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Abstract. This paper proposes a new solution to the
problem of torque minimization of the Delta robot.
The suggested approach involves connecting to the
initial structure a secondary mechanical system, which
generates a vertical force applied to the platform of the
robot. The conditions for optimization are formulated
by the minimization of the root-mean-square and
maximum values of the input torque due to the static
and dynamic loads. The numerical examples show the
efficiency of the suggested torque minimization
approach.
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1. Introduction

The displacement of the platform (4) (Fig.1) of the
Delta robot [1] is the result of the movement of the
three articulated arms (2) mounted on the base (1),
each of which is connected to a pair of parallel rods
(3). The three orientations are eliminated by joining
the rods in a common termination and the three
parallelograms ensure the stability of the platform (4).
This configuration of the robot has three degrees of
freedom. The platform (4) stays constantly parallel to
the base (1) and cannot rotate about the axis
perpendicular to this plane.

It should be noted that the Delta robot is well known
in the electronics, food and pharmaceutical sectors as
a reliable system with the fast execution of light-duty
tasks. However, in recent years, more attention has
been paid to the increasing number of possible
industrial applications, such as manipulation of the
medical devices. In this case the mass of the
manipulated object becomes heavier (70-80kg) and
consequently the input torques increase.

In this context, a new approach for the minimization
of the input torque of the Delta robot with high
weight-carrying capacity is developed.

Statement of problem. For the minimization of the
torques of the Delta robot with 3-DOF (Fig.1) we
suggest adding a secondary mechanism between the
base (1) and the platform (4). The aim of this approach
is to create on the platform (4) a supplementary

vertical force which allows the minimization of the input
torques of the robot.

G

Fig. 1 Application of a force F to the platform
of the Delta robot.

Thus, the problem studied is the following: to create a
linkage which allows the development of a vertical force F
and the minimization of the root-mean-square (r.m.s.) or
maximal values of the torques.

2. Design of the suggested mechanism
The suggested system includes (Fig.2) a pantograph

mechanism (5) mounted on the rotating stand (6) connected
with the base.

Fig. 2 Schematics of the suggested mechanism.

The input points A and B of the pantograph are located in
the horizontal and vertical guides of the rotating stand. So
the suggested system has three degrees of freedom: a
rotation of the stand about the vertical axis and two
translations along the guides. This allows the suggested
system to be passive relatively to the Delta robot when the



point C is connected with the platform (8). The point
B is connected also with an actuator which produces a
vertical force. This vertical force Fg is used for the
balancing of the static and dynamic loads. It is
obvious that the determination of the balancing force
Fc takes into account the magnification factor of the
pantograph.

Fig.3. A CAD model of the prototype which is
currently being developed in the I.N.S.A.

In Fig.3, the Delta robot with the suggested
mechanism is shown. The illustrated prototype is
realized on the base of the multi-loop pantograph
mechanism. Such a design allows the introduction of
the torque-minimizing mechanism in the free space
between the three kinematic chains of the Delta robot.

3. Torque minimization

The three torques of the Delta robot can be presented
in function of force F. by the following expression:
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where AM* is the optimized torque of the i"" actuator

(i=1,2,3); M* is the initial torque of the i actuator
due to the gravity forces of the platform, the
manipulated object and the movable links; J is the
Jacobian matrix of the robot, between the controlled
point C of the robot and the actuated variables &, [2].
For the minimization of the r.m.s. value of the torques,
it is necessary to minimize the sum:
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where C, =(X.,Y,,z, )" with X,y andz, the
Cartesian coordinates of the platform for the k"
position; M is the initial torque of the i actuator,

J5i(C,) is the element of the i column and the 3"

line of the Jacobian matrix of the robot for k™ position;
N is the number of calculated positions of the robot.
For this purpose, we shall achieve the condition:

5_A =0, from which we determine the force:
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For the surgical Delta Robot developed by the society
«ISIS» with payload 750N, the value of the added force
determined by expression (3) is 964N.

Fig.4 shows the variations of the initial and optimized input
torques of the examined robot for the whole working space
of the robot. It should be noted that in the symmetric
working space of the robot the maximum and the r.m.s.
values of the torque are same for each actuator.
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Fig. 4 Initial and optimized torques of the actuator 1.

Thus, the reduction of the r.m.s. value of the input torque is
95 %. It should be noted that the minimization of the
maximum value of the torques is achieved. The reduction of
the maximum value of the torque is 90%.

TABLE 1
Maximum values input torque Aoplied
of the acceleration (maximum value) (N.m) forpc% N) Gain
and velocity initial optimized
a=0.1m/s?
v =026 m/s 645 57 956 91 %
a=1.05m/s? [
v =079 m/s 645 110 897 83 %
a=4.13 m/s?
v =157 m/s 645 326 779 49 %

This approach can also be used for the minimization of the
dynamic loads. The obtained results, which are determined
by the optimization module of the k<ADAMS» software and
the expressions given in [2], are shown in Table 1.

It is natural that the increase of velocity and acceleration
leads to the reduction of the efficiency of the minimization
because the added force F is always vertical and cannot

compensate all effects of the inertia forces on the horizontal
plane.

Finally, we would like to note that the patent concerning the
suggested mechanism is pending.
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