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FORMATION OF BUILD-UPS [N SOLID DEFORMED BODIES

'Posvyatenko E.K., 'Posvyatenko N.L., *Budyak R.V.
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Abstract. The cutting of steels at low and medium speeds is accompanied by the formation of
build-ups. The build-ups have the same structure and chemical composition as the machined steel.
The physic-mechanical and cutting properties of the build-up edge, which seem to be extreme as for
structural steels, in fact have exclusively deformation as origin.

Key words: formation of build-ups, cutting, machined matenial, stress-strain state, micro-
hardness.

The first experimental studies of the build-ups formation when cutting steel belong to Ya. G.
Usachev [1, 2]. The optical microscope, artificial thermocouple, cutting process stopping method
and metallography were used in these studies. Already in 1912 Usachev Ya.G. revealed that the
build-up edge is formed from the machined material and serves as an additional cutting edge. More
recent studies [2, etc.] have the aim to show that the build-up edge body is formed involving
additional environmental factors. As a result, the build-up should have a different chemical
composition than the machined material. However, our later studies (3, 4, etc ] have shown the
fallacy of such opinion about a physical nature of the build-up. Thus, the main provisions of Ya.G.
Usachev have been confirmed at the current level of experimental technology.

We used in our work the following: micro-hardness-meters PMT-3; microscopes MIM-7
and Neophot-21; electronic microscopes RE-1064 and scanning analyzer "Camscan 4-DV"; also the
micro-hardness-meters "Dataletty 150" of "Shimadzu"company; WEB-camera EWEL and PC of
the latest generation.

Figure 1 shows the results of the study. Cutting modes: speed v=10.15m s; depth Sz - 0.15
mm; front angle y = 15 7; cutting edge’s rounding radius p = 0,008 mm; lubricating and cooling
liquid (LCL) - sulfofresol; micro-hardness over the entire cutting zone Hp. GPa; tangential stresses
10, tk, MPa.

Fig. 1 - Results of the study using micro-structural analysis (x50) and micro-hardness of the chip
formation zone with free orthogonal cutting of steel mark 10 and after HDZ (e = 0.25, HV 2.1
GPa): v=0.15m. s, Sz =0, | 5 mm; cutter - steel P6MS3; y = 15°% p = 0.008 mm; Coolant -
sulfofresol; the dimensions of the VAT characteristics: Hp - GPa; 10, tk-MPa

Formation of the build-up body occurs at the initial cutting site, beginning with a certain
volume of the processed material, which undergoes shear and compression deformations turning
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: into the plastic state. Practically, the formation ends while the tooth becomes fully engaged
process. The wedge-shaped chip formation zone occurs at the initial cutting site. In this case,
stress-strain state of the processed matenal at the cutting edge is such that the material, turning
> a build-up edge, acquires a deformation of the relative displacement ¢ = 20-50, regardless of
degree of hardening. These values of strain are an order of magnitude higher than the primary

strains (e = 1.5 - 5). The micro-hardness of the build-up greatly exceeds the micro-hardness of
chips and does not depend on the degree of initial hardening of the machined material. Thus,
(ien cutting steel mark 10, this excess reaches 30-35%.

The build-up body is in an elastic state at the site of stable cutting. In contrast, the deep

Iu:s:ic deformations occur in the chip’s contact layer and part’s surface layer, which border the
‘:d—up. This is evidenced by the texture and growth of micro-hardness. Thus, in the zone of
secondary chip deformation, the micro-hardness values approach such ones of the build-up edge.
e processed material retains its structure, turning into a build-up edge under the action of large
sastc deformations. Thus, the build-up has the same structure and chemical composition as the
scessed material in the initial state. The build-up physic-mechanical and cutting properties, which
“we seemed to be extreme as for the ordinary steels performances, in fact are exclusively
warmational in nature.
| Fig. 2 shows the general plan of the chip formation zone with the build-up body. The
wcessed steel passes from an elastic state to an elastic-plastic one in the chip formation zone 2.
= avilinear planes with initial tangential stress 0 and finite tk. bound the zone. The body of the
swld-up edge 4 is located and operates under conditions of all-round compression. On the one

sand. the body is limited by the front surface of the cutting wedge. On the other hand, the chip is
" wding along the body of the build-up edge. Finally, the body of the build-up on the back surface is

weated above the back surface of the chisel; B — the nearest-to-chisel chip layer, which contacts

wuth the body of the build-up edge; C - part of the build-up, which remained on the surface being

=uchined; D - microstructure of the build-up edge body in the region of its cutting edge; E -

= crostructure of the transition zone " build-up - machined surface”; G - microstructure of the

swild-up edge body in the nearest-to-chisel zone; I — specific elevations of machined surface after

sacessing accompanied by build-up formation.

Fig.2 - General layout of the chip-
formation zone: | - machined steel in an _— . .
unhardened state; 2 - zone of chip e M}:crtqphotograph and micro-X-ray
o - T L T spectrograph o the bu1_ld-up edge back surfage
’ ’ and machined surface with a particle of the build-
up remaining on the latter (zone C in Fig. 2)

Figure 3 shows the micrograph and micro-X-ray spectrum of the build-up edge back
surface and machined surface with the build-up particle remaining on the latter. The thickness of the
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textured layer on the surface can reach a tenth of a millimeter. There is the body of the
characteristic line "iron - machined material® and points of its contour form a build-up edge.

Abrasive projections, which periodically form a build-up edge, are split approximately in
half, and their lower part becomes the top of the crest on the treated surface with a hardness that
corresponds to the high hardness of the build-up. At the same time, the upper part, also quite hard,
is being released and performs its abrasive functions with respect to the machined surface.

Conclusion. It has been established that the steel cutting is accompanied by the build-ups
formation. The build-up has the same structure and chemical composition as the machined material.
The build-up physic-mechanical and cutting properties, which seem to be extreme as for the
conventional structural and low-carbon steels’ performances, in fact are exclusively deformational
in nature.
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HAPOCTOYTBOPEHHA Y TBEPAWUX NE®OPMIBHUX TIIAX

IMocearenxo E.K., [loceaTenko H.L., Byaax P.B.

Anomayin. Pizauns cmareu HQ HUsbKUX Ma CEPEeONiX WEUOKROCHIAX CYRPOBOOICYEMbCA
Hapocmoymeéopenuam. Hapicm mae my camy cmpyxmypy i ximivnuil cr1ad, wo i obpobrioeana
cmans. Buwamkoel 08 KOHcmpykyivnux cmaxeit hisuxo-mexaniuni i pizareni eracmueocmi
HAPOCIY MAIOMY GUKAIOYHO 0ePopMayitiny npupooy.

Kniouori c¢noBa: HAPOCTOYTROpCHHA, pizaHns, obpobGmioBaHuii Matepian, HaupyXeHo-
JAedopmoranuii craH, MIKPOTREPAICTD.
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