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                 1 Introduction

  rn recent  years, many  unexpected  failures in the vcry  high

cycle  regime  beyend t07 cyc]es  have be¢ n  rcported  for the

maehinery  parts made  of  ferrous metals  which  are  assumed  to

have a  distinct fatiguc limit. The  study  on  very  high cycle

fatigue properties of  structural  maleriais  has a[ready  become
an  important ancl active  sub.iect  to ensure  thc long-term safety

ef  actuat  mechanicai  structures,  moreoyer,  which  is also  an

etfective  way  to conserve  the natura[  resourcc  and  alleviate  thc

environmenta]  pressure to the globe El]. Up  to now,  fatigue

tests in rotating  bending have been widely  carried  out  to study

the very  high cycle  fatigue properties of  metallic  materials,

However, the actual  ]oad imposed to the components  of

mechanical  structures  {s not  only  tcstricted  to the rotating

bending. 1'hus, from  the  standpoint  oSfatigue  reliability  design,

statistical evakuation  on  thc very  high cycle  fatigue properties
og' metatlic  materials  under  yarious  types  of  loedjng ate  very

necessary  to investigate, such  as in axial  ioading [2].
            2ExperimentalProcedures

2. 1 Materlal  and  Specimen

          1.
         1/l i

          L
            li

t
!

            111･11  /1･.1 l
            k.-..･tt............-･.  /

            i･,  l
            L...  . .. ..O..... :

        Fig.1 Shape and  Dimensiens ofspecimen

  Material used  in this study  is SUj2 bearing steel, whose

chemical  cemposition  (mass percentagc) is: 1,Oj C. O.23 Si,

O.36 Mn,  O.OI2 P, O.O07 S. 1.45 Cr, O.06 Cu, ctc. Firstly,

somc  specimens  werc  machincd  inte the shape  ot' hourgiass

with  a  certain  amount  of  finishing margin  t'rom the anneal

materia],  Then,  thcy were  tluenched  at 83S4Cx40min+oil

cooling,  and  tempered  at 180℃ x120min+air  coo]ing.  After the

heat treatments, the surface  ofa]1  specimens  was  pelished by a

grinder ot'#100  to the final shapc  in Fig. 1. The  hardness

distribution over  the cross  seetion  ofthe  specimen  was  almost

uniform  and  the average  value  was  given  as  HV==737. Thc

tensiic strength  of  the specimen  was  about  2316Ml'a.

Diameter  of' thc testcd portion was  3.0mm  and  the stress

concentration  t'actor was  given as  a==l ,04,

2.2 Fatigue  :[lesting

  A  multi-type  imigue testing machinc  in axiaHoading  was

adopted  to carry  out  the very  high cycle  fatigue test ef  StJJ2
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bearing steel, whose  test frequency is 80Hz. Fatigue tcsts werc

pertbrmed in an  opcn  cnyironmcnt  at  roem  temperaturc, and

the stress  ratio  was  given  as  R  == -1 .Fracture surfaces  ol' al £ the

1'ailed spccimcns  werc  carefuIIy  observed  by means  ol' a

scanning  electronic  microscope  (SEM). paying an  attention  to

the crack  initiation sitcs  and  crack  initiation and  propagation

mechanismsparticularly.

       3 Experimental Resutts and  Discussions

3.1 S-N  Characteristics
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       Fig,2 S-N diagram efSUJ2  in axial  loading

  Fig. 2 shows  the SLN  diagram  of  SUJ2  bearing stecl  in axial

]oading. Based on  the SEM  observatien  ef  all ftacturc surfaces,

fracturc medc  of  speciTncn  can  bc c]carly  c[assitled  into two

difi'erent fracture medes  including surface-induced  fraeture

and  interior-induced fracturc. Furthermore,  the S-N curves

obtained  for surface-induced  fracture and  interior-induced

fracture are shown  by a dashed  line and  a  so}id  line in Fig. 2.

respectively,  which  approximate[y  rcprcsent  the so-cullcd

duplex S-N curves  characteristic.  Howeve"  compared  with  the

experimenta]  resu]t  in rotating  bending  tbe dividing line of

two  S-N curves  for respective  fracture modes  is not  so  clear

due  to the  etTect  of  stress  gradient.

3.2 Statistical Evaluation on  Ffttigue Test Data

  According  to  aEiaEysis  oftcst  data in Fig. 2, it can  be found

that the high stress  rcgion  corrcspending  toa.  >t300MPa  is

mainly  cornposcd  of  test data in surface-induced t'racture and

the  ]ow  stress  rcgion  corresponding  to a.<]200MPa  is

basicalty composed  of  tcst data in interior-induced fracture.
'I'hese

 test data in the two  regions  can  all be evaluatcd  by

means  ef  the single  Weibui]  distribution, Howcvcr,  fatiguc tcst

data in the niiddle  stress  region  exhibits  mixed  distribution

trend.  se  a mixed  Weibull  cumulativc  distribution l'unction is

proposed to evaluate  these test data and  can  be given as

foltews
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whcre  i denote fracture mode,  A. B  and  C  are  shape  parameter.

sca]e  parameter and  location parameter of  wuibull distribution,

respective]y,  The probability P, denotes the proportion of

i'atigue tcst data in single  fracture modc  in the  totaS test data,

which  can  be obtained  by the fol]owing equation

                R=  
?v,
 
-O,3

 a)
                 

'
 N+O.4

where  N  denotes the number  ot' total test data. Ni denotes the

number  of  tcst data in single  i'racture mode.  Statistical

distribution result  undcr  cr.  =l1eO  
-･

 1300MI'a is shown  in Fig,

3. However, it can  bc tbund that the result  is net  so tdett],

especially  for test data in mixed  distribution mode.  whose

probability regression  lines take place the phenomenen  ol'

mutual  intersecting. Thus, a  new  gencral statlstical mcthoci  is

proposed to evaluatc  on  the  basis oC  the parametcr

optimization  of  the Weibultdistribution function.
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    Fig.3 Weibull plots ol' faliguc test data
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       Fig.4 1'aramcter detinition in new  method
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 the values  ot' M. {n

censtant  regardless  of  stress  amplitude.  Se the average

ofA  in rcspectivc  ftacture modc  is

as  the value  of  the general shape  parameter in

fracturc mode.  1?urthermore, bascd on  the 
'

  4 show  thc reiationship  between pararneter A  or  B or  C

and  stress  ampjitude,  respectiveiy.  Firstly, it can  be found

             rcspective  fracture mode  almost  keep

                                     value

                      approximatively  regarded

                                  respectlvc

                               equatlons  of

regression  line between parameter B or  C  and  stress  amp]itude

in respcctive  fi'acture mode.  the randem  values  of  B arid C  in

respectjvc  i'racture mode  correspondlng  to  diEl'ercnt stress

amplitudc  can  bc obtained  conveniently.  For the Pi, its value  in

respcctive  fracture modc  can  better {'ol]ow thc single  Weibull

distribution, so  the random  value  of  P, in respective  fracture

mode  com'esponding  to different stress  amplitude  can  also  be

obtained  by means  of  the Weihull curve  equation.  Thus, the

new  mixed  Weibuli distribution curves  can  be  replotted  by

rneans  of  the  new  general statistical method  and  is shown  in

thc Fig. S.
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   Fig.5 We{bul] replot  based on  thenew  general method

3.3 P-S-Ar Chftracteristics

  Based  on  statistical cvaiuatien  result  in Fig, 5, the  fatigue

lii'e corresponding  to any  ]eve[ of  the fatigue ciestroy

probability can  bc easily  obtained.  Thus, the P-S-N diagrams

obtained  for SLJJ2 steel  in axial  loading are  shown  in Fig.6,

where  S-N curves  giving the failure probabi]ities of  f;(,NJ)=I,

LO, 5e, 90, 99(%) are  plotted as  P-S-N curves.
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Fig.6 P-,geN diagram ofSUj2  in axial  load ing

  l) S-N  curves

represent  thc so-ca]]ed  duplex S-,At' curves  charactemstic

  2) A  new  genera[

very  high cycle  i'atigue propcrty of' SUJ2  b

loading.
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   4Conclusions

of  SUJ2  bcaring  steei  in axial  toading

 statistica] method  can  better cvaluate  the

                 earing  steeHn  axial
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