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ABSTRACT

This paper parametrically examined the strategyesifmating cost of jobs produced on lathe machiita w
consideration for varying the complexity of jobsolidtic assessment of the associated cost of ptmfucf jobs on a lathe
was adopted taking into considerations the lathe,vworkshop-environment and the machinist remuiteraihe cost
estimation approach utilizes machine hour ratesassent together with a multiple linear regressiaueh for predicting
the release time of jobs. The product of machingr mate and the estimated release time gives dgsbe produced on
lathe. This method gives adequate room for evaloaif a piece and as well as mass produced joliseolathe. It further
captures some of the salient cost elements sucleabead cost, repair and maintenance on lathé of@gorking space
on the lathe, repair and maintenance of lathe fiparce and insurance cost on lathe machine thatsaedly not included

among the production factors on lathe machines.
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INTRODUCTION

Cost estimation is imperative to all manufacturangoroduction industry so as to assess or estaplisfitability
of jobs or to determine the most economical pracessling or material for making a particular jobhis could be
accomplished by developing mathematical algorithmparametric equation or cost estimation modeldooant for the
cost elements associated with the production of b lathe machine. It will assist in long termafiigial planning and to
prepare cost estimates for jobs to be producedathe Imachines. Costing is critical towards effitiemanagement or
running of any enterprise and it gives most usefidrmation for the preparation of financial acctairEstimation of cost
associated with machining or production of jobdathe is also critical in production or metal wdrkg. However, there is

a need for understanding the scope, the differerspectives, and essential factors inherent irpjolduction on lathe.

Cost estimation is pre-calculation, which involvis® prediction of costs before actual productiomgiihg,
2008). The methods for pre-calculation are maimliiated from the field of engineering science, hihe post-
calculation methods have arisen from business asdtration concerns (Layer et al, 2002). Within mi@eturing, cost
estimation is the procedure of approximating thstoof manufacturing a product before all stagesthef product

development cycle have been executed based omfiieniation available or that can be collected & stage of the
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product development cycle (ten Brinke, 2002). Gestimation has to provide a high degree of accudagyto the small
margins between cost and selling price in a cortipetinarket. The cost estimates have also to bergtad as quickly as
possible because quotations have to be offeredotenpal customers in a short time period. The w@shof cost
estimation should also be applicable when the prodnd the production are complex (Layer et al,220Production cost
is one of the most widely used performance measaresachining performance studies. In manufactutihniques,

metal cutting is one of the most important proce¢Seindara, 2010).

Job complexity in job production on lathe meansrthmber of operation or processes involved in ttogpction
of a given job on lathe. A simple job with limitedmber of operations will have little machining émvhen compared to a
complex job with multiple numbers of operations [TOgedengbe et al, 2013) (O. O. Ojo et al, 20IRg challenging
and competitive global market demands the manufiacfundustries for high quality products with lovest (Sundara,
2010). As a result, a strategy for the estimatiboost of job produced on lathe machine under vayyiomplexity is vital

to check for release times as well as the assalccatst of production.
METHOD

Costing of jobs produced on lathe machine is a ayogrocess due to variation in the nature of jibtag can be
produced on lathe. A more practical approach inngithe determination of machine hour rate of lahd estimation of

release time undertaken in the production of joas adopted in estimating lathe production cost.
The methods employed for this research include:
* Modeling of release time of jobs produced on lathe
» Validation of model
» Parametric determination of lathe machine hour rate
» Estimation of lathe production cost
RESULTS AND DISCUSSIONS

The results obtained are explained in a stepwisengrain this section; the methodology adopted lierresearch

and the obtained findings were carefully highlighte
Modeling of Release Time of Jobs Produced on Lathe

The difficulties or problems encountered with théstng conventional machining time estimation nosthwere
exclusively considered in the formulation of the deb Equation 1 shows a condensed conventionaloappr for
estimating machining time or release time. T isrtt@chining time (in minutes), D is the work piedardeter (mm), L is
the length of the machined surface (mm), V is thigireg speed (m/min) and f is the feed rate (mn)/{rdob complexity or
number of operations and effect of materials (waidce) on release time of jobs were not taken @otasideration in the
conventional method of estimating machining timewsdver, the job specific parameters principal tdatghe jobs include

the length of job, job complexity (simple or compleas well as the depth used in cutting or metalashg. These
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parameters were considered in modeling of latheass time under ranges of spindle speed of 300&BMhin and feed
rate of 0.068-0.117 mm/rev.

DL
T= (Omar etal,2010)
1000Vf 1)

Multiple linear regression method was employed ¢valop the theoretical model of release time didgbbs
using experimental data. SPSS 16.0 analyticalwaal employed in formulating the multiple linear neggions. Here, the
dependent variable was set as the release timebsf \hile the independent variables employed in pglecess of
establishment of the model include: length of cutnber of operation and the depth of cut. Equatiehows the general
form of the model.

Ryw = A + BL, + Cny, — Dd, @

A, B, C, and D are constants to be obtained froanréigression analysis while, n,, andd, are the initial length
machined, number of operations applied and applegath of cut respectively. A single work piece miatewvas utilized
for all the experiment to avoid the influence oftemals contribution on release time and the comipleor number of
operations of jobs was varied oddly from 3 to 1@rapions in order to assess the effect of varymmpulexity on release
time. Nine different jobs were produced for eaclelef complexity making the total jobs produced tioe research to be
81. The jobs produced are studs, plain locatorsijleetest specimens, bolts, pulleys, screw locaitr handles, sleeves,
pin punches, and chuck keys. Table 1 shows the aumboperation or complexity of jobs, the averagpth of cut,

length of cut and as well as the average releasedbtained from the machining results.

Table 1: Experimental Data for Cutting with Coolant

No. of Average Depth of Average Release
Operations Cug: (Mmr)) L/ i CU () Timg (Min)
3 1.33 210.00 6.30
5 1.62 190.00 4.64
7 0.93 213.00 6.54
9 0.67 288.75 9.19
11 2.20 230.00 7.01
13 1.04 592.00 16.88
15 1.08 531.20 15.88
17 0.82 491.00 15.50
19 0.55 1249.00 36.53

Equation 3 is the model of the release time ofith the application of cutting fluid &2 = 0.998.

Rry = 0.414 + 0.027L, + 0.128n, — 0.565d, @)

Adjustment of the model was carried out to accomm@dariability in jobs on lathe. This was perfodrigy

estimating the ratio of release time to depth df noumber of operation as well as length of cuslasw in table 2. The
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average ratio of release time and depth of cunim @volution was estimated. From table 2, theageratios of release
time to each of the job parameters include:

¢ = 0.03min/mm
p = 1.201min/operation
v = 2.509min/mm

a Is average ratio of release time and length of(zutmin/mm), B is average ratio of release and number of

operation ang is average ratio of release time and depth ofrcahe revolution.

Table 2: Average Ratios of Release Time to Job Pareters for Wet Cutting

1 3 1.33 210.00 6.30 4.737 2.100 0.0300
2 5 1.62 190.00 4.64 2.864 0.928 0.0244
3 7 0.93 213.00 6.54 7.032 0.934 0.0307
4 9 0.67 288.75 9.19 13.716 1.021 0.0318
5 11 2.20 230.00 7.01 3.186 0.637 0.030%
6 13 1.04 592.00 16.88 16.231 1.300 0.028p
7 15 1.80 531.20 15.88 8.822 1.059 0.0299
8 17 0.82 491.00 15.50 18.902 0.912 0.031p
9 19 0.55 1249.00 36.53 66.418 1.923 0.029p
15.758 1.201 0.0300

The adjusted model of estimating release time gessed in equations 4 and 5. Whérg, is additional length
of cut,np, is additional number of operation adg, is new depth of cut

Ry = 0.414 + 0.027L, + 0.128n,, — 0.565d,

+ [0.414 + 0.027a(L, — L.,) + 0.154(n, — n,,) — 0.565y(d, — do,)]

(4)
Ry, = 0.414 + 0.027L, + 0.128n, — 0.565d,
+ [0.414 + 0.00081(L, — L,) + 0.1288(n, —n,,,)
—1.418(d, — dgy)] 5)

Validation of Model

The model was put to test by comparing and invastig the release time of jobs predicted by the ehwadth the
ones measured directly on the lathe. Paired twastemployed to check for significant differencetia results of the two
time estimation methods. This was examined by clemgig case studies of some jobs that were prodoced lathe
machine. Table 3 shows the release time estimatéiodebmodel and that measured directly on the lathehine.



Table 3: Case Studies on Wet Produced Jobs

Stud 3 1.33 210.00 6.30 5.717
Plain Locator 5 1.62 190.00 4.64 5.269
Tensile Test Specimen 7 0.93 213.00 6.54 6.536
Bolt 9 0.67 288.75 9.19 8.984
Pulley 11 2.20 230.00 7.01 6.789
Screw Locator with 13 1.04 | 592.00 16.88 17.474
Handle
Sleeve 15 1.80 531.20 15.88 15.659
Pin Punch 17 0.82 491.00 15.50 15.384
20
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T
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Figure 1: Case Studies of Measured and Modeled Relge Time of Wet Produced Jobs

The graphical representation of the two sets adas# time is shown in figure 1 The differenceshim telease
times are very small but further investigation reeéal be performed to validate if there is significdifference in the
results. Tables 4-6 the paired sample statistiogelation and test of measure and modeled reléams respectively.

These tables confirmed there is no significantedéhce in the two release times.

Table 4: Paired Samples Statistics of Measured arldodeled Release Times For Wet Cut

R,oq | 10.2425| 8 5.00964 1.77118

Pair L T10.2265] 8] 507839 1.79548

Table 5: Paired Samples Correlations of Measured ahModeled Release Times For Wet Cut

Pair 1| Ry0q & Ryes | 8 0.997 | 0.00
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Table 6: Paired Samples Test of Measured and ModeldRelease Times For Wet Cut

Paired Differences
- 5o 2
5

£l E %gzgi 2

z| g| FlETEZT| T|F| ¢

2 = 3|5 =5 E

£ g HEE |

Pair Fmod 0.016 0421 0.14% | 0334 | 0368 011 7 ng
1 &
R‘I:l'.IEE

Parametric Determination of Lathe Machine Hour Rate

Cost accrues as production cost on lathe machimgesafrom purchase price of work piece materidéstecity
and water charges, coolant and cutting tool pricgsntenance charges to machinist’'s charges. Theusparameters
believed to have paramount contributions to thehimechour rate or unit cost determination of arthdgob production
were carefully analyzed. The cost input factorsparameters considered to be significant includectatal power
consumption for machining, cost of lubricant or lemd required for wet machining, machinist cost #otypical job or

charge rate of a machinist, tooling cost and cbsataterial or work piece required for production.

The machine hour rate consists of the rates obfiseciated cost elements of production on a lathehme. It
can be represented as the unit cost of machinirighwdan be effectively derived by dividing incurredst of production
by the whole production units. Since, the wholet aafsproduction needs to be determined, it is betstimated by
calculating individual cost rates associated witlichining operation. Thus, lathe machine hour rate lwe expressed as
shown in equation 6. Wherejs counter for machine hour rate elements whictgeafrom 1 to n; an€; is cost element

hour rate cost for element i

n
MHR = Z C;
i=1

C; Includes the tooling cost, coolant cost, directhiaist’s cost, utility or electricity cost, andetlother general

(6)

cost elements the parametric estimations of eatihest cost elements are discussed below.

Cost Estimation of Tooling Material

The type or nature of cutting tool also determitiestooling cost on lathe machine. In machining)itay cost
can be expressed as the expenses incurred by daotmer in the acquisition of cutting tools as e expenses accrued
during fabrication or machining of jobs such astafsreconditioning or regrinding of tools. Opergfihours and labour

productivity are essential in estimating the toglosost of jobs on lathe machine. The cost of thglsipoint cutting tool
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also goes into cost of machining on lathe machiieere are various types of cutting tool and theyehdifferent price

tags.

A straight line method of estimating tooling cost athe machine was be adopted as shown in equdtion
WhereN,., Tir and T, are the net tool cost in naira, estimated tod iif minutes and tool cost per hour respectively.
Equation 8 shows the breakdown of the net tool.cBstis purchase price of the cutting tool afig. is cost of

reconditioning of a tool per hour.

Ntc‘

T, = -
Tyse @)

Nie = 1:.p + Crec ®)

In estimating tool life, according to F.W Tayloesgjuation for tool life expectancy which gives tle¢ationship
between the cutting speed and tool life, as shawthé empirical formula of equation 9.is the cutting speed aridis a
constant which is numerically equal to cutting sh#et gives a tool life of 1 minute. However, forning or steel cutting
at feed of 0.01 inch/rev and depth of 0.1 inch,thkies ofC for different tool materials are given as 20m/rfon plain
carbon tool steel; 70m/min for high speed steel; t660m/min for cemented carbide tool; 600m/min &@rmet tool;
700m/min for coated carbide tool; and 3000m/mindaramic tool (Kareem et al, 2011).

Also, n is an index which can either be one of the folluye but it depends on material of the tool: 0.0.ib for
high speed steel tools; 0.2 to 0.4 for tungstebidartools; 0.4 to 0.6 for ceramic tools; and @125 for carbide tools
(Kareem et al, 2011)

V()™ = C )(9

However, the tool life in equation 9 is in minuteshen converted into hours and made the subjectdtieo
formula for substitution into equation 7, the réisg relationship gives equation 10. This exprass® required for

estimating the tooling cost per hour on lathe maehi

60
in cost per hour

ﬂ (10)

Cost Estimation of Coolant

T, = [ Pp + Crec]

If coolant or lubricant is to be utilized in macimig, the cost of the coolant needs to be addelet@vterall cost of
production since; it is also part of productiomitéor wet machining. Since, coolant or lubricanédi®n a lathe machine
undergoes a cyclic process of utilization. A partaic volume of lubricant can be used for as mames as possible. The
cutting fluid employed in cutting usually over tinteecomes not useful because of chips or particleis and some

percentage of the fluid gets evaporated duringeisagvell.

Impact Factor(JCC): 1.9586- This article can be dowloaded from www.impactjournals.us




| 50 0. 0. Ojo, T. I. Ogedengbe & B. Kareem |

According to Manual Lathe Equipment Maintenance diesion (IRI-MS01-EMD) (2004), coolant should be
changed periodically at four to six weeks intervalgrevent bacteria build-up in the system. Theans that the useful

life time of cutting fluids is between four to sikeeks.

Then, the average coolant change interval will lvee&ks. The cost of application of a typical lubritper hour
for a machine tool put into maximum utility is eegsed in equation 11. Whefg, is cost of lubrication per houv,, is
number of gallons/litre required to be mixed witlater to fill the lubricant tank ant,,, is unit cost of lubricant per

gallon/litre.

However, if five working days in a week and sevesgble working hours of utilizing a typical latheachine
tool without allowances for breaks, the coolantrg®interval becomes 175 hours. Equation 11 wélhtbecome equation
12.

_ ViubUnub
L=
OSEI (11)
_ Viub Ulub
L 175 (12)

Cost Estimation of Direct Machinist/Labour Cost

Direct machinist or labour cost is the total amonfntininterrupted labour required to machine a jdére, it does
not take account of the breaks that the machirésterplly require from work, e.g. for rest, eatimgd other bodily
functions. Therefore, pure labour hours would bekeeed with in the process of estimating the cddaiie jobs. The
advantage of the man-hour concept is that it camske to estimate the impact of machinist changaebk®amount of time
required for a machined job. Equation 13 showsdihect machinist cost per hout., M, andMy,; machinist cost per

hour, monthly allowance and monthly working howespectively.

In a month, there are twenty (20) working days amthy has a maximum of seven (7) working hoursherldthe
machine; according to the Mechanical EngineeringR&twop’s work hour of the Federal University of fimology Akure.

On the basic of this, the labour/machinist costharr in equation 13 will be transformed to equatid.

M
L=, 4
Wh {13
M
Le= T2
14§

Cost Estimation of Utility

The utility cost includes the electricity charge peur and water supply used in the mixture ofingtfluids.

Since, the water usually employ in mixing cuttihgid is neglected in the estimation of utility coshe electricity cost is
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significant in machining because machine tools oeer driven and electrical energy is the principalrce of this
energy. Without this form of energy, a machine toahnot function. This needs to be estimated irct®t of production
of jobs on machine tools. The electricity cost aiamining was estimated by deriving empirical foranfdr the required

machining power.

The cost of wattage in an hour as stated by Powéiig Company of Nigeria (PHCN) was a primary pagter
combined with the required machining power to abthe power cost for machining or production inh@uar as shown in
equation 15P,, is the power required for machinin@, is cost charge per unit power or wattage in ongr {HCN
rating) ancE,. is the power cost for machining in an hour.

E.=F,C
c m™c (15)

By using the unit energy required by the materialvork piece material, the power required for magig can be
expressed thus in equation s the unit energy required for the material insivim3and Mg is material removal rate
or cutting speed infm?3/min)

P, =M
m RE I16

The unit energy of shearing or deforming any matetan be obtained from the manufacturer's desoript
However, the material removal rate or the cuttipgezl can be obtained from the empirical derivadibequation 17D, d,

f andN are work piece diameter, depth of cut, feed ratespindle speed respectively

The unit energy required for a materials usually expressed in Wesi? but it is required to be in hours for the
computation of machine hour rate.is converted to hours an equations 17 is substited into 16 and the resulting
outcome is substituted into equation 15 to prodbegrower cost for machining in an hour as showegjuation 18.

E —60 C
=
€ nDdfN £ (18)

In Nigeria, according to multi-year Tariff Order(y, 2008 — June, 2013), electricity prices areegalty lower
than the production cost. The tariff was last rexd in February 2002 (from an average of N4.50/k@é/about N6/kWh)
where it has remained to date. Therefore, thedustge per unit power is thus givenGds ¥6/kWh. This cost could be

substituted into equation 18 to give equation 19.

. 360
=z
€ aDAfN

(19)
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General Cost Estimation

The general cost includes overhead cost, repaiss,af purchasing lubricant/grease, maintenangeasfhine and

floor space, and as well as insurance cost.

Overhead cost is assumed at 10% of machinist aatgrés salary per hour and the expression far #gien in equation 20.

Cs = 0.1L, 200

Repair and maintenance cost of machine is assum2@ of the purchased cost divided by availableking
hours in a year. This is expressed in equatiol.g1And W;,,. are the lathe purchase cost and working hourseofathe in

a year.

LPI

Ce =025
hr 216

Cost of working space if workshop or building isased to last for 50 years in one hour. This isreged in
equation 22. Wherél is workshop/building’s cost per hout, is the cost of the workshop or building a8i¢ is the
service life of the workshop in hours over a sphB(years. However, the relative floor area of@idal lathe used in the
workshop needs to be estimated from the entire stanl floor area as shown in equation 23. Whatds relative area
occupied by employed lathe machine ta®l,is total floor area of the workshop?, is working space for employed/used

lathe machine anal’ is total working space for all the machines inwuwkshop.

W,
WC = Ssp
1
M=%xﬂ
. (23)

Equation 24 shows the final cost of working spame & lathe machine in the workshop in an hour wtien
service life of the workshop is 50 years.
Al
T C
A (24)
Repair and maintenance of floor space cost is asdumbe 5% of working space’s cost in an hourhasva in
equation 25.

Ca = 0.05W 251

Annual insurance cost is assumed at 0.5% of puechesst of the lathe machine as shown in equaton 2
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LPr

Cy = 0.005

hr (26)

Estimation of Lathe Production Cost

Machining cost is thus determinable if man houe rat unit cost rate and release time can be esheddlj the
machining cost will then be the product of the wust rate and release time. The developed modeptavided the
release time or machining time of jobs. Therefdhe, machine hour rate and unit cost rate for aelatlachine are the

constraints that require derivation.

Generally, machines are operated or run for sonmatidus, usually in hours; the type or nature dbsjo
determines the operation time of the machine thathére is variability in completion time of onebjdo the other.
Therefore, it is highly essential to determine niaetour rate in order to effectively determine tost of production of
different kinds of jobs without minding the variati in jobs’ completion time. The cost of produciadypical job on a
lathe machine is presented in equation 27 o&8.MHR andR,, machining or production cost, machine hour raig an

release time or completion time of a job respettive

MC = MHR x R']'“,

(27)
Also, for job with cost elements of n, the prodantcost of the job is expressed in equation 28.
MC = RTW‘Z Ci
i=1 (28)

Release time of jobs could be expressed with eitlggiation 3 or 5 while the summation of the valeatxst

elements is seen in equation 29.

Mc = Ryl T+ Co+ Lo +E. 4+ C5+C5 +Cr+Ca+Cg | (29)

CONCLUSIONS

Conclusively, this research provides a multipledéinregression model for the estimation of reldémse of jobs
produced on lathe machine when independent parssnetelepth of cut, length of cut and the complexif jobs are
known. This model was validated and it was confarteegive accurate estimates. A holistic approachtfe estimation of
machine hour rate on lathe machine was evaluatedgh a succinct examination on tooling cost, a@pliost, machinist
charge, electrical power cost, overhead cost, rega maintenance of lathe charge, cost of workimace on the lathe,
repair and maintenance of lathe floor space cadirssurance cost on lathe machine in an hour. Esibm strategy of cost
production of jobs can be performed if the reqaigiiformation or parameters are known about thehimactool or lathe,
workshop and the machinist.
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