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(a) Turning crank
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(b) Turning screwdriver

Figure 11.1
The natural constraints
for two different tasks.
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Figure 11.2
The natural and artificial
constraints for two tasks.
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The sequence of four
contacting situations for
peg insertion.
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o The sequence of four
3 contacting situations for
7/ peg insertion.
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o The sequence of four
-4 contacting situations for
7/ peg insertion.
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The two extremes of ! \
contacting situations. The o

manipulator on

the left is moving in free
space where no reaction
surface exits.

The manipulator on the right
is glued to the wall, so no
free

motion is possible.
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Figure 11.6
A force control system for the spring—mass system.
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Figure 11.7

A practical force-control system for the spring—mass system.
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s A Cartesian manipulator with
three degrees of freedom in
contact with a surface.



Figure 11.10
The hybrid controller for a 3-DOF Cartesian arm.
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Figure 11.11
The Cartesian decoupling scheme
introduced in Chapter 10.

¥ M) JI(6) —= Arm

Kin

V(6.60) + G(6)

Figure 11.12

The hybrid position/force controller for a
general manipulator. For simplicity, the
velocity-feedback loop has not been
shown.
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