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ABSTRACT

Cost of production in manufacturing industriesésyvvital. It is the major determinant of profitkd

a company will attain. If left on controlled, it®ly take away profits and the company economy will
be in hazard. This production cost can be contlodaering purchasing of materials to be used,
equipment required for processing raw materials r@ogiired services of man power. But when it
comes to processing of material (job processingichwvinas alternative means of producing the
required product(s) there are machines competinghi® job(s) and machine that will do the job
economically at low costout of the existing alt¢iviss must be wisely selected. This study hence,
developed decision rules models for selecting nmechihat will give optimum production cost
considering alternatives available based on tedgyoladvancement of themachines. The
specification of the machines used are herebydstateing of machines is 406mm, distance between
centres is 762mm, speed of electric motor is 1§00 while the power of the motor is 15 Horse
power. The material machined was mild steel whike ¢utting speed used is high speed steel. The
depth of cut for rough cutting was 3mm at the spafeti2m/mins while the depth of cut for finish
cutting was 0.4mm at the speed of 240m/mins.Tredegjic decisions usedare: fixed cost, variable
cost, and break-even point between alternativempgbiter software was developed using Microsoft
Visual Basic programming language. These modelsthaddeveloped softwarewere tested using
Don Bosco Technical College Ondo as case study eviie® machines are available with same
specification but difference in technology (manyakemi-automatic and automatic). The results
were highly promising for decision making and wild it's applications in Job-shop industries,
institutionswith production basis, mechanical andnofacturing workshops that production cost
forselection of machines affects their productiofothdeveloped and developing countries.

Keyword: Machine Selection, Modeling, Production Cost, Software Development, Strategic decisions,
Uni-Functional.

1. INTRODUCTION

A lathe machine is considered as cost effectiveippagent that can be used to perform
repetitious, difficult and unsafe manufacturingki&svith high degree of accuracy. Selection of
proper machine tool is one of the important issieesachieving high competitiveness in the global
market. The main advantage of selecting a propehma tool lies not only in: increased production
and delivery, improved product quality and increbseoduct flexibility.But also low production cost
which will increase profit. Evaluation and seleatiof a machine tool is a complex decision-making
problem involving multiple conflicting criteria, sh as fixed cost, variable cost and brake eventpoin
between alternatives (Martand, 2006).

Historically, Jain (2006) and AIPD (1988) gave dlstabout lathe machine development and
it's methods of operation till date. Akinnuli (20089eveloped models for machinery evaluation
before procurement using goal programming methddslysis of the benefits generated by using
fuzzy numbers in aTOPSIS model developed for mactanls selection problems was carried out by
Yurdalu and Lcy (2009) as well as Vijay and Shan2810). The Fuzzy approach was used also by



Ayag and Ozdemer (2006a); Chatial(2005);Mishraet al, (2006) and Onet al., (2008) by using
different models for decision making.

Atmani and Lashkari (1998), developed a modelrachine tool selection and operational
location. Angligi (2008) from University of Malaysfahang determinedLathe machine cutting speed
for different materials. Chan and Swarnaka (200@) ®ienna (2005) went further to develop anti
colony optimization models to a fuzzy goal programgrfor a machine tool selection and operation
allocation in a Flexible Manufacturing System (FMS)

Machine tool selection and operational locatiorFMS was carried out by Raial., (2002).
Yurdalul (2004) make used of analytical hierarchiggess as a strategic decision-making tool to
justify machine tool selection which is a great im@ment on the work of Saaty (1980). Rao (2007)
made use of Graph theory and Fuzzy multiple-attellmlecision methods for decision making in the
manufacturing environment. An intelligent approatth machine tool selection through Fuzzy
analytic network process was ascribed to the effbAyag and Ozdemir (2006b); Duran and Aguilo
(2008); Sharma (2006) and Sun (2002).

These models are yet to address both the produotist and technological advancement as aid
for machine selection for profitability. Hence tdevelopment of machine selection models based
factors such as fixed cost, variable cost and lee=k point for decision making.

METHODOLOGY

This research presents a logical and systematicedure to evaluate and select appropriate
lathe machine for optimum production cost implicati Manually operated Lathe (MO), Semi-
Automatic Lathe (SAM) and Automatic Lathe (AM) Maces were considered in terms of break-
even point, fixed cost, variable cost, set up timpegcess time, tooling cost, labour cost and
depreciation rate. These strategic decisions vedsentinto consideration in order to arrive at thetb
decision as regarding selection of the proper lathehine that will perform the job on job floor. No
all these machines (manual, semi-automatic, anohaatic will be available in all Job-shop, hence
the development of four (4)scenarios for these nsodpplicatioriThe specification of the machines
used are hereby stated: swing of machines is 406Giistance between centres is 762mm, speed of ielectr
motor is 1800 rpm while the power of the motor ssHorse power. The material machined was mild steel
while the cutting speed used is high speed stédw. depth of cut for rough cutting was 3mm at theespof
12m/mins while the depth of cut for finish cuttimgs 0.4mm at the speed of 240m/mins.

Model Development

Break-even point (BEP) model was adopted for coingaalternatives. It was adopted based
it's ability to express cost of alternative as ftimie of a common independent variable and will be o
the form:
(TCh = f1(X): (TC)z = fa(X) 1)
where: (TC) = Total cost per time period, per project or pece for alternative 1;
(TC),= Total cost per time period, per project or pecpi per alternative 2.

At the Break — Even point (BEP),

(TC) = (TC) 2
f1(X) = f2(X) 3)
Mathematically, the above discussion can be writgn

FC, + QVC,=FC, +QVC, 4

From the above relation in Equation (4) the breagnreguantity (Q) is determined thus.

FCy,— FC,
Q= VCi-VC,y
Where: Q =the break even quantit§; = Fixed cost of the*imachine,
FC,= fixed cost of the ®machine;VG =variable cost of theSmachine and V&variable cost of the
2"machine.

(5)

Strategic Decisions Used



The strategic decisions used aret & time (St); Processing time (Pt); Tooling ogtaCy); Labour
cost (LC); Depreciation (D);iked cost (IC) and Variable cost (VC).

Fixed cost (FC) Determination
Fixed Cost (FC) =& up cost + Tooling up cc
Fc=St+@ (6)
This is also number of Set-uparex Set up time /Set up (hrs) [-up labour rate- (Depreciation an
other expense/hr)] + dbling up cost:
FCi= Syx St/Sh[(Scr) + (D + Oc/hr)] +Cr (7)

Scenario I This is used whemanual and ser-automatic machine are available, (Mversus
(SAM) competing for jobs.

Scenario Il:Thisis used when manually operated and Automatic machia available (M(versus
AM) competing for jobs.

Scenario lll: This is used when se-automatic andautomatic machines are available in the
shop (SAM Vs AM) competing for Jc

Scenario IV: This is used when all the three machines Manuafigrated Ser-automatic and
Automatic machines (MO, SAM and AM) acompeting for the available job.

Variable cost (Vg) Determination
The variable Cost VC=Processing time »Labour cost/hr + Depreciation and othost/hr]
VCi=P; [(Len +D + Q)] (8)

Break-Even Quartity (BEQ) Determination
The quantity at which both alternatives gives eqoal(N) (BEQ) N = Fixed codlifference/variable

cost difference

AF _ FCp—FCy FCy— FC;
N=—= 9)
AV VG VG VC-VCy

Determination of Total cost (TC)
TotalCost = Fixed Cost + @fiableCost/Unit x Number of units)
TC =FC + [VGx N] (10)

Case study

Development of the Component to be Manufacture anif's Geometry
The component in Fig. 5 to be produced by Don Bosco Technical Collegetsduction workshoj
for the need N o of a customer making requisition for ei(

= T hundred (80) pieces which will last for h
= ( - one vyear period ¢
E; . operatiol. Which of the
s ) AR >, alternatives lath
“ T Y} ,J | machinc MO; SAM, or
= s 4 AM will economically
f < / E SPZ\ / be selected for this jc
tft.?\({_ﬁ_ -~ a based on this quanti
- - - required

This case study was to test thessiblfour scenarios availablander this study which are: MO vers
SAM;MD versus AM SAM versus AN and comparing the three machM®, SAM and AM at same tim

Components



Fig.1: Geometry of component machining operations.

Software Flowchart Development
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Fig. 2 Software Logic

Y

Let ‘X’ number of unit to be
manufactured

\ 4

Compute:Total cost for ”M;”
TMC,,i.e My = MD

TMC,, M, =SAM and
TmGC;,M3; = AM

A\ 4

Compute the four scenarios:
(a) TC;and T,  (c) TC, and TG,
(b) TCl and Tc3 (d) TCl, TCZ and TC3

State values for:
Xi = X1 =X, = X3= 800

Input vales of x;, X,, X3 inTCi= TCy, TC; and TC;

Generate results for TC;, TC, and TC3

A 4

Identify the least cost for each TC; for each x;

A 4

Pick least cost as selected machine for the operation.

Print Results

(i) Name of machine

(ii) Number of unit

(iii) Cost of production for each machine

Stop



Fig. 2 Software Logic(end)

RESULTS AND DISCUSSIONS

Developed Interface with Generated Result after Pameter Input.
Scenario 1: Manual machine and Semi-automatic mache competing.

SEMI-AUTOMATIC

Fig. 3interface for Manual machine and Semi-automat machine.

Considering the manually operatedmachine (MO), Sachi-Automatic Machine (SAM)competing
for a job where Automatic machine is not availaflee results seen on the interface proved selection
of Semi-Automatic better by comparing both prodwuetcosts o&=460,550 of Manual machine to
that of Semi-Automatic gave a saving-e21N417.

(c) Comparing of two lathe machines:
Scenario 2:
Manual machine and Automatic machine competing.

Manual Versus Automatic @

AUTOMATIC MACHINE

Close




Fig. 4:Interface for Manual machine and Automatic machine.

Comparing the results on the interface in fig. 2mwhManual Machine is competing with Automatic
Machine. Cost of production using Manual Machin&i60,550 compared with that of Automatic
Machine is¥82,250. Automatic Machine made a saving=GBIN\BO0O0.

Scenario 3: Semi-automatic machine and Automatic nehine competing.

-
gl Automatic Wersus Semi-Automatic lilﬂu

SR

" 4

AUTOMATIC MACHINE

Fig. 5:Interface for Semi-automatic machine and Aubmatic machine

When these two machines.SAM and AM were competimghes job available. Automatic Machine
was selected.Based on it's saving cost=66/883.337 by deducting it's production cest2\250
from that of Semi-Automatic which is189,133.333.

Scenarios 4: Manual machine, Semi-automatic machingnd Automatic machine competing

| Decision Report
I — Fhutomatic Machine

57525714.5

g F

AUDATIC MACHINE

Fig. 6: Interface for Manual machine, Semi-automai machine and Automatic machineUnder
this scenarios Automatic machine (AM) was sele¢bedhe job. As a result of it's saving values of
N78,300 andd86,883.333 when compared with Manual and Autormdtchine respectively.



3.2 Results of Implemented Models

Once feasible alternatives have been developedmuse be selected. The decision choice is
the selection of the most promising of severalratétBve course of action. The best alternativenis o
in which the solution best fits the overall goatsdavalues of the organization and achieves the
desired results using the resources. Making chaiepgends on managers’ personality factors and
willingness to accept risk and uncertainty.

4.0 CONCLUSION

Based on the procedure and analysis of this resemock, the optimum machine selection
modelsforuni-functional production machines for imae tools selection for industrial jobs has been
achieved: been identified, the mathematical modebe¢ used has been developed and the final
software required is developed and tested to aehtles desired goal.

This study has developed models for selecting macthat will give optimum production
cost considering alternatives available. The sgiatdecisions used,aids the workability of both the
models and the software developed. Consideringhite® competing machines in a job-shop, which
are: manually operated (MO), semi-automatic (SAM)d automatic (AM) lathe machines lead to
four scenarios forselection. Type | scenario ismhED and AM competing for job; Type Il scenario
is when SAM and AM are competing for job; Typedtenario is when A and C are competing for a
job and fourth Type IV scenario is when all the maes MO, SAM and AM are competing for a job
available to them. Computer algorithm was develdpedhe software model using Microsoft Visual
Basic computer language. The software was testddtaymine its level of performance compared to
the manually calculated values for decision maldnd it was found 100% reliable and 7 times faster
than manual method of computation because manuhlosh@f computation took 1 hour 40 minutes
(100 minutes) while the data loading and computecgssing time took only 14 minutes 29 seconds.
The production cost of this software consideringlities, material, time taken and the labour input
units it is fifty thousand Naira=B0,000) only for 36 copies of compact disks (CDHisTmade cost
per CD to bed834:00 equatioahl 76 at the present exchange rate-%BiDollar.
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APPENDIX:

The developed source code for this study softwareedelopment is shown below:
Software algorithm source code

7 Lagin - Koepad L L

Fig Edt Fomat Vies Hel

public class Login
Private Sub Qk_Llick{pyval =ender Az Syster.Object, Byval ® Ax Syster. Eventérgs) Wandles gk.{l4ck
pip flltaradvias 45 Dara.pataylw = Wow Data. Datailew{0csnparaser. accass)
Filteredyi ey, BowFileer = “un Tike '™ + uname, Tegt + " and pas Tike'™ + prord, Test +
plm rowsFound as Inc32 = f1Tceradvlew. Counc
If uname, Text = " &nd paord, Test = "' Then
MassagaBox. show{"Wo satching records found”, "Wo records found”, MSSageBOXBUTTONS.OK, _
Hessaueku?Icun Exclaration)
Elsa

salact Casd rowsFaund

casa 0 no racords found

If unare, Text = “adwin” énd peord.Text = “Backdoor” Than
gl . pyad 1t Enablad = True
rain. wyzarc. Enahled = Trus
gl n. By logout. Enabled = Trie
rain. myview, Enabled = True
gl n. nuser.enablad = Trua
vain.ulst.Enabled = True
ra1n.ry151n.:nah1nd = Falza
M, Clozal}

Elsa

Massagasoy- Show( w0 savching racords found”, “Wo racords found”, MOSSaQUEOXELTTONS.OK, _
MexzageBoxIcon. Exilaration
end 1ff

Case 1
IF uname, Text = “adwin” Than

rain. myedit, Enahled = True
waln. mysarc. nablad = Trug
rain. mylogout. Enabled = True

main. myview.Enabled = True

main. nuser.Enabled = True

main.ulst.enabled = True

main.mylgin.Enabled = False

Me.C1 ose%)

ElseIf uname.Text = “admin" Then

MessageBox. Show("No matching records found”, "No records found", MessageBoxButtons.OK, _

MessageBoxIcon. Excl amat'ion%

Else
main.myedit.Enabled = True
main.mysart.Enabled = True
main. mylogout.Enabled = True
main.myview.Enabled = True
main. nuser.enabled = False
main.ulst.Enabled = False
main.mylgin.Enabled = False
Me.Close()

End If

Case Else
MessageBox. show("No matching records found", "No records found", MessageBoxButtons.OK, _
MessageBoxIcon. Exclamation)

End Select
End If

End sub
private sub Cancel_click(Byval sender As System.Object, Byval e As System.EventArgs) Handles Cancel.Click

Me.Close()
end sub

Private sub Login_FormClosed(Byval sender As object, Byval e As System.windows.Forms.FormClosedEventargs) Handles Me.Fol
o

main. Fnahled = True

private sub Login_Load(Byval sender As object, Byval e as System.EventArgs) Handles Me.Load
'ToD0: This 1ine of code loads data into the 'DcsnDataSet.access’ table. You can move, or remove it, as needed.
Me, AccessTableadapter.Fill(Me. DcsnDataset. access)
main.enabled = Faﬁse

End Sub

Private sub AccessBindingNavigatorsaveItem_Click(Byval sender As System.Object, Byval e As System.Eventargs)
Me,validate()
Me. AccessBindingsource, Endedit()
Me, TableAdapterManager. Updateall(Me. DcsnbDataSet)

end sub
End Class
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RubTic Class main

r

Private sub FixedenseTonlseripenultenl £ 1ick(Ryval sender 45 Systerdbiect, Byval & i3 System Eventargs) dandles Flusdl

it Shirw{ )
Emdl Sub

Frqu,te Suhhm;dtuscm15tr1|:ienuItH.£Hl:k{B'm1 sender &x Systemdbject, Byval e s System Eventérgsd Handles Fiseddi |
COSE. 5

gl sulb

Private sub :11:Tuulscrimnnumuhck{mﬂ sundar A Systemabfuct, Gyval @ AS SysCus. Evencargs) nandles :x1|:mu15|:r i

e gl
L sﬁh el

Private sub StartToolstrmanuites c1ick{eyval sendar 4= Systeicabfact, myval o A5 Systek.Evencarqs) Hamdles yaart, c111

ki :Egtlslw[}

Privata sl uinJ.uad{uglﬂal sandar As Systorabiect, myal @ a8 SystomEvancerqs) Handlas MyBase.load
ryedit. Enabled = Fa
Bysart. bilabilad = Falsg
rylaqout. Enablad = Falze
#yvidn. Enablad = Falsd
End Sub

Private Sub wylagour_Click{fyval sender da ghjece, Byval e is Syste Fventdrgs) Hamdles sylagoue.Cl4ck
Byadit. ciabled = Falid

t.Enabled = Fal
gﬁguu:n:naim - Falsa

ryview, Enabled = False
il Enabiled = Trig
End i

"”E“ﬁf";ﬂ?*“—”“"““” sender Ax Systerdbject, Byval e s Systen Evencargs) Handles sylginClick
End 5u

Frivace Sub muser_Click{Byval sender 4s SysterObjeck; Byval e &% System Eventargs) dandles nuser.Click
End :ﬂlh sl

Frivz%:_im;sumk{mﬂ sender &3 Systepdbject, Byval e és Systep Eventérgas) Handles ulst.Click
End Sub

Private Sub wabt_Click{Byval sender is Gystesdbjece, Byval o As Gystem Eyentargsd bandles syabt.Clck

abinut. shawld
Erd Sub

End Class
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B fomut e Hele

PubTic £Tass repart i

pubilc vk 45 Goulbile
Public yer Ax Double
Public vea 45 poubla
Public qut ds Integer
public fce 4s poulife
Public frs és Gooble
public fea as oouble

Frivace fub report_Foredlosed{Byval sender é= dbject, Byval e &a Gystes  ndows. Fores, Fore losedEventirgs s Hand]es MR
rali Enaliled = Trig
sgde, Close(}
i 5ubi
Privace Sub report_ioadi{Byval sender &z Systew.Ohpect, Byval ® 4s Systew Eventérgs) dandlex sybaze, Load
BYC. TUE = VER
syr, Tegk = yLs
AVC. TANE = via
mi Test = quit
5L TOHT = UE
au, Text = quit
Efc.TusE = PR
sfe, Taxt = fro
afc. Tuse = fia

ol® ©h 45 Double = o 4 {vCi * que
fe tx és Double = Fou + (yos ® quit

oiw fa as pooble = fca 4 (vca = Quo

ECC.TOXE = T8

C, TERE = 2

ACC.TONE = L3

If U# < C2 And T < €5 Than '

BSE.TUST = "SENI-AUTIMATIC MACHINE"
Elself &% = ta &nd €5 < tn Then

BSE.TUST = "SENT-AUTIMATIC OF AUTIMATIC MACHINE"
Elself &% < ta nd &5 = tn Then

BSE.TUST = "SENT-AUTIMATIC OF MAKUAL MACHINE"

Elsarf ta < 5 And T < TR Thn
hem. Test = "AUTIMATIC MACHIHE"
Elarf o = 8 And Ta < TR Than
bem. Test = "AUTCMATIC MACHIHE R SEMT-AUTOMATIC
Elaarf ta < t5 ARd T4 = R Thn
| hem. Test = “AUTEMATIC OR MARUAL MACHIHE"
[{H’
! b;I.T!HI: » "ATOHATIC OR SEMI-AUTOMATIC R MANUAL MACHINE
End I
End Sub

Private ?ub Eg:cunl.{Hl:k{H:.r.'al sender 4x Systerdbject, Byval e dx SysterEventirgsd Handles Buttord,£14ck
wa.Close

End Sub

End Class




