2A0AART & ShE
=

o]
(max)~ K'(mm): e g 7H*‘1]:[L7} Ne 7
Ki(man=Ki(on (Ki (o= T4 0] ogeé[q]_,] K)ol Aul=]=
744 ol A2 R [ A8
=K (man=Ki (mim ©ll X]“HQU% A
ii"“x Hellg 7o A4S u]=7]

Strain gages

e
I

MH

e

[

IR
oot
FIf riid

(b)

34— Specimen

]

(©

Fig. 7. Testing apparatus and specimen for mode 1 fatigue
crack growth under compression stress parallel to the crack.

Fig. 8¢l & Fu|g3a-(7075-T6)3} TF+8ek47te] v
= JEFG AL EE Jebd o) G Fe Y A
FAAANA| 2715 AL)sH Akt o7 FE2F gL
dlFdel Aol AAsly oy B [ FgAAS o
o7le Ad ¢ Uk EFTERLIE Fobe DS
o] uiekaml Ao o7 AAHFT 9JES vtz 9.
T L L AEE o|A7tA] Rl e A2 FAA
A T3] adofu}r] ofgicha el 2] gto} B odolxe}
z : S Frlslw Antee) Re 1 FdRAHE ¢
[}

o
@
ole
i
o

9] 2 %ul%ﬂl(m?s T6) % TPeekazto]

S EEE LS »halruﬁaiu}

o) & ()& XTEFRE, (D)e T %%i%f’l‘?%, 3}

& nee) el 71e) zgvgv ko) wE AT
4

= Fig. 10|
P&ﬂ](%%@°i eraz)

ol Z ol F3hFol B3k
ol s] k(4 3 Moz chebd ) o) w)wat
%ch.



A9 =i
°© [

IMode | fatigue
precrack

P
SsEamswusEsmENaRmRE

MMode I fatigue gm
crack growth

1cm
Fig. 8. Mode 1 fatigue cracks emanating from crack tip.

Mode | fatigue
precrack

. Mode Il fatigue
crack growth

S e

i s v %
i s i

CAFAZA M Fde Hds M5 67

ot

td

1cm

(a) Aluminum alloy (7075-T6) (b) Tool steel (SK5, quench-tempered)

= Kio) A4 4 ARS e B3 F

& ol8shsinh
Fig. 1094 ﬂﬂri B, %—%‘ Tt
Z o

GG g

A
(I
T

&2 A A3, HEIZE

ow 4 4B A2l FAYgo 2 AP Fdo]
W F, 2 BRTeld Ay Fado] 47w, of Wit

J. R. Fleming and N. P. Suh, Wear, 44, 39 (1977)
D. A. Hills and D. W. Ashelby, Wear, 54, 321
(1979)

. A.R. Rosenfield, Wear, 61, 321 (1980)



68

gk g eal A A 7Y A 1E (1997)

Fig. 9. Fractographs of mode 1 fatigue fracture surface.
(a) Aluminum alloy (7075-T6)
(b) Tool steel (SKS5, guench- tempered)
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