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ABSTRACT:  This paper investigates the point-to-point motion of the end effector of a 2-DOF parallel 
robot with minimum torque consumption. The presented method improves the dynamic performance 
of the robot. This method compensates the inertia force, gravity, Coriolis and the centrifugal terms of 
the system. The design parameters and optimal trajectory of the robot are simultaneously obtained for a 
predefined point-to-point motion. Two adjustable counterweights are attached to each active link. The 
mass of the counterweights and the installation angle of them are considered as design parameters. The 
optimal trajectory of the robot is obtained by the third-order spline interpolation. Minimum-effort is 
the objective function of the problem. The numbers cup optimization method is used to find optimum 
values of the design variables of trajectory and design parameters of the robot. The simulation results 
show that the objective function has been approximately reached zero value. An experimental robot was 
developed to verify the simulation results and illustrate the efficiency of the proposed approach. With 
adjusting the design parameters of the robot, the servo-actuators are operated in position control mode. 
The experimental outputs show that the objective function has been reduced by about 90% compared to 
the typical form of the robot.
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1- Introduction
 In many practical situations, the end effector needs to a 

planar motion for a point-to-point task. For this particular 
problem, the planar 2-DOF parallel robot is introduced. 
Huang et al. proposed an approach for the optimal design of a 
planar 2-DOF parallel robot [1]. Dincer and Cevik introduced 
a new composite polynomial for the trajectory planning of a 
2-DOF parallel mechanism [2].

Torque minimization of the robotic systems is a 
significant problem in the point-to-point motions. A review 
of related literature shows that the minimization problem 
can be classified into two groups. In the first group, mass or 
geometric parameters of the robot aren’t considered as design 
parameters [3, 4]. In the second group, robot parameters are 
introduced as the design variables determined by solving the 
problem [5-7].

In this paper, a new approach is presented for torque 
minimization of the 2-DOF parallel robot. For a predefined 
point-to-point task, the proposed method is formulated as 
an optimization problem. To considerable reduction of the 
applied torques, the design parameters of the robot and the 
optimal trajectory are calculated simultaneously. The mass 
of the counterweights and the installation angle of them, 
with reference to the robot links, are considered as design 
parameters.

2- Dynamic Modeling of 2-DOF Parallel Robot
The dynamic model for a 2-DOF parallel robot is derived 

considering the counterweights. A kinematic scheme of the 
robot is shown in Fig. 1.

Using the Lagrange-Euler formulation, the final dynamic 
equation of the robot is obtained as follows:
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where M, N and G are the matrices of inertia, Coriolis and 
centrifugal, and gravity terms, respectively. J is the Jacobian 
matrix. Also, the vector τ is the applied torque at the active 
joints A1 and A2.

3- Optimizer Algorithm
In the optimizer algorithm, the trajectory of the robot and 

the design parameters of the counterweights are calculated 
simultaneously to optimize the objective function for a 
predefined point-to-point motion. This motion contains 
forward and returns motions. For the 2-DOF parallel robot, 
parameters mc1, mc2, αc1 and αc2 of the counterweights are taken 
as design parameters. The third-order spline interpolation 
is used for the trajectory planning of the robot. The middle 
points of spline interpolation are unknown variables. The 
objective function of the optimization problem is minimum 
effort. It is defined as follows:
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The value of F is placed between zero to positive infinity. 
Thus, the global optimal value is zero. The numbers cup 
optimization method is used to obtain the optimal values of 
design variables [8].

4- Experimental Setup
For experimentation, a 2-DOF parallel robot with 

adjustable counterweights was designed in Robotics Lab. The 
robot is shown in Fig. 2.

5- Simulation and Experimental Results
To implement the proposed method, two cases are 

considered: Typical Form (TF) of the robot and Robot with 
Counterweights (RCs). In the TF case, the 2-DOF parallel 
robot is considered without counterweights, i.e., mc1 = mc2 = 
0. The following boundary condition is considered for point-
to-point motion:
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(3)

For the forward and return motions, the numerically 
simulated and experimentally observed values of applied 
torques of the robot are plotted in Fig. 3. As seen in this 
Figure, the torque at active joints upon implementing the 
RCs, the obtained values were considerably lower than those 
with the TF case.

Table 1 presents the values of the objective function under 
different conditions, according to Eq. (2). As seen in Table 
1, the reduction of the objective function in the RCs case is 
about 100% for theoretical simulation. Also, the reduction of 
the corresponding value in the experimental implementation 
is about 90%.

 
Fig. 1. A kinematic scheme of the 2-DOF parallel robot with counterweights 

  

Fig. 1. A kinematic scheme of the 2-DOF parallel robot with 
counterweights

 

 
Fig. 2. The 2-DOF parallel robot with two adjustable counterweights 

  

Fig. 2. The 2-DOF parallel robot with two adjustable 
counterweights

 

 

 
F: Forward, R: Return, Exp.: Experimental 

Fig. 3. Applied torque to joints A1 (up) and A2 (down) 

 

Fig. 3. Applied torque to joints A1 (up) and A2 (down)

F: Forward, R: Return, Exp.: Experimental

Condition  F ((N.m)2.s) 

TF 
The. 0.0837 
Exp. 0.0882 

RCs 
The. 0.5809×10-4 
Exp. 0.0062 

 

Table 1. Value of objective function

 The.: Theoretical
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6- Conclusions
In this paper, a new approach is presented to considerably 

reduce of the applied torques of the 2-DOF parallel robot. 
In the simulation results, the global optimal value of the 
objective function has been achieved by the proposed method. 
To demonstrate the capability of the method, an experimental 
setup was manufactured. In the practical implementation, 
significantly lower objective function values were obtained 
for the robot on which the RCs were applied, as compared to 
the typical form of the robot. The presented method can be 
useful for the high repetitive motion.

References
[1] T. Huang, S. Liu, J. Mei, D.G. Chetwynd, Optimal design 

of a 2-DOF pick-and-place parallel robot using dynamic 
performance indices and angular constraints, Mechanism 
and Machine Theory, 70 (2013) 246-253.

[2] U. Dincer, M. Cevik, Improved trajectory planning of an 
industrial parallel mechanism by a composite polynomial 
consisting of Bezier curves and cubic polynomials, 
Mechanism and Machine Theory, 132 (2019) 248-263.

[3] S. Gong, R. Alqasemi, R. Dubey, Gradient Optimization 
of Inverse Dynamics for Robotic Manipulator Motion 
Planning Using Combined Optimal Control, in:  ASME 

2017 International Mechanical Engineering Congress and 
Exposition, American Society of Mechanical Engineers, 
2017, pp. V04BT05A017-V004BT005A017.

[4] J. Woolfrey, W. Lu, D. Liu, A Control Method for Joint 
Torque Minimization of Redundant Manipulators 
Handling Large External Forces, Journal of Intelligent & 
Robotic Systems, (2019) 1-14.

[5] M.R. Vezvari, A. Nikoobin, Optimal Balancing of Spatial 
Suspended Cable Robot in Point-to-Point Motion using 
Indirect Approach, International Journal of Advanced 
Design & Manufacturing Technology, 10(3) (2017).

[6] V. Gupta, S.K. Saha, H. Chaudhary, Optimum Design 
of Serial Robots, Journal of Mechanical Design, 141(8) 
(2019) 082303.

[7] A. Martini, M. Troncossi, A. Rivola, Algorithm for 
the static balancing of serial and parallel mechanisms 
combining counterweights and springs: Generation, 
assessment and ranking of effective design variants, 
Mechanism and Machine Theory, 137 (2019) 336-354.

[8] M.R. Vezvari, A. Ghoddosian, A. Nikoobin, Numbers 
Cup Optimization: A new method for optimization 
problems, Structural Engineering and Mechanics, 
66(4) (2018) 465-476.

HOW TO CITE THIS ARTICLE
M. Riyahi Vezvari, A. Nikoobin, A. Ghoddosian, Torque minimization of 2-DOF 
parallel robot using counterweights and trajectory planning, Amirkabir J. Mech. 
Eng., 53(Special Issue 4) (2021) 569-572.

DOI: 10.22060/mej.2020.17378.6585



This
 pa

ge
 in

ten
tio

na
lly

 le
ft b

lan
k


	Blank Page - EN.pdf
	_GoBack




