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Fig. 2.51. Control system of single-shaft TGE with variable nozzle.

1--Servomotore that drive the nozzle vanes, 2--damper, 3--fuel filter, 4--high-pressure fuel pump, 5--low-pressure fuel

pump, 6--high-pressure pump supplying the servomotors which dirve the nozzle, 7--bypass valve, 8--engine-shaft drive,

9--pump supplyin, the assemblies of control system, 10--bypass valve, 11--lever of systein that limits the !uel flow durlu(

acceleration, 12, 18--springs, 13, 14--stops of lever 11 15--fuel valve (throttle), 16--ser of system |

fuel flow during acceleration, 17--slide valve, 19--fuel valve, 20--diaphragm, 21--slide valve, 22-- control knob of n.l-o
conditions, 23--slide valve, 24--solencid, 25--control mechanism, 26--aneroid chamber receiving the ps signal;

27--jet, 28--feedback lever, 29--valve, 30--nozzle control lever, 31--slide valve and pistoa of isochronous controller,

32--piston of servomotor that drives the fuel throttle valve, 33, 34--setting mechanism, 35, 36--springs, 37--feekback

capsule, 38--feedback lever, 39--jet, 40--tachometer slide valve, 41--tachometer weights, 42--pressure gage box, 43--

setting mechanism, 44--variable jet needle, 45--jet, 46--valve of constant fuel pressere when engine is started, 47--start-

ing valve, 48--drain and cutoff valves, 49--distributor valve, 50--injector, S1--air fiiter, 52--check valve, 53--starting

Jot, 54--slide valve, 55--servomotor, 56, 57--springs.
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Hence we obtain for the accelerometer transfer function:

K,
0.-—'X—R>=—-—f’—- (3.48)

By substituting the transfer functions of the loops into (3.45), we obtain (on the

assumption that 30 =) the formulas

o e a;p = ay .
ap3+a,pit-a,p + 4, (3. 49)
Op— B0 NP
P ap +apirapta,’ (3.50)

where

“‘ = b‘TlK‘K'; ao- TT‘.

ag:- KK a,=T Ty
ay==b,T; ay=bK (K, — KT = ¢
az=—b,; a;=b,K K.

Hence the equation of motion will be as follows:

(PP @ P+ ap - 89) Xy =(0,p 2 X p(wp--a) 17, @.5

The system stability is determined by the inequality

a8y —ag@; =T+ Te) [6,Ks (K, +K T+ 21— TT0, K\ K> 0.

Hence we can see that the stability margin increases with the value of the self-
correction factor Py At low operating regimes of the engine, when Py 0, we obtain
the inequality

b K (K, K.T)—THK\K >0

Whaea we switca off tae acceierometer, by setting Ka - 'I‘1 = 0, the syswm becomes

unstable for p1 - 0.

S
-

By setung Py >0anc £ = = (, the stability will be determined by the inequality

L
'I‘p1 >0, i.€,, iiKe in the case of an isocnronous (PI) controiier, with ’1‘i =0.
Tac final value of the controlied parameter in the case of resetting of the control-

ler will be the same as for & system with an isochronous (PI) controller, viz.,
X, (0)= X%
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cordance with tae formulas (3. 14), (3. 13) and (3. 15):

D anhwanar ol fanctihenic in o
L 1asCCLJON0US, weelinLex 1 &c

HO== " =1 X'(0)=0; X"(0)= -LT""

-,

L 15 convenient w select the system parameters with the aid of the same Vvs....

.

Leaasaly Clagram (with tie monotoaicity boundaries plotted on it) as in our :..aalysis of

an isochronous system.

o~ oY Af ¢ S PO 1 s - - £, = g Fitets, < 4
Vaine ol wae loegral estimaie for p, =1 and @ Gosturbance X1 s specilec

AP

weeording w (3.41) by the foilowing formuls:

Jxom= — — —
3.32)
Sy comparing tnis formula with (3,42) we can sec that waen . 1 ‘\a. = T. the proecesses
- -

(2 Lhe cuse ol aa iscchronous (PI) controller and ia the case of a controller with anrze-

celeromewer will be tae sume,

[&3
»e
~

Thac inidal coadiuons {or a disturbance to with Py = 1 will te according o |

as tollows:
-z b,

X0=O; st __,.'__‘_-_, " ___1.___A___"__._'.
( ) ‘A \U) a; X \O ag Cg 72 =

142 iategral e o

estimate in the case of py = 0 and a cisturbance f is specified accord-
g W (3.40) oy the following expression:

1
./ 6 =3 - e (3. 33)
Y "

JGuows that ia the casc of u disturbance © it is convenical, {or dimialsning

Al

dae ud e anlepral estimate, 10 increase the values of Kl and K ,

R
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The generalized ccordinates are taken jn accordance with the block diagram (hence

XGf: X3). By solving Eq. (3.105) for an and an, we obtain

(@pp*-+a,p*+ayp? - ayp+a) X, =(ap?+ a,p--ag) X0+

+(@sp’ +ap-+ag)pf (3.106)
(@op*+a,p° ayp*--agp+ a) Xy = (g p2-} ayp - ag) X0
“+-(agp?--ay0p +ayy) /0, (3.107)

where

=Tl ¢~ Lhm~ Ta+TuT;;

ay=(Ta+TL) m= T3 (Tl K K s— Ll =- 1)
ag==(1—Lbl)m--K\Ks[l T+ T; (L= L))

a,=KKs (U3 11y wy— K\TaT 3l K
a=KK (LT -4 (Ts- Tl o --K K (-1,
ag=Tuls; e =Tgm--T1; w;=m; u;—=K 11Kl
=K KJ(TL+T)L+T;+TL0L): a, - KKl -LL):
“s=7‘;lz; ap=lm—LKKTs; o= --LK\Kyg
m=KT;3+1. o

From formulas (3.106) and (3. 107) we can see that this control system of the ro-
tational speed of the low-pressure stage (X n2) is aptatic under a disturhance fo applied
to the controlled plant and under a disturbance Xo due to resetting, whereas in relation
to the rot;;ional speed of the high-preggure stage it is static, The stability of the con-
trol system is determined by the inequality

83=8;(a,8, — ayas) > a,a3.
By expanding the values of the coefficients for 8 =1, we obtain the following sta-

bility condition;
{(1 ‘—I.‘[() (KsTi =7 1)'.'K1Ks [l:sTH+ Ti (13”;“ [114)% ~
XAHL (KT s+ D+ (L + T T L+ (K T+ D+
+7; (TH’stKs +1=01)] —Tq 7 [(1 =600 (T3Ks+1)=-
- K1KllaTs+K1K|Ti (‘J"i’lx’a)]} > (THTl (K,T,-{-— D--
+ T TiF K Kl 5L (3. 108)
From this inequality we can see that for increasing it we must increase the values
of K . and Ti' By assuming that the PI controller ig switched off, i,e,, 'I‘i =0, we ob-

zain the following stability copdition:
THL( - 1, /\’,K.IJTH)(TL_% T > TER K U4 1).

294
































































































































































































































































































































































































































