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Page 188.

COiIBIN:ED PLUS INTEGRAL CONTROL IN THE SERVO SYSTEMS.

B. V. Novoselov.

1. Formulation oz the problem.

in the practice of automatic control wide application obtained

0 the servo systems of the combined control (SSKR) (Fig. IA), which

together with many positive properties possess a number of the

essential deficiencies/lacks:

for satisfact-ion of' the condit-ions of invariance it is necessary I

to measure and to differentiate the input effect (VV);I

IIthe conditions of iLnvari!ance recuire the strictly defined

*relat#ionshi;.-,:s,/rat-ios between the levels of the compensating signals

(WS) and tLhe parameters of main circuit SSKR;

the limited number of derivatives of VV, ensuring the
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compensation for the steady errors into some modes of operation SSKR,

can lead to an increase in the errors in other operating modes;

- the presence of derivatives of VV can cause an increase in the

error SSKR in the presence of interference at the input and

excessively increase the oscillation property of system with the

changes in WV.

In this work is examined one of the ways of an improvement in

the quality of SSR in the presence in it of KS on one derivative of

alone VV.

0L

- I?.

50
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^c -!,, i

Fig. i. Block diagrams of SS R.

Page 189.

in diagram in Fig. IA

K (.A)?(pl.= fty; K,.p' 7 ...
7c -7)10 --r Tp).

in this system of the expression of errors Q., e, for

proportional ones with respect to rate V., and acceleration - VV,

they take the form

tJf CA -i 1 ~ 4mJ

1 pI+ 7,p (i ,, !tiP 1-Ks

C,

K , -1 +K

itI

A- r_
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- In the stationary parameters of SSRR:

I T._IMF
- nf- 0 . ;o 0,-0. e,, A "-. (1.4)

1-- T,-> T)' (a
fO 70 t,(T1 T,!! 1 , O.T=0. (1.5'

Kev: (2) that.

I Fig. 2a, b depicts the oscillograms of work of SSKR during two

tuning

1 (' I -K(T,.- T7

SK ev: (1) and.

On the basis of. (1.4), I.) and Fig. 2a, b it follows that by

changin tuni.ng- of YS in such a -av that with VW U,(t-1--tt would be
ensured relationshli/ratio and with \%? rQ it)

relationship-rTatioT+ T2 it is possible in the presence of
-.j|rltoshpr~o=

. KS onlv on one derivative of %V to ensure compensation 0., O

.... 4 For guaran ee'nz the n & the sum of the squares of erors°I
.anf,

S1 --2? 4-1V(.

"*1% K 16
__ ___ '-~ _



DOC 8.1150800 PAGE 5

it is necessary, on the basis of the condition

a$! 1222,?: -21 22 ) T+ 2%2

to-ensure tunno of KS accorcing to the law

-(T+Tr±K2

v-_t



- _ -A

,,Fia. 2. Oscilioarams of work of SS7R.

Key: s.

B -

Page 190.

if N2 .then law (1.8) takes the form

During the f2 s ca djustment oo of o form , 1,:inwt for

guarantee. it wouldb necessary to change o according to laws
(1.) o (19),but for this is n-esr aueet wih'

SvIrtuallycmlcted voevr measurement v, ould make it

coi! Paged. 190.er

p i to carry out . combined conro0 two

i °" i VV, v h;ch would ensure . in the stationary pfarameters SS '.. IM. 0 , ,=* .SIn the presence only of one derivative of it is expedient,

grt W m it wol b n to ccr t
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which will shown below, for guaranteeing the high accuracy in the

modes/conditions of the final adjustment of VV of form
S t1% ","i~~ t")=--- "* t4,! -Hj+in~t (w<l) supolement ox iU by the IIte a oto (t- --ikc.i '
integral control (.u, (Fig. lb, c. in the oresent work are examined

ereslts of ea-en fnal adiustment of SSKR with IU and f

indicated the ways of further imorovement in the qua!i 4t- of systems

I * of this typo.

2. Investigation of SSKR with ITU.

a A

I Is possible realization SS'(R wth IU on the diarrams in Fig. lb

C) end 1c, where

IC_1~~~~~~~,p) =p(;Ti, -&p '''  '

p*I(p) = - f

The transfer function of locked SSzR -ith IU and expression of error,:--. _durina the final adjustmen -f% hytk he form: for the diagram I- I+

I in Fig. lb

$ - - -p) K fI, ,tp)i .L.(_n1

p 9,,) I-rlvplK,' p; i

"A

- -:" . .. . . 2.2)

" or the diacgram in 'io. i

=+ 20

-7 7_____+_7

7", P, J4 MCII =?p
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tqi .moment A ,. ~
T . T,p - i ±) A

i41 "a iih"

SThe t.ransfe-r un-tio.s o- closed sys....em- .lov 0 #..... ozae.m

n o (2.6) in SSthe diih i duri an g he con.stant

I disturbance/perturbtio- M(t)-=--con.st moment error .,(.-.A

From an-a-ysis (.2) (2.5) it follovs that in the stabil -hjigrm in 'Fig. lb and ic identical, but are different in the

accuracy and the oscillation property during the final adjustment oi

For the di-ram in -c lb

J for the diagram in Fig. ic

" I | I--I- I, ~ - --- " "-.7) " --
KU,, =i

j Ii
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Si th-e diagram Ifl Fig. lb in any nodes/conditions i4 -f.g.in

ithe cuagran. in Fi.lb y=0 in all modes/ cond tions, when --
On te cranhs/curves o fig a3 r ersne h resultis o f the

I experimental investzg o of- SSKR7 wihID arried out nth

diaram in Fig. cI

I IM
77-
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-o

AO 0 06 7~ 8 7 -

-Q,*JO5CFAD }c7y
~~'1U q

Q, M'f"CeA)

[~V~iTF 0 0.4 06 0,8

0. 0i.6~

Fig. 3. Experimental schedules of operation of SSKR with IU.

Key: (1). tarigi. imm). (2). Tuning of KU with ... s. (3). s.

Page 19.2.

Pig. 3a prescents the dependences of the maximum va1~ue of error
it' it"

H,, in function I-~.. characterizes the p.ositionl of the wiper o4

potentiometer, with the help of which is regulated the factor of

,0P

- - - - -= --- ~ - -- . - _ -~ - --- ~ - -- 7 _ _
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amplification of integrator) during the final adjustment of VV

!2'(t ---1-six, *for the tuning of KS in dependences (1.4) and (1.5) From

- I the analysis of graphs/curves it follows that during the tuning of KS

on '(1. 5) the irtrod.ction/input of IU is more effective than during

the tuning on (1.4). This is connected with the fact that the

integrator of error is capable to ensure compensation only R,.

Fig. 3b depicts dependences I <.f;7) for different structures of

SSKR and different tuning of KS. Best on the accuracy is SSKR with IU

during the tuning of KS on dependence (1.5). With an increase in

frequency ,-=- of change in VV error . in SSKR increases, since with

an increase w increases weight .-i,,,Smallest change '-with change T is

observed in SSKR without IU with" the tuning of KS on (1.5).

Fig. 3c presents the dependences of transit time tjL) during I

t, : the final adjustment of VV (differ.ent signs) of the form

O,(t) = 2

Key: (1). with

j- Fig. 3d and 3e deicts respectively transit time

f(4 - fj"=1-)', ~ :-!) during the final adjustment artificially created

0 L 2=.-I minutes of angle and (4.21 minutes of angle. In the
modes/conditions indicated the mean-qua~radic error of SSKR with

(- IU during the tuning of KS

M
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according to the law (1.5) decreases 5-20 times in comparison with

SSKR withovft Iii.

From the analv. i -i e oien-ndences Fig. 3a-3e it follows that

the opin um t1 uning of -id-ttgrator for SSKR being investigated is

0,

All given above results are obtained in the stationary

parameters of SSKR.

However, the transiency of the parameters and the nonlinearity

Olof the characteristics of ele~nents/cells of SSI1%R 14ith Iii cause the

disturbance of the conditions for compensation e,,which can lead to

increase - o the inadmissible value.

With the disturbance of condition (change in the factor of

amplificata on of K of SSKR or change in KS (p) f3-,./.() accepts the

value ±

A I

1+-W

0~~~~ K/f, i 0

___ _ _ Lx
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Page 193.

"

Fig. Id depicts block diagram of SSKR with IU (II), in which the

part of KS, developed by differentiator (Difl) and preliminarily

I rectified by rectifier (D), is multiplied in the block of product

(BPl).by output signal H, dl' of integrator (12) of actual error of

SSKR. if 9--=, then signal at output BPI is equal to zero. If ,O0

then at output BPI appears the signal, which compensates for I,. The

presence of D in the circuit of KS ensures sign change at output BP1

with sign change in VV. Ii affects both the accuracy and stability o

SSKR; target 12, BPI, KS affects the accuracy and oscillation

1 property during the final adjustment of VV, but it does not affect

j stability and quality of the free transient processes when VV is

4 j absent. To the investigation of this diagram is dedicated the 3rd

: I[- section of this article.

3. Investigation of work of SSKR with IU in presence of internal and

external disturbances/pertu,.bat.ons.

in view of a continuous change of the parameters of transient

SSKR in the process there is no its work, steady-state

modes/conditions in the usual concept (with t-*). However, by

Z

m' "I iM
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analogy with stationary SSRR we will determine 0 when - ,

when t_=4. 0.u with M(t)=M=const and so forth.

Let the work: of SSKR (Fig. id) be described by the differential
equation of form (with the initial zero conditions and the only the

factor of amnplification of system)

&t d20- dO
7J,7 + T, + 7 7.. + 7 +

, dO I

+ A1 K t i) + t - li t) - Pdt=
UJ

&0 d2
e,

TT--+ T1 + T,dt- +
d , d.4l(t) (3.1)

+ I~ t A ; 1t)kM dt
d  tEquation (3.1) is nonlinear (contains product

dO,

also, with the variable parameter K(t). If we suppose that - in

advance known function of time, and the time of integration Il, 12

identical, then equation (3.1) can be in\&ctigated in the first

A ~approximation, as linear with the variable coefficients, utilizing L.

A. A. Zade's method [l1) [3).

After dividina left and richt side (3.1) for the sum

. /Il(t l (3.2)

where c(t)10, and then it differentiated both parts of the equation

_________
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for independent by the variable/alternating t, we will obtainW'A W" 1d. d" At

A0 t 
+ .t- A t Ij - AA , - i -L,( Mi....t., ,- dv;= .

di' di c

d' IoI d

. ,t 4 C ';.

Page 191.

From equation (3.3) it is possible to determine the conditions

for the compensation for components o with the particular forms of

0 .1 11 Cd~l|(I)801 Q.,-.)- -0, @9ex.m ,qn *tA C&( O, C.I/>uo; 13.5)

0, d"1t I=

u,- = ).--- -O. Oet.,i0 upu t>4 /41 =0; 13.6_-

-- 4%)z -
.O , t e c. w u l > - ' ) - (3 .i

I oKey: (i) if with.

In (3.4)-3.8) t, - the duration of pulse transient response of

o a SSKR. n

I " - For the change in the time of factor of amplification of SSKR

the dependence !

t K-t] (3.9)

_-_ - _---t- - _ ll
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coefficients CH tj. B, I. p,,r. necessary for determining the

conditions H~.~~ .~ take the form

CI(t) -I ___

C2't) L

?K1~ ~ - d2EJI

-where 
d4A0 A. l

=0t

fI
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Table 1.

-. 0

*.fl ~ ~ ~ ~ x- - j_________

(i 1 
Kit__ , - ~

FEEL-,

-Key: (1). Conditions for error co~inoensation. (2). Type of SSKR (3).

Mode of ope %-Ion of SSRR. (4). Free transient prcess.



DOGC 81150800 PAGE 18

Page 195.

.able 2.

I~~ ~~~~~ %C __-.______

Key: (1). Conditions zo ror compensatiOn. (2.Type of SS'KR. (32

Mode of& operation of ESYR. (4)1. Free transient process.

I Page 196.
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Tables I and 2 present the conditions for compensationj ~.4:. ~Hj: . f different structures of SSKR with standard VV (for

simpi fiation in the tables they are accepted designation

i ,-K IV I.- - ".-I,, ,+ . -. -t f,'~~~~. *i== "t- , 3

From the analysis table 1 and 2 it follows:]I
I -

- -1 1. In structure l (usual diagram of SSKR) even in the stationar -

parameters of SSKR ',#&;. wRe,, 0. (4- -Q 0=0 with

a) K,-O, 14==. b: -L'K t4-r+st)=?(t).

- 2. In structure i! (SSKR, supplemented by IU) A.=0. in the

stationary or slowly changing parameters of system (K,-0). in all

modes/conditions q,.I ,.-o. When K,=00Mt accepts minimum value

I -o 0.:, .22. H,,=0with 1=0 and satisfaction of condition Ka=Q.
-:R"( L. ,=n andcur !l SSa '

1_3. In structure I-I (SSKR with tuning of KS according to the law

W 0 , dt) with 1K00 or with=0, but absence of Vv eMO0."j0. With VV

0.=0. if K1=0. With VV f - f =a

.- h=. With XR' e,'t)= rt8.-.. if K 1=0 and- o-. 0,=0 with K 1=0.
- .. U=-

-v*th and sisfact conditon Ki=o.

.* 4. ~In structure of IV (SSKR, supplemented by KU, with tuning of I
- KS according to the law w,Sedt)0M=o with K,=0; 0 .M-o when: a) VV

'0 0:-:O,(t) =Lt. if -*; b) V ei(t=-;-, if et-c 1. .O.4- with: a) K,=O and Vv
- -; : 0 "j
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I ~ i't)=-0 tj if Q-w;b) Ki,=0 and VV S()r.if £,t=.wKOE=O0 when

I X1(,=0, 0e,-. with VV Otb 1 .if S~>.%uwith 1(,=0 and satisfactionl

I of condition -,=o.

IThe results of the investi--at.ion of effect46 of 11 on the qua1'tx

~iof wor-k of SSKR are represented by the graphs/curves of Fig. 3, ana

effects 12 -by oscillograms Fig. 4 and 5.

2 I

tI

IQ



O DOC = 81150800 PAGE 21

57 "•".'.,-' ! rRLP I

I II:_ e rw .t:

* '~= ~ x. 'k

4 " ., 4 . %_..;ui - "

L~rL
Fig. 4. Experimental oscillograms of work of SSKR with IU and tuning

of KS according to the law (61i.

Key: (1). s.

It::; Page 17
Fig. 4a and 4b uresents final adjustment of VV .,,fl'Q't. while to

Fig. 4c and 4d - VV V ,(t $,_sinwV of SSKR with the I and ITTJ structures when d-sturbance/perturbazion 1 t)=)isi in the circuit of

z-: KS. Introduction t2 made it nossible to reduc-e 2 2-3 times, androo an"q A" " n
- root-mean-sanare error - --&2. for times.

Fig. 4d-4h presents work bf SSKR with the I and III structures

-i4
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with the pulse torque load M(t) with the pulse repetition rates

f,=2.5 Hz, f.=5 Hz. Maximum value k with introduction/input 12

descends 1.5-3 times, while % 5-20 times.

Fig. 5 depaicts t-he oscill-oorams of workh of SSKR. I and the I--

s tructures in the case of the slowly changing parameters of svstern,

4 ji.e., in the case when working conditions can be formulated as
RE follows: when 'r'.rtA are broken the conditions for compensation

' I
4, # -A 12 it must ensure the elimination of the steady errors.

When .- ' and A- .--_-o (Fig. 5a). When 0,.I)= (Fig.Q b .. . --
Sb) p I Lit-- (Fig. 5c) and .,=U (by solid lines areK hP

represented rocesses in SSKJR I of structure, and broken - in SSK-R

I11 of structure).

-rom the analysis of the obtained results it follows that

I introduction/'npt 1!, 12 into SSKR is the effective means of the

Sidecreas o the effect of internal and external

I ° disturbancesirerturbatons on t-- accuracy of SSKR.

A In structvure V it is expeaient for the decouolino of work -1,

1 12 integrator T-1 to sw-tch on in the work only in the absence of VV.

Conclusion/outuL-.

UI

~ - - -Sam
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ad.anaaosrossessn'. ems of combined con.tro1 together with Iarg.:

advntaesposes nub.."te of essential defi.ciencies/lacks, fis-ial-: F- edec 'oality of work of syst.em on chance in ambien+

condiions n laciaal limit-edness of number of derivatives of
= j innut effect.

2.~~~ Iti xein n number of cases :0o supplement combine

control of integral.
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