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ABSTRACT 

In th e nr-esent paper- il study 011 the s e nsitivity hlnctions in 
e lectro-mach",niCill systems is introduced. Thi s s tl\d y takes Into a ccount 
th E' e-ffect ef pi"lrdmeter s vl\riaUon o f the c o nt r ol l ed pJant . Also. th·:­
e ffect of the Llnilleasur",b l e distt .• rb a n ce a r e studied ' . The possibil i ty of 
identif y ing the lInstationilr y p",rame t ers of a n el!?ctf'o - mech anic.J. l sy$t~rn 

is viewed, osing the sldtL'ble .:o.d8pti ve control Idw . 

r.. nehl al yori t h/ll for des igning <:Ill ad o:lptive observer is introduced. Th e 
designE'd ob server insllr- es t h e p o ssibili ty o f evalll.<ltj ng the tr a n sfer 
ee- e ffici en t o ·f the cont r o ll ed eiectr-o-mech.tlnicill p lant u n der the 
eff e ct of llnmeas llrClble disturbances on the load side The sllgges t e ll 
a d a pt i v e . obser ver help s in st .tlbi I i zing the d y nami.e behaviour of 
electro-mech ani c al systems . 
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INTRODUCT [ON 

Aclo'lpt.ive identification of trilnsfcr co-eff icient in electro-mechanical 
systems rcpr g~cnts one of the most ~ignific ~nt problems. This transfer 
co-efficient i s the mos t importallt pnrl:'meter tll~t mllst be identif ied in 
clectro-nlechanic~l systems the pr ev ious identification algorithms 
suggested in rtJ,[ Z J !!.. (3] are ef fecti ve only, wh e n the externlll 
distl . .-r·b .... nce is either small or it is possible to be me3sured. In case 
of J a rge or unmeasurabl e disturbances , these previously mentioned 
algorithms become ineffective as identification algorithm~ The well 
1m own itlenti.fication algorithms introduced in (il) ,[5) are u s ed onl y for" 
<:>ingle input cyst ems <'lnu are not sui table for electro-mchaniC<'l1 systems. 

From another point of view, the lIlgorithm introdl.lced in [6] ca.n not 
stand effective jn case of identifying p.'Jrameters of an Llnst",tionary 
e J ect,-o-mech.;mj ci\l system Jd e nti f i ca.ti on of dynaflli c systems llsing 
sensi ti vity fLlnctions (7] , can be i l lustrated a s sho"ln in fi g. (I) 

The identification p rocess ca.n be defined as a construction 
mathematical model o f th e real system, c~p~ble for obser v ing 
measur"ing the output signil)s (8J . I n other \<Jor ds it provides 
d esi oner wi th i nforn'ati on about the va,- i ",bl e p u r a metcrs of the 
system . 

of • 
and 
the 

r"e ~'\ l 

Considering the sys tem sho\m in fig. (I), the output Y Ci\n be 
form the input X thrOLlgh a s ys tem transfer co-e'ffi cient A 
jdenti ·fication process, the system tr.:ln s fer co-efficient A 
estimated, bL!t a.nother co-ef-ficient A belonglng to the system 

o 
The co-eftjcient A is I:no~," as the esti mati on of A The best 

obtolined 
In the 
is not 
mot/el 

chosen 

model i s th.:lt hav ing a co-efficient A close l y ne..,r to the tr ... nsfer 
o 

co-eff icient A . In real 
o 

syst em5~ this c l or.. l ~ nl?liS .i s achi eved th,-01.19h 

performa nce lode): (Ptl whic h mu s t be ":1 11imi7 (" d The error signal c 

wh~Ch represC'nts the diff-erene bet~leen tl1 e Ol.ltputs of llIodel '(tl and re.;>,! 
5y~tem V(tl respecti ve l y, is gi ven b y 

& "" Vlt> - Ylt) '" This C!r"ror signal is I.l$ed to fcrnll.date the perfcr"mance inde;( (PI) The 
opt:iml.lm estimation A i!i obtained l-4hen (PIt i s min:im i =ed . 

o 

SENS I TJVITV FUNCTIONS IN ELECTRO-MECHANICAL SYSTEMS . 

Consider the elect:.ro- nle chanical system shO~ln in fig. (2) 

tr"~n 5 fer function (T.F.) w (5) .for a gi ven input l' is 9i ven 
u 

w (5) "" 
u 

6(5) 6(5) G(S) G(n) 6(s) 
~ c ROM 

u ( 5) 

The 
by 

wlli I I? t he !iystcm tr"':\nsf£'r -hlnction due to a di s tl'riJ iU1 ce F on 
side: is given by 

the 

w (5) 
r 

[( G(s) Gi s ) G(5 ) 5( 5 ) + 1 ] G is ) 
5 T R Q ~ 

U ( 6 ) 

system 

(2) 

load 

(3) 



Mansouril Engineering Journal tl1EJ), Vo.l .16. No. 2 , Oec.1991. £ - 59 

where 
G ( s ) " (T. F.) of • l: Il e speed regulator" o'f· first order 

G (s) (T. P.) of th~ 
c 

CLlrrent r"E'QulatOr"" of first order 

G (s) <T.F. ) of ' h e recti fyi ng element f· eedi ng the d.c.mo tor of f· i rst 

" order 
G ( s) (T. F. ) of the Brm.;ature Ci .... CLdt (el e ctrical side) ,of first order 
• 

G ( s) IT. F. ) o ·f 'he mechanical 
M 

side of the system of f· ir s !: orde r 

G (5) " (T. F.) of 'he feed-back transduc er of Fi rst order 
T 

D (5) " a combination of the above 1. F ~ and can be obtained 

easily. 

In the given system we sh<'\J;I aSS l.lme that electrical time constant 

T 
a 

and the mechan ical t ime constant T in addition to th e gain 
" 

factor of 

the rectifi e r elerlle nt KR • are vClIry ing with ti (lie The s ensi U vi ty 

function for e~c ll of these p ~r ame·t:er s CLin be d etermined 
follal-Is: 

'9' 

For any variabJp- parameter ~ the sens i tivit y func t jon 
logarithmic fo r m call be wri tten ~"'$ : 

5 ' a 
iJ In w( s , cd 
iJ In 0-

J In w(s,cd 
iJ I n G(s , co:l • fJ In G(5,Ctl 

a 1 n 01 

a5 

in thE:· 

(4) 

the sensiti v it y funct i on for K under the effect of an input u is • 
gi v en b y 

for an e>:ter- nal 

i) In w (s . l( , 
Su= u . R 

R {} 1n Gn (s,V. , 

disturbance (F) on 

81nG(s,K ) • • 
{} 1 n K • 

tile load sid e the F will be 

G (5) G ( s ) G ( s ) G (5) G", ( S) 
C R M T _ F 

5 " 
" U (5) , 

(5) 

(6) 

for i\ uni t step 
by : 

" input thE' input sig naJ to the current regulator- is give n 

U (5) 
c 

Using ~qu~tions (3) .;lnf.! ( 7 ) we get 

where M
t 

is the sensit ivity model 

[ I .... G ( 5) G ( s ) , 
Q M 

o (5) 
• 

connec ted t o t il l? 

(7 ) 

(8) 

input point of 
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current regul a to, 

M == ( G (5) ]-1 
s S 

-, 
~IIH~r e : f3

s 
is tllli' r e ciproca l of 9<:lin co-e ·(4.tcient 0SlilnJ Tis 

s 
constant o·F the , e9ll1 ator" • From e qutions (3)and (6) we have 

SF" '" N £ F" 
I( A tf 

EF" is the !:Iys tem o utP Llt f or i\ unit step input. 

M ~ , 
G ( 5) G (5) G ( 5) 

T a S 

D (51 , 

thr. 

i.e., for a unit s tap 

have the ch~racter : 

i npu t 
u 

S c ~ 
K 

the Otltputs of s ensi ti v ity 

5: The s en$iti vit y model s 
R 

mode l S 

d LIE' t o 
R 

var iat ion of the two parameters T and 
• 

T 

" 
have the form ; 

T G (5) ( 1 + G (5) G (5) G ($) ] 

M " T"---;~'iacc-;"a:"--;cc-;,,-.7S'-E---;,,,,.C'-E---;", .C''-E---;,:,,,"T.'" 
• T G

s 
(5) .G. (5) ( 1 + G (5) G (5) G (5) U. (5) ] 

M Teo. 

Th e 'Sensitivity fLlnctions o f 
e r]llat ions <8 , 10) 

the system can be ca lcul ated 

ILLUSTRATIVE EX AMPLE 

For 
T " 

M 

the el e c tro - me chani cal system shown in fig. (2) l e t: 
0.04 sec., T.:: 0.(15 sec., T= O.(l 1 sec., T."' O. O I sec., 

a T 

K '" 0.5 an d K = 10 • 
T a 

K 
R 

(9) 

ti III£' 

( 10) 

(111 

wi 1 J 

the 

( 12) 

Llsing 

10 .. 

The ses itivity fun ction due to the varjat:ion of paramet ers Kn 

T a re determi ned for the model in the folJ o>"ing t wo c ases 

T a nd 
a 

M 

1- The input to the syste m is a uni t-step fu nc tioll . 
2- T ile e:.:ternlll di st LII~ba nc::e on the lo.;>.d si de i s a Llnit - step distllrbance 

Fi g. 13-a) i I h .lstr a tes the 
cases due to t h e vC\riO'tion 

sensit i v ity 
of K. Fiy. 

R 

fun ctions for 
(3-b ) shown 

the 
the 

i\bove t wo 
sensiti vit y 

function for the above two c~ses du e to the varia tion o·f T I>Jhi 1 e 
a 

fig. (3-c) illLlstr- ates the sensit i vity functions d ue to the varia tion of 
T 

M 

Th e ·following not es can b e ded uc ed from the i\b o v(? figures: 
u 

1- Fr om Fi g. <3- i\), 5 0 

K 
R 

h as a large j nitia l vi\ !ue ilnd tands to : ero very 

qLlickly, wilde SO K. 
osc jlli'ltions die-ollt 

bec Ollles 

uo 0 

less than Llni ty wh en the transien t 

2 - FrOIl! Fig . (3-1.0) S i\ nd 5 also have large ini tial v.;\ lues .. mcl ten d 
To. Tel 

t u zero a s tiole passes . 
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3- Fig. ( 3 -c) illust rates th a t S 
T oo 

a nd 

VallIE' a nd a l s o both tenI.J s to zero . 

, 
5 

T n, 
h ave 

E-6 1 

the sallie initial 

A compar Cl.tive study o ·f til e sh own f iglwe-.s leads to tile fo ll owing 
conc illsion . TilE' mai n p a r a meters a {·ieeting to d y namic beh avioLtr of an 
el e ctromechani cal system are the transf er-co-I." f f i ci ent 1< and the , 
llIech<>.ni co!'ll tillle c onst .mt TM .lllus, in auc,ptive c on tr ol sys tem uesign. it 

can be r e commended t o identify the un s tati ofl ;.l r y gai n t r an sfer 
co-eificient, which strongly affects the syst e m d ynamic s. 

A NEW ALGORITHM FOR DES IGNING 
ELECTRO-MECHANICAL SYSTEM. 

('IN ADAPT I VE OBSERV E R FOR, AN 

The probl em c a.n b e 'formu l ated as fo ll ows. For the gi ven 
electra-mechan i cal sys tem the unstati o n a r y tran s fer c o-eif ici ent 
b - rel ? ting Cl.lr rent to 'Speed will be l~n de,- consider a t ion. This 
co - eff ieiont rel a tes th e I':'):ci ta ti on flux of the motor an d ",ament of 
iner tia J . Thus, it i s required to d e s ign a n ad ... p t i ve obse r v er, 

wh i c h prodLlces O\n a s ymptotic: estimation b for the un s tationary 

co-eff icien t b In this case, i t is , 'r" 'Llmed tllat 
di s tlLrbance F .• is impressed on the sys tem I n 
var i i'lonts fO r" design ing ~ltch Observer :-

an unmea s ur ab l e e :<tern<l l 
th is case, we h ave to 

I. FIRST V~RI ANT : 

The different ial e q l.lati ons d r~ $ c ribing 

el ectr o-mechani Ci:\ I syst em can be w,·i tl:.en ';'s 
th e o bserver,requ i red f or an 

v • , y + ( u - FI b bF bF 

b • 0 (u - " y + 0 VF 

F • KY 
Wllere , 

y • y y b • b - b 

F • F F 

y, S an d ~ a re the error s in tile p ~ tj mati ons ., u , y a nd b 
inpu t current, ou tput sp eed .:1nd th e unl:n OI-II1 p.:Jr.!\meter o f 

respect ivel y. F is the e ): terna I d istw'b a nc e o n th e i nte r vat . . 
y , b and F ,:Ire th e e stima tions o f· y , b and F r especti ve ly; 
a nd K Cl re p a remet er s of the designed o bser v e r. 

To illus tr a te th e h y p e r-stab i 1 j t y beh a viOl.lr of the sy !>t em 
suggest to r epr esent that s ystem into t wo p arts . On e of these 
linear ~nd rep resented a s : 

( 13) 

( 1'\ ) 

( 19" ) 

are the 
the pl an t 

It, , 00) ; 

(J O J, 
p<l\r ts 

we 
is 
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y 
,p I s) 
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• J 

5 + , 
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wi t h ~ T . F. 
<Lbl 

Th e sec ond pilrt of the sys t em is nonl ineal'"" ~ncl represen t ed ilS 

p -wit) b + bF + 6 F 'J 7) 

wh e r e w (t) == L1 F 

b - ow(t! Y + 0 y F ( 181 

F > 0 ( 19) 

sinc e , 
R '" , s) ) I ~ , 0 and 

" 
, 

o-=j " + W 

T 
b 

J I 
-, 

It>. Y ( Ud t 1="2 b 
, , , 

p + 2U y ~ 2' 0 

0 

TillIs, the identif i cation all;lor-ithm is asymptotiCil l1 y hyper- s t ab le , wherp: 

2 . SEC OND 

b 
2K 

F :;: (0) + 

VARIANT 

I 
2 0 6 • 

, 
A SLlggest ed s tructLII'""e fol'"" ' the 

in F.ig.(4) • Digit al si mu l a tion 
lJehav iour are illLI5trated I -for 

adaptive obser ver is i ll ustroOl tEl d 
ob $~r vQr reSLdts of the 

two di ff-erent cases 
Fig.'S-a ) and (5-b). In Fi g. (S- al, the excitation flux of the 

b ; d ecrE'ased . to 0.25 of it s ini t ia~ va l ue. In t ll is cilse, the d if -f erenc{~ 

between the e5t ilfl ~"\tion b o f the t rilnsfer co-ef ficient 
e l: ceE'd 5 Zwh c n , breach es it s mcu\i,nUlllva lue . When b i s 
i t s min i.num val u e the di ff el'""ence ' r a nges be tween 10 t< 5(' % 

b d O~5 not 
d e c r(!ased to 

depending 

lIpan the rat e of decrease. 

compared wi t h the tr Cln S 'f el'"" 

Fiq . I S-b) i l lustrates the 

co- ef ficient b when the 

v <,ried Sllddenl y It Is c leClr t h a t the e s timation 

estim<:ltion b 

load t o rque is 

b h&:ls t he same 

character OlS th Ol t of f":" i g. (S-a) . Thi s l eads -to a re5u lt that t h e observer 
outpu t (e s timoati onl has a s t able charac t er . ThllS, the suggested new 
ob!!:; e rver C'ln be Llsed in tIlE! ad a pt ive control of e lectro-mec h a n i c a l 
s y stems. Th e reqLd.-cd s peG!d of adaptat ion depenrJ s mai nly o n the 
proper choi ce of th e observer pilrameter s 0' .. ). .;o.nd ~:. 

- ------
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CONCLUSIONS 

In the p resent p .:lper, an ana l yt iccal s t udy abou t the effect o f 
p,,-.r£\m~ters v i\r l l;\ti o n o n the d yn ami c behav ; Ol.. r of el ectro-rm~c h;:\fli c al 
~ystems is int r odl.t: E'eJ. The study is b af;ed 011 t he s e n s iti v ity functi on~ 
approilch, taking into account t he eff: ect of: a n unmeasllr<:\bJ e e>!t e rn ", 1 
dist~lr"bance. It has bl!e n de d u c ed that the tr- a n s fer-co-etficient st .:l n ds 
3S the main effective v~rja.ble paralne tl:!r on the dyn .:vnic behElvio~.r of 
e l ectrO- lIlech.tlni.C.:lJ s y s tems. 

Ac cording t o th e abov e conclus i on, t he design of a n adap t ive 
obse rver fo r: ~stim i.'l ting th i 5 co-e'Ffic: ien t bec: .<o me ava.; lable. T"lo v~ri ants 
for deSigni n g suc h o bser ver are s ugge s t e d. Thl? design e d adapltve 
o b servers b ased on th e se two v .:.r iants prov ide a stab l e estimCl tion of t he 
system transfer co-e·Hici e nt . 

Thus, i t is possible to use on e o·f th e t .~o s ugges ted des ign s in 
the a dapti ve contro l of electro- me chani ca l sys t p.ms. The speed of 
ad~pta t ion dependS ma inl y on the prope r choi c e of the obser v er 
par-.!Imeters 
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