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Effect of Chip Slenderness Ratio in Primary
Deformation Zone in Turning
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Abstract—In extended cutting speed law, Chip Slenderness Ratio (Csr) is a vital parameter and ratio of the depth of cut to feed rate,
influencing machining operations. In this study, the effect of Chip Slenderness Ratio (x) on the shear angle (¢), cutting-edge approach
angle (x), and rake angle (a) was investigated theoretically, by using Matlab and Minitab 17 software. In conclusion, it established that ¢
has an inversely proportional effect on Csr, while x has a directly proportional effect, but a has an insignificant effect on primary
deformation zone because of affecting moving of removed chip on rake face.

Index Terms— chip slenderness ratio, shear angle, cutting edge approach angle, primary deformation zone, orthogonal cutting.

1 INTRODUCTION

ACHINING method widely used as a final stage in manufac-

turing operations. Machinability depends on many different

kinds of parameters, such as cutting speed, feed rate and
depth of cut, geometrical and structural properties of the tool, and the
sample material properties. In addition to these parameters, in the
extended cutting speed law, the effect of the Chip Slenderness Ratio
(Csr) is taken into consideration as an influential parameter in ma-
chining operations. G is the ratio of the depth of cut to the feed rate.
Furthermore, this ratio (Csr) is identified as an equation, depending
on chip cross-sectional area (A) in extended cutting speed law. In
other words, the higher the Slenderness Ratio (Csr), the higher ratio
of cutting depth to the feed rate for the same volumetric chip remov-
al rate. 5 is the most frequently used value in turning operations as a
Chip Slenderness Ratio (Csr), in which the selected feed rate is not
recommended to be higher than the depth of cut. Therefore, 5 can
take into consideration, as a standard value for Csr, due to using
widely in practice. Moreover, cutting speed and thereby cutting force
consisting of values can be attributed to Csr. Additionally; the effect
of cross-sectional area (A) on the cutting speed is wider than the
slenderness ratio (Csr). When chip slenderness ratio (Csr) values are
between 5:1 and 20:1, there is an increase in cutting speed by 21.5
%. The cutting speed diversified about +9 when the cutting edge
angle varied from 0° to 60°. However, the larger cutting edge angle
values mostly occur in face milling operations [1].
Chip removal rate is a vital conclusion in machining processes ac-
cording to machinability standard. It, derived from multiplying feed
rate, depth of cut, and cutting speed, is a vital parameter in manufac-
turing areas of mass production [2]. High cutting speed, feed rate,
and depth of cut make the material removal rate increased linearly.
However, the effect of cutting speed is greater than the others. An
increase in cutting speed at any selected feed rate provides the mate-
rial removal rate to increase significantly, but it increases slightly
with increasing depth of cut, even at higher selected feed rates.
Moreover, the most influential parameter on material removal rate is
spindle speed, followed by feed rate and depth of cut, respectively
[3]. While cutting speed provides higher material removal rate, depth
of cut causes tool chatter, reducing material removal rate. Further-
more, higher cutting depth creates higher thrust force on the cutting
tool, launching the tool radially outwards and as a result, causing
vibrations, and thus leading to a reduction in material removal rate.

According to these consequences, the main parameter, contributing
to control material removal rate, is feed rate [4].

Depending on Chip Slenderness Ratio (Csr), the depth of cut is a
vital parameter for the material removal rate in turning operations
[5]. However, the effect of cutting speed and depth of cut on feed
and radial forces is higher than the feed rate in turning [6]. The re-
sidual stresses in turning become larger with increasing feed rate, but
the depth of cut does not have any significant effect [7].

Chip morphology influenced by the selected parameters; especially,
feed rate and depth of cut cause saw-teeth chip formation as well as
cutting speed and cutting-edge radius [9]. Moreover, at higher se-
lected feed rates, removed chip occurs in massive segments. Cutting
speed is a vital parameter to cause tool wear and make the machined
material harden [9]. Furthermore, greater feed rate, but the lower
depth of cut provides the lowest the process temperature. However,
higher selected depths of cut cause lower processes temperature.
Furthermore, tool temperature decreases at the selected greater feed
rate, but the lower depth of cut and greater depth of cut, but lower
feed rate during the operation [10]. Therefore, by altering the cutting
depth, tool life increases, so the consumed energy load of the ma-
chine and cutting forces decrease [11]. Additionally, Cutting force
increases with increasing feed rate, but it decreases with increasing
cutting speed [12]. Moreover, selecting cutting depth is a vital phe-
nomenon in turning because it affects the cost of the process [13].
Although the depth of cut does not influence tool wear significantly,
in continuous turning operations, different depths of cut shorten the
tool life [14]. At a lower selected depth of cut values, higher tool
wear takes place [15].

Many different parameters, making difficult to control the dimen-
sional precision in machining operations, have an influence on the
residual stress and distortion. A vital parameter among them is the
depth of cut, affecting surface roughness, but there is not a linear
proportion between the depth of cut and residual stress [16]. Fur-
thermore, Surface roughness is affected by spindle speed and feed
rate directly. With increasing feed rate, surface roughness increases
linearly, but it decreases with increasing spindle speed [17].

The main purpose of this paper is to investigate the effect of Chip
Slenderness Ratio (Csr) on shear, rake, and cutting-edge approach
angle, by using the mathematical and geometrical approach in prima-
ry deformation zone.
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2. GEOMETRY OF ORTHOGONAL CUTTING MECHANISM
IN PRIMARY DEFORMATION ZONE

In this study, the orthogonal cutting mechanism is analysed
mathematically and geometrically in the primary deformation
zone. During the modelling process, the effect of Chip Slen-
derness Ratio (Csr) on shear, rake, and cutting-edge approach
angle investigated by using the mathematical and geometrical
equation, derived from the orthogonal cutting mechanism
according to chip removal rate (CRr). A derived equation ana-
lysed by using Matlab and Minitab software. With the help of
these software programs, the relationship between Chip Slen-
derness Ratio (Csr) - shear, rake, and cutting-edge approach
angles was investigated, by gaining graphs.

The material removal rate is a vital conclusion in machining
operations, affecting the selected parameters, especially cut-
ting speed, depth of cut and feed rate. Machinability can be
evaluated depending on these parameters. In primary defor-
mation zone, when the chip removed from the machined ma-
terial, the process results are affected by different kinds of pa-
rameters according to the orthogonal cutting mechanism. One
of the most important of these parameters is Chip Slenderness
Ratio (Csr) in extended cutting speed law. Therefore, the effect
of this parameter (Csr) on shear, rake, and cutting-edge ap-
proach angle was investigated mathematically and geometri-
cally depending on the orthogonal cutting mechanism.

2.1 Mechanics of Chip Formation in Turning

For any questions about initial or final submission require-
ments, please contact one of our staff members. Contact in-
formation can be found at: http://www.ijser.org.
Chip removal rate (Csr) obtained by multiplying cutting
speed, depth of cut, and feed rate. Material removal rate can
calculate in the volumetric unit in one cycle of material or in
an identified time, such as one second or one minute in turn-
ing operations as demonstrated in Fig. 1.
Material removal rate can be calculated geometrically, de-
pending on shear, rake, and cutting-edge approach angle, as-
sociated with depth of cut, cutting speed, namely spindle
speed, and feed rate, as in Equation 1 in one cycle of sample
material, as seen in Fig. 1.

Cy =afVv 1)
Furthermore, cutting speed (V) is calculable depending on
spindle speed and diameter of the cylindrical machined sam-

ple during one minute time as a period, according to Equation
2, also demonstrated in Fig. 1 as (round per minute) rpm.

m.dn .
= ———=(m/min) )
1000
Additionally, cutting speed (V) equation can be written de-
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pending on the diameter of sample and spindle speed in one
second as revolutions in a frequency, as shown in Fig. 1; and
as (round per second) rps, can be written as in Equation 3.

©)

Detail A

Fig. 1. Chip Removal Rate (CRr) in one minute and in one second

Therefore, chip removal rate (CRr) is derivable depending on
cutting speeds of in one minute and in one second, as demon-
strated in Equation 4.

_mdn
Rrm —

Z—m fa(mm?®/min) = CRrszi.n.d.ns.f.a (mm?®/s) (4)
1000 50

2.2 The Effect of Chip Slenderness Ratio (Csr) in
Primary Deformation Zone

Machinability mainly depends on the shear and tool cutting edge
approach angles, associated with other parameters, selected by op-
erators in primary deformation zone. Especially, one of most im-
portant of these parameters is Chip Slenderness Ratio (Cs), the ratio
of the depth of cut to the feed rate. By means of the orthogonal cut-
ting mechanism, the effect of Cs on shear, rake and cutting edge
approach angles was investigated theoretically by using cutting ge-
ometry as seen in Fig. 2.

The chip removed from the sample (t;) can be identified as demon-
strated in Equation 5, depending on cutting-edge approach angle and
feed rate.

t. =f.cos(y)(mm) ®)
Additionally, removed chip (tc) is derivable as in Equation 6, de-
pending on uncut chip thickness (t), shear angle (¢), and rake angle

().
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Workpiece

Fig. 2. Chip Slenderness Ratio (Csr) and orthogonal cutting
mechanism

Vertical plane (), identified with lines in green colour, is nor-
mal to the main plane of the cutting tool. When the removed
chip leaves in the primary deformation zone, then moves
away on the rake face of the tool, under an inclination, denom-
inating (a), with the vertical plane (g). The chip is removed
from the sample with shear speed (VS) and cutting speed (V),
then it moves away from the zone on the rake face with (VC)
speed. Additionally, removed chip (t.) is derivable as in Equa-
tion 6, depending on uncut chip thickness (t), shear angle (¢),
and rake angle (a).

_ t.cos(o-) m

sin(op) m) y

Moreover, as shown in Equation 7, this uncut chip thickness
(t) equation can be written down, depending on the shear an-
gle (¢), rake angle (a), and feed rate with the help of orthogo-
nal cutting mechanism as seen in Fig. 2.

t _ f.cos(y)
sin(p) cos(q-a)

)

Chip removal rate is equal to multiplying |AD|, |DC|, |EA| dimen-
sional sizes according to Fig.2 as demonstrated in Equation 8.

C.. =|AD|.|DC|.|AE| ®)

|AD], IDC|,|EA| magnitudes can be specified depending on uncut chip
thickness (t), shear angle (), feed rate, cutting-edge approach angle
(x), feed rate, the diameter of the machined sample, and spindle
speed (nm and/or ng). In Equations 9, 10 and 11, these dimensional
magnitudes identified.

1312
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a
|DC= (mm)
cos(y) (11)
The volume of the chip removal rate, circumscribed with

|ABCDEFGH| points, is calculable with the help of the Jacobian
method, as specified in Equations 12, 13, and 14. as shown in Fig. 2.

|d(AD) d(AD)| |-t.cos(e) 1
5= do dt sin’(¢)  sin(g)
V7ld(DC) d(DC)| | asin(y) 1
dy dy, cos’(x)  cos(y) %
Vo
Co=[ [ [3,dodydv (13)
000
Cy =—.mdn,.
[ In(———-cot(g))——.In(——+an(O)]  (14)
cos(y) Si () (<P) cos(y)

Chip Slenderness Ratio (Csr) is equal to the ratio of the depth
of cut to the feed rate as in Equation 15.

Csr:E
f

Common solution Equations 14 and 15, Equation 16 can be
derived.

CRr=£.n.d.ns.f2
50

(1)

[Csr ' 2 ' In( . L
cos(y)  Sin(o)

1
n(—— @ +tan(y))]

Equalizing the Equation 4 to the Equation 16, Equation 17 is
derivable.

-cot(¢))- (16)

t
sin(op)

cos(p-a) .1 .
. (). 005z n(cos(;() +tan(y)) -
Rr 1 1
~ cos(y) In(Sin((P) ~eot)

t f.cos(y).sin
ADI= —— = |ADj= PEEOSD (yy © |
sin(e) cos(¢-0) 3 RESULTS AND DISCUSSION
_mdn, 3.7 d nS 3.1 The Relationship between Csr and @, X, a Angles
IAEI= 1000 = A= ———=(mm) (10) Chip Slenderness Ratio (Csr) is computable depending on
shear angle (¢), cutting-edge approach angle (), and rake an-
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gle (a), by using Equation 17. The relationship among the
Chip Slenderness Ratio (Csr), the shear (), cutting-edge ap-
proach (x), and rake (a) angles, as shown in Fig. 3 a, b, and ¢,
respectively.
By using Matlab software, the graphs of Csr and ¢, x, a were
achieved as seen in Fig. 3, 4, and 5, respectively according to
Equation 17. For the algorithm, by applying Matlab software,
shear angle (¢), cutting-edge approach angle (x), and rake an-
gle (a) were selected between 0° - 450, 0° - 45°, and 0° - 200,
respectively. Equalizing of Csr to 5 is standard in practice ma-
chining operations, especially in turning [1]. The graphs of the
relationship between shear angle (¢) and Csr demonstrated as
in Fig. 3. According to this graph, shear angle (¢) specified in
radian unit. If we multiply values on the shear angle (¢) axis
with 180/m, the angle values are obtainable in degree unit.
According to the graph, as demonstrated in Fig. 3, there is an
inversely proportional relationship between the shear angle
() and Chip Slenderness Ratio (Csr). According to the graph,
the optimum Chip Slenderness Ratio (Csr=5) shear angle is
equal to about 15°. When the shear angle (¢) decreases Csr
value increases linearly. According to the standard machina-
bility criterion, shear angle values are between 150 and 45,
(15°<@=45°), Chip Slenderness Ratio (Csr) is smaller than 5
(Csr<5). With changing shear angle values between 0° - 450,
associated with the rake (a) and cutting-edge approach (x)
angels, Csr takes values smaller than 40 and bigger than 0,
(0=Csr=40).
Although there is an inverse proportion between Csr and ¢,
there is a directly proportional relationship between cutting
edge angle (x) and Chip Slenderness Ratio (Csr).

Relationship Between Chip Slenderness Ratio & Shear Angle
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Fig. 3. The effect of Chip Slenderness Ratio (Csr), on the shear angle
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Relationship Between Chip Slenderness Ratio & Approach Angle
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Fig. 4.The effect of Chip Slenderness Ratio (Csr), on the CUtting
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Fig. 5.The effect of Chip Slenderness Ratio (Csr), on the rake angle
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However, the inclination of the curve of this relationship
changes associated with the shear angle (¢) and rake angle (a)
as seen in Fig. 4. For the standard Csr values, smaller than 5,
cutting-edge approach angle (x) takes values approximately
bigger than 6°. At smaller cutting-edge approach angle (x) Csr
values are bigger than 5, as demonstrated in Fig. 4.

Contrary to shear (¢) and cutting-edge approach (x) angles,
rake angle (a) has an inconsiderable impact on Chip Slender-
ness ratio (Csr). With changing rake angle (a) between Oo -
200, Csr changes about 1 unit as seen in Fig. 5. This result
shows that rake angle (a) does not have an insignificant effect
on Csr in primary deformation zone. Because rake angle (a)
affects the moving of removed chip on the rake face of the cut-

ting tool, thus it does not have any significant effect in prima-
ry deformation zone.

3.2 The Relationship Between Csr and ¢, x, a Angles
Furthermore, the relationship between the Chip Slenderness

Ratio (Csr) and shear (¢), cutting-edge approach (x), and rake
(a) angles investigated with using a Minitab 17 software pro-
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gram. This relationship demonstrated in Fig. 6. This relation-
ship shows an alteration compatible with curves, achieved by
using the Matlab software. In Fig. 6, the relationship between
Csr and yx is demonstrated with three different kinds of
curves, also the relationship of a with two kinds of curves,
while ¢ showed with only one curve. As interpreted under 3.1
title, with increasing shear angle (¢), Chip Slenderness Ratio
(Csr) decreases, while it increases with increasing cutting tool
approach angle (x), but there is not any insignificant rake an-
gle (a) on Chip Slenderness Ratio (Csr).

Scatterplot of Shear (¢), Tool Approach (x) & Rake Angles (¢)-Chip Slenderness Ratio (Csr
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4 CONCLUSION

Although Chip Slenderness Ratio (Csr) has a vital influence on
machining operations, in extended cutting speed, it has scarce-
ly studied by researchers in literature. Especially, it has a vital
impact on the shear angle (¢) and cutting-edge approach angle
(Y), in primary deformation zone, though it has an inconsider-
able effect on rake angle (a).

There is an inversely proportional relationship between the
shear angle (¢) and Chip Slenderness Ratio (Csr), while there
is a direct proportion relationship with cutting edge approach
angle ().

However, rake angle (a) has an insignificant impact on Chip
Slenderness Ratio (x) because rake angle (a) affects only the
moving of removed chip on the rake face of the cutting tool in
secondary deformation zone.

The optimum shear angle (¢) is about 150 according to the
optimum Chip Slenderness Ratio (Csr), which is equal to 5.
Moreover, increases in shear angle (¢) cause decreasing Csr
smaller than 5, and also invertibility is valid. However, with
increasing cutting edge approach angle, Csr increases linearly,
but the inclination of the curve decreases with decreasing x,
associated with other selected parameters.

6.4 Lists

The IJSER style is to create displayed lists if the number of
items in the list is longer than three. For example, within the
text lists would appear 1) using a number, 2) followed by a

close parenthesis. However, longer lists will be formatted so
that:
1. Items will be set outside of the paragraphs.
2. Items will be punctuated as sentences where it is ap-
propriate.
3. Items will be numbered, followed by a period.

6.5 Theorems and Proofs

Theorems and related structures, such as axioms corollaries, and
lemmas, are formatted using a hanging indent paragraph. They
begin with a title and are followed by the text, in italics.

Theorem 1. Theorems, corollaries, lemmas, and related structures
follow this format. They do not need to be numbered, but are gen-
erally numbered sequentially.

Proofs are formatted using the same hanging indent format.
However, they are not italicized.

Proof. The same format should be used for structures such as
remarks, examples, and solutions (though these would not
have a Q.E.D. box at the end as a proof does).
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submission length requirements, authors are strongly encouraged
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IJSER Transactions accepts supplemental materials for review
with regular paper submissions. These materials may be
published on our Digital Library with the electronic version of the
paper and are available for free to Digital Library visitors. Please
see our guidelines below for file specifications and information.
Any submitted materials that do not follow these specifications
will not be accepted. All materials must follow US copyright
guidelines and may not include material previously copyrighted
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style. See the IJSER’s style for reference formatting at:
http://www.ijser.org

transref.htm. The order in which the references are submitted
in the manuscript is the order they will appear in the final pa-
per, ie., references submitted nonalphabetized will remain
that way.

Please note that the references at the end of this document
are in the preferred referencing style. Within the text, use “et
al.” when referencing a source with more than three authors.
In the reference section, give all authors’ names; do not use “et
al.” Do not place a space between an authors' initials. Papers
that have not been published should be cited as “un-
published” [4]. Papers that have been submitted or accepted
for publication should be cited as “submitted for publication”
[5]. Please give affiliations and addresses for personal com-
munications [6].

Capitalize all the words in a paper title. For papers published in
translation journals, please give the English citation first, followed
by the original foreign-language citation [7].

7.3 Additional Formatting and Style Resources

Additional information on formatting and style issues can be
obtained in the IJSER Style Guide, which is posted online at:
http://www.ijser.org/. Click on the appropriate topic under the
Special Sections link.

4 CONCLUSION

Although a conclusion may review the main points of the pa-
per, do not replicate the abstract as the conclusion. A conclu-
sion might elaborate on the importance of the work or suggest
applications and extensions. Authors are strongly encouraged
not to call out multiple figures or tables in the conclusion—
these should be referenced in the body of the paper.
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