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Abstract 
Numerical control m1c toots are not intended to compete with mass production process NC techniques 

are appJied most successfully when components are machined in small batches, The machining of small and 
median quantities IS a. high cost are;l of production. 

The advent of NC provides a mediwn for reducing m.aclUning costs in low quantity production wbich 
is of particular value in certain types of industf)' engineering. aircraft accessory, hydrOlulic and machine tools. 
1ne study has shown several factors in favor of NC such as full flexibility, accuracy, shorter production time, 
etc. The present work has an expenmcntal study which carried out in one of the miliwy factoncs to establish 
a justification rul.: for producing a certain product. 
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The relationship between me variables such as the tolerance required for dimension. shapes, a..,d 
surface roughness as y..-ell as the process capability has been encountered in a speciaJ program written in C
language 

The availability of producing each featulc in the product has been checked for each mJc.. If the 
decision is the two mJC can be produce the product or feature then the cost analysis will takes place. 

I .. Introduction 
Numerically controlled machine tools have become standard fultures in the manufacturing facilities of 

today. Since these tools began m.a.king their way into industry around 1957, their capabilities have increased 
greatly. The C\'olution of the field of numerical control has introduced industry to such concepts: as 
CADfCAM, flexible manufacturing system and many others (1) 

It has boen estimated that most manufactured parts are produced in lot sizes of 50 or fe'wer, srnalliot 
and batch production jobs, present the ideal situations for the application of NC This is made possible by Ihe 
capability to program the NC machine and to save that program for subsequent use in furore orders. (fthe NC 
programs ace long and complicared., complex part geomeD)'. many operations, much metal removal, This 
makes NC a(l the more appropriate when compared to manual methods of production. finally. jf quality .and 
lDspection are important issues (dose tolerances, high part cost, 100% inspection required). NC would be 
most suitable, owing to its high accuracy and repeatability. (2,3) Repeatability is the comparison between the 
same dimensions of each piece machined. 

The repeatability of NC is roughly about one-half of the actual positioning tolerances. Repeatability 1S 

another important goal of modem NC manufactures and users. The skilled hands of a good machirust are 
difficult to find. Thus the reliabilicy that was previously built into the bands of the machinist must now be built 
Into the NC machine. (4,5). NC machines provide good position accuracy and repeatability, complex. jigs and 
fixture are not required in all cases. Also, a high degree of qualit}' is inherent in the NC process because of 
accuracy, repeatability and freedom from operator-introduced varia.tlons. In-process qualir:y inspection is 
seldom required after an inspection of the first pan produced. from a new tape, as a check on the progrillTll1ling 
function (6). 

One of the basis functions of economic planning is the determination of lot size. With conventional 
machtning mcdtods, setup coru are high and cannot be calculated with any degree of accuracy, Therefor it is 
necessary to make a farge number of parts for each setup if the unit pa.rt cost is to be minim.ized. With 
numcricaJly controlled machined the high process predictability ensures accurate cost determinations. and the 
simplified, low cost setups enables parts to be run in small quantities economically (6,7) 

However. there are a multiplicity of factors influencing caJc.ulations to establish beyond doubt the 
most suitable field of applications for NC turning machines (8) In this context it must not be forgotten that 
improvements in economy ate not achieved onJy by rc:du(;ing direct production costs. There are quite number 
of other cost factors which influence economical production without appearing directly as production rosts. 
NC machines have adhesive influence on the overall production flow. the design of production media and the 
whole chain of events from work preparation to the final impectlon. Also, the quality costs are usually 
estimated to be at least 10-15 % of the product costs. About 66-70°,4 the quality costs are lhougbl EO depend 
on the errors of the produced parts (geometrical accuracy) due to InsuffiCient control of the machinmg 
process. Even loading of workpieces, automation of tool change, wear of the tool or tool failures, influence 
product quality when manuaJ supervision is reduced or eliminated (9,10,1 I,ll}. 

2. The area of comparability 
In an economic comparison between two conventional machining processes, say between turning on a 

center lathe and turning on a capstan lathe, it is a often sufficient to make a direct conaast bet\veen the floor
to-t1oor tune fOT the two processes and select the process needing the least time for production. This 
comparison is possible if the costs of machine operation and tooling are similar. If the turning and EOQling 
costs are not similar e.g. as between a drilling and a jig boring machines, then the comparison must lake into 
acoount me costs of each process and not simply the time for each operation. 
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Makmg a dt!Cision on a basis of time can be done on the shop floor. deciding on a basis of cost 
requm::s the usc of information which can be supplied by the cost account, and the decision is usuaHy carned 
our in the pldlming department. The direct approach outlined above can be used for economic comparison of 
circumstances surrounding, eoch of the process are themselves directly comparable. The some administratIOn 
is shared, the planning procedures are identical, there is no difference in the supporting ~ervices to the 
machine, e.g. rool stores, maintenance, etc. 'Ibis is nor true when companng NC with conventional machining 
processes. a moment's through will show differences in the following areas: 

a. The preparatIon work., e.g. programming and tape preparation is not needed for conventional machmes: 

b. Ba.c.king-up services, e.g. pre-set tooting and computer services, may be needed for NC work. (10) 

t. Workshop floor facilities, e.g. large amount of jig storage space are not required for NC production. 

J. Factors to be considered in the comparability between the conventional ro/c and Ne. 
It is possible to assess certain factors directly in mona:tary terms. For exrunple, the actual product cost 

including the cost of labor and over heads attribute able to the process-ean be determined. Setting-up costs can 
bt: contrasted lhith the se(·up coSts of conventional methods, and the value of machining centers can be 
checked 

M:my factors which affect costs one way on the other remaln unconsidered. To ensure that these 
factors are not overlooked they are summarized below. The savings made in these areas should always be 
bleen into consideration, and the effect of NC production will not be fuJJy appreciated until the impact in all 
areas has been evaluated and the different are ; areas inspection costs, the cost of scrap, the machining 
accuracy, the cost of modificanon. the tool storage costs, the transportation coses, the machine ueilization, the 
cost of floor space and the work in-progress. 

4. Decision makin2 for deci,ding between NC and conventional machining. 
Both NC and conventional machining have their relative advantages and disadvantages. However, i[ is 

nor always obvious whether a particular part should be processed benefits of NC, .:>n1y these parts that are 
appropriate for NC must be processed on jt. Currently, there is no universally accepeed procedure for deciding 
on parts to the experience of the process planner and the facilities available within the mir. shop, When the 
choice between NC and eonven[ional machine [001 is not clear. alternative process plans must be developed for 
both methods A stud)' was conducted in several of the machine shops to develop a standard scoring system and 
decision table for determining whether to process a part on a NC or on conventional equipment. (13). In the 
use of the scoring system, an analysis is made of the physical characteristics shown on the part print and of 
other known information about the part, such as lo[ size, lots/year, ... etc. 

These factors are assIgned weighting values The assigned fLictors are then sununed up, and a decision 
15 made weather to produce the part by NC or by conventional methods, depending on the sum of the factor 
weights. 

The procedure consists of two steps, the firs[ step is concerned with a conditional decision,. if 
numencal control were to be used, what type of NC machine would it be ? The second step involve a 
comparison of the relative merits of using conventional processing methods against the particular NC machine 
selected .in the first step. 'Ibis comparison involves the use of 22 process plaruung factors chae mighe influence 
the decision on processing method. Each factor is assigned a value which depends on the part characteristics, 
the values are added and if the sum exca:ds a cenain threshold value, NC should be used; otherwise, 
conven[ional machines should be used. 

s. Cost comparison; NC and Conventional machine processes, 
To dctennine weather !'IC or conventional methods are the most economic in a given circumstances, 

the calculation made must take uno account the fuct:ors which have been discussed. To provide a basis for the 
calcula[ion, i[ is essenriaJ for the relevant data regarding costs Co be available and for estimates to be made of 
the e,'lCpected times needed for carrying out the various activities, e.g. planning, progranurung, ... etc. The 
break-even point can then be derermined and the rela[ive economics of the two process assessed. 

I 
1 

1: 
\ 

\ 

r 
\'. 
i 

\' 
\ 
I 
,I 

1 
I 

! 
I' 
I 

1 



I 
• 
f 
! 
I 
i 
~ 

f 

I 
I 
t , 
I 

I 
1 
l 

I 
I 
f 
I , 
f 

J 
I 

I 
I 
t 

f 
I , 
i 
t 

r 

I 
I 
[ 

.. 

M 123,1. M. Elewa 

The dala needed fur the comparison falls into two distinct parts : (a) Data relating to the time taken 
for preparing for production setting-up and machining. the data (.8.) need be determined once only for 
subsequent calculations, but d:lb (b) must be cOllculated for each individual component for which an economic 
companson of the processes is made 

6, The program design. 
The program is designed to be used directly by the productIon engineer personnel. The program 

requires IBM pc or IBM compatible, hard disk 170 MB and 2MB RAM, a high resolution card (EGA card 
at least), and color monitor. 

The program was deSigned as friendly syStem to produce a good interface between the user and the 
program. The program is \o\ntten with a high level computer language IS namely C. 

The user of this program works directly from the detail drawing. This program has the abihty (0 select 
the suitable machine for each feature according to the specification required as well as the ability to justify the 
suitable m/c according to the total cost of the product. 

The main chtl",cteristics of the program arl! : 

I. Detecting the type of the required mlc {or a specific component ilCcoruing to ; IT grade (dimension, form 
errors. surface roughness) and the geometry of the component (Ma.'(. diameter, Mat:. Jengtb ). 

2. Searching in a store data base files 1,2 where: data base file 1 for conventional mJc and dab base file 2 
for numerical control (NC). 

If the answer is yes the two type of m/C capable to produce this component then the 
justincation of use which are according to the total cost WIll takes place. But if the answer is 
No then return to the main menu. 

3. Updating d:lta base stored for both conventional mJC and nwnerical mJe. The flow chart of this program is 
shown in Fig. 1. The data file is "nnen with special format and contains required input of the program. 

The input of the program is : 
.. Detecting number from the main menu (q). 

- The form number (num) which contain the operation type. 

~ The required grade number (it), 

_ Max. diameter (s 1) and max. length of the workpie« (52). 

The flow chart of the toul cost has shO\w in Fig. 2. The main function cost in this program are, The 
preparation cost, related cost and machining cost and the program is capable to extend for any other type of 
cost. 

The Bow chart of justificatlon of use which mlc has shonD 10 Fig. 3 and the output chan shOWIng the 
break even point (BEP) is iUustrated in Fig. 4. 

the output of the Tun program and nomenclature showing in appendix I. 

7- Practical application. 
In order to check the applicability of the created system a certain component has been produce in the 

military factory as sho\\n in Fig. 5. first the check has been done based on the process capability of each mlc 
(conv.& Nc). When the answer is yes. the two mJt are capable to produce this component according to the 
required speci:fication. then the justification of use which mic according to the total cost will takes place. 

To carry out this justification i.t ""'as necessary to find out the values of different elements of CO!:;t i.e. 
the preparation cost, the related cost and the machining cost. 

The process planning office has done aU the required steps, i.e. the process sequence, for both 
conventional and numerical from which the preparation and the machining cost has Obtained as shown in Fig. 6 
for numericai mlc and in fig Fig, 7 for conventional mlc. 
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Fig. 1. The flow chart of the main program 
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All me information required for the cost justification has been fed to the new system and the 
output of the system is illustrated in appendix 1. The data used in this justification for boch conventional 
and numerical as obtained from the factory are as shown in appendix, 1. 

8. Discussion and Conclusion. 
The new system (CAMTS) makes a suitable choice of the mJc tool before constructing the process 

sheet (or part program) for the component. The dau base of the system stOres the main specification of each 
mic as well as the process capability of each. The IT grade corresponding to t:a.Ch operation has been Oslo 
stored in the data base memory. The system can identIfy the sUitable machines in the workshop or the fnctory 
satisfying the specification of the product. 

The new system (CAMTS) computes the total cost of a procec;s by fmding the cost of t:a.Ch 
manufacturing operation along the process sheet. It IS difficult to assign a specific value [0 the cost of each 
manufacturing operation, as it will vary from one manufacturing firm to another and from O:1e country to 
another. However, it is possible to work \",th a relative cost for eal.h manufacturing operatton as compared 
with a choose reference opera.1Jon. 

The designed system (CAMTS) proved to easy used and saved a sigruficant amounr of time and effort 
which could be !\pent to identIfy the suitable operation and mic. It ~ be lmpicmenred on a micro processor 
computer or compatible and it greatly reduces the range of skills required for chOlee the suitable mlc. Finall}', 
it can be say that. the new system givt:S the process engineer a tool to aid in detennirung the most economic 
process and mle and it may be. a step in the way of getting a write dec IS JOn in a short time and produce a 
complete computer integrated manufacturing (CIM). 
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Appendix 1. 

Symbol Definition 

pJ, plI are the planning costs for conventional & 
numerical control mlcs 

pr, pr 1 are the presening costs for conventional & 
numerical control m1cs 

tp, tp 1 are the type costs for conventional & 
numerical control mlcs 

prgl is the programming cost for numerical 
control mic 

dp . dpl are the depreciation costs for GonventionaJ 
& numerical control mlcs per year 

in. int are the interest rate for conventional & 
numerical control m1cs ~er ~ear 

mn,mnl are the maintenance costs for the 
conventional & numerical control mlcs 

or,orl are the others costs for conventional & 
numerical control roles 

wh, whl are the working hours of conventional & 
numerical control mlcs ~er :t':ear_~ 

Ip. (pi are the labour wages of conventional & 
numerical control mlcs per day 

ist. istl are the initial setting time for con'Ventional 
& numerical control mlc~~ 

fl , 111 are the floor to floor time for con'Ventional 
& numerical control mlcs 

Data of conventional Data of NC 
mle mle 

II Symbol Value S~bol Value 

pi 201.0 LE pl1 I ,">l'\1 () LE 

pr 0045 LE prl 0.045 LE 
tp 3.0 LE tpl 42.0 LE 

j)rg . prgl 174.0 LE 

.. , d'p 893.0 LE dpl 4285.8 LE 
ID 803.7 LE inl 42858 LE 

~ 

mn 243.0 lE mnl 699.0 LE 
!--- . 

or 1890 LE or! .378.0 LE 
wh 1344.0 hr whl 1536.0 hr -
Ip 12.0 LE Ipl 3.0 LE 
ist 0.5 hr ist 1 3.0 hr 
fl 0.59 hr tll 0.22J hr 

The data used as obtamed from the mihtruy factory 
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