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ABSTRACT---The analytical analysis of flat drills stability variation at opening processing in structural steels is 

considered. The technique and software for research, of tools stability variation by method of simulation modeling is 

developed. It is shown that at given modes of processing, average value of stability decreases with ascending of bars 

hardness variation level. the received expression allows to determine quantity of openings 𝑍𝑥  drilling by one tool 

before its blunting at a variation of hardness of material of raw material  by the set distribution law and at the set 

modes of cutting of  𝑉1 and 𝑆1 

 

Keywords---processing of metals cutting, an axial tool, empirical models, a numerical experiment, a hardness 
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I. INTRODUCTION 
Nowadays there is a significant progress in the theory and practice in the field of technologist and machining of details 

by creation of new tool materials. Improvement of geometry of the tool and construction of machines is one of the 

important issues is the workability of cutting depending on a great number of factors as dispersion of firmness 

approximately for 50% is explained by a variation of dimensional parameters of tools even at their compliance to 
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requirements of GOST standards. As practice shows, a half of the cases of instability of cutting tools’ quality occurs owing 

to a variation of the sizes, and other half - owing to metallurgical errors [5, 6, 11]. 

Usually the operability of the drilling tool under standard conditions of processing is estimated experimentally on 

number of the processed openings before final fracture of the cutting edges. It is rather expensive and can lead to the 

wrong outputs. 

An essential lack of these methods of a research is also that one combination of experimental values of cutting speed 

and giving cannot give information on how the firmness of a drill at minor change of these parameters will change. Thus, 

construction of a drill, a grade of material of the cutting part or a type of heat treatment that under some experimental 

conditions provide the maximum working capacity under other experimental conditions can correspond to the minimum 

working capacity. Similar provisions arise when the classical equation of Taylor is reliable, but exponents of this equation 

differ and respectively the simple tolerance equation is inapplicable for drilling process evaluation. Therefore, results of 

short-term tolerance tests with marginal conditions of cutting cannot be applicable for assessment of operability of drills 

under production conditions [1, 3, 6, 10]. In reference books and standards for the modes of cutting considerable is saved 

up and generalized in the form of empirical degree dependences experimental material on processing of different materials 

drills of different construction. Therefore, development of a technique of using this information is great practical interest 

to assessment of dispersion of toolfirmness under different conditions of its operation [3-6]. The analysis of the known 

tolerance dependences shows that it is directly impossible to evaluate parameters of dispersion of firmness of the tool from 

empirical process models of drilling as this dependence does not reflect internal communications between factors, and 

considers only average result of joint impact of separate factors on firmness of the tool. Additional information on the 

nature of process of wear of the tool when processing big an array of openings can be obtained, but to techniques of 

simulation modeling of implementation of wear in the course of machining [2-3, 5-6]. 

II. METHODOLOGY 

 

Drilling process by one tool is possible until the value of the saved-up wear did not reach critical value, i.e. 

 

 hHBi
      zx

i=1 ≤ hkp                                                    (1) 

 

Wherezx - quantity of the openings processed by one drill until achievement of wear of hk ; hHBi - the value of average 

wear of a drill when processing an opening in preparation with HB hardness. 

The quantity of openings of zx drilled by one tool before its flooding at a variation of hardness of material of 

preparations on the set distribution law and at the set modes of cutting of V k and S k  can be defined from expression: 

 

 (HB)n/mzx
i=1 ≤ C ∙ (Vk

m−1  ∙  Sk
m−y

)1/m                          (2) 

 

The НВ i  (2) parameter represents a random element from the sequence of the numbers imitating the distribution law of 

firmness of preparation in kit of parts. At the same time selection of an element is carried out without repetitions (the 

selected element is removed from the sequence of numbers). The value of firmness is defined by expression: 

Ti = Zx  ∙  tosn                                               (3) 
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Where tosn, - the main time of processing of an opening. 

The program for personal computer that is carrying out process of simulation of tests of drills when processing 

preparations from steel 45 at change of firmness of preparations on the set law is developed for implementation of a 

numerical experiment [3, 4, 12, 13, 15]. 

For carrying out a simulation experiment, it is necessary to prepare the basic data including: 

- Parameters of an empirical process model of drilling; 

- The recommended range of giving (45 tools with BK8 hard alloy became Smin, Smax) for processing. 

Conditions restriction for productivity of operations of drilling, according to process requirements for definition by the 

program of range of cutting speeds (Vmin ,Vmax), lie in limits: 

 

tosn ≤ 1,2minTiSRmin  ≥  tost                                        (4) 

 

Where TiSRmin - the minimum firmness of the tool in a point (Vi, Si) spaces of the modes of cutting. 

Sampling tests of drills for each batch of preparations (9 drills are tested) when drilling preparations with three different 

hardness of HBmin, HB0, HBmax for definition of type of dependence of wear from time were carried out. 

According to the developed technique, 20 series of experiments with testing in each series of the first batch of tools in 

number of 25 pieces for the purpose of impact on assessment of random waves of hardness of material of preparation are 

conducted to kits of parts. However, to the normal law on a variation of firmness of the tool and to change of power 

parameters of process of cutting of P0, Mkp, and Neff. 

Experiments were made for operating conditions of pointed drills with plates from BK8 when processing deaf openings 

with a diameter of 25 mm of steel 45 on depth of 75 mm. The variation of firmness of preparations in lot of products made  

Var HB=0%; 5%; 10%; 15%; 20% at the same average of values of hardness of HB0 = 2235 MPas, corresponding for 

steel 45 in accordance with GOST 22761-77 and to value σB =610 MPa. 

In figure 1, the diagrams of change of a variation of firmness of pointed drills depending on change of the modes of 

cutting constructed by results of simulation modeling of implementation of wear in processing of openings are submitted. 
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Figure 1. Dependence of a variation of firmness of drills on the cutting modes. Results of simulation modeling of 

processing of structural steel(𝜎в=610 MPa; НВо=2235 MPa; VarHB=20%) pointed drills with plates from BK8 

III. RESULTS AND DISCUSSIONS 
The analysis of the obtained design data allows noting that at the set VarHB level the variation of firmness of drills 

increases with increase in the modes of cutting. At the set cutting modes V and S mean value of firmness decrease with 

increase of level of a variation of firmness of preparations (VarHB). However, relative change of a variation of firmness of 

tools is small in comparison with similar relative change of a variation of firmness of preparations [19, 20]. 

The value of average firmness falls along with increase in a variation of firmness, at practical operation of the tool 

under production conditions it leads to the fact that the unreasonable intensification of the modes of cutting leads to 

rapprochement of the lower and upper borders of an interval of admissible change of firmness. 

In figure 1 the flowchart of a technique of calculations of the modes of cutting when drilling openings is submitted. 

Seven stages of a new technique follow from this flowchart [4, 16, 17, 18]. 
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Figure 2. Sequence of Definition of the Modes of Cutting providing the set probability р trouble-free operation of the 

axial tool in the presence of the limiting factors. 
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Stage 1. Definition of the allowed borders of change of the main technological time 

Proceeding from the PROG program of release of details, the set time of TPROG of execution of a task and amount of 

shifts of nSM in day, borders of change of the main time are determined by the scheme 

 

            (PROG, TPROG, nSM) (tpiece_min, tpiece_max)(tosn_min, tosn_max)                   (5) 

 

Necessary average replaceable productivity (median number of the details processed for one shift) providing release of 

the PROG program of details for preset time of TPROG can be determined as 

 

𝐻𝑠𝑚𝑣
      =  

𝑃𝑅𝑂𝐺

𝑇𝑃𝑅𝑂𝐺 ∙𝑛𝑆𝑀
                                                       (6) 

 

According to dependences 𝑇𝑝𝑖𝑒𝑐𝑒 =  𝑡𝑜𝑠𝑛 ∙ (1 + 𝑒𝑝𝑠 +
𝑡𝑠𝑖𝑛

𝑇
) and 𝐻𝑆𝑀𝑉 =  

492

𝑇𝑝𝑖𝑒𝑐𝑒
 it is possible to write 

 

𝐻𝑠𝑚𝑣
      =  

𝑇𝐼𝑆𝑀

𝑇𝑝𝑖𝑒𝑐𝑒
=  

𝑇𝐼𝑆𝑀

𝑡𝑜𝑠𝑛 ∙(1+𝑒𝑝𝑠+𝑡𝑠𝑖𝑛 /𝑇)
                                      (7) 

 

From the Eq.(6) and Eq.(7), accepting T1SM = 492 min and neglecting the value tsin/T in expression Eq.(7) as very small 

in comparison with eps we will receive 

 

𝑡𝑜𝑠𝑛 ≈
492 ∙ 𝑇𝑃𝑅𝑂𝐺  ∙ 𝑛𝑆𝑀

𝑃𝑅𝑂𝐺  ∙(1+𝑒𝑝𝑠 )
                                                    (8) 

 

Setting borders of change of eps: epsmin and epsmax taking into account specific conditions of production, we will receive 

expressions for assessment of borders of change of the main technological time for operations of drilling taking into 

account ensuring the set productivity 

 

𝑡𝑜𝑠𝑛 _𝑚𝑖𝑛 =
492 ∙ 𝑇𝑃𝑅𝑂𝐺  ∙ 𝑛𝑆𝑀

𝑃𝑅𝑂𝐺  ∙(1+𝑒𝑝𝑠𝑚𝑎𝑥 )
; 𝑡𝑜𝑠𝑛 _𝑚𝑎𝑥 =

492 ∙ 𝑇𝑃𝑅𝑂𝐺  ∙ 𝑛𝑆𝑀

𝑃𝑅𝑂𝐺  ∙(1+𝑒𝑝𝑠𝑚𝑖𝑛 )
          (9) 

 

Stage 2. The choice of level of reliability at operation of drills 

Level of reliability of p(probability of trouble-free operation) of operation of the tool can be selected on the basis of 

design data for economic reasons, or be set proceeding from requirements to operation: 

p= 0.95 - on automatic transfer lines at almost deserted technology, 

p= 0.92 - on CNC machines, the processing centers, 

p= 0.9 - at multi machine service, 

p= 0.8 - in line mass production on a general purpose equipment, 

p= 0.5 - in single production on a general-purpose equipment. 
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Stage 3. Definition of a set admissible giving {sadm} 

Based on data on the tool, the equipment, normative data and data of reference books we determine the maximum 

allowed giving for processing of openings in this material by the instrument of the set construction and a standard size. 

The maximum allowed giving needs to be selected similarly, as well as in a traditional way proceeding from restrictions 

for giving: 

s1д – the maximum allowed giving from a drill durability condition, 

s2д– the maximum allowed giving from a condition of durability of the mechanism of giving of the machine, 

s3д – the maximum allowed giving from a condition of durability of the mechanism of the main movement of the 

machine, 

The maximum allowed giving is defined as 

 

                                           smax_д = min{s1д, s2д, s3д, ... , skд}                                 (10) 

 

Considering s
R

min, s
R

max, smax_d and { s1, s2, s3..., si } - a number sequence of the feed motion provided with machine 

kinematics set a set of admissible feed motion 

 

                                                  {sadm}={s1, s2, s3, .... , sr}                                           (11) 

 

where sr - the greatest feed motion from a number of feed motion provided with kinematics of the machine and meeting 

a condition of srsmax_д,  and each element of a number of feed motions to conditions: s
R

min  si  s
R

max 

 

Stage 4. Definition of a set of admissible cutting speeds 

Set of admissible cutting speeds {Vadm} find in the following sequence: 

- considering the range of the recommended speeds of V
R

min, V
R

max and a number sequence of the turns of a spindle of 

the machine provided with kinematics of the machine determine a number of cutting speeds: {Vj} = {Dnj /1000 }, 

where j=1, nj - meeting conditions: V
R

minVjV
R

max; 

- using dependence 𝑡𝑜𝑠𝑛 = 𝜋 ∙  𝐷𝑜𝑚 ∙
𝐿𝑜𝑝𝑛 +𝐿𝑏

𝑠
∙ 𝑛 by method of consecutive search of feed motion from a row {sadm} and 

cutting speeds from {Vj} discard all those cutting speeds from a row {Vj} which do not provide execution of conditions:  

 

                                          tosn_min   tosn tosn_max                                               (12) 

 

As a result of execution of the first four stages we receive ordered sets of admissible feed motion {sadm}= {s1, s2, s3, ... , 

sk} and admissible cutting speeds {Vadm}= {V1, V2, V3, ... , Vsv}. ksv of pair combinations defines a set of nodes of space of 

the modes of cutting {six, Vjy}, ix=1,k  and jy=1,sv  satisfying to a ratio Eq.(12). 

 

Stage 5. Determination of parameter of dispersion of firmness of the tool on a set {six,Vjy} nodes of space of the 

modes of cutting 

By means of the program’s module which is carrying out simulation modeling of implementations of wear of the tool 

determine parameters of the law of dispersion of firmness. And this law for the axial tool (TSR and VarT) for each node of 
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space of the modes of cutting {six,Vjy} at dispersion of hardness of material of preparations by the normal distribution law 

with parameters (НВо,VаrНВ). As a result for each node, Uz(ix, jy)= {six,Vjy} spaces of the modes of cutting the module 

generates a data unit: 

             (NumUz,V, s, tosn, TSR, Rins, VarT, Po, Mкр, Nэфф)ix, jy                            (13) 

 

The representing set of input data for the module calculating technical and economic parameters of operation of drilling. 

Data sets in the form of the sequence of records save in work files of data. 

 

Stage 6. Determination of technical and economic parameters of operation on the set {six,Vjy} nodes of space of 

the modes of cutting 

Determine parameters of operation of drilling for each node of space of the modes of cutting by the module of the 

program performing calculations of technical and economic parameters {six, Vjy} at the set level p of reliability of 

operation of the tool, or (if this level is not determined yet) at reliability levels: p1=0.95;  p2=0.90;  p3=0.8;  p4=0.7;  

p5=0.6  and  p6=0.5. 

The module creates for each node of a grid {Six,Vjy} a complex of data KDix, jy including the following data elements: 

 

{   (NumUz,V, s, tosn, TSR, Rins, VarT, Po, Mкр, Nэфф) 

(tpiece,Tp,Rinp,Hsmv,SPfin,zCIN,zCOB,zCЭН,zCзар_пл,zCsum,C1opn)p1 

(tpiece,Tp,Rinp,Hsmv,SPfin,zCIN,zCOB,zCЭН,zCзар_пл,zCsum,C1opn)p2 

(tpiece,Tp,Rinp,Hsmv,SPfin,zCIN,zCOB,zCЭН,zCзар_пл,zCsum,C1opn)p3 

(tpiece,Tp,Rinp,Hsmv,SPfin,zCIN,zCOB,zCЭН,zCзар_пл,zCsum,C1opn)p4 

(tpiece,Tp,Rinp,Hsmv,SPfin,zCIN,zCOB,zCЭН,zCзар_пл,zCsum,C1opn)p5 

(tpiece,Tp,Rinp,Hsmv,SPfin,zCIN,zCOB,zCЭН,zCзар_пл,zCsum,C1opn)p6      }ix, jy          (13)                                                                                    

 

Where k=1 - 6 - the index corresponding to BDpk data unit in Eq.(13) concluded in parentheses and containing the list of 

the data calculated by the module at value of probability of trouble-free operation of the p=pk tool. 

  ix, jy - the indexes corresponding to a complex of data KDix, jy in Eq.(13) concluded in curly brackets and containing 

the list of data units BDpk at change of k from 1 to 6. 

The set of complexes of data of KDix, jy for each node of a grid {Six,Vjy} saves the module in the form of the sequence of 

entries in the work file with the set name, representing the repository for technical expertise dynamic database with 

records of variable structure (the number of the considered levels of reliability can change). 

 The received DB then is used for definition of the rational modes of cutting depending on the set optimality criterion 

and the set system of technical and economic restrictions. 

 

Stage 7. Definition of the rational modes of cutting on operation of drilling at the set level of reliability of 

operation of the tool 

By means of the module of the program which is carrying out the choice of the modes of cutting carry out search of 

combinations of the modes (six and Vjy), answering to the set of conditions (restrictions) at the set level p of reliability of 
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operation of the tool, or (if this level is not determined) at 6 fixed reliability levels: p1=0.95;  p2=0.90;  p3=0.8;  p4=0.7;  

p5=0.6  and  p6=0.5 . 

The module carries out search and the module carries out data sampling from repository for technical expertise by 

method of full search of all nodes of space of the admissible modes of cutting Uz(ix, jy) the set conditions (restrictions) 

written in the database and checks of each node on compliance of set. In figure 2 the enlarged flowchart of the module of 

the program which is carrying out search and data sampling from a DB(database) is submitted. 

In the course of search of a solution, the module creates the list of nodes of the set restrictions satisfying sets. At the 

same time, there can be three cases: 

a) The list of nodes (number of solutions) consists of one element. In this case the set of restrictions satisfies only one 

combination (s, V), being the only solution. 

b) The quantity of nodes in the list exceeds unit. In this case the set of restrictions satisfies a set of combinations (si, Vj), 

each of which can be accepted as a solution. 

c) The list of nodes (number of solutions) does not contain any element, i.e. Nil is. In this case the set of restrictions 

does not satisfy any node of space of the admissible modes of cutting Uz (ix, jy), i.e. the objective has no solution at the set 

of restrictions. 

 

Examples of calculations of the modes of cutting by a new technique 

By the developed technique databases for definition of the modes of cutting on operation of drilling of a deaf opening of 

25 mm and L=75 mm in depth in steel 12X18H10T. Instruments of three different constructions generated them: spiral 

drills from P6M5, pointed drills with plates from BK8 and drills with MNS structure equipped with trihedral throwaway 

plates from T15K6.  

Basic data, results of simulation modeling of wear of drills and the generated repository for technical expertise for each 

construction of the tool are presented in table 1 application.  

In table 4 the sequence of forming of a repository for technical expertise according to the technique described above is 

shown, examples of definition of the rational modes of cutting corresponding to different sets of technical and economic 

restrictions to drilling operation are presented in tables 1 - 2 As an example 8 different systems of technical and economic 

restrictions for definition of the modes of cutting for levels of reliability of operation 0.95 are considered; 0.90 and 0.80 

for each type of the considered tool: 
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Figure 3. 

Table 1. Result of work of programming module of the parameter of dispersion of firmness of the axial tool 

implementing a simulation experiment by definition 
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9 

CIX. 57

.5 

CX. 6

3 

CXI. 5

061 

CXII. 1

.31 
CXIII. 0.192 

CXIV. 2

4 

CXV. 2

00 

CXVI. 16.0

2 

CXVII. 0.

300 

CXVIII. 1.

230 

CXIX. 3

2 

CXX. 39

.9 

CXXI. 7

3 

CXXII. 5

646 

CXXIII. 1

.53 
CXXIV. 0.199 

CXXV. 2

5 

CXXVI. 2

00 

CXXVII. 16.0

2 

CXXVIII. 0.

350 

CXXIX. 1.

050 

CXXX. 2

7 

CXXXI. 29

.3 

CXXXII. 8

3 

CXXXIII. 6

193 

CXXXIV. 1

.73 

CXXXV. 0.204 

CXXXVI. 2

6 

CXXXVII. 2

50 

CXXXVIII. 20.0

3 

CXXXIX. 0.

150 

CXL. 1.

960 

CXLI. 2

6 

CXLII. 52

.3 

CXLIII. 4

1 

CXLIV. 3

725 

CXLV. 1

.07 
CXLVI. 0.211 

CXLVII. 2

7 

CXLVIII. 2

50 

CXLIX. 20.0

3 

CL. 0.

200 

CLI. 1.

470 

CLII. 1

9 

CLIII. 29

.4 

CLIV. 5

2 

CLV. 4

427 

CLVI. 1

.36 
CLVII. 0.216 

CLVIII. 2

8 

CLIX. 2

50 

CLX. 20.0

3 

CLXI. 0.

250 

CLXII. 1.

180 

CLXIII. 1

5 

CLXIV. 18

,8 

CLXV. 6

3 

CLXVI. 5

061 

CLXVII. 1

.64 
CLXVIII. 0.221 

CLXIX. 2

9 

CLXX. 2

50 

CLXXI. 20.0

3 

CLXXII. 0.

300 

CLXXIII. 0.

980 

CLXXIV. 1

3 

CLXXV. 13

. 1 

CLXXVI. 7

3 

CLXXVII. 5

646 

CLXXVIII. 1

.91 
CLXXIX. 0.227 

CLXXX. 3

0 

CLXXXI. 2

50 

CLXXXII. 20.0

3 

CLXXXIII. 0.

350 

CLXXXIV. 0.

840 

CLXXXV. 1

1 

CLXXXVI. 9.

6 

CLXXXVII. 8

3 

CLXXXVIII. 6

193 

CLXXXIX. 2

.17 

CXC. 0.232 

CXCI. 3

1 

CXCII. 3

00 

CXCIII. 24.0

3 

CXCIV. 0.

150 

CXCV. 1 

.630 

CXCVI. 1

2 

CXCVII. 21

.0 

CXCVIII. 4

1 

CXCIX. 3

725 

CC. 1

.29 
CCI. 0.212 

CCII. 3

2 

CCIII. 3

00 

CCIV. 24.0

3 

CCV. 0.

200 

CCVI. 1.

230 
CCVII. 9 

CCVIII. 11

.8 

CCIX. 5

2 

CCX. 4

427 

CCXI. 1

.63 
CCXII. 0.217 

CCXIII. 3

3 

CCXIV. 3

00 

CCXV. 24.0

3 

CCXVI. 24.0

3 

CCXVII. 0.

250 

CCXVIII. 0.

980 
CCXIX. 7 

CCXX. 7.

6 

CCXXI. 6

3 

CCXXII. 5

061 

CCXXIII. 1

.97 
CCXXIV. 0.226 

CCXXV. 3

4 

CCXXVI. 3

00 

CCXXVII. 0.

300 

CCXXVIII. 0.

820 

CCXXIX. 6 CCXXX. 5.

3 

CCXXXI. 7

3 

CCXXXII. 5

646 

CCXXXIII. 2

.29 

CCXXXIV. 0.232 

CCXXXV. 3

6 

CCXXXVI. 3

50 

CCXXXVII. 28.0

4 

CCXXXVIII. 0.

150 

CCXXXIX. 1.

400 
CCXL. 6 

CCXLI. 9.

7 

CCXLII. 4

1 

CCXLIII. 3

725 

CCXLIV. 1

.50 
CCXLV. 0.215 

 

Table 2. Repository for technical expertise– result of operation of the module of     determination of technical and 

economic parameters of operation of drilling 
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CCXLVI. i

i 
CCXLVII. n CCXLVIII. V CCXLIX. S CCL. tosn 

CCLI. R

in 

CCLII. T

sr 
CCLIII.  

CCLIV. M

k 
CCLV. Po 

CCLVI. Nef

f 

CCLVII. Var

T 

CCLVIII.  

CCLIX. 1

5 

CCLX.  

CCLXI. 1

00 

CCLXII.  

CCLXIII. 8.01 

CCLXIV.  

CCLXV. 0.35

0 

CCLXVI.  

CCLXVII. 2. 100 

CCLXVIII.  

CCLXIX. 4

46 

CCLXX.  

CCLXXI. 938.4 

CCLXXII.  

CCLXXIII. 8

3 

CCLXXIV.  

CCLXXV. 61

93 

CCLXXVI.  

CCLXXVII. 0.8

7 

CCLXXVIII.  

CCLXXIX. 0 

.304 

CCLXXX. 1

6 

CCLXXXI. 1

60 

CCLXXXII. 12,82 CCLXXXIII. 0.15

0 

CCLXXXIV. 3.060 CCLXXXV. 1

58 

CCLXXXVI. 486.5 CCLXXXVII. 4

1 

CCLXXXVIII. 37

25 

CCLXXXIX. 0.6

9 

CCXC. 0.30

9 

CCXCI. 1

7 

CCXCII. 1

60 

CCXCIII. 12.82 CCXCIV. 0.20

0 

CCXCV. 2.300 CCXCVI. 1

18 

CCXCVII. 273.6 CCXCVIII. 5

2 

CCXCIX. 44

27 

CCC. 0.8

7 

CCCI. 0 

.312 

CCCII. 1

8 

CCCIII. 1

60 

CCCIV. 12.82 CCCV. 0.25

0 

CCCVI. 1.840 CCCVII. 9

5 

CCCVIII. 175. 1 CCCIX. 6

3 

CCCX. 50

61 

CCCXI. 1.0

5 

CCCXII. 0 

.316 

CCCXIII. 1

9 

CCCXIV. 1

60 

CCCXV. 12.82 CCCXVI. 0.30

0 

CCCXVII. 1.530 CCCXVIII. 7

9 

CCCXIX. 121.6 CCCXX. 7

3 

CCCXXI. 56

46 

CCCXXII. 1.2

2 

CCCXXIII. 0 

.325 

CCCXXIV. 2

0 

CCCXXV. 1

60 

CCCXXVI. 12.82 CCCXXVII. 0.35

0 

CCCXXVIII. 1 .310 CCCXXIX. 6

8 

CCCXXX. 89. 4 CCCXXXI. 8

3 

CCCXXXII. 61

93 

CCCXXXIII. 1.3

9 

CCCXXXIV. 0 

.331 

CCCXXXV. 2

1 

CCCXXXVI. 2

00 

CCCXXXVII. 16.02 CCCXXXVIII. 0.15

0 

CCCXXXIX. 2.450 CCCXL. 6

5 

CCCXLI. 159.7 CCCXLII. 4

1 

CCCXLIII. 37

25 

CCCXLIV. 0.8

6 

CCCXLV. 0 

.332 

CCCXLVI. 2

2 

CCCXLVII. 2

00 

CCCXLVIII. 16.02 CCCXLIX. 0.20

0 

CCCL. 1.840 CCCLI. 4

8 

CCCLII. 89.8 CCCLIII. 5

2 

CCCLIV. 44

27 

CCCLV. 1.0

9 

CCCLVI. 0 

.335 

CCCLVII. 2

3 

CCCLVIII. 2

00 

CCCLIX. 16.02 CCCLX. 0.25

0 

CCCLXI. 1 .470 CCCLXII. 3

9 

CCCLXIII. 57.5 CCCLXIV. 6

3 

CCCLXV. 50

61 

CCCLXVI. 1.3

1 

CCCLXVII. 0 

.340 

CCCLXVIII. 2

4 

CCCLXIX. 2

00 

CCCLXX. 16.02 CCCLXXI. 0.30 

0 

CCCLXXII. 1.230 CCCLXXIII. 3

2 

CCCLXXIV. 39.9 CCCLXXV. 7

3 

CCCLXXVI. 56

46 

CCCLXXVII. 1.5

3 

CCCLXXVIII. 0 

.344 

CCCLXXIX. 2

5 

CCCLXXX. 2

00 

CCCLXXXI. 16.02 CCCLXXXII. 0.35

0 

CCCLXXXIII. 1.050 CCCLXXXIV. 2

7 

CCCLXXXV. 29.3 CCCLXXXVI. 8

3 

CCCLXXXVII. 61

93 

CCCLXXXVIII. 1.7

3 

CCCLXXXIX. 0 

.347 

CCCXC. 2

6 

CCCXCI. 2

50 

CCCXCII. 20 

.03 

CCCXCIII. 0.15

0 

CCCXCIV. 1.960 CCCXCV. 2

6 

CCCXCVI. 52.3 CCCXCVII. 4

1 

CCCXCVIII. 37

25 

CCCXCIX. 1.0

7 

CD. 0 

.351 

CDI. 2

7 

CDII. 2

50 

CDIII. 20 

,03 

CDIV. 0.20

0 

CDV. 1.470 CDVI. 1

9 

CDVII. 29.4 CDVIII. 5

2 

CDIX. 44

27 

CDX. 1.3

6 

CDXI. 0 

.355 

CDXII. 2

8 

CDXIII. 2

50 

CDXIV. 20 

.03 

CDXV. 0,25

0 

CDXVI. 1. 180 CDXVII. 1

5 

CDXVIII. 18.8 CDXIX. 6

3 

CDXX. 50

61 

CDXXI. 1.6

4 

CDXXII. 0 

.358 

CDXXIII. 2

9 

CDXXIV. 2

50 

CDXXV. 20 

.03 

CDXXVI. 0.30

0 

CDXXVII. 0.980 CDXXVIII. 1

3 

CDXXIX. 13.1 CDXXX. 7

3 

CDXXXI. 56

46 

CDXXXII. 1.9

1 

CDXXXIII. 0 

.362 

CDXXXIV. 3

0 

CDXXXV. 2

50 

CDXXXVI. 20.03 CDXXXVII. 0.35

0 

CDXXXVIII. 0.840 CDXXXIX. 1

1 

CDXL. 9.6 CDXLI. 8

3 

CDXLII. 61

93 

CDXLIII. 2.1

7 

CDXLIV. 0 

.365 

CDXLV. 3

1 

CDXLVI. 3

00 

CDXLVII. 24.03 CDXLVIII. 0.15

0 

CDXLIX. 1.630 CDL. 1

2 

CDLI. 21.0 CDLII. 4

1 

CDLIII. 37

25 

CDLIV. 1.2

9 

CDLV. 0 

.352 

CDLVI. 3

2 

CDLVII. 3

00 

CDLVIII. 24.03 CDLIX. 0.20

0 

CDLX. 1.230 CDLXI. 9 CDLXII. 11.8 CDLXIII. 5

2 

CDLXIV. 44

27 

CDLXV. 1.6

3 

CDLXVI. 0 

.355 

CDLXVII. 3

3 

CDLXVIII. 3

0 0 

CDLXIX. 24.03 CDLXX. 0.25

0 

CDLXXI. 0.980 CDLXXII. 7 CDLXXIII. 7.6 CDLXXIV. 6

3 

CDLXXV. 50

61 

CDLXXVI. 1.9

7 

CDLXXVII. 0 

.361 

CDLXXVIII. 3

4 

CDLXXIX. 3

00 

CDLXXX. 24.03 CDLXXXI. 0.30

0 

CDLXXXII. 0 .820 CDLXXXIII. 6 CDLXXXIV. 5.3 CDLXXXV. 7

3 

CDLXXXVI. 56

46 

CDLXXXVII. 2.2

9 

CDLXXXVIII. 0 

.365 

CDLXXXIX. 3

6 

CDXC. 3

50 

CDXCI. 28.04 CDXCII. 0.15

0 

CDXCIII. 1.400 CDXCIV. 6 CDXCV. 9.7 CDXCVI. 4

1 

CDXCVII. 37

25 

CDXCVIII. 1.5

0 

CDXCIX. 0 

.354 
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Table 3 

D. Тр DI. Dp DII. Rinp 
DIII. TSH

T DIV. HPsnv DV. SPfin 
DVI. zCIN

S 
DVII. Eoper DVIII. Clotv 

DIX. 468.4 DX. 3583 DXI. 223 DXII. 3.046 DXIII. 161 DXIV. 1 
DXV. 1162

9 
DXVI. 27084 DXVII. 168 

DXVIII. 938.4 DXIX. 7179 DXX. 446 DXXI. 3.045 DXXII. 161 DXXIII. 1 
DXXIV. 1162

9 
DXXV. 27082 DXXVI. 168 

DXXVII.  DXXVIII.  DXXIX.  DXXX.  DXXXI.  DXXXII.  DXXXIII.  DXXXIV.  DXXXV.  

DXXXVI. 239.2 DXXXVII. 1830 DXXXVIII. 78 DXXXIX. 4.439 DXL. 110 DXLI. 1 
DXLII. 1162

9 
DXLIII. 26958 DXLIV. 245 

DXLV. 486.5 DXLVI. 3722 DXLVII. 158 DXLVIII. 4.438 DXLIX. 110 DL. 1 
DLI. 1162

9 
DLII. 26954 DLIII. 245 

DLIV. 133.0 DLV. 1017 DLVI. 57 DLVII. 3.338 DLVIII. 147 DLIX. 1 
DLX. 1162

9 
DLXI. 27092 DLXII. 184 

DLXIII. 273.6 DLXIV. 2093 DLXV. 118 DLXVI. 3.336 DLXVII. 147 DLXVIII. 1 
DLXIX. 1162

9 
DLXX. 27086 DLXXI. 184 

DLXXII. 83.9 DLXXIII. 642 DLXXIV. 45 DLXXV. 2.671 DLXXVI. 184 DLXXVII. 1 
DLXXVIII. 1162

9 
DLXXIX. 27181 DLXXX. 148 

DLXXXI. 175.1 DLXXXII. 1340 DLXXXIII. 95 DLXXXIV. 2.670 DLXXXV. 184 DLXXXVI. 1 
DLXXXVII. 1162

9 
DLXXXVIII. 27171 DLXXXIX. 148 

DXC. 56.6 DXCI. 433 DXCII. 36 DXCIII. 2.223 DXCIV. 221 DXCV. 1 
DXCVI. 1162

9 
DXCVII. 27228 DXCVIII. 123 

DXCIX. 121.6 DC. 930 DCI. 79 DCII. 2.220 DCIII. 221 DCIV. 1 
DCV. 1162

9 
DCVI. 27213 DCVII. 123 

DCVIII. 40.7 DCIX. 311 DCX. 31 DCXI. 1.904 DCXII. 258 DCXIII.  
DCXIV. 2325

7 
DCXV. 38918 DCXVI. 151 

DCXVII. 89.4 DCXVIII. 684 DCXIX. 68 DCXX. 1.902 DCXXI. 258 DCXXII. 1 
DCXXIII. 1162

9 
DCXXIV. 27268 DCXXV. 106 

DCXXVI.  DCXXVII.  DCXXVIII.  DCXXIX.  DCXXX.  DCXXXI.  DCXXXII.  DCXXXIII.  DCXXXIV.  

DCXXXV. 72.4 DCXXXVI. 554 DCXXXVII. 29 DCXXXVIII. 3,558 DCXXXIX. 138 DCXL. 1 
DCXLI. 1162

9 
DCXLII. 27099 DCXLIII. 196 

DCXLIV. 159.7 DCXLV. 1222 DCXLVI. 65 DCXLVII. 3.555 DCXLVIII. 138 DCXLIX. 1 
DCL. 1162

9 
DCLI. 27087 DCLII. 196 

DCLIII. 40.3 DCLIV. 30 8 DCLV. 21 DCLVI. 2.675 DCLVII. 183 DCLVIII.  
DCLIX. 2325

7 
DCLX. 38759 DCLXI. 212 

DCLXII. 89.8 DCLXIII. 687 DCLXIV. 48 DCLXV. 2.671 DCLXVI. 184 DCLXVII. 1 
DCLXVIII. 1162

9 
DCLXIX. 27193 DCLXX. 148 

DCLXXI. 25.4 DCLXXII. 194 DCLXXIII. 17 DCLXXIV. 2.140 DCLXXV. 229 DCLXXVI.  
DCLXXVII. 2325

7 
DCLXXVIII. 38851 DCLXXIX. 170 

DCLXXX. 57.5 DCLXXXI. 440 DCLXXXII. 39 DCLXXXIII. 2.135 DCLXXXIV. 230 DCLXXXV. 1 
DCLXXXVI. 1162

9 
DCLXXXVII. 27256 DCLXXXVIII. 119 

DCLXXXIX. 17.3 DCXC. 133 DCXCI. 14 DCXCII. 1.794 DCXCIII. 274 DCXCIV. 3 
DCXCV. 3488

6 
DCXCVI. 50601 DCXCVII. 185 

DCXCVIII. 39.9 DCXCIX. 305 DCC. 32 DCCI. 1.788 DCCII. 275 DCCIII. 2 
DCCIV. 2325

7 
DCCV. 38978 DCCVI. 142 

DCCVII. 12.6 DCCVIII. 96 DCCIX. И DCCX. 1.535 DCCXI. 320 DCCXII. 4 
DCCXIII. 4651

5 
DCCXIV. 62283 DCCXV. 195 

DCCXVI. 29.3 DCCXVII. 224 DCCXVIII. 27 DCCXIX. 1.528 DCCXX. 322 DCCXXI. 2 
DCCXXII. 2325

7 
DCCXXIII. 39053 DCCXXIV. 121 

DCCXXV.  DCCXXVI.  DCCXXVII.  DCCXXVIII.  DCCXXIX.  DCCXXX.  DCCXXXI.  DCCXXXII.  DCCXXXIII.  

DCCXXXIV. 22.1 DCCXXXV. 169 DCCXXXVI. 11 DCCXXXVII. 2.855 DCCXXXVIII. 172 DCCXXXIX. 2 
DCCXL. 2325

7 
DCCXLI. 38802 DCCXLII. 226 

DCCXLIII. 52.3 DCCXLIV. 400 DCCXLV. 26 DCCXLVI. 2.848 DCCXLVII. 172 DCCXLVIII. 1 
DCCXLIX. 1162

9 
DCCL. 27133 DCCLI. 158 

DCCLII. 12.3 DCCLIII. 94 DCCLIV. 8 DCCLV. 2.150 DCCLVI. 228 DCCLVII. 4 
DCCLVIII. 4651

5 
DCCLIX. 62123 DCCLX. 272 

DCCLXI. 29.4 DCCLXII. 225 DCCLXIII. 19 DCCLXIV. 2.139 DCCLXV. 230 DCCLXVI. 2 
DCCLXVII. 2325

7 
DCCLXVIII. 38928 DCCLXIX. 169 

DCCLXX. 7.7 DCCLXXI. 59 DCCLXXII. 6 DCCLXXIII. 1.734 DCCLXXIV. 283 DCCLXXV. 7 
DCCLXXVI. 8140

1 
DCCLXXVII. 97120 DCCLXXVIII. 343 

DCCLXXIX. 18.8 DCCLXXX. 144 DCCLXXXI. 15 DCCLXXXII. 1.720 DCCLXXXIII. 285 DCCLXXXIV. 3 
DCCLXXXV. 3488

6 
DCCLXXXVI. 50597 DCCLXXXVII. 178 

DCCLXXXVIII. 5.3 DCCLXXXIX. 41 DCCXC. 5 DCCXCI. 1.449 DCCXCII. 339 DCCXCIII. 9 
DCCXCIV. 10 

4658 
DCCXCV. 120477 DCCXCVI. 355 

DCCXCVII. 13.1 DCCXCVIII. 100 DCCXCIX. 13 DCCC. 1.432 DCCCI. 343 DCCCII. 4 
DCCCIII. 4651

5 
DCCCIV. 62345 DCCCV. 182 

DCCCVI. 3.8 DCCCVII. 29 DCCCVIII. 4 DCCCIX. 1.251 DCCCX. 393 DCCCXI. 13 
DCCCXII. 1511

73 
DCCCXIII. 167089 DCCCXIV. 425 

DCCCXV. 9.6 DCCCXVI. 73 DCCCXVII. 11 DCCCXVIII. 1.231 DCCCXIX. 399 DCCCXX. 5 
DCCCXXI. 5814

3 
DCCCXXII. 74058 DCCCXXIII. 186 

DCCCXXIV.  DCCCXXV.  DCCCXXVI.  DCCCXXVII.  DCCCXXVIII.  DCCCXXIX.  DCCCXXX.  DCCCXXXI.  DCCCXXXII.  

DCCCXXXIII. 8.8 DCCCXXXIV. 68 DCCCXXXV. 5 DCCCXXXVI. 2.391 DCCCXXXVII. 205 DCCCXXXVIII. 6 
DCCCXXXIX. 6977

2 
DCCCXL. 85359 DCCCXLI. 416 

DCCCXLII. 21 ,0 DCCCXLIII. 161 DCCCXLIV. 12 DCCCXLV. 2.375 DCCCXLVI. 207 DCCCXLVII. 3 
DCCCXLVIII. 3488

6 
DCCCXLIX. 50522 DCCCL. 244 

DCCCLI. 4.9 DCCCLII. 38 DCCCLIII. 3 DCCCLIV. 1.821 DCCCLV. 270 DCCCLVI. 12 
DCCCLVII. 1395

44 
DCCCLVIII. 155288 DCCCLIX. 575 

DCCCLX. 11.8 DCCCLXI. 90 DCCCLXII. 9 DCCCLXIII. 1.799 DCCCLXIV. 273 DCCCLXV. 4 
DCCCLXVI. 4651

5 
DCCCLXVII. 62248 DCCCLXVIII. 228 

DCCCLXIX. 3.1 DCCCLXX. 24 DCCCLXXI. 3 DCCCLXXII. 1.469 DCCCLXXIII. 334 DCCCLXXIV. 15 
DCCCLXXV. 1744

30 
DCCCLXXVI. 190242 DCCCLXXVII. 570 
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Table 4. An example of definition of the modes of cutting (steel 12X18H10T processing by a spiral drill from 

P6M5) 

 

№ 
List of restrictions 

The list of nodes of a set of the modes of 

cutting answering to the set conditions 

1 

 

2 

 

3 

 

 

4 

 

 

5 

 

 

6 

1,30 ≤ 𝑡𝑜𝑠𝑛  ≤ 1.75 

 

220 ≤ 𝐻𝑠𝑚𝑣 ≤ 235 

 

 
1.30 ≤ 𝑡𝑜𝑠𝑛 ≤ 1.35

𝑅0.95 ≥ 15
  

 

 
220 ≤ 𝐻𝑠𝑚𝑣 ≤ 235

15 ≤ 𝑅0.95 ≤ 35
  

 

 
1,45 ≤ 𝑡𝑜𝑠𝑛  ≤ 1.55

𝑅0.95 ≥ 40
  

 

 
220 ≤ 𝐻𝑠𝑚𝑣 ≤ 235

𝐶1𝑜𝑡𝑣 → 𝑚𝑖𝑛
  

 

19 20 23 27 31 36 

 

19 23 27 

 

19 23 27 

 

 

23 

 

 

Nil 

 

 

 

19 

 

IV.  Conclusion 
The carried-out analytical calculations showed that: 

-  At low values of the modes of cutting (𝑉𝑖  and 𝑆𝑖) and respectively minor changes of coefficient of a variation of 

firmness of VarT of change of the value 𝑆𝑃𝑓𝑖𝑛 , 𝐶𝐿𝑜𝑝𝑛  practically does not occur at change of a variation of 

firmness of preparations from 0 to 20% at all considered levels of reliability 𝑝𝑖 ; 

-  At mean values of the modes of cutting (𝑉𝑖  and 𝑆𝑖) and changes of coefficient of a variation of firmness of VarT 

from 0.125 to 0.237 observe a tendency to increase of the values 𝑆𝑃𝑓𝑖𝑛 _𝑃𝑖 , 𝐶𝐿𝑜𝑝𝑛 _𝑃𝑖   at increase of a variation of 

firmness of preparations from 0 to 20%. 

-  At great values of the modes of cutting (𝑉𝑖  and 𝑆𝑖) and changes of coefficient of a variation of firmness of VarT 

from 0.125 to 0.293 observe a tendency to sharp increase of the values 𝑆𝑃𝑓𝑖𝑛 _𝑃𝑖 , 𝐶𝐿𝑜𝑝𝑛 _𝑃𝑖   at increase of a 

variation of firmness of preparations from 0 to 20%. 

The developed technique allowed to generate the database for definition of the modes of cutting on operation of drilling 

of a deaf opening Ø25 of mm of L=75 mm in depth. On this operation, steel 12X18H10T instruments of three different 

DCCCLXXVIII. 7.6 DCCCLXXIX. 58 DCCCLXXX. 7 DCCCLXXXI. 1.440 DCCCLXXXII. 341 DCCCLXXXIII. 7 
DCCCLXXXIV. 8140

1 
DCCCLXXXV. 97245 DCCCLXXXVI. 285 

DCCCLXXXVII. 2.1 DCCCLXXXVIII. 16 DCCCLXXXIX. 2 DCCCXC. 1.247 DCCCXCI. 394 DCCCXCII. 26 
DCCCXCIII. 3023

46 
DCCCXCIV. 318279 DCCCXCV. 808 

DCCCXCVI. 5.3 DCCCXCVII. 41 DCCCXCVIII. 6 DCCCXCIX. 1.212 CM. 405 CMI. 9 
CMII. 1046

58 
CMIII. 120598 CMIV. 298 

CMV.  CMVI.  CMVII.  CMVIII.  CMIX.  CMX.  CMXI.  CMXII.  CMXIII.  
CMXIV. 4.1 CMXV. 31 CMXVI. 2 CMXVII. 2.082 CMXVIII. 236 CMXIX. 16 

CMXX. 1860

59 
CMXXI. 201745 CMXXII. 855 

CMXXIII. 9.7 CMXXIV. 74 CMXXV. 6 CMXXVI. 2.052 CMXXVII. 239 CMXXVIII. 6 
CMXXIX. 6977

2 
CMXXX. 85435 CMXXXI. 357 
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constructions (spiral drills from P6M5, pointed drills with plates from BK8 and drills with MNS structure equipped with 

trihedral throw-away plates of T15K6) are used. 

The developed technique allows considering in the course of definition of the modes of cutting the wide accumulated 

experience on operation of tools in the most different conditions presented in standards for the modes of cutting and 

reference books, providing thereby objectivity of the calculated cutting modes to real conditions of processing.  
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