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Figure 3.1
The six possible lower-pair joints.
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Figure 3.2

The kinematic function of a link is to
maintain a fixed relationship between the
two joint axes it supports. This
relationship can be described with two
parameters: the link length, @, and the
link twist, a.
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Figure 3.3
A simple link that supports
two revolute axes.
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Figure 3.4

The link offset, d., and the joint angle,
6., are two parameters that may be
used to describe the nature of the
connection between neighboring links.
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Figure 3.5
Link frames are attached so that frame {j} is attached rigidly to link /.
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A three-link planar arm. On the right, we
show the same manipulator by means of a
simple schematic notation. Hash marks on
the axes indicate that they are mutually

parallel.
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Figure 3.7
Link-frame assignments.

i o1 a; _ d, 0;
1 0 0 0 o,
) 0 ) 0 0,
3 0 L, 0 0,
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Joint 1
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Manipulator having three degrees of freedom and one prismatic joint.
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Figure 3.10
Link-frame assignments.

i o1 a;_1 d; 6;
1 0 0 0 6,
g 90° 0 d, 0
3 0 0 L, 03

A {0}=2 GICION?
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Figure 3.12

Three-link, nonplanar

manipulator.
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Figure 3.13
Two possible frame assignments. (2,2 2efS HEict= & JtAl 2 E)
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Figure 3.14

Two more possible frame assignments. (X, 2| &&f=2 A &6l= S JHA
t_ll L1\
<

al=() a2=L2 a]=0 612:L2
a = 90° a =0 6, = 90° ap = —90° =0 8, = —90°
d1=0 dzle dlz() d2=_L1
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Figure 3.15
Location of intermediate frames {P}, {Q}, and {R}.
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Figure 3.16
Mappings between kinematic
descriptions.
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Figure 3.18
Some kinematic parameters
and frame assignments for
the PUMA

560 manipulator.
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Figure 3.20

Schematic of a 3R wrist in which all three axes intersect at a point and
are mutually orthogonal. This design is used in the PUMA 560
manipulator and many other industrial robots.
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Figure 3.23
Kinematic details of the Yasukawa actuator-2 linkage.
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Figure 3.24
Kinematic details of the Yasukawa actuator-3 linkage.
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Figure 3.26

Link parameters of the Yasukawa L-3 manipulator.

i Q-1 -1 0;
1 0 0 0
2 =90°" 0 0,
3 0 L, 63
4 0 L; 04
S 90° 0 0s
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A The standard frames.
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Figure 3.28
Example of the assignment of standard frames.
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Figure 3.28
Example of the assignment of standard frames.
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Base frame
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