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BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

B] ulic Transliteration Block Italic Transliterati..
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F ; e G, g Yy Y y Uu
4 D, d p$ 0 0 F, f
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rot curl
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THE USE OF SELF-TUNING CIRCUITS TO PROVIDE THE QUASI-OPTIMUM
CHARACTERISTICS OF COMBINED-ADJUSTMENT SERVO SYSTEMS

B. V. Novoselov

I. General

The use of combined adjustment in servo systems (Fig. 1) permits

attaining the complete or partial invariance of the values 9(t) from

the input effect (VV) @,(t). On Fig. I K l (p), K2 (P) - the transfer

functions of the elements of a combined-adjustment servo system (SSKR);

n(p), Un(P), conditional interference operators; q7(p) - the transfer

function of the compensating device (KU).

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

1. In the absence of interference n(t), Un(t) and with the

satisfaction of condition

the complete invariance of t(i] relative to @,(f) is ensured.

2. If (1.1) is ensured, the interference n(t) passes completely

in the entire frequency band to the error of the SSKR. To ensure

high accuracy of the SSKR it is necessary to filter n(t) out of 0,(9).

As a practical matter, this is possible only in the case of noninter-

secting spectra 4;1t) and n(t) [1].
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5Fig. 1. Structural diagram of

K,.(rp) SSKR.

3. To reduce the influenceof.Un(t)on the error of the SSKR the

gain of the element K2 (P) should be selected sufficiently small.

4. The presence of a polynomial in the denominator of the KU

transmission function f (p) leads to a steep drop in the frequency

characteristic of a closed SSKR beyond the cut-off frequency. Pro-

ceeding from the conditions of high precision and operating speed

of the SSKR when working out a useful VV, it is desirable to ensure

small values, and from the viewpoint of high noise immunity - increased

values of the coefficients of the denominator polynomial f (p).

5. Within the limits of physical feasibility q (p) of the SSKR

possesses increased oscillation with a change in VV in comparison with

a system without a KU. This is explained by the following. If with-

out the introduction of a KU with VV 01(t) = 1(t) on the output of the

system we had 0,(t)=h(t), then with the introduction to the input KI(p)

KUf (p) =Op, the equivalent VV

,(t) = l(t) a p(t), (1.2)

operates on the input of the SSKR and on the output of the SSKR (2(t)

is expressed

dA,(t)
ez,() =h(t) + - -- = h(t) +ywt', (1.3)

where V(t)- is the impulse function; h(t) - the transition function;

- the weight function.

It is known [2] that to(t) has at least one extremum even with

the presence of only some real roots of the characteristic equation

of a closed SSKR.
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Frequently in practice SSKR's work out VV's of the type

.'o(l .,f) + Sol ( ) nt..C1.4)

where Oo.() - a typical useful VV; A0,(1)- an unfavorable VV (changes

of useful VV with great accelerations); n(t) - a stationary random

function of time (interference).

He-re, it is required to ensure the maximum possible accuracy in

2
working out Mlr(Il of the type ,H,r(t),= !,t, Onr't) -- ,- .1~)= --siw 2 -

velocity, £1 - acceleration at the input of the SSKR), high noise

immunity of the SSKR and quality free transition process and transition

process when working out %f3,(tj by physically realizable elements of

the main circuit of the SSKR and KU.

In this work, the effect of the parameters of the KU on the quality

of operation of the SSKR is examined using a specific example and the

necessity for the input of self-tuning circuits (KSN) of compensating

signals (KS) to assure quasi-optimum characteristics of the SSKR under

various operating modes of the SSKR is shown.

II. Analysis of the Effect of the KU Parameters on the Quality of
the SSKR

Assume that as the result of a synthesis in accordance with the

quality of a free transition process a transmission function of an

open system without a KU is obtained

S(1 + T.p' 15(I i-0 , gOp) (2.1)
. 1 -=K(p)A2 (p) = pt1 + 7,)' + 73p) p,' + i,P 1i i 0oh'

to ensure complete invariance with Kl(p,) = 1, it is necessary to

ensure

1 p( 4 Tp)(! + T,p) (2.2)3(2.2)
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In practice, it is usually sufficient to compensate for the static

t4., kinetic A and dynamic +4, errors. Since the system being exa-l,.,.f

po:7nvsses astatism of the first order, ,m .0. To compensate for

,, 4, it is necessary to make the KU with a transmission function

1-p ~r, (2.3)

The transmission function of a closed SSKR relative to +0,

, /(p h.p)Jl - ' +p I dop:' +-dp-' d:.p (2. ii

A.T7f 14-Ap P p -p. 4q {1,(1( 4 -A p -" A,/ l + aO - .:" ;'P.t, (2.4)

where do = 45.68 K1 aT4 ; d, (158KtaT, + 45,68T,' + 45.68Ka);

ds - 158T, + 158K= + 45,68; d = 158; a.=0,0165T;

a, - 0,0165 + 1.21T.; a3 = 1,21 + 46,68T&;

as=- 46,68 + 158?T.; a,- 158.

The transmission function of the error relative to e,rkp)

#) = I - O(P) asP' -4+ (a,-ds)p3 - (42 - d)p2 +_ (a-d)p (2.5)
adp4 + ap +4- ap - ap + a.

With a slowly changing O,<e) the expansion of a rational-fractional

function 0e(p) into a Maclaurin series is valid

00o(p)-0,(o)+ o00'(o)+ !09"(O)+ . +. .+

=CO + C,p + 2 ,) + C,+ +Cp++ , (2.6)

where CO, ... Cn - the error coefficients which are determined from
the dependences [3]:
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C, -Ilm0'.dp),
F-.,

C - ur1 .(I).()-CJ
C. = fm Z_ 4,(P) _ C..
C, =- liaM ,(p CI - CIP],

(2.7)

Work [3] shows the validity of the expansion of (2.6) for

sinusoidal VV's with frequencies which lie in the interval from zero

to cutoff frequency of the frequency characteristic of the SSKR, and

for exponential VV's when the time constant of the VV is greater than

the time constant of the reaction of the SSKR by one discontinuity.

To ensure O-o, e,=O it is necessary to satisfy the conditions

Cl  0, C2  = 0. (2.8)

Simultaneously, satisfaction of C1 = 0, C2 = 0 requires ensuring

the conditions

-A T4  IT.

K,, T + 0.925 (2.9)158 r

Figure 2 presents graphs K 1 = f(T5 ), T4 = f(Ts), C)= f(T 5 ), the

points of which correspond to the parameters of the KU which ensure
e5o, =O.O

(00,1  Fig. 2. Calculation graphs of
"0,, ,t SSKR parameters.

._', _" . KEY: (1) Degrees; (2) Seconds.

ov 02 03
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In accordance with (1.4), (1.5) the introduction the KU increases

the oscillation of the system when working out A60t). Therefore, it

is necessary to investigate the dependence of the integral quadratic

estimate

IE = .

0

on the parameters of the KU.

For a rational-fractional function of the type (2.4) it is con-

venient to determine IE2 from the dependence [4]

AG (2.10)
2a,&H

where
a, a,0 0 .0
as a, a, t, 0 0 0

- 174  a$ a, a, 11, 0

.H . a4  (2.11)

0.- a.
I.-

de a. 0 .. 0
-(d,'-2dod..d) a2 a1 . . 0

d,'--2dd, -2dd 4  a4 as, . 0

AO= ,*., (2.11)

(1+2 +

After the substitution of numerical values and a number of trans-

formations we have

S1,03l o'T,4 4- 4,856.10=s r 1,34.106T1,  3 17.10 74611( .
4,45. i T -. 1,316.' - (2.12)

As follows from (2.12), IE 2 is a function of T5 . The optimum

value of T5 couid be determined proceeding from the condition of

equality to zero of the partial derivative

]6
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-, 0 .  (2.13)

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

6th power, which is too laborious.

Figure 2 presents the dependence IE2 -

, . f(T 5 ) for values of parameters of KU which

hW ,_-'Sc.- lie on trajectories which satisfy the con-

-Vh(i), T ___k

Iditions which ensure Vci-_ 0.

0 _Figure 3 presents graphs of the

._,T_ transitional processes ,(t, with (tj ut
- - - ' for a number of combinations of KU param-

lol' 9'? 03
eters which ensure C= 0

Fig. 3. Calculation -
graphs of transitional ai 7, 0,03. 7, 0,955, K,',- 0,02) 0-,0314;
processes. h) 7, =O.15. 7, 1,0 75, A, 0,045. 0,14:

c) 7, =0.3, ---- i ,225, K,. 0,0258, =0,24,5

KEY: (1) Second. l 7:.. =0. T 1,425. K' , = 0,018, 0,351.

If (,(t) and n(t) are correlation independent, the mutual spectral

density equals zero and the mean value of the square of the error from

int,. .erence n(t) is expressed

0 =2 ) I.. )l2G:. ,idw, (2.14)

where Gn(wO) is the spectral density of interference n(t).

In those cases where O(J,,,) and G((,,,) are rational-fractional

functions, it) can be calculated in the form of an explicit function

of the parameters of the system similar to the calculation of IE2 ,

using tables of integrals presented in [5].

With G.,) N2- 0,01 e7--l is expressed

*, .



(dp 3 + p' + dp -- d

.V" " !. --- dp.
S- -.- I A I ( P);'(2.15)

where

L(p) -- dp" J+ dip - d.p -+ d.,
,Mfp) = 'ul' 4 alp' + ap" + a3p + a4.

In accordance with [51 for this case

d d (-a*"a-"-a,,a,u,1 I d,2 - 2dld,)aa,aa,.4--0.2 ..,o'
0 4 (--a20 (Z 

t t)
4 

- A12. "3)

'- (d' - 2dod,!aoa,u4  -- do-(-aa 4  -- aaa4 ) (2.16)

The root-mean-square error caused by the interference is

expressed

0, . t) (2.17)

Figure 2 presents the dependence H,,,=f(Tj). From an analysis of
the results of the calculation which was conducted it follows that:

1. The compensation for steady values of 9 can be accomplished

with different combinations of KU parameters, but which satisfy con-

ditions (2.9).

2. Oscillation and noise immunity of SSKR depend to a considerable

degree on the value of T5.

3. The selection of stationary KU parameters which ensure the
simultaneous optimum characteristics of the SSKR when- working out
Hir(t). which is mixed with n(t) and when working out AP(t). is virtually

impossible. The necessity arises to change the KU parameters in the

VV function by the input of the KSN.

8
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III. On the Introduction of KSN into SSKR

As follows from (1.6), in the general case the sum of signals

operates on the input of the SSKR: the useful VV Olr(t), unfavorable

VV A,tl. and interference n(t). In accordance with the requirements

posed in Section I e,=O,.-O. ,=O when working out O1 r(t) of the type

*Jit(t) = t

s~2
er(t) 2 - ~~ 8.lo

(where W - comparatively low frequency). Consequently, the dynamic

error of the SSKR when working out tj,r(t+n(t1 is caused only by the

action of n(t). In the transitional modes when working out A1t)

the error attains large values. From Section II it follows that when

working out Ar(t) it is desirable to have small values of T5 , and with

the action of n(t) and A",(t) large values of T5.

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

relationship

and KSN2 ensures the change in T5 in accordance with the linear law

in the error function of the SSKR.

In the scheme in Fig. 4b the signal of the master tachogenerator

(TG) goes through the tuning potentiometer (PN) to a differentiator

(DK) and to the KSN which consists of two filters Fl and F2 and two

phase discriminators FD1, FD2. With the action of e,r*t) T5 decreases

and with the action of A or the presence of n(t) T5 increases with

*" the corresponding change in KI, T 4 .

The construction of the KSN, depending on the requirements imposed

on the SSKR may also be different. For example, at points in time when

4,r')-"'l( operates the SSKR behaves as a narrow-band system and with

the action ji(t) the passband of the SSKR expands with a decrease in T'5.

7T~ . .*~.----- -- 9



ConeC I LIS ions

The precision, oscillation, and noise immuunity of the SSKR

dc',;cnd to a significant degree on the parameters of the KU. The

selection of stationary parameters of the KU which ensure the quasi-

optimum characteristics of the SSKR in various operating modes is

practically impossible.

The expediency of using self-tuning circuits to ensure the quasi-

optimum characteristics of the SSKR is shown.
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THE PRINCIPLE FOR CONSTRUCTING SELF-TUNING CIRCUITS FOR COMBINED

ADJUSTMENT SERVO SYSTEMS

B. V. Novoselov

I. Statement of the Problem

The employment of combined-adjustment servo systems (SSKR) permits

theoretically ensuring the complete compensation of steady-state

errors when working out a specific type of input effects (VV). However,

the non-steady-state nature of the parameters and nonlinearity of the

characteristics of SSKR elements cause the disruption of the conditions

for the compensation of component errors and, consequently, an increase

in the error, frequently to impermissible values.

Let the SSKR be made in accordance with the scheme in Fig. la,

where K
(P) -p(I + Tp)( ± rp P)=eP+ 'P " (1.1)

The expressions for the kinetic @,, and dynamic (4 errors and the

conditions for their complete compensation

I-K " T, + T, - W_ T, + , (1.2)

, K K l K

With disruption of the condition 1 /K (change in the gain of

the SSKR K or change in KS (compensating signals1f) t,,0 and takes

the values 11



! - (R+ .XK ) +-

0i=- -. a- - - '~ -"= -- __ ""o

KK
e,, = I+ U,-= + f)g

A (1.3)

where 0,=-, - the value of 0. in the absence of KS.

From an analysis of (1.3) it follows that in a number of practical

tasks it is necessary to introduce the automatic tuning of SSKR

parameters in the function of the parameter being changed. It is

expedient to accomplish the tuning of the KS since in this case there

is no necessity to solve a compromise problem when ensuring high

precision and stability.

II. Theory of SSKR with KSN [Self-Tuning Circuits] of KS

Figure lb presents the structural diagram of anSSKR in which

parts of the KS which are generated by differentiators (Dif 1), (Dif 2)

are multiplied in product blocks (BP1), (BP2) by the output signals

of integrators (Il), (12) of the actual SSKR error, which accomplishes

the required change in the KS with disruption of the conditions for

the compensation of errors.

In this scheme, in essence the integral control with variable

integration coefficients, which are functions of VV, is accomplished.

* When working out VV such control ensures the elimination of steady-

state errors regardless of the reason for their appearance and does

* not affect the quality of free transitional processes.

The operation of the SSKR with the KSN is described by a non-

linear equation with variable coefficients

12



&Ht d

+I + 'tdK

+KIo - 11ti I',Ndt + A[z:' + "I (t .. H :d

ddt-(,/ +T2 d201  d0

-- KI -- (t)ld 4 -d -' .. ( 2 ..

Let us assume that 9,,V.'() ~) 'I

slowly changing functions, i.e., their change

is insignificant during the time of effective

' ' -duration of the transient characteristic of

the SSKR. Then the statement of the task
6) will be the following. At point in time t 0

-- ) • the conditions of compensation s,. 0, are

disrupted
I ' .' 1

+TIM

The self-tuning circuits should ensure the

elimination of the steady-state errors.
Fig. 1. Block diagram
of SSKR.

We introduce the designations

dI df4
1  (2.2)

att)= W,- " -:3.t) = 1  t

Dividing the left and right sides of (2.1) by e,(t)+at(t) (the sum

of G(t)+a,(I)OO in addition as with t 0) and differentiating with

respect to t, we obtain

Ole rda.(t) 1P da.(IV) dOa (t) - .I -  a ,t) - + + - +

dI' dt
4 [[( ±iie) -+ K : -T =

db0'1  'dbo(ft bld +ba)(t) -Wd "t- + t 4-'t . .- "

ldt+ dill
. 'dh,(t) -I "l'O, Idb.(t) dt

+4"t +b+at d- (2.3)

13



1,72 oM T+ T2

,,t -- ,t t ,(t) 4 1,t1 t) U:t M =,t+42t)

K T T, "

7, + T2 -- Ky,' I-K

F r:ation (2.3) - an equation with variable coefficients. Its

.all solution is difficult to obtain. But in view of equation (2.3)

£'L.f it is easy to establish the conditions for the compensation

"or- individual components of the error.

With O,(t)=2,t (),=O, if

db,(t) d [ 1--Xe. _ (2.4)

I + W '

With .,(t) -t- e=O, if

db,(t) db 2 't)

inF th case of d00 .(25

dO,,2 -=0 i=~~-- and
In the case of 0,(t2,t, - , d--0, consequently, b anddd( d
-dt---O, i.e., KSN's always ensure O).=O.

In the case

'* ~f 11,, dO, I d2@

consequently
bT)=7,+ r.-K,#,', dbs(t) --r/l,,(T, + Tr,-K~h'

W ,it + w '' s l ( I',a, + W ',',,)

db(t) -0--K%) W,,-dt,,t

... .. ... .... .. . . .. .. . . . .. .. .14



i.e., KSN's ensure 0.--.0 with -

A rather effective method for investigating SSKR's with KSN KS

is the method of L. A. Zade which uses a parametric transfer function

of the system [1L-[4].

If VV SSKR with variable parameters satisfies the proper con-

ditions, it can be presented using a Fourier integral

1(t)~ '~ OfJudeilwd (2.6)

and the error of the SSKR in this case can be determined from the

following relations

If

S(t) = w,(t, C)0 I(d', (2.7)

0

oev; = F*t(p, t~,pe'.(2.8)

In (2.6)-(2.8) t(], - is the complex relative amplitude of the

spectrum of the function Htit W,(t..} - the function of the weight of

SSKR error, W(p.'t) - the parametric transfer function of SSKR error.

If equation (2.1) is presented in the form

A lp , t s (t ) -B ,, ',tp,( ( 2 .9 )

then for the case ,()t= =t-), H{tj- w=,t. Zo the parametric transfer

function of the SSKR error is expressed L4J

I7(p, t) W'.(p, ), + (2.10)

15
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where; W,(p. t).-- the n approximation of lfe(p, t;

B(1' tI

I d A (p , £ d 11'(p , t' 1+W O(p , ) . . I A ,p , ) I - d l , - - d t " " " +

I dA(p. t dnt":p, (2.11)
at dp, at nj

With slowly changing SSKR parameters, for a preliminary estimate

of the quality of SSKR with KSN we can use the zero approximation

W '(p, t.

For the SSKR with KSN being investigated with io'=I

7, 7,p- 4(7",7 1 'p- 1 K. p

W,(p, t). = I d', d"t, (2.12)
TT 2p'+(Tj+7 jp'±p;-p2 Kp A,(wt -T- W,-

dO, "* O,
With 0,(t)=21(t), _--- U,, -- -=O

7, T2p'-( T, + 72- K?')p'+ (I - T.)p
W,(p. t), ,T2 p'+ j', + T)P4--P +KP KW., (2.12')

fip dO, Pot
With 01(t ) = -, at-=tt, --dt2 = I

i' "Tp'+(T,-t- 7",- .p ' p+ ' (I--K.'p-

From an analysis of (2.12'), (2.12") it follows that with the

introduction of KSN:

1. -0,, 0 j+R~-;, 0&. 0 with and with t-.o.

16
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2. The stability of the SSKR when working out VV is determined

by the parameters of the SSKR and the parameters and sign of the VV,

which requires the switching of the signs of the error integrals in

the f'unction of the sign of VV.

d@,

3. "X=O. 0O.-O in any cases except -=0, if we use tuning in

accordance with the first derivative of VV according to the law

(Fig. lc)

I , t.

To construct transient processes uE. V (,,.t)o, we can construct

a series of depndences witj for fixed values of @,(t).. Each of the

dependences "o(t) will have only one point which satisfies the desired

point. Connecting the obtained points with a smooth curve, we obtain

@i [4].

Ill. Results of Experimental Study of SSKR with KSN KS

The power portion of a servo system is made using the following

elements: amplidyne EMU-25Az, dc motor Pl2M.

SSKR's with KSN KS were studied in accordance with the first

derivative and SSKR's with two KSN KS in accordance with the first

and second derivatives from VV. As a result of the studies it was

established that:

1. With operation of SSKR with one KSN:

a) 0,=0 with any cpt), if the frequency of change ft) lies within

the region of frequencies which are passed by the KSN;

b) 0, .0 with P,(tl after some small time interval t;

c) the root-mean-square error e. with0,(t)=,uslnstdecreases
5-20-fold in comparison with SSKR without KSN;
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d) the KSN does not influence the free transient processes;

S) for the stable operation of an SSKR with KSN it is necessary,

when working out the VV, to ensure the switching of the sign Odt

in the function of the sign of the VV. The zone of insensitivity h

of the BR [Translator's Note: expansion cannot be determined from

text] should be no more than (5-7) % 21 (Fig. 2a);

f) the selection of gain Il should be selected proceeding from

the minimum time of the transient process ti when working out the

velocity discontinuity and the minimum H,, or 0' when working out

VV ",(t) -",n,,nwt (Fig. 2b). Figure 2c presents the dependences of

t f(TI,), tj=f(7,),where T1 - the time constant of the differentiator

which is connected into the circuit of the SSKR error signal.

2. With the operation of the SSKR with two KSN

,t 2
a) In the modes (f)=lt, '/} T 1 (t)=R,,Sflnwt OE=0, e.--0;

o) (3)

(0 " ~,;, O' - '
05i C e

Fig. 2. Graphs of parameters of SSKR with one KSN.
KEY: (1) Angular minute; (2) Second; (3) without.
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b) with the input of KSN the quality requirements for the Dif2

are relaxed. The denominator of the transfer function of Dif2 can

contain time constants which are sufficiently high in their values;

c) there are optimum values of the gain W1 , Wl , of the integrators

which are estimated from the minimum o. r or a, with O .t)- and

tire minimum of the transient process t%2 when working out the speed

di.continuity "-,. In this regard, the optimum values of WI, W I, when

es;timatfng in accordance with the minimum 0,, or t are different

(Fig. 3a, b);

d) the SSKR error with disturbances )(t) on the actuating axis

decreases 5-10-fold if 'Q1 here does not equal zero and the distrubance

frequency lies within the region of frequencies passed by the KSN (Fig.

3c);

e) the value of the time constant T2 of a real Dif2 has virtually

no influence on the quality of operation of the SSKR with KSN (Fig.

3d).

--4 ~400 FC~-

4 b 6 W,' 0 a 4 6 ,

" -- '3~ &' '

4000

0 7 e o 8 w, o 004 o'.'f. o," 0's 1:

Fig. 3. Graphs of parameters of SSKR with two KSN's.
KEY: (1) Angular minute; (2) Seconds; (3) Hz.
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Conclusions

1. The input of the KSN KS is an effective means for raising the

precision of the SSKR.

2. The KSN KS can be employed in new developments and in SSKR

being modernized since their employment does not require the reworking

of the main circuit of the SSKR but envisages only the introduction

of a number of additional simple devices.
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