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Electron Fractographical Study on the Causes of Metals Failure

(2nd Report)
Analysis of the fatigue striations in the high strength aluminum alloy
Eiji AKIYAMA®** . Taiji KONDO** « Yoshio KITSUNAT**

Fractographical features of the high strength aluminum alloy, and especially the nature of the fatigue
striation formed during Stage II crack growth, were examined quantitatively, to apply the fractogra-
phical technique for the analysis of the failure causes and to clear the fatigue fracture mechanism.

Mechanical properties and chemical composition of the test material are shown in Tables 1 and 2.
The shape of the fatigue test specimen is illustrated in Fig. 1. Fatigue tests were carried out under
tension and compression by means of Vibrophor. Macroscopic crack growth rate on both surfaces of
the specimen was measured by two optical microscopes with low magnification (x20).

Specimens for the electron microscope observation were made by the two stage carbon replica method.
Those replicas were shadowed with chromium at 45° to the macroscopic crack growth direction.

Measurements on transmissivity for analysis of striations were carried out by the micro photometer.
Transmissivity curves of the film were automatically recorded by the pen-deflection recorder. As
illustrated in Fig. 6, one cycle in the transmissivity curves coincided with a striation spacing.

Striation spacing was measured for each location and stress amplitude applied during the test.
Distribution of striation spacing was shown with histograms in Fig.7. Moreover, mean value, standand .
deviation and coefficient of variation of the striation spacing were recorded in Fig.7 and Table 3.

The relation between macroscopic growth rate and striation spacing is exhibited in Fig.9. Striation
spacing was plotted against the stress intensity factor range 4K computed from Eq. (2). The correla-
tion of striation spacing to 4K is shown in Fig. 10.

Assuming that transmissivity curves are similar to shapes of the striation, shapes of the striation
and fluctuation of the striation spacing were examined. Fourier analysis of the transmissivity curves
was attempted to show the shape of the striation. Typical examples of the result are shown in Egs.
(6) and (7). Auto correlation function of the transmissivity curves were also calculated to exhibit
the fluctuation of the striation spacing (Figs. 11, 12 and 13).

The main results may be summarized as follows.

(1) Stress amplitude, crack length, crack growth rate, tear line, inclusions and other particles have
influence on the formation of the striation.

(2) Striation spacing tends to increase in proportion to crack length and stress amplitude, therefor,
striation spacing depends on the stress intensity factor range AK.

(3) Compared with each coefficient in the results of the Fourier analysis on the transmissivity curves,
the shapes of the striation may be estimated in micro-range.

(4) Fluctuations of the striation spacing are indicated by the auto correlation function of the trans-
missivity curves.

For (3) and (4), however, correlations between the absolute value of the shapes on ‘the fracture
surfaces and the transmissivity curves obtamed from the electron micrograph are necessary to make
study still more.
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Table 1 Mechanical properties of the test material,
1. % = B OB IRAIEE
Tensile . Reduction of
strength Elongation area
#£3E D Fractography I8¢5 % { OBIER, B (kg/mm?®) %) (%)
Wb T &, &E, WE»bERNRERY 4.7 28.6 10. 4

BIs L7580~ ThbhTED, Thbofk
B LHENZEE R OWTRBENBEDHhODH
ZORBERTHY, i OMEBESIEIh T3,

FEEDHIX, WY TSR IRT B L
OPOFERE S LT, WHERERLEEVEL ORI
X ©* Fractography % i\ TSRS OE R
DREAFHAET, TOFRBEZTR Lice Ll
EHIEHEE» D EENLBERIAELN Db, BE
FEHDOFE Fractography A\ L 5 BCER T
&% LR, HROBEERELRAT D0 —8)
CichbDEBbhb, £ TR TR, HEIDLE
BHRBEGRE B CTOBRYWETRORECHEA T
Bicdic, RUCEEFECHEENENHECHD
ha®/A7TAIaYAVCTERBRY T, Th
B OWEICEZZE hvi- striation oW TEEBW B
HE T oo

FENEOEMTH S striation 13, ZHOEILE
BCHREND DT, striation 2 BF 35 = LIk
HoBBERELBTTABEELFRA VLT HIEN
TEHLDLBbh 5,

2. ME&LIURBEFE

EEETRGHENL, BEE 10mm OF A7 =
v afd (A3P2-T4) ¢, FOBEMIIEESR IO
5% Table 1, 2R, HERAMOEEH IS
PRCER 4mm OF{LEYE T AHES 8mm ORE
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BERL o

REEHH, CTHOOWEE T ¥FLelr—A7 1
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L, JEM 7 BEBFHREEL HV-THE LTS5, 00015 CH
%%ﬁfi -7Co

BHEMBORBCEL T, BWCLvyY 2 E2ER
HMEFARIFRCEACH 1mm HECHcRe Ah

Table 2 Chemical composition of the test material.

A o ERS (%)
Cu Si Fe Mn Mg Al

3.95 |0.23} 0.50 0.64 0.54 |remainder
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Fig.1 Shape of fatigue test specimen.

EhABRK OFR

feDb, ZhbhOMBELEEEME CHRAR TV
Y HEFE LOSmmXEE Ilmm EliL, Xhico
hboEES O ME 1z, BEO stage 25 HAH -
o

striation OETICIY, FEBYBERLFE IR
BT, 32w 4 b A—FXEHVT striation %
BRLAC7 4 v ADOEBELIAEL, ThboXERE
b _vEERFTCI-TCHEL S € % fELAL
o

HlRIE, AV v ML TEREL T IS
StcREBE 0 L L, ETHEME (NEBE 80kV, B
BHELOWRE) T7 41 a (BEFG 247) 18
BHL, TOLEBBICT 4 AV ABEOREBERLH
H.E100E B,

I7m7 4 P A-ROFEREKMEE, A2V -V EE
HEEHNE 0.2mmXxXEX 10mm ¢ b, striation
BilEZ2 RO B HBETITEEEE 0.5mm/min, FREFH
#2E D EE 10mm/min ¢, FHiERMEEo Fourier #
il XU HCHERE Y £ D 2 B & 1k 2EEE
I1mm/min, #:%9%EE 40mm/min ¢, EWETH
M4 striation CEMICK 5 X 5 KEEYTL-




SBROBRERRCHE T > EFEMENTE

<o

7 4 M ADFEREREEER, ETHREE, Bk
H, BEBOBRER IOKFEOLEE L & OFELZT
H5DT, “hbDLEELTELLET—TECHLA LS
CEE L1,

EHZHUDTEEORIE L, RBEAEEOMAIC20
BOBEMELE Y17 C, RELEERETIHES
DI BR IR L TEEHI % 77 » %o

FERDMANT e o TE, HEHIFEZ A, stri-
ation FfRICOWTILFISE, BERER IOTEHFR
gD, thboMRELEEEIECDIEEER L UG
DR EH L ORI DV TE Lice %7, striati-
on OFARILERIBISC, FENRABIL B CHEIEIET
X o THRLI,

3. EERER

Fig:2 WEhBBOBER LT T

:\15' e,
0 P N\,
EBre Moo
’&g 0\.
=10 ®
B, e
5 | o\ o
0 O
wn O
£ 5 o~
k)]
Ll L bl ) ||I|u|| f LLL
10t 108 108 107

Number of cycles
Fig.2 S-N curve -
S-N g

3-1 BhBEOEHE

striation DEE)Z ERNICHEET I H ), @
DI Lh b ORI HEELY RIETHRTFEOWTHERD
BT 5. SEEAR T b bR ETOE
B 100 DL Tk, THEE/7; dimple w7k
DEE SR, 100~200¢ ORTIE, b5 AEERRED
TH & EORIWCI>F oI striation a0
BWOX 5ol 2B ORIBEIREE ERL D B
0y, TR T OL OIRTHETH D, LAL, 1
200 HERIC A o T LB D HEFLEIERNT < £ ToM

— 8§ =

TiL, BAREERRAR D4 striation i s h
%o Fig3 ¥R & 2+ & O g (FWES) o
EWC X D striation OFLOREEE T, “ R 5D
striation (%, tear-line . tear-line OO iz El
Zeh, BRMEHERITHCEACHER S h T
Bo VIREHHE B5 T2, tear-line RAEDEHEA L
72T, striation DEERIOMEES S vy, o2
HAEI0BEME L1 tear-line FMEOREREL L% ¢
oo, TOMICERET S striation oESH T OR]
FEovfkfb+ %, 21T, striation [Eifgss 0.84 L)
kiTie® &, striation BRIl M A O BIEES
h3 I3 bEENE Figd3(d))e 0 ®
tear-line [HjfFi% striation ORI EES RIF L,
tear-line O;FEEC striation (ZITHL T v TIB/EMN
%\ DT, tear-line 13, FZOMBHETCH L T
BHIEDREAXFOLDEFLBRS,

striation ORI EELT 5HT L L TIX, tear-line
DERDPENEYHR BT bh5, Tivbhb, ZERNE
Ye BB T A B EE L ZIF T striation [Blfget D
TR E'T 2585 &2 & L, i, NEHCESR

(NEWBBE LI e L Bbh a2 5 L L)
s striation p3F4E U T\ 2BELEEI L,
Fig.4(a) 3% T2 NEWCET B LRTICAEY D

b EEAFEAEL C striation 2R Eh, AT

COFIEBCEZRNBRL L 5 L L TEHRERR
EENWBOT, NMEWRLTO striation FFEIXEH
BT 52, Bl XUk EWREEEE, striati-
on BfENAZE LMo T REBE R T Z0OHE,

NEGLERRITCH L CRTMCREDRLFE -
T lwin b Figd(h), 4(c) AR ELD RO
BFTHBo Tihb, NMEWCE - TEEEEEIS
67 Uicfodic tear-line MFEL L TH D, ZEMRNE
W5 BB BT B X R fo striation X F o RE L
LT\%, 20 X 5 ieiEWERILMoRTFR50
tear-line OF4X, EXZLEIEZ L A RFICET
LTWwirWZ a2 FRTE0EBbhb, Z0kd, It
B O tear-line DRk T EROYRATEIE
P{EET R LXEST, HIELTWAEFLEDbR
%o Fig.4(d) INFEWRET striation RfEAMET
BRI » TR Y, NMEWIHIESRE R/
BIThb, Fi- Fig.4(e) ik, N EHHI»BIED
tear-line 3%k 1, £ DA THEWF ANT striati-
on BEIFHR TS REB % R T, HIEHRELF b



EXELE2MEFMITER

3(a) 2204

3(c) 4,328u 3(d) 7,€8)u
Fig.3 Changing in shapes of striatione associated with distance from notch.
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Fig.4 Some examples of the disorder of striat-
 ions arounds inclusions.
4 (a), 4(b) and 4 (c) : Inclusions will
accelerate crack propagation.
4(d), 4(e), 4(f) and 4 (g) : Inclusions
will arrest crack propagation.
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Fig.5 Transition region between fatigue
cracked and overload fracture region.
Serpentine glide may be seen in the
transition region.
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Striation spacing

Fig.7 Histograms of striation spacing.
D : Distacne from notch.
o : Stress amplitude.
X : Mean value.
@ : Standard deviation.
C. V: Coefficient of fluctuation.
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Table 3 Distribution of striation spacing for
each electron-micrograph.
Stress amplitude 9.6kg/mm?2, number
of cycles 617x 108, distance from no-
tch 2~3mm.
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0.2194

0.1384
0. 0541
0. 3915

0-434
0. 0631
0.1456
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Fig.11 An example of auto correlation function of transmissivity curves.

11(a) Fatigue striation in a high strength Al alloy, stress amplitude
12.0kg/mm3, 1.05x10% cycles to failure.

11(b) A part of transmissivity curves obtained between the allow.

11(c) Auto correlation function, correlation distance 2.
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Fig.12 An example of auto correlation function of transmissivity curves.
12(a) Fatigue striations in a high strength Al alloy, stress amplitude
11.5kg/mm?, 155x10% cycles to failure.
12(b) A part of transmissivity curves obtained between the allow.
12(c) Auto correlation function, correlation distance 2.
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Fig.13 An example of auto correlation function
of transmissivity curves.

13(a) Fatigue striation and inclusions.

13(b) Auto correlation function of trans-
missivity curves obtained the A
allow in Fig.13 (a).
Auto correlation function of trans-
missivity curves obtained the B
allow in Fig.13 (a).
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Electron Fractographica: Study on the Uauses of Metals Failure
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Analysis of the fatigue striations in the high strength aluminum alloy.

E.AKIYAMA, T.KONDO, Y.KITSUNAI

Research Report of the Research Institute of Industrial Safety.
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Striations observed on the fatigue fracture surfaces in the high strength aluminum
alloy were discussed quantitatively, in order to obtain failure analysis techniques
capable of gquantitatively evaluating the stress condition from fracture surfaces and
to clear the mechanism of fatigue failure.

The measurment on analysis of the striation was used by a micro-photometer.

Relation between striation spacing and macroscopic crack growth rate, and
striation spacing against stress intensity factor range 4K were examined.

Assuming that transmissivity curves are similar to shapes of the striation, shapes
of the striation and fluctuation of the striation spacing were shown with Fourier
analysis and auto correlation function.
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