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Evaluation of Grindability of Materials Based on Abrasive Cutting
Simulation

Yoshifumi OHBUCHI*® and Toshiyuki OBIKAWA

*3 Department of Mechanical Engineering and Materials Science, Kumamoto University,
2-39-1 Kurokami, Kumamoto-shi, Kumamoto, 860-8555 Japan

The grindability of materials is investigated based on thermo-elastic-plastic finite element
simulations of orthogonal cutting with negative rake abrasive-grits. First the cutting mechanism of
steel SK-5 with negative rake is clarified. In high speed grinding, adiabatic shear, which lead to
serrated chip formation, is observed. Then the influence of material properties of SK-5 and cutting
conditions on the cutting states are analyzed. Analysis shows a critical uncut chip thickness, under
which chip forms with great difficulty. The critical uncut chip thickness changes complicatedly when
material properties including the strain hardening exponent, yield stress, thermal conductivity, and
initial temperature, are changed. Finally, grinding performance or grindability is evaluated by
means of the critical uncut chip thickness and chip geometry.
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Fig. 1 Finite Element mesh for machining
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Fig. 2 Typical chip geometry when cutting with a
negative large rake angle of — 45deg. Deformation
of black elements A, B, C, D and E are examined in
detail. Cutting conditions: work, carbon steel SK-5;
tool, WA; cutting speed 30m/s; uncut chip thickness,
(2)100um, (b)4.6pm, (c)lpm.
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Fig. 3 Chip formation map (influence of cutting 0~ 0~

speed). Cutting conditions: work, carbon steel SK-
5; tool, WA (rake angle, — 45°)

1000
500

0 qMPa

800
600
° 400
200

oON b O ®E

2

0 10 20 30
Normalized cutting distance d/h

Fig. 4 Changes in temperature, strain, strain rate
and stress at point P in Fig.1. Cutting conditions
are the same as in Fig.2(a).
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Fig. 5 Changes in temperature, strain, strain rate
and stress of element A in Fig.2(a).
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Fig. 6 Changes in temperature, strain, strain rate
and stress of element B in Fig.2(a).
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Fig. 7 Changes in temperature, strain, strain rate
and stress of element C in Fig.2(b).

2000-T ¢ T
[\ 8 a o()
a Vi w
s al o Y 43
o [ wWF [
S| | eoot 2
b. 10°r o . <
o -
bn: L 6’ —210
1000 [ | 400t
r
4-
L
10% 200} 1
2-
F
F
o- t ot o 3'00

Normalized cutting distance d/h

Fig. 8 Changes in temperature, strain, strain rate
and stress of element D in Fig.2(b).
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Fig. 9 Changes in temperature, strain, strain rate
and stress of element E in Fig.2(c).
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Fig. 10 Chip formation map (influence of yield
stress). Cutting conditions are the same as in Fig.3.
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Fig. 13 Chip formation map (influence of work-
hardening exponent) (II). Cutting conditions are the
same as in Fig.3.
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Fig. 15 Chip formation map (influence of thermal
conductivity). Cutting conditions are the same as in
Fig.3.
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Fig. 17 Influence of strain-rate-hardening exponent
on the critical uncut chip thicknes. Cutting condi-
tions are the same as in Fig.3.
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