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Abstract  This article is about determine the optimalization and minimalization of costs from automation production for 
small and middle enterprices of mathematical methods. The transition from current engineering to the complex automated 
and highly machanical production is inevitable. The economic aspects on optimalizat ion of components production are 
nowadays very current issue. At the time of ongoing world economic crisis the most discussed topic in this area as well is the 
decreasing of the production costs. When cutting conditions and tool durability optimizing, it is necessary to apply certain 
optimizing criterion with in certain restraining conditions. The restrictions are given by technical parameters of a machine, 
tool, machined material, required quality of mach ined surface etc. The essential economic criterion is the amount of 
production cost.  
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1. Introduction 
When considering mach ining process from the point of 

efficiency (productivity) production costs are oblivious. Yet, 
It is applicab le exceptionally. 

In market mechanis m it is required to produce a product in 
such economic conditions so that its sale price be acceptable 
and attractive. To start thinking about a production process it 
is necessary to get an idea about its cost structure. 

When machining, it is important to consider engaging 
movement of particular machines. At more difficu lt 
optimization it is possible to source from single-machine 
optimization. 

Optimization of cutting conditions is convenient to realize 
by a complex calculat ion whose outputs are optimal values 
of cutting conditions and durability of a cutting wedge. 
According to complexity it is necessary to use a computer 
with appropriate software. 

Using more expensive production installation the costs 
raise more rapid ly. They reach minimum at higher cutting 
speed than when utilizing usual mach ines. Disobedience to 
this relation  leads to sharp rise of production costs when 
mach ining using the CNC machines. The basic cost 
development scheme is in the fig. 1. .(1) 
When considering machin ing process from the point of 
efficiency (productivity) production costs are oblivious. Yet, 
It is applicab le exceptionally. 
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In market mechanis m it is required to produce a product in 
such economic conditions so that its sale price be acceptable 
and attractive. To start thinking about a production process it 
is necessary to get an idea about its cost structure. 

When machining, it is important to consider engaging 
movement of particular machines. At more difficu lt 
optimization it is possible to source from single-machine 
optimization. 

2. Explanation of Methods 
Optimization of cutting conditions is convenient to realize 

by a complex calculation whose outputs are optimal values 
of cutting conditions and durability of a cutting wedge. 
According to complexity it is necessary to use a computer 
with appropriate software. 

It is worth to comment that if „universal“ software for 
optimization usable without an input of a particular company 
data are commercially offered it is not possible to speak 
about optimization. The optimizat ion is dependent on 
particular condit ions of every company. The software 
represents only basic recommendation what cutting 
conditions to determine. Real optimal values can markedly 
differ from these cutting conditions.(2), (3), (6) 

In present, the cutting conditions are main ly chosen from 
norms that is not optimal. The nature of cutting conditions 
optimization is to determine optimal values of given 

conditions (cutting depth – , underthrust depth – f, 

cutting speed – ) and the optimization of a machine 
durability. 
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The criterion for min imum costs is the basic optimizat ion 
criterion in engineering technology. It should be applied on 
principle. 

We attempt to describe the criteria for min imum 
production costs. We shall consider only the costs items that 
are dependent on cutting conditions. Consequently, total 
costs may be given by the relation: 

 
Conventional machining 

 
CNC machining 

Figure 1.  Dependence of N production costs and their components on 

cutting speed .  – costs on machine work,  – secondary 

work costs, – costs to device exchange 

mnsc NNNN ++=           (1) 

where: 
N – production costs to calculate an operational 

section,[€], 
 - costs to machine labor per an operational 

section,[€], 
– costs to machines related to the operational 

section,[€], 

– costs to exchange or offset of a worn-out device 
related to the operational section,[€], 

Individual cost units may be formulated as follows: 
For labor costs of a machine holds: 
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Where: 
 are costs to one minute machine labor,[€. ], 

 – hourly costs to machine operation,[€. ], 

 – operator´s wages including social and health 
insurance,[ €. ], 

 – planned operational costs of a department,[%] 

 - increment shift time, (usually 1, 11-1,15), 

– mach ine time,[min.] 
Hourly costs to machine operation may be formulated: 

Eusshs CkON +=               (3) 
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Where:  
 – is the write-off of a  machine,[€. ], 

 – a machine price,[€], 

 – electricity price (middle value of long-term 
average or educated guess),[ ], 

– mach ine operational life in years, 

– machine time fund planned in hours per year 
and shift, 

SM – shift, 
– reparation index and mach ine maintenance index, 

- index of t ime-utilization of a machine, 

Table 1.  Approximated values of machine time-utilization index 

Type production  

Mass and large-lot production 0,8 
Stored programme machines, machining center 0,65 -0,75 

Conventional small-lot production 0,5 – 0,65 

Index of mach ine time-utilizat ion (share of t ime when a 
mach ine works in given number of shifts to total time of 
scheduled shifts) is defined by long-term average eventually 
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by the assumption of machine utilizat ion. For various types 
of productions approximated values of the index are found in 
table 1.(9), (10) 

Costs to devices (write-off, maintenance, potential 
sharpening) can be expressed as follows: 

nTvn NzN =                    (5) 
Where: 

 are mach ine operational costs related to one device 
serviceability,[€], 

– number of the machine exchange related to one 
operational section (it usually is a number lower than 1). 

The number of exchanges  can be given by: 

T
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Where: 
T is machine serviceability,[min], 

– the relat ion of real time or more precisely the 
working time (when the machine deterioration is obvious) 
and machine t ime or the lenght of power run of a machine. 

Costs to a machine related to a device serviceability can  be 
given for various types of devices as follows: 

For overall re-sharpening: 
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Where:  
 is the price of a mach ine,[€], 

– depreciated price of a machine,[€], 

– sharpener´s wages including social and health 
insurance,[€ ], 

– planned annual operational costs of sharpening 
service, 

 – the number of possible machine re-sharpening, 

 – time of machine sharpening, min, 
For a mach ine with replaceable cutting plates that are not 

possible to be re-sharpened applies: 
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Where:  
is the price of a  plate,[€], 

– the price of tool body,[€], 

 – the number of cutting plates on a device, 

– number of cutting edges on a plate, 

– assumed number of plate clamping work whilst 
mach ine body serviceability, 

– index of cutting plates utilization, 

- index of mach ine body maintenance, 
Approximated values of empirical constant factors of the 

relation are given in the table 2. Those are statistic data. 

Table 2.  Approximated values of empirical constant factors 

Machining conditions    

Easy 400-600 0,95 0,05 
Middle – difficult 200-400 0,90 0.025 

Difficult 200 0,80 0,40 
Very difficult 100 0,70 0,60 

The factor of cutting plates utilization is influenced by 
technological discipline, fragile plate fractions, deterioration 
of a new cutting edge that is not in  gear, a split off splinter etc. 
Approximated number of gripping is normally given by 
random deteriorat ion of a mach ine body, the index of 
mach ine body maintenance includes above all substitution 
mach ine parts. 

For a mach ine with replaceable cutting plates that are 
re-sharpened is valid: 
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Where:  
is the number of possible re-sharpening of a plate. 

Costs to exchange of a device can be given by: 
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Where: 

are costs to exchange of a device per,[min], 

– wages of a setup man including social and health 
insurance,[ ], 

– time to exchange a device,[ min], 
The criterion for min imal production costs  can be given 

(production costs to operational department shall be 
minimum) by the relation (1). 

Having substituted the above-mentioned relations into this 
criterion the optimization criterion to be reached from the 
point of view of production costs as follows: 
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The mach ine time can be given by: 
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Where:  
is the length of mach ine automatic operation 

run,[ mm], 
n- rotational frequency, 
f – displacement,[ mm] 
Substitution(13) in(12) results in the criterion equation: 
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Having modified: 
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Where: 

smch NLK .1 =                (16) 
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When milling operation, proportional parameter of 

displacement per rotation f and displacement per tooth fz are 
considered. Total production costs per a work-p iece can be 
given by the relation: 
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Where:  
are total production costs per a work-p iece,[€], 

– production costs to i- operational section,[€], 

šzN - costs to a special device necessary for production of 
a given work-piece,[€], 

n – number of produced pieces, 
– number of operational sections within one 

work-piece, 
Costs to secondary work: 

vnAs
spl

cAvv NORNSMkN ττ =







++=

60
)

100
1(

60
0  (19) 

Where: 
– costs to secondary work,[€], 

– unit secondary time,[ min.], 
Rate costs: 
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Where:  
 are rate costs,[ ], 

– rate time with shift time over plus,[ min] 
Criterion of min imum production costs can be also given 

by the method of hourly operational costs. (11), (12) 
Fixed costs whose share in total costs continually raises 

are just those unwelcome costs that burden production. This 
is one reason why it is success to produce with optimal 
capacity employment. 

For practical utilization it is appropriate to express the 
capacity utilizat ion in time units (hours, norm hours). When 
formulat ing the cost model of a production workp lace (of 
a machine) other advantageous properties of this method can 
be used. 

1. Possibility of division (decomposition) hourly overhead 
lump sum into two ind ividual units as follows: 

- Into hourly overhead lump sum of joint expenses 

( ) 
- Into hourly overhead lump sum of a production 

workp lace (a machine) ( ) 
2. Possibility to decompose each hourly overhead lump 

sum as the sole number into more partial generic cost items 
that enables to separately observe individual impacts on 
hourly overhead lump sum.(14), (15) 

The first property enables to present overhead costs to 
particular activ ities within the production process with the 
help of hourly overhead lump sum as the total of two 
separable components. Total value of hourly  overhead lump 
sum is consequently given by the total of both components. 

While will be the same for all workp laces within  a 
single organizational unit (center, operational department, 

etc.) to which  jo int expenses are related, the value 
will be unique fo r each  workplace (machine, set of 
mach ines). 

The second property allows the distinction of general 
expenses from the point of generic e.g. for example to 
components of write-offs, rent (leasing), wages, energy costs, 
overhead material etc. It is crucial to choose such a 
classification in concrete application that would respond to 
the situation given. It is necessary to focus on main items 
sensible that the less important ones can possibly be joint 
together. It means for example that while the significant part 
of a production device will not be true but rented (leased) 
than that item has to appear in the HRP  decomposition. 
While the production device is true it is useless to mention 
the item. 

The simple solution is not to divide general expenses into 
two parts i.e. joint expenses of a department and costs of 
a workplace but leave it  as the average value of hourly 
overhead lump sum designed on the basis of share of total of 
all overhead costs within a department and total department 
capacity. It is a simple solution that can be appropriate as the 
first stage of transition from a calculat ion through an ext ra 
charge to a calculation with the usage of the hourly overhead 
lump sum method. 

By this simplificat ion the influence of individual factors is 
covered and their impact is not clear in the total calcu lation. 

Essential matters for the working process optimization are 
a solid analysis of on what the value of expense units 
depends. It is determining just because the information 
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enables to manage the working process effectively.  
From the point of preceding ideas, there is an alternative 

coming out to determine minute costs to machine work 
(relation 2): 
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Where:  
hourly absorbed lump sum of jo int 

expenses,[ ], 

– hourly overhead lump sum of a production 
department (a mach ine),[€ ] 

By analogy for minute expenses to exchange of a mach ine 
(relation 10): 
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The mentioned way of how to express cost items presents 
the model that comes out of the dynamic calculation 
principle and uses the method of hourly annual lupm sums. It 
requires a solid  analysis main ly of overhead expenses in the 
relation to a calculation unit. It is a model applicably open e.i. 
it accepts the costs units that are defined and able to find out 
in the application given. It relates the lowest organizational 
levels, it means workplaces (a mach ine) and a department. It 
concerns the open model also from the point of the 
possibility to enhance it by more-detailed specificat ion of 
dependence of costs on cutting conditions.(1), (4) 

When optimizing cutting conditions, under certain 
conditions it is possible to determine optimal serviceability 
of a machine according to a certain optimizing criterion 
independently on cutting condition optimization. When 
coming out from optimal serviceability intended from the 
point of minimum production costs at cutting conditions 
optimizing, the criterion of maximum reduction is identical 
with the criterion of minimum production costs. 

It is possible to present the relation for optimal durability 
as follows: 
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Where:  
is optimal serviceability of a mach ine from the 

point of production costs,[min] 
m- empiric constant from the Taylor´s relation 
Determination of optimal serviceability does not depend 

on cutting conditions, but leads to simplification of cutting 
conditions optimization. After that, it  relates usage of 
gradual way of optimal cutting conditions setting. The 
procedure does not lead to optimal values. 

Optimization of cutting conditions is always realized 
according to a optimizat ion criterion within a restriction 
(restrictive conditions given by production conditions). 

Working process is always limited by a certain group of 
restrictive conditions. It is possible to formulate these 
conditions mathematically as in equations. The exception is 

the complex Taylor´s relat ion that is an equation. 
Restrictive conditions are given by a working mach ine (its 

performance, cut-off twisting moment of retentive unit, 
cut-off size of cutting power elements, range of twists and 
offsets), a device (cutting material, geometry, surface 
roughness), material of a  work-piece, cutting environment, 
requested qualitative parameters.  

For complex optimizat ion calculation of cutting 
conditions mostly linear parametric programming was used. 
The mathematical apparatus comes out of linear or linearized 
restricting conditions. In  connection with  the development of 
production technology the utilization of non-linearized 
restricting conditions arose. It related fo r example 
continuous, non-linearized restricting conditions from the 
point of twisting moment (twist of a  work-piece in  a 
chucking device) and a bending moment (extraction of 
a work-piece one-sidely attached in a chucking device) by 
mach ines with high rotational frequency.  

Apart from the continuous non-linearized restricting 
conditions more and more non-continuous restricting 
conditions occur. Before all, it relates different characteristic 
of working mach ines performance. Mathematical methods of 
cutting conditions optimizat ion with these restricting 
conditions lead to interval optimization tasks.  

For example, two restricting non-linearized conditions are 
mentioned. 

For linear process of performance characteristic for 
performance holds the following line-equation:(14) 

1qnkP le +=                 (24) 
Where:  

 and q are constants. 
For the process of performance it  is possible to derive for 

example for turn ing operation a restricting condition as 
follows: 
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At chucking devices at high rotational frequency under 
influence of centrifugal force opening of jaws and lowering 
of chucking  power occurs. Even if the chucking devices are 
constructed specially to restrict the occurrence, at these 
devices it is possible to come out of the assumption that the 
decrease of chucking power is given by centrifugal power on 
jaws, at one jaw it is possible to think about dependence of 
chucking power Fu on rotational frequency n as follows: 

n
nuou nkFF −=               (26) 

Where: 
 is chucking power influencing the jaw,[N ], 

- chucking power influencing the jaw, yet: n=0,[N ], 

- constant 

The constant can be drawn from the details of a 
manufacturer as the decrease of chucking power at 
maximum rotational frequency of a spindle. 
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Table 3.  Main subjects of eventual monitoring 

 Time is critical Time is not critical 
Working 
machine 

CNC managing 
collision 

Precision 
Thermal dilatation 

Cutting 
machine 

Destruction of cutting 
edge 

Onset of a machine 

Deterioration of cutting 
gusset 

Presence of a machine 
Setting of a machine 

Work-piece 

Parameters of a 
work-piece 

Shape of a work-piece 
Roughness of working 

surface 

Measures of a raw 
product 

Working material 
Surface integrity 

Cutting 
process 

Oscillation 
Cutting power, oscillation 

moment 
Performance 
Chip shaping 

Cutting environment 

From the point of maximum acceptable rotational moment 
for 3-jaw chucking device is applicable: 

2
3max

u
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Where:  
– tightening average,[ mm], 

Rubbing index between a jaw and a work-piece, 
After substitution and modification there are restrictive 

conditions as follows: 
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It is clear that for general optimizat ion of cutting 
conditions it is important to use different mathematical 
apparatus from linear p rogramming or linear parametric 
programming. It main ly relates the analytic methods implicit 
in the analysis of possible solutions; the gradient method, 
geometric modeling or it is also possible to use suitable 
optimizing software.  

Win present, with regard  to stochastics of cutting process 
it is possible to deal with optimizat ion with the output of 
mach ine serviceability with confidence interval. The input 
then does not have to be the Taylor´s complex relat ion but 
the table of combinations: serviceability, cutting speed, 
displacement, depth of cut.  

It is important to emphasize on the fact that concrete data 
that relate given company must be brought into the 
optimizing software as results from preceding analysis. The 
results of optimizing procedures at production of the same 
component in various companies lead to different values of 
cutting conditions and to different production costs. 

The important part from the point of reliab ility of working 
process presents it monitoring. The table 3. introduces main 
subjects of eventual monitoring.[8] 

From the point of optimization of machine serviceability 
and cutting conditions, the most important part  is machine 
monitoring. It means the monitoring of serviceability that 
has certain dispersion for concrete working conditions. 
Afterwards, the optimization performs for center of 
dispersion and exchange of indiv idual mach ines is 

determined by the monitoring device. 
In the case of working without work-monitoring of a 

cutting machine the constant is determined with h igh 
level of security. Next , it is possible to monitor total 
deterioration of a machine or of parts of a cutting edge as 
well. Monitoring  of cutting process is realized  by appropriate 
sensors whose outputs are processed using appropriate logic. 

3. Conclusions 
O nly a uto m at ion of  te ch nol ogi cal  pr oc ess , implementation 

of automated production mach ine allows to significantly 
increase the quality of production and its productivity and to 
decrease the number of service attendants and to minimalize 
of all costs. This article is about engeneering and economics 
tasks in the theory of reliability  are connected with the choice 
of such constructional, technological and operating 
parameters of machines, that would provide their high 
technical economical indicators with considering their 
operational reliability. The first task is solved especially on 
the theoretical level and it results in working out 
m ath e mat ic al  d e pe nd an ci es o f r el iabi l i ty indic ator s depending 
on technological, constructional, structural and operating 
indicators of machines with regard to externalities. The 
process of working out such dependancies is dificu lt because 
until now the qualitative indicators of reliability have been 
evalueted by statistical methods. 
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