29
2009

JOURNAL OF AERONAUTICAL MATERIALS

Vol 29 No. 3
2009

June

1 1 < > 2 N 1
FEE, g&RE, IIAN, BIE
(1L 100083 2 , 100084)
AN
. TG132 32 DA : 1005-5053(2009) 03 0102-05
, )
, ( Pb) :C 0.209Ni
s 14 Co 1Q Cr 2.5 Mo 1.4 A1 0.9 Ti< 0.010, S
s 0. 0005 P 0.004 O 0.0003 N 0.0013 Febal
e : 885~ 912C
s 1h 90C ; 24h
s - 59~ - 87C 1h
e ; , 190
~ 218C 5~ 8h
s 496 £9C 10h
5 0. 8mm s
, SEM  EDS :
AN
> 1 ,
s SS-550
( ) 2 9
s O = 1417MP3a R=0.1
" p . s = Mg =
LRk 5 AR ! !
0.01H 2
VM + Vac ESR ( +
2 RREREITH
. 200F10-23 © 2009-03-20
( 1981—), , (E-mail) 21

wangn iaom 002004@ 163. can



0.5~0.6 R

3 103
R15 ’ ) P
R8
el ’
= wm] i N = 107645 :
2 - 3¢ s
3 , N = 112665
- 45 0.6 ’ 2
N =115659 , 3e
1 /mm
Fig 1 Shape and size of sanples for SEM in-si ’
fatigue tests ’ ’
, N = 126792
, , 165Hm, 3f N = 132558
, 2a 453Um, 3g N = 132996
b ; , ,
140k, . 630Hm, 600Hm,
, 2¢ 60, 3h
d SEM  EDS , AN 10 , 133006
A10; AN E = 308GPa
3Hm , 4 3 s s
71Hm, 4Hm
( 5 )
2
Fig 2 Inchisbns n ultrahigh strength steel ’ !
for aircraft engne shaft >
0.4~ 0.5 ,
3 88m AN 0.4~0.5
(Opn= 141MPa R = 0. | f= SHz) 01-02
3
: : N=10255 , 0.5~
0.6 ,
s 3b



104 28

4
@ 3 s

Bl 3R J 98 5 A6 A P Sk 2 0 3 BOR SO A B i R I BOAT o

Fig. 3 Initiation and propagation of crack induced by inclusion under fatigue load
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Fig. 4  Fractography of the sample shown in Fig. 3
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Fig 5 Schem atic of crack grovth on fatgue fractography
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Tabk 1 Relatbnship between them axmum length of fatigue crack and the size of fractography

Angle beween the

Length of W idh of Area of Areaof origin long ax® of a chain
Specin en U 2! Uy . . .
frac bgraphy fractogra fractography for fitigue /8 of nclisions
No ) Mm L /Hm A )
L /Pm phyA /Hm S /Hm crack s Hm and the surface of
specimen( °)
1 900 700 630000 450 05 303 0. 43 107209 017 90
2 1000 600 600000 500 05 270 0. 45 113850 019 90
3 980 600 588000 430 0. 44 260 0. 43 82697 014 90
4 1000 700 700000 525 053 348 0. 50 146680 021 45
5 1100 600 660000 630 0. 57 337 0. 56 173648 0.26 0
6 1000 640 640000 570 0. 57 323 0.5 115061 0.24 0
7 900 440 396000 531 0. 59 267 0. 61 116847 0.30 0
8 900 600 540000 540 06 310 0. 52 125368 0.23 0
21 a 2 , a— 2l 0.5~0.7
6 3
, , , 3
7
a=A+B x2[=-60.79+ 0.65x 2] (1) , ,
2 4 ’ ’
oy o Mm a=A+B x2l=131.58+ 0.31 x2[ (2)
Tabk 2 Surface kngh 21 and nside length a of fatigue 3

crack on fractography shown n F i 4

Mm
Crack No. 1 2 3 4 5 Tablk 3 Maxmun surface kngth and nside length of fatisue
2l 522.51 420.00 301.25 27250 160.00 crack on fractography of d ifferent samp k
a 291.25 208.20 128 82 10503 5821 Specinen No. 1 2 3 4 5
21 648 65 630.64 534. 46 522 51 434. 43
a 336. 66 325.66 299. 17 291. 25 268 40
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Fi. 6 Rehtionship betveen the nside length a and 7 a
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kngh a and the maximum surface kngh

21 of fatigue crack
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Relationship between Surface Length and Inside Length of Fatigue
Crack n Ultrahigh Strength Steel

WANG M iaomiao, ZENG Yan-png, WANG X rshu’, XIE X ishan'

(1L School ofM aterial Science and Engineering, Unwersity of Science and Technobgy Beijing Beijing 100083, Ching 2 Depart
ment of EngneerngM echanics Tsinghua University Beijing 100084 Ch ina)

Abstract U lirr hgh strength steelm akes advancam ent ncessantly with deve bpm ent of aewnautical ndustry Hovever its sensitiviy
to he flav ncreasesw ih ncreasing n strengh level Nonrmetallc nclus bn as one of the mevitab e flaws m ust nflience the perfom-
ance especially fatigue perfomance of ultrrhgh strength steel In-siw fatigue tests w ih special designed SEM have been conducted
to trace the whole pocess of crack mitiatbn and propagation nduced by AN nchisbn in ultrahigh sirength steel under low- cycle fa
tigue bad The strong linear betw een the surface length and the nside length of fatigue crack w as gained The ins e length can be cat

culated based on the surface length of fatisue crack detected n material or structure and the resdual life can be estinated

Key words ultarhigh strength steel lov-cyck fatigug mnclisons crack mitation and propagaton n-situ observation



