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ABSTRACT

The problem of moving a gripper through a path ensuring only its predetermined
initial and final positions is a problem often encountered in various automation tasks.
In other words, achieving the objective of moving the gripper along a non-imposed
trajectory between two given positions, with the ability to change these positions
periodically. One solution to the problem is to create fixed sequence manipulators
with adjustable parts. The merit of the solution is that manipulation systems of this
type with cyclic control have only one actuator. Note that the cyclic control system
improves the operational reliability of the manipulation system and greatly reduces
the cost of it. The present study proposes a new concept for the design of fixed-
sequence planar SR symmetrical parallel manipulators. The aim of the proposed
design principle is that the two input links of the manipulator are interconnected. This
interconnection is carried out via a four-bar linkage with adjustable links. The link
lengths are determined in such a way that the initial and final positions of the gripper
are ensured. Numerical simulations are performed to illustrate the proposed design
concept.
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Geometric synthesis, Adjustable Links

1 INTRODUCTION

The problem of the synthesis of the manipulation systems by the predetermined positions of the
gripper can be solved by two ways: 1) by using robot manipulators with several degrees of
freedom allowing precise reproduction of different positions of the gripper. In this case, the initial
and final positions can be modified by the choice of the input parameters for each degree of
freedom; 2) by synthesis of a mechanism with one degree of freedom allowing precise
reproduction of a limited number of predetermined gripper positions. In this case, when modifying
the initial and final position of the gripper, it is essential to adjust certain parameters of the
mechanical system. The second method is considered to be the most optimum from the point of
view of simplified control and minimum energy expenditure. It widens the field of application of
fixed-sequence manipulators and permits to use efficiently the theory of geometrical kinematics
applied to mechanism synthesis.

Different approaches and solutions devoted to this problem have been developed and documented
[1], [2]. At the Institut de Productique de Besangon, to solve this problem, the Bennett mechanism
(Fig. 1) was used [3], [4]. The suggested design concept provides the predetermined trajectory of
the manipulated object through three predetermined positions of the gripper. The choice of three
positions of the manipulated object is motivated by the fact that they correspond to three
processing steps: loading of blank, machine working and removal of finished part. Such gripping



movements can be observed quite often during automation tasks. The problem relating to precise
reproduction of three and four positions of the gripper was also treated by using RRRSR spatial
mechanism [5]. It was suggested to use approximation synthesis methods [6]-[8] for the design
of spatial fixed-sequence manipulation systems reproducing the spatial trajectories given by N
positions of the gripper.

Figure 1. Fixed-sequence manipulator with Bennett mechanism.

An adjustable gear transmission system was also used to the modified planar SR manipulator [9].
These gears of the transmission system provided the required rotation angles for two links
mounted on the frame.

The present paper proposes a new design concept of fixed-sequence planar SR symmetrical
parallel manipulators. It is made possible by converting the planar SR manipulator into a four-bar
linkage with adjustable links and the application of the methods of geometric synthesis.

2 STATEMENT OF THE PROBLEM

Figure 2 is illustrates a kinematic scheme of the planar 5R parallel manipulator. The output axis
P(x,y), which corresponds to the axis of the gripper, is connected to the base by two legs, each of
which consists of three revolute joints and two links. The two legs are connected to a common axis
P with the common revolute joint at the end of each leg. In each of the two legs, the revolute joint
connected to the base is actuated. Such a manipulator can position the gripper freely in a plane xOy.

P (xy)

Figure 2. Planar 5R parallel manipulator.

In the given planar 5R symmetrical parallel mechanism each actuated joint is denoted as
A;(i = 1,2) the other end of each actuated link is denoted as B;(i = 1,2) and the common joint of
the two legs is denoted as P, which is also the axis of the gripper. A fixed global reference system
Oxy is located at the center of A; A, with the y-axis normal to A; 4, and the x-axis directed along
A4 A,. The lengths of links are denoted as l; = A;B; = A,B;,l, = BjP = B,P and lj; = 0A; =
0OA,. Now, let us consider that it would be necessary to handle a payload ensuring only two
prescribed positions: initial and final. That is, the payload's path of motion is not imposed and may
be an arbitrary curve. This is often the case with many tasks of picking up the payload and placing



it in another location. Such a task can also be repetitive within a specified time limit. Certainly, it
can be achieved via a planar SR manipulator with two degrees of freedom. However, given the
conditions described, it is more reasonable to transform the 5R parallel manipulator into a
mechanical system with one degree of freedom. For this purpose, an adjustable transmission system
will be added to modify the initial structure of the manipulator (Figure 3). The added link C; C; will
form a four-bar mechanism providing the required rotation angles 8, and 6, for input links. The
suggested methodology is considered optimal in terms of its simplified control and minimum energy
expenditure.

Figure 3. Fixed-sequence planar 5R parallel manipulator.

3 SYNTHESIS OF FIXED-SEQUENCE MANIPULATORS WITH ADJUSTABLE
LINKS BY TWO GIVEN POSITIONS OF THE GRIPPER

Thus, if the initial x;, y; and the final xf, y; positions of output axis P(x,y) are known, the initial
and final values 6;;, 015 and 6,;, 6, of the angles 6, and 6, can be obtained from the inverse
kinematics [10].

Bjk = Ztan_l(zik)Zj = 1F2F k = l;f

where

2
_bjk + g; bjk — 4‘ajijk

Zi =
'jk
Zajk

aye = 1§ +yi + (o +10)* = 13 + 20 + o)y

bix = —4yily

cue =1+ vk + (e +10)* =15 = 20 + o)y

G4y + (o —10)? =15+ 200 — lp)ly
by = b1 = —4yily
Cok = 1 +yic + (o — 1)* = 1 — 20, — )y

with g; = 1,0, = —1 corresponding to the configuration of the manipulator shown in Fig. 3.
Then, knowing the input angles 8; and 8,, the position of the output axis P(x,y) of the
manipulator is determined via forward kinematics [10].



The synthesis of the linkage A;C;C,A, can be achieved by determining the lengths of the links
A1Cy and AyCyily ¢, = Ly and Iy, ¢, = Ly, taking into account that the nondimensional lengths
of the links C;C; and A1A;:l¢ ¢, = Lz and l4, 4, = Ly = 1 are known.

By formulating the conditions of the geometric synthesis of the linkage A;C;C, A,, the unknown
length [, ¢, = L, can be obtained from the polynomial equation:

asL% + azl3 + al3 + a;L, + ag = 0,
with
as = B3
az = 2(BB3 — azPifz — a153)
ay = —B3L3 + B + BF — 203818, + 20513 — 4a1 B2 B3 + B3
ay = =2(BoB3L5 + 818, — a1 B3 + B2S3)
ap = BF(1 —L3)
where,
aq = cosBq;
a,; = oS 0,;
az = cos(0z; — 6q;)
p1 = cosBy; —cosbf
B, = cosby; — cos Oyf
Bs = Cos(ng - 91f) — cos(6; — 61;)
Then, the unknown length [ = L, will be determined:
Ly = P1La/ (B2 + B3L2).

4 ILLUSTRATIVE EXAMPLE AND SIMULATION RESULTS

To illustrate the suggested design concept, the following geometric parameters of the planar 5R
manipulator have been used: Iy, 5, =ly,p, =036m; lg p =1lgp=03m;lpy, =lps, =
0.24 m. The trajectory of the gripper P is given by the initial position P; with the coordinates
x; = —0.06 m, y; = 0.45 m and the final position P; with the coordinates x; = 0.126 m, yy =
0.504 m. From these values, the initial and final positions of the angles 6, and 8, are calculated:
6,; = 1.856rad., 6,y = 1.246rad., 6,; = 1.609rad., 6,y = 1.191rad.

For the given values ly 4, = L; = 1(l; = 0.48 m) and l¢,¢, = L3 = 1.05(l3 = 0.504 m), the
following polynomial equation was obtained:

0.00081884L% + 0.01035443L3 + 0.03931921L3 + 0.07726310L, — 0.01711012 = 0.

From which the length of the link A;C; is determined: L, = 0.2 (I; = 0.096 m) and then from
L4 = ﬂle/(ﬁz + ﬁ3L2), the length Ofthe lll’lk A2C2: L4 = 0298 (l4 = 0143 m)

To validate the numerical example, simulations have been carried out on the software ADAMS.
By these simulations, it was approved that the developed manipulator ensures the given initial



and final positions of the gripper. The trajectory of the gripper, the variations of the angles 6, and
6, are shown in figures 4, 5 and 6. It is obvious that when changing the initial and final positions
of the gripper, the lengths of the links A;C; and A,C, must be adjusted.

0.55
0.52
T 049
< 0.46
0.43

04971 D005 00 005 071 015

Xp(m)

Figure 4. Trajectory of the gripper yp = f (xp).
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Figure 5. Variations of the angle 81 (rad).
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Figure 6. Variations of the angle 8, (rad).

5 DISCUSSION

The author believes that the proposed solution is practical, feasible and cost-effective, and appli-
cations for it can be found in areas requiring fast manipulation. The examined problem can also
be solved for three given positions of the gripper, i.e. adding an intermediate position between the
initial x;, y; and the final xf, yy positions. In this case, the length of the link C;C, will also be
adjustable. However, it should be noted that the mathematical solution in this case will be much
easier, since it is necessary to solve a system of linear equations and to find the parameters 4 ¢, =

Lz, lClC'z = L3 and lAZCZ = L4_.



6 CONCLUSIONS

This work tackles the problem of designing fixed-sequence planar SR parallel manipulators to
reproduce the predetermined initial and final positions of the gripper. It demonstrates how the
manipulator can be designed with two prescribed positions of the gripper. For this purpose, the
basic manipulator, which represents a parallel mechanism with two degrees of freedom, is
transformed into a mechanism with one degree of freedom. An adjustable transmission system,
which is a four-bar linkage, was added to the modified SR manipulator. The link lengths of the
created four-link linkage were determined by means of a geometric synthesis for two given
positions of the input and output links. These two positions of the four-bar linkage were
determined by prescribed initial and final positions of the gripper. The formulation of the problem
of geometric synthesis led to the solution of a fourth-degree polynomial. To illustrate the
suggested design concept, simulations have been carried out via ADAMS software. The suggested
methodology is considered optimal in terms of its simplified control and minimum energy
expenditure. The merit of the solution is that manipulation systems of this type with cyclic control
have only one actuator. Note that the control system improves the operational reliability of the
manipulation system and greatly reduces the cost of it.
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