ISSN 2278-3091

Volume 9, No.1.5, 2020

International Journal of Advanced Trends in Computer Science and Engineering
Available Online at http://www.warse.org/lIJATCSE/static/pdf/file/ijatcse1891.52020.pdf
https://doi.org/10.30534/ijatcse/2020/1891.52020

Modeling and control a Robot serving a CNC Didactic
Milling Machine

My Elhoussine ECH-CHHIBAT", Laidi ZAHIRI? Laila AIT EL MAALEM?
Laboratory of Signals, Intelligence Artificial and Systems Distributed, (SSDIA)
ENSET Mohammedia, Hassan Il UniversityCasablanca, Morocco
Yechchhibate@gmail.com, 2zahirilaidi@yahoo. fr, ®l.aitelmaalem@gmail.com

ABSTRACT

Robotics is a very dynamic field, which has been evolving
diligently in these recent years. The pandemic disease hitting
the world actually is accelerating significantly this
development of robotics. The robot is a main factor that
helps to ensure the distanciating in order to minimize the
spread of this disease (Covid-19).Our contribution concerns
mechanical production workshops, in this case, the automatic
loading and unloading of a numerically controlled teaching
machine, which implanted in our laboratory. The purpose is
to reduce the manual manipulation of machine’s parts and
organs as much as possible, thus limiting the disease’s spread
by touch. In this work, we have developed all the models
necessary to control the serial robot with six degrees of
freedom. Three of those degrees control the position of the
effector, and the three others orient the wrist. For this
context, the direct and reversed geometric model, kinematic
model and dynamic model were determined. A robot position
and speed control methodology is proposed. Many
simulations have been effectuated to properly validate the
specific models sought
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1. INTRODUCTION

At present, a large proportion of research work is oriented
towards contributions that help to overcome this difficult
phase that humanity is going through [1]. We are moving in
this direction with a double objective. The first one is to help
students to do their practical work with minimal man-
machine contact. The second one is pedagogical so as to
facilitate the learning and teaching of robotics based on
validated models.

In order to conceive, simulate and control a robot, all the
necessary data must be available, we mention the workspace
in which the robot must operate and the different
characteristics of the articulated structure. As mentioned
above, several levels of modeling are also necessary,
depending on the articulated structure of the system to be
realized and the specifications of the charge notebook.
However, the theoretical mathematical models are almost
identical, but each one develops its own architecture, this is
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the biggest difficulty of robotics. Obtaining these different
models is not simple; the difficulty varies according to the
complexity of the kinematics of the articulated chain, the
number of degrees of freedom, the type of joints and the
nature of the structure (open, tree-like or closed). The initial
parameterization is realized by using several methods. In our
calculations, we use the modified Denavit-Hartenberg (DH)
method [2] [3] [4].

2. MANIPULATOR DESIGN :

The served machine, Figure 1, is a machine driven by the
standard graphic language. Its approximate dimensions are
given in Table 1.

Figure 1:CNC machine tools

Table 1:Dimensions of the CNC milling machine

Height
1.829m

width
1.067m

depth
0.914m

The manipulator under study has three rotoid-type links,
Figure 2. A pivot link with axis z;and perpendicular to the
other twoaxes ensures the vertical rotation of the manipulator
between 0 and n/2. This movement covers the work area in
front of the TORMACH PCNC 440 machine table. The other
two swivel joints are parallel to each other and perpendicular
to the first one, positioning the end point M of the
manipulator in height. Note that in this specific robot, the
second link is offset from the vertical axis by a length d, for a
better arrangement of the workspace. The ball-and-socket
connection of the gripper is ensured by three pivot
connections with concurrent axes.



Xo

Figure 2:Kinematic structure of the manipulator

The dimensions of the manipulator are summarized in Table 2
and are expressed in meters.

Table 2:Dimensions of the manipulator

n d, ds dy

1.00 m 0.15m 0.80m 0.80m

Environmental constraints force us to limit the robot's
working field. The joint limits within which the manipulator
operates are shown in Table 3.

Table 3:joint angular limits
6, 6 63

Oto = Oto = Oto——=
tOE tOE tO—E

2.1Structure parameters (modified DH):

The passage from the referenceR;_;to the referenceR;is
expressed as a function of four geometrical parameters [2] [5]
[10]:
e a; : Angle between axes z;_;andz;, corresponding to
arotation around x;_, ;

e d; : Distance between z;_, andz;along x;_; ;

e ;. Angle between axesx;_;et x;, correspondingto a
rotation around z;;

e 17; : Distance between axes x;_;andx;alongz;.

These elementary transformations are translated into simple
translations or rotations:

Rot(Xj_1,a;), Tras(xi_;,d;), Rot(z,6;) et Tras(z;d;)

Table 4 summarizes the DH parameters of the robotic
structure constituting the carrier.

Table 4:Structure parameters

qj d] 9] L§i
Ry,— R, 0 0 0, 21
T
Ri—> R, +E d, 0,
R,—> R, 0 d, 0,
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2.2Trajectoryplanning

The control applied to the robot is determined by the
architecture of the machine tool. The workpiece holder
installed on the milling machine table is accessible from the
main face of the machine Figure 1.

It is imperative that the robot clamp follows the path shown in
Figure 3, and is carefully designed to avoid collisions and
reduce unproductive time. The trajectory is composed of three
different curves:
o Slightly upward engagement and disengagement to
avoid friction with the table. This part concerns joints
2and 3;
e A progressive rotation of the clamp, all three motors
are involved,
e Gradual lowering of the gripper to deposit or pick up
the workpiece.

Manipulator frajectory

X:7.019e-17
Y:1.146
Z:0.5747

X:0.3133
Y:0
Z2:0.9918

Z:0.2028

0 o
Figure 3:Trajectory of manipulator gripper.

To move from one position to another, appropriate torques are
applied to the joint motors. Position commandsf; (i =
1,2,3)are applied to the system when it is in an initial
positiond;; (j = 1,2, 3).

3. GEOMETRIC MODEL.:

3.1direct Model:

The homogeneous transformation matrix [8] [11] expresses
the transition from a solid bound to the referencer;_;to
another solid bound to the referenceRr;, the transition matrix is
obtained by multiplying the elementary matrixes:

ij*1 = Rot(xj_y,a;) * Tras(x;_;,d;) * Rot(z;,6;) * Tras(z;,17)(1)
The formula (1) is therefore:

cos(6;) —sin (6;) 0 d;
M= cos(aj) sin(6;) cos(aj) cos(0;)— Sin(a]‘) —nsin(a;)
/ sin(aj) sin(6;) sin (aj) cos(8;) €08 (@) rcos(a;)
\ 0 0 0 1 /

For more space, we retain in the following symbolic writing:

c; =cos(6;); s; =sin (6;)

Cij = cos (61"'6}) ;Sij =sin (61"'6})



The transformation matrices [7] between the robot segments
considering the parameters in Tabledare written as follows:

c;—s10 O €2=S2 0 d
s; 0 0

001 r/
000 1

M =

Moving from the referenceR;to the referenceR,is obtained by
the following matrix product:

M3 = M7 M; M3

@)
The global matrixMJof the equation (2) can be written:

€1 €2 €3 — €18253—C1C2S3 — €152C3s; d3ciC; +dacy
51C2C3 — 518253 —S1C283 — 5152C3¢; d3s,¢; + dps,y
S2C3 + €383 —S2S3+ (03 0 (das, 41y
1

Mg =

Point M, Figure 2, has the following coordinates (d,, 0, 0) in
R;. After calculation, its coordinates inR, are (3):

€1623dy +dzci 0y +dyoq
M 51€23dy +d351¢, +dy5; (3)
Sp3dy+dzs;+ry
1
3.2Inverse model:

The inverse problem [6], [9],[11] consists in evaluating the
articular coordinates corresponding to a given position of the
terminal organ, according to the Cartesian coordinates. The
inverse geometrical model is used to calculate the position of
each robot link as a function of the position and orientation of
the end organ. The inverse matrix of the model is given as
follows :

cos (6;) cos(a;)(sin (6)) sin(a;) sin(6;)—d;cos (6;)
M = | —sin(ej) COS((Xj) COS(Qj) sin(aj)cos (9]‘) djsin(ej) |(4)
-1 \ 8 —sin(aj) cos (a;)
0

-7
0 1

(4) is used to write elementary inverse matrices :

¢ 510 0 c; 0 SZ_dZCZ
1| =$1610 0. o[ =520 ¢z dys, |.
M=l 001-r M=\ 0210 o [
000 1 000 1

C3 S3 O—d3 C3

3_[—S3¢ 0 dss;

M; 001 0

0 00 1

The equations of the direct model are:
XO d4
)¢ 0

2 |=memimz| o))

1 1
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To find the solutions to the inverse equation, the two
members of equation (4) are premultiplied successively by the

matricesM].]_lopposite ofM].] “for j varying from 1 to 3. These

operations make it possible to isolate and identify the articular
variables; we are looking for successively. In this case we
proceed as follows:

By multiplying (5) on both sides byM2 we get (6).

Xy d,
Yo | _ 0
1 1

Once we do the math, we will have (7):

Xoc1 + Yos1 = da(cacs — 5553) +dsc, +d,
—Xos1 + Yy, =0
Zo— 11 = dy(S5¢5 + ¢p53) + d3s,

O

The second line of (7) is an independent equation:
—XoS1 + Yoc, =0(8)
We deduce 6, using the function atan2 [12]:
6, = atan2(Yy/X,)(9)

On either side, we multiply the relation (6) byM2opposite of
M3, we get:

XO d4

)¢ 0
mimy| o )=z | 9 o)

1 1

After our calculation, we get (11):

{(X0C1 +Yos; —dy)e, + (Zo — 1)y = dacs + d3(11)
(Zo —11)cy + (Xocq + Yos1 — dy)s; = dus;

We put:

(s e
So:

e r b & foay)
to eliminate

By squaring, the

6;and we get:

two equations (13)
2Ad;c, + 2Bdsys, = A2 + B2 + d2 — d2(14)

Equation (14) is written in the form:

K s, + Kyc, = K (15)
K, = 2Bd,
With: K, = 2Ad,

K; =A?+B?+d% —d?
Equation (15) is also written like the following:

(K? + K7)s3 — 2K, K3s, — (KF — K) = 0(16)



(16) is a second-order equation and its solutions are:

K1K3+K, /(1{12 +K2-K2)
= a7

S, =
2 (K7 +K3) ‘

KyK3+Kq /(1{12 +K2-K2)
—_ (

c, = (18)

(K$+K3)

The relation between equations (17) and (18) makes possible
to deducef, (19).

6, = atan2(s,,c;)(19)

6(20) is evaluated by the relation of the two system
equations (13):

0; = atan2(Bc, + As,, Ac, + Bs, —ds) (20)
The solution of the inverse geometric model is not
unique;therefore, a point in robot space can be reached with
several different postures. The choice of a posture is
determined by the obstacles that exist in the workspace.
Simulations are performed in MATLAB to validate the direct
and inverse geometric models (Figure 4, 5, 6, and 7).

4. KINEMATIC MODEL

4.1Direct kinematic model
The direct kinematic model expresses the speed of the end
unit as a function of the joint speeds [7]. The direct model is
calculated as follows (21):

X =J(@)q (21)
WhereJ(q)denotes the Jacobian matrix of dimension (mxn) of
the mechanism.

If for a configuration, det(J(q)) = O, then there is a singularity.
The robot gets instantly lost and the control program must
react to these situations. The problem also arises if the robot
is asked to reach points outside its working area (Figure 8, 9
and 10).

4.2Inverse model:
The inverse kinematic model expresses the angular velocities
of the joints as a function of wrist speed. The jacobian makes
it possible to calculate a solution of the articular variables g
knowing the operational coordinates X (22).
q =] X (22)
MATLAB scripts have been developed to validate the
direct and inverse kinematic models of this manipulator.

4.3Jacobian of the studied structure:

The Jacobian matrix is calculated by derivation of the direct
geometric model:

Jij = Z—ZWhereizl...m and j=1...n and/;; element (i, j) of

the matrixj/(q).
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From equation (3) the following Jacobian is deduced:

J(g) =
—=51(d3cy + dyaz +dp)  —ci(ds * 5 +dySp3)  —daCiSps
c1(dsc; +dycos +dy)  —s1(ds *5; +dySp3)  —daS1523 [(23)
d3c; +dycys dyCy3

5. DYNAMIC MODEL

5.1Choice of model

The dynamic model is the relation between the static torsor
(forces and torques) applied to the actuators of the links and
the dynamic torsor of the robot segments. The dynamic model
can be expressed by the relation (24), [13]:
T=f(q.9.4.F) (24)

Where:
T :Actuator torque/force vectors, depending on whether the
joint is rotoid or prismatic.

q : Vector of joint positions.

q : Articular velocity vector.

¢: Vector of joint accelerations.
F.: Vector representing the external forces (forces and
torques) exerted by the manipulator on his environment.

Several formalisms are used to elaborate the dynamic
equations of the robots. The best known formalisms are [14] :
» The formalism of Lagrange-Euler;
» The formalism of Newton-Euler.

In this work, we are interested in the formalism of Lagrange-
Euler. The equations of this formalism [15] are:

_ d (9L(aq)\ _ 3L(a.4)
_Z( a4 )_ aq (25)
Where the LagrangianL(q, q)is expressed as a function of the
kinetic energyE(q, ¢)and the potential energyU(q)byrelation
[16]:

L(q,q) = E(q,9) — U(q) (26)
Equations (25) can be written as [16]:
T=D(q) * G +h(q.q) + g(q) + b(q) @7

D(q): Inertia matrix of dimension (n x n)

h(q, q): Vector of centrifugal and Coriolis forces.
9(q): Load gravity force vector.

b(q): Friction in connections.

In this case, we study a didactic manipulator with three
degrees of freedom of the rotoid type from which:

6, T
q= (92>andr = <T2>
04 T3



5.2Assessment of torques and forces

5.2.1Torques:

In the centre of each joint there is a torqueT;;applied by arm i
to arm j. The opposite torque isT;; = —T;;.The torques are
expressed inR,, they are respectively noted (28):

Tor = (Torx: Tory: Torz)
T2 = (Tizx Ti2y: Tizz)
T3 = (Ta3x: Tory: T232)

5.2.2 Forces applied to the manipulator arms

There are three forces of gravity applied to the centers of
gravity of the robot segments, which are respectively
namedG; (i=1, 2, 3). If necessary, arm 3 can support a load of
weightG, at its end. These loads are expressed respectively by
(29):

(28)

{Gi =-mig (29)

G, =-mpg

Note that m; is the mass of arm i, and m,, is the mass of the
load.

5.2.3Generalized forces:
Generalized forcest;are also expressed by (30) [17]:

=227 Yep (30)

a4, a4,
Where i=1, 2, 3.
Whereo is the angular velocity of the rigid body expressed in
Ry, V,;is the velocity of the center of mass of a solid in the
base frameR,,.T and Fare respectively the torque and the force

acting on a segment of the robot.

In this case, the contribution to the generalized forcer;, of the
different pivot links (1, 2, 3) is given respectively by (31):

Ty =Ty T T+ 153 (31)
And:
(1 =220 (1, —Ty,) + &g
[Tir = 5y, o1 —Taz 24, U1
av
4' Tz = ;;.210 (T, — Ty3) + ?.01262(32)
a av
k Ti3 = %(Tza) + aq.Glg Gs

Therefore, the generalized forcest;acting on the link are
respectively expressed by:

a

w19 aV,
Tor — Tip) +
34, ( 01 12)

.6, +
943

0w, w3

OVey

20, 02t
q1
0Ve3

2(Ty, — Tps) +

0
%4, (T3) +

ovn
Gy + 6—;1’ G, (33)

T, =

04,

dw1g 0Veq dwyo OVep dwszg
T, = —2(Tyy —Typ) + 72 Gy + —2(Tyy — To3) + =26, + —2(Tys) +
2 g‘(}z 01 o 12 34, 1 4, 12 23 g, 2 34, 23
c3 M
Pyl el ) (34)
P P
T =0a)10(T T )+0VCIG +0a)o(T T )+0VCzG +0a)30(T )+
3 34 01 12 34 1 34 12 23 3G 2 34 23
Wes Wy
+—2¢g (35)
3 L

a4q3 d4q3

Calculations are giving (36):
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71 = To1z
Ty = Typ, = M3gLlscyz —myglyc, —magdsc,
—mcgdsCrz —megdsc,
T3 = T3, — M3gLscys — M gdscys

(36)

5.3Lagrangian calculation of the articulated system

5.3.1Kinetic energy

The calculation of the kinetic energy of a body depends on its
linear velocity, angular velocity and the moments of inertia of
its components.

The inertia matrices of the manipulator segments are
expressed at the centers of mass. Solids 2 and 3 are assumed
to be symmetrical with respect to axes x, and x; respectively.
Solid 1 is symmetrical with respect to thex,z,plane. The
inertia matrices are of the form:

le 0 _lezl IxZ 0 0
L= 0 L, 0o }n=({0 I, O
_lezl 0 Izl 0 0 IZZ

Is 0 O

[3 = 0 1y3 0

0 0 I,

The kinetic energy of a body i is expressed byE; (37):
(

1
_1 T 2
[E1=3 [(01011(010 +myvd |

37)

1
_1 T 2
E;=3 [(02012(020 +myvd|

kEs = é [(03013(050 + Mg
Where :
w10 = (0,0,6;)
Wa0 = W1+ MY Mywy,"
W30 = wpo + MY M3Miws;s"

w1y = (0,0,6,); wy, =(0,0,6;); wsz =(0,0,63);

w;;1S the angular velocity of the solid i in the frame R;;

wjois the angular velocity of the solid i in the frame Ry;

whis the transpose of w;, ;

vg;1s the linear velocity of the centre of mass of the solid i
in the reference frame R,.

The coordinates of the center of mass of segment 1 in the base
frame Rpare:

Xo1 = lLi¢y
Yo1 = l1s1 (38)
Zoy =1 — ky
The coordinates of the center of mass of segment 2 in the base
frame Rpare:

Xoz = daC1 + 16165
{YOZ =d;3s1 +135162(39)
Zop = sy + 1y
The coordinates of the center of mass of segment 3 in base
frame Ry are:

Yoz = d351 + l351¢3 + d35,¢,(40)

{xos =dyer + 3003 + d3cq0
Zo3 = l3Sy3+dzs,+ry



By derivation of (38), (39) and (40), we obtain the speeds of
the centers of gravity of arms 1, 2 and 3:

Xg1 = —a@ls1
Vg1 =19 yo, = ab,c; (41)
751 =0
And
Xo2 = _d2‘9151 -1 [91S1C2 +‘925132]
Vg2 =4 Yoz = da0i¢ + 1, [91C1C2 - 925132] (42)
) Zoy = L0,c,
And finally:
Xo3 = —l3 [9151523 + (92 + 93)51523] —ds [915152"'925152] —dy0;5;

Yos =3 [9151523 - (6, + 19.3)51523] +d; [915152_925152] —dyb;c; (43)
253 = 13(02 + 05)cp3+d30,c,

In the end, the total kinetic energy is then:

E = E,+E,+E, (44)

The final result is calculated by a Matlab script to avoid

possible errors.

5.3.2Calculation of the potential energy of the structure:

The total potential energy is given by the following relation:
U =mygzy; + Mgz, + M3g2o3(45)

By calculating, we get:

U = glmy(r — kq) + my(ry + 155,) + ma(ry + dss, + 13553)]

5.3.3Dynamic structural equation:

The differential equations of the articulated system are
expressed by the following relationships [17] [18].

(T — i(al‘(eréﬂ) _ aL(01,61)

! 17 ar\ a0, 80,

a aL(ezyéz)) 0L(62.6,) ,
T, =— : - 46
2 dt( a0, 90, ° )
IT _ i(aL(Ggyés)) _ 9L(85,63)
k 37 ac\ a0, 96,

By identification between equations (36) and (46), the torques
at the joints are deduced, they are carried by thez;axis of the i
link. These are the equations of motion of the articulated
structure. It is also the direct dynamic model (47).

( T . = a (aL(91791)) _ 9L(61,64)
| 01z = 4t \ a0, 80,

p— i (al‘(ezﬁz)) _ al‘(ezﬁz)

1227 4e\ a0, a0,

i mzgdsc, +mygd,cys + mygdsc,
T. = i(aL(es,()S)) _ 9L(85,63)

k 232 7 g\ 9b, 80,

5.3.4Proposed command:

Several control techniques are used in robotics [19], [20]. In
this context, dynamic control is preferred. The system under
study presents non-linear and strongly coupled dynamic

+mzglLzcyz +myglyc, + (@7)

+msglLscys +mpgd,cys
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equations. A gravity vector is brought into the control
equations to overcome the above problems.

The PD control equations used are (48):

A(017—61)
{T01z = Ky 10{[ =+ Kp1(91f —6,)
A(827-62)
Ty, = Ksz % + Kpy (055 — 0,) + m3gLscys +Myglyc, +(48)
| MmzgdsCy + MegdyCys + megdsc,
A(637—03)
k T3, = K3 % + Kp3 (93f = 93) +mM3ygLscyz + megdscys

K,;andK;are respectively position and speed gains. 8;is the
desired angular position for joint i, Figure 3.

The identification between equations (47) and (48) gives us
the results we are looking for. The differential equations are
solved numerically using MATLAB scripts.

6. SIMULATIONS AND DISCUSSIONS:

6.1Direct geometric model

It is validated by Figure 4 plotted for6; = —~a+>,6, =0
andf; =0 and Figure 5 plotted for6, =0, 6, = —gto +
~and 65 = 0.

X: 175
Y:0.01611
Z2:1

X: 0.002787
¥Y:1.76
=1

X:0.0175
Y:-1.75
zZ:1

Y 2 9

X
Figure 4:Horizontal wrist space

Y 4 0 ’ X
Figure 5:Vertical wrist space

The overall working space of the manipulator in accordance
with the technical specifications listed in Table 3 above, is
shown in Figure 6.



X o 2
Figure 6:Robot workspace

6.2Inverse geometric model:

Simulations are performed on a case-specific graphical user
interface designed in MATLAB. The interface is composed of
three parts; the left part is reserved for the different postures.
The right field is made up of two frames, the upper frame is
designed for the direct model, in this part, we give the value
of the angles and we recover the absolute cartesian
coordinates X,, Yo, and Z,. The lower frame checks the
inverse geometric model, the cartesian coordinates are
retrieved, and the system returns the angular coordinates.
These results will be useful to check the position command of
the system. Figure 7 clarifies this.

4] Simulation =

direct and inverse kinematic models

Direct model

81, 82, 83 > X0, YO, Z0|
81 82 83

0 0 -pild

X Y r4
\ 1.5157 0 043434

Inverse model

X0, Y0, Z0 —> 81, 82, 83

o1 82 83

° 2.3938e-05| | -0.78535

YO i

Figure 7:A position in space.

6.3Direct kinematic model

Note that the angular velocities are constant in all subsequent
kinematic simulations.

Case 1:6,=6,=0andd, = 0.1rd/s.

In Figure 8, the plot corresponds to the linear velocity along
the two axes Xo, Yo while the velocity V7 is a zero.

Speed of the robot gripper

VX

vz

0 20 40 60 80 100 120
t(s)

Figure 8:Wrist linear velocity case 1.
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Case 2:6, = 0.1rd/s,6, = 0.1rd/sandé; = 0

The wrist generates a trajectory around axes Z; and Z,, the
robot in this case has two degrees of freedom.The linear
velocities Vy, Vy and Vzalong the three axes, for this second
case, are shown in Figure 9.

Speed of the robot gripper

X
E—) FAY

0.15 vz

0 20 40 60 80 100 120
t(s)
Figure 9:Wrist linear velocity case 1
Case3:6, =6, =6, =0.1rd/s

The linear velocity of the robot end in any given case is
explained in Figure 10.

Speed of the robot gripper

=
il

o

0.2

0.3
0 20 40 60 80 100 120

t(s)
Figure 10:Speed per axis, case 3

6.4Dynamic model

Table 5 gives the indicative values of the parameters used to
validate the dynamic control proposed above for this training
robot:

Table 5:Indicative parameters values

Ilz IZx IZy IZZ I3x I3y I3Z G
0.5 0.5 0.5 0.5 0.5 0.5 0.5 | 0.98
Ly L, Ly ky my m, ms my
0.1 0.4 0.4 0.2 3 3 3 2

6.4.1System’s step response:

The gripper is controlled to move from an initial position
(61 =06, =0, 8;=0) to an end position (8;s=7> ,
93f=—§). Figure 11 shows that the selected

controller meets our needs very well. The correct setting of
the coefficientsK; andK ;allows getting better results.

T[
0y = >
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100 Angular positions graph The signal reaches the desired destination very quickly, which
g 777 Actual Thetat justifies a good choice of model as well as position and speed
% ~ =~ Desired Thetat gains. The convergence isquiteclear in Figures 14 and 15.
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The motor speeds will be zero when the desired position is 7 00 ~~ " Dt Tt
reached, Figure 12. T T
— 400 Velocity graph Figure 14:Sinusoidal signal control.
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The motor torques acting on the robot segments to reach the . e
N g 9 Figure 15 :Joint speed control

desired position are shown in Figure 13. Note that torques T,
and T; do not cancel each other even if the target is reached

because of the weight of the components. Figure 16 shows the controls applied to achieve satisfactory

convergence.

Torques graph
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Figure 13 :Motor torques t(s)
6.4.2 System’s sinus response: Figure 16 : Torques applied to motors.
In the following case the desired position is sinusoidal in the 7. CONCLUSION AND PERSPECTIVES
form@;; = A;sin (w;t), The initial conditions taken in the . . . -
foll if = | fm‘ ) 0. =%g =T g. == In this research work, we were interested in designing and
ollowing simulations are (8;; = 7, 851 = 7. 03 = 7). manufacturing a small robot loader and unloader of a CNC

machine tool. This manipulator will be used for practical
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robotics works in our workshops. All mathematical models
were developed and validated by simulations to justify the

theoretical

results found. Several Matlab scripts were

developed and tested to make complex calculations and avoid
possible errors.

The dynamic control proposed for the studied robot is very
satisfactory; it suffices to act carefully on the various
parameters that act on the regulation loop.

The realization part will be performed in collaboration with
other departments. An infrastructure is already in place to
finalize this work.
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