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The book deals with the problems connected with the analytical determina-
tion of the dynamioc characteristics of the elements of power installations,
methods of making mockups of random stationary disturbances, methods of speeding
up engines, eto.

The book is intended for specialists who are working with problems of auto-
matioc ocontrol of power aviation and rocket units as well as problems in the

theory of automatioc ocontrol.
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PREFACE

In this oompendium there are included articles which deal with different
problems in the automatic control of aviation power plants.

In researching the problems of automatio control of power plants the oom-
ponent elements of which oconsist of heat-exchanging apparatuses much signifi-
cance must be attached to knowledge of the dynamic characteristics of these
apparatuses. In the general system of ocontrol the heat-exohanging equipment
represents a link described in a two-dimensional space by a system of partial
differential equations having variable ocoefficients. The analytiocal solution
of such a system is bound up with great difficulties, However, with the intro-
duotion of a number of permissible simplifications, it proves possible to re-
duce an original system of equations to definite equations, and in this way
determine the approximate transfer funoction for a heat—exchanging apparatus.
This question is dealt with in the article by A. A. Shevyakov and R, V, Takov-
leva.

For solving the problem as to the worth of one or anothe: system of auto-
matic control of an airoraft power plant, it is necessary to know its behavior
under the aotion of a moving mass of air (wind, air-flow, gusts, turbulent form-
ations in the atmosphere, etc.). Ordinarily the investigation of such a system
of automatio ocontrol is done with the aid of different mock-up devices; there-

fore, it is important to get yhe signs whioh characterise the arditrary
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disturbances of turbulent atmosphere. The artiocle by T. S. Mart'yanova is
devoted to a oonsideration of simple methods of obtaining these signs and their
introduction into a mock-up system of automatic control.

The system of automatic control of a modern aviation power plant includes
means for regulating the engine and inlet device., In determining the optimum
characteristics of such a system of automatic ocontrol it is necessary to take
into consideration the action on it by the turbulent atmosphere. In the article
by V. I. Novikov there is a suffiociently detailed consideration of these questions,
and the optimum transmission funotions for the elements of control system under
discussion are presented.

One of the most complicated problems in systems of automatic control of
power plants with turboprop is connected with the starting of the engine. This
is explained by the change of all the parameters which characterize in a given
moment the mode of the engine's operation during its starting. The introduction
of reduced parameters into the system of starting the turbojet enables one to
make it more universal, These problems are discussed in the article by Yu. V.
Iyuvomudrov,

In connection with the wide development of civilian aviation in all ooun-
tries, more attention is being paid to the reduction of the noise from the
turboprop power plant for multi-engine airoraft. This is attained by means of
synohronigation of the numdber of turns and the synchronous phasing of the
angles between the blades of the propellers of the separate engines. The artiole
by 0. B, Vlasov-Vlasyuk is devoted to a detailed consideration of these questions.

Of decisive signifiocance for any systexm of ocontrol and fuel feed in all
airoraft power plants is the dependability of the working of the equipment, but
for equipment intended for oivilian aviation, t ere is necessary besides this,

a great reserve of work in the apparatus. The article by G, P, Anuchkin is de-

voted to these prodlems; it is written from materials in foreign periodiocals.
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When a turboprop airplane lands with the surrounding atmosphere at low
temperature, the negative thrust of the engine can reach proportions that are
not permissible. For limiting it one may use a device for arresting negative
thrust. The results of theoretical research of the dynamios of turboprop oon-
trol with # negative—thrust-arresting device are discussed in the artiole by
L., N, Getsov and T. S, Mart'yanova,

The ocorrect working of the fuel atomigers has no small ;ffoot on the oapa-
oity of the airoraft engine for doing work. The article by A. M, Prakhov takes

up a number of questions on the working of the atomizers,
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SYNCHROPHASING OF PROPELLER BLADES OF MULTI-ENGINE AIRCRAFT BY AUTOMATION
tr ) ]

Powerplants and, in particular, rotating propellers constitute ma jor sources
of noise on aircraft with turboprop engines, According to data of some authors
(Bibl, 1), maximm level of noise produced by a rotating propeller at the terminal
peripheral speed of propeller blade of 0,9 Mach constitutes roughly 118 ab
and, at the supersonic terminal peripheral speed - 128 db, which exceeds the noise

level produced by turbo jet engine.

The level of noise produced by the propeller even with the subsonie peripheral

speed oxceeds consideradbly its max{mum permissible value,

The sound insulation of aircreft fuselage makes it possible to reduce somewhat
the noise level in the passenger cabin, particularly in its h«f range,when is exercises

the strongest effect on man's anditory apparatus,

However, the noise due to rotation of propellers, occupying the l-f range,
is stronger, Coping with the l-.f noise by means of sound insulation of the passenger
cabin is not noticeadly effective and, therefore, ths noise reduction is accomplished
by other means, such as decreasing the peripherul speed of propeller bdlades,

increasing the mumber of propeller blades at relatively low speeds of flight, ete,

Passengers are affected also by a disagrreabdle action of ths sound "beat®
produced as a result of the asynchronous rotation of propellers of multi-engine

aireraft,

Most disagreeable are beats with frequency renge of 0,2 to 8 - 10 eps.
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At the beat frequency lower than 0.2 cps, its disagresabdle effect is somewhat
lesser due to the fast that the power of sound changes at & relatively lower rate.
At the beat frequency higher than 10 ops, the human auditory apparatus ceases

to perceive differences among repid changes of sound,

The synchronization of RPM rate of propellers of all engines constitutes
a means of coping with "beats® of sound, According to some experimental data
(Bibl, 2), the synchronization of RFM rate causes some reduction of the magnitude

of total sound; however, this fact is not confirmed by all researches,

As wvas demonstrated by a number of theoretical and practiocal investigations,
the noise level may differ at the various phase relations among propsller blades,
even at the synchronous rotation rates of shafts of all engines. Consequently,
vwe have a minimum noise level at soms of these relations,. Therefore, a certain {
decrease in the noise level can be achieved by msans of synchrophasing, i. e,,

maintaining specific values of angular relations among propeller blades

of the various engines, The synchrophasing makes it possible to reduce the noise
level in the l-f range, that is, in the range whers this noise level has the greatest

L

magnitude,

The synchrophasing is expedient also because it diminishes a harmful effect
of l-f sound oscillations on sircraft structure, ceusing the vibration of its

individusl elements,

The precision in phase maintaining, which insures the constant minimm noise
level, amounts to approximetely 5 to 7°; it 4s obvious, however, that it may

change in plus or minus for the various structures of aireraft and propellers,

The synphasal rotation of propeller blades of all engines can be achieved

in several wvays, The first method, theoretically simplest and adsolutely reliable,
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consists in a rigid connection of engines by means of the joint mechanical shaft,
However, the practical realization of this method poses considerable difficulties

and causes a substantial increase in aircraft weight,

The synchrophasing through connection of engines by means of the various
*flexible shafts”, e, g, an slectric shaft, also causes a considersble inorease
in the weight of powerplants of aircraft and, therefore, their application is not
expedient, There remains the third method, to wit, maintaining == with the prescribed
degres of accuracy -- the requisite mmgnitude of phase among propeller blades
by ecting upon the engine control system and, particularly, on the RPM regulatoer
of propeller shaft (engine shaft), Such an action can be realized only by means

of special automatic devices,

The relationship among characteristics of noise produced by rotating propellers,
at the asynchronous speed of their rotation and, comnsequently, at the variable phase
among propeller blades of the various engines, wvas investigates earlier dy several
authors and is not an ob ject of research in this work, We are presenting in this
article the results from investigation of certain possible schemes for synchropbasing
of propeller blades by means of automation at the various disturbing actions
on the engine in flight, It vas assuned during the investigation that the synchrophesing
system should satisfy requirements imposed on such & system as regards the accuresey
of maintaining the phases only in steady conditions of aircreft flight, inasmuch
as the transient conditions of flight (e. g., takeoff end climbing) command only

e small part of the entire flight time,
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Ex tion of Possible Structural Schemes of S has

In order to select an expedient scheme for synchronizing the blades of propellers
of multi-engine aircraft equipped with turboprop engines, we must know the system
of automatic control of engines, as well as the requirements which should be satisfied

by the synchrophasing system,

When no special devices are available, the angular rotational velocity of propeller
shafts of aircraft engines is not the same; this is explained, in the first place,
by the impossibility of ad justing with an absolute accuracy each RPFM regulator
of all engines to one valus. Therefore, the difference among RFM rates of the various
engines can be relatively great, attaining in certain cases 20% of the nominal value,
When the RPM rates of two engines differ by 2%, the nomimal RPM rate of propeller shaft
being 1000 rpm, one propeller shaft will outsirip the other by 2/3 revolution per second,
Consequently, during this time, the blede of propeller having a higher angular rotational
velocity will outstrip two and, in some cases, even three blades of propeller revolving

with a lower velocity.

The synchronization of RPM rate and the synphasing of propeller blades can be
accomplished by two methods, that is, either in one of the engines (driving engine),
or by a special master device, The superiority of the first me thod consists in the reduced
amount of equipment; the driving engine may work without a synchrophasing system,
thus eliminating the need for a special master device., However, it is known
from the practiceal experience in operation of aireraft with turboprop engines
that, even during a steady flight, the engine RFM rate varies constantly
with amplitude of % 3 t0 5 rpm or propeller shaft and meen frequency of about 0,5 cps,
Therefore, when the synchrophasing system is svitched on, the driving engine
will be an additional source of disturdbing actions for driven engines; this complicates

to a still higher degree the synchrophasing prodlsm, difficult enough as it is,
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Because of this fact, one should consider as more expedient the realization

of synchrophasing by & spedial master device, provided that its operation is stable,

Fige. 1 shows one of the possible and simplest functional diagrams of synchrophasing,
This: functional diagram does not include the fuel consumption regulator, performing
normally as an open system, and its actions on .engine can be regarded as extrsneous

disturbing actions,
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Fig. 1, Functional Diagram of Synchrophasing System,
1l - engine; 2 - master device; 3 - symchrophasotron®; 4 - regulator of variable-pitch prop.
notes Item 3 in the above diagrem reads SINKHROFAZOTRON (°®proton-synchrotron®
or "synchrophasotron®). The text refers to SINKHROFAZATOR (*synchrophasing unit®),

indicating a possible error in the diagram legend,

We shall determine what properties the transfer function of synchrophasing unit
should have, in order to fulfill basic conditions determining the fundamental purpose
of synchrophasing vhich consists in the followings upon termination of the transienmt
mode caused by any disturbing actions (including the inaccurecy in ed justment
of RPM regulator), the system should estedlish a constant and quite definite value

of the phase,
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The system of differential equations describing dynamic properties of the system,

whose functional diagram is presented in Fig. 1, has the following forms

Motion equation of compressor: - . ] O
@b 1) xi= — kb Ay b F(E) W
Motion equation of combustion chamber (without ailonnco for transient delay):
Xy= — Ry X 1 Ryt i (2)
Motion equation of RPM roguhtor with variable-pitch propeller:
‘ (Trp -+ D pps- "’"'2'1 (6, Axyg): . (3)
We shall write the mtio.n equation of syz}chrphnning unit in a more generel forms
Axyy = W (p) X (4)
Here )('lenl/nlo is the relative deviation of RPM rate;
p, i is the relative deviation of the angle of pmpollof blede setting;
)( 4 1is the relative deviation of gas temperature before the turbine;
F(t) are the external disturbing actions;
F“L is the relative change in fuel comsumption;
A)(lf is the control signal of synchrophasing system, acting upon. the ad justment
of RPM regulator;
T'r is the times constent of turbocompressor;

TR is the times constant of RPM regulator with variable-pitch propeller;

kyjo emplification constant of turbocompressor according to the angle of propeller

blade setting;
k13 amplification constant of turbocompressor according to the gas tamperature
before the turbine;
k3! amplification constant of combustion chamber aceording to the RPM rate

of turbocompressorsg

kB:‘c-pliﬂcation constant of combustion chamber according to the fuel consumption;

kp; amplification constent of RPM rsgulator;
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Wz(P) is the transfer function of synchrophasing unit;

X P i the relative deviation of the phase of propeller shaft rotation angle,

The relative deviation of phase is determined within its initial walue

by the deviatior of the engine RPM rate (at the constant rotation rate of master unit),

In fact, let us assume that the RPM rate to which the RPM regulator of driven engine
is ad justed exceeds the RFPM rate of master unit by the quantity A n1H. Then we shall
bave for the rotation eangle of propeller shaft of the driven engine

1 =n 1 =rm %0
=y @ (2)
Similarly, for the master unit

1 =n 1 = 1 o= 0
1, ,.pj,*aoﬂ.z . 5 (o™ Aty - (1 —ax)), (v)
vhere '
A, S (e)
nio
The phase mismatch then is
0=12,—aq, ,l, -";(')0 (v, ax,) (d)
or
1 5
X, p(x, axy), (5)
vhere
_. 30
Xg = 6= (.)

LT

Having substituted the obtained phase expression in the equation of synchrophasing
unit (4), and having designated
W, (=W (6)
ve obtain
prig== Wl (3 3) (7)
Upon elimination of variable quantities "L?'XB andAxi‘ from the equation

system (1), (2), (3) and (7), ve obtain
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(Top+1D)(Trp + 1) p? -+ Rygkoy A-kygkg We (» b kyky (Trp F)pte =
= — Ryky W (p) AX, + kygks (Tep -+ NP2 g+ TP+ ‘)P;F ® ()

or, having designated
' & 2l :=D 7),
(T,p+1)(TRn+l)p%-k.zkm-l-k,akm(Tnp -p » i -
which includes only the prescribed parameters of engine and RPM regulator

vith variable-pitch propeller, we shall have

(D(p)p- kn"'zl“"'c(l’)]"'l ""'12"'2|‘Vc(l’)5x1+

4 2 (8)
- kyghon (Tep -+ Dt (TrP 1) prF ().

In the final analysis, wve are interested not in the deviation of RPM rate

but i{n the deviation of phase from the prescribed quantity, Therefore, equation (5)

yields
Xy = PpXg— AN, 9)
and, having substituted the expression obtained for X 3 in equation (8),
we obtain .
(D (PYP 4 krghey Wep)] o= D (p) 3, -1 kikay (Tl -+ 1) Pt (10)

4 (Tep 1) P (0).

In ondu'. to achieve, in steedy flight modes, the correspondence of phase
to the prescribed quantity at any actions on the engins and with any inaccuracy
in ad justment of the RPM regulator, the system mist be astatic in relation
to signals Axlzp.q and F(t). This can be attained by selection of the corresponding

transient function Wg(p).

Let us consider vhat requirements must be satisfied by the tranefer function

Hc(p) for each signal separately.

For the signal on inaccuracy in adjustmemt of the RPM regulator we have

[D(P) p+ By We(p) e =D (p) 35 (h)
In this case, the system will be astatic in relatiom toAX;, if the transfer

function can be represented im form - v (p
' W (p)= 2 (1)
FTD=TT-6221166/1 + L
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Furthermore, it is sufficient for signals Iu and F(t) that the element
q .

having the transfer function wc(p) be not a differentiator,

Consequently, if one desires the system (10) to be astatic in relation
to anyone of actionqul. }Lq end F(t), it 1s necessary and sufficient

that the transfer function wc(p) be reduced to the form of equation (11).

Let us determine conditions of stable performance of the system at U!‘(p)s kge
In this case, the chnractoi-istic equation of the entire synchrophasing system

will have the following form

T Tgp® T FR( gk ) Pt (Rigks 1)+
bRk p? -t Rk ko 0. (12)

This system is obviously unstable,

Consequently, the introduction of a synchrophasing unit having the trensfer funotion

wc(p) renders the system unstable,

Let us consider the condition of stability of the synchrophasing system
when the transfer function of the synchrophesing unit has the form
W (p). Bptke (13)
The characteristic equation of the -yntopn will then acquire the following forms

TTep LT Tr( - kygky Dl pt -1 (kygks, -+ 1) p?

. (14)
kyokgy p? - kygkokyp -t kygky k- O

Hence the conditions of stability of the system
1), [T gl kiaka )] (11 kysky) T\T gkyskgy >0,

N AT A TR (- Rk (V-1 Rigky)) — T T gk ok -
[7:+TR0 kb T T gk, ~ (T4 Tr(l
I Ryaka)] Ay} >0 (15)
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3) 1 ky— (1} ygka) AHIT o Tr (L igka)] (1 +
 Rigky) — ToT gy} — (15)
——T,TRknkmk, (T pky— i7.--Tg 1+
+ Eka)} ) >0,

The inequality 1 from equation (15) is always fulfilled, because the control
system of engine RPM rate is stable, The fulfillment of conditions 2 and 3

from equation (15) depends on values of parameters ky end k, of the synchrophasing

unit, o

Fig. 2 shows the region of stability in coordinates of parameters ky and Ik,
at the following values of p.ar.notor- 7= 3.6 sec; Ty =0.07 sec; k12=50h; k21= 0.01;
k13= 1.46; k31= 0.553 By = 1075,
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Figure 2. Stability Regions during the Action of
Synchrophasing Signal Only.

The transfer function of synchrophasing unit (13) can be realized by two msthods,

Let us represent the function Wo(p) in form
(1)
We(p)=k,

FID-TT-62-1166/1+2
/4

£l




Hence follows that the re-ad justment of the RPM regulator should be accomplished
according to the integral from phase mismateh (fulfilling the condition of astaticity
of the system in relation to imaccurecy in ad justment of the RFM regulator),
and also according to signal proportional to the phase mismatch (fulfilling
the conditions of stability of the system),

In the second method, the action ¢n ad justmsnt of the RPM regulator can be
accomplished according to the signal proportional to the difference of RPM rates

of propeller shaft and master device, i, e., according to the signal n; - By

inasmuch as
PO =—- (1n—ny).
30 »
In this case, the squation of synchrophasing unit acquires the form
PPAN = (Byp k) (x4 Axy). (16)

The problem involved in reduction of the angular rotational velocity
of propeller shafts of all engines to one value with the aid of a synchrophasing
unit performing only by magnitude of phase mismatech cannot be worked out,
because the sign of control signal does not always correspond therein to the required
sign of synchronizing signal, This discrepancy is explained by the fact that
it does not matter in synchronization of propeller blades which blade of one propeller
is set in the given phase with the blade of another propeller; moat expedient
is the synphasing of nearest blades, In this cese, the maximum val.uu of phase
deviation may amount to t 360°/2m, where m is the number of propeller blades.
This leads to the following:s when the RPM rate of the shaft of propellers being
synchronized is difference, the sign of this Adifference being unchanged, there may
ocour a change of phase sign; this will cause a change in sign of symchronizing

signal, and the system becomes structurally unstabdle.

The behavior of synchrophasing system umder the actiom only 4n the signal

of phase mismatch ¢, according to the transfer functiom (13), at the presence
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on the order of 3 - 5 rpm, is shown in Fig. 3.

of actions causing maximum deviation of the RPM rate of propeller shaft
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Fig. 3. Transient Processes of Synchrophasing System,
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As can be seen in Fig. 34, the synchrophasing is accomplished, but the time
of phase setting constitutes about 4O sec, At the same time, having compared
the oscillogram shown in Fig. 34 with that in Fig. 3a, one can see that the process
of synchrophasing is determined mainly by the quality of performance of the RPM
regulator, because amplification coefficients in channels of RFM rate synchronization
and synchrophasing have a small value, and the synchrophasing unit accomplishes merely

the function of reducing the phase to the required value at the end of transient process,

An increase in these coefficients causes either longer oscillatory processes
or self-scillations (due to the effect of non-response zome of the regulator)
with deviation of the average value of RFM rate from the synchronous one, which excludes
the establishment of a constant phase value, Particulerly disadvantageous

is the increase of amplification coefficient in phase integral channel,

More favorable transient processes can be obtained by the second method

of realization of the transfer function (13), which can be seen in Fig. 4.
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Fig. 4. Transient Processes with Synchrophasing Unit Being Acted Upon

by Signals of Difference in RPM Rate and Phase Difference,

FID-TT-62-1166/1 +.2.
17




However, in this case, the character of transient process is determined meinly

by the quality of performence of the RPM regulator,

We have considered above synchrophasing processes for an idesl synchrophasing
unit,

If each channel of synchrophasing unit contains an aperiodic element, its dynamic
properties are described by the system of differential equations in form
P ('I‘cp-{" ])A'\'c 'kl ('\.l +A‘\‘l):
(Titil) “l)l“—\v\‘d' k2 ('\.l+'&'\.l); (17)
PAX = AX - AXg,.
Stability regions, corresponding to this case at 'rc—. T¢ = T, are shown in Fig. S.
As can be seen in this figure, an increase in the value of tims constant of the aperiodic
element in circuits of the synchrophasing unit does not cause any great changes

in the stability region at small values of T,

The functional diagram of synchrophasing system with the synchrophasing unit

.-

described by differential equations (17) is shown in Fig, 6, where

a;-30 ay-30
' y N
Ry LT (k)

are the relative values of rotation angle of propeller shafts and master unit,

Tiag

respectively., Transient processes in this system at T°=T¢ = T are shown in Fig, 7.
As can be seen in this figure, the character of transient processes in the initial
sections does not differ substantially from trensient processes obtained

at the absence of inertness of the synchrophasing unit,

(see following page for FPigure 5)
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Figure 5., Stability Regions of Synchrophasing System
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Fig. 6, Functional Diagram of Synchrophasing System with Inertial Synchrophasing Unit,

l = engine; 2 -~ master unitl 3 - regulator of variable-pitch propeller,
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Strict requirements concerning the phase maintenamce accuracy at the presence
== during a stebilized flight -~ of constantly acting, disturbing effects,
causing the deviation of RPM rate of propeller shaft by the value ¥ 3 - 5 rpm,
obviously cannot be met without improvement in quelity of control of the RFM rete
of engine shaft,

As demonstrated by the analysis presented above, the latter cannot be achieved
even with the ideal synchrophasing unit, At the real magnitude of disturdbing action,
the phase changes within a wide range and, at the first moment, there ocours even

& change in phase sign,

The lyltmnhliu process cannot be 1uproved'a1|o by introducing the comcti;zg
devices into the circuit of synchrophasing unit. In fact, if the correcting device
is inserted into the synchrophasing channel of lyhchmphasing unit 4in form
of an ideal differentistor, the motion equation of synchrophasing unit will be

Paxig=1kp | ky(cgp -+ DI, ax) (1)
or, upon transformations, )
Paxy = [(hy -t Ry ot Kol (¥ Axy). (18)

Hence it is clear that the introduction of the differentiator into the synphasing
channel does not cause any changes, because the expression of coefficient k1+ kaT¢
et the operator in the first power in the right section of equation can be considered

as k} and equation (18) changes into the initial equation (16),

If a parallel correcting device, that is, the ideal differentiator, is inserted
into the RPM synchronization circuit, the equation of synchrophasing unit will assume

the form

P g = [y (b D) pF Kol (x-Faxy) (9)

FTD-TT-62=1166/1r 2.




The characteristic equation of the system will be then

Ttrk}’s‘+‘lrr‘| }R(l -} kygka )t -H (] 4 I:,sles,jp”'{
+ kyokyy (1 k)PP Rgka (kp+k9) 0. (m)

Let us determine hence expressions of kl and k, for construction of the stability
region by the method of D-division

3 1+ Righgy — 7T pe? - w?:

kyoks
i (20)
% Kyokoy (By3e + l)_'—[T_t Tr(l 4 kb)) o? w@?
= kyoks '
Having excluded (1) , we obtain
Vb kiska o o7 4 7T |k ,
ko= kigky [‘tc—' T?Tl,: A (hygkyl g 7T, ‘7R)l"‘| | l}l‘l' (n)
Hence the maximum value of kj (k2: 0) is equal to
i ' ' (o)
] : °
: ;?SI\M [TRQ - kyskyy) -+ T3] — 3¢
and the maximum value of kps ' ° 1
' ky = Rigky - : o
‘I'-*:kn’\“(TR(l bokigka) + To) - se ()

- T'ITR
It is clear from these expressions that increasing the value of 'vc causes

an increase in amplification coefficients of the synchrophasing unit, kl and kg,

and, conssquently, an expansion of the stability region,

However, an introduction of such a correcting device into the synchronization circuit

of RPM rate of the synchrophasing unit is equivalent to increasing the amplification

coefficient in the circuit of RPM regulator,

In fect, equality (19) can be presented in the following form (on assumption
that, as a result of operation of the synchrophasing unit, the re<ad justment

of the RPM regulator to the required value has been accomplished and A?ll=o).

1 -
A"‘l@ \klt‘ N P (kll, 1 k?)]xl (q)

and the equation of RPM regulstor vill assume the form

FTD=TT=62-1166/1+ 2 .
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Tap+1) pig = A (14 15)+ 24 (ki k) |
o (r)
It is not permissible to increase the amplification coefficient in the circuit
of the RPM regulator, because this coefficient is selected normally from conditions

of obtaining satisfactory processes of RFPM regulation and is a definite quantity.

Ba.nlng on the analysis conducted above, one can conolnd; that the process
of synchrophasing cannot be improved by introducing into the circuit of synchrophasing
unit the correcting devices in form of differentiators. The synchrophasing processes
can be improved only by improving the engine control ay’lton. i. e,, by introduction

of stabilizing devices into the circuit of the RPM regulator.
We can consider two kinds of stabilizing signals in the engine control system:

a) introduction of signal proportional to the rate of RPM change into the circuit

of RPM regulator of the propeller shaft (introduction of acceleromster);

b) stebilization of control system by acting upon fuel consumption by the RPM rate
mismatch signal,

In the first case, the differential equation describing the motion of RFM regulator

[ J
assumes the following form (for the real accelerometer):

T+ pxy=hy [(2250 1) 3 axig o

The characteristic equation of the closed system of synchrophasing will be

in this case ¢

T TRl op Tl (14 kuaka) -4 T (F 7)) 0"
T4 Tt T (14 ks ) p* -1 Ryaky -t kykyy (T4 <)) p? (s)
bRk (VAR T )P4k ok, (K T k) p - kygky kg = 0.
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Hence the expressions for l‘l and k, in construction of the stability region

by the method of D-division will be

- | \
& VhkigkgrtRigknta—{TTR — T2 (1 + bkl 02 —TaTRT 0t )
0 kyskgy (1 4-T30?) ;
kyskey—{T 1+ T pll-+igkan)— FystanTs (Ta 5] 02 —ToT e+ TR (1 Hkiskan] o4 (t)
A= kyaky (14 T2o?)

These expressions for kj and kp can be represented in the following form:

ey, L b Tifip et

k:'-—-‘—.-— - U 3
VU T2 k by

(v)

- ".TL;‘-E' ot ] kyoky — [T - T/;z(' 1 Egyill 6
147% kyokay

Hence it is clear that coefficients !l and k2 are two components constituting
frequency functions, At the same time, constants introduced into the first components
depend only on parameters of the accelercmeter, and second ones on parameters

of engine end veriable-pitch propeller regulator (without acceleromster),

Va
Let us introduce the designation - 1, The expressions of coefficients kl and k,
a
will then assume the following forms

/\' IT. "‘2 14 l"l:‘,‘“l T‘Tkm‘- (')2

Y T Ryska, '

; i ot o Kokn - [Te(l 4 kygky)) 4 Th]0® o (22)

LR : kyaks, i

One can see from expressions obtained for kl and k2 that the introduction
of the accelerometer causes an expansion of the stadility region and an increase

in amplification coefficients of the synchrophasing unit,

Apart from that, the stability region decreeses with increasing T, at the constant

value of formula 1215- and increases at the constant value of To and vith an increase
T e
in formila 1= ~y=e

Fig. B shows stability regions of the synchrophasing system for 1 =10 at the various

FID-TT=62-1166/1 1 2. . Aak




values of '1‘. and vith above-indicated parameters of the engine and variable-pitch
rropeller regulator,

L9
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|
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i
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5 : 0 15k,
Fig. 8. Reglons of Synchrophasing System on Introduction of Accelerometer

into RPM Control Circuit.

Fige. 9 shows transient processes in the synchrophasirg system at the action
in form of a single step function, It can be seen in this figure that the introductiom

of the accelerometer causes a substantial improvement in the synchrophasing process
at a relatively small phase deviation,
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Improvement in the quality of the process of controlling the number of rev-
clutions of a turbovrop can be attained through the introduction of additional

action in the consumption of fuel on & signal of deviation in the number of rev-

clutions between the mastrr device and thd’T/—~—\\\acpendcnt engine, The
structure of such a system is shown in Fig. 10.
x,10°48° 8x,60°k g
ik - 0,01
04
0,2
o 0.4 Loo0s
= 45 Loz
L -0,4 0.4 0
- -0,6 0.1
-0
-0 - - 0,005
--0,1
- =0,2
--0.3 [ 00
B 0%
_5_.:'»'; 1"‘ = “r e 5
4

Eig. 9. Transition processes of the system of synchronization 15 the
introduction of an accelerometer 4nto the chain of control

of the number of revolutions.

The system of differential equations for thie caee hae the following form:

equation of motion of the turbocompressor

(T'/’ 1- 1)y, - - Eyjgite - Byats I (t): (aa)

equation of the motion of the combuetion chamber (not taking into

account the transmission delay)

Xy Ry Xy - kg, — by (x

3% haxg), (bd)
equation of the motion of the regulator of the number of revolutions
with controllable-pitch vroveller

(Tep4- Ve kg (x4 AXye):

(ce)
phase
equation of the motion of the synchronizer
A
Paxe (ke k) (X -Hax) (da)
FTD-T7-62-1164/1 712 Ve




Let us unite éhe equations of the turbocompressor and the combustion cham-

ber after having equuded Xg:
(T -1 - Ryghy -t Righ) X, Rygtre -1 Righgttg ki ax - F (). (ee)

From the relationship obtained it is seen that the 1ntro§uction of the
action on the consumption of fuel }s equivalent to an increase in the automatic
spe~d regulation of the engine, which makes it possible to increase the coef-
ficient of amplification in the chain of the regulator of the number of reve
clutions, and in this way improve the vrocees of regulating the number of rev-

clutions, and, consequently, also the synchronozation. However, the increase

o 1
. |
kb= Bp. .l - o Peeynamop
T f . [ f{gw L
— _;r'l ¥l - - = 2.
1 o} LY | (p + 1)

S
Fig. 10. Diagram of the circuit of the synchronization circuit’ in
the introduction of the stabilizaing signal through on the con-
sumvtion of fuel on deviation in the number of revclutions be-
tween the dependent engine and the master device
in the coefficlet of amplification of the regulator of the number of revolutions
vhage J———
can be accompliehed only in the case where a,synchronizer is included in
in 21l modes of overation of the enzine, which does not correspond to require-
ments. Besides, this is connected with change in the parameters of the regula-
tor of the number of revolutions, and therefore it is nc* good in the case of

the setuy of a ~hase-synchrenization system oz aircraft in actunl overation,
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In thie connection it is more feasible not to have an increase in the coeffi~
cient of amplification of the regulator of the number of revoiutions, and to
introduce an equivalent signal proportional to the rate of deviation of the
number of revzlutions in the chain of the phase synchronizer a2long the chan-
nel of synchronization of the number of revolutions.

In Pig. 11 there are shown the transition vrocesses in the system of syn-
chronization corresovonding to the design scheme vresented in Fig. 10. From
this layout it is seen that with a greater’/T\Eoefficient of ampiification
in the chain of action on the consumption of fuel there occur automatic oscil-
ations with a comparatively small amountof deviation in the phase difference
(Fig. 11, a). Decrease in the coefficlient of amvlification in the chain
of action on the fuel consumption leads to a slow extinguishing of the oscilla-
tion piocess with an increase in the deviation of the value for the difference
of vhase (Fig. 11, b)

Then introduction of a real differentiating link into the channel of
synchronization of the number of revolutions leads to coneiderable improvement
in the transition vrocesses in the number of revolutions and vhase difference
(Fig. 11, c). However, the gignal of the recdjustment of the regulator of the

5 "'_\
number of revolutions 1s much stronger in this cese.

Investigation of the System of Phase Synchro-

nization in Random Effects

In flight the engine is subjected to the effect of externai aisturbdbances
whick cause a change in the number of revahtions of the ghaft within certain
limits. In this case with an established regime of flight the number of revo-
By
luticns of the propeller shaft fluctuates with a frequency of about 0.5 cpe
T
and amplitude of 2--5 rpm on the vropeller shaft, Therefore one is interegted

=N
in the’ research of vrocess of phase synchronization with that xind of action

on the engine.
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The resgarch of the

process of vhase synchroni-

gzation is accomplished on

I

a) LS P 0 F(:)‘

TR

Fig. 12. Yorm of the sig-

Inal on the outvut of the

= !generator of random effects
1

N
5) Scer . . ¢ the electron simulating
1 v
y - |unit with the use of a
Axww’p, isvecialiy developed signal
+0,0 [
generator which imitates the
H0,008
turbulence of the atmoe~
-0
vhere which cauges a fluctu-
- -8,005
y ation in the rom ot the
0,01
engine.
Traneition procestes of the system of In this case for the

ihnne synchronization by action on the mirpose of simplifying the
fuel consumption circuit of the generator
a) ky=b, ky=0.075, k=10 b) ki=l, kg=0.026, ¥~ and increasing the devend-
=l: «¢) ky23, kp=0.026, el sec., T, =0.0L sec, ability of ite working,
.
kp210. there was allowed some devi-

ation from the character

of real disturbing effectas. If under real conditions the rate of change in
the disturbing effect aiways has a finite value, then the signal on the ocutpat

of the generator changed by a jump (¥ig. 12). For a-vroximating the conditione
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of the working of the syetem of the phase synchroniger on the model, to the
real concivions, the frequency and the amplitude of the disturbing effectes are
selected in such a way thzt the character of the change in the model which
characterizes the deviation in the number o: revolutions will be analogous

to the vebavior of the rum of the engine in an established flight regime.

In Fig. 13 there is presented the circuit of the simulation of the system
of’~—\hynchronization.

A peculiarity of the simulation of the system of vhase synchronization is
the necessity of obtaining on the model a signal which 1s provortionai to the
phase difference. Clearly, with a relatively large deviation in the rpm of the
engine from the rpm of the master device in the transition regime some shitts
of phases ray occur. If the rpm of the dependent engine shifts from that of the
master by some value, ancd thie deviation is vreserved, them the sign of phase
difference will periodically change/——\\with the veriod Q%IE sec., where n1 is
the rpm of the engine.

For realizing the poesibility of obtaining on tre modes us signal which
is provortional to 'the phase difference under any probable deviations in the
rpm of the devendent engine from the synchronous ones, one can use the circuit
shown in Fig. 14, which works in the following fashion.

A voltage which is proportional to the difference of the rvm of the engine
shaft from that of the/‘—_—~\\transm1tter is fed onto one of the contactgxcaﬁﬁect-
ing/\group/ “ >¥11 relay P,. Ont%he second contact of tne same group
this same voltage is supplied, but with the reverse cign, and this is accomplished
by connecting in an inverter (operationais umplifier 1), ‘Voltage taken from the
middle point of this grouv is fea to *he input of the integrating unit 2, on the
outmut of which one gets the voltage proportional to the abgolute value of the
vhage difference.

When a voltage is obtained on the out-ut of unit 2 which corresponds tc ‘he
-]
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the phage difference at which

there should be a shift of the

sign, a polarized rely cuts in on

the circuit of relay P, which

causes the droovout of relay Py,

end, consequently. to the change

in the sign of the signal on the

m,ﬁ @ /| [Foenmrcnce: & input of the integrating unit 2.

Saxferlzndud r yemicnly

Simul taneously with this ac~

Fig. 13. Circuit of eimulation of the tion there occurs the gwitchover
system of phase synchroniza— of the contacts of the contact
tion under random ef'fects grouv Py, onto a certain con-

(a) generalor of raudom effectes tact which passes the signal with

(b) switchover device the reverse sign. o’ the ar~

mature of thie contact group a
signal is received which is proportional to the phuse difference.
In Fig. 15 there is eshown the process of maintaining the phascs unaer random
effects in the absence of stabilizing elgnale in the phase-synchronization sys-
tem, As 18 aeen/’_‘?ron this graoh the phase changes over the whole range of

its possidle deviations, and consequently

Fig. 14, Device for ob=-

chase signal
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F(t)

e L

Scex 4
Fiz., 15. Transition processes of the Fig. 16. Transition processetbf the

phase—-synchronization system vhage-gynchronization system

during random effects and ab- during random effects with
.eence of stabilizing signals, accelerometer in the rom-con-
ky = 0.2 and ky = 0.026 trol eircuit (ky=3. k»=0.078,

Ta=0.35, and €g=3.5)

0°  Jaxyw’

45 Lu3
0,2
k0,7
-0

L 0,1
- 0,2
0.3
Les  [04

l

Fig. 17. Transition vrocesses in the vhage-gynchronizaticn syetem during random

effects and etadilization signal through action of the fuel consumption,

ky = &, kz = 0.078, and kp = 10.

the required vrecigion of phage maintenance i1s no! sustained. The introduction

-~
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of the accelerometer into the circuit of the rpm regulator enables one to improve
considerably the process of phase synchronization (Fig. 16)

The vrocess of vhase synchronization is also imprcved by the imtroduction of
a stabilizing signal through action on the consumption of fuel (Fig. 17).

The introduction into the circuit of a phase-synchronization signal propor-
tional to the rate of deviation of the rom improves consiceradbly the process of

synchronization even during rendom effects (Fig. 18).

F(e)

M‘ww;ﬁww‘u&w“uﬁ»rd%uﬁ dq'

Gl

:l'.
.&n'ﬁl “k_l "_"/"—Lnru—u n-«.-'\.l'-f'ﬁh"L"-—..u.l""

PNATANA |

Fig. 18. Transi“ion processes of the phase-synchronization system during ran-

dom effects and stabilization signals through action on the fuel con-
sumption and in accordance with the rate of deviation of the rom in

the synchronization circuit (ky=3, k5=0.026, k=10, T,=0.4, ana Tg=#).

Conclusionce
1, For most of the xnown systems of rom control for the turboprop engine,
the introduction of A system of phase synchronization, astatic with relation to
disturding
external action, change in the consumption of fuel and inaccuracy of ad-
Justment, 1t ie essential that the phaee synchronizer have a transmiseion func-
tion reducidle to the formula
¥ie(p)
W (p) = _C\2/
clp) 3
2. The requirements applicadble to the process of phase gynchronization--

naintaiég the phases within narrow permiseidle limits--can de satiefied only
L
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e o
in the case where there is introduced into these devices stabilizing
signale (accelerometer into the rpm regulator or action on the consumption of

fuel in accordance with a signal of the deviation in rum).
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