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Total production cost
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Dispersion of Workpiece Hardness:
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Deviation from average is for:
Iron alloys – 46%
Aluminum alloys – 48%



Dispersion of Workpiece Dimensions:

Types (Rz)1 (mm) h1 (mm) (Td)1 (mm) ε 1 (mm)

CASTING 0.2 0.1 4 2.6

Δ к Δб
0

.
0

8
4

1
ROLLING 0.32 0.4 3 4.32

Δ к Δб

0
.

0
6

1

(ΔΣ)1 (mm)

0.28

PUNCHING 0.2 0.25 1.1 5 4

2.1

WELDING 1.5 - 1.06 5.5 5.3

Types (R z)1 (mm) h1 (mm) (ΔΣ)1 (mm) (Td) 1(mm) ε
1 (mm)

CASTING (R z)1 h1 (ΔΣ)1 4 2.6

PUNCHING (R z)1 h1 (ΔΣ)1 4.2 3.7

ROLLING - - - - -

WELDING (R z)1 h1 (ΔΣ)1 11 8.1

Types (Rz)1 (mm) h1 (mm) (ΔΣ)1 (mm) (Td)1 (mm) ε1 (mm)

CASTING (Rz)1 h1 0.21 2.6 1.8

PUNCHING 0.2 1 (ΔΣ)1 2.4 3.5

ROLLING (Rz)1 0.75 (ΔΣ)1 (Td)1 4.7

WELDING - 3.5 5.6 15.3 16.8
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CASTING 2.6 2.6 1.8

PUNCHING 4 3.7 3.5

ROLLING 4.32 - 4.7

WELDING 5.3 8.1 16.8

Engineering hand books Manufacturing experience

Literature sources



Disturbance is the difference between 
the designed and existing values of 
workpiece parameters

Manufacturing 
Process

Disturbances

Cheap 
Workpieces



Methods of Parametrical Optimization

Without considering 
of expences of tools

With considering of 
wear of tools
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V νS- Cutting speed - Feedrate

t - Depth of cut
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Adaptive Real Time Control

Manufacturing 
Process

Disturbances

V,S control

Optimization rule
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Adaptive Part Programming (APP) 

Path + V,S control

Disturbances

Optimization rule

Manufacturing 
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5 Typical cases of machining:
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Workpiece - P20HB180; Cutting tool – GC415; 
Iτ = 2min;  IQ =6.7cent;  [ ]zP =30n; [ ]yP =4n; 

[ ]zR =0.002mm 

Workpiece - K20HB260; Cutting tool – GC43
Iτ = 2min;  IQ =6.7cent;  [ ]zP =30n; [ ]yP =7n

[ ]zR =0.002mm 

Workpiece – P30HB200; Cutting tool – GC415; 
Iτ = 2min;  IQ =6.7cent;  [ ]zP =30n; [ ]yP =7n; 

[ ]zR =0.002mm 

Workpiece – P01HB100; Cutting tool – GC415; 
Iτ = 2min;  IQ =6.7cent;  [ ]zP =30n; [ ]yP =7n; 

[ ]zR =0.002mm 

Workpiece - M20HB170; Cutting tool – GC435; 
Iτ = 2min;  IQ =6.7cent;  [ ]zP =25n; [ ]yP =7n; 

[ ]zR =0.002mm
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Realization of APP
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Realization of APP

STCL Structure



Realization of APP

Model Formalizm for STHO

T1HO

M1-2 – “Fast->Feedrate->Feedrate->Fast”

M1-1 –“Fast->Feedrate->Fast->Fast”
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Realization of APP

Model Formalizm for STCL
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CNC Custom Software Development

Sinumerik MS2-300 Heidenhain Co.

Contact Probe Marpos

Adaptive Control Unit Promess – [M] [V]

{ }{ }{ }{ }mkji YHXAN... iA  - is array of subroutine names – 5 names 

L71÷L75 were reserved for this array 

jX  - array of geometrical parameters of 

STHO/STCL; 19 parameters R11÷R30 were 
reserved 

kH  - array of machining parameters, 
optimization rules and constants – 9 
parameters R31÷R40 were reserved 

mY  - array of entry control parameters  - 9 

parameters R41÷R50 were reserved. 



Correction Algorithms

Calculation of depth of cut  t

R31/R32 Yes

No

Yes

No

Workpiece measurement, L93 Marpos

R33/R34 or R35/R36

Activate Promes

Correction of  V and S

Calculation of tool path geometry

Calculation of depth of cut  t

R31/R32 Yes

No

Yes

No

Workpiece measurement, L93 MarposWorkpiece measurement, L93 Marpos

R33/R34 or R35/R36R33/R34 or R35/R36

Activate Promes

Correction of  V and S

Calculation of tool path geometry

Definition of K, tk

End

PV

[ ]VVk =

33.1
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[ ] 75.0116120 −−−− ⋅⋅⋅⋅⋅= k
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kkpk SHBtCNV
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No
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Definition of K, tkDefinition of K, tk

EndEnd
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n
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n

kkpk SHBtCNV

i<ki<k

Definition of tkHBkDefinition of tkHBk

[ ] 75.0116120 −−−− ⋅⋅⋅⋅⋅= k
n

kkpk SHBtCNV [ ] 75.0116120 −−−− ⋅⋅⋅⋅⋅= k
n

kkpk SHBtCNV

Yes

No

Yes

No

Yes

No

CNC Custom Software Development



Conclusions

1. For rough cutting conditions it is identified 
that correction of tool path geometry according 
to actual value of workpiece dimensions brings 
enhancement of fixed rule adaptive control for 
[ ]PV , [ ]SN , [ ]PN , [ ]MV , [ ]MN  control. 

2. For limitations concerning with cutting tool
life period (rules [ ]PT , [ ]MT ), correction of tool 
path geometry is not necessary. 

3. Adaptive Part Programming approach can be 
realized through the customization of the 
standard cycle’s library of CNC. 



Thanks a lot !
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