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Active Optimal Loop Control for Non-linear lsclation System
by Canonical Transformations

POTERASU V. F.

Polytechnic Institute of Jassy, lasi, Romania

The cenonical trensformations end perturbatican thesory ars app-
1ied for the astive eptimal loop santrol for nenlinesr isols-
tion syvaben modelled by a ar gtruciture and noplinear inte-
wachion with the sell.hm an gmanpua is ﬂ@n%ﬁ@@ 2d the base

wadtation of a2 ahsar beem with 2 cubie hardering congiraint.

1 INTRODUCTION

cant earthguske damegs 1w
3 tion. lxamples ineluds reschor
‘u“léinm wi %k u@plzn@ g i@il interaction,adjacent structures
with a flexible seismic cennachi 10, 1 and equipment mounted on
flexibla supporta.Generally speaking,the nonlinear behavicurs
BOCULS in that porition of the gyatem whish ie more Ilexible

then the west,sither by initentional design or by prevalling
civoumetances. The achive control scheme developed uges a sys-
fem of forece aebtuaborsimest prebable ﬂ@&f&&Alb}t@ asounter the
action of foreing input due %o @mrthuuak@aTh@ degign problem
concerng the thmmaﬂ smntrul input so thet the sygtem regpondsg
favourably.For t¢ obiain the optimal value are used the canoni-
gal tram@f@wma%ﬁunﬁ and perturbation theory together Pontrya-
gin's meximun prineiple which defines slso & hamml onian gvete
gm of mrdina?y differential sguatione generally nanman@mwly
gelved numerieally.The partl al differential egquation ef dyna-
mic progremimg{Bellmen’s squation)is the correspending Hamil i
@anaﬁ@bi @mw&uiﬁn and the senoniceal %ﬁ@ﬂgf@wwatmmﬂ method can
he uged to selve ¥he preblem,do rewrdte 1t in & convenlent zed
of agw vayiableg.

2 CANOWICAL TRANSFORMADIONS AND PERTUBBATION THEORX
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Qkﬁf‘ﬁy‘bﬁl Poigson braskets have a nume
t san for instance b& ghown, that 1f

we fivet integrals of (1) and ave of
1

silsgs O, then (@, W) will also be a £ivat integral of {11,
Cammw$@ transiorpations ere wsvelly obiained from"geners
wing funﬂﬂiunw“ which are in geversal @um@i¢@ g of one of the
@ld var«awimg @;@ @@ the dobley and of time,If we use a
the type V{g,p™ 1) 1% can be shown thek
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i.8. the new soordinatss dwmend only on the 0ld coordinates

snd dime,not on the muﬂaﬂﬁ&aw%“h d $renegformation is salled a
ipoint transformation’ and the cor regponding generating functl-
on 1s
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The system (1

3 odg g 1y 42 we find o trangiormas=
fion th@u frangforms H 4
]

DG RS E tmmm Lh@ new veriss
bles ¢ ,p" are 3 seen from {3).3uppose V ig
stmh & gem@wa@ ending OB g,o0n0 ﬁhe conetent new
momenta p = P has to satisfy (6} with wmﬁéﬁ'am
and with H's 0,90 that 2t is 2 golubtlon %o

wvential sgwstion

N
the vartiel 4if7

DV o ‘ ‘
H(q, 2,4} + L = 0 (1o

which is the Hamilton-Jeoobi eguation.®o solve the myghem QT“

sorresponds to the scluiion af (10) by the method of charaste-
ristios,We do not need the general solvwiion of (10) but enly a
cemplete solution which is e solutien of (10} depending on n
constants by, Boseoss B, in such a way that

s

o
(-‘\ t’w.“ v } 1 A
detl Lt ¥ 0 (11)
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If 8 nern~linear svsiem of %ywe {1) 48 to be solved by pertur-
vation theory this gan be done in the fellowing way.h First the
Hemiltonisn H{g,p.t) is split up Inte two parhs

H{g,p, %) = HO(“%I%'“ + :’cia {asp,td (123
such that a complete 3olutian'V(qgﬁ>@%§ of

oy Qv o
+ B (gy==s%} = O {13}
o) QQ
can be found.lelt us uge this Suﬁ@ﬁi@ﬂ'ﬁ{q@ﬁ wwj &8 & genersd -
ing funef1@ﬁ for the transformation of The complete system des-
gribed by H = H + Hy.Then W odis given by

DV oL o v OV . . ¥ R
B= Hola, Tog 't BleT ‘?S“J:" =H, (q¢d", P, 52, p(d" o, B

{14)
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and the transformed equations {1} are wriltten
#

u” 5 QD

§= o oS {15}
M g Dg"

No approximaticon hes been mede in the dewivation of {13).This
This procedure can now be vepeated,i.e, H z&m be split up .
inte H and B, z2und so ondt some p@iﬂh The uﬂmpu%atlﬁn@ 856 iﬂm
tﬁfrup%@d and the repeining vardt of the Hemilteunlan is disr
garded.This methed has been used foy & long time im.celewtial
mechanics and mowe recent are given Iin @m&n%uf mechanics. Ing-
tead of solwing (13) we san also find the soludions to

A ((\)H‘@ a (D]}I@ &
q b3 = et 1',3 e S N @ ﬂé}
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n ' Op Qg
in the fowm . o

@&n be shewn that the uﬁ&“d&@ﬁﬁ&& on from the dnitisal valu-
2P, b0 g and p %ivg by (17} is always canonical and the
m% ofmed equations {1

aF B k-
H [

{18)

of finding molutio

1
F = g £ {mou,h)y at {203

Heve x M( QQ@UQm } iz the "atate vectortand u wku‘goaug Jthe
sontrol function o be debermined, Ponteyagln g mexdlimm priﬂcim
ple tells ug that the value of the optimal contrel function
u{t) is at esch instant the one which minimizes

Hékgugvgﬁpw £, m,8)y + ¥, 8 (%, t) (213

with v < O,vhere v «(y Ju@eﬁd ) ds the vector of the adjoint
varisbles, %hl@h gatisgfy the differential eguation

: “OH i
¥ om e %‘%M (22)
x
while the sguation {19} can be writien as
RPCLS (23}
¥

Thfeugh the maximum prineiple u can be expressed asg a funoition
of z,y snd bt,s0 that alsoe H depends only on thege varisbles.
Ihe methed of csanonical perturbaticn can of course be used in
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the form outlined above for the sclution of the Hamiltonian
gyegtem (22),(23},

3 ACQPIVE OPTIMAL CONTROL FOR NONLINEAR ISOLATION SYSTEM

Pe illustrate the appliceaticn of the canonicel fransfermations

and perturbation theory it is consldered the steady state oseci-
1lation of the nonlinesyr continucus system indicated in Fig.1.

SHE AR BEAM

Fig.? Base excitation of & shear beam with & cuble
hardening congtraint

The nonlinearity is confined %o the ceonnection between the st
ucture snd the moving base.Furthermors,let the nonlinearity be
of 8 cubic hardening type.This system might be a highly ideali-
red model for s reacter siructure including nonlinear seismic
isolation effects,Por this example,the nonlinear restoring for-
ce P{x,%) is independent of % and may be expressed as

P(x,%) = kx(1+ £x°) (24)

where ¢ is & nenlinearity parameter.The metion of the point P
incliuding the control input is governed by the squation

mE o+ Plx,x) + & = u(x,t) (25}

The eontrol u congists of a feedback and cemgtltutes the bagiec
active controller structurs(Welf,Madden 1981).The general per-
formance index congidered has the usual form

T

J =S (a§x5+ &§x2+ ?gug} at (26)
o
where ¢ Is & scalar weighting peremeter.The performance index
is an accepiable compromlse between achieved sysiem regpoenge
and eontrol energy expended.The differential equation ¢25) be=
come in transformed form the following
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Xg=rp  Fpm = T PlmeEp)e g bEy g (27)

With e ==1 we have

2.2 .2 2 2,2y, e
H = w{&q} FOSE, + o ut Myt mﬁ%&d m¢>M9mPf%ﬁJw2)} {283
In (28} is replaced u = >?--P ¥, from ODH/ Qw = O,Hamilton's
squationy aye %ng
. . 1, 5 2 1 ®
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It is congildered
. 22 90 4.3 1 ye
- o 2 5 3” Thay s o e il Y .‘.WK\;‘/'T A s ¢
H =y, Zge {X\A pHUE Y5 Hy = (AJEEHASKS Yo melt £y 4 Ej%;ﬂ 2
ENEEN
A @@mple%e S®1wtiwm o {303
e ‘)’ : " (i = N
‘”(a,.x; Ryl 0 %, 0%
la
Ve e Y7 f?“whﬂuﬂQLD +s M e, cos{ O bep, R (31
(8] Y [ e
) e 4 S Y ek
frem which ig genevated the ftransfcrwation Q.= e g = e
tq 585 being the new¥shate variablesWand PyePo ?)p% = 1Dp2

the new adjeint veriables.

4  CONCLUSIOCNS

One optimel solution for the non-lineeyr igolatlon system iun
goil-gtructure Inbersction may be ebiained by canonlcal irens-
fermation using the mumerieal results and the standard compu-
ter programg shd will be presented late.
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