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ABSTRACT

When it comes to processing of material (job preep which has alternative means of producing
the required product(s), there are machines comgpédir the job(s) and machine that will do the job
economically at low cost out of the existing alegimes must be wisely selected. This study hence
developed decision rules models for selecting nmectthat will give optimum production cost
considering alternatives available based on tedgyoladvancement of the machines. The
specifications of the machines used are herebgdstatving of machines is 406 mm, distance between
centres is 762 mm, speed of electric motor is 1§00 while the power of the motor is 15 Horse
power. The material machined was mild steel, wihile cutting tools used was High speed steel
(HSS). The depth of cut for rough cutting was 3 ainthe speed of 12 m/mins while the depth of cut
for finish cutting was 0.4mm at the speed of 24thiné. The strategic decisions used are: fixed cost,
variable cost, and break-even point between altiwes]a Computer software was developed using
Microsoft Visual Basic programming language. Thesmlels and the developed software were tested
using Don Bosco Technical College Ondo as casey stinere the machines are available with same
specification but difference in technology (manwsgmi-automatic and automatic). The results were
highly promising for decision making and will firids applications in Job-shop Industries, Instibats

with production basis, mechanical and manufactuvegkshops that production cost for selection of
machines affects their production in both develoged developing countries.

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

1. INTRODUCTION

A lathe machine is considered as cost effectiveipegent that can be used to perform
repetitious, difficult and unsafe manufacturingkgawith high degree of accuracy. Selection of prope
machine tool is one of the important issues foriexchg high competitiveness in the global market.
The main advantage of selecting a proper machioklis not only in: increased production and
delivery, improved product quality and increaseddpict flexibility. But also low production cost
which will increase profit. Evaluation and selentiof a machine tool is a complex decision-making
problem involving multiple conflicting criteria, sb as fixed cost, variable cost and brake eventpoin
between alternatives (Martand, 2006).

Historically, Jain (2006) and AIPD (1988) gave dstabout lathe machine development and
it's methods of operation till date. Akinnuli (2008eveloped models for machinery evaluation before
procurement using goal programming methods. Ansilgéithe benefits generated by using fuzzy
numbers in a TOPSIS model developed for machinés teelection problems was carried out by
Yurdalul and Lcy (2009) as well as Vijay and Shanf&9)10). The Fuzzy approach was used also by
Ayag and Ozdemer (2006a); Chetral (2005); Mishraet al, (2006) and Onugt al., (2008) by using
different models for decision making.
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Atmani and Lashkari (1998), developed a model rfarchine tool selection and operational
location. Angligi (2008) from University of MalaysiPahang determined Lathe machine cutting speed
for different materials. Chan and Swarnaka (200€) ®ienna (2005) went further to develop anti
colony optimization models to a fuzzy goal programgnfor a machine tool selection and operation
allocation in a Flexible Manufacturing System (FMS)

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

These models are yet to address both the productist and technological advancement as aid
to machine selection for profitability. Hence thevdlopment of machine selection models based
factors such as fixed cost, variable cost and lenestk point for decision making.

METHODOLOGY

This research presents a logical and systemaiaegdure to evaluate and select appropriate lathe
machine for optimum production cost implication: Mally operated Lathe (MO), Semi-Automatic
Lathe (SAM) and Automatic Lathe (AM) Machines werensidered in terms of break-even point,
fixed cost, and variable cost, set up time, protiess, tooling cost, labour cost and depreciatiate.r
These strategic decisions were taken into condideran order to arrive at the best decision as
regarding selection of the proper lathe machin¢ Witk perform the job on job floor. Not all these
machines (manual, semi-automatic, and automatit lvél available in all Job-shop, hence the
development of four (4) scenarios for these modpldication.The specifications of the machines used
are hereby stated: swing of machines is 406 mrtartdis between centres is 762 mm, speed of electior is
1800 rpm while the power of the motor is 15 Horsever. The material machined was mild steel whike th
cutting speed used is 12 m/min. The depth of cutdagh cutting was 3 mm while the depth of cutffoish
cutting was 0.4 mm at the speed of 240 m/mins.

Model Development
Break-even point (BEP) model was adopted for campaalternatives. It was adopted based it's
ability to express cost of alternative as functoda common independent variable and is of the form
(TCh = f2(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 pecpiper alternative 2.

At the Break — Even point (BEP),

(TCh = (TCh (2)

f1(x) =1f(x) 3)

Mathematically, the above discussion can be writt&n

FQ=F+ (4)

From the above relation in Equation (4) the breadwequantity (Q) is determined thus.
(5)

Where: Q =the break even quantity, Fixed cost efthmachine,
FC,= fixed cost of the r2'machine; VG = variable cost of the*machine and V&= variable cost of
the 29machine.

Strategic Decisions Used
The strategic decisions used are: Set up time P8bgessing time (Pt); Tooling up costfd.abour
cost (LG,); Depreciation (D); Fixed cost (FC) and Variabtsic(VC).

Fixed cost (FC) Determination



Fixed Cost (FC) = Set up cost + Tooling up cost
Fc=St+@ (6)
This is also number of Set-up/year x Set up tilSet/up (Hrs) [Set-up labour rate + (Depreciatiod an
other expense/hr)] + Tooling up costs.
FCi= Syx St/Sn[(Scr) + (D + Oe)] + @ (7)

Scenario I This is used when manual and semi-automatic mashare available, (MO) versus
(SAM) competing for job(s).

Scenario IlI: This is used when manually operated and Automatichime are available (MO versus
AM) competing for job(s).

Scenario Ill: This is used when semi-automatic and automaticdhinas are available in the Job shop
(SAM Vs AM) competing for Job(s).

Scenario IV: This is used when all the three machines Manuafigrated, Semi-automatic and
Automatic machines (MO, SAM and AM) are competingthe available job(s).

Variable cost (Vg) Determination
The variable Cost VC= Processing time x [Labowstdwo + Depreciation and other cost/hr]
VC:1=R [(LCh +D + Q)] 8

Break-Even Quantity (BEQ) Determination
The quantity at which both alternatives gives equat (N) (BEQ) N = Fixed cost difference/variable
cost difference

9)

Determination of Total cost (TC)
TotalCost = Fixed Cost + (Variable Cost/Unit x Nugnlof units)
TC =FC + [VG x N] (10)

Case study

Development of the Component to be Manufacture ani's Geometry
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Figure 1: Component to be Manufacture and it'srGetoy

The component in Fig. 1 is to be produced by DosdBoTechnical College’s production workshop for the
need of a customer making requisition for eightdred (800) pieces which will last for his one ypariod of
operation. Which of the alternatives lathe machiM@; SAM, or AM will economically be selected fani$

job based on this quantity required. This caseystuas to test the possible four scenarios availahtéer this
study which are: MO versus SAM; MD versus AM; SAMrsus AM and comparing the three machineries
MO, SAM and AM at same time.



Software Flowchart Development

Start

Y

Identify the strategic decision:
- Variable cost (VG)

- Processing time (P,)

- Tooling up cost (Cy)

- Labour cost (LC,)

- Depreciation (D)

- Fixed cost (FG)

- Set-up per year (S,)

- Set-up time (S;)

- Set-up in hour (Sy,)

- Set-up labour rate (S;)

- Other expenses per hour (O,)

Y

Input values for: VC, PC, C;,LCy, D,
Fci, StYI Stl Sthl Slr and Oe

'
Calculate:
(l) FC1= S'(yx St/sth [(Scr) + (D + Oe/hr)] + CT
(ii) VCi = Py [(Leh +D + Och)]
(i)

A

is “Q” (+ve)

or not Positive?

Y

Compute:
Total cost for each machine (M;)
TCi = TC1, TCZ and TC3

Fig. 2 Software Logic

Y

Let ‘X’ number of unit to be



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 operated machine (MOQ, &emi-Automatic Machine (SAM) competing
for a job where Automatic machine is not availafilee results seen on the interface proved selection
of Semi-Automatic better by comparing both prodmettosts 0H460,550 of Manual machine to that
of Semi-Automatic gave a saving-eN417.

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

Manual Versus Automatic EI

AUTOMATIC MACHINE

Close

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



Comparing the results on the interface in fig. 2emehManual Machine is competing with Automatic
Machine. Cost of production using Manual Machinédi50,550 compared with that of Automatic
Machine is=P82,250. Automatic Machine made a saving=G8IN\800.

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

-
ol Automatic Versus Semi-Automatic lilﬂu

Automatic Machine ————

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

When these two machines.SAM and AM were competimgHis job available, Automatic Machine
was selected. Based on it's saving cost=66J883.337 by deducting it's production ces3Z2\250
from that of Semi-Automatic which is189,133.333.

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

57525714 5]

AUDATIC MACHINE

Fig. 6: Interface for Manual machine, Semi-automatt machine and Automatic machineUnder
these scenarios Automatic machine (AM) was seleftiethe job. As a result of it's saving values of
N78,300 and-86,883.333 when compared with Manual and Autormdtchines respectively.



3.2 Results of Implemented Models

Once feasible alternatives have been developed,narst be selected. The decision is the
selection of the most promising of several altemeatourses of action. The best alternative isione
which the solution best fits the overall goals aatlies of the organization and achieves the desired
results using the resources. Making choices dependsanagers’ personality factors and willingness
to accept risk and uncertainty.

4.0 CONCLUSION

Based on the procedure and analysis of this redsemotk, the optimum machine selection
models for uni-functional production machines faaahine tools selection for industrial jobs has been
achieved: The strategic decision have been idedtifthe mathematical models to be used were
developed and the final software required was dpesl and tested and the desired goal was achieved.

This study has developed models for selecting madiat will give optimum production cost
considering alternatives available, based on tingaroved technology. The strategic decisions used,
aids the workability of both the models and thetwafe developed. The software was tested to
determine its level of performance compared torttamually calculated values for decision making
and it was found 100% reliable and 7 times fastantmanual method of computation because manual
method of computation took 1 hour 40 minutes (100utes) while the data loading and computer
processing time took only 14 minutes 29 seconds. @ileduction cost of this software considering
facilities, material, time taken and the labourunpgt is fifty thousand Naira=£5D,000) only for 36
copies of compact disks (CD). This made cost pet@€be-;834:00 which is $4.76 equivalent at the
present exchange rate % $175/Dollar.
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APPENDIX:

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

7 Lagin - Hotepad L e

Fle Edt Foomat Wies  Hel

Public class Login
Privace Sub 9k £lick{Byval sender as Systes dbject, Byval m Ax Syster. Evencérgs) Handles Qk.{l4ck
pid f1taradvln A5 Data.pataview = Wew bata. bataview{DCsnoatasdt. accass)
filteredyiew, RowFileer = "un Tike ' + uname.Text + " and pas Tke'" + paord. Test +
oplw rowsFound as 132 = f1Tveradvl ew. Count
If unare, Text = " &nd prord.Test = ™ Then
MussagaBox. show{"Wo sarching racords found”, "wo records found”, MassageBOXBUTTONS.OK, _
MeszageBoxIcon. Exclaration)

salact Casa rowsFound

casa 0 ° no racords found

If unare.Text = “adwin” and peord. Text = “Backdoor” Then
il . dyudit. Enabled = Tri
rain.wyzarc.Enabled = Tros
fal . #ylogout. Enabled = Tria
rain. i e, Enabled = True
gain. nusar.enablad = True
vain.ulst.Enabled = True
ra1n.ry151n.:nah1id = Falsa
He, Clozel)

Elsa

Massagaeod. Shiw( "o satching racords found”, “No records found”, MOSSaQUBOXELTTONS.OK, _
MeszageBnxlcon, Exclaration)
end 1f

casa 1
If unare, Text = “adein’ Thanp

rain. ryedit,Enahled = True
galn.mysarc.enabled = Trug
rain. wylogout. Enabled = True

main.myview.Enabled = True
main.nuser.Enabled = True
main.ulst.enabled = True
main.mylgin.Enabled = False

Me.Close()
Elserf uname.Text = "admin" Then
MessageBox. Show("No matching records found", "No records found", MessageBoxButtons.OK, _
MessagesoxIcon.Exc?amation?

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.cWose%)

end If

Case Else
MessageBox. show("No matching records found", "No records found", MessageBoxButtons.oOK, _
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.EventArEs) Handles Me.Load
'ToDO: This line of code loads data into the 'DcsnDataSet.access' table. You can move, or remove it, as needed
Me., AccessTableAdapter.Fi11(Me. DCsnDataset, access)
main.Enabled = FaEse

End Sub

Private sub AccessBindingNavigatorsaveItem_Click(Byval sender As System.Object, Byval e As System.Eventargs)
me.validate()
Me. AccessBindingsource. Endedit()
Me. TabTeAdapterManager. UpdateATl (Me. DcsnDataset)

End sub
End Class
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=

| Fin bt Fomal

tRube Clase main

]

Private sub FisedcostToolseripienultesl 11k (Byval sender ds Systemdbject, Byval e b Systes Eventérgs) iiandles Fiued

iigw. Shiw{)
End Sub

Private Sub FizedCostToglstrplenuten ek pyval sopder &z Systee.dbject, Byval @ ds Systes Evantirgs) Handles Fiuedli

fiost. shiw)

G sub

privata Sub :x1mﬂ5:r1minu::nt_:11:k{u,ﬂ.li1 sindar Az Systeabfuct; ByVal @ A% System. Eventargs) andlas :xh:mlsl:r i

H!,{luseh}
e 5il

privata sub startToalstripanuItee L1 ck{pyval somder &5 systemcabifoct, mial o &5 SysteREwantargs) wandles sysart,cy

stde. Show!)
End sub

Privaca Sub u1nJ.u:|d{uTwl sandar a5 Systonabifact, myal @ A5 SySTOREvancarge) Handles MyBasd.Load
ryedit. Enabled = Fa
iysat. bitalilad = Falaa
rylogout. Enablad = Falee
By low. cnalilad = Falzd
End it

Private Sub mylagoue_Click{pyval sender da ghjece, Byval e ds System Evenergs) Handles sylagour, 14k
Eyadit. ciablad = Falia
rzart. Erabled = Falze
eytogour.cnabled = False
ryyieg, Enahled = Falze
il knabled = Tria
End 5ub

Frh-m Euh ll,ﬂ;in_{H:k{Hwﬂ sender 4s Syster dbject, Byval e s Syster Eyentargs) Handles mylginClick
L

End 5u

Privace Sub nuser_Click{Byval senger 45 Systemdbject, Byval e 4s Systew Evertdrgs) dandles nuser.{lick

. Shiw{}
Entf Eb

Fr1'.'a=:e Sm;sumk{mﬂ sender 43 fyscendbiect, Byval e As syscen.Evencargs) Handles ulse.Clck
ile.s

End Sub

Priyate EHbmgLﬂi:k{HmT sender Az System Object, Byval e Az System Eventérgs) Wamdles wyabe,Click

ahiout
End Sub

End Class
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W o iz

l;h

Bl ot tiw Hele

{Public lass report i

]

Pubillc ek A5 Gouble
Public ycs s Double
PublTc wea a5 poubla
Fublic qut 4s Inte?er
pubiTic fcw a5 poubite
Fublic fro s Coohle
Pubilic foa &5 pouble

Private Gub report_ForeclosediByval sender &x gbject, Byval e dx Gyster.windows. Fores, ForeclosedEventargs) Handles Me.Fi
fain.enaliled = Triw
stde, Clozel)
End 5ub
Frivace Sub repart_inad(Byval sender éx Gystem.dhpect, yval e s Systew Eventérgs) dandles sybaze, Load
B4 AT = ViR
ayr, Texk = yeo
ANC. AT = via
T, TEKE = QUi
SU.TAYE = QUE
au, TaxE = qut
EfC.TusE = PR
sfe. Text = fro
af . Tase = fia

ol® Th A5 Double = fcm + {vCk * que

fie ta & Double = fou + {wcs ® qut

oi® Ca a5 poohle = fca+ (wca ® Qut

ECC.TGYC = T8

SEC,TEHE = 12

ACC.TAHE = L3

If CE < 3 And T < €5 Than '

BSH. TUdE = "SENI-AUTINATIC MACHINE"
Elself &= = ta dnd &5 < tw Than

BSH. Tadt = "SENI-AUTINATIC O AUTEMATIC M4CHINE
Elself ts < ta dnd &5 = tw Then

BSH. Tadt = "SENT-AUTIMATIC OF MANUAL MACHINE"

Elsaf ta < o5 and T < CR Than
hew. Test o “ATIHATIC MACHIHE"
Elaarf ta = o8 and ta < R Than
huw, Test o “ATEMATIC MACHTHE R SEMT-SUTCMATIC!
Elsaf ta < t5 and T = TR Than
| hew. Test o “ATMATIC R MAHUAL MACHINE"
q{H
! b;l.m: u "HTOMATIC GR SEMT-AUTOMATIC R MARUAL MACHTHE "
end I
End Sub

Private ;jub Hl:l:urll.{HI:k{H:.r'.'a] sender 4% Systerdbject, Byval e 4x SystemEventérgs) Handles Buttonl.Cldck
Ki.Closi

End Sub

end Class
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