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Page 1120.

THE USE OF SELF-TUNING LOOPS FOR GUARANTEEING THE QUASI-OPTIMAL
CHARACTERISTICS OF SERVO SYSTEMS OF COMBINED CONTROL.

B. V. Novoselov.

I. General considerations.

The use/application of the combined control in the servo systems
(Fig. 1) makes it possible to attain the full/total/complete or
partial invariance of value = ° from input effect (VV}*™ /. In Fig. 1
K,(p), K,(p) - the transfer functions of components/links the servo
systems of the combined control (SSKR); n(p), !-/ - the conditional
statements of interferences; o(p) - the transfer function of

compensator (KU).

From the theory and the practice of SSKR it is known:

1. In the absence of interferences n(t), .- and with

satisfaction of the condition
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is ensured full/total/complete invariance wi relatively ™. ¢.

e et maaa e

2. If it is provided (1.1), then interference n(t) completely
passes to entire frequency band into error of SSKR. For guaranteeing
the high accuracy of SSKR it is necessary to filter out n(t) from
=.¢-Virtually this is possible only in the case of nonintersecting

spectra "t and n(t) [1].

3. For decreasing effect (’,¢) on error of SSKR should be chosen
factor of amplification of component/link K,(p) sufficiently to small

ones.

4, Presence of polynomial in denominator of transfer function of
KU ¢(p) leads to steep/abrupt decay in frequency characteristic of
locked SSKR after cutoff frequency. On the basis of the conditions of
high accuracy and operating speed of SSKR during the final adjustment
of useful Vv, it is desirable to ensure the low values, and from the
point of view of high freedom from interferencé - increased values of

the coefficients of the polynomial of denominator o(p).
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Fig. 1. Block diagram of SSKR.

Page 1121,

5. In limits of physical feasibility o(p) SSKR possesses
increased oscillation property with change of VV in comparison with
system without KU. This is explained by the following. If without the
introduction/input of KU with VVN'tUT “t;t the output of system had

w, ¢ =4(¢, that during the introduction/input to input K,(p) RU
o(p)=op at the input of SSKR operates equivalent VV
I IR S I i2

while at the output of SSKR ™% it is expressed

an.(n '
8»,(!)-—/!!)-4—7-———‘-“-—-—-/1! + ouw [, ]

where §(t) - impulse function; h(t) - transient function; w(t) -

weighing function.

It is known [2] which w(t) has at least one extremum even when
some real roots alone of the characteristic equation of locked SSKR

are present.
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Frequently in practice of SSKR operate VV of the form
2L =M oAl - MRy -, ‘ )
where :™.-!) - standard useful VV; W, 7 - unfavorable VV (change of
useful VV with the high accelerations); n(t) the stationary random

function of time (interference).

In this case is required to ensure a maximally possible accuracy
during final adjustment = ~ of the type

N

= r=l Rt - Mo =w e 2, the speed, o - acceleration at

the input of SSKR), high freedom from interference of SSKR and
qualitative free transient process and transient process during final
adjustment ¢ with the physically realizable components/links of

main circuit of SSKR and KU.

In the present work based on specific example is examined the
effect of the parameters of KU on the quality of work of SSKR and is
shown the need for input of the self-tuning loops (KSN) of the
compensating signals (KS) for guaranteeing the quasi-optimal

characteristics of SSKR into different modes of operation of SSKR.

I11. Analysis of the effect of the parameters of KU on the quality of

SSKR.

Let as a result of synthesis on the quality of‘free transient

e T e e

4..&;_. o LR
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process be obtained the transfer function of the extended system

without KU

150 1 --0,2%9p)

Tn013%e
e

’ o Rt-T.p _
Kp = K\(pika(p' = pii = To 1 — 7(117) Tol - 10p

For guaranteeing the full/total/complete invariance with K, (p)=

=] it is necessary to ensure

o pa T o TR )
HPT AT N

r.o

In practice is usually sufficient to compensate for static “..

kinetic ™, and dynamic ™. of error. Since the system in question

possesses first-order astaticism, then B.. ' For compensation ™. A,

it is necessary to fulfill KU with the transfer function

Page 1122.

n

Transfer function of locked SSKR relative to *. .

h p)

wp 2oz o dpiedp e L

p Tt o ap s P T

where

dy = 45.68 K,aT,; d, = 138KaT, +~ 45,687, ~ 45.68K,2):
d, = 1387, ~ 158K,a + 45,68; d, = 138; a,=0,0165T,;
a, = 00165 +~ 1,217,; a, =121 ~ 46,687,;

4y = 46,68 + 158T,; a,=158.

Transfer function of error relatively ®:rp)

i,
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APt - luy—-dy)pt <+ 0, —d,;pP + a.——d,_)l_’ 9.5
'D-)p"_:l ——'TJU’""". a.p: -—d|p‘+03p34-dyﬁ*,'(14 ) 2‘)

With those slowly changing:. 8,A¢) is correct the expansion of the

rational-linear function ®ep' in the Maclaurin series

3
Dolp) = Dui) —2- D 0V = 2 Dg70) + . . . + % POV +... =
T % i
=Cp - Cp+Cpi + G+ . . . Cp"+ . . ., (2.5,

where C,, ... ¢, - the error coeificients, determined in dependences

[31:
Co = lim@Pap:, \
N=d

C, = Um [@a(p) — C}.
p=oP

€y = lim = {@a(p —Cy - C. .
20 P

Work [3] shows the validity of expansion (2.6) for sinusoidal vV
with the frequencies, which lie at the range from zero to the cutoff{
frequency of frequency characteristic of SSKR, and for exponential
VvV, when time constant of VV is more than the time constant of

reaction of SSKR to the unit step.

For guarantee 9,=0, 8,=0 it is necessary to satisfy the

condition

C,=0, C;=0. 2.8,

A e e
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Simultaneously fulfillment C,=0, C,=0 requires the guarantee of

the conditions

T 1
Kz = Ay = = =
! ‘T, 138
T, + 0425 \
K, = 58T, . 2.9

Fig. 2 depicts graphs K,=f(T,), T.,=£(T,), a=£(T,)whose points

correspond to the parameters of XU, which ensures ®,=0.'9,6=0.

.,

(O )
el o e —— PR . i
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Fig. 2. Design charts of the paramekers of SSKR.
Xey: (1). [cegl. (2). s.
Page 1123.

according to (1.4), {1.8) the introduction/input of KU increases
+ne oscillation property of system during final adjustment -~
Therefore it is necessary to investigate the dependence of the

integral quadratic evaluation/estimate
b
IE = \“:’dt
°
on the parameters of KU. -

P ‘ For a rational-linear function of form (2.4) is convenient [E?

/’ to determine on dependence [4]

AG
AFKY-

IE? =
where
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dy de U 0
j — d;°—2dyd. d. dy .0
: d,'-2d,dy~2dd, dy d3 .0 ‘i
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2G oo x 2
=
S L J‘-;"‘:‘l B ‘t{.-,-;afc__,_'
r
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: . -
‘ O Wl SIS ST R

After the substitution of numerical values and series/row of

conversions we have
L R R T B A S o 2 LR ANt SRR (AU N A S

[ \ Cav e g - =
e et Loy ! — i

M 2 I

i =

-~ 4t

As it follows from (2.12), IE® is function T,. The coptimum value
of T, it would be possible to determine, on the basis of the
condition of equality to zero partial derivative

a 1E3
T’ 0, 2.13

but in this case it would be necessary to solve the equation of the

6th degree, which is too labor-consuming.

Fig. 2 presents dependence IE!*=f(T;) for the values of the

parameters of KU, those lying/horizontal on the trajectories

Al
satisfying the conditions, which ensure \ .

s————

Sl o e - s I P e Vo POV PR
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/ Fig. 3. Calculated time-response characteristics.

Key: (1). s.

Page 1124,

In Fig. 3. are represented time-response characteristics ™ -
when w. ¢ =!t¢t for the variety of combinations of the parameters of

KU, which ensure ‘C«;==n

7, =usd AL -l

b
;l
v 5

a !, W - 1 )

B ! =015, T, - 1005, Ay = 004, 1 '|",t:-

a =03, Too= 1225, A, = 00238, 1 =rton
F ' a /. =().~'_-), r¢ = 1,423 A= gl 1 ")-)L

If # .t and n{t) is correlation not depended, then mutual

spectral density is equal to zero, and the average/mean value of the




‘/
When (i, »y = N -l BPAE {t is expressed
"2— ‘ : (dnpl o d\p: *‘dzp"di':‘\., . ==
RO SRR T ap s ap
.\_'y.: [, Jp)/,w)‘__dn D13y
= ’:. ﬁ Ry ”m i ) o
where
) -
' Lip = daps + d,p* -+ dyp = d.. *
Mp = ggpt = @0 F a,pF P o dy
According to [5] for the present instance
ernrd .dsh —Udydy < Qoibytly + ‘d?:“fd'd‘ d'".d'd‘-LQ
P 8"-'\!, = N - 2&!.11.'."aods: -y + “XJ?“Q)
—rd) - '_‘.d,d-_- oyl (‘1.‘( —tl g 'J,ﬁ) 2 1R)
y it
The rms error, caused by interference, is expressed
w =] w7y 2
;r‘ " -— — . . B B N
D _aseid d " . .-
e PRS- — .
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square of error from interference n(t) is expressed
h

- - v .. . .
) = T VoDl o de, vl

where i+ - the spectral density of interference nit).

When « ;) and G,» are the rational-linear functions of
frequency, w7 +) it is possible to compute in the form of explicit
function of the parameters of system similarly to computation IE?,

using the tables of integrals, represented in [5].
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Fig, 2 presents dependence= =/ !,).From the analysis of the

results of the produced calculation it follows:

1. The compensation for conservative values ®_ ®, can be
realized during different combinations of the parameters of KU, but

satisfying conditions (2.9).

2. Cscillation property and freedom from interference of SSKR to

a considerable degree depend on value of T,.

3. Selection of stationary parameters of KU, ensuring
simultaneously optimum characteristics of SSKR at final adjustment
» - of that mixed with n{t) and at final adijustment i~ .¢:. is
virtually impossible, Appears the need of changing the parameters of

KU as the function of VV by introduction/input of KSN.
Page 1125,
III. On the introduction/input of KSN to SSKR.
As it follows from (1.6), at the input of SSXR in the general
case operates the sum of the signals: useful VvV * -..unfavorable Vv

i~ v interference n(t). According to requirements ~_, =0 = =) ®,=0

stated in Section 1 during final adjustment ., ¢ of the type




: i
) ‘ ) ] 7 B - - ’ o
| - - e . e
| .y [N VU, A
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Wt o= Lyt

€

6. !
R ot = ;o Rt =9 sipw?

5] *
-~

(where w - comparatively low frequency). Consequently, dynamic error
of SSKR during final adjustment o,rf-<ai¢* is caused only by action

n(t). In the transient modes/conditions during final adjustment

A®, )  the error amounts to high values. From section II it follows

that during final adjustment #..# it is desirable to have the low

values of T,, and under effect n{(t) and % f the high values T,.

In the diagram in Fig. 4a KSN1 ensures the maintenance of the

relationship/ratio r |

Kll = KlT.= T—-‘;
s o

and KSN2 ensures change T, in the linear law as a function of error

cf SSKR.

In the diagram in Fig. 4b signal of the assigning tachogenerator
(TG) through the potentiometer of tuning (PN) enters the
differentiator (DK) and KSN, which consists of two filters Fl, F2 and
two phase discriminators FD1l, FD2. Under effect “,.¢t T, it is
reduced, while under effect iw, or presence n(t) T, it increases with

the corresponding change K,, T,.

Construction of KSN depending on the requirements, presented to

SSKR, can be other. For example, at the moments of the time when
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operate .. - ! SSKR behaves as narrow~band system, and under
effect i». o' passband of SSKR is expanded by decrease of T,.
Conclusion/output.

Accuracy, oscillation property and freedom from interference of
SSKR to a considerable extent depend on the parameters of KU, The
selection of the stationary parameters of KU, ensuring quasi-optimal
characteristics of SSKR in different operating modes, is virtually

impossible,.

Is shown the advisability of using the self-tuning loops for

guaranteeing the quasi-optimal characteristics of SSKR.
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