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AUTOMATION' OP LIQUID FUEL ROCKET ENGINES 

R. Stinlg»ewih.i 

Oat of th# absolut# systems of liquid, fuel rocket engines Is the 

automatic control system. It has tine purpose of maintaining engine 

operation in certain specific ranges; In, addition, it assures stable 

epitelio», wh#» nectiiiiary it enabltt refulation of parameters la 

accordance with de*ar;ii»d program. 

Thi atitaiftatie leonitirol system III ttantlnuoisly being developed and 

modified* It, the. first types of inginas ttiti a simple, and even a primitive 

arrangemimti mod®rn rodcat drives have predominantly developed and 

freguently based on etootronio system amplifiers, automations and regula- 

tlons, Titila is the result of quite frequarttly refired problems which are placed 

befori aaloaiatlo, oaatrol system«,. From tiw» pniietit'vtewptiiint oft,, aucl # 

syst«« ijtiould also aiiswre work In, cifiitliwiain BoinÄtioris, ¡hat meai# «wh 

condltlior» at which the 'engine wofka mbiit perfectly and moat eooinornktally* 
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It 1$ clear that the «utomitlc oöntih©I fiyitern ot • ítiaÉlrrt-iálWtó 
: . : 111 .:1 ¡: 

I» subject not only to law of automartica hut «1» to tiöhßteftl oÿltéraattos, 

to view of the wide, pattblems of this qmwtiöft» In. thia trtitjlé will hê 

discussed only certain jaroitoWwi pertaining to tie liitltirt© ippliid aitowHB* 

tic control #ystem.s. 

Division of control systems. 

There is lo far no systematized part of regulation systems. This 

Is also evident from the fact, that rocket technique Is rather a yourg 

domain, and in addition much IMomation from this field is. still not 

published. That is why the division, brought up here, may be suggestive» 

However, it covers all hitherto known systems und automatic mnml 

systems of rocket engine » working on liquid driving material. One of 

the noasiblfl viirlaftta of automatic englae regulitlon includis: 

1) control systett for engine of ttirbapiap feeding; 

2) engine cawtfttl iyutem of présiitufe feedinf; 

3) engii» control eyetem of variable tlrtetj 

4) S'ynchronttíftf ayateme. 

All four biislc type in of tsystems d,Jl!:f«r btttween themselves fn 

construction m well m ift performance, The first two include *M avail¬ 

able engine* of conetant Attwt, Iniplti« of all thla, their autowetic control, 

syatims dlflar also to cowiitniction, ln fltät eaie, bteaust of the 

titm, of centrlfU'gal eliiaentii in tilt turbo pump «ysteta, «pióte! siixlmum 

P1®*TT-65*"' i i llï/l+144 2 



regulators or inaxtamm rpm limiters am introduced» M oüié-çí è Mr#s«MÄ 

fed engine It has no such device«, but the valve system is again quite 

coMidirftMy lèMlopaé* Most ie'Wfeli¡»d are »fuköon of 

variable thrust engines. In this case to addition to ly««» which hr 

a constant thrust system, there mult also be systems allowing regulation 

of fuel and oxygen intake as well an of stabilizing compkwiM, 

The symehrcMlaatiom system# placed in fourth place pertain to 

regulation of work of two or several ©nglie®. Their purpo#« is régulation 

of consecutive or »imultatiaous connection and dliconsectiem of iwjlvidual 

engines. Successive connection, takes place in multiitag« rockets, where 

the synchrontoatlcn system (assures connection of the engine of the next 

degree, a* soon when the engine of the previous degree stipi working, 

Cormection of subsequtnt iagtooB can also take ¡place, on an fcirciriít 

drivirn by a s«rl«8 of rocket engiati during the irealtoatfon of Juimptog 

thrtnrt regulation. Simnltnatoua cowifotton of several engines, can to 

principle take place only on an aircraft during the application of rocket 

drive consisting of' several angines. Synchronization systems are 

applied also tien, If one engine is a tnultlohamber one. They serve then 

for synehrontoiitlom of work of inctlvldwil chambers. 

Ref«latiort iyurtom of turbopiiiap feed irngiaes,. 

In the eiitlr# system of a rocket engine tbfirt ia a lk|u;M fjtrtvi:ng 

material of turbopurap feedtog incliwiltog the following sy«|fei||is 

F1fD*TT<-l5-l4M/l+2+4 | 



1. Stirtinq system of engine (UR8). Its purpose is synchronization 

of work of Individual units cf the engine during its starting. With the 

aid of eiectric installations Is also connected the starter, which in turn 

drive:: the turbopump arrangement. An electromagnetic vlave is opened 

simulatenously (ZE) and the gas from the pressure tank (ZC) flows through 

the reductor (R) and then to the hydrogen peroxide tank (H202), The pushed 

out hydrogen peroxide gets to the mm Atalpt #) and her® mrtder the 

efiect of calcium permanganate la dicom.pcwii into steam of a treasure of 

1S-30 kg/om2 and temperature of about S00°0, The vapor gm§ Ito tht tirblne 

and bag ins driving ume, rotating siaultaneottaly ft# pumps placed on the 

sam® shaft. When the turbine has already sÄWent ;pdwer«< ttd "st«rt#!r 

is automatically dlaconnected,, Tí», tetklag iiilnÉpi fuel 'til 

oxygen into the combustion ÂiÉfcÉf é| "til* eiiliie* 

2. lingln* ignition systiii ftÄjt* ltd a syitdifti exiistn only than« 

whan the drivtof iniltarlal is n not ¡»¡«If ignition »©dtam. For aatampte, 

wh«i w# deiatl in patroleum lind nitric iclíl èr gpièiroiáttm 'Änd ftyirofitt 

perlOÉlde, eimntually oftar oombiitatioirts mot Igtíitítíg when coaííiig ln 

contact with stttírouftd teaperotiure „ fh# purp*«» oí itiè' flZS th#d |¡i to 

initiate ighUoe in the chamber, tlhie igbittori ’hiitliddi i^plitoti ^ lie far 

togitlnfer witli th* selbime« amd «iiort |||i4Ír|||)tÍÍb |¡b given in Wlta 1, 

¡1, Stabilialng system of turbopump íun.angement íllSZÍÍ)* When 

ptanntng * tèbophêp dyaftti it l,s íf||t|yÍ||o utoftb ||j! cbMlÍÍ¿ÉdB 

sc thi« the pilbp alötld aiwü^ytií aguaL tu dint' pcw-r. The pre- 

FTD“TT“ 6 5~ ¿436/1+2+4 4 



ms ww Militó nmf iâwhatioh of ve«- 
WG' Pfflid'PM 

plxoftittcticöl 
Ignition syst«® 

I-oxIdJíser; 
l'-lnjiötton lieiidi 
4*pyro Cbwgt 

the isyto çiteffe il piaciad 'i¡i 

oi».#tiïg. It is coime cfcoid wtitb 
!WB through an electric iftfltoüiï- 
tiott* Mer to foadisg ítttl end 
oxldfttlí» IMO tba coiibtittion 
chaffl:bwr( the ©leotric ignltten 
«atari#! ittiistwl in the wo 
charge ii$ ignited» 

liquid final ignition 
system (a) with 
tank; (¾ with fuel 
in conduits 

l»oiek!i»#ir; i-luel; 
3-starting fwilf. l-oxl* 
'dtairf i-itart- 
lag fu»!» 

in a special small tank if 
isituited the self Igniting :fu«L 
At the iricment of ¡itttfting into 
the ohattibáir is fed first of all 
fill Igniting fuel and only then 
wofktag final. Self igniting fuel 
1« in a conduit îpieftwiewn 
'working fuel tinit ami combus¬ 
tion Ghiumfeer, During fh# 
■itartlng 'Into tba ehambiir goeiB 
first self Ignition, fuel, wlhlch, 
upon oontect with the ... 
ecimbustfi 11,01,«¡ting a gns,» 

outer igaltioii i|rititn 
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on wheel introduged from 'tin# side 
of notzlc V# pliead ,ppric chjugfl«. 
Itafare füliag inil and oiiiiiiaer 
iiitD the ¡diMntar tr# Ignite.I elao-'- 
Wo |dpip| ¡of ifwt# .. Tllha 
lié itjcniolphere ofetttaWl lin ilhls ", /fy 
Is tMimofittiiiwil by tlie revolution 
.of tills i«qu!fMiiftírt ¡ofÉrihi ihe 
pdsilhlliiy ciif i|||| ignition of the 
working fiel, ftirintt noolcit 

parira 4ht#gea |latí¡ed «n start’ idqulprnliint remalAe. 
wheel .iSttdä'iiHiliidrt eyelem ate inj. 

.'Id litEge ftalüwil„ 



dorainaftcë (à ïttftlft# power oftu«*$ üû taarti,fi in revolutions, and the 

predominance oí pump power « drop In revolutions, as result of which 

the work of the trtopwip isyite« !« ünstâhli» For this reason, it baieoai« 

rtec¡essarF to itlMJft® gte itirôtatMhsi í?i§» 

If twrfolne revotetioms go abow fine iteitWitölMi revokitiOMi, theh 

the regulator weight* cause displacement of th« distributor (2) downwiirda„ 

Ahsn iromconduits (&} being tinder hydrAulic fuel pressure# tht liquid will 

flow by conduit (c) all the way under the servo pinte» fij, '11« »rvö 

piston will be shifted upward!#, thoi causing an Increase in flow through of 

hydrogen peroxide being in closed circulation. In this way, the ¡amount 

°f hydrogen perûxlde going to tha catalyst will decrft&iOi thus the wnounct 

of staam itraBemittei to the turbine will dicrtas*. âs rtaalt of such 

action of the regulation, mystiem turbine ¡tpitts Will d<Mrr.«a, If thara 

wou.ld not 1» tht BO^caJlIisd re»er#e coupilmg (U), then the sup up of 

hydrogen peroxide flow through would be too violent, Ar result of thin 

a drop of revolutions would come not fro» «h» calculated rwwtaktioEl, Ibiit 

mich below that. Later, the regulator would cause age In a rise In revolu¬ 

tions, and thin a drop. Suds flictiii,alione art sometime*! long .and have a 

negative effect on fti ojperatlon of Hie ttirt®iw¡fip ay stem. That is whf I» 

modern regulttion syi'tems is introduoed a special reverse ooupllng, 

Htcj, are for i:h# purpose of uilltviatincj the toïnsfi» pwaiote*, as result 'the 

enarnge ovar Iroiri, one tfpii to iöi#r revolutions of'the turbopump sysiieii is 

relatively flipid, but «md&th. 



Ill 

Pi»1, I, 
Milpa» of rodent «mime '«* ttt«M dtlÄtt» materiel wtth Mopump fiiflla®, 
wife (liulfniftoai ntnl1 i»»lo«i®tlc loontrol if item EPO^elenent waralng Äibotit 
cbttoi* in revoliEtlona (n)f EPP * elemaBi warning! «bout chingo Ib pree«tum 
CPdlí 2-ll-vaive adtttroUÍng Hjii flow, :|Siafi i »fuel i«mip} i-icairgea 
lipfton combuitioii A#i»lwr- 



Fig, 2, 
Diagram of one cf the possible stabilising systems 
feeding system, ¡¡-reverse coupling, ¡t-staam generatä“ iS! 11 
iiyD| ptwft 
Fi!|^4#T^|i|¡i|¡aíéii^í2¡! 

tfclÄä 



4. Preß sure stabilisation system in 

Its t«sk Is to maintain a pressura in the combustion 

of calculation values. We are concerned here about pres 

Uon first of all during Úie starting, if, the pressure in the combustion 

chamber increases above the calculated pressure, then a signal about 

d pressure rise is frewarded to the amplifying member, which causes 

the closing of fuel end oxygen flow into the chamber. As result of reduc¬ 

tion in driving material the pressure In the combustion chamber drops. In 

Table 2 ars given the most fra fuently applied USC schemes. 

We have so far discussed only the basic systems of an automatic 

control system applied in engines with turbopump feeding. In addition 

there are also other systems. For example, in case of applying a rocket 

engine to an airplane , where most likely will be still another propulsion 

lysttm, is necessary a special uystsm of coordinating work of both engines. 

If, ln »in ease i the racket eng:irt* plays 0 driving roll for momenitary Incroiirt! 

in ísantrai; trhutt» tíN» this, $y«»m oemnaetii the roaMtt engine tlfefii 

If tht iMitiö «i»gine ftocttoi« brt maxtomm frusit. Alio a «pitóíi! syiliism 

will b« Ih'ttapb ol «flying, a #ihei itfngiR« » m a;lrcinalt lor the pitfpftsö 

of redualnf starttai1 time* tW|¡ of í^oh a s:ysü|ett will, be mt only 

sync hr oni,ration v/ith basic engine, but bo»!« titee* also disconnection of 

flilist, «ingto# ftifteihil llnUlild'iiÄ,« 

! 

Ilgulating system of engine with pressure tyiíi' feeding. 

The automatic control system at an engine with preß sure feeding 

FTD-TÎ-65-1438/1+2+4 3 
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includes the following systems: 1) engine starting syßt&m (URS) 

2) angine ignition system (UZS); 3) pressure stabilizing system 

4) pneumatic automation system (UAP). 

We see here the same systems as in a turbopump feeding system, 

1« addition to 'the tiLttboiuiïiP'dttiilliaiittbih spttt®,. 

Table 2, 

use TYPE 

Valve statofMiartiori 
of preisttr« 

Automatic pm »¡Mite 
ooiiiíói! ij JSilWS IWiWlral 

Hill 

MmIm I 

mil 

l*“fuöl valve; 2-oxygen 

«amber; 4-inter.sifter. 

BRIEF EXPLANATION 
—* —  ———— 

In case cf a [pressure 
rise to beyond the cal¬ 
culation value the valve 
opens and a part of the 
gas gets out beyond the 
chamber. Because of 
great intensities flow 
through of gas is rarely 
NMiplli®! 

pr||jN. 
9kjr<:' rire In the com¬ 
bustion chamber is trans¬ 
mitted 'tol ti» intiinsJlfti^r 
sM* 
the valves are shut off, 
and the amount of fuel 
and oxygen reduced, as 
result of which the pres- 

i1 : Itlf!l||p ; claiilbeir ^ : ¡i 
! ¡creases. 

In addition, we have here a pneumatic automation system. The ignition 

and pressure stabilizing systems do not basically differ from ti:e very 

same systems applied in engines with turbopump feeding. -But the 

. #f ¡$14114 llili ¡ill 

i 



íiiicul ifliims.. 
i ; lili'üil 

The operation of the feeding system 

divided inte three basic periods. In the first period the si 

system opens electromagnetic valves ((ZE)p, (ZE)U 

gas then co nes out from the pressure container (ZC) it goes to the 

fuel and oxygen tanks and eventually also to the starling fuel tank 

(1}R). 

¡i»!; 

» 

iifiUí 

: ill-1 i.. 
Dlêgram of!11, rOck#t angin® with it^uignatlpn of auftowq,ti<| tdiMiOl ¡^pteij. 

Jtíftl. 1-OKyfiin tank (tVlí, ¡|p#nèr: of ipreasiirë' ;M§;' tank 
Ufk 4-ßtaifttnc- füul taik |Jij ‘»-pneumatic aiuionuMiio* â'ptièto 
«•ttngine slliltlngi system (URSJ; 7-engine Ignition system (UZS); S-pressure 
stabiliaing systam (USC). 



lili 

' 

On the* wey , the pressure of the gas forcea out is 

reduction via ves ((2:¾ , (ZR)U and Í2R)). In the second period, also 

with the aid cf UR3, are opened electromagnetic valve?. (@p and 

The gas then goes to cut of valves Uz5)p and (210)u) causing the ope 

of same. The starting fuel and the oxygen arrives at the combustion 

chamber and ignition takes place. In the third period of starting, valve 

(S)p is opened up and then (Z0)p, and the combustion fuel arrives at 

the combustion chamber. Then comes already normal operation of the 

engine. The moment of starting fuel combustion and the feeding of work¬ 

ing fuel into the chamber must be exactly syncnronized., 

Regulation system of engine with variable tnrust 

Recently engines with thrust regulation during operation, find 

greater and greater application in rocket technology. Such an engine 

dMfrts.t'llih |s ftotm * d^BtalhtJhiirtt engihe, fiat the thrust d«m 

h«.Il ib fwtailif ap if 

(toteéis* ! m j|rm! Éiât! rfgfiflion. pfffÖtfUtf lift il: j||| 

cese, it is IifalWdd 

in composition of driving system naving as a basic engine - a jet engine. 

But in the second case, the liquid fuel rocket engine with regulated thrust 

is one and basic drive of an aircraft. However, even, to rocket drives, 

especially in cases, in which the complicated flight program of the 

rocket requires variable change in rocket speed. In table 3 are 

FTD-rr-65-1438/1+2+4 



INIHpMI1 JWiiU 

limp régulation oí 
islftfll« loimaibér 
ea^ijfi; ihwat: 

tHprtsIft 

lt«:p refttlittoii 
lift iiultiohaiabeir «nglM 

..-.-1 

Huid «B'iilaiiofl, df 
¡liliii 

¡I J 
.. 

M ii 

1' i. *w »ii 
iHiö ml'jiiii ílíiiii iiwJ 

1 

cptimuiri thrust ragú 
Ifttióin 

Üff'jst regulation lu realised 
by consecutive connection 
or disconnection of combus¬ 
tion chamber. The more 
combustion chambers the 
engine has the variation of 
In thrust Is smoother (at 
established general thrust). 

change in thrust is realized 
through regulation of fuel flow- 
through at constant intensity 
of oxygen flow through. For 
thiai purpose serves a special 
fuel regulation valve (ZPJ>). 
::t can also be in reverse, that 
minis eh an established flow 

11||j tddtfiepf rof 
ptt Is ri¿a:!|il|it#<l I ' 

thn. st regulation is realized 
by changing fuel and. oxi¬ 
dar.! expenditures! with the 
aid of ZRF and ZñU valves. 
The regulation is such that 
the ratio of flow' through in- 
tenuity of the oxidizer lo 
the ratio of fuel flow through 
Is always a constant value. 
This leads to maximum tem¬ 
pe,«.lure and thus to maximum 
efficiency. 

Ii : i : ! 
!:? Ml 
!"! ! ! : 

11 i 
I 

I 

¡i 

III III 



The system consists of a feeding regulator (RZ), 

dlaer regulator {RSPU}, valve 0¾ 

The total system includes also a 

chamber {¡C3) and catalyst QO. 

Fig, 4, 
One of the possible variants of engine thrust automatic control system. 
KEY: 1 --feed regulator; 2-valve gear regulator; 3-valve system (UZ); 
4-(RZU)-valve regulator? 5-{KS) combustion chamber, 

After the turbopump system is started, with the aid of a starter (R), the 

(PU and PP) pumps pump the oxùilæet and fuel. First, the oxiditser (in 

this case hydrogen peroxide) goes to the RZ by mo channels (2 and 3). 

Through channel (2), the oxidizer goon to valve gear (4), and then ralsi 

FTD-TT“65-1438/l+2+4 .14 



vah'T (S), it passes around the valve gear {6} and 1!rally flows thr 

to tha catalyst 00. The steam created in the catalyst qoas to the 

causing Its dr ive. Tha number of revolutions in this range Is c 

t / the tension of the spring {£.), Although the turbopump aystom Is 

In operation, but the combustion chamber Is atill inactive. It 

kle run. During this time the oxidizer is supplied also by conduit (8 

o aubled veive chamber (8} of the U2 valve system. In this way, the oxidizer 

Vr'lv,:: ^0,1 and îuel valve Í13) closed, and thus the entire movable part 

{h'2} is shifted to the left. At further rotation of the valve gear (4) {for 

example by the pilot) turns also the connected to it valve gear (U). The 

fuel then flows through conduit {15) through valve caer (14) through 

conduit (.16) to cylinder (12) in aetweguenoe of which the movable, part || 

this UR i» shifted 20 the right, thli feringi about ti» flow through oí the 

oxidiier to the BZlf, At this¡ very nma time th® füll à »nigh v»|yi {i¡3í) 

goes, to th« valva gear (14). Purtller rotation of thl« tilve gear dans« amt 

overflow if the fdll to valve ! (W.U) tip well ¢,6 to: tíii 'C0tihbui|idp.|h4ii!|hiir. 

ihe flow c.f the fuel to (U cíele« thi opening of tliii vaiye and 

gma to corduit (18), mi then to combustion chamber, in th;s way, starts 

th® work of the fifliit» at eattll |||||||| ytlue, ||||||b||| further tlui |líf¿ 

(14) we aohsequeintly chirog* into nêáiupA 'ttmíst» arid later in!o^if|ti tihrusit*" 

in this case, the aatton of #|tó|¡ II pk«t III U i 

1111)-11^6^1438/1+2+4 
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Synchronization systems. 

These systems can be divided into two basic groups 

group includes work synchronization systems of sever« 

each engine has a different feeding system. Such an automatic 

system is called outer synchronization system {ZSE~Fig. 5). But to th 

other group belong systems which have the task of coordinating the work of 

several engine chambers. In this case, we deal with, one feeding system 

serving several combustion chambers. Such an automatic control system is 

called internal synchronization system fWSS). In addition to a series of 

engine,- with feeding systems as in case of a single engine, we have there a 

central engine control system (CUSS). With the a.i of this system Is possi¬ 

ble to Connect and disconnect individual engines and coordinate! their work 

at th© time of starting ' The OUSS In connected with ftlectrÂsagnéWt!1 fdilye^ 

of the lë|ijinf ; »yiltlià : In CM»i, ' whib illfiiultwhec»» óiônihidillorr: oi all 

Il »oté'iwyi fllflr ÔllSl dpeh# lllph'ètl yalveö |(Z©p (î£Eîu alfici ¢41)1., Ihilho 

followíing |jle¡|i|t||sli klso with |tÍI ató bf ÖUSÖ# ar« opened all electromagnetic 

y#lw$ Slip a,rw|, '{ÍBÍ,r After these ¡Í||| «nei$ areu |^|||| into lhe' 

«tt óf imites' !®c3Í-t»¡uáinig' Oipeh|ig;'éf: ¡|Ílp. |^ef||^|||!¡a|t|j 

transferred into the combustion chamber. 

If, we assume, that all engine function or self ignition driving 

material, then after the fuel and oxidizer reach the combustion chamber, 

|ifa«ß IgttlIiOhi» WÉîSfi Hie m OUÖ» 0¡4h be stpei^d^WIt* 

!*!» 



means, that it is a..so possible to 

several. 

% 

iji'ifatí 

iKI 

MïP-f tyùtrato msüanm pvùmn 
MU - Vogittnfo Wtomà utk i wKm 

fjy 
... 

íiWii 
/ZIJ 
«I :i|| 

« 4liiW>wiM{iUM <Mm4l» “l*» »ll“l>l> o||*oo 'iw4w* WH#| ¡«Ml» MM»n W! 

l> wnnm. "iwillli inmw. MIHIol •»•üwi Wiw!|'l ohimMl»»! ni»« «IIWoll* W-»-. *«W|j own* |**#|»|.! WW,Mil. . 

■ «inin «ww iiiMiw 'WH* i*m*wi w'wwii» -nwi*: IMHMI. i*«<wii,**«11 «WW. «WH «*H aH*iii> ¡¡<W»HI* «oMwH-oW'I* >44 '»«iK jjHH' * 

IÄ ¡l! II "k 
|/f) 
/¾ ¿im i). 7¿?r 

i .i 
III Ml M 

I Mil'' 

1 

V 
ä'4 

Fig. 
Gförnrnl diaçfiam of an outer synchronization system with pressure feeding 
MZP-main conduit oi fseding fuel; WZU-raain conduit oí feeding oxidizer. 
MX: .-combustion chamber ES,; 2-cantröl engine control system. (CUSS). 
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Kiy?:, 1-coîrtairtiifï tWilt; îî*ce;rtfl»;l tnglíie 
(CUSS); 4“fuel tank; 5-cornbustíon chambe-- KSj. 

i- If, the used fuel is noi a self igniting fuel then each engine has of the 

previously d; ¿cussed starting system, then each starting system is connected 

to the CUSS. Connection of URS comes then before the electromagnetic valves 

(ZE) are connected. If, the v/ork program of the driving system foresees 

successive engine operation,then in the synchronizing system is also 

foreseen reverse coupling (SZ). It has the purpose of "nitifylng" the CUSS 

that the given engine stopped working. After receiving such a signal CUSS 

connects the next engine. In reverse coupling lines, as a warning element 

is mostly a pressure feeler in combustion chamber or in fuel supplying of conduits, 

or the oxidizer supplying conduits into the chamber. If the pressure drops, 

the signal, confirming work completion of one engine, is transmitted to CUSS, 
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which in tum connací« the next engine. In die internal synchronisation 

system (WS3¡ one feeding system, together with one luel. tank and one 

oxidnser tank, serves several combustion chambers. If, it is assumed, 

that this is a pressure feeding system, then the steering based on 

consecutive connection and disconnection of engines is with the old of 

valves (ZEÍ controlling cut of via ves (20). After connection of electromagne 

tic valve is iiOtdte# fh§ mnk& (eZE)p and izn}u) »nd the Zl mlm, the oontrol 

system of «rtflae control is prepared lor stmulinti»«»!# or »ubsequant 

connection of chaMbcj-s, The working prosediite of bucí « tystem (Wl®)' 

Is already further on similar to the work of ZH3, 

In the lust chapter was* discus«*! only certain «¡otottora of 

eynoiirohitlnf systtttta. It is clear,, that there can be at least several 

siidî solution«, ïlidf will difler, if they have to be applied to engine« 

with turlbopmtiip fe&difug. The the CUSS wild be eonniectid exactly with 

turbine aad pump operation. The working principte of the central pteering 

system ■of the engine can be different, We often apply en etadroaic or 

hydraulic systeiii, but rarely a pneumatic. At: times is applied a mixed , 

CUSS typ» lityiÉittuilc^eitoetíoniie system, 
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I, Jet propuiilon jöroevyears of 100:1-1964, 

,¾. ft,,: i:t»tti:«i!iwski. Rocket witli «guliitd tlhrust, 
MW^WOIttCWA, to, a* 1063* 

l„ it., itâtitiíífpNfísiki^ problem, of deaignating optiftwii, and crtttoal 
pairamietini of à wine* Mnchto« Oottstmciio::-. .Archiev, PAW, 
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