Mansoura Engineering Journal, (MEJ), Vol. 21, No. t, March 1996 M.57

Surface Finish Improvement of Turned surfaces Via Tool
Having a Novel Tool Nose Edge (Elliptical form)
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Abstract

The importance of surface finish is evidemt for sliding or rolling elements of kinematic
chains. The surface finish improves with Lhe increase in nose radius valuc of cutting tool. This
has been confirmed by many experimental studies. However, there are nose radii maxima
beyond which no improvement in surface finish is likely. The nose radius must be sufficiently
large in relation to feed so that feed marks of the tool on the workpiecc can be avoided.
Surface finish improves with increased nose radius due to reduction in the saw-tooth effect of
feed ridges.

The effect of the nose shape of a single point tool on the suriace roughness of the turned
surface is investigated. A new model assuming that the tool nose of an elliptical form is
employed in order to evaluate surface roughness parameter. An experimental work employing
the new tool profile has been carried out. A comparative study between the experimental and
theoretical results has been done using the new tool and the other tools having sharp and
circular edges. Both theoretical and experimental results showed that the new tool edge gave a
better surface finish center line average height, than the conveational types.

CYWOL
Surface roughncss, Turning process, Cutting variable, Center {athe, Tool nose.
1. Introduction

The control of surface roughness of a workpiece has become increasingly important dunng
the last few decades. The importance of the surface finish and its influcnce on the life of Lhe
workpiece are well understood [1, 2, 3]. The nature of the interaction between any two
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surfaces will depend on the geometrical shape, their relative motion and the intensity of loading
between them. It had been postiated that the variety of possible combinations of all these
factors is infinite {4, 5, 6].

One of the major goals of researches in this area has been the development of models which
can predict surface fmish change upontbe simulteneous variation of cutting factors such as
speed, feed, nose radiug, etc, The relative motion between cutter and workpiece is bound to
effect the accuracy of the product as well as the roughness of the fmished surface [7, 8]

In the past, in order to derive mathematical basis for surface roughness assessment, two
common approaches had been employed. One method has been based on the assumption of a
random distribution of asperity heights and spacing, in order to develope a statistical solution
[9]. The other method assumes that the surface is composed of a series of regular shapes
(hemisphere, semi cylinders) [10). However, the surface finish, while accounting for the effect
of feed rate and nose radius of the curting tool, have considered the effect of cutting speed to
be significant {11, 12, 13]. The nose radius and the feed rate are the most important
consideration m obtaining the desired surface roughness | 14). The nose raduis should be three
times the feed rate for good surface finish [15].

The theoretical roughness is perfectly determined whenever the geometrical shape of the
tool and the feed values are known. The profiling cutting edge would be, theoretieally
reproducable upon the surfaee [16].

The significance of the tool edge, i.e. type, gcometty on surface roughness in the machining
operation has been noted by many authors {17, 18). The complexity of the action of a rounded
edge has been mvestigated by many researches [19, 20, 21].

2. Thegretical is

A npew theoretical model is developed under the assumption that the cutting tool edge is
provided with an clliptical nose-shape as shown in Fig. (1).

This model is concerned with case where the tool nose has a major and minor diameler
(ellipse) as shown in Fig. (1). In this case the feed ¥ ¢ 7a
This model is valid under the following assumptions :-

{2) Turning is vibradon free.

(b) A single poant tool is employed 1o tur the surface.

(c) Errors in the machme slide ways along which the too} moves have negligible effects or

the shape and amount of feed.

(d) The wave form of the surface profile is repetitive.

A relationship between the kmematics roughness and the proposed tool nose radius i
seeked. Such analysis is based on the work of many investigators [16,10, 22} who idealized tlu
surface machined by a smgle-pomt tools to take the form of radiused grooves. In this
investigalion it is asmumed that the wear of the tool does not change the feed marks (see Fig
2).

It is required to establish the height and spacing of the aspenitics. The spacing s the fee
eate of the machining process and the asperities height may be calculated knowing the 100l ti)
radius and feed rate.

Since, the basic equation of the ellipse is as follows:

X2/a2 + Y202 = | (1

Where :
X=F2,Y=b-Rpy
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Therefore:
R?‘ln - 2len + F2 b22’4a2 = 0
By solving the above quadratic equation, we get!
Rp=b+ (b2 - F2b2/4a2) 172
[t is clear from the above equation that Ry, has two possible values.

However, since Rip Sb then the only valid solution is when,

Ry =b - (b2 - (F2 b2/4a2y) 112
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Fig. 2. The kinematics roughness using the novel {elliptical) lool edge.

To evaluate the Arithmetic Average mean (R} it may be assumed that the surface produced
by a single point Lool is represented by a series of elliptical cusps of height b and the base F,
The Arithmetic Average mean (Rg} is given by sum of the absolute values of all areas above

and bellow the mean line divided by the sampling leagth as shown in Fig.(2 ).

The area of the ellipse as follows;
A= ay
Since: X2 =[a% - ¥2 a2/b2) ie. X =a(1- Y2 b2)1/2

Then, the area above mean line is given by the following relation ;
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A}
At=2a [ -yiiei\hay (5)
b-t

The area below the mean line 1s:
h—c

A2=2[{F/2(Ru-C)-a [(1-y* /") ay] (6)
b- Am

The area below line A2 equal to the area above the mean line.
Hence,

The integration of equations (5) and (6) is solved analytically and a computer program used
to estimate the value of R, where

Ra=[A = A]/F=2 A fF %)

Equations {4) and (7) are used lo evaluate the theoretica] values of beak-to-valley height
(Ryy) and the Arnthmetic Average mean (R,) for each specimen at the major and minor
diameter and the value of feed rate corresponding to every equation. see Appendix (A)

3 Experimental Work

3.1 Specimens material sclection and preparation
The material used in the experimenial work is mild steel. The chemical composition and the
mechanical properties of this steel are shown in Tables (1) and (2) respectively.
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Fig. 3. Eifect of major diameter on surface roughness parameter (Ryy,)
{b=I mm)
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Fig. 4. The elfect of Minor Radius on surface roughness parameter (Ry,)
(2a=4 mm}

The specimens were divided into three different groups according to the tool geometry used
in the cuiting process. All the specimens were first parted off on a lathe and their surfaces were
ground wilh the same condition. This was mainly to unify the condition of specimen surface
before producing the final fimshing.

Table (1). Chemical eomposition of mild steel specimens

C% Si% | Mn% S% | P% |
| 0.15-0.45 012 0.08 - 0.09 005 | 0.05
Table (2). Mechanieal properties of mild steel
Elastic Limit | UT.S. | % Elongation BHN

19 Kg/mm? | 37 Kg/mm? | 25 20 |

4. Cuttine To rial an e Di ion

The cutting tool material has been chosen 1o be using a high speed steel . The geometry of
both the sharp edge and the circular profile have been chosen according to the ISO
specifications for machining the mild sieel as indicated in Tables (4, 5).

A five new blank of H.S.S. material are used to produce five lools having different
geometries {major diameter and minor diameter of the cllipse}. The operation sequence tor
tortning the new tools was as follows

1. The required shape of every tool isobtained using a computer program on a blue-print
paper.

2. the blue-print papcr has been stocked on a small shect of metal and formed 1o give the new
profile shape using a tool grinding my/c.
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3. The new blank of H.8.S. is clamped with the formed sheet for producing the required
profile of the new tool utilizing a tool grinding m/c.

4. The new profile of the five tools which obtained has been measured employing a
measurescope 10 in order to estimate the actual profile of each and compared with the
suggested value.

5. The suggested dimensions of the five new tool profile were as follows :

The major radius (a) are 16, 14, 10, 6, 4 mm respeciively
The minor radius (b) are 8, 7, 5, 3, 2 mm respectively

5. Measurement Technique

A Talysurf 4 instrument linked to PC processor has been employed in order to determine
and record the surface roughness parameters Ry and Ry of all specimens. The workpieces
were placed on two vee-blocks situated on a precise surface plate. The stylus of the talysurf
was positioned te move across the lay. Five measurements were taken at various locations on
each specimen. The results are listed in Tables (3, 4, 5).

6, Results and Discussion

The theoretical results obtained using equationf(4) and (7) show the effects of major and
minor radius of the elfipse on the surface roughness parameters (Rg and Rpy). From Fig. (3}t
is found that the surface roughness values have decreased for high major radii at constant
minor radius and using three different level of feed. Likewise the theoretical relationship
between the minor radius of the ellipse and the surface roughens showcd that the surface
roughness value has increased when the minor radius of the ellipse was increased at constant
major radius and using three different Jevels of feed rate. A comparative study between the
theoretical values obtained using equation (A.2) and those of table (A. 1) for sharp, circular and
elliptical models has been carried out. It was found shat the theoretical values of surface
roughniess obtained using the elliptical model are about six time !css than those obrained vsing
the circular model and more than 33 times less than the values obtained using Lhe sharp model.

The machining operation generates surface when a proccss roughness is superimposed on
the Kinematics roughness. An important problem to the analysig of the machined surface is
needed to separate beiween the above two types of roughness.

An experimental work has been carried out using Lhree diffcrent tool profile shapes viz;
sharp, circular and efliptical. The obtained results are showa in Figs. {6-10)

It is clear from the different results oblained employing the tools having sharp, ciccular and
elliptical nose that thc new tool gave better surface finish at different levels of feed rate. I is
obvious Lhat when using the new tool (ellipse) the surface get rougher when its size a and b
diminish. Also it was found that the experimental results of surface roughness values obtained
using the elliptical model (a = 16 mm, b=8 mm} are about (2.6-3.6) time less thase for sharp
model and about (2-2.7} time less than these obtained using the circular tools. When the
geoinetry of the new tool changed to (a =4 mm, b =2 mm) the obtained results are about
(1.4-1.8) and about (1-1.5) tune less than the values obyained using sharp and circular 100
respectively.
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Table (3) Surface Finish Parameters Upon Employing Elliptically Nosed Tools

(Depth of cutl = 0.5 mm)

Specimen | Feed Rate Ra Ra Nose Remarks
No. mm/rev. (E:pe;lr{gental} (Theoretical) | Dimensions
awm mim
2 | on 202 oolat | a=16 |-DryCuing
3 0.14 2.52 0.0196 b=8 ~Cutting
) Speed
4 0.18 291 0.0325
5 0.23 3.20 0.0530 v= 50 mt/min
6 0.08 1.74 0.0073 | .
7 0.11 2.25 00139 a=14 - Dry Cutting
8 0.14 2.68 0.0225 b=7 ~Cutting
9 0.18 115 0.0317 Speed
B 10 0.23 3.35 0.0606 v = 50 my/min
11 0.08 1.82 0.0103
12 011 293 0.0154 a=10 - Dry Cutting
13 0.14 1.74 0.0314 b=35 -Cutting
14 0.18 1.82 0.0520 Speed
B 15 0.23 3.91 0.0848 v = 50 mumin
16 008 2.58 0.0171
17 0.11 353 0.0323 a=6 | -DryCutting
18 0.14 3.90 0.0524 b=3 -Cutling
(9 0.18 4.23 0.0860 Speed
20 0.23 4.34 0.1414 v = SO mtamin
21 0.08 3.41 0.0257
22 0.11 3.92 0.0485 a=4 - Dry Cutting
23 0.14 432 0.0786 b=2 -Cutting
24 0.18 4.4% 0.1299 Speed
25 0.23 4.63 0.2121 | v =50 mymin

Table (4) Surface Finish Parameters Upon Employing Circular Nosed Tools
(Depth of cut = 0.5 mm}

—_
. Ra Ra Nose
s Feed Rat
"';'“"" eed ey, | (Experimental) | (Theoretical) |  Raduis Remarks
0. mmy/rey. #m )um
mm
3l 0.08 5.85 0.0514 .
32 0.11 437 0.0971 Nr=4 | -Dry Cutting
- - -Cutting
33 0.14 5.28 0.1573 Soond
34 0.18 5.85 0.2600 P
35 023 | 6.52 0.4245 V= 50 m¥min
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Table (5) Surface Finish Parameters Upon Employing Sharp Nosed Tools

(Depth of cut = 0.5 mm)
) Ra Ra
Spe;nmen Feedeate (Experimental) | (Theoretical) | Nose Angle Remarks
0. mm/rey. 4 g
{— ]
26 0.08 5.06 5 Approach. - Dey Cutti
27 0.11 5.73 625 | Angle=750| " - T
28 0.14 6.54 8.750 End Cuttin% Speed
29 0.18 7.68 11.25 Edge =15 _
30 0.23 B.66 14.375 L V=50 m/min
7 ion

Initial results revealed that the introduetion of 1the newly tool edge form (elliptical) resulted
in the workpieceshaving superior surface finish than those of sharp and circular tool edges.

The experimental work indicates that it will be an extremely long and diffieult way toward
the final goal. The investigation eovers only surfaces obtained by one type of operatior.

This it does in a very incomplete way and it also needs to cover a wide range of materials,
tools, different cutting conditions and different surface roughness parameters.

Also, the paper at hand has dealt anly with the surface roughness without any consideration
to the aspeet of the power consumed or physical properties of the surface layer. An
investigation in that direction though might merit some eonsideration is beyond the scope of

the present work.
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Fig. 10 The effect of feed rate on Ra using sharp, circular, and ellipse modelg
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ix A

From Fig. (A 1) the different relationship between parameters can be deduce as follows:

Fie= \ﬁ%ﬁ (O +[(®- Rm) - o}?

_ iy ot R _all
Yz?—u[_lTi C]* +{(b~ ) - q}

Where
L = b "Rm

»’»W+J\%’E—c}l+1} =1a (A1)

From eqn (1) it can be found that :

. F1 1
L=t —c"‘)+—4—(§f -1))

Where ¢ = yal - bt
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L=9,1- =
Voaat
.
Rm=o-L=%-o A -—
4
:—-‘Fl
[e=Yi- 'V -—= )
Vooaal (A2)

Where F 5 2a
From Figs (A2, A.3) it ¢can be deduce the {ollowing
The area above the mean line=A

b
Av=1 [Rgy
b=t
‘f Y
Ay = —\f\l —-y° 4y 3
b—ch (A )
A\ = abaresinl - %[(h— OV —ct + bt arcsin —‘{—E] (A4)
The area below the nean line = A as shown in Fig. (Ad).
Yoy v s
Ar=—F(Ra-9)- [ Yooy dy
'1 -
= B
_ a, 1l 1 P B S
i\l—‘f:('&\m—c)—‘—n-[yvb -¥ +% arcsm;é]h_g_
A‘z:?{‘&mhc)~—:v’b——;\’q._;c—cl+\ala.rcsin-‘2;—?]+
2 [(o- Re) VI0Rm R’ + B arcsin 2
o b (A.5)
B FE_
sRm=b-9 /1~
\i At
. $
or v 2 oRm — R © =_‘_°E
24 (A6)

By substituting from eq. (A.6) ineqp {A.5)

A= F(Ru—c) —-E[(b ~ o)W 2be —ct + b arcsinb—;—ch

o bR, . J F2

<[(h— Rm) — + 5% ar [—=

b[( )20 va -Ia']
The area above and helow the mean line are equal when the wave form is repetitive.
of A1=Az

8 [
cabaresml=F{Ra~-c) + ¢ 1] —Rm)"b-fi"."b: arcsin |1 - { \l
b 20 Vo4t J
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The R, value is given by

_AFAL A
- ¥

Ra

2a .
Ra=—[b
F[ a.rcsnnq

Where

Fig. A.1 The basic property of the
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Fig. A.2 The machined surface

ellipse using the new model
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Fig A.3 The area abave the mean line

Fig. A.4. The arca below the mean line

Tlable A.1

\ s Sharp Model Circular Modl
¥ R T
n—-———— —_—
Cotgr+Cor g 1

Ra=- L% LTS

\6 =

¢= 750 Approach. Angle r= Nose raduis

#\_ |50  End Angle






