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• An Under actuated Mechanical System (UMS) is a 
nonlinear system with fewer inputs than its Degrees 
Of Freedom (DOF). Some of the UMS has first order 
non-holonomic constraint which means velocity vector 
of system is in special direction. Under-actuated 3DOF 
parallel wrist is a example of non-holonomic robots 
which is derive from fully parallel wrist robot by 
eliminating a limb(actuator) to reduce the cost. 

• First, with suitable Euler angles, differential kinematics 
of the robot is analyzed. Then by some manipulations, 
the derived equations are transformed into chain 
form, and a hierarchical sliding mode controller is 
designed for the system. 

 

 

 

• Because robots with two limbs rotate about axis 
perpendicular to the base, a roller must be attached to 
the spherical joint. 

• Spherical nonholonomic(NS) joint can not rotate about 
the perpendicular axis to the base.  

• This structure does not reduce the workspace of the 
robot. 

3D CAD model of NS pair 

1: sphere 

2: roller 

3: spherical bearing  (forbid the 

 translation of the sphere) 

 

 

 

• By calculating the null space of nonholonomic 
constraint equations, the equations of motion are 
determined. 

• The drift-less form is suitable to change the equation 
to the chain form. 

• New states are relevant to structural constraint of 
the robot. 

• A hierarchical sliding mode controller, robust against 
external disturbance, is designed for the system. 
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• Wrist robot is a fully parallel robot with three 
rotational degrees of freedom, and the final position 
of its moving platform is a function of pure 
orientation 

• S-3S𝑃U is a general wrist parallel robot which  
moving platform is connected to the base by 
spherical and universal joints in three similar limbs. 
Also a passive limb connects the moving platform to 
the fixed base by a spherical joint by which the 
translations of the moving platform are suppressed. 

• By eliminating an active limb and imposing some 
constraint, a stable under-actuated wrist is achieved. 

 

 

 

• Due to the structure of robot, fixed XYZ Euler angles 
are selected. 

• It was shown that forward kinematic problem is 
solvable with two extra sensors. 

• If the initial orientation is known, Euler angles can be 
determined uniquely considering the fact that 
instantaneous rotation of the 

             robot is possible only about 

            axis in the base plane. 

 

 

 

 

 

• By changing spherical joint with NS joint, it is possible 
to derive an underactuated robot with fewer cost. 

• Forward kinematic is solvable without extra sensors. 

• The proposed hierarchical sliding mode controller is 
robust against disturbance while traditional 
controller (discontinues transformation) isnot. 
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1. Structure of the robot 


