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UDC 621A454-546

PWRLSYOT-. OB? Tin; SOVIET 'TURBOFAN 1iNGN1 b-30

ZArt:Lcle by Master Eng, "i'kil Wegrzyn; Technika Lotnicza i Astronaukyczna
k(Aviatiori and Astr~onautic s l.,gineering), Polish,-AVol '25 No 1-, 1970,
pp ?~

The article discus-ses the Auictioning of' the miost im-
pqrtarit assemblies in the control systetq of the S6Vietu
coaxial ttnffobfan ýengine D-30:, the iIR-30 mechanism for
meteri-ng Tuel c~itputl-- 4, excenti-ic CR-1lw regula~tor
limiting th~,. rotlatio. speed of the engine's low-
pres~sure asziembly; ýui± .nie excentric- C.R.-21, regulator
cor trolling air outlet and input valves and the vanes,
of the input control, device in the hith-pr'essure coltz.
Pressor.

The basic assembly in thse coni;,:ol systen of tiwt- 'Soviet coaxýIall tux~oo--.
fain -engdna D--30 (desin.,ed by the Solov' yev Bureýax for t~he Tu-134 aircraft)
is a fuel output neterln-r raechar.!&sm which is oloc%--otiriected o-lth a Vickers
type pistons pur and --fhAch bears the designation ~R3.Au-xiliary. tasks
are ne~foiva I7 t~heaxcentric regulators C-wand CR-2d.

-ie). Outu :etrinfs Z-echanism 1,-5_9

Fue 1 Output. Ren~atior. Urnaex 034ea-ý±y Condition-s of ilglne ?.`br~c

Under varyinr: f~i iýnz condit-iorns, the work- of ah njine is kept,
steady by :

aofe tial v -0 ie ir. ht rani~a of rotational -Peeds o.f the high-
-rat--e -, :r? s-ialer than tte rc,-ulated --peeds, that -is,

A ~ ~ inaller tinaý.;)3tY

nn eCeLltric rc.,up~ator. of t1.2e pux'p in, thz- rar.,? el' e.gilwted rota-
tiona~ speedz.

dh iil erenz;-al %ralv.a operates on too#- rrincipic of rann
co1-.vtnt fr-el prz~:i'~~~eof Jk:,' fr and br-3hitrw th~e zhokirw~

741 -7



~~~~~~l -,~~'t- i L i nk Vith ~p~e ;P .iC~o1 t.
~i~:.:~.,., ~i .1 i'addoo AL thti xime U th. Uje-,iri rr t:en-

oiv ~'irdt~hl, pump vi~t tho '33ac. M '1 oiincdi.r the* .*-:IL!'J- 0-' d~:t~ iat l1.A. a re1.the Bf.tup n"etoi
* ~~ -rt. ;v~c.~ :wiI:t~h' -~Ir of Incl.inationr of' tile rois~int-uCv Ut i 1. 1( oiltP1ut of' V1101 fr-.,r the pix-.

o i i t:~ wu~ out,,. t tnre 'inriern'e b.?!itwoo thle pr~~r-

~;i d ~ ~u~the pre:,;ct. v:t.L.e o 1t0 i/em2 . At tnt momient. thuAiforoenr~.i w1vilve iilider retur'.is to tt initial. posi.tion, tUnvs closiniy offitts L ot,ý JfC uclt into thtý._ipacc Ui~udur the pistun...af U~C rz:Stl diua
*i~~O i L~-~: nter-!lisjton paefrorn 2Lie ~sink.

,.'-, L~fferetjtji1 val':-c, fuel oiitpu*t remains in :,.p5 rtti -t~ c~1~c;:ic!. occurs in the rotratior~a L .eed of the ~-r~Jr ~
1Y: M; .al2tv of chang-od flight. ccnditionnl.

Mtr Uh chokin~g valve iq closee, the fuel Preusure differm. cc-
raicy ico-s-aove~ 10 kri/cm-, and Ln~e diforetial vlve sliderslides

t,." -tr etposition. AareutV:rsianedl otinlto.1roszitio' w*h--e.-. corresponds to the Mrn4n15uM fuel output, proventing a elsein. the fuel p~ujwhich cou~ld dIamage the output regulator.

'.i th in the ranra of reguilated rovtat~ional ',pneds, the fual output Isr26ulatcd 'by thke excentric regulator.

Spo,,Ition ()f the excerntriC rc7,ulator slider L;. ai Nretion ef the
enrizcIS ~tt~,1j.spued. when this rotational speed in iteadIy, the &'ýider

a:~u.'c~a Vo,'i~it in wsh..ch the whole Cervo system is in equil.~i'im. '-'norder tc. incroa-ce the rotuitiona1 speed of the engine,, -the load on the 4Dprinrlof tne excetil.ric re'ýal"dLor slider must be increased, and thits is accompished
':y shiftting- V-? control lover.

1.Awhn the rotatlocnal speed dnereasor, the regniator alider lusee itsOcui-tibriun, and slides dowmwarci. This position of' the slider Incroases.
fuel inflom: into the space above tho upper pi.;ton o.f the servo1 system and,at t.he same timie, it connects the space uador the resictance dial pistonwith the -Arnk. rhe :setilp of both pist~ons begins to shift downwards, in-
creanirng the3 angle of. inclinationi of the recistanco di.al and the fuel out-.
put :kz well. 33y sliding down~wprd, tho slider of the upper piston connects.'oy reans of the cho'ko, the apace between thi pistons with the line Of the
51nk. 'Undor the effect of the lover. the bughing of the regulator slider
also berin3 to tno'.' downward, however, wtth a certaini dalfty with resyeet to
the slider, thjus functiorsing as a tM'pcal catch-aP sytstm. When the'riota-
tiona). fpeed of tho engine Is 01ose to the Preset speed, the regu3Ator ,
slidqr and bushir-v are) in tho nin5tirLI position. The -spaa# above the. upper
piston and the SPAC11 under 1t.w -ooistAnce dill piston t" s1plekwt
fuel at the same proma~ures~ aduring h rstrtrna.~ed hl h

2.



space bet¶:een, the pisttons is connect -ed wit.h tieconstant-pressure channel
by means of the slider of. tve upper piston., In the spade bet~een the -pistons,
the pressure and t!Le opposi1te movemient. of the bistovis increase. The slider,

an-us~hing of th~e excentrid regulator-cove u~qard ihtesxespd

(Their riutual :position does not change.). Thi's ipward, m"r-ement* ceases when
the elider of Ithe upper servo piston, closes-off the conneoc.ios -of -the inter-.
piston space with the constant-pressure channel., hi takeS Plac hen
engine reaclhes the requirr',d rotatio nal sped Thn, h-rg.o sldr
and bushing and the upper -piston assume thnev" initial position, -vhile the
resistance dial pi-ston assumes a positior in which the- ahE-gle -of inclination
of the resistance dia], is increased.

.:ene the iv~ttiona-l soeed i~ncreases,. the whole system operates -in a
m~anner analogou-' to the above lhow,.ever, the motion of all the abbve-ren-
'tion~e& parts proceeds in the opposite direction, -wzhile the Space bet!.-ecen
the p0istons is!, connected, not w-ith the constant-p-reýssure channel, but i:ith'
t~he sink.

?.egu3lation of ýLe.i Output' During Acceleration

Durng ~cleration of the engine,~ the fuel1 output is regulated 'by
the f&1owienng -asszanhblies:

t.he -hydralilic delayer '::Loperates wi-etnin the range of regulat A

.ile x~~sr ice linditeri-whicŽ1 operates vitihin a range from the-
ide arto rot;ational sn-eeds smaller than the starting- speeds.

A~nen, .:itbin- the range of rguae rotational. speeds, th:eý contirol1
lever is shlifted forh.:a-zd, then, lby xeais. of -.- cog iv.'neel,, thils lever pushas
the busbing of the elidin- bydraulizc dEtlaye-r iar.The zliding hnuehing
closeEs Te fa .in~k .pnn e cylinoer 0~ th~e 0ela-Yer Piston, w17i

the result tha;,t the fuel coainZ from the constanlt--Pressure cdnanneL flow;.s

in&to thse sriace undler The piston.- 1he oiston and itc cylinder shift *eqward
wiha 50eed 'let'en~ined by thýe ca2pacidtj- of twu. iFdrau3;iq dampers. As a re-

suit~, ',he lever, wýhose one endi is connev+ýed with the cyllzder and the other
,pho sjoring of tthe excentri eu-tr ldr begins to eet£~Co

the eguato sprng.Thesorig ajt ts th,-k axcentric repgulator to thO
ne-i loriz ccnc1Ltions (thre slider mvo'es 41-inuwa'* . '1%P del-ayer piznton stops
shifting; jwhen, th.e sink o~penine In the ocyJ&-4er oepsas. Uiat Js wh.en the n-:- V
Zxrn 'has shi-xteci by theO sa*,--a distance as 14jA the lidirs bushig

ahýn tne; encinw :5 ratatiornal spored d e22*a~sas, the rui aae

.sokshifts dopn vith a Speed det rjirwd by trhe capct'o h pe
hydraz~ie daripeP, Whri"Ch is adjud5zeC sc t~tc f-anie -in the co-.*ruzti*on
ciwunber of the enagine uould not go -ouxt.

llhen £he control lever i.,uosl nftdCrado th'psto
ctjri3M-odi~ne to thee idle gear, the fuel preseira i, ,roMt Cf tle dividil':.

u ~~~valve rapidly; inr-ea!ýaz k;- a result~ 4t-C s~i~ i h~~e~r i
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igure 1. outline of the Fuel Output eg-,,latcr ,UR-30

Key:vi 1. Resistance -dial piston 15. Se'2ond channel of injectors
-2. Upper-piston of servo systei 3.6. Jet cone

3. 1,ow-pressure filter 17, , Deaerating valve
4. Higbh-pressure filter 18. Fuel to CR-lW
5. Constant-pressure valve 19. Piston of hydraulic delayer
6. Differential valve 20. Dividing valve
?. Pressure rise limiter 21. Sink valve

8. Altitude collector 22. Regulation of idle run
9. 10-stage compressor air 23. Choking VaLve

10. Filter 24. Puel to C,1-2.
11. Starting mechanism 25. Fuel to CR-1W
12. Fuel outlet limiter 26. Drainage line
13. Solenoid 27. Regulator bushing
14. First channel of injectors 28. Regulator slider.
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l-nter :,o-es to the left and closes the channel of Duel outflo-: from the
snce, en the left "ide of the limiter piston,, wihither the "f.eL is conducted

t the area in .Zront of the dividing vae througrh a system of t.:o hy-
rndaeic danoers. .-,e pi5ton overcowes the reZsistance oj the sprin!' be-_ns

to move to e riL-ht., and stretches the ;-Prizng for as lons as -ie fue-
% vke~Csstfl2 itfront, of zhe di-tiding valiye increases. In th-is %ay, thie pars-

suire ris.ý linter e:xerts no effect on the chanae in, the ,fuel output.

.hen the control lever is •-'eddenly shifted foruard, the 'fuel pre M-

s,..re under the piston of the iv-.;tance dial rapidly falls. The s- raul-

taneous,. rapid rise in the pnszrara in front of tle di-vidint vnaS-,Ie shifts
the liziter shider ta the left so that the space bet.een the pistons ofI. •.he L4draaulic sarvo s-ste is connected uith the siAlk, .hile fue! fr-m the

. area in Exront of -he dividing valve is conducted, through -n oblique cer:n--
'in, into the soace under the oiston of the re&stance dial. in this i:&:

Zthe oiston of the resistance dia-l remains in the initial nosition for a
certain perilod. Daring that tine, fuel flows from the cohs-ant pressure
channel, throueh two hydraulic dampers,, into Ithe space under the piston ofK t .e h..drauic delayer, with the result that the piston and its cylinder
rove upn;ard with a definite speed. The lever exerts force on the sprinz
of the excentric reg-ulator CLider. and the sprhiig resets the rexaulator so
that fuel flows fron the constr- -pressure channel int& the space above the
upperDpiston of the serve sy , -hile The space under the piston of the

resistance dial is connected vitli the zsink. ;hile the limiter piston is
mu,•ng to the right, the opening in its cylinder is operied, and (dditionQ
fuel ,ihich bypasses one damper flo;s, into the space on the left side of the
niston and causes it to nuvz, even more. This closes the oblique opeinin! in
1he bushring of the limiter slider and turns off %he inflow of feel from the
area in front of the dividing valve into the space under the piston of t'he
resistance dial. As a result, the fuel output frar the pump is increased,
and al! assemblies are in a position, corresponding ..o a greater rotational
=seec.

Starting, the Rigine

Ther. the engine is net w.,orking, the resistance di.s of thV piston

pumo is positioned at a nax-•num angle. in view of this, in the first no-
:•ent o " rznteaotof uedlied o-ald te too large in pro-
netof3ati~,the aymolrt of fuldlvrd%portion to the -ýnioi~t of air. 7This tiould suddenly ra-ise the temperature.

above Vie permitted level. The action of the autoiatic startine nehn
Consists of adjusting the fuel supply to the air supply. In the first

ohasd off starting, the inflow of air is small, iuhile the fuel pressure in

front of the dividing valve rapidly increases, and therefore *Che slider of

the automatic starter is r,-,s- eci, allouing a portion of the fuel to flow

into the sink. As the rotationvl speec increase-s, the air pressure behind

the compresso.r rises. This pressure acts on a membrane which directly

controls the slider of the automatic starter. ..jh-n the rotational speed

* reaches 6,000 rpm, itho nembrine-coitolled slider completely closes off

Ithe route to the sink.
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flin ghit a altitud&._ activa;tion& zr tt -ý i's Lao ±zuitat~
by týhe altitude corre-etor iuhich, by, means of' a z~t of &
aa pusher, a leve~r, -and spikin s, iý,dacef tte- act~or.- of *,e i~morn n t!1e2
slider of ihe autom1atiic starter, -thus naking it ihie for t f-.,ll to
!1icý out inte -tbi -Sipk at A. lowe'r piesMsurr-.

ReliLt I tion i~n, Ac-10oraacie 4zrith, Gas ea r.

-To eliminate thbe danger -cf. the g~as tezperaloarc-, rising at~ove t4he perý-
mitted 'levaft-, the ',,ratr~ lnte i -5 as zo-pPAG-A 2t. ta'O of Vais
assemily consists- of, areductng t~he Ifuel Lnput. into tha *erigine Wher~&ver the
-temperature of the -gases rises above. -- e 1-M~ ,,;_;. The iT- a-
perml iq Coznpo siiof:

.1-.2 ýthke~ocounles ;Abich measure the tamperatuiz c'f t'. ý -gases behird
the tn end -thich also furction as the tranismitter -oi thP asseebly,

an 16.cticamplifier URT-T19%-?T[~ solenoid WIT-2Lf3
a temperature_ limitter'OT
a, rotational speed decrease limiter !-.'R,.

-From the constant-pressure channel, the fuel floiws truh -_ -alib-
ratedd jet cone u, iuder the'meebrane of the t temperature linit--r, and *then in-
to, the ,jet cone of t'he solenoid valve. ~From the space under tlhe ston of
the h~rdraui~i delayer, the fuel flows through a hvdraulic damper and into
the OT slider. The URT-ý19A-.2T amplifier transieriajutdtth

maximum temperature of gase-s in- an ideal atmos~phere.

w~hen the gas temperature becomes very close to1. the tem-pera-ture to
Which -thle aiiplifier t*ran"mitter is adjusted, an app~vprizate alectric impulse
is tfansmitt~ed to 'the solenoid which, byj means of a valve, be,-ins, to 'reduce
the outfldw of J~uel from underneath the inembran,,. of the temperature limiter4

-, -a -r esul, the -pressure under the ven~rane inc~rases. 0vorcomný.r±l the
,resistance of the spring, the membrane moves upeward Jointly with -he lide
6Lttached to it. 'When Ithe gases reach the preset temperatuz'e, zzv ' slider

,opens the fuel Pati- from the space -xnder the ~rzm- a c~~ itnt
the sink. By means of the lever, the hydraitic ".Qlayr T~ thie excent-
ric r-egulator so. that-the purip puts less3 fuel outo', a±nd ý"uzs the temperature
of:L the, ,ases decreases.

S 11ce tn excentric ragolator of the pnxjp~pt' withlin, the range
,of regula~ted, routation4 zpeedy, the PRT-35 assemt.1y caa regulate the fuel
output only- in, this range.

In order to 'prevent a fall in the rotati'obal f. ., of~ tte engiao be-,-
low 10,500 r"pm, Wjhich could happen when electric inttall nti~u la~ thfe

MIOR limitet of rotational speed decrease ties appl.ied. " t A rt~c
speed of 10,500 rPO, the, }E0 slider closes Sne fu~el P ath

space under tiW hydrowiic delayer pistoni t-j the rm±W:t, 7rom thajx j .nnett on,

Lthe hydraulid, dJqlý.yer no longer rese-ts the eycentric regula"tor $0 -a5 to

reduce .fuelt output.



!xccritric Regulator CR-lW

The exccntric CIR-lW11 regulator limits the rotational speed of the
low-urczzurŽ s•yse.'ten

c the so:i )f the rc;[-ulator slider, fuel from the space under thv
th• tl .-> ,•, u, c delayer is co..ductýý,d through the hydraulic

da'mper, The slider is acted upon by excentric .-eights from below and by a
5prinl: from -bove. tWhen the steady rotational p)eed of the low-pressure
y 0tem is _nailer .han the naximuir pexviitted, the slider is in a position

,hich ciuti off fu-_. ic'iow into it. The moment the maximum rotational
srxeu, •..z; A:-C!cdX-, :u tc -in increased effect of the weights, the slider
. Q:>. .± [att t~o th, sink line. In this way, the zpace ,nrd,--r
t!:~ i:2tcn of tic1. h, c .draic delayer is connected with the sink, and the
tfuel vreo;'e [that v)a lsall;. The piston atui the cylinder of the !iy-
dr.•lic dclar :..r:o. r.,..n.., ...d therefore, by nt•ans of the lover, tY.,
2..cntr i-e atc r 4 ... _so that the fuel output from the pump is re-
d2ced. The rottiovii± ,Pe' d of the high-pressure system and then of the
-.o::-oress:u.e Sy.teri de; v,";.

11
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4-e'

4 ~t:*-*~ -rc

di a e":.4i n r, .:.to: cc.~ ;.n;ptae~'.~~i

of' t~

pressurj coLtJ'rt~.j..4) fro -& n ani;1e of 00 tL a . of -0 .tvi ce ve~a

2h~.~i-~ ~u~p umpst " uel int'- the :Nel filter of the C -2W r-

i~uito'x .~ thie fuel izu- t!ýrrTv~ V~e zasin :!-. left itrrlem~ntine sliders
initc iycira,,Ijc fL.3pjaclcs. From tr.-ý cor3tarL-pris:r e +-%aeth fuel. !'"ws
to the of2c~~ the excent~r~.c trans~ait.zr 'dltat' 4 to, two cont'rol
SI iders. r:n a er a p re s _- ra n 1 7 th e rue ; ir cor.d1L-zt,,d fmm~ the
slider of t*h-. exceritrit: transmitter :;o two evn*tro1 5liderz and one Imnple-

.ne j-atx of th~e 7 or perforr¶-A t*, Mh -24 rmgulatiDr i s

as follow.:ý

Du ri am ~c '.1vatimr of the~ ýrý.ne

:i. .f th~ti.x hirih-prý-;,ire syste.e ha-, -t'~ rozv:t:.omŽ rpeed of
/-~bv. ,I'ue to p~ ress-are of the 1ruel comisl fMV. thO exc--nttrc transmitter,
air ouitlet valvas oeh.-rnd th- four~h and fifth ste.o '
comipressor onei;.

L. A f I~ th.j %tatA-or.,n.. spucd siii.; re::ch ~ .>t' the air itduu.
valvas arz reziet to draw~ air f&rzm behind the 10tSL? while the EA,
-.arcs are set a. an amnle of.aO..1

3. After thi.i rbot;ýtioral spkeed harý reac~xez 3714s0f. r.10 pressureý
p- f (n 2 ) raise.- the slider which disConnacts the Certerator starters; froto
the con s~tA-pxr_3-,r^0 chanbr.ae;-, the i'ucl f^Owqý under thi mo_=brane of the
microdisconnector a~hich tun,-, the starter3 off.

During Acccleration

1. 1-1nen the :oatio.1speed lnAs reachned ??-79%, the fue'lpressu1re
C roir the excentric .,ransmitv~r shif.ts tlhe right Ccintreloldr pa.rd

th u) fosCror~ the rccst- n-pro ;s"I M channel to the left control'slider.,
the ful flow

FT-H-2-4.17
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Fi uj.,j
oeliie f th :-)xenricR-Z CE

I5 ~ Sink lin

3. Otlie o the~cltri Cmp-2W zglat

2. D discon lnectn 9. lenetng slder
6 , Sin d ier 1-3 . f_ hydraILi~c TVI fap jack .i i

generator rer2. C yia2i 1A Jpac
?. Opening slider 14, Constant-pr.est-rr valve.

2. 'ffnhen. the xrotational speded 'has reachec.3 M9$$15, the lef t con-

trol sl~ider is shifted upwar 3d,, and:te, e l~s£o~ h osatp~ir
channlel under both implemnenting sldes As a eres olt ecth s the~p hydrmenin
sliders move upward, arid, the left implementing ,,,de onet the -hydIuiilapjck cannes w~h thesink ~. he rght slider lets the fuel t.w

frmthe pump to the WrJA vane control fl pJack, The air aat3.et valves be-

hin th Cortha~d~.itthstaesof the compressor ate closed. rile
valves are rMset tc draw air f rom behi-nd, the itsagwlehe k
vanies are set at an nleo 00

During deceleration, Of 'tile rotational speed, the CR-%VI operations
kare. peroftned in -the rovei~se sequience.

9


