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ABSTRACT

The tool path optimization is an important issugéb a low cost
of manufacture parts using the CNC (Computer Nucaéri
Control) machines. Programming to produce an aptiniool
path for CNC machines is a key performance indicdto
obtaining minimized machining time and good surfgoelity of
parts. This paper purposes to optimized the CNQ fmaih
generation programming and analyze the cost of faaturing
process of master cylinder piston of motorcycle kbraA
Computer Aided Manufacturing (CAM) software was dige
simulate an optimal tool path, which finding ani@ént solution
to shorten the cutting tool path generation. Theutition was
performed on a roughing surface process of the \p@ke using
3 tool path schemes: longitudinal, diametrical adface to
parallel. The each scheme employed tool-path ggaerhased
on absolute and incremental reference methods @N@& lathe
machine. An analysis of simulation tool path timar feach
scheme and machining cost was investigated to gehom and
economies machining process. Hence, it was comgaredtual
time of machining process on CNC lathe in term bg t
manufacturing cost machining. The optimal processime and
the most economical cost for making a master cglimgston of
motorcycle brake was a parallel to surface schérerefore, an
optimization of tool path generation can minimizaahining lead
time, which lead to lowest cost of manufacturinggawith keep
maintain product quality.

KEY WORDS: CAM software, CNC Lathe Machining, Cost
analysis, Tool path optimization.

1.0INTRODUCTION

The manufacture of a part of the product is impurta shorten
the production time but the resulting part remaihgood quality.
Similarly, the short tool path time can reduce mh@nufacturing
time, which also means improving machining efficgnThe tool
path movement time of the CNC machine can be infled the
machining cost of manufacturing processes of pargs.

(Pinar et al., 2005) [3] suggested to minimize machining
process time can be done in two ways, that is nii@rtool path
and optimize cutting parameters. The minimize fath can be
used CAD/CAM systems. The CAD/CAM systems haveitgbil
to simulate and analyze tool paths generation famimize
machining time, which lead to lowest cost of mawtféang
processes of parts [3,4]. Other hand, by CAD/Csydtem can
be performed the optimum process plan of tool pmheration
and CNC machining program that is have a less maahitime
in properly surface finish.

Many researchers conducted a study on minimizinge tof
tool path and optimizing manufacturing parts cosisdu
CAD/CAM software and CNC machines. According
Umamaheswarareddy and Veeranjaneyulu (2014) [Hiedua
simulation of tool path optimizing for generatiorf ourved
surfaces on machining process by CNC lathe turrdapida et al
(2014) [6] studied a method to optimize roughinggasses of
manufacturing part in CNC machining by splittingpegach of
roughing orientations to minimize time and tool & of parts
machining. More, Patil and Pande (2002) [7] prodoge
minimizing of tool path generation and parametric KHode by
modeling sequencing of the features. Furthermotg,sfudied
tool path generation and cost analysis of complextsp
manufacturing for turn-mill machining based CAD/CAgdyistem.

The tool path optimization is a shortest time toaate tool
paths with less time of machining takes. The stfdyptimal tool
paths planning is done for CAD/CAM/CNC for millirgperation
such as using method of iso-parametric [8], isovptd9,10] and
iso-scallop [11-12]. Whilst, Morimotet al (2012) [13] developed
a method to optimize tool path layout of lathe taghmachine by

to

JOM Ase | Received: 10-October-2017 | Accepted: 30-May82(1(55) 1:1-5]
Published by International Society of Ocean, Medtwrand Aerospace Scientists and Engineevsy.isomase.org ISSN: 2354-7065 & e-ISSN: 2527-6085



Jour nal of Ocean, M echanical and Aerospace
-Science and Engineering-, Vol.55

May 30, 2018

un-axisymmetric axis of curved surface. Types of fath on the
process of machining lathe are such as longitudinal
transversal/diametrical and parallel to surfacd.[Léngitudinal
tool path that is the movement of the carving patfile doing
machining process parallel to the axis of work eiedhe
transversal/diametrical tool path is perpendictdahe axis rotate
the work piece. The parallel to surface tool pashai tool
movement when performing the machining processviotig the
surface shape of the work piece.

The study of tool path for lathe machines thataffeachining
time, such as depth of cut, scaling distance tovibek piece
(entry amount) on the Z axis, the finishing diseuof the X axis
(retract), and the angle of withdrawal (entry ajgWhile the
study of cutting parameters can be described iecladtting
speed, feed rate, and depth of cut. Thereforemihenizing tool
path time and optimizing cutting parameters for thachining
process of manufacture part can find the mostieffictime in
CNC machining process. Sub-sequence, by knowingtithe
efficient process may be lowest the cost of mariufacparts.
Furthermore, it is necessary to investigate thém@dttool path
generation, which minimizes the manufacturing psscgme and
cost of parts-making operations. In this paper pseg to find an
efficient solution to shorten the cutting tool paéneration and
cost analysis of manufacturing process of masténdsr piston
of motorcycle brake based CAM software simulation actual
approach using the CNC lathe machine.

20METHODOLOGY

2.1 Tool Path for NC Lathe Machine

The tool path is the steps of tool movement onstiréace of the
work piece while performing the machining procesgptoduce
the desired geometry of the work piece. In gene@NC
machines usually have two movement modes, the rlinea
interpolation mode, and the circular interpolatiorode. The
linear interpolation mode, the control moves theerufrom point

to point on a straight line path. The circular iptg#ation mode,
the control moves the cutter from point to poirdreg a circular
arc path.

The lathe operations include roughing, chamfermgemove
sharp edges, grooving to produce recesses anddensufacing
to finish the ends of a work piece, parting to offt finished
pieces from the stock, and thread chasing withstéolproduce
the desired thread form. The rough cutting tooisved along
parallel lines either perpendicular or parallel ttee axis of
rotation, from intersection to intersection eitloetting metal or
in air. The tool path should be traversed in anrampate
sequence to minimize in-productive motion. The ltota
manufacturing time to machining part using CNC niaeh
include tool path travel time, switch time thattle time to the
cutting tool changing for next operation and théiog time that
is cutting tool moves with cutting speed in airimrwork piece
[4].

In this paper is conducted the steps methodologtydbver the
design of work piece geometry, tool-path desigmol-path
simulation, and execution to the machine NC laftie tool path
optimize on CNC lathe machining process is inveséd only for
roughing. The roughing part machining can be carsidl as one
of the times consuming processes [6]. So, it isorgmt to

investigate the correlation between tool path Viatato optimal
optimum time in which the resulting product is Istiélatively
smooth and the machining cost is relatively low.

In this paper, the method to optimize the CNC tpath
generation based on several variations of simulatidhe
simulation of tool path was used the Master CAMsd¢&ware by
doing 3 schemes of tool path i.e. longitudinal,nt#rical and
parallel to surface (Figure 1). The design of @ path on the
master cylinder piston used absolute and incremeference
systems for each scheme. Therefore, there was iétivar of
simulation to be investigated. In term of tool patimulation
design was decided speed of spindle, feeding amdépth of cut
that assumed the same values for all schemes.

Based simulation results are produced the tool ey, which
used to compute and analyze the cost of manufagtpriocess of
master cylinder piston of motorcycle brake. Thegktions and
analysis of the cost of production of master cyingiston was
conducted by comparing the time of 6 variationssiofiulation
schemes.

Sequence, two of potentially schemes was executed t

manufacture of work piece used the CNC lathe macHiyundai-
KIA SKT160A Fanuc Series 0i-TC. So, the real/attirae on
the machining processes of work piece can be dfaiAt the
machine to test the effect of tool path time ontingt effect,
spindle rotation and speed of movement of feed msnzonstant
as well. That condition was arranged to get tataktfor each
tool path variations development. Then, from 2 at@wns of tool
path execution on the NC lathe machine was evalyathich
one most efficient and low machining cost. Furthammn
analyzing the cost and time was compared betweteralamost of
machining at the CNC lathe machine and simulatisults.

3

]
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©

Figure 1: The tool path schemes (a) longitudinal, (b) diaivat
and (c) parallel to surface

2.2 Manufacturing Cost

The manufacturing cost involves the cost of maltenechining
and assembly that is determined by the processing for the
cost rate calculation of the resource utilizatid][ Determining
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the cost of machining time is very influential dretproduct to be
produced, the longer a product is made then thd obs
production is high. The production time of part sish of cutting

time (), tool replacement time(y), non productive timet{) and

machining rate time that are formulated as follapjb6]:

t.= 5—; (minutes) (1)

t. = cutting time, L, = length of cut (mm), V; = cutting velocity
(mm/minutes).

toer = te. tT—C(minutes/product) (2)

T= end process time (minutes)

Average machining time:

tm=ta+ Lo+ taer (Minutes) (3)
According to Rochim (1993), the manufacturing oftpan

production need costs such as: material dobt)( price data and

age of machine, machine rental fe€)( operator wages per

machine Cg4), machine power cost€l), total machine operating

cost Cj) and total cost per produd®y), which is formulated as

following:

CM = CMO + CMI (Rp/piece) 4)

CM= material cost, CMO= purchase price, CMI=material
freight cost (assumed in %).

Cf = machine cost / (depreciation time x 365 days x 24 hours) (5)

regional minimum wage

A= our of work x days per mont (RP/OUS) ©)
Ci = machine nominal power x Price per Kwh @
Cj = Cf + Cd + Ci (Rp/Product) 8)
Cu= CM + Cj (Rp/Product) 9

3.0RESULT AND DISCUSSION

3.1 TheTool Path Generation

The CNC lathe machining process can performed #weral
types of cutting operations such as facing, roughgrooving,
chamfer, finishing and cut off. Based on these ajans there
are set of tool paths that affect the time of CN@&chining
process. In thus paper, the optimization tool pathCNC lathe
machining process to make master cylinder pistomatorcycle
brake was limited on roughing for analyzing. Toohtlp
generation of roughing process was designed usiagtéd CAM
V9 software, which in the scheme of tool path tiveas
longitudinal scheme, parallel to surface scheme aiathetrical
scheme with each scheme using absolute and
programming system. The result of simulation ofa@iations for
work piece can be seen in Figure 2-4.

.
g

S S

(b)
Figure2: The tool path simulation for longitudinal scheresult:
(a) used absolute and (b) incremental coordinaigramming

Figure 3: The tool path simulation for parallel to surfaceeme
result, (a) used absolute and (b) incremental ¢oatel
programming

(@)

Figure 4: The tool path simulation for diametrical schemsute
(a) used absolute and (b) incremental coordinaigrpmming

Simulation results between the absolute programrsigiem
and the increment programming system for each sehesulted
in the processing time for increment less then labso The
difference of each scheme of the two programmirgiesy was
found in the resulting NC code, which in the abs®lu
programming point reference point based on the tpditools,
while the system programming incremental, refergraiat based
on the last point of the tool in each process.

Simulation results in the software produced thegss time on
longitudinal scheme, which 3 steps tool path germrafor
roughing process lengthwise for absolute of 14 teisud5
seconds and increment of 14 minutes 5 secondspibioess time
was generated on parallel to surface scheme, whistep tool
path generation for roughing process for absol@ité4ominutes
30 seconds and increment of 13 minutes 48 secdtgsprocess
time was generated on diametrical scheme for atesalfi 17
minutes 39 seconds and increment of 17 minutegd@nsis with
rough work perpendicular to the axis of the workaga using a
groove for each tool path. Then, 2 variation afwas executed
in NC Machine Hyundai-KIA SKT160A Fanuc Series @@-T

Program input method in the form of NC code manhbat has
been adjusted with the ability of this machine eausome
mismatch between simulation design using softwaastet CAM

inctemen V9 with the manufacture of direct work piece usi@hC lathe

machine. This can be seen from the cycle of toti pad on the
process of workmanship that was in the proces®wiptetion in
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the form of grooving work. Some of these mismatciésct the
outcome of the manufacturing process of the pistasister
cylinder, causing differences in some geometry ehand work
piece sizes.

Factors that affect the result of machining processveen
Master CAM V9 software and CNC lathe machine Hyu#da
SKT160A Fanuc Series 0i-TC may include: machineabdjty,
NC-code, limited tools, clamping, and cutting forckiring
machining and work piece geometry. The overall pssing time
of master cylinder piston manufacture in NC lathechine using
schematic tool path parallel to surface was 13 mu20
seconds. The total length of the process of thgitodinal tool
path scheme was 14 minutes and 6 seconds. The oésuéking
piston master cylinder for parallel to surface seheon CNC
lathe machine can be seen in Figure 5.

Figure5: Result of the master cylinder piston used NC lathe
machine for parallel to surface scheme

3.2 Manufacturing Cost of Master Cylinder Piston of
Motorcycle Brake
Manufacturing costs calculations of the masterngigr piston of
brake motor cycle are as follows:
Material Cost (CM)
The material used in the implementation of thisaesh was the
aluminum shaft @%"x 80mm. Aluminum material psida the
market based on kilogram was assumed Rp. 100.8@0,7he
aluminum material used in this study has a weidha7®b grams.
Based on Equation (4) was calculated the cost dEmads as
follows:
CM = CMO + CMI (assumed 10% CMO)
= (Price per gram x Material weight) + (1@K&IO)
= Rp. 3,025.00/ stock

Price of CNC
depreciation time of 10 years. Then, based on Ekmudb) was
obtained the machine rental fees (Cf) of Rp. 5,7&hour.

The machine operator wage was based regional mmimage
of cities such as Pekanbaru in 2017 was Rp. 2,38208. Using
Equation (6), the wage of the machine operatq),(@as Rp.
13,336.87/hour.

The machine power costs (Ci) was calculated udiegdata of
nominal power of 2.5 Kwh; price/Kwh of Rp. 961.0Based
Equation (7), Ci = Rp. 2,402.50.

Total cost of CNC lathe machine operation {{gs) Was used
Equation (7) that was Rp. 21,447.13 /hour = Rp..48&%Z/minute.
Whilst, Cj actual was the CNC lathe machine rerst cmvering
of Cf, Cd and Ci, which had been determined by rirechine
owner that was Rp. 100,000,00/hour or Rp. 1,66 h00dute.

The total manufacturing cost of 6 variations of wiation is

depicted in Table 1. The total cost per produCu)(was
computed using Equation (9), which implemented iwmo t
condition of total cost of CNC lathe machine opera{Cj yeoris)

= Rp 357.4522/minutes and Cj actual = Rp. 1,667@i0Llte.

Table 1: The manufacturing cost of 6 variations of simulati
based Master CAM V9

Simulation Total Total cost per product (Cu)
Schemes machining Rp/Pcs
time (Cj theorist) (Cj actual)
;‘t’)gg'lh"tf'”a' 1475 minutes | 8,297.42 | 27.613.25
h}";g'rf}l’;’r']?a' 14.08 minutes | 8,057.93 | 26,496.36
Rirs"’;”ﬁ'té" surface| 14 56 minutes | 8,208.06 | 27,196.50
Fnirr"";ﬁ'et;’f“”a"e 13.80 minutes | 7,957.84 | 26,029.60
R‘t‘j‘s'gﬁtgca' 17.65 minutes | 9,334.03 | 32,447.55
:?]fr‘;"?;'rff' 17.20 minutes | 9,173.18 | 31,697.40

lathe machine Rp. 500,000,000 and the

Then, two of six schemes, which have minimum total
machining time and lowest total cost per produceipicked to
do machining at the CNC lathe machine Hyundai-KIART$60A
Fanuc Series 0i-TC. The actual machining time todpce
master cylinder piston of motorcycle brake at tiéQCathe and
total cost per product are described in Table Ber&fore based
Table 1 and 2, the increment programming systermdse
optimal compared to the absolute programming syst€he
scheme of parallel to surface of increment has dapémal
processing time and the most economical cost fokimgaa
master cylinder piston of motorcycle brake.

Table 2: Actual machining time on NC lathe machine andltota
cost per product

Machining work Total Total cost per product (Cu)
piece on CNC machining Rp/Pcs
lathe schemes time (Cj theorist) (Cj actual)
Longitudinal .
Increment 14.10 minutes 8,065.08 26,529.7
parallel to surface | ) 3 33 i tes 7,791.03 25,251.61
Increment

4.0 CONCLUSION

The purpose of this paper is to know the optimahpaol and
economical cost of machining process of CNC latteking of
master cylinder piston of motorcycle brake by corma
machining process time generated based on Mastéd @A
software and making of work piece in CNC lathe nireeh
Obtaining the optimal value of tool path time and

manufacturing costs based on simulation in MastAMCV9
software was on parallel to surface Increment sehehhat is
13.80 minutes of total machining time, total cosr product
theorist of Rp. 7,957.84 and actual of Rp. 26,029\hilst, the
scheme of parallel to surface to make work piece&chiC lathe
machine awarded the optimal time was 13.33 mintdtd cost
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per product theorist of Rp. 7,791.03 and actu&®mpf25,251.67.
Careful selection of optimum tool path generaticayraffect to
reduce time during machining of parts on CNC lattezhine that
lead to get most economists manufacturing cost. §thdy on
correlation between tool path generation and marurfeng cost
optimization should also involve investigating tieality of work

13.

piece. That can be the future work for this paper.

14.
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