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The book deals with the problems oonneoted with the analytical determina- 

tion of the dynamic oharaoterlstios of the elements of power Installations, 

methods of making mookups of random stationary disturbances, methods of speeding 

up engines, etc. 

The book is intended for specialists who are working with problems of auto- 

matic control of power aviation and rocket units as well as problems in the 

theory of automatic control. 
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PREFACE 

In this oompendlum there are included articles which deal with different 

problems in the automatic control of aviation power plants. 

In researching the problems of automatic control of power plants the com- 

ponent elements of which consist of heat-exchanging apparatuses much signifi- 

cance must be attached to knowledge of the dynamic characteristics of these 

apparatuses.  In the general system of control the heat—exchanging equipment 

represents a link described in a two-dimensional space by a system of pnrtial 

differential equations having variable ooefficients.  The analytical 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 function for a heat—exohanging apparatus. 

This question la dealt with in the article by A. A. Shevyakov and H. V. Takov- 

leva* 

For solving the problem as to the worth of one or anoth^.' system of auto- 

matic control of an aircraft power plant, it is necessary to know its behavior 

under the action of a moving mass of air (wind, air-flow, gusts, turbulent fo 

ations in the atmosphere, etc.). Ordinarily the investigation of such a systei 

of automatic oontrol is done with the aid of different mock-up devicesi there- 

fore, it is important to get yhe signs which charaotariae the arbitrary 
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disturbanoes of turbulent atmosphere.  The article by T. S. Mart'yanova la 

deroted to a consideration of simple methods of obtaining these signs and their 

Introduction Into a mook-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 control It Is necessary to take 

Into consideration the action on It by the turbulent atmosphere.  In the article 

by V. I. NovlkOY there is a sufficiently detailed consideration of these questions, 

and the optimum transmission functions 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 Tu. V. 

lyuvomudrov. 

In connection with the wide development of civilian aviation in all coun- 

tries, more attention is being paid to the reduction of the noise from the 

turboprop power plant for multi-engine aircraft.  This is attained by means of 

synchronization of the number of turns and the synchronous phasing of the 

angles between the blades of the propellers of the separate engines.  The article 

by 0. B. Vlasov-Vlasyuk is devoted to a detailed consideration of these questions. 

Of decisive significance for any syntea of control and fuel feed in all 

aircraft power plants is the dependability of the wc-Mng of the equipment, but 

for equipment intended for civilian aviation, t ere is necessary besides 4his, 

a great reserve of work in the apparatus.  The article by 0. P. Anuohkin is de- 

voted to these probleas; it is written from materials in foreign periodicals. 
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When a turboprop airplane lands with the surrounding atmosphere at low 

temperature, the negative thrust of the engine oan 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 dynamics of turboprop con- 

trol with e negative-thrust-arresting device are discussed in the article Toy 

L. N. Oetsov and T. S. Mart'yanova. 

The oorreot working of the fuel atomizers has no small effect on the capa- 

city of the aircraft engine for doing work. The article by A. U. Prakhov takes 

up a number of questions on the working of the atomizers. 
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SYICHflOPHASING Of PROPELLER BLADES 07 MüLTI-ENGINE AIRCRAFT BY AUTOMATION 

Introdaet&on 

Powerplants and, in particular, rotating propellara constitute major souroaa 

of noisa on aircraft with turboprop anginas« According to data of some authors 

(Blbl, 1), —j— lerel of noise produced by a rotating propeller at  the  temdnal 

peripheral speed of propeller blade of 0.9 Mach constitutes roughly 118 db 

and, at the supersonic terminal peripheral speed - 126 db, which exceeds the noise 

lerel produced by turbojet engine. 

The lerel of noise produced by the propeller even with the subsonic peripheral 

speed exceeds considerably its maximum permissible value. 

The sound insulation of aircraft 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 auditory apparatus. 

However,  the noise due to rotation of propellers, occupying the 1-f range, 

is stronger. Coping with the 1-f noise by meana of sound insulation of the pasaenger 

cabin is not noticeably effective and,  therefore,  the noise  reduction is accomplished 

by other means,  such as decreasing the peripheral speed of propeller blades, 

increasing the number of propeller blades at  relatively low speeds of flight, etc. 

Mssengers are affected        also by a disagrreable action of the sound  'beat* 

produced as a result of the asynchronous rotation of propellers of multi-engine 

aircraft. 

Most disagreeable are beats with frequency range of 0.2  to 8 - 10 eps. 
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At tb« beat  fraquancy lover than 0.2 cpa, its dlsagreeabl« effect Is sooewbat 

lesser due to the fact that the power of sound changes at a relatlTely lower rate* 

At the beat frequency higher than 10 ops,  the human auditory apparatus ceases 

to perceive differences among rapid chengaa of sound. 

The synchronization of RIM rate of propellers of all engines constitutes 

a means of coping with "beats* of sound. According to some experimsntal data 

(Bibl. 2), the synchronization of RIM rate causes some reduction of the magnitude 

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

As was demonstrated by a number of theorstieal and practical investigations» 

the noise level oay differ at the various phase relations among propeller blades, 

even at the synchronous rotation rates of shafts of all engines. Consequently, 

we have a minimum noise level at somt of these relations. Therefore, a certain 

decrease in the noise level can be achieved by means of synchrophaslng,  i. e., 

maintaining specific values of angular relations among propeller blades 

of the various engines. The synchrophaslng makes it  possible to reduce the noise 

level  in the  1-f range,  that is,   in the range where this noise level has  the greetest 

magnitude. 

The synchrophaslng is expedient also because  It dlndnishes a harmful effect 

of 1-f sound oscillations on aircraft structure, csuaing the vibration of Ita 

Individual elements. 

The precielon in phase maintaining, which inaur«s the constant minimum noiae 

level,  amounts  to approximately 5  to 7°;   It is obvious,  bowaver,   that it may 

change  in plus or minus for the rarlous structures of aircraft and propellers. 

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

In sereral ways. The first mstbod,  theoretically sielest and absolutely rallable. 
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consists in a rigid connection of engines by means of the Joint msehanical shaft» 

HoweTer, the practical realization of this asthod poses considerable difficulties 

and causes a substantial increase in aircraft weight» 

The synohrophasing through connection of engines by »saim of the various 

■flexible shafts", a« g,, an electric shaft, also causes a considerable increase 

in the weight of powerplants of aircraft and, therefore, their application is not 

expedient. There rsmains the third method, to vit, maintaining — with the prescribed 

degree of accuracy ~ the requisite magnitude of phase among propeller blades 

by acting upon the engine control system and, particularly, on the RIM regulator 

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, consequently,  at the variable phase 

among propeller blades of the rarious engines, was investigates earlier by several 

authors and is not an object of research in this work. We are presenting in this 

article the results from investigation of certain possible schemes for synohrophasing 

of propeller blades by means of automation at the various disturbing actions 

on the engine in flight.  It was assumed during the investigation that  the synohrophasing 

system should satisfy requirements imposed on such a system as regards  the accuracy 

of maintaining the phases only in steady conditions of aircraft flight,   iaasmuob 

as the transient conditions of flight  (e.  g.,  takeoff and climbing)  coiBand only 

a small  part of the entire flight  time. 
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Btamlnatlon of Poaalbl» Structural Scheaaa of Synehrophasing 

In order to select an expedient acheme for synchronizing the blades of propellers 

of nulti-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 synchro phasing 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 adjusting with an absolute accuracy each RIM regulator 

of all engines to one value* Therefore, the difference among RPM rates of the various 

engines can be relatively great, attaining in certain oases 20% of the nominal value. 

When the RFM rates of two engines differ by 2%, the nominal RPM rate of propeller shaft 

being 1000 rpm, one propeller shaft will outstrip the other by 2/3 revolution par second. 

Consequently, during this time, the blade 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 synchronisation of RIM 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 nnater ievlce. The superiority of the  first  »thod consists  in  the reduced 

amount of equipment;   the driving engine nay work without a synchrophasing system, 

thus eliminating the need for a special master device.  However,  it is known 

from the  practical experience  in operation of aircraft with turboprop engines 

that, even during a steady flight,  the engine RIM rete varies constantly 

with amplitude of - 3  to 3 rpa on propeller shaft and mean frequency of about 0.3 ops. 

Therefore, when the synohrophasing system is switched on,  the driving engine 

will be an additional source of disturbing actions  for driven engines;  this complicate» 

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

of synchrophasing by a spedial master derioe, prorlded that its operation it stable. 

Fig. 1 shows one of the possible and sinplest functional diagrams of synohrophasing. 

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 extraneous 

disturbing actions« 

Fltl Aiuiainenb 

Jaöamre 
t/cmpoücmSo 

CuKipofCicnpon 
An/» 

Fig*  1. Functional Diagram of Synchrophasing System« 

1  - engine;  2  - nastsr derice;  3 - synchrophasotron*i  4 - regulator of Tariable-pitoh prop. 

Transl« notet  Item 3 in  the above diagram reads SIKKHROFAZCgON  (*proton-synchrotron* 

or "synchrophasotron»). The  taxt  refers to SINKHRDFAZATOR  ('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 which consists in the  following! upon termination of  the  transient 

mode caused by any disturbing actions   (including the inaccuracy in adjustmsnt 

of RTM regulator),  the system should establish 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. lf has the following formt 

Motion equation of eompresson • 

. '    (T;^ 1)*!=-*,^-'*13-<v: /-"(O; (l) 

Motion equation of combustion chamber (without allowance for transient delay)t 

*——*bt*i+**lk«J (2) 

Motion equation of RIM regulator with variable-pitch propeller« 

trÄ^+!>/*»«*« («i+A*«^ . (3) 

We shall write the motion equation of synehrphasing unit in a more general formt 

***■   «■?(/')-vo. (4) 

Here X^s Anj/n.- is the relative deviation of KPM rate; 

w, ^P   is the  relative deviation of the angle of propeller blade setting; 

X3    is the relative deviation of gas temperature before  the turbine; 

F( t ) are the external disturbing actions; 

JULo   i3 tbe relative change in fuel consumption; 

^ X, x      la the control signal of synohrophasing system, acting upon the adjustment 

of RIM regulator; 

T- is the time constant of turboeompressor; 

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

k^2 amplification constant of turboeompressor according to the angle of propeller 

blade setting; 

k.. amplification constant of  turboeompressor according to the gas tampereture 

before the  turbine; 

ko. amplification constant of combustion chamber acoording to  the RIW rate 

of  turbocomprosaor; 

k.,-amplification constant of combustion chamber aoeordlng to the fuel consumption; 

k^  amplification constant of RIM regulator; 

nD-TT-62-1166/1/ y- 2, 
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V  (p) la the   transfer  function of aynchrophasing unit; 
e 

7( g   lc the relatlre deriatlon of the phase of propeller shaft rotation angle» 

The relatire deflation of phase is determined within its initial Ttlue 

by the deriatioi   of the engine RIM rate (at the constant rotation rate of master unit). 

In fact, let us assume that the RFM rate to which the RPM regulator of driren engine 

ia adjusted exceeds the HEM rate of master unit by the quantity A n...« Then ve shall 

have for the rotation angle of propeller shaft of the driven engine 
T.;|| __   1    T;nin . 

1    p *,    r   so 

Similarly, for the master unit 

■   -j^-y'^"-'""^*^^ w 
vhere 

The phase ndsnatch then is 

A" l// (C) 

1,-S,       '    "'" (.v,  , A.v,) (d) 
/'      30 

«,      -   (-V, A*,), (5) 

whe:ce 

T"lL 

Having substituted the obtained phase expression in the equation of synchrophaaing 

unit  (4),  and having designated 
„•11/    ., f"l0 

u((/.i   wlW .„, ■ (6) 

we obtain 

/..v^-Wj/'MA,     iv,). (7) 

Upon elimination of variable quantities ^UpiX« and Ax^ x fro« the equation 

system (1),   (2).   (3) and  (7). we obtain 
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I(7,
t^+l){7^ + I)^+ik|f»ni»+M«Wr.0'):|-*iAiCr^+,>^x',= 

--»1A,V.(rtA*l+M^(r^ ; 1)/'!lV-; (7"*/''-1>/'"/''(0 (f) 

or* harlng designated 

(rT/, + 1)(7-,^i-l)p--M2rH13A-31(^/'J.;1)^=D^ . (g) 

which includes only the prescribed Parameters of engine and RFM regulator 

with variable-pitch propeller, we shall hare 

ID(/.)/'-I^A,\VC(/')I-V,  -»lAtw;«^»+ (8) 

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

but in the deviation of phase from the prescribed quantity. Therefore, equation (3) 

yields 

A,:  />.*!)- A-V, 
! 

(9) 

and, having substituted the expression obtained for / .  in  equation (8), 

we obtain 

+(r^+i)Am (10) 

In order to achieve, in steady flight modes, the corrsspondenca of phase 

to the prescribed quantity at any actions on the engine and with any inaccuracy 

in adjustment of the RFM regulator,  the system must be aatatic in relation 

to signals ^X.ju.    and F(t), This can be attained by selection of the corresponding 
X  i   q 

transient function W0(p). 

Let us consider what requirements must be satisfied by  the   transfer   function 

Ve(p)  for each signal saparately. 

Tor the signal on inaccuracy in adjustmeat of  the RFM regulator we have 

In this ease,  tha system will  be astatic  in relation to^X^.  if the trmnarfer 

function can be represented in form r'<r\ 
«■(/o»-^. (11) 
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Furtbemore, it Is sufficient for signals    U    and F(t) that the element 
i   q 

baring tbe transfer function Wc(p) be not a differentiator» 

Consequently« if one desires tbe system (10) to be astatic in relation 

to anyone of aotionsiAXit  M<0 and F(t}(  it is necessary and sufficient 

that tbe transfer function Ve(p) be reduced to tbe form of equation (11). 

Let us determine conditions of stable performance of tbe system at V^(p)s k0. 

In tfcis oose, the characteristic equation of tbe entire syncbropbasing system 

will have the following form 

H A.Ai/'5   »ii*«*.   o- (12) 

This system is obriously unstable. 

Consequently,  the introduction of a syncbropbasing unit bsTing the transfer function 

We(p) renders tbe system unstable. 

Let us consider the condition of stability of tbe syncbropbasing system 

when the transfer function of tbe syncbropbasing unit has the form 

u-,(/,)    *"•   ^ . (13) 

The characteristic equation of tbe system will then acquire tbe following form 

; ^IA]/'5-; *t£aßiß    *ii*tt*i    0- 

Hence the conditions of stability of the system 

(14) 

i* ir,  r,(i ; *,3*3,)i(i   »jy  /,/>•. ^,>0 

2) \/\ i r,(i : kMao   Mb)   VaMii I 

(15) 
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I 
3)   [\-rkl-(\-'rki:tk3i)k1]{[rj+TR(\-rkiik3i)\{\ + 

(15) 

Th« inequality 1 from equation (15) is always fulfilled,  because the control 

system of engine Rm rate is stable. The fulfillment of conditions 2 sod 3 

from equation (15) depends on values of parameters k^ and kg of the synehrophasing 

unit»    • 

Fig. 2 shows the region of stability in coordinates of parameters k^ and kg 
a 

at  the following values of parameters T*« 3*£ s«c;  T^-0.07 sect k^-SOi;» k,^- O.Olj 

k13 = 1.461 k31= o.55i ng = 1075. 

« —■- 

«I 

c 

fflSflfflfflffl: | 

p r ffl mPffl 
Mrl                                                    i  \ ! 

1     A i                                                        j\i 
7.                      i                               J   W^ 
/                                            - XA /                          M   \\\ 1^! 1 1 M 1 1 1 1 1 1 M 1 1 1 1 1 ISJ 

ij OJ OJ C-k, 

Figure  2.     Stability Heglons during the Action  of 
Synohrophasing Signal  Only. 

The transfer function of synchro phasing unit  (13) can be realized by two msthods. 

Let us  represent the function V0(p)   in form 

(i) 
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Hence follow» that the re-adJuataent of the RIM regulator should be aceonpliahed 

according to the Integral from phase ml snatch (fulfilling the condition of astatlclty 

of the systsm in relation to inaccuracy in adjustmsnt of the RIM regulator), 

and also according to signal proportional to the phase mismateh (fulfilling 

the conditions of stability of the system). 

In the second msthod, the action on adjustment of the RIM regulator can be 

accomplished according to the signal proportional to the difference of RIM rates 

of propeller shaft and master device, i« e.» according to the signal n^ ■ n^, 

inasnuoh as 

P«-^(n,-nw). (Jj 

In this case, the equation of synohrophasing unit acquires the form 

/'•Vv,,,,:   (/-•,/. i A',) (AVI .Vv,). (16) 

The problem InTolvod in reduction of the angular rotational Telocity 

of propeller shafts of all engines to one  value with the aid of a synchrophasing 

unit performing only by magnitude of phase ndsmateh 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»  most expedient 

Is the synphasing of nearest blades.  In this  case,  the naxiisum Talues of phase 

derlation my amount to   - 360 /2m, where m is  the number of propeller blades. 

This  leads  to the followingt  when the RPM rate of the shaft of propellers being 

synchronized  is difference,   the sign of this  difference being unchanged,   there nay 

occur e change of phase  aign»   this will cause a change  in sign of synchronizing 

signal,  and the system becooes structurally unstable. 

The beharior of synchrophasing system under  the action only  in  the signal 

of  phase miantch #,  according to the  transfer function (13)* st  the presence 
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of actions causing —j— deriation of the RJM rat« of propeller abaft 

on the order of 3 - 5 1*,  is shown in Fig, 3* 
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Fig.  3. Transient  Proceaaee of Synehropbaaing System. 
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As can be seen in Fig. 3d, the synebropbasing is accomplished, but the tin» 

of phase setting constitutes about 40 see« At the same tine, baring compared 

the osoillogxam shown in Fig, 3d with that in Fig. 3a, one can see that the process 

of synchrophasing is determined mainly by the quality of performance of the RIM 

regulator, because amplification coefficients in channels of RIM rate synchronization 

and synchrophasing have a small value, and the synchrophasing unit accomplishes merely 

the function of reducing the phase to the required ralue 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 zone of the regulator) 

with deviation of the average value of RIM rate from the synchronous one, which excludes 

the establishment of a constant phase value.  Particularly 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.  it. 
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o.? 
0.1 
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-0.1 
-0.? 
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Fig.   4.  Transient Processes with Synchrophasing Unit Being Acted Upon 

by Signals oi Difference  in RPM Rate  and  Phase Differenc« 
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However, in this case, the character of transient process is determined mainly 

by the quality of performance of the RIM regulator. 

We have considered above synchro phasing processes for an ideal synohrophasing 

unit. 

If each channel of synohrophasing unit contains an aperiodic element,  its dynamic 

properties are described by the system of differential equations  in form 

(/•j'4   DAAV    M-V,-1 A.V,);   1 
('/V';  D/'-Vv,,,     A-^.v. + A.v,): (17) 

Stability regions, corresponding to this case at Tc - T j, ■ T, are shown in Fig. 3* 

As can be seen in this figure, an increase in the value of time constant of the aperiodic 

element in circuits of the synohrophasing unit does not cause any great changes 

in the stability region at smell values of T, 

The functional diagram of synohrophasing system with the synohrophasing unit 

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

*.,' (k) 

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

respectively. Transient processes in  this system st  Tc    T.      T are  shown in Fig.  7* 

As can be seen in this figurs,  tb« character of transient processes  in the initial 

sections  does not  differ substantially front transient  processes obtnined 

at  the absence of  inertness of the  synchrophaslng unit. 

(see   following page   for figure  5) 
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Strict requirements concerning the phase maintenaaee accuracy at the presence 

— during a stabilized flight — of constantly acting, disturbing effects, 

causing the deflation of RPM rate of propeller shaft by the value - 3 - 5 rpo* 

obviously cannot be net without iaqproTement in quality of control of the RPM rate 

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 disturbing action* 

the phase changes within a wide range and,  at  the first moment,  there occurs even 

a change in phase sign. 

The syMhropteAiac process cannot be  in^roved also by  introducing the correcting 

devices into the circuit of synchrophasing unit. In fact,   if the correcting device 

is inserted into the synchrophasing channel of synehrophasing unit in form 

of an ideal differentiator,  the motion equation of synehrophasing unit will be 
•    ■ 

/^.v^HA-,/.     MV :   W-Vi AX,) (1) 

or,  upon transformations, 

P'AA-^   KVi ^V/'   k^x>   Ax«)" (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  lc, - kj ") 

at 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 RFM synchronization circuit,  the equation of synehrophasing unit will assume 

the  form 

v'-w,^   (/•,(--./•   DH MC*! I W (19) 
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The charactoriatlc equation of the system will be then 

+*lt*n(i+VJ/»,+*i«*t«<*^+*J  o- w 

Let us determine hence expressions of k^ and kj for construction of the stability 

region by the method of D-dlTlslon 

2 A-i-A, 

(20) 

Having excluded  CO   » we obtain 

v ^A.I^-'^f'^uV^r/vi^JA- ,-: i *i. (n) 

Hence the maximum value of k^  (kg- 0)  is equal to 
. 1  

' 1   f- *13*3I   I7-    /.a.*    *    W   7-1       T (0) 

and the maxlnum value of kgi 
/.     t A !  

1 ;.^3'(^,i. ^^O-M .. (p) 

It  is clear from these expressions  that  increasing the value of X    causes 

an Increase  In anpllflcatlon coefficients of the synchrophasing unit, kj  and kg« 

and, consequently, an expansion of the stability region. 

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

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

coefficient  In the circuit of RIW regulator. 

In feot,   equality (19)  can be presented  In the  following form (on essumptlon 

that,  as  a result of operation of the synehrophaslng unit,   the  re-ad Justment 

of  the RPM reguletor to the required value has been accomplished  and L *^    0)m 

and the equation of RPM regulator will assume the  form 

ITD-TT-Ö2-1166A * 2- 



OV+i)/^ k,(H *iOH ^(MH ^)]-v, 
(r) 

It is not penaloailble to increase the aaplifioation coefficient in the circuit 

of the RPM regulator, because this coefficient is selected normally from conditions 

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

Basing on the analysis conducted abore, one can conclude that the process 

of synehrophasing cannot be iaproTed by introducing into the circuit of synchro phasing 

unit the correcting devices in form of differentiators. The synehrophasing processes 

can be improved only by improving the engine control system, 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 RFM change into the circuit 

of RIM regulator of the propeller shaft (introduction of acceleromster)| 

b) stabilization of control system by acting upon fuel consumption by the RPM rate 

mismatch signal* 
■ 

In thfl first case, the differential equation describing the motion of Rm regulator 

assumes the following form, (for the real aocelerometer)» 

(7-*/'; o/'.v, »«[(^JT+1)JC' : ^4 (21> 
The characteristic equation of the oloaed system 01  synehrophasing will be 

In this case . 

W> ;iv.(i : kMt   /,(/„ | r,)\r 

1 Mi.C I V.V'51 MbC«, ■ T,k,)r \ kj^k,   o. 
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Hence the expreasiona for k^ and k^ in construction of the stability region 

by the method of D-division will be 

N 

»,-- 
(t) 

These expressions for k^ and kg can be represented In the following formt 

^TT^'I 
1 + ^la^'ai — T'T7'/?"' ,„2. 

In*. 

(u) 

Hence it Is clear that coefficients K^ and 1^ are two components constituting 

frequency functions« At the same time, constants Introduced into the first coiqponenta 
e 

depend only on parameters of the accelercneter« and second ones on parameters 

of engine and yariable-pitch propeller regulator (without acoeleromater). 

Ta 
Let us Introduce the designation --- • 1. The expressions of coefficients k^ and kg 

will then assume the following forms 

r._; O „,3   :      !    ■   '■l.l'vu        'JV'-'    „;; 
1   | 7-;.u5 »,«*, 

(22) 

One can see fron expressions obtained for k,   and k, that  the Introduction 

of the  acceleromater causes  an expansion of the stability region and  an increase 

in amplification coefficients of the synchrophasing unit« 

▲part  from that,  the stability region decreases with increasing TR at the constant 
X 

ralue  of  formula 1 ■   ■      and  increases  at  the constant value of Ta  and with an increase 

Vm ■ 
in fonula 1 -   m    . 

Fig.  6 shows stability regions of  the  synchrophasing system for  1-10  at   the various 

rn)-TT-62-116fe/l r,?- *+ 



values of Ta and with above-indicated parameters of the engine  and Tariable-pitoh 

propeller regulator. 

1     K R  i Ltn    pi 
W i      la J 1 M   U1         R 
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Fig.  8. Regions of Synchro phasing System on Introduction of Aoceleromster 

into RfM Control Circuit. 

Fig. 9 shows transient processes in the synchrophasing system at the action 

in form of a single step function. It can be seen in this figure  that the introduction 

of  the  Bccelerometer causes a substantial improvement in the sync hrop ha sing process 

at a  relatively small  phase deviation. 
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Improvement In the quality of the process of controlling the nujaber of rev- 

olutions of a turboprop can be attained through the introduction of additional 

action in the coneunption of fuel on a signal of deviation in the nuaber of revw 

olutions between the mast' r device and the       dependent engine.   The 

structure of such a System is »hown in Fig. 10. 
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I'lg. V.  irantiltion processes of the system of synchroniziition in the 

introduction of an acceleroraeter into the chain of control 

of the number of revolutions. 

i 

(aa) 

The   system  of  differentlnl   equa'lcns   lor   'his   c^se  h>-s   the   followinr   form: 

eaua'inn  of motion  of   »he   turbocompreesor 

(/',/' i D.v, ft^p, h*i»«l I ' i')- 

equation  of  the  motirn  of  the  combusMon  ch-jnber   (not   takln*-  into 

account   tße   tranBrnlsslon  delay) 

■VJ *3l-«'l   .   ki^q       *,(*!       ^v,). 

equation  of  the  notion   of  the  regulator   of   the  nujcber  of   revolutions 

with  controllable-pitch  propeller 

(7*/' i ')/'il.    M*i • ^i*)- 
|kMp 

eou'ition of  the motion of the   synchroniser 

(bb) 

Uc) 

ft**    (H.pl k2)(x, ; AJ:.). Cdd; 
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Let üB unite  the  equations  of  the  turbocompreesor and   the combustion cham- 

ber after having excluded  z«: 

yrom  the  reiationship obtained  it  is  seen  tnat  the  introduction  of the 

action on  the coneunption  of fuel   is equivalent  to an increase  in  the automatic 

speed 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  rev- 

olutions,  and  in this way   improve  the process of  regulating the  number of rev- 

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

Sum 

tag; OP 

is. 

Tig.   10.     DiMgrair  of   the circuit   of  the   synchronifat ion circuit- in 

the   introduction  of  the   stabil izhing  signal   through  on  the con- 

oumiition   of  fuel   on  deviation   in   the  number  of  revolutions  be- 

tween  the   dependent   engine  and   the  master  device 

in   the  coefficirt   of RBI-DI if ication  of   the   regulator  of   the  number   of   revolu'.l   n» 
phase   

can  be  accomplished only   in  the   case  where  a^synchronizer   is included   in 

in  all  morieB   of   ooeration   of the   engine,   which   doe»>  not   corresnond   to   require- 

ments.     Besides,   this  is   connected  with  change   in  the  paramet-rs  of  the  refful»- 

tor  of the  number  of revolu'lons.   and   therefore   it   is no*   go^d  in  tne  c^se of 

the   setup  of  °   -hate-synchronltation   system  on  aircraft   in actual   otjeration. 

m)-1,T-62-llfc6/l rx *1 



In  this connection  it  Is more  feaelble not  to have an increase   in the   coeffi- 

cient  of amplification of the regulator  of   the  number of reroiution«,   and to 

introduce an equivalent  signal  proportional to the  rate of deviation of  the 

number of revolutions in  the  chain of the phaee   «ynchroniter along the  chan- 

nel   of'' synchronisation of  the nvunhe-  of revolutions. 

In ?ig.   11  there are  shown  the   transition oroceescs  in the   system  of  syn- 

chronization corresponding  to the  design  scheme presented  in Fig.   10.     From 

this layout  it  is   seen  that with a greater'       coefficient  of amplification 

In  the  chain of action on  the  conauaption of fuel   there  occur automatic  oscil- 

ations with a comparatively small amountof deviation  in  the  phase difference 

(Fig,   11,   H). Decrease  in  the  coefficient  of amrlification  in  the   chain 

of action on the  fuel  consumption leads  to H  slow extinguishing of the  oiicilla- 

tion -orocees with an increase  in  the  deviation  of  the  value  for  the  difference 

of nhass   (Fig.   11,   b) 

Then  introduction  of a real  differentiating link   into   the  channel   of 

synchronization  of   the  numDer  of   revolutionf-  leads  to  considerable  improvement 

in   the   transition  processes   in  the  number  of  revolutions  ana   ■oh/'-se  difference 

(FiK.   11.   c).     However,   the   signal   of  the   re^djuttment   of   the   regulntor   of   the 

numbfr of  revolutions  is much   ttronger  in tnit  ctse. 

I 

In"estigation of the System of Phase Synchro- 

nisa*ion in Random "ffects 

In flight the engine is subjected to the effect of exttrnai cutturbances 

wr.ich cause a change in the number of revnhtlons of th shaft within certain 

limits.   In 'his case witn an establisned regime of flight the number of rrvo- 

luticns of the propeller shaft fluctuntes      with a frequency of about 0.5 ops 

and amplitude of    2—5 rpm on the Topeller shaft.   Therefore one ie interested 

In the    research of process of phase synchronlxation with ihat Kino of action 

on the erwrine. 
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T\e..   11.     Tran«ltlon proceeteB of  the   Bys'en  of 

Tihnse   synct ronlzatlon by  action on   the 

fuel   contujnption 

a) lc-i-4. y^O.07'-',   K.^10:  b) kl«l, lCi;r0.026, >.- 

si|  c) 'c1r3. v^
0-026"- ta1*1, •••• i  "^O.OC Bee, 

Ic^flO. 

Jig. 12.  yor« ot 'he «Ig^ 

n.>.l on the output of the 

generator of random effect« 

the electron   simulating 

unit with the use of a 

BT)eciaiiy developed signal 

generator which imitates the 

turbulence of the atmos- 

nhere which caueee a fluctu- 

ation -n the rpm oJ the 

engine. 

In this case for the 

Tjurpose of simplifying the 

circuit of the generator 

and increasln«- the de'-end- 

ability of its wortclng. 

there wag allowed some derl- 

atlon from 'fie cnaracter 

of real disturbing effect«.   If under real conditions the rate of change In 

the disturbing effect, -iiway« has a finite value, 'hen the signal on th- output 

of the generator changed by a .'ump (Fi«. It).        For a troilmatin^- the conditions 

rn>-,r-ii66'i-r^ H 



of the working of the syetem of the phase synchronizer on the aodel, to the 

real conaitions, the frequency and the aaplitude of the disturbing effects are 

selected in euch a way tnat he character of the change in the «odel which 

characterizes the deviation in the nuaber 01 revolutions will be analogous 

to the vehavior of the rxm  of the engine in an established flight regime. 

In Fig. 13 there is presented the circuit of the simulation of the system 

of   synchronization. 

A peculiarity of the simulation of the system of phase synchronization is 

the necessity of obtaining on the model a signal which is proportional -o the 

phase difference.   CleHrly, with a relatively large deviation in the rpm of the 

engine from the ran  of the master device in the transition regime some shitts 

ol pnaaes r-ny occur.   If the rpm of the dependent engine shifts from that of tlr 

master by some valuf-, ana this deviation is preserved, then the sipn of phase 

difference will periodically chance     with the cerloa ^9 m   «ec., where n. Is 

the rpm of *hf   engine. 

For realizing *he pocslblllty of obtKlnlng on tre «oaex HE signal which 

is proportional to the nhase difference under .oiy probabie deviaticn« in the 

rpm of the dependent engine from the synchronous ones, one can use the circuit 

shown in Fig. 1^, which worlce in the following fashion. 

A voltage which is proportional to tne difference of the rrm  of the engine 

shaft Jrom that of the       transmitter is fed onto one ol the contacts connect— 

 " *•" ~^fc. to Ing group Fi\   r*lRy  ?!•        On   ihe   second   contact   of   tne   same  group 

this   same   voltage   is   supplied,   but   wit;    the   reverse   tien,   and   this   Is  accomtjllshed 

by   connecting   In  an   Inverter   t operation .1    jnpi.'.er   1).      'Voltage   tatcen   from  the 

middle  point   of  this  grou-o  is   Tea   'o   "he   inmt   of  the   integrating unit   2,   on  the 

outnut   of which  one  «ets   the  voltage  nroportional   to   the  absolute  value   of  the 

Tihase  difference. 

¥hen a v  Itage  is obtained  on  the   ouVut  of unit  2  which  corresponos  to   the 

TT>-rT-62-1166/l v-^. 



I 

Flg. 13. Circuit of eimulation of the 

system of phase synrhroniza- 

tion under r.mdom effects 

(a) generaior of raodoa effecte 

(b) switchover device 

the phase difference at which 

there snouid be a shift of the 

sign, a polarized rely cute in on 

the circuit of relay Pg which 

causes the dropout of relay P^ , 

and, consequently to the change 

in the sign of the signal on the 

input of the integrating unit Z. 

Simultaneously with this ac- 

tion there occurs the switchover 

of the contacts of the contact 

grout; PT-> onto a certain con- 

tact which passes the signal with 

the reverse sign.  On  the ar- 

mature of this contact group & 

sigm-l is received which is proportional to the phase Difference, 

In Fig. 15 there is shown the process of maintaining the phas^ s under random 

effects in the absence of stabilizing signals in the phase-synci ronitation uys- 

tem.   As is seen    from this graph the phase changes over the whole range of 

its possible deviations, and consf-quently 

ä^H^' 
SHnJ 

ri^r.   iu.     Device  for  ob- 

T.hfl»e   signal 

^^>-T--^i•-iJN^/^ + J • 
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TlfT.   i5«     Transition proceesee  of  the 

phase-eynchronlfation  system 

during random effects and ab- 

eence of stabilizing signals, 

!q   r   O.i1   Wi   ^  s   0,026 

71g.   16,     Transition  procesr  of   the 

phase-syncnronizatlon   system 

during  random   effects   with 

acceleroneter   In  the   rpm-con- 

trol  circuit   (kj^J.  ic2=0.07H, 

Ta=0.35.   and r8«0,5) 
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Tig,   17.      '"rannlilon  proceeset   In   the  nhaee-oynchronliatlcn   system  during   rmdom 

effects   and   stabilnation   signal   through  action  of   the   fuel   consuaption, 

Jcj  z U,   tc^, T  0.07Ö.  and  JCIJ. z  10, 

the   required   precision  of  piiate  maintenance   is  no"   su«-Hlr.*a.        The   Introduction 
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of the accelerometer into the circuit of the rpm regulator enables one to improve 

conslderahly the process of phase synchronization (Tig. 16) 

The -orocess of -chase synchronization is also im-crcved by the introduction of 

a Btablllzing signal through action on the constunption of fuel (Fig. 17). 

The introduction into the circuit of a phaee-synchronieation signal propor- 

tional to the rate of deviation of the rpm improves considerably the process of 

synchronization even during random effects (Tig.   18). 

Fig. 10.  Transition processet of the phage-syncbror.izatlon system during ran- 

dom effects and stabili7ation signals through action on the fuel con- 

sumption ana in accordance with the rate of deviation of the rmn in 

the synchronization circuit (1^=3, ^^=0,026, KTCIO, T^SO.^, mc t'ft-^). 

V 

Conclusions 

1. For most   of  the  icnovn  systems  of rpm  control  for   t.h«  turboprop engine, 

the  Introduction  of a system of phnte  synchronisation,  astatic with  relation  to 
disturbing 

•xternal action,   chanpe   in   the   conBunotinn   of   fuel   and   inaccuracy  of  ad- 

justment,   it   is   essential   that   the  phase   synchronizer have  a  transmission   func- 

tion   reducible   to   the   formula 

P 
2. ""he requirements applicable to the process of phase syr.chronisation-- 

maintaiilg th«. t-hases within narrow permittible limits—can be satisfied only 

rrD-r:-62-1166/1 rx 33 



/, 

in the  case where  there   Is introduced   into  these  devices stabilizing 

signals   (acceleroneter   into the   rpm  regulator  or action on  the  c. nsujjptlon of 

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

Lit   erature 

1.*   The  Journa    of Acoustical  Society  of America,  No.   3,,   1953. 

2.     SAE Joirnal,   April,  1956. 

rrrurr-62-1166/1/^ J^ 

» 



DISTRIBUTION  LIST 

DEPARTMENT OP DEFENSE 

HEADQUARTERS USAP 

APCIN-3D2 

OTHER  AOENCIES 

CIA 
NSA 
AID 
OTS 
AEC 
*W3 
»ASA 
RAND 

Nr. Copies MAJOR AIR COMMANDS 

APSC 

Nr. Copies 

SCPTR 1 
ARO 1 
ASTIA 10 
TD-Bla 3 

1 TD-Blb 1 SSD (SSP) 
ESD (ESY) 1 
RADC (RAY) 1 
BSD (BSP) 1 
APSWC (nr) 1 

1 1 
2 TD-P3a 1 
2 
2 
2 

\ 
1 

PTO-TT-62-1166/1+2 



UNCLASSIFIED f 

UNCLASSIFIED 


