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M o s t o f th e fat ig u e fa ilu re o f eo

mP
o n ent s in ae ro 一 stru c tU re s o e eur s o n its su rfa e e o r in sub sur faC

e lay e r
.

玩 o rd er to

Pro m o te th e fat ig u e s
tre

n

gth
o f m at eri al o r e o

mP
o n eni

,

m o re an d m o re att eni ion 15 Paid on su rfa c e treat m en t

te ehn o lo gy
.

Fo r bett e r e vai u at in g th e qu al ity o fth e sur fac
e , oPtim iz in g th e su

而
e e Pr o e e s s te ehn iqu e an d se le ct in g th e

Pro e e ss Par am et e rs, a q u

ant itat ive ehar ac teri z at io n m eth
o d an d a re lat in g m at hem at ieal m o del are

n e e e ss

ary
.

B y

stu dyin g th e in fl u en e e o f th e Par田爪et e rs o f th e s u r

faC
e m o d ifi eat io n lay e r o n th e

fat igu e Pro Pe rt ie s o f m etal
e o m Po n e n ts

, a P

aram
et eri ze d ehara

e terizat io n m eth
o d fo r ro tat in g- b e n d in g fat ig u e s tr e n gt h o f high-

str e n

gth m eta l

e o

mP
o n eni 15 Pr0 Po s ed an d a qu an tltat ive m ath

em at ie al m o del 15 o btai n ed
.

Th
e validat io n o f th e m o d el15 v er ifi e d in

term
s o f ro tat in g- b en din g fat igu e te st in g fo r M 50N iL saJ m P1e s

.

Th is m o d el ean b e u se d n ot o n ly to e v alu ate th e fat ig u e

str en gth
o fm eta lc o

mP
o n ent s but al so to Pro vide s o m e re fe re n e e o n s u r

faC
e
tre at m eni

·

犬匀邢
o

rds
:

fat igU e; su ri兔e e m od ifie at io n Iay er : Par别 m eteri ze d e har ac teri zat io n ; e v al u at in g m o d el

1
.

In tr o d u Cti o n

Th e fat ig u e Perfo rm an ee o fm at eria ls h as dr a
wn

a gr e at att e nt io n in the d e sig n o f st ru e
tur e s

, sin e e fa ilur e

du e to e yelie lo a d in g ac eo u n ts fo r at lea st half o f all m ee han iea l fa ilur es [1
,

2 ]
.

It 15 we ll
一

kn
o

wn that the

sur fa ee s o f strU etUr e s ar e th e m o st su seeP tib le r eg io n s to fat ig u e fai lur e
,

an d fat igu e erac ks ar e g en eral ly

in itiat ed at the sur fa e e
[3 ]

.

T o enh an c e fat igu
e life o f s

trU
etUr e

,

sur fa ee tr eat m ent s 15 w id ely ad o Pted to

str en

gth
en th e m at e ri al at the sur fa ee lay er s

.

M ea n

wh ile
,

th e ere at io n o f re sidu
a leo

mP
r essiv e str e sses at th e

sur fa e e 诚11al so hin d er fat ig u e era ek in itiat io n
.

T h e re a so n o f imP
ro v em e nt in fat ig u e str en

gth 15 ex Plain ed by e o

mb in atio n o f str en gt he ni n g an d

imP art
ed eo

mP
re ssiv e re sid u a l stre ss a ft er

sur fa e e tr eatm ent
.

T he im Pr o v em eni in fat ig u e
str en gt h o r life

r e su lti n g fr o m sur fac
e tr eat m en t e

ann
o t be a创I ibut e d to th e m ax im u m eo

mP
r e ssiv e r esid u al str e ss o n ly

,

but

also to its d istri but io n [4
,

5 ]
.

Th e m a gn itu d e an d d istri b ut io n o f resid u a lstr ess in th e seetio n as w e llas lo e al

str en gt h d ete rm in e Po sitio n o f fat ig u e era ek o rig in
.

U P to n o w
, e v al u at io n o f th e fat igu e Per fo rm an e e o f a

e o

mP
o n e ni o r stru c tu r e 15 still an im Po 比功t ar ea o f ini e re st to the d e sign

en g in ee r
[6

一

8 ]
.

E sPe eially a

sim Ple e x Pre ssio n fo r ehar ae te ri z ing th e
fat igu

e str en

gth
o fa eo m Po n en t o r strU e

tUr
e 15 n e ee ssar y in fat igu

e

d e sign an d in sele etio n o f its su itab le sur fa ee tr e atm eni Par am
e ters

·

B y stu dying the in fl u en ee o f the Par am
eter s o f th e sur fa e e m o d ifi e at io n lay er o n th e

fat ign e Pr o Pert ie s o f

m et al eo

mP
o n eni s

,
a Par田爪 eteri z ed ehar aeteri z at io n m etho d fo r r otat in g

一

b en d in g fat igu e str en g th o f hi gh
-

stre
n gt h m etal eo

mP
o n eni 15 Pr o Po sed an d a q u an titat iv e m ath

e m at ie al m o d el15 o btai
n e d

.

Th
e v a lidat io n o f

th e m o d e l15 v
eri fi ed in term s o fr o

tati
n g

一

bend in g fat igu
e te stin g o fM 5 0 N IL sa m Ple s

.
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2
.

T h e R e la ti o n shiP Betw een Fa ti g u e S tr e n g th a n d H a rd n e ss

It 15 fo un d fro m e xPerim en ts th at th e fat igu e stren gt hs o f m at e ri al s in er eas e wi th th e ir har dn ess
.

R o e ssle

et a lPr oPo sed th e fo llo wi n g Pro Po rt io n a lexP ressio n b etw ee n th e

fati gu e str en gt h s an d Bri ne llhar dn ess o f

steels 【9 ]
.

沂 = 1
.

43 H B (l)

Re ee ni ly
,

th e

fati gu e str en

gth an d har d n e ss o f sev era l ki n d s o f h igh
一
str e n

gth
ste els u sin g fo r av iat io n

stru c tur e

wer
e stu die d by ex Pe ri m eni s

.

T he te stin g re sul ts a s
we llas th o se fro m liter a tu re 【9」an d 【101ar e

sho 帅 in Fig 1
.

In term s o f le a st squ ar e s lin ear fit m eth
o d

,

th e q u an tltat iv e re lat io n betw een th e fat ig u e

str en

gth an d V ieke r s har d n e ss o fth e se st e els 15 al so o btain ed as th e fo llo wi n g e xPre ssio n
.

沂 = 1
.

4 1H V + 31
.

7

Th e se eo n d eon s
tan t t

erm 15 o n ly 3一 10% o f the fi rst t

enn in th e ri gh t han d o f th e ab o v e equat io n ,

th e exP re ssio n ean be simP lifi e d in th e s
am

e Pr oPo rt ion a lfo rm like Eq
.

1
.

(2)

hen C e

口f = 1
.

4l H V (3)

协扩
试
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Fig
.

1
.

R e lat ion bet w e e n th e fati gU e str e n gth
s an d V ie k ers ham

e sse s o f high-
str e n gth st ee ls

3
.

T he D istrib u ti o n o f th e Fa tig u e St r e n g th in S u r fa e e M o d讥e a ti o n La ye r

3
.

1
.

Th
e

dis tr ibu tio n of th e
fa rigZl

e str e n g th w ith o u rres idu
a ls tr e s s

In th e su r fa e e m o d ifi e a tion lay er o f a e o
mP

o n en t aft e r su r fa e e tre at m en t
,

the har d n e ss aP Pe
ars gra d ien t

e han g e wi th rhe d e Pt h in e r e as e
.

H e n e e th e lo e al fat igU e s tr e n gt h in sur fa e e m o d ifi e at io n la ye r al so e h an g e s

gr adual ly wi th th e d eP th in e r e as e
.

Fo r e o nv e n ie n e e ,

it 15 t e

mP
o rar ily as s

um
e d th at th e r e s id u a l str e ss

d o e sn
,

t e x ist in the sur fa e e m o d ifi e ati o n laye r
.

Fo r an y Po int in su bsur fa e e o f a e o
mP

o n e ni w ith o u t sur fa e e str e ss e o n e entr ati o n as w e ll as wi tho u t

in e lu sio n o f o th e r Part ie le s
,

ifth e d e Pth 15 d e n o te d as t, th e e o rr e sPo n d in g V ie ke r s har dn e ss 15 H V (r)
,

th e n

th e lo e a lfat igu e str e n gt h 15 e as ily g iv e n in E q
.

4 ae e o rd in g t o E q
.

3
.

。 ,(t ) = 盯
。

·

万犷(t)

H V o
(4 )

wh
e re 。了。 an d H V

。
ar e th e fat ig u e str e n

gth an d V ie k e rs har dn e ss o fth e m atri
x re sPe ct iv e ly

.

3
.

2
.

八
e

dis tri bu tio n of th e fa t妙es lr e
ng th w ith res idu al s tre s s
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A s in dieate d in R efer en e e 11] an d [3 ]
,

th e im Pr o v em ent in fat igu e stre ngt h 15 exP lain ed by e o m b in at io n

o fstr en

gth
eni n g an d imP art e d e om Pre ssiv e r esidua l str e ss a ft er sur fa ee tr eatm eni

.

Th e e o m Pre
ssiv e re sld u al

str e ss 15 also ehan g ed wi th th e d ePth in c r eas e
.

A d d itio n ally
,

th e eo m Pre ssiv e re sid u al stre ss m ay
5 1加fie

ant ly d ee rea se aft e r d o z en s o r hun dr ed s eye le s o f lo a d in g
.

R eg ar din g th e d e ere a sin g effe et o f th e

eo

mP
re ssiv e resid u a l str ess

,

an att en u atio n eo e ffi e ient a 15 intr o d u ee d
,

w hlc h 15 a fu n e ti o n o f th e eyele

nu m b er
an d m at eri al Par am

eter s
.

In Pr ae tie e
,

th e va lu e o f a 15 us ua lly tak
e n a s 0

.

5一0
.

8 aee o rd in g to

d iffe
reni m at eri al s

.

T h en ,

th e fat igu e str
en gt h at d ePth r wi th e om Pre ssiv e r esldu alstr e ss ean be re wri tt en as

叮,(t )二
, 厂。

·

H V (t)

H V 。

一
a. 民(t) (5)

in wh ieh ,
,

(t) d en o tes th e v alue o f eo
mP re ssiv e residua l str ess at d ePth t

.

APPar ent ly th e e o

mP re ssiv e

r e sidu al str ess

tak
es a n e g at iv e val u e

.

E q
.

5 o ul y d eseribe s th e fat igu
e
str en g th distr ibut io n o f a e o m Po n en t

,

but it d o e s n o t g iv e th e r ea lfat igU e

stre n

gth
o f the e o m Po n

ent
.

T he ehar ac te ri z at io n o f the

fati g u e str en

gth
o fa eo

mP
o n ent wi llbe d isc u sse d in

th e fo llo初
n g se etio n

.

4
.

C ha r a c teriZ a ti o n o f th e F at馆
u e Str e n g th o f a C o m Po n en t

Fo r a eo

mP
o n en t aft er ea se har d en in g (earb ur iz in g an d ni tri d in g )

,

if th e deP th fr o m sur fac
e 15 d e n o te d as

t
,

th e d istr ibut io n o fth e har dn e ss H犷(r) an d eo

mP
re ssiv e re sidua l str e ss o

r

(r)
e an be sehem at iea lly dra wn

in Fig
.

2
,

the
e o rr esp o nd in g distr ibut io n o f th e

fat ig u e str en gt h 。 , (t) ean be e as ily o btai ne d by E q
·

2 an d

sh o
wn in Fig

.

3
.

h 15 exP la in e d th at th e fat igu e fa ilur e o eeur s
wh ile th e

wo rki ng str ess ex ee sses the fat igu
e

str en

gth
o f a e o m Po n e nt

.

T he fat ign e e ra ek ini tiat es at the Po ini o n
wh ieh th e

wo
rki ng stre ss re ac h es th e

fat igu e str en gth
o f a eo

mP
o n eni fi r stly

.

Fo r a eo m Po n en t en dur in g r o tat in g
一

ben d in g lo a d
,

th e
wo rki n g stre ss

15 sho
wn in Fig

.

3
,

wh ieh the slo Pe o f its tan g e nt lin e 15 m ar k ed as k
.

It 15 sho u ld be n o te d th at th e
tan g ent

lin e 15 st ill dr a
wn in str aig hi lin e sty le

,

tho u
gh th e har dn

e ss 15 r eally o f a d istr ibuti o n stat e n e

arb y the

sur fac
e

.

This ean be Pr o v ed by n

um
eri ea l simu la tio n th at the d istri but io n o f the w o rki n g str e ss e han g e s

litt le eo m Par in g wi th a stra igh t lin e
.

万犷 衍

巧阳

蠕
外 二

一

奈
- - - ~ .

) \ 户心卜

HVIH’VzHV0伽

、k0

氏

口口口口. . . . . . . ~~~

Fig
.

2
.

D istri bu tion o f th e har dn
ess an d eo

mP
re ssiv e res id u al stre ss Fig

.

3
.

D istri bu tion o f th e fat igu e str en
gth

s

On
e e

an n o te fro m Fig
.

3 th at th e fat ig u e fa ilur e o e eur s
wh ile the w o rki n g str ess lin e ini er se ct s 丽th th e

fat igu e str e n gt h d istri but io n e

urv
e

.

W ith o ut in ter se etio n be朴刀 ee n the
tw o e

urv
es

,

the fat igu e fa ilur e
诚11 n o t

o eeur
.

o bv io us ly
,

the
fat igu

e stre n

gth
o fth e e o m Po n e ni ean be d eterm in e d by th e lin e 诚th m ini m um

slo Pe

in a llth e lin es
int erseetin g w ith th e fat ig u e str

en gt h d istri but io n e

urv
e

,

wh ieh the slo Pe o fth e
tan g e n t lin e 15

m ar ked as 无, , in Fig
.

3
.

T he ho d z o ni a lc o o r d in at e o r小e o n ly ini er seetio n p o ini t
’

m ean s th e d ep小 o r th e

fat i邵
e era ek o ri g in e o re

.

Th
e
fat i即e str en 廖h o f p o in t r

‘

15 。, (r
’

)
.

If th e

two q
uant

itie s ar e o bta in e d
,

th e

re lat in g fat ig u e str en gt h o f the c o m Po n eni e an b e g iv en
.

T o det erm in e 也e 玩y p o in t t
’ ,

o n e ean g et its e o o r d in at e v alu e by solv in g th e ex
tre m e v al u e

.

Th
e
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ab so lute
val u e o fth e str aight lin e slo Pe d eser ibin g th e w o rki ng str e ss 15 wri tt e n as

(6)fl
.,

口一L
k =

wh
ere L d e n o te s th e ehar ac teri z ing siz e o f th e eo

mP
o n eni

,
su ch as the

radi us o f a fat igu e sa m Ple
.

Let the d eri v
ati

v e o f th e ri g hi han d o f E q
.

6 b e z er o
,
o n e o bta in th e fo llo wi ng fo n 力u la

.

。}(t)
·

(L 一 t)+ , , (t)
= 0 (7)

C o m bini n g wi th E q
.

5
,

E q
.

7 15 re wri
tt en a s

[。 , 。
·

H V
’

(t)一 a
·

, ;(t)
·

那
。
]

·

(L 一 t)+ [a , 。
·

HV (t)一 a
·

。
,

(t)
·

HV
。
] = o (8)

T he so lut io n o r th e 的 o v e e quat io n 15 the d epth r
’

o f 小e o ri g in p o int o f th e

fati 即
e era ek

.

T hen 小e

re lati n g rati g u e str en gth
。f小e p o ini t

‘

15 o btain
ed by E q

.

5
.

The fat i脚
str en gth

o fth e e o m p o n en t ean a lso

b e g iv e n be lo w
.

匀 =k ,
·

L 二
匀(t’).

L

(去一 t
’

)
(9)

Ju st like th e str ess e o n e entr at io n e o effi e ieni
,

we intr o d u ee a fa tigu e str e n gt h eo e ffi e ie ni K
。 to

e har aeteri z e th e fat igu e Pr o Perty o f a e o

mP
o n e ni

fat igu e str en

gth
s o f a eo

mP
o n e nt aft er an d b efo r e

K ut =
叮了

『f o

k二

k o

wi th a sur fa ee m o d ifi eat io n lay er
.

It 15 th e rat io o fth e tw o

ea se har d e ni n g
.

(10)

in wh ieh 无。 = , , 。
/ L d en o tes the str a ig ht lin e slo pe o fth e w o r

kin g stre ss d eterm in e d b y th e fat i即 e str e

ngt h

o f th e eo

mP
o n eni 初th o ut sur fa ee m o d ifi eat io n lay er

.

E q
.

9 in d ieat e s that th e gr e at er th e K
‘ ,

th e h igh e r th e fat igu e str en

gth
.

It ean be u sed to asse ss th e effe et

o fth e sur fa e e tr eat m ent
.

5
.

V a lid a ti o n o f th e C ha r a ete ris a ti o n M etho d

E xPer im e
nta lre sul ts sh ow th at th e fat ig u e str en

gth
of a s

am Ple 15 enh an ee d aft er e a se har d e

nin g
,

an d th e

fati gU e er ac k wi ll n o t 而tiat e at sur fa ee o f th e sam Ple but in sub sur fa e e lay er
.

T o v
eri fy th e ab o v e

e har ac teriZ at io n m eth
o d

, r o tat in g一en d in g fat igu e testin g w a s eo n du eted by se le etin g M 5 0N IL sam Ple s

a ft er eas e har d eni n g (bo th e

arb
u ri z ln g an d n itri d in g )

.

The di am et er o f th e effe eti v e
wo

rki ng se etio n o f th e

sa m Ple 15 7
.

5
mm an d th e fat igu e str en

gth
o f the M 5 0N IL sa

mP les be fo re eas e hard
e

nin g 15 6 8 2MPa
.

The

tyP iea ldistri b ut io n o fhar dn ess an d e o

mP
r essiv e re sidua lstr e ss a lo n g w ith d ePth fr o m sur fa e e ar e sho wn in

Fig s
.

4 (a )an d (b)
,

re spe etiv ely
·

0nn
�n nUn八U111二,�

�一

目‘困/仍的a�尸的

1 2 0 0

1 0 0 0

8 00

6 00

nU内曰,�一

一心nP一的。“

4 0 0

2 0 0

�.00价�A二
,55。uP�已一工

一4 0 0

一5 0 0 .

0

(b)

0
一

2

D e Pt h / 口m

0
.

4

D e p th /恤

0
.

6 0
.

8

(a )

F ig
.

4
.

(a) di stri bu ti on o fh田月n e s s; (b ) d istri bu ti on e
om Pre ssiv e re sid u a lstre ss
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T he distri but io n o f th e fat igu e str en gt h fo r th e

tyP iea ls
am Ple ean b e o btain ed by E q

.

5 an d sho
wn in Fig

.

5
.

Th e distri buti o n o fthe wo rki
n g str ess o fm in im um

ro tat in g
一

ben d in g lo ad Po ssible to eau se

fati gu e fai lure
15 al so dr

awn
in Fig

.

5
.

It 15 no te d that the re ar e 朴澎0 Po ssib le Po int s fo r

fati g u e erac k init iati o n
.

o ne
,
5

deP th

15 330 卿 助d th e o ther 650 阿
.

T he fat ig u e str en

gth
o fthe

tyP iea ls
am Ple ac q u ir ed fr o m Fig

.

5 o r fr o m E q
.

9 15 12 6 0 MP a
,

By a n

um b er o f gr o u Ps o f testin g
,
exP

e ri m e n tal re su lts sho w that the av e rag e fat igu e str en gt h o f su e h a

ki n d o f M 50N IL s印rn Ples 15 1 1 86 MPa
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