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Chapter i
GENERAL DATA

1. GENFRAL INFORHATION

The F=30 enzire (Figs 1 and 2) i8 a dby-pass, two-shaft tyrbojet engine posseo-
ging & two~gpool cozpresenr. As compared to other {ypes of aircraft turbojets, the
by-pans (two air flowz ducts) configuration ensures high fuel ecornomy at any flight
conditions, siuple operation, low nolrs level, cold exierlor shrouds of the engins.
Ths engine hish perforeance dsta are attained due to a higher ailr flow, turbine
inlet tonporaiuvre, coxpressor pressurs ratiog high c¢fficlencies of the engine compo-
nonts, low hydraulic lossse in the engine flow path and duo to efficient nixing of
ths by-pass duct elr flow and of the main duct gas flow,

Tha L=%0 ty-paes turbajet is designed for high-speed wedium-range passenger
airlinst Sy=ii%e Ths two-sboft turbojot ceploys a two-epool conmpressor end two air-
flow ducts (by-pase and vain),

A tuo~stzss (first) hiph-pressure turbins drives the compressor high-pressure
rotor, vhich dclivers alr into the main air duct, shereas & two-stege (Becond) low-~
pressure turbins imparts rolation to the coupressor low-pressure rotor, foeding
corprogcaed alr both into ths by-pass end main ducts of tho ongins.

The two-shalt configuretion paterislly ifnproves engine performance, provides
for more easy ctarting and sllows faster acceleration of the ongine within the
arblent alr teuperature range fron plus 50°C to ninuve 50°C. The engine is controlled
by means of a slrzle lever,

o gllow oporcstion of tho e¢ngine undsr any weather and climatic conditions, une
hes besn wxde of eppropricts naoteriele and roliambls enti-corrosion coatings in the
engire constructilon., Ths engins bas a low welght~to-thrust ratic which is & result
of wido uns of titaniva and alininlum alloys and profound dcvelopuent of the engine
unite and parts, )

To ensurs cafe f£lyinzg of the aircraft, the engine io provided with automstic
do-icing nzans, intornal and extsrnal fire~fightlng cysteas, chip-dotecting syston,
vibraticn nmeasuring oquipment ard Jet pips tenperature liniting systenm,

. Ths =30 engino conslsts of the followlng main units and systematr

(a) &n &axianl, four-stsge low-pressure conprossor ssctiony

(b) a by-pass dust entry housirg carrying dxive gsar toxesg

(¢) &n exial, ten-atage high~pressure coupressor ssctlong
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PRINCIPLE OF CPERATION AND ENGINE KINEMATICS

(d) & coxmuler combuntion chanber enclosing twelve flane tubess

(8) & two-atags (first) gas turbinag

(£) & two-stege (macond) gan turblneg

(g) main end bLy-pass flow elxing jot nozzlog

(h) &r cnzing fuel supply end sutcmatic coantrol systemp

(1) o lubricating oil and breathing syastomg

(j) a power supply and starting systony

(k) a firg~fignting systemy

(1) extornal fittings and components ssrving for engins wounting on the alr-
craft,

2. PRINCIPLYE O OPERATION AND FNGINE KINEHATICS

The air drawn in by the low—pressure section of the ccupressor flows in the
axial direction, geis compresced in the cozpressor log-prosseurs ssction ard is car-
ried into tho by-pasa duct entry housing, Eere, the alr is divided into two sireozems
flowing into the by-pass and raln. engine dvets, The eir flowlng through the by-pass
duct onteras the wnixing Jet noszle. ’

The alr Tlowingz through the nain duct of the cnglnz enters ths high-pressure
gsction of the couprezasor, whars it is additionally coupross:zd to be directsd into
the combustion chanlber., In the conbusticn chaoboxr t¢hs alr 1s heated at the expinsse
of continuously burning fuel thich is delivercd into the flarma tubos via burners
$P-301C. Part of ths air in the conbustion chamder susteins burning of fusl, whoreas
the main por¥tion of tho cir wixses with hot gages, thoroby reducing tho tozporaturs
of the gunss B5 &8 to ensuro uore favourable conditions for tho cperation of tho
combustion ckamder components end the turbine, A stream of hot geses leaving the
combustion chanber cauces rotaticn of the two-staze (first) arnd two-stzga (cecond)
turbines, then cntors tha mixing Jet nozzle to got vixed with the YBy-pacs duct eir
and discharged into ths atmosphere at great wvelocity.

Thus, the tolsl enginme thrust is coppoacd of the thrusts bdulle up in the by-
pass and main engine ducts,

Power developsd Ly the £irst turbine ise consuned in driving the compressox
high~precsure rotor and all the accessory units, excluding contrifugal speed govor-
nor IiP-15 and couprescor.low-pressurs rotor tachonetor generator JTS=5T.

Power devalopsd by the second turbins is concumsd in driving the compressor
low-prescure rotor, centrifugal governor LI'P-iB &nd compressor low-pressure rotor
tachoneter generator ATS=5T.

The engins kincmatics (¥ig.5) consist of two individuval systems:

(a) the comprossor low-prossure ncction = the socond turbinsg

(b) ths comprassor high-proscure sectlion - tha firet turbice,

The conpressor log-preosure xrotor is driven by the coconrnd turbire through ths
mediun of an ipteruediate splined shaft, The compressor lom-prossure rotor rides
in two tonrirgss: the front rollsr bearil g end the rear radlel—thrust tall beerinz,

The front roller bsaring and the eruft of the escond turbine aro enslorsd in
tho comproesor high-pressura rotor cheft and the £ivct turbine shaft respsotively.
The rear.:ost sacond turbins roter support couprleing a roller boaring is construct-
6d integrel with the vixding Jet rozzle asscably,
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PRINCIFLE OF OPLPATION AND ENCINE KINEMATICS

4 -

Tho comprenszer high-pressure rotor 1s drivoen by the firsé turbiny, the ocoupres-
ser end first turdins ehafts boeing coupled by mosns of & eplined Joirvt and a coupl=~
ing cloosve. The comprescor high~pressure rotor runs in two boaringst the front rol-
ler bearing and tho rear radisl-thruad tall bearing wilch scrves ot the pave tles
as a front support for the first turbine shaft, A roller bsaring acto an a rear sup—~
port for ths firset turbine shatt,

The drives azconaol.ted in the upper gooar borx are actuatad by Lhe compressor
high=prgorura roter ghaft through the redlum of a epur gear nounted oa compracsor
shatt spliner, driving snd driven bevel gears and an upper vertical ehaft. The uppor
goar box eccomuodatsa tho drives of ths follewing sccessory unilis:

I = centrxifugal Lreathsr LUC-30,
II -~ high-preegsure rotcr tachometer gonerator RT3~5T,

III = CiP=i12TRN0 aterter-genorator (two drives),

The drives erranged in the right-hand drive gear box are driven by the compros—
goxr low-pressure vrotor chaft through the wedlvm ¢of a spur gear splined onto ths 1.p.
rotor shaft, & pair of bevel geare and & splingd shaft.

The right-~hard drive gear box accommcdates the drives of the following acces-
sorlcs:

XII - ceatrifugal spoed governor UP-1B of cerpressor 1.p. rotor,

XIIT -~ low-prossurs rotor tachometor genorator RIS=5T.

fhe drives lccated In ths lower drive gear box axe driven by the shafé of the
conpressoy high-pi-essurs rotor. Accounodsated in the lovwer drive gear box are the
&rives of the following eccosgory unitsa:

IV = hydrauwlic pump Il43-1 or [431=1}
V -~ OuH-30 rain oil puupy
VI - LHO-20 oll sceverging puaps
VII - H0~30 fuol yegulativcg puwpy
VIII - UP~21 contrifugal spesd governos of h.p. rotor;
IX ~ RLO-EC.30 centrifuzal deasratory
X ~ LUH-48-II5T fusl booster pumpg
XI - stand-by drive,

Whon the engins 1s belng started, the torqus is transaiitted from the two
startor~generators to the coupressor high-pressure rotor via the bevel gears and
the verticel splincd shatt of ths upper drive gear box,

3. MATN DECHHICAL DATA

Gansxal
1, Fnginsg wodel CealEnation ..uvsveeeenierncvnnartsocrersnces A=30
2, Engine L¥Pe cevrisciereeaiiietietctirrisatiassisaresneoes. turbofet, by-pans,
: two-chatt
3. Diroction of rotation of coupressor and turbine rotors
(looting fron cxhoust unlt ond) wivevvvesea.s.
4, Compressorg

ceerereers.. cOuntor-cloclkwice

- typs Seeterrirreeireratesittattitesaitsiasiernesianssa.s 8Xial, two~spool
- nuaber o stogsos C

(8) LoW-presaure SeCtloll wuveviuivuseeeeosarenncornoeees b

() high-pressurs B6CLIGH evvveerroreeoressonroenreness 10
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MAIN TECHIHCAL DATA

3.

= pressure rello wuder standard atwosphoric condi-

tions on ground (H = 0, V = 0): Yuging rabing
Yake-ort norsgl
(&) lew~prezoure scobion ..,.........u...... 2.65%0,1 2.72:0.1
(b) high-progpsure £ectlon uu..viwvereeas.sss 7.120.1 6.410,1
(c) total pressure ratio ....... crveenicnnss 18.,420,2 14,510,2

Combusticon chaobar:

R 2 20 BT ceieeviass. . cannular

- nuaber Of flamo tuLEB c..cvvrvrereorerncrenne 12

- arrangecent of flams tuben ................. 8long civcumference relative to
’ ongins axis

- flaws tubo DUBLErING seveviivierseeacsseres. counter—~clockwieo (looking froa

exhaugt unit end); uppor left~hand

flame tube (relative to engine
vertical axis) being flamo tubo
Ko.l
Turbine:
L 72 2 21 T - b ¢ ¥ 3
-~ number of stages:
(&) first turbine ......... e
(b) sccond turbine ...........
Jet nozzles

tevrecnarceee 2

feerecatesirs. 2

= bYPC i ririeisit it iiasenreaceaesrens, mixing, subsonic, fixod-ares
- mixing Jot nozzls exit ares, £3.®. ......... 0.2410,001

Lubricaling 011 Systen

Lubricating syeten ........0.vvvviievrvecnnee. Open-~circuit, with scavenging cil

into tank

OL]l gredeos c..ovevrusecrovonnenssacornneesess. ME~8 (State Standard GOST 6457--53)

VX-811 (Specification WPTY42H

2

]

HKo.12-62), with viscosity smountling

to not lees than 8 centistokss at

50°Cs B EN50-1-44

(Specification YPIY=38-1-164~55)

with vigeesity wiounting to not

less than 3,2 centlatokes at 100°C.

Hotes: 1. Tt 1s ellowed to uso & wixture of oil ME-B and oil 1T~81 in any
proportion,

2. Refer to Table on Pagz €6 to replace oil grodes produced in the

USSR by foreign oil products for uss in the cngine,
01l consuepiicn, kg/hr:
-~ on the ground ...... e cetear i ees.. not over 1.5
- dn flight .. .ieierisvevecnsorsirnenasriasenss not over 1,0
01l pressure abt engine inlet, ki/sq.cm:
- with epgins cperating at 1dling rating ......2.5, uwin
- with engins cperating at other ratings ...... 3.5 -~ 4.5
-~ when adjusiing erngine at 0.7 norusl rating ..& t 0,2
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HAIN TECHNICAL DATA

5. 0Ll touporaivre at ongine dnlet, %%,

6.

7.

8,

9.

11, Centrifugal deaarstor,

- PEOOTTERACY vevcrenrovone
- paxira perpissible ....
-~ ploinoes:

cecscesrarsconsecess 99 = 70

I < ¢

(a) vheon opsratirg oa ol grades YE~8 end

| Lis£X: 11 S

ceriestrriiiaiisees = 30

(b) vhen opoxeting on oil grads BILHA

HIS0~1-48 .oevveese
- parimun peraissible for
than 10 cin

tecosessariorosseses = &0

rot coro

cecesscarssasscsrcosnssracareess 0

Bota: Aftcr tho ergine coues to a standstill, engine inlet oil tezmperature ray

rirs to S5°C.

Usydimam porsiecible oll tonporeture at engine
outlat, %€ .iiiierierirerereseiirinisioaianas. 120
Raote of oil flow through englrve at normal

rating, with inlet oil temperature snounting

o B0°C, Ko/l seveenin..

tecoceresnescriacnas &7 = 36

Hsat transfer to oil at normal rating, with

irlet oil ¢
Kain oi) purn
- deelrnation o, Leeiieaen
T < S

= RDUADOT sovsvversnicosone

-zporature equal 80°C, Cal/zin ..., not over 525

Viecoresaeseseasesss OLH-30
vesase-aacass-anesas Boar-typs, two-olemsnt, including
dolivery and ncavenging elements

teesrcveenciinacaies L

«~ delivery rcctlon ouiput, at normal rating

with counter~pressure of 4 kg/eq.cn, and

proacure control valve plugged, lit/min .... not loss than 120
- scavensing cection output at norzal rating,

with counter-preasure anounting to

1 ~-15%k:/8q.cn, Xt/odn .. .0000vvvvnee.... not less than 100
10, 0Ll ecavening punp:

w desipgnatich seevervaaten
= CYD® evcesrractcrcrsnsos

ceseveccorevecccoess MHO=-3D
tieeisissseecessssss BOAr-typo, comprising four
scavenging elewsnts

~ DUIDET siivercerosrerserrorcassraoracssconve 1

= puzp output at rnormal rating, with counter-

prassure enounting to 1

- 1.5 kg/Bq.cta

(total output of four eleuents), lit/min ... not lecs than 175

detecting {ilter:
- ¢eplgnatlen seinvrieeen
~ pnuober ........ P

12, Centrifugal breatlher:

~ deeignation ....... P

L (1011 4T

13, l'ain o0il filtor:

Approved Ro®RelBasél 200

- deolgnaticn ceveviiences
LR 7 7 2T - T

- NUIDOT seeierococsccencs

provided with chip~

serssransrcersecaess WBO-EC-30

creseserageronaaeess 1

...... teecnasnseraes UC=30

T §

Cerredeiesereieass., HUC=30
teteieteecrcenecsnes BAUZO

$reecoserssseerecen
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MAIN TECHNICAL DATA

5. 04l temparaiveoe et engins inlot, %,
= POCCEEOLAEA cevvoenrenssvsccoacssescossrsene 90 = 70
~ paxious perilesiblo seeevccseeneoaieenceareees 80
- pinimuss
(a) when operating on oll gredes YX-8 gxd
Bl e vivrreceriniirerentoresnconness = 30
(b) whsn cpsreting on oil) grade DRIY
EI50-1A3 seeeacosccsncerscassssccecces ~ 40
- pexleun perissible for not more
than 10 rin

Hotas Aftor the Snsine cones to a standntill, engino inlet oll tomporature may
ries to S5°C,

Ssc0essscsesnenccsrssrsvscrteton 90

6., Eaviounm percilsoible oll tsmparature at engine
outlat, PC tiieeiiieriracecniincecnnieenenaoe. 120
7. Rato of oil flow throush onglne at norual
rating, wlth inlet oil tonperature anounting
$0 BO%C, KB/ 10 veiinivniernnrnrernenriiiienes 27 = 35
8, Hoat tremsfer to oll at novmel rating, with
inlet oil terporature egual BOOC, Cal/nmin .... not over 525
9. Iain oil pwp:
= designatlon .. ... iereiiniirirsocracnnsaas ONH=30
= UIPO veaviieiinaaans i tesessccacaessssvees GoOar-typs, two-element, including
delivery and scevenging elemsntis
= NURDOT evvvevevasevorosensasarvrsosensosasce 1
= delivory scetion output, at normal rating
with countor-pressure of 4 kg/eq.cr, and
prossure control valvo plugged, lit/win .... not less than 120
- acavenging rcction output at nermal rating,
with countor-pressure amounting to
1 -1,5 kg/oq.cn, Mt/nin o..vvvvvervensen.. not less than 100
10. Gil speavenging pumn:
= QosiEnation seetrireitiiiittriniescrcinanees MIO=30
- type Percesascresetaecrioiotacsancesnsaneaes ROBI-Lyps; comprising four
scavenging elcuoents
= NUIDET seeeeervsncecvosrrsescarseveoencssasess 1
- pup outprt ot rormal rating, with counterw
presgure amounfing to 1 ~ 1.5 kg/sg.om
(total output of four olements), lit/min ... not less than 175
11. Cerntrifugal dseerctor, provided with chip-
detecting fillter:

= designalion so.einiitiieiiiiiiiiirisaiieenns LBO-ES=30

- pusber ,...... I R P T T LI T |
12. Centrifugal breather:s
~ designation ... .ccivehean.n. crecerrereraes HC=30

= BUMDETY s e riess-orureevrnnnann
13, Luin oll fiiter:
= QonlEnution eeiiiieienerorceserccnnsaanees HECHIZD

= LYPO trvevrtscecsscncoccocrscsosveonernncneses EAUZE

= DULEDET auerasrecesrvoesorcnarasconcoranecoes

P |
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N

Pral syoton
e BV DL

1. Crate of fusl (matn snd stortirg), kerocens ..

-1y TC~1 (Stete Sbtandard GOST
10227-52), TO~1r (accoxrding to
Spscification ¥FIY 12H Fo.36-63)

Botess 1, Wiwen epsrating tha cogine on the above fusl gradesn at subzero
arbient alr toupsratures do not fail to vse additives proventing ice~

rosdle formabtion in fuel.

2. fTne cnglrs nay operate on fusls T-1, TC~1 and TC-1l uixed in any

propoction,
3. Rofer to Table on Pege €6

to replace fuel grades produced in the

UsSS by foreign fusl products for uso in the engine.

- fuel tevpcorature during engine

OPerﬁtim‘n oc PEOPIEPRISDEELEPIPEIOOSIBICERIOSS "SO to 'feo

- parinun peraissible tomperatura of fuol for
not £ore than 10 pin of continuous opera-
tion, R o T

2. Yuel bocooter punpt

- deplEnating L .i. i aveecorivrosvecssrcoracaoa

LI 5 o1 P R R

- DUTBET cevesescnceercaroonnn tectesnrescaones

- fuel prezsvre (absolute) at pump inlet,
kg/cq. e
(a) durirg starting on the pgrownd ..........
(b) Cuirlng operaticn at any roting .........

3, Muel buracrar

= G0BIELATA0N c.iiaeeecesteiencvevetcnsnosocron

w LTPO eeceorvorvacessscssscocoascssoeacssocons

= DUDDIL sevvvacecoosssseessscosesvsasersanrens

- fusl preasure in primary masnifold, at which
pain fuszl manifold starts functioning,
KE/EQeCr sensoeresruonoacrcastaocssnssoscans

~ paxirun fusl pressure in privary panifold
upstrear of burners, Kg/8¢.CH ..venvereesone

S0

FHH=4%=II37
centrifugal

oT-30L0
contrifugal, two~duct, two-nozzle
12

14, nin

65

Autoratle Punl Control Syaten

1. Puel regulating punp:
~ deslguztion ... vivneerrreriiaaenes sesecanns

= LYPO secvreocresseiassosvasotovocacssaossons

NULRDOY ticveesverscessasvsnsveossaanasssssone
-~ fusl sturts to be supplled into ths ongine
autonatically &p coon oo compressor high-
propsure rotor palna epeed of, rp2 (... 0.0
- gnZine rpaoed linlted by over-temperaturae
control cyoten MEDw35y TPM sccvenrccecacsss
- accelerstion tiums fron 1dls spacd to ypz
valus by 180 xpu lesns than take-~off rating
rp=z, ard to 95 par cont teko-off thrust,

£2D eeorasreractvrecsoetssocescscccnovsrusses

HP~-30

plunger typeo, with centrifugal
epeed govornor

1

9700 * 50 (82.5 - B3.5%)

10500 £ 75 (£9.5 - $0.5%)

10 - 15
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MAIN TEUHICAL DATA

- exhaunt~gap tenpsrature during ascceleration
c¢heck {reasured as average by means of 12

theruocouples), % et ieernsaecsees 620, max
- fual pressure at fuol regulating puap inlet,
KE/BQeCB wivrnencsnn N teerseneereeses 1B - 2.9

2. Contrifugal specd governor designed for
liniting maximum rpa of compressor low-pres—
sure rotors
~ 3031pnatlon s.iveeeviceacererariniecssaasas. UP-IB

= BYPC vevrvcseronnsostorsitrsrioeossasisaenen hydromechanical

= NUMDET +vsvsonvvccosvnsveoersosacesnasenseoes L
- limiting speed of compressor low—pressure

TOLOT, TPM wevevvr vamenenns Cereseerarsenans 7900+50 (925~ 93.57%)

-25
3, Centrifugal governor, designed for autoustic

control of cozpraasor high-pressure rotor
speed:
-~ designation ... .cienine Wereesscscncsnvanse 1[P-2B

~ bYPC evevevercaiiaann eeercrsesenan teseersaes hydromechanical

- nuRbel seceeeeen- FPIPIPIPIPI P |
- gpeed at which voltage supply is cut off
startor-~genor tors (operating es starters)
end &t wbich 1coe werning system is cnerglzed,

TDPR cevecuronacansnnnnnnn e eiereenses B500 £ 200 (37 -~ 407)

~ apsed at vhich sir blow-off shuiters aft of
4th and 5th stages of coopressor h,p. rotor
get closcd and IGV positicn angle s chang-
ed over frow ~1C deg, to O deg., with rotor

spoed Lncreasing, IPH civeerrcrer-eacanraans 9400+125 (79 - 81.5%)

- ppeed at which alrcraft alr intake de-lcing 175
air supply ic changed over from 10th to 5Sth
stage of compressor high-pressure poction,
with rotor spoed Iincroasing, Zpm .......... . 9400tigg (79 - 81.53)

- gpeed at which de~icing oir butterfly valves
are changed over from blceeding alyr aft of
conpressor h.p. sectlon 5th stage to bloed-
ing ailr aft of compressor h.p. section 10th
stege end ut which IGV position angle is
chanzed over from O der;. to ~-10 deg., with .

rotor speed decraaslng, YPM. s.e.uieesacanes 9100 & 200 (77 - 795

4, pctuators controlling alr blog-off shutters
aft of 4th and 5th stages of compresscr high-
praassure cestion, butterfly valves for blecd-
ing ds-icirg air eithor fron 5th cor 10ih stuge
to supply it to sircraft alr intake ard lowe
pressure couspressor section IGVe, ac woll
&8 turning variudbleo IGVs8 of cowpronzor high-—
prenzure poctien:
= LYPE ecviovrrrrasratotentatnesacanneraeas ... hydraulic
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MAIN TECHHICAL DATA

- PUEDEDT L.ivusones

teereeiceneorennas ceseeererrreae ... 6

~ naxisua fuo) preassire in hydrvaulic actuators,

Kg/53.CM sevvrans

1, Voltrre euvpply and
- dosignation .....

- LFPO cocevcriannnn

B T Y

Starting System
starting systeu:
[ tecscsnevistrassasnsessses OlN3=30
et iresrrssenatcestesaseacveeserss B01f~contained, electric

2. Btartor~genecrator used as starter during engine ntart-
ing, end as D.C. generator during engine operationt

- dculgnation ...
- BUADOY esecevesnce
= drive gesr ratios

teerrestettecsscrcercorrcsceresesss CTT=12TLIO0

Cerserercarereeersesrtirtncsecennsis &

(&) 8t staxter QULY voveeteivecseranocronorsorerrane 2,208
(b) at generator GULY seerererevsrvrconsrsrasssseees 0,697
- direction of rotablon ..ecerevvvnrinerecerranansna.. countor-clockwise
3, Autoratic pburiing control unit:

= designation ...,

D 111155 531 P TS S T 8

= pumber (por 50 ONZINGED) ecievererecvosrcccnravevenas 1

- timg of cperaticn at sturter duty, sec:
(a) during on 150 CYONYILE eeveveccossrereccnncenoes 30 ~ 36
() durirs enzlis 6Larbing suiercecsscosrsevoceneres 85 = 50

&, Voltoge regulators
~ desigpation ...,

~ nUnber cecevicaen

creecseratvstetensassncrsacncssesss PH=180, sories II

tsecssarecetecsetnsssarecienecrnnrs &

§. Reverso current cut-out rolay:

- dogignation ,....

= nuibAr ciieeveons

cessicereseetsosccreresccoveosenese NRUPHOOY, series II

eereraaen tetesseeaccocssesresncee 2

6. Btarting coatrol panels

- dorlgnaticen ...,

crsseescvecavsersrnvocarecsacrseses NCTP=2A, Borles II

~ nuzber (por two €DEINeN) ceieeccevececosansavssncenne L
7. Starter=gencrator cveréoltage sutozatic circuitd

breakers

- danipnation .....

- NULDOr sevevecsoes
8. Relay:

- dcsisn&tioﬁ PP

e ievasserserrtenccavrsecconceress ANI-CHg moxries IV

B R T I -

teeeersensrassetcesevncncosnsonness PRC~L

= nunbor (por two €nZingd) e.ivevecevvcvnccereracasese 1

9. Iznition eystenm:

- ignition valt designotion c..eevcecerscensnvecesee.s CEHA=22=D4

- LIDE esccsvsrcrnes

o PUMBET cesvvereoce

R R AR TR T PP RPR R IY loa=voltags, with capacit--
ance dischargs

L T §

- tire of ¢peration, nece
(a) during ground eteXtiNg eeececececaccocsroosaccas 35
(b) in £licht 6LArtING eeeeeerorvecosccsnscrsnsceses 60
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10

10,

11.
12,
13,

14,
15.

MAIN TECHHICAL DATA

Irnition plugss
- doeionztion seceiecaenionriane teersesenseecsrsnseees CO-0EDT
= CFP® eeevenonrvonsncrorrncoan tessccenmsnssesssas-sss Burface dlechargs

e DUFDET ceveosevrnscrcesorecacrassssscrssnnssssasnnoes &

Fotes Acccasory unito listed under Items 3, 4, 5, 6, 7, 8 are installed at the
sircraft ¥anufecturing plant.

Funbcr of starting cyoles porformed from three

storags batiéries 120A¥-55 without boost—cherging ... 3

Tica rcqﬁ&rad by engins for gaining idle speed on

ground, efter pressing START button, 8eC ............ 120, max.

funbor of starts within service 1ife .....ieeeve..... 2¢OTing to the Scrvice Log
" ) S, o of the engine

Bxhsust gan tomperature at sterting, C ev..vee...eoe 620, max,

Critical altitude for ergins starting, km ....0vvvees 7

Electrical Faouipment
(installed at aircraft Manufacturing plant)

1, Cozpreacor high-preasure rotor tuchonster:

(a) tzchomster generatort
— designation civieesocscorncrsrsnsecscrocconcosses AL3ST
o PUZDSEY eevesecereretoccarvsrsnavecnosssavrrsscas L

(b) tachonoter indlcabors
= Ao6lEnatlon suisecerrereesssacecronrsrsseanseeees HED=2T
- purber (per two engiiien) ..i..coiiiicniinann oo

2, Cozvicrsor low-presnuwre rotor tachonater:

(a) ischoneter gonsrators
- deplmatlon .t it iiierecesrrancrcrecossesses RTAI=ST
B Y- 5 S |
(b) tachorater indicator:
- desipgnation ......... eevressirecencssaaserrcesee HIORT
~ muuter (per two engines) ...... [P §
Yotnas 1. Couprossor low=-prossure rotor speed is not un engins pararster to Ve
peasured rogularly, Tlare;oreioan additionsl pansl must be provided

in the circraft for instanllation of the tachometer indicator 4in cass
of need.

2. It i8 sllowod to ecuploy tachomoter generators J33=1 and tachemetier
indicators RWC-2.
Blactrie rotor indlcetor intonded for wmeesuring fuel
presevre in burners, inlet oll teaporature and pres~
pure:
~ desimnation s.iiiiireiiricrecrntesarircacaceooss CHI=TPTH
= DUADEL suvseersvacosssanssarsscassssasasansecees L 88%
(a) engine inlet oil terperature transmitter:
= Qesignation cvievviirirvccocesonvonncrsarcsoansse =83
(b) enzine inlet oil pressure transmitters
~ Ae21gnatlon tieviiiiceciriiasnncavarsrensvernese ART=8, gories III (uith
: snubber H59-%)
(¢) prinzary wanifeld fuel prossure gouge transaltter:

- GOSLENALAON tuvrnrrerreenneneneninsasarncnenesss BIT=100, sarias IIT (with
snubbsrﬁ~/9-2
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MAIR TECHHICAL DATA

(2) indicator:s
= CoBLETntlon sevevcecrerncrovenssnsnraarraenaene ¥#3~3, eorioe IX
&, Btonderd ronotg-readipz fuol regulating pump inlet
proscure gavgoe of induction {ype:
= desiEnobtlon cerivceccorccecsertcoserrsassoecranose FIMe8T, series III
e TUEDOLY srecevvssoacsorsvasssosssosarasccecerccsss L 686
() transaltter doslgnatlon cevvireeer it iiarssnees HiT~4%, sories ITI (with
snubbar f59-4)
(b) indicator designation sveeceecrivncncecenvrrcoccne Yiii=4, sories IX
5, IGY position pleroswditsh (installed on ongines)s
- CoBiensEtionN csrveercnscccrticnnrrecranncroscaens A=-812K
= RUMBOT cevevessocvossasrsonssasassrsnecsesoserosccs L
- with TG/a at O deg, POosition ..cvevevevessnsss.s light 18 out
~ with IG7s et ~10 dcg. pooition sevevcevceerenes. light 18 on

Alx Bloed Systenm

2,

1. Air blecd for passangsr cabin prespurizations
- gouprescar high-prescure section stage afier which
elr £8 BLCA  Liveveievacccceccvoscnstocveonrssinaves &
w number of eir bleed TLEBI0S veevscevoccesravasevases 1 (right or left)
- speunt 6f iy tappad &% reting cqual to 0.88 normal
ratirg, ks/hre
(8) 6t 1= €000 wand V = 600 kt/IX sevavo vonsaaass 2000
(b) bt H = 11,000 n and V = 700 kafhr ceovcennnnn... 1800
2. Alx blecd for alrowaft. wing and £in do~icing systeus:
- gtagy of ccupraessor hizl-pressvre ssction efter.
vidch air 3o bled oo .vvvriiinieenncnns ceressesssnans D
w aunther of 2ir blesd LloaNfe8 ecsvsvcevecososeesasseves
- grount of air bled at 0.88 normal rating, Eg/hri
(a) et He=0and ¥V = 400 Ki/hr t.ivevevervncesosossa 5200
(b) ct H= 6000 m and V = 500 Xa/hr scvvveaeeecooasns 3200
3. Alr blosd for eivceraft alr intske de-iclrpg system:
- compreceor high-preccurs soction stagn efier which
air is bled at epecd of up to © 00"'135 rpa .
(79 = BLl.51) sevennsoveacccocssasnsccscnsansassseens 10
~ corprogeor high—preasure cectica stage after which
eir is blcd at gpeeds from 9400 i75 rpr to maximum _
$0)00FT TALIDSE eeevrevccsssasocsaasassteencocstasnos 3
- oir bleed tyctom COBEYOL t.vvevsrrrrcovcversanessees BUboOmatic
- nuLtqr of cir blsed flrhg-n P |

™

ratiLg, 5/Lr

(2) et He O and V = 400 KN/BP cevevernceccccensceas 1L0O

(b) et H = 6000 b end V = 500 /BT cvvvevessverenss 1050
- gmount of air bled aft cf 5th siscge at 0,83 rormal

reting, ¥o/hre

(&) et E= Oand V = O KI/NY peveevvncnacvesacnnes 1500

, 25X 1
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HAIN TECHHICAL DATA

() et H = G000 v and V = 500 EA/ET wevereosrasernoocstocsacasans 720
4, 24y bloed for edrewatt bydraulde {unk presswwrizetlion pystem:
- pgtoge of ccuprenser high-prorsure section after vhich air is
vled ............................................ﬁ.;.......... 10

- puaber of sir bleed £lanfos c.evececcrannccces

Yotesy 1. 2ir blcad for prescurization of the sponger cabin is perforred at
all the rli=ht altituvdes and eny c¢ngine rating up to rpu valve not

evconding 53,

2. tnti-icire air for tho eircrafti wing, f£in, and intcke de-lcing sys=—
tens ray Bs bled at £lipht altitudes up to 10.000 m and to erzlne rpu
not oxcoceding 9%,

3, At tako-off rating couprossed alr may be bled only for sircraft air
intoke and enzine de-icing systenms at flight altitudes up to 2000 w,
With ths eir bleed nystcns of tho alreralt gir intske and engine do-
teing systesms cut ing the cngins runs at waxi-un_take-off rating
vader centrol of ovarksuperstuge controller 1uT=20 gdjusted to teum~
peraturs linit excosding by 15°C tha rated exhaust gas temperaturoe ab
pexitun take-off-rating with no alr bled to other alrcraft noeds. The
engine wust not orparute lonzer than 2 min at maxinun tske—off rating
with the de-icins eir blesd systen cut in.

4. sir for pressurisetion of the gircrart hydraulic tsrk is bled at all
operating conditicons of the enzlns,

5. Alr bleed for feeding {he froon piant is ellowed with the alr intake
do-icing cyotem incporeative, &t any rating up to rpn not excceding

o

G5is.
6. Ancunits of alir bdled are given for standard atmospheric conditions,

Purbins Outlet Gas Orertemparature Contrel
Syoten IFPT~35

(8) Overtenpirature controllern asplifler (installed on
aireraft; supplied with enginodte
e QBrLEnation iiecsieecevsiatsaorcoacccrasionsranns

ctreeneeress YPT-19A-CT
P |
-~ oporating voltage across anplifier terulnuls, V ..vvecvenceaens 27 + 10%
- tonpersiure limit surplus ac cospared to take-off vating JPT.
at sterdard stuospheric conditions, O v veveesanasnsecveseses +15
(v) Twin thoriiocouples (supplied with engins):

e DUADOT eveeecessosnsvossrseasaseseesasvoaososvansse

B T 1 1 W S R LR R TR R e a 8901
e DUADBOT sreveeveossacsocesseasocsanrassssereoccosrsrnsesssserces 12
(o) Overtemporature lisiter actunting unlt provided with colenold
cuT-243 (zounted on fuzl repilating puzp EP-30) 3
= QuslEnetlon cevevecsenecenrcroir ouiiiarrran iorrrrooes
= DUADOY vecsnvsocssnterovearcse §
(a) Jat pipo tonperature gavget
- deglgnotion siseecaoae e ceesenen
- DUIDOY e e eceraronenanne Ve

ieees OF

eeseveccoreeviatoerascearassasss b

Cetieeivoneneeianae cereeees FI-2T

Ceteeescanevrnrearassasaresescssess 1

Yotay Tt is permisslble to erploy JPT gauges, modol KET-2.

Vibration Messuring Pouirtont
(installed at tho aircreft Manufecturing plent)

- depizpation ...l Ceerenessrecevsenassnoanneas PP werseaeees HB-200E

- pusbor (per two ocngines) ..o...v.os FP A R 27
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AN TECHIICAL DATA

(a) electronie units

e QEBLENAtION y.senrroc ot e nrar atoesonaaraer e ereoEny B2-5

eriesenerecersrraanse P §

- punbor ce.c.s W eseamar e mara e .
(b) vibration plel-up?

~ QeniENatitn servreeacrrosioneasrocccanrrsnreraronnaoen sl HB-25E~B

e DUNLOD soseversccesoosocrserocsacsosososarorrosssnsaorsasavenincs 2 '
(¢) irvaicator:

- dosignation T AR R R R R A R R H-53C

e DUSMDUT qeoercsccosrnsassneesarvosscosaerooesensonnccsaracoencss 2

Hotes The ¢lectronic unit is fcd froa A.C, malns with 115 ¥ % 5%, 400 cps
currcnt.

De-Yeling Syaton

- LFUC evvnecen Ceeierie s ..........................;...... thernopnouzatic
(nose bullet
and cOMPreBeor
1.p. eection
I1GVs aro heat—
ed by air blsd
froa coapressor
h.p. sectlon
aft of 5th or
10th stagos)

Eogine nose bullet and 1G7 do~icing vwarning eystonm units (supplicd
with engino)s
(a) 1co deteclors
= AOBLETELLON seesersraicroassrnsoasrrsrossarasaneorressreos Ji0-2024
= tFPS ecevsrerrrrecaerane eieevieeesesesaneaccssrnssneaceessss @lactropneuna-
tic with elject-
or
resseanercessenses 27 £ 10%

I |

- Leod VOIREO, V veriirornrvrrsrenrcenaneons
e DUIDOT v erecavovocnanssansenccns
(b) solenoid--cpsrated valvo:
B P T S L R LR TR R R R AL 1782000
- pUADOY cieiacersrerans J I R R R R 1
(¢) preceurs switeh, standards
B s a2 - S LIS E TR R R R LR AR 0Iy2-0,15
- nunber cocees . PP ceree e e .
{a) vutterfly valve olectric actuator:
o A0ELENAELON 4 isuvesnearrartarraatonasecasiitaanaiorsosusioe KI5

o DUADOD eovvosesresasssossscorerencose

vaeeraes PN |

P |

~ doslgnation of englne fire alari ayétﬁm eveesensncoarsannneees 2C7K

BT I D R RE R LR R EL R SRR AR AR A thormoolostric
nunber (poy 600 ENGINEE) eierencesasartreacetorroetcoteoins 1 cet
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' MAIN TECIHHICAL DATA

(&) fire detecctory

B Tt VoL 1. e D T R LR R R R PR PPN -6

= BUDDOD scnsnvsocttssaoetsatscectoransastosevniaosaosrarasscsse

- terpsrature ot which sigeal is sent, O eiencnereniaiiaanens 550+150
(b) uncunt of fire extinguichant (freon 11%4B-2) used for fighting

fivo insidns engino, KS eceevcceronrsrcnniiccraorcrnisoneroncns . 2.725

Fotas Flre dstectors -6 ers supplied together with the engins.

Euging dry welght, X8 scveave.e cecerernran teeevessesean-nenssseesses 1550 £ 2%
Kotet The ¢ry wolght of the englne doen not include the welghts of the following
parto:

front frere adapler - 15 kg,

uppsr drdve gear box - 33 kg,

t=0 starter—sencrators CIT-22410 - 74 kg,

platon pusp LisZ-1 -~ 9.6 kg,

sngine sling bracketo - 8.% g,

cuinckivs and peasuring instrunvents:

s 2t {2 pen), G5 (2 pes), N-63,

1908 (serion 1 157100 (sories IIIL),
A (sevies ITY), D530 - 4, 6 g,

- parts and vnlts of air biood uys%em for eivcraft nceds -~ 9.5 kg,

~ firo-fighting systen couponent parts ~ 6 kg,

wine overall dirensions, bo:

O Y - TP 398%.5 £ 10

- diguster (ecoross conpressor l.p. cgection front frame outline

leso protrvding ducte and brac¥ol8) Jove.evicveecrieriorananas .. 1050

C.C, position ern ncusured shead of plans of englne altachment unit

on losd-carrying ring (for engine furnished with set of all

acconsory vrits, alrcraft acceosorics ircluded), BB s.veiereser... 40 £ 10
Engine gervice life before firat overhaul .....ceevcivsniverennn . .. recorded in

Barvice Log
~ including ongine operating tima:

- ot paxirun take-off rating ....... ereena RN S5
- at noroxl yYating ...l eaeaa ettt ereiecien 505
- at other ratings ...v.icvevieoennnns eicrisetar-aasarese-evs.s DOt Trestricted

Kotn; Enzine accunulated houre iu cervico are summed up of engine operating
) tive in flight and 20 par cent of engire runrning time on the ground.
Maxicun permiscible onzine vibratlon overloads, as wmeasured from
pilde sttechuont unlt sldos:
- of ettachreut ualt losd~carrying hanger housing ........ ...l 3.5 ¢g
« of coaprecoor IGV amsembly ...veveieevinnannns veerranscassineese 3.5 ¢
- of by-pans duct entry housing ...

Alrcraft Accessory Unlts Mounted on Enzine

1, Starter-generator CTD-427rl'0 (supplied with engine) ............. soe Item 2 undex
1
"Sterting Sys-
ten" in this

Chapter
2. Pigton puop (not supplied with engine)
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- DUTLCT sava

3, Vacant (stau

h.p, rofox):

- LUVET eeve

- porzioaiblie ouiyul power,h.pPe sercensn
I i '

Yoteass I.

-1 or KT14%%M-T

P L R R R R R R R RS

cbrseratcrsisartaisans iiiscesaanensassnas pPlunger
berebesariracterttoatorertanatsiacanenrecasiinans 1

d-by) drive (enpleyed for cranking cozprewsor

T T R PR |

ciereeeaes 15

Puzp BIT-2-1, eotosstlc slsrting control wnit ATII-ICED (eertex 117,

the reop
monte, ctunting unit 207K of the engline fire-alam systez end vibro-

atirg equipuent of sturte-pgenerstors, the ceasuring inatu-

tion reesuring eduipaent are not oupjlied witn the englne.
Overtenperatura controllar snplifier YPI~174-0T end fire delectors
DIT-6& arxe supplied with the englne.

Tha goar yetio volues of &ll the ecceoecry units and inntruzents,

exclusive of conpressor low-pressure rotolr Lachozeter gonarator

DT3-57 end centzlT arve relalzl te the 1pun

veluss of the

. The geer ratio vulues

of cauressor surce retor toch grnerator DT3-5T eng

centrifugal ry= vzlues of the

conon 1

Given in ke v cetnical dota sre

excornt othersi

&
1% on techometer indicute:r scale corresponds tod
(6) 55,27 rp= for cunprossor l.j. ratory.

{b) 116,77 rpw for cocupressor hlap, putor,

Ergine Operating Conlitivng

1. Fngins 3dling rating (M= 0, V= 0, t, = 2150, By = 750 w3 kE)

- throst, ¥5 seceiorseesvonas

viedasaees 475, max

- CONPrEraor kE.p. ICEOT SPRed, Yol sevecciasecrvrrraasearranes 7200 t oo

- hourly fuel

(61 ~ 62.9%)

eonsurption, EE/IT tiiireetcrvracrrorararaenans HE2, Zax
P + BE '

.. o -
- turbine outlet g5 Lenp2rutiuic, C soevrencrnrenacnceocenca.. 360, Bax

- tine of centinuovs 0peration, Dl eovereree v oo arararsaea

not linited

2. Trzine Yaln iatings on Ground

(under standard ainospneric contitvions)

vable 1

Speed of coupressor colors
. o ) — Thrust, Turbine cutlet
Pazine Yo ps TeSIUre i3 £ai meun
ratirg rotor (Lo temperoture,

re

fevence: 1CO%

to

Yot rore
then 5 xin
of contin
ous oy
ticon,

oc .
corre £pois Lo Cy BEY
63531 rpo .
z ¥ P B 3 S
+5 o
11600100 Lo0= o [N €20

(G5, H=100)
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MATY VESHRICAL DATA
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X 2 3 4 5 6

Nomial{not Yi-i:ic1) (850 176

€79.5-81.5)

KD 2% 04585 £30

0,62 norcnl 200 —2% 0,575 w95
( ot linited) (for »ef.)
0.7 pormal LT 0% 0,575 By,

(rot Yinmited) (Lox rel,)

0,6 norual 300C ~2% rezeived 5e0

(not 1linitzd) (for refs)

0.53 norrel 2050 2% | reeolved 400
(not limited) (E2.5 35,001 (B5-27.9) (fer rofe)
fable 2
70 Frofve Yeio notines in Altinude Flignt (E s IL.00C E,
l!f = 0,75 1345
N = outlet
Frgine rati g fuel $U0 neald Veope-
12,
nax
fonde
8527
Mox Lo 700 0
(not rove thea, Semi (92.5-33.5)
of continucus i
operaticn)
=0 !
Koruzal 7450 195 :-Ju( CITEY =0S Q005 0
(not 1infted) (66.0-23.0) | (82.5~0) ;
. L #50 L - =
0.43 nomal 7160 Era ; 10,550 :ICO ; Tl ~I% ¢, 759 505
{not Yiniied) (85.5-55)  ; (90.991.8) ! (for ref,)
: l o | ,
0.7 moraal evzo Tps 1050 110, | 1 w0020 | e
! . - ! -
(not limited) 7E-85) LD 3) ; .« (Tor ref,)
; !
. !
i .
©.6 norual &450 195 Yo.cie :g’g\,j 230
(rot Lirited) s t [Quen : ‘ (for ref.)
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MAIN TECHNICAL DATA

. s

3. the gublont ailr touperature, at which paxitum fuel flow at maxipun
tato-off rating under Py = ¥60 £2 Hg iz liritod, ecqusxls plus 157°C.

4, vith e air bleed systim for aircraft needs cut in on the ground or

in fiipnt at any engine rating (with the exception of paxloun take-
off ona) the exhavsi gas tenpersture may rise by 207°C. At maximen

teke—ol? rating JPT is liuited by the ILPT-35 overtemparabure control

eystci.

5. Sha engino may run at naxiuuu tako-off rating only for aircraft take--

off and in emergoncy cases,

4, Accelerzticn tima, i.e. the time poriod from the mozent the ongine
control lever starts displocing to the moment the cngins developn
953 tako-olf thrust, eect
e £700 LAl LDCEA svrecorovrcoscrasersrancavsassosrracasesras e 15, max
S. Ths corpressor h.p. rotor apeed during sccoleration wmust not be
180 rpa lecs than vsximam take—uff rating speed.
6. During sccelssation chock to msxieun take-off rating compressor
rotor ray cverepeed for not over 3 pec as Tollows (apu):
(&) comprecsor l.p. rotor 6peed «.uviiieerriarioracciaaenivrnrroes 150, max
(b) ~ompromnor h.p. rotor spusd ...... Creeevaceetssas e rrnrnaaas . 150, max
9. Brhauc gas tezporabure dvring cceeleration chock (average as measur-—
ed by nezns of 12 thorrocouples), O vt vreevearierenrereavesnsanesas 620, mIX

P i o 2= P S
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Chaptar i

ENGINE CONSTRUCTION

1. COMTRESHOR
(Pig. 6,7)

The ¢ng ‘iy conpeopaor 18 an axtal tyDo, etploying two chaftsy it coneligtas of
tro voeotlonn:

tha low-prenruro section and the high-prossuro section, The low-pres-
gure and high-yroosurs czebions of the couprassor aiffer in wans flow and precsuro
Lesd bullt vy, their noiors running at differcent rio volusa. The by-pass ratio at
pexdmua tako-off rating 1o
] 2
vhere Gl {5 {he eir nasg flow through the comprosszor log-prennure goctlonyg
G2 i tus alr esce flow throvsh tho conprezsor high-prossuro saction,
The coip wnnor loo preseure rection corvrises four stsges, of whiel the firat
' ¢lage is & cupurzonic ero. The low-pronsure rotor is driven by the socond turbine.
fhe eonproscoy hizh-prevsure rsctlon employs tun eubsonic stagas. Tho high-prescure
rotor is éziven by the fixst turbine.

To reducs vibration overloads of the englino caslngs, the roller bearing sup—
ports exe of th3 reeilient dzuping type. Such a supportd comprisas a rosiliont
elorsnt (a covpling msnbay) of the “gquirrel-wheol” type and a ciroulsr o0ll danmper
(cavity D).

Pultietass labyehith seals rellably prevent oil in the bearipg voids from gat~
ting incido ths flow path,

The uss ¢ alusinium end titsniun alloys end high quality of machining cnsuro
higu strenzth of leow-walght conpreusor psrte and asssiblies,

. (a) co

repgor Low-rraosvre £cobion
(rig.6)

The COLLLOEROT lOu~Precpurd four-ntogs cection with cne puyersonic stego
gupplios air ot high prseoure ratio ard moderate hydrawlic lossss,

Fhg cozprescor loa-prossive naction comprisos ths following main units (¥ig.6)
front fraus 2, Los2 bullet 23, ceedngs with mtator vane essenblien ?. votor 5,
&eive ehaft 13, coupling belt 16 gud doieing syastem circular manifold %,

25X1

Approved FoPRElRast! X863/08/07 : CIA-RDP78-03066 R000400120001-3




AppFdved PorRENAse 2003/08/07 : CIA-RDP78-03066R000400120001-3

25X1

COMFILSSOR
20

 Pront frame 2 merves also as an inlet guide vane acsembly It con-
girss of outer casing, 26 inlet gulde vanses (1GVe) junsr shroud, froat cover 27,
reor cover 28 cnd bearing housing,

fhe vones cre attsched to the outer casing and inner schroud by moans of bolta,
wvhich are rsourcd by center punching frow inrlde. fhe front snd rear covswe are bolb
64 to ths inner chrovd, The boaring housing accoumodating a stesl pressed-in holder
48 centered wiih roepsct to the iuner diasmotor sucfaces of the reay and front
rovorn. Attachsd. to the bearing housing are the couponont perts of the rosilient
dnmping suppert, labyriuth, sealing flangen of the roller bsaring void, cover 23,
beariung oil eeal 24 with four bronze seeling rings, adapter 26 with Jet for lubri-
ceting the roller bearing, and oil feed ard scevonge plpelines.

Double-wnllcd noso bullet 25 is atiached to the Vvearing housing vis oll eoal 24%.
Gha noss bullet is fabricated of eiset aluminiua alloyy the froat frane, I1GVs,
covers, skrouwl and bearing houcing are made of titenium,

o prevent lco forcatien in the 16V azsombly, the venes are hsatod by hot alr
flouing vie cavities B inside the vanes. Fot air ig bled from the tenth or fifth
stogo of the couprescor nigh-prossure section doponding on the ongire oparating
conditions, to bo nvpplled to ths IGVe via a boat-inesulated pipaline, The hot air is
delivercd to Loct-iuzulated circuler nunifold 3 to be further distridbutsd cuong vang
cevitien B. Aly leaving cevitles B flows throvgh the plots dn ths innar shroud fer
heating the nose bullct outoer chzll to be dlecharged into the compressor f£low path
via the hulen in the rhsll.

Only 23 veines ere heated with air, the rcmaining 3 ere heated by 01, for vhich
purpooe provisica is rcde for cavity I in each of the three vanss, The canifold is
hesteinsulated and flexibly atteclod to tho fromt freme to allow thormal oxpapalon
of thro panifold, '

mhe three lower venes are uscd for oll delivery (o and scevenge fros the rollex
boaring void of the counprescor 10w~piessure sactica,

011 is rupplied tlhrough one of the lower vanes via ths pips of oil poal 24 to
{ue jet-and-zéapter czsesrbly 26 for lubricaticn of the coapressor roller bearing;
ol forced throuzh oil sszal 24 is also conveyed to the front rollor bearing of tho
second turbins via the pipgo instnlled in hold—down bolt 9 and coupling bolé 14,
fozo oll 1s tappsd from adapter 25 to Ve sgupplied via a plpoline into dampiug cavity
¥ of the rcsildicnt damping support, From the roller bsaring void oil is scavengsd
tarough other two vanesa,

&ho fore flange of the front fraeme carrlos a bracket attuchcd to the flange on
Lop by mes=ns of six fitted bolts end intended for rounting the cngine in the
elicraft. '

Attachod to the front frame is sdapisr 1 where fronl flense carrics six attach—
pont unlts 29. The units constitube a psrt of tho pealivg unit installed botwoen the
c¢ngine ard sireraft cir intalke.

Tho cdapler ia uered slso for cooling oil eupplicd from the cintrifugal desera~
ter, 01l flow rakeo tvo and balf turns circulating slous the edapbor cevities aboub
tis erslns ex’e and Is carried to the fusl-cooled 01l cocler,

2o intencify heat transfer, tha edaptor outer caclpg 12 provided with depuoe-
plona extending heat-transfer aros. .

Ice dotcctor 16 ie sttached to thie adapter.

25X1
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Compresgscr lowv-prommure 8BEeC tioun caning
% pecomnclating clntor vane ascenbliea,

tzo clator aseonbly 46 designsd to glredoiten the i flew to the

exinl Givestiern. Xb kaa twa vours ¢f vunase gulln el eeaighlonst.

o ennnouent parts

Tha crds of the guldo and etraigntencr vanes dircctsd towards the inner ringo
a 2Acd trunnicng, vheroas the onter cnle of tho venes &xo provided with
f£l:nzoa, Tua vence of cash stigo are fitted into tle inner rinss end are clenped by
goana of pubs. Tha flerzop at the ouber endn of the vanes fora ths cuter »ing of
the stater vene oorenbly. To guard the varso woadnat Aiaplacesent, the van:n &T8
sooured to onay wnother by threaded dowels.

The Lunsr rings of the slator vene asszisblies of ths first, second apd third
stosea havoe o ermulsr flanges cachy clad with pealing compound on the inner side.
Tha flanged in conjuncticn with cireular sorrailons on the cowprossor dincs forn
interctusge lebyrinth cealings proventing roverse flow of air.

©he wvaneo, ipper rings and capings ave ranufactured from aluminium slloy.

She stator venz assemblics ara sscursd in the caslngs by meons of dowels 19.
The casirg of a&ll ths four pteges exs providsd with access holes 18 for inspection
of ths couprescor blades in corvice,

ComnpreBsaor lJow=-=pregsurao rotor 5 4s of a drun~
end-sheel countructicng 1t conslats of four bladed vhecls and rear shoft 11 carrying
ebutnont alss 12 for hold-down bolt 9. The wheel discs end tho roar shaft ave cente-
red end conucelcd by nesns of face cplines'and gre clarped by hold=dowm bolt 9
pounted on srioricel supporio 21 end 17.

The rolcr hum cue front and cns rear Journal placed on wio supportsy the front
pupport ie furnlehed with & roller boaring, Laking up radial forces, end the resw
ruppord - with & ball bearing, teking up both radial and axial forces.

Phe roter front jeurnal pountlrng the roller bearing and labyrinth peal compo-
neonts in made integral with the 15t stogs wheel disc, The rotor reuar Journal carryj-
ing a ball beoring and oil oeal conponente is cade inbtegral with the ronx hub,

The bledcs aro dovetailed into the rotor diecs. Tho blades wvre held agalnst
exisl displaceront by dowels 4, Ths dowols are locked by means of rings. Eowme of the
bolis holding the rirgs and bolts 10 on rear ehaft 11 are used for dyrawnic balenc-

ng of ths rotor essenbly,

fhe firai-otage noviug blales arc mads fron titzniun alloy. To improve surface
finich, tho bladec airfoll soctione ere subjected to vibratory curfaco treatment. To
reduse vibratica strsaces in the blades durirg cperation of the encins, tho firot-
stage blades crs proviced with flanges 20 forning an anti-vibration shroud.
fhe pin-type fixing of blades ig used for the 2nd, 3rd and 4th stzgos, which
pakea it possibvle for tho bleles to assuls uwrdcr the ection of gas~flow and centil-
fuzel forces the wost optirun pocition as for vibratiens und blede-voot gtroeges,
g Tho blade root luzs &re inccrted intc tho grooves of the disc rim und nccured

v by pire €. Lach pin is held in pesition by e ehoulder from one cide &nd by a rivelsd

bush frea the other.

fre blries of the 2nd, rd and 4th stages ere fabricated of gluainiua elloy.
©he blado luzs exve provided with bronzs preascd-in bushos to increaro contuct
strengih,
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COMPRESSOR

The lCw=~preuiure COMProssor dincs have cilrcular edges vating with the innor
rirgs of the stutor vane azoorblies to fora intorstage labyrinth peals preventing
revercta flow of thic air withlu ths comprossor flow path. Tho dlecs are panufactured
of titenium elloy, ths veny ehaft is mede of atoel.

Hold—down hicllow bolt 9 rests through the medium of spherical supports 21 upon
the first-ctage vhesl disc in the front part and through the medium of a spherical
rinz upon ebutrent dise 12, driven into Totor rear shaft 1l, in the rear part
Inseorted into the hold-domm bLolt is a tube for oil supply to the second turbine
bearinz. The tube supporta ore provided with rubber rings to seal the oil-contacted
covity and to prevent the hold=down bolt inner surface from cold working.

Tho comproonor rotor rear phatt 1s splined to recelve drive shaft 13 that
transszits torqus from the second turbine to the compressor low-—pressure section.

Coupling bolt 14 is used tO hold the second turbine axially. It has gpherical
support 17 end is locked by slotted retairer 15.

The coupling bolt ecconmuodates an oil supply pipe for Jjubrication of the second
turbine bearing. The roller bearing oll seal is a series of thrce laubyrinth type
soals.

Ths first scal-ie an oil slinging seal formed by four-start right-hand thread-
ing on the chaft and four-start left-hsnd thrcading on the wmating part. The sacond~
end third-stage cezls ere of the labyriuth type.

Po improve tho operaticm of the 0il Boe) of the roller bearing vold, comprecscd
air bled fron the compressor lew=pressure section via the reer chaft threaded holos
free of balancc screws 1 supplied into cavity B via the holegs 1n the rotor front
ghaft and circvler cavity A forzed between tube 8 and hold-dcwn bolt 9.

The oil seal of the ball beoxing is a series of two labyrinth-typs scals. The
pating gurfacos of the labyrinth flanges sre covered with sealing compound.

(b) Cowpressor High-Prespcure Section
(Pig.7)

The coaprossor ton-stzge high-pressure section makes it possible to substanti-
ally incrcase ths preasure ratio at the compressor outlet.

The coupressos high-prossure section conaists of the following wain units:
inlat guido vane asseubly 1, compressor casing 15 with stator vane ascomblies end
outer shrouds, tenih~stage stator vane esseably 8, rctor 3, cir blow-off unit hous-
ing 5, labyrintlh eeal components 10 and 18, roller and ball bearings.

Inlet guide vane acsenrbly 1 isdesigned for guiding
the alr flow cnto ths first-stage whoel, The varlable incidenco inlot guide vanos
are conirolled bty sn actuating gochanisn to reduce vibratlonal leoads in blading and
to £1d 1in olicivating coapressor stall and surge during starting and acceleration,
¥hen cctuated the IGTe turn on thoir axcs changing tho comproszor inlet flow arce,
As’e result, air flow through the IGY asesnbly changss and the couprescor flow condi-
tione are impxovoed.

The IGYs ray be sat in ons of the followlig two positions: at norzal operating
rosings - to ¢ = 0 sri at low-gpecd ratings - to & = - 10°.

The inlct guids vens esesmbly copsists of outer end ivrnor rings, gulde vanss,
driving ring with “forke", and vare linkage provided with a number of blocks.

. 25X1
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~ B e &

ohe outer ring ia ettached to the by-pacs duct entry houning flenge. Tho
ring hes 77 bossss with btronzo bushos proseed-in, sorving as beeringa for the vane
outer cnds. Machirsd st tho outer ring rear £flange 1s a grocsyd ssrving a8 a race
for ths driving ring rollers, The outer ring inside surface i5 previded with two

" éane-hardened wonular collarn for centering comprossor flrst-stage shroud ring 2.

The TGV esasmbly inner ring is attached to the flanze of the drlve gear hous-
ing. It consints of two halves bolted togother. 37 spherical bushea are clamped
betweon the inns» »ing halvaes,

The IGVe arc mede of Litanium alloy, The vano trunnions are fitted with pres-
sed-in bushes, The outer end of cach vore £its into the outer ring, cach of the
vape lnner ends £its into ono of the inner ring spherical buzhes via a spherical
ring.

Put on the vane ouber ends ers turning lovors, whose pins enter the fork
blocks. The forks arc secured to the driving rins.

The drlving ring consists of cix segnents. Pach segnent is agoenbled of two
planks with distance sleeves placcd in~betwecn. Ths planks are claupsd by forks
provided with thresded end pieces. Some of the dictance sloeves are furnishod with
rollers.

The driving »ing iu cepeble of turuing by a smzall angle. The terning rargo ie
limited by lugs mada on ons of the seguents.

' Vhen tvrned, ths driving riug inpartis potion to the vanos via the forks and
vene linkage. As & result, the vanes cet turned to a definite angle.

fhe IGVs arc turmed by means of the hydraulic actustor coperated from tie aubo~
matlc Tuel control system., The hydravlic actvalor transnits noticn to iha IGVs via
e lip¥ hinged to the bracket which is secured Lo the driving ring,

The engine Is equipped with an IGY position signalling system, To visually
observe the position of the vanes, provision 1s wade of & scale graduated in degrees
of vane turning &ngla.

1

Vhen the IGVs are sot et oo = -100, en indicating light comes on in the air-
eraft crew cabin,

Compresseor caoing 15 cospriscs a split casing propor, guide
vane assemblies 7 and working whesl shrouds 6.

The casing is made of etocl and is split horizontally into two halves. I%
consists of a shell éafrying four welded longiiudinal flenges and eight balf-ringe
on tiie outer swface. )

The casing ralves arc held togetiher aleng the Longitudinal flanges by mesns
of 46 bolts, of which six bolts (three at each side) ars fittod bolts sorving for
alignipg purposes.

Phe slx half->ings on the outer surface of tho casing shell centre gaection mal»
up tbree circulsy flanges forning two indecpendent cavitics for recelving eir frouw
the 4th nd Sth stages of the coupressor, The flange uade intogral with the front
ring is used for attachrent of the eir bloa~off vnit housing. Fvery stator vane
anaembly 7 (frox the 1lst to theo 9th stage) errensed inclde the cempressor casing
couprices two Lulf-rings mounting tho vanes. The vanes mre devetalled into the half-
rirzs in a cantilover ramner. Fach ralf-ring 15 sscured to the coupressor cacing
ghall Ly elght sorews. Thoe half-ringe ero pedo of titaniua alloy,

The coriry ehell erd the kalf-nings of the chator vane soccubliss of the 4th
end 5th stugeo have two rora of holes 1% ¢1illed bobtween the grooves recsiving tho
vanzn apd esrvirs for ailr blow—off,

it LA 25X1
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The stator vancso arve ntade of titonium alloy. Installed betwsen tha stator vans
asceublies in ths casing are s0lid working wheel shrouds 6 turned fron titaniun al-
loy. To exclude buckling, the shrouds ere fasiened to the cowprescor cesing shell by

rews.,

To ensure cinimum radial cleerancos between the stator shrouds and the compres-~
gor rotor bludes, ihs inner cylindrical surfaces cf the shrouds ere coated with a
gealing compound. In the arca opposite to the movirg blades of the 2nd stage the
gealing conpoﬁnd.in applied on the ccupressor casing., The reor flangoe of the compres-
sor casing is bolted to tenth-stage stator vanc acsembly 8, the front flange being
attachod to first-stags wheel perforatcd outer shroud 2, The shroud is made of
stoel, It has tvo nltrated locating surfaces and en attachucnt flange. This shroud
makes g telcocoplc Joint between the compressor casing and the inlet guide vane ag-
sembly.,

The outer rirg of the inlet gulde vans asseubly and the first-ctage whsel
sbroud form & eircular chamber over tho psrforated wall of the firct~stage wheel
ghrovd, The perforated wall has 2520 holes 3.5 rma in diawcter. It is located in
around the first-ztage moving blades.

fha use of ths perforated wall with the armular space around the first-stage
woving blades aids in oliminating covpressor stall and surge in operation end reduc-
o8 vitrution louds in the firat-stage stator venes and rotor blades,

10th s tage sntator vane assenbly B8 pakes the compres-
sed alr stresm flow in the cxlal divection, It couprises a ring with two outer
flarges apd preas~fitted vanss, arrangod In {wo rows and devetailed into the ring.
The vanss of the front rov act ss guido vanss, tho vaneg of the rear row serving for
strulghtening the air streem.

The inner flanges of tho v&ées forming an lnner ehrouvd are providsd with shanke
paking up an irmcr clrculsr flange of the gulde vane asscubly. The vanes
stecl.

are wads of

The front flunge of tho gulda vans ascoably is secured to the conpressor casing,
the reur flange rocelving tho combustion chawber flange., Clamped betwsen the flange
fornad by the shznks of the vance and the ceubuvstion chander lwner caslng flange is
tho flenge of outer alr labyrinth ring 12. The inrer lebyrinth ring 1o held to tho
outsr ring by belts, Both 1&byrinth rings occenmodate sealing inseorts 9, Working
apainsd thesd ircerts are the circular ridges of the rotating latyrinth attached to
the coupressor rotor.

The labyrinih alr seal made up by outer 12 end inner 11 rings and tho comprer—
sor rotor rotating labyrinth part reduces alr lexkage froa tho compressor flow path
and sorves for partially teking up avial loads, acting on tha ball bearing of the
compresusor high-proessure retor,

Air dPlow-off unit housing 5 consistg of a shell, tvo
flengen and twe ribs welded to the chell, Felded to tho housing are oix flanged prds
o mount olx throttle valven, whesse axles are linksd up to the hydraullc actuatorec
by ncana of levera splined on the axlel. The alr dblow-off housing rhcll bzs foux
bushos supplying air for alrcraft services and two buches for bleeding air for the
de-teing systecus of the engine and the aircrafi air intake.

fhe air blow—off unit houcing is rounted on the compressor high~pressures sec-
tion to form three independsnt annular cavitics togothor with the casing. The two
front bushes recelve ducts corrnecting the alr cavity aft of the 4th stage of the
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compressor high~pressure soctlon with the alr bleovd system delivering compressed alr
for pressurizing and ventilating the aircrafi cabin,

Inserted into two rear bushes are two ducts connecting the alr cavity aft of
the Sth stsge of the compressor hlgh-pressure section to the air bleed systom supply-
ing compresssd alr to the wing and fin anti~icing systems, Screwed into the holes of
the two remaining bushes are ducts connecting the air cevity aft of the coupressor
Sth stage with tho de-lcing systoms of the engine and the aircraft ailr intake.

Compressor high~-~pressurae rotor %2 is of & drum~
end~sheel conastruction; it is composed of a shaft, ten blzdod wheels, and interetage
rings 13,

The wheel gncomblies are installed on a common shaft, being centered thereon by
moans of rectangular eplinesi they are held by means of nuts to avold any displace-~
wont of the wheel asscablies in the axial directlion.

Fach whool assenmbly consists of a disc and a number of bledos dovetalled around
the outer perithery of the disc., Tho discs sre provided with a hub having internal
roctangular eplines for comnectlon to the rotor shaft. The first eight discs and
the blades of the first elght stares are wade of titanium slloy. The wheel assembli-~
o8 of the 9th end 10th steges are fabrioated from steel.

After tho nutse are tightened up, the diesc hubs are clempted together. The dilscs
of the lst, 9th and 10th stages got distorted so that thelr central soctions are
grranged on the shaft in s fan-abaped manner, which substanticlly alds to the
rigidity of th~ rotor.

To provide & smooth flow path end Lo secure the blades in tho dlscs against
displacoment in the axial dlrection, tho whcel diacs are intorlsid with interstage
rings 13, which ere aligned relative to tho discs by means of projectlons fitting
into the disc rims, The Interstsge rings are held agalnst turning by dowels fitting
into respective rucesses in the disc rim. Each intersiage ring bas two holes con-
municating the rotor intorior epace with the engine breatbing systeu.

The blades of the firast, second and third eteges are hald against axisl displa-
coment in the disce by dowels 4, wheroas the blades of the 10th stege aro retainecd
by the shoulder of tbe labyrinth, which 1s pecured to the disc rim by rweans of a
vgua" type lock, and to the disc diaphragmn - by screvso.

The coupresaor rotor shaft 1s wade of steel. Tho front Journal of the rotor
shaft mounts a roller bearing and the component parts of the two-stapo oll sealing
labyrinth, The outer ring of tho roller bearing is sccured by & nut in Inner coupling
merber 17 of the damping support. The inner coupling nomber and bearing ring are
provided with resilient elements of the "squirrel-cage" type. Two grooves are wads
on the outer surface of the inner coupling cember to recelve oil svaling rings fore-
ing cazplng cavity B between tho holder and inner coupling member 17, 0il is fed in-
to the daopinz cavity from tho engine oll wain lino via drilled passagos in the drive
goar housing.

Tho Journz)l internel splincs are used for unounting the driving gear of the upper
and lower érive goar boxes., Tho gear 1s held against displaceuent by_two locking
pina.

Eounted on the ouisr surface splines of the rear Journsl are geveral ccaponent
parta of tho tuo-stege o1l sealing labyrinth and a ball Vearing. The internal spli-~

"nos at tho/énd of the rear shaft Journsl eare designed to recelvo the first turbins
rotor chaft., Three rows of holes ars drilled in the resr shaft Journal for draining
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oil from the front roller bearing of tho zocond turblno. Tube 16 mounted inside the
rotor chaft 5o intsnded to prevent oil accumulation, The tube is sscured in position
by two dowsla.

To reduvce hoat transfer into the cil, the wsll of labyripth rear outer flange
18 i5 ccated with & layer of heat insulation, whereas the epace bstween the outer
and inner flangen of tho labyrintho is blown with air tapped from the by-pass duct.

2. EY=PASS LUCT ENTRY HOUSING WITH ACCESSORY DRIVE GEAR BOYES
(rig.8)

The by-paso duct ontry housing is located between the low-pressure and high-
pressure scctions of the conpressor and is designed for dividing the air flow after
the compressor lor~preasure section intoe two streams, as woll as for accoamodating
the cosponents of the centrel drivo, for attachzent of tho accessory drive gear
boxes and for mouating the ball and roller bearings of the compressor low=-pressuro
and high-precewe rotors,

The eir loaving the compressor low-pressure pection 1s divided into two streans,
one of vhich is directed into the snuular by-pase duct, and the other into the high=
pressure secticn of the conpressor,

Thoe cceccsgeory drive housing is mounted inslde the gnoular box of the by-pass
ertry housing central part, whereas the drive gear bezes are installed on the upper,
lower and ripght-hind ocuter flanges of the by-pass duct enlry housing., Rotury motion
froo the driving geurs fltted onto the shafts of the cowpressor low-pressure and
bigh-pressure rcotoers to the gears of the accesadry gear boxes is transmitted through
the medium of splinod shafts arranged in the uvpper, lower and upper r.h., struts of
the by-pacs duct eniry housing,

The by-pasao duvet entry housing (¥ig.8) ia cast
of mugnesiun ellcy. It is coumpriesd cof outer rim 2, inner circular bex 4, flow divid-
ing ring 17 and rix hollew struts. The flow dividing ring and the struts are given &
streanlined shaps,

Pront flangz=s 1 of. the outer rim carries the fourth-stsge casing of the compreg-
por lcw~pressure tection, rear flange 20 bLelng used for attachmant of the forward
ceslng of the coibustion chamder.

The uppsr and lower- parts of cuter rin 2 incorporated in the by-pass duct entry
houeing ere furniched with external bosses located opposite the verticsl struts and
provided with flonges 18 &nd 10 to carry the upper and lower drive gear boxes (21
end 11) reaspactively. Anothor flange provided on the upper right~hand portion of the
houznirg cppesite the strut is used for attachzent of the right-hand drive gear box,
Ignition unit CHlA-22~24 i3 securcd on the top to the left of fiunge 18 to which
the upper drive gesr box is sttached. The flange opposite the upper left strut is
used for atluchment of the uppoer drive grur box lresthing plpe.

The etuds on the cutey flunge of thoe front part of inner box 4 serve for abttsache
pont of tho bearing oll scaling labyrirth, The flange at the rear part of the inner
box carrices accersdsry drive gear housing 15.

Tho by~pess duct entry housing has holes and passapgos for breathing and oil
cupply to tho benrings of the drives snd the conpressor low-pressure and high-pres-
surc rotor chafis.
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. The flange of the flow dividinz ring of the by-pass duct entry housing carries
the inlet guide vane asscnbly of the compressor high-pressure section.

Acoessory drilve housing 15 i3 cast of magnesium allov and
is designed for errangement of the gpur and bevel gears and the bearingzs of the
central drive, as well as of the roller bearing of the compressor high-pressure soc-
tion rotor.

The rear part of the eccessory drive housing has the pressed-in holder of the
dsmper support ascomnodating the roller bearing of the coupressor high-pressure
rotor, The dccessory drive housing has holes and passagos for breathing purposes and
for oil supply to the drive tearings and to tbe roller bearing of the compressor
high«pressufe rotor shafi,

The gears accomnodated in the accessory drive gear boxes are rotated by the
driving bevel gonrs of the contral drive, Lubrication and cooling of the central
drive goar bearings sre scccmplished by supplying oil froa tha oil delivery line
(downstrean of the filter) via oil transfer pive 9, a system of passages and reces—
ses in the by-pase duet entry housing and in the sccessory drive housing, and
throuzh the holes in the axles and the bearing holder.

the parts gcecomnodaled in ths'upper and right-hand drive gear boxes are lubri-
cated with o0il supplied from the pansages of the by-pass duct entry housing via il
transfer pipss and the respective system of pacsages in the housings and drive gear
toy covers, 011 dvain fronm the upper and right-hand drive gear boxes and from the
accensory drive housing is accomplishod through tho hollows of the two vertical
struts and one upper right-hand sirut of the by-pass duct entry housiug as well as
throuzh the holes in the accessory drive housing into the lower drive gear box.

The holes provided on the top of the'accessory drive housing tapered porticn
gud or the top of the rear flange are intended for breathing purposes.

T he upper drive gear bLox (Fig.9) serves for attacheent
of tie eccessury units and sccommodstion of the drive gears.

Instulled on the upper drive goar bex are the following accessory units: two
gtartecr—generators CIT-127TENO, cenlrifugal breather [{C~30 and compressor high-—jceus~
sure rotor tachometer penerstor LT3-5T. The starter-gencrators and the tachowmeter
gencrator ure vovnted oo the flanges of the box proper, whereas the centrifugal
breather is attaoched to the flsnge of the box cover.

The skeleton diagram of the upper drive goar box mechanism 1s presented in
Fig.5. Tho upper drive gear box consists of box housing 1 (Pig.9Y), cover 2 and the
accensory drive conponents, Ths box and its cover are cast of magncsium alluy,

Lower flarge 11 of the box rests on the uppsr flange of the by-pass duct enlry
housing. Attachoent of the sccessory units 1s accomplished through the use of flang-
¢s provided on the box and on the cover, Secured to two round flanges of the box are
titsnieo odapiers 13 and 32 wounting two starter-generators CIT-1275M0, The rotor
shank of c:3b starter-generator is coupled to the shaft of gears 21 or 22 by ueans
of torque timlt clut:h 14, Coupresser high-pressure rotor tachemeter gencrutor
[12-5T.1s wounted on the sguare flange of the box through titanium edapber 29, The
tuchomzter goncr:tor sguave shank is engaged with drive geared drive shaft 26,

Flange 10 rn:de on & buss of the box cover is desipgned to attsch the cover of
the staud~by drive, The other flange on the box cover is uscd for attachment of
centrifuzal breather 18, Paronite gasket 17 io placed between the breather flange
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and tho flange of the box cover. Tho centrifugal breather is driven from the ehaft
of loft~hand gear 2% via internually weshed gear 16,

The drive box cavity under the cover communicates with the cavities of the by-
pass duct entry housing and the shaft tube incorporated in the combustion chamber
asssubly, for which purpose an external pipe 1s laid out frowm connection 19 loceted
on the box cover,.

PThe right-hand drive gear box (Pig.20) is intend-
ed for insiallaticn of contrifugal governor LP-1B limiting the speed of the conmpres-
sor low—~pressure rotor, and compressor low-pressure rolor tachometer generator
AT3-5T, as well a5 for accommodation of their drive gears.

Centrifugal governor IP=1B is attached to the box proper, tachometer generator
JT3-5T ~ to the box cover. The skeleton diagram of the accesséry drives incorporated
in the right-hand drive gear box is presented in Fig.5.

fhe right-hend drive gear bex couprises box housing 2, cover 1 end the accessory
drive components. The box end its cover are cast of magnesium alloy.

Tho box and the cover are provided with flanges for attachment of unitse UP-1B
and IT3-5T. Adapter 20 pade of aluminium alloy and mounted on the box flange is
designed for abttachment of centrifugal governor HP-1B with the sid of quick—discon-
nect clasp 22. The governor splined ehank is coupled to the shaft of drive gear 21.
To provide a tight joint, a rubber ring is placed between the adapter flange and the
flange of the centrifugal governcr. Flange 24 on the box is used for attachment of
the chaft tube breathing plpe.

A boosg with swivelling comnectlion 23 is provided on the box to the left of the
centrifugal governor attachnent flange to connect the cxternal oil drein pipe run~
ning from the uprey drive gear box,

Attnched to Lo box cover flange is titanium sdapter 19 for mounting compressor
low~prLessure rotor tachometer generator ATO~5T. The tachometer generator shaft square
shank is engaged with geared shaft 13, The right-hand drive geer box is attached to
flange 8 on the Ly-pass duct entry housing.

T he lower drive g ear box (Fig.1ll) serves for attachment
of accesezories, srrangerant of drive gears, installatlon of oil filter M&C-30 and
connection of the engino lubricsting oll system, as well as for attachment of the
drain tank.

The lowsr drive gear box carries tho fellowing accessory units: fusl regulating
pump HP-30, fuel booster pump AUH-44-TI3T, compressor high-pressure rotor contrifugal
epeed governor UP-2B, hydraulic plton~type puzp H43=-1, main oil pump OMH-30, oil
pcavenging purp 1810-30 end centrifugal deaerator IRO-4C=-30, Apart from the drives
to ths above unlts, the lower drive gear box incourporates one stand-by drive used
for manual cranking of-the compressor high-preesure rotor,

The skelcton diagrar of the lower drive gear box mechaniam is given in Pig.5.

The lower drive gear box consists of box housing 12, cover 29, filter housing
23, the acceossory drive components and edapters 1, 28, 19, 5 and 16 for counting the
accessory units,

The box houaing and cover ere cast of magnesiua alloy,

Attached to the box rear wall on upper left flange 4 is titaniun adaspter 5 for
mounting fuel xejulating pump HP-30; upper right-hand flange 15 mounts aluminiuva
adapter 16 for installation of hydraulic pump HUEM%-1. These accessory units are
pecured to the adspters with the aid of quick-disconnect split clanmps, the Joints
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betueon the flunges are cealed by mosus of yubber rings. Lowor flunge € carries

M50-30 oil scevenging pusp 9, the Joint being gealad by ¢ paronite gasket. The box
rcér wall carries alac two pipe comnccticns: Lhe lower one is used for installation
of a sensor for scasguri

Lol tewperatwee at the inlet to the main oil pump, and the
uppor one — for oil s.ppl: Lo the Learinge of the compressor high-pressurs rotor and
the firsi-turbire rotory a& drain cocli is Installed abt the Lotton pertion of the rear
wall,

The lower Plaunge of the box housing is used to wount.the main oll pump. A paronite
gas¥et and a scrcen are placed betweon the punp flange and the box houcing flange.
The drain tank is sltachzd through the medium of Lwo bosses on the box bottom and
one boss on the box cover.

Drive gear box cover 29 has five flanges. Thres of the flanges are used for
installation of adaptera 1, 28 and 19 made of aluainium alloy and deslgned for mounb-
ing eccessory vnits with the use of quick~disconnect clawps, Adapter 1 carries
centrlfugal governor 1P-2B, edapter 28 receives fucl bocater pump AH-48-113T.

Adapter 19 is inotzlled on the stand=-by drive flanze to be uscd for manual cranking
of the rotor with the usoc of a special wrench, The joints betwcen the flanges are
serled by rubber rings, Flange 33 is intendod for mounting centrifugal deaerator
BBC=40-30, flanze 21 for installation of filt=r housing 2% caast of magnesium alloy,

Quick-dotachoble £ilter MiC-30 is accomuodzted in ihe filter housing and secur-—
ed on stud 20, 2 pipo sonnection 3o driven inte the froot end face of the filtor
housing to rececive the pipo-line for oil supply to the front fraus in order (o lubri~
cate tle bearinga of the compresser low-pressuve rolor and second turbine rotor. The
joirts betisen the atlachment flenyzee and the Tlanges of tho centrifugol deaerator
and filter housing ere scaled with paronlte pas¥eis,

Apart froo the five flanges the cover of ibe lower drive gear box is provided
with one wore Tlunge Tor attachrent of the oil plpe branch cenvoying oil Trom the
01l tunk 1o Li.w main oil pump, and with two bosses into which a pzguetic plug is
driven &nd & pireline is comnocted for scavenging oll fren the front frave sump of
the compressor lov-preasure soctlon.

A1l the poers of the lower drive gear box arc enclosed in the cavity formed by
drive geoar box housing 12 and cover 29,

Lubrication of the gears and bearings of tho lower drive gear box ls accomplishe
ed by splashing cil in the box, 01l i drained frou the upper and right-hsnd drive
gear boxes and the drive gesr housing via the struts of the by-pass duct entry hous-
ing and ports in the dlsphragn of lower drive gear box hovsing 12, Oil accusmulatied
in the box in dvown by the scavengirg element of the main oil pump to be carricd
through the pesrages in the lower drive gear box heusing and cover inte the centri--
fugal deaeratoxr,

%, COMBUSTION CHAMIOER
(Fig.12)
The combucticn chamber is ef a cannular constructiony it 1s arranged between
the cocpredsor high-pressure paction and the first turbine,
The combusiion chatber compriscs the followling asserblies; diffuser 33, inner
casing 15y tuolve flsme tubes 14 with trenaition liners 17, d&laphraga 4, shaft
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tube 15 with hegt~innulating layers, front outer cesing 4, engins Langer Lousing 7,
resr outer czaing 15, eir Llew-off valve by-pagsing coupressed air fron ths compres-—
sor high-pressure seciion into the engine outer duct, and pipes of tho air, lubri-
cating oll, btresthing and internal fire~fighting systeuvs.

Plame tubes 14 are orrangcd in en annular space between diffuser riddle casing
20 snd combusiion chambor irner cecing 13, The diffuser middle cacing and the inner
caping of the cozbustion chamber form a profiled circular diffuser in che front
part, in which ths velocity of the air stream at the entrance to tho flame tubes 1s
reduced with minivuam hydreulic lossos,

Diffuser %3 of the combustion chamber is welded from sheet alloy steol and
reprecents a load-carrying unit of the engine,

The &iffuscr consicts of outer 8 and inner 20 casings, coupled by means of
twelve hollow profiled struts 9.

Outer cusing 8 is provided with two circular flengen. The front flange 3s used
to uttach hangev housing 7, the rear flange recelving rear outer casing 16,

Phe diffuser uiddle casing has thrce circular flanges. The front flange is
used for attachment of the tenth etage stalor vane asseudly 22 of the compressor
high-pressure cection. The middle flange is employed for attachnent of disphragm 24,
Rear flango 21 3s used for attachment of the first turbine nozzle diaphragn assembly

The diffuscr mlddle caning constitutes the inner surface of the engine by-pass
duct,

Piffuser struts 9 on niddle casing 20 carry twelve welded flanges for attach-
ment of fusl burrncrs 10, and twelve threaded bushes recoiving flame tube hangers 11.

The dilffueszr widdle cesing han holes drilled at bottex in front of the turbine
pozzle diaphraps assocbly attachuont flangep these holes serve for draining fuel
accumulating in the &iffusoer duwrlng engina starting.

Inner casing 13 of the combustion cheuber comprises shroud 24 made of sheot
stecl, inner ceming ring 45 and support 23 for the bearing of the compressor high-
pressure rotor, The casing shroud i¢ strengthened by circular stiffener ridbs 25,

Welded to the shell outer surfece e deflector 37 foroming twelve cavities that
blernd into & circular duct in rear deflector 31 for turbine cooling alr supply, The
flange of inner casing support 23 carries a compressor labyrinth and the stator vaune
asscubly of the tenth stage of the compressor high-pressuré section, Plange 32 of
the inner casing is uccd also to secure diaphragm 34, whoreas rear flange 27 ro-
culves the support of the nozzle disphragm assewbly and the suppert of the first
turbine rotor roller bearing.

Tvelve flar: tubes 14 are acconnodated in the combustion chamdber diffuser. The
flane tubes ere nuwbercd counter-clockwise, looking from the turbine end, The upper
loft-hand flaus tube relative to the engine vertical oxls is considered flame tube
No.l. Each flama tube consists of a head end elght cylindrical eections welded to
eacl: other., The flawme %ube inner surfaces are covercd with heat-resistant enamel,

Each of flaue tubtes No,2 and Ho,ll is provided with a hole with a floating
wasghier to receive ignition plug 12 used for igniting fuel during starting of the
engine, Fuel in other flare tubes is ignlted by flawes propagated from these tubec
vie cross-ignltion tubes which ere connectod by couplings 36,

Por air supply into the combustion zone and inte the ulxing zone, the 3rd, 4th,
6th snd 7th sections of each flame tube ere provided with holes, To provide a cool-
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ing air blanket ineide Lhe flams tubes, the front part of each esccbicn has holes
gllowinz alr entry into the f£lane tudbsso.

. Welded to the rear part of the flame tube Bth section is e ring that forms a
telencopic joint with Lrunsition linmer 17.

The flane tube trensition liner is of a welded consbruction, It consisbs of
throe portions. Yor additicnal rigidity, the tracsition liner carries a welded ring
in the front part end a flenge of the frsme type in the rcar part. The lnrer surfacec
of tho transitiorn lines sre covered wvith heat-resistant enamel,

Ths outer flanges of the transition liners are bolted to the outer flange of
first turbine nczule diaphragm assemdly 19, The inner flanges in the reer part of
the transition linors ave instelled into the annuler rccoess of the first turbine
nozzle diaphragin assendbly flange; due to the clearance thus provided, a telescopic
Joint is obtained.

Shaft tube 15 is welded from sheet steel. It is made up of two parts (front and
rear) coupled with the ald of a corrugated expansion piece. Bach part has a cavity
forred by the inner snd outer shells of the shaft tube. The shells are welded to
flanges. The front flange of the chaft tube is attached to the support of the comp-
ressor high-pressuro rotor bearing, the rear flange belng secured to the support of
the first turdine rotor bearing,

The shuft tube interlor serveg as an oil cavity wvhich accumulates oil used for
lubriceticn and cooling of the corpressor high-pressurc rotor bearing and the first
turbine rotor bearing. ’

The cuter suvrfece of the shaft tube ig lined up with laysr 26 of heat-insulat-
ing watericl. The hoat~insuleting layer scrves to prevent the oil ineide the shafi
tube £107 overhasting.

Honger housing 7 is made of a titanlum alloy, The outer circular groove of tho
hanger housing, forc:d by'its flurges, is used to attach brackets for fastening the
enﬁtne to the aircrsft, The front flange 62 the hanger housing is attached to the
front flange of the combustion chawber outer casing, the rear flange receiving the
outer front flange of the diffuser,

Front outer casing 4 is welded of titanium alloy. It constitutes a load-carry-
ing unit of the cngine, Studded to thoe front flange of the outer caesing is the by~
psss duct entry housing, assembled with the compressor low-prsssure soctlon., The
raar flange serves for attaching the front outer casing to hanger housing 7. The
inver surface of the front casing forms the circuler flow path of the engine by-pass
duct.

‘Woldod at the »ight-hand bottom part of the front outer casing ia support 41
intendcd for attachuent of a bracket to which scnsors of englne operating parameters
are securcd. The upper part of the front outer casing has welded flange 44 designed
for etisclhment of the sealing device through which the rod of the hydraulic actuator
is passed to control the IGVs of the compressoxr high-pressure seotlon. Welded at
the bottom part of the casing 1s flarge 43 for attachment of thoe IGV position indics-
tor.

Rear oubtor casing 16 is welded of titanium alloy sheets, Front flange 35 of the
rear casing is btolisd to the coubustion cherber diffuser, rear flenge 28 receiving
the turbdine pozzle diaphragm assemdly flange, The luner surfuce of the rear outer
caping provides a further flow path of the englne outer duct, The rear outer casing
ourries o flanga on top to attach the alr blow-off volve by~passing compressod air
att of the ccoprussor tenth stage into tho engine outer duct.
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The air blou-off velve (Flg.12) is dosigned for by-passing compreesed alr
dtecharged Trom the covpressor high-~preassure coctlon into the engine outer duet Gure
ing stortivg 4n order to ivprove the orglpo starting charecterictlcs.

4 The eir blow--off valve and its housing

5 aroe instrlled on the flange of the combus~

tion chamber rear outer casing mo as to
enter the cngine outer duct with its cylind-
rical portion, The blow--off valve conaists of
the follewing main parts: cylinder 1, rod-
end-piston assenbly 2, movable aupport 11,
spring 3, plate 6, nut 10 and sealing rings 8.

4, TIMRINE
(Fig.14)

The engine turbine is an axial-flow,
four~stage, twin-shaft type. The first and
socond ntages of the turbine (ths first tur-
bine) iupart rotary wobtion Lo the rotor of
the comprossor high-pressurs csction, whercas
the third and forth stages (tha sscond tur~
bine) drive ths compreseor low-pressure rotor,

Tho rolors of the first and second tur-
bires spin at different rpm values., Both
turbines rotate in the counter-cglockwise
direction, if vieved from the Jot nczzle end,
To reduce vibratiocn overloads of tho engine
o casinge, the roller btearing of the first tur—

FIG. 13, AIR BLOW-OFF VALVE bine and the rear rollor bearing of the

V « cylinder; 2 = ced-aadpiston exsenbly; 3  spring; 4 ~
sphere: 5~ nut; 6 —olate; 7 = Lrsnie bush; £ - sealing rings; . .
9 - dowel; 10 « cdiusting niet; 11 ~ movable suppert danplng supports.

second twline are acccumodated in resilient

(a) First Turdbins

The firct twbine consiects of two nozzle dlaphragn aspeabliee, a roller bearing
support and a rotor,

Pipst-Stang Monzle Dlaphyapsm Agszalbly
(rig.14)
ihe turbine first-stage nozzle diaphragm ascsewbly couprises whesl phroud 16,
support C4%, 27 venes 12, and split ring 18,

Axial forces epcting on the nozzle diaphragm ssscubly ere transuitted through load-

nozzle diaphragn esconbly support 8% to ihe diffuser
and the inner cesing of the combustion chamber, Clircumfercntial forcos ero transait.
ted throuvzh the outer surovd to the conbustion chumber diffus

Rozzle dinnh:

carrying cuter shroud 16 &nd

raga assenbly support B4 is c¢f & welded norstruction; it consists
of & front tapered portion, en inner ring anl front flange E8.
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Niozzle disphrag: essendbly vanss 12 ere csxst to shape. Fach vane has flonges ot
the ends cast integral with the hollow vane airfoil scctlion. Tho outor flenges of
vanes 12 have topered lugs at the front part end I-ghsped lugs at the rear part. The
vane luzs gre fitted into the respective recossss in load--currying outer shroud 16,
The vanes &rc sacured in shroud 16 by meeus of dowels to prevent them apainst axial
apd circunferential dieplacensnt, The flange collars of tlic innor ends of the vanes
are fitted into the cirvcular grooves of the inner ring. There is a clearance between
the flarges of adjacent vanes and beiween the rear ends of the outer Tlanges of the
vares, which is necessary to allow thormsl expansion of thie vanes. To ensure unifora
ard sufficient cooling of the vanec, provision is made for doflectore 14 enclosed
inside the vapes., Cooling alr is delivered into the spaces bebweon the vanes and the
defleciors through 76 holes drilled in lead~carrying outor shroud 16 and vie 37 holes
in band 15.

The froat flange of the nozzle dlephragm assem®ly is bolted with the transition
linors of the cnubustion chamber flaie tubes. The middle flauge of outer shroud 16
incorporated in ihe rozzle dlephrags sssembly is bolted to the flange of the combus~
tion chamber Aif fuser.

Split ring 18-consists of 12 scctors and is provided with stiffener ribs on tho
inside surface. These ribs in conjunctlon with the ribs on the shroud flanges of
firatestage blades 77 fova & labyrinth seal reducing the gas flow leaking threugh the
tip elsarsnce.

&

SegondzStege Woszle Disphiasy kegeably

The secoul~stape nozzls dlephraga consists of cuter ring 20, split ring 73, in~
per ring 74, &7 nozzle vanss 17, fervard and aft deflectors 79 aud 75, diapbrago 76
and lebyrinth flange 80.

Fhe circurferentisl and cxisl ferces eweling upsn the eecond-strge nozzle dla-
phragn assoubly &ro transmitted via the flange of outer ving 20 to the recar Clunge
of the outer rirg of the firct

~stase nozsle dlaphrugzm.

Vano 17 of the cecond~stage nouzle dlapliragwe is cast to shape. The hollow alr-
foil ssction of ithe vans is cast integral with the outer and ioner flanges.,

The nozzle vanes are installed into the respective clveular grooves in the
ocuter ring with ihe use of their J~zhaped lugs., The front lug end face of cachi vann
bears sgainst the end face of the ring groove, The vanes ero sscured by wmeansa of
redisl dowels. There 1s & clearance batween the flanges of adjfacent vanas and bet-
wean the rear cnds of the ouler flanzges of tho vanes, vhich 1is necessary to &llog
thermal cxpaunlen of the vanss,

Tho cylindrical bossas on the inner flangen are Inserted into tha blind holes
of imner ring 73, the shouliers on the flanges are knsta)led with en axial clearancs
onto the circnler collars of the inner ring. This method of vane attachment allovs
frro oxpansion of the rinmew and verncs in the circuwferential, axiel and radial dirvce
tionc due to husting during erginc opsration.

Outer rinz 20 12 provided with two externasl flanges, The front flange of the
gocond-stoge nozzle dtaphrapgs Le bolted to the first-stage nozzle dlaphragm ansoobly.
The rear flarie ieconhccted with {ho third-stsge nozzle diaphrage assenbly,

wier
ring 20 has clucoi8T Ereovesd receiving thoe attachuzent elerents of the nozzle vances.
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Tho st porticon of the ounter ring is provided with a circular ghouldor and a recess
engaping with the lug en split ring 73.

The split ring conslsling of 12 soctors is provided with stiffener rita mating
the ribs on the chrovd flanges of the sovond-stsge whoel blades to completo the
labyrinth sesl reducing the gas flow loaks through tho tip clearance, Inner ring 74
has two externsl collars, dlind holes (in accordsnce with the pumbsr of the nozzlo
vanes) end en internal flange.

Rollgr Bsarinz Suppoert_

(Fig.1s)

Roller bearlng support 85 af thz first turbinme rotor is a wolded structure with
a dawplnz elepent enclessd inside first-stage nowzle diaphragm asscebly support 84,

The front flangs of roller besring suppert 85 is bolted together with nozzle
diaphragn asscrbly support rlange 88 and cccentric ring 5 to tho inner cesing of the
combustion chambor. Becentric ring provides for axial alignuent of roller bearing 91
of the first turbine rctor and the bearings of the comprecsor high-pressurc rotor.

Secured to the wicdle flange of roller bearing support 85 are the shaft tube at
the front end fece, labyrinth flanges 3 and 67, ring 6 and deflector 86 at the rear
end face. Labyrinth flonge 7 and 1sbyrinth outer flange 10 are bolted to the rear
flerge of tho roller bearing support.

¥First Turbine Rotor

The firal turbine rotor consists of rotor shaft 95, lat stage disc 83 carrying
eiphty vlades 77 and doflector 8, 2nd stage disc 72 with eighty-two blades 23, rol-
ler bearing 91, the components of the labyrinth geal and faatening parto,

Pirst turbine rotor shaft 95 is hollowj its frout end is externally splined,
the rear end carrying a flange for attachment of the first-stage and sccond-stage
discs. The eplined end of the rotoer shaft is coupled to the cempressor high-pressuve
rolor., Pirst turdine votor shafi §5 is connccted to tho chaft of the coumpressor high-
pressure rotor by means cf-hela-dcun sleeve 100, Probeble misalignucnt of tho shafts
of the turbinc end compressor during aperation is coupensatced for by two epharical
rirgs (102 and 109), )

() Sccond Turblne

The seconi turbine cozmprisca the nozzle diaphragrs of the tixird and fourth tur-
bine stages, a yotor, reer support copponent parts, labyrinth seals and fastenings,

Third-_and_ Fourth-Stage Yozzle_Diaphregm_Ascsnblies

The nozzle diaphragma of the third and forth stages cosprisc ouler rings 29
ard 32, 3ra stage split ring 28, inner rirgs 24 end 58, vanss 25 and 60, forward
deTlectors 57 and 114, eft deflecter 21, diapbragns 22 ard 55, and labyrinth flengoa
61 und 69. '

The third-stage norsle disphragn has 65 vanes 25, and the fourth-stage nozzle
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diaphraga - 57 vanss 60, The flow patb in the nozzle diasphregms 1s formad by vano
outer gnd inner flunges cast integrel with the varo hollow airfoll ssctions,

The exlel anl cilvoumforontisl forcee acting on the novzle dlaphragus of the
third and fourth tuxblne steges sre transferred to the resr flanze of the second-
etegoe nozzle dlaphragm assczbly vie the flsnges of outer rinzs 29 and 32,

The rear fluarge of outer ring 32 incorporated in the fourth-stage nozzle dla-
phragia bolts the ezcond burbine rear support. The nozzle dlephregms of the third and
fourth stages are similsr to that of ths turbine gecond siage in conotruction.

The cecond turbire rotor copmprises shaft $6, Zrd stapge disc 26 carrying 81 wmov-
ing blaudes 27, 4th stege disc 52 with 73 moving blades 59, front roller bearing 101,
rear roller bearing 48, labyrinth ceal conpenent parts, components serving for oil
pupply to the front roller bsaring, distanco sleeves, and the nuts for attachnment
of the turbine besrings and dises.

Socond turdinc shaft 95 1s hollow, It is arranged concentrically inside the
phaft of the firat turbine rotory it rides on front roller bearing 101 and rear rol-—
ler boarding 4B, Ths external eplines in the ghaft front ond couvple the latter to the
interivcdiate shaft ¢f the compressor low-presswre sectiong tho shaft is sscured in
the exial direction by a coupling bLolt screwed into the internal threads provided in
the ebaft front end, .

The shoft 1o fﬁanged at the rear end to count the third-sisge disc in front of
tho flange by wesns of exiel fitted pins 35, Tho disc is guarded against axisl
dleplecerment with the holp of nut V0 Lolding also distance sleeve 3% and lsbyrinthsa
20 enl G5, Pourth-sbzge dinc 52 is nmourtsd on the fame fitted pins at the rear face
of ths'flnn;e. Tha ¢ise 18 held by nut 26,

Regr_Support_

The darper resr support conslsts of labyrinth flange 47, roller bearing support
40, dumping holder 50, cover 42, eccentric ring 38, breathing pipe 37, oil scavenge
pipe 5%, oil feed ipe 115, labyrinths 116 and 119 and pips 117,

Labyrinth flavge 47 wating with labyrinths 39 and 44 forms en alr seal.

Support 40 end holder 50 are provided with resilient two-slded damping olencnts
of the “"squirrel-cego"™ typs, 011 is nupplied into the clearance betwesn the support
ard holdcr end is resrled by two palro of oil sealing rings. Eccentric ring 38 provid-
es feor exipl align.ont of roller bsoring 48 of the second turbiine rotor and the bear-
ipza of the flvst turblne rotor,

The cover central flange bLolto labyrinths 116 and 119 and pipe 117 dosigned for
gsenling aly in end bleeding it from cavity K into the Jet nozzle space.

S. EXNAUST HOZZIS SWC1YIOH
(Pig.15) '

The engina 3s furnished with a Jet nozzle, the purposc of which Lo to wix the
flows of eir and geses discharged from the by-pass and eain ducts respdctively sud to
turx tho crbaust gza strean by 3 or 4 deg, outward in the horizental plane,

The exhsust Jet nezzle eection structurally incorporatus ths rear support cf thy
gecornd turbine,
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Tho ¢xhaust nozzle conslets of the following main uniter a caolng, a final Jet
nozzls, & roar support, a nixer and en innasr cone.

Casing 24 is of & velded construction, Tt cocprices a conlcal shecud,
forward 1 &nd aft 35 flanges. Tho forward flange on the casing bolis to the aft
flange of tho combusticn chauber raar casing, the rear flangc of the caning carrylng
flange 38 of the finnl Jet nozzle,

¥elded Yo the casing top portion over the cutside contour of segmantal elots
A rude in &ft flarjoe 36 is duct shroud 23 vhich forms channel K in conjunction with
caning 24%. Duct shwoud 23 carrles wslded flange 20 that bolts a breathing pipeline.
Drein tank 18 is sesam~elded to the casing bottoz portion.

4 hollcw ip pado in the czsing vertical plane, vhere the drain tank is wslded,
to form the lowsriost erea of the engine by~pars duct aud collect fusl accumulating
in the Uy-pazs duet, Ths fuol in drained into drain tank 18 through a hole drilled
in the hollcw,

Fusl eccurulated in the drain tenk 1s forced under the alr pressure through
plpe conrection 19 end is thaon plped to the breatiing pipclire.

Tho forward right-hand parl of tho casing has hole B with concentrically velded
cover plate 52 end flange 53 vhich ero intonded for attachment of pressure pick-up
for peasuring turbing outlot tobal pronsure.

*he final Jet noczczle is of a welded constyructlon concigt—~
ing of flan; s %8, edzptsr 40 end rinz 50, The adapier and the ring form a curved
corvergant dict, thae purpocs of which 1s Lo confing the exhsust gases to & glven
arce, thereby eccelerating than, snd to twrn the mixed flow in the horizontel plens
by 8un emals ef 3 1o & deg. ralstive to the erngive longitudinel axis,

The Jot rozile ouler surface csrrles two shrouds 39 welded over segmeniel slots
B in flanzs 38, Cuac of thae shrcuds ic an extoension of duct shroud 2% unade over ¢~
ing 4.

The treathirg plpoeline is connected to the outlet at the £1inal nozzle edge via
duct 23 on caeing 24 and shaoud 39 on the final nozzle.

Regxr_Support_
(71g.15)

Incorporatced in the. resvr cupport structure ave the following main units: a reaor
guppert cuter czcing, bafflss, an inwver shroud, a& ryeur rapport housing, falyvince, a
diaphresn, a ruchined housing ard thermocouple housing,

(e) The walded rear support ocuter casing
compriccs chroud 26, forward flesze 2 and aft flange 27. Thoe exterral surfecs of tho
rear support outer cmsing forns the innar wall of the by-pass flow path in the cece
tien botvecn thé turbinre and wixer 41,

Forvard flonge 2 of the re=r cuppert aqutor crsing is bolted to the rear flongs

. ¢f the outer casing of the turbine forth~stuge nozzlo diaphragn, eft flarpe 27 can-
rying vixer 41, Chroud 26 hes eignt cqulepsced ovs) holes provided with scam—volded
flangoes 25 vhtich ere used to attach the rear support houéing. Ilole B ig pude in the
shroud at ths right for installation of a pick-up mEeasuring tolasl prossure dennstresn
of the turbine. .

Recr suppeort flanges 25 are provided with balfles 22 serving o introduvce aip
from the by-pass duct for cooling the thermocouple canifold, the sscond turdbins peap
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guppert conporent parts, the forth-stege disc, and for prossurizing the rear support
labyrinth ecals.

(bY *"he welded inner shroud comprisen chroeud 3, flarge
30 and cover etrip 29. The inngr oheoud forms the ovier wall of the engine walin duct
dowmstresn of the turbine and protecte {itaniun rear support outer shroud 26
agzinpt overheating.

shroud 3 bas cight oval heles for conroction of flgnges 25 and 32 of the rear
support housivga.

(¢) ""he rear suppor t housing is of a weldsd construc~
tion. It corpnises eipht stempad hollew strute 6, two circular flanges 12 and 35,
and cight flargss 32. Noar gupport housing flanges 32 volt flanzes 25 of rear sup-
port cuter shroud 26. Yorsard fluance 12 carries dlsphrega 11, Attached to aft flange
35 are housirs 13, rairices 5 provided vith I ~shopsd rlbs, and a thermocouple hous~—
ing.

(&) FPairingo 5 arc attnahed to the rear cupport housing to protect the
ptay struta aguiﬁst ovorheating by the grna flow, The fairings arce made of stanped
sectione walded together to form rtreamlined struts. The laticr ara provided with
conlcal Planses forming the irner wall of the duct Qovnstrean of the englne turbine,

(6) The diephragnm consisgls of two parts: stauped oubex diephrapm
11 ard turned immoy dlaplwegs 16, The ¢inphrasu soparatesn tho interior cavitics of
the rear svpport louning frou {he engine gas flew psth,

(¢) Housing 131in Lurned to shaps. The outer forward end aft flanges
of the housing arc bolted te roar gunpord housing flanges 12 and 25 reapectively.

Attached to the forward dpnur flengs of houriny 13 are the supporti and seal

components of the turbine rear roller baaring unitg the aft flange of housing 13 car-

riecs fairings 5 and tharmocouple housing front flonge 46,

(g) T he theruoc o u ple housing is weldcd of flanzes 46
and 48 gnd fcoreerd coae 47, Plenze #8 of the theraocouple houuing.in tolted to reax
gupport housing eft flanza 35. The front wall of the housing has holes for passing
air froa the outer duct for cooling the thermocouple penifold ond turbine parts,

Tho holes axs drilled between thes theraocouple houeclvrg aitachnent holes. Four holes
in flange 48 are uszed to pacs {he bolts for attachuont of the elawps securing the
thorgoccuple manifold, The taper surfaco of flange 4G is provided with twelve radial
drillings for fnutalletton of theriioceuple brackets 34, Each thermocouple brachket is
attoched to the erd face of flangs 46 by wcons of two Lolts, Thermocouples T are
jnstzlled in ths trackets apa socured by msaus of bolis,

Mixor
(rig.15)

The pixer ip &n cxliaust nozzle cloment intended for mixing the air and gas flowue

running out of the by~paes end main dects of the engine,

Mixor #1 1s violded of twelvo ctsgped flapn and flenge 28. Flange 28 ig uced to
locate and attach the mixer to aft flanje 27 of rear support outer shroud 26,

T he vwvelded inner coné compriscs tapsr shell 22, flapge LT
deflector 43 and slsove 45, The cono ouber swrfuce end the surfaces of ring 10 and

feirings 5 wake up tho flow pzth downsiream of the engine turbine,

Approved kopRelease 2003/08/07 : CIA-RDP78-03066R000400120001-3

25X1

25X1




ApprogedifforRelease 2003/08/07 : CIA-RDP78-03066R000400120001-3

EHGINDG AT AMD DEICING SYSTENS
as

6. ENGINZ ATIR AND DEICING SYSOII
(Fig.16)

(a) Air Systen

The engine euploys a nuuber of asuxiliary sir lines by means of which air as
bled from the by-pass and main ducts for certain engine and aircraft needs, Compresn—
ged elr 18 uced for pressurlzing the labyrinth geals of the olil~coutactsd cavities
of all the bearings supporting the coopressor snd $urbine rotors and the bearings
incorporatcd in the drives of the ntarter—genzrators and tachometer generators of
both rotora.

To c¢col the turbipe parte, tho gir is bled from the main (high-pressure) and
by-pacs (low-prucsure) ducts of the engine. High-pressure air 1s used for cooling

tho first-stage nozzle diaphragnm vanes ard moving blades as well as the dices of
the turbire firat three stegee (fron both sides), Low-pressure air ccols both sidesz
of the forth-siage éisc, the outer rings of all the nozzle diaphragnm assomblies and
the cooponent paxrts of the low~pressura turbine rear support.

The autonatic starting fuel control unit incorporated in fuel~regulating punp
HP-30 is f£cd with high-pressure air supplied from the cosprossor high-pressure sec—
tion throuzh pipsline 19 end ailr filter 20,

To presguwize ond purge drain tank 25, low-presswrs &ir is fod alcng pipeline
23, Additicnsl drain tank 18 is pressucized ond purged with low-pressure air ducted
throush the hole in the exhaust nowzle casing,

The ejoctor of ice dsteoctor JIO~200H is fed wlth low-prossure air delivered from
spoclal dntlre 24 in the by-pass duct entry housing flow path,

The alrcrsUt pass2nger coubins are pressurized and vented with air bled froa the
blov—off unit housirg aft of the fourth stege of the conpréssor low~pregsure section
throush one of o air bLleed ducls 8 or 22, The deicing system of the alrcraft wing
and fin recoived alr bled froa the blow-off unit housing aft of the cowmpressor fifth
stage through oue of two alr bleed ducts 9 or 21, The alr intake is heated by high-
precosure air supplied via pipeline 12 at a spsed of the conmpressor high-pressure
rotor exceceding $100 rpa or via pipaline 16 at a high-pressure rotor apeed below
9400 rpm, Chanzo-over of the air bleed systen is acconplished automatically by zeans
cf butterfly valve 13, controlled by & hydraulic actuator. The hydravlic ectustor
is supplied with fucl from fuel~regulating pump 1P-30 vie centrifural apoeed gover—
nor UD-2hH.

To fmprove englne starting churscteristics, tha coupressor high-pressure
soction has provisions for by-passing air from tho tenth stage of the h.p. compres—
sor scction via valve 17. The valve is closed autonatically by the sctlion of pres—
suyre difference in the wain and bLy-pass ducts of the engine, bullt-up et the compres-
gor hirh-pressurs rotor spocd within 6030 & 250 rpm,

The eircraft hydraulic tank is prossurized with high-pressure air supplied from
the cowpressor high-pressure section through pipeling 14, The alrcraft fuel tanks
aro proscurized with low-pressure alr dbliverad via pipe connection 5,

(b) Dezicing Systen

To heat lo.-prossure combressor inlet guide vanes 2 and nose bullet }, provi~
slon ia made for a deliclng syostem.
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‘The eyeten couprisen pipoline 15 used for bleeding alr fron the compressor
high-prespure sectiocn, compressor Sth stage alr bleed pipeline 10, butterfly valve
11 used for chanzing—over air supply (controlled by & hydraulic actuator), heac—
insuleted pirsline 2, shut—off valve 4 (provided with an elcciric sctuator) and ice
varning sysien

The chenge~

its,
sor of air bleed either froo the £1.fth of tenth stage of tho comp-
ive seetion is offected automatically by supplying high=-pressure
fue) froam fuel rozvlating pump HP=30 via centrifugal governor lP~2E to the hydrau-
1lic actustor. Suui-off valve 4 gets opon sutomatically under the action of electric
sctustor 1ie5% an coon &5 the latter recoives a signal from ice detector JNG-202i.
The eleciric acivslor may bs operated manuzlly as well,

Tha ico werning systen is dcaigned for sutcrzatic control of shut-off valve 4,
The system (Fig.l7) couprisca L0-207 ice detector 1, colenoid-operated volve 2,
prescure nwiteh 3 aud air jntake probe 4 supplying alr into the ice detector eject~
or,

regsor high~pres

FIG, 17, ICE WARNING SYSTEM
Y — ice detector 10-202Y; 2 = volve M7B200D; 3 ~ pressure switch C/i¥2-0,15; 4 — eir intake
probe supplying cefrprossor low-piassure discharge oir 1o ejector of ice detector 402024,

The purpoca of ilce detector LO-202U is to wern on lce formation in the englne
air inlot duct. The functicnal diagrum of the deiecter is presented in Plg.18.
Electric mochardsm MII-SH starta opening shut-off valve 4, end the ice warning light
cones on, mg 800n ag contucts 7 of tho presgsure gi.fferential gauge get closed. The
conbacta close after ice detector tip orifices 1 get clogged with ice and the oir
preasures ectinz upon one and the reverso sides of membrene 6 equalize due to low
ran pressure sensed Ly the detector probde.

Proscurc @ifforcntial is built up in the gauge (up Lo n, = 84CC rpn) due to
reduction of elx proscure in chamber 3' under the action of eojector 5, Solenold-
operated velve 2 (¥ir.1?) eerves for control of alr supply into the ejector from the
compreesor low-prosgure sectlon. Pressure switeh CJv2-0I5 breskes tho circuit of
valve 2 &o £0on on the surplus pressure downotresn of the low-preesure_section ie
above 0,15 Yg/feg.cn. As & result, air supply to the ejeclor ig cut off.

N - 25X
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FiG, 12, L0202 ICE DETECTOR FUNCTIONAL DIAGRAM
1 = lca detscior tip orilices; 2 « tuta! pressure chombar; 3 - static
T proceure chombar § - orifice (jo1); 5 - ejocter; § — rimnbrans; 7 -
contocts; B — heater; @ — epening intercoanecting efscior covity end
siatic pressuce chember,
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ENGINE LUSRICATING Gill AND BREATHIRG SYSTLHS

B

L1

7. FUGINE LULRICATING OIL AND ERBATHING SYSTLM
(Fig.19)

The engine lubrlesting o0il and Lreathirs syatens coupriss the following ase
sorblics ord units: oil tank, tain oll punp MiI-30, gouzo oll filter LI8-30, oll
pecavenging punp 1NiC-30; centrifuzal deaavator WBO-C0-70 with a chip~detecting filtor,

contrifuynl breather HG=30, inlet housing adspler, ezployed for cooling oil, and
fusl-cooled 61l coolexn (unit G2).

The lubricetiny cil syetsc ensures constent oil flow to i%e boarings and the
friction suyfaccs of the coud

nte during englne operation, in ordsr to reduce
friction an? dinmslpais generated hoab, While tho ongine is running, oil from the oil
tenk arrangcd on the elxcrafé 1o drawn by wain oil pump OLii-30 and is delivered to
gouze o1l filtcr MIT-Z0. After paseing ths filtor, the oll in carried in four direc-
tionss

1, Along the faternal pagcagas in tho by-pass dvct entry hcusing, in the acces-
sory drivo houzing, cnd in the gear box housings oll is supplicd to the bearings and
tho genrs of ths centrel drive end the drive goar boxes, as wall as to the compras=—

v lop=proanund X0 eor boll boswisg end
baarirg.

ne eovpiensce high-pregoure rotor rolley

2. Vie an exvtercol pips oll 4s @slivercd to tho coupressor low-pressure cectlon
Preat fxame and flowe to the conpressor low-pressure rotor roller beaving end to the
sscond tuebine froat 235 :

3, Along erothov externsl ;i1~ oil iz cnrriod to the shaft tube for lubricatlon
of the first tuibips rotor woller booring end cwrprosser high-preessure rotor ball
bearirg.

4, Aleng enotbor external pipo oll is brought to the second turdbine rotor rear
support for lutricatlicn of the recond turblne rolles bearing.

0il flow scuvericed fron thg ccuprescor Lyont frame covitles, from the ghaft tube
and turbine rcaxr sappoct by oll ecavenging pump MI0-20 and oil flow drawn from ihe
cavities of the bLy-pass duct entry housing and thoe lowor accossory drive gear box by
thoe scavenging clement of wain oll pusp CHH-Z0 are supplied into the compressor
front Trace adsphar via centrifugal descrator UDO-I£.-30,

ATter passing throughs the front freme adapter, partially cooled oil flows
throush tho fuel-ccoled oil ceoler end enters the oil tank. Adr or oil enulsion
goparated in the ccntrifugnl donerator io cearried via the ball-typs omulsion valves
into the comproscor by-pacs duct cntry housing,

To provide for nermal cperatlion of the Jubricating oll eystom, the interior
£paces of the Ly—pass duct entry housing, the ehaft tude, the turbine rear support
and tho o1l tank ccumunicate with tho atmosphero via the centrifugel breather The
breathing lino is brought to tho fipal neozzle edze via en external pipeline.

Ths centrifugal breathor calnteins e cerlain surplus pressure in the engine oll-
contected ecavitics and in the ¢il tank, dus to which back prescure is bullt up at
tho inlct to ths p“ossure and egcavengipg elcacnts of the oil pumps.

041 prcczvre in the engins lubricating oil systen it meanured downetream of the
dolivery cloment of uein oil puzp CMH-30 (aft of the filter) by transuitter HAT-E
(ceries IIT), vhich is a part of the TH-30T set, counted on the reasuring instru-
vent boaxd,

Tenperaturo of o1l at thoe inlet to the delivery element of the oll puap is
chacked by thermometer =53 (incorporated in the TNI=3PRi set), vhose sensor is
installed in tue loser érive gear box,
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F16. 20, MAIN OIL PUIP OMH-30

1 = eppor covin 2,3 - cevering elsmont ¢otrr; £ — housing § - dolivaiy element cil cotlet possega; § — spring; 7, 9 ~ delivery slowoat

goart; B~ tphordzal siag 19 - lower coveri 11 = bushing 12 = seovenging elemant oil iniet pussages, 13, 20 - scrows; 14 - pressurc cone
trel vitve; 13 - prozsors centel volve edjusting sciew; 16 — zpring: 17 — noncetura volve; 18 - velve occommedating covity; 19 - boly; 21 -
Celivery eizmaatoll inlst prsvnga; 22 « scovanging elomeat ofl outle? poisogs.
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The purpose of umain oil punp €230 (1ig.20) ia to supply oil under presesure to
the ongine conpensnts o bs lubrieatszd apd for scavenging oil dralned into the lower
drive pior box from the by-pass duct entry housing and from the other drive fear
boxos,

Tho main oil purp 19 of a gear typos it consists of a pressure and geavenging
elerments, Housing & &pd covers 1 erd 10 of the ofl pump are cast of megnesium alloy,
Acconaodated in the 031 puup bousing are preceurs control valve 14 and pon~return
valve 17,

Ths prossure control valve is designed for edjucting presaure of oil delivered
by the oll pump into the englnos cil lings, As soon &g the pressure in the engine
oil lines couos to cicced the proasst wvaluo, the pressure control valve by-passos
part of the oll into tho inlet of the delivery elonent of the puzp. Oil pressure is
adjusted by turning ecrow 15 with a resultant change in pressure of spring 16 on
valve 14,

Fen-return valve 17 serves to preclude oil flow from the lube oil tank into the
enginc, with tho elrcraft parked, Th» non-retwrn valve nllows oil flow into the
exging es goon &o oil precoure vpstrasc of the valve coumes up to 0.4 or 0.6 kg/sq.cn.
For the srko of eonvenlonce in removal and installation of the non-roturn valve, 1t
is rade os & gopronto unib.

011 soovenging puup LI0-30 (¥ig.21) 1o designed fou soavengirg oil fron ihe
sliaft tube, from ths coupressor front fyrane ond frow the turbine roar support,

The oil puvip s of a goar types Lt consists of four scavenging clesents, 01l {o
the goars of the scuvengiug elerants fless in the radlad direction, To cnhance the
scaverging ¢ffect of the pusp, £ll its four olemenle are rade with very 221l sido
clesvencen,

Housings 4, 9 ernd 10 end ccvers 3 and 1l are cast of magnosium alloy. The
flarzes of housling 9 and resr cover 3 of the punp are provided with pipo comnec-
tiona 1, 24 end 25 for receiving oll reavenged froa the shaft tube cavities by theo
gecond end third elcunents, end oil scuvenged from ths turbine rear support cavitics
by tho first scivunging elenent of the puzp. The fourth reavenging elecmsnt bundlea
oil oupplyed viu passege 25 of front cover 11 and taken from the front fraus cavity
alonz a pipeline and & pasecoge in tho lower drive gear box. Proa all the scavenglog
elezents of the pvsp oil flown via passaze 27 of the puup, passes through a channel
in tho lower drive peoer box end enters contrifujal deaerator UB0-£0-30,

Ths centrifuvgal Qeserator (Fig.22) provided vitb a chip~detecting filtor ia
desigped for soprration of eir froa oll ncavernged frow the ongine by oil scavenging
puap LM0-30 end by the scavenging elcuiunt of main ol puzp CiiH~30, It serves also to
sond & elgnal saraing on detection of chips in the engine lubricating ol system.

The housing of the chip-dctecting filter is installed on the centrifugal dsaerya~
tor housing,

. Tho IEO-C3-30 unit consistn of tarse housing sections 14, 15 gnd 26, rotor 24,
ghaft 2%, ctulsion ball valves 22, chip-detocting filter 10 snd by-pass valve 11,

Housingn 14, 15 ¢nd 26 oro cawt'of rapgnesium alloy, 0i) frou oil scavenging
pump Cili=30 nnd frow ths scevenging élenent of nain oll pump O'¥I-30 flows into deso-
rator inlet chaulor 21 of houcing 26 4o bs corndusted furithor into the annular
chacber of deaovator rotoer 24, The centrifugal forces thyow the heavier oil partic~
les to the peripbory of the rotor inner epace Lo bring the ceparated oil 4nto cavity
16 of volute housing 15 via circuler epece 18, Hore light alr end oil vapour parii-~
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clos accupulate in the centre of the rotor hellow and are carried through holes 20
into the shaft hollow space and further into the interior spuce of the lower drive
gear box, with the ball-type emulsion valves open.

From deserator housinz 15 oil flows into houcing 14 and after passing through
the chip~datzcting filter is carried from the deacrator into the front frame
edapter. When oil contaninated with metal particles flows through the discs of the
filter, the counvergent pascages and inter~disc clots gel clogged with the particles,
thereby closiny the circuit, As a result, en indicating light comes on indicating
that tho lubricating oil is contauinated with retal particles, The indicating light
flashos up only in cage all the twenty discs of the chip-detecting filter make up a
¢losod circult,

In cace the gauze and slots between filter discs 8 get blocked with dirt or
sorie other particles, oil pressvre in charber 12 rises, by-pass valve 11 opens, and
oil is carrica from the deserator via psssage 13, by-passing the chip-detecting
filter,

The contrifugasl breather (Fig.23) serves for separating oil vapours from the
euulsion carried to the breather via the exiernal breathlng pipes and the passage
provided in the upper drive gear box froc the 0il space of the by~puss duct entry
housirg, froa the shaft tube, from the turbire rear support and from the oll tank.

FIG. 23. CENTRIFUGAL BREATHER 11230
V- coting: 2 = covar; 3~ hausing; & = impeller; 5 ~ outlet cennection; § — gear; 7 ~ porls for air supply to
bieather impeller; B — recess in breother hausing; 9 — deceratnd oil drain port communicotiag wilh vpper drive geor

box; 10 ~ sleeve; ¥1 - bush; 12 - cing.

The cenlrifugal breather conslots of housing 3, cover 2, casipg 1, and impeller
4_mdunted insido the housing on two bearings. Housing 3 is cast of magnosium alloy,

Air satureted with oil vapour cntérs the impcller interblade space via four
ports 7 cut in the contrifugal breather housing, More hceavy oll particles asre thrown
by the centrifuzcl forces to the peripheral surface of the housing provided with an
oil-slinzing ten-start spiral grooves, 0il flows along the spiral grooves and enters
jnternral eireuler rececss 8 in the housing, whence it is drained into the upper drive
gear box via port 9 in the centrifugal breather housing.
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The air cleuned of oil is carried via the ports in the impeller and bush 11
inside casing 1, whence it is scavenpoed into the atmosphere via pipe conncction S
and the externzl breuthing pipe running to the edge of the engine by-pass duct
exhaust unit,

The centrirugal breather maintains surplus pressure in the o0il spaces and in
the cil tank,

0il filter MIC-30 (Fig.24) is designed for filtering oil entering the engine
from the delivery elemont of main oil pump Oii-30. The filter consists of cover 11,
cylindrical "hollow carcass 6, filtering elements 2, plug 12 with tommy bar 1%, and
safety valve 8 mounted in the filter cover.

The filtexr cover is cast of sluminium alloy; the filter carcass and the bush
with the tomny bar are made of steel, whereas the gauzes of the filtering elements
are manufactured fream brass.

FiG. 24. OIL FILTER K3C-30

1 -~ sealing ring; 2, 4 — filtering eloments; 3 — protective washer; § - gosket; § — corcoss; 7 - locking ring;
8 - sofely valve; § — soring; 10 — sealing ring; 11 = cover; 12 « plugi 13 - tommy bor.

0il from the delivery eleumont of main oidl pump OUH-20 flows into the filter
hougsing, passec through'the gauzes of tho filtering elements to get into the innor
space and furthsr flows along the passeges in the cover and the filter housing to
te delivered into the engine.

The filter cover accommodates safoty bull-type valve 8 by-passing oil directly
into the englne, when the filtering elements get clogged. The valve opens as soon as
oll preasure differsntial across the filter cones to emount to 0.7 - 1.4 kg/eq.cm,

B. ENGINE FUEL SYSTEM AND AUTOMATIC CONTROL UNITS
(Fig.25)
The engine fuel systen 1e conpriscd of a low-pressure system, a high-~pressurs
sycten, and a drain systen,
The lew=pressure system incorporates the following unitss fuel tank 1, airecrart

fuel hooster punp 2, booster pump EilH=%8-H3T 3, flowneter 6, fuel-cooled oil cooler
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20 (u=nlt €2), fusd gauze fAlter 21 retainiry particles largsr than 20 microns, and
Pipasines cwonzeting tie obove undts,

ira ki cuve pyLton includes: BY-20 fusl regulsting pusp 37, IP=23 contpri-
fugal govenate 25, N2=1B centrifuzal governor 29, hydraulic actustors 12 controlling
air tlos=olf ghulicrs aft of coupregcor higu~pronsure stages IV and V, hydreulic
aciuators 14 conirolling elr bleed butterfly walven aft of 5th znd 10th stages of
the ccoprerior Mgheprepsuve suction, hrdraulic cylirdsr 7 contrblling the position
of ths irn¥st guide vanss, fusl £iliers 8 end 18, evall-elot and large—slbt fupl
renifolas 41 erd 42, 12 feal busnsre, end pipslines counscting the sbove vnits,

Ths dvcin system dnclodes tho following vnita: rain drain tank 16 seowrcd to
the lower Crive geor box, the craln sump of cxhaust unit, and pipslires connecting
the drain cpzces of ths fuel cysisn unlte with tho drain tank. Prow the drein tank
and ths exhevot unit éraln sunp fusl 1o forced by tho eir via individusl pipes and
breathing pipeline to thoe ¢dgo of ths Linal nozzle.

Fron tonk 1 fuel ig dolivered by alrcralt boostsy pusp 2 via a pipeline to
EUH-84«13T fual bLoostor pusp 3. From this boostor punp fusl enters HP=30 fual regu~
lating pusp 37 via floumctsr 6, fuol-coolnd oil coeler 20 &nd filtor 21, Proa the
fuel regulating puznp fuel uader vroseure Lc oupplicd into privsry arnd main circular
ranifolds 41 and 42 te bes cpreyed inko the combustion chanber ficze tubes vie 12
fusl turtrors PwION%. '

Pipo ccrnection 47 of fusl manifold 41 is interdsd for peasuring fusl presowre
in the orell-slot canifold. It $o comuscted to traneatttor HAD-10D (éeriea II1) via
savdbbar R53-2,

High~prescvve fuol upctrezn of the throttle valve of fusl regulating punp HP-30
is bled irte UP-2B centrifugal govornor 25 to bo fuprther carried to hydraulic actug-
tors 12, 14 and ? vie filters 8 and 10, Pipeline 32 cornnects centreifugal goverrop
HP-1E with tho hydraulic decelerabor cavity accomacdated in the HP--30 fusl royulnte
iny pusp,

Pips comusction 34 of centrifvgel governor UP-15 is connected to tranemitter
IAT-4 (eericn 1XI) via snubber [i59-4. The purpese of the transmitter is to measure

SR
-

- fucl presoure &l ths inlet to fusl regulating punp HP-20, Pipslines 39 and 28 provi-

ded with air cleaner 40 are used to deliver eir topped fronm the conprescor high=-
proscure coction to the slasrting fuel control unit incorporated in ths fusl rogulat-
ing puap,

The eixr filter is providsd with a pregsure rellef valve adjusted to an cponing
progsure of vithin 3+0'§ kg/sq.cu which 1o the prosguro limit in the wm2mbrape chambe
er of the cinxrting fusl control uait incorpofated in tho fuel regulating pump,

Tho fuol regulating punp constitutes the maln vatlt of the engine fuel subply
systemy 1t providos for punpins and autozatic regulation of the fuol flow fed into
ths engine &t any operating conditions, including acceleration and starting
(Fi5.26)., Fusl reguwlating pusp EP~30 comprires the following wvalu unitss

(e) high-precsure puwp 78 (przping walt) soxving for supply of high-pressure
fucl into tl> burneras installed in the‘encine cozbusticn chazber flanes tubssgg

(b)) tixottle valvo 63 derigned for nechonical control of fuel gupply inte the
ongine and for stopping the engingy

(o) countant proscure valvo 16 csrving to raintain fusl constent precourg
wpsiresa ¢f trhe valn regulating prap uaite, 50 as to jwescrve tholy edjustzont f1-
raepsetive of any chonsos in the puzp oporating dutyg
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FIG. 25. ENGINE FULL SUPPLY SYSTEM DIAGRAM

teal; 2 o drcech braster rumo; 3« bocoter pump WULLLI3T; 4 - SUHHASDYE pomp shaft sesling unit drain vipeline; 5 — pipeline conveying furl to fiswmeter; ¢ — flowmerer; 7 =
bly; B - fue! filter; 9 pipeline supplying fuel 1o IGV contral hydraulic actuator; 10 — pipeline conveying fuel fo o
w-afl shoMer by deaulic actuataz 12 « hydrovlie cetuotors oparating air blow-olf shuttcrs oft of 4% and S stoges of

13 11 = pipel. ie canveying fuel %o @i b
13 . opineliae
15 - pnetine

oo fuel filier 19 -

fuel 1o b

tor; 14 = hydreulic actuntars controlling oir biaed butterfly volves oft of Sty end 10th stages of
I bresther droin £ipe; 16 = drain tank; 17 ~ pipeline supplying fuel ints soring chamber of 1GV cone
cecnled ol conler; 21 = foel fiitar; 22 — pipeline feeding fuel 1o fuel requloting pump HP-20; 23 ~ fuel
HIWOEE: 26 = fuel dreain gizeline runming frem shafl sesling uait of HIP-21 govarnor; 27 « fuel drain
sir g pump HPLA%, 22 - puashine defivering air to autemoric starting control unit 29 - contrifugal speed gaver-=r 1P, 30 — fuel drain
w HERTHE 33 — fuel revin pipeline runaing from sored gavernar HP-18 10 inlet of fucl regulating pume HP-33; 32 — pipeline delivering
1%, 33 = fuel dram pipeline running from spasd governar 102210 to speed governor HP-1I4; 34 — pipelina
eline delivering high-pressure fuel to speed governor 11i%215 36 = pipeline used for draining Fuel from riani-

stic starning centrol vnit drain pipelire; 39 - filter air delivery pipeline; 40 < oir filter provided with rress
f

4

£l deliver,

~ Tual fitee de!
‘ 1

sread govern

ol spenige

sdin mes.erg fuel pressoie o
fc'ds during cngine shut-dawn, 37

velve, 41 - s

et to fuei reg

;58 - cut

slot ap) by

rstot finain) fuel

vee relief
21d; 43 — burner small-slot fusl delivery pipeling; 44 = burner lorge-slot fuel delivery pipaling; 45 « pipsling
coyinghighopassure foel to foel manifold: g6 — €0
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ENGIT FLLL SYSTEM AND AUTOMATIC UHITS
- = - - - 49

(a) 8dl-cposd roveraoy techoratyrle elsrent 75 incorporatsd in ths fuel regulut-
ing pus) and dsadgncd to autoratically mainteln prodotormined ypy of the comprassor
‘hghepronosure roter &t spacd ereceding 9700 rpm (838)3

(e) hydraulie dacelerator 53 ccrvivg for emooth (at a predsterainsd rate)
‘resdjustacnt of tiz spring of {he epoed governor rlide %alve. when the throttle val-
ve 1o chtrupily ghifted, which cnsurcs a gredusl chenge in the englne opeedy

(£) fusl proscure rice Multor 25 (vpstroas of tho fusl burmsrs) dssigned for
exodoth inercunoe .¢f fusl procnuro sorevhat eboad of tho predetovmined time, necossary
for rorual srceleruiion of ths enzire from the idle rating to mavinum take-off rat-
insy

(g) floz divider 56 sorving for distributing fucl botween the fuel burnor pase
pageu depending on the procsurs of fusl upatresn of ithe dividerg

(h) auteaatic niartinz fuol coatrol unit with eliitude coupensator 41 designed
for ensurleyg wrnsl starting of the ensine on thr grovwnd and in tho aix within an
opbivus tivs period, Jwvolvirg no teupsrature purgo aft of tho turblineg

(3) aiffercntial valve 18 corving for naintensnce of constant pressure drop
eeronn tho puup throttle valve at the ratings below tho beginning of the sutorztic
oporeticn npeed, vhieh ensurcs constant fuel supply with the throttle valve statio-
nary ecd conctsnt opeed of the coupressor high-procsure rotor, if the flight condi~
tions do not chunze;

(1) érip valve 59 uged for draining fuel fron the fusl manifolds into tho drain
tenk, whon tho engino is belng stopped;

(k) overteurszruture liviter 42 through 50 (unit O0T) iz eetuslly an ovortenpers-
ture liciter metunting wnlt incorpeorated in exhiauvst overtempsrature control systen
LT T-35.

Vhen a signo) s sonced by the overteoporatvre limlitor actuasting unit from
overtenperatuve cuDlifier ¥YP2-40L.27, the former incressos the snotnt of fusl re-~
turncd from (ho hydveulic docelerator piaton chanbor, As o renult; the cozprecsor
high~preccurs roter spoed reduces with o resultant reduvction in the gas temperature
eft of the turbiney

(1) £1lids valve 47 restricting the overtemperature limiter actuating spoed,
a6 10D por cent pules retic sigeal is oblained frowm overtewperature anplifier
YFT=481-2T.

Cen{vifegal epecd governor HP=2B couprices a apsed tranasnitter enploying a
tachouotric clgsoent., The wnlt sorves for autoxatic changa~over of the position of
the hydrsullc ectustore and the mlcrogwitch, depending on the apced of ths coxpros-
gor higli-pressure roltor, Tho HI2B unit enczuroess

(&) the oporation of tho kydraulic actuator controlling the alr blow-off chut-
torn eft of the 4th and 5th stages of the comprossor high-prassure soctlon, tho IGV
hydraulic ecctustor, and butlerfly velvos in the air bLloed oystem of the hydreulle
actuntors centrolling the positica of tho alr supplylng hot alr to tho comprescor
fivet spool IGVse and elr dintske from tho tenth or fifth etzgs of the coxpregeor
high-pretcure gzctlon, The sbove listol sctustorn aro cynchronously controlled by
tho earo elrnal cont from the LP-2D eentrifugal governory

(b)Y ¢lecrngagonent of sturinsi--gonerators CII-12TRH0 4n tho process of starting
acd enc:gesvnt of the lce warning cysten.

Tio LS-18 unit 1o essentielly a centrifugul speed govornor dealoned for linit-
ing vexdeun npsed of the coupreseor low-presuure rotor,

25X1

Approved FoPREIea$¢T200B/08/07 : CIA-RDP78-03066R(00400120001-3




Appfavelt For-Rétdase 2003/08/07 : CIA-RDP78-03066R000400120001-3

FHGINEG FULL SYSHEM AND AUTOMATIC LRITS
63

The purpsce of the TET-35 overtciperature control sysécm ia to protcct tho
engins from excoeaive temperature aft of the turbine at the engine maximum take-off
rating,

g overtevperature control system couprises 12 twin thermocouples T--99-l (hot
Junctions of elloyc IX and CA), ovoricaperature amplifier YPT-~19A~27, a&and overtecupe-
rature lioiter (uadt 07) dncorporated in fuel regulating pump HP-30 (Pig.26).

The cvertiupsvature emplifier ia designed to convert the voltags ddfference
siguale recolved frem the presatter gnd thermocouple unit into rectanguler-shspad
D.C. voltuge puless,

With an increapo in diccrepancy of the actual and preset exhaust gao tempara~
tures, {hs duration ¢f the sigral cenued by proportional solenoid 50 of the ovorten—
porature limiver es velated to the taotal eycle period increases linearly frou zsro
to 10D oy cent.

Yroportional colenoid 50 transfoime the rectangulsr-shaped voltage pulsea
recolved fron euplifier YPT-192-2T into tranelational motion of valve 49 which
eleszo ¢r opens the hole for additicnally draining fuel frem cavity "6" of tho over-
temparstore lindter, thereby varying the pressuve valve in the cavity. The presocure
change L cavity "¢ btrirgs about & change in the position of slids valvo 42, which
inexcorog or deerancor tho exount of fusl edditionally draired from the bydraulic
decclernier pinton charker of fusl rezulating punp HP-20.

Vith an dnsr

ccase in tho turbing outlet actual gas tenpsrature reslative to the
pregut volus, the ¥PT-194-2T erplifier increasss ths pulse duration ratic, slide
valve 42 dvercure2 the enounb of fusl dratned from the bydraulie docelerator piston
charkor, vhich bidngs ebout recdiuvstment of the speed governor of the fuel regulat~
ing pusp to e lcser opocd of the couprossor hiph-pressure rotor, bonce to ths reduc~
tion fu tbe exhuust gas teoporature to ths presot valus, I, however, the pulsg
duration ratio arounts to 10072, the comprescor high~pressure speed ray not reduce
bolow 10,500 £ 75 rpn (09.5 - 90.54), since a rpocial slide valvo will clozo the
fuel dveln line fron the hydveulic decelerator piston chamber, thereby limiting the
epoed reduction dogree enswred by thy MPT-35 overtenperaturo conirol systen,

Thon tho exbaust gus tenpsrature aft of the turbine is equal to the preoset
tecperatwo lirit, thoe ¥TPT=194-2T anplifieor sonds rectangular-shaped voltsge pulses
with 50 per cent duration retio to proportional solenoid =0,

Tho cvertenperature coniroller is adjusled to a tenperaturo cxceeding by 15°C
ths tuvrbins outlet gan Gomporature at the enplne movicus take-off rating under the
anbisnt clr tcuperavure +15°C with no air blpd for the alrcraft needs.

To chock the operation of the overtemporature control eysten; provision ie rade
of & tusbler labeled IXFT §u5T (HONTRONL NPT)§ when the tumbler is ewitchod on, the
PP-35 evertenperature control system will 1imlt tho turbine outlet gas temperature-
to o viluas by 310%£20°%C Ysen tian the raxipum tenperature limit (the prenctter
edJustiuent volus),

9. STARTING SYSTEM
A. Yolinrma Suvplv and Startine System CH2-30
(Fig.27)

Tha CiiC=30 voltage supply end starting systen is designed for automatic nuce
csezlve clerding of two crzinse Ji<30 on the sirverafi from starter-generators fed
ceeoxding to 24 x 43 V eohicniic, &0 well es for fooding voltsge into the airoraft
5525 8318
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‘The voltsze rupply and atarting systoem includes tho followlng uain unitss two
pterter~genorators, capccitance-type ignitien systen, fuel control unlt, asutomatic
starting aund voltage supply control systam, Each of tho engines is started with the
ald of two riarter~gsnerators CTT-12TDUD which oporats as starters during tho proce-
dire. At the end of tlhe sterting cycle, vhon tho cagine runs independently, the
startex-generator is ssltched over to genecrater duty.

%hen opsrating as starters, the CIT-127LE0 sbarter-goneratora are gupplied fron
two etorage battories 1204AM-55 arranzed in the sircraft, or froz s ground power
pource vhosu voltuge tay bo ewitched over frou 24 to 48 V, or fros two ealarter—genc-
retors {of the onzins alrecady running) et o spescd of not lees them 7200 rpa in
conjuaction with the on-board storage batteries.

The voliago cupply and starting systen compriscs the following unita snd acces-
gorles: startipg control unit AIJLA9LH (eeries IY), startor-gonorators
CTT-121140, wtarior-gensrator control penel TICT-2A (saries II), iegnition unit CKHA~
2r-24 with ienition plugs CH-08, clectro~hydraulic suiteh incorporated in centrisfu-
gal governor P23 erd eervivg for disong: g2

e

ctorane battorles 22CAY

rand of the starter-gonsrators, on-board
cut-out rolays RP=SCOT (povios 11D,
voltage vexuletors Pi-180 (ssrice IT), esliching and protecting equipment in aocord~
gnce with the sycien key dlazvan (Pig.27).

=55, TEVerid cuwroer

Avtonatic glarting control wudt AME=1J51 (reries IT) and $he electro-hydraulic

gre interded for the respective actuating purposos,

1. Autonatic stsrting control wnit Al-19BM (goxries II) is ducignad for control~
1ing the ptartor-~penarators according Lo e snpscial tias progranm during starting the
engine &nd for seitching them ovor to the gemerator duty. It ic used alco for cwltch-
ing on snd off the engine 1lgnition systen.

2. Tha I[P-23 centrifugal governor eleciro-hydraulic ewitch ig designed for
dssnerpizing the sterting system as soon as the corpressor high-pressure rotor galns
a speed of 4500 4 200 rpa,

3, Starter-gonerator control panel HCI'-2A (geriss II) serves for following up
tho control signals genorated by aulemutic starting control unit ANA-19BN (series IT)
for ewltching on and controlling the stavier-generators., The unit also maintains the
ptartor-generator capacity constant in the proceus of starting.

4, Starter~gensrator CIT-12TvM0 is derigned for starting the engine whon operat-
ing a8 e storter, and for feeding voltage into the aircraft meins, when operating ot
{he gercrater duty.

5. 1gnition unit CEHA~22-2& together with two spenl-conductor ignition plugs
Cil=G5BN ere used for igniting fuel-air mixture in thoe conbustion chumber f£lams tubes
during starting the engine on the ground and in flight,

6. The purposs of sitorege battery.12CAM-55 is Lo feed the alrcrnft malns with
direot current, Yach storage battary conelste of two peries half-battery sots with a
reted voltage of 12 V ¢ach,

7. Reverpo cuzrent cut-cut relay MT-400T  (serles II) is designod for aubomatic
uwitehing on the slaerter-generater to the sivceraft vains in cage the starter-gonera--
tor oporates in tho gencrator duty end ite output veltage exceeds the voltage in the
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eirereft nains, es voll o5 for ewitching off the gensrator from the aircraft walns,
when Lts voltage is lesns thsn thut in the elrcreft walns, ]

8. Voltuge zoegulator Pi-180 (serios II) 1o designed for kesplug the slarter-
geoerator voltege within certain predotermined limito durivg its operatlon at tho
generator duty.

&5 the csms tire the voltege rcepguletor ensurcs proper distribution of load bet-
ween two sterter—pesnorators opsrating in parallel.

9, Circult broaker AJM-8Y (ssries IV) is intended to protect the D.C. alrcraft
raing froa overvolisse that way tnko plece after falluro of the voltage regulator ox
dirconnaction of wny of the sterter~gounerastors opsrating in parallel,

10, Reloy F¥C~l is uged in the systenm for interlocking asturting of erglne R-30
(rendering 1t irpoesidblo), when the starting is conducted according to the CN3-30
syston with the eld of only one starter-gem:rator,

Styrking Syeten Qparation

The enginsg ctarting process cn the ground, whon powered from two slorege bat-
terion 12X LM~55 installed in tha wireraft, occurs in throe stages:

The lst stexs ~ two starter-gensrators spin the comproessor high-pressure rotor
and the asuoclated rotor of the firet turbine to an rpa value, at which the high-
procsure rotor dyaws In substantiel enownt of air end tuilds up a pressure
sufficient for atusdy cozbustion of fusl, Feel 48 ignited Ly ignition plugs Cl~06Ef
in the englne corbustion charbor af the conpuessor high-pressure roter spoed amount—
fng o 1000 or 20 rpr,

Tho 204 stepe = the eouproscor high-pruceure rotor is still svirned by the
ctevrteregenoarators undsr goalslones of thoe first turbling, To atialn fastor ascelera—
tion ef the englne, the power eourccy aro wuitched over from 24 V to 483 V as 10 or
11 ssc elupse frou the boginning of tho starting proccdure.

The 3rd stego ~ the compressor rotors esre spinied to idlo rpa valuo by the tur-
bina, tho starter-gencretors being cut out of the opcration.

Tha ignition systen 1s cut in siaultaneously with ths starter—genorators and
functioens within 43 eoc, Thon the starter-gesnerators aro switched over to the geno-
rator duty., Autoiontic sterbing control unit ANI-49ER (series II) is sot at its ini~
tiel state.

In the event tho high-precsurc rolor geinsg a spscd of 4500 & 200 rpu Lefore
45 ~ 60 £oc eluprno, thie starter-goncrators ere cwitched over to the generator duty
by the eloctro-hzdrsulic exsltch incorporsted in centrifugal governor HP-2E. Should
the compressor high-pressure roter reach a epocd of 4700 rpm shead of the specifiocd
tine ard the electro-bydraulic cwiteh fail to operate, the starter—generators must
bo ewitchos off eanuvally by deprescing the ABORT (MPEIPAUEEIE JANYCHA) button, to
prevent tha gtarler-~gencratorc from failuroe,

The englne starting on the ground from en external power source ylelding
24x43 ¥ current is crarled ocut in thoescme sequenos, with the power susply source
exiteh solected Lo tho CROUND YOWER SUPPLY SOURCE position (AZPONPOUIRID ECTONHIKE)
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Xogine_False _Stert

Tho engius fales start is corelsd out with the aim of priming the engine hydra=-
ullc systemn and choceling them for tightnees. To perform a falss start, 1t 1s lepo-
rative to ¢isconnset the ergine ignition syotem from the alreraft mains, having
swltched ofl the ignliloa vaili circuit brezkar, sot ell the ewitchos in positions
correcponding o the ergine ground starting, then press and relcace the ground stert
buttoen,

The strrilng system uwalie ave switched on and off and the starting system fumc=
tions in the eamz way as during the adove described autouatic sturting of the engine
on tho grouvnd. Hewever, fuol-air nixture is not ignitsd in the engine combustion
ckauber, bscauns the iznition oretom 48 cul off in this case. The ntarticg eysten
is disonzagod wccerding to the rumpective tine schedulo,

Evgine_hOH~0UT

Pricr to astarting the engine it im deviradble to wotor it over., The function
solootor eust Lo cot in thoe BLOW CUT (XQIORULA MPCIWYFTHA) positica. The starting
systen voiis uwre ciltcheod on &nd off erd the ebartlng eysten fuvnchtions in the sips
vay es durlng cvnbic starting of (he cnglue on the grouwnd, oxzclusive of the fact
that tho lenition eyoicn rewalins cut off snd the slarting systom unlte croe fed with
23 V curront thaovghoub {hin precodure, which lests 34 £ 2 csconda,

Poglpe Starting in Flipht

The engins ray bs started in flisht at en altltuds of up to SO0 m, To sbtart
the engine In £1ight, procved ¢n fellowst fet switch COOUND-AIR (3RUIA-ROBLVI)
in tho AIR (DOZIYX) poaition, select the function rultch to positicn STANTING, than
press the Li-FLICLHY START bubtton. As a reeoult, the cngine igniilen oystem pots funse—
tloning foir 45 £ 2 goo. The DH-FLIGHT EYART oporating cycle of sutomatic starting
control uwnit AFI-G053 (gevies IX) lacts for 48 sec.

To ensure reliable clarting of the englno in f£lipght, provicion 48 rads in tho
olectrlce stanting eystsm for rmanuul sterting in sddition to the above doscribod auto-
patic otarting in flight. Hanuwel sleavilng io accowmplicshsd with tho ald of the Iii-
PLIGHT E£TARY Lutton, which should be kept depresczod until fuel starts burning in the
ergine but fur not nors than €0 snac.

The engino elcctric eyston provides for élsscontinuntion of ong starting cycle.

To c¢igeontinuo cngine sisrtling 1t vill gcufflice to depress snd roleame the ctart-
fng abertion button. Ao e recult, tho tiroer incorporated in autczatic sharting conte
rol unit Aif=195]4 (eeries II) in switched over for a rapld accorplighront of its
operetinrg eyclo (within 3 cec), and ell the exzine oterting units ere rwltchsd orfr,

AfSor the slorting shortion butten i depracced, hs eame cvonts toke place
jn the cpsretion ¢f ths elocivic aterting syslen eo in the cass of automatfic dincon-
tirmation e the cngino clarting by the clectro=tyleaulic eultch @ coubtrifuzal
governoy LP=24 walch controls tho sterting process vwith rogord o enzins cpeed,
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To pravent overspesding of the etarter~genorstors opereting in the startor duty
in the event cf dztwge to the safety coupling (1ieiting the torque value tranpmitted
fros tha drive), provision is uwsde for rolay PRC~1 connected in tho power supply
circult of the stevier-gensrotors. An indicatiog Yight ig &lso provided in the sy~
tem to warn on ealfunctioning of ths starter-generators operating in tho starter
duty.

Upon coupletion of the GROUED ERGINE STAWPING cycle (B2I¥CH RRUTATEAA HA R:1GR)
the starter-gonsrators are oxitched over to the genorator duty to supply D.G. ipto
the sircraft vzino snd booat-charge the alreraft storage bztterien,

B, Starter-Genoruior CTT=12TEVO
(Pig.28)

The starter~generator is a D.C., ghunt-wound, six-pole, heat-rccistant eaching
cooled with run alr.
The overruaning clutch and tho re-
ﬁﬂr . duction gear erranged in the drive end
1o ) ES e allow the startor-gsnorator (when cpora-
ting en a starter) to rua at a gear
ratlo bvetweon ths rotor and the reduc~
tlon gear output shaf enouvating to
i = 2,167, wvhich aids in the output
torque valuo, After the englno has been
sturted, the starter-gsnorator chauges

P

over to the genarator duty, the gear
ratic in this caes telng equal to 1 = 1.

1. Voltege, V ...... sersnene et eereeencen e cecevesetsrmrveas o ieeeen 28.5

2, Output currenty A .. .covcioaiaencan esdaaee e teeresessoscvaceerss 400

3, Output (at 30 V), W .. lienineinnes eeee e eeeceenananeeeeaa, 12,000

4, Speed variation range, rpm «....... e eereerr et aa s erevensansesn H200 -
9000

5. Operating duby ..oov.vnrcneireaen.n PN vereves. contipu~-
ous

1. Supply voltuga, ¥V cevecevavsenreanse secesersseerteanene Cetierae e .. 30
2. Torque, K§@ ceceoecvenss isceecannn esaurrennaanis cireceroncacesrsaanns 12
3, Output shaft speed, TpD ,scveveren. e esetecesaecassussnetranservarases 790 ¢ 10%
4. Current consumed (averago total), A «...... PR F . YA T 25 %
5. Operating duty ....... s eraraes vt crereaereeaen, . internit-
tents
50 ssc
running
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- S n 1 ehter A3 e s et 3 < on e ra man on e emm——— 1

periods at 3 min
intorvals. After
5 above cycles
conpleto cooling is
raquired
In tho coursg of the sorvice run when used in conjunction with the Cl3-30
starting oystem, the starter-gencrator muay be operated under thes following condi-
tions: .
L. Output ehuft 1oad coeirreiriiriereiiannuvsncoanesnenssvasaessss @ngine rotor

2., SuppPly voltage, V civeevarrrervovrrsssssesrsennnovencssneansas 060, Max

3. Hgan Bguare curront, A ....ovvivrvennanann PP, ceesassersesess 510, max.
4, Cutput rhisft speed at dicengagenent instant, rpo ...vvveven.. 3500, wax.
5. Cporating dutly .eovivnronninnnnnns Cevraas s en e, veeosr intermittent, in

accordance with
operation of CiH3-30
systom

6. Ssrvice lifo:

BEarior QUUTY eeveverrenvrnosvscnraas ceesavtenans Ceee it . 1200 engnpgensnts
within 1000 ¢ngine
oporating hours

gonorator duly oovvevvenn. . eeer et e e Camereeiaas «e+01000 hours

It 4o elloved $o losd the etorter-gencrstor under ground conditions with 200 A
for 20 rinulern wilthout coolirg elr eupply et the erzature speed not less than

3700 rpu.
Fo Wedght, 15 eveeinnoennnnenann Ceewrae e e eteeieeaeaa . 37, max,

The etortor-gensrotor in derigned for norral operation under the following con-~
Aiticnsy

(&) altitude rolative to the gea level, n ....... cieseerse 12,000 nux.

(b) erbient air teuporaturo range, € ceee... Ceeieenee, eeo (~60) ~ (+90)

(c) vubiont wir velative husldity et & tonpsrature

of +20 % 5°C, POD COLE suieivncicecrvonrrroneniveasess 98, nox,
(@) irpact overload within a frequency rauge of fronm #40

to 100 ¢cpa vevan cetercrecevecoraesen et b rr v anan veo i gy max,

Ths stsrter—-genorator in a coml~closed mackine having iplet and outlet ports
for coollng cix, Inetalled at tho érive evd of ths siarter—gencrator is a centrifu-~
gal fan vhich cools down ths machins on the ground for 20 min gith po cooliug air
pupply.

C. Xgnition Syaten Unlts
(Fig.29)

%o ignito fuel-air nixturc in the ergins combustlon chamber flame tudbens, uss

is mnde of low-velingo, capaclitor~type ignition oystom couprising ignition wnit
CERA~22~24, two surface diccharge sepi-conduvcting ignition plugs CN~CSHI cupplisd
&8 & poab couplote with contact devices KI«303 and olbtovwis Y3-SO-4BLET,

The ignition wuit is instslled in the upper purt of the by-pacs duct entry
housing, &nd the ignition pluzs are mownted in coplustion chambor flesme tubee Nos 2
end 11,
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Operation of the ignition unit is
baged on the discharge of the recervoir
capacitor. When voltage across the
capacitor plates is built up to a valuo,
cqual to the puncture voltage of
discharger P-22, the capacitor discharg-
€8, as a result of which a surfaco creop~
ing discharge is forwed between the
ignition plug electrodes, which occuys
at a rate of 6 to 31 discharges por

Fm.?%l&uTWNLRHT(kHAQZJA _ second at a supply voltape of 27 £+ 1 V
b o o puEdly g coviectoi 1 - emiona for conmscton of Nl L4 b0 the plug connoctor of the Lgni-
tion wnit. Te ensuve servicoability of
the ignition system end incrcase puncture voltage across the igrition plugs, and
activator is connoccted into the circuit,

The sctivater is actuzlly en osclllatory circuit in vhich high-frequoncy

oleotrie ¢r2illations sre excited at the bo

~

Sinnlng of the dlechuxrge, as a result of
which high voliuge 1is proiuvced 1n the secondary vinding of the activator transforp~
er, viich 1s sufficient for jumping the ignitioan plug gup, soparated by a semi-con-
ductor layrux. -

Igniticn plug CN-03I1 (Fig.30) is en
integral vsit with cerswle insulation. The
epayit gap of the plug is foxm:d by the (f, L
cerarnle ilrsulator surfaco betvoen the contral =

and side clootrodss covered with a sent=~
conductor waterisl., Por protuction of the
ignition plug egsainst overhesating, its body T
is fitted with & cooling ahroud having radial FI6. 0. 1CRITHION FLUG CLhogi1 S
holas for supply of cooling zir from tha come

buation chunber ¢iffusor to the working end of the ignition plug,

10. ELECTRIC EQUIFMENT ARD MFASURING INSTRUMEITS

(&) Purbine Outlet Gas Overtenperature Controller

Turbine cutlet gas ovorteuperaturse control systea [PT-35 is designed for liumit-
irg ths twrbine outlet gas temporature vwhen the engine is running at the emaxisos
rating.

The cvertenporature control systea coaprisen the folleeing unitsy

1, Touperature trancuitter — a set of 12 tuin thernccouples T-9%-1 (Fig.%4)

2. hnplifier YPT-19A~27 (Fig.31).

3. ketuating unit - fuel regulating pump HP=20 (¥13.26).

4. Connecting wire horoecs (seo Pig. 35).

Oveslenperature amplifier YPT-194-2T e installed in the alreraft, the roraine
ing conponcnts of the IPT-35 syeten are mounted on tho engine.

The presot temporsture lielt woy vary within a rapge of from 570 to 67000.

25X1
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Tke D.C. swplificr logd 18 es-
gontizlly an electronugnet lucorporat-
od in fuel reguleting punp HP-30. Whon
onsrzized, the olectromegnet roudjusts
the fuel roguvlaticyg pusp for lower
output, As & reocult, lesa fusl ig sup-
plicd to the fuel buracre, which
bringo atout a roduction in tho turbi-
ne outlst gas toouporaturo,

%ith en increczc: in the turbine
outlet gas tecporatire, the electro-
oognst vill rermain cnorgized for a
longer perlod of tima. In cens of

avertenperatucs the olectroncgnet of FIG. 31, AMPLIFIER YPI-19A-2T
fusl remulating puzp HP 20 will bo 1 - plug connactor for jointing thermacouples; 2 ~ plug connector for
£ LU <D hit'e i L

coupling tsst system; 3 ~ power tupply plug connector.
onorgized coutiruously, uatild the tem~

paratune érops to %ke precat value,

In ce~o of & e:arp increass in the turbing outloet gas temperature, when the ful
1y cnosnized oloctrolisnat of fusl regulstivyg punp HP-30 falls Yo reduce it, aa,
for iunsisnoe, durin; cngzine surgicg or feilure of the eluctrozsgnet to get decnorgi=
god for o loas pordcd of timo, ths fuel regulating pusp will send a fellure eignal
(¥8)., L% the rivse tine; tha pwip protection system oporates, dicengeging the cleciros
pagnet of the fuel regulating punp from tho tempsrature control chamnol.

Fo icprove the operaticn of the YPT-12A-2¥ gnplifier wuder conditions of vary-
ing capply voltrge, the oystoa Ls providsd with an clectroanic voltage stabilizor.

Tho syeten is Tornialed also with a epecial device for eliminating the effoct
of conizot insiability (altorrating vaking up and breaking of tho contact) in the
theruocouplo olrcuit ox the operatlics of tho overtenporature control aystem.

¥hon the turbire outllat gam tocperature is lower tban the proset temperature
1init, or in caze of fallure of the thermocouples, the cvertemporature centroller
18 not engaged in the opsration of the engine fuel control system,

(b) Froing Gesing Vibration MNonsuring Equipsent LB-200B
(Fig.32)

The KD=200% vitration weaguring equipnsnt is intended for checking engine vibre
tions in ecrvice, while in uge on the aircraft,

Vibraticn strecses in the englne siructure are dotermined by the vibration
overloed messured vwith the ald of equipment HE-200Z,

The EE-2008 equipzent coerves two enginss and ceupriescs one two-channel electro-
nic unit 2, two vityratlon pick-ups 3 and two indicators 1.

The oporating principle of the vibratlon weasuring equipment is based on trans-
forzation of & pick-up eigual with the aid of an electronic unit into a rectified
signal which cuts in the varning system as goon ag the vibration sposd limit is at-
teivnad. The ectual value of vibraotion specd is measured by means of en indicator.

Tach channel of the apparatus is cornscted with ome vibration pick-up KB-255~B,
intendcd to convert tho rate of steady lincar vidrations in the vertlical plene into
electric voltege.
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FIG. 32 ENGINE CASING VIDRATION MEASHRING EQNIPIENT HHL200K

} ~ indizotur; 2 — twoschanasl electronic unil: 3 - vikrotion wckeups,
: . 3 P

The indicating warning light comes on as socn as the actusl vibration epecd
amouants to the prasct eritical value,

To chsck the vibration eguipcent for servicesbility, it ia necoseary to
energiss the equiprent and press tho TEST bution, AL that woment, tho polnter of the
indicstor ehould shoy within 60 - 100 mm/sgc. The indicater measurss actusl vibra~
tion epced, its scele Leing gredvated in um/gsec frow O to 100 witih a graduation
valus of % wn/exc. 5

The two-chawnsl electienic unii comprisec two anplifier chunnels (with a paEn
tand of froa 50 to 200 ¢ps) and a connon power cupply unit, which are constructsd
and goecmbled ae separate unilts,

The face pensl of the electronic unit carries a plug connector common for both
channele, Apart froam tho arnplifier input and cutput wires, the plug comnoctor recoive
es the power supply cables rumning from the alvcraft mains. Arranzed on the feco
panel ia also a TSl plug connecter intended for connsction of spocisl control umig
YDEE-200, ’

The vibration pick-up is installed in the area to be checked for vibration on
a speciel bracket provided on the engius.

The electronric unit is mounted in a convenient location in the aircraft fupe—
lega. The indicator is necesesrlly inctolled in the vertical position,

(c) IGY Porition Sirnallinz Systen
(Fig.23)
The signalling systew indicatin; the position of the IGVs of tha coupregaor
high~pressure secction cowprises microswitch A-81°K, an indicating light, and connect-
ipg wires. The microswitch is designed to close and open the power gupply circult of

the indicating light., The nieroswitch is mounted complete with the IGY position
indicater on the flonge lozated on the shell of the combustion chamber forward [eX:X:28
ing.
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The signalling system indicating
the position of the comprocsor high-

followg: a8 the coapres

* higph-
prescure rotor gsins a speed ol

n, = 1500 ¢ 200 rpm in the procesz of
engine sterting, the pointer of the
IGV actuating device woves Off wmicro—
switch rod 3. The microswitch operat-
o8, closing the indicating light cir-
cult, ard the light cormes on, indicat-
ing that the compressor high-pressure

FIG. 33 MICROSWITCH PROVIDED WITH SCALE AND BRACKET

soction IGVs are sct at an angle of b~ plug conaecicr; 2 ~ scate, 3 — microswitch rod.
- 10 d¢g.
With the comprecsor high-pressure rotor speed anourting Lo n, = 9&00:};; rpm,

the pointer of the IGV azctuating device depresses microswiteh rod 3. The mieroswitch
operates and the indicating light gote outy, showing that the IGVs are set at the
zero angle,

As the compressor high-pressure roter slews down io o, = 9100 * 100 rpm, the
indicating light cozes c¢n again Lo ghow that the IGVs are turned to - 10 deg. With
further reduction of the spsed (below {500 % 200 rpa) the indjeating light goes out
again ghowing that the coupressor high-preseure ssction IGVs are shifted to the zZero
angle poasition.

(a) ¥

For checking cugine opercticon, the following measurinz devices ave provided:
1. Comprensor high-pressure rotor tachoucter gensrator ATZ-5T, The tachcmoter

generator is mounted on the upper drive Gear box,

2. Compressor lew-pressure roeter techomster wenerator LT3-5T. The tachiormeter
generator is instelled on the right-hand drive gear Lox, The UT3-2T tachomster indi~
cators of both compressor sectlons sre inctalled in the slrcraft crew csbdin,

3. Transaltter U~63 for memzuring oil tompernture at tre engine inlet. The
trancuitter is wouuted on the lower diive gear box,

4. Transaltiera: EET-8 (serics ITI) for neasuring oil pressurce at the engine
inlety WET-100 (ceries I5T) for neasvring fuel preszare in the prisary nanifold;
ENT~4 (werics ITI) for weesuring fuel pressure at the inlev to the fuel regulating
punp.

Trunsnitiers VAT=4 (serics I1TI) and MAT-8 (series I11) are used in service with
soutbers ASSG-Mhp the BAT-100  (serdes TTI) transuittor is used with snubber I$9-2.
Trenceitters 53, UIT-€ (sordes TTI) end WIT=100 (oeries ITT) are incorporated in
the electric woter indicotor sst DUH-BPTH. Transultter HilT-4 (eeries III) is a compo-
nent urit of fuel preccure gauge NI4T (peries ITI). Transoitters WIAT-% (serics ITr),
MNT-8 (series III) and KAT-100 (serles ITI) sro installed on the rassuring instrument
panel located on the combustiocn chamber forward casing,

5. Fxnaust gas thercozeter. Tho exhaust gea tetperzture is mensured Ly gmonns of
twin thercocouples T-99-1 (Pig.?4) arg high-~aceuracy ceter KT-2T, Installed on the
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engiro ere tuclve thernocouples T--G9-1 with hot Juncticns of HK-CA alloye, which
esrvo as temperature sensoxs.

FIG. 34, THERMOCOUPL € T9%-1

Thermocouplea ©~59-1 are equally spaced in the engine main dvct. Half of the
twin thormocouples are counscted to overtempsrature controller amplifier YPT-I9T-2T,
the yent of the thernocouples are connocted to turbine outlet gas teuperature meter
ET-2T. Gas teuporature meter Hi-27and anplifier YPT-1QA-2T are installed in the ajr-
craft. The thermecouplea for the YPT.IQA-2T amplifier and tha HT-2Tmetur are con-
nocted in tho followlrg eizilar ways the respoctive therwocovples are connected into
four series groupa of three thermocouples each cennocted in parallel. The thermo-

| couples are interconnectsd in groups by means of copper non~shielded wire 0,75 mma
in cyoss~sactica.

The conuzctiing wires are lald out in a speclal wanifold with the einp of shield-
inz and ease ¢ installstion. Appropriste unions are provided in the nmanifold to
lead tho viresn out and Lo concect them to the thercocouples with ihe use of lugs
goldered to th: wire ends,

From the rznifold the shielded wires are laid out through the load~carrying
strut of the t.cond turbine rear support to the copnecting block, located on the
coabustion ¢haiber resr casing.

The circuite fron tho block to anplifier ¥YPT-194-27 snd wetor HT-RTare made of
ghlelded wires,

Whon the erngins i3 running, the thermocouple hot junctions are blowm with
exhaust gaces, duo to vhich en olectronotive force is generated in the thermocouples
as & function cf the turbifie outlet gas tomporature.

11. PIRE-PIGHTING SYSTRM
(Fig.36)

Tho engine fire-fighting system is couprised of firo alarm system 2C7K and a
fire-axtinguishing eystenm.

N (a) Pirec Alarm Systea

The ergiro fire alara systen is designed for raking a light (or sound) cignal
in case of fire occurring in the engind internal and external pretected areas as well
an for offectiny the avtomatic control of the fire-fighting systen,

Tha fire elarn eysten consisting of four fire detectors and ono actuating unit
is dceigned for both enginos instelled 1n the aircraft. Fach ergine ip equipped with
trvo fire detectors Fl-il gocooncdated in the cavily between the ehaft tube and tha
cozbuztion charler innur casing,
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The purpose of fire detectors MI-1l is to evnd signal to the actuating unit in
cage of flre in the engine internnl cavities under protection, The minimun limit
touperature at vhich a signal is sent by the fire detecturs La 5)@¢150°G.

The fire detector operatiug principle is based on the thermoelectric effect,
The sensing clemeant of each fire detector is comprised of & sot of thormocouples
pade of alloys H¥ and CK and connccted in series,

(b) Fire-Extipzuisbing System

The fire-extiiguishing systen consists of bottle 1 filled with fire extinguish-
ant froon 114B-2 (the weight of the extinguishing agent in the bottle is 2.725 kg),
pipsline 9 Qelivering fire extinguishant into the cavity between the shaft tube and
the ecombusticn chamber inner caning, plpeling 12 for dolivery of fire extinguishant
into the sbaft tule, diaphragn 8 installed in the tee-plecoe to which plpeline 3 is
attached for fecding the englne fire—extinguishing system with extinguishsnt from
the aircraft fire-fighting systen,

The firc-—extincuishing systen oporates as followar when the cngine internal
cavity under protcction (that locsted between the ghaft tube and the conbustion
chatuber inner cesing) is sot on fire, tho X7k firc alaru syston encrglzes the fire
wvarning indicating light and the firc-oxtingulshirg systen. As e result, fire extin-
guighant Preon 11482 under precsura ro¥es its vay vndor preasuro along plpeline 3,
dueczras dizphrapn 8 &ndt 18 comveyed Jnolds the engine vie pipslinss 9 and 12,

In sddition to the ebove deseribud internal flre-wxtinguishing system, the
ensins is providel with an external flre-extinguishing synsten (£ze Pig.36).

‘12, ENGIIE EXTITMNAL PITTDNCS
Tho cugins cxternal fitlings include cxterssl pipolines end hores of the fuel
gupply eyslsa, the lubricating oil gystcou, ths deleiny system, tho aly system, the
breething and firs-fighting systens, ens well ms ths conduits st theathse of ths
ongine electrical systea.
Tho icdentifying cclours of the system pipelines are tubulated below:

Tabricating | Ueicing, alr [Vire<fight— -

8ystem ___oil and broathing ing Blectrical
Colour browa Llack rod silvery

Tae delivery plpelines of the lubricating oil syasteu ave rudo of 10-~cu dia.
plping, the oil scavenging pipelines aro fabricated of piping 16 and 20 pa in dia-
soter.

The arrangeucent dlagram of the extornal pipelines on the engins is given in
Pig.37.

1%, ENGIKE ATTACHITRHYT OR AINCRAFT
(Pig.38)
BEngline attachuent on the alrcraft is accomplished with the ald of eight breckete
pupplied with the engine. Seven brackets 2 sare arrenged symeostrically on hanger
housing 1 between the forward casing and the diffuser of the combustion charber in
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tha vicinity of the engine center of gravity, ono btracket 7 being loczted on the up-
per part of (he cozpresnor low-pressure section front frame.

Engine lifting ix allowsd Ly two front sling btrackets € and ons rear sling
bracket 5. Bach cngine 1o sttached in the alreruft porté side or starboard nacelle
by moans of four brackets 2 erd ons bracket 7, The romaining biackets are not used
for attechoent purposes. They ere not shown in Fig. 33,

FIG. 33, DIAGRAM SHOUWING UNITS FOR ENGIHE ATTACHUENT IN AIRCRAFT

3i 2 ~ beocketa provided vith 1aper tunaionsy; 3 = lock;
;7 -~ engine

1 - engine haage hovean

4 a5 - engine tuse sling brackes; 6 — eagine [ront aling brack
#front oltachment beockst, B — twin ctiochment vnit brackut,

The aircraflt altachzent units shown In the broken line ars engaged eith ths
bracket taper truaniouns and are escured on them by woens of nuts 4 looked by locks 3.
Breckot 8 1s coupled with the miveraft twiln attechront unit, hracket 7 - with two
attachoont unite previded in the alrereft. Remaining three breckets 2 ere conngeled
with their respective attachment wnita.

e T T T PO S 1 e
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STARTIEG ¥

WDOGN OF BRGINE

I, YREPARATION OF FHGINE MR

SRTING

Froparetien of the engine for starling incluies the following operations:
¥ < J

J. Penove tho bLlanking covers from the alr intake snd exhaust unit.

2. Mekze swre to see Lhal there are no sirey objects or injuries in the air in-
tako duct on in the exbruat unite Iuspeet visible bLlades and vanes of the compressor
first ap>ol end of tha eecond turbine, turn tlhe l,p, rotor manually by the blades ol
the cenpressor first stege or the turbine fcurth stage,

3. Open the cow) covers and the inspection hutches to make sure that:

(z) ihe pipotines of the fuel, lubricwting oil, bydreulic, air, fire-~fighting
systeis, ns well as tae lines of the electric cyuipment system are free of external
injuries and arc cecurcly locked;

(v) there are no foreign objects innide the engine nacelle,

4, Chicck the 0i2 end fuel tanks for content levelsyrerlenict oil end fuel, if
necessary. Jee that the tank filler plugs sre projerly sccurcd. #ith the lubricating

cyslern proj

4 ths oil tamr must cuntalu at least 23 1it of oil, Minimun
exount ¢f oll in the tank casvring norwmad ¢peration of the enrire should not be less
then 12 1it. Prior to filling ine fual ani c¢il Lanks, check to see thal certificates
sre evollebl. with the data yertaining te the guality of the fuel and cil used.

ree with tue respective ULSR State Standards:

The analysis dute should &«

GOZT 10227‘-—62 for fuel Grudics T=I wni ~1,6 05T 6457-5% for Grade MK-6 o0i1l,

NPTYI2T Yo. I2-62 for Grade

wSTT 93l (W Ye?Gde e I08-65 for Grace R

HHTT=50- I~/

oil, It ds &llowed to blend fuclas =1 ani (T=], or nineral of

Yh~8 and KY-B8TT in

eny prope rbicn, T not blend Grude M-8 s

i oLAenTn i) with Grade BHUW HI-S0-I-49

oll. Yrior to L1iiing the ofl L with Grude

A HN-C0-14D i after running the

engine  on nineral olls, or vice versa,it ic fuporelive to fiun the engine ludri-

cating systen with oil to bo {il . cd = ar inctructed in Chupter X131,

Fuels and 0ils of foreign uricin siould cacply with the reguirenents of the
UsZit State Standerds, Sudstitution of fucls and 61ls used in the engine Ly fusls and

0ils of foreign grades should be done dn corjliance with the folluwing table:

Puely
. Cncs countries
Nos. [IY; )
Lark Cpeciticstion nacdber Jouniry
Type A-1 DIALS/CAT | UNFER
1. T -1, Aviur~s0 France
eI by Pl Czechoslovaris
J1-5 (Avkat) Japan
GOCT 1002750 fype 1 WP Cenala
b ] Vw2 /0wl G Foland
NS00 WY THI=-1000G] S
Aviur=50 DERD-2494 Great Biit:
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[ A 5

2. Tuxrbooile3 Ly Enz kD-2400 Greet Prituin
GOLT €1GD-65 Turbocil.-3 Air-3515 & Prence
{ mineral ) Turbooil~2 Mil~0-C38T B US4
Turboosll-2 2 ~ 3r -501 Cannda
3. | Falil BL-50- Ty Surteo 1300 MAL-T~PEGA0 F US A
by MPIY-38-1-T640-255]9 Alr «3513 Pranco
( eyoibetic ) Turbooil ~300 3 - OGP .904%a Ceneds
Turbecoil-P5C Deing JUn2487 Creat 2rii-«in

The &bove tebwle

1 grades of Tuel produced in foreign co y-tr-’-s nay be us:d in

case thue elvcraft fusl tonks ave not to be cooled below minug ASgL coreice,
5. Checkh the exnginae contol systcs for rreyer oparsvion , The engine control
ror

lever chould Yo ecepoble of frue pov

control lever ol the 4.
respeciive p E

engine con

rropezly ch

tions of

Aing, TAY

icnt, Check to sce that the rositions of the sugin
R and CUT-OFF stops ure in agreenent with the
the cerrier index of thae HP-3D fucl regulating pusp. Set the
ire) lever in the CUT-OFF (SIOP) p
6. ?ffer o the veltzcter to check ths alreraft store e bu'tcrg,zw ing sure it is
. Otlierwise commect a ground  péver s

3sition,

1y acurce,

to the Instrusents ead rulcustic eontpol equiprent and ¢haock

ywinich skoudd enount to rot deocs then 2?2V 1 1GZ as vesd off the
ter movnied in th

ie sdreraft ercw cabine

&, Gyen the fued phubt~olf valve and exitek on the sireraft boocter PUurp.

9. Inspect the Join

fuel exr oil leckage is

Before rotoring over the engine or carwy yivg oul a "lalse"start,biscd air feon
regulating punp EP-30 snd centifugal governer U P~IE by 4the woe of

in cese the airveral

vhich pur
Ay B res

2

sl

to indicate any ecmle
ike indicator
Seck
1

condition of the anplifier rus

After cutting oul the vilralion Coyuiy

ing

pointers ere se

syctenn Lo sce that the T

that tke [f171-5 fire

Jistes: 14 IF le

ia pece

he o polnler 315 Bedow the 0%

Lhe To07

elleowed,

fucl syster hus been
10, Crheck the operation of ensine vibrotion reaturi

Uytvwdndleatling lunhs nust come on aud

division within the

¥ lntep deviaten by

vo sce thal the piczeup unit

L0 ediuat  tne

button of the

detectors are in pr

engire 1o noet to be

ts of the fuel snd o0il pipslines

s 1
FIES (NONWAF & !\m!u\l‘rlh dodidhy Tlachoer

DPCX wenit o, LizenTa

38ary to cut cub Lo

end units fer leaknge, Yo

¢ stecial apd
enuvticd,

ng  eguipment J15-2007

pese warn up the equipnent £or 5 winutes an? riess pushbution

1l e33 Py

{

Heatoe pointe
70 e I00 o/

nere than 1090 "'/%lc (nove:

elive chawmel,

iute zuro,

rn ot the pot

SLOrs 01 thye Jice-fighting

s the

after preparatisn, it

e booster puip,clove
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the chut-off valve and desnerglze 4o instrurents end eutormatdo comi-
rol wnitas,

2. In cnse tra fusl or luLricating systen kes been enpiled for sons roa~-
son oxr olhnr, or the gircralt bas been out of gervice for more than
S dny®; Ao nobt fall before starting the engire to wotor the cngine
cver or cerry out a "false" stzrt za specificd in Chapter XI,

2. FNGIRE STARDING

To start tze englne, use the followlng procedures
. Supply voltage to tho instruments and sutomatlc control units.
. Turn on the master sultch of atarting control unit ANA~1SLI (sorice II),

3, Sot switch  GROUND - AIR of sutomatic control unit AHR=1SB]l (series II) in
the GROUSD poeition,

4, Supply voltuge to awplifier ¥YPT10A-2T incorporeted in the jot pips covertsa-
perature contrcl systew, typo lIPT-35.

5. Set tha function switchas of automaiic centrol unit ME-A9LE (smerisa II),
in poeltion ENGIUE STARTING (QLIYCH IBUHUATENA).

6, Cpen the fuel phut-off valve end ewvitch on the aircrs{t fuel booster pump,

7. Cive out the startiwy signal,

8. Tress the engine sturt button and keep it depreesnecd for 1 to 2 Bac.

9, Af{er the Lutton 1s pressed and the engipe h,p. roler is gpinned up to §0D =
1000 rpu (7 -+ 8.54%) moeve the engins control lover to the IDIY positlon, Purthor ac~
coleraticu of the englns to the 1dling spreed takes place automstically witbin not
uors ihnn 120 scc.

Hotor In cuse of aberivd staris ¢o not faill to check the voltsge and enparsge

T 7 meross tho starlor-gencrator terainals at tho comprossor h.p. rotor spoed

ggp: 2500 1pn (253%). The paratisters shoold Le within the following

itsa:

¥hoen storting is performed from external power sources ,. 550 At 153
40 - SOV
When ptarting ie accoopliched froc inteinal power

BOULCEB 4o 1o vvsntoasenrassacrrosasnasessssasassaacasases 250 A T 153

32 - 38V
when starting ies porformed fron runnlng ergins gensrator 350 A 3 103
728 - 40V
10, Make svre the storler-gensrator is disengaged by the UP-2Boentrifugsl go-

vernor «fler the high-pressure rotor geina a speed of 4500 t 200 xpa (37 - 40%) or
by eutorstic starting control unit AME-19BA (series II) 45 - S0 sec after the ntart
button Lusc been pressed, If the engine hae not grined a speed of 4500 & 200 rpa

(37 - 400).

CAUTION. (a) Do not sdjust fusl flow during stsrting manuslly by changing ths
ponitic of the cnglne control lever o

(b) Ixhaust gas tenperaturs durlrg englno starting wvust not exceod 620°C, Tho
ongine is not ollo.cd Lo run at 620°C for wore than 4 sacy

(¢) In case the starter—generater falla to be disengaged after tho bich-prose
pure rotor gains a speed of 4700 rpm (403) or after running for 50 @sc, divongezs it
panuelly by depreesing Lhe ARORT (IPI{PALTENE BLIYCKA) buttong

(¢} ®hen starting the cngine frox cu-board power gouvces, dleenzage vibratica
mescuring equipment RE-2005 rfor the period of starting.

11, Ergine starting is discontinucd In the following casen:

(o) 1f turdine outlet gaso temperature exceeds 620°C or io kopt at 620°C for
wore thon 4 szej

(v) if the e¢rgine is patoring out in an etteczpt to galn 1dling cpsedg

(¢) if the oil preraurs &t tho inlet to Lhic engine does not riesy
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(d) if the chip--deteoting flilter sends a asignal on detecting chips in the oil,

(e) ¥henover any other malfunctioning is detectod in operationm of the engins or

1t8 accesgory units during the starting procedure.

Starting should bLe disoontinued by cetting the engine control lever in the CUR-

OrY ponition und by dinengaginog the starter-gsneretor by means of the ABORT button,
in cass the sterter-genorator has falled to be disengaged autcomatically,

Notecr: (a) Repsated starting of the engine is allowsd only after stopping the
high=-precsure rotor, finding out and elimivating the causs of thus
aboosres)l sterts

(b) ¥ach engrgewment of the starter--gonerators for cerrying out "false™
or norual starts &3 well es for motoring the engins over should be
followed by en ictervel of at least 5 win for cooling purposzes;
efter five successive starting cycles an interval of not less than

30 wmin ehould follew to allow complete cooling of the starting sys—
tem units,

12. Inspoct the engine for fuel snd oil leskage, climinato detected troubles,

3. ENGINE WATUIING-UP

Prior to accelerating ths engine to maxioum tuke-off rating after starting do
not fail to warm up the enginas, proceeding es follows:

(a) run the englne at $dlirng epoeod for not lepss thon 2 ming

(b) grecually advance ths ongine control lever to sot 0.7 normal rating (67.0 -
83.5%) and ssre up thoe engine for at least 1 ninube at thot rating.

With the engine properly warmed up, it is peroiseible to aot the engine at oa-
xivun take-clf or gny other ratirg, ee well ns to eccelerate the engine to any work-
ing spced.

When veraing up the erngine, check the engine operating paramoters and nake
certain the orgine runs properly.

1, Chock to ceo that the enzine 1dling speed is in complisnces with the graph
in Pig. .40, At PH = 760 nm Hg and tH = 1500 the coopressor high~pressure robor specd
uust be within Y200 t 100 rpm (61 - 62.5%). At any othor atzospheric conditions ths
idling cpocd should comply to thoe graph presented in Fig.40,

2. With the ongine running idle, the instruments chould give the following
roadings:

(a) oil pressure at the engino inlet must be not less than 2.5 kg/sq.cty

(b) turbine outlet gao teapsrature should not excoed 360°C;

(o) fuel pressurc in the primary fusl menifold sbould be sbout 25 kg/eq.enm.

Note: fliould zny abnorralities be detected In engine opcration or instrument

ge%dizgs, sbut—down the engine for finding out and elininating the
sfacts,

Final checking of 1dling speed value for compliance with the Specifica-
tions chould be perforsad after trying out the engine at all the ratings
(nhen waraned up), ¢

CAUTICN, Mever run theo engins with the ongine control lever sot below the IDLE
cpoed position,

3. Ls ths englne spesd epproaches 0,7 norual rating, observe the indicating
light to nots ths epecd ot which the IGVa have turned froa - 10 deg to zero degree
positiong the epeecd vust bs within 9&00t%$2 rpon (79.0 ~ 81.5%). Sinultenecusly with
the charzing-over of the positicn of the IGVe, the alr blow-off shutters got closed
end the alr bleed control butterfly valves change over their position cupplying hot
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alr from the 5th stage Instead of the 10th stage of the cuwmpressor high~pressure
section for cooling the comprsusor low-pressure IGV asscmbly and the air intzke.

At the nozent tho alr blow-off shutters of the compressor h.p. section get
cloned, a short-time riso in fusl preasure before fusl regulating pump HP-30 takes
place.

4, Refor to the pointer of the indicator to mezke sure the HE~200% vitraticn
meaguring equipnent functions properly wnd the engine vibrations do not exzceed the
peralesible critical limit.

The engine vibration speod at any operating rating should not exceed 50 um/sec
(if the vibration spazed 1s wore than 50 %t 10 wm/ssc, a warning light ccmes on),

In care the vibration spoed excecds the meximunm permissible value, it is neces—
sary to slow down tho engine to the idling speed and shut it dowmn after cooling
preliminarily. The poesibility of further use of the engine should be decided upon
togother with the repressntative of the engine Manufacturing plant.

4. ENGIHE RUNNING-UP

1. The c¢nging must be checked for operation in the following cases:

(a) after pestflight caintenarce;

(b) during echeduled routing maintenances;

{¢) 1o cacss set Torth in Chapiers IX and XI of theso Instructions.

2. The engine wust te tricd cut in complianco wlth the Chart presented in
Fig.39, obscrving the follcwing

(&) prior to trying out the engine, prepare the data relating to rpu values and
gas terpersture charactoristics for varlous ratings. Make use of the Charts in
Fig.40; &1, 42, taking intc account the stcospheric conditions prevailing at the
time of engire sbarting;

(b) wera up the engineg

(e) having warmed up the engine at 0,7 norual rating, swilchk on the tumbler
for checking the MPT-35 overtcmporature control syetom and smoothly advance the
englne control lever to tho TAXE~OFF position, The overtemperature conirol systen
oust operute, if the turbine outlot gus tomperature cores up to a value 110 * 10°C
less than tiie gas tenmperature preset by the proportiongl potentioneter of the
YPT-194-27 overtenperature amplifier.

The englno operating timo at the point NPT TEST (KOSTPONL HPT ) must be wlith-
in 20 ~ 20 soc. The checkup over, gradually rotard tho engine control lever to bring
the enzine to 0.7 norral rating (87.0 ~ 88.5%), switch off the tunbler uscd for
checking the NPT-35 overtenperature control systen, then accelorate the englno to
norcal rating (92.5 - $4.0%). Thinr should Ve donse within 10 - 20 sec. Run the engine
at the roreal rating for ono uinute,

Accolerate the engins to maxlvum take-off reting and run it for 10 or 15 scc at
that rating. When running the engine at wmazxluun tske-off or normal rating, chsck the
indicaticns of tho inetruzents reglstering the following oporating parameters of tho
enginoy oll pressure and tempsrature, conmpres:zor h.p. rotor epsed, turbine outloet
goe torporature, and fucl pressuro in tho burner szall-clot manifold. The indica-
tionsg should be In couplianca with the specified data., While funnins the engine at
payinuz take-off rating, check to see that theo actual engine speed end turbine out—
let gas teaperature eggree wilh the respective values presented in the Charts of
Pigs 41 &nd 42,
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ENGINE RUNIING-UP

L N e i b A B S o e T

(d) vitvration cpsed at &1l tho ratings under consideration shcould not oxceed
50 ma/secy

(e) upen checking the englne oporation at maximunm take-off rating slow tho
engino down to idling specd. Kun the engine at idle for two winutes and check to sce
that the cumprescor h,p. rotor speed corresponds to the value specifiod by the Churt
in Pig.40,

Whon bringing tho englne to idling speed, refer to the indicating light to note
the ppeed ¢t which the coemprocsor k,p. IGVe change over their position from zero to
-~ 10 deg position avd the opecd at which the air blow-off shulters aft of the 4th
and Sth sizges of tho comprossor h.p. section open. The spood ahould be within
9100 * 100 rpa (77.0 - 79.0%). Opening of the alr flow-off shutters 1s associated
with a notable pressure drop of 4 or 6 kzg/sq.cn in the primary fuel manifold with
subsequent iucreasne ¢f pressure to tho original value.

(f) having assertained that the engine operates norrally at all of ths ratings,
chock engine acccloration tins from idling speed to maximunm take-off speed. Beforas
doing this,; do not feill to coperats the engine et 1idle for not less than two ainutec.
Perform {ho scceleration check by phifting the engine control lever frou IDLE to
PAXIMUWN TAFL~OFP position, Bove the engine coutrol lover ewmocthly, wilthin 1 to
1.5 sec. After thae engine hag been brought Lo msxinun take-off rating, operate it
for 8 or 10 pec¢ and thon retsrd the englpe contrel lover to IDLE within 1 or 1.5 sec.

The acceleration tiune freom 1dle to maximun take-olf vrating should be not rwore
than 15 coe and nob lean than 10 gec. Acceleration tius wuat Te counted Trouw the
ronent the engliuo control lever

starto woving to the nouent the conpresaor h.p, ro-
tor speed coras up o & value 160 rpm (3.5%) less than the nmoxinum teke-off rpm at
the glvon uwtwmesphsric conditions,

Kote: “hroughout starting and dquring rapid deceleration of the engine from sny
rating to idle rpoy the indicating light of the JO-202M ice detector cire-
cult way flicker o and off,

At &n gwbient alir Lenperature of bolow +15°C raxirmm take—off rpm durieg acce-
leration checks are assvemed to be cqual to measurcd rpm at the considered ambient
tenperature, which is associsted with the limitallon of mawimum fuel flow The comp-
ressor h,p, rotor speed and turbine cutlet gas tecperature should fall within the
linits indicated in Fig.4l.

The cnuzine chould run without pops end excessivs vibrations within the entire
operating renge btoth in acceleration and deceleration.

CAUTION, (#) mir bleod for aircraft nceds is allowed at the engine rpm net
excecding 95.0%.

Bleoding of alr for healing the IGYs, nose bullet and air intake is pernmissible
at maximus take~off rating, bearing in uind that the engine should not operate ovor
two cinutes at rpm higher than 95%;

(1) vwiile checking the engine oporation at wexicua take~off rating with ins
Licating adr bleed syston cut on, supplying bhot ailr to tho IGVs, nose bullet and air
intake, &nd in fest scceleration of the crgine from idle to maxiouam take~off rpo,
the turbins ocutlet gas touwpsrature may rise for a short-~time period up to & tempers
ture licitsd by the IIPT-2Z5 overteuperature control aynteuy at subzero ambient teipe=~
ratures the turbine outlet gus tenperatureo wey rise by 20°C aebove that permissible
in n%:ori e with the Chart In Fig.4l, but not in excess of the value limited by
the HPT-35 systen,

Z, Tha engline 1a put inlo service with the following pavameters preadjusted:
(g) conprescor high-pressuce rotor spead atl raxioum teke-off rating adjusted by
the hydravlie dacelerator stop incorporated in fus! regulating pusp EP-30;
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ENGING SHUT-DOv1E

(b) maximua fucl {low edjusted by the respective stop of fuel regululing g
"HP-303

(¢) couprensor low progsnre rotor mavimum speed adjusted by the screw of centi -
rifugal govornor UPiBj

(3) turbine outlel gas temperature lirmited by the MPT-35 systewm at wmaximum
take—-off rating;

(e) spoed limit contreolled by the MPT-35 systen.

If 14 18 requirsd to wmake en adjustment of the above liated operating paraas.-
ters of the ongine, follow the instructions set forth in the respective sections o
Chapter VIIT,

4. When the indicator light of the chip-~detccting filter system comes on, rhut
the engine down a5 advined in Saction 5 balow,

5. ENGINE SHUT~DOWN

To ehut down the engine frou any spoed, procecd as follows:

1. Slowly retard the engine control levor to the IDLE position. Run the engine
for at least 2 winutes et the idling speed. Bsfore stopping the engine immadiately
after starting it is Luperative to operats the ecngine 2t idling specd for nobt leous
than one minute in crder to purge the englie drain system,

2. Switch off the YPT=135-2T amplifier of the HPT-35 over-temperaturs control
syston,

3. To stop the enginc, rove the control lever to tle CUT--OrP position,

4. When the engine rotors spin by inertia, mske sure that no forelsn nelss io
heard within the engine; that the rotors revolve suioothly) meoasure ths ruvp-down time
of the ccuyprussor low-prescure and high-pressure rctors from & cpecd of 1000 rpn
(B.5%) ¢f ths coapressor high~pressure rotor.

The run-down time should ba:

(a) not less than 90 sec for the low-pressure rotory

(v) nct less than 50 soc for the high-pressure rotor,

Kota: when mearuring the cngine sotor run—down time, observe the turbine 4th

stage tu dotect tho rnowent the low-pressure rotor stops rotating and
. listen to the starter-generator ratched-tcoth elutch to detect the mament

the high-pressure roior stops robating. The engins run-dovn tiws ocust vo
veasurad when chacking the engirz for operation on the ground,

5. kftor the coupressor high-pressure rotor has coume to a standstill, cut off
the fuel booster puup and close the fuel shut--off valve,
CAUTION. In the event of stopping the engine by closicg the fuel shut--off valve,

Turther use of the fuel systom units must be decided upon togsther with tho reprosen-
tative of the engine Manufacturing plant,

6. EXFRGENCY SHUT--DCWH OF XNGINR

In coeo of suergency, englna shut-down in acconplished by quickly ghifiin.
engine control lever to the CUT-OF2 pogitlien from any operating rating.

This procedure shovld ba resoried to on the following cccaulona:

the

(a) when en pbrapt drep in oil preastre at the enginoe inlet is exporisnced;
(b) 1f fuel or oil leakage is detectad;
(¢) in case &n abrupt incrcese in turbine cutlet gap tempovature ocours;

25X1
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OPLRATICUS TO RBE CARRIED QUT AFTER FHOINE TRIAL

78

(4) 1f flueus eppears ot tho exheust unit outlet or heavy wsparking from the
exhauat uvnit ie observedy

(e) if ongine vibraticn sets ip or vibration specd rises to 90 ma/oocy

(£) ia cace of icing of the engine &lr intake ducty

(g) 15 the event of fire;

(h) if foreign noise 1 detectsd within the enginey

(3) in cesze of an abrupt incresse in oll teuperaiurs at tho engine inlet at a
steady ratingg

(1) 1f the hlow~off ehuitsrs do not cpen at a speed below n, = 8200 rpm (70%)
with the enpgine control lever owiftly retarded,

After emergency stoppage of the engins, find out the causs of troutle and ite
effoot on ths engine oondition; further use of the englne ghould be docided upon
together with the representative of the Manufacturer.

If Lhc engine emorgency shut~down huo bean psrformed on sons other reaeons not
relating to the engine (in cane the alrcreft staris moving spontrnaously, ilnadvertent
ptoppage of tho engins, otc.); a2 woll as in the evert of aminor dofects (minute
lesks of oil or fusl), start the englne not later than 15 minutes afler stopping,
run it at idls rpa for 2 nin, then oporate the engine st 0.7 normal rating for
1 minute gnd proceed with the previous tunk or stop the eugino as instructed in
gsctlon 5. This dona, consult ths ropresentative of tho lanufacturing plent ss to
further uco of the ongine,

7. OPFRATIONS 10 BY CARRIED OUT APTER FHGINE TRIAL

1. Lale sure thove is no lealege of oil orxr fuol, Fliwipnats loakage, if any.

2. Fraoine the cnzlne eir inteke duct, the IGVe, the coupressor l.p. section
blades, the turbins 4th stege rozzle venon snd rotor blades within the vision fleld.
Inapoet tho exhaust unit. Ko d&s

aie 1o peralssible.

3, Exondns the engine attachment unite and thelr locklng devlces, as woll as
the attach-cut anl locking of el the evtsrral englnc accessoricc and plpslinos,

4, Upcn inspoction do nol fail to close the englne intake and exhaust ducts
with thelr rospeotive blank covers.

The engine erhaust duct should not be closed eerlier than 10 or 15 minutes upon
stopping the englne.
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Chapter Iv
OPERATION OF ENGINE I FLIGHT

1. PAXIING, TAKE-OFF, AND CLIMEBTNG

1. Aftor sterting, werm up the englne by running it at idling speed for not
lesa than 2 minutes, at 0.7 normal rating (87.0 ~ £8.5%) for ret less than one @inu-
ts, then texiing is allowed.

Noto: While the engine i1s being accelerated to and run ot 0.7 normal rating,

the aircraft vay Yo taxled to the take~off start line,

2., Duving checking the engive operation bofore flight and in f£light, soz to 1t
that the ouglne copereting parametors (spoed, turbins cutlst cas tempsrature, oil
pressure ard vibrotion overloads) are rot in cxccss of the values spoclfied in the
section "Fazic Date",

3. Alrcraft taxiing vsy bLs acconplished st eny of the rutings cxclusive of
77.0 ~ 81.5 pex cent rating, when eilr blow-off shutter closiry or opening takesn
place, or the IGVs of tke cozpressor high-prescuce section turn from ona to tho
other posiilon. Tt ia not recenisnded to rua the onglne et this rating. ¥hile taxi--
iprg the alrcrett, mec that instruzent rcedings sgree with the values spoeificd for
the given ratings.

4, Juct betore tskinz-off, chock engino oporating paramelers to make sure thoy
conforn to the valuos &pecificd for maxirum take~off rating.

5. Beax in wind that, at the outolde air tempcrature below +15°C (when the engi~
no wexisun fuel Tlow is reatricted at PH = 760 wm Hg), the coapresegor high~piarsura
rotor cpecd will reduce by 180 or 200 rpm (1.5 ~ 2%) nnd turbine outlet £a8 tompera~
turs vlll roduce by 20 or 25°C per every 10% of ambient alr temparature drop rele~
tive to the abuve valus at naxisuw tuke-off rating,

The conproseer high-precsure rotor speod st 0,7 and 0.88 norral ratinge as woll

as at ihe norcal rating on the ground et an ambient alr tenporature of telow 4l5°C
and at constant thrust are taken in accordance with tho Chart in Pig.43,

In cass tho engine operatlng parameters do not agroe with the specified valuer,
perfers adjustrent operations in accordance with the Ssction YAdJustment of .

Acceagory Unitoe",

Kotg: ¥hen the engine is brought to waximum take-off rating with the NHFT-35
overtenperaburs control system cut off, & short-tite rise in tha echaust
tac totuperature uft of the turbine uvp to 630°C is perninsible,
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LEVEL FLIGHY

0

6, Ths oengins should not run continmuocunly at waximem take-off rating for wmore
than 5 minutes, £fter that decelerate the engine to normal or less urduous rating,

CAUTION, 1. Subepagquenl wcceleration of the engine to maximum take-off rating in
gllowed notl ecrlier tlan zftor 5 pin of operation at norusl or less arduous ratling,

2, Never bleed gir into the wing snd fin Qeicing pysteus and into the aireraft
cabin (for presuurizing) with tle englne running at a speed exceeding 95%.

Coupreseed air pey Yo bled at naxituva take-off rating for nobt over 2 minutes
at an altitude not higher than 2 k¥m for heating the cngine IGVs, noce bullet end air
intake dvet only.

7. ¥ith the ¢nginoe control lever fixed within the range of from idle to the
beginning cof engine automatic operation (up to n, = §700 * 50 ypa or B2.5 -~
83.5 pst cent), eny reduction in flight altitude (gliding) or increase in flight
spesd will result in a reduction of the conmpressor los-pressure and high-proessure
rotor rpa,

At any opscd higher then the spoed corrcesponding to the beginnlng of autowatic
operation of the engine, with the engine control lever fixed ard flipght altitude and
epsed varying, tho conprecsor high-prescure rotor speed is kopt constant, whereas
the couprossor low-preassure rpm vary., As the £light altitude rises end the £light
gpeed drops, tho compressor low-pressure rpa inscrease owing to the reduction of
ambient air temporature at the engine inlet. Whon the engine runs with the wobble
platc of the H°-70 fucl regulating puzp set a% the waxieun flow stop, eny increase
in flight zltlitvde and reduction in flight spszed will result in an ircreass of tho
high-yreasure end low-precsure rolor specdn, As the compressor low-pressure rotor
apeod coues vp Lo its presct limit, the opecd remwaing constant irrespective of alti-~
tude increncoe or £light speed reductiony the couprossor high-pressure rotor speed
reduccs in that case, Approxiuatle veriations in opoed of cozpressor low-pressure and
high-pressure rotors at tuke--off rutlng versus flight altitude and gablent alr tew-
pereturo gra chown by the Charts in Fig.44,

2. LEVEL PLIGUT

1, Levol flight wey be perforred al any englne rating exclusive of 77.0 -

81.5 per coent rating, accosluted with closing end opening of the air blow-off shut-
ters or turning of the IGYs of the compressor high-pressure section,

2. Engine opcrating tiue in flight at any reting up to normal rating is not
linited within the specified duration of engine operaticn within the enilire gervice
life (sec Chapter I).

3. Engine acceleration in flight muy te wcconplished from any rating, idling
rating ficluded. Turbine outlebt gas tempcraiurc phould not rise in excoss of 630°C
in that case.

4, Until sufficient experience is obtaincd, watch cleosely the variation in vib-
ration spesd and engine paraceters (rpm, turbine ocutlet gas temperature, oil presgsure
and tetperature), i the indicating light of the HB=200L vibration measuring equip-~
nent comes on (the vibration speed exceeds 50 um/sec). In case the englne operating
parancters do not vary materially witi the vibration speed rising (above 50 ra/sec),
bring the engine to a miniouz possible rating to waintain the required flight condi-
tions, end teke regsurco to stop the engine o8 goon no poessible.

Should the vibration speced corme to 90 wn/sec, or tho engine opcrating psracslers
vary, shut down the enginc at once,
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PR S d-toan i FLIGHT
§9

Upon lercing the aircraft and stopping the enylue clieck vibration measuring
equipnent ¥B-200E, snd weasure englne vibratlions with the use of the AB-43 equipment,
Purther uso of the ongine is decided upon the resulis of the enpine inspection and
the vibration mgacurerents,

5. Ianediately stop the engine, if the warning light in the ehip-detecting f£il~
ter circult comes on. Upen landing the aircraft exsmine the chip-detecting filter
acd filter V4C~2%0 vo decide whether the cnglne is it for further service.

3. ENGINE SHUT-DO¥N IN PLIGHT

To shut the engins down in flight, use the following procedure:

1. Shift the englne control lever to the IDL® position and run the engine at
this opsed for not loss than 1 min,

2. Set tho engine control lever in the CUT-OZF position,

3. To gusrd the pumping unit of the EP~30 fuel regulating punp against failure,
do not close the fusl shut-off valve, if no cmergency situatlon is involved.

4, Energency shut-down of the engine ius accomplished on occasions referred to
in Section 6, Chapter III, oxcept Item (£), by shifting the engine control lever to
tha CUT~OFF position,

4. RELIGHTING ENGINE IN FLIGHT

1. Engine relipght in Clight io perforaed et a high-pressure rotor windmilling
speed of not lesa than 1200 rpa (10.57%) to an altitude of 4000 m and not less than
1500 rpr (13.07) at en altitudo of over 4000 m. To rolight the engine, press the
RELIGHT button for 1 or 2 scc. As a result, the engine Jgnition system 1s cut in via
slarting control unit ANN~49BY (eceries II) and operates for €O sec.

2. 5 te 8 goc sfier pressing the RELIGHT bution, set the engine control lever
in the IDLE position, which will cause a proecsure riso in the primary fuel manifold,
ignition of sir-~fuol mixture in the conbunbticn chanbor, end &n automatic accelora-
tion of itlis engine to idle rpu.

¥ith the engino control lever sot in the IDLY position, ongine rpa will be in
direct proportion to the altitude of flight. Idling rpm will increase approximately
by 200 - 400 rpa (1.5 ~ 3,5%) per every 1000 m increase in flight altitude.

3. Engins ecccleration to the vequired rating is sllowed not earlior than after
1 pin runnirsy et 1dling opeed.

4, In tho event of an clmormal start (60 sec after pressing the RELIGHT button)
or sbortive slarting, oot the ongine control lever in the CUT OFF position and blow
the enginoe et windzilling specd for 30 sec.

5. After two elortive startings it i rocomnended to iucreass windmilling spood
(prior to attompting the novt rolighting) by incrensing the flight epsod or decreas-
ing the altitudo of flight.

iy

of ignition in flight 1A addifion to ewitching ignition autoratic
To switch on ignition nanuslly, press the rolight button and kecp it
presssd until fuel ignition tales place, but do not keep it dspressed
for vore than GO cecy

ébg Yoread engins storting is guersnteod to en altituvds of up to 7000 u;

c) Yhen the engine is being ntartedoin flighi, turdins outlet gas tswpo~
rature is sllowed to rice to 620°C for not over & soecy

(&) Do rpot start the engine in flight sfter stoppirg it by meens of cloo~
ing the fuel vhut-off valve.

Fote: (a) Tha engine storvting control egquipient provides for manual ewitch*ﬂ§
ally,
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ELIRNATING FIRE Ot ENGINE

€2 T L B T B

5, ELIMINATING FIRE ON ERGINE

In cass the engins sets uflanmz, procecd in the following manner:

1. fonediately stop the engine end cloae the fuel ghut-off valve, }

2. Cut off eir supply for pressurizing the cabin from the affectod engine,

3. Procoed to fire extingulshing in complinrce with the recombendalions on fire-
fightinz, contained in the &ircraft Operating Instructions,

Yotet: After cxtinguisnting tho fire on the engine, consult the reprasentative of
the Manufecturing plant as to further use of the englne, if the engine
and its accensorles have been exposed to high tewperaiure,

4. Ehould the fire-extinguishing bottles be discharged into the ongines not af~-
fected with fire, and fire extinguiehant Freon 1148-2 get into the cil-contacted gure
faces of tho by-parms duct entry housing end the cavities of the compressor and tup-
bine reter bearing supports, it is luperative to do the following:

(a) vithin 3 hours after fire Extinguiahant Proon 114B-Z gets into the engins,
drain oil cenpletsly froa ths shaft tube, roccond turbine rear support, by-pags duct
entry housing, fuel-cooled ¢il coolor (unit 62) and oil tank, Remove and wash with
kerozang o0i) filter ME2=30 end the chip-detecting filter incorporated in centrifugal
deasrator H0~{8-20;

(p) riil the Jubricativg oil system with fresh oil heated to a temperatwre of
50 or 60°C, then votor the ergire overy

(¢) etsrt tho engine end run 3% at idde speed for 5 min and thon at 0.7 norual
reting fer 5 wing

(d) slut doewn tho enging erd drein oll epain from the engine assembliog, tho
0il cocler end tha tenk. Excelne and wash in kercsene oll filter L2C-30 and the chip-
detectlng filtery

(e) £431 the lubricetinz oil systom with fresh oily

(#) staré the engine cod run 14 at idling spoced for 5 min, then at 0,7 poresl
ratics for 5 min, and at noreal rating for 5 ming

(g) ehut down the eng
ing filter.

The ergzine 1p €1t for further

2y Ingpeet ergine ofl filter MAC-30 and the chlp~dotoct-

eorvice, 1f no defocts are detected. Prior to put-
ting tho engins Into gervice it is necossary to replace ceonncction 30~03-89% for
fire cxtingulchant cupply into the onglne, having installed such a coanection with a
socund diupluagan,

————— T AN TR
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Chapter Vv
PECULIARITIES OF ENGINE OPERATION I WINTER

1. Do not start the erngine, in case ice is detected on the air intake compo-
nents. Prier to starting the cazine at zorc and subzero ambient air tonperatures
chock the cecond turbine rotor for proper rotation by hand., In case the rotor faills
to rotate, deice the blades of the compressor low-pressure rotor, sticking to the
casing by blowing the compressor with hot alr at a temperature of not over 80°C.

2. Engine starting under sn ambient air tempersturo of below +500 and at in-
creaced adr hualdity as well as in case of comming on the ice warning light nust ba
carried oul after switching on the deleing systecs of the alrcraft and engino air
inteke ductco,

2. If lubricating oil KX-8 or MK-BIl ie uscd in the engine at an outside air
temperature of - 30°C or lower with the aireraft parred for nore then two hours,
the englic starting should be preceded by supplying hot air at a temperature of nnt
aver 80°C froz airficld hesting means to hest fuel regulating pusp HP=-2%0 (wherc the
clarting fuel control wnit is lecated), ell cooling adepter, lower portion of the
coopresgser low-prossuve nection IGV asseubly, fuel-cooled 0il cooler (unit 62) and
oil tank for at lesst 20 minutes until oil tewperature at tho ongine iulet increas-
es to +10°C.

If o3l BHHM HI-50-1-42 {p used in the engine, the above listed units and ac~
cessoriec rhould be heatod before sterting the engine, in cace tho outeide ailr tom-
perature in -40°C cr lower,

4, If an outnlde alr temperature is -40°C or lower and tho alrcraft is to be
parked for wmors than ons hecur, do the followings

(a) drsin lubricating oil frou tho englne and the tank aftor stopping tho
ergineg

(b) prior to starting the enging, heat with hot &ir at a tomperature of £0°C
(maximun) Lhe engine units and acceosories as instructed under Item 3, then f£111 the
engine lubricating oll syotem with fresh oil heatoed to a temporature of 60 - BOOC;

(c) before eterting the englirne, do not fail to motor it over.

Lote: It is allowed to heat oil for 30 minules as edvised in Item 3 instcad of

draining oil from the systom and filling it with heated oll,

5. At sea level and outside alr temperatures below +15°C, turbine outlet gas
temperature and the spsod of the comprescer high-~pressure rotor at paxinum takg-off
rating will decresso as the outside alr tewperature decreases, since the englne
epeced will be limited with regard to paximuam fuel flow in this case.
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PLOGLIARITIES GF LLGINE DVERATION N Win Tt

Changes in rpm and turbine outlet gus tewperature depﬁnlin? on atrnospheric con-
ditions arc shown in Figs 40, 41, 42 and 43,
; 6. At subzero outside tecperatures the engine pust be run on fuels containing
antl-icing adcditives,
9. T.¥e cure to prevent witer from finding its way into fuel or oil.

Note: In other respects, engine operation in winter time does not differ fron
its operation at positive outside alxr teoperatures.
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ROUTINE MAINTENANCE
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Chaptltex L

ROUDLING MATNTHNANCY

Pulfilinent of maintensnce opsrsasians dn duc bise and witch wtrost cers 1}
to reliabdlity apd wervacceab3livy of tne enfine
toutine maint‘-n!\!.rf:. comprises the following kinds ol meintoenans:
1. V1 e d 3 3¢ 2 p&e1nten anc e, Thin yind of wainvenanad
carrien vefore rachh Uiaht and conyd in prepuaration of the engine foro I
P R N T T naedintenanc o ¢ u Yy inag o b
pearssinf u f a4 rcra ot This kind nmeintenuzne L
efter every fidght,if the ensine ie net to be subgectes to mpore comy oan
Kote: Bnen an sirzreft i used for uraining purposes, i cu. LT
stiort - un:‘ pariing A8 done et Lhe tins of servicing
fuel on' oid.tut at lesst once &Very 1wo or tnroe £l
3.V el T i ht mainyarr enc €. Thir ziud o mad ~o L o
at base 6vd teimivel edIfields overy %0 & IO £ivian hows wuJler Loe Iote 1oroln-
i flight ¢y reutice maintensnce
i, hoeut ine LIRS T PR TN FR O TN ¢ e v ary PC IR CUR N S

oyrersating hoovou v
S koutine maintenence PV ery GO0
o erating Lo u oo

CAUTION.Any xind of walntenance ojorasions puss be cerried oub wiih the 3¢

of tools svanilable in the teols zit atiathed to toe en

To prepare the engice fer 3 flie zissi0n, periorn oparitlons presclibed v

v

"3 S -

Sectinn "Frepoarstion &f incine Tor Gteriing

2. RHG TN

FARKING OF
1. See that there 35 no leaiuge of fuel oxr oil,
2, Check tbe asount of fuel end oll 3in the tanks and top up the tanks , il

T

neccessary .

3. POUTFLIGHT MALNTENANCH
I. Open the aireraft shutters end sccess doovs.
5. Were sure there is no leakuge of fuel or oil.
3, Inspect the engine oil filtexr MFC =20, . .

Rince the filter in clean gasoline or kerosine 3T necesealy.
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POSTFLIGHT MAINIRNANCE
86 4 - - -

i Excoine the chip~dotecting fillor of contrifugal dcusrator BR0-8C-30
wesh i1 in clesn gasoline or keraseno with the use of a hadr brush witnout stripping
the cienslling diec-shuped elencnts.lake use of & topter to cheock that the eignslling
elenents exe nol short-cireulted.Othexwise,dicassenble ths filter as followst

(a) ix-tal)l the chip—detecting filtor on sppliance 19~-945 g0 that the epplionce
lug enters the slot in the corey

(b) renove the textolite innulating sleavo;

(¢} unbend the leck tob,undo toe put und feke off the lock;

(d) remove tho washer end discs of tho plate-type filter,teke off the core and
insuleting sleeve

(e) vse a piece of eloth sosked in ecetone Lo remove cce and ter fron the
discn of the filter,wnsh 811 tha filter cozponent parts in ¢ ean gasoline or kero—
sene;

(f) azsezble the chip-dctucting filter.

CAUTION. I.Rcch dise of tLe plate~type filter musi La placed so thot its insu-
lating luyer foces tue guure filter.

2.Tha nut &nd the plug uld be tightsned up to a torque of 0.I-0.3 keu
(wrench IG~9I5) and 6-I0 kyn,rospoctively.
JNever install uvred locks end cesling rings.
4,570 cotter pin head must protrude over the core by not over & ma;,
Xotes:  I.ITf chips are detected in the filters of the lubriceting oil system,
consult the 1¢

cocntetive of the MamZezturing plant &s to furiler
use of the engiue.

2.1f fuel Lus t
reacon or other,process Lhe eystea witnhin 24 hours es instracted in
Chapter X11. .

lratned fresthe engins fusl control system for some

5.decsure the oil level dn the oil tonk.Add o3l into the tenk, if nocescery.
I o1l Jevel in the twnk increases after flight,check 0il for presence of fuel,
6,Inspect the engine ajr Intuko duct,IGVs,conpressor leow-pressure blades,tur-
binc 4tk etaze nonzle vones &and novirng blades withia the vision field.Dxenine
the c¢xhevst vnit ond Tinal je§ nozzle.Ne druage 48 perzissidle.
7.1nspeet ce detoctor NO-202M,cleer the fnpact precsure orifices of cardon
deposit, 12 necossary,for which purjpose ute & piece of dencze cloil.
&.Cheek conditiun of 211 the engine eccecgoriea éni pijelines; check thenm far-
proper &ttachkrent and locking.
9,.Chock the plug connacteorn of the clectrical sycotem wails for corndition.
Tighten tlem up and Yock,if roquired,
10.Upen dnspection of the engine,close the engine air inteke duct and the
exusust duct with vhe respective blank coveis.ihe exlisvst duct mQ;t be closed 10 or
I5 minules ofter siojping the engine.
Eota: After flist 50 2 5 Lours of en;iﬁc operaticn inspect the fine fusl filters
incorjereted in fuel regmlating jurd ER-20 and in centrifusal governor
LP-2R. Finse the £11%crs end reinntall then,having replaced thedr rubber

pealing ringd Uy new oncs.Dlecd air froa fuzl regulsting puszp H2-30 ond
centrifugsl goverasy JP-2B.
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POUTEH paab tband s DVERY 20010 €800 ORIRATEIS HOLRS

- e vares s 12 14

13. Cheok thoe engine Lo preper ruaning, ac inziéructed in Section 1 of
Chrptexr Y11,

L, FCRTINE BALNTENANCE RVERY 200 4 10 .
23

ERNGINE QYERATING KHOU

this chapler,

In «ddition de the following:

1. Tmopect the fine fuel Tilters incorpdretsd in fuel wegulating pump VO30 end
in contrifugsl governor MP-EB. Rinns the filters in cloan goealine or Xsroscne end
reinsteddl then: dn pocitlon, having replaced their vubtber s2ali g »inge by new ones,
Bleed alr from fuel reguleting puop IP-30 end contr

2. Chock the adx plpelines rurning from the combuvstien chauber diffuscr %o the
starting fuel control ualt of fuel regulating punp EP-30 for proper counnoection and
lockivg, TWighten up tlhe union nuts and lock tihem, if nocessary,

3. Drain oi} from the lower dvive geav Box, If the drazined oil is elean, it omay
be refillad into the oil terk thro

4, Chackl the startew~gencretora feor proper etiachment, Pay stiontion to {he

) gover oy NP=2h,

@

-

.
conditicn of the epring weshers under lho pubs on the atiamchusnt stwda, Nerov: dust,

3
pri
dirt and oll siyine fryom the ctarter-gonoyators, inspect tho gtaricr—~gezoraior Caze

¥Kako propenly conrnacied Lo Ll

Ch

aro fruec

snohelders; povticvlay otien

brashes to tuo con Lo tho
gprivgs, Weasure the
boen retuczd Lo of o
paris.
iastruzticns sot forth in e starte

trushes o

e

do not Tail te dlow iho

FoLaralors with conpressed air to rewove cerbon dund

5. Cheel the Inlet and outlel holes in ihe exhaust gas thexaocouple he

for clesnliaesn, .
.

Note: OL1 is chianged in the oil tonk evevy 400 £ 20 hours of engine opevation.

5. ROUTIKE BALNTINANCE: IVERY 600 + 50
ENCING OPERATING HOURS
1, Perfora all the cperationa precerided in Scetlon YRoutine Mailntenance Pvery
200 1 10 Engine Operoting Hnura”.

i 2. Lxanine the oil strulaercs incorporated in the three plpe cornscticna of oil
scavengling purp MHO-20 coupled to tho pipolines scaversing eil frow the phafi tuds

cavity and the second turbins vear support cavity,

Inupent tho magnetic plug.

R i [ T R A b
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ENGINE TROUBLES, THEIR CAUSES
AND REMEDIES
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PRI R 53T RIS R T D A2 T LA T T & o

TERITRIIAE.

Chiaptey VIT

ERGINP  TROURTER, THIIR CAUVCES. LD )

»Nosg Trouble Rewmedy
I ! Tith button STAKT S Chieck the svartiing
Lva on the greand, Lo =ssurn:ng [INg: [ tvutem pouer eupply circult
Et cLoregenerators il to i The aircsaft clecty . i Checlkt (successively)
i i
%para;s | sysica 35 out of ovasr, i -ue sircraft electric
7 Eﬁntoma!ic starting . oat- o ayesteme If necossary,
i ;rol wati, MNIOBE(ser anlst piplasge concfol unit
! . Por pansl RC-2a(eersesil) | ANB-IOR% cerien I1),
Cruile io cpiuate ROIMHllj.E cterter«gensratlor contirol
Do HP-2D centeifugad oe | panel [IC0-2X (serice 1),
vornoe wicroswibtan or ate | nx cuntrifugal governc
Cearping g ot of onder I Ryt
“ “d contact in toe | Repair the contacts b
: vivE connactoralin nol. i coldericg or replace the
% ' " dered points) i plug connectors
i B ]
2 Starter~generatovs ! Faulty plus counestor i Check the plug conneet=

are disenzaged f or nicronviteh of cerivi- i OT. Replace cenbrifusmal
. ) | .
before 45 sce elapsa, when | fugsal severnor I-2u i governor L[P-2B.
Ligh-presuure rotor spccd] Cantrifuzal joverpor ] Manipuluta fhe centri~

1s velow &S00 = 200 ypu [HP-ZB is oul of edjustment] fugal governor adjusting

(27,0 « 40,0 %) I serew to adjust etarters
|
~: generator diacngagement
H i SVeéd
3 The engine fails to gu1n. Altinatric compensat~r | Eeplace the starting
3dle rpm, when ntoried in i of unit IP-20 is out -/¢ ! control unil or ceutrifu~
the air E sajustuank ! sei governor1P-2B
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Cuu3e 1

the cembusiien chaubdel

16 Gnamie

o control leéver on the guadrant

inulate the resupective adju~

Sar oserss of the stavrting fuel
canTol undd ancorporated in fual

Creruiating pump HP-30 to cbiain

resulation with re-

fn edir look in the fuell 5leed air frem the fuel system

svuten ivia the tlceding velves of runp

=350 Apd sendrifugal governor IP-IB

=

Supply voltage is imsufl Check the iznition unit circult

ieient. The ipnition cir-~to [aue SV is

PR SR

i AR et 3park
presnL o, the

i )

H be-rom, oo vrat tne IrTniuion niug

i

i

i

1

, . .

i T

i !

i ‘ C w6 7pexk Iis foxmed, check

|

| lthc sizes ruming to the igaiticn

! i
P plurs, I tte xeplecenent of the
i
!

Juel proszure dxop &b

fuel refulaliug puap

Approved Fer Releaser 200

filtex is clerred e fusl s

-

Jion riugs end chiesking of

the wirss are of no aveil, xep-
Laco irniticn unit CRHA-ZZ2-2A

prohit

- with the plug
Iever sbrip ignition

LRI

The elrveralt fuel systes Yoneve end inaspect the alicva=

3/08/07 : CIA-RDP78-03066R000400120001-3

25X1

25X1




App@h‘d%ﬁﬁrmelase 2003/08/07 : CIA-RDP78-03066R000400120001-3

N

i

Probvable causs

Renody

Vater may get into the
aysten during elrcraft
refueling end dus to
improper tightnoons of fuel
tank fillers

The fuel control systom
is out of order

Fuel regulating punmp
HP-30 16 out of adjustment

Tachons ter gonerator or
indicator is faulty

Voltage in the sturting

power supply system is in-
sufficlent

The starting fusal cont-
rol unit of the HP-30

pump i{s out of adjuatmont

Nog Troublo
inlet occcurs during exgins
starting

7 Water getting into the
lengine fuel cystem

8 Idle rpm fail to comply
with the Chart in PFig.40
piven in Chapter IXI

] It takes more than
120 soc for the onglneo to
pain jdle rpa

Approved¥or Reigadse 2|

filtery replace tha

filter, if necessary. Make

sure fuel pump HAUH-44-N3T
is in good conditicn

Drain fuel from the air-
craft fuel system

Replace the following
automatic system equipment:
fusl regulating punp HP~30,

centrifugal governor I[P-1B,
centrifugal governor

1lP-2B, and booster pump
TOH-44~113T

Check position of tho le
ver of the throttle valve
incorporated in fuel rogu~
lating pump HP=-30. The
lever should be between
the notches limiting the
idle rpm sector It is
dosirable that the lever
is set agzinat the middle
notch,

Check the tachowmeter
generator and indicator

Adjust idle rpn by means
of the ecrew locatsd on
the fuel regulating puup

Check the power supply
saurces

Up to a speed of 2500 -
~ 3000 rpm (21.5 ~ 25.5%)
end with turbine outlet
gas teuperature much below
62000. increase fusl coli-
very by manipulating the
screw for ground adjusting
the starting fuel control
unit of fuel regulating
puap HP-30

With the engine slowly
golning epeed in excosp of
3000 rpa (25.5%) and with
turbine outlet guB tempora-
ture much below 620°C,

P03/08/07 : CIA-RDP78-030+6R000400120001-3
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62

Nos

Trouble

Probabdle cauce

Remody

10

1)

12

13

& i

Excossive turbino outlet
gas tenporature at the
beginning of engine start-
ing, whon high-pressure
rotor speed ia up to
2500 - 3000 rpm (21,5 -
25.57)

Freozunlve turbine outlet
gae teaperature at the end

of engine starting, vhen
high-presszure rotor spsed
is abovae 2500-3000 rpm
(21.5 - 25.5%)

0il prepsure at the
enzine inlet does not
couply to the specifisd
bacic data given in
Chapter 1

Uaxinun teke=-of? rating
roa at ty 2 +15% fail to
fall within the liuita
gpacified by the Service
Log or at an amblent air
touporature of th less
then +15°C Reximun teko-
off rpm are not in compli-
ance with the Chart in
Flg.42 of Chapter IIX

The systom supplying air
at pressure P2 to the
starting fuel control unit
is leaky

Excesalve fuel consunp~
tion at the first stage
of starting

Fxcessive fuel consuzp-
tion &as comparcd to rat-
sd atarting characteris-
tica

Punp OHH-30 i3 out of
adjustment; contraction
of the spring incorporat-
ed In the pressure control
valve of the puuap

Speed neasuring equip-
went is faulty

Fuel regulating pump
W-30 13 out of adjustnent
ap regards tho position of
the hydresuvlic decelerator
or wobble plate at the
maxinun dellvery stop due
{0 wear of parts in the
IP~20 pump controls

tn ewbient alr tizporaturo of tF egunl to oxr wore

incraase fuel delivery by
replacing the air bleeding
Jet, Adjust the eungine
starting procees as inst-
ructed in Saction 3 of
Chaptor VIII

Use gasoline or kKsrossne
to wash the alr filter in
the system fer sir supply
to the starting fusl cont-
rol unit. Blow off the
filter before installing
it in position. Check the
air supply systcnm for

ightness

Reduce fuel supply by
means of the screw serving
for edjustaent of the
starting fuel control unit
on the ground

Reduce fuel supply by
changing the air bleed jet
in the starting fucl cont-
rol unit of fuel regulat- -
ing puwp HP=-30

Adjust oll pressure at
the engine inlet by means
of the main oil pump pres-—
sure control vealve

Check calibration of the
tachoteter generator and
indicator

At an anbient air tempe-
rature of ty ( £00 Fote ¥)
lees than +15°C, calculate
the rpa value of the comp=~
ressor h,p. section for
this temperaturo in eccord-
ance with the rospective
foruula with dus account
of the Chart ir Pig.4l,

In case the specified rpam

than ¢15%

edfuss the epscd by usiyg the decelolator cdjusting serew.

Approved FGiHRéI6aEd A(
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i i s st e e -

2]

Kea

Trouble

Probable couaa

Romedy

14

15

16

17

¥ith orginae rpm gredual-~
ly increassing, the alr
blow~off chutierno aft of
the 4%b end S5th siages of
the couproesczor h,p. sec~
tion clese and the IGVe
get turncd froa -10° deg
to zero Scpg at & spacd
other than 9400:%;% rpi
(79.0 ~ £1.57%)

Vith enugine rpn Rlowly
decreaning, the air blow-
off ckuiters aft of the
4th and 5th slages of the
conpressoer h,p. secticn
fail to cpon end the IGVs
fall to chengo over from
zoro to -10° deg at
9100 t 100 rpa (77 - 75%)

Engins acceleration tize
rfails to wgree with the
epecificd deta (nore than
15 cec or less than 10 gec)

¥hile ths eircraft is
clirding, the low-presesure
roicr &velops & spcad

Tho fuel regulating
puzp is out of order

Centrifvgal governor
F-2B {a dimzdjusted

Contraction of the
ppring incorporated in the
slids valve of centrifu-
gal governor IP-25

Coentraction of the
spring incerporated in the
pslide valve of centrifugzal
govornor UP-2B

The flow restrictors in
the hydraulic docclerator
and fusl pressure rise
limiter lines of the ¥P-20

led or blocked

Contraction of ths
spripg dincorporated in
centriiugal governor

exceaging 800D rpa (S4.0£)

i19-18

value fails to agrae with
the rpm read off the techo
weter, adjust the rpo by
zeang of the maximuw deli-
very &screw on fuel
rogulating pump HP-30

Replace the fuel regula-
ting pump

Kanipulate the adjusting
acrew of centrifugal go-
vernor UP-2B to adjusnt
the 1pm rt which the air
blow-0ff phutters clese
and the IGVs changa over
their position

Manipulate the adjusting
acrow of centrifugal go-
vernor IIP-2Bto adjust the
rpo at which the air blow-
off phutters open and the
IGVs chznge over their
poaition

Rermove and inspect the
flow restrictors incorpo~
rated in tha fuel prossure
rise liniter and in the

unit are improperly imetal-hydraulic docelerator, as

well as thoir rudbber seal-~
ing rings. Wash the flow
restrictors in keroaone,
1€ requircd. Adjust engine
acceleration tima by vary-
ing the capacity of ths
flox restrictors eumployed
by the fuel pressure rige
1iulter and by the hydrau-
lic Qucolorator of the
fusl reguleting punp
Ldjust low-preceurs ro-
tor lluiting rpa witu the
nelp of the Iir-1B centri~

Approved(RBNRkElEé%!ﬂdONOSlO? : CIA-RDP78-030$6R000400120001-3
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Fos frouble

Probable cause

Romedy

18 Lubricating oll lesks
fron the tank into the
engine with the engine in-
operative

011 levez) raise in the
tank
19 The [PT-35 over-teupora-
ture control system fails
to limit the engins epeed,
or turbire cutlet gas ten-
peraturo st the controlled
rating differs froc lhe
preget velus by toro than
10°C (temperature value at
the rating controlled by
the MrP-35 pyotem muist bo
equal to tho moximum ten-
persture linited by the
[PT-35 gyrten ninug 110 %
10°c)

The non~-return valve of
maln oil puap ONH-20 1s
looky due to faulty seal-

partizles under the valve
0il gets diluted with
kerosene
Thermocouples T-93-1
are faulty

The overtemperature
limiter of the HP-20 fuel
regulating puzp is faulty
or the wires running fron
the liniter to the YPT-194<

=27 anplificr are broken

fugal governor adjueting
screw

Rewmove the non-roturn
valve and check 1t for
condition

ing ring or getting foreign Replace the scaling ring

of the non-yreturn valve

Check the fugl-cooled
oil cooler for tightness

Check the therwmocouples
for proper attachment on
the enzina, for proper
contacts and clearorifices
for gus Tlow. Measure
total rosistance in the
thermocouple wires running
to the UT-2 indicator,
which wust be not more
than %0 ohwms, and of those
running to the YPT-154-27
aaplificr, which should be
within 1.520,2 ohis. Check
{o sce that the thermo~-
couple unit wires leading
to the indicator and ampli-
fier are not short-circu-
ited

Meazure insulance in
each thermocouple unit
lire; it should be not
less thuan 20,000 ohm, The
therrocouple ecircults
should be checked for
resistance, short~circult
and insulance value with
the amplifier end indica-
tor plug connectors dige
Jeinted

Calibtrate the HT-2 indi-
cator

Check the overteuwperatu-
re limiter and its wiring
for condition, Meaoure ths
resiatance of the over—
teuperature limitcr cole~

noid belween plug connector

T 25X1
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Nos Tvouble

20 Tho turbirpe outletl gus
teuperature at ground
take~off ruting (at ambi-
ent alr torpersture equul
to or wore than +150C) and
in altituede flight is in

ture liczit for the engine
(the turbine outlet gos
temparatore limit equals
the mpaxir-um perelygsivle
tewperaturo value glven in
the Service Log plue 15%)

excess ol the gis tompere-

tle cuuvoe

Renedy

Powar supply cables run-
ning to snplifier YPV-194~
=T wre biovken

Auplifier ¥PT-194-27
is faulty

The MPT~35 over-towpera—
turs control eystem ig mal-
a4 jusied

The YPT-194-2T anplirfier

presetter Lo raladjusted

pina 1 and 2, which ghould
be within 18 and 25 ohus,
The ingulance betweon the
plug connector pins and
the fuel regulating puap
body wust be not less than
20 megohmg In case the
wiring and the solenold
are in proper condition,
replacs the HP-30 fuel
regulating pump

With the power supply on
and the [PT-35 system tent
switched on, meoasure vol~
tage botwsen pins 1 and 2
then between pina 1 and 3
of plug connector
2PTT2817i11. Pin 1 is
connected to the minus,
pins 2 and 3 -~ to the
plue

The voliuge must be
egual to the on-board
power supply voltage

Should the above atated
faults be not detected,
rcpluce smplifier
YPT-19A-2T

Manipulate the overtom~
perature limiter adjust-
ing gerew on fuel regulst-
ing pump HP-30, to udjust
the required temperature
limit cnd register tho
turbine outlet gas itempe-
rature controlled by the
PT-35 system in tho Ser—
vice Log of the ¥YPT-19A.
=27 overtemperature
avplifier

Check the position of
the aeplifier proseotter
and compare ite indioa~
tlon with the turbino
outlet gos tomperature

lnit tlim)
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VY
N .1
Noa Trouble Preobadble cause Renedy
The system for cgusuring Check and calibrate the
turbine outlet gas tempe=~ | indicator and theruocoupl-
rature is faulty es complelo with their
wires, as instructed in
Item 19 of this chapter

21 With the engine running The speed controlled by Make use of screw 19 on
at & cpeéd controlled by the NPT-35 systes is esl- | the HP-30 fuel regulating
the IPT-25 syotoun, the adjusted puap to adjust the specd
conprescor h.p. section controlled by the NMPT-35
rotor apeed does not fell overtemperature control
within B, = 10,500 # systen, as instructed in
75 rpa (£9.5 - 90,5%) Section 6 of Chapter VIIT

The controlled speed is
reduced due to wear of
parts incorporated in the
centrifugal transmitter
control system

22 With the test button in~] Pire detsctor thormo- Repluce the fire detec-
corporeted in engine fire | element is bro¥en tor
alara sycten 207K depres— The electrical rosint-
sed, the indicoting light ance between the plug con-
falls to como on nector ping of a sound

fire detector should ba
within 1 £ 0.2 ohn

Broken wires running Connect broken wires
from fire detector to
control unit, from control
unit to indicating light
or fros control unit to
test dbutton

Burncut of the indicat- Replace the indicating
ing 1ight light

23 Tha indicating light of Closure of the contact Replace control unit
fire alaro system 2C7K is |of relay PiiG-5 7K with a sound one
on with the teet btutton
dicerzaged '

24 Presourc warning unit The total aend etatlic Check the total pressure
Cﬂya~0,15 incorporated prescure chaabersa of the chaaber for tightness et
in the deicing systen pressure switch are not 8 prossure of 4,8 kg/rq,cm;
docs not operate tight loaks are not permissible;

The checkup must be carried
out for one minute

Check tho static Presoure
chamber for tightness at a

pressure. of 300 ma Hiey the

1
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Nos

Treublo

N
v

Turlline oullel gus tom-
perature ot any operating
rating of the engine sxcead
the specified liuits

Suvere pparking at the
Lrushes ard tha coumubatcer
of starter-generstoyr
CIry-121040

Probable cause

- Remeady

A trouble in the turbinc
outlet gan temperature
L
1sl messureuent systeu

The butterfly valves in
the zlr bleed lines aft of
the 5th and 10th stapes of
ths comprossor h.p. asece
tion fell to operate

The eir bleed valve aft
of ths 10th otage o? thea
cbmprossor h.p. section
is leaky

The air bleed pipslines
ranning to the sircraft
or engine alr syatews are
not tight

pes of the coupressor h.p,
cection fail to operste

The brushes do not peat
proporlly to the commutat—~
or surfuce due to aticking
of the btrushes in the
brush holders

The brushes sre tvadly
bedded

The commutator ie dirty

The conmutator bars are
looss or the commutator

has worked oval

pressuwre drop should not
excoed 8 mm Hg por one
minute

Replace the pressure
switch if it Je leaky

Check and calibrate the
indicator complete with
the thermocouples and
wires, as Bel forth under
Ttew 13 of this chapter

Replace the butterfly
valve units

Remove the valve cover
and check to see that
thers is no foreign par-
ticles betwoeen the valve
and its seat

Repair lcaky commectionas

The air blow-oft shutters Check the air blow-off
aft of the #4th and 5S5th sta-shutters and their actuat-

ing eylinders for condi-
tion

Withdraw the brushes
from the brush holders,
dress them alightly with
the use of fine glass
peper Ho,180 -~ 220 grit

Dress up and bed the
brushaosg

Clean the coumutator
with ¢ plece of clsan
cloth slightly wetted in
gaeoline. Make use of fine
glaes paper No. 180 - 220
grit, 1if nscescary, rotat-
ing tho armature by hand

Digmount the starter-
generator to have it
ropalired
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Koz

Troubla

Probable causs

Renedy

27 |

ler=gensrator cutput ter-
jainals
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Ho voltage et the start-

The comumutator bars are
heavily worn out

The armature winding is
short~circuited

The armature winding
is broken

Tho brushes do not con-
tect the commutator

The excitstion winding
is broken

Tho armature winding is
chort-circuited

The arwatwre wlinding is
short-circuited owing to
accuzulation of brush dust
batween current-carrying
parts of {he starter-gene—
rator

The starter-generator is
demagnetized

The starter-generator
f]cxibl; shaft 18 daraged

The elipping clutch of
the startor-generator is

faulty

Disiount the starter~
generator to have it
repaired

Clean the gaps between
the commutator bars. In
case the trouble persists,
forward the starter-gone~
retor for repair and rep-
lacement of its armature

Remove the starter-ge—
nerator to have it repair~
ed

Dress up the brushes as
set forth in Item 26
above

Remove the starter-gene~
rator and forward it for
repalr

Reuove the starter-ge-
nerator to have it repair-
od

Flizinate the trouble by
blowing out the starter—
tererator with compres-
sed edr, If the trouble is
not elizinated in this
way, remnove the starter-
genervator to forward it
for repair

¥agnetize the starter~
generator by comnecting a
storage battery to tho
excitation winding ends
for oue or two seconds
(terminal "+ of the
storage baltery shonld be
connected to terminal v,
terminal "-" to ths minus
of the wiuding)

Remove the startor-ge~
Rerator to forvard it for
repair

Replace the drive 6lip-
plng clutch

25X1
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Nos

Trouhle

Probadble causa

Romody

25

Approved Fo®RElgasE 200

Tho engina faills to ac-
calsrate to 1dle speed
during ctartizgy fuel pres-
sure stops rising when the

Tha currsnt parameters
across the starter-~genera~
tor terainals do not cor-
[recpond to the epecified

engine is petering out; thevaluss

turbine outle! gas tempera-
ture docs not rise

Ths throttle valve cont~
rol lever of fuel regulat-
ing pump HP-~30 is not spet
at the 1dle seclor

The alr valve or ailr
Ipipeline eupplying conmpres
sed alr to the starting
ifuel control wnit of fusl
regulating pump HP-30

is not tight encugh

————E A s T A

3/08/07 : CIA-RDP78-0306

Ensure the specified cur-
rent parareters acrosa ths
starter-generator tarmlnala

Adjust the position of
the throttle valve control
lever relative to the mid-
dle notch on the idle sec—
tor

Check the alr velve and
~the pipeline supplylng
conpressed alr to the
starting fuol control unit.
Replacs the air valve or
tighten up the pipeline
connections, if required
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Chapter Vill

ADJUSTMENT OF ENGINE ACCESSORY UNITS

CAUTICN. Prior to adjusting engine accesgory unil, make mure the rvespective
measuring lostruments are properly calibrated.
In the event scme of the engine parareters fsil to sgree with cle specified

valace Curinf engine Seying oul ur in sorviec, the following edjustwente are allowed

i¢ be cerrled ouu:

1. 011 vpressure u% tne engine inlet;

2. Puel rpressure at the inlel to fuel regulating pump HP-304

3. Acerlerztion charscteristiss of the starting fuel control unit incorporated
in fuel reguleting punp HP-204

. Iéling npeedy

. Kaxirum teke~off rating rpm of the compressor high~pressure rotor;
Engine speed liclted by overtemperature control system MPT-35;

. Maxitum permicsible turbine outlet gas temparaturey

. Accelerationg

W NN E o

. Sterter—gencrator disengagenent speed;

10, Spesd 2% which alr blow-cff shutters aft of ths 4th and Sth stagea of the
conpregser high-pressure section close and the coupressor high-pressure soction IGVe
turit with the engine speed increasingg

11. Speed mt which the eir blow-off shutters open and ths 1GVs change over
thelr positicn with the engine spced decreasing;

12, Compressor luw-presswe rotor rpzm limit,

Nozes: 1, Adjustments referrcd to in Items 2, 5, 6, 7, 8 and 12 are Lo be car—
ried ou’ by the representativo of the engine Msnufucturing plant,

2. Make a record of all the sdjustments mnde on the enwine accessories in
the engine Service Log and in the cortificates of the accessouriss,

The ad/vstment procedures ere described below,

1. ADJUSTING OIL PRESSURE AT FNSINE [NLET

Engine inlet oil vressure (downstreas of oil fijtesr M8C-30)1a wccomplished with
the ald of the vressure control valve incorporated in maln oll puamp NH=70 (Fig.45),
usirg the following procedure:

1. Unlcck end unscrew locking nut 2.

2. Turn adjusting screw 1 through the required number of revolutions in the
propar directiorn,

Turning of ths screw in tho clockwise direction will cause oil pressure to
increase, and vice versa. Ons cozplete turn of the screw will change oil pressure by
0.5 ¥g/sq.em. Oxl presgsure nust be adjusted at 0.7 nortal rating to & valus of 4 ¢
0.2 kg/sn,ce.

ONF'DENTIAL! |
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ADJUSTING Futl PRESSUSL A1 PLET TO Foll =EGRLATING Fuk 1030

FIG, 45, MAIN QIL. PUMP Qmi-30
1 - prassure control volve cdjusting screw; 2 — palnut; 3 — non-return volve; 4 -
o bleed plug.

3. Tighten up and lock locking nut 2.

2. ADJUSTING FULL FRESSURE AT INLET TO PUEL REGULATING PUMP HP-30

Fucl pressure at thce inlot to fuel regulating pump HP-2%0 is carried out with
the use of the throttling valve adjusting screw incorporated in fuel booster pump
RUH=44 13T (Pig.,46), using the following proccdure:

F s, 45, FUEL 300STER PUME T 44-113T
1 - pump drive shult; 2 — mlet gipe connection attochment flange;
3~ dvet drain cock; & = drain pipe vaion; 5 — luel outlet pipe
connection; 4 - loching washar, 7~ fuel throttling volve odjusr-
ing screw.

1. Unleck and turn the locking washor screw.

2. Rerove locking washer © used for securing sdjusting screw 7.
%, Turn sdjusting screw 7 of the throttlin- valve in the proper direction,
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ADJUSTING ACCELERATION CHARACTERISTICS OF FUEL REGULATING FUMP KP.30

104

Turning of the adjusting screw in the clockwise direction will cause in-
orease in fusl pressure, and vice versa, Ono conmplete turn of the porcw will change
fusl pressuve downstream of pump [IUR44-]13T by 0.2 kg/bq.on.

4. Reinstall the locklng washer, drive the screw in and lock 14 properly.

3, ADJUSTING ACCEIMRATION CHARACTFRISTICS OF STARTING FUEL
CONTROL UNTIT INCORIORATED IN FUEL REGUIATING PUMP
HP-3%0

Adjustmont of the starting characteristics is done with the aid of startinrg
fuel control unit mcrew 21 or jet 27 serving for blecding alx from the wombrane
epace of the starting fuel control unlt incorporated in fuel regulating pump HIP-30
(Pig.48). Scrow 21 1g used for carrying out adjustment within the comprenssor high-
pressure rotor spsed range of up to 2000 rpm (25.5%).

If during ongine starting an incroase in the spesd of the comprensor high~pros-
sure votor involves an sbrupt rise in oxhauat gas temperaturc, reduce the amount of
fuel supplicd into the engine by turning starting fuel control unit screw 21 in the
counter—-clockwise direction, In case the compressor high~pressure rotor falls to
pick up specd during engine acceleration and no rise in turbine outlet gme tempera-
ture is expericnced, increase the amount of fuel fed inlo the engins by turning
slarting fusl control unit screw 21 in the cleckwise direction.

Within the opeed range of frow 3000 rhm (25.5%) to idling speed adjustuent is
acconplished by roplacing Jet 27 serving for alr bleed from the merbrane spoce of
tha starting fuel contrcl unit,

an increase in the Jjet disweter will result in more slow englne acceleration
apd w11l reduce evhaust gas temperature rise, The Jet dlgmeter varies from 2.0 to
2.3 mn.

Kotes: 1. The starting fuel control unit adjusting screw omust bs turned through

0.5 of & turn at a tine with subsequent engine starting for checking
the recult.

2. The dinzater of ihe blesding jJet ehould not be changed by more than
0.1 at & time with subssquent engine estarting for checking purpcses.
I{ phould be borne in mind thel the initial pressure surge in the primary fuel
ranifold must be within 13 - 15 kg/sq.cu, as cmeaoured with the use of a pressure
gaucs of the 0,6 asccuracy class.
¥ngine starting characteristics at a high altitude are adjusted by means of
gerew 30 serving for altitude adjustment of the starting fucl control unit (Fig.48).
¥itth the scréw turned un the cleckwise direction, the starting fuel control unit
will start regulating fuel pupply at a lower altitude, with the screw turned counter-
clockwise, the starting fuel control unit will etart rogulating fuel supply at a
higher altitude.
adjusting scres 30 may not be turned moro than by 1 turn clockwise and by 2
turne counter—cleckwlee relative to the posltion adjusted at the Manufacturing plant,

4, ADJUSTING IDLIHG SPRED

Engino 1dling specd is sdjusted by weans of adjusting screw 15 incorporated in
tusl regulating pump HP-30 (Pig.47). When turnsd through one complete turn, the
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ADJUSTING TAKE-OFF SPLED OF COMPRESSOR hb. #OT0R
104

screw changes idling speed by 700 rpm (6%). Turning of the screw head in the clock—
wise directicn will cause engine rpm to decrease, and vice versa.

1

18 17 6 15

FI1G. 47. FUEL REGULATING PUMP HP-30

(control lever s1de viow)
} - fuel regulating pump drive shoft; 2 — unicn for delivery of high-pressure fuei to centnifugal speed governor 1122, 3 - seew for cdjusting
beginming of 2utaeatic cperation; 4 ~ central fucl filter; § — thiettle vclve control lever; 6 — TAKE-CFT stop; 7 -~ unian for conveying fuel
from hydiaulic decelerator to centrifugal speed gavernar Wi 114, & ~ hydraulic decelerator flow restictor {return 1rovel Line); 9 .. hydrovlic
Jecelerator flow restnictor (direct trave! Jiat); 10 - tokeof speed adjusting screw; 11—~ overtemparature limiter odivsting screw, 12 — unicn
for domping foe! brom foel manfalds into drain tank; 13 - vmien wpplyiag fuel to moin (farge-slor) monifold; 14 — union supplying fuel 1o pri-
mory fsmott-slot manifold; 15 — idling speed adjusting screw; 16 ~ CUT-OFF stap; 17 - fuel reguloting pump air blesd volve; 18 — moxinum

fuel Hlow limit odusting screw.

Adjustoment of 1dling speed should be carried out on s warmed-up englne, with
the throttle valve control lever position indicator set againat the middle notch of
the idle sector on the HP-3C fuel regulating pump dial.

To Jdetercane proper idling speed with regard to the awmbient air tewmperature and
pressure, refer Lo the Chart in Fig.40.

5, ADJUSTING MAXIMUM TAKE-OFF SPr¥D OF COMPRESSOR HIGH-PRESSURE
ROTOR

Whenever enpine maxioum take-off rpm fail to agree with the rpm values specifi-
ed in Fig.41 at the given atmos:horic conditions, or after replacing the fuel regula-
ting pump in the coarse of service, engine maximun teke—off speed is to be readjust-
ed as fol]ows;

(u) Tf outside alr temperature on the ground exceeds the maximum tewpersture of
the limiting zone with regard to the wobble plate tilt angle (above 4150C at en gt~
mospheric pressare of 750 na Hg refer to Fig.41), asdjustzent of the maximum take-off
sreed of the cuupressor high-precsure rotor tiuat be earried out with the aid o?
screw 10 of the hydraulic decelerator incorporated in fuel regulating pump HP-30
(Fig.47). .

Turning screw 10 in will reduce waximum take-ofr rating rpm, and turning 1t out
will inerense maximum tike~off rating rpu. Cne cosjplete turn of the screw changes
payinum take-off rTating speed by 200 rpm (about 1.%5). Engine speed must be adjusted
to rrm value specified in the engine Service Lop for soxinue tbe—of0 rating with an

allowance of within t 19 rjm,
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ADJUSTING TAKE-OFF SPCED OF COGMFRESSOR H.P. ROTOR
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Whenover engine rpa is adjusted by woans of tho hydraulice dscelerator screw, do
not fail to turn in the respoctive dircctlon scrow 6 of tho TAKE-OFP stop on fusl
regulating puap HP=20 twice s mush ae the hydrauwlic decelerator screw.

When the outside air teapsrature on the ground is above tho maximum tomperature
of the liriting zone with regard to ihe wobble pluate angular position, checking of
maxinun teXe—ofF speed is carrled out on the groundj if the oubside sir temperature
on the ground is below the meximum temperature of the liniting zone wilth regard to
the wobble plate position, check-up of maxduum take off spoed must Lo carrled at an
altituds of 3 or 4 ko at a maximum £light speod corresponding to that altituds,

If the ouLside air temperature at an altitude ¢f 3 or 4 km is below standard
more than by 20°C. compressor high~pressure rotor wteximum take—off speed cannot be
checked bacause compressor low-pressure cpeed is limited by centrifugal govermor
P-1B.

In this case the adjusted speed of the cowpressor high-pressure rotor with the
hydraulic dccelerator of fuel regulating pump HP-30 at the stop is to be checked at
the above altitude st a hisher temperature of ambient ailr.

¥hen cheocking the adjucted maximum take-off speod in flight, record rpa of the
compressor low- and high-pressure rotors, turbine outllet gas temperature and amblent
air temperature,

¥oteg: 1. Refore adjusting maximum take-off speed do not fall to check tho

travel of tha throttle valve control lever relative to the dial of
fuel regulating pusp HP-30, With the ergine control lever in the
pilotfs cabin sot at the TAKE-OFF stop, the Lhrottle valve lever of
fusl regulating puwnp HP-30 wust be elso at the TAKE-OFP stop,

2. When checking maxinus take~off speedy do not sllow coupressor high-
pressure rotor rpm to riss in excesz of 11,650 rpa (1004) and turbine
ontlet goe tesperature to exceed the valve limited by the MPT-25 over-
temperature control systom,

3, Maximum take-off speed should be checked with the HPI-35 overtenpera-
ture control system cul off,

(b) ¥bhen outside air tecperature is below the waxiwun temperature of the limite
ing zone with regard to tho wobble plate position, compressor high-pressure rotor
paximua teke-off specd on the ground is limited by the masdmum output of fuel regu-
lating pump LUP-30 end is adjusted by mcans of wobbLle plate otop screw 1B (Fig.47).

One complete turn of wolble plate stup screw 18 will choange compressor high-~
proseure rotor specd by 220 - 250 rpo (ebout 2%) and fuel output by 360 kg/hx.

Rotation of the screw in the counter~clockwise direction will cause an incrcase
in rpm, and vice versa. Adjustoeni is checked on the ground.

The rpm valuce obtainad on the engine must correspond to the data presented in
Pig.4), which is checked by the use of the following fornula:

L -
"2 meas - (n2 spes ~ 8 n,) :igg gil?%%) [%pnj *

wheret B, oas is compressor high-pressure rotor rpn measured by the eircraft
instrument in £flight at naximum take--off rating;
%, groc is maxirum tske~off rating rpa specified in the engine Service

Logs
An2 is correoction of maxlmum take~-off rating rpm at given atmosphoric
conditions, ma presented in Fig.41.

¥o adjcetment of engine rpam is required, if n, oo differs fron (n2 epee -13n2?
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F1G. 43, FUEL REGULATING PUNMP HP-2D
(fuel intet connection side view)

19 - avertanporoture centiol limiting speed odjusting screw; 20 — temperature limitor flow restiictor; 21 — storting fue! control unit

ground cdiutting screw; 22 - pipe union supplying ain pressu ¢ T‘2 1o startiag fue! caatol uail, 23 - screw for cdjustment of fuel {low

divider; 74 - isodrome flow restrictor; 25 — fuel regulating pump drain connection; 24 - Hlenge for instsllation of fuel inlet connsce

tion; 27 « jet for correction of pressure Py eupplied to storting fuel contrel unie, 28 - fusl presaure rise limiter flow rastrictor No, |;

29 — fus! prossure riss timiter How cestricrar No. 2, 30 -~ starting fusl control vait altitude odjusting scew, 31 ~ overtumperoture
contio! proporteancl solensid
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ADJUSTIMG EMGINE SPEED LIMITED BY SYSTEM HI’T-33
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by noet more than by plus 100 or minus 150 rpo and is net above the rpm valuo tukon
frowm the engine Service Iog.

6. ADJUSTIRG RNGIND SPEED LUMITED BY OVERTEMFERATURE CONTROL SYSTEX
IPT-35

Adjustuent of engine spoed liuited by the MPT=35 overtomperature control system
at 100 por ceut cycle duration vatio ig accouplished with the aid of a slids valve
incorporated in fuol regulsting puup HP-30,

Engine speed limited by fusl flow should be within ny = 10,500 t 75 rpn (89.5 ~
90.5%). The epeed 18 adjusted by means of serewl9 incorporatod in fuel regulating
pump HP-30. Turning the screw clockwise will increass the speed at which fuol flow
1s limited by the IPT-35 eysten, and vice veroa,

One complete turn of the screw changes the fucl flow limlt speed approximately
by 200 rpm (about 1.5%3),

Fuel flow limit speed is to be checked in the following cagnes:

- after adjusting maximum take-off spoed with regard to the hydraulic decelera~
tor;

~ after replacement of fuel regulating punp EP-30;

- after replacing the engine.

Fuel flew limit speed should be checked on a warmed-up engine, using the follow~
ing procedure:

1. Bring the engine %o maximunm take~off ratling speed and run it for 10 or 15 gee
at that speed.

2. Set the RPT-35 system selector switch in position FURL PLO% LIEIT SPEED
(OTPAMUYENAE OFGPOTOR CPEIKY ) and ¢porate the engine for 20 to 30 sec, As a recult,
couwpressor high-pressure rotor speed rust drop to n, = 20,500 £ 75 rpm (89.5 - S0.5%)

3. Upon choeking the fuel Tlow limit specd, reduce erngine rpm to idle and
return the MPT-35 system selector switeh to the operation position,

Note: If need arises to adjust naximum take—off rating rpo and fuel flow limit
spe2d, carry out the adjiustment of maxigunm take~off rating rpm first,

7. ADJUSTING RURBINE QUTLHT GAS TEMPRRATURE LIMITRD BY OVERTEMPERA~
TURE CONTROL SYSTEN MMPT-3%5

Overtemperature controller IPT-35 15 adjusted to a tempersture limit equal to
the turbinc outlet gas teapursture at englns maxinuw take-off rating taken from the
engine Service Log and increased by 15%C. The overteuparature controller 1s adjusted
to this tenperature by mcans of presetter adjusting knob 6 on overtemperature ampli-~
fier YPT-104-2T (Fig.49) and by the use of overteuperaturs limiter adJusting scrow 11
(Pig.47) incorporatod in fuel regulating pump EP-30, The edJusting procedure ic as
follows; -

1. Undo the screws fastening adjubting knob cover 1 on anplifier ¥YPT-194-27,

" Hinge off thse cover and turn preactter knob 6 to set 1t agalinst the division correg-

ponding to the desircd temporature limited by the [PT--35 eysten,

The anplificr presetter waken it possidle to vary the tenperature limit within
570 - 670°C, The presetier dial is graduated through every IOOC_and has several
nunbered divisions,
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AT CSTING Tewpit Tl i1 GAS TOMPERATURE LUMITED BY SYSTEM N30
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FIG. 49, AMPLIFIER YI'I-10AT
| - adjusting knsb cover; 2 - plug cornecror for (ointing T-99-1 thermocnuple uait; 3 « plug connactor for
ointing YEST power supply; & - plug cornector for jointing temperature Himiter cad overtemperaturs conirole
Ler 1I°F-1%; 5 - dial scele groduated in centigrade dogrees; 6 — adjusting knob.

2. Check to sae that the position of the thermocouple calibration group selec—
tor of indicator HYT~2 and cf the knob of anmplifier IPT=-19A-2f corresponds to the
calibration group of ther¥mocouples T-93-1 installed on the englnej if othorwinpe,
changn over ths position of the Indicator and amplifier selectors 4in accordance with
tho caliltration jgroup of therwocouples 7T-99-1, asc advised in Section "Replacement of
Overtesparature Anplifjer YPT-194-2T" or Chapter 1X,

Upon completion of sdjustsent, reinstall the cover on the upper pansl and &8«
oure 1t bty driving in the sorcws,

3. Start the engine. ¥nen running the engine at idle, cut in the tumbler esitch
effocting the IPT-35 overtemperature control system test.

Accolerato the engine to bring it to the rating controlled by the IPP-35 pystom.
Tho throttle valve l=ver ol the HP-30 fuel regulating pump must Ve at the TAKE-O#p
otop et that time. Turbire cutlet gas teopexatlure controlled by the IPI-35 gysten
muet bs equal to maximum peruissible temperature minus 110_coC,

4, If turbinc outlet gas temperature controlled by the [IPT~35 synten 18 bolow
the specified value, il is vandatory to turn in overtemperature limiter adjusting
screw 11 (Pig.4?) incourporated in fuel regulating pump BP-30. Turn the screw out, if
the controlled temperature is above the spocified value,

The overteoperature limiter adjusting screw wmay not be rotated by more than 8
turns in either dlrection relative to the position set during adjustment at tho YVynue-
facturing plant.

One complete turi: of the overteuperature liciter adjusting screw will change ture
bine oullzt gas tenperature controlled by the NPT-35 systen approximately by 3.500,
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ADICSTING ENGINE ACCELERATION

Note: The operations prescribed under Ttems 3 and 4 of this section wmust be

— carricd out with the air bloed system to the aircraft needs disconnacted.
Prior to adjusting euplificr YFI-194-2T and the overtemperature linmiter
of fuel regulating pump [P-30, measure total resistance of the therno-
couple unlt complete with its wiring runnipg to the HT-2 indicator and
YPP-194-2T semplifier, as instructed dn Item 19 of Chaptor VII, Calibrate
indicator MT-2 of tho turbine outlet gas teooporature measuring systom.
The IIPT-35 overtcmpsrature control syetem should bo calibrated with due
account for the indicetor orror corroction.

5. The overtemperaturc controllor 1s checked in service fox proper adjustuont
by cutting in the tumbler switch designed for tosting the MPT-35 systom, as it is
get forth in Section "Engine Warailng-Up and Trial" of Chapter IITj turdbine outlet
gao texperature control by the NPT-35 system rmust take placo at a tomperaturs 110 #

10°C below the temperaturs limit adjuated by the presetter of amplifier YPT-104-2T.

8. ADJUSTING ENGINE ACCELERATION

Adjustment of engine scceleration is done by changing flow restrictors No.l and
No.2 incorporated in the fuel pressure rise limiter and in the hydraulic decelerator
direct control lines respectively (seec Figs 47 and 48).

Flow restirictors of higher capacity will reduce time required for engine ac-
celeration, and vice versa.

Acceleration characteristics are checked as follows:

1. Check engire acceleoration time from the speed corresponding to the beginning
of autowatic operation, i,e. n, = 9700 t 50 rpu (82.5 - 83.5%) up to a speed by
180 ypa (1.59) 1less than the indicoted rpm at naxioun take~off rating.

The engine acceleratiou time nuat be within 7 - 14 sec. The rate of speod
increass from the beginning of autormatic operation to the speed by 1BO rpm less than
the pavimum measured cake"qgf rating epeed 1s determlned by flow capacity of hydrau=
1ic decelcrator flow restrictor 9. Adjust engine acceleration time by selecting the
flow r¢strictor of a proper capaclity, 1f necesssry.

2. Chock engine acceleration time from idle to a spced by 160 rpm (1.5%) lees
thap measured rmaxinum take-off rating rpm. The engine acceleration time should fall
within 10 -~ 15 sec. The rato of spocd increase frem idle rpm to a speed of B500 rpm
(72%) is deteraiasd by tho capacity of flow restrictor No.l (flow restrictor 28)
incorporated in the fuel pressure riso limitery the rate of speed increase fron
8500 rpm to the speed which is by 180 rpm less than maximum measured take-of f rating
rpo is determined by the capaclty of flow restrictor Ne.2 (flow restrictor 29) ine
corporated in the fuel pressure rige lialter.

If need ariscs, adjucsl engine acceleration time by selocting the fuel pressure
riso liwmiter flow restrictors,

fThe flow cupacities of the flow restrictora Incorporated in fuel regulating
punp <30 munt be as follows:

— hydraulic decelerator flow restrictor inatalled in dlrect travel line 50 ~
75 cu,cr/oin,

- hydraulic decelerator flow restrictor in reverase travel line 40 ~
100 cu,cn/sin,

~ flow restrictor Wo.l incorporated in the fuel pressure rise limiter 50 -

60 on.cr/uin,

~ fle restirictor No,2 incorporated in the fuel pressure riss limiter 100 -~

195 cu.ca/rin,
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FiG. 50. CENTRIFUGAL SPEED GOVERNOR {11214
1~ unicn for high-pressure fusl debivery 19 air blow-ofl volve cnd burtertly velve acrsutees; 2 — unien for supply of high-
prossure fuc! from fuel regulating pump HP-30; 3 - vrion for fuel drain line 1o centritugal spaed gorvernar U114 4 - go-
vemotr shaft; § o plug connector; 6 — union supplying fuel 10 IGY octuater; 7 — screw adjusting speed ar which IGYs torn
from 107 10 0° coguler position, aiv blow-cft shutters gut closed and air Lieed Lutterfly valves chonge over fiair posi-
tica with compressor bigh-pressure rotor speed 1nCreosing 8 — scrow odiasting speed ot which IGV poasiticn ongle is
changed over fror 016 10, ou blaw-off shutters get cpen and cic bleed butterlly valves chonge over thair position with
comprssser high-prossure rotor specd decreasing; 9 ~ i1 1211y stater-generator cot out speed adjusting screw; 16 -
fine fuel filtar,
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AUIIS TG U 2 HIO STARTLE-GEHIRAYOR DISEHCAGING SPEED

reference

~ overtemperature liniter flow restrictor 170 - 190 cu.cn/ain for
- igodrome line flow reatrictor 130 -+ 140 cu.ca/mln.

9, ADJGSTTNG CTr=-129080 STARTER~GENTRATOR Y)I"JTI\G'LJN\: CPEED

193]

Stacler—gencrator disengasing epeed is adjusted by means of serew 9 (¥ig.50)
located in centrifugel speed governor (IP-2B.

When acrew 9 is rotated in the clockwlse direction, starter-generator disengog-
ing speed will increase, and vice versa. One counplete turn of screw 9§ will change
starter-ganerator discnpgaging spead by 200 rpn (about 1.5%).

Startar-geaerator dicenguping speed must be adjustsd to 4500 & 100 rpm (37.5 ~
39.5%). In service the starter-gencrabtor disengaging speed way fall within the range
of 4500 & 200 vpr (37.0 « 40,035),

10, ADJUSTING SPUBo AT WHTCH ATR BLOW-OXF SHUTTERS CIOSE ARD COMFRESECR
HIGH-PRESSURRE SECTION IGVs CHANGR OVER THRIR POSITION WITH ENGINE
SPEED INCREASING

Adjustment of air blow-off shuiter clesins speed is performed by manipulating
screw 7 srranged on centrifugal governor IP-2B {Pig,50).

Turning screw 7 in the clockwlse direction increases air blow—-off shutter clogs-
inz speed, turning it counter-clockwise will reduce alr blow-off shutter closing
spoed mccordingly., One complete turn of screw 7 changas shutter closing speed by
350 ryo (34). ALr blow-off shutter clesing speed must be adjusted to 00 £ S0 rpam
(80.0 — 81,03}, In service alr blow-of? shutter closing speed may vary within
93008172 ¥rw (9.0 - BL.5H).

Closing the uir blow-off shutters takes place simultancously with changlng over
the position of the butterfly valves bleeding alr for heatlng the coupressor low~
pressure sectien dnlet guilde vanes, inlet nese bullet and air intake (air blced i8
changed over frouw the 10Lh to the S5th wtags of the cempressor high-pressure section)
end with charging over the pomition of the compressor high-pressure section IGVs
from - 10 dey to zero. When the IGYs nre turncd from -10 deg to zero degres position,
the respeciive indicating 1ight goos out,

Whon the alr blow-off ahutters aft of the &4th and S5th stagesa of the coumpressor
high-pressure section occurs, a fuel pressure rise takes place at the inlet to fusl
regulating pump HP--20.

11. ADJUSTING 3PFED AT WHICH ATIR BLOW~OPF SHUMIERS OPEN AND COUPRESSOR
HIGH~YRESSULR ShOTTON IGVa CHANGH OVER THREIR POSITICN WITH EXNGINE
SOF¥D DECRIZASING

Adjustzent of spscd at wn'lch the air blow-olf shu{ters cpon and the cocmpressor
high-pressure scetlon TGVs change over thelr positien from zoro to -10 deg is car-—
ried out with ths sid of screw 8 in 7nrn,cd in centrifucas speed governor UP-2B
(seo Pig.5C), with the engine specd deereesing to n, = 9100 ¢ S0 rpu (77.5 - 78.5%).
In the ceurss of service run thic sgpeed should fall within the range of n, = 9100 &
100 rpa (77.0 ~ 79.0%5.

Turning the amcrew in the slockwise diraction will increzse the speoad at which

the air bLlos—off shutters open and the 1GVs chawe over their position, end viee vor-

go,
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ADJUSTING COsPRESSCH LOW.PRESSUKE ROTOR RPILIMIT
112 - e

One conplete turn of the screw changes the cpeed under consideration approxlima-—
toly by 350 rpa (ctout 3,0%).

With tho engine contrcl Jever ewiftly retarded, the air blow-off shuttors may
open at a lower spsed but not less than B700rpm (74.5%) ard the IGVe uay change over
their position at a still lower spesd but not less than 7600 rpm (6€5%), When decols--
rating the enging, air blow-off shuttor oponing speed and opeed at which the IGVs
chanze over their positicn are checkad respectively by refcrencs to the preseure
gzugo, incicating fuel pressure in tho primary fuel manifold, and to the IGV poai-
tion indicating light that must come on. Opening of the alr-blow off shutters in-
volves an inetanianeous fuel pressure decrease upstream of the fusl burnars.

As the engine speed reduces, opening of the air blow-off shutters aft of the
4th and 5th stapes and changing over of the position of the compressor high-pressure
sooticn IGVs ta¥%e place sirultancously with switching over of the butterfly valves
which close the alr bleed line from the S5th stage and open the air bleed frowm the
10th stage of the coupressor high-pressure section to supply eonpressed air for
heatinz the ocmprespor lea-pressure ssotion IGVe, nose btullet aud siroraft aix
intake duot.

12, ADJUSTING COMPRESSCR LOW-FPRESSURE ROTOR RFM LIMIT

Coupressor low-pressure rotor rpm limit is adjusted by means of adjusting
scrow &4 of centrifugal speed governor IP-1B (Fig.5l).

Turninrg screw 4 in the governor hody will cause compressor low-pressure rotor
1imit speed to ipcrease, turnirng 1t cut of the boldy brings about a reduction in
compreasor low-pressure rotor limit speed. One complete turn of the screw changes
coupreeeor low-prossure rotor limit speed by %0 rpa (about 4.222).

Coapressor low—pressure rotor liwit spaed is adjusted by weans of centrifugsl
governor L00~1B under the conditions of the Manufacturing plant und it is not to be
sdjusted in service., Replacemenl of centrifuvgal governor P-1E culls for readjust-
pent of coupressor low-pressure rotor rpn linit, which wust bLs approved by the rep~
reesntative of the engine Manufscturing plant,

Comprossor low-pressure rotor rpn limit is adjunted in accordsnce with the fol-
loving preceduro:

(&) Tostal) egpecial rmeasuring appliance A%g%g cn the screw intended for adjust-
ment of ccopreseor low=preaswe rotor ryc lizit ard set the screw protrusion (hl)
corresponding to n; = 7500 rpo (E8%) &nd taken from the centrifugal governor

certi~
ficutoy
(b) measure coupressor low-pressures rotor speed Ny peag that may differ from
the spced value (ng = 7500 rpa) recorded in the certificate of centrifugal g.vernor

IP~1E}

(c) proceeding frce the difforence betwoen the coupressor low-pressure rotorp

. rpa liolt Ny 1lie = 7950 rpn and rpm value messured in compliance with Ttea (b),
deternine rogquired prolrusion of the screw (h) to limit the conprussor lo¥—npransure
rotor specd.
. robtrusis s o P . 12

The screw protrusion Is set by means of sppliance A%g73. having determined iy

from the formulai
_ (Z??Bv- ny o ) 0,483

= hy ih 25 meJ N
Bpue
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FLG, 81 CENTRIFUGAL SPLED GOVERNQR I

V - govemor shoft; 2 . vaion far deaining fuel i

ato drain tank, 3 ~ union for d:aining fuel fram centrifugal speed governor
esane lowpressucs rotor; § = flaw restrictor; 6 ~ union for fuel supply
from kydiovtic decelercrr of fuel regutaring purs HP-30; 7 — air bined volve; B — uniun for measuring fuel prossure ot

buel rrgulatiag pump icler; 9~ union for drainicg Fuel int fuel regulating pump HP-30.

HE-20; 4 - szrew for (dusting speed himit of ¢
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ADIUSTING CCRPRESSOR LOW- PRESSUSE ROTGR RPM LIMIT

LE L Qe —,

whors: hepac is tre adjueting goicw division value racordsd in the contrifugal
governor cortificsto,

Tha edjusting ecrevw piteh tquals 0.5 mnm,

(4) meXo a note of the adjusting screy protrusion sng respoctive compressor lowe
Pre2sure rotor rpm 1init in the certificeto of centrifugal governor UP=1E, The lirmit
gpoed chould fall within 9950450 pym (93.0 - %.0%).

Then running the cugine nE’A &peed equal to the Conprossor low-preesure rotor
rpa livit, canpressor high~presours gpeed 18 allowed to fluctuate within t 20 rpm
(£0.254) on the ground and within t 5o rpa ($0.5%) at an altitude of 10 km, In cape
the spocd fluctustion is beyond the peraissivle limits, install a flow restrictor of
lover flow capacity in centrifugal govornop lP-1iB,

The flow capacity of the restrictor incorporated in contrifugal governor UP-1B
8hould bo within 110 ~ 120 cu.cu/nin,

Adjustrent of COKpPressor low-pressure rotor rpm limit way be checked in flight
at an altitude of frop 6600 - BODO w ana winigum perwiscidle flight spoed (M = 0.55),
havipg brought the recpective ongine to naximun take~off rating,

I ™ T Rt aane
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REPLACEMENT OF ENGINE UNITS
AND ASSEMBLEES
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Chapter IX
REPLACEMENMT OF ENGINE UNITS AND ASSEMBLIES

CLIERAY,

If any defects develop in the englne wunits snd apscmblies durirg operation,

which cennot be corrected in fleld, perform replaceicent of the units and essemblies

in question, adhering to the following recowwzendations,
1. Make use of the specified tools contsined in the tools kit for assembling
purposes, Never use extension le¢vers or ivproper tools.

2, Before disusntling fuel ard cil syaten wnits, drain fuel and oil respecti-
vely,

3. When rewoving units end asgsmblier, it is allowed to knock on the stiffeners

with & mallet or a woodon drift, Do not use & cerewdriver or another sharp metal
object.

4. Plug the koles resulling Pron diswantlivg of the plpelines; units and as-
semdblics.,

5. Treat units and arscudblies dismantled from tho cngine with a proceasing
comnpound,

6. Prior to installing a new wnit on the engine, deprocess it and check the
renpoctive Sexvice Log or certificate.

7. Do not uee 0ld locks or gugkets, when inatalling new units and assemblies
on the engire.

8. When replacing unite and assenblies, use ancther wrench to hold pipe connec-

tions agalnst sleckening, while wscrewing union nuts,

Priox to installing pipelircs, blow thelr nuts and connectlons with compreased

alry treat &l) threzded Joints on the plpelines with petrolatunm., Mever use othey
lubricsnts.

S. When carrying out external deprocessing of the engine accessories, do not

remove transportation plugs, They must bo removed only before ueking respoctive con-

nections,

10, Acoessory attachnent clawp hnlves phould ba installed in tets, the halvos
of each clamp.boing arrangsd definitely relative to cach other, Ths end facos of
each clemp half &re rarked with tdentical nuzbera. When installing e clamp, take
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REPLACEMENT OF ENGINE ASSEMBLIES
18 o

care to seo that 1tec surfaces fit properly. After tightening up the clamp bolts, a
gap oust bo provided in the clamp end Jolnts. The gops in the Jjoints of each claups
should not differ mecre than by 0,5 ma from wvach other,

11. Whon roplacing flow restrictors, inspectipg filters cor repairing leaky pipe=~

line comnecticns on fuel systom units, do not fail to replace sealing rings by new
ones,

12, Yake an ontry into the engine Scxrvice Log to any replacoment of engine unit
or gccesnrory,

LIST OR UNITS AND ASSEMBLIES ALLOWED TO BE REPLACED DURING
OPERATTION

(a) Fngine Units
1, Fuol booster pump FIH~%4-N3T
2. Fuel regulating puap IP-30
3. Centrifugal governor UP-1B
4, Centrifugal governcr IIP~ZB
5. Over temperature amplifier YPT-194-2T
6, Twin thermocouples T-99-1
7. ¥ain oil nump ONH~-20
8. 0il scavenging puap MHO-30
9, 041 filter HIC=30
10, Centrifugal deaerator LEO-§C-30
11, Centrifugal breather ULC=30
12, Ignition unit CKHA-22-24
13, Ignition plugs CI-OGEI
14, Starter~gencrutor CIT--12TBNO
15, Autozatic starting control unit ANE-19EX (series II)
16, Fire dotectors [LM-6
17, Ice detector JO-202M
18, Electric actuater M-8} with deilcing systen shut-off valve
19. FPressure warning unit CR¥Y2-~0,15
20, Solenoid-operated valve L7282000
CAUTION, then removing engine units for inspection or replacoment, do not bend

or twist the ends of pipes, For the sake of proper fitting, slacken the upi :
from the pipsline opvosite ¢nd, if necccoary. ! on nut

(b) Engine Assemblien

1, Tho primary fuel manifold

2. The pain fuel wanifold

3. Puel burners {P=30LC

4, The butterfly valves and hydrablic actuators for bleeding air aft of the S5th
or 10th stsge of coupressor high-pressure scction

5. The air blow-off shutter actuators aft of the 4th end Sth stuges of conpres~
3or high-pressure section

6, The variable IGV actuator

7. the drein tank
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8, Teroinal swiveh ARL2Y dndicating the position of {alet gulds vanes
9, The oxbhzuot unit jat nozols

10, The exhanat vk fboerug

11, Toe exhaust euic cons

12, Tus exhzust unlt floe mixer

13. The air blow--off valve aft of tha JOth stage of comprsszor high-presrure
ssction

14, Ths externcl 01l fuol, eir; ivatrument, and elociric lines, as well as
tnelr ettachment fittings,

(c) Atrcreft fccosaories
Piston-typo robury puwwp HIGZ-1 op HIA3H-1

Motes: (a) roplacement of ongine units and assemblies under field conditions ie

tg b% done cely by reprosentatives of tho opgine Manufacturing

planty

(b) aftor couplebing raplacencnt of cngine units, asserblies or barta,
try out the enzgino ond inspect 1t visually &fter shut-down. &f
necessary, adjust engine accessory units as instructed in the ree-~
pective soctions ¢ Chapter VIII}

(c) eircreft acconsories incialled ¢n the enzine must ba replaced by the
uger,

4. REPLACEMENT O F URITS

1. Unlock and scrow Off the nuta eccuring tho inlet connectiony remove the
durite- gleeve from the fual outlev connection.

2. Disconuect Lhe drein pipe.

3. Unlock and screw cut the bolts coupling the pump attachment etrap.

4, Diszantle the puwp end eubjoct 1t to enti-corrosion treatment.

5. Inetuldl new puap ROH-#4-T37 in the revorse order of dismantling. Apply a
torque of 1.5 to 2.0 kgm to tighten up tho clamp bolte of puup JIH~44-137T,

6. Start the enginv two times, Check fuel prossure bofors fuel regulating pu~p
HP-30 and chock the opevation of bdooster puup KUH-%4-N3T by smoothly accelereting
tho engine to normal rating.

2. Eeplacemgat of Fuel Repulsting Pusp HPr30
1. Discomnact the durito sleeve froa the fuel pump inlet conne-tion,
2. Disjoin the plug conuccter of the cable ruaning to electromagnec [MP-24%
incorporeted in the ovortewperature limitsr, ’
3. Unlock and diecenucst the fusl inlet and outlet pipes &s well aB the sir
supply pipeline fron tho starting fuel sontrol unit,

4. Unleck end dleconnect the fuel outlet pipes running to centrifugal govornors
I[P-2B and lif-1B.
5. Unleccek and disconnest fus) drein pipesn.

6. Unlock eand disjoin the control link fron the fusl resguluting pump control
lover, '
7. Unlock &nd undo the bolte tightening the pump gttachzont clamp.
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8. Rerove ths fuol rogulating pump, Removs the pump inlet‘conncction.

9. Deprocess now fupl rogalating puzp HP-20 ond install 1t in peeition in the
reverca order of dlszantling, Lpply a torque of within 3.5« 4.5 kgu for tightening
the bolts of the fuol regulating puup clamp,

Hates Prior to installing nee fuel regulating pump HP-30 opn the ongine Qo not

faill to nonnure the ingulance of electrouugnet 3iT-243 incorporated in
tha CverSonparature lioiter,

The resistaence of the circult ghould tbg within 18 -~ 25 ohgg a8 moasured
batwoon flug connctor pins No.)l gng Ko.2,
ula

The ing dce reasured by a W3geer betweon plug covnsctor pina No,l snd
Ko,2 und ths putp body nust be not lesn than 20 megohnms.

10, Start the ongine two tincp for checkiug the autoaatic starting fuel control
unit of the fusl regulating puup,

Eecasure idle rpa, eoupressor high-prosaure rotor speed at maximum taka-off pate
1o, turbine cutlet gas usximus tewperature, specd 1imit controlled by the NPT-35
system and englrae accelorstion chargcterigtica, Check the fuel regulating pusp for
stoedy operation at various ratings in coipliance with Fig.39 and Section "Engine
¥arning-Up ard Prialv glven in Chapter ITI. In cuse of need, adjust coapressor high-
pProsrure rotor speed and raxisus fuel flow at coximum toke~off rating, acceleration
tice, turbins cutlet Bas maxirux teupsraturs and speed valuve restricted by overtep-
perature control systen MeT-35. In flight chack the engine oporating parametors at
saxioum take-off rating as instructed in Chapter VITI,

11, Treat rcaoved fuel regulating Punp P20 with anti-corrosion coapound,

3. Replocement of SLantrifigal Governor Up=1g

1. Unlezk the ceupliryg nute on ell the fusl inlet end outlet pipas.

2. Screw off the union nut of the pipe Supplying fyel pressure from the hydra-
ulic docelerator incorporated in Tunl regulating puad HP-230,

3. Unacrew the union nut of the fue) retwrn pipe from ceatrifugal governop
IP~28,

4, Undo ths union nut cf the pipe running to the panel for ceasuring fual pPros-
sure et the inlet to fuel regulating puzp Hp-20,

5. Uuscrew the nut of. the pips serving for fuel velurn i{nto the HP-30 fuel
regulating puup,

6. SBcrew off tho union nut of the drain pipe of centrifuga) goverpor IIP--1R,

7. Ushend thn locks end Berew out the bolig tightening the p..1p centrifuzal
goveruor ettschuent claup,

8. Renove the LP-13 coutrifugal governor and treat it witgh anti-corrosion cop-
pound,

9. Deprocess and install new centrifugal governoy IIP-1B in the reverse order of
digzantling, Apﬁly & torque of 1.5 - » ¥gm for tightening up the clauping boltg of
centrifugal governor LP=18,

. 10, Chack centrifugal govarnor Ur-1B for proper opsration on tho ground rollow-
ing the Chart in Fi8.39 and Scetion "Eigine Viaroing-Up and Trial® of Chapter 11X,
bLéjuet comproscor low-pressure rotor liuit specd ag instructeq ip Chapter VIIY,

25X1
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4. Replgcoment of Cantrifugy) Governor LP-2B

1. Unlock tho union nute on all the fuel inlet and outlet pipen,

2, Unlock and uncouple the pluz councolor supplylng power to the starter-gono~
rator sritch,

3. Screw tho unlon nut off the fuel return pipe coanectod to centrifugal goverw
nor HP-1B,

4, Borew tho unlon nuts off the connsctions for fuel eupply to the hydraulic
actuators controlling the alr bloe-off shutters and variable incldence inlot guide
vanes,

5« Borow the union nut off the pipe supplying high-pressuro fuel to fuel regu-
lating puxp EP-30,

6. Bcrew the union nut off the drain pipe.

7. Unbond tho locks and back out the tightening bolts of the LP~2B centrifugal
governor attachrent clamp.

8, Romove centrifugal governor UP-2B and cubject it to anti-corrosion treatment.

9. beprocess aud install new contrlifugal governor IP-2B. Apply a torqus of
1.5 -~ 2.0 kga for tightening the bolts of the govsernor strap.

10. Check tue starter-genorator dloengagonent speed and the cpeed at which the
alr btlow-off shutters aft of the 4th and Sth stagog of the compressor bigh-preesure
section closo and the IGVs thercof change over their position., Check the oparation
of centrifvgal governor UP-2E in ccaditious sat forth by the Chart in Pig.39 and
doecribed in Sectlon "Engine Varming-Up sad Trial cf Chepter ITI. If necectary, car-
ry out resdjustcents of the LP-2PB unit ag instructed in Chaptor VIII,

5. Boplacguang of Overtemporature_Anplifigr YPT-124-2T

1. Unleck and disjoin the plug connectors of the wires runeing to the block of
thermocouples T-99-1, supplying powor to overteuperature control system IIF7.-35 and
leading to overtemperature limiter incorporated in fuel regulating pump HP--30.

2. Uubend ths locks and undo ths bolts faotening awplifier YPT-194-2Tto {bhe alre
eraft pansl,

3. Remove awmplifier YPT-19A-2T and inetall a new ore, following the raverse
order of dismantling.

When replacing amplifier YPT-19A~2T, do not fail to check that the calibratien
group of thermosouples T-99~1 installed on the engine correapond to that of adjusted
anplifier YPT-194~2T. If othervise, manlpulete the presstter ol smplifier YPTw194-27
(ses Pig.49) to met the required calibration groun of the amplifier in accordance
with tho calibration group of thermocouples T-99-1, To do this, open the presetter
cover on ecplifior YPT-194-2T and ehift the dial so that its notch be in line with
ong of the calibration greup divisions parked with I, If and II1 that corresponds to
the calibration group of thermocouplea T-99~1 installed on ths engine.

4. Ruun the engine at maxiuum taks-off rating to check the oporation of over-.
tezporature control syaten NMPT-35 liziting coxirum permissible tenperaturc aft of
the engine turbins, To do this, follow the procedvre set forth in Section *
Farming~up and Trizl™ of Chapter I1I,

If ncedsd, readjust the overtouperature liwmiter asg advlse& in Chapter VIII.

Englue

25X1
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tor [T

0¢ 0ii ¢ilter. Adjust tho engine inlet oll pressure, as instructed in

5. Prior to motoring the ongiue over after roplucing ths ofl puzp, do not rall
lesd air frow the o0il supply meuin line, for which purpose unacrew & spscial
on the oil pump housning.

1, Uai,ck and unserew tihe nuts of? the Plpos serving for scevenging oil from
shaft lube cavity and rear support void,

2. Reuove ths 0il scavongs pipes and wash Lue filters.
3. Unscrew the pump attuchwent pelf-locking nuts,

4, Houove ths pump cnd subject it to anti-corroslon treatssnt.
5. Deprocess end install naw oil coavenging pump MHO-30 in the reverse ordor
wch,

Aemantling., Apply & torque of 1.6 - 2.2 kem for tightening the nute by a torque

6. Chack the engine for propsr running by gradually accelerating 1t from idle

oraal rating rpa, then ingpect the angine for oil lexks,
__________ gal_Deserator 1B0~&C~

1, Binroin e chip-dotecling filter plug connsctor,

2. Uni\"

20
edaplor _amilar eil cooler.
3,

s~ and undo the unloen nuls of plpes carrying oil frou the deaermtor to
Ravoye L)

. Unldoe Ltne nuts gsssuring deacrator ULOwEC~30 to the lower drive goar box,
Ly diouerator and subJect It to anti-corrosion trestoent,

5. Deprocoss and install new deaerator UBO-4C~30 in the reverso urder of
santling.

6, Check ths

wml rating rpn

After chnutting the engine

operetion ¢f tho enpine by gredually accelerasting 1t from idle to
zsasure itns oll level fn the oil tank,

doun chock the axount of o1} drsined frea the engine

L deplucenent of Wgntrifugel Breather UC-30
1, Unlo:k snd gerew Orf the nute soupling tle bLreathing pipes to the centrifu-
N brestier,
2. Rauove thne branthing ¢ips up to the Joint.
3. Cuecrow tha aslf-loczing nnts nolding the ventrifugal breather to the upper
re guer Yoy,
Ao Hemova Lhd coutrifugsl Lreattuer and subject Lt to enti-corroston treatzont,
. Doprocers and tnatall a usw centrifugsl breather in the reverss order of
wntling.,
t. Check irs angine cperution by zradually acceleruting it from idle to ﬁormal
tng rpm,
e Bopluegeent o dgnivien Univ cnis-22-24
Lo Unloek and wrcourlc the pAwg connsalors of tie v -Voltage supply wirea and
l gnition (Jug nigh-voli. v wires.
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2. Unbend the locks on the bolts holdinzg wnit CEHA-22-24 to the ongine.

3. Back out tho bolts peouring ignitlon unit CEHA-22-24.

4. Remove the ignltion unit,

5. Inatall new ignition unit CKHA-22-24 in the reversge order of dismantling,

6. Btart the cugine two times for checking the operation of the oenglne ignltion

syotcm,

Noto: Ignition upits CEHA-22-24 incorporate apparatus P=22 oontaining & radio-
active igotope - a bota-radiator. Radiation protection 1s ensured by
geanu of glass, aluminium end outside casings of the unit. The radistion
flux does not oxcoed the natural background rediation level. The use or
storage of the ignition urit is not hazerdous for maintenance personnel,
The ignition units ehould not be dlscarded or destructed b{ users.

In cass of damege to the outeide casing of the unit, {he latter must
be encased into an eluminium container with a wall thickness of 0.8 -
10 rm to be stored or transported. The conteliner should bear a radistion
hazard mark. The containor with the defective unlt must be kept in spsci-

al laboratory or a sate till it is forwarded to tho Manufacturing plant.
The safe must also bear a radiation hazsrd rark,

12, Replacemgnt of Ignition Plug ChO--06 B0

1. Unlock and remove tho union nut on the sheath of the wire running from
ignition unit CKHA=~22-2A to the ignition plug.

2. Unlock the ignition plug attachment bolts.

3. Unscrew the bolts and remove %he ignition plug.

4, Install & new igniticn plug, using the procedure in the reverse order of
digmantling,

5. Start the engine two timss for checking the oporation of the engino ignition
systen.

1, Disconnect the electric wiring terminals,

2, Datach the alr cooling duct connaction,

3. Unlock and unscrew two bolts tightening the starter-generator strap.

4, Holding the starter-generator by hand, rouove the attachment strap and take
off the sisrtor-genorator,

5. Urlock and undo the bolts securing the adapter to the startor-gensrator and
reuove the adapter.

6. Attach tho adapter to the starter—generator to be installed anew, fasten it
by moans of the bolts and lock the bolts,

7. Install the new etarter-gencrstor on the engine, using the roverse order of
dipsmantling,

Use & 3.5-- 4.5 kga torque wrench for tightening the strap bolts,

8, Btart the engino and make sure the starter~generetors function proparly both
in the etariing and in genorating modos of operation.

14, Replacement of Automatic_Starting Control Unit AIR-19MN

(series II)

1, Uncouple the starting system wiring plug connectors frog autonatlc starting
control unit ANf-195R (peries XI),

25X1
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2. Unbend the locks and unde tho bolts fastsnlng the unit to the engine nacelle
3. Rsnove tho automatic aterting coatrol unit AIN-1SEN (series II).
4, Inatzll now unit ANG-19B1 (aeries II) in the reverse order of diswantling.
9. Blow out end stert the enginme to check the engine starting system for propar
operation.

goeny of Firg Dotectorg IM-6

1., Uncouple the plug coannsctor,

2. Unlock ard undo the fire detector,

3. Instsll a new fire dotsctor in the reverse order of dismantling.

4. Chock the fire detector circuit for condition by pressing the test button
for a skort while, 4s soon ae the button is released, the indlcating lamp must
flicker on and ofj,

5. Hoasure the resistenco in the J-6 fire detector c¢ircuit up to the plug con-~
nector of the actuating unit., The resletance must be not over 3.5 ohnma,

1. Digjoin the plug conmuoctor, .

2. Unlock ard vnucrew the union nut connecting the air supply pipe to sclenolid-
operetod valve K732000,

3. Undo the lce dotyctor attachiment ruta,

4, Remove tho ice detootor.

5. Hount & new 1os detcctor, following the procedure in the reverse ordex of

dicmantling. Apply a torque of within t - 1,2 kgm for tightening the ice dotoctor
attachzmont nuts.

17. Replmcameny of Solenoid-Operated Valye M782000

1. Uncouple the plug cornsctor.

2. Unlock and screw off the union nuts rrow the alr inlet and outlet pip
nections,

9 con~-

3. Berew off ths nut securing the tightening bolt of the valve holding strap.
Diexownt valve M?782000,

4, Yount now polenoid-operuted valve 782000, using the procedure in the rover—
8o ordor of dirmantling.,

1. Uncouple the plug connector.

2. Unlock and unscrew the union nut of the pipeline supplying air to solenoid~
opsratad valve L732000,

3. Unlock snd scrow off the nut fastening the preccure warning unit to the
brackety rcmove the pressurs warning unit,

4, Irctzll & new proesure warning unit, using the procedure in the reverse
ordsr cf &iscantling,
Hote: Upon replacing ice dotoctor RO-200K, solenold~operatod valve M782000 o
fi5-84 4 & > >l
rozoure warning unit CLY2-0,195 check the cpsration of the ic§7w&rniu3

, syatzm by emoothly sccelerating ths engine from idle to noruaasl rating
spesd,
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If the fce warning syster is sound and ica deotsetor NO~202% i nob
under icing condilions, the indtcating light should not cowme on., When the
ice warning syastem ie switched on at n, = 4500 t 200 ypa (37 - 40%), the
indicatling ligut may como on for a shoft whilo.

1. Uncouple the plug coonector,

2. Unlock and screw off the nuts from the bolte holding the air supply pires
upstrean and dovnstream of the shut-off valve, disconnecting tho pipeline that cup~-
plies air to heat the inlet gulde vanes,

3. Undo the nuts fastening the shut-off valve to the bracket.

4, Reuove the shut-off valvae complete with electric actuator MI-SH,

5. ¥ount & now shut-of? vulve couplcte with slcctric sciuator NM~SH, folloxing
the procedure in the reverss order of diszantling.

6. Check the operation of electric actuator HI-5% and the shut-off vslve by
switching on the air bleed syastem Tor heating thc compressor low~pressure cection
IGVe at normal rating two timos,

B. REPLACENENT OF ENGINE ASSEMBLIES

1. Back off thke nuts of the clamping strips holdirg the fuel supply dranch
pipes running from the primary and wmain Puel manifolds,

2, Unlock and screw off tho wnion nuts of the branch pipes delivering fuel to
burners frou the primury and main fuel wanifolds {both at the manifold and burnor
ends). Renove the branch pipes together with the clemping stripa.

3. Unlock and undo the union nut of the pipeline used for measuring pressura in
the primary fuel manifold.

4, Take off the clamping blocks of the pipelines running from fuel rogulating
puap HP-20 to the primary and wain fucl wanifolds.

5. Unlock and screw off the union nut of the fuel supply pipelipe fronm fuol
rogulating punp HP=-30 to the privary fuel manifold,

6. Release the locks and back out the nuts holding the primsry and main fuel
manifold pipolines to the siiuts. Remove the plain and spherical washers &8 well as
the vpper halves of the clamping blockus,

7. Unlock and screw off the union nuts of the prisary fuel wmanifold upper and
lower Joints. Rowove the primary fuel wanifald.

8. Instell a pew primary fuel sonifold, using the procedure in the reverse
order of céismantling.

To proporly elign the pipelines and prevent thea from oversirain, uso may be
made of edjusting wachers 34064 (1 ~ 3)-8~16 (pescivated) which must be placod
under the aphorical washers of the lowor halves of the clazping blocks. To snoure
roliadble cottex-~pinuing of the tightening nut, provisicn is made for instszllation of
an adjusting wugher between ths nut and the spherical washer of the upper half of
the claeping block,
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9. Check the pipeline Josnta for leakerzo, while pPorforning a “"false" start and
during operatlon of the engine at all the ratings,

1. Back off ths nuts of the clampirg strips holding the fuol supply branch
pipes runnlug frem the primary end rain fuel menifolde.

2. Unlock and ecrew off ths urnion nuts of ths branch pipes delivering fuel to
burners frea the primary and wain fuel ranifolds (btoth at the emanifold and burner
enda).

3. Tako off the clamping blocks of the Pipelinee running from fusl regulating
pump HP-30 to the primsry and main fuel unanifolds,

4. Unlock &nd serew off the unlon nut of the fuel supply pipe-line from fuel
regulating pusp HP--30 to tho main fuel manifold,

5. Reluass tho locks and back out tho nutis holding the primary and main fuel
manifold pipelines to the struts. Remove the plain anad spherical warhers as woll as
the upper halvea of the clamping dlocks.

6. Unlock end serew off the union nuts of the masn fuel nanifold upper end lowsr
Jointa. Remcve tho rain fuel canifold.

7. Install a new waln fuel zanifold, using the procedure in the reverge ordey
of digmantling.,

£ necesssyy, place adjusiing washers under the lower nut of the clenping block
upper balf, as advised in Itea & of Subsaction 20,
8. Check the pilpeiine joints fore Jeaknge, whide perforuing 2 "flase® slart and
- during erginve opsration at all the ratings.

22. Replacenment of Pugl Purnsrs &P=-301C
Bad

¥hen replacing sepurete burners, sec that new burners are oequal in flow capaclty
to the old cnes (cach burner carries the speclfic capecity group atamp).

Yf several burncrs are to be replaced, do not remove the next burnsr until the
previous necw one Is finally installeg.

following eaxquences

lleplacenent of burners is accomplished in the

1. Back off the nuts of the clazping strips holding the fuel supply branch
pipes running frem the pricary and main fuel wanifolds.

2. Unlock end serew off the union nuts of the branch pipee delivoring ruel to
bwrners freowe the pricary and sain fuel ranifolds,
with the clsuping atrips.

Remove the branch pipes corplote

3. Unlock and bsck out the burner securing bolts,

4. Reucve the burner and the gasket,

5. Inslsell & new geskel on & new burmer, carafully introduce the burner into
the combusiion chamber ferrule, align the bolt holes in the burn
gasket en in the coubustion chanter d%ffuser flange.

er flange, in the

6. Coat the burncr fastening Lolt ecrew with compound "xc" drive the bolts into
the cozbustion chanler diffuser holes end lock the bolts,

7. Inctsll the branch pipes dolivering fuel to the
mein fus) ronifolds completo with the clanping stripa,
reveras ordir of dismantling,

burners fron the pricary ard
uzing the procedure $n the

25X1
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8., Chsck the pipelino and connection Jolnts for leaksge, while performing a
“"falge" start and during engine operation et all {ba ratings,

23. Replacgmong of Buttoerfly Valve end Iis_Actuator Usgd for_Bleeding

OpP A~ R At D ot

1. Disconnect the eircraft air bloed system and the pipelines Bupplying hot air
to the IGVe from the butterfly valve body. R

2, Unlock ard undo the nuts fastening the air bleed duct aft of the 5th stage
of the compreassor hipgh~pressure section. Remove the air bleed duct,

3. Unlock end unscrew the bolts fastsning tho air bleed duct aft of the compres-
sor 10th stege to the rear casing. Recove the air bleecd pipe complete with its duct,
having dlsconnected the unlon nut holding the pipe to the butterfly valve body.

4. Rolease the lock and screw ¢ff {he union nut connecting the fuel supply pipe~-
line to the butterfly valve actuator,

5. Undo the gelf-locking nuts fastening the air bleed butterfly valve to the
load-carrying ring.

6. Remove the air bleed butterfly valve and treat 1t with anti-corrosiocn ooz
pound from the outside.

7. Doprocess and install e new buttorfly valve, using the procedure ir the
reverso ordear of dismantling.

8. Check the pipeline and hydraulic actuator connection Joints for leakage,
while performing 8 "falpe™ stert of the englne. Check the engine for propsr
operation, sucothly svoeclerating it frow i1dle to nerual rating speed.

1. Unlock and screw off the union nuts holding the pipelinss to the air bdbleed
valve hydraulic actuator inlet and outlot connections, undo the fuel connection and
drive a dumny bolt instead of it,

2. Unlock and screw out tho bolts factening the hydrawlic pctuator cylinder to
the forward cesing.

3. Drive in the dummy bolt to displace the piston inside the bydrsulic asctuator
to open the air blecd valves. Diacounect the hydrvaulic actustor rod from the valve
control lever end recove the actuator.

4, Install a new air bleed valve sctuator, proceeding as follows:

(a) unscrew the fuel supply connection from the hydraulic actustor cover, with-
out fastenlng tho hydraulic actuator to the forward caslug flange, then screw in a
dunmy bolt instesd by hand until it contacts the pieton (measure the protrusion of
the bolt relative to the cover). Drive in the dunay bolt to ghift the plston townrds
opening position of the air blved valve;

(b) eet the air blced valves in tﬁo closed position and connect the actuator
platon rod with the air bleed valve control levery

(c) unscrew the dunmy bolt to a degree to ensure its protruslon relative to the
cover an recgured in accordance with Itco (a), then bolt the hydraulic actuator to
the forwsrd casivg flange and lock the bolts., The dumty bolt must be glven froo 4 to
9 completo turns from the adove sct position to contact the piston. Otherwisa, the
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connection of the piston rod with the air bloed valve control lever is not gusranie-
edy

(4) after the hydraulic actuator centrolling ths air blecd valves is installed
>n the orgine, adjust the plston travel, proceeding as (ollowaz

- drive tho dummy btolt in the cylinder cover by hand until it comes in contact
with the piston;

= turn the duamy bolt into the cover again to displace the piston by 15 % 0.5 um
froin the previous position and scoure the new position of tho plston by means of the
gdjusting bolts locatsd on the cylindery

- this done, lock the nuts of the adjusting bolts and eorew off the Quamy bolts
from the actuatinz cylinder coverg

~ drive the fuel supply cornsction in the cover;

(e) couple the pipeline union nuts with the actuastor inlet and outlet connec—
tions, tighten the union nuts up and lock then.

5. Check the pipeline and hydraulic actuator counection Joints for leskago,
while psrforming a '"false" start of tho engine, Check the engine for proper operation
by saocothly accelerating it frouw idle to norwmal rating speed.

Actuator

1. Unlock and screw off the union nutse connecting the fusl supply pipelines to
the IGV actuator,

2, Unleck and back out the bolts fastening the hydraulic ectuator flange to the
bracket.

3. Release the lock and scrow off the nut from the bolt coupling the hydraulic
ectuator rod to the IGY control link, Rewove the hydraulic actuator.

4. Instell a new hydraulic actuator, observing the tollowing procedure:

(a) withdraw the IGV control link upwarda to the utmost;

(b) conncet the hydraulic actuator rod with the IGV control link without tighten-
ing the connecting bolt with ite nut and fastening the hydraulic actuator to the
bracket flangej

(¢) measure the clearcnce bstween the flanges of the hydraulice actuator and
bracket. It oust be within 1.67 & 0.1 wa, which corvesponds to the position of the
IGVo at +2 deg.

In cage the clearance differs from the spocified value, it is necermsary to dis-
connect the rod and the link and adjust the clearance as roguired by chenging the
link lengtby

(&) connect the hydreulle actuator rod with the link finally and fasten the
actuator to the flenge, having seated it onto tho flange. As soon as the hydraulic
actuator 18 pressed sgainst the locating flange and the clearance 1.67 t 0.1 amm is
teken up, the IGVs get installed to the zero degres positiong

(e) connect the fugl pipelines, léck the unlon nuts and check the pipaline con-
noctione for leakego, vhile perforaing a "false™ staert of the engine,

5. Gradually run up the engine to 0.9 noramal rating to check the IGV actuator
for propar functioning by obsorving the indicating light conlng on and going out,

Approved Fo®ReIDASE 28I]3/08/07 : CIA-RDP78-03046R000400120001-3 P 25X1




Appr%ggiiF Pdgrrﬂgl\e" 25X1

RIPLACEMENY OF ENGINE ASSEMBLIES

s ot e SRR e 14%

Teangmittex
§ 1. Uncouple the choothad wire plug conncctor,

2. Unlock and screw off ¢the bolts fastening the IGY position transmitter to the
bracket and rozove the transuitler.

3. Undo tho screws holding the transmitter plastic cover end remove tho cover,

4. Back out the scxrews fastening tha trangmitter plug connector wives to the
microswitch terovinsls and discouncet the wires,

5. Undo the screws used for atbtachment of the transuitter plug comnector to the
housing and wncouple the plug counecior from the housing.

6. Take the faulty microswitch out of the transmitter housing vogether with the
rubber gasket.

7. Install a new microswitch in the transmitter housing, observing the procedu-
re in the reverse order of dismentling and taking into consideration the fact that
wire ¥o.l of tho plug connector must be Joined with terminal "O" and wire No.2 -
with terminal "ygz",

8, Connect test lamp C/M=1 and a 27 V * 10% power source or a flash-light lamp
with battery KEC-/1-0.50 to the transmitter plug comnoctor, The lamp should Yight up
until the transmitter is installed cn the eugine,

9. Take up the play of the IGV pogition indicator pointer in the direction off
the bracket and install tho transmitter in po-ition, As & result, the indicating
lamp nust go out.

10. Apply an effort of 5 to 7 kg to the indicator pointer in the direction off
the transmitter., The indicating lawp should not cone on,

NHote: Should the indicating taup light up, undo the transwitter bracket-to-
engine attachment bolts and, having replaced the bolt locks, reinstall
the bracket together with the transmltior on the engine without tighten-
ing up the attachment bolts. Having taken up the indicator pointer play
in the directien off the transmitter, wmove the transmitter towards the
pointer until the aicroswiteh operates (the indicating laLp goes out) and
then nove 1t additionally in the sane direction by 1 + 0.2 mn,

Check the indicator transaittor for proper installatidén by applying the
above specified effort to the indicator pointer, as edvised under Item 10,

11. Drive in and lock the tolts fastening the transmitter bracket to the engine,
disconnect the test lamp snd conncct thoe indicator transmitter to the engine electric
wire ‘harness.

12, Align the zero division on the transaltter housing gcale with the IGV indi-
cator pointer, then secure sud lock with safety wire the scale fustening screws,

13. Check the ergine for proper functioning by smoothly accelsrating it to 0.7
nornal rating and check the operation of the IGV

actuating mechanisa by reference to
the indicating lamp which nm

ust coume on and go out in proper tine.

1, Unlock and disconncct all the tipelines running to the drain tank,

2. Unlcck and scrow out the bolts holding the drain tank to tho lower drive
gear box,

3. Diszantle the drain tank.
4. Install a new drain tank in the reverse order of dismantling,

25X1

Approvedfﬁaﬁﬁgéﬂé@oloyomw : CIA-RDP78-03(J66R000400120001-3 -




App Vet o Héldase 2003/08/07 : CIA-RDP78-03066R000400120001-3

REPLACEMENT OF ENGINE ASSUMELIES

130

5. Check the pipsline Joints for leckage, while performing a "false" otart and
durirg ergine opsration at idle spoed.

1. Undo the bolts fastening the jot nozzle flarge to the exhaust unit flango.

2. Rermove the Jet nozzle.

3. Install a new Jot nozzle, haviug paild particular attention to the condition
of the gusket glued to the jot nozzle rlange., If the gasket is damgged, detach it
from the flange and cemsnt a new one to the flange, using glue S¥-35 for that pur~
pose.

The Jst nozzle is attached by weans of bolts 31564-6-16 (passivated) and self-
locking nuts 33734--6H1.

1. Renove the Jet nozzle, as instructed above,

2. Disconnect the drain hose and the englne breathing system pipeline,

3, Wnlock and back off the union nut of the breathing pipeline ard remove tha
breathing pipelins rear connection.

4, Undo the bolts fastening the draln hose clamps and remove the hoso.

5. Detach the thermocouple wire lead-out block, baving disconnected the wire
terminals,

6. Unlock end screw out the bolta fustening the exhauvst unit to the outsr rear
casing flenge of the conbustion chamber and rewove the oxhaust unit.

?. Usze conpound "%C'" to coat the threading of the exhauet unit attachuent
bolts, Aprly a thin layer of silicone onsmel to the mating surfaces of the flanges
balonging to the new exhaust unit and combustion chasber aft caning, Walt for 4 to
8 minutee. Apply anothor laycer of silicone enarel Lo the sanmo surfaces and wait for
& to 8 ninutes again.

8. Eount the new exhaust unit in accordance vith mark "0" in the reverse ordsr
or disgantling.

9, Install the Jet norzle.

10. Check the engine operation in full compliance with the Chart in Fig.39 and
Section "Pngine Warming-Up and Trial" of Chapter III,

1. Unlock and undo the incer cono~to-thermccouple housing flange attachrzent
bolte.

2. Rewove the innor cone.

3. Coat the bolt threading with compound "IC™.

4, Install a necw inner cons.

31. Replacgupnt of Fxhaust Unit Mixer

1. Remove the Jot nozzle, ms instructed above,
2. Unlock and back out the radial bolts fastening the flow mixer, Yilthdraw the
bolte and rerove the mixer.
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3. Treat the bolt threads with compound "EC™.

4, Install @ new flow mixer in the roverse order of dismantling,

5. Check tho operation of the ergine in full compliance with the Chart in
;Fig.39 and Soctlon "Engine Warning-Up and Trial" of Chapter III,

Compregser_High-Pressure_Sectlo

1. Unlock and screw off the unicn nuts of the gir blow-off pipes.

2. Unlock and unscrew the boltn fastening the air blow-eoff valve cover, take
off the cover and remove the valve.

%, Install a now valve and the cover,

4, Drive in and lock the valve cover attachmant bolts,

5. Screw on and lock the union nuts of the air blom—off pipes.

6. Check the operation of the air bdlov-off valve, whlle starting tho engine.

Whenever replacing pipolines oan the engine, observe the following requirements:
1. Prior to rsmoving pipslinss and hoses, dismantle their attachment c¢lamps and
straps. ’

2. Afler discomnecting thoe pipelines and hosea from their connoctions, fit the
connections, pipes and hoses with plugs,

3. Before instelling pipelinan and hoses on ths erngine, wash them inclean gago-
1ine, clean all the metallic attachmont points of the pipolines end hoses until
bright end degrease them with acetone to provide for reliable electric contact.

4., The plpelires and hoses should be free of twistirg, corrosion, burrs, heavy
notches and donts. .

5. #11 plpelinos and hoses ghould bs erccted on the engine so that no strosses
are doveloped; when fitting thom onto the comneections, the pipe union nubs must be
capable of bolng screwed onto the connections by hand.

Prior to icstallipng pipelinss and hoses coat thelr threaded connections with
petrolatum und coat the threads of the clamp and strip attechwent studs or bolts with
coapound "EC",

¥hen ccating the connection threads with petroletum, protect the connection
cones and its mating part of tho pipe or hoce from smearing with petrolatua, to
ensure relicble olectric contact between the parts, ,

6. While erecting pipelines and hoces on the engine, cnsure & clearance of not
less than 2 va between the pipelines and adjacent parts, A clsarance of not less
than 1.5 oz 18 allowed only betwcen intersccting pipelinss and in certain locations
et a length of not over S0 wmnz before and aftor clacps.

7. When installing clamps and blocks on the pipee snd hoses, ces that they fit
freely to them on entire surface,

8. Tigliten up ibe nuts Ly applying moderate efforts, after whioh loock the unute.

9. Chack the newly installed pipolines and hoses for leckage, while perforalng
a "faleo" start and during operetion of the engine at 0.7 normsl rating spsed.
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1. Unlock end viccuple the plug connactors of all the sheathod wires of the

haxrness.

2. Discoureot the sheathing conduit atiachment clanps, release the wire harner

attachment blocka,

3. Unlock trd ecrow out tho union nuts in the wire harness conduit Joints.

4. Undo the screws and withdvaw the master plug commector from the hole in

the engine upascuring instrusent transmittor panel bracket,

Remove tho wire harnsss,

5. Install a new wire haruess in the reverse order of dismentling.

Yoto: (a) prior to inotalling the wire harnsss, clean the block attachment
points bright to ensure propsr electric contact bstween the tating
parts

(b) gha wlre harness must be instelled with the conduit union nuts dis~

ointed;

(c) befors conmecting the Plug connectors of the sheathing conduits do
not fail to measure the insulance of the wirss, Tho insulance should
be not locs than 20 nogohma,

6. Check the oporation of the sterting and powsr supply systenm with tho engine

runaing frou idle through normal rating speed.

C. REPLACEEENT OF AIRCRAFT ACCESSORIES

35. Replsceuent of Pleton Pusp HI43-1 (HIA34-1),

1. Disconrsct the rubberized fabric sleeve from tho o1l inlet connection of the
piaston pump, ’

2.- Dinconnsct the high-preesure nnd drain pipelines,

3. Unlock aud undo two boltg fantening the piston pump straps.

4. Hold tho puzp by hand, while detaching the attachment straps and removing
the pilston puup, Proesess the removed pump,

5. Install & new piston pvap in the reverse ordor of dismantling. Use a
3.5 ~ 4.5 kgu torque wronch for tightening up the claaping bolts.

6. Start the ongine and make sure tho plston pump functlons properly when idle
or loaded.

e i b
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Chapter X
INSTALLATION OF ENGINE ON AIRCRAFT

1. UNPACKING AND EXTBEEAL DRPROCESSING OF RWGIHE

At the Manufacturing plant the engine 1s packed in a sealed polivinyl chlovide
cover, Before the eungine is packed in the cover, it is fitted with molsture absorb-
ing silica gel bags and molsture indlcating silica gel boxes,

The engino packed in a polivinyl chloride cover is sscured to shipping sup-
perts, which are bolted tou ike shipping cacs basej the omse is fitted with a ocover
on top. )

Encloscd inside the shipping caes along with the englne are a sel of spare
parts for ome englne, an alrcraft-carried toolg kit, end amplifier YPT-19A-2T.

Hotcs & tools kit 16 furnished with ap engine having an even number,

The shippiag cose is soaled bofore being forwsrded for delivery.

1. Prior to unpac:ing the engine, inspect the case externally to see that the
seals are intact and that no damage has been doune.

2. Renovas the bolte fuetening the case cover to the base,

3. Pastou the hoist slings to the four shackles on the casd cover and lift the
latter off the vtase.

4. Remove the polivinyl chloride cover froa the engine in the following manner:

{(a) cut the side scam of the cover and carefully roll the cover down;

(b) tako the moisture sbsorbing silica gel bags, the molsture indicatore, the
paraffin paper, and the blunking covers off the engline.

Check thc¢ nuaber of the silica gel bags against that specified 3n the accoapany-
ing papera,

5. Inspect the engine visually to ses that thore are no external defects} check
engine coapletleness, the tools and Lho spare parts set enclosed, u6 well as tho torsw
of processing sgalnst the technieul papers attached to the engine, . .

6. Perforu external deprocessing of the engine, for which purpcse use & brugh
soaked in clean gasoline to rezove the processing compound fron tho engine parte and
ansoablies,

Carry out the Jot in a warm rooa.

Bofore etarting ths doproceasing procedure, warm up the engine to ths outside
slr temparsture,

In cage 1o warn rooa is available, wara up the engine under the cover for 30
to 40 min. The tempersture of heating alr should not exceed 80°C.
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INSTALLING ENGINE INSTRUMENT TRANSMITTERS
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7. Rerove the blanking covers from the comprassor intake and from tho exhaust
unity use a cloth sosked with gasolime to rub the compressor inteke, the inlet gulde
vano agssenbly, &nd the exhaust unit interlor euvrfaces.

8., Check the EP~30 fuel regulating pump control lever for easy travel.

9. Kotate the lew-pressure and high~prossvre rotorg uanuallyy to rotate the low-
prosauze rotor, apply effort to the blades of the turbine 4th stage wheelj the high-
proasure rotor nust be splnned with the ald of apcclal wrench 19-873 (provided 1in
the toolo kit, sse Piz.54); 1t rmust be epplicd to the stand-by drive on the lower
drive goar box, Both rotors should epin freely in the specified direction of rota-—
tion. Ths rotors nust be rotated clockwiso, if viewed from the exhaust unit end,

Note: It ic allowed to keep an unpacked ongine treated with anti-corrosion

compound for storage in a hoated room for three months (within the speci-
fied storage term),

2. IHSTALLING ENGINE INSTRUMENT TRANSMITTERS
(Fig.53)

The following transuitters must be installed on the englne for checking engine
operating parazeters:

(a) bigh-pressuro rotor tachozeter genaratory

(b) lou-pressure rotor tachometer generator;

(c) fusl prossure transailtter installed upstream of fuel regulating pump HP-30;

(d) privary fuel manifold pressure transnitter;

(o) engine inlst oll pressure transuitter

N (£) engine inlet oil temperature transuittery

(g) vidration pickup ¥B-255-B,

The vibration pickup must te inetulled on the by-pass duct cutry housing from
the side of enging attachment to the englne wount on the aireraft,

3. IRSTALLTNG ENGIN® ON AIRCRAMFT

1. Slacken the bolts holding the evgine to the caso base.

2. Fasten the holist s}ings and tighten the cable,

3, Screw cff the nuts holding the englne to the supports.

&4, Renove tho engine from the support.

S. Renove the hengers fastening tho ongine to the case beeo and install them on
the besas.

6. Remove the nuts and protscting bushes from the brackets sccuring the engine
to the mount on the sircraft.

7. Cerefully 1ift up the engine and bring it to where it is to be installed;
attach the hangers to tho engine bLiackets, tighien up and lock the nuts fastening
the hangers. Prior to wmounting the engine, make sure to see that the ongins final
Jot nczzle bevel corresponds to the nacelle bevel. Turn the final jet nozzle by
180 deg, if necasaary.

CAUTION. (a) Holst the engine with the &id of a crene not less than 2.5 tons in
1ifting capacity,

(b) Do not hoist the englne ccoplete with the care baes, naking use of the
encine hanpgors, :

B. Check ths englne position relative to the nacelle, If necesocary, adjust the

Approved FOPREIBI$ETDB3/08/07 : CIA-RDP78-0306¢R000400120001-3 - 25X1




Approved For Release 2003/08/07 : CIA-RDP78-03066R000400120001-3

S

O
Q
Z
j
)
m
Z
=
>
[
2l 22 23 24 2527 28 293015 31 3
B-B ) 35 ENGINE CENTER LINE
view ALONG ArrOwD> ATTACHMENT UNIT N
DIAGRAM SHOWING LOCATION OF ARRANGEMENT DIAGRAM /7,
REFERENCE POINTS ON ADAPTER

A

15

F1G. 53. ENGINE OPERATING PARAMETERS MEASUREMENT POINTS

Approved For Release 2003/08/07 : CIA-RDP78-03066R000400120001-3 25X1

IWIINIAIENOD




Appﬁﬂé&@@‘ﬂ&&lse 2003/08/07 : CIA-RDP78-03066R000400120001-3

25X1

BISTALLING CHGINE ON AIRCRAFTY

138

length cf the engins mount rods, When inetalling the englne on the alrcraft, take
care that the enginc and aircraft air intako ducts be flush within 2 mm upstresm and
within 3 pm duvinatrean.

9, Comnect the following to the enginet

(a) fuel and oil supply pipelinesy

(b) alr bleed pipelires supplylng air to delcing systems and for pressurization
of the hydraullc system tank,

CAUTION, When mounting the pipelines used for blesding air for aireraft necds,
take care to observe that their Joints are tight encughby

(c) cadbles and wires:

- running to low-voltage wire harness plug connectory

= running to plug connectors of power eources, amplifiers, fire detectors and
vibretion pick-ups;

~ running froan ceasuring equlpuecnt transmitters to indicatorsg

- belonging to bonding systemy

= running from block of T~99-~1 theruocouple manifold to overtompesrature ampli~
fier YPT-19A-2T and indicator UT-2 weasuring outlet gas tewperaturej

(d) oil tank breatbing pipelinej

(e) engine control lever link running to fuel regulating pump HP-30} adjust
the engine control linkj;

(£) fire-fighting syctem pipelines,

The above statcd connections of pipelines end wires to the engine ard meacuring
equipzent smust be carried out in accordance with Fig.53,

10, Kount hydraullc puwp H143-4 (or HI43%-1) on the engine and connect the
respective plpelinss.

1}. Install amplifier YPE~19A-2T attached to the engine and incorporated in

overtemperaturc control system [PT-35. Conneet wires to amplifior YPT-194-2T instal-
lod in position,

4, DESCRIPTION OF MEASURUMENT POINTS REFERRED TO IN THIS OHAPTER
AND SHOWN IN
Fig.53

1., Engine oil outlet plpe counnection,

2. Enzine wounting bracket.

3. Bonding strip lugs, forward, 2 pcs.

4. Alrcraft oil system tank breathing connection,

5. Pipe connection for bleeding air for pressurization of fuel tanks.

6. Drive to tachometer generator RT3-5T deslgned for msasurlng compressor low-
pressure rotor rpm,

7. Drive to tachouweter generator NT3-5T designed for weasuring compressor high-
pressure rotor rpm.

B, Pipe connscticn for extinguishint supply to fire-~fighting systom rings
(2 poinis simnetrically located on the eungine sides).

9. Flange for blueding eir aft of tho 5th end 10th etages of corpressor high-
pressure seclion to supply it into the deiclng system of the air intzke.

10, Bonding strip lugs, aft, 2 pes.
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38, Pod for installaticn of transmitter HMET-100 (series III) withk snubber J159-2
operating in set with engine indicetor BHE-BPTH for moasuring fuel pressure in tho
burner samsll-slot manifold.

5. INTERNAL DEPROCESSING OP ENGINE

Internal surfaces of the englne are deprocesasd after the enzino has been in-
stalled on the eircraft and all the lines have been connected.

Doproceseing 1s accomplished respectively by the use of fuel or oill in the fol-
lowing wanner:

1. Drain oll from the engins,

2. Propare the engine for starting a&s instructed in Chapter XI.

3. Moter the engino over and subject the high-pressure fuel oystem to pressure
tost, &8 recommended in Chapier XTI,

4. Start the engine as instructed in Chapter XI, and rum it at idle rpm for
5 min,

5. Shut dcewn the engins.

6. Aftor the first engine starting (deprocessing) do the following:

(8) perform the operstions, reforrod to in Section "Post-Flight Ssrvicing",
Chapter IIT}

(b) discharge oil froa ths engins through the drain cock located in the lower
drive gear boxy

(¢) remove, inspsct and wash in clesn gasoline or kerosasne oil filter HiC-30
and the chip—detocting fllter of centrifugnl dascrator QBO-GC~%03

(d) incpect the inlet and fine fuel filters incorporated in fusl regulating punmp
HP-30. Veel the filters, if -necessary.

7. Run-up the engine am instructed in Chuapter XT,

8. Prepare the engine for flight, as instructed in Chapter IIX,

9, Comnact the alr bleed pipelinss to the englne to supply compressed air for
pressurizetion of the aircraft cabins,
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Chapter Xi
RUN-UP OF NEW LY INSTALLED ENGIME

l. PREPARAYION OF WFZLY IESTAILED ENGIKE FOR
STARZIRG

Engine preparation for the firat start on the slrcraft conoists in carrying
out the following coperations;

1. Perform operstions set forth in Section "Preparation for Starting" of
Chapter 117,

2, Bleed air from the engins fuel eupply systes, ueing for that purpose the air
bleed velves incorporatod in fucl regulating puup FP-30 and centrifuzal governor
UP~1B. To do this, rozove dumay plugs from the valves, install a special gppliance
and rolesro alr until solid stream of fusl starts flowing out (about 10 1it).

3. Check the engine retors for proper rotatlon. The rotors wmust rotate ozoothly
and withoul eny Juesing,

4, Motor tho engine over.

5. Perform a "falsz" start of the engine,

2. ERGINE MHOTORING OVER

The engine is motored over preparatory to starting in the following coses:

(a) when a new onging han beon installed;

(b) if the engire lubricating oil systom has boon emptied of oily

(c) after disnsntling lubricating oll system unita;

(d) eftor 2 or 3 aborted ttarts, if fuel failed to ignitey

(o) vhon the engiue is inoperative for over 5 dayo.

To motor the engine over, proceed asg followas

1. Carry out all ihe cporatiocas preseribed for preparation of the engine for
starting, for which purpose olserve the instructions set forth in Section “Prepara-—
tion of Engino for Elarting" of Chaptor JII (8ec Item 1),

¥ake sure the cngine control lever is get in the CUT-OFFR pouition, the fuel
booster pusp 1o cut on, gnd the fuel shut-off valve is open,

. 2. Ensrglze the electric instrumcnhte and autouwatic control syutea.

3. Cut in the ranter switch of automstic starting control unit ANJ-195Q
(serles IT),
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&, Set eelactor switch GROUND-AIR of automatic etarting control unit AlJl-195R
(serles II) in the GROUND pooition,

' 5. Set the function switch of autovatic starting control unit ARR-19B]l (series
II) in position EAGINE MOTORING OVER (XONOLHAR TMPOUPYTHA [BUILTEHA).

6. Pross the sgtart buttun and koep it in the depressed position for 1 to 2 soc.
k8 soon as tl:e start button is depressed, the CIT=12TBUD starver-generators begin to
8pin the engine rotor. The starter-generators get disengaged auteomaticelly 30 to
35 gec lator.

Tho engine spesd during motoring over must be within 800 - 1200 rpm (7.0 -
10.0%).

7. Take cars of engino inlet oil pressure that must be not less than
0.2 kg/sq.cu at a speod of from 800 to 1200 rpa (7.0 - 10.0%) during motoring over.

8, Upon completion of the englne motoring over, linten to the engine attentive-
ly in the courase of run—down.

9. Stop the aircraft fuel pump and cut off the shut-off valve (after the conp-
ressor high-pressure rotor comes to a standstill).

Note: Do nc¢t accomplish the engine motoring over after inspecting the fuel

filter of fuel regulating pump P-30, the chip-detecting filter, the

KIC=30 0il filter, after replacing scavenging oil puap EHO-30 and oil
scavenge pipas, -

3. ENGINE "PALSE" START

L "feloe" start of the engine is curried out for priming the fuel system and
cheocking it for iightness. It should be done befeore the first start of a newly
installed engine (during deprocessing of the ongine), in cuse fuel system accesso-
ries cr pipelines hag been dismantled, or if the fusl system hzs been cmptied of
fuol. '

A "false™ starct of the engine is performod as follows:

1, Deenergize the engine ignition system (for which purpose remove the eafety
fusc or uncouple the plug connector in the power supply line of ignition unit
CKHA-22-24).

2. Switch on the power eupply to the instrument and the automatic control sys~
tem equlpment.

3. Cut in the waster switch of automatic starting control unit ANA-195R
(oeries II). '

4. Sst selector cwitch GROUND-AIR of automatic starting control unit ANA-1S51
(series II) in position GROWUND.

5. Set tho function switch of automatic starting control unit ADA-19EA (series
1I) in position START.

6. Prepare the cngine control lever for sotting it in the IDLE poeition,

7. Opon the engine shut~off valve and cut on the aircraft fuel booster pump.

8. Proes the START button and keep it dopressed for 1 to 2 sec.

The tims of engine rotation in the courre of the "false™ start is detercinod by
the operation of automatic starting contrcl unit ANL~195] (series II) to bo within
45 - 50 sec., At & speed of from BOO to 1000 rpam (7 - 8.5%) sst the engins control
lever to the IDLE position. As soon a8 fuel prescure risce in the fuel manifold and
fuvol zlst ip peen conlng out of the exhsust nozzle, inspect the fuel syptem units
for leaks erd cut off the fuel supply into the engine by retarding the engins cont-
rol lever to the CUT-OPPF position,
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MAINTENANCE OPERATIONS TO BE CARKIFD OUY AFTER TRIAL

The enginc sconirel lever muot by wovod to tha CUT-OFF position not later
than 35 soc eftoer the begilnning of the stevting provcedure, whioch makss 1t possidls
t6 blow ocut fusl accuaulated in tho engine flow path.

Maximum rotor speed durlng "fales" starts is within 1800 ~ 2300 rpm (15.5 -
20.0%).

9. When ths cngins ie steadily cotorod ovar, the onginoe inlet oll pressurs pust
be not lsss than 0.5 kg/sq.cm and fusl pressure in the primary fuel manifold should
be within 10 « 20 kg/sg.cn.

10. After the starter-generators are dlsengaged and the englne rotoras decst-
lerats rotating by ipertia, liston to ths erngino mitentivoly to deteot foroign noise
inside tho onginse,

11. Cut off the alrcraft fuel boontoer pump and close the fuel shut—off valve
(after the corpressor high-pressure rotor cozes to a standetill),

12, Trspect tha connections of tho pipelines and unite of the fuel aupply and
lubricating oil eystews, Leaks of fuel or oil are not permlisaible.

13. Drain oil from the lower drive gear box.

Rotog: (a) 1f no oll pressure is registerod at the engine inlet during motor-

ing over or "falgo" start of a nowly installed engine, unscrew the

plug from the housing of wain oil pump OH-30 and bleod air from the

gipeline supplying oil from the tank into the engine}

(b) In case it is required to perform the engine motoringz over and a
"falso" start, it is allowed to carry out a "faluse" start only.

4. BTARTING, VWARMING-UP, TRTAL AKD SHUT-DOWN OP ENGINE

To start, warm-up, try out and shut down of a newly inetalled engine, follew
the respoctive procedures deecribod in Chapter IIXY,

CAUTION, After startinf of & newly installed engine, run tho onzine for 5 min
t

at idle rpm dofore warcming up, then shut the engins ldosm gnd inspect 1ts fuel
and 01l lines snd uvnits for leaks.

5. MAINTENANCE OFERATIONS TO BE CAKRIED OUT AFTER TRIAL
OF NE¥LY INSTALLED ENGINEG

1. ¥hen tho engine fuel supply system is cut off and its rotors run-down by

inertls, lister to the eugine altentively to suke sure there is no foreign noleo
within the engine and weasurc the run—down tiue of the low-pressure &nd high-preg-

sure rotors, &8s lustructed in Soction 5 of Chupter IIT,

2. After the engine rotors are at a slandstill, open the alrcraft shutters and
8CCOBH 4OOrS,

3. Ascertain that there is no leakage of fusl or oil, Eliminate leaky connec—
tions, 1f &ny dotected.

4. Drain oll from the lover drive gear box of the engino.

$. Framine ofl filter M&C-30 and the chip-detecting filter of contrifugal da~
asrator [BO-4C-30. Waeh the filters $un clean gazoline or kerocens, 1f nasded. linke
uze of a testor to check the chip-detsciing filter disce for short—circuiting,

In case the sbort circult of tho chip-detecting filter disce is not eliminated
by rinsing the fllter in ganoline or keroseno, atrip the chip—detecting filter end

wash tle diecs separately. Pay ettoniion to the condition of tho disge insulating
lugs. Replace dawaged disca,
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MAIRTECHANCE OPERATIONS 70 BL CARRIED OUT AFTER TRIAL

6. Insyect the inlet £i)tor and fine fuel £1ilter of fuel regulating puup AP-30
and the fine fugl filter of contrifugal governor {P-2B. Wash the filtors in olean

‘gzeoline or Loresene, if nececsary. Tae inapection over, bleed air from fuel regulat

ing pusp HF-30 und contrifugal governer UP-1B.

Noten: (a) If chipe are detected in the oil syotem filters, consult the repro-
gentative of the Manufacturing plant as to further use of the
(v) ??zéﬁii has boon drained from the fuel system for some reason or
other, 1t is luperative to subject the system to enti-corrosion
treatuent within 24 hours &8 instructed in Chapter XII.

7. Check the oil lovel in the oil tank. add oll, 1f reguired.

8. Inspoct the engine inlet duct, the inlet guide vanes, observalle blades of
the comprescor first spool, the nozzle diaphrogn and moving blades of the turbine
fourth stage. Inspect the jet nozzle. Mo deriage 1a allowed,

9. Inspect fastoning and locking of all the attechment units, of the engine,
accessorios end pipelines,

10. The inspection over, close tho engine inlet duct and exhaust nozzle wlith
dummy covera. The Jet nozzle duany cover must be installed 10 or 15 minutes aftor
the ergino beas cone to a standstill,

6. OPERATIONS T0 BE FPERPORMED AFTER MAIDEN FLIGET OF NEWLY
INSTALIED EUGINE

After the ralden flight of & newly installed engine caerry out operations pro-
gorlbod in Section 5 "hHaintenznce Operationz to ba Carried Out After Trial of Newsly
Installed Ergine™, A8 an excepiion, do not inspect tho inlet filtsr of fuel rogulat-
ing pump EP-20, when carxying cul oporations according to Iten 6,
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Chapter Xii

PROCESSING OF ENGINE AND UNITS AND REMOVAL
OF ENGIME FROAM AIRCRAFT

Engine procesciug is the principal mothod of protocting the engine components
againet corrosion both during storage and shipment.

Protection against corroaion ie accompliched by epplying a layer of appropricte

processing cospornds on the internal ard extornsl surfaces of ths engine parts and
asssublies,

Interusl procersing is done Dy the use of oil 1X-8 (USSR Standard GOST 6457-53)
2

and oil K83 (Specification ¥PTY 121 Ho,12-62),

Extercazl procescing ghould be perforusd with the aid of gun greasc (USSR Stand-
ard CGOST 200L-51) or neutral petrolstus (USSR Stendard GOSY 78247},

Recleincd or uscd olls and greasncs are not to be uged for engine procassing,

Hoteas (2) In cuso oil P Fe5021-4¢ y4g vacd in the engine, it is necessary
to drain this oil from the onglne snd sireraft lubricatirg ol sys-
tens, if tho latter are to ba procensced with olls M-8 or MK-80,
inen the systews wust be filled with oil EE-8 oy X8, the englre
should be motorcd over and staried,

Bufore processing tha eéngine oil system, run the engino at idle
speed for 5 rinutes, ¢heu at 0.9 noreal reting for 2 or 5 minuten,
Aftereards drain oil fron tho aircraft &nd englve lubricating cil
eysters and subjoct the engine to antl-corrosion treatasnty

(b) Ir service intarvala it is allowed to procesgs the engine and its
units with ol Bikig Hil-50-1-¢, Lif the ongins snd its units are not
to be removed and forwarded to tho Hanufacturing plant.

1. TROCESSING OF EAGINE ON ATKCRAFT

Irn caso aa interval in engine oparation on the sircreft amounts to lese thon
10 days; no spocial proceasiunz in roquired, slnec ths fuel systom pasnages sre pro-
tected sgainct corroston by the fuel trapped. If fusl hes boon drained from tho fuel
eystem units, it is necessary (within not more than 2% hovrs) to £ill the fuel syn~
ten with fusl, bleed sir from centrifugal govornor 1IP-4B ard froa fuel regulating
puep HP-30, then porfoerm a "falso" gtart of tbo epgine, If the fuel system cannoi ba
filled with fuel, process the engino by the uwse of oil, ou insiructed below.

If the intervel in engins operation enounts up to 30 dayn, carry out "falpe"
sterto of the ocugine every 10 or 1S days &8 instructed in Chapter XX.

¥heunsvex up to 30 days olapse since the cngine Las been last operated on tho
elreraft and tho alrcrsft is to be out of rcorvica for & long pericd of tiwe, ons
interral procossing eay be pevforacd Jvntesd of ergine falco starte previcusly advise
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ed. Internsl procegsing of the englnoe will provide protection agauinst corroelon
within 30 acye. In tho event tha engine romains inoperative for more than 30 days,
internal processing should be done once evory 30 days.

Note: In cane the engine has boen stored for a long period (excceding 3 vonths),

T deprocess the engine as instructed in Chaptor X of this Book, run the

engins idle for 2 minutes and at 0,7 pornal rating for 2 or ainutes,
after which deprocese the orngins, if i1t 1s to bs kept inoperative,

Before porforming internal processing of tho ongine, stert tho engine and run
it for 2 pin at idle rpu snd for 2 to 5 min at 0.7 noraal rating.

Note: 1n excoptional cuacs, when the englms cannot be started, interval proces-

sing nay be accomplished without engino starting end warning up,

Internal processing is performed after the engine cools down, to prevent oil
burnicg,

Internal processing is to bo carried out in the following mannar:

1, Fill the cleaned tsnk of tho processing rig with clean oil 1K-8 or ¥XK-81
or with oll BIWI Bll=-50-1~4&, prohsatod to 50 ~ 60°C| the tank should hold 20 to
24 114 of oil,

2. Close the fuel systew phut-off valve,

3. Connect the hoss of the processing rig tank to the processing union dispoeed
on the fucl line upstream of fuel regulating pump HP-30,

4. Remove ths cape fre: the unicn of the pipo serving for measuring preccvre in
the primary fuel menifold and from the main fucl msnifold union, Fit hose 0880026
for procesaing the fuel manifolds cnte the open unions,

Reacve the caps from tho air bleod union located on centrifugal governc: IP-1B
and fuel regulating punp HP-20, then connect applience 12-811 serving for ei» blced-
ing.

5. Fnerglze the instruments and sutomatic control systsm of the engine.

6. Bulld up ab oll pregsure of 1.8 to 2,9 kg/cq.cn at the inlet to fuel regula~-
ting puup EP-30, naking use of the processing rig, and drain fuel through the air
bleed valve frou fuol regulating pusp HP-30 and from contrifugal govarnor 1P-1B
until a stream of clean 0il shows up, after which discontinue cil dolivery from the
processing rig.

7. Perfora a “falee" start of the engine as instructed in Chapter XI., Tha
engine ghut~off valve must be kept closed. The booater pump of the processing rig
should be c¢cut in beforehund,

¥nile tho engine ip being cranked, shift the engine control lever from the CUD-
OFF position to a position corresponding to one of the engline operating ratings,
This should cause oil prsssure to be increasod upstrean of the burners up to 10 or
20 kg/sg.cu, Shift the engine control lever to the CUT-ORP position as soon as oil
wust flows out of the engine Jet nozzle.

8, After the engine rotor comes to a standstill cut out the processing rig
pumps, the power supply to the engine instruuents and sutonutic control Bysten, re-
vove hose 0P39026 for processing the wain and pricary fuel eanifolde, fit the unions
with ceps and lock the letter.

9. Remove the alr bleoding applisnce from units AP-30 and IP-1B, f£it tho untoas
with caps and apply the locks,

10, Pit blanking covers into tho engine air intake and into the exhgust unit,
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GAUTICR, Do not subject the grgius to anti-cocrosion trestwent in rain or Bhow-
fall,

2. PROCESSING OF ACCESSORY UNITS REMOVED PROM ENGINE

In case a non-processod engine is dismantled froc the eircreft, it is necessary
to perfors interrmal processing of eiveraft fucl booster puup EUR-H4-NI3T without die-
nantling it from the engine, then remove fuel rogulating purp HP-30, centrifugal
governors UP-1D snd IIP~28 and fuol burners &P-3CHC end subject them to anti-corrosion
treatment not later than 24 hours after draining fuol, as ivstructed below.

(a) Processing of Pual Regulating Purp BEP-30

Fuel regulating puap HP-30 discantled from the engine is to bo processed with~
in 24 hours.

1. Fer internal procesasing of the fuel regulating punp use should bo uads of
clean corrosion-preventive olle preheated to e tcaperature of 50 to GOOC.

All cavitics of tho fuel regulating puup ere subject to processing, except the
alr chanmber of the startinug fusl control unit and solenoid plug conunector of ths
overtenperature limiter.,

Prior to verforming the processing procedure do the follewing: drain fuel from
the punp, remove and wash the inlet and finoe fusl filters, clese all the holes,
except the unlon serving for conveying fuel to centrifugal goveruor op~2B, with
ehipping caps,

Deliver oil at a pressure of 1 to 1.5 kg/eq.ce through the fuel inlet connec—
tlon, Meanwhile do the following:

(a) Pleed air and fuel frou the pump via the air bloed valve

(b) keep turning the puzp rctor by the shank of the coupling shaft moving the
engins control levar fron the CUT--CFP to TAXE~OF? position and back several tices
until about 0.8 to 1.0 1it of oil runs out of the union serving for fuel supply to
centrifugal governor IY--2B,

Stop the union for conveying fuel to centrifugal governor UP-28,

Remove the shipping caps frozm the unions serving for fuecl dclivery to the pri-
mary and wsin fuel manifolde, &8 well au from the drailn velve union,

Supply oil at & pressure of 1 to 1.5 kg/pg.cm through the ripary fuel manifold
union,

Eeep turning the pump rotor by the coupling shaft shank, witil about 0.8 to
1.0 14t of oil runs out of ihe main fuel munifold union and from the drain velve
union,

After internsl procewsing is cowpleted, drain excess oil from the puxp via the
fuel supply.connuction.

2. External processing of fusl regulating punp HP-30 is perforned with the ald
of gun grease (State Standard GOST 3005-51) or petrolatum (State Standard GOST 782~
47), preheated to & temperature of 60 .~ 80°C.

Subject to external processing are all the outer surfaces having no psint coat-
irg, except the plug cornzctor and electromagnet of the overtemperature liuitep,

Areas to be processed wust bo washed with clesn gasoling before the procesoing
compound 1s epplled.
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(v) Eroosesing of Contrifugal Coverners lP-1p and UF-23

1, Centrlfugal goveornors 1P~1B and UP-2B must be processed within 24 hours
after being diemsntled from the engire.

Interrel surfaces of the units ere proccesed with tho aid of above mentioned
oils prebeated to a temperature of 50 to 60°¢, Subject to processing ars all tus
internal csvities end components of the contrifugal governors, exclusive of the
eloctric switches and the plug connmector of contrifugal governor UP=-28,

Prior to processing the internal surfaces, drain fuel from the centrifugel
governors.

Proceesing oll ic delivered &t a pressure of 1,0 to 1.5 kg/sq.cu into centri-
fugal goverror P18 via the unions gerving for the pupply of fusl from tke hydrau-
lic decelerator of fuel regulating pump HP-30 and through the union serving for
draining fuel frow centrifugsl governor IP-18. While delivering the oill, keop rotat-
ing the centrifugal governor by the shank of tho coupling shaft. until oil starts
flowing from the union through which fuel is supplied frow centrifvgal governor
P~2B. Do not fail to bleed air and fuel from the governor via the air bleed valve
until oil starts flowing out,

In the casge of centrifugal governor lP.2B processing oil is supplied at a pres-
sure of 1.0 to 1.5 kg/sq.cm through the union serving for fuel drain and via the
union used for high-pressure fuel rupply from the hydraulic decelerator incorporated
in fuel regulating pump HP=30,

2. For external processing of centrifugal governors IP-1B and 1P-2R, use chould
be made of gun grease (St. Std GOST 3005-51) or petrolatum (St. Std GOST 782-47),
hoated to a Lermparature of GO to 70°C.

BubJect to externsl processing are all the outalde surfaces having no paint
coatlng, except the microswiteh bux end the plug connecior of centrifugal governor
UP~238.

Beforc applying processing oll, wash the arecas to be processed with elean £a80~=
lins or kerosene,

(¢) Precessing of Main Durners ¢P-305G

The mein burners ghould be procensed within 24 hours after being remnoved from
the engine.

Prior to applying the procecsing compound, flush the interial vassages of the
burners with clean gasoline B-20 gt a pregsure of 2 to 3 Xg/sj.2m. Flush the burners
with hot engine proﬁessing 0il heated to a tezperature of S0 to €0°C and delivered
at a preesure of 1.5 to 2 kg/sg.cm, until the oll starts running from the durner
nozzles.

After the flushing procedure is completed, coat the burner nozile faco with
noutrel gun grease flush with the cacling, aftor which put the protective caps on the
nozzles &nd pipe comnactions., Coat the burner external surfece with petrolatun or
neutral gun grsase hcated to a temperature of 60 to 80°C.

Kote: Xt is allowed to subject the main burners to anti-corrogion treatmsnt
without dlszantling then from the engine. To process ths burners im this
casns, disconnect the pilpelines supplying fuel into the prizary end wain
fusl manifolds and connect the procogsing rig hoses instead,.

Puzp 1 to 1.5 1it of oil through the burners at a pregeure of 1.3
to 2.0 kg/rq.com hoving preheated the oil to a temperature of S0 to 60°C.
Ths storege ters for the rmein burners thue processsd should not

excoecd 1 month,
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3. PROCESSTHG OF ENGLNE FOK DISHANTLING IT FRCH
AIRCRAYT

B Whonever the engine is removed from the eircraft, 1t ie subject to procossing
for a term of 3 months.

Prior to dismantling the engine, 1t wmust be subjected to Internal processing,
as inetructed in the Section above.

¥hile performing internal proceseing of tho engins, process hydraulic puwp
HI43~1 (K15314-1)  for which purpone detach the inlet and outlet pipes from tLlhe pump
end fit the respective waicns with hosgeas, Lower the inlet hose into a containsr with
01l IX-8 or LX-81; lower the outlet hess into an eopty containser,

¥hen crenking the engine, plece the container with the proceseing oil not less
than one motre sbove the pump inlet, After engine cranking is cozploted (during
internal processing of the ergins) ascertaln that not loss then 3 11t of 01l have
been run through the punp.

Having cowpleted epgine processing on the alrcraft, disconnect the fuel &nd
oil supply pipes from the ergine; remove the instruzont transmitters, detech the air
blecd pipss and fit the respective holes with plugs, Do not use paper or wocden
pluge. Dieconnect tho eloctric Bystea wiring, Remove the englne fron the alircruft,

After romoving the englne from the aircraft, proceed as follows:

1. Prino 1.5 or 2 11t of oil hostod to a temporature of 50 to 60°C through
boonter pusp RlE-A44-NUT. Make use of the pump cutlet pipe connection for thut
purpose,

In deoing ihis, rotate ths engine high-pressure rotor by meens of the siand~by
drive shartt.

2. Check to eee that all the cpenlngs on the engine ere pluged; instsll plugs,
if eny misuing,

3. Clern the external surfaces of the engine of dust and oil, esking uss of
cloth eoeked in gasoline F70. Prevent geooline from getting onto olectric wiring,
electric system units, rubber paxts, thermsal insulation of pipolines and unitao. Dry
cut the cleaned surfaces.

4. Cozt all the non-painted external surfaces of the englne coupongnts with a
layer of guu grease or neytral petrolatum, Prior to applylng the processing coumpound,
heat 1t to a temporature of 60 to £0%,

Kotes: gag Do not process the coaponents wanuwlactured from stainlesg alloyay

b) procees the exteornal vurfacee of the engine not later thsn 72 Lours
after posrforming internal proceasingy

{c) 81l tho engine processing operations should be performed in close
succession,

) 4, PACKING OP ENGINE
1. Cleck to see that the unions ang holes leading inside the engine are fitted
with caps end plugs.
2. Check Lo sce that each of therengine accessory units is provided with ite
scrvice log or certificate.
3. Aascertaln that the engine accessorios are fitted with eeals,

4. Aftor completing the engine processing procedure, wount the englne onte the
buge of the packing case and fasten 1t thercon,
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5. Rub the electric units, and the eloctric equipncat components (such as igni-
tion plugs, plug connsctors, electric system conduits, etc.) with a dry cloth and
wrap thea in paraffin papsr. Do not rewove the ignition plugs from the engine.

6. Put e vinyl chloride cover onto the engine and pack the engine in a dry
wocden cags, Secure the cmeco ccvor to the base with the eid of clamping bolts. Apply
s eonl to the casc~to~baoe Joint,

Notent (e) Whon transported by air, the engire im mounted on a specizl support.

In this case the englae packing procedure is the rane as when pack-
ing the ergine in a case

(b) Prior to packing the engirc into a casc do pot fall to sttach all
the removed accessory units and overtemperature amplifier YPP=404-2T.
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AIRBORRE TOOLS USED FOR
ENGENE SERVICHIG
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Chapter Xill

AIRBORNE YOOLS USED FOR ENGINE SERVICING

Engine sorvicing is accomplished with the aid of the following tools and sppli-
ances, contained in the tocls kit (see Fig.54) attached to ongines bearing even

nuzberse,
Drawing No, Nare of too) or appliance -ty Application
19-§01 Hamuer 1 Uzod for hammering operstions
702258 Scrow driver, nodium gize 1 Generul purpose
702176 Screw driver, largo slze 1 General purpose
19-805 ¥rench rod, hinged 1 Used for wrench detachable
hozde complote with bar 29-80%
14~19~843 Torque wrench 1 Usod with detachable wrench
hends
18-19~-833 Applisnce 1 For bleeding air from fugl
systen .
18-820 Brugh b Por washing filtors
702039 Knife 1 General purpoase
19-£24 Socket wrench head, S = )4 wa 1 General purpose
10—197003 Scrow driver 1 General purpose
18-19-~010 Cpon ernd wrench, S = 7x7 ar 1 Por bolts securing fuel
burners
1819008 ¥rench 1 For attachment of pipelins
connection dolivering oil into
lower drive ge.r box
19-836 Socket wrench head, 8 = 17 mm 1 Goneral purpose
16-873 Craenking bar 2 For spinning engine rotor
19-87% ‘Porceps 1 For handlirg fuel filters
enclosed 1in fuel system units
19-836 Baxr 1 To be used with hinged
. wronch rod 19-805
19-958 Socket wronch head, S = 12 mz 1 Genersl purpooe
19-915 Torque wrench rated for

0.04% to C.37 kgo

For tightening thermocouple

attachwsnt nuts
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Drawing Ko. Kene of tool or aspplionce -ty Application

200 USSR B¢, Electritian's pliers 1 General purpose

Std 5547-52

19.916 Bocket wrench head, S = 10 maf 1 Por $ightening thermocouple
attachzent tolts

19917 Socket wrench head, S = 8 na 1 Por tightening nuts hold-
ing wlre lugs to thermocouples

702260 Bcrew driver, spoclal medium 1 For plug connector Bcrows

sizeo

0889026 Hose 1 For procossing engine fuel
systen

19-922 Puller 1 Pcr hydraulic decelerator
and other flow restrictors

19924 Socket wrench head, 8 = 7 nm 1 For tightening nuts holding
wire lugs to thermocouples

19-925 Virench, S = 17 ra 1l For attachment of pipeline

. to fuel burner

19-926 Applinnce 1 Por washing oil filter
elenents

19-933 Rod 1 To be used with torque
wrench and wrench detachable
heads

19-011 Rod 1 To be used with hinged
wrench rod 19-805 intended for
dotuchable heads

19-012 Chisel 1 For unbending tabu of plate
locks

19~018 Toumy bar 1 To be used witb wrenches

19-019 Drift 1 Uscd for knocking out

19-C73% Box wrench, S = 14x17 1 General purpose

19-945 Open end_wrench 1 “or chip-detecting filtor

' nut

19~946 Ardbour 1 For kolding chip-detecting
filter core

14-19-043 Sockot wronch hecad, S = 19 ma| 1 Goneral purpose

703383 Cpen end wrench, S = 10x12 2 Ceneral purpose

19-086 ' Open end wrench, S = 14x17 2 General purpose

19-037 Opon end wronch, 8 = 19x22 2 General purpose

19~088 Opon end wrench, § = 22227 2 Genoral purpose

19089 Open end wrench, 8 = 30x%2 1 General purpose

19030 Open end wrcemel, S = 36x4l 1 General purposs

1%--091 Open end wrench, S = 46x50 1 Goneral purpose

18-19-011 Cpen end wrench, S = 4x4 un 1 Por fuol system unit adjust-

and S = 5x5 mn ing screws, main oil pump pres-

sure control valve adjusting
screv, and hydraulic decelera—
tor adjusting ecrew incorporata
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Drawing No, lame of tool or eppliance Ru-ty Applicstion

od in fuel regulating pump
HP=30

702371 Socket wrench head, 8 = 22 =y 1 For rewoving filter from
fuel connzcetion at inlet to
fuel reguletiag pusp HP-30

19-278 Opsn end wronch 1 For attaclhrment of breathing
pipeline anZ tachometer geve-
rator

19-140 Bex wrench, S = 10x12 ma 1 General ‘purpess

19-205 Open end wrench, S = 12 ka 1 For nuts attaching uppor
drive gear box

19-302 Socket wrench head, S = 22 wrd 1 For magnetic plug incorpora=-
ted in luwer drive gear box

Withous draw- Safety wire EC-1, US3R St. b8 re~

ing Std GOST 79241 quired

0890617 Rubber tube 1 To bs used with appliance

19-811 for bleeding air
.
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HEAT-RESISTING COMPOUND "X
(Instiresticos on prepexntion and epplicaticn)

Lubricent cowpound "EC™ prevonts sticking of threaded comnoctlons opsrating at
temporaturer of up to 600 - en0%.

The lubricant bas boen chocked In luberstory and sorvice corditions and yiseld-
od good rerulte. Fatent Ke,)28033 wag granted for the compournd in 1960,

2, IRAPARATION OF CUHLQTHD “Eow

(a) Preruration of Icsd Curborate

Helpk & betch ¢ litherge evd dicsolve 1€ in nitrig &0id of spsoifio graviiy
1.2. Litharge wust be taken in proportion 1 kx par 1.2 to 1.5 1it of nitric acid.
Lithzrgs chould be dlesolved in a steirdorns steol voessol thal must be heated. Pour
litrhargs gredually, stirrinz the solution coutinuevely, then cdd 3 or 4 1t of hot

water, Pliter the vegsel content through filtering pupor to re

wove hard adelxtures,
To aveld inteusive frofhlng'sdd Tiltcreld scde suh coluticn (0.4 ~ 0.5 kg par
2 = 3 11t) into tho lead mitrato solutlon previcusly cbtained in soald quantitioes,
until the eolution is roso~colowred when tosted with phenolphtelsin, Lgad carborate
ecparates cvt In the fora of white secdicent

(b) Tosbiine

A & S
Let thet lcad carbongte eattle, siphon off tho vator solution, decent thoe rosi-
due by water until tha decantod water ls noutral whon testod with phcenolphtalein,
Aftorvards, filter tho residue through o Buchner funnel with filtering paper, draw-
ing off the medlment by usens of a wator-Jjot pump,

(e} Drzirg-Up
Spread the selarated lead carbonate in g layer 10 to 15 wa thick over pans madce
,of stulnless Bleel (which wust be covered by filterirg paper belore)
porcelain diches, Kesp tho lead cerbonafe for 14 to 16 bours at
110 to 320°C to dry it up.

hand) or over
e tempsrature of
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(4) Proparetion of Compound

Grind eifted lecd carbonats in a porcelain mortar edding cylinder oil, Grade 52
(Vapour), conforaing to St, Std GOST 6411-52, until & honogeneous stuff is obtalnod.
011 ghould be added 3u srall portions, obsgerving the required proportion of 1 kg of
oil per 1.5 kg of lead carborate.

3. APPLICATION HINTS

Prior to instelling a bolt in position, dip its threaded end into the compound
e8 dcep u8 3 or 4 throad turna., Stake off excoss lubricant into a can,., The fonale
thread is not neceesarily coated with the conpound in this caBe. Whon it 1s desired
to screw down & Lut on a stud, make use of & brush to apply some compound on 2 or 3
gtarting throads of the ctud,

v
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SILICONE ENAMEL

(Instructions on prepsration and application)

1., APPLICATION

The sllicone enzmel 1s of silvery colour and is deslgned for gealing Joint
faces.

2. PREPARATION

Tho ingredients of tho silicons enamel arc:

(8) vernigh €I=9, Technical Stundard (UXTITY) 227353 ~ 90 to 84% 5

(b) siccative No.7640, Technical Stardard (#X0Ty) 2106~49 - 1C%3

(c) aluniniva powder, Stete Standard ([ocT ) 49450 ~ 6 to 20%;

(a) varnish K-1, State Standard (BIY) No.LY-168-58 ~ O to 5%0% in relation to
varnish €I'-9.

When varplish K-l 48 ueed; siccative lo.7640 is substituted for by a correspond-
ing amount of mixture composed of varnishes @I'~9 gnd K-1,

T6 preparc the ensmul, proceed ss follows.

Thoroughly =ix up varniehcs &I'-3 and K-l and filter the uixture through a gauze
folded ip two. Add part of wvarnish bateh by small portions into aluninium powdor
batch, then aftor ths powder gots wetted with varnish, thoroughly grind the obtained
usea in & porcelain mortar. Carry out grinding for at least half a hour, after which
edd ths recsining portion of varnish ¢r'~9 and tho elccative to the pagte obtained
(no slccative 1o to be addod if a mivture of varnishes &I'~9 and K-1 is ussd)} wvhen
edding, mix the paste continucusly. Take care to see that proper exhaust ventilstion
is provided for during the preparation procedure. After the enarel is prepared,
chock it for viscosity. The vigcosity measursd by wmodel B3-1 vigcosimoter should bes
equal to 2 - 7 gec, while that shown by model B34 viscosimelor is within 10 to
30 sec.

The silicone enamel 1s intonded for use during a perfod of 5 duys.

3. TECHROLOGICAL TEST

Tochunelogical test is carried out in case all ths enamsl coaponents, or one of
‘“them (varnishes ¢I-9 and K-1, aluainiua powder, slccative) have beon substitutoed for,
The tent 48 performed as follows.
Apply & thin uniforu layer of tho tested ennmal to an aluminium plate by means
of & brush, After the layer gets dry so that it msy coue off (in & ~ 10 ainutes),
coat it with arother layer of enamecl.
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STORAGE

When this layexr gots aleo dry so that it uay cone off (in 5 - 15 miputes),
cover it with treacing paper and smooth the papex thoroughly to the plate. The wet
epots left on the tracing paper phould not occupy more than 50 = 60% of the entire
surface,

The silicons enamel 18 considered fit for uge if the technological tast results
are satlsfactory.

4. STORAGR

The prepzrod enamel is to be stored in a Jar with o lspped-in plug, or in a
special can, The packing must be provided with the Manufacturer's Certificate.

Before using the enanmel, stir it up thoroughly in the cen and then pour it into
a sorvice can provided with a tightly sealed cover.

Use a brush or a sprayer to apply the onamoel to the working surface.
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