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THE PURPOSE of this note is to elaborate on an important as-
pect of shear localization during chip formation. This study is
motivated by a paper recently published in this journal (Ref 1).
The aforementioned aspect is concerned with the prediction
and the role of shear band spacing during discontinuous or ser-
rated chip formation. The results in Ref 1 are based on a simpli-
fied maximum shear stress criterion, which leads to a
mechanical model predicting the onset of shear localization in
the chip. No information is provided, however, on shear band
widths and spacings, even though some experimental data on
shear band spacings are provided in Ref 2. Additional informa-
tion and theoretical results on such features can be obtained by
exploring a gradient theory for the localization of deformation
(Ref 3-5).

For the problem of adiabatic shear banding, which is closely
related to the problem of localized chip formation, a detailed
analysis of the critical condition and shear band width is pro-
vided in Ref 6 on the basis of the aforementioned gradient the-
ory. These results are cast here in a form appropriate to discuss
the conditions and associated features pertaining to serrated
chip formation, as follows.

Critical localization condition:

H. =—c+ ks V2
pc,
Internal length scale (I ~ Vp:

l= -—L c+ ﬁ'
HC pcv
Shear band width:

woc |

Thus, for a meaningful nonzero wave number g, the instabil-
ity occurs at the softening region of the stress-strain curve (H,
< 0). These results are obtained from the characteristic equa-
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tion listed in Ref 6 for the linear stability analysis of localized
shear deformation

w3+ A0 +Bow+C=0
where

A= [k +c,5) - DYWpe,)

Nomenclature
t Shear stress
g Shear strain
Y Shear strain rate
q Temperature
c Force-like strain gradient coefficient
r Mass density
k Thermal conductivity
v Specific heat
dt .
= ;— Slope of the stress-strain curve
v
h="" Strain hardening coefficient
at . -
=— Strain rate sensitivity
Y
a1t . .
= 8_9 Thermal softening coefficient
1dt . . . .
p=— a_y Normalized strain hardening coefficient
T
dint . . .
m= - Strain rate hardening coefficient
dlny
f Feed rate
j Shear zone angle
a Rake angle
V. Chip flow velocity
\% Cutting velocity
Dy Thickness of shear zone
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Fig. 1 Effect of feed rate on shear band spacing at different cut-
ting velocities -

B= qz[qzks +pec,(H + cqz)]/(pzcv)

C = g% (h + cg?/(p%e,)

By utilizing the above characteristic equation, one can de-
termine the preferred wave number qp for which the corre-
sponding growth rate @, >0 is a maximum. In fact, the
following inequality can be established

The characteristic time for the formation of shear localiza-
tion 1, is then estimated as

1 k+eys
fo~—2 ~
mp c H

T e
I3

According to the cutting configuration (Ref 7), we have

cos Vv sin @
’Y =, VC =
cos((p—a) Ay cos(o — o)

where Ay o< f.
It follows that the shear band spacing d ~ V. can be esti-
mated by the relation
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The quantity A is a normalized parameter, similar to the so-
called flow localization parameter. It is defined as

23]

By following the same procedure as in Ref 1 for the flow lo-
calization parameter, it can be shown that A can be expressed in
terms of the material properties and cutting conditions as

B

pe,(n+ 1)(1 +1.328 \/-%W
{ )
0.664 \/k__‘Y_

vf

n+1-
Xy
1+1.328 vf

Figure 1 shows the effects of feed rate on the shear band
spacing for Ti-6Al-4V at different cutting velocities. The mi-
crostructure of the uncut Ti-6A1-4V alloy consists of a lamellar
o structure with an intergranular B structure (Ref 2). It is found
that the predicted shear band spacing is in agreement with the
experimental data (Ref 2).
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