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Initiation and Growth Behavior of Small Fatigue Cracks
in Ultra-fine Grained P/M Aluminum Alloy at Elevated Temperatures

Atsushi Sucera*, Yoshihiko Uematsu **, Munehiro Yasupa*** and Masahiro Jono

ETT TS

Small fatigue crack initiation and growth behavior at elevated temperatures were investigated using ultra-fine
grained P/M (Powder Metallurgy) aluminum alloy of which grain size was from 200 to 500nm. Reversed plane bend-
ing fatigue tests were conducted at three different temperatures of room temperature (R.T.), 200°C (473K) and 250°C
(523K), and crack initiation and small crack growth were studied in detail by means of replication technique. The
fatigue strength decreased as test temperature increased. The cracks initiated at the boundary between powders
regardless of test temperatures, and total fatigue life was dominated by crack initiation life. The fatigue crack initia-
tion and growth behavior was almost irrelevant to the test temperatures. Fatigue crack growth rates, da/dx, were
slightly accelerated at a fixed Kmax with increasing test temperature, while da/d#» evaluated in terms of Knax/E (E':
Elastic modulus) agreed well. The dependence of fatigue strength and crack growth rate on test temperature was
much smaller than that of conventional aluminum alloys, indicating the high heat resistance of ultra-fine grained P/M

aluminum alloy.
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(a) C direction

(b) L direction
Fig. 1 Microstructure of Material.
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Table 1 Chemical composition (mass%).

Material Ni Si Zr Fe MM Al

Ultra-fine

grained Al Alloy 1.5 170 15 20 50 bal

Table 2 Mechanical properties of material.

Temperature 02:{‘;5;:“ Tensile strength  Elongation
N o
[ C] Fo,z[MPa] aB[MPa] 5[ /0]
R.T. 330 428 3.0
250 269 307 10

Fig. 2 Specimen configuration.
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Fig. 4 Relationship between number of initiated
cracks and stress amplitude.

PDEDESiz, 2HRBEBIEERTFHIED oA
o7z, Fig. 3TRONAEEIIGEE ER L L BI2E)T
BEIMET 52, ZHKREDEFIZKD, FRPEER
ODRMEEREMET L= eELZ NS,

2 BRIBROD ACACH # DA D250°CTiRm 1L~
K57, TRDICK > TRE L ERO ZHMYR XK
THERR END., L LAMOES, BT X3URAEHR
RIZERARAETH D, $NDICKD ZHBEEEAD
bNah ol TS S hjENRIc&kD,
TR X N0 ELO5NS.

3.3 WUNEHEZREREE

200°C, ©.=200MPa ¥ X1 250°C, 0.=200MPa D3k
BRICkiT5, uNEY 2ELEREFOL ) Hitk BHE
HEREREY ZN SN Figs. 8, 9IIRT. WFhOBEA
b 2Bl E & &, BRI TR A
HRNCER L, 72, BREBEHZO ZZTERNTDH
B, AR 2R A BN B EE SR 5 7.
Fig. 4 TR L7=& 512, EiR TR D X 2R 4 HFER
Iz, FEHCMNEHOHEEZE LARIIEC Ao
7o, EEBBTOBSHERE KL, XZLERZKEOM
IS % 5 EDEAL EFRD S is o7z,

ZNEThORBEEHF BT, ERNAWTHEEE
Figs. 10, 11 15783, BEEICH TS, RABEHRICHE
HFHE i 25, EELER L & 5 I1ICK -+ um FEE DM
BECEEIICES. ThbbBHIRIDERETO 2R
ZH MBI, FERMRONRATRE L 2&80%, &H
FAERL RO CRFICFERARRAE R T 22, tRe
R AR S BT 5 K 9127 5 720 B O [H™N
BREL Ko7 oh, XFEBREINEBERL TS
ZE&ERLTWAS, Figs. 12, 1312V 7Y Hic & 3388
EhoBohsz, SRBREM O TRERINE 2R T.
250°CDIFA, IRERIZ3 DOEMIKELTCHD, %
NEFRDOEZZUIOWTEREINREEB TS, FEZLS
DEHLEBEL T B A, WBREEN-MEICREL T
WA ZHOAREIIEUTE LT, Figs. 12,13 & 3
a6k FEERIRE > TW5
ACA4CH # T3 DERIB Tl R m VT 5 0D $538 K I % 2

Specimen surface

Fig. 6 Fracture surface near crack origin.
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Fig. 7 Fracture surface near crack origin.
(250°C, 0. = 200MPa)
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Fig. 8 Observation of crack growth behavior. Number of cycles N

(200°C, 0a = 200MPa) Fig. 12 Crack growth curve. (200°C, 6, = 200MPa)
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Fig. 13 Crack growth curves. (250°C, o, = 200MPa)

Fig. 9 Observation of crack growth behavior.
(250°C, 0a = 200MPa)
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