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COMBINED PLUS INTEGRA IN THE SERVO SYSTEMS,

B. V. Kovoselov.

I. Formulation of the problem.

In the practice of automatic control wide application obtained
the servo systems of the combined control (SSKR) (Fig. 1A}, vhich
together with many positive properties possess a number of the

essentiz)l deficiencies/lacks:

the conditions of invariance it is necessary

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

the conditions of invariance require the strictly defined
relationships/ratiocs between the levels of the compensating signals

-

(KS) ané the 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;

changes in Vv,

In this work is examined one of the ways of an improvement in
the guality of SSKR in the presence in it of KS on one derivative of

alone VV,.
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Fig. 1. Block diagrams of SSKR.
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Fig. 2a, b depicts the oscillograms of work of SSKR during tvwo
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rig. 3a presenis the dependences

s s con W W ; .
H, 1n function A characterizes
HY

potentiometer, wlth the help of which

KU with ... s.

3. Experimental schedules of operation of SSKR with IU,

(3).

of the maximum value of error
the position of the wiper of

is regulated the factor of
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amplification of integrator) during the final adjustment of VV
UL = 30sin

* ,

the analys:s of graphs/curves it follows that

“¢for the tuning of KS in dependences (1.4) and (1.5). From
during the tuning of KS
on (1.5) the introduction/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 A,

Fig., 3b depicts dependences #_=f7) for different structures of

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

With an increase in

curing the tuning of KS on dependence (1.5).
1
frequency »-=+ of change in VV error w

in SSKR increases, since with

an increase w increases weight «, Smallest change ®, with change T is

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

A AR

. . . 1 Wy
Fig. dences of transit time f,=f {TT_ during

the final adjustment of VV (different signs) of the form

o2 (0 2,
5= hpp 0t < —
8, = -~ 2, i {2.8)
Q0 upn £ ;_T

(1). with

Fig. 3d and 3e denicts respectively transit time

1

W ’ H ]
faw= (h: ) &::f(FQ ) during the final adjustment artificially created
B Y -

8,=21 minutes of angle .and §_ =21 minutes of angle. In the
modes/conditions indicated the mean-quadradic error of SSKR with
IU during the tuning of KS
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according to the law (1.5) decrcases 5-20 times in comparison with

SSKR without IU.

From the analy. i »7 .ae cependences Fig. 3a-3e it follows that

the optimum tuning of integrator for SSKR being investigated is

4,4+6,3

All given above results are obtained in the stationary

parameters of SSKR.
However, the transiency of the parameters and the nonlinearity

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

increase #, to the inadmissible value.

. * . » l .
With the disturbance of condition =1y (change in the factor of
amplification of K of SSKR or change in KS ¢) @,+0 accepts the

value

AK

1= (K + 8K)e K

8, = g : ez I = =
0 En'K = 3K) T
KKy I\l -4 -7\':-)
! &R )
5
= :F GN A,‘: k] - th}
b+ 7 1
1=—=l{p+49) ApK ’ ) .
e = E g = 10,40k, 2,

Q=" w1, F iRy = T Qe ( 10)_‘

with IU cause the

oo, el o
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Page 193.

4

Fig. 14 depicts block diagram of SSKR with JU (Il), in which thes

-

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

A

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

it .
i ol

(BP1). by output signal il,{ed/ of integrator (I2) of actual error of

. 3

]
=
]
=+
E
=
-
=}

SSKR. 1f €,=0, then signal at output BPl is equal to zero. If 6,:0,

then at output BPl appears the signal, which compensates for #, The

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

o
=

with sign change in VV, Il affects both the accuracy and stability o

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

property during the final adjustment of Vv, but it does not affect
stability and quality of the free transient processes when VV is

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

section of this article,

&RWM’MNNW(MW\WWWMW{WM\WMNWWm i

f
i

Eani

and

f

3. Investigation of work of SSKR with IU in presence of internal
- p

external disturbances/perturbations,

tt

In view of a continuous change of the parameters of transien

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

modes/conditions in the usual concept (with t—>=), However, by

WMHWWMWWMMMMWWWMWWMWM’WMMMMWMWMMMMWMMWMMMMWMMWWMMMMM
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analogy with stationary SSKR we will determine 8,' when #,(f; =, €,
. g2

whent\.tg=%r, 6y with M(t)=M=const and so forth.

-

- Let the work of SSKR (Fig. 1d) be described by the differential
equation of form (with the initial zero conditions and the only the

factor of amplification of system)

,de A i
LT + 1 F g 4 o + K8

1
: 48,
F AgKin \8dt 4+ WK 8 —-l Cdt =
| dt J

0, . &8,
=Tzz'z-m§“+h’s+?zi-;§;+ '
8 dM(t) (3.1)

d
G [ gk (8] — ¥ M) K F —g—KaT,

Equation (3.1) is nonlinear (contains product

F#?!(Hﬁg
HaR
0

also, with the variable parameter K(t). If we suppose that é%f - in
advance known function of time, and the time of integration I1, I2
identical, then equation (3.1) can be inmvistigated in the first
approximation, as linear with the variable coefficients, utilizing L.

A. Zade's method [1] - [3].

hfter dividing left and ricght side (3.1) for the sum

o o db, 7
ﬁl\t)ﬁ I\{t‘ fi" I ‘V‘ i.?j_t_ N (3.2)

where a(t)#0, and then it differentiated both parts of the eguation

s s 3 S e e e e e e T
= - SRS s RS = SEEETEEE

-

A bl s e g
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for independent by the variable/alternating t, we will obtain

1 @ de @ d
3 Av(r} ;jf‘ "*‘ -"‘t({};!—;“ - ."i;{-fé ;,4(“-;: .’13! i.;;;i:f *i- ."‘{fzi‘ -s
7 L, A, . L, 0y P
- é’iit(() qr B, ()-Tg; I AT 7 K
. @Mz, dM 1)
G e SO~ < Ut Al (3.3

:
fsi af

o

Page 1%4.

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

for the compensation for components ¢ with the particular forms of
P

vV

4 Hy=hAM==0), (Decan upn £2>7, Cord - KRN
3 N d ) ) )
3 3 < i,y :)-:—ﬂ;{—‘s(‘. Ocear upn L1, C ¢ U, Gifi=0G;  3.3)
- ) d9y ' ) )
Q, = )5}7 -0, Oecan upu 134, Bt =0 (3.6:

N ai
U, =ty =m0, 0Cau upnt >
ai-

. A PR o T , . . " oo
3 Hy= *5*=;; =0, eean upnt {24, By{fi=D{f;= L5160, 3.8}
4§

Rey: (1), if with.

In (3.4)-(3.8) ¢ - the duration of pulse transient response of3

> [y

fication of S8R

PP

For the change in the time of factor of ampl

the dependence

L i,
o 3.9)
‘:: !\‘t. K“ b f\"l ( ! =

W
|

| (})" }Mmm” (’]!H"mmy'”"wwmwmmﬂmm‘ﬂ"mmmummmmw e
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coefficients 7. C.fi Bed). B, o).

conditions Y., Hayo b, H

o W)

;. take the form

). necessary for determining the

ad, |

a |

{14

- . Kyl Koy
- Kars wardag vy
Cy(fy = 2
i H
d*\

2 . . H
!\s;:’\;i\ 1~ 'i'!u’l }’;:;1':{

G't) = - e

I KTy 4+ Tz!]"—"

e S

d
T,) t‘»",

,.,

d’@,
e

] ,

da
where 1,=A,+:A ¢, 1--1\1;#‘1&,&,:

-
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Table 1.

il
B
|

=z k}‘:; (1) Serom sovicac.am omniak
= | EX g | " . “
z 3 gy b L
. 1 n= =z % i * ?
E 'h(!; Cszee
aep — —
o 7 Colnr= Ci{fy== Ky 7,4,==0 Bt =
e it . : ELLE i -
1Ry “-'g =Rpy=0 .. S 2all
; i ] Coly=Hsn=0 | __ X
E ot :’ . B =7 (T—-Toh=00
p Byty~yy ~5=
3
nga!)" - - o
; Kuy---Ka K, ¥
] Cuiti= (22T 0y Ja
. i © Kn -
Kk, o 4 of e e
W e 2F KT T
k Kak, Y]
; L1y = oo ) w b
; Kn :

K,
3 5 - BoalfY =2 el =
v — S

Key: (1). Conditions for error compensation. (2). Type of SSKR (3).

fode of operation of SSKR. (&), Free transient process.
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page 195.

PAGE 18

A3
Table 2.
-
. 11) 2 onses azuetecser buafis
i i
b I sy, i w, i *,
= L i
: - ] 7
N 1
. oAy, b ; - _
! !
_ i
.
¥ . , Bhe _
- . e
T _ ;
- Pl ‘
H
’ 1
- .
- i o __-.nlr‘g _
- o - )
) L]
- : - '
: . :
AL PR - :
H » 1
o .
1 XY = H — -
H g R LENE S ‘.__ta i By s __'i S
- N L ¢ . » =
| Lo Z e (I f—“it._l-o % Butp — N B :_..(i. f—tgieTe
[ 3 i :

). Type of S5

process.
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Tables 1 and 2 present the conditions for compensation
ty, €y B 8, for different structures of SSXR with standard Vv {(for
simpiification in the tables they are accepted designation

NPT W SR R A L R LT TR

From the anaslysis table 1 and 2 it follows:

1. In structure 1 (usual diagram of SSKR) even in the stationary

parameters of SSKR Ra#(., Huy,»0, 8,+0, 8,=0 vith

(=13
rt

a) K, -0, Ho=g. b: Kt Kit=gteiti=7l1)
2. In structure II (SSKR, supplemented by IU) é,=(. 6,=0, in the
stationary or slowly changing parameters of system (X,~~0). In 2all

modes/conditions 4y, = 8,20, When /K, =084’ accepts minimum value

Qo . .8 _pwith K,=0 and satisfaction of condition K,=¢.
T RRy 0

. In structure Iil (SSKR with tuning of XS accordirng to the law

) with K320 or with#;=0, but absence of VV 8y,+=0, 8,40 With Vv
: _uf i w . ; . -
G,{6)=4.1, a,11) Q=0 if K,=0. With VV 8,/)=91 €,,—0, if K,=0 and
'i_ e.r* ] ) .
g;“}&o g‘i:t H \‘T‘? i.'.?,’f} = —:3“‘8‘,1;?3"(3. if };;=0 aﬂé E,Z-*-’.ﬁi}.. ex'-'—'-o k‘lth }:v;=g-

4. In structure of IV (SSKR, supplemented by KU, vith tuning of
KS according to the law W,S €dr) 94=0 with K,=0; 84—0 when: a) Vv

. : e, .
8,(f) = 2, if Q,->=; b) VV a;(z‘;;'—f, if efew. 8y, 0 with: a) K,=0 and VVE

T

;
UG
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e b

] e, 1¢ .
E ] 8,=04 if Q,->=; b) K,=0 and VvV Bi{t)ee -, if ¢f—wl9,=0 when
X 1 <~
I,=0, {9, —0, ¥ith VW O,(f1=84 if Q,->=, 8,=0 with K,=0 and satisfaction

it

-

] of condition K.=¢.

The results of the investigation of effiect of 11 on the quality

3 of wvork of SSKR are representeé by the graphs/curves of Fig. 3, and

o

effects 12 ~ by osciziograms Fig, 4 and 5.
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Fig. &. Experimental oscillograms of work of

of KS according to the law {8

LY

Fig. 4a &nd &b presents final adjustment of

Fig. 4c angd 44 - vV 8. (=", sinu!l of

iU and

structures vhen disturbance/periurbation ! fj=isinef in the circuit of

RS.

i - oz 2 " - - =3 - -
Introduction I2 made it possible to reducse

Fig. 4d-4h presents work of SSKR with the

A
a8 A" 3 vl
5. 2-3 times, and

I and 111 structures

Lop A g

b )

il
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b,
1,
(e

[l

the pulse torque load M(t) with

f,=2.5 Hz, f£.=5 Hz. Maximum value ?

kd

case of the siowly

when 447

follows:

<

k4

X/

In structurs IV
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: depenéence of qualiiy of work of sysiem cn change in ambient

My s N et e e s . . .
conaitions and practical limitedness of number of derivatives of

2. It is expedient in number of cases to supplement combined
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