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Abstract: This paper proposed a comprehensive analysis of a two-DOF parallel mechanism based on Position 

and Orientation Characteristics Theory(POC). According to the POC theory analysis, the topological structure 

of the parallel mechanism was given, the POC equation for the parallel mechanism was instituted. Compile the 

math model of parallel mechanism in Maple, obtained three dimensional surface of the positive position 

solutions and space trajectories of three dimensional surface. 
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I. Instruction 

Omni-Wrist parallel mechanism is Ross Hime Design company and New York University common 

development of two freedom parallel movement platform,has fast positioning,high speed, high precision and 

compact structure advantages
[1]

. It has widely of application prospects in aviation space, electronic 

communications, camera remote sensing fields which needs target objects in track
[2-4]

. 

The characteristics of topological of structural design theory based on POC Theory 
[5]

 ：  

a )  Freedom of access to non-transient and non-instant.  

b )  The resulting geometry with existing institutions in general.  

c )  By contrast, operation is relatively simple, and has a clear physical meaning.  

d )  Used with over constrained and non-over constrained topology design.  

 

II. Mechanism topology structure analysis 

          

Fig 1Omni-Wrist mechanism schematic            Fig 2 Omni-Wrist mechanism diagram 

 

As shown in Figure 1 and Figure 2,Omni-Wrist mechanism schematic and mechanism diagram 

organization a of two-DOF spherical parallel mechanism respectively, consists of moving platforms, static 

platforms, three spaced a static 120 degree of the same RSR movement branched-chain and a SS consisting of 

connecting rod, connecting each branch consists of two rotating platforms and static platform vice deputy and a 

ball. Every stage rotating pair ri1(i=1,2,3) axis center point to center point of static platforms, namely ball deputy 

under S4 center. Similarly, rotating pair on a moving platform ri5(i=1,2,3) axis center point to move the center 
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point, namely ball under S5 of the Center. Ball under Si(i=1,2,3), can be converted into three mutually 

perpendicular and intersecting in the ball under the center point of the rotations rij(i=1,2,3,j=2,3,4).Ball under S4, 

and S5 can be converted to their respective ball perpendicular and intersecting pair of rotations of the center 

point r4i(i= 1,2,3) and r5k(k=4,5,6). Available based on POC,topology of symbols of the institution as follows: 

1 2 3 4 5 41 42 43 44 44 453 || 1i i i i iSOC R R R R R SOC R R R R R R PM
      

           
      

  

         

（1） 

  Based on POC theory, institution the Omni-Wrist parallel mechanism POC set of steps is as follows: 

a ) The topological structure of the branch. Three identical RSR branched-chain, whose topology is: 

1 2 3 4 5||i i i i iSOC R R R R R
  
   
  



   
( 1 , 2 , 3 )i                                            ( 2 ) 

The SS middle branch, whose topology is: 

41 42 43 44 44 45SOC R R R R R R
  
   
  

 
                                                   (3 ) 

b ) To determine branch location at the end of the feature set. According to the common type of end POC 

Theory scale constraints 
[27]

, launched three branch location at the end of the same feature set as follows: 
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Similarly, the POC set of middle-chain is: 
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c ) To establish parallel orientation of the characteristic equation. Algorithm based on POC theory, that: 

1 2 3 4Pa s s s sM M M M M                                                            （6） 

where PaM  is the POC set of Omni-Wrist parallel mechanism. 

 

III. Mechanism's position analysis with Maple software 
According to the literature

[6]
 proposed mathematical model method to establish the position equation based 

on Maple software powerful symbolic computation capabilities and convenience of three dimensional plotting 

function, using its built-in plot 3D functions, institutional location visualization.  

  Assuming the body position of the moving platform to: 
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（7） 

Use plot3d Function to draw the body forward position when you pose displacement relative to the input of 

the component (two branched-chain type angle) of the three dimensional surface. Enter the following: 
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                                                           （8）
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Type represented in drawing on input angular displacement Interval of the output location and enter the 

angle of the surface, and the equitation11 represents a space trajectory drawing bodies surface. The surface chart 

is shown below.  

        

Fig 3 The surface plot of                              Fig 4 The surface plot of y   

        

Fig 5 The surface plot of                         Fig 6 Trajectory diagram of forward positional 

 

IV. Conclusions 
This paper proposed a comprehensive analysis of a two-DOF parallel mechanism based on Position and 

Orientation Characteristics Theory(POC). The topological structure of the parallel mechanism was given, the 

POC equation for the parallel mechanism was instituted. With Maple software, obtained three dimensional 

surface of the positive position solutions and space trajectories of three dimensional surface of the Omni-Wrist 

parallel mechanism. 
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