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DYNAN I C CHARACI EIH S TI CS OF INDUS TRI AL ROBOTS, 
US I NG SEGI-IEN1ED TRAJECTOR I ES ----------------------------
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nobo t j c system s r e pre s ent one of the most <:I d v <) nced 
i ndu~tr I al app I i c.at i o ns. Sl.lch rob o t i c syst e ms hav e co s evere 
a sc i ll .ato r'"Y bellav i our, t hus the con vent i an a l c.on tr'" o l t£'chni qu!:'!s 
are not s~oi tco.b l e to dQ.al with It . I n the prn!le nt p "'per, 
t il e dyoo?lmi c lI r:-h .:\ " i o ur o f robotiC systems is s ll.di E'd and CI d yna"li c 
model for'" suc h sys t ems j s o b t.ained . A s u i t<!'b l e tra.jec tory for 
e .... ch link. i 5 p re - d eterm i nerl . 1 h I? tech ni q ue i n traduced propo se'S 
a segment ed tr'"C'o.jectory r"~th er tho?n "" t;ontinous ('ne . 
A COmp1.'.ro?lt i ve s tudy b etwe e n ti l E' bel111vioL' r'" of 
wi til t he proposed techn! que and thClt p r opose d in 
i ntroduced . 

the 
e 

system 
7 ] i s 
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lhe " h ov(! u'l'?fl ti oned .J ' lJ or i t l ,n, "' SSlIm e d tt,,,,\.: th e? c h osen p Ll tl, j s 
c on ti n u o u s ",n d tll i,;; C ~n b e U SE'd i n some t ask s, r eq Ll i ,l2d to be 
cc .... ...... i ed-o u t b y t h e robo t . f) u t in o t her t .:1. S I: s , i t i s s o me tim e s 
r e qL, i ... c.-u t hat t h e ,obo t mus l mo v e ", s hor t d ist an c e f r om a point t u 
a noth e r n e i g hbour j ng p o i n t i. e " t h e pa th i s not co n t i nua us bL, t , 
i t i s a 's eg me n ted p ath . Suc h path e s a re r e q uired i n di f fer e nt 
t a sks , s uch p at h E.'S ilre Ne l di n g , p ai n t s pr a ying, c", r r-ying a t r-a y of 
d 'ink •.... . ... e t c . 

DYNAMI CS US ING SEGI'lENTE D TRAJECTOR I ES 

Th e t pc h n i Que 
tra j e ct o ' i p. 5 i nt o 
f o ll ows : 

u s ed TOr 
s l:l'g rne nted 

di v i d i n g t h e pr evi o u s c on t inL\OU5 
tr- .:1j e cto r i e s c an b e e)~ p li!l j n ed .ti S 

The b ",s e line i s di v i .rJ e d iulu eqL. ,:I l i nt e r v a ls li t. I n our c O\ se 
o t i t; c ho s en t o b IZ! 0.1 sec . 
F'ig . (9) , (a) . (b J. (c ) j llus tr a t e s t h e d e s i r- c d segme nt e d t ra jcc t ori es 
for t he t h ... e e li n l: s ( 1) , (2'> t. ( 3 ) r(?sp !!' c t i v e ly. ·l h p. -f lgL<rl'! !;': hows 
t he desj r e d j o int pa t h es rj:}r i.l typ i c a l lIlot ion b y s tr<ligh t l i n p s; 
c'lp pr o) : i mat i o fl- (i n cr- ell'~ lIt a l an ti dec n:~ III!:> l1tal s t e p !;' ) . 

E a ch segmen t o n th e tr- aj e c tory 
c on d i lion. The f i n ;:\l c o nd i ti o n o f: 
b e gini ng c o nd i ti on of s e c o nd segmen t 

ha s a b e g i ni n g a n d f ina l 
t he f i rst segmen t i s t he 

a nd so- on , c . g . ; 

For t ht:! fi r s t s egmen t: -

at H , ( 0 ) =0 , e ( O ) ~ (J. I, ,. o (o ) =() . 2 , 
~ (t) ="). 0 1, • e z ( f ) = O . t , o ( t ) =O . 'L , 

F or- th e secon d segme nt : -

a t t=o. 1, G <c ) =0. 1 , 9 (0 1 == 0. 1 . , 
1:. = 0. 2 , 0 , < t) ~(1. 06 . 9:z c t) :::::- (1.1 2 , 

For t he t h ir- d seg rnen t: -

a t 

t = O.2 , 

t = O. 3 . 

eo (0 ) = 0 . 0 6 , 
• 

€I (t) = O.17, . . 

9
Z 

(0) ": (1. 1 2, 

9
z

tt J =O .J 7 , 

€I (0) = 0 . 2 , 
e (t )=O.22 , 

€I ( 0) :O . ~2 , 
€I ( 0 ) = 0 . 2 5 , . .. . . .. . . . . . e t c, . 

Tile .;\ n g Lll a r v el o ci ties o -f li nk s ( 1 ) , (2 ) ~ ( 3 ) r e spl?c ti v el y , 
us i n g t hes e segmc n t e d p co. th !:!s < .... r e s ho .. m i n F i g. ( l O) ,t a ) ,( LJ ) ~ (c». 
Th e ilp p li e d t or qw~~ t o li nk s ( I ) , ( 2) ~ ( 3 ) a r e sho wn i n F~g .• 
( II ) , Ca l, Ib ) ~ Ie) r esp ecti ve l y . 
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COMPARATIYE AI'JALYSIS:-

CO"'I1<-lO ing r- ig. (U), ( ;1 ), (b) 1', (cl wi ttl Fig. (J l ' ) ( a ). (b) & (cl 
it is cl car that tile t orques produced by the actuat o rs, in case of 
segnm nt e d t rLljector""ie s Il a v e much regLllar change, tllan tlllJse 
torq u e s ob t ai ned in cas e of c on tinllOllS trajectories. Tile torqll E! S 
produced in e ilse of continuous triljectories have an o :::.cillatory 
behaviOllr. TillIS, the torques shown in Fig. (11)" «2\), (b) & (e» are 
mLlc~1 sui tab le for stCible opE'rilti o n .In additi on , it is cleMr that 
the motors producing tllE!Se torqLI ElS reach s teady-stCite -Faster 
than thOSE! producing the torques shown in Fig. (B), «a), (b) & (e». 

CONCLUS IONS:-

In the fJresent paper a suggested technique for assuming a 
segmented robot trCljectory is introdl.\ced. The proposed sC'gment~d 

tra j ec:to,-y as iIlllstro:1t('(i 2IIlLI,irr:ou a torqLlc wi til sti:lbl8 ll("llavie'llr·. 
HI e! sl.~g'"(;!nted tr.:lj(~c t o r·y of a rubot is required in special fields 
of i n dustry such as spot and Clrc welding. 
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