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ABSTRACT: In this paper, the performance four-degree-of-freedom parallel manipulator with
Schonflies motion is evaluated from kinematic and dynamic points of view. Its low inertia makes it
a suitable choice for pick-and-place applications, which demand high velocity and acceleration. So,
the dynamic characteristics of the robot are of high importance. Moreover, parallel robots suffer from
a small workspace, on which their singularities put additional constrain. Hence, this paper studies the

kinematic and dynamic behavior of the robot in-depth to give a clear perspective to path planning and

its applications. To perform kinematic analysis, constraint equations are derived based on the geometric  Keywords:

method, and then Jacobian matrices are determined via velocity analysis. By considering the constraint
four-degree-of-freedom parallel

equations and joint limits, reachable workspace is determined, applying point-to-point search algorithm bot

. e . . . . . . . . robo

and singularities are identified by the inverse and direct Jacobian matrices. For dynamic modeling, o _

Euler-Lagrange formulation is applied and both kinematic and dynamic models are verified by the .

results obtained from mechanism simulation in ADAMS software. Furthermore, for evaluation of the —Kinematics

robot performance, pressure angles are employed to show the equality of motion/force transmission, and
dynamic indices based on joint space inertia matrix are applied to illustrate its dynamic behavior.

Dynamics

Performance Evaluation

1- Introduction

Parallel Kinematic Manipulators (PKM) are closed-
loop kinematic chain mechanisms comprising of several
independent serial chins, connecting the end-effector to
the base. This constrained structure gives them capabilities
like high accuracy, velocity, stiffness, payload capacity, and
great dynamic performance, and makes them an excellent
choice for Pick-and-place (PnP) applications. Thanks to
their light-weight and low-inertia structure, delta type
Schonflies motion (3T1R) PKMs are extensively employed
for PnP applications. Aside from all positive points, PKMs
suffer from some drawbacks such as small workspace and
singular configurations. These limitations together with the
demanding tasks for which they are planned have been the
motivation behind numerous researches on performance
evaluation criteria [1-4].

2- Methodology

The PKM under study is a modification on the redundantly
actuated Veloce [5], which is composed of four identical
R-(SS)2 arms, connecting the base to the end-effector. As
shown in Fig. 1, by shifting the connection of two opposite
arms to the end-effector along with opposite directions and
adding a couple of revolute joints, the mechanism will be
able to generate Schonflies motion, with rotation around the
horizontal axis [6].

The structure of one arm of the manipulator is illustrated
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in Fig. 2. The loop-closure equation for the ith arm is written as

rp+ sl.l4wl. = llei +12ul. + l3vl. (1)
secff;  i=l,4
&=
! —secff; i=2,3 @)

where, rp:[xp yp z ]T

|-
Squaring both sides of Eq. (1) and simplifying the result
yields the inverse kinematic equation as
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Fig. 1. CAD model of the Schonflies PKM

For velocity analysis, Eq. (1) is differentiated with respect
to time, which gives the Jacobian matrix, mapping the joints’
velocity to the velocity of the end-effector.
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Applying Euler-Lagrange formulation, the dynamic
model is obtained as,

1=MX+CX+G+F

M=MJ+J TMp | c=M,J (5)
G=G,+J T Gp , F=—JTF
where,
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3- Performance Evaluation

To describe the motion/force transmission ability of a
parallel mechanism, two distinct pressure angles are defined.

pi=cos” ! ﬁiT(iz,- xi; )
T (6)
1(P14%93)" 8

9=cos” "=
V14Xv23 (7
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Fig. 2. Coordinate frames and variables of the arm

where p; shows the motion/force transmitted from the
active joint of the i-th arm to the end-effector, and ¥ indicates
the force transmitted from the end-effector to the passive
joints of the other arms when their active joints are locked.
The local transmission index for kinematic evaluation of the
mechanism is defined as,

LTI:min{|cos L l.|cos .9|} (®)

B

PnP applications require high acceleration devices, and this
makes the inertia forces of the robot a decisive factor. Thus, the
mean value of the principal elements of the joint space inertia
matrix is defined as Joint-Reflected Inertia (JIR) and represents
the overall inertial level of the parallel manipulator for inertia
matching [7]. The Coefficient of Variation of joint-space Inertia
(CVI) index is another dynamic index, showing the imbalance
of inertia property among arms, and is defined [8],

)

4- Simulation Results

Three performance indices for a section cut crossing the
workspace at z=-700 mm are shown in Figs. 3 to 5. As depicted
in Fig. 3, the PKM demonstrates poor performance when y =0°,
however as this angle increases to -45°, this index increases to
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Fig. 5. CVI at z=-700 mm

higher values. JRI distribution illustrated in Fig. 4 reveals that
when y =-45° this index is less than 10 for central area, while
for horizontal configuration this index increases considerably.

According to Fig. 5, for y =-45° the distribution of CVI
over the section is more uniform. For y =0° the central area
offers better performance.

5- Conclusion

This paper addressed the performance evaluation of a
Schonflies robot. It was shown that this robot demonstrates
poor performance in the horizontal configuration of the end-
effector, while for other configurations, the performance
improves.
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