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Abstract: - Mechanism innovation design is an important topic in the field of robot. Many kinds of limbs with 
specific degrees of freedom (DOFs) are proposed, in which a new joint, P+-joint is introduced. In order to obtain 
new mechanisms of parallel manipulators (PMs), a principle for mechanism design of PMs is adopted, which is 
based on the special Plücker coordinates for describing a limb. By the principle, many new mechanisms of 3-, 4-, 
5- and 6-DOF parallel manipulators with perpendicular structures (PMWPSs) are put forward, and structure 
figures are given to denote their configurations. The new mechanism for PMWPSs we design can be used in 
many areas. 
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1   Introduction 
Earlier in 1949, Gough designed a machine adopting 
a parallel mechanism and introduced it into tire 
detecting device. Subsequently, Stewart used the 
parallel mechanism in a flight simulator and named it 
as Stewart mechanism [1]. From then on, parallel 
mechanisms have been used in many areas of heavy 
load platforms, good kinematic and dynamic 
performance machines, fine motion and precise 
positioning manipulators etc. 
In recent years, theoretical researches in parallel 
mechanisms have been made increasingly in a variety 
of areas, and many new mechanisms of parallel 
manipulators (PMs) are proposed and studied. Pierrot 
and Reynaud [2] developed a simple and efficient 
parallel robot, Delta; Gosselin and Angeles studied a 
planar 3-DOF parallel manipulator [3] that possesses 
8-bar linkages with 2 ternary links connected through 
three in-parallel legs; Pernette et al. [4] presented a 
3-DOF parallel translating manipulator with U-P-U 
joints kinematic chains; Tsai[5] introduced 
multi-DOF mechanisms for machine tools; 
Appleberry [6] studied a truly new translational 
parallel manipulator with 3-UPU limbs, and so on.  
However, most of these mechanisms or manipulators 
have structures that their limbs connecting the 
up-platform and fixed frame are not perpendicular. 
Generally, they possess complicated kinematics 
models. We will design mechanisms of PMs that 
their limbs dispose in three vertical directions, 
so-called PMWPSs.  
 
 
2 Kinematic Joints and limbs of 

PMWPSs  
 

2.1   Joints 
PMs consist of links and joints. The traditional types 
of joints are prismatic joint (P-joint), revolute joint 
(R-joint), spherical joint (S-joint), and universal joint 
(U), as shown in Fig.1-a to Fig.1-d. In order to design 
mechanisms for PMWPSs, a new joint, P+-joint is 
introduced. P+-joint, shown in Fig.1-e, is composed 
of two P-joints that dispose vertically.  
 

           
(a)  P-joint                          (b)   R-joint  

 

       
(c)  U-joint           (d)  R-joint          (e)  P+-joint 

Fig.1  Kinematic joints 
 
2.2   Classification of limbs 
For investigation of the mechanism design of PMs, 
the key issue is to find the limbs with known 
kinematics characteristics, specified degrees of 
freedom (DOFs). Therefore, we have to discuss the 
classification of the limbs for PMWPSs. The limbs 
are the sub-chains connected between the 
up-platform and the fixed platform of a PMs. 
In PMs, the sub-chains are limbs composed of the 
R-joints, P-joints, U-joints, S-joints or the P+-joints. 
Table 1 shows the classification of the limbs for 
PMWPSs, in which the first letter expresses the joint 
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connected with the fixed platform, and the last letter 
represents the joint connected with the up-platform. 
For instance, the limb PP+S means that the limb is 
connected with the fixed platform by a P-joint and 
linked with the up-platform by an S-joint. By using 
the joints shown in Fig.1, 3-, 4-, 5- and 6-DOF limbs 
shown in Fig.2 to 5 are proposed. 
 

Table 1   Classification of limbs 
 

DOF Joint Type of limbs 
P-, P+- PP+ 
P-, P-, R- PPR, PRP 3 
R-, P+- RP+ 
R-, R-, P+- RRP+ 4 P-, P+-, R- PP+R, PRP+ 
P-, P+-, U- PP+U, PUP+ 
R-, P+-, U- RP+U, RUP+ 5 
R-,R-, P+-, R- RRP+R 
P-, P+-, S-, PP+S, PSP+ 6 R-, P+-, S-, RP+S, RSP+  

 

 
(a)  PP+ 

 

 
(b)  PPR 

 

 
(c)  RP+ 

 
(d)  PRP 

Fig.2  3-DOF limbs 

 
(a)  RRP+ 

 
(b)  PP+R 

 
(c)  PP+R 

 
(d)  PRP+ 

Fig.3  4-DOF limbs 

 
(a)  PP+U 

 
(b)  RP+U 

 
(c)  PUP+ 

z
y
x
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(d)  RUP+ 

 
(e)  RRP+R 

 
(f)  RUP+ 

Fig.4  5-DOF limbs 

 
(a)  PP+S 

 
(b)  PSP+ 

 
(c)  RSP+ 

 
(d)  RP+S 

Fig.5  6-DOF limbs 

 
3   Mechanism design for PMWPSs 
 
3.1   Principle for mechanism design of PMs  
Though some structures of PMs have existed, only a 
few types of mechanisms are used. Therefore, to find 
a principle for mechanism design and innovation of 
PMs is a very important problem. Here, we use a 
method proposed by F. Gao [7]. For mechanism 
design of PMs with specific kinematics 
characteristics, we discuss the limbs with specific 
kinematics characteristics. For convenience, we let 
$  be the special Plücker coordinates for describing 
the displacement of the output link of a limb for a 
parallel mechanism, which is 

( )zjyjxjzjyjxjj vvv$ ωωω,=          (1) 
where ( )zjyjxj vvv  expresses the translation of the 
output link of the jth limb, and ( )zjyjxj ωωω  
denotes the rotation of the output link of the jth limb. 
The special Plücker coordinates xjv , yjv , zjv , xjω , 

yjω  and zjω  can be taken as 1 or 0. When taking 1, it 
means that the jth limb has that DOF; when taking 0, it 
means that the jth limb has no that DOF. From Eq.(1), 
we can obtain 3-, 4-, 5- and 6-DOF limbs with 
specific kinematics characteristics, as shown in table 
2, in which all joints in one limb are in same line 
denoted in Fig 2 to Fig.5. More, the three axes 
directions in coordinates system of one limb are 
shown in Fig.2-a, so are the other limbs. 
 

Table 2    Plücker coordinates j$  of all the 
kinematic limbs 

 
Plücker coordinates j$  D

O
F

Kinematic 
Limb xjv

 
yjv
 

zjv
 

xjw
 

yjw
 

zjw
 

3
PP+ 

PPR,PRP 
RP+ 

1
1
1

1 
0 
0 

1 
1 
1 

0 
1 
0 

0 
0 
1 

0
0
0

4 RRP+ 
PP+R,PRP+ 

1
1

1 
1 

1 
1 

1 
0 

0 
1 

0
0

5
PP+U,PUP+ 
RP+U,RUP+

RRP+R 

1
1
1

1 
0 
1 

1 
1 
1 

1 
1 
0 

0 
1 
1 

1
1
1

6 PP+S,PSP+ 
RP+S,RSP+ 

1
1

1 
1 

1 
1 

1 
1 

1 
1 

1
1

 
In a parallel manipulator, if it has specific DOFs, the 
first, second, . . . and nth limb by which the 
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up-platform is connected with the fixed platform 
have to satisfy the following condition 

n j $$$$$ IIII ......21=                    (2) 
In Eq.(2), $  denotes the motion of the up-platform 
of a parallel manipulator, and 

)     ,    ( zyxzyx vvv$ ωωω=                    (3) 

Analogously, the coordinates xv , yv , zv , xω , yω , 

zω  can be taken as 1 or 0. When taking 1, it means 
that the up-platform has that DOF, when taking 0, it 
means that up-platform has no that DOF. 
 
3.2   Mechanism design for PMWPSs  
By aid of the principle for mechanism design of PMs, 
we design many types of 3-, 4-, 5-, and 6-DOF 
PMWPSs, whose kinematics characteristics of the 
up-platform are listed in Table 3. All the mechanisms 
or manipulators possess characteristics that their 
limbs are divided into three groups and distributed in 
three perpendicular directions. We name it 
perpendicular structures. Fig.6 to Fig.9 denote 
configurations of all the mechanisms for 3-, 4-, 5-, 
and 6-DOF PMWPSs. More, in Fig.6-a the three axes 
in fix coordinates system are parallel to the tree 
groups of limbs in three perpendicular directions 
respectively, so are the axes in the other PMWPSs. In 
the sign denoting one manipulator, the numeral 
shows limb number distributed in three perpendicular 
directions. For example, 6-PP+S structure in Fig.9-a 
denotes that the limb number distributed in three 
perpendicular directions are all 2, while 
1-PPR&3-PP+R in Fig.4-a denotes the lime number 
are 1, 1 and 2 respectively. 

 
Table 3   Kinematics characteristics of 3-, 4-, 5- 

and 6-DOF PMWPSs 
 

Plücker coordinates $ 
of the up-platform DOF 

Name of the 
mechanism 

vx vy vz wx wy wz

1-RP+&2-PRP 1 0 1 0 1 0
3-PP+ 

3-RRP+ 1 1 1 0 0 03 

3-RP+U 0 0 0 1 1 1

4 1-PPR&3-PP+R 
4-RUP+ 1 1 1 1 0 0

5 1-PP+U&4-PP+S 
1-RUP+&4-RP+S 1 1 1 1 0 1

6 

6-PP+S 
6-RP+S 
6-PSP+ 
6-RSP+ 

1 1 1 1 1 1

 
(a)  1-RP+&2-PRP 

 

 
(b)  3-PP+ 

 

 
(c)  3-RRP+ 

 

 
(d)  3-RP+U 

Fig.6  Mechanisms for 3-DOF PMWPSs 

z

yx
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(a)  1-PPR&1-PP+R&2-PP+R 

 

 
(b)  4-RUP+ 

Fig.7  Mechanisms for 4-DOF PMWPSs 
 

 
(a)  1-PP+U&4-PP+S 

 

 
(b)  1-RUP+&4-RP+S 

Fig.8  Mechanisms for 5-DOF PMWPSs 

 
(a)  6-PP+S 

 

 
(b)  6-RP+S 

 

 
(c)  6-PSP+ 

 

 
(d)  6-RSP+ 

Fig.9  Mechanisms for 6-DOF PMWPSs 
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4   Conclusion 
Mechanism innovation design is an important topic 
in the field of robot. In this paper, a new joint, 
P+-joint is introduced and many kinds of limbs with 
specific degrees of freedom (DOFs) are proposed. By 
a principle for mechanism design of PMs, which is 
based on the special Plücker coordinates for 
describing a limb, many new mechanisms of 3-, 4-, 5- 
and 6-DOF PMWPSs are put forward, and structure 
figures are given to denote their configurations. 
Generally, the PMWPSs possess simply kinematics. 
The new mechanisms we design can be used in many 
areas. 
 
 
Acknowledgments  
This research is supported by National Natural 
Science Foundation of China (No. 50475055) and 
Tianjin Science Development Project of China (No. 
043801811). 
 
 
References: 
[1] D. Stewart. A Platform with Six Degrees of 

Freedom. Proc. of the Institution of Mechanical 
Engineers, London, UK, Vol.180, No.15 , 1965, 
pp. 371-386. 

[2] F. Pierrot, C. Reynaud, A. Fournier. Delta: a 
simple and efficient parallel robot. Robotics, No.6 
1990, pp. 105-109. 

[3] C.M. Gosselin, B. Angeles. The optimum 
kinematic design of a planar 
three-degrees-of-freedom parallel manipulator. 
ASME Journal of Mechanisms Transmissions and 
Automation in Design, Vol.110, No.1, 1988, pp. 
35-41. 

[4] E. Pernette, S. Henein, I. Magnani, R. Clavel. 
Design of a 3-DOF parallel translating 
manipulator with U-P-U joints kinematic chains. 
Proceedings of the IROS_97, 1997, pp. 
1637-1642. 

[5] L.W. Tsai. Multi-degree-of-freedom mechanisms 
for machine tools and like. U. S. patent Pending, 
1995. 

[6] W.T. Appleberry. Antirotation positioning device, 
US patent 5,156,062, 1992. 

[7] F. Gao, W. M. Li, X. C. Zhao, etc. New kinematic 
structures for 2-, 3-, 4-, and 5-DOF parallel 
manipulator designs. Mechanism and Machine 
Theory, Vol.37, No.11, 2002, pp. 1395-1411. 

[8] Zhang Jianjun. Design Method and key technique 
of 6-DOF parallel macro/micro-manipulators 
with perpendicular structures. Dissertation for Ph. 
D. Degree, Beijing University of Aeronautics and 
Astronautics, 2004. 

  
 

Proceedings of the 6th WSEAS International Conference on Robotics, Control and Manufacturing Technology, Hangzhou, China, April 16-18, 2006 (pp93-98)


