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I. GENERAL DATA AND SPECIFICATIONS

Chapter I
GENERAL

The PA-9F engine (Pigs 1,2,and 3) 15 a modern turbo-
Jet power plant designed for installation on fighters.

The epgine design employs a high-pressure vine-etage
axial-flow compressor, ten flow type combuation chambers, a
two-stage gas-turbine, aud an afterburner with adjustable
Jet nozgle.

Experisuce gained in the development of the early modi-
fications as well as sound comstruction priaciples used in de~
signing engine parts and units permitted the designers to
choose the most rational forms of individual parts and te
create an engine with low specific weight and high thrust,

The compressor rotor (Fig.4) covsists of aine rigidly
connected discs fitted with blades having asrodymasi: pre-
file. The discs and blades of the 2nd, Jrd, 4th, and 5tk ro-
tor stages are manufactured from an aluminium alloy, while
the discs and blades of the lst, 6th, 7th, 8th, and 9th sta-
£es are made of steel. The discs of the lst and 9th stages
are furnished with trunnions acting as compressor rotor
bearings. The rear trumnion of the rotor incorporates a .
toupling which connects the compressor roter to the turbine
rotor an rrevents the latter from axial mevement,

The compressor rotor rides in two bearings. The frovt
roller bearing takes up radial stresses, vheress the rear
raiial-thrust ball bearing takes up the axial lead ‘squal te
the dirfereuce betweeu the arial forcea which srigisate dure
ing compressor and turbdine operation, The beariogs are force~
ludricated. 5

Placed detween the rotor stages are rows of stater vanes
which serve to direct the air, mmmmﬁm )
of the rotor blades, to the required angle of attack
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I. GENERAL DATA AND SPRCIFICATIONS

Chapter 1

GENERAL

The PI-95 engine (Figs 1,2,and 3) 1s a modern turbo-
jet power plant designed for installation on fighters.

The engine design employe a high-pressure nine-stage
axial~flow compressor, ten flow type combustion chambers, a
two-stage gas—-turbine, and an afterburner with adjustable
Jet nozgle,

Experience gained in the development of the early modi-
fications as well as sound construction principles used in de-
signing engine parts and units permitted the designers to
choose the most rational forms of individual parts and to
create an engine with low specific weight and high thrust,

The compressor rotor (Fig.4) consists of nine rigidly
Goonected discs fitted with blades having aerodynanié pro-
file. The discs and blades of the 2od, 3rd, 4th, and 5th ro-
tor stages are manufactured from ar aluminium alloy, while
the discs and blades of the 1st, 6th, 7th, 8th, and 9th sta-
ges are made of steel., The discs of the lst and 9th atages
are furnished with trunnions acting as comprassor rotor
bearings. The rear trunoion of tha rotor incorporates a )
¢oupling which connects the compressor rotor to the turbine
rotor and prevents the latter frem axial movezznt,

The compressor rotor rides in two boarinzs., The froot
roller bearing takes tp radial strosses’, whoroas ths rear
radial-thrust ball bearing takes up the axianl load equal to
the difference betweon the axial forces wiich originate dur=-
ing compressor apd turbdine operation. The bsarings are force-
ludricated,

Placed between the rotor 8tazas are rows of stater vonss
®hich serve to direct the air, throva off the trailinz c¢’:-9
of the rotor blades, to the requirecd azgle of attesk end also

A e e o
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to convert part of the velocity head inp pressure.

The stator vanes are secured in a 2-piece thin-walled
compressor housing,

The air-flow section of the compressor 1s ac annular duct

es fer the required change of axial velocity of air passing
threaph the compregsor,

#igh rotational speed, considerable angle of turm of air
pasilng through the blades as well as high standards of finish
of the parts located ip the air-gas path and minimum clearan-
©e¢5 betweern the ends of the blades - a.
Tor a considerable increase of air
with a relatively high efficiency.
To ensure stable operativm of the engine at intermediate
“itles, u provision is made in the compressor design for re-
leasivg the air, compressed in the first 5 stages, to the at-
“dsplere, When the air is blown off after the 5th stage, the
ST @335 drawn into the first stages of the compressor is con-

tierably incre-ssd, and the possibility of surge is eliminat-—
ed,

pressure in the compressor

Alr i3 blown off automatically by a special device,

~Pi opening and closing of the ports serving for air
e a4t predetermined engine speed,

et cylindrical axial-flow ty:

Arratved par

cont-
re=

Pe combustion chambers are

allel to the engine axls between the compressor

tirbine, in the ¢ircular area formed by
® beAring nousing shazld,

the rear hous-

57 the comdustioz chambers of the PR-95

at thermal stresases, provides for pro=
“e9s and small dlameter of the engine.
Shasbern incorporate four flame igniters

ST,

< o turbline with high degres of gas
thermal &

= drop at nigh efficiency,
Msints of 8 shafe,

.

two discs coupled
sohd-carrying Ting, and a wumber
BetL turbipe 3tages are zanufactured

“rovlatdsg, Thne o

e eatmparn

#ith a parrowing flow-path area towards the exit, which provid.

these features provide

b

—5 e .

The turbine rotor rests upon the rear force~lubricated
roller bearing, and upon the coupling guarding the turbine
agalnst axial displacement.

In front of each turbine stage 1s installed amosele as—
senbly directing gas flow agaivst the turoine blades.

The nozzle assembly of the first stage is composed of
36 hollow cast vanes fastened to the outer and dipner caaings
ol tue poszle assembly. The vanes are fastened in such a man=
per as to provide for both the longitudinal and transverse
play.

The vanes of the nozele assembly, installed im fromt of
the turbine second stage, are bolted to the compressor hous-
ing,.

High degree of air compression, high efficiency of the
compressor and turbine operation and proper fusl combustion
in the combustion chambers ensure a relatively low specific
fuel consumption. .

The afterburner serves to augment the sngine thrust for
a short period of time by burning an additional asmount of
fuel, injected into the afterburver through 17 fuel noszles.
Resulting increase in the velocity of gas flow causes the en~
gine thrust to increase by 25 per cent.

The adjustable jet noesle of the afterburner provides
for engine operation at various duties and improves its per-~
formance at the rated and cruising apeeds.

Adjustment of the exhaust area of the jet nossle is ac~
complished by changing the position of the swivel shutters.
The shutters are controlled automatically by msans of four
hydraulic cylinders and a taper ring convected to the cyliin-
der pistons and sliding on the extersal surface of the shut=
ters, S

For actuating the sugive accesseries and strcraft equips
aent provision is mads for a drive gear bex whees drives :
rotated by the compressor rotor shaft thromgh the sedium of 4
gear train, e ’

The PX-95 engine iucerporates the fellewiang
& starting fuel system serving to deliver starts
11oe) during eugine starting; mais fwel sys
Supply main Lusl wheu the engine rens at varisws
cottained system of lubrication and cosling of
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to convert part of the velocity head inlp pressure,

The stator vanes are secured iv a 2-piece thin-walled
conpressor housing.

The air-flow section of the compressor is an annular duct
with a parrowing flow-path area towards the exit, which provid-
es for the required change of axial velocity of air passing
through the compressor.

" High rotational speed, cousiderable angle of turn of air
passing through the blades as well as high standards of fipish
of the parts located in the air~gas path and minimum clearan-
ces between the ends of the blades -~ all these features provide
for a considerable increase of air pressure in the compressor
with a relatively high efficiency.

To ensure stable operatiunm of the engine at intermediate
dutles, a provision is made in the compressor design for re-
leasing the air, compressed in the first 5 stages, to the at-
mosphere. When the air is blowm off after the 5th stage, the
air mass drawo into the first stages of the compressor is con-
3iderably incre~sed, and the possibility of surge 1s eliminate~
ed,

Alr is blown off automatically by a special device, cont-
rolling opening and closing of the ports serving for air re~
lease at predetermineq engine speed,

Ten cylindrical axial-flow type combustion chambers are
arfanged parallel to the engine axis between the compressor
ani the turbine, in the ¢irculararea formed by the rear hous~
ing and the bearing housing shiald,

The design of the combustiop chambers of the PJ-9F

and ten duplex main burners,

The two-stage reacti.p turbine with bigh degree of gas
expansion ens.res great therpma) drop at high efficlenc

The turbdine Totor consists of g shaft v
to each other by means of :
02 blades, The blades of »
of Beut-resiytapt alloy,

two discs coupled
a load-carryiug ring, and a number

oth turbine stages are manufactured

SECR
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The turbine rotor rests upon the rear force-lubricated
roller bearing, and upon the coupling guarding the turbine
against axial displacement.

In front of each turbinme stage is installed anozzle as-
sembly directing gas flow against the turoine blades,

The nozzle assembly of the first stage is composed of
36 hollow cast vanes fastened to the outer and imner casings
ol tue nozzle assembly. The vanes are fastened in such a map-
ner as to provide for both the longitudinal and transverse
play.

The vanes of the nozzle assembly, -installed in front of
the turbine second stage, are bolted to the compressor hous-
ing.

High degree of air compression, high efficiency of the
compressor and turbipe operation and proper fuel combustion
in the combustion chambers ensure a relatively low specific
fuel consumption. .

The afterburner serves to augment the engine thrust for
a short period of time by burning an additional amount of
fuel, injected into the afterburner through 17 fuel nozzles,

Resulting increase in the velocity of gas flow causes the en-

gine thrust to increase by 25 per cent,

The adjustable jet nozzle of the afterburper provides
for engine operation at various duties and improves 1its per-
formance at the rated and cruising speeds,

Adjustment of the exhaust area of the Jot nozzle 18 ac~
complished by changing the position of the swivel shutters.
The shutters are controlled autopatically by means of four
hydraulic cylinders and a taper ring connected to the cylin-
der pistons and 8liding on the exterpal surface of the shut-
ters, "

For actuating the engine accessories and aircraft equip-

2ent provision is made for a drive gear box whose drives are

rotated by the compressor rotor shaft through the redium of a

gear train, .
The PX-9F engine incorporates the followlng syste=3:

a starting fuel system serving to deliver startie: fusl (ga3o-

line) during eogine starting; main fuel systez, designed to

8upply main fuel when the engine runs at various dutica; self-
tontained system of lubrication and coolins; of the ercine ro-

———
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tating parts and units; electric equipment and anti-icing de-
vice located inside the air intake duct and providing for nor~
mal operation of the engine under any atmospheric conditions,

todern automation, interlocking and warning systems are
widely used in the engine design and facilitate engine ope-
ration,

Engine startinz is accomplished automatically by pushing
the starter button, as a result of which the automatic devices
will control the delivery and ignition of the starting fuel as
well as spinning of the engine turbo-compressor.

The main fuel system automatically controls the amount
of fuel delivered during starting or engine operation at any
of the stable and intermediate duties. Besides, the fuel sys-
tem automatically maintains constant r.p.m., at any given
throttle setting irrespective of alrcraft speed or altitude.
Due to this, engine control is accomplished by means of one
control lever,

The engine electric ecuipment serves for energizing the
starting system upits, aircraft radio and navigation equipment,
autonatic devices, ioterlocking system, measuring instruments,
and warning devices,

Principle of Evigine Operation

‘"he air drawn in by the compressor along the intake duct
is conpressed and directed to the combustion chambers in a con~-
tinuous strean, :

Some of the air delivered into the combustion chambers is
conaumeq 1o the fuel combustion Procass, while the remaining
portion ¢ools the combustion chambers and 1s mixed with the

combustion products to decrease their temperature to the re=
Quired value, :

The mixturs of the fuel combu
Pos3essing high potential encrgy,
a3sendly of the first stage, whenc
the blades of the turdine first st

of the second stage,

stion products with the air,
18 delivered to the nozzle

e it 1s directed against

age and furthsr to the blades

to the atnosphere at high Velocity,

| T

i Part of the gas potential emergy is converted by the
turbine to mechanical work used for driving the compressor
and accessory units, while the Tremaining portion o
potential energy is converted to kinetic energy,

. The amount of thrust developed by the engive 1s determin-
fed by the excess of the gas velocity over the speed of the
aircraft and by the amount of gases ejected per second,

v When the engine is running at augmanted rating achiewved
by burning avn additional amount of fuel, the gas flow is acce~
ilerated and the engine thrust is increased,

f the gas

i

Attt Mg i 1 e sttt e <!

o - M T e
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Chapter II
ENGINE SPECIFICATIONS

1, General Data

1, Desiguation o 4 4 4 4 4 6 0 0 6 . . «PI-95

2. Bogloe type o . . . . . . 4 . . . . turbo-jet engine
with afterburner

3. Compressor + + « + v v ¢ 4 s . o . o axial-flow nine-
stage with automa-
tic control of
air blow-off behind
5th stage

4. Combustion chambers . , . , , ., , . .axial-flow, indi-
vidual, arranged in

common housing
(a) pumder . ., ... .. P )

() arrangement , , . . . ..

+ « .along circumference
(¢) combustion chamber

vumbering . . ., , , , , . e + o Jbeginning with up-
per left~hand cham-
ber counter-olockwi-~
se (as viewed from
adjustable jet
nozzle end)

axial, two-stage
adjustable (three
positions)

3¢ Turbive . , , , * e e 4 0 0.
6. Jet nozrle , . L )

Diameter of jet vozzle exhaust area:
(a) with afterbuzger turned oo,

at starting, ang at lov throttle

e o ‘ - o - . e ————— e
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* Phalganoten
up to 4500 - 6500 r.p.m. . . , , 498 108 of shutters
~3 om
(v) at maximum duty . . . . . . .442%7 pg
(c) at other operating
duties o « o o o o . ., . . 46587 mn
7. Sense of rotation of engine
TOLOT o ¢ ¢ ¢ ¢ o o o o & &« 4 o JCOunter-clockwise (as
vievwed from adjustable
Jet nozzle end)
8, Overall dimensions of engine:
(a) length of engine with
afterburber . . . . . . . . 5555 mm
(b) engine diameter (com~
bustion chamber sec~
tion) ... . . . . .. .. . 665 m
(¢) afterburmer diameter . . . .636 mm
(d) maximum height of
engline complete with .
accessories « ¢« o « o . o o 938 mm
9. Dry weight of engine with fuel
and 01l system unit . .
10, Guaranteed period of enginme
operation up to first over-
haul ¢ ¢ ¢ . ¢ ¢ ¢ 4 ¢ o o o o o 100 hours

. .695 k8+2 per cent

o e o

2, Main Operating Conditions

11, Augmented conmdition:
(a) engine rotor speed . . . . .13150%50 r.p.o.
(v) temperature of gases

aft of turbinel:

on ground
at ambient air temperature
below +15°%
at ambient air temperature
amounting to or higher than

wot over 650°C

1 o)
In case gas temperature cannmot be adjusted to witdio
the indicated limits at altitudes of 10,000 matres to tho
Practical ceiling, the temperature of gases aft of tbo tur-
bine may reach 700°C,

Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0 o _ .



12,

13,

14,

15,

16.

—_— 10 ——
680°¢
15%C o o o ¢ o o s o o s o o o o DOt OVET

during flight
maximum temperature of o
gases aft of turbine « « « o o o Within 620 - 680°C
(c) period of continuous
operation:
at altitudes of up to
6000 Ms o ¢ o o o o o o « « o o DOt Over 6 min,
at 6000 m, or higher . . ... . .not over 10 min,
when climbing « ¢« » ¢ ¢ « « + o DOt Over 5 min,
Maximum duty:
(a) engine rotor speed + + o » o« o +13150%50 r,p.m,
(v) temperature of gases
aft of turbine:
onground + . . . . . . . & o o DOt OVer 650°C
during flight . » + + . . . . . mot over 680°C
(c) period of continuous ope-
ration:
at altitudes up to 6000 m . . . not over 6 min,
at 6000 m, or higher . . . ., . .not over 10 min,
Rated duty:
(a) engine rotor speed .« . . . . . . 11,150%50 TeDem,
(b) temperature of gases aft
of turbine . . . ., .. ... .not over 550°¢
(c) period of continuous
operation . . . . . .., ., ., . unlimited
Duty at 0.8 of rated thrust:
(2) engine rotor speed . . . . . « +10,400%50 7,p.m.
(b) period of contimuous ope-

ration . . . .., , ., ., . e o ounlimited
Low throttle duty:
(a) engine rotor speed . . ., , , , 4100%200 TePols
(v) temperature of gases aft
of turbine ., , ., . ¢ e o W
(c) pertod of continuous ope-
ration.. , , , , ., o o o o
Engine acceleration ability:
(a) acceleration period:
from low throttle duty to

« « .not over 650°C

* « .00t over 10 min,

Declassified in Part - Sanitized Cépy Approved for Release 2011/
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rated duty « . . .
from low throttle duty to ma-

ximum duty .

® * 0 0 0 0 0 o

from low throttle duty to augment-

ed duty + « o «

® 0 & o o 0 0 0 0 0 o

}

5 from beginning of automatic

i C

! regulation to rated duty . . . , . .

(b) permissible temperature of
gases aft of turbine during
acceleration check . e e e e e e 0
(¢) permissible momentary (3 -5 sec.)

surge of speed during acce-
leration check « o o o o » o & . e

(d) permissidle momentary (3 - 5 sec,)

surge of speed when afterburner

i is turned on and off . .

¢ ¢ o o o o

(c) time period during which engine

Hote:

é 17. Fuel grade:

T—————

18, Fuel booster pump :
(a) designation . . . . . o o e o 0 e . JLH-9
®) type . ... © e o e s s s e e e oo centrifugal,

speed changes from maximum to aug-
mented duty. . . .. ..., .... .

3. Fuel System

(2) main fuel used for engine ope-
ration at 211 duties « ¢« o o 4 o o « o fuel T-1 or

Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 - CIA-RDP80T00246A062100010001-9 ———— —

e 9 =12 sec,
¢ 9 - 13 sec.

.not over
15 sec.

¢ 9 =12 sec,

not over 750°¢

« not over
11,600 r.p.m,

« not over
11,600 r.p.m.

« not over
6 sec.

¥hen checking engine acceleration ability or reduc—
ing speed, the engine control lever should be shift-
ed within 1.5 to 2 sec,

. TCc-1
(b) starting 2 D+
ng fuel . . . . R 1 ga-

soline

with constant-
pra3ssure valve

11/17 - CIA-RDP780T00246A0621 00010001-0
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19, Main fuel pump-regulator:

20.

21,

22,

2.

24,

.t b e e

25,

N\

e

(a) designation « 4+ « o o ¢ ¢ ¢ o ¢ o o o HP-10A

(B) tyP8 ¢ o ¢ ¢ = ¢ o s o s o o ¢+ o o oplunger, with
auntomatic de-
vices ensur-
ing metering
of fuel under
all operating

. conditions
(c) beginning of automatic re-~
gulation of engine speed

Afterburner fuel pump-regulator:

(a) designation o o o o 4 o b 0 . ... . HP-114

) type v v v v v s e s e s e .plusger, with
automatic de-
vices ensuring
fuel metering
depending on
conditions of
eircraft flight
with engine ope-
rating at aug-
mented duty

8200100 r,p.m,

Fuel pressure before fuel
pumps HP-10A and EP-114, , , , , ¢ o o o 41,6-2,6 kg/sq.cm,
for short periods . Ct e e a. o upto

2.8 kg/sq.cm,
Yain burner:

@ type ., ..., o .. ° * s+ . .centrifugal,

duplex

(v) numder , , , c e e e, “ e o4 10

Afterburner fuel nozzle:

a) type . , . ., © e e e
(®) ouader , , , e e s e
Fuel Pressure before main

¢ o o

* ¢ ¢ o sCentrifugal
e e 00 W17

burvers , , , R B « not over

80 s
Puel Pressure before afterburner Keen

fuel noreles , “ e ., t
©t s e e, o0t over

90 kg/sq,cm,
R

|

26,

27.

28,
29.

Note:

: = . M“-—ﬁm: ; Py . _O S o
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4. 0il System

TYP o ¢ ¢ « o e ¢ ¢ s o 0 o 0 o4 closed ¢ircuit, self-
sustained, pressure
lubrication

Oil grade o ¢ v 4 o o v 0 ., ., +MK-8 or transformer
oil

01l consumption . . . ., ., ., .pot over 0.5 kg/hr

Pressure of oil ip oil mains:

(a) at low throttle . .., .. , «not less than
1 kg/sq.cm.

(b) at maximum TePeMe o o o o o & o4 = 4,5 kg/sq.cm,

Indicated data apply to test-stand conditions,

When operating the aircraft, the indications of oil
pressure warning mechanism 2C[y5-1.3-3 should be
taken into consideration (See Para,32),

30. Temperatura of oil at engine inlet

a1,

— V"’h\""‘———-_..~,‘_____‘ S — —
“MW"‘-W" . _o
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uoder all operating conditions:

(2) minimum permissivie . . . o o +=40°C

(v) maximum permissible . , . . . 485%

011 pumps:

(2) pressure o1l pump:
type.............gear,single-stage
Dumber . . . . .0 0., .. .1

output under rated operat-

ing conditions, with coun=-

ter-pressure amounting to

3 = 4 kg/sq.cm. and oil

temperature 60 ~ 65°% , , . . .25 11t /nin,
8cavenge oil pump:

trpe . . ... ... ..., gear, thres—socticn
BUBDET & o o 4 4 4 o s 0 0o o o1

output under rated operat~

ing conditions, with coun-

ter-pressure anountiog to

1.0 kg/5q.cn. and o1l ten-

perature 70 - 75%:

8ection scavenging o1l froa

compressor front housing . . . 50 11t /rcdn.




1
]
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section scavenging oil from
middle SUDPPOTL « o o ¢ ¢ o ¢ ¢ o o o o
section scavenging oil from
rear Support + . . ¢ o s o o o ¢ o o o
32, Two-stage oil pressure waruing
- mechanism:
designation « 4 + 4 ¢ ¢ o ¢ 0 0 0 o o @

TIPO ¢ e 0 ¢ o 6o ¢ 6 o 6 0 0 s b s 0 0.

22 1it/ min,

22 11t/ min,

2CHy5-1.3-3
membrane type

PUrPOS@ o & o & o o ¢ o + o o o s o o o oClosespilot

33. Fuel-oil unit, comprising oil
tank, fuel-0il cooler and low=
pressuce fuel filter , , . ¢ e 6 e 0
(a) amount of 011 1p o141
tank:
maximum . , ., , , . L

i minimum amount at which

eogine operation is per-
missible , . , , © e e 6 44,

5. Starting s Stem
J‘ameo-aoo‘lootloo
“ e e 0.
35. Starting fuey Pump (instalyeq
on aircraft):
(a) designation “ e e 0.
e e e.,

lamp circuit

when 01l pres-
sure in oil
mains drops
below -
1.3+°‘3kg/sq.cm.
with air blow-
off ports open,
or below

3_0.2 kg/sq.cm,
with air blowe
off ports clos-
ed.

unit 317 A
7.5%0514¢,

5 1it.

electric, auto-
matic

THP-10-94

Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0
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i
¢ (P type ¢« v ¢ o o 0 0 0.,
i (c) number . « ¢ o o 4 . . .
(d) pressure of starting
} fuel o o ¢ ¢« ¢ ¢ o o o &
(e) pump output on ground
with counter-pressure
2 kg/sq.cm., voltage
across motor terminals

e + o o.gear, with electric
motor MY-I02A
e « « o1 for two engines

° s o ¢1ls0 - 1,75 kg/sq.cm,

i 24 V, current 5 A, ., . . . . . 40 1it /hr

:36, Starting atomizer
() t¥Pe ¢ ¢ ¢ e o o 0 o o .

U () mumber . . . . ... ..

'37. Generator-starter:

(¢) power developed at
starting , . .. .. ..

(4) power (when functioning
as generator), . ., . , .

(e) period of operation at
starting . . . . .. ..

(£) permissibie number of
Successive switchings at
starting . . . .. .. .

38. Starting panel (installed
oD aircraft) . . . . . . . .

e

(a) designation . . , . ., . .
(®) purpose « . . . v .4 ... .. at engine starting

e o o ocentrifugal
e e o o4

+ « - ICP-CT-GOOOA

1s used as starter;
during engine opera-
tion functions as -
D.C. generator

e o ¢ ¢3¢5 h,p, (with vol=~
tage 21,0 V and cur=~
rent 200 4)

e o » 46000 W (with vol-
tage 30 V)

e . . .44,5%0,5 sec.
(31.5%0,5 sec., if
voltage of 24 - 48 V
is used)

e o o« o5, followed by
30 min. cooling pe-
riod

. « o oJKC-6000E ( ILiC-
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60001 , 4f 24 = 48 v
system is used)
39. Starter timing device
(installed on aircraft). . . . . ABI-IRE (4B54, 1f
24 - 48 V systenm is
used)
40, Number of engine start-
ings without boost charg~
ing storage batteries:
1f 24 - 48 V system is
employed - from two sto-.
rage batteries 12 CAM~12;
with 24 V system - from
ope storage battery 12CAM-28. , .not less than 3
41, Starting fuel consumption
per ove starting , ., , , . « « Dot over 0,5 kg
42. Permissible temperature
of gases aft of turbine
at starting , ., , , ° ¢+ <. .not over 850°%
43, Time of engine acceleration
to low throttie Speed at
starting , . , , , © ¢« .. ot over 80 sec.
(60 SeC., if 24 =
48 V system is
employed)

6. Ignition Electric Equi nent and Control 3 stems

44, Type of ignition (engine
and afterburner)
43, Booster coil:
(a) tor engine:
trpe . .., , e .., KI-21514
Buzber , , , , | © e e 4,1
() tor afterburner;

S e e e 04, , spark, vibrating

46

f
;

¢ v o4 Cl-%
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47. Afterburner spark plug:
(@ type « o« v o v v u ... e e v oo CNI-C2
; (0) pumber » . . ..., L, .., .1
48, Generator control
equipment (installed on airgraft):
(a) carbon-pile voltage regu—
lator « « o o 4 v 4, . . © o o o 4 P=254
(b) aifferential-minimum relay , . ., ,MP-400
(¢) stabilizing transformer , . e e T-1r
(@) vallast resistor . . , . ., .« . . .5C-6000
Afterburner autonmatic control
box (installed on aircraft) , , , . o o HASS2 (AG-2A
for 24 - g2 v
syster:)

S
-3
.

Attt e o+ 1o,

50, Compressor blow-off band
control mechanism
(@ type o o 0 o ... ... e« + « . Jhydraulic, pi:-
! ton type with
centrifuszal and
anrenetic vealves

(b) pressure of. fuel in blow-
off band control systen . . . , . . not aver
85 kg/sq.cn.
(¢) centrifugal valve © e e e s 4 4 4, controls bdund
dependin, on

i A ot

encine r,0.-,

(4) engine speed at whici band

i opens air blow-off ports , , . , . .9700_100 Tedo™s
151s Adjustable Jet nowzle shutters

{ ¢ontrol mechanisn:

(b) number of actiating

eylinders , , , , . . ¢ e e e 0 e o 4
(¢) kydraulic fiud? o o 0 0 0 0 . . . . AIT-10 o8}
(d) pressure oz hysraulic fluid

ot e e

(e) temperature of hydraulic
T o . L L .. e .. 0 to +50%C

o e e o .
| MVV" o \Th;“ﬁ“‘*i 0001_0 e It
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52, Shutter control mechanism swit-

ches (installed on aircraft):

(2) designation « o« o o o o o o o « o I'A-21
(v) tyPe « « o ¢ ¢ o ¢ ¢ ¢ s .+ o o solenold operated

] slide valve
(c)rumber « ¢ o o v s o o o « s + » «2 (per 1 engine)

53. Control panel:

(a) designation o o o « o o o o o . o I¥=3
(b) purpose + ¢« ¢ v 4 s 4 4 o o . . (1) switches on and

off maximum and
augmented duties;

(2) shifts shutters
to augmented or
rated position
at engine speed
of 4500 -
6500 r.p.m.,
when eagine
control lever
1s moved to
*stop* (Cron )
or "Rated"(Ho -
uRHAa1 ) posi-
tions respecti-
vely; )

(3)switches stages
of oil pressure
warning mecha=~
nism 2CJY-51,3-3;

(4) makes possivle
¢o0ld operation
of sogine,with
control lever
set in ®Stop”
(Cron )posi-
tion;

(5) switches elcct-
Tic system ser-
ving for cor-

——

e

——
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rosion~preventive
treatment of engine

54, Warning and inferlocking

devices:

minimum fuel pressure

warning mechanism(in

afterburner manifold) . ., ., . . ,CA-3

purposée + ¢ « o o o ¢ « o o o o automatically switches

off augmented or maxi~

mum duty when fuel

pPressure in aircraft

fuel booster system

drops below

. 0.3 kg/sq.cm,

minimum fuel pressure

warning mechanism (in

afterburner manifold). , ., . . , ICI-2, membrane type

PUTYPOSE & 4 ¢ o o « o o 6 6 o o .(a) Prevents opening

- of jet pozzle

shutters when af-
terburner is turn-
ed on in case ex~
cess fuel pressure
in afterburner ma-
pifold exceeds to~
tal pressure of
gases 1ip afterbur-
ner by less than
0.2 kg/sq.cm.}

(v) prevents jet noz-
zle shutters from
being closed when
afterburner is
turned off in ca-
8se excdss fuel
pressure in after—
burner exceeds to-
tal pressure of
gases in after-

Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0
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burner by more than
0.2 kg/sq.cm.

hydraulic switch control=-

ling fuel delivery by pump

HP~11A (installed on alr-—

CYaft) o o o o o 0 s o o ¢ o o o o o o Y3471

PUIPOSE ¢ o o ¢ o o o o o ¢ o ¢ « « o automatically turns
off afterburner when
there is no hydraulic
pressure 1n interme-~
diate chambers of
c¢ylinders controlling
adJustable jet nozzle
shutters

limit switch of HP~104

pump hydraulic decelerator , . , ., o oprevents switching on
of maximum duty or of
afterburner when engi~
ne speed 1s below
10,400%200 ToeDolle,y
with engine control
lever smoothly shift-
ed to respective po-

sition
1imit switch » I controlling

¢ompressor blow-off bangd c e e o, o(a) prevents shutters

of jet nozzle
from being open
to augmented po-~
sition at altitu~
des where engine
speed at low
throttle exceeds
engine speed at
which air blow-off
band is open when
throttling engine;
(b) makes 1t impos~
8ible to switch

Declassified in Part - Sanitized Copy Approved for Release 2011/
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on afterburner or ma-
ximum duty, if engine
- speed is lower thun
that at which vang is
closed at acceleration

7. Aircraft Aécessorz Units

Hydraulic pump (installed

by Maoufacturer on acces—

sory drive gearbox):

(a) designation and type. . ., .623 (gear type) or
435BM (variable dig-

H Placement, plunger

' type)

| (b) pumver . , , ., ., . PR |

- 55

i 8. Measuring Instruments

. 56. Tachometer (installed by

; Manufacturer):

(@itype . o o oL oL ... « 2T3-15 with generator

ar-3

(®) number . . ., ., e ¢ o« o .1l set (per 1 engine)

Thermometer for measuring

temperature of 3ases aft of

turbine (installea by Manu-

facturer):

(@type . . ... ... ... « TBr-11

(®) numver of thermo~couples . . . 4, connmected 1in se-
’ ries

A
N
.

I

M—_ - - e ot i e e o e+
11/17 : CIA-RDP80T00246A062100010001-0




.
-4

II, ENGINE CONSTRUCTION

Chapter I

COMPRESSOR

The compressor of the PJ-9F engine is an improved modi-
fication of the early production models, The compressor is an
axial-flow, nine-stage type, providing for high rate of air
compression, The compressor is designed fqr compressing the
air flowing into the combustion chambers. The first stage of
the compressor is a supersonic one, for air velocity relative
to the impeller blades reaches the value, higher than the speed
of sound-,

No provision has been made for air swirling at the ent-
rance to the compressor, )

The compressor rotor i
trunoions, The external sur
blades fastened 1n dovetail
Blons are fitteq with a roll,

8 comprised of nine discs and two
face of each disc carries a set of
grooves, The front ang rear trun~

let, middle and rear housings
taneously as 2 housing fop th
hous:l.ng accommodates eight gu

« The rear housing serves simul~
€ combustion chambers, The middle
1de vane assegblies, the ninth
nted in the rear housing, The sta-

e 2 portion of the velocity head to pres-
—_———
1 The subseqy, t
(though periphgr:x]). sstages of the compressor are not supersonic
neh per hnpeﬁed increases to gome extent on the middle
temporarusy B ot flosfnzliges o This 15 Que to the fact that
s::;:?sed a3 conpar i Tt gt Tough thege stages 13 consideradbly

emperature of air at the first

- . ‘ . : 10001-0
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The external surface of the rotor drum and the internal -
gurface of the middle housing along with the gulde vanes form
an anpular air-flow path progressively decreasing towards the
high-pressure exlit. Reduction of the air-flow area is accomp~
lished by increasing the diameter of the rotor drum, the diame~
ter of the middle housing inner surface being uniform (except
fnr the first stage, whose diameter exceeds the diameter of
fhe following stages by 10 mm), Reduction of the compressor
air-flow area i1s required to obtain changing of axial velocity
6{ air at increased demsity.

Use of special profile rotor blades and guide vanes, tho-
vough surface finish, reduced radial clearances between the

- rotor blades and the middle housing, as well as the use of‘

labyrinth sealings between the stages - all these features
Jrovide for high degree of pressure increase (&= 7.14), high
sfficiency ( 1= 0.835 at air consumption G = 43.3 kg/sec) and
ielatively small dimensions of the compressor.,

To provide for stable and surge-free operation of the
éngine at speeds lower than the rated, the compressor 1s equip=-
jed with a special automatic device controlling air blow-off
after the fifth stage, Discharge of air (at a speed of up to
3700_100 Tr.p.m,) increases air consumption across the first
wo stages, which leads to increase in axial velocity of air
flow across these stages and prevents slippage of air stream
from the blades of the above stages operating at large M num-
ers, Discharge of air also decreases the volume of air pas=
3ing through the last stages, thereby preventing them from
wcting as a turbine when compression ratio is low at speeds
Jelow the rated.

NOSE BULLET

To reduce hydraulic losses at air inlet to the compressor,
PTOvision has been made for the use of a specilal nose bullet
Fig.5) consisting of fairing A and support B (Fig.6).

The fairing which covers the central drive of the inlet

housing, forms,together with the stawped struts of the support and

°ast struts of the inlet housing, streamlined surfaces in the
31r-flow path or the way to the rotor blades of the compressor

inrst stage. Besides, the pose bullet acts as an anti-icing de-
¥ice,

—————

: T 010001-0
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II, ENGINE CONSTRUCTION

Chapter I

COMPRESS OR

The compressor of the PI-98 engine is an improved modi-
fication of the early production models, The compressor 1s ap
axial-flow, nine-stage type, Providing for high rate of aif
compression, The compressor is designed fqr compressing the
air flowing into the combustion chambers. The first stage of
the compressor is & supersonic ome, for alr velocity relative

to the impeller blades reaches the value, higher than the speed
of soundl.

rance to the ¢ompressor,
The ¢ompressor ro
trunninnsg, The externa

¢omdbustion Chambers. The middle
t guide vane assegblies, the ninth

rt a
sure, Portion of tpe Velocity head to pres-
\
1 The sup
Sequent
(thou Periphera] Poages of the compressor ape not supersonic

+ This 15 que ¢
irer flowing thro 0 the fact that
A e B o

. St o . : : 00010001-0
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The external surface of the rotor drum and the internai
surface of the middle housing along with the gulde vanes forp
an anpular air-flow path Progressively decreasing towards the
high-pressure exit. Reduction of the air-flow area 1s accomp-
lished by increasing the diameter of the rotor drum, the diame-
ter of the middle housing inner surface being uniform (exoept
for the first stage, whose diameter exceeds the diameter of
the following stages by 10 mm), Reduction of the compressor
air-flow area is required to obtain changing of axial velocity
of air at increased density,

Use of special profile rotor blades ang guide vanes, tho-
rough surface finish, reduced radial clearances between the

- rotor blades and the middle housing, as well as the use of

labyrinth sealings between the stages - g11 these features
drovide for high degree of pressure increase (&= 7,14), high
afficiency ( 71= 0.835 at air consumption @ = 43,3 kg/sec) and
relatively small dimensions of the compressor.

To provide for stable and surge~free operation of the

. engine at speeds lower Shanp the rated, the compressor is equip-

ned with a special automatic device controlling air blow-off
1fter the fifth stage. Discharge of air (at a speed of up to
7700_100 r.p.m.) increases air cobsumption across the first
tvio stages, which leads to increase in axial velocity of air
flow across these stages and prevents slippage of air stream
from the blades of the above stages operating at large M num-
ders, Discharge of air alsn decreases the volume of air pas-
31ng through the last stages, thereby preventing them from
cting as a turbine vhen compression ratio is low at speeds
below the rated,

NOSE BULLET

¢ To reduce hydraulic losses at air inlet to the compressor,
’rOV1sion has been made for the use of a special nosse bullet
Fig.5) consisting of fairing A and support b (Fig.6).

The fairing which covers the central drive of the 1plet

h°usin8, forms,together with the stacped struts of the support and

tast struts of the inlet housing, streamlined surfaces in.the
31r-flow path og the way to the rotor blades of the compressor

firat stage. Besides, the nose bullet acts as an anti-iging de-
vice,

e
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The support is manufactured of sheet aluminium alloy ang
comprises cylinder 10 with four stamped struts 9 point-weldeq
to the cylinder in four diametrically opposite directions,
The stamped struts are double-walled, Individual components
of the stamped struts are comnected to each other by means of
polont~ or continuous welding,

The upper strut of the support accommodates a pipe, threag.
ed at the end, serving to supply air to the barostatic gover~
nor of the HP-114 pump. The lower strut houses a pipe for de=~
livery of hot air from behind the ninth stage of the compres-
sor to the inner cavities of the fairing and struts with the
purpose of heating the walls of the nose bullet, The support
cylinder houses flange 11 fastened by rivets and provided
with eight holes,

The fairing is a double-walled ellipsoidal structure,
mapufactured from sheet aluminium, The fairing consists of
outer wall 6 and inner wall 5 connected to each other through
cylinder 7 by point-welding; besides, the inner wall is joint-
ed at its base to the ¢ylinder by continuous welding,

The front portion of the fairing outer wall mounts fair-
ing tip 4 held in Place by eight rivets, The tip is provided
with radial grooves, machined oo the inside, and a central
hole accomodating the head of screw 3, The inber wall of the
fairing has an annular groove at its base, which, along with
¢ylinder 7, forms a manifold for the air delivered to the nose
bullet for beating its walls, The front portion of the ioper
wall is flanged ioward ang Separated by partitionm 2 secured by
means of point-welding. :

For delivery of hot air to the annular manifold and for
by-passing 1t into the support struts, the fairing cylinder
1s provided with four holes. Hot aty i3 delivered into the
falring interwall space through pipe 1 one end of which is
inner wall annular groove, while
the hole provided 1n the parti-

Some of ¢
d1al grooves ofhie:h:l;a::pphed via pipe 1 flows along the ra-

ing tip and into ty £
b;’%ﬁ:’”ﬁ{:s::ﬁg to ge thrown againgt the fairig;afgtg;cxagl

the fairing ang tae :lé‘gz%gtion Of hot air between the walls of
onte§ surface by the aiy es as well as heating of the fairing

8 fairi;
TiDg tip prevent the noge bullet fr

B S U N

om icing,
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Hot air delivered via the pipe passes through the flangeg
hole into the fairing interwall space from where it escapes
through a number of holes provided ip the middle sortion or the
inner wall,

The fairing is secured to the cover of the central drive
by means of screw 3, passing through the central holes in the
fairing tip and iv the partition. The outer diameter of the
cylindrical portion of the fairing base is centered in the sup=-
port cylinder,

The fairing is held in a definite position relative to the
support by a retaining 1ip, provided on the ¢ylindrical portion
of the fairing, and a respective recess in the support cylinder.

The support is fastened to the inlet housing by sixteen
studs passiug through the holes provided in the innper flange
of the support and through the holes in the flanges of the
stamped struts, The stamped struts of the support enclose oil
and breather Pipes, running along the front faces of the inlet
housing struts,

When the engine is tested on a stand, a special diffuser
is installed at the engine air intake., The diffuser is a com~
ponent part of the test stand equipment set,

INLET HOUSING

The inlet housing along with the nose bullet form the
entrance section of the engine air duct, i
The 1nlet housing (Figs 7, 8, 9) is cast of magnesium '
;8lloy M5 and consists of anp outer ring and an inner box,
¢oupled by means of four diametrically opposed hollow struts,
The external surface of the ring carries bosses at the top,
which have machined surfaces and are provided with threaded
recesses, The bosses serve for mounting and securing the ac-
‘essory drive gear box. The lower part of the ring is fitted
with a boss whose inner cavity serves as an oil pan,
g The inner box of the front Case accommodates the central
{drive unit with centrifugal breather and scavenge oil pump,
as well as the body of the compressor rotor front bearing
with talc Powdered surfaces for the collars of the rotating
labyrinth 8ealings mounted on the front trunuion of the comp~
ressor rotor, - a

————

» . . . . -
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The inmer cavities of the cast struts house vertical
shaft 3 (See Fig.9) transmitting rotary motion to the drives
oI the accessory gear box, as well as engine o1l and air Sys-
tem lines. The front’outer side of the vertical strut mounts
steel breather pipe 1 connecting the cavity of the centrify-
gal breather to the atmosphere through the central drive unit
ani the accessory drive gear box. The outer side of the lower
vertical strut mounts pipe 4 through which oil is drawn from
tue oll pan of the front case. The outer side of the lefte=hang
korizontal strut (as viewed from the air entrance end) accome
modates plpe 9 through which oil is drawn from the rear bear=~
ing of t.e engine, Pipe 7 running along the outer side of the
rigat~tund horizontzl strut serves for evacuating oil fronm
the zediun benring. The left-hand horizontal strut encloses
ripe 11 alons which 0il is directed to the oil tank via pipe 8
and the fuel-oll cooler, while the right-hand horizontal strut
houses a breather plpe, comnecting the compressor-turbine
3na't cavity to the centrifugal breather; besides, the right-
fard horizontal strut has a chanvel to which air is fed via

_ Pipe 10 used for Fuuging the labyrinth of the compressor

Iroat oearte, Pipe 2 runs along the drilled passage provided
L vartical strut; it serves for delivery of oil

in the
Lo the Centr.! irive unit and to the front bearing of the
€0 rv..or rotor,

For Slewnin: the ol dripping into the oil pan, the in-
FHT Sa¥ity o the lower strut at the central drive side is
vifrcd ¥tk guize 5. The rear 3ide of the o1l pan is furnishe?
LESEA f};e d4rlom 6 serving to connect the o1l return pipe 1ine,

‘it Tear flange of tue iplet housing 1s coupled to the
o ‘fcf‘tidi1° housiry by means of 24 bolts and nuts, The
SERRb lennge of the spl.t housing mounts 24 studs which serve

llet and the test stand diffuser,

L0 zeciry the Lose by

MWIDDLE HousIyg (Figs 10, 11)

The 211d1e

.
=0.540, com rsi
datipg eight 4

8tages or tx
this, tne =iddle hougyp -
the 1rlet ard rearqh

8€3 a hollow cylinder accommo-
¢ 3tator vane assezblies, Apart froa
3erves as agn ivtermediate 1ink bet-
ousings of tre Coapressor,

Ween

.

AN - P —
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The middle housing is a split structure consisting of
front anpular section A and rear annular section By the two
sections belng coupled with the help of 30 bolts of which ten
are fitted bolts. The front annular section accommodates five
rows of fixed gulde vanes, while the rear section mounis three
TOWS,

' Both the sections consist of two halves with a common
longitudinal joint in the vertical plane., This Joint facili-
tates handling of the compressor rotor, when installing 1t in
place.

The halves of the middle housing are held together with
the help of six fitted bolts and sixteen coupling bolts arrang-
el along the upper and lower longitudinal flanges.

The front section is manufactured from magnesiua alloy
Ni7-1, whereas the rear one is made of steel 30XT'CHA.

The eight guide vane assemblies of the middle housing
izclude 398 vanes; of these, 18 vanes are installed in the
first stage, 22 vanes in the second stage, 26 vanes in the
tiird stage, 60 vanes in the fourth stage, and 68 vanes in
each of the fifth, sixth, seventh, and eighth stﬁces.

The guide vaues of the first, sixth, seventh ani eighth
stages are constructed of steel 30XICA. The use of steel
for the manufacture of these vanes is dictated by toe fact
that the vanes of the first stage are core thin the other
vanes exposed to the action of foreigon particles, getting in-
to the compressor with the atr strean, whercas the vares of tle
Tear stages operate at hisch temperatures. The rezaluing stages
dre fitted with vanes zade of forged alux=iniua alloy BM7 .
To zaxe the construction more rigid and atrouo. 3o=e vanes ipn
troce stages are likewise made of steel (5=¢ diagrin showing
érrungenent of steel vapes, in Pig,12).

The guide vanes have special streamlined profiles, and
they are installed at definite argles rolutive to tre englte
fxls.

: The channeled portion of each vace 1o 1ts up;er part pus-
Xe3 into a square plate and threaded trutrton (the cylisirical
trisnions of steel vanos are provided with grooves accomaddat-
e lockicg ricga), The inner surfsce of the alldle Bauslng tas
® 15t amnular Erooves designed to atcoveuiate the square plates

H
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of the guide vanes. The vane plates fit into the respective
annular groove thus causing the vanes to occupy definite po~
sitions and guarding them against rotationm, The vanes a?e se~
cured to the middle housing by nuts 6 (Fig.13), which are
turned onto the threaded trupnnions of the vanes, passed
through the holes in the middle housing. To prevent air leak-~
age through clearances, rubber packing rings 5 are installed
where the vanes are jointed to the middle housing.

4s the first three stages carry a small number of gulde
vanes, the annular grooves of these stages (between the pla-
tes of the guide vanes) are fitted with special inserts se-~

‘cured by screws. The inserts £111 the anobular grooves flush
#1th the vane plates and the inver surfaces of the middle
housing,

The guide vane assemblies are strengthened by half-
rings 1 and 2 (See Figs 11 and 13) connecting the smooth
¢ylinirical trunnioms of the vanes pointing towards the
centre line of the middle housing,

The balf-rings enclose the vane trunnions and are fast-
oned with bolts 6 or studs 3 and nuts 4 (See Fig,11). The half-
rings are held from radial displacement by locking rings 3
(See F17.13) tnstalleq into the grooves machined in the trun-
nion3 of the extrene steel vanes,

The external surfaces of tie half-rings alonyg with the
“irlices of the rotor discs Carrying the blades form the
“d7rressor air-flow path,
The ianer surfices of froot hali-rings 1 have tale coat-
wLick, together with aooular collars provided on the ro-~
Lor lilics, cave ludyrinty 3ealings, preventing flow of comp-
:°"°1 Alr from high=pressure stages to lower-pressure stages.
The tul: Coating has been provided with the purpése of obtain-
it et A e e 1y e e
al::lo; ;esléeu 'r“:::JiuC:uring p?ocedure being reasonably
talc coutes aur;aco dun; °f e labyriath collars against the
8cores or gallyp. on t; "g‘coapr°°s°r operation does pot cause
lozer surface t ) _. "t surfaces of the sealings. The
3 0f tie aidale bousing, above tne rotor blades

of the fipy¢ five stages
bone 1ot 4893, are talc coateq ¥ith the same pur-

outer

in,

~ EO—
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The alr blow~off ports are locateq aft of the fifth stage
of the guide vanes, where the froot sectisn is coupled to the
rear section. The air blow-off ports are closed with a steel
flexible band cobntrolled by a special mechanism,

The bolts coupling the flanges of the tvo sections are
provided with L-shaped stops, limiting the travel of the steel
band. Thke coupling flanges of the sectlons are provided with
collars supporting tae band, The collars provide for a higher
specific pressure and a better fit of the band.,

The froant flange of the middle housing has a ¢ylindrical
recess which receives the centering collar of the front hous-
ing flange, while the rear flarge of the middle housing hos a
centering collar fitting into the ¢ylindrical recess provided
‘on the rear housing flange, The middle housin; 1s connected
with the front housing by 24 bolts (of which six are fitted
bolts), while connection to the rear housieg 1s accouiplished
by the use of 52 bolts.

. The lower rear porticn of the niddle housing lert-hand
half (looking forward) is provided with a pipe union trrough
which some air froa bYehind the eighth conmpressor Staice i3 le-
livered to the front bearing to be used for packing 1ts lavy-
rinth sealing. A Pipe union provided 1in the upper portion of
;the middle housing right-hand haulf serves for delivery of air’
fron behind the eighth compressor 3tage to the automatic atar-
ter ani to the acceleration valve of HP-104 pump,

. In addition to various fuel, oil, air,and electric lires
the external surface of the middle hoiaing =2dunts the folloming
€1lulpment: mechanisnm for control of the air blow=-off band,
electric systenm Servo-units,vent systen tank, ar! turee =mounts
lor securing the encine ¢y the alrcraft,

REAR EOUSING

The rear hoising (Figa 14, 15, 1%) 3 ono of tze =2uin
S6its subjected to great stresses. It 1s deslzrad to serve as
% interzediate link beticen the cIpreszer an! the kot pore
100 of the ¢ogine; it also servesa :or sezurin: the convustion
’Chazbera ebd for mounting the £3lde vane assezdly of the conp-
Te380r ninth stagce,

i 201117 - 01-0 ==
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The rear housing consists of a pumber of individual
welded upits manufactured from steel 1X18HST and combined in
one assembly, making a rigid and light structure.

The outer wall of the rear housing forms the combustion chamber

shell and is a thin-walled casing made of 1.8 mm thick sheet
steel. The outer wall consists of stamped cone 5 (See Fig,16)
and cylindrical band 6 jointed by means of continuous welding,
Welded to the front face of the outer wall is rear housing
outer ring 1. The outer ring serves for securing the rear
housing assembly to the middle housing of the compressor, as
well as for mounting vanes 3 of the guide vane assembly of
the compressor ninth stage. To this end the cylindrical por-
tion of the ring is provided with a number of through holes
accommodating the guide vanes, Welded to the rear face of
the outer wall is a flange serving to retain the combustion
chambers and to secure the ring of the turbinme first stage
nozzle assembly. On the outside the combustion chamber shell
carries 10 flanges for securing the main burners, four flanges
for fastening the flame igniters, flanges for oil, air and
vent lines, as well as some bosses for securing the fuel-oil
unit and pipe line brackets,

The guide vane -assembly of the compressor ninth stage
consists of 68 vanes, made of steel 4X14H14B2M. Each guide
vane passes 1n its upper part into a smooth or threaded

trunnion, while the lower part of each vane ends in a square
plate and a lug.

The upper trunnions of the vanes are fitted into the
holes of the combustion Chamber shell ring, while the lower
Plates rest upon rear housing inner ring 15 and are secured
to 1t by means of lugs, bolts 17 and nuts 16, The guide vanes
are secured to the outer ring by nuts 2 turned onto the

threaded trunnions Passed through the holes in the ring of
the combustion chamber shell,

Thus, the guide vanes co
of the rear housing,

The inner Ting of the rear
bdyrinth ring 19 secured by mean
labyrinth ring along with the
the rear trunoion of the Coupre

unect the outer and inmer riogs

bousing 1s fitted with la-
S of radial dowels 18, The
annular collars, provided om
830r rotor,forms an air seal-
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ing preventing air leakage from behind the compressor into the
rear relief cavity formed by the outer wall of the rotor rear
trunnion and the inner surface of bearing housing dif~user 20,
Reduced leakage of air causes the pressure in this cavity to
drop thereby reducing axial stresses imposed on the middle
bearing. The alr leaking into the relief cavity is evacuated
through four ports on the diffuser housing, which receive the
ends of special pipe connections 4, mounted on thae tapered su»-
face of the combustion chamber shell.

To puild up and adjust pressure iv the relief cavity to a
definite value, which would -facilitate operation of the aip
labyrinth sealing without imposing excessive axial stre-ses
on the rotor, air escape from the relief cavity is throttled
(special diaphragms with various clear openings are ipstalled
at the pipe conmnection outlets).

Welded to the rear side of the inmer ring is the bearing
bousing assembly, welded from sheet steel 1X18HST. The hous—
ing consists of diffuser 20 with two inner ribs 21, and bear-
ing housing 7 proper, walch comprises a cylinder with flange 10
mounting the housing of the rear bearing and the first stage
nozzle assembly. Thus, the bearing housing serves as an inter-—
madiate link between the rear support and the lcad=-carrying
ring of the rear housing.

The outer surfaces of the diffuser kousing ard of bearing
bkousing shield 9 make up the inner contour of the air-flow
Portion of the engine aft of the compressor,

To render the bearing housing more rigid, it is fitted
¥1th three ribs 8, secured by means of continucus welding.

The bearing housing accommodates il supply pilpe 12 car-
Zjing at 1ts ends o1l nozzles 11 and 22 which deliver oil to
the centre and rear pearings of the engine, Pipes serving for
13moval of oil from the cavities of the middle and rear bear=—
ings are also arranged inside the housing.

The inner cavity of the bearinz housirg communicates
%ith the atmosphere through the breather pipe and the centri-
“1gal breather, :

. The o1l and breather pipes are led in and out through
“?eclal ports provided on the side surfaces of the combustion
B }amber shell,

v
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COMPRESSOR ROTOR (Figs 17 and 18)

The drum of the compressor rotor is comprised of nipe
individual discs 2 (See Fig.18), front 1 and rear 13.bell~tyy,
trunnions, and 378 blades of special profile,

Among the advantages offered by this arrangement are
small weight and adequate rigldity and strength of the const-
Tuction, All the compouents of the compressor rotor are many-
factured with great precision, as the rotor spins at high
speeds ard 1s subject to considerable stresses due to centri-
fuzal forces. The blades of the first stage have to withstand
certrifugal stresses amounting to 7 tons, while the blades of
the ninth stage ~ the stresses amounting to 1 tom.

For reducing the weight of the unit the discs of the
second, third, fourth, and fifth stages are manufactured from
castings of aluminium alloy AK4-1l, whereas the blades secured
to thene discs are made of forged aluminium alloy BI17. The
discs of tne first, sixth, seventh, elghth,and ninth stages
are mide of construction steel 30XI'CA, while the respective
blades are manufactured of steel QU268 (X17H2).

The front and rear trunnions of the rotor are construct-
e! of steel 40KHMA,

Each disc 1s a ring with walls in the form of a diaph-~
TieA. The outer part of the ring has slanting dovetail grooves
recelving the rotor blades,

The ring of each disc (except the f1fth one) has a center
i::rciii;;:ji?idb:::hon one side, while the other side of the
of éhe udjaceét d:ac oa Szozve fooving the semtering band
ed annular aurfac;" ofrt: o trun°1°nv Hachined on She taper

s ‘¢ discs are circular ridges 9 contact:

10g the tale cuateq 3urfaces of the tpper half-rings of the
8ulde vang asserblies,

10 to form 8 Bon-detachadle
for the air trapped gp the ¢
operAtlons, and t

to the atnosphere
din:eter,

unit. To provide a means of escaje
avities formeq during pressing
looer cavities of the rotor drua

» the discy have drilleq passages of 1 mn it

T e e rap——— -
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The front truniion ou tie corinressar rotor mounts three
labyrinth sealings 7 and front Supnost reiler bearing 6, Tae
labyrinth sealirngs along with the .alc coated surfaces of {he
front housing and the housing of the frout tearing form the
front relief savity and the cavity into which air 1s suppiied
from behind the eighth stage of the cozpressor to be packed
into the labyrinth sealing of the frort bearing (See Fig,20),

The taper'surface of the rear truonion has 2 numbar of
circular ridges, mating with the grooves of tac rear udusing
labyrinth ring. The cyliundrical surface of the rear trunrian
mounts radial-thrust tall bearing 15 (See Fie.19) of tre
middle support, In front of the bearins trere wre som» circu-
lar ridges mating with the talc coated surface o7 the centre
briring wousing,

The rear trubonion incorgporates Goupling 4, which soovas

Ly, the

tie lurer splin-

for preventing the turbine shaft from axial disnloce-en
s-lines 5f the turbine shaft belng fittel into
95 of the rear truonion., Dowels 5 guard the couplin- iviuinnt

axial displ:cement and limit its turning, Giveicl to tin ‘re
ner surface of the rear trumnion i3 spring citch 2, relitain,:
the coupling in a fixed position, 3inultaresusly, tue cpving
Gatch closes the hole in the trunnion through which a mountin
french 1s inserted when coupline or uncoupling tie co.ore; or
Tetor and the turbirne rotor.

In their cross section the bl des

perfect aerodyncmic profiles firizhecd with preat presision,

of all rotor =t .3 ) ve

“he »lides of the first stage havin, wedype=ihuped supersonts
rciile to 2/3 of their height,

The blides are installed at a definite ancle relitive to
Le rotor axis, to provide ror epticun angle e att.c: of
21'de profiles Telntive to the stream of air at the en;lte ==
Az speed,
" At the base the bludes oz all stagces terminute fn we fee-
Lap2d covetail locks (F15.19). Thasa locks are Zitte! imtn tie
lanting dovetail grooves of tne discs, thurcdy euaurir: o ‘2=
1n1te angle between the blade and the air flow: the loce als:
TEP3 the blale frog radial displuce=ant,

The blides are ritted {nto the disc r£roovyes with a clear-
Tce of 0,005 to 0,035 3, thus lizitip: tunsential play of
|
i
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the blades to within O - 0,8 mm when measured at the height
of 100 mm from the lock portiom.

The first disc mounts 29 blades, the second -~ 17, the
third - 28, the fourth - 33, the fifth - 52, the sixth - 52,
the seventh = 53, the eighth - 59, and the ninth - 55,

The number of blades and the density of the grid they
form correspond to distribution of load among the compressor
stages. -

The blades of the first seven stages are secured in the
grooves oI the discs by means of steel split locking rings 11
(See Fig.18) installed into special recesses provided in the
discs and in the lock portion of these blades. The locking
rings are held in place by special dowels, which are flanged
after being fitted in.

The blades of the eighth and ninth stages are fastened
in the grooves of the discs with the help of individual re-
raining locks 12, To this end, the grooves in the discs are

L Declassifigain Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0
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provided with special milled recesses whose contours correspon:

to the shape of the retaining locks., The blzdes are held in
place by the nibs of the retaining locks, bent over the butt
ends of the blade lock portion (See Figs 18 and 19).

With the engine in operation the compressor rotor sets
up comsiderable axial stresses taken up by the centre bearing.
To reduce these axial stresses, a special relief system has
been provided which is designed as follows: the ring portion
of the seventh disc has a number of drilled radial passages
through which a portion of air from behind the sixth stage
of the compressor is delivered inside the rotor., The inter-
disc cavities communicate with one another through the holes
Provided in the disc walls, due to which pressure 1is equalized
tlu-gughout the compressor Totor. Similar noles are provided
on the tapered surface of the rotor front trunnion,
the f:n:)x:ei:::rccavity of the compressor communicates with

avity through the holes in the t wall
of the front trunnion, different e
8ct on the wall of o) ronr o iressures are created which
and on the truncion outer wall .i‘:oon pom ithin the e
side (See Fig.21), The diztereps. : the rear relief cavity
gives rise to an axial force vwhich soveen pressure valies
OPPoses the stresses created

N e -

'
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by rotation of the compressor rotor. This results in a consi-
derable reduction of the axial stress imposed on the centre
bearing.

The centre bearing 1s relieved of the axial stresses also
due to the axial effort developed by the turbine in the direc-
tion opposite that of the axlal effort of the compressor, as
well as due to the axial force created by the pressure diffe-—
rence of the air acting on the walls of the front trunnion:
from cavity 3 (See Fig.20), into which air is delivered from
behind the elghth stage of the compressor, and from inside the
rotor drum.

The compressor rotor assembly is subjected to dymamic
balancing on a special balancing machine, with an accuracy of
5 gr-cm at each support. The required accuracy of balancing
is attained by selecting blades of appropriate weight and by
ipstalling them into proper disc grooves during rotor assembly,
as well s by removing metal from the rear trunnion (in pla-
ce B) or by installing weights on the front truonion under
the bolts securing the labyrinth sealing in place A (See
Pig.18), )

ENGINE ROTOR BEARINGS

The compressor and turbine rotors are supported by anti-
friction vearings, the compressor rotor resting upon the front
roller bearing and centre ball bearing, and the turbine rotor
shaft resting on the rear roller bearing.

The front roller bearing (Fig.20) takes only radial stres-
3es. Ioner ring 8 with the rollers and the cage is an integral
unit, while the outer ring is an individual part fastened in-
slde front support 2 with the help of a locking ring.

The inner ring of the front bearing is tightly fitted on-
%o the cylindrical band of the rotor front trunnion and is se=-
sured with nut 6, which is retained by plate lock 5. The in-
J€T ring has two collars holding tha rollers and cage in a de-
“inite position., Outer ring 7 has no collars and allows the
sotor to move in the axial direction relative to the housing,
*hus making up for manufacturing errors (withiv the limits set
?—ﬂ the drawing) and for thermal expansion.

——
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Lubrication and cooling of the bearing is accomplisheq
by the use of an o0il jet delivered throuzh a calidbrated orj.
fice provided in oll nozzle 4. The bearing is sealed by
means of a two-stage air labyrintk sealing coaprised of twe
rows or circular ridges, rotating together wiith the front
trunnion of the rotor and fixed talc~coated surfaces of the
front support housing,

A special pipe line and a drilled p'ssage serve to delj.
ver air into the interlabyrinth space from oehind the eighth
stage of the compressor; the air prevents oil from being
thrown into the relief cavity.

The centre radicl-thrust ball vearin. (Fig.21) guerds
the engine rotor against axial displucement and takes up axia
and radial stresses, The bearing consists of inner ring 13,
ball 12, cage 3, cnd split outer ring 4, The inner ring of
the bearing is mounted on the cylindrical band of the comp-
Tessor rotor rear trunnion and is fastened by nut 9 retained
by platz lock 11, The split outer ring is enclosed in middle
support housing 5, which is secured to the bearing houring by
means of bolts and puts; in addition it is fastened by nut 8,
locked by plate lock 7,

The middle support has a labyrinth sealing, consisting
of circulur ridges machined on the rear truonion, and talc

* coated surface of the bush welied £3 the middle support hous-

ing. Installed between the face 05 ti

-2 bearing inner ring and
the rear trunnion ¢o11,

ar 1s slinger ring 2 which along with
the labyrinth sealing prevents o1l from being thrown into
the rear relier Cavity. The bearing is cooled and lubricated
b a jet of 01l which is delivered through the calibrated

o i : .
rifice of 0il nouzle 10. The 011 pozyle incorporates a gauze
filter for oil ¢leaning, )

The rear roller bearing (Fig,
Stresses imposed op the turbi

In its construction the
front hearing.

22) takes up only radial

ne rotor,

; ; Fear vearing is similar to the

ted onto tp BT ring 12 wity Tollers and the cage ia fit-
. cylfindncal 930d of turbine shart pusp 14 where

¥ round nut 11, retaipeq by plate lock 1. The

ar support housing 4 which is

ing housing. 7
and locking ring 3, D& 7 with the help of bolts 5, puts 8

"M
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The outer ring has po collars and allows the turbine ro-
tor to move axially thus making up for thermal extention and
manufacturing errors within the permissible limits set by the
drawing.

The rear support is furnished with a two-stage air laby;
rinth formed by two rows of circular ridges machined on laby-
rinth 15 and on the turbine shaft bush, and of talc coated
surfaces of the bushes welded to the housing of the rear sup~-
port, The labyrinth sealings do not allow hot air from the
space before the turbine to penetrate into the rear support.

B To by-pass hot air leaking through the upper labyrinth
sealing, the interlabyrinth space is comnected to the rear
relief cavity by six pipes arranged between the bearing hous-
ing wall and shield 6.

Cooling and lubrication of the bearing is accomplished
by the use of oil nozzle 2. The nozzle has two calibrated ori-
fices ane of which serves to spray oil onto the bearing, while
the other,of a smaller diameter, is pointed towards the turbine
shaft and delivers oil for cooling purposes. The middle and
Tear supports installed on the flanges of the bearing housing,
form a common ¢avity which communicates with the centrifugal
breather via a special pipe.

Used 01l drips into the sumps of the bearing housing
whence it is drawn by the two stages of the scavenge oil pump
(installed in the front housing of the compressor) connected
with the sumps by two drain tubes,

AIR BLOW-OFF BAND CONTROL SYSTEM

To provide for stable operation of the engine at inter-
nediate duties, a portion of the air compressed in the first
Tive stages of the compressor is blown-off into the space bet-
¥een the engine and the inner surface of the fuselage skin,

i The air is discharged through a number of ports arranged
along the joint between the front and rear sections of the
compressor middle housing,

The blow-off ports are closed with a band which is cont—
rolled automatically through a hydraulic system (Fig.23) operat~-

~——
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ed by the fuel, supplied from the pressure line of the
HP-10A fuel pump.

The air blow-off band control system is comprised of a
centrifugal valve =ni a band control mechavnism,

The centrifugal valve (Fig.24) is designed for automati
control of the air blow-off band. Structurally it consists of
a sensing unit and a valve proper: the sensing unit deterpi-
nes the engine speed at which operation of the air blovi-of?
band control mechanism takes place, while the valve controls
delivery of fuel to and its drainage from the band control
mechanism, Tac scnsing unit consists of housing 1 with bush 2
ivto it. Bush 2 accommodates hollow shaft 3, actuat~
ssory drive gear box through cylindrical toothe

24, rounted at the shaft end; the other end of tie
carrizs centrifugal weights 4, The shaft accommodates
travelling along the shaft axis,
Tu2 5lide valve end mounts the ring with ball bearing 6, and
springs retainer 10, desting agninst retainer 10 is spring 9
#ilch forces tine s1is: valve to the lower positicn. The other
2Li 0l Spring Y resgs against retainer 7 fitted with adjust-
tug screw 8, The adjusting screw serves for changing the
teni.on oo tue Sfring which determines the speed of the en-
rine at which operation oy the air blow-off band comtrol me-
“htlrn takes ploce, ikan “lie ‘screw 1s turned in, the cont-
Tl el dam orerates at a higher speed, when the screw is

Uothe cor

saelt

slide valve 11 cupable of

itrol mechanism operates at a lower speed.
tov BUInG screw turned through J60°, the speed ot
barl control mechanisy operates changes by 300 to

PR

the

suich
4 rop.m,

The Yolve comirtean -
¢ VYolve comprines housing 13 with bushk 14 pressed in-
to it Shasge,

“1th valves 14 710 the dush are valve seats 15 and 22

Valve 19 wyy- 1;,» e 02 20 13 1nstalleq between the valves.

The othes Q.J iau: 25 13 oreggeq against the rod by spring 1f.
ol tne spring 4s Pressed again:t reteiner 17

Witk cover 1g,
Valve 21 ®.th
rod 20 to fenvr e

5e:t <2 13 pregged by spring 16 through
23,

eted wpon by sirgn. ), Ozhtho Other aide the membrame is
uctozs, : ¢ e the centrirypy) valve has five pirpe

I -

“Jet with the orifice diameter amounting to 0.8 mm.
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With the engine in operation, oil is continuously deliver-
ed through pipe union B and filter 25 from the oil pressure
live, while fuel is delivered from the Pressure line of the
HP-10A fuel pump via pipe union B and filter 26,

Fuel delivery pipe union F is fitted viith a throttling
Pipe union &
serves ror fuel delivery to the blow-off mechanism, while
through pipe union I' fuel is directed to the vent system. Pipe

union J| with filter 27 serves for oil delivery from the
magnet valve,

The centrifugal valve is secured to the accessory drive
gear box with the help of a quick-detachable ring.

The air blow-off band control mechanism (Fig.25) consists
of a blow~off mechanism, two sectors and two brackets,

The blow-off mechanism comprises cylinder 2, steel piston 4
with rubber cup 3 and distance ring 19.

The piston is acted upon by spring 5, whose opposite end
rests against cover 7 with bush 9.

The cover is manufictured from magnesium alloy UJI5 and
iz secured to the cylinder by six studs 6. Bush 9 accommodates
r.boer packing ring 8 which prevents oil leakage through the
¢l.exrance between the piston rod and the bush.

Fuel, leaking into the space between the piston and the
€ vur, 13 drained through the hole provided in the cover and
“ rouch pipe union 18, Piston rod 4 13 coupled to driving
©ctor 12 through tip 10 with the belp of pim 11, Driving sec~-
Y r 12 15 engaged with driven sector 13.

The sectors rotate in peedle bearings 1%; the sectors
I ‘Orer serve as outer rings of the bdearings, distauce sleeves 14
in-

used as the loner rings,.

Sectors 12 and 13 are copnected to the lugs of air blow-off
t1 16, The band control mechanism 1s secured to the =144le
tTing of the compressor by zeans of hinges and brackets 1

d 17,

i The air dlow-off bdand cootrol systea functions as follows,
i then the engine speed 1s increased, centrifugal forces
Veloped by weights 4 (5ee F1g.24) overccze the force of

Ting 9 and cause slide valve 11 to =ove to tke positiocn at
£ch 011 s supplied to the cavity of =e=brane 2) via duct a.

T ————— - S

T——
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Due to pressure of oll on the membrave, the valve seat and
valve 21 move to the right and actuate rod 20 thus causing
valve 19 with seat 15 to move and to open duct 6 for fuel
to be supplied to pipe union A, Then fuel via pipe 2 (see
F1g.23) 1s directed to the cylinder of the blow-off mechanisy
and shifts piston 5 with cup 4 to the right; this causes the
piston rod to turn toothed sectors 7 and 8 thereby tigh;cning
the band, which closes the air blow-off ports. when the en-
give speed is decreased, slide valve 11 (See Fig,24) is forg=
ed by spring 9 in the opposite direction thereby cutting oil
supply to the membrane cavity, 0il from the membrane cavity
B provided in slide valve 11 is fed in-
to the cuvity of the centrifugal weights whence it 1s drained
into the accessory drive gear box through two grooves machin-
ed in bush 2, Spring 16 forces valves 19 and 21 to the left
(to position shown in Fig,24) thus cutting fuel supply from
the pressure line of the HP-104 fuel pump to the blow-off
mechanism cylinder. Simultaneously, fuel is drained from the
blow=0ff cylinder through duct 25 under the action of spring &,
piston 5 (See #1g.23) shifts to tke left and discharges fuel
Irom the cylinder into the vent system; in this case the pis-

via duct a and hole

dy providing exit for the air, To obtain
a unifora annular clearance between the aip blow-off band and

the comprassor miggie housing, with the band open, and to

both in radia] and axial directions. To
hanism irrespective

» Provision has peen made for additional
he membrape cavity of the centrifugal valve

ensure remote contr
of the engine speeq
o0il delivery into t
via mugnetic Cock 1

18.26) consists of cock housing 1,mag-
omnector cage g, mhe cock housing has

delivery of o1} from the magnetic Cock 1
n

ty of the centrise

to th vi-
+ugal valyg, € membrane ca

The housing accommodates piston )

N e e

I (See Fig.2h
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provided with two holes, 1 mm ip diameter, sexving for oil
passage into the piston. The ecircular groove of the piston
mounts packing ring 14. The piston is forced to the extreme
left-hand position by spring 4, with the packing ring pressed
against the cock housing seat.

Piston 3 1s coupied to packing ring 14 and core nut 13
with the help of hollow screw 2. The nut bas a recess for con-
nection to the core, which is shaped in the form of n needle.
At one end the core 1s recessed to receive pucking disc 12,
while the other end is provided with a 4.5-mm diameter hole
accommodating spring 10. To prevent oil or air locks, and to
provide for easy movement of the core, the space between the
core and the coil 1s connected to the piston cavity via the
central hole of the core and the recess connected by l-mm
diameter hole.

The coxe 1s accommodated inside coil 6 and is forced by
3pring 10 to the extreme left-hand position; the pracking ring
rests against the face of screw 2.

The coil is fitted into the electromagnet bousing. Resist-
ance of the coil winding at a temperature of +20% amounts to
“ot less than 15 cm. The coil terminals are soldered to the
contact pins of plug connector union 7. Plug connector Bli-4

s secured with four screws to the flange of its case, waich is

~eld to the magnet housing by nut 9. -
The magnetic cock operates as follows: oil, continucusly
~ed during engine operation to pipe unionva"via the oil pres-
-ure pipe line, enters the piston cavity through two holes. As
he hole in the screw 1s closed by packing disc 12 of core 1,
orced by spring 10 against screw 2, oil exerts pressure on
he piston. Under the force of oil and 8springs 4 and 10 the
iston is tightly held agalnst the valve housing seat, thereby
Teventing o1l from €scaping into pipe union "0" and conse-
2ently into the membrane cavity of the oentrifugal valve when
e magnetic cock 1s out out.
When the magnetic cock is out in, ourrent is supplied into
le magnet ©oll, causing the core to shift to tle right (as
ir as clearance 4 permits) and to uncover tue hole in the
*rew thereby supplying pressure into the piston cavity. On
ts further travel the core overcomes the force of springs 4

- . 3
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and 10, displaces the piston with the packing ring and opens
the passage for oil from pipe unicm“a"to pipe union "G" and
further to the membrane oavity of the centrifugal valve.

With the magnetic cock cut off, springs4 and 10 force the
core and the plston into the initial position (closing). The

magnetic cock 1s mounted on a bracket and secured by two straps,

The bracket is seoured on the studs of the HP-10A fuel pump,

On an aircraft powered by two engines, the magnetic cock
1s automatically ocut in to close the air blow-off band of the
running engine, when the second engine is being started. This
arrangement has been provided in view of the fact that air es-
caping from under the band of the running engine interferes
with the normal operation of tae compressor of the engime be-
ing started.

" Declassified in Part - Sanitized Copy Approved for Rem;l 1/11/17 : CIA-RDP80T00246A062100010001-0
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Chapter II

COMBUSTION CHAMBER

The combustion chamber is designed for heating the air
dclivered by the compressor.

The combustion chamber is an important engine unit sub-
Jected to great thermal stresses as considerable amount of
fuel 1s burnt within a comparatively small space.

Specific thermal stress, that 1s thermal stress refer—
red to alr pressure at the combustion chamber inlet,amounts
to 49 millions of Cal.

COMBUSTION CHAMBER CONSTRUCTION

§ The engine is fitted with 10 individual cylindrical com-
bustion chambers (Pig.27) of the straight flow type mounted
cizcunferentially between the xear housing and the shield
(rig.28).

| The combustion chamber (Fig.29) consists of snout 2,
& ixler 9, liner 4, flame tube 5 and flange 6.

5 Snout 2, constructed of sheet alloy JK602 1s butt weld-
e to combustion chamber liner 4 by argon—aro welding. The
£€7.ut mounts a oylindrical collar accommodating swirler 9 se-
¢ ‘ed by means of point welding. Swirler 9 consists of out-
er ahou 1, five shaped vanes 8 and bush 7. All the swirler
¢ ponents are fabrioated of sheet alloy OE435% Eaoh of the
£.xler vanes has four lugs point-welded to the outer shell
& 1 to the swirler bush. The swirl vanes are curved to 72°.
< prevent wear, the inner surface of swirler bush 7 is obro-
Plated, as 1t accommodates main burner 1 (See rig.28) sup-
'tins the comdbustion ch.mber. The main burner being a free

1n the swirler bush, the combustion chaober is capadle of

|

——————

~
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axial txavelvto ocompensate for thermal expansion.
Combustion chamber liner 4 (See Fig.29) fabricated fron
alloy JH602 is a cylinder with a spherical front portion.
As the combustion chamber liner has to withstand very

"high temperatures, its external surface carries longitudina]

ribs making for better heat dissipation and increasing its pi.
gldity. Scattered all over the entire surface of the liner ay
snall and big diameter holes serving to obtain the rejuired

. gas temperature before the turbine and to cool the combustion

chambexr walls.

The liner has two by-pass holes accommodating bushes 7
and 9 (See Fig.28) manufactured from alloy OH435 . The bushes
are coated with aluminium to prevent them from burning out.0n:
the bushes 7 1is fitted with a lock serving to retain by-pass «
nection 8, made of sheet alloy Jj{435 . Bushes 7 are provided
with specilal lugs which prevent the connection from dropping
out during transportation of individual combustion chambers
as well as during engine assembly and disassembly.

Four by-pass connections 1) form a kind of a tee-piecce
one end of which accommodates flame igniter 10, which ignites
fuel in two adjacent conbustion chambers simultaneously. Other
by~pass ccanections 8 have slots on their surfaces serving to
600l down ths conaection.

The mounting diameters of the by-pass connections are
face-hardened by the électric spark method, to reduce wear
during operation. A1l by-pass connections should be capable
of free swinging inside bushes 7 and 9 of the oombustion chan-
ber liners.

By-pass conneotions 8 and 11 se
Pressure as well as for Pro

Seoured to liner 4 (Se
welding 1s flame tude 5,
alloy JH602,

The flame tude, oylindrical in
to the combustion Chamber liner, gra,
dal shape. The flame tube carries f].
435  and secureq by
bas a collay which
Bousing 3 (see Pig.
the combustion chan

rve for equalizing gas
Pex flame propagation.

¢ Fig.29) by means of continuous
oonstructed from 1.5-um thick sheet

shape where it is coupled
dually assumes a trapesol~
ange 6, made of alloy
Beans of argon-aro welding. The flange
€n the flanges of rear
Sembly 4 thus guarding
d1splacemsnt, Ring 5 to

1s arranged betwe
28) and nozgle ag
ber against axia)
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which the combustion chambers are secured with bolts, keeps
them from radial displacement.

To reduce peering to a minimum, combustion chamber flan-
ge 6 (See F1g.29) is coated with a layer of copper. To prevent
crack formation,the inner and outer surfaces of the combustion
chambers are subjected to electric polishing.

FUEL COMBUSTION PROCESS

Air packed by the compressor into the combustion chamber
is divided into two streams. ’

The primary stream of alr used in the fuel combustion pro-
cess enters the combustion chamber through the swirler and the
holes pravided in the front portion of the liner. In passing
th2 swirler the primary alr stream is violently thrown against
the liner walls by centrifugal forces.

A zone of reduced pressure created in the front part of
tne combustion chamber causes a small portion of hot gases to
flow back towards the burner, which results in a rise of tem-

I -zature in the front part of the liner; this makes for better
< 11 evaporation and improves mixing of fuel with air. Besides,
« 1 streams of hot gases flowing in -the reverse direction pro-
<. le for reliable ignition of fresh mixture within a wide ran-
g of excess air coefficient change (from ol ==3.5 to & _>100).

The secondary air stream, comprising about 70 per.cent of
1" 1 entire air flow, is supplied into the combustion chamber
- rough several rows of holes provided in the limer. This air

€3 up with the hot gas stream thus cooling it to the requir-
e’ temperature, :

The arrangement and diameters of the holes provide for
¢ talning the required gas temperature bcfore the turbine,

1 are governed by the law of gas‘teaperatuxe change depending
the height of the turbine blades.

! The combustion chamber walls are cooled on tue outside by
? secondary air stream, wnich forms an insulating layer bet-
0 the walls of the combustion charbers, rear housing 3 and
leld 6 (See Fig.28). )

The secondary stream of nir entering the coombustion chao-

T through the holes in tne liner 1solates ths inner surface
the combustion chamters from hot gases.

————

Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0

S



1
i

Chapter IIX

TURBINE

The gas turbine is designed for driving the compressor
rotor and the engine accessories.

As distinguished from the earlier production models, th
PI-95 engine employs a two-stage turbine providing for con-
siderable temperature Jifference at comparatively low speed
and small dimensions. It 1is capable of delivering power suf-
ficient for actuating the high-pressure compressor (power oor
sumed by the compressor amounts to about 17,000 h.p.) and th
engine accessories.

The turbine comprises a two-disc rotor and nozzle assemt
lies of the first and second stages.
date blades locked in their grooves.

The rotor rides in a roller bearing and is connected to
the compressor rear trunnion by means of a coupling.

. The turbime rotor is driven by the gas stream flowing
t:::':h:s:::::s:::nt:h::bers through the nozzle assemblies ar
asseatiics 1y o incr:as:et::ade:. T?e function of the nozzle
direot 1t against the rot Moy o7 of the gas fiom and ¥
or blades at an angle preventing dar
gerous impact. Besides, the nozgje assemb], t
acts as a rigid load-carryip L or the first st
) 8 structural memder supporting ti

turbine rotor through
-t
rear bearing, €% the inner support and tne housing of ti

The rotor discs accommo-

In the space limited by

assembly the gas expands
which causes an increase in
+ Further drop of gas tempe-

at content)
of gas flow

7\
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rature and further gas expansion takes place in the ducts form-

ed by the turbine rotor blades; this results in acceleration of

gas velocity relative to the turbine blades. The similar process
takes place in the second stage of the turbine.

The differenmce betweer gas heat content before and aft
of the turblne accounts for the temperature drop; the higher
the temperature drop, the greater the power delivered by the
turbine.

Thus, in the process of gas expansion potential energy
of the gas flow 1s converted into kinetic energy which is con-
sumed in driving the turbine and compressor rotors (the flow
seotion of the turbine is diagrammed in Fig.30).

The turbine of the PJ-9F engine is of the combination
i:pulse~-reaction type. This means that the circumferential
force acting upon the rotor blades depends on the active for-
¢3 of the gas stream flowing from the nozzle assembdblies, as
1211 as on the reactive force developed by the gas flowing
t:tween the rotor blades.

The rotor blades are acted upon by the centrifugal forx-
¢z arising in the gas stream and directed along the radius of
©1.3 passage curvature. As a result, a circumferential force
% created on the rotor blades, This force, applied at some
distance (radius) from the rotation axis, creates torque used
V.- for driving the ~ompressor rotor and the engine accessories.

The blades are arranged on the turbine rotor in such a
aner that the ourved surfaces of two adjacent blades form a
33age somewhat narrowing towards the trailing edges. There-
Te, in flowing through such passages tiv gas stream acquires
ditional speed (relative velocity of the gases increases).
celerated gas flow sets up a reactive force, which creates
ditional torque. i

As the flow section of the turbine is exposed to high
Dperatures, all the turbine components are constructed from
at-resistant materials. Besides, all load-carrying components
€ cooled with air (See Fig.87).

Normal functioning of the turbine ocalls for winioum per-
ssible clearances aoccording to the respective drawing. Clear-
0€8 1in excess of the specified values result in loss of power,
ereas too close clearances may lead to engine failure, as ro-

-

S —
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tating parts will catoh on stationary parts.
P1g.31 shows turbine clearances subject to checking,

TURBINE ROTOR (Figs 32 and 33)

The turbine rotor comsists of shaft 5 (See Fig.33),
d$scs 14 and 20 cf the first and second stages respectively,
load-carrying ring 17, labyriath 12, shaft bush 11, baffle 21,
and fastenings.

The disc rims are provided with fir-tree grooves accommo-
dating blades 16 and 18.

The main rotor components (except the blades) of the en-
gine 1in question are connected with the aid of radial dowels
and make one non-detachable unit. This feature provides for
rigidity of the rotor and reduces its weight.

Hollow shaft 5 is forged from steel 40XHMA. The rear end
of tae shaft passes into a tulip-shaped flange, which is press
fitted into the bore of the first stage disc circular projec-
tion. The shaft is comnected to the disc by means of 19 radial

- dowels 13, which transwit torque from the discs to the shaft.

The dowels are locked in the disc, which does not allow them
to dro» out Jue to centrifugal forces. The outer surface of
the otuer shaft end has involute splines 3 which come into
engagement with the inner splines of the compressor rotor

rear trunnion thereby transoitting the torque to the compressor
rotor. In addition to the splines, the front end of the shaft
13 furnished with four lugs 2 designed to take up the axial
loads of the turbine rotor; two holes 1 serve to accommodate
the guide of tne mounting wreach, used for engagement and dis-

engagezent of the coupling (detailed desoription of the coupl-
ing 1s given below),

The turdine shaft mounts labyrinth 12 ang bush 11. The

€aus of nine threadeg dowels, while
by three dowels, The Projecting
Pped off flush with the external

and are punched to prevent

Tries oil slinger 10 and
held in Position by nyt 7.

talned by plate lock 6
into the nyt slot. The ook 18 inserted 3

the dush 13 held in Place
nds of the dowels are o141
3urfaces of the labyrinty

loosening, The turbine shatt bush ca
Toller bearing 9,

The nut g
8 re whose lug 1s bent

uto ome of the three

: Tecenses ®achined 3 e
| 1 -
\‘ /\ hine R th shaft buah, and is held from axia
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displacenent by a recess provided in ring 8, installed between
the inner ring of the roller bearing and the nut. The ring is
held from rotation by two lugs engaging the bush recesses.

Machined on the external surface of tane shaft bush are
eircular grooves, which in combination with labyrinth 15 (See
315.22) and the housing of rear support 4 form a labyrinth
sealing of the rear support.

To reduce heat transfer from the shaft to the bearing,
the mounting surface of the shaft bush has 42 longitudinal
grooves, while the bush diameter accommodating the roller bvear-
ing is furnished with four circular grooves.

Ring 4 (Pig.3 ) is installed on the external surface of
the shaft where the involute splines terminate.

The ring has two clircular grooves accommodating bronze
rirgs which combine with the internal surface of the middle
supoort nut to form a sealing, isolating the imner cavity of
the compressor rotoxr from the bearing housing cavity.

Discs 14 and 20 of the first and second stages
tively, as well as load-carrying ring 17 are constructed from
forgings of heat-resistant steel OH4BI. The discs of the both

tiges are provided with fir-tree grooves machined in thelir
rims, The grooves serve to accommodate the rotor blades. The
first stage 'disc carries 76 blades, the second stage disc - 64.
The blades of the first stage disc (See Fig.3J4) are locked 1n
their grooves by looks 15 (See F1g.33); the lugs of the locks
fit into the blade recesses, while their ends are bent over the

re3pec—

disc rim. The blades of the second stage disc are retalned oo the

one side by shield A, made integral with load-carrying riog 17,
and oa the other side by bent ends of T-shaped plate locks 19.
The locks are fitted into the fir-tree grooves of the disc.

kha collars of the locks resting against the front face of the

second stage disc do not allow the locks to shift axially towards

the afterburner. The ends of the locks bent over the rear faces
of the blade roots prevent them from moving in the opposite di-
Tection (See Pigs 33 and 39%).

é The rear stde of the first stage disc is provided with a
tircular projection, whose internal surface 1s bvored to receive
fhe centering b:nd of the load-carrying ring. A4 similar projeo~

tion of larger diameter 1s machined on the front eide of the se-
{
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oond stage disc, The discs are held together by the load-
ocarrying ring press-fitted into the bores of the circular
projections by 20 radial dowels installed in the load-carry~
ing ring-to-first stage disc joint, and by 32 dowels fitted 19
tae load~carrying ring-to-second stage disc joint. These do-
wels shrink-fitted in place are designed to retain the mating
components and to transmit torque to the turbine shaft. The
dowels are held in position by the material of disc projec—
tions rolled over to prevent them from ooming out due to centry.
fugal forces.

To protect the blade roots and the fir-tree grooves of the
second stage diso from hot gases, the load-carrying ring 1is pre-
vided with shield A (See Fig.33), made integral with the ring.
The upper projection of the shield has three circular ridges
which combine with the lower rear plates of the secound stage
nozzle assembly vanes to form a labyrinth sealing preventing
leakage of hot gases flowing through the nozzle assembly.

A labyrinth sealing aft of the first stage blades is for:z-

» the latter holes being partially
alled on the reay wall of the dise
d in place by six dowels.

covered by baffle 21 1inst
(see Chapter VII) ang hel

tree type root servi e e
BE to secure the blade in

s and a curved tip. The root portions of the

stages have similar dimensions in their oross-

sists of a fir-
the disc groove
blades of both
section, The t1
length,

liance with the pr
of the blade.
To obtain the

the bdlades are twis

requiregd entry ang ¢
xit an
ted lenzthwiae. ghes ot e o

!
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The desired configuration of blades is ensured by machin-
ing them with the use of profiling devices. The blade tips are
ground in assembly, for which purpose the entire blade set is
secured in the disc or in a special fixturs.

7o prevent brushing of the blades against the inner sur~
faces formed by the plates of the vanes of the second stage
nozzle assembly during engine operation (due to reduced radial
clearances), the upper thin edges of the blades are cut at an
angle of (1°20")*7%: the blades of the first stage.are cut
over a length of 20%2 mm, the blades of the second stage over
a length of 15%2 on.

The external surfaces of blades are thoroughly machined
and finished to VVV 9,

The blades are arranged on the disc periphery in such a
manner that the blades fitted into diametrically opposed groov-
es of the disc have almost equal weight.

In securing the root portion of the blade in the disc
groove, provision has been made for tangential play which al-
lows the blade to be self-adjusted under the influence of centri-
fugal foroes developed during turbine operation.

The turbine rotor assembly is subjected to dynamic balanc-
ing on special balancing machines. Dynamic disbalance of the ro-
tor should not exceed 8 gr-om. Disbalance is eliminated by re-
moving metal where the disc body merges with the rim to a depth
of not more than 0.5 mm, on the entire oircumference; balance
may also be adjusted by rearranging the blades on the disc.

Turbine rotor balancing with regard to the right-hand sup-

‘ port is carried out with the rotor mounted in its own bearing;

balancing with regard to the left-hand support is done by the
use of a fixture incorporating a speolal bearing.

COUPLING

The turbine and compressoxr rotors are connected by means of
Splines, transmitting the torque, and a coupling which locates
the turbine shaft axially.

Axial forces arising during compressor rotor operation are
drected forward, whereas axial foroes developed on the turbine
8Te directeq Tearward. Conneoction of the turdine and ocompressor
Totors by means of a ocoupling provides for algebraic summation




rotation around the axis.
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of these forces with resultant reduction in tae axial loag
taken up by the centre bearing; this arrangement aids in ope-
ration of the compressor unloading system described above and
ensures more favourable operating conditions for the middle
éupport. ,

Connection of the turbine and compressor rotcrs is accomp
1lisned as follows.

Coupling 1 (Fig.36) comprises a stepped bush, fabricated
from steel 18XHBA. The front part of tne coupling has a tooth-
ed sector used for turning the coupling with the help of a
special wrench, and two slots for locking the coupling in the
mounting and operating positions. Machined on the rear part of
he coupling are four lugs directed towards the coupling axis
and designed to be attached to tane turbine rotor saaft. The

ioner djiameier of the coupling sexves for centering the turbdi-
ne shaft shank.

The coupling is installed in the rear trunnion during as--

sembly of the compressoxr rotor.

Four dowels 5 locate the coupling axially and limit its
The coupling is retained during as-
sembly and operation by plate spring 2 engeging the respective
recess in the coupling sector.

The rear trunnion of the compressor rotor nas internal
helical splines, one of whica is cut off (see Fig.36, &C
tion); tane forward end of the turbine rotor snaft mounts
strip 6, which, in conjunction with the cut-ofi spline, provid-
es for the Iéquired position of the rotors relative to'each
other during their connection. The shank of the turbine rotor
::ir:h:i:sgi:::e:oui“];ing 1, the coupling projections entering
its projections e;gag:nt:x::ec::p:::g ot o N 450'

Shaft thercby keeping the

turbine s.aft from axi.
al displacement relati
ve
trunnion of the compressor rotox. o the xeax

Prior to installin
Titted into the rear tr
8pring 2 to enter the
turbine rotoy 18 insta
aid of wounting wrengh
operating stop;

sec-

Tecess of the mount
1lled the couplin

45 to a positio
this cause

ing stop, After the
g is turned, with the

n couesponding to the
8 the plate 8pring to be released.
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After the coupling is turned and the wrench 1s removed, the
plate spring secures the coupling in the operating position.

FIRST STAGE NOZZLE ASSEM3LY

The first stage nozzle assembly (Figs 37 and 38) consists
of outer ring 4 (See Fig.38), inmner support 1, 36 vanes 2,

36 outer shoes 7, 36 imnexr shoes 9, 18 coupling bolts 3 with
distance tubes 8, shield 12, and the shoe fastenings.

The passages in the nozzle assembly are formed by the
side surfaces of the vanes and the external surfaces of the
outer and imner shoes. The total clear opening area amounts
to 557 = 562 sq.cm.

Outer ring 4 of the nozzle assembly is manufactured from
steel 1X18HIT and comprises a thin-walled rim with two flanges.
To make the rim lighter, some furrows are machined on the outer
surface of the flanges. The front face of the outer ring has
a centering band, and the rear face - a groove. Drilled on
the external surface of the rimg are 72 holes for bolts secur—
ing the outer shoes, and 18 holes for the coupling bolts; be-
sides, the front face of the ring has 180 oblique drillings
for passage of cooling air. There are 60 groups of such dril-
lings, each group consisting of three drillings.

The inner support is fabricated from steel 1X18H9T, It is
a tapered circular wall, whose larger diameter is developed
into a cylindrical rim, while the iuner diameter forms a flange
provided with 16 holes; of these holes 10 serve for securing
the inner susport to the bearing housing, and 6 for passage of
Pipes by-passing air from the rear support labyriuth sealing
to the relies cavity. The front portion of the rim is provided
"ith a eircular groove acoommodating the centering projection
of the combustion chamber ring; the rear portion where the wall
Berges with the rim carries 12 lugs, serving to fasten the
shield on 1ts larger diameter., The cylindrical surface of the
inver support rim has two rows of through holes for the bolts
Securing the inner shoes, as well as a number of threaded holes
for the coupling bolts. The tapered wall of the imner support
1s provided witn eight holes serving for supply of cooling aix

1
nto the cavity formed by the walls of the innmer support and
shield 12,
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are fitted bolts, Th
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The hollow vanes of the nmozzle assembly (Fig.39) are Pre-

cision-cast from heat-resistant alloy AH300. Each vane 4is upj.
tormly profiled on its entire height; the required contour is
formed on the convex side by a complex curve plotted according
to pre-set co-ordinates, and on the concave side by an are,
To provide for the required clear opening area when mounting
the nozzle assembly, the vanes are divided into two groups.
The groups differ by the length and radius of the vane trailing
edge. The upper and lower end faces of the vanes are milled to
provide inlet and outlet for the alr cooling the inmer oavi-
ties of the vanes. The outer and the inner shoes are preoision-
cast from heat-resistant alloy 3H437 with subsequent machin-
ing. The side surfaces of the shoes are made to suit the ocon-
tours of the conoave and convex sides of the nozzle assembly
:::e:;nTo oinimize contact with the mating parts (outer ring
cOOIingezijupssztiozzzc:osfo;m cavities for free passage of the
soun oo the.Shoes Nyl :: aces are given a special shape.
shots to the fnterner wae readed.holes sexving to fasten the
of the 1ner supues Thr ace of the Outer ring or to the rim
vith holte whiot are-10 ; :hoes are secured to the above parts
the 1nstalled wg faste:e: :ith plate locksf The side walls of
the nozzle assembly vane tae g Lo0te foxvine to seoure
Bests with a olearunn: 8. The vanes are fitted into the shoe
besides, th provided all around the nest contours;

» the vanes are capable of free radial movement within

1.15 to 1.7 mm, to all
oy s ow for thermal elongation during engine

Shield ’
12 (See Fig.38) '1s a welded structure, consisting

of
o 8: vall fabricated of sheet stee] 1X18H9T, and two machined
888, point-welded to the
wall, The 'a
shield has 12 lugs serving to conne enteda oy ae

brovided on the inner 3upport. The

cavities of guide vanes,
The front flange of outer

1
stage nozgzle assemdly to the 111 Ng 4 serves to ocouple the first

:nge of the combustion chamber
with 60 bolts

» of which 18
¢ rear flange of the outer ring is used
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the second stage nozzle assembly. Inner
gor comneotion to B0 Of  eembly 1s fastened to the flanges of

ort 1 of the nozz
::zpbearing and rear support housings by 10 bolts, the nozzle

assembly sbield being secured at the same Joint.

SECOND STAGE NOZZLE ASSEMBLY
(Figs 40 and 41)

The second stage nozzle assembly comprises a set of 42
profiled vanes 4 (See Pig.41) bolted circunmferentially in-
side shroud 1.

second stage nozzle assembly shroud 1 is fabricated
from a forging of beat-resistant steel IX18H9T, and compris-
es a thin-walled rim with two flanges. The internal surface
of the shroud is slightly tapered, with the dlameter somewhat
inoreasing towards the rear flange. The front part of the
shroud is fitted with a band serving to ocentre the second
relative to the first stage nozzle as-—
sembly. The external surface of the rim carries two thicken-—
ed bands with holes for the vane securing bolts. Drilled in
the lower section of the rear pand are holes of a smaller dia-
meter, serving to conneot the vent system pipes; the upper
part of the rear flange 1is pilled to receive the oentsring
bolt of the releasable ring.

The solid vanes of the second stage nozzle assembly
(Pig.42) are precision-ocast from heat—resistant alloy AH300.
Bach profiled vane is provided with upper and lower plates at
its ends. The contours of the comnvex and oongave gides of the
vanes are formed by the curves plotted in compliance with the
pre-set co-erdinates., The thickmess and chord of the profiles
are mot uniform over the vane length. The upper plate of the
vane is rectangular in shape. Its contact surface is oorrugated
to reduoe heat transfer from the vanes to the nozzle assembly

shroud. The front and rear end faces of the upper plate are
‘milled to allow passage of cooling air in both direotions.
_The bosses of the upper plates are provided with two threaded
‘holes each. The heles accommodate bolts 2 (See Fig.41) holding
the vanes to the shroud. The bolts are retained by plate locks

! (washers) 3.
Vanes 4,
‘on the dlameters formed by the up

i

stage nozzle assembly

seoured to shroud 1, are subjeoted to treatment

per and lower plates. The up:{

use : ) ’
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per plates of the vanes serve as belts for the first ang se~
oond stage blades of the turbine rotor, while the lower Plate,
form the surfaces of the labyrinth sealings.

The front flange of nozzle assembly shroud 1 is secured
by means of 48 coupling and 6 fitted bolts to the rear Tlangg

-of the first stage nozzle assembly outer ring. The rear flang

of the second stage nozzle assembly is ooupled to the after-
burner diffuser with the use of a releasable ring.

As tye second stage nozzle assembly shroud has no Jodnt
in the axial plane, turbine assembly is carried out as fbllou-
the first stage nozzle assembly is secured to the flange of .
the combustion chamber housing; then the turbine rotor is ins.
talled in position(with the blades of the second stage dise
removed), following which the second stage nozzle assembly is

wounted and the blades of the second stage disc are fitted in
their proper places on'the dise,

e et e

R

Chapter 1Iv

AFTERBURNER

Phe afterburner (Fig.43) wita its fuel nouzles is arxrang-
ed aft of the turbine. Fuel burnt in the afterburner causes a
rise in the temperature of gases before the jet nozzle, which
results in acceleration of gas flow and, consequently,in aug-
mentation of engine thrust.

Fuel burnt in the afterburner increases the thrust of
PI-95 engine approximately 25 per cent.

The afterburner consists of three¢ main units: a diffuser,
a middle pipe and an adjustable jet nozzlee.

; DIEEUSER
‘ The diffuser (Figs 44, 45, and 46) comprises a widening
.duct, serving to decelerate gas flow to a value, ensuring stable
jburning of fuel in the afterburner.

F The diffuser (See Fig.46) consists of outer wall 6, inmer
‘wail 7, five fairings 4, front fuel manifold 14, rear fuel ma-
nifold 13, flange 15, flame arrester 8, spark plug 3, and

hood 5. :

Outer wall 6 of the diffuser is made of 0.8-mm thick sheet
steel OM602 . The end faces of the outer wall carry flanges,
fabricated from steel IX18HYT and secured by means of continuous
welding. The flanges have cutouts serving to secure the releas—
able rings. -

The diffuser outer wall mounts nine pipe unions for th
couples, two pipe‘unions for intake of total gas pressure,
blind bushes for seouring the fairings, and two flanges for
fastening the fuel wanifold pipes and the spark plug.

ermo—
five

—

e

e i
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A lug for imstallation of a locking device 1s spot-weldeq
to the outer wall surface near every pipe union.

To render the structure more rigid, l.2-mm thick strips 2
are welded into the outer wall, under the pipe unions, bushes,
and flanges.

The entire outer wall of the diffuser is made more rigid
by two bands, manufactured from sheet steel IX18HIT and fastep.
ed by means of arc welding.

The bands are provided with flanged holes to ensure venti-
lation of the space between the hood and tne outer wall.

As a rule, gas temperature is measured by employing only
four pipe uuions, the remaining pipe unions being plugged.

Diffuser inner wall 7 is made in the form of a truncated
cony¢, menufactured of l-mm thick sheet steel IX18H9T. )

The front end face of the inner wall mounts flange 16 made
of steel 1X18HYT and secured by continuous welding. The flange
has 20 tareaded holes used for bolting down diffuser flange 15
fabricated from steel 1X18H9T. The nozzles of the front fuel
minifold enter the cutouts provided in the diffuser flange.
Aelded to the rear end face of the inner wall is end plate 10
@ade of 1-mm thick sheet steel Ol435,

The end plate has a hole surrounded by six welded bosses

with thxinded holes for attachment of rear fuel manifold

flnnge 12, Bush 11, mounted in the centre of the end plate ser-
ves to accommodate afterburner spark plug 3. The rear face of
the end plate oarrtes six welded bosses with threaded holes
de31gned to secure flame arrester 8 and rear fuel manifold 13.
ror xfz:di::erTzzlllhas two oval ports, with the edges flanged
port A t. 5 blpes of the fuel manifolds pass through

Ay por acoommodating afterburner spark plug CII-02,

Arranged in two rows on the diffuser inner
Te the latter to the five fairings. After~

burner spark plug J 1s faatened to the outer wall Ilange by
pherical covers 18;
two hemis heric 3 fitted between the covers is ad

enclosing hemisphe-

ansfer to the fuel wanifol
d pipes
heatapheres AXe proviged with ciroular grooves e
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Spherical joints between the spark plugs, fuel manifold
pipes and the outer wall eliminate stresses arising during
installation as well as due to thermal expansion.

Flame arrester 8 secured to the diffuser inner wall ser-
ves to obtain a stable flame torch. Flame arrester 8 i1s a
welded structure, manufactured from 1l.2-mm thiok sheet steel
5602 . It consists of a ring, a come, five ribs and a
f£lange. The ribs are secured to the ring and the cone by
means of argon-arc welding. The flange has six holes for
fastening the flame arrester to the diffuser inner wall.

Clamps 9 serving to secure the rear fuel manifold are fitted
through the cutouts in the flange during installation. To
prevent wear of the rear manifold fuel nozzles, the flame ar-
rester cutouts are fused with alloy OJU435 .

To straighten the flow of gases issuing from the turbdine,
the diffuser is provided with five hollow fairings 4. The pro—
file of each fairing is uniform through its entire height.

The fairing wall is manufactured frozm l-mm thick sheet
steel ON435 . The upper part of the fairing wall is fitted
with a cover secured by continuous welding, whils the lower
part carrles a strip. The cover and the strip are provided
with ports. The fuel manifold pipes and the afterburner spark
plug pass through the ports of different fairings.

The fairing 1s retained in the outer wall by pin 2 welded
to the fairing cover. A clearance of not less than 1 za is
provided between the filring cover and the diffuser outer wall,
to make for thermal expansion of the fairing.

Butt-welded to the lower part of the wall and the strip
of the fairing are two supports manufactured from steel 1:1822:;-
" Zach support has two threaded holes for screws seouring the .
‘ing to the diffuser ioner wall. Suoh connection of five fairings
to the outer and inner walls of the diffuser persits the inner
mall to expand freely relative to the outer wall duriog '°:i“'
¢ operation. To provide for thermal insulation, tbe outer wall
| 9f the diffuser 1s covered by hood 3. Hood 3, fabricated Izom
i,o.y-m thick sheet steel IX18H9T 1s comprised of upper aad low-
i er balves. It 1s rendered more rigid by longitudinal aad :“"
;xal corrugations provided on both the balves. The bhood e n‘h
j are zeinforced with rolled-in wire. The hood is provided wi

erderasy
i flanged ports accommodating the bushes, pipe uolons, afrt
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spark plug and the fuel manifold pipes. Three bosses riveteq
to the hood sétve to secure the vent pipe clamps. Th2 hoogd
halves are coupled by two clamps 1.

Gases containing oxygen not used up in the combustion

chambers are delivered from the turbine into the widening duect
of the diffuser. In passing through the duct the gas flow is
straightened by the fairings, while its velocity decrcases.
When flowing past the truncated cone formed by inner wall 7
and end plate 10, as well as past circular flame arrzster 8
the gases are violently swirled and are well mixed with fuel
injected against the gas flow by 15 fuel nozzles arranged in
the two fuel manifolds, aocommodated in the diffuser.

Ignition of the gas-fuel mixture is accomplished by set-
ting fire to the mixture in the region aijacent to the centre
of ‘end plate 10, where spark plug Ci-02 1s arranged, and where
fuel 1s injected by two nozzles of the rear fuel mwanifold.

Apart from favouring adequate gas-fuel mixture formation,
zones of violent gas swirling provide for reduction ol gas flom

velocity thereby ensuring stable an

d effective combustion of
fuel.

The primary flame produced behin
Pagates throughout the entire diffuse
1s intensively mixed with fuel; the f

15 fuel nozzles of the two fuel manif
ser,

d the flame arrester pro-
Xy in which the 3ns stream
uel is injected tarough
0lds arrunged in the diffu-

MIDDLE PIPE

The middle Pipe, located between the diffusei and the ad-
Justable Jet nozzle, serves to direct the gases to the adjust-

able jet nozzle The middle
. pipe 1is 1680 mn
diameter is 640 am, " ons, e evexals

The middle Plpe (Fi1g.47) consists or
Shell 6 1s o oylindric

sheet steel OH6(2

2 shell and a shroud. -

al structure Danufactured from l-mm thick

3
i

i
from steel IX18HIT a
The front flan
the attexburnez~d1ffuse

nd secured by means of continuous
8¢ 3erves to connect the middle pipe to

T with the use of i
o Quick-change ring 1.
ar flange 8 of the midd)e Pipe siuell nas 60 :ﬁles H:I'

"*""————M - . i :

e Gl e )
gormly spaced around the oirocumference and serving for con-
neotion with the ad justable nozzle middle pipe. The edges of
the rear flange are provided with willed recesses.

To render the middle pipe shell more rigid, nine bands 4
pade of shest steel 3Sl435 are seoured to it by continuous
welding. Four of the bands have flanged holes for ventilation
of the space between the shell and the shroud of the middle

ipe.
" RBach of the remaining five bands has two drilled holes,

designed for equalizing pressure of t:: air trapped within
1th the atmospheric pressure.

e b:z:’t;ermal insulation, middle pipe shell 6 is houscc;nsggT
inside shroud 7 fabrioated from 0.)3 mm thick sheet steel ; .

Shroud 7 consists of three parts - front, middle a:dlxear,
each made up of an upper anda lower halves. The upper an toowe
nalves are coupled together by four clamps 12. Besides, °
provide additional means of fastening the shroud oomponz:em,:s
four lugs 9 are fitted, serving to fasten the shroud comp

wire.

. ;:: z;:ezrhalves of the shroud carry six bossesh5 f:z:id—
ed with threaded holes for fastening the clamps of t :!
pipe that runs along the middle pipe of the afterdburn ; tne

Circular corrugations provided on all components o e
shroud tend to increase its rigidity. Besides, wire ;sir e
in both ends of the front component of the shroud and in

d rear cowponeunts.
" o:oz::nziiilzh:nmiddle pipe she;l is effected through
es provided in the shroud. :

tlang::t::imen: of the middle pipe complete with th:h:di::tor
able jet nozzle to the diffuser 1is accomplished :: s
quiok-change ring L. The external surface of fro e ons
is given a spherical shape of a large diametu;owtba engine
displacement of the middle pipe axis relative o ange
axis after installation of the quick-change rini;ld tonether
ring 1 of steel IX18HIT comsists of two halvesf o
by two bolts. The two flanges of the lower hi:'er e one
trap 11 made of sheet steel IX18H9T. In :ltat B el
fuel trap has welded pipe union 10 suvinsc :f the quickohangs
dripping through the hole in the lower par
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ring du-ing unsucoessful starting or when removing corrosion-
preventive oompound from the engine.

Rigldity of the fusl trap is increased by wire rolled in
its eages.

ADJUSTABLE JET NOZZILE

The adjustable jet nozzle (Figs 48 and 49) aids in operat-
ing the angine at normal, maximum and augmented ratings,

The adjustable jet nozzie consists of a rear pips shell,
eight shutters, a taper ring, four actuating cylinders, pipes
of the hydraulic system controlling the shutters operation, an
actuating cylinder shroud, and an ejecter.

Rear pipe shell 2 (See Fig.49) is a welded structure con-
3isting of three sections - front, middle and rear; each of
the sections is fabricated from sheet steel SH602.

Welded to the front cylindrical section of the rear pipe
shell 1s flange 1 manufactured from steel IX18HST and serving
to secure the adjustable jet nozzle to the afterburner middle
pipe. The flange has 60 holes uniformly spaced around the cir-
cumference; 52 of thess holes are threaded and the remaining
eight holes receive fitted bolts centering the adjustable jet
nozzle when coupling it to the afterburner middle pipe. The
flange edges are milled between the holes,

To render the front section or the rear pipe shell moxe
rigid, three bands of sheet steel J435 are welded to its
surface.

Two extreme bands 5 are provided with flanged holes for
veatilation of the 8paos betwsen the rear Pipe shell and the
shroud. Middle band 3 has two holes fo

T venting the space bet-
ween the band and the shell.

Welded to the lower part of the

oone secured to the front ang r
Duous welding, The external sur
ries four brackets 6 made of st
Bounting the actuating oylinder
point welding,

Welded to the Te
1s shutter flange 9,

€ar sections by means of conti-
face of the middle section car-
eel IX18HIT ang designed for

8. The brackets are seoured by

ar oylindrica] 8ection of the rear pipe
Bade of steg) IX18H9T. The flange wmounts

g I
—— ___ .
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pairs of lugs to which eight shutters 18 are hinged.
For fastening the actuating cylinder casing relative to
e shell, the shutter flange is fitted with four
osses having holes to receive centering bolts 19, screwed

" {nto actuating cylinder casing 2l.

The shutter flange mounts the guidqi of the actuating

inder retainers.
o Fastening of the afterburner on the airoraft is accomp—

1ished by the use of two hangers bolted to the shutter flangs.
The adjustable jet nozzle shutter (Fig.50) is of a bo:

shape which makes for increased rigidity of the shutte:tans

facilitates its cooling. The edges of the ad jacent shu 1:;

overlap one another and make a tapered outlet section :h

the exit area approaching a clrcle at any position of e

ShUtt;::'adJustabla nozzle shutter oonsists of outer wall 1, ,

inner wall 2, rib 3, recess wall 5, angle 4, left-hand hinie s

and right—hand hinge 6. The surface of shutter outer :ale

is given a spherical shape and is chrome-plated to reduc

wear,
Outer wall 1 and rib 3 are provided with flanged holes

are
! for passage of shutter cooling air. The shutter compoments

fastened together by means of point welding. the Jot
Shutter position determining the diameter of

in
. nozzle exit area depends on the position of the taper ring

ot b

against which the shutters are pressed by the flow of f::fs.
Taper ring 11 (See Fig.49) 1is panufactured fros ah ;Ods
IX18HST and is hinged with the help of four bolts to the e rags
of the actuating cylinders, for which purpose four pairs
he taper ringe.
- P;:vigzzo:nfzictioz between the shutters and the taper :;380
the latter is fitted with copper strips coated with & layer
graph;::.fzont section of the rear pipe shell is oovered with
shroud 4 made of 0.3-ma thick sheet steel IX1889%. oy teo
Shroud 4 oonsists of two halves held tog:tbntoflthxa' soo
olamps 23; each of the shroud halves is welded up o riees ave
tions. To ensure additional rigldity, oircular ooxmt e ands
Provided on the shroud; besides, wirs 18 rolld 1:°‘t°' e tne
of the shroud halves. A port is provided at the

o

e e
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lower half, serving to mount the vent pipe. Cooling air is
passed through flanged holes provided in the shroud.

The rear section of the rear pipe shell is protected vy /
actuating cylinder casing 21, fabricated from sheet steel
IX18HIT, '

Actuating cylinder ocasing 21 is a welded structure con-
sisting of upper and lower halves, held together by five bolts
at each of the casing sides. The actuating cylindexr casing
has stamped recesses serving to accommodate the actuating oy-
1linders, hydraulic system pipes, and the bolts locating the
casing relative to the rear pipe shell.

For securing the ejector, the shields of the actuating
cylinders, and the vent pipe, the actuating cylinder casing ha
bosses with threaded holes, fastened by means of point-welding.:
Riveted to the upper half of the casing 1s a bracket mounting
three adapters and a boss with a threaded hole receiving the
vent pipe clamp.

The actuating cylinder casing has 32 holes, 30 mm in dia-
weter, with the edges flanged for rigidity. These holes serve
for passage of cooling air, suoked by ejector 15, 4into the
space between the casing and the rear pipe shell. The air
drawn by the ejector cools the rear pipe shell and the shut-
ters.

The ejector (Fig.51) 1s a welded structure made up of
three sections. Each of the ejector seotions i1s manufactured
from sheet steel IX18H9T.

The front section has 10 holes serving to secure the
:;":"’ to the actuating oylinder casing. Fastened to the

eotor are four
cylinder rods, shields 10 (see Fig-49) Of, the actuating
d.u‘:::-d;:!t;r::;;w::ngaxt of the ejector are pipe union 1T
ensate, and two lugs 20 serving to

fasten the afterburne:
ften w T pan when mounting the engine on the
The middle seotion of the ejector
passage of air
piston rods,
Th
€ required rigidity of the ejector is ensured by a

oirocular corrugation and band 4 ovide n e middle and
1 Provided o th

has flanged ports for
oooling the shutters and the actuating oylinder

T
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clamp 12 secured to the ejector by two bolts serves for

tening vent pipe 13.

o2 secured to the vrackets of the jet nozzle rear pipe are
r shutter actuating cylinders 8.

Rach actuating oylinder (Fig.52) consists of cylinder &,
two pistons 7 and 9, sleeve 1, packing bush 6, adjusting
push 15, thrust nut 5 with bush 13, shank 12, union nut 14,
and adjusting put 11l. Cylinder 8 is fabricated from steel
12X2H4A.

The internal surface of the cylinder is case hardened to
ear piston rod guide has four circular
the rod

fou

pinimize wear. The T
grooves accommodating rubber oups 10 serving to seal
of rear piston 9. The cylinder surface mounts six pipe unions
designed for supply and return of hydraulic fluid. The rear
portion of the cylinder is threaded to receive a split nut
used for adjustment of the jet nozzle diameter at the maximum
rating, and a projection serving to hold the actuating cylinder
urning or misalignment.

again::o:trzisfon 7 and rear piston 9 of the actuating cylinder
are made of steel 38XIDA. The circular grooves of the pistons
accommodate rubbsr paoking cups. The piston rods are hollowj
the diameter of the froat piston rod is egual to 12 wmj the dia-
meter of the rear piston rod .is 17 ma.

The rod of the front piston mounts thrust washer 3, while
the rod of the rear piston is gitted with shank 12 which 18
hinged to the taper rimg of the adjustable jet nogzle shutters.

The hole provided in the shank accommodates a spherioal
bush. The rod of the rear piston has two flats near the threads,
used for application of a wrenoh, when adjusting the Jet nogzle
diameter at the augmented rating.

Packing bush i 4s fabricated from steel AOXHHA. The exter—
nal and internal surfaces of packing bush 6 have oiroulari::o"e

receiving rubber packing oups. The packing tuch 18 PIov oodate

with eight diametrically arranged holes, two of which aooo!
retainers 16,

Sorewed into the packing bush 1s
The thrust nut has two 2-mm holes for
fluid. There are two recesses at the end ©

thrust nut 3 with bush 13.

io
ssage of hydraul
o £ the nut, aouomuodating
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the projections of adjusting bush 15. Adjusting bush 13, many.
faotured from steel 18XHBA, is used for adjustment of the jJet
nozzle diameter at the noaminal reting. The adjusting bush has ,
two grooves receiving rubber packing oups. Machined at the
front end of the adjusting bush are longitudinal recesses, one
of which accommodates retalning sorew 2, turned into the hols
of sleeve 1. Sleeve 1 of stesl IX18HST has a collar and two
ports on the side surface. Union nut 14 rests againat the col-
lar thereby pressing the sleeve to the oylinder. The adjusting
bush 1s acoessidle through the port. Fitted between the end faoss
of the packing bush and the sleeve collar is rubber paoking gas-
ket 4. Inserted into the sleeve hole is a spheriocal bush, serv-
ing to hinge the aofuatiug cylinder to the bracket provided on

the shell of the jet nozzle rear pipe. All the four actuating 3

cylinders are oconnected by means of pipes serving for delivery
and return of hydraulic fluid. The actuating eylinders operate
synchronously.

Conngotion of the actuating oylinders by the hydraulio
system pipes is diagrammed in Fig.53.

To avoid a sudden rise of gas pressure aft of the turbine
with resultant engine surge, closing of the shutters when pas~
sing from the augmented to the mominal rating is accomplished
slowly, The shutters are opened quickly, when passing from the
maxivua to the augmented rating. For this purpose the hydraulio
system 1s equipped with return valve 3,

The return valve (Fig.54) consists of body 3, a throttl-
ing unit, valve 4 with seat, valve spring 2, and plug 9. The
reo6ss of body 3 acoommodates seat 10, which 1s press-fitted
with a negative allowance of 0.01-0.05 mm; pressed to the seat
by spring 2 is valve 4 hinged to seat 11 with the help of a
dowel,

Seat 11 1s provided with a drilled
fluid; the passage
holes,

passage for hydraulic
comzunicates with two diametrically opposed

One end of spring 2 works
againat thrust ring 1, whioch is
body by looking ring 12,

The return valve throttly,
 set o2 vecene e oo Dg unit oonsists of case 5 and

ith ec
which d1stance washor centrically arranged holes) between

/\_\ 8 7 with oentral holes are installed.

against seat 11, the othex -
Teétained in the return valve

o ——
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Hydrau
unit 0asé.
The th
15 retained by plug 9,
pody by union nut 8.

1ic fluid flows through two holes in the throttling

Filter 9 and Jet 10 (See Fig.55) are installed at the

junction vetween the
Jet 10 1is so selecte

within 1.2 to 2.5 sec., when passin

pented rating (See Table 1).

Tadble 1

Selection of Jets

Group

Diameter, wm

LR R T

When changing from the augmented ra

1.25
1.00
0.8
0.6
0.7
0.5

ting to the maximum

rating, hydraulic f£fluid is fed to the actuating cylinders

| through throttling units 11.

! should be accomplished within 5 .
: the augmented to maximum rating, proper throttling

In order that shutter olosing

units

. should be seleoted (See Table 2).

ftable 2

! Seleotion of Throttling Units

, mxettiice | (G0 Vol
2 700
3 1000
4 1200
] 5 1600
6 1400
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rottling unit sorewed into the return valve body bare
which is pressed to the return valve

yeturn valve and the actuating cylinder.
d as to ensure opening of the shuttars
g from the maximum to aug-

to 7 sec., when ohanging from
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Time period i}thin which the shutters shift from the ngp.
mal rating to the maximum rating position (2.5 to 5 sec.) isg
ensured by selection of proper jets 13 installed into the mid.
dle pipe unions of the actuating cylinders (See Table 3),

Table 3
Selection of Jets

Group Diameter, mm

B 2.0
1.75
1.5
1.25

0.8
0.6
0.7
X 0.5

To aohieve a more effective cooling the aotuating oylin-
ders are covered by shields 7 (See F1g.49). The shields are
made of aluminium alloy AMpAM. Rivited to each of the shields

are four steel angles with holes, serving to fasten the shield
to the aotuating cylinder housing.

S b W

To facilitate engine starting and to improve engine ope-

rating conditions at low speed, the adjustable Jet nozzle )

shutters remain in the maximum o
rating position) up to the s
this case hydraulic fluid
P1g.35), while pistons
right-hand positions,

pen position (in the augmented
peed of 4500 -~ 6500 Y.p.e; in
Pressure 1s trapped in cavity A (See
2 and 4 are shifted to the extreme

dlith the engine control lever n
spee
of., t:: :::Olto ;500 !}p.l-, oontrol panel [IY-3 switches
PLY of the TA-2I unit sole
nolds, the
::.1:1;d. valves of the TA-21 ypigs and !o;ersiz.biy:hirzing
‘ raulic
l!y:o' ;o the pipe unions of the actuating eyfinde!s
° .
“ ¢.11,,::d1:hr1“1d from pipe union II of TA-21 unit No.2
rough tbxottling unit .
11
Toar piston 4 of the notu.tins oylinder e T By under
Simultane .
: .ogu.txonaly, hydraulio flutd from interpiston ocavity B
B8 oylinder 1s returpeq through hollow front pis-

oved forward, at an engine

of th
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e unilon I of TA-21 unit No.2.
gydraulic fluid pressure causes the front piston to
until put 1 on the piston shank comes up against bush 14
Sgiiizust put 15, whereas shifting of the rear piston is li-
0

ton 2 into PiP

Y n 2.

eeet :yuiz::;epjjionozzle taper ring 7 fastened ;o rear pis-
%ton s:a:ks 6 moves axially ocausing shutters 8 to close until
‘the jet nozzle exit diameter corresponds to the normal rating.

Further shifting of the engine control lever (to the ma-

{ ximum rating position) causes control panel IV-3 to switoch
:over the electric oircuit of FA-21 unit No.l; as a result,
" the slide valve of TA-21 unit No.l will be shifted to a po-

tsition at which hydraulie f£luid from cavity A of the actuat-
H ’

! ing cylinder will be directed to the return line.
th shank 6 moves further until it oomes

Rear piston 4 wi
up against adjusting nut 5, thereby changing the position of

the taper ring. As a result, shvtters 8 close to a position

e maximum rating.

°°rre:i::dt:§ ::g;:e control lever shifted to the"Afterburner"”
( $0PCAX ) position, control panel -3 will switch over the
electric circuit of the TA-21 units, which will change the
positions of the slide valves correspondingly. ced
) Cavity B 1located under rear piston‘A :111 be connecte
to the return lime via pipe union II of I'A-21  unit No.2,
whereas pipe union 1 of the same unit will deliver hydrauli:s_
£luid into interpiston cavity Bj the resultant hydraulic pr

sure will force rear piston 4 to the extreue rear position,
i thereby shifting taper ring 7 and releasing shutters 8. T?:
: shutters will be opened by the outgoing Ba3€3, thus eansuring
j an exit dilameter corresponding to the augmented rati:z-

If shifting of the engine control lever to the L::::;r.
burner® ( &OPCAX ) position does not cause h!df3“11:d§uutub1.
to be supplied to the hydraulic 3ystee contzollingth. uotan
jet nozzle shutters, mo fuel will be Jelivered bi' ‘n‘,;1,°k,,¢
pump to the afterburmer fuel nozzles. This fy:c yf Jo
1s accomplished by the use cf hydraulic awite en the o8

¥Yhen the engine control lever 13 coved to;nt“’. -
throttle position, the adjustable Jet nozale shu
change their position im the xevers¢ sequence.

e
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The afterburner is secured to the seoond stage nozzle
assembly shell with the aid of a quiok~change ring (See Fig.4),
The quick-change ring consists of two halves, held together i
by four bolts. Bach half is manufactured from steel IX18H9r,
The lower half of the quick-change ring wounts the fuel sump
made of sheet steel IX1849T. The sump accumulates the fuel
drained through the holes in the lower half of the quick~chang
ring during unsuccessful starting or when removing corrosion-
preventive oompound from the engine. This fusl is discharged
to the atmosphere via the pipe connected to the pipe union
provided on the fuel sump,

The quick-change ring is held against rotation by a re-
tainer engaging the cutouts provided on the flanges of the
diffuser and the second stage nozzle assembly shell.

CHARACTERISTIC FEATURES OF AFTERBURNER
WITH PRECOMBUSTION IGNITION

PA-95  engines of the fiftn series are provided with
precombustion (carburettor) ignition of
which ensures reliable change-
at altitudes of up to 15,000 m.

The diffuser of an afterburne
igoition (Fig.56) incorporates the
and assewblies: flame igniter 5y sp

ce 6, fuel-air mixture delivery pipe 2, adapter 3, and bus-
bar 1. Flame igniter (Pig.57) is welded of sheet alloy JU602;
it consists of outer cone 2, inner cone 1, cup 3, nozzle 4,
cone 6, and end plate 5,
The - flame igniter is secured along
by bolts 9 (See Fig.56) to the inner wa,
its axis registering with that of the
arrester 8 1g fastened
flame igniter Pipe unio
Pipe 2, while the flame 1gnitey
CIL-108A seoured by two bolts,
Voltage to the flame igniter spark
booster coi) KBI-IA via adapter [I-13
wall of the diffuser and arranged insig
ing, anj further through busbaxr 3, :

the afterburner,
over to thg augmented rating

r with precombustion type
following additional parts
ark plug 4, distance pie-

with distance piece 6
11 of the diffuser,
afterburner. Flame

to distance plece ¢ by bolts 7. The

Plug is supplied by
secured to the outer
the diffuser fair-
Afte;burnez ignition is

i

|

—_—T —

1shed by means of a torch, formed in the flame igniter
0000 ult of burning of the fuel-air mixture delivered into
xes
- aflama igniter from the carburettor. }
e purettor 3 (Fig.58) is a tee-plece arranged at the
Ca:etween the middle and rear compressor housings; air is
goizzered to the carburettor from the 9th stage of the comp-
e
ress:r;l supplied from the main fuel manifold via magnetie .
u
lve 1 and metered by throttling unit 2 is injected into ; :
:i § tream by nozzle 4. The resultant fuel-air mixture is fe
r s

it-
by the oarburettor into the flame igniter, where it is ign

[:] Y spaxk plu CR‘IOBA the flame toroh thus formed is

d b, 14 H

Jee 14 1

ejected throu, h the central hole into the zone of afterburney

o
rear panifold fuel nozzles. The carburettor uses fuel fro

the pipe connected with the wain fuel manifold, for which pur-

' pose the pipe carries a pipe union. Rurther,

! tion of engine electric cirouit: control pane

fuel is fed to

is se~
wagnetic valve 1 (See Fig.58) through the tank, ;hi::hanism .
cured to the compressor air blow-off band contr: u:tion e
(?1g.59) . The magnetic valve is similar in coustr seion v
o ) S .
magietio valve employed in the engine starting fuel sy

called for an altera-
The precombustion type of ignition -

1 and 2 of
fitted with an additional wire, connected to pins

such
the respective plug conneotor. The wire is c:n:e°:::rtzt is
a way that when control panel cam ¢ opera eléno1d of the
fed both to spark plug CE-I08A and to e o is ;alivered in-
magnetic valve. Consequently, fuel-air mixture of voltage to
to the flame 1gniter simultaneously with supply
the spark plag.

’Ti prevent the engine from spinning at
HP-10A fuel pump is fitted with a minimum
the minimum output of the pump is control 1
Pressure valve, the stop limiting siniou@ anides to improve
of the wobble plate has been eliminated. Ba:d ag’.hich the
engine acceleration ability, the engime uzz fuel feed has
EP-104 pump starta to regulate ‘*“*”““Z:zﬁo r.p.m., While the
been changed from 8200¥100 r.p.m. to 209 14mit switch operates
speed at which the hydrawlic d°°°1"“°rgo 10,900%100 r.p.®.
bas been changed from 10,4092200 Z.p.B. s

high altitudes the
pressure valve. A8

1ed by the minizun
s of inoclination

v

7~
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- Control panels IIV-3 and th
‘ e HP=10A pumps wi —_—
[ modifications, installed on the PJl-9F engfnes :: :Ee I,
e fifty

series are marked IY-3F and mP.
~104
» series " Jin, respectivey,

Chapter V
ACCESSORY DRIVES

ENGINE MECHANICAL DIAGRAM
(Fig.60)

E ‘ ! { The engine and airoraft accessory drives comprise the fol-
! | | i lowing individual units: 1) the nose portion of the inlet hous-
: ing; 2) the accessory drive gear boxj 3) the two-speed drive
z { : with the starter-generator.
: : Arrangement of all the driven accessories, direction of ro-
i tation and the respective gear ratios are given in Table 4.
; Table 4
: ; Designa- Gear |Direction Plaoce of
Nos| Name of unit tion ratio |of rota~ |installation
tion
) k] 2 3 4 5 6
- . 1 |Starter-genera-| I'CP-CT-|1.25; Left-hand | Accessory drive
: tor 6000A 2.778 gear box
I 2 |Regulating pump|HEP-104 | 3.125 |Right~ Acoessory drive
hand gear box
i : i 3 |Regulating pump |[HP-11A 3.125 |Right- Accessory drive
hand gear box
4 |011 unit - 4 |Left-hand |Accessory drive
gear box
5 |Bydraulio pump |Unit 623 | 4.5 | Risht= Aooessory drive
' or unit hand gear box
| 43584
!
|
P

//"
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T 2 J 4 2 5
6 |Tachometer ge- | JT-3 left-hand | 011 unit
nerator
7 |Booster pump -9 1.25 iLeft-hand Accessory dri.
» ¥e gear box
8 |Centrifugal - 1.765 |Left-hand Accessory dri.
valve Ve gear box
9 |Centrifugal - 0.76 [Right- Compressor ip-
breather hand let housing
hose portion
10 |Scavenge oil - 2.55 |Right~ Compressor in-
pump hand let housing
nose portion
Notes: 1. Direction of rotation is given when looking

from the drive end.

The gear ratio éxpresses the relation of engi~
ne speed to unit speed.,

Pengine

1w —

Sonig

2.

is transmitted throu
(2=22) which is in constan

Rotary motion f
gear 1 rom the ratohet
made Qt:::::mﬁ:d through three dogs to the olutoh body
Tith a gear (z=22 Th
a driven gear (Z=41), which has) € gear imparts motion to

ing the certral gnar
t of
other the ace

arranged in j 8pecial
tion to the hydraulic
gear (Z=20) are design
imparts rotary wotion
trains of the a

Pump shank,
ed to mount
tn the left-
0cessory gear yox.

The external splines of the
the central gear (Z=16) which
hand ang right-hand gear

!
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Left—hand gear trainm. The central oylinézica.l .gear
through an intermediate gear (2=27) rotates the gear
(3=40) of the HEP-11A fuel pump drive. The gear (Z=40) 1is mount-
ed on the splines of the driving gear (z=25) of the oil unit
drive. The gear (2=25) actuates the gear (2=32) of the oil
unit, and the tachometer gemeratcr drive. The tachometer ge-
perator 1s installed on the flange, provided on the oil unit
housing, and 1is rotated by the shaft fitting into the square

hole provided in the driving shaft of the oil pump.
Right—hand gear train. Rotary motion is transmitted from
the central gear (Z=16) through an intermediate gear (Z=27)
to the gear (Z=40) of the HP-10A fuel pump drive (the fuel
pump shank fits into the internal splines of the gear). The
gear (Z=40) of the HP-10A fuel pump drive through an interme-
diate gear (Z=22) rotates the gear (2=16) of the LH-9 boos~
ter pump, which is mounted on two ball supports. On one side
the gear of the booster pump drive is splined intermally to
receive the boostexr pump shank, while on the other side it
is provided with a tooth rim (2=17) which drives the centri-

fugal valve,

Cowpressor and turbine drive.
parts rotary motion to the driven bevel gear (2=20) having in-

ternal imvolute splines designed to receive the vertical shaft
of the compressor inlet housing noss portion drive, The other
end of the vertical shaft fits into the internal splines of
the gear (Z=20) which is enclosed in the compressor inlet
housing mose portion. The gear (2=20) transmits rotation to
another gear (2=16) whioh is located by a dowel on the driving
shaft of the oompressor inlet housing nose portion. The nose
portion shaft is made integral with the bevel gear (2=18),
which drives the three-stage oil scavenge puup through another
bavel gear (Z=46).
Tlsle 1n£olnt2 splines of the drive shaft shank mount :}:e
drive gear (Z=50) of the centrifugal preather drive and :oa
coupling. The drive gear (Z=50) transmits rotary motlon
the centrifugal breather through amother gear (2=38). easor
The coupling transmits rotation to the engine ”“tho
and turbine with the help of external splines through
front trunnion of the compressor rotor.

(2=16)

The bevel gear (2=20) im-

/I—_\‘\

// \ .
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When the engine accelerates to 2550 — 2900 x.p.m., the
dogs of the ratchet clutch come out of engagement. From thig
moment on, the engine rotor, accessory drive gear box and the
two-speed drive are rotated by the turbine. This throws in
the roller clutch and the torque 1s transmitted dixectly to
the starter, with a gear ratio 1 = 1.25. The starter begins
to operate as a generator.

COMPRESSOR INLET HOUSING NOSE PORTION

The inlet housing nose portion (Figs 61 and 62) comp-
rises the central drive, actuating the accessory drive gear
box, the centrifugal breather, and the scavenge oil pump.
Nose portion housing 1 (See Fig.61) is manufactured from mag-
nesium alloy and is secured to the compressor inlet housing
with the aid of-12 studs.

Adapter sleeves 22 are turned into the housing holes
through which oil is fed to the oil scavenge pump.

Pitted into the nose portion housing is breather pipe 29,
connecting the centrifugal breather to the noss portion upper
flange. Fastened to the flange with the aid of two studs is
an external breather pipe, bleeding air to the atmosphere. The
inner bore of the nose portion housing acoommodates press—fit-
ted and dowel-located bearing bush 9 which receives drive 6
of accessory gear box. Accessory gear box drive 6 consists of
:::e; gear 5, rotating in two ball bearings 4 and 11 between

) B:t:;a.:::zb:s:ssp:;::;king ring 10 are installed.
to transmit the torque to the ::th ool gt gy serving
rtical shaft of the accessor
gear box. Fitted into the circula e 7
I groove is locking ring 7
Preventing the shaft from coming out : .
by radial-thrust ball boncts g « Axial loads are taken
g8 4, 11, and 24,

The ball bearings of the acce
lubricated by the 01l dripping frg
The accessory gear box drive ig he
ing by locking ring 2,

Two other cavities accommod
01l from the oentre and rear be
zessor. inlet housing sump, and

m the accessory gear box.
1d in the nose portion hous-

arings, as well as from the comp
centrifugal breather 31. Drive

1

—_— 7 =

shaft 26, made integral with spur gear 21 and transmitting
torque to the 0il scavenge pump, rides im roller bearing 19
and in ball bearing 24. The drive shaft shank acts as the in-
per ring of tne roller bearing. The cuter ring of roller bear-
ing 19 1is fitted into bearing bush 18 and is held in position
by locking riag 20. Besides., tne drive shaft mounts press-
fitted and dowel-located hevel gear 28, transmitting rotary
moticu to bevel gear 5 of the accessory gear box drive.

, mounted on the drive shaft, is retained
by locking ring 23, Adjustment of bevel gear clearance 1is
accomplished by the use of adjusting rings 3 and 27. The
drive shaft splines mount centrirugal breather drive spur
gear 17 and coupling 13 transmitting motion from the compres—

sor to the drive shaft. Spur gear 17 is held against axial
16; the coupling 1s

Ball bearing 24

displacement on the drive shaft by ring
held in place by nut 14 and lock 15.
The outer flange of the inlet housing nose portion is

fitted with cover 25 made of magnesium alloy MI5. Turned
into the central part of the cover 4s an adapter sleeve serv-
ing to receive the bolt securing the nose bullet fairini. .
The nose portion housing mounts oil nozzle 12 held in p ac .
by two studs and serving to feed oil to the front bearing o

the compressor rotore

ACCESSORY GEAR BOX

63) is located on the up-

ear box (Fig.
The accessory § og and 1s designed to

per part of the compressor inlet housi e e
accommodate and to drive the engine and aircra 1
cast of magnesium alloy wsid

The accessory gear box is our short and

secured to the compressor inlet housing by £
two long studs. ;

Thf accessory gear box {F1g.64) 1s provided w::!; :x’;iht
ports, accommodating the drives of the followi:g 531 tne
units: the driving bevel gear, the griven biv:nii b.;draul:lc
two fuel pumps, booster pump -9 , the ot ssory,sea’ box
pump 623 and the centrifugal valve. The acc:mn of the bear—
has a system of ducts providing for Lubrica

ings and drive gears.
7
/
- /

e
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The drive of the driving bevel gear comprises gear 3
(See Fig.63) rotating in roller bearing 5 and in bal] bear-
ing 21. The outer ring of the ball bearing is mounted in
sleeve 20, which 18 press-fitted and dowel-located in the ag.
c@ssory gear box. The outer ring of the roller bearing i3
wounted in bracket 4, secured inmside the accessory gear poy by
two studs.

i

The shank of driving vevel gear 3 acts as an inner ring
of the roller bearing. Driving bevel gear 3 has internal
splines serving for connection to the vertical shaft of the
inlet housing nose portion; the shaft is held in position by
locking ring 22. The drive of the driving bevel gear is retain-
ed in the accessory gear box by locking ring 23, Driving bevel
gear 3 imparts royary motion to driven gear 7y whose rim is )
provided with involute splines for connection to accessory
gear box central shaft 2. Driven bevel gear 7 is made integral
with the shank having external and internal splines. The gear
rotates in two ball bearings 30,

The external splines of driven gear 7 mount central spixr
gear 9 arranged between the ball bearings. The internal splin-
€s of driven gear 7 receive the shank of hydraulic pump drive
Spur gear- 11; ball bearings 30 angd central gear 9 are secured
on the driven bevel gear with the aid of spur gear 1l and
nut 6 with lock 41.

The ball bearings of the driven bevel gear are mounted
iz :;eee:::e:s::d 1:’ ":1011 are press-fitted and dowel-located
conmuntcatey M:hzt:' o:l{.dBeariug sleeve 8 has a hole which
ing, thus providing for p ing Lonngooootgs0zy gaar box how-

earing lubrication. ’
s e i s o e B2 957 82
PUI gear 11 and is driven by the latter.

mtio:rt:e::::rv:z °f hydraulic pump 4355M arive imparts ro-
gear 16 rides 1o 3T 16 through the external splimes. Bevel
whose outer rings are
15. One of the bear-
ng ring 14, the other
being secured with
B98r 17 which also rotates Bevel gear 16 meshes with bevel

in
in the adapter b7 locking x:qst;; ball bearings 18 retained

de the adapter by locki.
ther with bevel gear 16

//———-- Declassified in Part - Sanitized Copy Approved for Releaii ZOM CIA-RDP80T00246A062100010001-0
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The hydraulic pump adapter 1s manufactured from alumini-
1loy AlS and is secured to the aocessory geaxr box by
- studs. To accomplish lubrication of the drive bearings,
:z:e:ydraulic pump adapter is provided with oil ducts, com-

municating with the duct of the accessory gear box.
Rotary motion 1is transmitted to hydraullc pump 435BY

* through the internal splines of the bevel gear (17) shank,

Hydraulic pump 435BM 1s held to the accessory gear box
-change ring.
v a:l':c:::ve ogf hydrgaulic pump 623 which was installed in
earlier production engines (Fig.65) differed from the inclin-
ed drive by the absence of two bevel gears and two ball bear~
ings. Hydraulic pump 623 was secured by four studs.

Central spur gear 9 (See Fig.63) drives two interme-
diate gears 31 and 42. Each of the intermediate gears 1is
mounted on two ball bearings, between which a locking ring
is fitted. The inner rings of the ball bearings are fitted
onto fixed hollow pins 4C and 43, held to the acoessory gear
box by studs. The pins accommodate plugs 29 and 33. Meshe@ §
with intermediate gear 42 is spur gear 25 of the HP-10A fue
e ;::v:;ive of the HP-10A fuel pump consists of fuel pump
drive shaft 44, two ball bearings 28, and spur gear 25. L
Shaft 44 1s splined externally and internally; the e:terna
splines of the shaft mount spur gear 25 o2 the EP-lgk l::mzhe
drive, whereas the internal splines receive the sh: e
HP-10A fuel pump. Fuel pump drive shaft 44 rotates in o
ball bearings 28; the outer ring of one bearing 1:hmoubear_
in bearing bush 45, while the outer ring of the other
ing is fitted into flange 26.

Bush 45 has a hole which serves for lubr
communicates with the oll duct of the accessory ge ruel

The drive of booster pump LUH-9 1s 1'°t“:d by fu
pump drive gear 25 through intermediate gear 4 .uon to 10

Intermediate gear 46 is similar in construc g
termediate gears 31 and 42.

The drive of booster pump LH-
adapter 47, which is held to the aoc

ication and
ar boXe

9 31s arranged inside
essory gear box by 8¢-
9 has two tooth rims

Ve

PRI e
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and rides in two ball bearings 50, between which two distancy
sleeves 48 and 52 are fitted.

The outer rings of ball bearings 50 are installed into
adapter 47 ‘and are held in place by locking ring 51. The in-
ternal splines of drive gear 49 receive the shank of booster
pump UH-9 , which is secured to the accessory gear box by
seven studs.,

Adapter 47 is provided with a system of ducts designeq
for lubrication of the drives of booster pump UH-9 .

The smaller tooth rim of pump drive gear 49 meshes with
centrifugal valve 24, held to Lhe accessory gear box by a
quick-change ring.

Intermediate gear 31 1s engaged with HP-11A fuel puop
drive gear 34. The drive of the HP-114 fuel pump acts as a
drive of the oil umit; it consists of oil pump drive gear 37,
riding in two ball bearings 35, and HP-11A fuel pump drive
Spur gear 34. The outer ring of one of the drive bearings is
mounted into bearing bush 36, press~fitted and dowel-located
in the accessory gear box housing. Bearing lubrication is ac-
complished through a hole in bush 36, communicating with the
01l duct of the accessory gear box.

The
which is
Distance
the spur

outer ring of the other bearing fits into flange 53,

secured to the accessory gear box housing by six bolts.

sleeve 54 1is installed between the ball bearing and
gear,

The HP-10A and Hp-

11A fuel bumps, as well as the centri-
fugal valve are fastene

d to the accessory gear box by means

of quick-change rings, comprised of two steel half-rings

clamped by two bolts,

To prevent entry of oil
the HP-10A and HP-11A pumps,
with glangd packings 27,

from the accessory gear box irto
flanges 26 and 53 are provided
held in place by locking rings.

TWO-SPERD DRIVE

The two-speed drive (]
Fig.66) 1s q n
of torque from the starter to esigned for transuissio

the engine at for
transmisgi at starting, and
after the :‘ :f rotary motion frop the engine to the’generatoz
speed dn"n:r:: bas been starteq, Apart from this, the two-
ents reverse Totation of the idle engine, whel

)

.
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other engine is being started (in case two engines are
the

one compartment).
msm;]ﬁzdttt;—speed drive consists of housing 12 and cover T,

jcated from aluminium alloy All5 ; the housing and the
- commodate two free wheeling clutches and a friction
1 txhacKousing 12 and cover 7 are coupled by five short and
o o studs and are aligned by two centering dowels. Press-—
ot lgnind dowel-located in the cover boring on the starter-
ftzz:ator side is bush 4, accommodating two ball beaxings:
:.nd rubber gland 2. The rubber gland is held in position by

cove

king ring 3.
e ciutch guide 1 mounted on two ball bearings 5 1s engaged

with the starter—-generator shank through internal splﬁ::;d
At the other side of the clutch guide there is press~ e
and dowel-located bearing bush 29, which accommodat:s roof
bearing 28 without the inner ring. The external splfn::e
clutch guide 1 impart rotation to the steel discs o "
friction clutoh, whose bronze discs mesh with the intern
of friction clutch housing 6.

spun;:ive gear 14 is connected to friction clutch h:us::zt:s
and to roller clutch holder 19 by means of dowels. It r e
in two ball bearings 12 mounted on the shaft of drivez; 5:{“_
Rotation of drive gear 14 is transmitted to ratchet 2 ;er
chet 23 rides in two ball bearings 22 and 26, whose ::tted
rings are installed into the bearing sleeves, pr;s:—e
into the housing and the cover of the two-speed driv ; o

Ball bearing 22 is retained in the bearing st:evuide
locking ring 21. The shaft of ratchet 23 mounts ;he iousi:;g
consisting of housing 25 with dogs and gear 20. T o tu
and the gear are oonnected by dowels. The 5uideed e he sutde
roller bearings 24, whose outer rings are set:mrh B ot sor
with the aid of loocking ring 27. The shaft of ; e .
ves as inner rings of the roller bearings. Gul etgrtu-ge“-
transmits rotation to driven gear 13. With :hea:t: e to
ratoio;:ezating as starter, driven gear 15 :i ough the tater-
the central shaft of the accessory gear box thr
nal splines,

The friction clutch is designed -t
against overloads, in case the torque require

o safeguard. the starter
d to spin the
the friction

d valuej -
‘ engine 1s increased over the specifie 4 -
L4

44__~_,_ﬁ..——-—*ﬂ’;"'—"—_———-.
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clutch also serves to proteot the two-speed drive against bregk.
down 1in the event the generator is wedged. The clutoh consisty
of housing 6, clutch guide 1, six driven brongze discs 9 and
five drive steel discs 8, spring oase 11, and spiral 8prings 1,
The bronze discs have 15 2.5-um diameter holes (in five bands)
providing for cluteh lubriocation. The discs of the friction
clutch are packed with graphite lubricant (TY027I-44 ),

The centrifugal clutch (ratchet, free wheeling) is mount-
ed on the shaft of ratchet 23. The olutch oonsists of hous-
ing 25, with dogs fitted on pins 18 and expanded in the hous-
ing. The dogs are acted upon by the springs, which engage the
former with the ratchet at starting. Under the influence of
the centrifugal force the dogs overcome the force of the
springs, come up against their stops and disengage from the
ratchet.

The roller clutech (Fig.67) 1s mounted on the splines of
the driven gear and comprises cam 3, bronge separator 4, eight
rollers 1, and spring 2. Cam 3 1s made of steel. The external
surface of the cam has eight operating flats arranged at an
angle of 8°*15' o the cam edges. For conneotion to the driv-
en gear the cam is internally splined. Bearing upon the cam
flats are rollers 1, accommodated in the seats of separator 4
and retained by washer 5 which 1is secured to the separator
by rivets 6. Under the foroe of spring 2, whose one end is
8ecured to the cam and the other to the separator,

the sepa-
rator with the roliers all the time tends to wedge.

Speed than the guide with the
f the olutoh impossible. After
the startex-generatox begins
and from thig Woment on the tor—-
everse direction, that is from
This makes the ratchet clutch

he oentrifugal forges throw the
"ith the ratchet, 4t the same time the rol-

the engine has been started,
to operate as a generator,
que is transmitted in the r
the engine to the generator,

come out of engagement, ag ¢
dogs out of mesh

A e e

-~

4

— 83

uide with the rollers acquir-
oh gee ':::;dt’:h:srzﬁef ¢lutch holder to which break-
1ied from the starter-generator rotor. Th::,
drive the torque is transmitted directly,
d drive is secured to the acces—

1er clu

es greater speed

ing effort is app
. two-speed

inside the

past the ratohet. The two-spee

sory gear boxe

I

g
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Chaptex VI

ENGINE LUBRICATION SYSTEM

The PI-9F engine employs a close-circuit self-sustained
oll system, providing for a possibility of inverted flight of
the aircraft and designed for lubrication and cooling of the
turbine and cowpressor rotor bearings, as well as of the rotat
ig;; components of the inlet housing nose portion, accessory
gear box, and two-speed drive. .

Basides, oll from the oil system is used by the centri-
fugal governor, controlling corsressor air blow-off band opera-
tion.

The engine o1l system (Fig.68) incorporates oil tank 2,
fuel-oil cooler 1, o1l unit pressure pump 6, oil scavenge
puzps 18, 21, aand 22, centrifugal breather 19, o0il nozzles 13,
13, and 17 with filters 14, and the respective pipe lines.

The o1l tank, fuel-oil cooler, and fuel filter ocomprise
a single unit koown as fuel and oil unit 317A.

PUSL AND OIL UNIT 3174

. The fuel and o1l unit (P1g.69) consists of an oil tank
vith a filter, fuel-o1l cooler, fuel filter, and return valve

constituting a single unit.
. 011 Tank
be 01l tank 3p 1t
aerator. ted with a f1lter incorporating a de-

— ..
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Specifications

Clty o o o o o o o o not less than 12 lit.
. « « 40,2 - 0.8 kg/sq.cm.

. o « 1 kg/sq.cm.
. o 1o2 kg/sq.cm.

011 tank capa
Operating pressure e« o ¢ °

pest pressure o o o o ¢ o ¢
Hydraulic pressure test . - -

0il Tank Construction

The oil tank (Fig.70) 1s welded from 2-mm thick sheet me-

tal AMUAM , Welded to the upper part of the 0il tank 1:-izlzn
jer 10. The filler accommodates steel threaded ring 4,th: s
place by two screws 3, 0il filter 11 is inserted 1nto o 1
ler. The upper part of the o1l filter 1s secured by nu t, o
whereas the lower part rests against the taper portion of pip

serving to feed 0il into the oil tank.

S which 1s locked by cross—

The filler is fitted with cap 9,
member 8 and screw 7. .
The circular groove of the cover accommodates rubher pac

dowel on the ianer
. 01l depth gauge 12 fixed by a )
et e oon ’ : gulax rod with graduated faces, serv

side of the cover is a triang on the
ing to measure the anmount of oil in the tank, depending

installation of the tank on the engine. 4 engtne
With the fuel-oil unit mounted on the left-han : ? 'h:n
oli is measured by using the scale parked * 1 ® (left ):ent‘
the unit is installed on the right-band "‘81“‘: "“’:::““.n
are taken by scale * I * ("right"); scale *® r=isu
veasuring oil in a horizontally installed unit. s171e e
Fastened to cil taok partition 16 by two strsp
rotary oil intake with a breather device, pro
nuous oil feed ioto the engine at any of the . .
Where the oil intake with the breather device rotates
1tion 16.
Noi"::.:i':ninp::l:a "nh the breather device 13 e tos
of pipe 19 to pipe union 18 serviog to deliver
tank to the engine.
Pipe union 1) is
the fuel and oil uoit 18

yiding for coatis
115t attitules.
jort 13

copseoted dy nerzd

1g3 £ ow the tal

b3 -1 4 ol fr the ) 4
des ¢4 for 4rain
inl‘lll.‘ oo th¢ rignt Nan! 34124,

e the task with the fgel an! otl

Pipe unlon 1 serving to drain tred cc B¢ tegs-2an!
uait sounted oo the left-band engise: n yul
/

- IO



Declassified in Part - Sanitized Copy Apprové?for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0

— 86 ——

aide of the oil tank are steel olamps serving to fasten the
fuel-oil oooler. Asbestos gaskets are placed between the ¢lamps
and the cooler housing.

The rotary oll intake with breather (Fig.71) consists of
breather pipe union 10, welded to the front wall of the tank
and connected inside the tank via breather pipe 9 with hollow
axle 3. The hollow axle is divided into two parts by.a parti-
tion. The left-hard part of the axle acts as a duct communi-
catirg with breather pipe 1, while the right-hand part serves
for'connection with oil intake 4.

With the aircraft in flight, oil intake 4 1s immersed in-
to the o1l, whereas breather pipe 1 is always located in the
alr space of the oil tank.

To keep the oil 1intake immersed into the oil, the intake
Pipe 1s fitted mith pocket 7 filled with 80%10 gr of 1eaa (s).
011 1s delivered from the tank via o1l intake, 4, hollow axle 3,
pipe 5 and oil outlet Pipe union 6.

01l 1s vented to the atmosphere through breather pipe 1,
hollow axle 3, and plpe D, connected to breather pipe union 10.

011 intake 4 1s Yigldly conmnected to breather pipe 1 by
means of two-chamber bush 2 rotating around axle 3.

The oil filter (F1g.72) comprises oylindrical frame 2,
opade of l-mm thick sheat steel. The frame has ports for oil and
air outlet. On the outside, the frame is fitted with brass
gauge 5 (gauze No.28). Arranged inside the frame are two steel
Pipes 3 terniniting 1n nozzles 10 in their upper parts. The
lower ends of tne Plpes are soldered to bottom 8 and are intercon-
Bected by two plates 4. The lower part of the frame mount s
bow® 9, The bowl carries rubber tip 1, whioh fits against the

taper surface of the inlet pipe union when the f1lter is being
®ounted into the o1} tank,

and the air separat-

Pelled into- the 01l tank through the

UDPer ports of tye filter frame.

e ——

‘
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fuel-o0il ocooler is designed for oooling the oil,

e The oil is cooled by

jreulating in the engine oil system.
¢ ¢

pe fuel passing through the cooler pipes.
the

Specifications

. o o 1.26 sq.dm.

Cooler frout area « « « o o o o ¢ DR
Cooling surface « « « « o ¢ = ¢ ¢ L e
Number Oof PipesS « « « o o o o @ o o e
011 space capacity e o« ¢ o o o o o
Puel space capacity (fuel -

filter included) o+ o o ¢ o o o o o AP
Permissible operating pressure . . o ...4/5 e,
Aixr pressure test . . o o o ¢ o o : L o,
Hydraulic pressure taSt « o o o o o T e e,
Destructive pressure . o - e ¢ ° ° O e
Dry weight « « o « o o o o o ¢ = ¢

Fuel-0il Cooler Construction

- 4 oov-
housing, left-han
sof e e a

t
er (Fig.73) consis
oo (e t. The fuel filter housing sexve
Loments g element conprises

11 thickness
. The ends

er, and cooling e
right-hand cover of the cooler. The 00:11: .
a set of pipes 1, with outer diameter on 1196
0.2 om. The pipes are manufactured from a o os are o0 arrane-
of the pipes are hexahedral in shape. The p

ns fit snugly
housing, that their hexago
ed inside the cooler rtions ford

ndrical po
2g2inst each other, while their oyli ot of the pipes

xahedral
cleazanoes for passage of o1t s ve ooler housing ®Y sold-
are soldered to each other and to the ¢

ortions of
er 1I0C5C . Hot oil flows between the cylind;i::l P
‘ ’ he pese.
the pipes, while fuel circulates along ;1 1i, e of 1.5-ca
The cooler housing consists of she taones, The il 18
thick sheet brass JG2lU , and two steel

11
designed for ©
ts, of which three are o
Lo1et 10 and one for o8 the. cooler. The

]
inlet to and one for oil outlet fTo e s to the el
ports comsunicate with manifolds 6 an rey sooters ene 1eft
The rigat-hand panifold delivers oil.to e etds are coo-
tand n:;:itold receives the outgolong oil; p

e e
e

i - _ —— . M_,_____.-—-«""—'ﬂ 1 0
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neoted by ‘pipe 7, which incorporates a ball valve consisting
of a casing with valve seat 14, valve 16, spring 15, ang ade-
Justing screw 13. The valve 1s sorewed into pipe 7 and 35
locked therein by locking ring 17.

If resistance to oil flow at its inlet to the cooler in.
oreases in excess of the specified value (due to cooler ¢clog~
ging), the valve opens and by-passes oil from the inlet cayi-
ty to the outlet.

The right-hand manifold is fitted with Pipe union 10 af.
fording oil inlet into the cooler. The pipe union is brazed
with brass. Welded to the left-band manifold 18 o0il outlet
pipe connection 4. Pipe connection 4 communicates with the
pipe union serving for oil inlet into the o1l tank.
on 12 brazed to the left~hand manifold with brass serves for
draining o1l from the cooler. Pipe union 12 mounts the pipe
union-valve (Fig.74) consisting of pipe union 1, nipple 4,
valve rod 3, and 3pring 2. The valve rod 1s covered by taread-

ed cap 5. When the valve rod is depressed, 0il drains from
the cooler.

For better heat dissipation,

Pipe uni-

the cooler sSpace into five section
factured from 1-mm thick sheet bra,
18 provided with a pbrt, through w
from one section into another, eag
tion of f1ow.

The left-hang flan,
88 the right-hang flang
8ame time acts as the r

The joints between
covers are packed

S. Partitions 2 are manu-

8S. Zach of the partitions
hich o4l successively flows
h time changing the direc-

where-
which at the
ight-hand cover of the cooler housing.
the cooley housing flanges and the
° with paronite g3skets. To obtain the requir-
¢d speed of fryey flow, eBsuring optimay conditions of heat re-
®oval from the cooler, the inner cavities
[}

ivided by Partitions 2; the Projecting eng faces of the par-
titions f1: into the cover 8rooves,

The fuel-oq) cooler 13 g
ecured to ¢y

pPlaced on straps 9 8older eo:i:h:a::tzzd:angze
0001er 1s provigeq Yith casing 1(See F1g.69) ;he
o1l tank by screws 2. ) seoured to

of the covers are

Declassified in Part - Sanitized Copy Approved for Rele

four partitions 2 (See Fig.7)) :
are fitted inside the cooler housing, The prartitions divide

'

s
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To prevent oil seepage from fuel-oil unit 317A 1nfo the
erating engine, the coolexr oil inlet pipe union is fur-

o th return valve 3. The return valve (Fig.75) con-
pisned “1bousing 5, mushroom valve 4, valve guide 2, and
sots o7 hich forces the valve against the housing seat.
eprine % “uide is clamped inside the housing by pipe union 1.
o valveiitance should not exceed 0.03 kg/sq.cm., with o1}
zilge(;::te Standard 6457-53) delivered at a rate cf 14 1it/min.,

0
and temperature of 50°C.

Fuel Filter

The fuel filter is designed to clean fuel of mechanical
impurities.

Specifications

e o o o 40 - 42
Number of filtering discs « « « « co5 oq.co0.
Piltering area o« « o o o o o ¢ ¢ o o o o o .J oo,
Inlet fuel DXESSUZE « « ¢ « o o ¢ o o o o o

Fuel Pilter Construction

The fuel filter (Fig.76) comprises casing 6, nlc::b:::at-

ment 10, and cap 7. The filtexr casing and the cap are
AJI4T6 .

ed fx;:eaiizter casing carries two flanges with holes ::: .
fuel inlet and outlet. The lower part of the filter casing
furnished with two pipe unions 14 for fuel dxainage; hand en-

When fuel-oil unit 317A is mounted on thedzzgso-the right-
§ine, pipe union-valve 4 (See Fig.69) 1s turne side), whereas
hand pipe union (4f viewed from the fuel tnte:c with plug 5
the other pipe union is furnished with union :and engine, the
Hith the fuel-oil unit installed on the left- ns osed.
Pipe union-valve and the union nut should be t:n d:saxxbcd

The construction of the pipe union-valve : valve, sepa-
above. The filter casing imcorporates a uusn:OZhaubcr. The
*ating the fuel inlet chamber from the outle 1ve seat 3
valve consists of mushroom 4 (See Fig.76), ¥a
valve dis and spring 2. coo

'hencp::ssure ﬁt the fuel pumped thxoui:n:h;ro- tze inlet
Sreases, the valve opens therebdy direocting

ler 10~

(/V

ps——————
e e
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chamber to the outlet, by-passing the cooler. The valve is
adjusted as to open at a pressure of 0.07 kg/sq.cm, *
iz mounted through the port provided in the casinp,
by a screw plug.

Tue filter element (Fig.77) comprises a st of 40 - 4.
double-sided gauze discs 3, mounted on common core 4,

The gauze disc (F1g.78) consists of two outer fine by
gauzes 1 (gauze No.0045,State Standard 6613-53 o
coarse brass gauzes 2 (gauze No.042, State Standard 6613~53)
Each pair of gauges (fine outer and coarse inner) is clam d.
on the inner diameter by imner rings 4. The coarse gauze :et
as a frame for the fine gauze, guarding the latter againstod:-
mage which may result from pressure difference inside and
side the gauze. Corrugated disc 5 installed between the -

renders the gauge disc more rigid. On the outer diamster f:“"“

gauzes and the corrugated disc are clamped by outer ring 3?

capl“:'l‘::hgta:ze discs are pressed between bottom 6 and filter
€ aid of steel rod 5(See F1g.77) and nuts 7. The £i1t-

er cap is furnished wiih han
] dle 15 (See Fig.
installation ang removal of the ¢ i saatngs ot

'the filter cap is Provided
for bleeding air from inside th
stopped by special plug 13;
3 turns,

The valye
€ and closgq

) and two inner

with a threaded hole, serving
e filter. The threaded hole is
when the plug is backed out 2 to
the filter communicates with the
f holes, provided in the plug.
ring 16, the piug 1s fitted with rubber
The filte
castog wag 1s T element with the ¢ap 1s fitted into the filter

casing joint 1:‘,;::::::’“&::; 11 and wing nut 12. The ocap-to-
T
fuel from gasket 8, 1o proven
entering the system at the filterltutl:tnoz;iii‘;;nd
?

18 sealed with py
ber ring 9, ¢
fuel-oil cooler housing by 28 a::d:uu faLter 1s seouzed to th

Fuel-o11 unit 3
174 1s secy
to four steel brackets, fasten Ted by means of two steel olamps

oompressor ye €d to the bosses
it o ar housing, pitteq between provided on the
¢ four asbestos gaskets the brackets and the

°f the fuel-o1) yps¢ from the h::rhv::g 1f°"' thermal insulation
sing.

filter from the casing; besides

— Gl ——

OIL UNIT

¢ oil unit (Figs 79 and 80) consists of oil pressure
79), reducing valve 44,reducing valve filt-
return valve 34, and

Th
puzp 9
er 15

pleeder valve 28
alr the oil pressure pump 1s a gear type, having an output

of 25 1it /min. at the normal rating, witp counterpressugz
amounting to 3 = 4 xg/sq.cm. and oil temperature 60 - 65d ;ve
The pump comprises housing 7, operating gears 8 and 49, Prm
shaft 12, drive gear 1, ard two rubber glands 6 and 46. Pump
7 is manufactured from aluminium alloy All5; 1t 1s

unit 10 by four studs. Centering
dowels.

(See Fig.
01l filter 20, safety valve 32,

housing
neld to the housing of oil
of the housing 1s accomplished by the use of two guide
? 0i1 pump drive gear 1 1s coupled to the 0il pump drive shaft
by means of splines and nut 47 with lock 50. The other end of
the drive shaft accommodates press-fitted bush 45 baving an
internal square, serving to impart rotary motion to the tacho-
¢ shaft 12 is mounted on a ball bearing
ed to drive gear 49 by
unts collared split bush 3
r 8 1s made

meter generator. Driv
and a friction bearing; it is coupl
means of key 48. ‘The drive shaft mo
which holds it from axial displacement. Driven gea:
integral with the trunnions and is mounted on two friction .
bearings. 011 seepage from the pumping unit into the ac:e:sb
ry gear box and into the tachometer generator is preva: edi-y
rubber glands 6 and 46. The oil trapped by the glands 1s
rected into the suction cavity through special drilled pas—

sages,
i The oil unit housing accommo
turn valve 34, oil filter 20, reducing valve filter :j; :::pt—
Pipe union delivering oil to the centrifugal va].ve,t the punp.
er sleeve 13 serving to direct o0il from the tank 1in oaincain
Reduoing valve 44 1s a poppet tyPes serving 50 ;ha reduc—
pre-determined oil pressure in the engine oil 11“;3 valve 40,
ing valve consists of housing 42, adjusting sorew ’

d from
using 1s fabricate
valve seat 39, and a spring. The hous1ng nit housing. Valve 40

steel 30XI'CA and is screwed into the oil u e res-tittad
1s forced by spring 41 against seat 39, Whi:n B eite
and dowel-located in the oil unit hquaini;“

side the valve is acted upon by oil pres

dates reducing valve 44, re-

B amnl

[ e
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The reducing valve is adjusted to
4.5 kg/sq.cm. Adjustment is carrieq out
screw 43, turned into the reducing valve bousing. 1r PTessyrg
in the 0il line increases in excess of the Specified value,

the valve overcomes the force of spring 41 angd by-passes 0il
to the suction side.

an oil Pressure of 4 ¢,
by wmeans of adjustiug

Prevent oil flow from the tan
engine is 1nope1at1ve.

system, when oil Pressure downstreanm of th
to 0.3 kg/sq.cam.

Each of
S of two outer circular filter gau-
wire; 4096 meshes 1n 1 8q.cm.) and two 1n-
her frame gauzes 4 (0.22%0,05 bm and 0.24%0.05 mn dia.
Zach pair of gauzes (o
clamped on the inney diamet
ragm 2 is fitted between tp
gauzes and the diaphzagm ar
frame with the bolt is secu
The frame wounts tep gauzge
cover 18, clampeq by nut 16
In case the o011 filter
through the safety ba
bassing the filter,
ference ip 01l press
to 0.8 - 1.0 kg/sq.cm.
ball 31, ang Spring 32, 2lve housing is
cap 21 of 011 filtey 20 s0 that the valve end
1nto the cqp % 1~ 2 an, qpe housing 14 punch,

wire).
uter filtering ang inner frame) 1s
€r by holder 6. Corrugated diaph-

€ gauzes. On the outer diameter, the
¢ clamped by holder 1. The filter
Ted 1n 011 filter cap 21 (see Fig.79).
dises 19 apg Spring 14 with thrust
gets clogged, o011 4g directed

11 valve ang 1p¢, the engine o131 line, by-
The valve startg te function when the die-

Sorewed into

face should sink
for a 3¢le"~drivex. ed at the slot
Ar bleeger valve 28 oom
ball 27, Spring 26, ang bu
ring 29,

Prises housing 24,

1ncoxporating
8h 25, helg 1p Plac

e by locking

; e MV_____—'_’____»
- ” ' CIA-R 62100010001-0
e —— : CIA-RDP80T00246A0
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housing is sorewed into the oil filter cap]:fd
T The air bleeder valve is designed to «at
” locke: b{o::;:e;n the pipe line serving t; del::e;;i]e.d :ﬂ
o ne with a non-
e T e
uae. To oo au,a ainst the force of the spring. The o .
b e e 2;, iachometer generator adapter 11 secured by
e eate. m°‘m°:1 unit ic fastened to the accessory gear
:ue:o:::::uf:: the aild of five studs and omne bolt.
ox

. comprising
The soavenge oil pump (Fig.82) is a s;azotyzf:avenzing
ections 18 an ’
ns: two extreme s section 19
three sec:;: centre and rear bearings, and middl:
oil from r inlet housing pan.
from the compresso at a
T aven oil pump output at the normal zati:f;te o 70
9 T
tiza::;gsu:e of 1.0 kg/sq.cm. and oi].- i::p:ecuon scaveng—
to1 ocp zaounts to the following valiss: 50 1it/min.; the
:: 7511’from the compressor inmlet hou81:g :ar bearings -
08 o entre and r
ing oil from the ¢ Bousings
“c:.i:;si:ra'aelsx The oil pump consists of thx:eaxle )
22 win. each. 2t 1, an .
11, sha ’
r 6, spur gear from al
4,7 and 12‘;“:::;3 s.::d the cover are ma.nufactu:eio T vhar
e
ni :ll‘:o All5; they are lined up and se:u:nd 1o are mount-
b, m: st:al bo;.ta 17. Pump drive gears 111 spur gear 21 the
: ‘othe drive shaft, made integral uitft :y means of keys 2
:!1:: gears are secured to the drive 8:: and the gears.
tering the key ways of the drive sha ely rotate on hol-
" "025 ump driven gears 5, 8, and 9 n:ny- The drive and
P 3, which 1s not fixed axi by their modulus,
Lov bronze axl; tl’xe o1l pump are identical by
driven gears o tors
number of teeth and the outer diams. T
uodnlus....----"-'...m
Humber of teeth . « » « »

upi-

«0.025
e o o o4 0 005
L ts
Outer diameter . . sections amoun
ht of the gears of the ‘ﬂx;:esection gears 13
‘o u‘r:: h‘e’:gnas the height of the pidd
’

equal to 32 amm.

2011/11/17 :
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011 is fed to the friction surfaces of the
radial holes provided in driven geazxs 5,8, and 9, ang in drine
shaft 1; the radial holes communicate with the pump cavity,
circular groove is machined in the driven shaft fo
purpose,

The o1l pump is driven by s
drive shaft by means of a splin

PUTD throyy

T the sap,

three holes provided in pump housing 4,
To provide a means for oi

ries a special boss, common to
the boss hole is an oil outlet
The pipe runs through the left-
compressor inlet housing (looki
Serves to direct oil into the t
To improve suction efficie

ts inlet cavities are Primed w

Pressure line vig drilleqd Passages.

1 outlet, middle housing 7 car-
all three Sections. Fitteq into
pPipe sealed by rubber ring 16,
hand horizontal strut of the
Bg from the air intake end) and
ank via the fuel-o0il cooler,

CENTRIFUGAL BREATHER

€ rotor bearing housing, with subsequent
here. The process

bearings 3 ang 8 mount-

¥illed betwaen the rotor
Rotor thrust disc 4 has

e ball bearing side. The

°f duots provided in centri-

» ensure ¢irculatyon of o01l, used for

— 95 —

cooling bearing 3. The rotor trunnionlm::nts

o oo eventing oll seepage; thrust cover e
o3 e o e ring 16 serving the same purpose, T ed o
pieed v tubberotor i1s driven by spur gear 12, coupie o
sifuga e of a spline Joint and nut 11 with ocnd .
the xotor B meansdravaair—oil mixture through the port a -
e e ’-'°t°; jnto the centrifugal breather housing. .
o et rotary motion to the mixture and throw
tor plades 7 mfxarvy component, agaipst the walls of thein
S enee t:: 01l flows into the front bearing ho:s tie
h°“51"ih”h:;‘;zal groove and oblique passages Tich::zr :hrough
e enters e
e e s“rf“: :iezhi;h:‘:::-:i;g‘::;etii:he atmosphere via a steel
an

jubrica’

the ports
pipe.

0IL NOZZLES

nt, centre,
011 for lubrication and cooling of thebiz: r;tors o
and rear bearings of the compressor :ndnt\:;e ot Dousing
les arravpged O o
furnished by the oil nozz e ings xe
n::: portion, in the centre and rear bearing
. ,84) consists
pect“T:tyoil nozzle of the centre bearingh(l’:fme vaen the
of body 1, frame 2, and gauge filter 3. The
’

£ locking

by means ©

ured in the body 4 central
gauze filter 48 sec o ooam dia. calibrate v
ring 4, The nozzle body has - The

earing.
orifice through which oil is fed to thelzai: :11 pressure
capacity of the centre bearipg oil §°z:m°unta to 4%0°3 11t /min.
} ke/sa.cn.and temperature 30 ‘tobzzring 1s similar in 5‘1’:"-
‘011 nozzle of the rear ng, the on
ructi'::et: the oil nozzle of the centl'ﬂ,::::ivf;b an addi-
difference being that the fmn::e:-: ;r:h, diameter of :::" ot
1 . dia, side hole, .6 w. The cap
:e::::loo:;r:rated orifice 1s equal t:e:sle 3 kg/sq.0m. 8ad
the rear bearing fuel nozzle at °1l‘p‘w.3 11t/8iD.
temperature 50 to 60°C is equal to .d rear bearipgs are 1
The 01l nozzles of the centre an (See F1g.68) for ol
each secured by two bolts to the pipe

delivery to the bearings.

’—=/“
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The oil nozzle of the front beari
of flange 1, pipe 2 and Jet 3 with l.ggm(gig:azglign“sh
orifice. Fated
The parts of the front 0il nozzle
:rass II62 to form an integral unit, secured to the Iront
Ng nose portion by two studs. At an o1l Pressure of 3 i -
and a temperature of 60 to 75°C, the front bearin oll g/sq-cm.,
delivers oil at a rate of 0.5 - 1 1it/min ¢ romele

are brazed together by

LUBRICATING SYSTEM OPERATION

With the engine runnin

oil unit is supplied to oil
the accessory gear box,
line 5 (see Fig.68),
fine cil filter 7 and

g, 01l from the oil tank of the Tuel-
unit pressure pump 6, located on
through the rotary oil intake and pipe
The oil pressure pump forces oil through
return valve 8 to the main 011 duct of

enging ot o port:hich constitutes the beginning of the

tiz. fot ot atons don of the oil is dizected~thzough 1.7~z

o acoessory oo € ducts, drilled in the ocast housings, to
gear box, two-speed drive, compressoxr inlet hous-

Lubrication of Accessor Gear Box

b ~-’;—.’m

—97 —

Jubrication of Two-Speed Drive

011 for lubrication of the ball bearings of the starter-
driven gear and ratchet gear 1s supplied

ing through the accessory gear box~-to~-two-
oint, and further through the Jets. The
gs of the two-speed drive, the rollers
the ratchet clutch and all gears

generatoT drive,
along the duct runp
speed drive housing J
remaining ball bearin
of the free wheellng clutch,
are splash-lubrioated.

The friction clutch &
grease, applied during friction clutch assembly.
th a rubdber

i1scs are lubricated with special

graphite
The starter-generator drive 1s fitted wi

gland preventing 01l seepage from the two-speed drive into

the starter-generator.

011 from the two-speed drive 1s drained into the acces-—

sory gear box,

Lubrication of Imlet Housing Nose Portiom

011 for lubrication of the compressor inlet housing nose
portion is supplied as follows, Pressurized oil is delivered
from the main oil duct of the accessory gear box to the. flange
securing the gear box to the compressor inlet housing. Furthe:,
via pipe 2 (See Fig.9) ‘running ipside the upper vertical strut,
o1l 1s fed to the flange of the compressor inlet housing,
whence it is directed through the inlst housing flange-to-nose
portion flange joint into the 0il ducts of the noss porti::;u_

The nose portion housing ducts direct oil into the ¢ T
lar grooves machined on the operating surfaces of the be::ed
gear bearings. From the circular grooves the oil i suppnd
to the jets serving for lubrication of the bevel gears &

tral shaft
- F1g.61) of the cen
radial-thrust bearing 24 (See Fig 11ed from inside the

which is also lubricated by the oil suPP £t is accomp-
central shaft. 011 by-pass into the central sha
lished through the use of ap oil by-pass bush. ted by oll,
The central shaft roller bearinog 18 lub:::gbearins sleeve
dripping along the radial clearapce between =
and the central shaft.
The bevel gears of the in
8plash-lubricated. The ball be

g pose portion are

in
1ot bous bevel gear

arings of the driven

P -

- — —— -
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are lubricated by the oil dripping from the acces
box. 0il from the inlet housing nose portion 1s d
the compressor inlet housing.

S ory gear
Tained ingo

Iubrication of Compressor Front Bearing

From the circular groove of the inlet
tion the oil 1s directed to oil pozzle 12 (
Jet emits oil for lubrication and cooling o
front roller bearing,

The bearing is fittad with two lab
veoting oil seepage from the bearing
Fig.4). The interlebyrinth space is D
the compressor eighth stage,

housing nose por-
See Fig,61) whog
f the Gompressop

yrioth sealings pre~
into the compressor (See
acked with air bleg fronm

Lubrication of Compressor Centre Bearing

and Turbine Rear Bearing
From the accessory gear box Pipe union
via pipe 10 (See Fig.68) to the tee
along two Pipes term
Bozzles eject oil on
turbine rear roller
tion ang cooling,

01l 1s supplied

~piece directing the oil

inating in oi1l nozzles 13 and 15, The

to compressor centre ball bearing 12 and
bearing 24 where it is used for lubrica-
The o1l nozzle lubricating the rear bearing

To prevent fore
the o011 nozzles of t
with gauze filters,

igo matter frop entering the bearings,
he centre and rear bearings are furnished

lated in the sumps of the centre and
» Whence 1t ig Scavenged via pipes 16 by
11 scavenge Pump, arranged in the compres-
€ portion, mo Prevent oil leakage through
8sor and the rear bearing of
S are furnished with air la-

rear bearing housings
two sections of the o

the centre bearing of
the turbine, the beari,
byrinths, The aip lab,
Tence betweep the sep;
determipes direction
The labyrinty se
air Pressure dige

the compre
D8 housing
Yrinths may

w—"_-—*mvm-'."-“--__~_

orifice feeding o1l for cooling the turbine )

?
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he at-
er cavity of the vearing housing vented to t
inn
and the ‘ -
IOSPbere'l byrinth sealing of the turbine rear bearing comp
The laby

tages. The first stage operates on the pres:mi.;}ele
ses 9 S en the cavity supplying air for cooling .
arteronc? o rear relief cavity (the interlabyrinth spac
rbtae, 276 theing housing being connected to the rear re-
e ety bearix bleeder pipes); the second stage operat::
e caviiltyp:.:s:ure difference between the rear relief cavity
on the air

and the bearing housing cavity.

Scavenging of 0il from Engine

from the ac~
hich is drained

amount of oil, W omp-
The entire the inlet housing mose portion and the comp

cessory gear bOX, e oil sump of the

th
ressor front bearing is directed into 5 (oee Fig_g) s1tted
onpressor inlet housing through gauze housing, From the
; IIt)lm lower vertical strut of the inlet o the
on1 the oil is drawp by the middle sec
oil sump
P drawn via
s“"‘:)iel <:fl:l'omp thlz sumps of the bearing housing 1:10115 of the
N c
ipes 16 (See Fig.68) by the first and third se
pipe S .
venge oil pump. o1 01l
- Ffom allpthree sections of the oilhs:::e:feis conveyed
e
ipe line 23, W
is directed into common p
into the fuel=-oil cooler. .
The hot o1l eoters the interplp o tne right-hand nani-
first section through the pipe union @ the shell, In flow=
fold and through thres POrts provideddizuccessivelr changlng
tions an a}_ong
ing through all the three sec fuel passing
thz dlrecfion of flow the oil 1s cooled :7 Lopt-tand anifold
the cooler pipes, and is supplied into t ;mnifold 431 enters
through the shell port, From the left’hai aned and partially
o1l filter 11 (See Fig.70) where it 18 ¢ °1r are directed to
de~aerated; then the cleaned oil apd the 2
?

em, to
the o1l tank, tion of the engine o0il s:::na;
To ensure normal opera crease opera
reduce total oil consumption, and tc 1in pade for venting
ceiling of the oil system, prov:s:::ou
the o1l system to the atmospher

e cavity of the cooler

s been
hagh the centrifugal br

[

eather.

—



breather throug
ing;
centrifugal breather b

gear box,

ther is described
discha.rged to the atmosphe

the upper vertical strut o
Pocket 1in the

oraft pipe lines,

¢ocks and a pipe uniou-valve;

(See Fig,

with 1tg normal f£133j

Provided 1, the o1

902 770
: - 0T00246A06210001000
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To this end, the inner cavities of the compressop inle

t houg.
ing, the centre and rear bearing housing, ang the oi3] tanj
are connected to the centrifugal breather; the ¢ompressop
inlet housing

communicates directly with t

h the port ang the hole prov
the centre ang rear bearing

he centrifugal
ided ip 1ts hoyg.
housing ig Connecte

Y pipe 11 (See Fig,68) Tunning throyg
the left~hang horizontal strut or the compressor injet housg~

ing; the o0il tank ig Connected by pipe 3 With the accessory

which Comnunicates with the centrifugal breather
through the compressor inlet housing,

d to the

prinoiple of operx

ation of the centrifugal bres.
above),

The air Separated from the oil is
re through the pipe runoing along
f the inlet housing, through the
ar box, and further via the air-

011 from the engine 0il

accessory ge

system is drained through two

one of the cocks is used to
inlet housing; the other cock
Le 0il tapk; Pipe union-valve 4
aln oil frop the fuel-0il cool-

harge o011 from t
69) is designed to gp

Alr locks forming in the engine o4} system may interfere
ng,
Iom the engine o
1 filter cap.,

To expel asr ¢ 11 system a ball valve is

T e ——
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Chapter VII.

ENGINE AIR COOLING SYSTEM (Fig.86)

t high tem-
ts operating a
ngine componen its
Cooling of the eng 1iable operation and perm
rovides for their re heir manufacture.
paratures Pl s expensive materials for the ~tbe turbine are
the use of :5 of the combustion chambers and ninth stage,
The parts the compressor
ied from tside
the air suppl by the ou
e “;h afterburner components are cooled by
whereas the
through the
alr, essor passes
the compr: ough
delivered from hambers thr
The :i:fuser and enters the combustlonoibus“on chamber
e nd the holes provided in the cor ry and seconda-
e sirler & ir may be divided into the primary
liners. This air
ir streams. mbustion
Ty A ;he primary air supplied for fuelicier and the holes
r
hrouzh the sw dary alir,
ion chambers t ne second .
o iozb:“the front portion of the liner. . air, enters the
n r ]
drillz rably exceeding in volume the prmiez in the linoer,
comn eti chamber through a pumber of ho to the required ope~
combus onith the gas stream and cools it long the conbustion
fnzxos up w ture. The same alr flowing nben" heat dissipa-
rating temiira rovided with ribs ensuring outatde, acd forms
8 e out: -
rner v thz combustion chambers oo th walls of the chamd
b coo;su, 1 fnsulation between the W
a layer o erma
a4 7.
¢rs, rear housing 6 and shiel

Fie. nder
o sor cooling H turb:‘“c(uo'r-lo assesdbly 2 asd u
t stes -
the external shoes of firs

=s0rt 0f
. toner 3uFpoT
d 1n the noos 126
-B provide erozl sho
8hisla 6 through holes
the first stage pozzle asseably.

flows into

87) is supplied uopder

Joier the ext



[ holes, flows p
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f

alr is delivered from rear housing 1 through holes A.

§ cooled down the outer shroud of the first stage nozzle
ly and the external shoes, the air Passes through the ¢
ances between the shoes and the housing and into the ¢o
ducts provided between the roots of the vanes of second
nozzle assembly 3 and its shroud, after which it is dischug.
ed into the flow section, where it mixes up with the gases,

A portion of the air is passed through the hollow Vanes

of the first stage nozzle assembly for cooling the internal
shoes and the inner support of the nozzle assembly, after
which it is directed through the clearances between the vanes
and the shoes into the flow section of the engine.

Having
assep).
lear.
0ling
Stagy

The other stream of the cooling air is supplied from
inside the rear housing through holes B into the c¢ircular
Space limited by shield 6, Further,
boles B in the shield to cool the tu
the fir-tree roots of the respective
in the first stage disc the air enters interdisc space P,
'; whence a portion of the air is directed through milled holes I
(by~passing the varfle) ang is used for cooling the fir-tres
T0ots of the blades, whereas the remaining portion of the air
) flowing from Space I'  through holes J in the second stag
disc is directed by baffle I against the disc, cools the lat-
ter and €scapes into the afterburner diffuser, The afterbur-

R ner is c¢ooled by the outside alr, flowing between the air-
craft inner skin and the engine,

The ad Justable
¢ylinders ape cooled

the adjustabie

the air flows through(
rbine first stage disc an
blades, Through holes B

Jet nozzle shutters and the actuating
by ejected air (See F1g.86). The air
Jet pozzle shroug through 32 30-mm dia,.

etween the shroug and the rear pipe shell,
enters the ejector,

Through the hoieg Provided in the shutters the cooling
alr flows into the s

Cooling of the actuating cylin-
ders ig accomplisheq

; €001s them apg

1

! by the use of the free air drawn through
i the respective Pipe 0

hutters,

D108 installed on the aircraft, This
air f£1
cools :Z: »bEt;een the shields ang the actuating cylinders,
M and alge e8capes into tp
e . ooling
the above components ejector, After ¢

Re alr mixes up with tne outgoing gases

to he discharged to the atmosphere.

SRICEP

‘ r : ' 10001-0
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n has been made for forced cooling of the
e P1'°V15111° middle pipe of the afterburner. ¢ the
S holes providipg for ventilation o

and the afterburner shell.

yffuser ap
" e venas bave

gpace between the shroud

in Part. SamT By 501 " ClA 100010001-0
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Chapter VIII

ANTI-ICING SYSTEM

At low ambient air temperatures (within +2 to -10°C) apg
increased humidity the surfaces of the engine mose bullet for-
ming the compressor air intake duct are liable to icing, To
eliminate this possibility, provision has been made for a
special anti-icing system (F1g.88) whose function is to con~
tibuously heat the respective surfaces with hot air, bled fron
the compressor ninth stage and ¢irculating between the double
walls of the components subject to icing,

The rear housing carries Pipe connection 8 (where the
alr is bled from the compressor) connected to Pipe 3 along
which air is delivered to support pipe comnection 4.

From the support pipe connection the air 13 directed
along the lower stamped strut 5 into fairing manifold 1,

A part of the hot aip from the fairing manifold is deli-
vered through holes 6, provided ip the outer wall, into re-
maining three stamped strutg 2, after which it escapes to the
atmosphere through the holes in the ioner walls of the struts.

The remaining portion of the air flows from the fairing
manifold aloung Pipe 9 into the sSpace limited by partition 10
:::oz:: :n:::c::ll oi the fairing tip, whence 1t escapes
valls. Baving he:—: : ::rance and passes between the fairing
fairing through th: l:ole faring i ey the air enters the

€8 provided 1in the middle portion of

the inner wall, From the fairing the hot air is discharged to
the atmosphere via the Stamped struts,

ir Supplied via pipe 9 flows through
he falring tip inte the compressor in-

+

_’_,/
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he
t, where it 1s thrown against the outer wall of t
take duct,

ipg the latter. _
fairings heatj_rid heating temperature 1s obtained by regulat
The requ

tted into the
he atd of jet 7, fi

pditure with t

ing air expe

air delivery pipe.

4
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Chapter Ix

ENGINE FUEL SYSTEM
=== sl OI0TEY

The function of the fuel s
amounts of fuel into the en
ditions,

ystem is to deliver metered
gine at any of the operating con~

The engine fuel system is comprised of
fuel system, main fyel system,
the vent-drain system,

the starting
afterburner fuel system, and

STARTING FUEL SYSTEM

The starting fyel system (Fig,

fuel into the engine being started
The starting fue

tank 1, starting fyel
manifold 6,
lines,

89) 1s designed to supply

on the ground or in £1ight,
Pporates starting fuel

tic valve 4, starting fuel
and the connecting pipe

1 system incor

Pump 3, magne
four flame igniters 5,

The aircraft
two engines,
o8 the tani,

The [NHP-I0-gy e
Special 8lectric motor

1s fitteq wit

h one starting fuel tank per
The IHP-IO-9y

starting fuel pump 1s installed

lectric Ppump
Wy-1024,

netic Valve

system lncorporates g unit installed
e s

' tarting fuel manio1q and serving
© the Starting atomizers when the engine is

1s a gear type driven vy

The starting fuel
between the Pump and tp
to 8upply fue)
beirng Started

e e —————
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ked,
4, or when the aircraft is par 4 a return valve,
‘35 sterters t comprises a magoetic valve an
.
The un ipe unlon of the maguetic valv housing 1,
ed in the i P alve (¥1g.90) consists of ror 7
etic v cobnec ’
e mas: 3 and 4, solenoid 5, bonmet 6, Pi“i anton 12,
vush 2, coreedle axle 9, spring 10, bush 11, pip
.peedle 8, De
: filter 14, mmodating
lock 18, anda to steel housing 1 is bush 2, a“;:reas cors 4
S°1da:e4 Core 3 1s soldered to bush 2, I 1
an . ousing L.
cores Jble of shifting inside bush 2 and :c resistor R = 9_;
e er 2 mounts solenoid 5 with an ohm
Bush 2 m

tacts
ldered to the con

d ends are SO 6
ohms., The solenoid coil lea nnector is attached to bounet

pount

o
of plug comnector 7. The p:“i cfitted on housing 1 and s held
ws 15, Bonnet 6 1s d with a hole
by four acree 3 by screw 16, Core 4 is provid:ccomodanns
2 d
o it G:xle 9, and another, stepped h01:;tween cores
‘receivlgﬁ nd spring 10, The spring fitted h is made of bronze
needle al . The bus
i the needle against bush 11 les, uniformly spaced
: forces jded with four 2«mm dia. holes, assage of start-
and 1s prov1 cumference. The holes serve fo:': seat receiving
round the ¢ rplied via filter 14 and the va
ing fuel, sup th
the cope of needle 8. 4 is nitrided to a dep
dle 1s made of steel ap e. It 18 grouod
The nee 18 on the entire circmf°r°n°t' housing le
0 mm into
. 0.0: ;; Steel pipe union 12 18 ““"dgta the magnotic
- L}
i t: b“i ¢ runping from the pipe upiom c;n:ed between pipe
e ® : the starting fuel manifold. P ;7 pipe union 12 is
‘&t;: 1: and bush 11 is packing ‘Mk“rn;or 14 1s of &
un .
rded agalnst loosening by lock 13 4 a brass gauze Ko.016
gua: It consists of a casing an ldered to the casing.
gauze type, 4 6613-33). The gauze 18 80 4 secured by
dar o 1 an
(State Stan laced into valve housing vye provided in the
The filter 1519 X is fitted into the groo
lock 18, The loc sing. ol
) ing and ip the valve hou 1 bush 19 press-fitt
f1lter casing alve consists of stee 21 apd plupger 22.
valve s
R “t:r:h 11, hemisphere 20 'pw;ﬁusu bas four per=
into brooze ur“‘"“ the cylindricsl :n‘ fuel 1nto the
The outside “‘11onns passage of start forated partition
1 f:rltﬁd t;:t’Plunger 15 divided by & per
i DPlunger, e

e

e et - et

P

T T
—
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contacting henisphere 20 0D one side and s
other, The spring presses the plunger with
against bush 19, when the maguetic valve pe

Operating principle of the magnetic va
below,

pring 21 oy the
the hemispherg
edle is closed,
ve is describeg

Starting Fuel Manifold with
(Fig, 91)

starting fuel manifold is designed for feeding
o fuel to the flame igniter starting atomigers,

: 0ld comprises four 4x6 mm dia, Pipes made of steel
IX18H9T, Secured to the pipes (by atomio—hydrogen or argon-

Flame Igniters

The
starting
The

tic valve to the manifold,
The starting fuel manifold

nel At 1s coated with yellow epa-

Th g
e function or the flame igniters is to set fire to

the uele=a a ur
fuel=-aiy ixture ip the
j combustion chambers during en

The flame 1gniter (Fig,
bush 9, movable bush 7, star
discharger 4, and shielg 6.
X23H18 ang carries a flange

92) consists of housing 3,

serving to secure the flame

. ar housin, Ph
ot the housi 14 e taper portion
Dg has two holes through which air is supplied

into the f1;

. Spher15311:: igniter, Inside, the housing is machined to

mixture is 1gni::at° form a chamber 1n which the fuel-air
« The side surface of the housing carries

three bvosses
Provided wit
Plug 8, sa. tane h threaded holes receiving spark

at
has a note £ omizer 2 ang discharger 4. The housing
or draining fuel from the flame ig )
art
FaNed 10 tho upper Of the engine, The flame 1gmiters ar-
hole; Stopped witp T the Shgine have their drain
ries pos O%er part of the housing car-
a sphe 10g movas teel IX18H9T. The bush has
This type ve le bush 7 which is also provided
movable busy 4y the ps - Joint permitg self-centering of tbe
P connsction of the combustion chambers

igniter to the compressor re

w
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during engine operation, and facilitates installation o.f. the
#1ame igniters on the rear housing. Movable bush 7 is made of
alloy 91435 . The lower portion of the bush is provided with
eight stamped lugs. Clearances between the lugs and the combus=-
tion chamber pipe connection serve for passage of the secon~
dary air cooling the pipe comnection and the bush, Shield 6

35 manufactured from sheet steel I¥18H9T and is secured to the
housing by point welding. The shield is designed for directing
and swirling the stream of air, thereby providing for inten-
sive mixing of fuel with air and for effective ignition of the
ltant mixture. Discharger 4 1s fabricated from alloy 3435 .
Spark plug Cl-96 1is a non-detachable unit, It is radio--
shielded and is provided with ceramic insulation. The spark
plug is screwed into the flame igniter housing with an effort
not exceeding 2.5 - 3 kg-m.

The starting atomizer (Fig.93) is a non—detachadle centri-
fugal type. It consists of pipe union 1 and spray tip 2 rolled
“into the pipe union., Pipe union 1 is mapufactured from steel
IX18HOT. It has two diametrically opposed 2-mm dia, holes,
connecting spray tip cavity A with fuel supply. Spray tip 2
.13 a nozzle accommodating the end plate of the swirl chamber.
The nozzle is provided with two tangential, diametrically
opposed 0.,6-mm dia, orifices, a swirl chanber end a central,
0,6*0:925 1 outlet orifice. The nozzle 1s made of steel
4X14H14B2M,

The starting atomizers discharge fuel at a rate of
9%0,8 11t /hr, with fuel pressure amounting to 2 kg/8q.cm.
vhen the fuel pressure is equal to 5 kg/sq.cm., the spray coue
. amounts to 65°%5°,

. Fuel 1s supplied to the spray ti

. the starting atomizer pipe unions;j after being swirled by

_the tangential holes of the spray tips, the fuel enters the

swirl chambers and is discharged into the chambers of the flacze

igniters through the central outlet orifices of the nonlos;”
'The starting fuel system operates s follows (Ses rig'l .

Current is supplied simultaneously to the “”t:”s :°t°
¢ Pump motor, to thecoil of the magnetic valve solenoid, ;: 90)
E the flame igniter spark plugs. This caused core 4 (3;:“‘:'

: ¥ith needle 8 to be drawn into the magnetic valve 89

resu

ps through the holes in

l
i
1

-

B
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thereby supplying fuel into bush 19. The fuel delive
the starting pump through magnetic valve filter 14 e
bush 19 and pressing dack hemisphere 20 finds i1
the starting fuel manifold via the connecting p
starting fuel manifold the fuel flows into the start
mizers whence it is injected into the chambers of the
igniters through the central outlet holes of
The flame torch, produced in the flame ignite
through the pipe connections into the co
izgnites the main fuelwair mixture,

As soon as the solenoid coil is de

displaces ncedle 8
starting atomizers
valve spring 21 to

to press the hemisphere against the end fa
The magnetic valve needle and the ret

for adequate sealin
to drip through the

parked or during eng
bustion chamber gase

system,

The main
Bents: 3 fuel
UH-9 , fuel ang 0il

a drain valve, a fye

108 pipe 1ines,
The main pyey
Measuring fyey
hain pump gp.
The main pyey
1ng mechanigg Ch-3
The fye) tang ¢
ed on the alrcrafg,

e

T 62100010001-0
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eéngine at any of the o
the main fyel
SOr air blow~=orfs band,

fuel systep incor
tank with booster

System may 514
Pressures forwarg

=104, ang also 1p tpe
System 13
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red py
nterg
ts way ipt,
ipe. Frop the
ing atge
flame
the spray tips,
TS penetrates
mbustion chambers and

—energized, sSpring 10
thereby cutting off fuel supply to the
of the flame igoniters, This causes returp
move plunger 22 with hemisphere 20 ang
ce of bush 19,
urn valve provide
Sy Which does not allow the starting fuel

starting fuel system when the aircraft is
ihe operation and also prevents any com-
s from getting into the starting fuel

MAIN FUEL SYSTEM

pPerating conditions, Apart
system is uged to control the compres-

Porates the following compo-
pumps, engine booster pump
egulating fuel pump HP-104,
ith main burners and comnect-

unit 3174,
1 manifolq w

© 1lncorporate pressure 3auces
of booster pump UH-9 and
auxiliary fuel manifold.

150 equippeg vith fuel pressure wart~

Omplete wytp the booster pumps is instalk

— 111 —

PUEL BOOSTER PUMP [H-9

: -9 is incorporated in the engine
e b°°5"rt§:m§u:§{°i of maintaining constant fuel
L oreen e ¥ the HP-10A and HP-11A pumps.
-9 1s a centrifugal type fitted with :ﬂ-
ng on the principle of thro

fue
pressure forward o
Booster pump :
1lve operati
t pressure va Lnespe
s tzrding) the fuel flow at the pump Bt rsten
tog 70 ump I[H-9 4s connected into t oL systen,
. ue B

B:.::tvevitf\ the booster pumps of the aircraft

in ser

Specifications of_Boogter_ Pump 1H-9
L. . + o ocentrifugal, with cons-
DG tant pressure valve

. o o 0H-9
o o e - om
2. Designaton tation . . » .left-hand (looking fr
3. Direction of ro drive shaft end)

. 9000 r.p.m.
4. Maximum speed. o « ¢ ¢ o ¢ 9

5. Absolute fuel pressure
at pump inlet for alti- ot b0 2.0 Ke/sq.00-
tudes of up to. 20,000 m. « » O

6. Pump output at 9000 X.p.Mey
and outlet fuel pressure
of 1.6 to 2.4 kg/sq.om.,

to
for altitudes of up . . . <600 - 9500 1it /hr
20,000 Mo o o ¢ o o *

) . o « o continuous
7' Duty e o o o o o & o

00 gr.
. . .mot over 32 )
i 8. Pump weight « « « o « * 7 0% las

-9
Construotion of Pu H: ot ot the
' ris
Fuel booster pump LE-9 (F1g.94) ::n:t’::usurc valve
d the oons sing.
mp assembly an ommon hoU
i :::::ti:ga;oiz zssembnea are arranged 1;5‘)’ :onsiats ot
‘rhe.centrifugal pump assewbly (?15-27 o tapeller 20
: cover 27, .2
housing 1, pump cover 24, seallng O T tng 1 and cover
‘ vith propeller 23, mounted on sbaf o anen souated
| and 2; are cast of alurinium alloy o g0 & widesing Yo"
‘ form the working cavity of the pucPs :uu" sonneotions
lute chamber, developing into a PumP

s
e —
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The cover is secured to the housin
g by £1
ed into the housing. A packing gacket is fitte:i’ebes:
housing and the cover.

Uds screy,
ween the

The central borings of the pump housing receive shaft
running in ball bearings 6 and 28. The shaft carries foyp. f
blade propeller 23 and fifteen-blade impeller 20, Shaft |

shank with involute splines sexrving to couple it to the :nzau
nal splines of the drive gear of the engine accessory ge -
The shaft drives the impeller through a key. The p):ol;ae].lz:zr o
face directed towards the impeller has two angular splines
engaging the grooves provided in the impeller face and impar
ing rotary motion to the propeller. The impeller and tae Pr:
peller are secured to the shaft by screw 21 locked with citt
p?n 22. The shaft is held against axial displacement by ba.ller
bearing 6, press-fitted onto the shaft and secured by nut §
The outer ring of the ball bearing is clamped by square co-.
Ier 3, fastened to the housing by four Screws 2. Ball bear~
A 1:; :fv:: ;‘;ee;;’itted into the housing and is closed by seal-
e dirfu;u :tsealing cover together with the oump cover
The shg 4. the fuel outlet from the impeller.
and 8 seretas tou fumi?hed with two rubber packing cups 7
the aceessors eqpr:ven.. leakage of fuel from the pump into
box 1nto thy pim' T box, and of oil from the accessory gear
P- The intercup Space 1s conanected to draio-

4ge pipe union 14 why
tog °h drains off any fuel or oil penetrat-

packing cup 8 of ¢
ue
directed towards the U19) the inpeller disc surface

ing fuel to the pe bearing is provided with blades throw-
impeller d1sc cop TiPhezy; besides, four holes, drilledin &he
nnect the cavity before cup 8 to the fuel

1 press

inlet cavy ty.

Ball b!aring 6 18 1
the engine access
o4 with fye),

The position o

ory ge ubricated with of1 supplied from
€ar box, while bearing 28 is lubricat-

£ the tmperjer in

side
learances mo the pump working

shins g and "0 ", which are adjust-

the pugp bousyn and a proper gasket installed
The constant py & and the sealing cover.,

valve 10, Beabrapn, I;SSun Yalve assemdly consisting of

\\'p~, * 8pTing 15, apg cover 16, 1s uounf!d
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into the boss provided on the side surface of the pump hous~
opposite the outlet connection. The boss cavity is di-
into four parts by three cross partitions. Two of the
partitions have holes serving to receive the valve plates,
while the third partition is provided with a hole receiving
ve rod guiding bush 11 made of bronze.

PThe valve is a mushroom type having two plates. It 1s
gade hollow and has three ports on the taper surface, connect-
ing the valve body to the rod. The valve rod is rigidly se-
cured to the centre of membrane 13 with the help of washers 12
and a nut, locked with a cotter pin. The membrans edges are
clamped between the flanges of the housing and cover 16 fast-
ened to the housing by five studs. The valve 1s acted upon
by spring 15 one end of which rests against tapered plate 19
and the other against nut 18. The nut has a square hole re-
ceiving the shank of adjusting screw 17. Rotation of the ad-
justing screw will cause the nut to shift along the axle there-~
by changing the tenmsion of the spring and consequently the
fuel pressure maintained by the constant pressure valve.

The spring cavity of the constant pressure valve is
connected by pipe union 14 to the atmosphere through the en-
gine vent system. '

Fuel booster pump [[H-9 1s secure
the engine accessory gear box .by five studs.

ing,
vided

val

d to the flange of

Oéeration of Booster Pump [[H-9
(F1g.96)

Puel from the airoraft tank is supplied via the ;1P'
line to the blades of propeller l. Rotation of ahattz e
causes the propeller to direct the fuel to 1npe11;r ..’ .
output of the propeller sxceeds that of the 15?.: c:.“ht
result of which pressure head is created at the fue o
to the impeller, improving the operating conditions
latter,

The propeller supplies fuel

fuser
of the rotating impeller and further 1oto the d:i .ncr;’

In the fmpeller and the diffuser, "°h‘°t:ntx.l ener—
€iven out to the fuel, 1s tzansforoed iato po snorenses.
&Y of pressure. As a result, the fuel pressure

s

;

to the interdlade spaoes

e



-,

e
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Frow the diffuser the fuel is delivered into the 1
Volute

essure valve 4, The

In case fuel Pressure in outlet connec
€xcess of the value, set with the help of
screw 7, membrane 5 deflects causing valve
the spring and to rartially close outlet co
result of which fuel pressure in
ed. This, in its turn,
to move in the Ieverse
crease of fuel pressure

tion ¢ 1ncreasesm
spring 6 adJustedh;
4 to shirt towargg
nnection "G n g5,
.the connection wilj be reduc-
w;]l cause the membrane ang the valye
direction, which will result in an in-
o D in the outlet connection,

g 1tudes‘atmospheric bressure supplied into the

Preéssure in the outlet connection.

To safeguard the
Pump against excessive
x
esult from sudden reduction in mption, tre oo
tant pressure valve cay:
through duct nan

fuel consumption, the cons-

¥y comnunicates wi
t
it h fuel return line

HP-10A FUEL PoMP
The HP-104 fuel regulatin

signed to Supply metereq amoun
starting ang under any
Accordingly,

8 pump (Figs 97 ang 98) is de-
ts of fuel into the engine at

of the operating conditions.

i;:xp::: incorporatey a high pressure,
S P Ps a centrifugal variable speed
: Celerator and ap acceleration valve,
diatributor, an acceleraty o oame tine o o stopoock, a fuel

on
control unit, and an interlocking
hydraulie decelerator,

£UDp_Spe
Loype . ., , SP_Specificationg

® * ¢ - » plunger, variable
Designation ... displacement
ot e ... HP-10A

: g::ber of Plungerg -
meter of Plungeys . ST
Tt e e e s 14

— 115 —

Direction of rotation
« o o o o Clockwise

from pump
end)

of pump TOtOr « o o o ¢

6. Maximum speed of pump

TOLOT o o o o o o
7. Fuel pressure at pump inlet . .
8. ldaximun permissible fuel

pressure at pump outlet,

in auxiliary pipe 1ine « o - o
9, Maximum pump output at pump

rotor speed of 3500 T.p.m.

and outlet fugl pressure

of 80 Kg/8Q.CMe o o o o ¢ ¢ = ¢
10. Engine speed is regulated

automatically from « < o o
11. weight of HP-10A pump . o « < © © n

ot over

Construction of HP-10A Pump

The HP-10A pump (
three housings: the pump housing with covex,
nor housing and the fuel distributor housing.
cast of aluminium alloye.

v Pump housing 13 with cover 19 accommod
plunger pump, consisting of rotor 15, seven P
plate 18 with radial-thrust ball bearing 17, steel
ber 14 and pump rotoxr drive shaft 22.

Steel rotor 15, made integral with the shank,
bearings, one of which is a roller bearing and the

friction bearing. The xollexr bear
riction bearing 29 is fabxioca
s-fitted into the

pump housing cover. F
coppex~graphite alloy and is pres
Bored in the rotor at some angle
wells uniformly spaced round the circumfer
commodate press-fitted bronze gulde bushes 27.fo
of the rotor is pxovided with splines serving
to rotor drive shaft 22. Press-fitted L
bore is splined bush 24 designed to couple
automatic governor shaft 25. The splined bus
Plug.
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(looking
drive

PR 3565%20 r.p.m.
1.6 to 2.6 kg/sq.cm.

80 kg/sq.cm.

. 4180%290 11t /br

.+ +2620%30 r.p.m.

17.5 kg

Fig.99) 1is a single unit consisting of
the speed gover-

The housings are

ates a high pressure
lungers 26, wobble

po:ted mem—

runs in two

other a

housinge.

to 1ts axis are seven
eace. The wells ac-
The central duct
r connection
nto the central duct
the pump rotor to
h 1s packed with a

/

e —

ing 1is press—fitted into the
ted fxom

-

Pl
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The central duct of the rotor communicate
riphery through seven inclined ducts mgn
ly fuel for lubrication and cooling of t
the wobble plate.

The' rotor face rests on the fixed ported membe
into the pump housing. The ported member has two s
ports and a central hole. Corresponding sewi-cir
are provided in the pump housing
ports and the central hole of th
with cavity A at the pump inlet,

lar port is connected to a high p
let.

S with the Den
s which serve to supe
he rotor bearingg ang

T Press-yy,,
emi—cizcular )
cular Cutouts

« One of the semi~-circular

€ ported member communicate
whereas the other semi-circy.
ressure duct at the Pump out-

To prevent fuel leakage alon
is fitted

cover,

g the rotor shank, the latt
er
with rubber gland 23 mounted in the pump housing

Steel chrome plated plun
pective guide bushes,
pPump housing cover are

gexs 26 are ground to their res-
The plunger faces directed towards the
! given a spherical sh:
o ape. Springs 28
o t:et::dflungers against the spherical surface of the cage
%bbleal-thrust ball bearing fitted into the wobble plate.
plate 18 nas two holes, receiving pins 50, and 2

lug for ¢
e nor :nnection to rod 30 of wobble plate servo-piston 3l.
T€ press-fitted into the pump cover

the position of the servo- Depending on

piston, the wobble plate can occupy
relative to the pump rotor axis.
nto the housing and tae cover, serve
: . of the wobble plate,
;*;:u:fc:;;wzbble Plate in the operating po-
o the: the pump rotor axis, the plun=
T guide bushes during pump ope-

Screws 16 ang 20, turned i
to limit ¢he angle of turn

As the syre
3ition 1, not pe
68r3 move recipr
ration,

The automat
tenatsey 0l the owi nor, accommodated in the housing
trer :;ﬁl:ain components: centrifugal trans-
7, 'Obne valve 8, Spring 3, transmitter

¢ plate servo-piston 31, return
valve 34, lever 35

Section) maintainizy
b4

foll
Ritter 10, tranyzy

8l1de Yalve 3leeve

\

"s\—‘m\%—_ l/!
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the fuel pressure built up by the fuel pump (this ellows the
) s of tne automatic speed governor to move at a cons~

component
which ensures stable operation of the gevernor at

tant speed,
yarious ratings). .
The constant pressure valve is of tae slide type. The

slide valve ground to its guide bush is acted upon by a spring
whose tension can be changed by fitting washers under the

valve cape
The side surface of the slide valve has some holes cor—

gunicating witk  the central duct.
Fuel from the high-pressure duct of the i/P-10A pump i3

supplied to the constant pressure vilve through the holes in

tie slide valve guilde bush. .4s soon as fuel press.ze at tne
yalve outlet exceeds thne specified value (about 10 kg/si.c7e
the slide valve will shift against tne force of tne spring
d will partially close the noles in the gulde bush thus re-
ducing fuel supHly to the valve; the excess fuel will be de-
livered to the low-pressure cavity via the central ducte
The centrifugal transmitter concists of fork 12 and two
weignts 11, capable of turning around their axes fasteacd
in the forke The shorter arxms of the vweizhts rest agalinst
sre race of slide valve 8 through the sedium of two nealles 9.
inen tne fork rotates, the resultant centrifu al forces
set apart the weishts which shift the transvitter sliie valve
Lenz its axis. The fork with the welghts 1s driven by the
~17p rotor through governor drive s.aft 2%, its speed bein
=;u:l 4o the speed of the puop rolore
Transmitter slide valve 8 13 groua
;round to bush 6 press-fitted iato the governor houalnge.
the trams-itter slide va.ve carries
fuel circulation in the

)]
/i

3 to sleeve 7, whizh

external surface of
%o cylindrical bands, regulating
32rvo-system,

T:ie force acting onm the t
tne sentrifugal welght side, i3 ejualized by sprt Lever
traston de;ends on the position of the eaglse costrol levess

¢azr%s chasge
’ v.lve sprin; tenston 8%
Ty o artatn pattis . catyol levere

.

riosoitter slile valve fr03
op ) whose

|

! t2¢ only at a certain position of tie eno1ce cN‘“_'“ ot
! i3 posttion of the lever corrcagonds to ‘J; z: t;:c::"-w). -
H ced - : uts 1n Ferates
] :itoztic operatton (the s;ied goveror ¢ s
s
S
! R

PSS e

S —
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At a speed lower tham that at which the governor startg to
operate automatically, the tension of the transmitter 8l14e
valve spring is maintained constant and is always in excesg
of the force developed by the cemtrifugal weights, The Speed
at which the governor starts to operate automatically may be
changed with the help of an adjusting screw, Slide valye
sleeve 7 has some holes on the side surface, through which
fuel gt a constant pressure is supplied into the Sexrvo-pistop
cavities. The slide valve 3leeve is connacted to the return
slide valve through the mediuwm of lever 5. Return slide
valve 34 is ground to bush 33, press-fitted into the gover-
nor housing, and is capable of axial movement. The surface
of the return slide valve is provided with a cylindrical re-
cess through which, at certain positions of the slide valve,
fuel may be drained from or suppiled into interpiston space J.

One end of the return slide valve is coupled to the re-
turn servo-plston, while the other end is connected to the
trensmitter slide valve sleeve through lever 35.

Under the action of return lever 35 the transmitter
slide valve sleeve can move axially (relative to the trans-
mitter slide valve and the bush).
the tfg:;zt:::t:?:::itt;d from the engine control lever to
automatio govermer oo :i ve sprigg, whose tension sets the
decelerator, with the ai: vt e peed, e e et

he nyesttis e of lever 73 (IV -IV Section),
ton 75, L10ing dach o eratorqconsists of rod 74 with pis-
Rod 74 15 proviges w:u;h' rack 70, and two springs 72 and 76.
the periphory th a central duct communicating with

ough two drilled passages, and with a recess
receiving lever 73. The sligi . n
and 1s capable of m 76 oush 1s acted upon by sprins
oving along the rod in response to rack 70
connected to the €ugine control 1 i
the bush cuts ofr £yep drag ever. Sliding along the rod
tor rod, 0 through the hydraulic decelera-

To adjus
engine oongroi ol dratn o
OPeration of tne governor
Justing device co ’
ing bush ¢8. whe

ut~off by the angle of turn of tbe
11 as the beginning of automatic
sisting otprousi“ has been made for an ad~
u the &dJuStiadJusting sorew 67 and retain—
ng screw is rotated, threaded

lever, ag we

—_—119 —

push 69 moves along the axle and actuat_es the sliding bush.
£-the retaining bush 1s transmitted through the ad-
K“”mtions::)zzew ‘the hydraulic decelerator rod, and lever 73
::s:::gcransm;.ttex slide valve spring, thereby changini t:e
preset tension of the spring and consequently the speed a
yhich the governor starts to operate automatically. .
The adjusting screw is locked inside the retaining bus
upon by spring 66.
v twohba:;l::Zilizt::ceieratir iiston is acted upon by spring 76
e e and by fuel pressure supplied from the duct through
ther. Cavity B under the hydraulic
decelerator piston communicates with the return line via t‘rlxe
central duct in the rod. At stable engine speeds fuel supply
into cavity B is equal to fuel return through the rod. )

The position of the rod with piston depends on the anlg1 e
of turn of the engine control lever, and consequently on the

engine speed. .
°°”e:§:n::&‘§ne iaximuz speed 1is limited and adjusted w:;t:h:he
aid of adjusting screw 79, which restricts the trzw?l [ o
rod with piston through stop 77. Turning in of the adjusd g
screw causes a reduction in j:he engine maximum speed, an

a. )
e ;;zshydxaulic decelerator system incorporates ai:on::c:he
or acting as an engine interlocking device. When movtof .
right piston 75 shifts lever 78 g‘vay from the contac A D 8o
means of stop 77, thereby closing the circuit. Adjust ngates
serves to regulate the speed at which the contadtor ope:;ea o.f

The screws regulating the maximum speed and theds:uh
contactor opevation are locked by nuts and -are fitte
caps.

Besides the automatic speed governor, e the
governor housing accomodates & throttle cock, 'the ssttion
“ain metering device, engine speed depending on p
of its needle.

The throttle cock (I

le
connected to the engine control " the throttle
adjusting knob 62, and low throttle slide valve 63

jon, providing
cock bronze needle has a specially Pmﬁle:izzrfm tl’ie sagle of
‘for a required change in fuel supply depen seed st
turn of the engine control lever

on one side,
tne throttling unit on the o

described above, the

sts of needle 59
ver, needle guide bush 60,

I - 1iI sSection) consi

e e

(up to the engine S -
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which the speed governor starts to o
The non-operating portion of th
form of a rack engaged with throttle
shart, in its turn, is splined to the
The throttle cock needle has two
ing on the angle of turn of the engine
Teme left-hand position "Qut-Qpem (CTON) and the
Tight-hand position "Ful} Throttle ( NONHNH Ta3 smene
the throttle cock needle may be set )
fixed position, corresponding to eng

perate automaticany).
¢ needle 1s mage 1n the
cock sharft gear 64, qp,
engine controy lever,
fixed positions depeng-
control lever: the ext.

ine idling speed,

The above feature allows Baintaining tpe
hich determine fuel consumption at low
t value, when the engine control lever
Tange of 12 to 22°%, fwom £he "Cut-ofren
low throttile sactor),
ntrol'levez is set in the"Cut-0fs"
throttle cock acts as a sto
the engine burmers, '
trol lever is shifted to the"Low Throti.:
fuel Supply is regulated by the low
orporated in the throttle cock by-pass
ds on the position of the slide valve.
ed 1s made possible by the use of a
: t::v:, which provides for the required
Salning constunt, The o proee qlot otear e
nich deverepn: s dposition Of the low throttle siide valve
tloa of sorew g of aduct olear opentng depends on the posi-
in tre clockwisg dixecSISting b 62 Lye the soren 13 turne
for tncreq, 1d11n e poride Tt Boeo up thus midng
countcr—clockwise dlrfc:f::diiiztatiou balany Soren do the

Betore ¢ cause 1dlin 4

¢ the speey EOVernor gtareg to opefa::e::t::a:;:illy

TefUlation of
€ the engy
th 81lne speeq
¢ a1l of tne throttle coop 1s accomplished manually with

cock clear openings, w
throttle, at a constan
13 shifted within the
(CTOM ) position (the
¥hen the engine co
(croi ) position, the
ting off fuel supply to
When the engy
uamy TA3) poiizzoZ?n

throttle slide valve inc
duct,

p—cock, cut-

‘ Ieling speed depen
tegulating of idling Spe
105
Ssure drop v
ption, wit

constant pre
fuel consuz

e of

The controy
t of ¢
below that a¢ whicy ‘:el 3Upply 1nte the engine at ratings
1y 1s ACCoplean ey e ¢ £overnoy starts to o erat 5 Stiﬁav‘
valve wnicy g, th the help of P e automatical

the constant pressure dro?
Pressure difference upstre3’

e y -
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and downstream of

— 12])

the throttle coock (about 10 kg/sq.cm.).
This arrangement provides for uniform fuel flow through

the throttle cock depending on the position of the throttle

cock needle.
The constant pressure drop valve V-V Section) consists

of slide valve 85 acted upon by spring 84,.whose tension can
pe changed by f£itting adjusting washers 82 under cap QJ.

On the spring side the slide valve also takes up the
ied through the central orifice of the
On the other side, the slide valve is
he throttle cock.
s kept in a balanced

pressure of fuel suppl

throttle cock needle.

acted upon by fuel pressure upstream of t

At stable engine speeds the slide valve i
by the above forces.

P°51t;:: sida surface of the slide valve is provided with

serving to regulate fuel drain from the ser-

cylindrical bands
, plston space and fuel supply under the servo—

vo—mechanism interx

piston of the wobble plate. N
The fuel distributor is designed for distributing fue

between the fuel manifolds. The fuel distributor 13 accommo—

dated in housing 2.

Fuel distributor slide
whose tension is adjusted by adju
above the distributor slide valve iner

_when the throttle cosk 1s being opened), siide valve 1 ooves
azalnst the force of spring 37 and uncovers tue ducts {c:iing
fuel into the primary manifold, witn pressure afountinbain
521 kg/sq.cm., and then the ducts feeding fuel to the &
ninifold (at a pressure of 1051 kg/si.c@.) ey ato
Sikes it possible to feed the required a~ounls of fu . ;; e
the manifolds depending on the fuel preasure downatread ol

throttle cock.
To ensure proper fuel deliver
an agceleration valve 13 provided,

fuel distributor housing. .
The acceleration valve (-1 seotion) 1: C::?::':‘j; 32,
the following oain parts: slide valve 31, sl;;' 'a; ite
‘membrane 53, spring 34, 83d aijusting soTed ng; ;c the Susk
valve provided with cylindrical pands 12 ‘t?. he £eavrane
press-fitted into the fuel distridator housing. o

valve 1 is acted upon by spring 37,
cting screw 36. A3 pressure
eases (which occurs

This arrangesaat

1ne acseleration,

y during €3¢
sed in the

which 13 enclo

L
4
7
e T
7/
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is acted upon by the spring which 1s
the adjusting screw; besides, the mem
sure of air bled from the compressor

ed by the supply and bleeder jets,
membrane cavig

adJjusted with the
brane takeg up the
eighth stage angd .
On the other sj
¥ communicates with the atmosphere

Fuel pressure upstream of the g \

ces the slide valve or loe accelerat
brane.

aig o?
Preg.

Orrect.
de, the

istributor slide valve fg,
ion valve against the ggg.

At stable engine speeds the acc

To ensure proper fuel metering
HP-X0A pump is fitted with a starter
passes excess fuel from the section u
ributcr, to the return line,

of mushroom—type valve 48, va
membrane 45

eleration valve 1s cut opp
during engine startingth;
control unit which py-
—— pStream of the fuel dist.
oy :e::t:: con:r:; unit consists
sy IO with guide
e again:fI::§ 44, ang adjusting sorew 43. The va]g.veia46
the rod oy ot seat by the Spring, through the mediun of
membrane, The spring tension is regulated by

the adjustin

& sorew., Air pressyre 8

upplied b

and corrected by the bleeder Jet ’act:pon i crror
the Spring side. The .ot ;

with the vent systenm,

The jet su
pplies fuel
distributor, int from the pipe 11ne running to the

0 the space
aporoximating of under the valve. At an engine spead
the pressure aft

)

N the membrane from
€r side of the membrane communiocates

In view of th
8¥stem drops at hi
ed with a ninipup
fuel consumptyon b

e fact that fuel pressure

gh altitude, the HP-104 fr
Pressure valve .

in the engine fuel
el pump is furnish
» which prevents a de of
elow crease
for stable operation the permissiple value and thus provides
Set Within the 1oy thOf the engine when the control lever is
rottle
acceleraty sector, and a1
By rer:x::nng Tlight at nigy altitudzo(;:du:;;) metne
ce ¢ . ge .
© F18.100 1t wi1) pe seen that at high al-

titude the
id1y,
8overn U8 speed rises gy,
Or starts St to the value at which the

to opera

. t
:u:.:. exceeding the max1:u:Utomatica11y, and then to the
0 the fact Speed of the s
starts ¢, oyezhtthat Up to the engine. This ocour

which the governor
8 a constant zuel’ the oonstant pressure drop

-

ttle cock, while air flow through the compressor decreas—
thro

required for rotating the compressor decreases

o k0 ower
esj £°° P ower delivered by the turbine will be used up to

too. Zxcess P

ase the engine speed.
increWhen the governor starts to operate automatically, the

11 be maintalned conctant due to the faot that
duce gradually the output of the HP-10A
sure valve starts to operate. From

¢:gine speed wi
the governor will re
es
ump until the oinimum pr . o
ihis moment on the engine speed will increasc egain.
W7ith the minimum pressure valve cut off, engine accelera-
tion would have been greater, for the wobble plate of the

4¥p-10A pum: would have come up against the mipimum delivery

fuel pressure to grow.
e ::;:tnfa::: 41 (Sze Fig.99) of the minimum pressur: ;alve
is acted upon by the fuel pressure at the pump inlet ::rs ga
spring 40 whose tension is regulated by adjusting waflide
i;stalled under valve cap 39. On the other side the gh e
valve takes the primary fuel pressure supplied throug t: oztl—
cial duct. The fuel is fed to the slide valve via the 4
ing unit which acts as a damper.
The slide valve is ground to
vands on its surface serving to cut off

the wobble plate servo-piston. . .
The tension of spring 40 determines the primary fuel

he engine.
pressure and, consequently, the fuel consumption :Z :he teﬁi
If fuel pressure in the primary system excciide ol
sion of the minimuys pressure valve spring, the s
cuts off fuel returt.
As soon as the pressure in
t th
slide valve is foxced by the spring to :o::eiine.
the wobble plate servo-piston to the xe : late,to“
cause the servo-piston to shift the wobble P
creased fuel supplye.
For expelling the aixr whic

bush 42, and has cylindrical
fuel drain from under

m drops, the

e cavity under
this will

ards in—

the primary syste

b may enter the engine fuel sys~

- mp is fitted
tem when the latter is being drained, the HP)IS:nzzszing o~
with an air blseder valve (III - 111 becti;: o e ait)
ball 57 forced against the seat by spring 70

the valve bdall
1t 1s necessary to remove cop 58 and to p:::spump switched on.
off the seat, with the aircraft tank boos -
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The ball is pressed off with the aid of a Special devig

e
plied with the engine, ? Sip

Operation of HP-10A Fuel Pump

From fuel tank 47 fuel is delivered by booster pump {9
to the suction line of the HP-10A pump through the fine .

fu
filter of fuel-oil unit 48, e

During rotation of pump rotor 2 (Fig.101) plungers 3 move

reciprocally in their guides due to the oblique position

2 of
wobble plate 1, When the rotor makes half a turn the plungers

drawm fuel throush the suction port of ported member 43
the rotor runs through another half a t
the fuel through the pressuz
line,

when
urn the plungers forge
€ port and into the high pressure

Fuel iz fed at high press
"a" and filter
rected

ure to throttle cock 9 via duct
5. Vhen the throttle cock is open, fuel is di-
via duct "G " to the fuel distributor, which distri-
butes fuel between the Primary and main burne

> r systems depend-
ng on the fuel pressure downstream orf

Regulation of fuvy o the throttle cock.
excent Supply into the engine at all ratings,
Dt augmented rating, is accomplished by varying the plun-
fir pump displacement which depends on the angle of inclina-
Se§§5;§ mobble plate 1 (the latter detormines the stroke of plus-
on tne zoizfizn°§f1TCIination of the wobble plate is dependent
transmttter ( Sérvo-piston 22, controlled by centrifugal
80Vernoz) 23, slide valve 6 of the constant fuel

pressu . /
re drop valve, and siige valve 15 of the ncceleration /

valve,
Operation of Centrifugal Governor
At stable ep,
gine s
oy the wetamey 1 Peeds the centrifugal force developed

slide valve 18. The :::::d :y Srrane 21 through the mediun of
the engine control ley, Frte ron depends on the position of
€T« The bands of the transmitter slide
:1eeve 20, that fuel supbli:;izzt:o ;he holes provi§85 in
Pressure . N chambers A and creates
tons 19 anddzgf::e:::IWhICh is necessary to keep servo-pis-
POSItion. In trig guge ::c::e g%bl; Plate in the balanced
s 1, are covered by return

" h

—_—125 —

11de valve 46, and interpiston cavity B communicales neitis”
s

aith fuel supply duct
cavity T through duct
in the initial position). ‘ -

#ith the system in the balanced position, the trun fltteL
slide valve occuples practically the same position relative %o
the sleeve, irrespective of the engine speed. ) .

A change in the predetermined speed of the Gngl?@,‘lﬁf
example, uvpeed reduction due to different flight conflt:gnu,lvn
iisturbs balance between the tension of transmitter ali»: v: i‘
ring 21 and the centrifugal forces developed by th? welghts.

troosmitter slide vnlve will be forced by tae szlngvfo
shift to the left, thereby increasing fuel supply into chamb-
er B, 2nd its dischaxge from chamber A (Fig.102). As a i:;
sult, servo—pistons 19 and 22 (See Fig.101) will move :o e
1eft, causing wobble plate 1 to increase its angle of nzn;
tion, thereby increasing the output of the plunger pETp e
fuel supply to the engine. Simultaneously with 1ncrea:eio;ts
engine speed the centrifugal forces developed by the welgt -
as a result of which the slide valve will stax
pistons will continue to shift

2 , nor wiih low pressaxre fuel return
“y " (in Fig.101l the system ic shown

39
e

will increase,
to move to the right; the servo-
to the left until the system regains its balance. o
Return servo-piston 19 moving to the left aids th: ufhe
tem 1n regzining the balanced position. On 1ts trave§ :h;Ch
1eft the return servo-piston actuates return lever 11,01;°u_
displaces sleeve 20 to the left ther:bysreducing fue
a n servo-piston chambers A an .
' tioifiservo—piztons 19 and 22 werc rigidly conncct::e(:i::ve
the volume of interpiston cavity 3 being constant) : 1; ¢
holes would have been covered by the slide valve banu:ned
more leftward position and the -system would have z:fich i
equilibrium at a speed less than the initial one,f g o
have resulted in unstable regulation. To provid:eaozt e
regulation and to maintain the preset eng;ne Spistoqs T ond
ant value at varying flight conditions, 50170‘3 . ;ble o
22 are connected through the pedium of cavity B¢ p2
changing its volume.
This arrangement allows wobble plal T thrreby
occupy different positions at stable engine sp

te sexvo-piston 22 to

7

—

-
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3 varying fuel supply, with the position of return servo-pyg. . \at pressure drop valve 6, whose spring 7 serves to oreate
ton 19 and tre tension of transmitter slide valve const Al
| s : N ference at the cock.
; unchanged. Pring 21 . syel pressure dif

1f, due to some reason, the engine speed 1s increased, with
?

osition of the engine control lever unchanged, the fuel
e p- jifference at the throttle cock will exceed the specl~
gy ol Jerivery duct Mel. Fron this moment interpiston pressiiue and slide valve 6 will shift to the right. This
cavity B will be filled with fuel, while the Servo~pistong f1ed vause’slide valve 6 to connect interpiston cavity B with
will move in the opposite directions — the wobble pl;te servo- il e and high-pressure fuel will start to
piston will move to the left, thereby increasing »ble plate servo-piston. As a

; The above movemcnt of the servo~pistons Wwill continye
until return slide valve 46 connects interpiston cavity B

fuel return duct "HuU",
the output flow via duct "k" under the wo

of the plunger pump, whereas the return sexvo—piston will moye esult of pressure drop in the interpiston cavity and pressure
ety pity sowards 1ts initial position, at which inter~ increase under the servo—pistom, the latter will shift to the

| o the retusn vervopeseon e e from fuel delivery duct rer right thereby setting the wobble plate in a position corres—
As the ) ,

return servo-piston is coupled to sleeve 20 through This will cause a decrease of

i o reduced fuel supply.
the medium of lever 13, ponding t

(¢ end of the adjustment cycle (at } the engine speed. A drop in the output of the plunger pump

ck
any position of the wobble plate servo-piston) will always will reduce the fuel pressure difference at the throttle co

correspond to on= and the same position of the sleeve, and, to the specified value, and slide valve 6 will cover Partzaﬂy

consequently, of the traasmitter slide valve. This provides ducts "H " and "k" to provide for such pressure dufeien:equir,
for constant engine speed when the engine control lever is the cavities of the wobble plate sexvo-piston, which is

, " e e e ed for keeping the wobble plate in the new position. tne govern-

The above is also true for the case of sudden increase At an engine speed exceeding the speed at which dlée_
of engine speed, the only difference being that the servo- or starts to operate automatically, the fuel press»uxeb e
plstons will shift to the right, and return slide valve 46 rence at the throttle cock 1s below the value preset7 to e
%11l connect interpiston cavity B with fuel return line run- spring, therefore slide valve 6 is foroed by spring
:i:ch.z:im;‘}?resi:ur‘e cavity I', Fuel delivery to and its left, and the valve 1s cut out. ro duct "kn ot Lom-pres-
Ge Ircm the interpiston cavity is accomplished by the To by-pass fuel from high~pressu

or
Teturn slide valv e et with the pup rot

¢ through a throt = 3 sure cavit T when the engine 1is ¢
variations in eng tling unit-damper, reducing y

a 11de valve
cock closed, the s
ine speed during the regulation procedure. still running, and the throttle e vassure sisrerence

The ¢ X
N endn:b"ve c3se refers to automatic regulation of pre- has some holes for draining fuel '2:: constant pressure drop
oo e ;Et speed, with the engine control lever being some- reaches 15 kg/sq.om. In this case
W .
The: ¢ cen the specd at which the governor starts to ope- valve aots as a reducing valve.
Wwiomtically, ang the maximum speed \
onia ro i . 3 tion of Aocelexation valve
e 0 han the speed at which the governor Ve era jthin 1 - 2 sec)
; s snl; valf_ 1ftomat1c311y’ the tension of the trans- / With the engine control lever quickli (:nto the engine 18
| by tan centu’u”ui :p;i:: always. exceeds the forces developed /’ shifted towards speed increase, fuel :up:t:.,r with the hydrau-
fug €lghts, s a 3 5 1 ) g
valve 1o miries o the ome th-reoult, the transmitter sl ; \coutrolled by the accelerati ¢ the acceleration valve ocon~
vobbte o cervepit ; 1s might have caused the Tte decelerator. The functlon ©

xcess fuel during engine scoe-

the wobble °0 Lo move to the left too and to set ’

: sists in limiting delivery of ¢ - u., wbile
f - plate in 4 position, cor speed to about 9500 T.PeSes .
uel supply, mo exclud ’ Iesponding to maximum leration from 1dling P late the speed wit
Sundly into the o ude this Possibility, control of fuel i the hydraulic deoelerator serves to reg
: ngine 1y dccomplished through the use of ! P
! /-\\ ¥t eu i p
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which the transmitter alide valve 8sprin
to suilt the engine speed set by the en

(Pig.103)

Note

The speed with which the tension of
valve spring is changed,

(See Fig.

the wobble

The forces ao
valve are so ting on the s

BupPly to the ¢
ne
Then the engine ogpaey s, LAEEOX 1
rack 10 wiy disp]
the holes 15 the ¢
o%lerator piagon
Tod wily slow]
Y Rove
140 deceleratoy x to the rignt,

T e rp—— -
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101). ‘It 1s so adjusted as to provide for normal
shifting of the engine from one rating to another.

When the throttle cock 1s quickly opened
difference at the throttle cock is a
causes valve 6 to move to the left,
spective ducts (See Fi1g.101). The se
to increase the angle of inclination
a result, fuel pressure d
1y rises. As this pressur
acceleration valve, the s

by uncoverin
g ducts " g w ang w g w
fuel drain line, and chamy s comneoting cavity B to

Plate Servo-pis
Teducing fuel supply into
engine will pe aocompanied

the compresso
X3 as t
valve nembrane: the Bis pressure affects the amcceleration

sl
oovering ducts » x w 1de valve will move to the left theredy

& ohanges its teygy,
gine corntrol lever

If, with the engine control lever set

the manual control range, o hin

engine speed turng
be equal to or in excess of the speed at whiczo

the gevernor starts to operate automaticauy
which occurs at high altitude ;

s engine aoceleratig
]
is controlled only by the hydraulic deceleratoy

(the acceleration valve being cut out),

the transmitter slige
is regulated by throttling unit 12

fuel pressure
sharply reduced, which

théredy covering the re-
rvo~piston quickly shifts
of the wobble plate; as
ownstream of the throttle cock sharp-
¢ rise affeots slide valve 15 of the
lide valve shifts to the right there-

er 4 to high-pressure supply line;
ton will move to the right thereby
the engine. Asceleration of the

by a rise in air pressure aft of

and " x =,

lide valve of the acceleration

calculated a5 to p

nes rovide for the required fuel

s being accelerated.
d to another position
o0, pagy 2Z D2sh 11 to the right and oover
Tain from under the hydraulioc de-
and the pistcn together with the
On its travel, the hydrau-
€ver 14 which will smootbly

ntrol lever is shifte

od wiyy actuate 3

.

e L e

anze the tension of transmitter slide valve orring 21, so
caang

that it
to the position of the engine control lever).

pay suit the r;spective engine rating (corresponding

The speed of this change is adjusted by changing the re-

sistance of the throttling unit.

Operation 0f Starter Control Unit
The starter control unit provides for required fuel sup-

ply to the
1dling speed.

engine when the latter is being accelerated to

The need for a starter control unit is dictated by dis~

crepancy between aotual fuel delivery c
HP-10A pump,
gine at starting.

Fig.1l04 41lustrates the nature of changes
required fuel consumption during

speed.
By reference to Pig.104 1t will be seen

nange ensured by the
and the fuel delivery change required by the en-

in actual and

L}
gine starting, the HP-10A pump, operating at the maximu

angle of the wobble plate inclination un
rence of about 10 kg/sq.cm. is oreated at
and the constant clear opening of the throttle
ed by the position of the 1ow throttle
fuel consumption far in excess of the required

Delivery of great amount of excess
overheating of the engine hot section componen
sharp rise in gas temperature.

The astarter control unit regulating
ing opexates as follows. ‘

The growing pressure of
! oook increases the force aoctimg on V2
1s pressed against seat 49 by spring ad.
on the valve from the fuel duct side
spring 44, valve 48 starts to by-pass
pressure duct to the suction side ©
engine speed inoreases, the air pressure aupi
. membrane cavity of the valve Erowse. This wil
‘ crease of the force acting on the va
Tity side, and the valve will reduce the by-

~
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-

cock,

amount. .

ts due to a

engine acceleration to idling
that during en-—

til a pressure diffe~
the throttle cock,
determin—

siide valve, ensure

fuel may result in

fuel delivery at start-

fuel downstream of the throttle
1ve 48 (See ng.9_9)-moh
“wen the force acting
.vcomes the foroe of
_ome fuel from the high—
£ the HP=10A puop. As the
11ed into the

result in an in—

1ve from the penbdbrane
pass of fuel to the

.

e

ca~
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suotion side of the pump. AS soon as the . — 11—
engine r
speed the valve comes up against its seat thueb’e::::s 1d14y, Fuel Manifold Construction
fuel by-pass altogether. ing ott she fuel manifold (Fig.106) comprises primery manifold 3

PUEL MANIFOLD WITH MAIN BURNERS

Fuel is delivered to the main burners via
‘ the fuel Bani-

—Speoifications for Fuel Manifold with Main Burners

1. Fuel flow through fuel T
manifold and main burners,

at pressure 46 kg/sq.cm.

and temperature 251'3"0, with

l:.in duot partially throttl-

8d o ¢ . 4 0 b e e ...

Variations in fuel flow Trre e a0t o
through different main burn-
ers at pressure 46 kg/8q.cm.
and temperature 25439 o o 0
Fuel flow through fuel mani-
f0ld and main burners at -
pressure 40 kg/sq.cmsand
temperature 25%3% | , |
Variations in fuel flow T
through different main burn-

ers at pressure 40 kg/sq.cm,

and temperature 25%39
25=3c . .. +
3. Fuel flow through low e o « o =2 per cent

th
9an1£01d and main burp rottle (primary)

exrs at
Pressure 10 kg/sq.cm. ang
teaperature 25%39

C....
6. Varfations in pye; PO 250 - 265 14t /br

through different nain burn-

ors at pressure 10 kg/sq.cn
and tcwpexatuxe 2513°c b

2

3. + « o o £3 per cent

N « « 3950 - 4100 1it /ur

.

* e oo o 26 per cent

The nature of chan

ges
fold and the matn pypg, in fuel flow through the fuel mant-

rs

de
105, Pending on the fuel pressure is

1llustrateq in pig

+ Primary manifold 3 consists of ten 4x6 mm
dla. pipes, connecting the pipe unions of the burner primary
1 ducts and forming a closed ring. The lower pipe of the

s provided with a pipe union recelving the.
pipe, which connects the primazry manifold to the drainp vilo.:e,
the uppex pipe of the primary manifold carries a pipe un
serving for fuel delivery to the manifold.

Main manifold 1 consists of an 8x10 mm dia.closed circu-
lar pipe, made up of two halves, and ten 4x6 mm dia. pizis,the
which connect the pipe unions of the burner main ducts e
circular plpe. The upper part of the main anifold oui o e
pipe 1s furnished with a pipe urion for fuel delivery 1:1n
manifold, whereas the lower part has a pipe union rece 4
nnects the main sanifold to the drain valve.
e connected to the burners and to each other
by means of threaded joints interlaid with rubber rinis;neﬂgr

The fuel manifold pipes are fabricated from stee s
coated on the outside with yellow enamel A-6. The fuel zuo—
£0l1d with the main burners is checked for tightnes3s by
sene at a pressure of 150 kg/8q.0m.

Main Burners
esigned to spray fuel supplied by
bustion chaobers.

and maln manifold 1

fue
primary manifold 1

the pipe which co
The pipes arx

The main dburners are d

the HP-10A fuel pump, into the engine coD o O en
Fuel is injeoted into the combustion cham

main burners.

Specifications for BT "ot
————— o« o o OpPEM, centxifugal, dup~
1. Type o o o o * ¢ ° P
2. Fuel flow through pri-
pary duct of burner at
pressure 30 xg/sq.co. 1 15t o

0 e o
and temperature 2523°C . .

Fuel flow through both

duots at pressure 40 kg/8q.0®
3. Spray come of fuel de—

livered through primary -

duct at psessure 30 kg/8q.0% P

~

« ® ‘20:’01 11t/nr
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. and temperature 25%3% . . . . . . 11035°
! Spray cone of fuel deliver-
ed through both ducts at
pressure 40 kg/su.Cile o o o 4 . o . 8350
4. Back sressure in mein
duct with fuel supplied
through primary duct only,
at fuel pressure 30 kg/sq.cm.
and temperature 25%3% , , . , . .+ 0.45%0-05 kg/s1.cn
5. Uniformity of spray (at oo
dist}nce 70 am frowm nozzle)
with fuel delivered tarough
primary dust at Dressure
30 kg/si.cm. and temnera—
ture 15 - 35% ., , , , .
Uniformity of spray, with
fuel delivercd through both
ducts at pressure 40 kg/sq.cm,
6. Dry weignt of main burner ., .

« « « o not over ¥15 per cent

« » Dot over 315 per cent
e « 4266 gr

The nature of changes in fuel flow.through the main buro-
er ducts depending on fuel

Pressure b -~
strated 1n Fg.107, efore the burner is illw

Main Burner Construct

The wain burpey (Fiz.
Parts: vody 1

ion

108) consists of the following
tip o . » Separating bush 2, swirler 7, filters 8, spray
’tn“ 6, packing Ting 5,and lock 3.
Steel bog
¥ 1 has a flange for fastening the burner to the
compressor housing
delivery to the py

» t¥o pipe unions and two duots for
The spray ¢y
g Fig,
main P (Fig

rnex Spray tip,
10
] nozale 2 anq prog s 9) consists of primary nozzle 1,

The prim; .
taﬂsanti;’hz;::le 1s made of steel XBS and has two 0.35 ™
a )
central outlet hole, » @ swirl chamber, ang a 2.2 *0+0%mo dia.
The main noz.
Six l-mm dia,

rear
fuel

dia,

Z1
tange:tislmanufact"’ed from steel B and has
citcumferenue, a swixla holes, uniformly spaced around the
outlet hole, mye chamber, and g 2,2%0+02pp g1,. centrel

main po,
/\/\— #21¢ 1s press-1itteq into the primary

T ———— :
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1e. Steel mut 6 (See Pig.108) has six 3-mm dia. h:les,
pos® ° ¢ and serving to supp-
d round the circunferenc
gniformly space

to swirler 7. Besides, it has two 3.5+°'08 om dia.
b special wrench serving to screw the nut onto the
ho:es ;:: :utpis nitrated round the entire circumference to
bodye
-t O;Oist: :;t:em:;pe. It consists of a steel casing
?11§eranze No.0l6 (State Standard 6613-53). The side
andfzzzsofgthe casing has three recesses uniformly spaced
ur
:ound the circumference andleove:;d“:t;:ngzu:;;e range of
in adequate fuel SpPr
fuel i:n:z;:tion, :ﬁe main burner 1is provided wi:h ;;ot:zs;ri-
The first system comprises the primary duct al B
o 1e through which fuel is injected into the combu
marybi:szhrough the fixst system fuel flows at & pressure of
:ht: 8 kg/8q.cm. which corresponds to the pressure buil: :zd
at starting. The second system consists of tPeb::izfd:;e -
the main nozzle projecting into the swirl chag e ora reach
mary nozzle. When fuel pressure in the pzimarz :ctioning.
es 6 to 8 kg/sq.cm. the second system starts uued B0 e
The two swirl chambers allow the fuet s:ii b e tvorsd
second system to be additionally swirled by e aten to .
through the first system. This arrangement © S epeten e ts
quate atomization of fuel at the moment thebs O ey zully
to function. With the fuel distributor oietii paralle1.
open, the first and second systems opera e rvided by
The ducts of the first and ascond sis : e et in the
separating dbush 2 (See Fig.108). Spray ;ni e e agntencd
body by copper tapered packing ring Se e ek 3. Carbon ror
with the help of nut 6, which is seoure Z e e ented
mation on the primary nozzle and on the nu oot i e danor
by swirler 7 installed between theipizkt:5ggnc131  cte tor
f)ace oi t:ea::t;hi:: i:ifa::iv::a'ti the out;t ::r:i::so;;:e
ceate irlex throu s
B L T e e L
ed in n o e
e e e sorey t:P aiizzZZt::Zgiitiout dismantling
urnex 9% 1 burners
::er:::::: 22: ::: :n&ine. The finally assembled zain
e

e

~
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are tested for fuel flow, spray conme, uniformity of spray

and for tightness. ’
The main burners are fully interchangeable ang may be

- arranged on the fuel manifold without impairing its opera~

e

Afterburner Fuel Supply

The system of fuel supply into the engine at augmenteq
rating provides for delivery of automatically metered amounts
of fuel into the engine aftexrburmer depending on the speed
and altitude of flight.

The afterburner fuel system includes the HP-11A fuel

pump, front and rear manifolds with fuel nozzles, and fuel

pressure waraning mechanism JICI~2 providing for opening and

closing of the jet nozzle snutters, when tne afterburner is
turned on and off respactively,

HP-11A FUEL PUMP -

The HP-11A fuel pump 1s designed for delivery of auto-

matically metered amounts of fuel into the engine operating
at augmented rating, )

@gciflcat_i_o_qs__fgr HP-11A Pump
1. T . §
'ype © < * s+« . . variable displacement plung-
. er type

Designation . . , ., e ¢ o JHP=114A

3+ Number of pPlungers . , , , g
4. Diameter of Plung-

er . ...,
5. Direction of r;t:;-. T
tion of pump rotor . , , . right-hand (1F viewed from
6. Maximup speed of rive end)
u
TR ey PO e
um;
8. ;ax:mt:]‘;:r;i;s;b;.s‘ T hem e /o

fuel Pressure at
Pump outlet , , , . 90 kg/.
“ o o Sg.cm,

mum output at pump
> :i:)r speed 3565 T.Delle ¢ o o o o 3620 - 3740 1it./hx
10, Pump output at all ratings
except augmented o o o o o o oo .300-600 1it./br
11. D.C. voltage energizing 2o 26 7
501emold ¢ o o o o o @ o w0000 -
12, Pump welght « o o ¢ o 0 o 0o e . not over 14 kg

Construction of HP-11A Fuel Pum
phe AP-114 fuel pump (Figs 110 and 111) is a variable dis-

lacement plunger type. It ensures automatic metering of fuel(,i

L ee
§e11vered into the engine, depending on the altitude and sp

f1light .
" Tie ;ast aluminium housing and cover accommodate 2 hiith .

essure plunger pump, an afterburner cock, a fuel val;e wass
o 1ve, & fuel by-P

t fuel pressure va ’

cut-off valve, a constan e
valve, a solenoid valve controlling operation of the

tor.
erlocking device contac
o e depending on the altitude

the barostat mounted on the

burner oook,

Fuel delivery into the engine
and speed of flight is regulated by
unp housing flange. .
e The pumping unit of the HP-11A pump (Figllzi)ﬂt:e::e e
in design to that of the HP-10A pump, the only e po-
that the HP-11A pump has nine plungers 15 m: inbeanng .
sides, the pump rotor is furnishe:owith roller

1 n, .
'0bbl’:hiI:zZl:hZ:s:n:iiia:izzioi wobble plate 57;0302;0:022011“801:‘
w

1y, the pump output are changed by se:vo—ii::o!:f e o one
coupled to wobble plate 57 through the me o o Fend 19 a8
side the servo-piston 18 acted upon by 8PT I;i porassure duct
well as by fuel pressure supplied from tl;e ,id, o sazvo-
through Jot 17 and the ganper. 00 e “1 delivered from the
piston is acted upon by the pressure of fuedin e e T tude
high-pressure duct. Fuel consumption d“": ":tat (See the Grash
and speed of flight 1s controlled by the 3111 o ieny Fig112)
Presented in Fig.113). The varostat (II]:G-;d  eibie parta-
consists of two housings 29 and 56, divi S e 39 prosses the
sion 32 oarrying e suppoz” ot J1::;.:u;pfuel drain from
lever against mushrood valve 38, preven

EENNNNENS
- ~
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cavity A behind the wobble plate sexvo—.piston.
spring 39 is opposed by aneroid 28, the fuel ,ressu,e Sunplieq
from cavity 4, and the fuel pressure supplied from the high-
pressure duct to the barostat through membrzne 34 ang piston 3
resting on lever 31 below. The pii.on i !
ric bush 35. The place where the fuel pressure iz applied o the
lever may be changed by turning the eccentric bush.

A damper installed forward of the membrane safeguards the

barostat against deleterious action of fuel pulsation which is
likely to occur.

The force o

As the spring tension remains unchanged at various condi~
tions of flight, fuel pressure in the bigh-pressure duct will
be determined by the aneroid resilience which depends  on the
full pressure of the air admitted into the engine. Thus, the

barostat utilizes the principle of direct dependence between
the fuel pressure downstream of the pump and the altitude and
speed of flight.

Barostat adjustment is carried out in compliance with the
specifications, by using Adjusting screw 40 of mushroom valve
spring 39, and also by manipulating aneroid scoxew 41.

With the afterburner turned on, fuel supply into the engi-
re is accomplisned by opening the afterburner cock. The after-
burner cock (II - II Section) comprises bronze needle 43. The
needle has a speclally shaped portion to provide for the requir
ed changes in fuel delivery when the cock i3 being opened, and
cyliidrical groove "a'. With the afterburner cock closed, the
oylindrical groove serves for draining fuel from cavity A, as
a result of which the wobble plate is set in a position, corres
ponding to minimum fuel delivery (limited by screw 26).

The afterburner cock needle is connected with piston 44
and moves along steel guide bush 42,

D:::gpi:f°2n°i the afterburner cock needle is acted upon
k H he other side it 1is affected by the fuel

pres
2 4-3 e pPp e s the piston
sure supplied to th Pace below P

To ensure that the g

s?esd irrespective of the
sure duct

by s

fterburner cock be open at a constant

fuel pressure 1n t ump high~pres-
» Provision hag been he pump ME

the tension

1s accommodated ip eceent !

——— o

The speed of afterburner cock opening is dependent on the

ity of throttling unit 25.

The afterburner cock is opened and closed by solenoid
1ve 1 controlling fuel delivery to the space below the

va )

of the afterburner cock needle.
incorporates a contactor ser-

capac

piston . e
The afterburner cock 8ys

ing the interlocking devices. When the afterburner cock piston

'aaohss the extreme position (See II - II Section), which in~

:;cates that the afterburmer cock 1s fully open, rod 47 cuts

in contactor 46 thexedby closing the electric circult. The .

contactor is set to operate within 0.9 to 1.0 of the augmente

ratin,

i;el valve 50 located at the pump outlet, regulates fuel

the engine at augmented rating depending on the

fuel pressure set by the varostat. The valve has a specialtyso

t of valve bus .
n fitting into the metering por

e P ing £ depend on the position of the valve

metering port of the bush.

and oonsequently fuel feed in-

pefore the valve

supply into

Clear openings of the valve
shaped portion relative to the
Valve travel for opening,
to the engine depend on the fuel pressure e
and on the force of spring 49, whose tension may be C g
48.
by manipulating adjusting screw N
Y Topreduce the fuel pressure which tends to rise :ha:iry
ur
in the high—-pressure duct due to closing of the at::ive .
cock, the HP-11A pump 18 furnished with & by-pass . t;e -
° —
nect;ng the ducts arranged upstrean and downstreanm
terburner cock with the return liie.lide vave 23 Loaded ith
ists of 8
The by-pass valve cons op fuel by-
spring 24, whose tension determines the beg;:iiniressuxe .
pass. The slide valve is acted upon by theIHEI eaaus o
stream of the afterburner cock and by the e e, With the
stream of the afterburner cock from the aprensthe Suel pres
afterburner cock open, the difference betw:uzner 4 too
sures upstream and downstrea® of the sfte: T o to out off
small, therefore spring 24 foroces t::czliaEbeins \1used, the
burner _
When the after 1ve agalost the spring there
ressure cavitye.

fuel by-pass.
fuel pressure shifts the slide v@
by by-passing fuel into the low-p

—

/’ .

e -—

; e :
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eakage through t b P

i ) & he afte urner uel

nozzles (when the engine is at a standstill) cut—ojf poppe'
valve 52 is installcd upstream of the fuel cock
ck.

lor 5
oaded with spring 59 resting on plug 58. The 1The valve {g
* valve ig
pre-

vente a cocking
e :njr;:i;:;&i:§ by guiding dowel 53 DPress—2itted 1
Fhig and puiid ie te valve motion. The working surfaoento o
el getté 51 ther?by preventing fuel leakage o the
e oy air tank:ng into the pump when oil is dxainfd.f
Tt h, ?r when the pipe lines are detached o
o Jed upfn ilpe union B furnished with a ball v;lis
st Prevent? spring 54, which presses it againstv:
ey preen fng fuel flow from the pump. To evacutne
et depressS:in to switch on the fuel tank boost:re
vty e e e ball with a special device supplied
The HP-11A fuel pump is installed on the accessory gear

box flange
box ge(at the left-hand side of the engi
quick-change joint. ene) with the o

Operation of HP-11A Fuel Pump

The HP~11A fuel
pump is co
the engine nnected to the fu s
— in parallel with the HP-10A pump (Se eiioySte; B
pumping unit of th ¢ Fig.10).
e Hp-
principle as the HP-10A pump FTHA punp opexates on the sane
Fuel from :
th v
burner cock 36 1:thign_pressure duct 1s delivered to after-
’ © cavity ¥ of servo-piston 26, to membrane
’

( )
’ O
aneroid) 32 barostat oushroom valve 28’ and to const

With the af

terburner co

ck

wobble plate servo-piston 1s closed, cavity || aft of the

cavity through duct w oonnected to the low-pressure

P"y n
provided in the aftexbu;n;:t ¢",and oylindrical groove "o",
cock. Due to th

is the wobble plate

i3 set in a
positi
located by OB corresponding t
T Screw 24, & to minimum fuel delivery asd

Yhen -the afterby
the 30 fner is
drain :EZO::CZAE;G ¢loses, ca::I::dV:Z;etgz :leotric circuit of
tant pressure v;lv; ;uel Pressurized to a va1: out off fuel
cock piston 37 the, 7y W11l be supplied be1 e, set by cons~
€bY shifting 1t to the !1Z:t3f;:!burn:: o
. The spe

q

o

ot s s . s e
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the afterburner cock travel depends on the capacity of throttl-~
1a0g unit 35. When the afterburner cock is open to capacity
jt cuts in contactor 41 of the intexloocking device disconnect-
ing the ignition system 1in the afterburner.

While travelling to the right, the afterburner cock will
cut off fuel drain from cavity N aft of the wobble plate
and the latter will move to the left to increase fuel
phe speed of the wobble plate motion depends on the
ng" and damper "&m". Simultaneously, the after-
t fuel through cut—off valve 44 to fuel

piston,
delivery.
capaclty of jet
purner cock will direc
valve 43.

The fuel pressure W
the right thereby supplying fuel into afterbu

The servo-piston travel will continue until the plunger
punp output i1s sufficient to meet the required fuel consump—~

tion as set by the barostat.
Changes in the conditions ©

crease of altitude, oI reduction of speed, will cause air pres-

in varostat aneroid chamber K to dxopj aneroid 34, tend-

r 31 with a greater foroe there—

and increasing fuel by-

The wobble

111 cause the fuel valve to shift to
rner manifolds 45.

£ flight, for inmstance, in-

sure
ing to expand, will act on leve

by relieving spring 29 of valve 28,
# aft of the wobble plate piston.
right. The output of the

a reduotion of fuel pres—
consequently of fuel de-
The fuel feed will be Teo-
up in the parostat again.
the solenoid valve

pass from cavity
plate servo-piston will move to the
plupger pump will deoxeasé, causing
sure in high-pressure duct npn, and
livery to the aftexbuyner manifold.
duced until a state of balamoe sets

When the afterburner 4s turned off,
circuit will open, valve 18 will open the fuel drain line froo

cavities J and M of the afterburner cock piston, and the
afterburner cock will be closed by spring 40. The oylindrioal
groove, provided im the afterburner cock, will counect oavi-
ty ® to fuel drain line, and the servo-pistos with the
wobble plate will shift im 2 posi ponding to ®ini-
muo fuel delivery. ’
With the afterburmer coc
between fuel pressures upstrean an

tion, corres

the d1fference

k being olosed,
£ the after—

4 downstzead °

burner cock  will increase, eausing out-otf valve 44 to oped
and to by-pass fuel from the pigh-pressuze duoty thus pate-
—_—

)

f
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guardiag the high-pressire ducts against excessive Stresses,

Cooling of the pumping unit of the plunger Pump and .
rication of the bearings during pump operation are accompligp.
ed by the fuel circulating through the pump. When the puomp
rotor spins, fuel flows via central drilling O in the porteq
member to cavity X of the rotor whemce it 1s deliveyed by
centrifugal forces via oblique ducts H of rotor 25 into the 4
interrotor cavity. From this cavity the fuel is directed to
the suction side of the pump through jet M.

FRONT AFTEZRBURNER MANIFOLD

The front afterburner manifold is designed for fuel deli.
very to the afterburner fuel nozzles.

The front afterburner manifold (rig.114) 4s a non-
detachable structure comprising a closed circular pipe, 8x10 m
in diameter, with ten welded uniformly spaced pipes cairying
the fuel nozzle bodies, and a fuel supply pipe.

The fuel supply pipe has a sleeve at the end which ser-
ves to connect the pipe line delivering fuel from the IP-11.
pump to the manifold., The components of the front afterbur-
ner wanifold are manufactured from steel IX18HOT.

Rolled into the fuel nozzle bodies are fuel nozzles

which atomize and inject fuel into the afterburner, at an

o
angle of 45° to the gas stream. The fuel nozzles are of the

centrifugal, single duct type. The fuel nozzle (Fig.115) con-
8ists of atomigzer 1, plug 2 and retainer 3.

Atomizer 1 is made of steel X10C2M and has three 0.7-mn

di 7

ameter tangential holes evenly spaced round the circumfe-
Tence, a swirl chamber and a 2,2%0-01
outlet orifice.

retainex 3, prev

om diameter centrifugal
Press—fitted into atomizer 1 are plug 2 and

Fuel from t;:t;ng the plug from movement.
and, after veing .swimnt ta orold 18 fed to tne fuel nosiles
Boles and the swizy Tled in passing through the tangential
ner through the ceutChabem’ is injected into the afterbur-

The amount of r!a]. orifices, ‘
of the front manifﬂ:eltdelivued through the fuel nozzles ) R
temperature of 251100(:&1 8 pressure of 40 kg/sq.cm., and a
d1sorepancy 1n gyey N S within 1500 to 1570 1it /hr, wbile

O% does not exceed +3 per cent.

— 141 —

REAR AFTERBURNER MANIFOLD

The rear manifold serves to feed fuel to the starting
es of the afterburner.
e "";:: i::\: :;::?c.burner manifold (Fig.116) being similar in
design to the front manifold, differs from the latter in ;h:t
it has only five main fuel nozzles. Besides, it 1s furnisre
with starting fuel nozzles supplying fuel to the centre o
the afterburner where spark plug Cl-02 1s located.

The amount of fuel delivered through the rear manifold
fuel nozzles at a pressure of 40 kg/sq.cm., and a tempe::at::
of 25%10°C 1s within 1050 to 1103 1it /hr, whereas discrep
¢y in fuel flow does not exceed =3 per cent.

ENGINE VENT AND DRAIN SYSTEMS

The vent system serves to prevent the drainage oav;t;es
from being overfilled with fuel leaking through the pacc:ss
joints of the accessory drives, as well as to remove eX

yom inside the englne.
e ::: :i:ii system 1is designed for discharging fuel fizzld).
the fuel manifold (the main manifold and the primary :izn
Fuel is drained with the purpose of preventing combusthe .
outside the combustion chambers at starting or after

1
gine is shut off, as it may cause overheating of individua

é the engine.
abnormal operation of
O vent. an e o mprised of the following

The vent and drain systems are coO ‘s

zain parts and units: a draio valves tee-plece, drain cOCKS
ipe lines.

a drainage tank, fuel sumps and P :

ghagg drain x’g}xg 1s designed for automatic drainage of

hut off.

fuel from the fuel manifold after the engine 15{:11“11’5

The drain valve (Fig.117) consists of them 4. yalve
parts: housing 2, cover 1, oup 3, valve 6, spring %
stop 5, filters 7, and bush 8. JR—

H:suaing 2 1s mannfactured from du::alunu.zmm;d:t:t;e e otng
dates the parts of the drain yalve. On the o:i:n ¢ pipo 1inee.
carries three pipe unions serving for °°“°:an“°1d; pipe
Pipe union "a" is connected to the anritold; vdpe upton *B°
union "0 % cousunioates with e ‘“a: the drain tee-plece.
1s connmected to the drainage tank throug

) e
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! .
R Cover 1 is fabricated from steel and is furnisheg Wity The drain valve is seoured by two bolts to a steel braoket
i a

pipe union and a stop. Fuel from the cavity forward of gpe
HP-104 pump distributing valve is delivered to pipe unieg ny

cu vel of o Te’ ¢ teel adapter 1
@ vhe o o e st its the travel of the valve apg he tee-piece v(Fig.llB) consists of s P N
p to the left. an The tee-plcCt

king rings 3.
n nuts 2, and loc
e The side surfaces of adapter 1 carry one pipe union and

ted on the lower portion of theé compressor rear housing
mounte

yan

Press-fitted into the pipe unions of housing 2 and cover |

the adapter is fitted with a
are filters 7, safeguarding the valve against clogging. snree nipples. The Lower part :iued on zha aircraft a pipe is
Filter 7 consists of a bush and a gauze. The gauze is flange. 4hen the engine is ins Seeough which uel 1s dischare-
soldered to the bush face. Valve 6 1s comprised of a seat ang cecured to the adapter flange,
a hemisphere hinged to the vilve seat-with the help of a dowe, ed to the atmosphends 5 mount union nuts 2 held in place by
The hemisphere is capable of swinging around the dowel which The adapter nippleokjn rings are press-fitted into the
permits it to occupy a proper position relative to the valve locking rings 3. one lzcb ihe semi-circulaxr grooves in the
stop during drain valve operation. Valve stop 5 consists of circular grooves foxme t‘(ya union nuts. The adapter 1s provid-
two steel bushes press-fitted into housing 2. Inner duct "2 adaster nipples a:d i
S
of the stop inner bush serves to drain fuel from the primary ed with th:eenducnnects pipc union "a" with nipple "Gn. Pipe
manifold, while fuel from the main mnifold is discharged via bust "% o cted to the drainage tank through a pipe.
outer clrcular groove "g" running between the housing and tae union “a" 1s comns d to the drain valve with the help of
outer bush of the valve stop. The face of the valve stop as Hipple "G " 33 oonnec:€B n gnd " 2" mount dzaim cocks secured
i well as the sealing surface of the valve proper are ground to : uaton nl::-u’:gilzits £
£ means ¢ win rom
each other. With the e¢ngine running, rubber cup 3 and valve 6 J Tpe drainage tank (Fig.119) receives fuelbflo ; fhe ot
are fOI - 5 _________g.—————— + it Eyon
b thy ;ed against spring 4 to the extreme right—hand position the vent and drain systems, and discharges
Yy uel pressure supplied from the cavity forward of the

- i nozzle. i ot upper
HP-10A pump distributing valve; in this position the rubber e drainage tonk is a welded structure made up
cup and the valve ¢

; k alu-
half 9 and lower helf 10 fabricated from 1.?—::'z:1;alves o
minium alloy AMaM . Welded to the upper an o i a1y
two bearers 1l and six pipe unions made of abmcxets e
AMTM . The drainage tank 1s secured to the
the holes prcvided in the bearers.
for delivering fuel into and out © et on the ¥
ing on whether the drainagé tank is ins e e for axatn-
left-hand engine, one of these pipe unionthe e eves to
ing fuel 1into the drainage tank, whereai e ipe line ond
discharge fuel from the drainage tank via

ut off fuel drain from the fuel manifold.
After the engine stoppage, fuel pressure on the valve

oup is relieved and the spring forces the valve to the extreme
left-hary position,

h thereby connec nifold to the ’
drain line. v ting the fuel m..nif 2 to the e ete thones

£ the dralnage tank. Depend-

To
ensure free travel of valve 6 and cup 3 tending to 1ght~handm‘

connect the fuel manifolds w e
-
’ 1th the drain 11ne(t° avoid

housing 2 when the stop-cock 1g being closed, bush 8 and
ween the l:.z:: Provided with ducts affording communication pet=
avity under the cup and the drain cavity for the

oving v a £ sexrve pipe

e e X 3 pozzle. Reser e P
ot ' able Jet

the m pazts €se ducts serve to dr in fuel expelled DY beyond the afterburner adjust

For limitin °f the drain valve when the engine is stopped: union 4 is stopped with a plude
the cavity ‘OGatidf‘;el Suprly into the primary manifold £rom ) ; To ensure complete d:ai;nt;f:’ provided i
- or
valve, when the eng "ard of the HP-10A pump distributing 4 en

1
e en ne is Tuaning, the duct in bush 8 is made
of a 0,5-py GQlametex Jet |

e of fuel from the drainage
th pipes 12,

1 can drain from
3s supplied into

; tank, pipe unions 3,
. which are arranged in suc
the lowest point of the tanke

h a manner that fue
Compressed air

L -
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the drainage tank from the compressor rear housi
‘pipe unions 1 and 8. Depending on whether the dr
is arranged or the right-hand or left-hang engine

pipe unions is used

stopped with a plug. Air delivery is via a pipe

a l-om diameter jet.

atmosphere through pipe union 7.
of the drainag: tank irrespective
right-hand or left-hand engine, pipe union 7 is

4x6 mm diameter pipe
hole located near th

The pipe is sec
of the drainage tank

to the pipe sexrving to discharge fuel from the

The drainage tank

black enamel A-12,
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Dg througy
alnage tapk
s One of thege
the other being
furnisheq with

tes with the
To provide for Proper venting

of its installation on the
fitted with
om diameter

for compressed air supply,

The drainage tank communica:

5, having an additional 4~
e pipe union,

ured by clamp 2, welded to the upper half

« The outer pipe connmects pipe union 7
drainage tank,

is checked for tiglitness by air pressure of
0.5 kg/sq.cm. maintained for 5 min.

The tank is coated with

It is mounted in the lower part of the comp~

ressor housing, on four brackets secured by the bolts of the

lower joint.

The drain cock (F1g.120) comprises aluminium alloy body 2

with three pipe unio
body is steel rod 3.

Yubber packing ring 1
_seoured by dowel 6,

tending to shirt the
Packing ring 1 rests

ns and two lugs. Accommodated inside the

The rod is grooved at one end to receive
s the other end carrying thrust bush 4

The bush takes the thrust of spring 11

rod to the right.

against the cock body thereby sealing the
outlet hole of pipe u 4 y

bears against washey

body 1s rubber packing r
0il from the cock pipe y
consequently into the a

body lugs mount cam S
oam and the body lugs
a definite Position,
via the pipe lines wi
with the o131 tank of

and the drainage pipe
drain cocks sexve to
80r inlet bousing ang

nion "an,

The other end.of the spring
7.

Fitted between the washer and the cock
ing 8 preventing seepage of fuel and
nion cavity into the spring cavity, and
ircraft engine compartment. The cook
astened by dowel 10, Placed between the
8re plate springs 9, holding the cam in
Pipe unions wgn connect the drain cocks
th the compressor inlet housing pan and
fuel-oil unit 317a, P':l.pe unions " g " and "
between the drain cocks on the one hand,

S and the tee-piece on the other. The
discharge 011 frop the pan of the comprés”
from the o011 tank of fuel-oil unit 317A.

b
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pe same time, the side holes of the drainm cock pipe unioris

- taeto drain fuel from all units irrespective of tae posi~
serve .
pon o t:eﬂg:aizc;:c:ra opened by turning the cam through

° Tz:.cbr:auses the rod to overcome the force of the spring
2 o to the left thereby directing oil from pipe uni-
e thre h the drain cock and into the tee-piece,whence
o thr"“i through the hole in the tee-piece flange and
e drain:i charged under the aircraft fuselage via a pipe.
* fuét::::zuc:mn of the fuel sumps is described in Chapter IV
;'Afterburner" .

Drainage of Fuel and 01l
The fuel leaking through the glands‘or the i;i;e :::zt;h
of the HP-10A, HP-11A and [[H-9 pumps (See Fig.nd H;_lla
the clearances of the drive rods of the HI’—lonamm-off cont
1imit switches, through the cup of the a e
i:;pmechanism rod, the fuel forced out of the air b :wis
control mechanism cylinder when the ailr biow;o::eb::cessory
being closed, as well as the o0il seeping ;r;P-llA SO
gear box through the glands of the HP—lOA,dIainage e to
pump drives, are directed into the comma:he e e nd
be discharged to the atmosphere through
e-plece. g o asoe
e t;hepfuel leaking along the rod of thedS:e::iyptopthe
leration control unit valve is discharged
R ene: t the nozzle assemb-
uel drained from the fuel sump a e soeat
ly—toE:ifiuser joint, from the nozzle as::mbli:so:fthe o
and second stages, as well as from the a : :aunions e
ressor rear housing, 1s directed to the p: ite;s o tne front
ing the aircraft pipe lines. The flame 1§nained e a
part of the compressor rear housing are dr
pipe and a flange.
Drainage of fuel fx
terburner shell-to-diffuser Jjoint,
with diffuser, from the after :
through the pipe unions reoeiving
When the engine is stopped, fu

the fuel suop arranged at the af-
o from the afterburner pipe

ne aircraft pipe 1lines.
el from the main fuel
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burner and the ejector, is effected



[rov——.

I

Declassified i - Saniti r
sified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP86T00246A062100010001 0.

— 146 ——

o
anifold and from the primary manifold 18 drainegd

drainage tank via th
€ drain ¢
the tee-plece. ock and the drilled

into the
Passage i

g orced o
urx 3 ut
During the next engine starting the fuel is ?
of the drainage tank and into the atmosphere by compresseg
I (Pz) supplied from e ¢
th ompressor into the draina
ai 8e tank

PIPE LINBS OF ENGINE FUEL,
OIL, AND AIR SYSTEMS

The pipe lines of
the engine fuel
are fabri el, oil, and
the high cated from steel 20A, except for tl’xe pl :i; ot
_high-pressure fuel system, which ar pe lines of
steel IX18H9T. e manufactured from

The diameters of
the
32x34 ma, pipe lines vary from 4x6 mm to

The pipe lines o
f the fuel
enamel A-6, ¢ system are coated with
mel A-8, and :;ep:ie Iines of the oil system with brownI:x];l“
- e li o
enamel 412, P ines of the air system with black
Tbe pipes sub i
%0 yrovide IO:“’::::O high temperatures are not patnted t
tachm '
Prevent vibx = ént of the pipe 1
moans of yok:iz:; the pipes are secured to thle) en:::: :nd °
the pipes are seéuf;zz,l) installed on the engine; b“id;
The follow ;o cach other by aluni ,
1ng t minium clamps (Fig.122).
pipe lines: Jpes of joints are employed on the et(xg:t:e )
(1) a stan
dard spheri
cal
ject tO)high temperaturon: Joint installed in places sub-
2) a ni ]
PPle jJoint '
used with type
x;;marily in locatiens witi nAM Tavher packing (rig.12)
3) & ni ormal te .
(Pig.124) use:ple Joint sealed with alums ren o soms
W n in plages subjeot ¢ poum OF 0OPPSX Iings
() anged joints packed w1 o bigh temperatures;
(6 a telesoopic Joint ( e gaskets (Fig.123);
) a nipple joint of » Fig.lzs);
(M a durite o Pazker® type (ry ; ‘
Joint (p g.127) ;
(B) a ni; 15'128)' ’ .
Pple joint ?
(1'18.129).
\

E—

Chapter X

ENGINE ELECTRIC EQUIPMENT

The function of the engine electric equipment is to pro-
vide for engine starting, to emergize the units installed on
the aircraft and on the engine, to cut in the maximum and the
augmented ratings, and to provide the means of checking engine
operation. Besides, the engine electric equipment includes the
system of jnterlocking devices safeguarding the engine and its
operation at abnormal conditions.

on their fumction individual equi
weY SOUXOES, starting units,

interlocking

units against

Depending
electric system are divided into po
units cutting in maximum and augmented ratings,
devices and measuring instruments.

This Chapter deals with the descr
equipment operating on 24 - 48 V.

Particulars relating to electric equipr'neut operating on
24 V only are referred to at the end of this Chapter.

pments of the

iption of engine electric

POWER SOURCES

Starter-generator TCP-CT-6000A
constitutes the main power sourcees
Starter—genexator ICP-CT-6000A is a protected six—pole
ree commutating poles.

D.C. machine with enclosed beaxings and th
The unit is driven through 2 reduction gear with a ratio of 1.25;

direction of rotation = counter—clockwise(if observed froom the
drive end). The machine 1s force—cooled by ral aire

When operating as 2 generatoXy the machine is shunt—exnited
and functions in combination with voltage regulator p-25A, diffe-
rential-minimum relay  JMP-400s stabilizing transformer TIr,
and ballast resistor BC-6000

rated at 6000 w and 30V
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“hen the starter-generator is employed as a power go
for starting the other engine, it operates as s “ouree

& generator i
differential excitation, delivering current from teraina) cp

The units operating together with the starter-generat,
serve: o
(a) to stabilize voltage supplied to the alreraft maing
when the starter-generator speed varies; ’
(b) to safeguard the storage battery against disch
current at low speed or at parking;
(e) to ensure uniform loading of the two generators ope~
rating in parallel.

arge

Specifications for Starter-Generator I'CP-CT-60C0A
Welght . . . . . . . ... . ......,22kg
A..nggrator Duty

Power (at 30 V) . . . .

e e e s o e e s JBOOOW
Rated voltage . » . . . . . . e e e o e 428,57V
Rated loading current . . . ., . . . . . 200 A

Operating speed YANBE o ¢ 4 4 . 4 e 4 W
Eaximum current maintained
during 1 min (with genera-
tor spced amounting to
5000 - 8000 T.p.m.) . ,
aximum current maintained
during 10 sec.(with genera-
tor speed atounting to
6000 - 8000 T.p.m.). .,
aximum permissible loading

current, with genexator
being

Amount

«4000 to 9000 r.p.n

«300 A

M

M

Aot cooled for 30 min,

oL atir Iejuired for
cooling , , ., .
'....I.I..

e ¢ o &

.not less than
75 cu.dm /sece

A

|

— 149 —
B. Starter Duty

(a) With voltage across termi-
pals amounting to 21 V, com=
pound excltation, and brak-
jng torque of 1.8 kg-m,
gtarter should develop speed 400 £
not less than ¢ o « o = o o o = o ° oP.W.
ginsumed current o« o s o ¢+ oo oo o o0 pot over 200 A
With voltage across termi-
nals amounting to 21 Vv, se~
ries excitation and braking
torque of 1.1 kg-m, starter
should defelop speed of not
less than « « « ¢ = ¢ © ¢ ° °
Consumed current . . o o ¢ ¢

@)

. o ¢2400 r.p.@.
. o Dot over 200 A

parrallel with the

- ator is connectcd in
The startex-generat e startise

airoraft storage batteries, providing for
of the enginee.

ot

ENGINE STARTING #QUIPMERT

s in
The engine starting equipment comprises tue following

upits:
(1) The starter-generator with
(2) Booster coil unit RN-21BIK
Ci-96.
(J) Eleotric motor KY-IQRA drivin
pump [MHP-10-9Y.
(4) A magnetioc valve of the s
(5) A magnetic valve closing t

starting equipmenm
with four spark pluga

g starting gasoline

tarting fuel systede
he alr blow-off band.

)2 ~=qnt
Starter-Generator with Starting = ul

cenerator
ng started, the stnz‘cr-bcncra.
. beiaitrio sotor oeIvicé to nccc&:;:i:utly.
the engipe stazts to rus {nlepel
5 a8 @ sgarter, two ¢xoL~
sezies.

When the engine 1
(?1g.130) operates as an el
the engine compressor ti1l

When the starter-generator
e e tonsant e t1ae starting gertod the sarter-

be €o8 (3311
At tbe beginning ::n; rostations As tae spaed of FOta
s on 0o®P B

—

opcr:tl
arallel (shunt) anid

generator run

."/

e T

J—
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increases
s the shunt
. wingin
ng being employed to the vf n d15°°n“e°ted
The :
P ftaxting €quipment inclyg
o Starting box IKC-6000K °
2) Stora . i
ge battery ch,
ange-over box K
IA-2,

(3) storage t
ge batter
(4) Timer AB-5A Y change-over relay Pl 2001

(5) ™o r
ela,
Pli-20r.
- The equipment listed ab
Serves the purpose or t
; s

» onl

Y end of the startiny Series wypy

8 Pexioq,

ys PII-
NI-2, three relays P[-3
and one yg,
ay

ove 1is instal
led on tn
arting both engines € aircrapt

St

PI-20T (changing

the
imition systep. qo .
?

changin,
g ov over
& ator sh the starter shunt wing
unt winding, switchi nding,
nectin ng on t
8 the starter shunt windilg)t;e
L

Tting the
. engine .
3 two relays in air, changing over

£1 discon
th:e :Ela‘vs “PI-3 (sta
Storage va
electric systetteries) g
B to -
the running ensine)be energized from the (ohanging over the
the starter); tpree two contactors gy 55ta’te"5eﬂeratoz ot
ing resistor, dis:e contactorsg KH-?OOA— O (switching on
O
Storage batteripq wznecting the starter EShunting the start-
:r the staltEl-oen o Starting 1s acco clrcuits from the
e o
oorporates g :turatnz of the runnip Plished by the use
8 0n the outsig tng resistox zatedg engine). The box also
eIVINg to gonne €, the box 15 g at 0.28 ohm.
onéct tp urnished with bolt termi
erminals

Tator, an e w
4 with ires rup;
oui apl ning fr
ts. Plug connectoy xe°817:: the starter-gene-
g the control oir-
ot t,:i'" 4B-54 (pyg., =
en, <131
By eiiie Starting eq3191°videa for automat
Plo, pme matic funct
oLt the Ying the nt nctioning
stay star
ntervay, ting unygg 4p ::uf bOX, the timer smy
Tict syg switches on and

i The electric mo
: yhich prevents

" suppl
; posi

 who

— 15—
The timer employs electric motor I5-TP whose speed
ained at a constant value by a centrifugal governore.
tor is fitted with a magnetic braking clutch,

rotation of the engine rotor after the power
for a definite initial

is maint

y is cut off, thereby providing
tion of the rotore.
The motor torque 4s transmitted to the reduction gear,

se axle carries five profiled cams controlling 1limit swit-

ches KB—6 connected to the control circuit of starting box

[iC-6000H «

Phe 1imit switches are set to operate at the following

intervals after button nstarting® ( 3AIVCK ) is pressed:
1ot 1imit switch « o o o ¢ ¢ * *° 0.4%0.2 sec.
ond 1imit switch o « o o ¢ o * = * ° 0.9%0.1 sec.
3rd 14mit SWAtCh o o o o o c * 2.5202 seo.
tth limit switch o « o o @ o o * CC 16.5%0.3 sec.

Coth limit switch o e s e e st t 7 8.5%0.3 sac.
The complete cycle of operation of timer AB-5A 18

31.5%0,5 sec.(at supply voltage 24V and ambient air tempera-

ture 20%5°C).
Voltage is supplied to
lays PI-3 accommodated 1B

Booster Coil Unit _with Spark Plugs

Speosfications_

the limit switches via two ré~
the timer nousinge.

(1) Eind of curremt - « ¢ ¢ = ° L. . e« s DCe

(2) supply voltage aoToss
unit terminals:
(a) when starting on ground o = ¢ ¢ * ° ° 12 to 28.6 V
(b) when starting during flight « « ¢« ° 20 to 28.6 V
(3) Current in coil primary wind-
ing (as indicated by amgeter of
M-70 type) at supply voltage
of 24% JEPPEPE
Note: The pooster ooll unit s
three-electrode needle
gap of 6 mm and a shunt T€

s 2B

« o 0 0 0 "
hould deliver curzent to &
dischargeXx with a spark

sistor rated at 1 megohm
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increases, the shunt winging 1s disconne

— 15—

electric motor JI5-TP whose speed

cted, only Serieg wing

he timer employs
e starting periog T

ing being employed to the very end of th
ant value by a centrifugal governor.

Th 3

e starting equipment includes: 15maint31n5d at a const

o Srarting box IKC-6000H Theelectzic motor is fitted with a magnetic braking clutch,
the power

ion of the engine rotor afterx

s rotat
g for a definite imitial

which prevent
y is cut off,

position of the rotor.
The motor torque is transmitted to the reduction gear,

se axle carries five profiled cams controlling limit swit-
o the control circuit of starting box

(2) storage battery change-over box KIA-2

(3) storage batter
¥ ch: -
B oy ange-over relay PIIA-200K,
(5) Two relays P
Pi-20r, -2

suppl thereby providin,

» three relays Pp-3 and one zq),
ay who

ches KB-6 connected t

The equipment listed above

is inst
end serves the PUIpose of starty stalled on the aircrart

0g both engines.

g
arxr 0X receives lectr signal
Startin b mm'GOOOH e the e ic nals

Produced by the ti
imer, and, b,
and contact . e ataniiar g @ s
0rs, controls the starting units th:mtzf et
0 engi
: gines.
hzom;mdates the following equipment:
° :
atog ng over the starter shunt winding
nec:ishunt winding, switching on the ’
ng the starter shunt winding)§
’

Seven relays PI-20T (o
changing over the gener
ignition System,
five rel

ays PlI-3 (st
the spor arting the engi

T ot 2 gine in air
e teries); two relays PJI. reing ore ore.

¢ System to be en, - (Ohangilg rator o

the r ergized fr
unning engine); twe °°ntactgr:m the starter-generator of

of the staxtet—g
1ncoxporates a startin
g
. On the outside,
exving to connéct th,

rator, ang with a plu

ith bolt ¢t
e wire e
8 running from the starter-gene-

8 con
nector Teceiving the control cir-

S—

%
}
i

IKC -6000H .

intervals after but

31.5%0,5 sec.(at supply voltage 24
ture 20%5°C).

lays PI-3

¢ to operats at the following
( 3AIVCK ) is pressed:

. 0.4%0,2 sec.
0.9%0.1 sec.
2.5%02 sec.

. . . . 16,550,3 sec.

. 8.5%0.3 sec.

timer AB-5A 1is
ambient air tempera-—

The limit switches are se
ton "Starting"”

o o @

15t limit switch o o o o o °
opd 1imit switch o o o o « ¢
3rd 1imit switch . » o <
4th 1imit switch ¢ o ¢ « ¢

5th limit switch « « < ¢ -

The complete cycle of operation of
v and

« o o
P ]

o o o ®

the limit switches via two re~

Voltage is supplied to
the timer housing.

accommodated in

Booster Coil Unit with Spark Plugs

Speodfications_

(1) Eind of curzent . « ¢ ¢ * °° L. s s o e DCe
(2) supply voltage acr08s

unit terminals:

(2) when starting on groun

(b) when starting guring f£light o « * °
(3) Current in coil primary wind-

ing (as jndicated by amgeter of

.12 to 28.6 V
. 20 to 28.6 v

d e o 0 ¢

1y voltage
TMaer 4554 (py Hmer m_'((l type) at supply A '2:0:25 R
of the en 8:131) pr of 24 R
gine Ovides for ay urzent to a
ma. 14 deliver ¢
tomatic functioning Note: The booster coil unit shou b a spazk
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and connected in Parallel with

the discharger
electrodes,

High voltage for ener

8lzing the spark plugs
by booster coil unit

KII-2IBIM (Fig.132) which o
spark plugs of four Tflame igniters,

Structurally booster coil unit KI-2I-FIN 1g composeq
of two independent booster coils )

Sy 4ccommodated in a common
minium housing. Each of the booster coils

€s a transformer convertin,
pulsating
ed in pz

1s supplieq
Perates tpe -

alu~
(vibratozs) comprig-

g direct current into high Voltage

current, an‘interruptez and a mica Capacitor connect-
rallel with the interrupter. The interrupter vibrat-
ing at a frequency of about 400 to 800 CeDP.S. and conneccteg in
series with the primary winding, induces hign alteznating
volt:ge in the secondary WInding, which creates g spark bet-
ween the electrodes of the spark plugs. &

The secondnry winding of the coil has tvio bigh voltage
leads and o centre point connected to the frame (wixing i~
&r2m of booster goil unit Ki-2IGIM 1s illustrated in Fig.132)

The booster coiy unit has four high~voltage leads and
one low-voltage plug connectop

«Jooster coil unit KI-215T8
is secured to the compressor middle
#1%h booster go1] KIM-14

housing on a common panel

Startine »y

& p Motor, Magnetic Valve

and lagnetic Cock
Electric motor HY-I02A 15
1ng gasoline pump  [HP-10-gy,

5 a; f:eztric motor Uy-I024 ig 2 D.C. machine rated at 60 ¥,
; €velops a Speed of 3000 TeDem,
The motor operates i
Ki-2151Y and the gg
Power 3g Supplie

¢oanector Bl-p
stazting fuel py
oraft ang Serves

designed for driving start-

B conjunction witp booster coils
gnetic valve,

d to the motor
e Blectrig motox
op  [HP-~]Q.
the ne
The stuxting fuel
Teturn valve gp
and the staxtinc Lue
24 v, 3,4 Current,

through small-size plug
W-1024 1s secured to
R which 1g installed on the air-
eds of both e€ngines,

line incor
stilleqd betwe
1 manifolg

with Porates the mugnetic valve

€0 starting pump [HP-10-SK
. Thg magnetic valve consuzes

e mer———

P

T S e

|

1 -

—_— 153 —

ine
. ne running eng
- tae air plow-off pand on tneusured vy a Dag-
ol ta “te 5 €
Closing % *~ e is being started, 1 ne starter of
pen the Ot:€X engine 1s tomatically whcn the
shen 7 t

.- u

s02k, which opexates 2
e e :ncine 1is switched on.
T el

. . ted
" 0;b= cock electromagnet is ra

at 1.5 &, 24 V.

R ENGINE
SNT CONTROLLING
PRIC BEQUIPMENT
ELEC;i;IMUM AND AUGHSNTED RATINGS .
atin,
the maximum and augmented rating

at
Zngine operation ing electric equipment.

controlled by the followny A
(1) Control panel lid; ;alves ol N
o T‘O—pOSiti;i SKHH-IA with spark plug
o BDOSteImcobee of the HP-11A f:el pump
o i;i:i;:x:§1 control unit HAD-2A.
EZ% Limit switch of HP-1lA pump

Control Panel J¥-

(rigs 134 and 19%)

02.

es:
Control pamel V-3 sex¥ the augmen
o switch om and off {mum rating. t—
(1) To n and off the maX _zle to the augmen
(2) To switch © putters of the jet no=
(3) To shift the s

tate
to facili
00 I
4500 ~ 69
eed below
ed position at a sp

engine starting. )
(4) To carry out ¢°
(5) To change over;3
ing mechanlism zcnys-I_ _h;ng
(6) To prevent switc
an
ratings at speeds lower thi
is closed on the accelexah“tte
(7) To prevent the s

ted rating.

PeDey

e enginé.

arn=
1oum oil pressure ¥

4 spinning of tb
ne stages of min

or augoented

. mum
on of the maxi blow—off band

those at which alr
ng enginée.

et from shifti

- at altitules,

. to the augsented
n3 where the

ttled down o the aly
with the engime ERTORTE L L eration ©
position, ds the speed at Wb Iace.
1dling speed exoeeds panisa takes P ing 1 (See

ol mec

blow-off band contr onsis
2 ricte

baft 211 bearing

of alupiniu® hous -
e 4 with six PTo*
and a oeedle

11ed ca3s Je
The control panel ©

F1g.135) sccommodating 8

b
The shaft 1s sounted on &

— 2

JESE

: 0001-0
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The profiled cams are furnished with a

sleeve having micrometric screw 4 and coupli

provides for changing the angular position o
to zhs shaft,

split micrometric
ngZ screw 5
f the ¢

s Which
A1 relative

oo

The splined end of %he
ing control panel [Iy-3 ¢
(through the free moving 11
The angle of turn of

shaft mounts two—arm lever

5 ,
o the lever of the Hp- s Coupl.

104 pumyp
nk) and to the engine control link
the control panel shaft is indicate

¢ other end of the shaft; the value

TR

of divisions is 2°,

Running through the housing of control panel
two fixed axles 8 and 9. Axle 8 wmounts six guides w
wkereas axle 9 carries six limit switches 10 - 15

4s the control panel shaft 1s linked with the engine
control lever, shifting of thne latt ;
turn. 4s a result,

Y-3 are
1th springs,

er will cause the shaft to
B, the profiled cams ang the guides will ope-
. € respective limicg sviltches at certain angles of t i
of the shaft., S

P R .
rate :e limit switches of the control panel are set to ope-
? the following 2ngles of turn of the shaft:
a X ) .
Lvens zflimit .switch L (11) cutting ofr ignition and de-
o f starting fuel when the engine is subjected to cold
(bf 1s set to operate at an angle or 4° o3 H
limit s 1 it
) tom:; S¥iteh 3 (10} designed to shift the jet nozzle
. € augmented position to facilitate engine start-
y ;h set to operate at 2n angle of 23°%° {
~he 4 as ’
o an{lesaif:;n;ed possllgn of the shutters covers the range
ters 1o ch;xdccerzo :3 ~17; the normal position of the shut-
75010 (oo Shiftinze aby the range of ahgles from 23%1° ¢o
- ol
"Opération op g the shutters at altitude, see section
of Electric Equipment")-
(e) limit switey y .
maximum rating is g
(D o1t swit
augmented rating 35

shut
ing

o

(12) serving to turn on and off the

et to operate at ap angle of 75°

¢ch @ _103
(13) serving to turn on and off the

Lintt e I?ct to operate at ap angle of 85010-
and the Teserve switoh are not-

MJusting so; employed.
ews 16 gg
of the limit Switoh rog Ve for adjustment of the travel

The control Panel alse incox

BK and 1imi switch IQ17) Porates switch 2MI-45

e s

ﬁ the second—stage contactor;

et 155 e

The function of switch BK is to switch over the electric
as to provide for delivering fuel to the fuel

uipment SO
Gt? sition, when carrylng out cor-

tem without switching on 1p

75
e atment of the engine inner surfaces, Or

i tre
o przzzzttZiIosion—pxeventive compound from(the engine.
e Icmoally switch BK is set in the “Operating position”

( o no;oxeﬂ“e ). Prior to subjecting the innex surfaces
o ine to corrosion-preventive treatment or recmoving
e cros reventive compound from the engine, the switch
; e "corroslon-preventive treatment" (KOH -

g the primary winding

ifo

the corrosion-—
is set manually in th
) position, thereby openin

CGPBau“"I coil unit KM-2IBIM ond simultaneously energizing

of booste
the solenold of the HP-11A fuel pump.

1imit switch J1 serves:

* (a) to switch over two-st
chanism 2CHIY5-1.3-3 by closing ©

age oil pressure warning me-
r opening the circuit of

cir-
(b) to connect the interlocking relay to the supply .
e valve TA-21 with the purpose 0
shutters from shifting to the aug-
control lever 1is shifted to

the iiling speed exceeds
2nism opi-—

cuits of two-position stid
preventing the jet nozzle
zented position, when the engine

the idling stop at an altitude where e el
the value at which the air blow-off band co

rates; n at the
Ec) to prevent the englne from being sezito z:o  ede
. ing acceleration
mented ratings durip
e o etting the augmented or maximum ratings

the possibility of s e
“henpthe engine speed is lower than the speed of op
T DM
the alr blow-off band, 1i.€. 9700_190 TP tzca
Limit switch N 1s operated automa
me
ion of the air blow-off band cont:_rol
nted on the air blo

1ly in response
chanism through
to operat w—off band
a special drive, which is mou
control mechanism bracket.
The control panel housing als
connector HPSSN35HIB and sleeves
control panelto other units.
The control panel 1s secured biou31ns.
| arranged on the compressor middle

i e
L

o mounts wires, main plug
for wixes connecting the

three bolts to the bvrackets
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Booster Coal KIM-IA
(Fig.136)
RIM-IA 15 & pover sou
rburner spark plug,

1 operates on ihe same
coll unit KI-2IBIY s the only difference
condary winding of booster coil K-
voltage lead, its second end being
(the Wiring diagram of the boost
Fig.137).

Current is Supplie

Booster coil
voltage to the afte
The beoster o

rce Supplying high

Principle ag boostey
being that the se.
IA has only cue high.
Sonnected to the fraaze

er coil is illustrateq in

d to the Primary winding of
through low-voltage Plug cennector LPI6M201s,

Booster coil HIM-IA is mounted on a common Panel with
booster coil unit ‘KIO-2151M

the co1l

/11/17 : CIA-RDP80T00246A062100010001-0
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uit of t:.: . Zailnge The slide valve can
the supply cire of tie tvo exnisiie positions for any period
itner o3 < Lo It
s veing de-energized.
v the coll veing . '
o "nhl e TA-21 has three-pin plug connectox upg(t)n_ézzm.
: © 1e 1 magne -
s51ide t is supplied to pins 1 - 3, the eleitm :imh b
o wuenized and actuates the slide valve, a..tei o
. y C - nains ,
o en:fgby the 1limit switch. Circuit 1 Jhrerjlide oveny
e it 2 - 3 1s being prepared. .ith the aocu S
g °1’°“1ti°n pipe unloun "fxom pump" (ot Hac hiié o
X s "
" e h 1p; union "extension" ( BHOYCK ), mhie wee
et l': ( cmuB ) communicates with ploe un
upion "xeturn
N ot - ne electromag-
e (yooirrent is supplied to rins 2 - 3, th oo
" ’ L the s
e functions in a similar way, but th
net system

3 the panel is secured to the
compressor middle housing.

Afterburner Spark plug ClI-021s a non~-detachable unit with

¢eramic insulation, Lhe spak Plug i3 fitted with a special
adapter which is inserted into tke central flame arrester so-
cket through the upper strut of the afterburner diffuser.,
The other end of tpe pl

Ug 1v secured with the aid of a sphere
to the shell of the aft

erburner diffuser.

Two-Posit ion Slide Valve

(Fig.138)
For remote control of tye Jet nozzle shutters use is
bade of Dagnetically controlleg two-position slide valves rA-2L
The slide Valves by-pass bydraulie fluid into the cylinders
cont:olling operati

“<0n of the Jet nozzle Shutters,
The elect;omagnetic sy

=21

o Stem of the unit 1s comprised of
Co1) with tgq windings, ang o limit switen closing the

Supply circuit of one wingdin

of the other,

& while opeéning the supply circuit
Pulse Surrent, o4 v d
does not €xceed 1n A, ’ ? consumed by one win 1o

The Position or ¢y
=~ the 1limjy
8lide valye, £ smito

slide valve g
extreme poaitions(Fig

139
in 1ts turn, ) o

opens the Supply circy
ide valye to Shange 44

h depends on that of the
hifts to either of the

tes the limit switch which,
1t of the winding which has
8 Position, and prepares

When the

daused the sl

T T I RO S R mm

“from pump"
nect pipe union
shifted to a new position will conne
(OT Hacoca to pipe union "retraction" ( VCOPK& ), whereas
b4 n W, t v ipe union
) x ( CnuB ) i1l communicate with pip
pipe union "retu |
8 A hree posi-
t et the Jet nozzle shutters in 'tl p
In order to
tions two slide valves are required; oipe unlon "extension
‘ y of on 3 valves is pluggede.
( CK) T e of the slide lves
BHIT 1 ed

Solenoid of ilP—11. Pump

: 1
switches on fue
1p-11A fuel pump fold
enoid of the I . ner manifold.
o s:;e HP-11A pump into the d‘fteﬂ);xc pover Supplys
supply by . agnet is energized from D.C.
The electrom
T 1
rated at 24 V, 0.35 A. inding is connected to the sSupply
tw
The electromagne 15
HPI6Y20US .
lug connector 2
oseh pee 1imit Switch of [P-11A Fuel Pump

The limit P- is designed
ump 18
HP-11A fuel p .
switch of the - .

oc ter coil KIBI-IA when the afterburner cock
to cut off boos i
is fully open.

The booster coil shoul

. onlye. the
to 32 sec. © - f fuel in
continuous °Pezat1°:h:§ period the comsustion O
By the end of

to cut

: it possible

hich makes : ches the
s stable, W ssure rea

rerburnex be:z:ethe afterburnexr fuel press

off ignition w )

rated value.

d be cut off as it is rated for a

ot & - 56 2011
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Afterburner Control Unit

KA%-24

serves to set the mayy.
Prevent the settiy
The aircraft is P
; burner coutrol unit per two engines, AL
unit FKAS-2A comprises a stamped box—
ing, accommedating two timing relays PBB-1 and thirt
Pll-3 (two of them being reserve relays). The afterby
unit incorporatess the followin,

(a) relay PlI-3 (See ref
maximum and augmented r.
downstream of the boost

Aftcrburner control unic KA®-24
mum 2nd augmented ratings, and also to
ratings under unfavourable conditiors,
ed with one aftex
burner control

TOVid-
ter-

type hous-
een relays

rne
g interlocking elements; " ool
+No. 57 in F1g.146) controls the
atings depending on the fuel pressure
er pump (as indicated
pressure warning mechamism Cf-3 );

(b) timing rel
in conjunction with

by minimum fyel

the augmented posi

o - A " rosition,
. construction of the afterburcer control unit provide
or disconnecting of some : )

oo oheoking £ eroian f:: the afterburner blocking devices

Proper functioning. For this pur-

th two terminal blocks, having three

e headsi:r:h; operating position, the slots
rranged vertically. When the

n the herizontal position, the following blocks

contact screws each. Waen
on the contact
8lots are set 1
are eliminated:

(a) th
) the screw marked "shutter opening"®

€li ‘nates blockd,
) ng of the shutte
miniouo pressure of fye IS opening

cated by fuel bPressur
(b) the screw ma

(oTKpuTHE CTBOPOR )
depending on the

L in the afterburner manifold (as indi-
€ warning mechanism acn-2);

Tked "hydraulic flujqe ( ruapocuecs ) eli-

ates blockin
g of
o minimum presg rs closing depending
dicated by fuey :::s::x:uel 1n the afterburner manifold (as in-
Warcing mechanisp IcI-2)
o .

8 0f theg,

P it Aol

e

— 159 ——

iuiIeUie WD AUGTHZNTED RAPING BLOCKING DEVICES

The limit switch of tine TP-10A pump hydraulic decelerat-
the possibility of cutting in the maxlmum or auz-
: -3 ratings at an engine speed below 10,400 r.p.m., with

h-; engine control lever being smoothly shifted over. The lt—
i+ switch opecrates as follows: when the throttle 00?t101 is
seé 2t the "maximum® ( Maxcupan ) or wafterburner® ( QOpCax )

the hydraulic decelerator limit switch will kcen °7f?
of controel puact [¥-3

o7 uucludes

stop,
ine circuit of limit switcues M or @ ; -
. in response to a sirooth moliou os
t less than 10,400 r.p.m.

cted to the circuit through 1o

until the engine,
ol lever, gains a speed of no
The limit switch is comnne

voitage plug connector Bil-4
In case this blocking arrangement

i Eiiad

is to be eliminntzd(ahen
s ond tne afterburner ignition Jor prorer

-~ ER ot £
a standstill), usc ls o de of
mounted on the wire bundle
£ the bydraulis decels:
s supplied with the

checking the snutter
operation, with the engine at
plug connector 75411-7 , whica is
;ctqched from the plug comnector ©
1imit switch (plug connector 75401-7 1
single set of spare parts). .
Fuel pressure warnin mechanism G
the aixcraft, its function peing to block the o e eeure
mented xatings.of voth the ¢ngines depending on : ab;ve o ings
in the aircraft booster pump line.
from being switched on 1f the fuel press
line is below 0.3 kg/sq.cm.(which 15 evi
lamp lighting up).
If the booster pump docs not

-3 is installed on
aximum and 245~

It preven:s th
ure in the booster HuUmRp

denced by the pilot

puild up adequate fuel pres—
the supply cir—
e unit Cl-3 closes : )
e relay PII-3 arranged in after
: -3 , in its turd, will

sure, fuel pressu
cuit of the winding of blockin

- s rela,
burnex control unit KAP-2A 5 ¥ yimit switches 1 and €.

open the circuit of control panelizm n s (r15.140) mounted o

nan i

Fuel nressuxe warning mec on the fuel prec-

the engine 13 aotuated by * 2 e zez“icgas yressure in
ota R

sure in the afterburner & o operate at

tne afterburney diffuser.

suze of O.
p.; mechapism pro
S

,nifold and the
The mechanlsm is set t

240,05 ke/3.-00 _
vides for:

e afterburnfr

—

e

an excess fuel pres
-The fuel pressure warni

t when th
(a) opening of the Jet nozzle shutters

— e ______g‘______——-——-""'_'—"——”——
Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0

r—.



e 260 cmmm
is out in and exouss fuel pressure reaches 0,2%g 05 k
(b) olosing of the Jet nogzzle shutters when th s/smemq
burner is cut off ang excess ¢ after-

0.2%0,05 kg/sq.om tuel pressure drops to
. 0

Besides this, switching on of

fuel pressure
chanism JCJl-2 capses the afterburn marning pe-

er ignition to pe turned o
eé-energized, Thus, cutting-
dent on the Pressure of

d
hydraulic fluld in the pipe line controlling the shutters ip

. the augmented position.
The housing of the fuel

pressure warni
vided by 2 membrane into two Dg wechanism is 4~

chambers. Ome chamber takes the

the excess fuel Pressure equal to or mor

the contacts are closed; e than 0.2 kg/sq.cm.,

when the exces
than the above value, tne S Pbressure 1is less

fuel pressure warning mech.
sSupply circuit of the inte
burner control unit KA$-24

« B
Pressure warning mechangsp a reroers o ambers of the fuel

re hermetically sealed, the gas
hstanding a bressure of up to
hamber - up to 100 kg/sq.cm.

use 1s made of three-pin con-

whi
’ °k 1s mounteq onto the wire bundle de-

T . B

—

R R

ats combustion ol fuel in the

e
: o ins
nozzle shuttexs closed, xuling cuz &the  o..

overheatiuge.
Limit switeh 1
jependence between cutting in of the
:a;ings and engine acceleratien. Ths
interlocking device (besides the hydraulic
has been dictated by the fact thut duzing en;
the hyiraulic jaccierator switeh mxy o2 clcsc? - A
than that at which the air blow-off band is c;us‘?.
Interlocking 1is accomplished as follows. Linit
~ relay PlI-3 (See xef. Hos 37, 322 in
Fig.146) opens ithe circuit of control panethiimit . ;Z;n;:em

Ieleleyy bucredy

establisnes inter-

of control panel il¥-3

maxioum anl an
niéa n
to: switah)
.eolezation

. sne:sd less

L

switch ]

with tit.e hel»

and & , in case engine speed is less than
air blow-off band 1s set to operate (9700_loq e N
preventing the rmaximum or augmented ratiags 1xon beiug cu 13

at tne ubove engine speed.

WMSASURING INSTRUHENTS
The engine is fitted with thc following measuring instru-—
ressure
ments: tachometex generator iT-3 , minimum oitei .
warning mechanism 207y5-1.3-3 , and the?mo:urbinc
serving to measure gas temperature aft of the B
Tachometer generator

-3 (Fig.142) designc
g tion with jndicator 0-15

ke ccord-
Pachometer genmerator [ F d for r
ing engine speed operates in conjunc
or with double-dial indicator 273-15-1.
The tachometer generator 4s a three-
with a two-pole permanent magnet acting as a ro
A.C. voltage produced by the ge
ronous motor of the indicatore.
Recording of the engine speed s
the engine rotor speed (and consequnbe
speed) 1is proportional to the
ternating current produced by
The generator rotor is nanufactul

phase, A«Ce micalne,
tor.

per~ior is fed to the synch-

315 bused 47 the faot taat

T RN LS S

fre~ueicy 0. the th:ce—phase~al—
et Or .

the generainle . -

¢d froo ailoy -y character

—
S~

P

o e
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ized by high inductance and ocoeroivity,
cause any noticeable variations in the m
the alloy.

The startor winding is of the two-pole, three-pha
Each of the phases is provided with four coils; e,
2

Vibration does not
agnetic Propertieg of

are star-connected. e phasea
Two-Stage 011 Pressure Warning Mechanisgp 2CHy5-1,3-3
01l pressure warning mechanism 2CI¥5-I3-3 (Fig.143)

indications under constant observation.

The o1l pressure warning mechanis
respective minimum Pressures am
and 3_0'2 kg/sq.cm,

The stages are chan
ged over by cont
switch 1 when the ajy olow. rol panel(qy.3) 1lioit

off band contr
Tates at a speed of 9700 100 ¥eP.m " mecnansan oxe
A R o,
s o:u:; ©il pressure warning mechanism 2CI¥5-1.3-3 swit-
1o e, : pilot lamp in case 0il pressure drops below
e 1-CW. when the engine 1g accelerated from 1dling speed
~100 T+PeM., and below 2 8 k ¢
is brought from 9700 | g oom mhen aa,
o ke -~100 T+P-m. to the maximum value.
. Ssure warning mechanism 2CY5-1
rine type, e

m has two stages, tﬁe
ounting to 1.J+°'3 kg/sq.cm.

is a mem~-

At an o1 pressure of 1,3+0.3
deflects and opens the
& pressure of 3

kg/sq.cm. the membrane
Palr of contaots of the first stage;
0.2 k&/s4.cm. causes

the membrane to n the
the second stage. ore

contact paty of-
The ke d
111uacxuted,1n1?f;?:¢:t tne °11>p,955ure warning mechanism 18
Tulisbie vpcratyon th - The mecnanism should bve capable of
engine, with the TOUghout the entire service 1life of the
€Nt alr temperature within =60 to +120°C.
When the Other en
aiy blo-—off ban
A% 1ling apeeg

Off ports tnere

anby
Note:
8lne 1s being started, the

d of the eagine already running

» AUtomitically closes the air blow

b,
Y Outting in the second stage of

T

P

i

CIA-RDP80T00246A062100010001-0
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the o1l pressure wornin: reca zisr at a wIong
speed (1dling speed).

In this case, indications of the respecti-
ve pilot lamp before termination of the start-

ing cycle should be disregarded.
Thermometer TBI-I]

Thermometer TBI'-II (F1ig.l45) comprises a set of four
thermo~couples connected in serles, and a magnetic millivolt-

neter.
The thermometer 1s designed to measure gas temperature

aft of the turbine.
Thermometer TBI-II operates on the thermo-electric prin-

oiple. .
When the temperature in the exhaust cone exceeds 3007, a
thermo—electromotive force is induced 1o the circuit of the
thermo—couples, made up of two diff-rent fused conductors. The
thermo-electromotive force is proportional to tne temjserature
difference between the working (hot) end and the free (oold)

ends,
init-

The thermo—electromotive force 1s registercd bﬂ the
cator (millivoltmetex) whose scale is graduated in "C.
The thermo-couples are connected in series thereby caking
up a thermopile whose total thermo-electromotive force cor-
responds to mean gas temperature at four points of the exhaust

cone,

The thermo—-coup
developing thermo—electromotive
the hot end amounts to 300°C or
tures of the thermo-couple free
+50°C practically do not affect

(and consequently the accuracy of readings)e .
Yariations in the ambient air tecperature tel

g erzor
sistance of the indicator coil. To elisicate :e;‘:'izo .: 00:
s aviz
the indicator is furnished with a s111t resistor havizg

le electrodes are fabricated froa citerials
force when the teaperature of
over, therefore the texpera—
ends varylog wittls -60° to
the therzoelectrozotive force

gative temperature faotor.

BLECTRIC EQUIPUINT OP3RATICY

The eleotric ejuipeent provides forx’
(1) Automatic startiag of the engine

Declassified in Part - Sanitized Copy Approved for Release 201‘1/1 117 : CIA-RDP80TOO246A06210001‘?(‘)001-0
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(52 autonomous starting of the engine from tpq
aircraft storage batteries (2
(b) autonomous starting of the ep
starter~generator of the runn
the storage batteries disconn
(c) starting from the ground powe
tem).
(2) starting of the engine
supply for all three cases (See Points a, b, and o),
(3) starting of the engine in air.
(4) spinning of the engine w
fuel or Switching on ignition,
(5) Cutting in or the m.
(6) Supplying current t

4-487 systen),
gine frop the
ing engine (yiyy
ected);

s With manual control of fye

ithout supplying starting

aximum and augmented ratings,

0 the aireraft and engine consy-
mers and boost—charginngf the aircraft storage batteries
(with the engine running),

Fig.146 illustrates the diagram of theelectric equipment
of the two engines.
To ensure normal o

following units should
(}) Master switch 72, connecting storage batteries 71 and
73 into the aircraft mains,

(2) Generator switch 69 (69a).
(3) circuit breake
Janycka ),
the 88rvo-cir
(4) Cire
Bpeueny

beration of the electric system the

T A3C-25 24 "Starting units® ( Arperary

voltage from the aircraft mains to
cuits of the starting system.

ult breaker A3c-10 23 "Pimer AB-SA"
AB-54) feeding voltage from the at
& system contro) circuits,

delivering

( ABTONAT
reraft mains to

(%) c1

TOUlt breaker A3c-10 25 "Engine shutters" (CTBOpRE |
ABRraresn

’ directing voltage from
the oircusts contxolling two-

G Position slide valves TI'A-2I.
o ) Circuit breakers a3c-s (22 and 22a)  mafterburner
b 4
“ppf;::’ out-out" (Apaprnmoe BHKADYeHKe opcaxa)
& Yoltage to the ¢lrouits controlling the wmaximum and
augnented Tatings,
(M c1reuse

the aircraft mains to

breaker AX-5 (21
@echany gy Ci-3.

breey A3C-10 (25) 1s turned on, voltage

) supplying voltage to fuel

T Supply (24 ¥ gy .

E
be turned on: ﬁ

B

i
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control unit :{A¥-24 (59, contocts 5 and 4 of relay 55
purn et and 4 of relay 5& (53a), and terminal 15 of
(092), °°nta°t5t501 unit HA®-24 to ter ipal 31 of plug connec-
aftGIb“’“:rf:::h:r on to the contacis of limit switch 3 of
tox 17 an,nel 5 (5a); depending on the position of switch™ "
contzo? i“ further supplied elther via terminal 25 of plug
voltage 515 to contacts 2, 3 of relay 32 (32a) and to texmi-
somnectr lug connector of two-nosition slide valve [A-2I
pal L of the P 15 terminal 14 of plug connector 15 directly to

. <3}?); Z: :h: plug connector of the saie two—POS%t1°“ sli-
termi::e This will cause the jet nozzle shutters to shift to
:inv;ugmented or normal position xespcctl?@lyo + when the

h n trol pinel 5 (5a) operates

Lamit switeh Dot oot d‘thxourh 23%1° from the "Cut-0:f"
P cont!°1(1evi:diZaz:;fZ§ th; ca;t:al painel dial): xit?t"
gcron ) :tzz t::vel of the engine control lever tue sn:;ti;:
222:1:325 the augmented position. fith the engin;::n::: Lot
tion where opeva
veitm::;fﬂizr::;:n(;;::eg”:opzzz Maximun ( Yakcauen ) stop,

wite .

:he satters will shift b ;hi nZim:tVSZSiziz:e opposite direc-
With the engine control lev h equence.

tion, the shutters will operate in tnae x:v:;z:e:sqthe spced at
At altitudes, where the 1dling spee rakes plnoe, closing

which operation of the air blou-off bm:i 7a to shift to tha

of the throttle does not cause the shutte 1bi1lity of engins

. d ition (which precludes the poss T 13 accozplish=
2ugnented pos ess of the maxi-um speed). This Ty
1:c:texat;o:htnu::°of 1imit switch 1 of control pane
e roug
and re 32 (32a).

rdt::ld tf:e engine speed ucecz n;:czp(-nn the band cloaedl,

TS e & blo;—::;::zdpi:ﬁ sp(au) opens the :::p:i,:i;'
Loit switch 1 o ose conticts 2 and ) open E .xon Lt
cuit of relay 32 (32a), wh npector of the two-posit b
circuit of terminal 1 of the plug c°t relay 32 18 epergized thoug

33 (33a) (the winding © ¢ olug coanector 13 vi1
Sirentt brswker A20.20, terataal 24 F 7

tor 1%).
£ plug conncc ‘ use 11012
switch A and "min::oizzs :f the tarotsls atll Bot ca
In this case,

//“J |

eed at which opera~
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switch"3"5(5a) to energize terminal 1 of the

valve TA-2I and the jet mozzle shutters wil)
normal position.

{ — 166 —
]

two-position slide
Temain in tpe

Automatic Autonomous Starting of Enging

from Airoraft Storage Batteries

Automatic autonomous starting of the first engine ig ao0c
lished from two storage batteries 12CAM-12. When the engine ia
being started, the storage batteries are switched over from pa~
rallel to series connection (24 - 48 v system),

The storage batteries are connected into
by master switch 72. Cutting in of ma
nied by turning on of contactors 75 a

The winding of contactor 75
H pPlus of storage battery 71, the
! connected to the windirg via ter:
box KIA-2 (74), contaots 1,

The wirding of contactor
pPlus of storage bvatter; 73,
minus of storage battary 73

: accomplishegd through contaogt
| stox

oup-

the atiroraft mains
ster switch 72 1g aceompa~
nd 78,

1s permanently conneoted to the
oinus of the same battery being
minal 2 of storage battery switch
2.0t relay 70, and master .switch 72,
78 1is permanently oconnected to the
While connection to the frame (the
being connected to the frame) is

S8 4 and 5 of relay 76, terminal 1 of
age battery switch box KlA-2 , and paster switoh 72,
Terminal w4n op Storage battery 71 1s permanently oonnected
to terminal nym op starting box I{C-6000K (38) and via. contaot-

or 77 to the aireraft mains, Terminal " 4g conneoted to the
frame through contactor 75,

Terminal #an o¢ storage battery 73 1s permanently connected
to the frame while term

1nal "4% 18 connected to the aircraft
rains through contactor 78,
i Thus, the storage batterie
4 supplying 2

8 are connected in parallel
4 V inte the alrcraf

The staxting System
Provides for;
Q) blocking
the button has pe

t mains,

i To start the engine proceeg a8 follows:

1 (1) shift tne engine contrel lever to the "Low throttle®

| ( Hamun ras ) stop;
i (2) press button »

Starting* ( 3anycx d kee;

' 3 it pressed foy 3 2 seq. ner ( Y ) 31 (31a) an ?

1

of starting button 3 (31a) (0.4 sec. after
D pressed, ourrent starts to flow to the start-~

; - ,100010001-0
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rting button);
e equipmez:cii;zaz:izg.;h:e:faaftef the starting button
@ s:essed) of booster coil unit 10, and of startil.nitm_
hos been 28, as well as of starting fuel valve ele
e m°;°; am,i of ignition pilot lamp 17 (172); )
magnezj;zpite: supply to the starter through the starting re

H he air-
Sismz(,) nnection of the starter shunt winding to t
4) co

H ton
cmft(m‘)’i‘;i’ onnection (2.5 sec. after the starting butto
5 SC

. from the starter
ing resistor
d) of the start
has been presse

o torage bat-

supoly cirocultj o) of the s
ithin 8.5 s
1tching over (w o,
(61 s: series connection into the starter ::ﬁpwinuugs
)

teriesi ultaneous disconnection of supply fro:ml -
T ortn ulator 61 (6la) and of differen
of voltage reg
1lay 62 (62a);

(7) cutting off (within
windings;

(8; stopping (within 31.5 selc:?m: “
operation and conmecting of the s o duty
generator (changing over to the ge
g

16.5 seo) of the starter shunt

£ the starting equipment
inding of the starter—
) to the voltage

rcgulator. N
Upon comple . the
equipment further accelecation D:em onlye.
speed is ensured by the fuel sys after button "Starting” da
0 sec. ce
W t more than 6 4 pain a Sp
( %"itxh;nhn: been pressed, the engine should &
nyc a ced
100 r.p.m. lower than the 1d11°ga:§s a; follows (Seé€ Fig.:“’)-
t oper s pressed,
ctric equipmen k) is p
:J‘:I::netleltton vStarting® 31 (31a) (13a2x16y cvia cirouit break-
. f time tacts
to motor M o losed con
J suppl;edf timer plug connectoT, ;hexcp]_ug connector,
° ze
er 23, texmizazf cam 2, terminal 7 of the t29 (293), teimi-
of the switc contacts 5 and 4 of relayd verninal Y " of
batten 31 (3Les timer plug connector, 2R relay A 1s connect-
nar 2 10) of thether end of the winding ;f and terminal 6 of
the o
e (a: ame through relay texminai operate connecting con-
:: t:ithe ;us comnector, relay i wil
e mer p!

£ the starting
ating cycle o
tion of the operatlng engine to the 1dling

P
7
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tacts 2 with contacts 3; contacts 5 with 6; contacts 8
contacts 9 and 8 of relay A ( B ), contacts 4 and 5 of Tith ),
lay B(A); the other end of motor M cireult through te o
of the timer plug connector is connected to the frame L
Cams 1, 2, 3, 4, and 5 start to turn. )
Through ocontacts 5 and 6 of relay A ( B ) current is
plied to the switches of cams 2, 3, 4, and 5, while throy, -
terminal 11 of the timer plug connector, terminal 19 of cit
starting box, contacts 2 and 1 of relay 4la, and contacts 1
2 of relay 41 current flows to the winding of relay 50, e
Relay 50 operates, connecting the starting circuit of
starting box [KC-60000 to terminal "4t supplied with 24 v
current.
Operation of the first cam switch occurs 0.4 sec. later
and current starts flowing from circuit hreaker 23 to motor ;
through terminal 3 of the timer plug connector
the contacts of the first cam. .
button 31 (31a) 1s pressed and is kept energized, its winding
being supplied from the closed contacts of the first cam
through contacts 5 and 4 of relay B (A) and contaots 8 and 9
of relay A ( 5 ). Through closed contacts 5 and 6 of relay A
current is also delivered to contacts 2, 3, 4, and 5, and

through terminal 1l of ¢t ,
i he timer plug connector to the winding

and through
Relay A ( B ) picks up when

. At this moment the "Starting"
Treleased, as it ig shunted
b

switch. Ve e

In 0.9 seo.thé swit
the circuit of button ng
Plying current from circ
timer, the closed contag
lay A, the closed contac

( 3anyck ) button may be
ontacts of the first cam

ch of the second cam operates opening
tarting" ( 3anyck ) 31(31a) and sup-
uit breaker 23 via terminal 3 of the
ts of cam 1, contacts 5 and 6 of re-
of relay 4 ( §), turmin:: :f ) o the oylh contects 3 and 2
t10er 26,000 tepngns ra' (9) of the plug connector of
of Telays 39 (39 oag of starting box 38 to the windings
through contags ) ::d 42(42a) and of contactor 47 (47a);
the plug conneqtoy Id > of relay 40 (40a), texminal 7 (6) of
conneator 13 (13a) °1 starting box 38, terminal 21 of plug
Tol panel 5 (3q), o imit switoh X.II. (cold spinning) of cont-
+ “erodnal 9 (8) of tne Plug oonnector of
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starting box 38 current is supplied to the winding of re-

1ay 44 (443).
As a result the following units are switched on:

(a) booster coil unit 10 (102), starting fuel magnetic
valve 12 (12a), and ignitien pilot lamp, energized through
circuit breaker 24, terminal 1 of the plug connector of start-
ing box 38, contaots 8 and 2 of relay 44 (44a), and termi-
nal 13 (27) of the plug conneotor of starting box 38; the1
supply current of the booster coil unit rums through the clos-
ed contacts of switch BK of control panel 5 (5a); .

(v) starting fuel pump motor 28, emexgized through cir-
terminal 1 of the plug connector of starting

eaker 24
suit b . relay 44 (44a), and terminmal 21

box 38, contacts 7 and 3 of
of the starting box plug connector;

(¢) starter—generator 14 (L4a), e
storage batteries via closed contactor 50, s
and contact?r 47 (47a)3

(d) the shunt winding of st
plied with current through circuit breaker 24, o
the plug connector of starting box 38, contact; ;d ;erainll
of relay 45, contacts 3 and 7 of relay 42 (42a h:, e
(2) of the starting box plug connectoxr /up to~t11:°; 51'(61a)
starting box has been conneotcd to voltage ‘eb24;a),'
by contacts 7 and 6 of relays 42 (42a) and fJ ¢ aiz'blo'-of[

(e) magnetic valve 1Ja (13) controllir: the B
vand of the other engine through clircuit breati:ts ; S
of the plug comnector of starting box JB,Ieonc;nncctor .
relay 42 (42a), terminal 11 (10) of the p uieOtor o %)
starting box 38 and terminal 20 of plug con

chanisa to
(however, this will not cause the band cont:o:iziu :hcte -
being at standatilis
s, the other engine
operate, as, fuel systems)-

€ 4
no pressure in 1ts oil an .
Thus, operation of the second ca3 3 tovegencra
ing of fuel supply and ismitions o s::i: takes up backlashes
- 8100 L
ed through the starting resiator, engines

ag the
in the drive system aod proceeds to spin:icis R
In 2.5 sec., the switoh of the thir

33 energized via
picks up cutting ip contactor 48 (48a), 'bio:‘nxtxas box and
terminal 5 of the timer, tersinal 15 of te

9a).
through oontacts 3 and 2 of relay 39 (3

nergized from the
tarting resistor 49,

arter-generator 14 (148) sup~
terminal 1 of
7 and 6
28

1tch results in start-
toz, energlso
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Resistor 49 1s sh

supplied with 24 V andu:::::ss::r::;;g:::rator .

creasing speed. et

fitthT::ms;:;zh of the fifth cam picks up 8.5 seo.

e e 0 zzazz current through terminal 8 of the time

e e 26 ba::e plug connector. Relay 46 (switchy; :

e atora i~ ceries) picks up delivering current :8
onnector of storage battery switch b:xt;z-

via contacts 3 and 2 oina o e
t al and terminal 8 of th
; t starting box plug

4 (14&) is
with ever 4.

later. The

From terminal 4 of
the storage batte
ry swi
::::;O;ZI current flows via contaots 7 andy8 oft:hlbox b
which opens the su elay 76 to
ly cirouit
tactor PP of the windi
e uuz:nutl; 1ts contacts 1 and 2, and the supply :f Dfizw
& of relay  [iP-400 Foult of
and 5 (7 and 8). 62 (62a) with 1ts contaots 4
Simultaneousl
Yy current from t
neotor of erminal 4 of the
and 10 op ::::age battery switch box 74 flows via'ooZ::gtcon-
which causes CZnZ: :0 ZW1tch1ng contaotor 77 and relay :as 11
cts 6 and 7 (5 ’
cuit of and 8) to ope
the winding of voltage regulator 61 EGL;he supply oir-

As a result
ore batteriesoz}:he operation of contactors 75 and 77 the
‘conne
starting box [KC-60001 (J;;ed 7 meriae to wermia Tt of
The battery circuit .

tery 73, wym 1s connected as follows: "=" of bat-

of bat
attery 73, contactor 78, contaotor 77 (4n the

o the pole of
starti .
Terminal m4n ng box  [KC-6000K (38).

of the
Binal CT of startey_ o Starting box, and oonsequently ter-
and the starter-gen 8enezator 14 (14a) are supplied with 48 ¥
engine; the airera::rator continues to spin intensively the
main
one storage battery 73, S 18 supplied with 24 V ocurrent from

The switoh of th
16.5 sec. outt e fourth cam of tim
Plug °°n“e°t011:5d1: T¢lay 45 througn te::1::1°:er:t::e1:;ner
nector; contacts g Jrminal 14 of the starting b .
circuit of tpe ,hu' 53 7, and 6 of relay 45 g box plug con-
nt winding of staztar—seue:::::t:: EIEZ;’
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The startex-generator starts to operate with series ex—
sitation thus accelerating engine speed.

In 31.5 sec. the switch of the first cam returns to the
jal position thereby de-energizing the entire starting
system. The starting circuit of starter—generator 14 (14a) and
the ignition are cut off; supply of starting fuel 1s out off

too; ignition pilot 1amp 17 (17a) goes out.
The starter-generator rotated by the engine automatical-

1y passes over to the generator duty; 4{ts shunt winding 1s
connected to the voltage regulator through contacts 7 and 6 of

relays 42 (422) and 43 (43a).

init

of Engine

Automatic Autonomous Startin
ng Engine

from Starter—Generator of Runni
accomplished from the

, running at 1dling speed.
n in

Starting of the other engine 1is
irst engine
ting system components functio
sequence 1is concern—

starter—generator of the f
In this case, the star
a different way so far as their operating
ed. This difference is due to the fact that relay 4la (41)
takes part in the starting cycle; operation of the relay is
ensured by the pressnce of voltage on terminal T of the first
engine starter—generator which has passed over to the geunera~

tor duty.
The starting system provid
(1) blocking of starting bu
(2) disconnection of the start

es for:

tton 31a (31);
ing cirounit #rom the start-

er control unitj; .
(3) cutting in of ignition, starting fuel pump motox zt,

starting fuel systen magnetic valve 12a (12), 1gn1tion.p110

lamp 172 (17)of the asagnetic cock of tbe running engiue,h .
(4) current supply from the startex-generator of the

ning engine to the staxtez—genexatnr of the engine to be start-
ed, via the starting resistorj
, v(:) :onnaotionsof the shunt winding. of the ¥
starter-generator to the aircraft mains;
(6) oonnection of the running engine
shunt winding to the series—conneotea stox
simultaneous disoonnection'of the voltage regu

unning engine

5tazter—gencrator
age batteries, with
latorx winding
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and the winding of the dirferéntiai'nimmu
‘ning engine from the aircraft mains;

(7) disconneotion of the
after the engine starting;

(8) de-energizing (within 31.5 8ec.) of the starting equy
? P

@ relay of the run-

starter-generator shunt winding

ment.

The eleotric equipment operates as follows,

When button "Starting® ( 3anyce ) 3la (31) 1s Pressed
ourrent flows via oircuit breaker 23, terminal 3 of the tim,
Plug conneotor, the contacts of the second eam switch termzr
nal 7 of the timer, button 3la (31), contacts 5 and 4 ;: reo~ )
lay 29a (29),. terminal 10 of the timer to the winding of re-
lay F , which closes contacts 8 and 9; 6 and 5; 3 and 2, Fur
ther, ourrent passes to the winding of motor M via‘contac;s 9 i
and 8 of relay F(A) and contacts 4 and 5A (B).

Contacts 5 and 6 of relay B
switohes of cams 2y 3y 4, and 5,

plug conneotor, to terminal 19 of starting box 38, and
£

further to the windin
g of contactor 50 via
relays 4la and 41. contaots 2 and 1 of

(4) supply current to the
to terminal 11 of the timer

Motor M starts turning cams 1, 2, 3, 4, and 5.
N After the first oam switch has operated (within 0.4 seo.)
rrlx;t vill flow to motor M through its oontacts.
oo t.9 8ec. later the switch of the tizer second oam will
P xa(o)and will cut 4in the following units:
a
.n"s;“d"la" 3% (39), 42a (42) and ocontactor 47a (47),
rorgne 9VL: ::ntaots 2 and 3 of relay b (A) of timer 26,
o e starte
Starting vou 30 T control unit, and terainal 17 of
1)
t.o:.(4).:;1;';:‘& (44) supplied witn ourrent through con-
wad iate o I¢lay 40a (40), tereinal 6 of starting box 38
o toh X.0. of controy panel Sa (3);
A 41a (41) enezgized via terminal T of diffe-

Tential minimus Te
6
box 74, contaots 113.:“2, terminal 7 of storage battery switoh

1ay 76, termtna) 33 of .:: of storage battery switoh box re-
ox 38, and oontast, s toh box 74, tersinal 4 of starting

and
(0) oontacter 45 (‘&)6‘:: relay 39a (39);

ta0ts 8 and 9 o Telay 41a (41)“1“ ourrent 1s fed via con-

4

it .
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The supply circuit of relay 50 winding is opened by con-
tacts 1 and 2 of relay 4la (41), as a result of which the
starting circuit is disconnected from the storage batteries.

when relay 44a (44) picks up, current sturts ?lowing
from circuit breaker 24 via terminal 1 of stirting box 38,
closed contacts 7 and 3 of relay 44a (44), termin:l 21 of
starting box 38 to the winding of starting fuel pump motor 28.

3imultaneously, current will flow via closed conticts 8
and 2 of relay 44a (44) and terminnl 27 of starting box 38 to
pilot lamp 17a (17), to booster coil unit 102 (10) and to
;tarting fuel valve electromagnet 1l2a.

The shunt of starter—generatox 14a (14) 15 senncetad to
the 24 V mains through circuit brenker 24, terminal 1 of
starting box 38, contacts 5, 8, 7, 2nd 6 of relay 45, and con-
tacts 3 and 7 of relay 422 (42). ot

Starter—generator lda (14) of tne engine belny ut,:i.e.:e_
i5 supplied with current from termin.l c. of thc's‘tuu.-h
nerator of the running eagine via terminil CT1 of st u-tlr:('; g
box )8, contactor 48 (48a), starting resictor 49 and contac
or 47a (47).

The switch of the third cim of N carent
1iter, cutting in contactor 48a (48) supplied wit e

J ni re
and 2 of relny 392 (32), w D
e e cant 4 2 0f zel.r 30 (37) ans cont.ct .

energized vi: contacts 3 and 2
2 of zelay (41). . ot stutor wnd Sin-
Contactor 482 (48) shuats the 3% .rteT l_' fci P4 4
ter T T e R :.61“(6‘.0 aal
starter-generator 14 (14a) froz volt.ce ”én::.o',h (ete) 22
conneots 1t to tersinal ®+° of s box mb_\"\h‘.q e
contacts 7 «nd 6 of relay 42 (#2a) an , 24

¢f relay 43 (43a).

The upper brarch supnlics current .
ttcry switch box T4 frod tne '.h:x;c L.
terminal 15 of st et ing ::::‘: ;51' s
¢ toe foszth =7 IPYIETE IE )

ti’:cr .6 ojorates 2.3 sec.

1

tarting
1 zomticta 7, )

v, te:

sent

.
e

of the 3t1

ve3 ¥ia 7
e

sg-n tox 74 cazzent L

.. ”
cnar 71 A ely 07
N jnaclng e

(3 1 8 tregedy -e2i0%

Fron ter=inil &4 cf 3°®
tacts 11 and 10 of relay 76t
ets 6 ans 7

A 229t

laite~ operns cont )
~
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windings of voltage regulator 61 (61&) from the
Sinultaneously, current delivered from terminal
box 74 flows via contacts 7 and 8 of relay 76 to
opens its contacts 1 ang 2 thereby cutting off ¢o
while its contacts 4 ang 5 (7 and 8) disconnect t
differential minimum relay 62 (62a) from the airc

Connection of contactor

airerasrt Daing,
4 of switep
relay 70, whigy
ntactox 75,

he winding op

raft nains,
77 and disconnection

the same termi-
Voltage across the termina)g
tor 14 (14a) energizing start-
ine being starteq will be ine
ter-generator to spin the engine with

nal will be supplied with 487V,
of running engine starter-genera
€r-generator l4a (14) of the eng
creased causing the star
high speed,

The aircrart mains
and the shunt winding o

whose sup-
contaots of relay 70, will discon-

nect the airerast mains from the high voltage delivered by

starter-generator 14 (14a),

When the switch of the fifth cam

8.5 sec.), €0ergy will be feq to the w
termina) g of the time

of timer 26 operates (1n
inding of relay 46 via
T and terminal 26 of starting box 38; re-

lay 46 w1yl Pick up ang deliver ourrent from circuit breaker 23
to the winding of rel

A 45 via contacts 5 ang 6 of relay 46 and
oontaots 14 ang 35 of relay 41a (41). Relay 45 winl de—energize
tarter-generator 14a (14) of the engine
Staztez-generatoz 14a (14) starts operating as

the shunt winding of g
being startedq,
a series motor

Operation

The fourth cam will
T the timer ang terminal 14 of
8 of relay 45 which has already

the starting Yo

X to the
been energizeq,

windinp

PPLly oirouit of terminal 4

Yatt
9y switoh poy 74, a3 a yesuyt of which contaqt-

i i

ok

a : A062100010001-0
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d 77 switch the storage batteries over to parallel
ors 75 an

pmratizn' 45 remains energized to the very end of the cycle,
Relay

the fourth cam being the last but one to return to the ini-
at P°31t1°:'e system is unblocked by-the first cam, which
- e:ttz return to the initial position. e
e erator 14a (14) begins to operate as a g -
Startex;gzz winding being connected to voltage regul: [
;itoz;l;tjiz :1osed contacts 7 and 6 of relay 42a (42) an
a

contacts 7 and 6 of relay 43a (43).

Starxting o Engine from Ground Power Suppl
g of T 2 ppiy

§ e is8
nal power sourc

f the engine from an exter

Starting o

out autor.o—
as when carrying

the same manner

accomplished in

ifference belag
tarting of the first enginme, the only d
mous star

to 48 V.
t switched over
batteries are no

that the storage

t that when cur
is difference is accounted for by the fi: 76 of storage
ot d to ground supply receptaole % ¢ Zhv storage bitte-
e witoh box 74 picks up outting off tb of starting
batte;I . the aircraft mains and terminal "+
ries from
31 (31a) and
v Ble’;essins of "Starting® ( 3anyck) bﬁt?:f the ticer cams
itohes 1, 2 an ner
operation of sw the sage manner,
subseq:::telzctric equipment to functi:“ 12, the first engine.
cause ting
s star 4
1shing autonomou hunt winding o
23 when accozpthe fifth cam de-energizes thefsutorJBQ battery
The switch o 14 (14a), the contactors o nergized relay 76
startet—generatork t 1n the same position by ¢
anitch box 74 being kep

larly to autono—=
switoh, sioi
Operation of the fourth oad the other engine, does

; } 4 N
e generator) © arting equip=
wous starting (f'°:':h1uzthe functioning of the starting
not cause any chan

ment.

rent

tem returaos
£ 31.% sec. the starting 8ys
After expiration ©

to the initial positionm. equipaent operates &
tem
The startiog 8ys
F1g.146).
Current from xecep‘AOI.ga tersinal
over relay contactor K and ¥

s follows (See

1ech-
ows to the wiadtng of swite
e 3 of storage battery
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switoh box 74 to the winding of relay 76;
the relay winding runs to terminal wan c:f rec
terminal 12 of switch box 74, When eénergized et 6 Tia
current to relay 70 through contacts 9 and 8, e 76 foeds
of switch box 74, ’
The minus end of con
frame via the olosed cont:j::o:fxr:]j::;u;li e e o
lay 67, contacts 5 and 6 of relay 76, and ma
In case of wrong voltage polari;y
relay [IP picks up and opens the windin,
the receptacle connected Properly
because of a 80lid rectifier plao;d

Contactor K of switch-over rel
70 are energized,

the othey end of

and termina 5

to the
of switcheover re~
ster switeh 72,
ACross recentacle 66,
& of contactor x (with
relay [P cannot pick up
into its circuit),

ay 67, and relays 76 and

respectively,

he sto:
Tage batteries are cut off from the aircraft mains
’

T
while th
tacts & :n:X;;rn:i. Supply is connected to the mains via con.
. multaneously -
rel s contacts 4 and 5
BWP;I:s::: off the winding of relay JIHP-400 g ?::a;) o
" .
subsegmans oee:ftistarting" ( 3amycx ) button 31 (31a) and
the electncp atlon of the switches of cams 1, 2 and 3, cause
meaner ap g ::uipment to be switched on in exactly the ,same
The fifth :a:a::i:fhazhmomoua starting of the first engine.
c eli
lay 4: via contacts 3 and 2 ofv:::- ;nzzy t0 the winding of re-
813] 76 or st : *
the ourrent feq byO::se sattery switch box 74 bYeing energized,
instead of f1omwin ¢ T1fth cam to terminal 4 of switon box 74
sontaots 11, 15 asdua gontacts 11, 10 ang 748 will flow via
Fe at::::her via terminal 10 of switch box 74 and
ng box 38, whence 1t 1s supplied to
b opens the Supply cirouit of the

Starting o
does not dir:erfizh: Other engine fronm the external power source
for the f1rg engmeny vay from the starting procedure described
relay 76, which °pen; :he generator Oreration being prevented by
Telay switohyg over th be supply cirouit of relay 41 (4la) (éhe
the vﬂt&rtez-gehezatoz cp arting €Quipment for operation from

of ¢
ke Tunning engine),

Declassified in Part - Sanitize
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The starter-genexator of the running engine is cut off

srom the aircraft mains by differential minimum relay JMP-400,
yhose supply cirouit is opened by the contacts of relay 70.

Engine Starting with<Manual Control
of Fuel Supply (Non~Automatic Starting)

During non-automatic starting of the engine fuel supply
is regulated manually with the help of the engine control

VS Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0
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lever.
Starting is accomplished as follows:
(1) Press "Starting" ( 3amyck ) button 31 (31a) and

keep 1t pressed for 1 to 2 sec,
The starting equipment operates in the same way as in’the

case of the automatic starting.
(2) Slowly and swoothly shift the engine control lever
to the Low throttle® ( Manuit ras ) stop, thereby regulating

gas temperature aft of the tubrine.

Engine Starting in Air

Starting of the engine in the air
employing the starter, as the rotor is
The engine is started as follows:
(1) fuel is supplied into the engine in the same way as
in the case of the automatic starting;
(2) press button "Starting in air® ( 3amycx B BO3XyXe )
30 (30a) and keep it pressed for 1 to 2 sec.
With button 30 (30a) pressed, current flows to the winding

of relay 40 (40a) via cirouit breaker 23, terminal 2 of st:raZ;o)
ing box 38, button 30 (30a) and contacts 2 and 1 of zelay 4 )

4s carried out without
spun by ram air.

oo
Further, current is supplied to motor M of timer 26 through co

0 of starting box 38,
taots 8 and 9 of relay 40 (40a), termimal 2
and 9 o o contacts 7-and 8 of

terminal 13 of the timer plug comnector,
relay F , and contaots 4 and 5 of relay A. After operatio:zeoz
the first oam switoh, motor M and relay 40 (40a) aze;:e:ih
through the contacts of relay 40 (40a) in parallel w
ton 30 (30a).

The switohes of oams 2,
Telays A and | are out off.

3, 4 and 5 are ‘de-energiged, as
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termi::ia:54:f<::a) 1s energized through oirouit break

arting box 38, contacts 6 and 5 er 23,
E:oa)’ terninal 7 of starting box 38, and limit s:: oy
cur::::r:: i::::es (5a); the contaots of relay 44 (:::) i.n'

s Tuet vates 121(0011 unit 10 (10a), to the solenoig ofeed
Pilot lamp "Igniti 1fa), and to starting fuel pump moto start-
1o the otrcutt . (Saxuranme ) 17 (17a) lignts up.r e

ly oloved contists o:f b:tton 30 (30a) runs across the noxrmal
eogines stmttaeos relay 40a (40), starting of both the ]
31.5 sec late: yt:S :mP0551b1e.
. e
tem and pilot lamp - (173):[:2:55::.:?}“!5 off the ignition sys-

Cranking of Engine

Engine crankin

g 1s accomplished b
e 0;01e without cutting in the 1gn1tioZW1tchiug on the start-

he ignition is ¢ ‘

ut off b,
which opens t y control panel 5(5a)limi
engine zontroielignition and starting fuel oircuits w: sraten Ll
To stast ever is set in the "Cut-0ff® (Cron ’) en the
I cr. 08.
1ng" (3anye anklng, it is sufficient to press b position.
YCE ) 31 (3la) for 1 or 2 second s button "Start-
s.

With the butto
D pressed, the
;:lled by the timer in the s;me ﬁ i pooeduxe Lo oont-
shed aut
omatically. The starter-generator will o t
f perate

through the entire starting ¢ cle theIEbJ c!'anking the engine
g cycl ’
to a speed of 800-1100 XYep.m

the :f oranking 1is not to be carr
starting cycle, the latter s
rating circuit breaker 23

turned on g,
gain for 30
lete the oycle. to 4

ay as when starting is accomp~

ied out to the very end of

it ::uld be discontinued by ope~

R rouit breaker 23 should be
8€0. to enable the timer to comp—

:: in the intermediat
e
engine and its accessories to

tions. The b
N lockin
starting system, 8 1s ensured vy

Tiis arrangement does not allow
::ezata under abnormal condi-
€ following elements of the

~ ,

J—
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Tpe switches of cams 2, 3, 4 and 5, cutting in the start—
108 units, are supplied with energy through the contacts of
A or F , which can be energized only via starting
The starting button circuit, in its turn, can
he timer second cam switch is in the ini-
with the starting circuit(or the air-
supply of current into the start-
via the cirocuit breaker or into the atrcraft
result only in cutting-in of motor M, which will
d set the cams in the initial position.
ssing of the starting button will not
tric circuit, the button cir-

cam switch.

timer relay
puttons 30 OX 31.
be slosed only when t
tial position.Therefore,
craft mains) de-energized,
ing circuit
pains will
complete the cycle an
it the same time, pre
lead to any changes in the elec

cuit deing opened by the second
Setting Engine to Maximum_and Au mented Ratings

and augmented ratings 1s ac-

ontrol lever in the wtiaxi-

( opcax) positions, respec

Cutting in of the maximum
complished. by setting the engine ¢
mun® ( Magcuman ) and npfterburner”
tively-

To provide for stable ope
surging), the maximum and augmen
hen the engine reaches the 3P

ration of the engine (witnout
ted ratings should be out in
ecified speed. For this

n made in the electric system for
ted ratings when the engine
ction 18 perro:med by the
tor which opeds the
1ing the paximus and
00%200 r.p.m.

only w
purpose provision has bee
blocking the maximum and augnmen
speed is not sufficient. This fun
AP-~10A pump hydraulic decelerator ccatac
circuit of the automatic devices control
augmented ratings at an englne speed below 10,4
(with the engine control lever shifted smoothlyJe

However, contactor operation may oceur at var
speeds, depending on the rate of engine control le
Thus, durlng epgine acceleration the contactor DAY

a speed of 8000 r.p.Me

ver shifting.
operate at

i i ¢ an auxiliary viooking
essitateu yntroduction © s
renent 5 e bdetween outting-in oi

g up inter ]
ed ratings and the engine during acce
rovided bY switcn * A ° of contyol p3~

arrangement settin dependenc

the maximum and augment
leration; blocking 1s P
nel [I¥-3. ne *ilaxin-
Thus, when tne engine control Lever 13 set at :n, a::::
ua® ( Warckmax ) OF agrezpuruer” (£0pcax ) stopss e
/

D P . _ g C
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ratings will be cut in only when the engine s
10,400%200 r.p.m. (with smooth increase of fu
9700_100 r.p.o. (during engine acceleration).
_Cutting in of the maximum or augmented ratin
a sharp increase of fuel consumption, which leads to a reg
tion of fuel pressure in the aircraft booster 8ystem, e
To raise fuel pressure at the engine inlet, with the e
gine running at the maximum ox augmeated ratings(in order tn-
avoid damage to the fuel pumps), provision has been made £ :
an interlocking arrangement which sets up an 1nte1dependenor
between cutting-in of the above ratings and the m .
sure of fuel in the aircraft booster system.
is ensured by minimum fuel Pressure warning m
which does not allow cutting-in of or engine operation at, th
maximum and augmented ratings, if fuel Pressure in the ai’ ’
craft booster system is less than 0.3 kg/sq.cm. -

Peed reaches
el supply), or

88 results g

inimum pres~
This inte rlocking
echanisw (-3

Switching Maximum Rating On and off
The engine is

ttamet set to the maximum rating by reducing the
reduce:r of the jet nozzle clear opening. This results in a
8as pressure-difference across t
he turbine

to decrease the engine speed. T pome
The centrifugal speed governor, striving to maintain en-
speed at a constant leve
which in its turn will cause
ward of the turbine,

Thus, thrust ay,

gine
1, will increase fuel supply,

a rise in gas temperature for-

gmentation at the maxim

ed due t um rating is achiev-
Conseque:t:: 1ncr:ase in the temperature of jet gases, and,
» &n inorease of their
Shifting velocity.

of the engine control lever to the "Maximum"

(Make
HMAX ) stop causes limit switch M of control panel [IV-3

to operate.

Relay 51 (51a) picks u

P and de
tromagnet of two-position s livers current to the eleo-

lide valve [

The sligd TA<2I 35 (33a).
livery or hyd:a:::" ohanges its position thereby changing do-
nozzle shutters A: :luid to the oylinders controlling the Jjet

. r
Partially oloseq.. €3ult, the jet nozzle shutters will be

.

PO ——
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To switch off the maximum rating, it is necessary to
shift the engine control lever from the "Haximum® ( Yaxcuman)
stop towards speed reduction. In this case, limit switch N of
control panel [IV-3 will openm, de~enexgizing relay 51 (512).
The jet nozzle shutters, depending on the position of the en—
gine control lever (the position of the cam of switch "3")
are set either to the normal or augmented position.

The individual components of the system operate as fol-
1ows (See Fig.146).

The moment the engine control lever is shifted to the
meaximuo® ( Hakcuwan) stop, limit switch wpn of control pa~
nel 5 (52) will operate.

Relay 51 (51a) 1s supplied with current via circuit
preaker 22 (22a), terminal 19 (17) of afterburcer control ‘
unit KA®-2A 59, contacts 8 and 7 (5 and 4) of relay 57, ter-
minal 22 (29) of the afterburner control unit plug connector,
terminal 23 of plug comnector 15, 1imit switch 3 (3a) of the
HP-1CA pump hydraulic decelerator, limit switch 12 of control
panel 5 (5a), terminal 10 o plug connector 15, and termi- -
nal 3 (36) of the afterburner control unit plug connectoT. :
other end of the winding of relay 51 is connected to ttxe fza.m
through terminal 16 of afterburnex control unit 59. Cu;rezer
flows through circuit breaker 23, terminal 10 of aftex urn
control unit 59, and contacts 2 and 3 of energized relay Thool
(51a) to terminal 1 of the plug connector of slide valve

35 (35a). o

The jet nozzle shutters shift to the "Maximuo® ( Mexcuman )
position.

As soon as the maximum X it ot
switch M of control panel 5 (5a) opens the Suizli,:ak" L
relay 51 (5la). Energy is delivered via circu e .
contacts 2 and 1 of relay 51 (51a) to temil'mlending e
connector of slide valve ra-21 35 (352). U;P(5a) O e
sition of 1imit switch "3" of control panel ’

connector of

also be fed either to terminal 2 or 1 .of the plug
slide valve I'A-21 33 (33a).

Current is fed to slide valve e
circuit breaker 25 via terminal 10 ©
unit, contacts 5 and 4 of relay 5 L,
terminal 15 of the afterburner con rn“s o
plug connector 15. Further, current

ating 1is switched off, limit

po—-

rA-2I 33 as follows: from
afterburner control
5 contacts 5 and 4 of relay 58,
: to terminal Il =t

er to tersinal /22‘

e
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or terminal 14 of plug connector 15, depending on the posit
lon

of switch "3", From texoin
tact 2 of relay 32, and fu
slide valve TIA-21 33, provi

al 25 energy is delivered to con-
rther via contact 3 to terminay 1 of
ded relay 32 is energized,

Relay 32 is fed through blow-off band switoh njn whi
receives current from circuit breaker A3C 20, o
From terminal 14 of Plug connector 15 current is feq to

terminal 2 of slide valve

ra-2r 33,

With the shutters in the augmented position, current is

supplied to terminals 2 or
terminal 1 of slide valve

1 of slide valve [A-2] 35 and to
TA-2I 33; when the shutters are 1g

the maximum ( Makcuuan ) position current is fed to terminal ]

. of slide valwve TA-2I 35

Ta-21  33.

and to the terminal of 8lide valve

Switching Augmented Rating On and Off

t:: turbine. To safeguard the engine against surging and to

:in:en:h:x::ssive rize of gas temperature forward of the tur-
,Vh amete; of the jet nozzle exhaust area is increased.
#hen the augmented rating is switched on or off, there

should be

a definite Synchronization between supply of after-

burne
cxnnu:tf:el and the time period within which the jet nozzle
Tea 1s changed. This 1s achieved by adjusting the rate

of jet nozzle shutter shift
burner fuegl Pressure incy
3exrved by a blocking arra
control system.

ing and the speed at which after-

€ases and drops. The same purposs 1s
Bgement ingorporated in the arterburner

Pr
ovision has also been made in the eleotrio system for

blocking the ope
afterdurner fyel
Supply when there
rolling the shutte

ration of the jet nozzleshutters depending on
Pressure and for outting oz afterburner fuel
1s no hydraulte Pressure in the pipe line oont-
I3 in the augmented position.

The blocking arrangement 1s deviged:

(1) to prevent the shuy
delivered 12to the afterbdur
£as temperature in the afte
tion of afterburney fuel 1c

‘ot the engine thrust;

tters from opening before fuel is
fer, and thus to avoid a drop of
Tburner; this would have made 1gni-
Possidle and caused abrupt reduotion

— 183 ——
(2) to prevent burning ol afterburaer fuel with the shut-

ters closed, and thus to preclude cngine suxge and overheat-
ing when the augmented rating is switched onj

(3) to prevent the jet nozzle shutters from closing when
tnere is fuel pressure in the afterburner manifold, and thus
to preclude engine surge and overheating when the augmented

rating 1is cut cff.

To cut 3m the augmented rating, €
is shifted to the nAfterburner™ (vopcax) stoap, This turas
accomnodated in coatrol panel 5 (5a),

he engine control le-

ver
on limit switch $
ani coupled to the engine control lever.
As a result, current 1is fed to HP-11\ fuel purmp electro-
A 5 i
sagnet 9 (9a). Fuel is aduitted into the afterburner miaifold
.nd the afterburner pilot lamp lights up. ‘
smen fuel pressure io the afterburner mnifold exc
the total £as pressure A7t of the turbine by Qo2 KE/51eCMey
ot » - ; UL .
\fterburner minimum fuel pressure wirning mechanisw Ton=2 n(6a)
2nergizes relay 58 (58a’ , which provides for:
(1) setting the ctromagnet of two-position "
ra-21 33 (33a) in & sosition at which the hd.:u.’v
N ¢ interpiston spaces of the shutter
e shutters ghift to tne aug-

enLn

2 slile
elz
vilve
s1aid ts supplicd into th
santrol cylinders(as a result th

nted position); .
(2? cutting in afterburner vonster coil ?'si:),
(3; ie-energizing timing relay pP33-1 54 :: :; s
’ the 1fterburner mandfol! poats
when the
@iast the 3327

(523),

shen fuel pressure 1n F
sibie viluc, that s,
ost come3 Up

tnhe highest permis
r cock alm
: encrotnes relay 52

p-11A pump afterburn

limit s;icch 4 (4a) of the ap-114 pu=p

which switches off dooster coil & (8a). s ayten b nese
De-encrglzing of the Lfterburner ignit ‘0.1 S

-.ry because contipuoul oneration of booater CO< .

2d 32 3ec.

= (ea) must not exce Ceenes o
ax 4o owil

nted ratisng 4% 5

contron 1 o tne "afterbaraes” ( vopeax

? co el 3 (33) to ety AF

13 te-ener’:

of ty ge=oving ese e
N . ‘O-I’
5 zvape ont
sine control lever fr 2
s-uses saitch @ of control pI° O e

of n Hp-

of which electrozugnet 9 (2a) of the

re
eroLd 13 "3t ©T.
Tuzl supply into the al

zede

e.g el

tepburner "and
FTIE NS TR

surner pilot lazp goes oute a tme aftertazner TUUE
spesaure 10t ¢ ene tarvine
‘then excess fuel °T egesidze a7t 0% ¢ o

, “‘1 (AR
the pressure excecding tue 2

s
e e T
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drops below 0.2 kg/sq.cm., fuel Pressure wa
ICI-2 6 (6a) will open its contacts there
relay 58 (58a).

Depending on the position of the engine control
the Jet nozzle shutters Wwill shift to the o ° 19?61’,
augmented position (at 1dling rating).

If the shutters do not o

T0ing mechanygy
by de-enexrgizin,

aximum, normal, of
pen after switching on augmenteq
Ssure in the pipeline controlling
position), afterburner fuel syp-

Ply and ignition are cut off. This blocking is accomplispeq
ned ag

follows,

The winding of the timing relay being energized when

ci.
af:cu:t breaker 22 is cut in, is de-enexgized only when the
eérburner is turned on after th
€ operation of fuel
warning mechanism JCf-2 ang Telay 58 (58a), prese
When the winding of relay PBB-I is de-

tact system of the latter e oy the con-

closes 0.3 .
xatiox; of fuel pressure warning mecha::s: 5];;["_'2 af:::st;"i :Se_
. ace,
the cﬂ::::::az::ti;:::gp::elize feeding hydraulic fluid to
e e € shutters in the augmented posi-
closed contacts are :;:s:d yqu‘JJdae/xI f:h34 (343‘)’ ot vy,
fluid 0.1.sec. after the operation
mechanism ICA-2 takes place.
The contact systems of hydr

of fuel pressure warning

aulic switch Y34/ 34 (342)

a) are connected into the cir-

(53a) (the contacts of hydrau-

are connected to the ocircuit plus, the

B~-I to the oircuit minus). )

p::::ure in the pipeline feeding hydraulic
rol cylinder by the time the contacts

cuit of the winding of relay 53
lic switch Yr3y/1

;he €0gine control lever is moved
(2opcax ) stop,

— 185 —
with the shutter hydraulic system operating normally, hyd-
raulic switch YP34/] opens its contacts before tue contactas
of relay PBB-I are closed, therefore relay 53 (53a) will not
pick up and fuel will continue to flow into the afterburner
manifold.
The equipment operates as follows.
wWhen the engine control lever is shifted to the ".ifter-
burner® (Popcax ) stop, electromagnet 9 (9a) and reluy 55
(55a) become energized through circuit breaker 22 (22a), ter-
pminal 19 of afterburner control unit 59, contacts 8 and 7
(5 and 4) of relay 57, via terminal 22 of arterburner control
unit 59 and terminal 23 of plug conrector 15, the contiacts of
1imit switoh 3 (3a) of the HP-10A pump hydraulic deceler:tor,
iimit switch & of control panel 5 (5a), terminal 29 of pluy
connector 15 and terminal 12 of afterburner control urit 59,
contacts 5 and 4 of relay 53 (53a), terminal 4 of afterburner
control unit 59, terminal 12 of plug connector 15, and via
cut-in switch BK. Electromagnet 9 (9a2) controls fuel supnly
into the afterburner manifold. )
Relay 55 (55a), energized via contacts 5 and 4 of xel x" /'?'.
provides for energizing the supply circuit of slide valve [.-l.
33 (33a), and of booster coll KIM-IA 8 (8a). Afterburner 5
pilot lamp 36 (36a) lights up being supplied via circuit bre.i-
er 25 and contacts 5 and 6 of relay 55 (55a). o
Yhen afterburner fuel pressure warning mech~nism [0J0-
6 (6a) oparates, relay 58 (58a) 1s energized via circuit b:" B
er 22, terminal 17 of plug connector 15 and the cont xc‘t.:‘s:
fuel pressure warning mechanism 6(68) , terminal 18 of ins,é,
connector 15 and terminal 34 of afterburner control u:xi-. -A
Current is fed to termimal 1 of slide valve F.:-:‘ :-Jz:
connector via circuit breaker 23, terminal 10 of a.tcrbuiﬂﬁ
4 control unit 59, contacts 5 and 6 of relay _55 (556),1‘:‘:!'1?“"""
tacts 8 and 9 of relay 58 (58a) and terminal 14 of : “; o
control unit 59. The jet nozzle shuttexs shift to the augw

ed position.
8a) picks up,
1y, when relay 58 (5
Simultaneously, ircuit breaker 22,

via ¢ ~
fed to booster coll 8 (e2) contacts 2 and 3 of relay 5&

current 1z
terminal 19

of afterburner control unit 59, )2 eemtacts 4 e
(58a), contacts 9 and 8 of relay 55 (553), o 59, and
’9131'52 (52a), terminal 6 of afterburner contr 4
’ -
terminal 2 of plug connector 15. /—\

—

Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0



drops below 0,2 kg/sq.cm., fuel Pressure w
JCI-2 6 (6a) will open its contacts the .,
relay 58 (58a). i
Depending on the position of ¢t
the jet nozzle shutters will shift
augmented position (at 1dling ratin

ing Rechani gy
de—energizing

he engine contro}l lever
t; the Daximum, normal '
' 9

Ply and ignition are cut off,

follows, This blocking 1s acco

The winding of the
timing rela
ctroutt b Y being energizeg
ot Teaker 22 is oyt in, is de-energizeq only wh "
: Iner is turned on after the operation of ver e
arning mechanism JICI-2 ang relay 58 (58a) *

elay PBB-I is de-~

el pressure

tact system of the latter

rat
lon of fyel pressure Wwarning mechanisnm JCI

the shutters in the augmented posi-
e 34 (34a), whose normally
under the Pressure of hydraulic

after the o -
peration or 1
ICI-2  takes place. uel pressure warning

The oontact s
ystem
and of timing relay y izaulte svitoh

cult of the winding
e switen YI3u/1

closed contacts areg
fluid 0.1 sec.
mechanisg

YI34/1 34 (34a)
PBB-
I 54 (54a) are connected into the cir-

of
ar:e:ay 53 (53a) (the contacts of hydrau-
cont oanected to t
a;:stzr relay PBB-I to the oircuit l::nci;:cuit prisy the
ere is us).
fluid to tpe shutt:xpressun in the pipeline feeding hydraulic
°f timing reyay Pss.xcontml cylinder by the time the contacts
PBB-I ang of hydrayly are closed, the sontacts of timing relay
¢ . T34/1 will close at the sae
out o ay 53
144 Gleotxom-lgnet 9 (533)’1*1‘:131 53 (53a) will
pump, discontinuing

t?om the 'Artexburner"

mplished ag

énergized, the cop-
closes 0.3 to 0.5 sec. after the ope- -

-2 takes place,
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With the shutter hydraulic system
raulic switch yp34/] opens its Zontaczze;:;izf gﬁzmiﬁfécgd-
of relay PBB-I are closed, therefore relay 53 (53a) will not
pick up and fuel will continue to flow into the afterburner
manifold.

The equipment operates as follows.

When the engine control lever is shifted to the “".ifter-

burnexr" (dopcax ) stop, electromagnet 9 (92) and reluy 53

(55a) become energized through circuit breaker 22 (22a), ter-
minal 19 of afterburner control unit 59, contacts 8 and 7

(5 and 4) of relay 57, via terminal 22 of arterburner coatrol
unit 59 and terminal 23 of plug conrector 15, the cont.cts of
1imit switoh 3 (3a) of the HP-10A pump hydraulic deceler :tor,
iiinit switch & of control panel 5 (5a), terminzl 29 of plu.
connector 15 and terminal 12 of afterburner contrcl urit $3,
contacts 5 and 4 of relay 53 (53a), terminal 4 of afterburncr
control unit 59, terminal 12 of plug connector 15, ani vi:
cut=in switch BK. Electromagnet 9 (9a) controls fuel ~up:ly
into the afterburner manifold.

Relay 55 (55a), energized via contacts 5 and 4 of xeluwr
provides for energizing the supply circuit of sltde vilve
33 (33a), and of booster coil KT{-IA 8 (8a). .\fterburner
pilot lamp 36 (36a) lights up being supplied via circult bz .i-
er 25 and contacts 5 and 6 of relay 55 (5%a).

When afterburner fuel precsure warning mach.nlan
6 (6a) operates, relay 58 (581) is energized vin circut
er 22, terminal 17 of plug connector 15 and the cont:sts

fuel pressure warning mechanism 6(6a), terainil 18 of

connector 15 and terminal 34 of afterburner control un!
™ W7

Current s fed to terminmil 1 of slide volve Ji-J

connector via circuit breaker 25, terainal 10 of W7t rburnds
control unit 59, contacts 5 and 6 of relay 55 (%%a), ccz‘.:
tacts 8 and 9 of relay 58 (58a) and tcrsin.i 14 of :ftcrhue
control unit 59. The jet nozzle shutterd skift to the .

ed position.

v ey

3

Sioultaneously, when relay 58 (584) pices :;:, cur:::v.l.'.’
fed to booster coil 8 (8a) via circult breiker =< ter nel
ontiacts 2 and J of 12l °

ontacta 4 wad T ot

o

of afterburner control unit 59, ¢
(58a), contacts 9 and 8 of relay 55 (5%1), ¢ e
relay 52 (52a), terminal 6 of afterburaer coatro te 97,

’ o

terminil 2 of plug connector 15. e

Ei
-

e
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When the pressure of afterburner fuel reaches its m.
mum value, the piston of the HP-11A pump afterburner coc:u-
cut in limit switch 4 (4a), which will supply current t i
winding of relay 52 (52a) via circuit breaker 22 (22a) otthe
nal 19 of afterburner control unit 59, contacts 8 and ; i
5) of relay 57 and terminal 22 of afterburner control un:l(.4 .
terminal 23 of plug connector 15, limit switch 3 (3a) of : >
HP-10A pump hydraulic deoelerator, limit switoh ¢ of "
panel 5 (5a), terminal 29 of plug comnector 15, terminalczntml
the same plug connector and limit switch 4 (4a) of the HP~1?_£
pump, terminal 30 of plug comnector 15 and terminal 11 of !
terburner control unit 59, e
Contacts 4 and 5 of relay 52 (52a) open the supply circui
of booster coil 8 (8a). By this time, stable burnin £ o
should take place in the afterburner. g or el
When the afterburner is turned off, limit switch $ of
;;ntml panel 5 (5a) de-energizes electromagnet 9 (9a) of the
ci::i:tp::pb:::trelay 55 (55a). The latter breaks the supply
ot of stane e echoil 8 (8a), teérminal 1 of the plug connect-
ot suppue;ei 3 (33a) and of Pilot lamp 36 (36a). No more
P10t Tamy on ou:fo the afterburner manifold; the afterburner
When excess fuel pressure in the
below 0,2 kg/sq.cm., fuel
will de-energize relay 58
and 5 will complete the sy
limit switch nan,
Depending on the position of
Jet nozzle shutters will shift to
Dented position (at idle rating),
In case there 1is no hydrulic
Tolling the shutters in the augmen
burner is turned on curr ‘

’ ent 1s de
from limit switeh &
of plug connector 15,
switeh YI34/1 34 (¢
unit 59, The other eng

afterburner manifold drops
pl-'essuxe warning mechanism JCI-2 6 (6a)
(58a) whose normally closed contacts 4
Poly circuit of control panel 5 (5a)

the engine control lever, the
the maximum, normal, or aug-

Pressure in the pipeline cont-
ted position, when the after-
delivered to relay 53 (53a)
of control panel 5 (52) via terminal 29
through contacts 1 and 2 of hydraulic
48.; and terminal 5 of afterburner conmtrol
via contacts 1, 2,3 oro the winding of relay 53 1s conneoted
afterburner control Toay BB >4 (34a) to terninal 16 of
PBB-I 54 (54) 19 gnensry )’ COP2900¢d £0 the frase. Relay

8 energized via cirouyt breaker 22 €22a) and
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contacts 2 and 1 of relay 58 (58a); it is de-emergized when
relay 58 (58a) picks up, that 1s, when fuel pressure warning me-
aunism 6(6a) operates. When de-energlzed, the contacts of re-

lay PBB-1 are closed. Contacts 4 and 5 of energized relay 53
(5Ja) open the supply circuit of the HP-11lA pump electromag-
pet 9 (9a) and of relay 55 (55a); relay 53 (53a) remains ener-
gized until the engine control lever is moved from the "After-
purner® ( $opcax ) stop; it is supplied with current via limit
switch & of control panel 5 (5a), terminal 29 of plug connect—
or 15; terminal 12 of afterburner control unit 59 and its con-
tacts 5 and 6; the other end of the winding of relay 53 is con-
pected to terminal 16 of the afterburner control unit via its

contacts 2 and 3.

. SUPPLY OF AIRCRAFT AND ENGINE POWER CONSUMERS
AND BOOST-CHARGING OF AIRCRAFT STORAGE BATTERIES

(Starter-Generator I'CP-CT-6000A Operates as Generator)

After the starting oycle is completed, starter-generator 14

(14a), driven by the engime, passes over to the generator duti.

The shunt winding of the starter-generator 1s connected ino
parallel with the armature to terminal I' of minimum—diffzren;e
tial relay JMP-400 62 (62a) via terminal 28 of starting 2;xo£ ,
contacts 7 and 6 of relays42 (42a) and 43 (432), termin:l )
starting box 38, terminals A and b of voltage regulator
(61a), terminals 6 and 7 (5 and 8) of relay 68.

Under the influence of self-excitation the ator o
to deliver increasing voltage. When voltage reaches 18 v,

1rcuit of button
thereby opening the ©
2 (293) ploks up ) and preventing the starter—gene-

"Starting® (3amyck ) 31 (3la o
rator frim passing over to the starting duty -11:: the ::85 "
- ized when voltage rops .
runnin the relay is de—enexg "
Wiel(x switch 69 (69a) is olosed, minimum—dif.fere:t:ai_nxmay
t main -
62 (62a) conneots the generator into ;t;e ajrcraf
rallel with storage batteries 71 and .follo's.
This connectior 18 accomplished as

ifferen
Current from terminal T of min:l.mum-(-zza) T eants 5 -
1s fed to the plus terminal of relay 62

. further it 1s de-

d switch 69 (692);
4 and 8) of relay 70 an t system of re—
11£Z1ed to)tbe windiag of relay I . The contact &7

generator starts

tial relay 62
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1
ay I oloses, as a result of which the winding op
of rel

0 net, appea pt at p,p
polarized by a permanent magnet, appears to be kept o;
the generator and the ailreraft mains (terminals I' an -

d 5 ).

nected the contacts of re 70 open the sup circuit of
» la.,y P! ply

windin, I
g of vinimum~differential relay JHP-400

from a powerful external souroce,

Voltage acros
S the gener:
tained at a constant leye 1tor terminals (28:1.5 V) 1s main-

which leadg t
o0agd

terninals, forease in the voltage across the generat

exrator
With the en
1

reversed. 81ne speeqd Teduced, the above pxbo 121 b

ess w e

/11/17 : CIA-RDP80T00246A062100010001-0 =i c -
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rheostats of the voltage regulators (terminals I' and 1)
and of ballast resistors 16 (l6a).

Uneven load distribution disturbs the balance of voltages
taken off the ballast resistors.

Direct equalizing current will flow along the windings
of the voltage regulators (terminals I and R ).

The resistance of the carbon rheostats will be changed
so that equality of voltages, and comnsequently of the generator

iloads will be restored.
The voltage regulator operates in conjunction with stabi-

11zing transformer TII' 63 (63a).

BLECTRIC EQUIPMENT OPERATING ON 24 V

The main characteristic feature of the 24 V system 1s
that the storage batteries are not changed over to serles con-
nection when starting the engine from any power source. This
feature accounts for some differences in the electric equipumeant
and for absence of some units as compared to the 24 - 48V system.

Power Sources

Similarly to the 24 — 48 V system, the main power source ia
the 24 V system is starter-generator TCP-CT-6000A descrided

Engine Starting Units
(1) The starter-generator with starting equipment.
(2) Booster coil unit KI-2IBIA with spark plugs CI-96.

(3) Blectric motor MY-IO2A for starting fuel pump |[HP-10-M
e magnetic valve controlling

above.

the starting fuel magnetic valve, and th

the air blow-off band.
The starting system units enumerated above are the same for

the 24 V and 24 - 48 V systews, with the exception of the starting

equipment.
The starting

and two relays PO-2 - v
The starting box (P1g.147) incorporates: tiser ABN-IBE" ,

three small sige contactors Ki-2001, five sagnetio relays P1-20T,
ays PI-3 , and & starting resistor rated at 0.28 ohm.
ric motor of the 15-TP

electrosagnetio xe-

equipment 18 comprised of starting box [HC-6000Z

two magnetic rel
Timer ABII-IBE oonsists of elect
type with a centrifugal speed governor and an

-

Declassified in Part - Sanitized Copy Approved for Release 2011/11/17 : CIA-RDP80T00246A062100010001-0
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tarding clutch, a reduction gear with four Profiled ocap
limit switches of the KB—6 type and relay pj 91 >

Switches KB-6 are set to operate within the followin
riods/ from the moment button "Starting" ( 3anyck ) 1 s B

1st switch............ 0.5%0 SP’essedﬂ

2nd switeh . .. L L, L, ., . . . .1.3‘-*.28“.

3rd switch . . , , . Pt e e e e e, ) J'S:g.z e

4thswiteh . . ., ., , ., .. . 8‘530.2 o

Complete cycle . . . ¢ e e e e ., . 4; 33&35380'

PR . *J sec.

The starting box has terminal bolts receiving the sy 1
conductors runniong from the starter—generator, and a pluy Fo
nector for connection of the control circuits P con
se”el‘:o relays PlI-2 , 1ncluded in the starting equipment

0 prevent the starting cycle ? ’
the snstnr reontng. y TOom being switcheg on when

The starting equi
pment is mounted on the
for starting both engines, Hioratt and serves

four

Electric Equipment Controlling Engine Maximum

and Augmented Ratings

Engine operati
rolled by the rollo::n:te::::::: :::1augme?ted FAnES 1o cont-
(1) Contro1 panel [Iy-3, prents
(2) Booster coil KIM-IA witn spark plug C[-02
(¢)) Two-position slige valves [A-2I. |
(4) The €lectromagnet of tpe HP=11A fuel
(5) Afterburner control unit [{p$-p -
g:z T:e limit svwitch of the- HP-114 ;ump
above :
Arterbuzne:ni;:thave been described elsewhere in this book.
afterburner control i %nit A (F13’148) ey
in that 1t does not :::ngiii;2At o rere B
€ two stand-by rTelays Pl-3 . How-

ever, this does not t
6ll in
burnex control unitg KA$-2 a:Zd‘aI‘(YA;nQAthe sreTation of atter-

Maximum ang Au
mentsd Raty;
Blocking of gaxyy 28 Blocking Devices

um an,
the following devices: d augmentegq ratings 1s ensured by

(a) the 11myy Switch of the

N

- 191

(b) 1imit switech J of oontrol panel [y.3;

(¢) minimum fuel pressure warning unit (J.3;

(d) winimum arterburoer fuel pressure warning unit
ICA-23

(e) hydraulic switch YI34/1.

The above devices have been described in the preceding

Sections.

OPERATION OF ZLZCTRIC EQUIPMENT IN 24 V SYSTEM

The electric equipment serves for:

(1) Automatic starting of the engine:

(a) autonomous starting of the engine from aircraft sto-
rage battery 12CAM-28;

(b) autonomous starting of the engine from the starter-
generator of the running engine;

() starting of the engine from ground supply sources.

(2) starting of the engine with manual control of fuel
supplye.

(3)Starting of the engine in air.

(4) Cranking of the engine.

(5) Setting the engine to maximum and augmented ratings.

(6) Feeding of the aircraft and engine current consumers,
as well as boost-charging of the aircraft storage batteries

(with the engine running).
Presented in Fig.149 is the diagram of electric equipment

for two engines.
To ensure normal functioning of the system the following

devices should be switohed on:

(1) Generator switoh 56 (56a).
(2) Cirouit breaker 21 feeding current to starting box

IHC-6000E.
(3) Circuit breaker 25 supplylng energy to the timer and

fuel pressure warning mechanism CI-3 .
(4) Cirouit breaker 59 energizing afterburner ocontrol unit

-2, ing ourrent to control
(5) Cirouit breaker 22 (22a) supplying

panel [Iy-3.
(6) Circuit breaker 17 (17a)

feeding current to the pilot
lamp of the oil pressure mwarning mechanism and to relay PII-2

HP-104 pump hydraulio deoeleraiL —
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preventing the jet nozzle shutters from shifting to tp
mented position at altitude, b
speed.

Current is fed to terminal 2 of the plug connector of
position slide valve T[A-2I 31 (3la) via circuit breake ;"
and contacts 2 and 1 of relay 35 (35a). * i%

Simultaneously, limit switch "3m of control panel 5 (
1s energized via circuit breaker 59, contacts 5 4 of >
lays 39 (39a) and 38 (38a). ’ e

Further, depending on the position of switch n3v (that 1
o: the position of the engine control lever) current is fed ’
elther via contacts 2, 3 of relay 58 (58a) to terminal 1 of t
glzg connector of two-position slide valve [PA-2I 30 (30a) "
with the jet nozzle shutters ]

in the augmentegd
directly to terminal 2 of o (o o
the same plug con
shift to the normal position), ¢ Rector (the Shutcers
L
enginei:::t::it:h "3" of control panel 5 (5a) operates when the
ever is moved by 23° fro
o m the Cut-0ff (Cron
°n§ (as indicated on the control panel dial), which csrze ’
ponds to an engine speed of 4500 - 6500 r Pem T
Within the range beiween the idline

value the jet noz
o zle shutters are kept in

with the engine running at idling

Automatic Starting of Engine
When the eéngine is st
the 24 v system, the respe

S .
i)arting is aocomplished as follo"s
&
(1 shift the engine contro
1 lever to the Low Throt

(2) press button "Startingn

for 1 to 2 seo. (See Pigs 149 ang f:o(2Qa) and keep it pressed

Do

e 193 —

The components of the electric system operate as follows:

When button "Starting" ( Janyck ) is pressed, encrgy is
fed to the coll of relay 48 via circuit breaker 25, terminal 16
of starting box 50, terminal 3 of timer 49, the closed comtacts
of cam ] and timer terminal 7, terminal 15 of starting box 50,
starting button 29, contacts 2 and 1 of relay 28, tercinal 5 of
starting box 50, and contacts 1 and 2 of relay 48a. The other
end of relay 48 coil runs to the minus of the aircraft mains
via the minus terminal of starting box 50 and terminal 16 of
afterburner control unit 34,

Contacts 8 and 9 of energized relay 48 (48a) feed current
to timer terminal 2 and further to the winding of the timer mo—
tor (the other end of the motor winding is conmnected to the mi-
nus of the aircraft mains via timer terminal 6). Simultaneously,
current is fed to timer blocking relay PJ-9X through the con-
tacts of switch 1, set in the initial position. The motor starts
running thereby turning switch cams I, II, III, and IV.

Timer switch I operates 0.5 sec. later.

The timer motor 15 energized directly via circuit break-
er 25, starting box terminal 16, timer terrinil 3, and the ocon-
tacts of switch 1, by-passing the starting button. Button "Start-
ing" ( 3anyck ) 29 (29a) now may be released.

Relay PI-9E, being still energized, fe:ds current to
cams II, III, and IV.

Relay 48 (48a) also remains encrgined beins
power through the contacts of switeh I, timer terminal 2 and

supplicd with

via its contacts 9 and 8.

As the circuit of the "Starting® button xuns across the
normally closed contacts of relay 48a (48), the possibility of
simultaneous starting of both engines is eliminated.

Relay 28 (28a), placed into the circuit of button 29 (29:\?,
functioning as a start-~

revents starter-generator 14 (142) from
. : gencrator circuit being

er when the engine is runaing (with the
energized).
Timer switch II operates 1.3 sec

comes to its final stage.
Current flows across the ¢closed contacts of cam 1, the clos-

ed oontaots of relay PI-9% , across tae contacts of switch II

f relay 48 (48a) to
pal 4, contacts 6 and 5o Ba,
and via timer termi N e il

nd to contac
the coil of relay 46 (46a), a , Pans —

later. Tne starting oycle
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via starting box terminal 13, terminal 23 of plu
limit switch XII of control panel 5 (5a) and fer§1°°“
connector 15 energy is supplied to magnetic vaive o
relay 45 (45a) via ignitien switch 27 (27a) 220 aad o

As a result, the following €equipment jg ;ner 1 s

(a) vooster coil unit K0-2I5IM 190 (L0a) sf e
magnetic valve 13 (13a), ignition pilot lamp 1; (121;1n3 e
::i:yb:;a?:;afl, starting box terminal 7, contacts : a;dv:aozir_
il connec; starting box terminal 10, terminals 32 and 3

°r 15; in this case the booster coil *

supplied via switch BK of control panel 5 ( ; e s

(b) electric motor 2
starting box terminal 7,
and tzr;inal 12 of starting box 50;

¢) the shunt wing
circuit breaker 21, sta::fn;fb::aiz:;zfziezator o (143) by
7 ot zotay i3 7, contacts 8,
46a
(46a), ang starting box terminal 1 (up to this moment the shunt

g
wirdin has been connected to volt
) age regulator 52 tbl’Oush con=-

(@) starter—generato.
via starting box terminal

nector 15,

T 14 (14a) - from the aircraft mains
hshﬁhgmnuu43wdmmub

(11 the engine is Tunning),
In 3.8 sec.switch

III of
in contactor 44 and smy timer 49 operates thereby cutting

nting starting resistor 43,

— 195 ——

In 44.3 sec.the cam of
position and breaks the sup:;yit::rclu::t:;ntshetoretf:y:.nitial

The booster coil unit and the starting fuel pump becom
inoperative, :

Starter~generator 14 (14a) automatically begins to ope-
rate as a generator. Its shunt winding is connected to volta-
ge regulator 52 (52a) via contacts 5 and 8 of relay 46 (46a).

Further acceleration of the engine up to idling speed
is ensured by the fuel control equipment, with the electric
system taking no part in the process.

Within not more than B0 sec,after button "Starting"
( 3anyck )has been pressed, the engine should be brought to a
speed of 100 r.p.m. below the idling rating.

Starting of Engine in Air

With the electric equipment operating on 24 V, engine
starting in air differs from the startiog procedure used in
the case of 24 — 48 V in that no timer is employed.

Starting should ve performed as follows:

(1) shift the engine control lever to the "Low Throttle"

( Manu#t ras ) stop;
(2) set ignition switch 27 (27a) in the "Starting in air"

( 3anyck B BO3Zyxe ) position.
Current flows directly from the aircraft mains to re-
lay 45 (45a) via ignition switch 27 (27a), circuit breaker 21,
and terminal 8 of starting box 50; as a result, energy from
the aircraft mains is fed to the booster coil unit, starting
system magnetic valve, and to the starting fuel pump motor
via circuit breaker 21, terminal 7 of starting box 50, and

contacts 7, 3, 8, and 2. The following units start to operate:
booster coil unit 10 (10a), electric motor My-IO02A of start-

ing pump 26, and magnetic valve 13 (13a); pilot lamp "Ignition®
( 3axmrange ) lights up. .

‘he starting cycle completed, turn off the 1gnition switch;
this shouid cause pilot lamp "Ignition® ( 3axuranme ) to go out.

Engine Starting with Manual Control

of Fuel Supply

d of engine starting differs from automatic
s controlled manually by

7

start-

This wetho
ing in that fuel supply into the engine 1

N ren
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manipulating the engine control lever.

The engine starting should be accomplished as foll

(1) press button "Starting" ( 3anycg ), and kee b
sed for 1 to 2 secg the starter-generator will crankptit -
ne just as in the case of the automatic starting; e coei-

(2) move th= engine control lever in a smoo;h
ner to feed main fuel into the engine; accelerate
to idling speed,

Switching on of ignition occurs simultaneously wit
supply into the engine (when operation of control n el
switoh X takes place). penet

Cold Cranking of Engine
During cold cranking the engine is spinneqd by the starte
generator, wita fuel su -
PPly and ignition cut off

the

control lever is set in the “Stop" position) ‘ neine

.

To perform cold cranking, button "Starting"

should be kept presseqd for 1 to 2 sec.

s Slow man-
the engine

( 3amyck) 29(29a)

staztf:e :ta;ter-generntcr will operate through the entire
Ingca:: : thereby spinning the engine to 800 - 1100 r.p.m,
starting cyCIEh;’e:g:ne is to be crankeg to a lcwer speed, the
To prepers ns t;m nterrupted by turning off circuit breaker 25.
attes the zon "ex for subsequant starting (or cold cranking)
or is stopped, 1t is necessary to turn on circuit

breaker 25 fo» 30 t
< 0 40 sec, to
the interrupteq cyote. 5 ¢nable the timer to complete

Turnin Haximum 2ating On ang Off

leveruazirum rating is turpeg on by
a "L
y oontrOIh:une;J:mum" ( Yaxcruan) stop, which causes operation

Ao & prone] (52) switeh y (See Figs 149 ang 151).

v CUIreat will flou ¢o Telay 35 (35a) via oir-

(17) of the pPlug connector
» contacts 8 and 7 (5 and 4) of re-
Qucmented ratings depending on
Ternft booster System), termi-
control unit Plug coanector,

contacts 4 ang 5 of Telay 58 (58a)

or 15 (1% /s terminal - -
(15a), the 60atacts of swytey 4 (4:)‘ t:: of :J]_ug ‘connect
] contacts of

setting the engine control

011/11/17 : CIA-RDP80T00246A062100010001-0 ~————- =enee__..
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R

control panel switch M, terminal 10 of plug connector 15
(152), and terminal 3 (36) of afterburmer control urnit plug
connector.

Relay 35 (35a) closes contacts 2 and 3 tnereby switching
over supply from terminal 2 of slide valve 31 (3la; to ter-
minal 1. Slide valve 31 (3la) changes over hydraulic fluid
supply into the cylinders controlling the jet no.:le sautters.
The Jjet nozzle exhaust area decreases.

To switch-off maximum rating, the englne coat:ol lever
is shifted from the "Maximum" ( Makcuman) to the "Lorm.l®
: ( Houmnan ) stop. Limit switch M of control panel 5 (Su) opens
! the supply circuit of relay 35 (35a), as a result o w.izn
0 supply will be switched over from terminal 1 of sliie vilve 11
}  (31a) to terminal 2. The slide valve returns to the init:.l

the "Jorml"

position thereby causing the shutters to shift to &
( Hounnan) position. :

Turning Augmented Rating On and Off

To turn on augmented rating, the engime coutrol lover
is set at theo “Afterburnmer® ( vopcax ) stop.
The energized switch ¢ of the control punc. will !ir«:t
current to afterburner pump solenoid 9 (9a) (See ¥igs 147,101,
™

via circuit breaker 22 (22a), terminal 19 (17) of tuc

45 T

?
7

nector of afterburner control unit 34, cuntucts 8 .aaf H o
4) of relay 41, teroinal 22 (23) of the aufterburner control
tez-

unit plug connector, contacts 4 and 5 of relay 58 (5.,
minal 23 of plug comnector 15 (1%a), the conticts of amitch &
(42) of the HP-10A pump, the contacts of cootrol pinel switcs
terminal 29 of plug connector 13 (1%53), tersiail 12 (2o) of
the afterburner control unit plug connector, contuacia 7 sl &
of relay 36 (36a), tercinal 4 (3C) of the aftervurner zantrol
unit plug connector, terzinal 12 of plug comnector 1% (1%},

switoh BK of control panel 5 (5a).
The HP-11A puop starts Jelivering fuel 1nto %he afterlirne

d. ’

nanifit the same time, contacts 2 and ) of energized inter
-

vediate relay 39 (37a) switch oo afterburzer silot lazp )

(23a) and prepare the supply circuit of "oi?,‘ilxen f:xzq
valve T[A-21 30 (30a) and the dooster cotl LM-TA 8w,

| —

0001-0

b

4

o
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Synchronization of Jet noz
zle shutte
pressure rise in the afterburner manifold!i:pssjsfdsgdfruel
or by

fuel pressure warning mechanism JACA-2 . when fuel

1: the afterburner manifold comes to exceed tne fulfressuIe

O+ gases aft of the turbine by 0.2 kg/sq.cm. ,the ot o

fuel pressure warning mechanism ICR-2 12 E;Za) :;:tacts .

::::e::ezgfflgzng énergy to the coil of relay 38 (Jﬁi)ci::e ir

aa? hmeaker 22 f:2a), terninal 17 of plug comnctor 15 (ISa; )

comestar 13 ¢ € warning mechanism, terminal 18 of p1 ’

152), and terminal 34 (35 cons
of afterburner control unit 34,
Re

ptnal 11:? :8 (38a) picks up thereby directing current to ter-

Wo-position slide valve 30 (30a) via circuit bz:;k

) of the plug connector

’ e er coi
At th sa.;ne time, relay 38 (JBa.) energizes booster 0il
}("M-IA 8 (8a via circuit breaker 22 mina
(223), terminal 19 17)
of the plug connector orf arterburner control unit¢ KAQ-2 (34
’

contacts 2 and 3 of re
lay 38 (38a), cont
lay 39 (39a), contacts 4 ang 5 . 0 Gromy S oF xe

that is when the HP-11a bump after

:he HP-11A Pump operates and begin,
ay 40 (40a) frop switch &
minals 29 ang 4 of Plug conne

switch ¢ (6a), t
» terminal 30 op
Cerntont <y s Plug connector 15 (15a
contacti 4)3:; ;hefafterburner control unit plu;,c:Z:eotor
of relay 4¢ L '
P d (40a) open tie supply circuit
By this tipe s .
the afterburner, Th
rating,

of control panel 5 (5a) via ter—
ctor 15 (15a), contacts of

table
: engifuel combustion shoylg take place in
i€ starts to orerate at augmented

i

e 199 ——m

the contacts of the switch open when pressure is supplied in-
to the pipe line feeding hydraulic fluid into the interpiston
spaces of the shutter control cylinders.

Hydraulic switch YI34/1 operates in conjunction with
timing relay PBB-1l, accommodated in afterburner control unit
{A®-2 ; the contacts of hydraulic switen YI'34/1 and tising
relay PB3~1 are connected into the circuit of the coil of
plocking relay 36 (36a).

“lhen the contacts of fuel pressure warning mechanism
JCh-2 12 (12a) close,contacts 2 and 1 of relay 38 (38a) cut
off supply from the coil of relay PB3-1 37 (37a), and tae con-

tact system of relay PBB-1 cloces for 0.3 to 0.5 sec.

If, by the time the coatacts of relay PBB-1 close, there
is no pressure in the pipe line feediag hydraulic fluid into
the interpiston spzces of tne shutter control cylinjers, the
contacts of hydraulic switch ¥I34/1  32(32a) will remain

closed, as a result of which relay 36 (36a) will pick up,
opening the supply clrcuit of the U -11A pump by its con-
tacts 4 and 5.

Thus, the flow of afterburner Ffuel will be stopped.

Augmented rating can be switcned on for the second time
only after the engine control lever is removed from tne ".ftexr-
ouxner® ( opcar ) stop, as enmergized relay 36 (36a) will be

blocked by its contacts 5, 6 and 3, 2 and will remain switched

on until the engine control lever is shifted from tue "aftexr-
burner" stop.

To switch off augmented rating, the engine contrdl lever 1s
removed from the "Afterburnmer” stopj this causes limit switch ¢
to open the supply circuit of tae afterburner pump solenoid 4nd
of intermediate relay 39 (392). Puel supply into the afterbur—
ner manifold is cut off. “hen the value of excess fuel pressure
in the aiterburner pmanifold(the value above the full pressure
of gases aft of the turbine) drops below 0.2 kyp/8q.cm.y fufl
pressure warning mechunism 7CE-2 will open 1ts contacts there-

by de-energlzing relay 38 (38a).

Depending on the position of tue engine control lever, the
jet nozzle shutters will shift to the maxiouam, cornal, or aug-
mented position (at 1dlirg speed).

e e

Mer——
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Functioning cf Electric Equipment during Corrosion
Preventive Treatment of Engine

To subjegt the engine interior to corrosion—preventiv
treatment or to remove corrosion~preventive compound, th :
gine fuel system should be flushed with oil o ’ o
vely, without switching on i

gnition. This is done b
Y setti
control panel IIY-3 switch BK in the "Corrosion-preventi "
treatwent” ( Koucepsamus ) position. v '

As a result, the contacts of switch BK will open the s
1y circuit of booster coil unit KI-2IBIY 10 (10a) ang switu:p—
on the solenoid of HP~114 fuel pump 9 (9&), current bein sc
lied directly from the aircraft mains via circuit bzeakef 2:PP°
(22a) and terminal 11 of Plug connector 15 (15a). ‘\

To treat the engine interior or to Iemove corrosion
ventive compound, the starter-generator is switched on b e
pressing the button, and operates through the entd .
i, re starting

Swi
wait _Kntgfﬁgf, opening the Supply circuit of booster coil

-~ Prevents ignition from bein
& switched on
energized solenoid of the HP-11A pump provides for pum ; e
011 through the afterburner fuel system. PR of

T fuel, respecti—

afﬁp;ly of Adroraft and Engine Power Consumers
s:ost-Chazging of Alreraft Storage Battery '
( arter-Generator Operates as Generator)

o dr:fter the starting cycle is completed,
ven by the engine automatically passes
or duty. The shunt winding is

armature to terminal T
via termina} 1(3) of the
contacts 8 and 5 of relay
connector of starting box
Tegulator P-254 52 (52a),
Under the influence of self-
starts to deliver increasing volt
When voltage reaches 18 v, »
opens the circuit of button 'S;ax
Preventing tp,

ing duty with

the starter-generat-
over to the generat-—
connected in parallel with the

of differential-minimun relay 53 (53a)
Plug connector of starting box 50,

46 (46a), terminal 2 (4) of the plug
50, and terminals 4 and F of voltage

excitation,
age.

elay 28 (28a) picks up and
ting" ( 3anmycx ) 29 (29a),
fzom passing over to the start-

the generator

e staxtez—genezatox
the engine Tunning,

1/17 : CIA-RDP80T00246A062100010001-0 =" ===~
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When switch 56 (56a) is closed, differential-minimus re-
1ay 53 (53a) connects the starter-generator into the aircraft
mains in parallel with the storage battery.

This connection is accomplished as follows.

Current ("plus") from terminal T flows to the "plus®
terminal of relay 53 (53a) via switch 56 (56a), and is furthner
delivered into the coil of relay [l . The contact system of
relay I closes, as a result of which the winding of relay P
polarized by a permanent magnet, is kept at P.D.
of the generator and the aircraft mains (terminals T

Lar ).

So far as the voltage delivered by the gencrator remains
lowex than that of the aircraft mains, the contacts of relay P
are kept open. As soon as voltage supplied by the generator
exceeds the voltage of the aircraft mains, the contacts of
relay P close and current is supplied to the winding of con-
tactor K which will connect the generator into the aircraft

and

mains.
Voltage across the generator terminals is maintained at

a constant level irrespective of englne speed, by voltage regu-
lator P-25A 52 (52a).

The main component of the regulator is a carbon rheostat
connected into the circuit of the starter-generator shunt exci-
tation winding.

A change in voltage across the generator terminals due %o
a change in the engine speed causes the carbon rheostat to
change its resistance. Excitation current will change too there~
by making up for the change in the engine speed, as a result
of which the voltage across the generator terminals will be
restored to its preset constant value.

Equal distribution of loads between the gemerators operat-

lel is eansured by corresponding connection of the

ing in paral
& ? 25A and ballast

windings of carbon pile voltage regulators P-

LC-6000.

resistors ]
regulator operates in conjunction witn stabi-

The voltage
lizing traasformer TIT .

Generator operation 1s checke 2 or®
lamp 55 (55a). The pilot lamp lighting up 1nd1cacgs .cn.xt 15
r is cut off from the aircraft mains; with the englne

1ty electric system.

/"‘\/’A "

d by the indications of pilot

generato

running normally, it testifies to a fau
S,
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Chapter XI

ENGINE MEASURING INSTRUMENTS

Engine operation in flight is checked by the indications
of the instruments measuring engine speed, oil pressure at the
cngine inlet, and the temperature of gases aft of the turbine
(Fig.152).

Engine speed is measured by an electric tachometer con-
sisting of generator JIT-3 ang indicator 2T73-I5-],

Tachometer generator IT-3 1s mounted on the engine acoes-

sory gear box flange, while indicator 2T3-I5-1 i1s arrang-
ed in the cockpit.

011 pressure at the engine inlet is measured by oil pres-
sure warning mechunism 2CM¥5-1.3-3 , mounted on the bracket
vf the engine control equipment wire bundle jacket and connect-
ed to the pilot lamp arrxanged in the cockpit.

Two-stage o1l pressure warning mechanism 2Cy5-1.3-3
indicates (by the pilot lamp) a drop in o1l Pressure down to
1.3 kg/3q.cm. when engine speed is below 9700_100 re.p.m., and
down to 3 kg/sq.cm., with the engine speed exceeding the above
value.

Gas temperature ft of the turbine 1s measured by thermo-

weter TBI-II , which 1s a thermoelectric set consisting of a mov-

ing coil willivalticter and four thexwo—oouples conneoted in series.
The thermo-couples are ansertea into the pipe unions lo-

cated on the afterburner difs

iuser at a distance of 250 om
from the flange attacning the diffuser to the turbine.

The engine i3 furnished with four thexmo—couples, the
ng plugged,
O=couples for the right-hand and

left-hand engines 45 1llustrated g Fi1g.152,

T
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The millivoltmeter graduated inm °C is located in the
cockpit.

Thermo-couples TB[-II are installed at the aircraft
manufacturing plant. For carrying out special or periodic
checks when adjusting engine operation on a stand or in tne
field, the engine 1s furnished with special pipe unlon-valves,

bl
located in accessible places. )

The pipe union-valves serve for measuring the pressure
of:

V auxiliary wmanifold;
starting manifold;

pipe lines to the pumps;
afterburner pipe line;

the
the
the
the

(1) fuel in
(2) fuel in
(3) fuel in
(4) fuel 1n

A (5) oil at the engine inlet; in this case oil pressure

is also measured by oil pressure warning mechanism 2CFY5-1.3-3.
= 3=
A pipe connection 1s provided for mcasuring oil tezper

ture at the engine inlet.

2\
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. The compressor inlet housing-to-midaic housing join6592(1_F”J“A
g fitted with six bolts 1, while the Joint Vvetween guide vane
: assemblies has six holes 75 two upper bol:is ~nd two holes are
used for hoisting the engine, whereas four Lover holes serve
to secure the engine inside the casc during snipment,

Two holes 5 made at the joint of the flanges of the comp~
ressor middle and rear housings serve for altacnment of the
engine to the truck when installing the en_ inc in tie aircraft.

Chapter XII
ATTACHMINT OF ENGINE ON AIRCRAFT ]

AND DURING SHIPMENT

The following attachment fittings serve to mount the en- ,
gine on the aireraft: side brackets 3 and 4 (Fig.153) and lower ’
bracket 6.

Side ‘brackets 3 and 4 are seocured to the flanges of the
oompressor middle and rear housings by fitted bolts.

Lower bracket 6 is also fastened to the flanges of the comp—
tossor middle and rear housings; besides, it is attached to the
flanges of the compressor middle housing halves.

Brackets 3, 4 ang ¢ transmit the stresses arising in the
engine to the aireraft load-oarrying components,

Bracket 6 is provided with a sphere, facilitating engine
mounting and Preventing excessive stresses in the Joints,

The side brackets differ by their arrangement on the right-
hand and left-hangd engines (See Fig.153),

The front portion of the engine is fastened to the airoraft
by means of three studs 11 provided in the nose bullet support.

The front portion 1s not fixed axially, which pexmits free tem- ;
perature extension of engine components, |

Two brackets 9, secured to the flange of the rear pipe shell,
serve for additional attachment of the afterburner to the air-

oraft struoture. Each of the brackets bas two holes 10 for
hoisting devices,

With the hangers rem

oved, the bolts are fitted in place
and looked,

- ECRET T
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Chapterx XII

o7 \CHMINT OF ENGINE ON AIRCRAPT

AND DURING _ IIPMENT

A e it

The following attachment fittings serve to mount the en-
glne on the airoxaft: side vrackets 3 and 4 (Fig.152) and Jower
bracket 6.

side brackets 3 and 4 are seoured to the flanges of the
oompressor middle and rear housings by fitted bolts.

lLower bracket 6 is also fastened to the flanges of the comp-
1 .ssor middle and rear housings; besides, it is attached to the
flanges of the compressor middle housing halves.

Brackets 3, 4 and 6 transmit the stresses arising in the
engine to the aireraft load-ocarrying components.

Bracket 6 is provided with a sphere, facilitating engine
mounting and preventing excessive stresses in the joints.

The side brackets differ by their arrangement on the right-
hand and left-hand engines (See Fig.133).

The front portion of the engine is fastened to the airorafi
by means of three studs 1l provided in the nose bullet support.
The front portion is not fixed axially, whioh permits free tem-
perature extensien of englue componenta.

Two brickets 3, secured to the flange of the rear pipe shell,
gserve for adlitinnil attachment of the afterburner to the air-
craft struoture. Gach of the brac':ats has two holes 10 for
hoisting devices.

The split ring of the diffuser~-to~afterburner pipe telesco—
plc joint his two piates 8 which receive shipping and holist-
ing hangers secured by dolts 2,

With tae
and locked.

-

ners removed, tne bolts are fitted in place

..

i

The compressor inlet housing-to-middle housing joint is
fitted with six bolts 1, while the joint vetween guide vane
assemblies has six holes 7; two uppexr belis nna two holes are
ugsed for hoisting thec engine, whereas four lower holes serve
to secure the engine inside the casc Gurin;; saipment.

Iwo holes 9 made at the joint of tvhe rluuges of the cowp—
ressor mddle and rear housings serve far altuacnment of the
engine to the truck when installing the en iuc in tue atreralte
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