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SIMULATION OF ROCK CUTTING WITH EVALUATION OF TOOL WEAR
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1. Introduction

High tod wea can be one of the main problems in rock cutting works [3]. Changes of todl
geometry due to wea lea to difficulties in the tod penetration reducing thus cutting performance
Pradicd observations show that Different wea medhanisms can occur in rock cutting. Abrasive
weda is one of the most important mechanismsin cutting o hard rocks espedally in the presence of
quartzite. Scraping o the rock surfacelealsto hightemperatures, which softensthe todl tip, resulting
inincreasingwea of adhesive charader. Different wear mechanisms can ad in parallel.

The main motivation dof the research work presented in this paper is development of the numer-
icd model increasing passhiliti es to predict abrasive and adhesive wea of rock cutting tools under
diff erent processcondtions.

2. Numerical model of rock cutting with wear evaluation

In the goproach adopted the wea is evaluated based onthe simulation o rock cutting process
Evaluation of wea requires determination of forces of cutting as well as temperature distribution.
This means necessty to analyse rock cutting as a thermo-mechanicd process

A numericd model of thetoal-rock system all owing usto simulate aprocessof rock cutting has
been developed within the framework of the discrete dement method (DEM) [2]. In this model the
todl isconsidered rigid and arock material is represented as a wlledion o rigid sphericd (in 3D) or
cylindricd (in 2D) particles interading among themselves with contad forces. The mhesive dastic
perfedly brittle model is assumed for the contad interadion.

The trandational and rotational motion o rigid sphericd or cylindrica elements (particles) is
governed by the standard equations of rigid body dyramics. For the i-th element we have

1) mi; =F;,  Lw; =M,

where u isthe dement centroid displacement in afixed (inertial) coordinate frame X, w —the anguar
velocity, m — the dement mass I — the moment of inertia, F — the resultant force, and M — the
resultant moment abou the central axes.

Thermal phenomenaduring rock cutting (hea absorption and condiction) are described by the
hea balance ejuation, which for asingle particle can be written in the foll owing form:

(2) mch;, = Qz ’

where: m; — particle mass ¢ — spedfic hea, T; — particle temperature, Q; — hed flux.

Thermo-medanicad couded problem defined by Egs. (1) and (2) is lved using the staggered
solution scheme. The two problems are couped by hea generation process— hed generated by
friction is evaluated in the solution of mechanicd problem and passed to the solution o thermal
problem.

Thetod-rock interadion is modell ed assuming Coulomb friction model extended onfrictional
heda generation and wea acaimulation onthe tod surface Wea is considered using the dasscd
formulaof Archard [1]:
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where w isthe wear rate, p,, —the contad presaure, vy —the slip velocity, H — the hardnessof worn
surface ad & isadimensionlesswea parameter. The influence of temperature onwea is acournted
for by taking the hardnessas a function o temperature H = H(T'). The tod shape can be modified
acordingto the acamulated wea obtained by integration o Eqg. (3).

Values of wea constants k for diff erent combinations of materials can be determined in labo-
ratory tests. Wea is arelatively slow processand it can be observed after many work cycles. In the
numericd algorithm developed wea is acceerated using scaed wea constants.

3. Numerical results

Simulation o rock cutting with ore pick of a roadheader has been analysed using a model
shownin Fig. 1la. Material sampleis represented by an assembly of randamly compaded 92000 dlscs
of radii 1-15 mm. Model parameters for sandstone have been determined for the discrete dement
model [2]. Thermomedhanicd analysis with wea evaluation has been caried ou. Results of the
analysis are shown in Figs. 1b-c. Failure of rock during cutting is shown in Fig. 1b. Temperature
distributionin thetod androck is shownin Fig. 1c, the highest temperature is observed in the contadt
zones, where the frictional hed is generated. The same aeahas maximum wea amourts as it is
showninFig. 1d.
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Figure 1. Simulation o rock cutting by a pick of aroad header: @) numericd model, b) failure mode, § map
of temperature, d) acaumulated wea onthetod surface

References

[1] J.F. Archard. Contad and rubling d flat surfaces. J. Appl. Phys., 24(8):981-9881953

[2] J. Rojek. Moddlling andsimulation o complex problems of norlinear mecharics using the finite
and dscrete dement methods (in Polish). Habiliti ation Thesis, Institute of Fundamental Techno
logicd Reseach Polish Academy of Sciences, Warsaw, 2007,

[3] PN.W. Verhoef. Wear of rock autting toals. Balkema, Rotterdam, 1997,





