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1- Introduction

Parallel robots can achieve higher accuracy and structural
stiffness compared to serial robots. A new branch of
robots, known as hybrid robots, has emerged that takes
advantage of both serial and parallel robots. These robots
can be utilized in wvarious applications, including
minimally invasive surgical procedures, machining
operations, and simulation industries.

In 2020, Enferadi [12] introduced the 3RSS-S spherical
parallel robot, which has suitable features for motion
simulation. By modifying the introduced robot and
combining it with an XY gantry serial robot, he introduced
a full DOF hybrid motion platform. The main attribute of
the robot is the hollow shaft design and consequently,
unlimited yaw motion of the robot. On the other hand, the
compact design of the robot and its suitable workspace
volume index have made it suitable for simulator
applications. Therefore, analyzing the kinematics and
dynamics of the introduced robot is of special importance.

There are certain simple methods to obtain kinematic
equations and Jacobian analysis of robots. Obtaining a
dynamic model of a robot is a prerequisite for control and
simulation purposes. To obtain the dynamic equation of
the PP-(3RSS-PS) hybrid robot, the Gibbs-Appell method
is considered a simple energy-based method in which less
computational burden is required. To ensure the accuracy
of the dynamic model, the robot is modeled in MSC-
ADAMS software. For this purpose, six independent
trajectories according to each DOF of the robot were
defined and results were verified. The presented robot has
the potential to be used as a new platform for the
simulation industry.

2- Structural model of the PP-(3RSS-PS) robot

The PP-(3RSS-PS) robot is a 6-DOF hybrid robot
constituting a 4-DOF parallel robot mounted on a
conventional serial XY table. In Figure 1, a hybrid robot is
shown in which the parallel part of the robot is mounted
on the XY table. The parallel robot part has a 3RSS-PS
structure which consists of a base platform connected by
four kinematic chains to the moving platform. Three of

these kinematic chains are identical RSS legs responsible
for the robot’s orientation and the fourth kinematic chain
isa PS leg.

Figure 1: The 3D Model of the PP-(3RSS-PS) hybrid robot

3- Governing kinematics equations of the robot
Kinematics is the study of relationships between the end-
effector motion and robot actuators. Figure 2 shows the
kinematics chain of the robot. By solving the inverse
kinematics of the hybrid robot, eight solutions for the robot
actuators are obtained.

Figure 2: The it" closed kinematic chain of the PP-(3RSS-
PS) robot

The matrices g =[X Y Z 6, 6, 93]T and X =
X v Z Q, Q, Q" are defined as the joint
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velocities and EE velocities of the robot, respectively. As
a result, the Jacobian matrix of the PP-(3RSS-PS) robot is
obtained as:

X=J4 J=J"h (1)
in which J is the Jacobian matrix.

3. Governing dynamics equations of the robot
The general form of the Gibbs-Appell equation is as
follows:
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As can be seen, the terms of the Gibbs-Appell equation
are similar to those of kinetic energy function. To specify
the motion of the robot, a set of generalized coordinates
should be selected. In the case of PP-(3RSS-PS) hybrid
robot, the generalized coordinates are defined as the vector
form ¢g=[X Y Z 6, 6, 65]". In order to find
generalized forces governing the robot motion
corresponding to each generalized coordinate, first, the
Gibbs-Appell equation is constructed for each of the
moving components of the robot. Next, the derivative of
these equations concerning the acceleration of the desired
generalized coordinates is calculated. By the superposition
of the obtained partial derivatives, the equation of
generalized forces is written as follows:
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In Eq. 3, the acceleration energy function of X, Y, and Z
actuators are represented by Sp,, Sp,, and Sp,, respectively.
Moreover, the acceleration energy function for the jt*
rotary actuators, j* middle link, and moving platform are
indicated by S2, S/, and Sp, respectively. Also, Q; refers to
the generalized force corresponding to the i" generalized
coordinate that is equal to:

=1k, F, K, ©u 172 w37 (4)
where F, is the applied force, and &; and t; represent the
applied torque to each rotary link.

4- Simulation and results validation

To ensure that the dynamic equations of the robot have
been solved properly, the results of the theoretical model
are compared with MSC-ADAMS commercial dynamics
modeling software. In order to create a suitable simulation
for the desired hybrid robot, six trajectories are defined in
the Cartesian workspace. Figure 3 shows the diagram of
the forces and torques of the robot actuators for the Surge
trajectory, which shows a good agreement between the
analytical solution and the simulation.

F,(N)
>

0o 05 1 15 2 25 3 35 o 05 1 15 2 25 3 35
Time (s) Time (s)

Figure 3: Required actuators force of the PP-(3RSS-
PS) robot applied in the surge trajectory

5- Conclusion

Simulation results using MSC-ADAMS outputs in six
particularly defined trajectories proved the correctness of
the obtained dynamic model for global consideration. As a
result, analytical and simulation models can be used
interchangeably. The straightforwardness of Gibbs-Appell
method made equation derivation and programming code
generation easy since a fixed function is used to calculate
the dynamic of each part separately. What distinguished
this robot from other robots is its independent modular X
and Y workspace and unlimited yaw movement with a
compact footprint design. Independent movement in the X
and Y directions, despite the need to use larger actuators
in these two directions, will make the path design and
control of the robot much simpler in these directions. The
proposed PP-(3RSS-PS) hybrid robot could be used as a
case study for optimization and comparison with other
conventional simulators considering different performance
indices.
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Implementation of Gibbs-Appell Method in Dynamic Analysis of a Novel Serial-Parallel Hybrid Robot
PP-(3RSS-PS)

Seyed Nader Nabavi Javad Enferadi

Abstract This paper introduces a conceptual design of a new hybrid robot, named PP-(3RSS-PS), specifically intended
for motion simulation. The presented robot offers several notable advantages, including a simple and compact structural
design that optimizes its large workspace. The modular X and Y axes are engineered to facilitate extended acceleration
phases, while the power transmission system's hollow shaft design enables unlimited yaw motion. In certain applications
like aerial maneuvers, dogfights, and helicopter operations, the ability to achieve unlimited yaw motion holds significant
importance for delivering precise and immersive simulations. To establish the relationship between joint space and
Cartesian space parameters, comprehensive kinematic, Jacobian, and dynamic analyses of the robot are performed. These
preliminary relations lay the foundation for subsequent investigations, such as optimization studies. The Gibbs-Appell
formulation is employed to derive the dynamic equations, leveraging its computational efficiency over the Lagrange
method. To validate the analytical model, a simulation using MSC-ADAMS software is conducted. This simulation
incorporates six predefined trajectories adopted from an industrial motion simulator. Successful validation of the results
would not only confirm the accuracy of the analytical model but also motivate further research in search of an exceptional
alternative motion simulator.

Key Words Hybrid robot, Robot synthesis, Dynamic, Gibbs-Appell, Motion simulator.
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