407. Nonlinear optimal synthesis of the vibrator with flow excitation
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Abstract. In the daily life and techniques people all ti@ve interaction with continue media like air ortevaln report
motion of vibrator with constant air or water flaxcitation is observed. In first part of report foatof a vibrator with
constant air or water flow velocity excitation rvestigated. The main idea is to find out optin@iteol law for variation
of additional area of vibrating object within limitFor solution of the high-speed problem the maxmprinciple is used.
It is shown that optimal control action is on bosraf area limits. Examples of synthesis real meohat systems are
given.
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1. Introduction To simplify the equation it is easy (for system twiine
degree of freedom) to miss indexes of motion dpton.

Motion of a vibrator with two degree of freedom and Then the differential equation is :

constant fluid ﬂowV0 excitation is analyzed (Fig. 1.).
System consists of masses m1, m2 with springsi@l, c
and dampers b1, b12.The main idea is to find otitnah
control interaction law with fluid flow for variain of
additional area S(t) of vibrating mass m2 withmits :

S<S)<S,

MX=—CX—bx—u(t)- (V, +X)?
u(t) = S(t) -k

where X=%.

m = m2 — mass,

acceleration, x = x2 — displacement of obje%(t,=X2-
velocity of object, ¢ = c12 — stiffness of sprifg= b12 —

damping Coefficient,v0 - constant velocity of wind, S(t) —

where S . lower level of additional area of mass m%%-
upper level of additional area of mass m2, t - time

The criterion of optimization is time required toowe
object from initial position to end position. First all to
understand process of fluid excitation and optismdlition

area variation,u(t) - control action (3), k — constant. It is
required to determine the control action u = u@y f
displacement of a system (2) from initial positx(tO) to
end position x(t1) in minimal time T (criterion KK= T,

if area S(t) has limit (1).

of control problem observe system with one degrée o

freedom when mass ml is very large (massive fundgme

Fig. 1. Scheme of model with area S(t) control

2. Solution of optimal control problem for system with
one degr ee pf freedom

For system excitation any time must be solved tigh-h
speed problem [1 - 9]:

4
K =[1dt

to

Toassumdo =% 4 =T: e havk =T
System, transforms to:
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X =X
X, =Xy,

X1:X20r

mx, =—C X—b x—u(t)- (V, + X)?,
and Hamiltonian is [1 — 3]:

H =yt L (Cox b —ut)- (v + %,)2),

hereH =y - X , Where

) Vo 0

V= l//l X = X,
Vo

0 - -u()- (Vo + ]

Scalar multiplication of two last vector functiodé and

X in any time (Hamiltonian H [3]) must be maximal42
9]. To have such maximum, control action u(t) mhost

within limits Y(8) = Uy; u(t)ZUZ, depending only

from the sign of functiorf’ 2 (see, for example, [3 — 6]):

H =maxH,
ity (-u(t)- (Vo +%,)%) = max

Therefore if iy, > O,lthe ut) =y, and it V2 <0 the

u(t) = u2 where S K and U, = SZ K , see (1).
Examples of very S|mple control action (with onel dinree
switch points) are shown in Fig. 2, 3.

X2
> S
x(0)

x(T) X1

Fig. 2. Example of optimal control with one switches point

Xo A

?§\
X(T)

Fig. 3. Example of optimal control with three switch painthen
x2=0
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How to find switches points (e.g'zl,/2 >0, or ¥2 < 0, )
here do not be observed [3 — 9]. But the main agich
of optimal control law is that value of area anyei must
be on bounds S(t) = S1 or S(t) = S2 (5).

In real systems it allows to synthesizing quasiirogt
control actions (see, for example, [10 - 13]). Autdially
must be mentioned that optimal control in time domst)
(like programming control) in real nonlinear system
without feed back often are unstable. Thereforthig case
task of synthesis new real control systems inclstgg of
forming control like mixed function of phase coaordies
and time u(t) = u(x1, x2,t) (see, for example, £03]).

3. Solution of optimal control problem for system with
two degr ee pf freedom

The equation of motion may be described as :

my=-cy-c,(y-2-by-b,(y-2);
mzz: Clz(y_ Z) + blz(y_ Z) _u(t) ' (Vo + 2)2,

where Y'Y Y~ displacement, velocity and acceleration of

mass mil; 22,2 displacement, velocity and

acceleration of mass m2. To use new variables éhas

Xlzy’ X2:X1:yl

coordinates)

=2 X=%=1 the system may be written in first
order differential equation form
X =X,
o= [ =G089~ b )]
%=X
- i[qz(xl —36) +B,0% ~ %)~ U(t)- (v + )]

In this system with two degree of freedom Hamileanis

X — ClZ(Xl - X3) j+
b1X2 blZ(XZ - X4)

X3) + by, (X,

1
H= ‘//0+‘//1x2+‘//2(7 (

1
Y Xy + 1, (—(Cpp (X, — - %) -
m,

- U(t) . (Vo + XA))'
Optimal control law is the same structure then tsmiu

H =maxH,
ity (-u(t)- (Vo +%,)?) = max.

The main conclusion of optimal control law (9)
for system with two degree of freedom is the saike for
system with one degree of freedom: value of argetiame
must be on the bounds (1), i.e. S(t) = S1 orSgp.
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4. Synthesis of real control action

For realizing optimal control actions (in generalse)

system of one degree of freedom needs a feedbatérsy

with two adapters: one for displacement measuremedt

another - for velocity measurement. There is a Emopse Vn 0O
of control existing with only one adapter when roati
changes directions, as shown in Fig. 3. [12]. langethat
control action is similar to negative dry fricti@md switch

points are along zero velocity line. In that cagaation of 25 01 0 01

: VO > |x o
motion for large velocm) 0| |XI and dry friction is : X

Fig. 7. Motion with initial conditions outside of limit cje
m- X =—c-X—b-x—F -sign(x) +U (X),

An attempt to find more, than one limit cycle was
where

L+ Sgn(%) 1-Sgn() investigated com_plig:ated system with. cub_i(; rasisé
U(>'<)=—[k~(\/0+X)Z~Sl~T}—{k-(VO+X)2~SZ-T} force and .dry fr|ct|on' (1;). Ansvx_/er. is positive:rfa
and m — mass; ¢, b, F, k, VO — constants. Examefes system with npn-penodmal excitation (e.g. constan
modeling are shown in Fig. 4. — Fig. 7. velocity VO of air or water flow) there can be motkan

one limit cycles. Both cycles are separated byediffit
initial conditions (Fig. 8., 9.).

-0.6 m-X=-c-x>—b-x-F -sign(x) —
Pa, o .
08 —{k.(vonoz.sz.ls—gn(x)}—
-1 . .
0 1 2 _{k.(\/oer)Z.S]_.M}
th 2
Fig. 4. Full control action (10) Pa, =U(X) in time tn domain
(Sl system)
1]
0
Vn 0
Xn —0.05 -
-1
-0.1
-2
-0.1 ~0.2 -0.1 0 0.1
0 2 4

Xn
tn Fig. 8. Motion in phase plane for small limit cycle
Fig. 5. Displacement xin time

t, domain (S| system)

100
1 500
Vn 0
Vin 0 =500
—100
-15 -10 -5 0 5 10
-1 Xn
0.15 0.1 0.05 0 Fig. 9. Motion for large limit cycle
Xn
Fig. 6. Motion in phase plane (x 5;x X = v with initial For system with two degree of freedom (6) was
conditions inside of limit cycle investigated the same synthesizing controls adtlofsee

(10 - 12)):
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U(1)=~[k~(\/0+z)2.s]_.1+'5i29r(2)}_

_|:k.(\/0+ .2)2'82'1—si29r(2)}

Results of modeling are shown in Fig. 10. — 13.

0.2
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~0.02-0.012570.005 0.0025 0.01

Yn
Fig. 10. Motion of mass m1 in phase plane from small ihitia
conditions
2
1
VZ, 0
-1

—0.2 -0.13 -0.05 0.025 0.1

z
Fig. 11. Motion of mass m2 in ;hase plane from small ihitia
conditions

0

-1

Up -2

Y
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Fig. 12. Control action in (12) time domain
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-2 e
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Fig. 13. Motion of mass m2 in phase plane from large ihitia
conditions
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5. Conclusion

Air or water flow may be used for excitation obpect
motion in vibration technique. Control of objectear
allows finding very efficient innovative mechatroni
systems. Algorithm synthesis of strongly non — dine
mechanical systems includes tasks of optimizat®met
principally new inventions. For realization suchstgms
adapters, controllers and actuators must be usedy V
simple control actions have solutions with use @ns
functions. Description how in real system does tholal
area change is out of this report (for modern meoh&
systems now problem to do it).
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