American Journal of Applied Sciences 7 (10): 142@4, 2010
ISSN 1546-9239
© 2010 Science Publications

A Study of Parameter s Relationship to Backcutting Phenomena
During High Speed End Milling of AISI H13

'Erry Yulian T. Adesta’Afifah Mohd Ali, “Delvis Agusman,
'Muhammad Riza antMohammad Yuhan Suprianto
'Department of Manufacturing and Materials EnginegrFaculty of Engineering,
International Islamic University Malaysia, 53100r@mak, Kuala Lumpur, Malaysia
“Department of Mechanical Engineering, Faculty ofiBeering,
Universitas Tarumanagara, Jakarta, Indonesia

Abstract: Problem statement: In die and mold industries, surface roughness efdies and molds
produced will determine the end product qualityefdiore, the desired finish surface was specified
and the appropriate processes were selected th teacequired quality. Among many contributors to
surface quality problem, backcutting is one of ttaetors influencing the surface roughness.
Approach: The aim for current research was to study the dsttkg phenomena and their effect to
the surface roughness of work material, AISI H18hwiardness of 48 HRC during high speed end
milling. Machining performed on the Vertical MilinCentre (VMC) high cutting speed from 150-250
m min?, feed rate 0.05-0.15 mm toottand depth of cut 0.1-0.5 mm. The analysis andrehsen of

the backcutting phenomena are done by using optigdhce roughness machiriesults: The result
shown that the pattern of surface roughness wasuifitient enough to compare between the surface
with backcutting and without backcutting and theckmatting phenomena were seen mostly in
combination of medium to high cutting speed and imed to high feedrate.
Conclusion/Recommendations. Further research is needed with incrimination gfeziments and
adjustments of parameters.

Key words: Backcutting phenomena, arithmetic average, surfaofile, VMC, surface roughness,
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INTRODUCTION especially which applied high speed machining,ousi
works have been conducted by researchers. Previous
In industrial machining processes, milling is astudies show many efforts and contributions in the
fundamental machining operation and end millinthes ~ effects of cutting conditions, cutting geometry ahd
most common metal removal operation encountered. lnechanical properties of the study piece material o
is widely used in a variety of manufacturing indiet  dimensional precision (Loet al., 1998; Brezocniket
including the aerospace and automotive sectorsravheal., 2004; Benardos and Vosniakos, 2003. Some other
quality is an important factor in the productionstéts, = works focused on analyzing the contribution to acef
pockets, precision molds and dies. In production ofmperfections of the cutting efforts originated idgrchip
molds and die, the qualities of machined parts areemoval (Omakt al., 2007; Tangt al., 2009; Ryt al.,
determined by their surface roughness and the forrd006; Schmitzet al., 2007), as well as developing
accuracy. Among the contribution to the surfacetheoretical and artificial intelligence models tesdribe
roughness and surface texture such as machinindimensional imperfections in machined surface
parameters, cutting tools properties, work piecgFrancoet al., 2004; 2008; Leet al., 2001). Authors
properties and cutting phenomena. such as (Omaret al., 2007; Ryuet al., 2006);
Consequences of the need for good quality inrSchmitzet al., 2007; Francet al., 2004; 2008) studied
manufacturing industries and in conjuction to cotre tool errors and miling machine deviations, althoug
world market force the manufacturing sectors togreater effort is required for explaining and maugl
develop high quality product and process desigm wit relations between these factors and the dimensional
minimum possible cost (Sampatlet al., 2009) accuracy of the final part.
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In spite of the previous works focused on theAccording to the results provided by the theorética
surface imperfections originated in milling opevas, = model, Ra and Rt can be minimized by a reduction in
there are many factors whose influence needs moreackcutting height deviation. Other than thaty Ryal.
studies in order to improve the knowledge about thg€2006) also studied the surface roughness andlgrofi
surface finish that can be expected on the machinetbgether with the backcutting phenomena in endmgill
part. As a continuation from the previous workds th suggested that surface roughness is better at low
research will focus on the study of backcuttingfederate with large pick feed than that at theghh
phenomena which is one of the contributors to thdederate with small pick feed. Backcutting withiltrey
surface roughness and profile during milling operat  cutting edge can improve surface roughness by prope
Backcutting can be defined as the machined suiiface cutting condition selection. Franab al. (2008) in his
cut once again by the trailing cutting edge (Ryal.,  study suggested, the surface profile of milled past
2006). Figure 1 represents the backcutting mechanis not only affected by chip removal due to front mgt
In the milled surfaces including micro milling, but also by backcutting, which must be taken into
backcutting, as shown in Fig. 1b, is frequentlyasied  account when predicting surface roughness.
since finishing is conducted with light machining Therefore, this research will study the influerde
condition. The residual surface profile after battinog  backcutting to surface roughness together with the
is determined by the phase difference and thearameters of cutting is taken into account in
magnitude of tool deflection. The magnitude of ghas influencing the backcutting phenomena. The objestiv
difference defined in Fig. 1a is decided by thd ®ipe  needed to be fulfilled are: the influence of parterseto
and feed per tooth. Tool deflection induced bythe backcutting phenomena as the choice of optomize
machining load reduces backcutting and affects theutting parameters is very important for contrallithe
surface form accuracy. required surface quality (Suhaat al., 2010) and the

Previous backcutting studies are available in thenfluence of backcutting to the surface roughness.
literature such as Franca al. (2008) conducted an
investigation on backcutting during face milling. MATERIALSAND METHODS
Francoet al. (2004) suggested that arithmetic average
roughness (Ra) and maximum peak-to-valley heigtjt (R

were noticeably decreased by backcutting surfaarésn A series of cutting tests are carried out to yetiie

surface generation model presented. The experinf@ants
this research were performed on AISI H13 at Harsines

of 48 Rockwell Hardness (HRC) as work material. IAIS
# H13 is chosen as the work material due to it comursen
o 7 in die and mold industry where high speed machiigng

End cutting edge angle . - -
widely used nowadays. The chemical compositiorhef t

4 » material is presented in Table 1.
Fromtent  Back cut Tool used is indexable tool holder Sandvick
5 Coromill R490 with PVD coated TiAIN carbide insert.

TIiAIN coated carbide is applied in perspective of
economical value in comparison to the tool weae rat

g : based on previous works. The tool is properly setéc
(@ as proper selection of the tool material and cgttin
conditions an acceptable rate of tool wear may be
YAV achieved and thus lowering the total machining cost
// ] \\\ (Gintaet al., 2009).
;_ " \Q! Table 1: Chemical composition of material
J\ /;____J.____ ‘\ ..1 Chemical composition Percentage
/_/ P \\ c 0.32-0.40
i Si 0.80-1.20
(b) P 0.011
S 0.002
Fig. 1: The backcutting phenomena (Rstual., 2006) Cr ‘l"ggf{'gg
(a) backcutting mechanism (b) end mllledv 0.80-1.20
surface with phase difference Mn Balance
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Table 2: Parameters and experimental result

Parameter Response 4—— Pk

cutting speed federate Depth of Ra Back- 0
Run (m min?) (mm mid®) cut(mm) (um)  cutting .
1 150 0.05 0.10 0.24 X 6
2 200 0.05 0.10 0.21 X i
3 250 0.05 0.10 028  x 0o
4 150 0.10 0.10 0.23 X =120
5 200 0.10 0.10 0.24 X -1.50
6 250 0.10 0.10 0.27 X -2.00
7 150 0.15 0.10 0.26 X ——Valley
8 200 0.15 0.10 029  x T
9 250 0.15 0.10 0.37 X
10 150 0.05 0.30 0.25 X
11 200 0.05 0.30 0.33 X
12 250 0.05 0.30 0.28 X
13 150 0.10 0.30 0.23 X
14 200 0.10 0.30 0.30 /
15 250 0.10 0.30 0.27 /
16 150 0.15 0.30 0.32 /
17 200 0.15 0.30 0.47 X
18 250 0.15 0.30 0.30 X
19 150 0.05 0.50 0.31 X
20 200 0.05 0.50 0.28 X
21 250 0.05 0.50 0.39 X 600.7 um
22 150 0.10 0.50 0.39 X
23 200 0.10 0.50 0.27 X
24 250 0.10 0.50 0.54 /
25 150 0.15 0.50 0.25 X (b)
26 200 0.15 0.50 0.51 /
27 250 0.15 0.50 034 |/ - -
Note: /: Backcutting present; x: Backcutting not present 0.80

0.60 | . \ I i

In these experiments, machining is conducted using o3 -J ’ I i X f f
Vertical Milling Centre (VMC) type MAZAK machine (51 /| /1 ’ A N ]w ‘
(Model Nexus 410A-11) at high cutting speed in _0.005“” L ‘f.-‘ .‘ \ ll ‘ 9‘,‘”‘ ] Ag N1 A
comparison to the hardness of the material. The 1 /| | |4 ||/ " -
parameters used are; cutting speed of 150-250 it,min :
feed rate 0.05-0.15 mm toottand depth of cut 0.1-0.5 ]
mm. Parameters then are generated by using Respons
Surface Methodology (RSM). The parameters
generated are presented in Table 2. Surface rosghne ©
of the material after the machining are measured by
using optical surface roughness measurement machiffiég. 2: Example data collected from optical surface
(Model: Wyto 1100). roughness (a) 2D surface data (b) 3D surface

display (c) Surface profile
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RESULTS

The peaks are indicated by medium grey and vafiey i
In order to understand the behavior of thedark grey. The example of the 2D surface data @n b
backcutting phenomena, the results from the observa seen in Fig. 2a. Meanwhile, through 3D surface
under the optical surface roughness machine argisplay the peaks and valleys of the surface wél b
tabulated. There are three types of results obdaine clearer as it can be seen in Fig. 2b. For surfacgl@,
They are the 2D surface data, 3D surface display anthe profile of the surface is visualized clearly exé
surface profile. The example of the data colled®d the peaks and valleys are presented in term ofhgrap
presented in Fig. 2 and 3. Based on these imagegs shown in Fig. 2c. The peaks and valleys of the

phenomena of backcutting are observed. surface can be measured.

In 2D surface data from Fig. 2a, the peak anceyall For clear explanaton on the backcutting
of the profile are indicated through contrast ofoco phenomena in these set of experiments, surfacégrof
which makes it easy observation for the surfaoéle.  has been chosen for clear prove for the presenteeof
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backcutting. As an example of the surface with theRSM also quantifies relationships among one or

backcutting and without

backcutting, Fig. 3

presented. In Fig. 3a, tool teeth marks on the mach

surface can be seen

is more measured responses and the vital input factors

(Patwari et al., 2010). The results are tabulated in

in surface profile withoufTable 2 together with the arithmetic average roeghkn

backcutting phenomena and it is shown together witlfRa) and maximum peak-to-valley height (Rt).
the predicted surface profile. The profile with iveass
is the experimental profile as measured by usirgy throughness (Ra) versus parameters is formed. Based o
optical surface roughness machine. In this figitrean
be noticed that the surface is cut only by first &sithe

true profile suit the predicted profile.

Based on the data collected also, graph of surface

these graphs, a comparison and influence of paeamet
to the surface roughness and backcutting is obdelve
also assisted with Table 3 where matrix of paramete

Different condition is observed in Fig. 3b whemne i versus the backcutting existence is used. In tlaifir)
this image, the first part is cut by the first edgethe
insert and then cut again causing the backcuttingigh and the presence of the backcutting is tabdléd

phenomena on the surface profile. Based on thighserve the behavior of the backcutting phenomena
understanding, the observation of the results reedor

each of surface machined

combination from RSM. RSM
mathematical and statistical techniques that asfulis
for the modeling and analysis of problems in which
response of interest is influenced by several btegm
objective is to optimize sthresponse.

and the

for
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Table 3: Matrix of parameters Vs backcutting

Cutting speed Federate Backcutting
Low Low X

Medium Low X

High Low X

Low Medium X

Medium Medium /

High Medium /

Low High /

Medium High /

High High /

a summary of parameter in term of low, medium and

with related to the changes of the parameters.

the parameters
is a collection of

DISCUSSION

Based on the results presented above, observations
are made to fulfill the objectives of the reseai@istly,
observation is made to find a pattern of behavidhe
backcutting in relation to the parameters. With
reference to Fig. 4 and Table 3, it is observed tihe
backcutting phenomena can be seen mostly in cutting
speed of 200 and 250 m rminwhile for feed rate is
among 0.10 and 0.15 mm todtland depth of cut gives
very little influence in formation of backcutting
matrix of parameters as shown in Table 3 is fortzed
observe the behavior of the backcutting with relate
the cutting speed and federate. A combination tfngu
speed and federate will form the backcutting. Thestm
important factor that contributes to backcutting is
federate where the backcutting start to form atiomedo
high federate only. While for cutting speed, the
backcutting appears when it is at medium and bigte.

0.6

121 -
05 71;
3 04 /
g Ty L
£ 03 =
E] —y
z o\/ i
g 02
<
Z o1 —8—Vc 150
——Vc 200
Vc250
0
= Z Z m o o N
=3 S 2 S o =3 S o =
o Q = o o o O o &
e &) = e e o) e
R 232 g2 8 2 R 3
= 4 2 8 R
ER I s s g S 3 s
> > = - = > - > >

Fig. 4: Graph of surface roughness (Ra) Vs parasete
Note: Vc: Cutting speed; Vf. Feedrate; DOC:
Depth of cut;>: Parameter with backcutting
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