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Microcutting of Amorphous Metals
—Chip Formation Mechanism of Rapidly Quenched Fe-base Alloys—

Kanji Uepa, Atsuhiko Supa and Tadaaki Sucita

Microcutting mechanism of amorphous metals is elucidated by means of in-situ SEM observa-
tion of chip formation process. Orthogonal microcutting tests are conducted on rapidly
quenched Fe-base amorphous alloys, using diamond tools with selected rake angles. The depth
of cut is employed in the range of 0.5 to 15 gm. The amorphous metals produce so-called card
model type chip exhibiting lamellar slip structure, which has been formed due to periodical
occurrence of homogeneous plastic deformation in the primary deformation zone and following
catastrophic shear along the localized band. The lamellar slip spacing is found to be propor-
tional to the depth of cut. The size effect on the specific cutting force is not obvious. It is also
found that the shear stress along the shear zone is almost independent of the depth of cut, the
normal stress, the shear strain and the strain rate. These characteristic features being different
from conventional crystalline metals are discussed in terms of inherent deformation properties
to the amorphous metals.

Key words : cutting of amorphous metal, microcutting mechanism, chip formation, lamellar

slip structure, catastrophic shear
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Table1 Material properties of amorphous alloys

Density | Young’s | Hardness | Crystal.
Alloy enst 3y Modulus HV Temp.
at% g/cm GPa GPa K
Feqi BissSiasCe 7.32 162 10.3 753
Fe,NizsMo,Bis 8.02 162 10.5 683
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Fig. 1 Typical in-situ SEM observation of lamellar
slip structure during chip formation of amor-
phous alloys

Fig. 2 Lower magnification SEM photograph of chip
formation

Workmaterial ; Feg;B13sSissC., «=10°, V =1 mm/min,

t=5um
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Fig. 5 Relationship between lamellar slip spacing s
and depth of cut ¢

BERENTH - Th, BEEHIY D < FERBEY
TETAH LB, FDTd, H1h < FTRBHRTN
hEankhRicosWELs, 1, KREET
IMRIRMEOFFEIC L D, F1 0 < FHRBEED A
Lo TKELSHEELZTHZ L LR TV 59,
L, BLoRBRER B RSE Y8 Lk
ROoh2BE5055560, ThEESTRY ROFEHHN
YRR & I ABEOYEIFMICBEIhTEH?, 7
ENT7 7 AEBOBE L IERACKIIFTNE LD &
Eibhb,

Dl X577 Er7 7 AGBICEBM Y T
EREEYFRCERE T D, ToYEI%EEHy
SEM CTHEEHFHLE LRy KicrT.

3.2 BR¥T~n#EnLEMBIE

K6 ZBRINOBELERARBDO 11 710D
SEM EftBEF % ~T, ARBEEmcEHRREL
Y 5T HIDIC, HHoLDYHIHRICIZIEFE

o
o
P

(© R.L.=2.74m (@ R.L.=3.9um

R. L.; relative cutting distance
Fig. 6 Successive SEM photographs showing typical behavior of formation of lamellar slip structure during

microcutting

Workmaterial ; Feg, By35S155C,, @ =15°, V' =0.2 mm/min, {=12 ym
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Fig. 8 Schematic illustration of mechanism of lamellar slip structure formation
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Fig. 10 Specific cutting force F, versus depth of cut ¢
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