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ON THE PROBLEM OF SYNTHESIZING BLOCK DIAGRAMS
FOR SELF-ADJUSTING CONTROL SYSTEMS FOR
TURBOJET ENGINES WITH AFTERBURNERS

V. A. Bodner and Yu. A. Ryazanov

1. Statement of the Problem

The choice of optimum regimes of operation 1in alrcraft power
plants under various flight conditlons for the purpose of obtalning
the most advantageous characteristics in the ailicraft is made difficult
by the fact that these regimes are determined by a great many interre-
lated parameters and characteristics. It 1s not feasible to set these
regimes directly because of the great complexlity of the optimum rela-
tlionships. But slnce the englne must operate at the optimal regimes
or close to them, 1t 1s natural to pose the problem of creating auto-
matic control systems which would ensure the cholce of these regimes,
Included among such systems are the varlous optimalizing systems.

As the external flight conditions change the characteristics of
turbojet engines with afterburners [ATE] vary over wide ranges and in
the end this leads to a change in-the dynamic parameters of the engines

as objects of contm 1., In this case the dynamic parameters of ATE's
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may vary over slde ranges in rather short periods of time. As a result
of this the transmission ratio of the controllers, chosen as optimal
for one set of flight conditions, may prove unsatisfactory under '
another set of conditions.

In this paper we are posing the problem of syntheslzing block
dlagrams of self-adjusting control systems for ATE's which ensure
optimalization of the transients in the control circults for the speed
of revolution and gas temperature. Moreover the specific natures of
the varlation in the dynamlic parameters of the engine and parameters
of the controllers under different flight conditions is taken 1into

account.

2. The Effect of Flight Condltions on the Dynamic Characteristics

of ATE's

Let us consider a single-shaft ATE (Fig. 1) in which the basic
controlled parameters are: speed of revolutlon of compressor n, gas
temeprature in front of the turbine T3’ the gas temperature in the
afterburner Ta’ the extent of the decrease in the pressure in ﬁhe
turbine s and the parameters determining the operation of the diffuser.
For the control actions we are employing: the main fuel flow GT’ the
Jet nozzle cross section F, and the organs of diffuser control.*

In determining the dynamic parameters of an ATE amd the parameters
of the controllers with respect to the variable flight regimes it
was assumed that the diffuser is controlled and guarantees optimal

variation with respect to flight veloclty for the pressure recovery

factor o.

* ¥. A. Bodner. Aircraft Engine Automation, Oborongiz, 1956.
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The equations for the ATE as an object of control shall be taken

in the following form:
(5P 1) Xy ==Xyt 11543

Xy==Rygltg — Iy Xy
Xy== Ry o9y — LX) Hlaxs—LisXa | (1)

xy=hgppptloxy—lsx,, )

where =, l,5, Ls Ry Uy Ryw by Lis Lis) Ripo Uss Iy are the coefficlents charac-

terizing the dynamic characteristics of an ATE as an obJect of control;

An | ATy AT, Ar
xl._— H x,——T;- 5 x‘=T; X5= ': H

po=0r, 20 8F

a G,' ' Ga' Br F

- We may state the following relationships for the determination
of the coefficients in Egs. (1):

__ = Jn_l__l [__k—l 1 .
) 3‘0‘7’1';- n-'"':;; 5T "oy i';'_'_ ’
x Y —1
-t
{ Ar"' —! 7':—72( kR T )
AT i T \k—1 Ty—Ty/'
l“
Ty~ T, Ta—T,4 1 Tat+ Ty
k =2 . ) k = * I - H
30 T3+7.1 ’ o T, 43 2 T..
r—1
poo 2 =1Ta=Te kT, | (2) | :
(1] h—1 k=1 1; ’ 45 k T‘ ’ !
ﬂ‘k r
kype=1; ’a‘“’u"%"' ‘
§

where Tk 1s the pressure ratio in ‘the compressor and !
T 1s the expansion ratio in the turbine. ‘
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It 1s possible to set up the block dlagram for an ATE as an object
of control depicted in Fig. 2 in accordance with Eq. (1). As is appar-

ba . ent from Fig. 2.the ATE
Ruo . as an obJect of control
X 1 . GED“ : 1s a complex dynamic
‘ | system having internal
- C:) 1 - ’{ZE) ’ . . communications and
’ T, 041 actions.
Ly b by

: | 1
X .
4 . Pe
Fig. 2. Block diagram of an ATE as an obJject
of control,

In order to control the operation of the ATE under variable fiight
conditions a sultable automatic control system is needed. The thrust
of the ATE may be varled as a result of a change in the temperature
of the gases 1n front of the turbine as well as of those in the after-
burner, in whilch case 1t 1s possible to vary the thrust in the way
required wilthout changlng the speed of revolution. In this way a
more economlcal operation 1s achlieved in the ATE since efficient
operation of the compressor ls ensured,

A possible program for the take-off and climb of an aircraft with
an ATE from start to attainment of the rated flight altltude and veloc-
1ty 1s presented in Plg. 3. Such a take-off and climb program ensures
a minimum over-all fuel consumption in a number of cases; for the
purpose of decfeasing the over-all fuel consumptlion the initial portion
of the take-off may be accomplished without the afterburner with a
subsequent increase in afterburning up to the maximum value correspond-

ing to a temperature T Let us take as an example an ATE with the

a max’
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followlng arbitrary data: n = 7500 rpm; T

o = 5.0; J = 4 kg-m~sec2. The

5 = 1250°%; T, = 2250°%;

dynamlc parameters listed in Table.

1 were determined according to these data using Eq. (2).

B

17 The nature and limits of

. the variation in the dynamic

08

parameters of the ATE as an

06

>

&Q

obJect of control are shown

04 7
| i

in #1g. 4. Here the correspond-

02

4l

3

ing values of the dynamlc engilne

Fig. 3. A possible takeoff and c

program for an aircraft with an ATE.
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Fig. 4. Variation of dynamic
parameters of an ATE according
to flight reglmes

2
0 01 0z 63 0% 05 056 o7 o8 vy Pparameters are plotted on the

11imb ardinate while the relative
varlation 1n the energetilc
flight altitude H, = H + V-/2g are
plotted on the abscissa.

With simultaneous variation in
£light veloclty and altitude as
prescribed by the.take—off and climb
program (cf. Fig. 3) the energetic
flight altitude He 1s a sufficiently
characteristic parameter for determin-
ing the flight program o the alrcraft,

It follows from a consideration
of the curves in Fig. 4 that the time
constant Ty changes by a factar greater
than 10, with the most pronounced
increase in Ty occurring at high

altitudes, The other dynamlc para-
meters of the ATE as arohJect of
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control also vary in accordance with flight reglmes.

oo V|| =

{ lig |kse | Is3 | £,
Vo | Hy | s00 4| his |ksr | Isy | Is4

’131 Ls | 31 ] kag | Rea | la

110 0 0.34\0,5' 0,65/ 1,83 0,86 0 0 }1.0 0,29 1,0{ 0,5/ 0,5

20,1 j0 0,34/ 0,5

0.6 1,81 0,880 0 o | 1.0]0,29 100,505 ,

3 Jo.2 | 0.025 0,39 0.5 0.% 1,74 0,850 |0 | 1,0 | 0.%9| 1.0[ 0.5 0.5

4 0.3 | 0,078 0.3 | 0.5! 0,68 1,61] 0,82

o |o |1.0]02 L00§lm5

SPA 0,135 mslo&

0,66] 1,43] 0.79] 0,28] 0.51] 0,89] 0,22] 1.9] 0,5] 0.5

6 [0.5 qnﬂmmoqomhgﬂmm“ﬁsmm“&omﬂxpo&o&

7|o.6 | 0,325/ 0,30 0,5l0.67|1,02 0,66] 0,85 0,95Lo.77 6.16|1,o o,q 0.5

BPJ ]oAa 0.35/ 0,5

0,68[ 0,74; 0,62 1,01 0.89] 0,75 0,15 1,0f 0.5/ 0,5

90ﬁ|m%m5a$mmjpm1mmﬂmnmqnomoj

10 0,885]0.695 0,74 o.5|o.75 0,3|.o,46|1.06 o,e4|o,74 0.14[1,0 0,5/ 0,5

1 o,ssslo.s 1,37 0,5[0_78 o,3| o,46|1.05 0.64|0.75!0.Ll 1.q 0,5 0.5
0,74 o,a] 0,46|1,04 o,e4|o.75|o,14 l,q 0.5 0,5

12 oxwlho ]&7405

For example, the coefficlent 131 decreases by a factor of more
than six for an increase in the flight altitude and veloclty. The

coefficlent k under the same conditlons decreases by a factor of

3G
about two, while the coefflclents 113, 115, kSF’ 153 and 154 remaln
practically constant. The variation of the coefficlents determining

the effect of the engine parameters for a variation in the temperature
of the gases Ta‘in the afterburner (k4F’ 141, 143 and 145) 1s determinec

principally by the law governing the supply of fuel to the afterburner.

3, Synthesis of Optimal Controller Parameters

In designing a control system for an ATE there arises the problem

of selecting the parameter of the controllers and needed correction
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systems taking into account certaln specifications regarding the qual-
ity of the transients in the control process. A fundamental require-
ment for the control system of an ATE 1s the need to malntain a gilven
engine thrust with an accuracy to the order of +2%, for which it is
necessary to malntalin the speed of revolution to an accuracy of.iQ.B%,
while the temperature of the gases in the afterburner and in front of
the turblne must be maintained with an accuracy of iﬂ.5%. The tran-~.
sients with respect to the temperature of the gases 1n front of the
turblne should be as free from overshoots as posslble. In the limit-
1ng case a short (no more than 1-2 sec) overshoot not exceeding 50° -
- 80°% 1s acceptable. - The maximum deviatlon 1n the speed of revolution
under translent conditlons should not exceed 200-300 rpm.

As follows from Eqs. (1), an ATE considered.as an object of control
has three control actions Hgs Har and Hp- Since the fuel consumption
in the after-burner Ky 18 controlled by the flight veloclty controller,
we shall 1limit ourselves to a consideration of a control system consist-
ing of two controllers: one for the speed of revolution and one for
the temperature of the gases in front of the turbire. Moreover, 1t 1s
assumed that the controller of the speed of revolution acts upon the
maln fuel supply, whlle the controller for the temperature of the
gases in front of the turbine acts upon the cross section of the Jet
nozzle., The fuel consumption in the afterburner 1s controlled by the
flight velocity controller, which 13 included in the control system
of the aircraft,

We shall carry out the synthesis of the circults for control of
the speed of revolution and the temperature of the gases in front of
the turbine under the assumption that under conditions of overspeed

the system incurs a disturbance resulting from a readjustment of the
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gas temperature control x30, and wilthout overspeed a disturbance 1s
introduced by a variation in the afterburner fuel supply Ha0e

In deriving the equations‘of the controls we shall take into
account the thermal 1nertia of the sensitive element of the gas tempera-
ture control evaluated as the time constant Trpe

Let us assume that a correction system with a time constant TT
which serves to compensate for the dynamlic aberrations of the thermo~
couples 13 used in the gas temperature control. Let us assume the
speed of revolution control has a correcting system 1n the form of
two servomotors wired in parallel. The systems for the main and after-
burner fuel supply include constant flow controls which are assumed

to be 1deal.

Ra“Ras
()
-L., ,
X [ %o
> ‘ka (ks 1 Lis 1 Xy
s ‘ T 041
Ly [ Ly -l,,‘ ‘kc ";4
1 ; [ |
Tv”’ Tepet ‘;I L__: k"

Be

Fig. 5. Block dlagram of ATE control system.

With these assumptions we may write:

the equation of the control of speed of revolutlon
o= -%(xl—xIO)—Faxl' - (3)

where kn 1s the amplification factor of the astatic circult of the
speed of revolution controller; and

k, is the amplification factor of the static circult of the speed

G of.revolution controller;
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the equation of the gas temperature controller

Prp= g(&e‘il—xa_xao)- (4)

\tpt1
where kT 1s the amplification factor of the gas temperature controller;
and the equation of the afterburner fuel consumption regulator
hp = Kpo- (5)

A block dlagram for an ATE control system 1s presented in Fig.

5. It follows from the diagram that the controls for speed of revolu-
tion and gas temperature are linked by Intra-engine connections and
therefore form a single circult system.

The distinctive feature of such a system is the unambiguous
relationship between the transients wilth respect to gas temperature
and speed of revolution, which allows the synthesls to be carrilied out
with respect to one of these paraneters.

Solving Eqs. (1) and (3)-(5) simultaneously we obtain the equations

of a closed ATE control system relative to Xy and x3:

A(P)XIZ’B;I (P) x10— B3 (P) X30—Bia(P) s } (6)
A(p) x3=8,, (p) x,0+ B33 (P) x50+ By (P) oor )

where
A(p)=-ap*t+a,p’+ap'+asptay;

) WH="1"ns
a,=7,+t, —tLidsda+hlis (s —Lslia) Raako + ksl isko +
Ll (bs— [;4[4:)531 +disbars

a;=1— Lyl +Lds+1iskaoko+ Lis (lsy— lsdis) L+

+ LyshgplyokaTok, + Lys(lss— Lsd o) Rroka+ Lysksply Toko - |
+ =, Lisksghat tilys (s —Lsdes) RsgRas
ay=L,skgphsohohy+ Lis (bss—Lsd ) RagRa+ Lisksplsik -+
+13ksgk, + Lysksphyg T Rok

a,=Lyskgplrgh,y; P
B, (p)=bop*+ b1 Pt ;\
. By (P)=borap*+b112P;
Bx.(P)=bm.P'+bu‘P’3 S T
By, (P)=beP*+b13 P+ ban i «
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By (p)=b.;:p* -+ by p+ay;

By (p)==bgap>+ by3gP? b33 0Pi
b ==L 13kagks =+ Ly5 (I3 — Lsidia) “sRagkas
by =liskyky+ Ly (‘lsa —lsdia) hygkat Liskorkag Tk Ry
boj3=%,L,sRsphy;

, byiy=LskpRys

by =1Ly sikigs
byja="Lidskiai
oy =17 ksgh,y;

bigy=.Rkagh, - 7 kyk,, — Ly sldakagha: ‘

by == kaghy— Llol i kach,

bay==,L 15RsFRaGRGRy -+ =, Lyghsply Ry
buy=x,L,sksphsckyk, 4Lk kaka'kr +Lisksply by
boy a= Rl sk akagho - tlisdsikalys

bisa=%L sk sk, + Lyl oik, afxRg 1 Lidskialyi
boga=Lsls\k, 3R

hs
1= lody

where L=

Let us carry out a synthesis of the ATE control system with
respect to the baslc controlled parameters Xy and x3. We shall use
the method of expanding the sought transfer functions 1r1(p) and 1r3(p)
and the specified transfer functions Trio(p) and 1r30(p) into a MclLaurin
serles with respect to p in the nelghborhood p— O, after equating
the corresponding derivatives of these transfer functions,

The synthesls of the system will be carrled out for disturbances
resulting from readjustment of the gas temperature control x30 with
a subsequent analysis for disturbances resulting from variation in the
afterburner fuel supply Koo The disturbance to the system resulting
from readjustment of the speed of revolution controller %40 is not
being considered since it 1s absent 1in the important reglmes of

operation. As 1s apparent from Eqs. (6), a deviation in the speed of

revolution x, in the ATE control system under consideration does not
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coincide 1in sign with the disturbling actions x3o and Ka0o This means
that for an increase 1n the gas temperature due to a readjustment of
the temperature control and for an ilncrease in the afterburner fuel
supply a decrease in the speed of revolution will occur under the
transient conditions. This 1s a favorable circumstance for the ATE
from the point of view of durability, since the temporary increase in
the temperature of the gases in front of the turblne above the maximum
value occurs at a reducgd speed of revolution. Taking this into
account, let us carry out the synthesis of the system wilth respect

to the gas temperature x3.
The transfer function with respect to x3 for the distrubance x}O

will have the form

Uy (p) =— bog3p? + by33p + a4 .
® aop* +8,p% + ayp? +azp + aq (7)

It 1s advantageous to use the equation

O R (8)

for the specified transfer function.

Using the method of synthesis which lnvolves expanding the trans-
fer functions into a McLaurin series with respect to p in the vicinity
p—- 0, it 1s possible to write the following system of equations,

obtained by equating the corresponding derivatives of v33(p) arm v330(p):

a,—a, |
Ar,0,1b33==0y;

i+ B bysy +bony =5 } (9)

b+ %5, b =ay;

2
1,b°” = aoo

Substituting the expressions for the coefficlents from Egs. (6)

into Eqs. (9), we obtain after transformations
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k= ha - Lis(Ga—ledday) .
28t lsher
. 1= Lylsdar
" RhagLiskspky |

‘o ly | (10)

.| W
O lighspbachy  kag '

T, - 1,,.

Knowing the expression for the parameters of the controllers of
the speed of revolution (k, and kG) and of the controller for the
temperature of the gases (kT and TT)’ as well as the values of the
parameters of the ATE as an object of control (see Table 1), we shall

determine the required values of kn, kG’ kT, and T, from the conditions

T
that the transient in the temperature of the gases 1n front of the
turbine associated with a disturbance in x}O 1s constant under all
considered flight conditions. We shall take for the required transient
one with a control time no greater than 3 sec and with an overshoot

not greater than 10°-20°C over a period of 1.0-2.0 sec. We then
obtain 7 = 0.5 sec and £ = 0.8.

The results of a calculation of the parameters of the controllers
of the speed of revolution and gas temperature , necessary to ensure
the unaltered quality of the transient with respect to x3 in the
presence of a disturbance x}O under the variable external conditions
are given in Table 2,

The time constant Tp was chosen equal to 5.0 sec for Py = 10, 000~
12,000 kg/m2 in accordance with data on the dynanic characteristics

of the thermocouples. In this case the variation of Tp was determined

by the equation

oy [ 045 | |
Tr2, E;; A ’ (11)

where Ga‘is the rate of air flow through the engine,
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It 1s necessary to supplement the synthesis Just carried out with .
an analysis of a system for controlling an ATE with respect to all ‘

parameters, taklng into account ‘the possible disturbances on the system.

TABLE 2
v
No. ‘Vo- 'gp— 1/’;;0 1 I’;:o ka TTs?: !
1 0 0 0.82 7,5 0,45 2.5
2| o1 | o | o8 7,5 0,43 2,5
3 0,2 0,025 0,82 7,6 0,42 2.5
4 0.3 | 0,075 0.82 8,25 0,39 2,4
5 0.4 | OJ%~| 0,90 6,11 | 0,41 2,3
6 0.5 0,225 0.9 5,0 | 0.49 2,4
7 0.6 0,325 | 1.0 5,28 | 0.89 2,4
8 0.7 0,43 1,01 5,94 1.85 | 25
9| o8 .| o053 0,99 7,19 4,09 2.9
10 0,885 | 0,695 l 0,94 8,55 7,81 3.7
11 0,885 0.8 0,90 8,48 | 14,98 5.0
12 0.885 1,0 0,90 8,38 | 42,5 8,3

4. pnalysis of Control System for an ATE Operating Under

Varliable External Condltions

The analysis of the control system of an ATE under varlable
flight conditions was carried out by the method of structural mathemat-
ical simulation using electronic simulators, The results of the
analysis of the control system are presented in the graphs of the
transients (Fig. 6 and 7) for disturbances resulting from readjustment
of the gas temperature controller‘x30 (see Fig. 6a and 7a) and from

a change in the afterburner fuel supply K,q (see Fig. 6b and Tb).

-13-




The transients in the ATE control system for variable flight
condlitions for the case of a varlation in the parameters of the speed
of revolution and gas temperature are given in Fig. 6a and 6b using
the results of the synthesls in Table 2. The transients in the gas
temperature assoclated with a disturbance resulting from readjustment
of the x30 controller remaln unaltered with respect to all flight
conditions (see Fig. 6a), as follows from the conditions of the system
synthesls . The quallity of the control processes relating to gas
temperature in the presence of a disturbaqce in K20 remalns practically
unchanged, there beilng a temperature deviatlon of 80°C which lasts
1.5-2.0 sec. The quality of the transients with respect to the take-
of and climb condltlions; the greatest deviation in the speed of revolu-
tion reaches 180 rpm and 1s observed at flight velocitles V/Vb = 0,5~
0.7. PFor a further increase in flight altitude and velocity the
deviatlion in the speed of revolution decreases,

A comparison of the results of an analysis of the effect of
various combinations of controller parameters, speed of revolution,
and gas temperathre under varlable flight conditions 1s shown in Fig.
7. Here are shown the transients for a disturbance resulting from
readjustment of x30 and a change 1n the afterburner fuel supﬁly Ha0
for the parameters kT, kn’ kG’ and TT obtalned in the syntheslis of an
ATE control system (curve 1) which parameters are varlable with respect
to flight conditions. For comparison we have presented the translents
in a system with constant kT, kn, and kG for the flight regime H/Hby=
= 0.8 and V/Vb = 0.885 with a variable time constant in the correction
system of the gas temperature control (curve 2); with constant param-
eters kn, k;, k;, and Ty, for the regime H/Hp = 0.8 and V/Vb = 0,885

(curve 3) and with constant parameters kT’ kn’kg’ and TT for the

14




reéime H/Hp = 0 (curve 4). As 1is apparent from Fig. 7, the system

with variable parameters kT, kn, kG’ and TT is most advantageous.

However, 1t 1is entirely possible to 1limit the variation to the paranm-

eters of the correctlon systems kG and TT’ which simplifies the system

wlthout particularly impairing the quality of the control processes,

A system with constant parameters chosen for the regime H/Hp = 0

and V/Vb = 0 18 unable to provide for the operation of an ATE since

the system becomes unstable beginning with H/Hp = 0.6. When the

constant contoller parameters are selected according to the regime

H/Hp = 0,8 and V/Vb = 0.885 the transients are damped at low altitudes,

while at high altitudes they become oscillatory'with large overshoots,
The analysis of the ATE control system Just carrled out shows

that in order to ensure the stable operation of a system wlith the

quality of the control processes prescribed beforehand 1t 1s necessary

during the takeoff and climb of the aircraft to vary the parameters of

the correction systems of the controllers, especlally the time constant

T.., of the temperature controller and the coefflclent kﬁ of the speed

T
of revolution controller. The magnification of the speed of revolu-
tion controller kn and of the gas temperature controller kT may remain

condtant under all flight conditions.

5. Synthesis of Block Diagrams of Circuits for the Self-

AdJjustment of the Parameters of the Correcting Systems

The variation of the parameters of the correcting systems may
be carried out by means of closed self-adjusting systems in which
the parameters are varied in such a way as to minimize the errors
characterizing the reactlon of the system to external disturbances,

Minimum reaction of the system 1s ensured by a system which optimalizes

=15~ '
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the parameters of the correction systems,

When external disturbances are

AT, o

J 12365618 . acting upon the system it 1s possible

wof /1 :

5 p to evaluate the quality of the control
_41( processes with the ald of the follow-
An rom 1 ing expression:

-0 L ’ ' ‘ ;
2 it L =
- n:f[Ax(-.)]"e T di=:e T5IAx(.‘)|nert' (12)
100+ W\ 8 . 0 ,
i 71 1 sec
200k 5 b where n is an exponent greater than O.
4
3 ) Usually the values n = 1 and
a
arn°c n = 2 are taken for n. Obvlously any
4s |67
mof value n > O will ensure the formation
sot
3 of an integral error having an extre-
()
mum with respect to the system para-
bn 13 meters.
-0 .
The cholce of whole values for
001 §  tsecl. n 1s made for the sake of convenience
A § ‘
200+ g in the computation. 1In the realizatl-
J
"y of the relationship the exponent n

Fig. 6 Transients in an ATE may also have fractional values

control system. satisfying the condition n > O.

a) for a disturbance resulting

from a readjustment of the gas Since relationship (12) repre-
temperature control; b) for

a disturbance resulting from sents the reactlion of the inertial
a change 1n the afterburner fuel

supply; member with time constant T to an

1—HIH 2=0; V[V =0; 2~ 1|} ~0015; V[V 40, 3—H)H 0,225} n
’ » L) L] n
 VIVeDB = HIH ~043; ViVy0; S~HiH ~05%; Viveos; 1DPUt signal of the form IAX‘ » the

§—HIHG=0.88: VIV,~085;  T—H[H,=08, VIV,=0885,
8-U1H =) 0; VIV =0585. realization of thls relationship ma,
be a seriles connection of a member to realize the operation le\n and

an inertial member (Fig. 8). Accordingly,
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Flg. 7. Translients 1n an ATE control system,

a) for a disturbance resulting from readjustment of the
gas temperature control; b) for a disturbance resulting
from a change in the afterburner fuel supply; 1) a system
with variable parameters kT, Ky Ko and Tp; 2) system

with constant parameters kT’ kn’ and kG for the regime
H/Hﬁ = 0.8, V/V, = 0.885 and variable T 3) system

with constant parameters R kn, , and TT for the
regime H/Hb = 0,8, V/Vb‘- 0,885; ﬁ) system with constant
parameters k5, k., k,, and TT for the regime H/Hp = 0,
V/Vy = O.
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(Tp+1) n=| ax| . (13)

In order to find the extremum of n it 1s possible to use one of
the known methbds such as the éradient method wherein the components
of the gradient are measur~d by means of synchronous detectors,

The method for finding the extremum 1s as follows. Let the
functional 7 depend'on the slowly varying pafameters My, Mo, ooy Mo
We shall vary each of these parameters according to the harmonlc law
with small amplitudes Aml, Am2, ooy Amk and freqﬁencies Wy, Wy,
cees W, i.e.;

m=m;t} Am,sinot;, my=my+ Am,sinet; ...;

(1%)
my -+ Mo+ Am, sin ot
Then with an accuracy to the squared terms we obtain
~q=~q°+—03— Am,sin m,t-{-ﬂ Am,sinegt 4 ...

om, oms (15)

Ui i

. e +57:7Am,sln w,f, |

L T} ‘
where 5. 5, ' ., &re the components of the gradlent of the function 7.

If we multiply the function n from Eq. (15) in turn by Am, sin
wit, Amzsin wzt,-..., Amk sin wkt and performing an averaglng, we will
find

= 1 a2 90 . 7=t am2 90
2= Am’om,' b Hy=g Am,m.. (16)

&8

Obviously at the extremum the components of the gradlent bn/ami,
Bq/amg, cees an/bmk are equal to zero. Accordingly, the circuit for
finding the extremum and measuring the components of the gradient
' should include a setter for the varilation of the parameters of the

correction system and a synchronous detector (Fig. 9).
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The circult* of the self-adjusting optimalizing system (Fig. 10) -
should include a member to obtain the power of the absolute value of
the error [Axln, a member containing the synchronous detectors Dys Dy,
D3 for the determlnation of the components of the gradient of the
function n, a member of integrating slave mechanlisms and a system for
obtaining the reference signals. The actuating system for the optimal-
izing self-adjustment of the parameters of the correction systems
should be executed in the form of an integrating member for smoothing
the variable components of the signal. Thé cholce of the oscillation
frequencies Wyy Wpy vuey W, involved in finding the extremum should
be made from the conditions of a sufficiently high-speed self-adjustment
circult; moreover the frequency should be less than the frequency of
the osclllations in the main control circuilt. The amplification factor
of the self-adjustment clrcuit 1s chosen from the stability conditilons
of this circult. Since the processes in the self-adjustment circuit
are slower than in the control circult, the amplifilcation factor of this

circult may be taken fairly small.

am, sinw,t
ax ! | ! 1ax(” 1 1 ‘ “r
Tt Mot AT IO am, sinw,t

’ Myt 8M, sinw,t U]
Fig. 8. Arrangement for , o a “
+amysin '
TAbtal.ﬁning the slgnal M ‘ﬂﬂ amysinw,t

% .

uy

) Flg. 9. Arrangement of setter
for varliation of parameters
and synchronous detector. -

¥ of. A. A. Krasovskly. Izv: Akad. Nauk SSSN, OTN, Energet?.
1 Avtomatika, No. 5, 1500.
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amsinw,t

‘ [50, o amsinwgt
1 L A amSinwat
I Toe1 | 1l

D, )
|‘x'l b
2] (2] [2e
S“Z (2|7
= ]
[-34 X
'x' o n'(mhmhm.hp) N nl(n)
12m st
aAm; Sin
Ay $in Wit
Fig. 10,

Block diagram of optimaliz-
ing self-adjustment system.

. P =P ag
Xa -
! Gy~
aTsinw,t . ’ ‘ ' ansinw.t
8x X L ) :
p bl (A 0)— 1+ ) _ T
V]| v
. A _Ra
o 1 by <%D <ff->.ﬁ P
y N - 1 .1 i
_— Typed Xy
To+1 .
e o , vl
aTsinw,t - ’ ansinuw,t

FI%. 11. Block diagram of ATE control system with
opti

malizing systems for adjustment of parameters of
correction systems.
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The block dlagram of an ATE control system with optimalizing
self-adjustment of the parameters of the correctlon systems kG and
TT is shown 1In Fig. 11. The systems for the self adjustment of the
parameters kG and Tp contalns members which give‘leiln and‘lejln
at the output. Then these signals enter the inertlal members, at‘the

outputs of which we obtain

=)

n,=‘e_ T S,l Ax,l"e"_“ ds; (17)

{
=

e

!
y (SA Bxy| e dr. (48)

The components of the gradiénts of the functioﬁs Nq and 3 are
separated out 1in synchronous detectors, the signals from which enter
the actuating systems which are executed inthe form of integrating
wembers. It follows from Fig. 11 that the systems for self-adjustment
of’ the parameters kG and TT‘are practically 1dentical. This circum-
“tance simplifies the reallzation of these systems to a considerable
degree,

Until now it has been assumed that the optimalizing self-adjustme:
system optimalizes the transient with respect to an integral evaluation
criterion. Thils criterion gives rise to an osclllatory transient in
a number of cases, In order to obtaln a smoother transient 1t is

possible to take the integral evaluatlion in the following form
'
'r‘=e_"{7§”Ax|"+ilA,€|"]ei'—d1. (19)
where v 1is the "weight" ;oefficient of the derivative of Ax.
The technical aspects of the realization ol expression (19)
present no difficulty and are shown 1in block-d;agram form in Fig. 12,
The additional elements in this diagram are the Qifferentiating member

and the member for obtaining the absolute value of Ax.
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Ll lax!” e n Conclusions ) A
Ax P N .
Ll Tost |} 1. The dynamic parameters of an '
= ERY N
viexl® ATE vary over wide ranges according

Fg. 12, An arrangement gor to flight regimes and the operational
obtaining the signal Ax| + '
v]|ax|n, regimes of the engines and tnis

makes 1t q1ff1cu1t to obtaln accept-
able quality 1n the transients when the parameters of the controllers
are left unaltered.

2. The investigation that has been made shows that the optimal
transient under ail flight conditions may be obtalned ﬁy varying the
parameters of the correction circuits of the speed of revolution and
gas temperature controls. .

3. The cholce of the optimal value for the parameters of the
correction systems of the controllers may be effec?ediby means qf
speclal self-afjustment circults which include functional formation
elements and elements for finding and realizing the extremum of this
functional.

4, The se}f—adjustment circuits used in connection with the
circuics for control of speed of reyolution ami gas temperature in the
ATE turn out to be practically identical and this facllltates the
realization of these circuits, The use of self-adjustment circults
for obtaining optimal transients permits the creation of ATE contrél

systems which operate ovef a wide range of flight regimes.
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