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Role of Fractography in Failure Analysis
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Ryuichiro Ebara, Dept. of Advanced Materials Science, Kagawa University,
2217-20, Hayashi-cho, Takamatsu-city, Kagawa,761-0296,Japan

Fractography is one of the indispensable key technology for failure analysis in failed machine components and
structures. In this paper,in the beginning, it is described on a brief history of fractography. It is also described
on a role and a procedure of fractography in failure analysis. Then it is briefly described on the availability of

fractography by use of a couple of examples analyzed by fractography. First some characteristics of failed hot
forging die quantitatively analyzed by use of stretched zone width are exemplified. Then characteristics of
corrosion fatigue failure of steam turbine blades such as corrosion pit at initiation area and intergranular

fracture at propagation area are also demonstrated. The possibility of quantitative analysis of corrosion

fatigue fracture surface by use of brittle striation spacing also demonstrated based upon the quantitatively

analyzed data of corrosion fatigue fracture surface of ship structural steel in sour crude oil environment.
Finally future problems on fractography are touched in brief.

Key Words: Fractography, Forging die, Stretched zone, Steam turbine blade, Corrosion fatigue, Corrosion
pit, Intergranular fracture, Ship structure, Brittle striation
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Fig.1 The macroscopic fracture surface of a knuckle forging die
for a motor vehicle, SKD62, Arrows a and b show crack
initiation points (Ebara and Kubota %)

Fig.2 The macroscopic fracture surface of a turbine blade die
(Ebara and Kubota @)
a: surface layer, b: brittle fracture surface
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Fig.5 K, 4 as a function of SZW ( Ebara and Kubota(?)
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Fig.3 Stretched zone observed on fracture surface of hot forging TREOBICTHE L= Z L BIHDPICR > Tz, TORKBR, AEE
die ,a: connecting rod, b: reverse gear (Ebara and Kubota '?) FREEHEEEICY PO - VT3 LEAKICFHREE R
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Fig.6 Intercrystalline fracture of the failed turbine blade
Arrow shows crack propagation direction
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Fig.7 Fraction of intergranular fracture vs. Kmax
(Ebara et al #9)
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Fig.9 8- 4K curves of KA36(TMCP) steel plate base metal in
Sour crude oil  (Ebara et al ™)
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Fig.10 Schematic illustration of corrosion faﬁgue
mechanism in sour crude oil
environment (Ebara et al®?)
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Note *1) SCO; Sour Crude Qil
#2) HEZ ; Hydrogen Embrittiement Zone
*3)  PZ ;Plastic Zone
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Table 1 Compositions and various properties of used crude oil (Ebara et al )
, Specific Kinetic TotalS Water CI  H:S Fe C H N  pH Gasolind Kerosene Light Heavy
Crude oil gravity  viscosity . N oil®  oil
(15/4°C) (50Cecst) (Wi%) (ppm) (ppm) (ppm) (ppm) (Wi%) (wt%) (wi%) (Wi%) Wt%)  (Wi%)  (Wi%)
As received 0.8610 5.456 1.78 340 77 3 16 8436 1263 0.34 7.3 16.0 173 199 468
After crack
propagation 0.8927 11.16 2.15 230 90 380 25 84.03 1229 0.30 5.1 7.0 205 235 490
test for 400hrs
After fatigue life
0.9086 15.83 2.50 210 92 340 3.1 83.8 122 0.1 4.3 20 9.0 170 720

test for 2933hrs

Note:Distillate temperature 1) R.T~160C, 2) 160~250C, 3) 250~360C, 4) 360C
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