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TRAJECTORY ANALYSIS
FOR AN INDUSTRIAL ROBOTIC SYSTEM
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ABSTRACT The present paper introduces a general scope
about the growing role of industrial robot system in moedern in-—
dustries. A dynamic model for a two links robot is introduced.

Thiz dvnamic model is obtained using, the basics of Lagrangain
mechanics. The dynamic behaviour of such robotic system 1s oscil-

latory, That 1is . due to the different types of nonlinearities
acting on the system A computer program based on Runge-kutta
tR-K) fourth order method with wvariable step, 15 designed to

o

study the dynamic behaviour of such robotic system,
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A sucggested technigue for choosing the most suitable control
input {(controlling toraue) for such nonlinear system 1is  intro-

duced. The steps of the suggested technique are classified as
frollows:—

1. For each link dafferent stable trajectories are assumed.
All these trajectories must fulfill the stability condi-
trons.,

2. A back substitution for e=ach of the chosen trajectories
and its derivatives, into the dynamic equations of the
robotic system is carried-out.

3. For each <chosen traljectory. back substitution results
in, the controlling torque., necessary for each link.

4. The most suitable (optimal) trajectory for the corresp-—
onding link will be the traiectory, which produces, the
most suitable controlling torague, that must be obtained
by the actuator.

An itlustrative numerical example 13 intreduced in the
paper, Lo show the effectiveness of the suggested technigque. Com-

putational results insure the effectiveness & validity of sugges-
ted techniause.

INTRODUCTION :—= In the present Lime., Indusirial robotic systems
play an increasing & important role in modern industries. For ex-
ample, in the last decade, they are intensively used in mobiles
industry. in which mass production with lower cost is required.
Also, in dangerous industries such as Iron & Stees) industries,
such robotic systems are required: to deal with blest furnaces,
havaing hagh tempratures (1,2]. In massive production of machine
tools with accurate standard specifications and in chemical &
Medical Industries, such robotic systems are also required.

A robotic system. as an advanced control engineering ap-
plicaticn stands as a large challenge, facing control engineers.
Severe nonlinearities in such gystems, make it diffaicult to
model, sgimulate & control them {[(2.3].

MODELING QF INDUSTRIAL ROBOT

For the two links manipulator shewn in fig, (1) & assuming
that, the masses my & mz are concentrated at the ends of the
first and second 1links respectively, and using Lagrange—-Euler

technique {51, the dynamic model of such system can be written as
(6,7} :
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X, = X 9]
X:} = { Tx - My g d1 SN X1 )/ ma d], (2)
xb = Ka (3]
. Tl (mz d'.?  ma d, dz [sdwl=) Xa ] Tl = Ma d] g sin Xl
Xﬂ = - -
my di ms d= ma, dy
Mz dy d2 sin X5
+ - Xa Xa - mz 9 dz sin{(X, + Xa)/ m> d= (4]
Mz ds
where,
Xy = 8,, Xa = él, Xo = 85, Xa = éz, g = gravity acceleration
T, = torque applied to the first link,
Tz = torgue applied to the second l.nk,

DYNAMIC BEHAVIOUR ANALYSIS -

We shall assume the following numerical values for the men-
tioned above dynamic model

my, = 2 kg , dy = lm , mz = 5 kg ., d= 1.5 m

8.(0)=0 rad.. 8z(0) =0.1 rad, T, () 0.00266 Nm,T2(0)=C.00244 Nm
8,{(f)=Final angular position of first 1ink=0.5 rad.&5=(f)=0.3 rad
Usinag Runge-Kutta {(R-K). fourth method with variahlie step., the
above aguations (1-47 are solved throuch a computer pragram.
Results of computations are illustrated in figures(2-a.b), (3-a.b)
K (4-a.b). It 15 clear from these figures that. the angular posi-
tions & angular velocities nave a severe oscillatory behaviour.

Also, the epplied torque could not be @2as:ly obtained by the ac-
tuators.

i

A SUGGESTED TECHNIQUE FCR CHOQSING THE QPTIMAL TRAJECTORY:

The optimal trajectory here means the suitable trajectory,
which produces a reasonable fLorgue. that can be cobtaiped easily
from the actuator.

For this purpose., we shall assume three different trajec-—

tories for each link. A1l the chosen trajecteries must fulfill
the following stability conditions -

a- at the starting of motion (1.e:at t= ) él = é1 =é2 =@, =0,
and 6, = 6, (D) , @z = A2z ()

b— at the end of motion{(i.e;for t large enough}él=éz=él=éz =0
and 8; = ©. (f) , @z = @z (f}
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the three suggested trajectories are assumed as follows -

First Traj)ectory

_ta

For the first link:— @, = 61{f) = {8.(f} - HB:(0)} & (3)
___________________ _t3

. For the second link:— Q2= 82(f) - {BL[(f) - Az(0)} & (6)

Second Trajectory

____________________ e

For the fairst link :— @,= 8,(f) — {(@:(f) - ©,10)} e (7
___________________ _t4

For the second link:— ©2= 85(f) — {€-(f) - 8:(0}} e (81}
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211 the above chosen trajectories,equations(5-10qulfil1 the
stability conditions mentioned above.

Back substitution of each of the above trajectories into the
system equations, produces the toraue assumed to be obtained from

the system ectuator. A computer program is designed to calculate
these torques for a time base = 4 sec.

COMPUTATIONAL RESULTS & ANALYSIS: -

Appiving the designed program for Dback substitution, the
torgues T, & Tz regquired for the first & second links respec-
tively. when the first Trajectory is assumed. are shown in figure
{5-a,b).

For the second Trajectory. the torgues T, & Tz are 1il-
lustrated in fig : {(6-a.b). and for the third Trajectory T, & T=
are illustrated in fig: (7-a.b).

it 18 <clear from the comparative study of the torgues
produced by the third assumed Trajectory are much smoother and
represent & satisfactory transient response for the actuator.
Hence: We can deduce that the third assumed trajectory 1s a
suitable trajacteory for such robobtic system.
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CONCLUSION

In the paper, a suggested numerical technigue for cheosing
the most sultable (Qptimal) trajectory for an industrial robotie
system 15 introduced. The technigue depends on the choice of dif-
ferent stable trajectories, then , a comparative study befween
them is carried-ocut.to choose the most suitable one. Computat:ional
results 1psure the wvalidity and effectiveness of the suggested
rtechnique.
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