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[25] MIHAJLOVIĆ, N.; VAN DE WOUW, N.; HENDRIKS, M. ; NIJMEIJER, H.

Friction-induced limit cycling in flexible rotor systems: An experimental drill-string

set-up. Nonlinear Dynamics, 2005.

DBD
PUC-Rio - Certificação Digital Nº 1121443/CC



Bibliography 84
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[28] NAVARRO-LÓPEZ, E.; SUÁREZ, R. Modelling and analysis of stick-slip

behavior in a drillstring under dry friction. In: congreso anual de la amca

2004, number ISBN 970-32-2137-8, Ciudad de Mexico, Mexico, Oct. 20th - 22nd

2004.

[29] PAVONE, D.; DEPLANS, J. Application of high sampling rate downhole

measurements for analysis and cure of stick-slip in drilling. In: congreso

anual de la amca 2004, number SPE 28324, New Orleans, USA, Setp. 25th - 28th

1994.

[30] RICHARD, T. Self-Excited Stick-Slip Oscillations of Drag Bits.

Minnesota, USA, 2001. D.Sc. Thesis, University of Minnesota.

[31] RITTO, T. Numerical Analysis of the Nonlinear Dynamics of a

Drill-string with Uncertainty Modeling. Rio de Janeiro, Brazil, 2010.

D.Sc. Thesis, Pontif́ıcia Universidade Catolica do Rio de Janeiro.

[32] ROBNETT, E.; HOOD, J. ; MACPHERSON, G. H. . J. Analysis of the

stick-slip phenomenon using downhole drillstring rotation data. In:

1999 spe/iadc drilling conference, number SPE/IADC 52821, Amsterdam, Holland,

Mar. 9th - 11th 1999.
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A
ODE23t solver

The choice of the solver is important to ensure the results. This choice depends of the

type of ordinary equation (ODE) problems. For numerical solvers, an ODE problem

is stiff if the equation holds some terms that can face rapid and great variations in

the solution.

In this dissertation, the friction torque and the bit speed present sudden

changes due to the assumed resistive torque friction model on the bit. Therefore, the

method adopted were ODE23t which is recommended for moderately stiff equations.

This method is an implementation of the trapezoidal rule (considered as a special

case of the second-order Runge-Kutta method) for approximating the integral. The

trapezoidal rule is an implicit method of integration.

For a rough understanding, considering an ODE of the form

y′ = f(t, y) (A-1)

with initial condition y(0) = y0. In the integration form, this equation can be written

as

y(t) = y0 +

∫ t

0
f (s, y(s)) ds (A-2)

For a trapezoidal rule, the Eq. A-2 becomes

yn+1 = yn +
h

2
[f(tn, yn) + f(tn+1, yn+1)] (A-3)

where h is the step size, and n = 0, 1, · · · , ((t0 − tf )− 1)/h. t0 and tf are the initial

and final time, respectively. The integration is approximated by an average of y′n

and y′n+1. As can be noted, a nonlinear equation must be solved.
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B
Block diagrams and algorithm

B.1
Block diagrams

In LabView, Figures B.1 and B.2 illustrate the block diagram of the test rig

acquisition and the front panel, respectively. The torsional dynamic system is

illustrated in Figure B.3 (developed by L. Pereira).

Figure B.1: LabView block diagram.

Figure B.2: LabView front panel.
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Appendix B. Block diagrams and algorithm 88

Figure B.3: Simulink block diagram.

B.2
Arduino algorithm

The pulse width modulation algorithm was developed by Ph.D. student Marcelo

Pereira. This algorithm is responsible to control (opening and close) the analogue

servo controller by means a input voltage.

Figure B.4: Arduino algorithm.
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