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Abstract. The present paper continues the series of papers published by the author regarding the importance of some 
new mathematical models presented in some previous papers [1, 2, 3]. Concretely, this paper approaches the 
economical aspects of the cutting process from the point of view of the costs involved, trying to determine the influence 
of some cutting parameters upon the costs of the cutting process and to establish the cost of the cutting process taking 
into consideration roughness Ra of the surface processed. Within the papers mentioned above the author determined two 
new mathematical models for appraising roughness Ra, unlike the specialized literature that presents some models 
regarding roughness Rmax or Rz. It is very important to have a mathematical model that refers to Ra roughness because 
this type of roughness appears on all working drawings and to pass from other types of roughness to Ra could be 
subjective and uncertain. The mathematical model refers to the case of turning using a nose ray cutting tool. The present 
paper starts from the mathematical model of appraising roughness Ra and has two important parts. The first part 
presents a mathematical model regarding the costs of the cutting process and the second part shows an application based 
on statistical processing of some data, regarding some cutting parameters and analyses its influence upon the 
economical efficiency expresses through the costs of the cutting process. 
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1. Introduction  

One important issue met in product 
engineering refers to obtain the surface quality 
requested by the working drawing but also to 
minimize the costs involved within the cutting 
process involved. For this reason it is necessary to 
start from a mathematical model that appraises the 
roughness Ra and also to express the costs of the 
cutting process in accordance with this roughness.  

Specialized literature [4, 5] presents a 
mathematical model for appraising roughness Rmax 
or Rz: 
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where s-cutting feed [mm/rot], r-nose ray of the 
cutting tool [mm]. 

Passing from Rmax or Rz roughness to Ra 
roughness could be difficult because specialized 
literature presents a conversion formula, but that is 
quite vague and inexact [5, 6]: 

Rmax = (3…6)Ra. (2) 
For this reason the author of this paper 

demonstrated another mathematical model that 
appraises directly Ra roughness: 
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where: c2-correction coefficient that depends on 
the cutting speed and that will be further 
determined through an experimental research. 

The present paper tries to determine the cost 
of the cutting process on the basis of Ra roughness. 

 
2. Mathematical Model of Economical 

Efficiency Expressed through Costs of 
Cutting Process 

As the costs of cutting process represent a 
very important indicator of economical efficiency, 
this part of the paper presents a mathematical 
model regarding the influence of some cutting 
parameters, especially the cutting feed upon the 
costs. For this, it is considered the case of a 
longitudinal turning using a nose ray cutting tool.  

The part of the processing cost that depends 
on the cutting regime can be expressed through: 

∆C = Ctb + Cus, (4) 
where: ∆C-part of the processing cost that depends 
on the cutting parameters [m.u./part], Ctb-cost of 
the basic time [m.u./part], Cus-cost of using the tool 
[m.u./part]. 
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Developing the terms from the formula from 
above, it results: 

asbtb CtC ⋅= , (5) 
where: Cas-costs regarding the machine-tool 
absorption and salary costs [m.u./part].  

saas CCC += , (6) 
where: Ca-cost of machine-tool absorption 
[m.u./part], Cs-salary cost [m.u./part].  

The cost of machine-tool absorption can be 
expressed through the following formula, 
considering a linear absorption [7, 8]: 
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where: Pmu-purchasing price of the machine-tool, 
na-number of years for machine-tool absorption, 
nz-number of working days from a year for 
machine-tool absorption, ns-number of shifts,  
nh-number of hours from a shift. 
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where: Ces-cost of tool exploitation 
[m.u./sharpening], T-tool life [min].  
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where: tsr-time of tool exchanging-adjusting [min], 
Casc-cost of a sharpening [m.u./min], tasc-time of 
tool sharpening [min], Ps-purchasing price of the 
cutting tool [m.u.], Nasc-number of sharpening born 
by the tool; in case of using metal carbide cutting 
plates, tasc= 0 and Nasc represents the number of 
cutting edges of the plate. 

Having in mind the formulas from above 
and the variable part of the cutting process cost 
that depends on the cutting parameters becomes: 
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Developing the tool life in accordance with 
Taylor formula [9], it results: 
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where: m-tool life exponent that depends on the 
cutting conditions, t-cutting depth [mm],  
Cv,xv,yv-coefficient, respective exponents that 
depend on the type of the processed material and 
cutting tool and other cutting conditions, L-cutting 
tool stroke [mm], n-turning [rot/min]. 

Using the following notations: 
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the mathematical model of processing cost 
appraisal immediately results: 
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C ⋅+⋅=∆ . (13) 

 
3. Application 

This application has the role to show the 
impact of the mathematical models (3) upon the 
economical efficiency of the cutting process 
expresses through the costs of the cutting process 
taking into consideration the cutting parameters 
and then the surface roughness, Ra. 

 
3.1. Function of Cost Variation in Accordance 

with the Cutting Feed 
For watching the evolution of the part of the 

processing costs that depend on cutting parameters 
it is considered the same case of a longitudinal 
turning with a nose ray cutting tool and the 
following data: 
� purchasing price of a CNC machine-tool: 280000 

m.u.; 
� salary cost: 1500 m.u./month, meaning 0.142 

m.u./min; 
� cutting tool purchasing price: 30 m.u.; 
� time of machine-tool absorption: 10 years; 
� time of tool exchanging-adjusting: 1 min; 
� number of uses for the cutting plate: 8; 
� number of shifts: 2.    

On the basis on the data and formulas from 
above it results: 
� Ca = 0.122 [m.u./min]; 
� Cas = 0.264 [m.u./min]; 
� Ces = 4.014 [m.u./cutting edge]; 
� m = 0.15; 
� xv = 0.22; 
� for s ≤ 0.3: Cv = 126, yv = 0.40; 
� for s > 0.3: Cv = 112, yv = 0.50. 

The values of the coefficient Cv and 
exponents m,xv,yv are in accordance with paper 
[10]. For analysing the variation ∆C = f(s), it is 
considered the data series regarding different 
values for the cutting feed and for every value the 
cost function is calculated. 
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Table 1. Values of Function ∆C = f(s) 
Crt. 
no. 

s 
[mm/rot] ∆∆∆∆C k1,k2,k3 

1. 0.02 2.76 
2. 0.04 1.39 
3. 0.06 0.94 
6. 0.08 0.72 
5. 0.10 0.60 
6. 0.12 0.54 
7. 0.14 0.50 
8. 0.16 0.47 
9. 0.18 0.46 
10. 0.20 0.459 
11. 0.22 0.465 
12. 0.24 0.478 
13. 0.26 0.496 
16. 0.28 0.52 
15. 0.30 0.54 

k1= 0.21 
k2 = 3.19 
k3 = 2.67 

16. 0.32 0.58 
17. 0.34 0.63 
18. 0.36 0.69 
19. 0.38 0.76 
20. 0.40 0.83 
21. 0.42 0.91 
22. 0.44 0.99 
23. 0.46 1.08 
26. 0.48 1.18 
25. 0.50 1.28 
26. 0.52 1.39 
27. 0.54 1.50 
28. 0.56 1.62 
29. 0.58 1.75 
30. 0.60 1.88 
31. 0.62 2.02 
32. 0.64 2.17 
33. 0.66 2.32 
36. 0.68 2.48 
35. 0.70 2.65 

k1 = 0.21 
k2 = 7.01 
k3 = 3.33 

 
The graphic from figure 1 shows that the 

cutting feed has a great influence upon the 
processing cost and thus upon the economical 
efficiency of the cutting process. As it can be seen, 
the increase of the cutting feed leads to the 
decrease of the cost till one point (till  
s = 0.2 mm/rot). For values of the cutting feed 
greater than 0.2, the cost significantly increases. 
This aspect can be explained through the influence 
of the cutting speed upon the tool life. The increase 
of the feed determines the decrease of the tool life 
and thus, the cost of tool exploitation increases.  
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Figure 1. Variation of the Cutting Cost in Accordance 

with the Cutting Feed 
 

The data from table 1 were mathematically 
processed, using Modeller software program [11], 
with a view to obtaining a new mathematical 
functions: 

∆C = 0.1876s-0.599401, (14) 
for s ∈ [0.02; 0.3]  

and 
∆C = 7.768s2 – 2.492157s + 0.582729 (15) 

for s ∈ (0.3; 0.70]. 
 

3.2. Cost of Cutting in Accordance with the 
Roughness 

For showing the importance of the 
mathematical models (3) determined by the author 
of this paper in some previous papers, it is useful 
to express the cost of the cutting process taking 
into consideration the roughness. For this reason it 
is made a comparison between using the roughness 
models met within specialized literature and the 
model demonstrated by the author. 

Specialized literature presents a model of 
expressing Rmax or Rz roughness, as specified 
before, through formula (1). Because on the 
working drawings it is specified Ra roughness, the 
passing from Rmax or Rz roughness to Ra roughness 
must be made. Specialized literature presents again 
formula (2) in this way, resulting: 

( )6...3
maxR

Ra = . (16) 

Taking into consideration formulas (1) and 
(16) it results that the cutting feed varies within the 
following interval: 

( aa RrRr ⋅⋅⋅⋅ 22.0,15.0 ). (17) 

This interval generates uncertainty and 
subjectivism in choosing the optimal value for the 
cutting feed in order to achieve the desired 
roughness. For eliminating this aspect, by using the 
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formula (3), determined by the author, the value of 
the working feed is precisely determined: 

aRrs ⋅⋅= 18.0 . (18) 

Formula (18) does not take into 
consideration the correction coefficient. 

Taking into consideration formulas (3), (14) 
and (15) the cost of the cutting process, that 
depends on the cutting parameters and thus on the 
roughness Ra can be expressed in the following 
way: 

  ( ) 01.0033.0 −⋅⋅=∆ aRrC , (19) 

for [ ]3.0;02.018.0 ∈⋅⋅ rRa  

and 

582729.044.024.0 +⋅⋅−⋅⋅=∆ aa RrRrC  (20) 

for ( ]7.0;3.018.0 ∈⋅⋅ rRa  

 
4. Conclusions 

The present paper, beside other papers tries 
to demonstrate the importance of the mathematical 
model (3) determined by the author. This 
importance refers to the fact that this mathematical 
model eliminates the uncertainty of choosing the 
optimal value of the cutting feed and also, through 
this model some indicators regarding the 
economical efficiency of the cutting process can be 
precisely determined. In this way, this paper 
presents some mathematical functions representing 
the variation of the cost of the cutting process in 
accordance with an important parameter of the 
cutting regime, which is cutting feed, expressed 
through formulas (13), (14) and (15): 

( )6
5

4 1 ksk
s

k
C ⋅+⋅=∆ , 

599401.01876,0 −⋅=∆ sC , 
for s ∈ [0.02; 0.3], 

582729.0492157.2768.7 2 +⋅−⋅=∆ ssC , 
for s ∈ (0.3; 0.70]. 

The two limits for the cutting feed generate 
two limits for the cost of the cutting process, for 
example for values of the feed greater than  
0.3 mm/rot: 

582729.0374.0175.01 +−=∆ aa rRrRC , (21) 
 

582729.0548.0376.02 +−=∆ aa rRrRC  (22) 

Taking into consideration these limits, it 
results some additional costs of: 

( ) aa RrRrC ⋅⋅−⋅⋅=∆∆ 174.0201.0 . (23) 

If it is considered a value for roughness Ra 
of 6.3 µm, than the additional costs are 1.161 
m.u./part, representing an increase of the cutting 
costs of 38%. 
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