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Research on bidirectional protection mechanism for wear and friction

reduction of drill pipe joints in extra-deep wells
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Abstract: Aiming at the serious wear problem of the wear band and casing friction pair of drill pipe joint during drilling in

deep, ultra-deep and extra-deep wells, the bidirectional protection model of drill string and casing wear and friction

reduction was established in this study. The bidirectional protection mechanism of diamond composite wear band and casing

was proposed, and the tribological properties of diamond composite wear band materials were verified by experiments. This

study systematically explained the wear resistance and friction reduction bidirectional protection mechanism of diamond

composite wear band material. By constructing a drillstring-casing mechanical model containing rock axial reaction and

contact load, the friction and wear testing machine independently developed was used to conduct experiments, and the

friction coefficient, wear amount and wear morphology characteristics were compared and analyzed under different working

conditions. Combined with Raman spectroscopy, the mechanism of surface tribochemical reaction was revealed. The results

show that through the synergistic effect of the hard phase support and self-lubrication, the friction coefficient of the diamond

composite wear zone can be significantly reduced. The formed gradient composite protective layer and graphite transfer film

can effectively achieve two-way protection between the drill pipe joint and the casing surface. The research results provide

theoretical support and experimental basis for the structural optimization of wear band of drill pipe joints in deep wells.

Key words: drill pipe joint wear band; casing wear; drill string dynamics; wear mechanism; friction experiment;

bidirectional protection;extra-deep well
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Fig.1 Wear diagram of joint and casing
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Fig.2 Partial exposure of diamond as the main friction
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Fig.3 Force analysis
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Table 1 Nominal chemical composition of materials used in the experiment %

ook C Si Mn S Cr

Al Mo P Ni Cu wWC Co

38CrMoAl 0.35~0.42 0.20~0.45 0.30~0.60 <<0.035 1.35~1.65 0.70~1.10 0.15~0.25 <<0.035 <<0.030 <<0.030

PDC 50~70

0.90~1.20

<0.030 <<0.030 8~40 3~10
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Fig.7 Friction coefficient curve and wear rate
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