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Effects of Crystal Orientations upon the Cutting
Mechanism of Aluminium Single Crystals.

Yoshio KATO, Mototaro SATO and Kazuhiro TUTIYA

In order to study the cutting phehomenon changing with crystal orientations,
orthogonal cutting test was conducted by the use of the specimens of aluminum single
crystals of random and designated orientation,

The single crystals were produced through the Bridgeman method, and the crystal
orientations were determined by the Laue X-ray back reflection method,

The main results obtained are as follows:

1) Variations of the cutting force in cutting process are divided into three patterns
according to the differences in the crystal orientation against the cutting direction.
(a) Cutting force is stable,

(b) Cutting force increases graddally with the advance of cutting.
(¢) Cutting force shows a periodic variation.

2) There is good agreement between the observed slip line and the theoretical one,
the latter being based on the assumption that the slip deformation occurs theoreti-
cally by the slip system.

3) The finished surface appears excellent when cut with a small cutting force or at
a large shear angle,
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Fig.1 Shape and size of the single crystal,
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Table 1. Cutting Condition

Tool material SKH 4

Tool shape Rake angle 35°
Clearance angle 7°
Nose radius 5~7 pu

Cutting speed 100 mm_min
Depth of cut 0.1 mm
Width of cut 4 mm
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Fig.5 Schematic diagram of orthogonal cutting model,
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Table 2. Cutting force and pattern of cutting force diagram,
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Table 3. Experimental results of shear angle.
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Photo. 1 Optical micrograph of thick deformation zone.
((001) [110] orientation)
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Photo.2 Optical micrograph of slip line.

(502) [265]

ﬂmwmﬂ

[cB

Photo.4 Cut surface of bicrystal,

Photo.3 Optical micrograph of slip line.
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Photo,7 Optical micrograph of side flow. Fig.11 Amount of side flow.

Table 4, Amount of side flow

No ORIENTATION a (p) b (1)

11 [010] 104 115

12 [130] 102 192
(001)

13 1207 98 110

14 [110] 77 127

21 [0017 374 500

22 [112] 228 200
(110) _

23 [2217 29 50

24 [1107] 104 100
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