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TOPIK SEMINAR NASIONAL

Tema Kegiatan :Peran Riset Teknik Mesin dalam Membangun Daya Saing dan Kemandirian
Bangsa. Bidang Teknik Mesin sebagai salah satu pilar pengembangan teknologi terapan,
memainkan peran penting dalam pengembangan dan pengelolaan sumber daya alam Indonesia.
Untuk itu dituntut peran nyata bidang imi dalam pengembangan ilmu pengetahuan dan
teknologi yang berguna bagi masyarakat luas yang terangkum dalam bidang-bidang kajian:

« Konversi Energi
» Manufaktur

» Konstruksi dan Perancangan
s Material
« Pendidikan Teknik Mesin
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1. Prof. Hiroomi Homma (Toyohashi University Technology of Japan)

2. Prof. Dr. Erry Yulian T. Andesta, IPM, CEng, (International Islamic University
Malaysia).

3. Kementerian Energi dan Sumber Daya Mineral (Prof. Dr. IGN Wiratmaja Puja)
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12 e jdan Budi Heryadi Menentukan Parameter Pengukuran yang Benar
13 11:30-11:45 |Dody Prayitno, Joko Riyono  [Mesin Simulasi Sikat Gigi: Inovasi Sistem Pengikat Sikat Gigi
. SAMBUMNGAM ADESIF MODEL TIRUS-DALAM UNTUK PIPA KOMPOSIT YANG
g | 1145-12:00 gamistul Akmal MENDAPAT BEBAN TEKANAN INTERNAL
12100 - 13:00 LUMCH BREAK
Ratna Ayu Wandini, Taufig Pemodelan Matematika Dinamika Terbang Wahana Tanpa Awak Monocopter
15 13:00-13:15  |Mulyanto, Har Muhammad
16 1315 - 13:30 [Sandro Mihradi, Andi lsra Perancangan, Pembuatan dan Pengujian Perangkat Kalibrasi Load Cell Enam
e |Mahyuddin, Tatacipta Komponen
Dirgantara, Robby
17 1330 - 13:45 Fauzan Baananto dan Moch  |Evaluasi Prozedur Pengetatan Flange pada Metal Gosket Tipe 1004 terhadap
] ’ JAgus Choiron Distribusi Contoct Stress
18 1345 - 14:00 |Hendra Finite Volume Method Untuk Koefisien Perpindahan Panas Pada Desain
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19 14:00-14:15 [P, Satryo Soemantri, : n:;s: oa pada Perancangan Alat Uji Tekan, Bending dan Geser
ditianto R srernans
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e Jdan Nurlaili SINTETIS TERHADAP SIFAT MEKANIS PRODUE LATEX
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KATA PENGANTAR

Dengan memanjatkan doa syukur kepada Allah SWT, telah diterbitkan Edisi Revisi

dari prosiding Seminar Nasional Tahunan Teknik Mesin (SNTTM XII). Seminar Nasional
Tahunan Teknik Mesin (SNTTM XII) menyajikan makalah yang berkualitas yang berasal
dari tulisan peneliti di bidang Teknik Mesin dari seluruh Indonesia. Makalah yang
dipresentasikan dalam seminar ini meliputi lima konsentrasi Teknik Mesin yaitu konversi
energi, material, mekanika terapan, produksi dan pendidikan teknik mesin.
Pada Seminar Nasional Tahunan Teknik Mesin (SNTTM XII) terdapat makalah tambahan
berbahasa Inggris dari sesi Internasional yang pesertanya terdiri dari peserta Nasional dan
dari Japan Society of Mechanical Engineering (JSME). Adanya sesi Internasional inmi
diharapkan akan menjadi sarana berbagi ilmu antara anggota Badan Kerjasama Teknik Mesin
Indonesia (BKSTM) dengan JSME.

Edisi Revisi ini merupakan penyempurnaan dari edisi sebelumnya. Perubahan yang
dilakukan diantaranya adalah memasukkan makalah baru yang belum sempat dimuat pada
edisi sebelumnya, menyesuaikan kembali letak makalah berdasarkan bidang konsentrasinya,
memperbaiki judul makalah serta melakukan perbaikan lainnya. Dengan demikian akan
terjadi perubahan susunan dan penomoran halaman dari prosiding ini. Edisi Revisi diterbitkan
bertujuan untuk mengakomodasi seluruh peserta yang telah mengirimkan makalahnya agar
dapat mempergunakan prosiding ini sesuai dengan keperluannya.

Kami ingin mengucapkan terima kasih kepada semua penulis yang telah
mengkontribusikan makalahnya dalam seminar ini. Terima kasih juga kepada para anggota
komite yang telah mencurahkan segala waktu dan usaha sehingga terselenggaranya seminar
dengan sukses. Lebih lanjut ucapan terima kasih atas dukungannya kepada civitas akademika
Fakultas Teknik UNILA pada khususnya dan UNILA pada umumnya.

Kami juga berterima kasih atas dukungan dari sponsor yaitu PT. Sugar Group, Autodesk
(Tekno+Logika), Esindo Karya Lestari, PT. Sahabat Motor, PT. Gunung Madu dan PT.
Kawan Lama.

Diharapkan prosiding ini akan dapat memberikan manfaat bagi kalangan akademisi,
industri, praktisi dan seluruh masyarakat. Untuk para penulis agar berkenan untuk terus
mempublikasikan hasil penelitiannya pada seminar-seminar SNTTM yang akan datang.

Bandar Lampung, 14 Januari 2014

Koordinator Pelaksana Seminar SNTTM X1

Dr.Eng.Shirley Savetlana, S.T., M.Met
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The 12th Anrmual Mational Seminar O Mechanical Enginesring (SNTTh X0j
Oetober 23rd-2dth, 2013, Bandar Lampung, Indonesia

The Experimental Investigation of Cutting Forees and Chip Formation on
Turning with Actively Driven Rotary Toaol

Suryadiwansa Harun', Toshiroh Shibasaka’

Junesan Teknik Mesin, Fakulias Teknik, Universitas Lampung, Lampung, Indonesia
Ciraduate School of Engineering, Kobe University, Kobe, Japan

Absirak: This paper presents an experimental investmation on chip deformaisen of the actual
tmag with actively doven rotary tool. The meun parpose of the present work 5 0 make
clearly the effect of ool motstional speed and s derection upon the cublimg foroe components,
and the chip formation. In order 1o investzate the effiea of ool rotation with a sade range of
spoed, the cutting ool 18 doven by the high speed motor of main spindle machine and i
rotaon 15 contnolled by MO Programmable. The components of culting foroe were measured
using the pesoclectre foree ramdecers of a lomee fng dynamometer. Expenimental resulis
sl Ehast the ool rotatom] speed can bead an merease i the dymamse nchnston amgle so
that causes the helix angle and the pich of chip were inereased. This indicates the cutting
mechanscs changed from the ohogonal o the obligoe cutting. It was also found that the toal
rotatsomal speed has a sipnificant effised on the cotting forces. The resultant and tangentzal
cultzieg forces decresste with increasing the ool rotational speed o certamm valwe and then
comtanl. The resultam colting force of motary lool was approxomately 18% bower than the
resultant cunmg force recorded by the cutting with a no-rotsting wol. The axdal fonce
mcreases with an inerease o wool rotabional speed in a certan speed range and then constant.
Interestmmply, the constant of the cutting forces as mentboned ahave alomg with the merease of
the noil rotatsomal speed was obtained s1 the dynamic inclination angle higher than 45deg. or
the wlbocaty ralso higher than 1.

Kevwords: Toming with actively dniven rotary iool, Tool mo@tiom] speed, Cofiing forces, and Chip
formation.

1. Introdwction

High speed cutting s becoms one of the most promisine advasced manufaciring
techiobgies in recent years. The advantages of high speed cuttig are high productivity and
bower cosl. However, a5 a consequence of high speed cutting, the culling temperalire Ases
and the life of the cunmg wol 15 shortened. The lemperature an the primany shear sone affecis
the mechanical properties of work  mastenial, amd high temperatere abomg the oal-chip
mlerfsce preatly influences the tool wear which leads o draste redecton of the ool Bfe
When the pool wear progresses, the cuiting lorse, the vibration and 1the cutting temperaiure ane
mreased, and hence ol causes deteriortion in the surface mlegnty and the dimensional
accuracy. Finally the cutiing ool reaches w its hiie, and then the cutiing iool must be replaced.

Many researches have been carmed oul o seek Tor effective methods 1o overconms: the culting
temperalure nse when high speed culting 1 applied. Ose of the possible novel methods o
dicresse the cutting temperature as well & w0 merease the machimang productivity i3 1w apply
a rolary cullsng ool m lemdng (Shaw et al, 1952). As the culting tool rotates and 10 15 cooled
during the non-culting ime in one rotation of the wol, 8 15 expecied thet the vemperateme of
the noinl will decrease compared with eonventional g, 1 i3 also expected that the rotary
cullzig boid can be wsed for high speed cuting of difficuli-to-cul matersals such as mickel
based and tanium based alloys (Lei e al, 2002). However, The state of an of cutting with
rolary Woals in temong 15 sull ol pre-matured stage, and il reguines syslemslic nessarches befone
applying the technology o acnsl productson.

The ferces acting on the ol are the mportant aspect of the machimdag, which i3 peeded for
estimating the required power. Alsa, they have a significant effeat on the quality of machined
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part. In case of the actual mming with circular curng edge, the wal-workpiece contact anc is
bong, thus it can lead o the larger st radial force (Chow et al, 2004k Therefore, iof the
struciure of the rotary wraing wwal-holder i5 lsck in siaffness, the deflection of ool could
pussibly occwr. In fact, it 15 gquite often that the occurrence of chatier or poor surface finzsh can
be directly maced o deflection of the ool due 1o the lsck of wol suffmess nsell. In onder 10
enhance the stiffness of wal bolder system so that the deflection of the wol can be prevested,
knaovledge about the forces acting on the ool during machining process of the actual erming
by circular culting edge motion 15 ssenbally required. Therefone, mvestigation of culting
force on chip deformatson mechanism of the aciual terming with rotary ol should be camied
ol

This paper presents an expernnmental investigation on chip deformation of the acual mming
with actively doven ratary teol. The main purpese of the preseat wark 15 1o make clearly the
effect of ool rotationsl speed and s direction upon the culting force components, and the
chip formation. In order o investigate the effect of ool rotstion with a wide range of speed,
the cutting bl 15 driven by the hkigh speed motor of main spidle machine and 18 roEton
comtrled by NC Programmable.

L A Feature of Tarning With Actively Driven Botary Tool

Fuigure 1 shows the basic featune of the iwemnmg with actively doven rotary toeol process used m
this work. Geometrscally, this method i3 charactensed by the cincular culting edge. the mommal
rake angle and the clearance angle. In additon, i 15 possible w heve wo positions of the wal
cuttmng edge relative wthe work. The inclimuson anghe § of tee ool holder and offset beghi b
(offset angle & are defined m Fig. 1. Kinematcally, three motions are nvolved mothas
mezthsd: { 1) Cutting motion, work velociy Fy, (2) Feed rate of the wal ine workplece, and
(3] The ool rosson speed Fr as the mam feanmre in this method, which canses sidewise
eotion of tool. 1 is assemed that when the ool rotaes from point of large chip thickness 1o
pial of small chip thickness, the rotationsl directson of the ol 5 defined 1w be
counlerclockwise. Funther, the incline angle (that called &2 the dymamac mclination angle £ of
the resultant vector of bath cutting velocty of work and ool rolational speed was also
Tormmesd, which it can be expressed &3 shown in Eq. 1. The inerease of the ool rotational speed
can beads an increase in the dynamic inclination angle. This causes the change of chip Now
direction (Shaw e al., 1952) o that the culting mechanses change from orthogonal 1o oblbgus
cuilmg,

=T (1

Figure 1. Principle of tuming with actively doven rotary tood {Harun, 2008)
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A E:I.PETi.!.l‘l PFrocedure
i . Experimental Equipment and Condition

Figure 2 shows a photograph of the expernmental equipement. In onder b messure the culting
force i this equipement, an sdditions] sprdle & mounted on the table of a vertical machining
center (Hitachi Seiki V-3 ) w0 whach the workpiece 15 sttached &8 shown m Fig. 2. A 16 mm
diameter insent lool made of PYD Costed Cermet havang 2 normal rake angle of 1% was ased.
The insert wol was clamped on the special wal adapter, and then teey were Axed on the
malloeg spamdle, which is s rotadon changed easily and elevated by the programmable
contred. The work mastenals emploved for the culing experiment were plam carbon speel
TISA45C, which were (imghed prior 1o the coting 125t in the form solid bar of 50 mm
dizmeter and 120 mm length. Culting forces were measured using the plezoelecine foroe
transducers of a force dng dynamometer. The mapor culting conditbons ane sumearieed m
Tabde 1.

Figure 1. Pholograph of experimental equipment of
the vertical machine center {Harum, 2011)

3.2, Cutting Forve Meavurememnt

Figure 3 shows a schematc illustration of the culting force measurement system in frming
wilh the rotary cullimg 1ood. There ane three components of the cultimg forces, consist of the
taregential force, Fr, which acts in the tangential direction of the rodating work and represents
the resigtance 1o the rotation of the work. The axial fore, Fy 15 longitudinal force component
acting in the direction parallel 1o the axis of the work rotason. The mdial foree, Fris acting ia
the radial derection of the work from the centre of rolatsoa. The resulisnt force, Fgis given by,

Fy=JlE, P +(F )V +(F,) 2)

The three culiing Force components a3 menlioned above were measuned with the foree ring
dynamormeter as shown m Fig 3.b. The foree mng 15 composed of eqght plemoelectne forse
sensors embeddied in ring hke frame, which i3 msalled an the fixmg point of the main spindle
head as shown in Fig. 3.b. In order to record the outpal of cutting force signal from those
sensors, they should be sent o change amplifiers prior they reconded by wsing the digial
oscilloscope. In onder 10 gt an sccurate  measurement ofthe cutong force components,
calibration of the dynamometer was carred owl priar o the cuiting lesis 1o calibrate the
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sensitivitees of the dymamometer with use of the whie-type dynamometer and also the cross
talks of the oulput sapnals was compensated (Harn, 2011).

>
[._l 1.] EJ
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Figure 3. Schematic tllestmtion of cullmg fonoe messurement (Harm, 200 1)

Tabde 1. Major cullaeg condition

Waork material Plain Carbon Steel (JIS:545C)
Drameter=30mm
Type: RPMT 1604 MO-BB (Kyecera)
Teol haterdal: PVD Coated Cermnet
Greoenetey: Mormial rake arnd selisf angle 0=117, Dianieter D=14 men
Tood rotatiomal speed ¥y, min! 0= 400
Wark speed Vo, m'min & - 160
Feed f. mm/rev 0.1 - 025
Depihof cut a, mm 0.5:1
Inclinationangles i, deg. 0
CHEset angle 8, deyg, i}
Cudting fluid Dy
DHrection of ihe spindle rotation Too] spindle: CW; CCW
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ORI amaa

Vo= 1ihmimi

{a Tool totabional dorection of  (b) Tool rotatsonal disection of
clockwise, CW counterclpciowase, (COW

Figure 4. Photographs af chip obtained during machining with varous tood rottional speed
{cutting conditions: Vye=hlmimin; a=0_Smm; =(deg ; G=lidez.)

d. Resuli and Discussion

4.1 Chip formation

Figure 4 shows the photograph of chips obtained durdng machimng with vanous ool
rotaonal speads amd m enher direction ofibe clockwise (CW) and the coumerclockwise
(CCW). In case ofthe ool was rotated in OW dirscon, see Fig 4.8, with inereasing the ool
rotEiional speed, the belix angle of chips and the pitch of chip were increased, and then n
seerms thal the chip Qow becomes smooth, also is fow derection wias chamged. This mdscates
thee ciatting mechames change from the othogonal 1o the obligue culting.

Interestngly, the chip produced during machimng when the 100l was rotated in OCWis somew
hat different as comparned 1o 1the opposite direction as shown in Fig. 4.b. As observed moths i
gune, i was ralher broken espectally a the bow tool speeds {3 and 5 ov'maa) i further obser
v thaat s helix anghe and s pilch were smaller as compared o the case of the wal rolate m
appasite direction. This caused by the chip stacked on the work surface o that the chip low b
eeed ol smoolh.
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Figure 5. Effect of wol rotatsonal speed on culling fomes

2 Cutting Force

Figure 5 shows the effiset of the wol rotational speed on culling forces when the ool was
rotated in enber direetion of CW and CCW. In case of the cutting speed ¥y of 60 mfmin, the
taigential force decreases with mereasing the ool rotational speed moesther tool rotation
direction of CCW and CW, see Fig. 5a This can be attributed 1o reduced amount of wark
dine in chip deformastion of lurking with sctively doven rotary tool. According 10 Eg.1, the
pcrease of ool rolational speed can lead an merease n the dynasmic mebnation angle so that
causes the helix angle and the chip piich incressed. Ths indicsies an incresse in chip Now
angle, and then leads the effective rake and shear angle was inereased. These Gactors cause the
culling, force decreases along with the Bcrese of ool rotational spead. Interestingly, the
dicresse of the wagential force with an merease in clockwise 1ol ratonal speed was
effective 1o a speed limal of approximately 100 mfmun o the velocily ratio 15 higher than 1
(calculated from Eq.1) and then constant. U means that the decrease of that conmng force

based on the increase of wal rtational speed already reaches the saluration ate. In olhers
word, the effect of effective rake and shear angle o docrease the cutting fonce was Homited by

the incresse of ool speed cutting iself. Furthermone, 10ois interested that the vanation of
tamgential foree along with the increase of countenclockwise ool rotabionsl speed was almost
constant m a speed range from O wo -40 méman, This seems cansed by the chip siscked on the
work surfsce o that the chip Mow becomes nol smooth
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In conrast 1o those cutting forces, the axial force incresses with an increase in clockwise ol
rotabonal speed and then constant as shown m Froo 5.4, When the ool i3 rotated in CW
direction, the tangentzal velocity of the iool has the same direction with fieed direction. That
resulis m large axial direction velociry, which s the sum of the Engential velocity of wol and
feed speed. The fctor increases the axial force componenl with an merease 1n the woal
rotaisonal speed (Harn, 2008). However, the change of axial force with increasing the ool
rolabonal speed was almest constanl inoa speed ranee 15 hgher than approximately 60 mfmin,
which s the equal w the dmamie inchnaton amgle of 45deg (case of Vo= 6l mfmin} or the
velocity ratse of 1 as calewlated from Eq. 1. When the wol mtational speed i3 higher than the
work cutting speed Vo (the dynamie inchnation angle 15 higher than 45dec ), the chap wall
sliding on the rake face of the wol. k15 seermed tha the sticking region 31 chip=lool mierfasce
5 elimansbed, and this tends W reduce of the framal drag. The drop in the fnctional drag
wias invoked o explain the observed constant chamge 10 the magnitude axial cutting fosee at
the welocity rao range 15 higher tham 1.

The radial force decreases shghtly as inereasing w0l sotatsonal speed in clockwise ool
rolabon dinection, while it was almost constant as increasmg ol rolstonal speed in opposile
direction. As consequence of magnitude all cubing force components, the resallanl culting
force alse decresses along with the increase of ool rotasem] speed m expenmental mnge of
the 1oal rotatsonal speed.

In addstion, the resultanl culting force of rolary bl was found o be smaller, which was
approxmmately 18% lower than the resullant cutting force recorded by the culting with a non-
rotaimg tool. The simdlar rend was also observed a1 the case of the cubting speed was changed
froem 60 1o B0 mv'mm as shown in Frg 5.b. 11 is importantly noted that tee resulis as mentioned
above were nol reported by the past ressarchers.

5. Conclusion

In this paper, an expenmental examinstion of the effects of the ool rolational speed and

direction upon the chip formation and the cullmg forces dunmg ermng with the actively

driven rotary teols were carmed oul. The following remarks are concluded m this paper from
the experimenls,

1. It was found that the incresse of the wol rosdonsl speed can lesd an incresse mothe
dymamie nelmatson angle o that causes the helix angle and the pich of chip were
mcreased.

2. v was further found that the vl rotstsonal speed has a significant effect on the culting
forces. The resultant and tangentsal cutting forces decrease wilh incressog the ool
rotationsl speed 1o certain valpe and then constant. The resubiant cutting force of rotary
bl wias approximately 15% lower than the reultanl catlmg foree recorded by the
culting with a nom-nodating oo,

3. The axial force increases with an increase in wol rotsional speed noa certain speed anpe
and then conslan.

d.  Inverestingly, the constant of the cutting forces as mentioned above along with the
pcrease of the ool roltstenal speed was obltained ab the dynsmie melmstion angle higher
than 45deg. or the velocity ratio higher than 1.

5% However, the radial force decreases shighily as incressing ool rotational speed m
clockwise 1ool rolation direction, while o0 was abmost constanl a8 mereasing ool
rotational speed m opposite direction.
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