Proceedings of the 11"
KACC, October 1996

£8Pt EAR FS3 Z2 8 vy Ed ol 9] HFA o]

Contact Control of a Probing Manipulator
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Abstract Since impact phenomenon is highly nonlinear, the analysis and control of the contact motion has been a challenging subject.
Various researches have been carried out mostly for the contact of a rigid robotic manipulator with a stiff and elastic environment. This
paper is motivated by a new contact task: the in-circuit test of a printed circuit board. In this process, high speed contact occurs between a
rigid probing manipulator and a plastically deformable work environment. A new dynamic model of the impact controlled probing task has
been proposed, considering contact with the plastically deformable object. Approaching velocity conditions to avoid an excess of the
allowable penetration depth and control the generated impact force properly are derived from the proposed model. The results of the
simulation studies are made for various probing conditions and show the validity of the proposed model.
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Fig. 1. Conventional in-circuit test of a printed circuit board.
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Fig. 2. Geometry and response regions for the contact between
a conical-nosed probe and a plastically deformabie object.
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Fig. 3. Two degree-of-freedom model of a manipulator for the contact task.
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Fig. 4. Impact force durations for various environment surfaces.
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Fig. 5. Contact force and plastic deformation responses
for various approach velocities.
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Fig. 6. Contact force for different probe stiffnesses.
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Fig. 8. Impact response with PID force control satisfying stable condition.
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Fig. 9. Impact response with PID force control outside stable condition.
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Table 1. Material properties of the probe tip and the solder.

wecifiction | Poisson’s ratio | Young's modulus yield stress
material %) (E),GPa (Y), MPa
steel 03 210 275
solder
(Su:Pb=63:37) 05 50 50




