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Parallel manipulators are mechanisms with closed kinematic chains that have been developed in 
different forms, but these manipulators have several drawbacks such as small workspace, existence of 
singular points in their workspace, and complex kinematics and dynamics equations that lead to 
increased difficulty in their control. In spite of this, these mechanisms have been conventionally used in 
many different industrial applications such as machining, motion simulators, medical robots, etc. To 
overcome these drawbacks, design and manufacturing of a manipulator with three translational degrees 
of freedom are provided. Design of this manipulator was based on the possibility of three translational 
motions for its end-effector. The manipulator degrees of freedom are obtained via screw theory. Basic 
features, consisting of forward and inverse kinematics, workspace and singularity analyses and also 
velocity analysis, are considered in this paper. A numerical algorithm is implemented to determine the 
workspace regarding applied joint limitations and the design parameters were extracted based on 
whether the desired workspace was achieved or not. The robot motion was created by three pneumatic 
actuators which receive their commands from pneumatic servo valves. After design steps, the required 
elements were provided and assembled in a robotic lab. Finally, the simulation results have clearly 
approved the robot improvement.  
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Fig.1 Schematic of the 3-[P2(US)] parallel manipulator  
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Table 1 Characteristics of designed robot 

    )mm(  
1  )  3  40 400  
2    6  400  
3    6  10  
4    1  600 600  
5    6  80 
6    3  600 
7    3  20 
8    -  40  

 
Fig.2 Manufactory model of the 3-[P2(US)] parallel manipulator 
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Fig. 3 Diagram of the 3-[P2(US)] 
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Fig. 4 Schematic of one limb of the 3-[P2(US)] robot  
4  3-[P2(US)] 
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Fig. 5 Top view of the 3-[P2(US)] robot  
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Table 2 Dimensions and angles of the robot 

   

 ( 1) × 120  
 40  

(mm) 28 
(mm) 325 
(mm) 340 

 

Fig. 6 Configuration of the robot for end-effector position of (-0.2,-0.2,-
0.4)m  using inverse kinematic analysis  
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Fig.7 Singular point of robot  

7  

 
Fig.8 A typical singular configuration for robot for end-effector 
position of (-0.315,-0.140,-0.145)m 

8 (-0.315,-0.140,-0.145)m 
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

7.
34

.9
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                               6 / 8

https://dorl.net/dor/20.1001.1.10275940.1395.16.7.34.9
https://mme.modares.ac.ir/article-15-10872-fa.html


    

    

1395167  333  

          

     9        -
              

  3         9  

     .3   

   

8 -   

 .
 . 

 .
 .

 .

  
 .

 .
 .  

 . -

 .        

 3           

9 ( = 10, = 10, 55mm) 
Table  3 Inverse kinematic error in positioning of end-effector at 
( = 10, = 10, 55mm)  

 
 Fig.9 Control of workspace point in ADAMS software 
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Fig. 10 Workspace finding Flowchart 
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Fig. 11 Boundary of robot workspace  
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Fig. 12 Workspace point of the robot  
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