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Abstract: The method of optimization of the cutting regime at drilling of hard-processing materials with the use of different technological cutting fluid (CF) on the criterion of maximum productivity is presented. The mathematical model of cutting process at drilling taking into account limitations on the cutting temperature, cuttings possibilities cutting tool, durability and inflexibility of drill is developed. The estimation of efficiency of CF application on the basis of increasing coefficient of the treatment productivity is executed.
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Development of technique is related to creation and mastering of technology of treatment of blanks from steels and alloys with the special physical- mechanical properties. Major from which are inoxidizability in different environments, hot-resistance and high strength. In a number of cases materials are required combination of different properties.

By a basic factor, accompanying a cutting process, there is a high temperature in the zone of cutting, which causes the enhanceable wear of tool piece also. It specifies on importance of adjusting of thermal streams at cutting of the indicated materials. One of factors of management thermal streams at treatment cutting application of correctly neat cutting fluids (CF) that can improve the general picture of thermal processes in the zone of cutting is. The indicated factors show up at all types of machining, but especially characteristic for the operations of drilling. On possible cutting speed large influence is rendered by the geometrical parameters of sharpening of drill and application СF. Application СF allows to cutting speed on 40-45% [1, 2].

High temperatures in a zone of cutting arising up from subzero heat conductivity of hard-processing materials determine necessity of research of influence of temperature limits on the modes of cutting during their optimization. Existent methodology of calculation thermal streams and temperatures in the zone of cutting does not give to possibility to take into account cooling and oiling the actions of CF [3, 4]. There is of interest further development of methodology of determination of temperatures in the zone of cutting at the use CF for these types of materials.

The purpose of represented operation is to fix influence of basic CF functional properties on optimum cutting regimes which provide maximum productivity at drilling and also to evaluate their influence on heightening of productivity of their machining. 

As target function by optimization of cutting regimes we accept productivity of the machining which maximum is reached at a minimum of computed machine time, or a maximum n s
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max. 
For determination of limitations on cutting possibilities of the cutting tool at application of different CF experimental researches of dependence of tool life from cutting speed are conducted. Terms of leadthrough of experiments are follows: the processed material is steel Х18Н9Т instrumental material is tungsten type high-speed tool steel of R18, drill diameter – 8,3мм, technological cutting fluids are: emulsion IY-2, emulsion NGL-250, emulsion SDM,u.

The results of experimental researches of dependence of tool life from cutting speed for different CF in comparison with machining without CF are presented on fig.1. As result of experimental researches dependences of tool life T from cutting speed V are set:

at machining without CF: 
[image: image2.wmf]4

5

10

883

,

5

V

T

×

=

; for emulsion IY-2: 
[image: image3.wmf]9

,

3

6

1

10

166

,

1

V

T

×

=

; for emulsion NGL-205: 
[image: image4.wmf]7

,

2

4

2

10

787

,

7

V

T

×

=

; for emulsion SDM,u: 
[image: image5.wmf]9

,

4

8

3

10

296

,

1

V

T

×

=

.

[image: image31.wmf](

)

ï

ï

ï

ï

ï

ï

î

ï

ï

ï

ï

ï

ï

í

ì

®

+

£

³

£

³

£

£

£

£

+

£

+

£

+

max,

2

1

,

2

,

2

,

1

,

1

,

2

2

,

2

,

2

1

,

2

1

,

2

1

10

9

8

7

6

5

4

3

2

1

X

X

b

X

b

X

b

X

b

X

b

X

y

b

X

y

b

X

y

b

X

y

X

b

X

y

X

b

X

y

X

x

P

P

P

M

V

t

t

On the basis this information which is received as a result of experimental researches the dependences of cutting speed V from the drill diameter D, tool life T and feed s for different CF are set:
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For the account of influence of machining terms on the cutting temperature the known dependence is accepted [5]:
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These dependences are used as limitations during optimization of the cutting regimes [4].

In the present work following basic restrictions of regimes of cutting at machining intractable materials are considered:

1) by maximum possible cutting temperature Θpos:
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where Сt, Kt – coefficient and yt, zt – indexes which characterize influence degree of feed S and cutting speed V on temperature Θ;
2) by the cutting possibilities of the cutting tool:
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where CV, KV – coefficients and qv, mv, yv – indexes which characterize influence degree of drill diameter D, tool life T and feed s on cutting speed V; n – frequency of rotation;

3) by maximum possible machine-tool power Nmach:
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where СM, KM coefficients and qM, yM - indexes which characterize influence degree of drill diameter D and feed s on torque; ( - efficiency;

4) by strength of haulage unit of machine-tool Pom:
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where CР, KР – coefficients and qр, yр – the indexes characterize influence degree of drill diameter D and feed s on cutting force Рo;
5) by strength of a cutting tool:
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where σ - tensile strength; KS =1,5-2 - coefficient of strength margin; W = 0.02D3 –section modulus;

6) by rigidity of a cutting tool:
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where KI  ≈ 2.46 - coefficient of stability; E - modulus of elasticity of drill material; I = 0.039D4 - moment of inertia; L - throat of drill 

7) by maximum possible frequency of rotation nmin, nmax and feed smin, smax:
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As a result of linearization of target function and limitations by a taking the logarithm the mathematical model of process of the cutting expressed by set of linear inequalities (X1 = ln n; X2 = ln s) is defined and graphically is presented on fig. 2.
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Definition of optimum of cutting regimes is executed for drilling without application СF of bore by diameter D = 8.3mm, length L = 100mm; tool life Т = 15min.

For the set conditions of machining it is accepted following coefficients and the indexes which characterize influence degree of drill diameter, feed and tool life:

on temperature: Сt =350; Kt = 1; yt = 0,28; zt = 0,43;

on cutting speed: CV = 0,80; KV = 1; qv = 0,75; yv = 0,85; m = 0,25;

on torque and cutting force [2]: CM = 80; qM = 1,9; yM =0,8; KM =1; CР = 1100; qр = 1; yр =0,7; KР =1.

Following values of parameters bі are defined: b1 = 2,092; b2 = 4,516; b3 =-7,179; b4 =-0,496; b5 = -1,727; b6 = 0,046; b7 = -2,996; b8 = 0,806; b9 = 3,332; b10 = 7,09.

Polygon АВСD represents area of possible solutions at machining without СF. Target function accepts maximum value in point C for which the sum of distances to axes (X1+X2) is maximum. Coordinates of points C (X1о, X2о) are required best values of parameters on which optimum frequency of rotation and feed are defined. Point C is a cross point of limitation by maximum permissible cutting temperature (1) and limitations by strength of a cutting tool (6). 

For the set conditions following optimum cutting regimes at drilling of steel Х18Н9Т are defined: feed sо= 0,09mm/rev, frequency of rotation no = 650rev/min; cutting speed Vо = 17m/min.

At increasing lengths of drill its rigidity diminishes and limitation by rigidity of drill can be active subject to condition:
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where KL = L/D.

Border value of coefficient KLo at which it is necessary to take into account limitation by rigidity:
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At reduction of drill diameter cutting speed also diminishes and limitation by cutting possibilities of the cutting tool can be active subject to condition:


[image: image26.wmf]v

v

v

t

t

y

m

q

V

V

z

y

t

pos

s

T

D

K

C

S

Ñ

=

÷

ø

ö

ç

è

æ

Q

1

.                                         (16)

Border value of drill diameter Do at which it is necessary to take into account limitation by the cutting possibilities of the cutting tool:
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Optimum cutting regimes – feed So and cutting speed Vo can be defined analytically:
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The received analytical expressions allow calculating optimum cutting regimes machining of stainless steels for any conditions. On their foundation the coefficient of heightening of machining productivity with application СF can be defined:


[image: image30.wmf]t

p

t

t

v

m

t

v

z

y

y

z

y

q

M

M

z

t

m

q

V

V

C

D

K

C

C

T

D

K

C

K

-

-

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

Q

÷

÷

ø

ö

ç

ç

è

æ

=

s

012

,

0

3

1

.                                  (19)
[image: image34.png]min =
80 ] Cry —|
70 \gz 727 Nl 560 —|
60 QGL-250K (sDiw) |
50
40

o
30 S
20

;0
(without CF)\, I7-D)

=

10 20 Umhmn




The change of increase coefficient of machining productivity КP at drilling of steel Х18Н9Т with application various СF in depending on drill diameter and the tool life are presented on fig. 3. On the basis of increase coefficient of machining productivity the estimation of efficiency of application various СF can be executed. Technological cutting fluid SDM,u possesses the best possibilities on the increase of the drilling productivity.
ConclusionS

As a result of the executed researches the method of optimization of cutting regimes at drilling of stainless steels on the criterion of maximum productivity is developed. Influence on the optimum cutting regimes at drilling of steel Х18Н9Т of temperature limitations which substantially reduce cutting speed is grounded. On the basis of the executed experimental researches limitation on cutting possibilities of cutting tool with application different CF is set. Analytical dependences for the calculation of the optimum cutting regimes in any terms of machining are set. On their foundation the increase of machining productivity at the use of CF is defined. This coefficient allows estimating efficiency of application of different CF at drilling of stainless steels.

The designed method can be used for optimization of cutting regimes at various aspects of machining with application СF.
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Fig. 3. Graphs of change of increase coefficient of productivity КP at drilling of steel Х18Н9Т with application various СF depending on drill diameter D – a) and the tool life T – b)
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Fig. 2. Diagram of definition of optimum cutting regimes at drilling of steel Х18Н9Т without application СF
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Fig. 1. Graphs of dependence tool life T from cutting speed V at drilling of steel Х18Н9Т for different CF
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