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The desired path of motion for the CNC hollow mill,
round-ended slotting chisel’s wear & dust conditions in the facsimile
engraving technology for minerals

LN. Mikov', V.M. Burtsev? and V.A.Kazakov’

PoZadovana draha pohybu CNC korunovej frézy, opotrebenie zaobleného drazkovacieho hrotu a prasnost’
pri faxovej technologii rytia do minerdlov
Pri faxovej technolégii rytia do minerdlov musi byt pévodny poloténovy obraz nahradeny mikrondrazovym obrazom na CNC
korunovej fréze zaoblenym drazkovacim hrotom. Konecny mikrondrazovy obraz je vysledkom vzdalovania mikrodotykovych prvkov. Prdca
popisuje rovnice pre opotrebovanie a velkost dotyku zaobleného drdzkovacieho hrotu. Doporucené s tiez podmienky rytia ako je rychlost,
hlbka, atd.

In facsimile engraving technology for minerals the facsimile copying of images on mineral surface can be
made by rastration (dithering), when the original halftone image is replaced by microstroke image, consisting of
line and dot elements. In this case we need a CNC hollow mill and a round-ended slotting chisel.

Brittle materials (minerals, cast iron, bronze, etc.) have an ultimate compression strength more than 20-100
higher than the ultimate tensile strength. As a result, the fragile destruction is typical for minerals in the facsimile
engraving technology. The crater has no built-up edge and the waste looks like a dust.

In general, in the process of facsimile engraving, a videosignal is transformed, amplified and fed to the
electromechanical converter with the slotting chisel, which creates image elements by penetrating into the
material. Different halftones are reproduced by a pulse modulation of a 2-dimensional signal. Engraving of an
image is performed by scanning moving along the lines of the image with raster impact moving of the converter.

The impulse force F (amplitude modulation and frequency modulation) is proportional to the videosignal

Uvideo : F =f;ign (Uvideo)° (l)
In the process of facsimile engraving the total force consists of potential and kinetic forces
F2=Fp+Fk=Fp+Qk/Az, (2)

where

F5 - total impulse force axial component

F, - electromagnet rotor clearance potential force axial component

F, - the first kinetic force axial component (at the beginning of slotting chisel contact with the
surface of mineral)

O, - the second kinetic force axial component (at the end of slotting chisel contact with the
surface of mineral)

A, - rotor shift along the Z-axis
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where
Q - amount of energy E - Young Module o - chisel material tensile strength o, - 3-dimensional chisel
material strength

Slotting chisel linear wear after one hit the surface of mineral Ay

A, =[QfE Ysin (/2)]A° & o ki, “4)

where
A —chisel width  f— coefficient of friction K - temperature coefficient (K, = 107...10%
E — chisel material Young Module

Machine engraving by dithering is identical to the destruction by impact and includes 3 technological
stages. The first technological stage is a preliminary stage, when the chisel does not touch the surface of mineral.
In the second technological stage, the chisel hits the surface. Practically, there is a small amount of dust in the
area of elastic plastic deformation (zone of halftone engraving) and a lot of dust in the area of material
destruction (Fig.2).

Vs L, Fig.2
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chizar a1/, e 4
A\ 3 » By T Formulas for dust conditions are:
S:fnrifs:faff ¢ 2 SN L, Touch stage L=V, ¢+L,+A4A;+L, %)
1 Penetration stage L, = 2A,tg o/2, 6)

Return stage L, = V, (Ay/(Ay + A)) £, (7

where
L, — stroke length V; — stroke speed 4; —chisel width
_ L,— penetration stroke length
£ o L, — return stroke length - chisel cutting edge
«» d Ay, — depth of penetration

T A. — clearance between chisel and surface of mineral
7- time of penetration

Ah = f (Uvideo) (8)
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