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ELSE IF (TT.GE.t2) THEN
ACC_EP=CON*(1-6./(t3-t2)**2*(TT-t2)**2
+4./(t3-12)**3*(TT-t2)**3)
VEL_EP=DT*CON*((t2+(-1+ac0)/2*t1)+(tt-t2)
“2*(TT-t2)**3/(13-t2)**2
+(TT-t2)**4/(13-2)**3) +v0
POS_EP=DT**2*CON*(t2*(tt-t2/2.)
+t1*(-1+ac0)/2.*(tt-3./10.*t1)
+((TT-t2)**2)/2. -(TT-12)**4/(2.*(13-t2)**2)
+(TT-t2)**5/(5.*(13-12)**3)) +dt*vO*tt+p0
ELSE IF (TT.GE.tl) THEN
ACC_EP=CON
VEL_EP=DT*CON*(TT+(-1+ac0)/2*t1)+v0
POS_EP=DT**2*CON*(TT**2/2+(-1+ac0)/2.*t1*TT
+3./20.*(1-ac0)*t1**2) +dt*vO*tt+p0
ELSE IF (TT.GE.O) THEN
ACC_EP=CON*(ac0+3*(1-ac0)/t1**2*(TT)**2
-2.*(1-ac0)/t1**3*TT**3)
VEL_EP=DT*CON*(acO*tt+(1-acO)*TT**3/t1**2
-(1-ac0)*TT**4/(2*t1**3))+v0
POS_EP=DT**2*CON*(ac0/2*tt**2 +(1-ac0)/(4*t1**2)*TT**4
-(1-ac0)/(10. ¥t 1**3)*TT**5) +-dt*vO*tt+p0
ELSE
ACC_EP=ac0*CON
VEL_EP=v0
POS_EP=p0
ENDIF
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A manipulator can improve its positioning accuracy in a manner similar to the
human who braces his wrist for a more accurate finger motion. Reduction of positioning
uncertainty by bracing can increase practical applications of flexible large-workspace
manipulators. The goal of this research is to realize the bracing manipulator, which is
flexible. In order to brace the manipulator against a surface of the environment, a tip
position tracking control becomes essential to avoid large impacts on contact, and to
control the force after contact. If we consider the characteristics of the flexible
manipulator, the control task may be characterized as a tracking control of a nonlinear,
noncolocated, nonminimum-phase system with uncertainties.

First, the author introduces the staged positioning concept and provides a
cc-mceptual background of the bracing strategy. Second, in order to understand the
dynamics and determine the control strategy, a single-link flexible manipulator is
modeled by the assumed-modes method, and the validity of the model is verified with

experimental results. Several techniques to obtain more accurate mode functions are



discussed and compared. Third, a time-domain inverse dynamic method is proposed to
cancel out the nonminimum-phase positive zeros, which cannot be canceled by feedback
controls. The trajectory is also planned to use the maximum capacity of an actuator and
to avoid exciting flexible vibrations. Fourth, the tracking controller is designed to
control the end-point of a flexible manipulator without any overshoot or residual
vibrations. Its perfect tracking or asymptotic tracking performance is analyzed and
discussed for zero and non-zero initial condition cases. Finally, impact phenomena are
investigated, and the contact force control of flexible bracing manipulator is presented
to set up a control scenario of a bracing manipulator. The proposed control scheme is
implemented on a single-link flexible manipulator, and analyzed and evaluated through

simulations and experiments.
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