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S : OPERATIONAL MANUAL
Czechoslovak Airlines , _ " AI-20 :Engine
: IL-18 Airplane

Chapter I. ' April 1961 o0X1

BASIC ENGINE SPECIFICATIONS
' . Des’.gnation outoco-oooo.oovo;onoocc.;ooooo Al-20

Ty'pe......;..................'...-..o.ogo...- T‘urbopx'op- IR -
Rotation directidn (viewed from exhaust.. Counterclockwise

"COMPTESEOF ssvesosesesncssaccsassssssnsss Axial, ten-stage, compression
‘ _ ‘factor at nominal mode (H
. _ : ' (altitude] = 8000m, . v[speed ]
' : = 175 meters/second), 8.5

COmb'_ustion chamber o teseessesesnes c ssssen Annular, with 10 "headsll 'and a
common burner [apparently a
canannular, with 10 burners.].

Turbine.........'...o...oo....i..;........ .AXial, three-stage
Jet EXhaust cooo‘ll.;o'ob.ooo.vo~oooooobooo Fixed exmust diamtel‘, 0.225 l@

1

Reduction gears sseiceecesesseseseessess. Planetary; transmission ratio =

0.08732
Propeller shaft torque meter ............ Hydraulic

Amount of air, behind tenth compression
stage:

a.~ For air 'conditioning on all flight ;. :
regimes to altitudes of ten kilometers  0.22 kg/second max

b.~ For de~icing on normal and lower:
MOCS ssecietsravrncosnvscoscsscnsessassse 0,13 kg/second, mag

. . Engine RPM

* Idling Speed 0‘..0o.9..00”6.0000.000000-.-.., 10)400:200

In all operational modes ..ovveseeseenssss 12300 £ 90

' p\g,t;%‘,»..............'...... 4015

: -
8-B-C-R-E-T
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Mex. permissible gas temperature for starting
in oc IR EREEREEEEREEEE R ENE NN N I I N I N BN NI I 3 B N B I 3 B ) 750 ‘ 5ox1

Max. gas temperature behind the turbine during engine operation

Operation condition '~ Mode Gas temperature behind
2 ' 5 turbine in ©C, maximum

Any ground start - | - starting ' k70 if 19:1 grea.ter than 15°C ‘
: _ . 520 if tH less than 159

In £1light to
E [altitude] = 10kn  maximum L70*

Nominal hho*

0.85 nominal Loox
or lower

Note: XTemperature of the gas behind the turbine is kept close to the -
temperature of the outside alr according to standard atmosphere
conditions, At temperature deviations of surrounding air from
standard atmosphere conditions the gas temperature behind the

" turbine changes appropriately to 1°C for each 1° deviation.

Transition time [ground] from .idling speea to '
'l'nOVing speed in seconds R X R RN R 15, max

Type Of fuel .'oooooood0‘00000obtoootootooacoonoho T"l, Ts-l, T-2, IARX"SS or
o their equivalent

;é; Booster pump - Designation...eeeeee. TOT.1
| ‘Type .............;..: Centrifugal
Transmission rati,o'.." 0.185%
_Rotation direction .. Clockwise _
b. Main fuel Vpump: - Designation ......... 661 A (or 348.1.) ®
| . Type ........1...;... - Piston
Transmission iatio .o 0.3937

Rotation direction .. Clockwise

2 - AN
S-E-C-R-E-T
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¢+ Main fuel nozzles | = Designation {;...,. FR 20 _
‘Type testsssreconcns centrﬁ%al,_tw°'5OX1n31
Number eveencsoscane 10

Fuel pressure at
moving speed before
nozzles (1o kgfcxf) 178, max

. Grade of lubricating Ol teeeevecsccncsescneee Mix 75% by volume
transformer oil and
25% MK-22 MS=-20, LB-18,
or LB-22 oils, or, if
‘ need be, other similar
C equivalents

01l consumption in 11ters/hOUr seeeeeeesscsses 1.2 max.

Flow of oil to the engine on nominal
mode and when temperature of iamput
oil is 80°C in liters/minute ..eeeeeeeececessss. 135, max.

Heat transfer by oil on nominal ’
regime and temperature of input oil at 80°C .. 850, max,

Temperature of input oil in °C:

Mino permissible totecosvecsnsbsssnose u‘o
Max. permissible after 15 minutes ... 90

Recommended oocoocoooo-ooooooooooon.oo 70"80

i 011 system:
’ a.: min Oil pump - DeSignation .....u.o...; GMN-20

Type ............O..Q'.... Gear, two-stage

Transmission ratlo ...... 0.4821

'

. .  Rotation direction ...... Counterclockwise

Pump performance at engine
rotor rpm of 12,300 and
oll temperature 70 « 80"
0¢, in liters per minute,
minimum

| 3 . e
8-E-C-R-E-T '
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Pressure,o;l pump -

Alr separator

Scavenge pump

0il pump IKM

(torque meter] -
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Pressure side gith intake
pressyre of 0.6 - 0.8 '
kg/cmgrand 4 0.5 kg/cm? oo

Scavenge side with back
pressure of 2 kg/ecr

Deslgnation ...............

Type seesessnsstssrsnnetne
Transmission ratioi..eeeees
Rotation direction ...;....

Performance at engine rotor

. 240, min,

50X1

275, min
MNP=20
Piston
0-5509
Clockwise

rpm of 12,300, back pressure

of 0.6-0. 8 kg/c and oil

temperature 70 - 80°C, in 1

liters per minute, minimum , 90

Deéignation N
Type 0....0.....0000'.0.‘0'.‘
Rotation direction ........

Designation Ry

Type ,bco.ooootcot.oo.o"o.oo

Transmission ratio dosedobos

Rotation direction ........

Performance at eungine. rotor.

rpm of 12,300, back
pressure of 0.5 kg/cm2

in liters per minute, !
minimum

‘DeSignatiOﬁ teserrscrrnns

me O P 06O P E 668 PO OOPIESLSIEOIS
Rotation direction eececes

Transmission ratio ..eee.ees

"
S-E-C-R-E-T
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V020
Centrifugal
Counterclockwise
MNO-20

Gear, two-stage
0.5509

)

Counterclockwise

and
oll temperature. 90-100 C,_

1

80

-MIKM-20

-Piston

Clockwise

0.3097
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* Performance st engine rotor
rpm of 12,300, back pressure’
of 80 kg/cm?, in liters per

Centrifugal -

‘Type ...'.-...........,......J

de=gerator -
- C 'Transmission ratio ..onooloovoo
Rotation direction .eceseees.’
0il f_ilter - D831gn8ti°n 0000.0000..00....0‘

Type 80000000000 0000000000 0

minute, minimum ceeeeececccas

50X1 ~

15

Driven

" 0092

Clockwise
MF=20

.Gauze strainer

Number cicveerieiiiiniiiiien, 2
011 pressure in main assembly for all ground |
operation modes in KZ/CH" +ieiesieescennciacase 5<5.5 -
at 1dling speed Seserediniiciitiitineiiiiaii, 4 min
. Control systems : |
Fuel control = Designation .... .'. sesscessses KIA-SF
‘Component TYDPE iceecevococcscsossnsnnes T'Hydraulic
| Tra.nsnﬁss ion 'ra‘cie for driviﬁg
pump and centrifugal regulators 0.4265
Rotatien direction of drive .. COunt'erc.locicwis_e
~ RPM ran’ge of asutomatic
regulator s..iiesseiececcass 1,000 - 13,100
Propeller’ - Designation ..esesesssssrsss. Ho60 D |
governor Type R R T TR Hydraulic-ceﬁtrifugal
Transmission ratio cecessesss 0.4602 |
Rotation direction .......... Counterciockwise
2ropelle§s = Deslgnation iiesceveseicsienssnceenenss AV-58 I

~T}"‘pe L O N

5
S-E-C-R-E~T
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Puller type, four-
blaeded, variable pitch,
full feathering
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Transmitter for automatic p:f.tch control [feathering?] Electrohydraulic
Starting system | | - 50x1
a. Starter - Des1gRALION «eeerreerrnecnnnsress STG-12TH ,
generator . Number ;..;..........—.w.......... 2
| Transmission ratio ceeseescscsssse 0.5396
BOtation direction cevveveccescens Counterclockwise .
- Necessary oﬁ'bput for propulsion,
, maX. hOrsepower seveesssessess 15
b. Startez; coil = Designation ..eeceececececcssseees KPNl
_ NUMDETr cessscessecsssssossccasssss 2
c. Igniter = .1/ Starter nozzle -« TYPE cveecevsssessesss Centrifugal
| | Fuel pressure at
nozzles, in kg/cm‘?‘ e 2 =3
‘ 2/ Spark plug - Designation seceeesces SPN-4
Number eccesececcocceecsse 2
‘a4, Delivery « TYPE seesessccecscscscacssscsssess Blectromagnetic
val\.re for
starting fuel”
e.  Starter “DeS1ZNAtLON <ueereerrernannsenssess VERS
generator CYDE vveseeevssessseseecsesssssssss Electrohydraulic
switch at Engine rotor RPM at | .
\ © ptarting instant of starter cut=offiu.sseses 4500 « 6500
De-icing system: | .
a. Icing “Des1gnation secesecessssocessencase SO-bA
indicator 'T_y'ée ................................ Pneumoelectric '
. b. Electromechanism controlling air supply |
N - for heating compressor inlet guide vanes
— = Degignatlion cesecectcocccecscccnce MP=5
. e
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Generator "= DeBIZNation teeeeecescsescese
TYPE ceveceeevicecnecsonsnns
Transmission ratio eceeeeceees
Rotation direction ceeeeeeces

Necessary output for drive
(in horsepower) MmaX seeceeee

Tachometef @ Designation ceeecescccocecces
transmibter TYPE crvueeeerernnerersrrenes
indicator, Transmission ratio ecvevesecss.
engine RPM " Rotation direction cieeeceeess

Throttie position indicator transmitter
. ~ Designation .seeceecceveseecces
 TYDE ceeesocccncnnscscencones

Propeller brakes with control mechanism -

| = Designatlon cececeescecscccns
Type R R XYY PP PP RPPI
Transmission ratio sesssscecae
Hydraulic éump = Designation sessssesctacannns
TYPC cecsecctccnscstososcsenne
Transmission ratio c.eieceess

. Rotation direction .....csese

Necessary output for
driv:[.ng pump detsocovocsensscs

Other engine specifications:

Length..‘..0'0?..0’0........'...0.0.........‘0.0..0.‘.

Width

C..........0.‘................‘...l.‘...'....

LT
§-E-C-R-E-T
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SG0=-8U - 50X1
Alternating current
‘ 0.3305

.Counterclockwise

15

DTE-2
Electrical
0.194 |

Clockwisge

UPRT-2

Electromechanical

MZX2

Friction « disk
0.4602

MP=25

Piston

0.1673

Clockwise

Max., 15 horsepower

3076 £5 mm

842 * 5 mm
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IL-18 Aircraft
- 50X1

ENGINE GHARAGI‘ERISTICS

o The characteristics of & turbo prop engine are the main parameters
- of the engine which depend on the operating mode and altitude and speed
of flight.

, L The main parameters of a turboprop eungine concern the propeller and
. - .. equivalent performance, the value of its reactive thrust, specific fuel -
o ~ consumption, gas temperature at the turbine, and the like, which depend
* on the type of construction, engine operating 1imits (altitude and flight
of speed), and the manner of its control.

- Performance and specific fuel consumption are influenced by the
-~ following factors.»- .

" a. Degree of air pressure increase in the compressor;

b.. Gas temperature in the combustion chamber {at the turbine);

¢. Functioning of main. engine components (compressor, combustion chamber,
. turbine, and exhaust);' :

d. Propellers and flight conditions, i;e., speed and altitude flight.

Altitude and speed characteristics of the AI-20 engine were
constructed on the basis of completed experimental findings, gained
- from tests of several engines on the ground and in altitude tests.

Figures 3 «’1l show experimental and calculated altitude and speed
" characteristics for basic modes of the AI-20 engine operating with the
exhaust pipe [attached] without regard to losses at the plane's alr intake.

_ In connection with £light requirements levied on the aircraft (such
as climbing and landing) and the design capabilities of the main components .
of the engine, a regulating system for all operational modes, by automatic i
-correction of fuel consumption the following cOnditions of altlitude and

speed characteristics are satisfied. .

a. Maintenance of nearly constant efficient engine performance at the-
specified flight altitude, at which maximum allowable turbine inlet gas
temperature is reached. The altitude range where performance is constant,
is called the performance limit range and the altitude where the maximum

' allowable turbine inlet temperature is reached [is called the] performance
. S limit altitude; S

R =5

b. Maintainance of counstant ‘inlet gas temperature at altitudes above
then the performance limit altitude. The altitude range, where inlet gas
‘ temperature is kept constant, is called the temperature limit range.

' At performance limit altitudes the inlet gas temperature reaches
b [illegible], maximum allowable quantity, appropriate to the mode.  In

. 9
S-E-C-R B-T
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ralsing the flight altitude (above altitude 1limits), the regulating

system maintains gas temperature T [?) almost constant. On each engine - 50X1
mode (0.4 nominal, 0.6 nominal, etc.) at altitudes higher than the

limit performance altitude a constant inlet gas temperature is maintained

for all-flight speeds.

Equivalent engine performance Nekv, is maintained constant to the
altitude 1imi¥ by raising inlet gas temperature; this 1s limited from
~ the standpoint of engine stability and aircraft requirements.

With increase of flight altitude at. constant speed (higher than the
altitude limits) the over-all level of air pressure increases as a result
?iﬁ temperature drop, and therefore at constant inlet gas temperature
equals a constant) the temperature drop in the turbine grows -
(degree of expansion in the turbine). Therefore, with increase of flight
altitude the speclfic output of the turbine will Increase (produced from
1 kilogram of alr, passing through the engine) and be transmitted to the
propeller. Since by raising the flight altitude the air flow through the
engine drops faster than the specific output of the turbine increases the
absolute turbine output which will be transmitted to the propeller Nyp
and thus also the Ngy, will drop. At the same time loweriung of the engine
output by increasing the flight altitude to H = 11,000 meters takes places
- more freely than does decreasing atmospheric air, {?] which is accomplish-
ed by increased turbine output and by slower decrease of alr flow than 1
the decrease of air'density; .

At altitudes when H = 11,000 meters the over-all level of pressure
increase [in relation to] the flight altitude increase will remain constant
and thus the specific turbine output and the absolute turbine output will
also remain constant. Therefore, the propeller performance and equivalent
engine output will diminish in proportion to the atmospheric pressure.

The level of the performance limit depends on the speed of the flight
- and does not depend on the engine regime. The greater the speed of flight
"+ . the greater will be the level of the performance limit, because increasing
speed increases resistance and this leads to an increase in air flow
through the engine and therefore the maximum inlet gas temperature for a '
given mode is reached at a higher flight altitude. For all engine modes
at same flight speed the limit level has the same designation. ‘ Lo
‘ Specificireactive thrust (Ripec = R, /Gy) obtained from 1 kilogram’ :
of alr 1s increased as the flight altitude increases, which is demonstrated
by the increase in speed of the exhaust gases accompanied by an increase .
"in temperature drop (to the detriment of decreasing gas density at exhaust
_from the turbine) at higher flight altitude. The absolute quantity of
reactive thrust R, decreases as' the flight altitude increases with greater
intensity than the increase in specific thrust; by lowering the air flow
through the engine. The performance limit level depends on the speed of
flight: +the greater the speed of flight the greater the altitude of
performance limit 1eve1.

10
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p temperature behind the turbine, the specific thrust R

| dependent on the over-all temperature of the air flow at intake into o

air temperature at intake the air flow in the engine increases (as a.
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By increasing the speed of £light, the temperature drop in the 50X1
turbine 1s also increased because of the over-all level of pressure

" increase. At constant rpm rotations this results in certain lowering

of the turbine efficiency which, however, is negligible. Thereby at
constant inlet gas temperature (at altitudes above the limit) the .
specific turbine output transmitted to.the propeller is increased with .
the increase in flight speed. Since with the acceleration of flight

.speed the engine air flow increases, the absolute turbine output trans=.

mitted to the propeller and simultaneously the equivalent output during
acceleration of flight speed also increases. In the realm of performance

- limitation, the increase 1in inlet temperature drop and the air flow .

through the engine during accelerationm.'of flight speed results in

" decreased inlet gas temperature. :

The reactive'thrust, ekpressed by the equation R, = Gv (W = V),

- o
-decreases with increase of speed of flight. This is explgﬁned by the

fact that regardless of a certain increase of speed of the gases WS.
emerging from the exhaust, together with the slight increaie of gas
=2 (W, - Vp)

. S p/?
decreases faster as a resultwgfvincreasing flight speeg. %hergfore
without regard to the air flog. .Gy through the engine, the absolute
thrust Rc originating in the exhaust changes with increased flight speed.

The specifié fuel comsumption, in relation to the equivalent output
Cexy increases at limit performance altitudes by increasing f£light speed
as a result of constant (even a tendency toward diminishing) extent of

“equivalent output (as a result of lowering the inlet gas temperature)

and at altitudes above altitudes limit with constant inlet gas temperature,
gas consumption decreases in proportion to the increase in equivalent

engine output (as a result of an increase in the over-all level of pressure . .
increase during acceleration of flight speed). ’

On the AI-20 engine, a constant fuel supply is ensured, which is not

the engine up to / 25 OC; the change of fuel delivery at the same time .
depends merely on air pressure at intake into the engine. By lowering '

[

result of increase in air density and the level of pressure increase in

- the compressor3,and by. unchanged fuel consumption, the inlet gas temperature

becomes less. The result of this is that the .equivalent. engine output

"~ during tests remains approximately constant.

At an’air temperature of £ 25 °C at intake into thé'engine,'the turbine

~ inlet gas temperature reaches the maximum allowable level because of reduced

passage ‘'of air through the engine and the decreased ‘air density and the
level of increase pressure in the compressor. " During further increase in
air temperature at intake the KTA regulating device decreases the supbly
of fuel, in order to prevent overheating of the turbine and the other

.engine parts. The fuel is restricted in such a manner that the turbine -

inlet fuel'temperature is more or less constant. For a constant inlet gas
1 .
S~E-C-R-E-T
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temperature and a drop in the air flow in the engine, the engine output
deereases. o : 50X1

Figure 15 shcw:; s in graph form, the characteristics of the engine ’
which the manufacturer determined from laboratory tests.
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IL-J.8 Alrcraft S0X1
Chapter III

ENGINE DESIGN

- 1. REDUCTION GEAR

1.1. General description

" The engine has a differentiel planetary redu(:tion gear (Fig. 16,

- 17), which trensmits power from the engine rotor drive shaft to the

propeller shaft, with i = 11.k4527.

'The engine rotor drive shaft(1l) (Fig. 17), to the reduction gear
is powered by the ‘engine rotor in a counter-clockwise direction.

. Sun gear (10) of the reduction gear is mounted on the splines of
shaft (11). The sun gear engages six planet gears (9) in planet gear
carrier (8). Planet gears (9) rotate on their shafts in a clockwise
direction and engage with inner ring gear (7), rolling within it in
a. clockwise direction. -

In rolling within inner ring gear (7), planet gears (9) rotate
planet gear carrier (8) and propeller shaft (17), connected to the
carrier by splines, in a counter-clockwise direction. As planet gears
293 roll along inner ring gear (7), the peripheral force of planet gears
9) bears upon the gearing, which foreces inner rlng gear (7) to turn
in a clockwise direction. : .

Inner ring gear hub (12) of the planet mechanism and sun gear (13)

- connected by splines, turn the same direction.simultaneous with inner

ring gear (7). Sun gear(l3) engages six intermediate [plenet] gears
(1), which turn counter-clockwise on .journa.ls pressed into 'bra.nsmlsszxon
housing (1k4). .

The plant gears rotate inner ring gear (15) , countershaft hubd (16)

' 'e.nd propeller shaft (17), joined together by splines.

Countersheft housing (1l4) is connected to the reduction gear house
ing by means of IKM torque meter mechanism (ring gear (2), cylinder (1&) s
plston (6), cems (3) and (5) and the retaining parts).

: The ',4orque is transmitted from the engine sha.ft 1o the- propel_ler
shaft in para.llel fashion in two ways: :

. 13
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-~ about, 30 percent through the planet [gear] and .
-- rema.:m,‘throu@ the countershaft housing. . . S S50X1

Trensmission from the drive shaft (11) to the propeller shaft (17)
_is as follows accord.mg to the kinematic dftgram in (Fig. 17):

PRI B N T 4 o+ gL - ke

zl~ e ;‘ l - z]I 35 » .
whereby _1 . 1 - o.08132 ; o
- 1 TI1.hk5e7 , ‘

The torque meter (Fig. 18) is connected into the reduction gear
system and consists of the "rim" torque meter plate] (4), six cylinders
(3) with pistons (2), eylinder and piston journals, oil line (5) and

hlgh-pressure pump (1).

The torgue meter operates on the principle of balanced axial force, .
‘bearing upon cylinders (3) and the oil pressure under the pistons (2)
in spaces."A".

. Torque transmitted through the countershaft-housing has the ten-
~dency to turn the rim (ll-) » connected to the reduction gear housing by
~ the cylinders and pistons. As a result of the effect.of this torque,
there develops a force exerting its effect on the axes of the cylinders,
tending to shift the cylinders up agamst the p:.stons. The value of '
this’ force is expressed as: :

F = MB
R

where: Mp = torgue transmitted through the countershaft housing; i

Rz radius of the cylinder axis;
F-=z force pertinent to each cylinder.

Under the effect of the torque, the cylinders move against the
pistons, in the course of which the piston ring overlaps groove "B."
_ ‘The flow of oil from spacé "A" is reduced end the oil pressure is
. increased, as long as the force of the oil pressure p yxM does not
equal axial force F. If the oil pressure p-ygy is known,;’che output
nay be computed according to the equation: = , ‘ .

W=k . Py ®
_ where. 2 engine rpo;
- Py = 0il pressure in the cylinder in kg/cma'

1k
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- k = constant, dependent upon the dimensions of the components of
the reduction gear and the tOrgue me'ber » and for a given reduction gear
is )
' k= 1

267.166513

- Upon conversion, N = PIKM L

Pressure in spa.ce "A" is developed ‘by meens of & special high- o
pressure oil pump (1). k '

Lubrication and cooling of -the reduction gear componen‘be as well

as the supply of torque meter oil pump is accomplished by oil delivered‘
by the main oil, pump, mounted. in the front engine housing.

‘1.2.. Reduction gear des:.gn
. The reduction gear (Fig. 19) has the follow:n.ng parts:

(a). The reduction gear hous:.ng (43), enclosing tb.e components of the .

" reduction gear;

(v). Rednction gear housing cover (22) F
(e). Drive shaft (26); . ‘

(d). Planetary mechanism (1st stage) conta.mn.ng the reduction gear sun
gear (28), six planet gears (39), imner ring gear (40 ) , ring gear hub

. (41), end planeta.ry gear carrier (37);

(e). Countershaft containing countershaft i sun gear (46), six planet

gears (47), inner ring gear (48), countershaft ring gear hub (1&9), and
countershaft housing (50)

(). Propeller shaft (52);

(g). Ixm 'borque meter mechanism consisting of rim (8) (Fig. 20

z:y:;.inaer {7), piston (6), and torque meter o:u.l pump drive gesrs 21) and
2).

1.2.1. Reduction gear housing

The reduction gear housing (Fig. 21 and 22) 18 cast of ML 5 ma@esium
alloy and is:shaped like a truncated cone.

- A f£lange with two rows. of bolts is- loca:bed on the forward part of
'bhe housing. The inside. row (12 bolts) is for fastening the cover of
the front. part of the reductlon gear. The outer row (10 volts) is for

15
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mounting the aircraft shield. The three upper bolts (of the 12), which
are larger than the others, are for mounting the housing of the electri-
cal propeller-de-icing brushes. Hole (3) (Fig. 21) in the lower portion
of the flange is for draining oil from the cover of the front portion of
the red.uction gear into the reduction geer housing. o :

: The: :f'la.nge has lug (l) for centering the cover. A steel sleeve for
mounting the propeller roller bearing is pressed into the inner ‘space of
the front portion of the housing. : o ‘

On the rear fla.nge of the reduction gear housing (F:.g. 22) there
are:

- ‘I‘hlrty evenly spaced holes (5) for mounting bolts;
L -~ Three chennels (8) in the upper portion, for supply of oil from
. the governor t0 the propeller;
-=w Two holes (1) in the lower portion to drain oil from the reduc-
.* -tion gear to.the front housing and one chamnel (1l) to supply oil from .
.~ +the main oil pump for lubrication end cooling of the reduction gear pa.rbs
and also for supplying the torque meter oil pump; ,
- ~= Six openings (14), even spaced along the periphery under the
torque meter piston Journals;
' -~ One o0il feed hole (L) from the left side for feeding oil from the
~ operational cylinder to the pressure meter and to the automatic yro-
. peller pitch control transmitter;
o -~ One hole (13) from the right s:Ld.e for electrical cable for pro-
" peller blade de-icing;
£ - S:i.x tap holes (6) for mounting reduction gear housing cover. _

Ch The inner space of the reduction gear housing is divided by &
pa:rtiion, In the front part there is pressed roller bearing sleeve ( 3)
. (Fig. 227 and [sleeve] (2) (Fig. 21) for the roller and ball bearing of- g
~the propeller shaft and sleeve housing (U4) (Fig. 23), made of ML5 alloy, E
. with a nitrited steel, oil-passage sleeve (3), in which operate rings - = = %o
(2) of the oil distribution sleeve (1}..IIn the front half of the hous=: Lo
" ing is placed the propeller shaft and the. oil-distribution components, . . . &
"and in ‘the rear part there are the geared elements' of the reduction gear - - - i
 and the torque meter. The front partition has channels which are exten- ’
.- .sions of oil cha.nnels (8) (Fig. 22) of the reduction gear rear flange.

_ The oil passage sleeve housing (k) (Fig. 23) ahd sleeve (3) have = - . .
~ openings metching openings in the partition for passage of oil from the - : .
-reduction gear housing channels to propeller shaft sleeve (1) and for
- propeller control and lubricatlop of the reduction gear.

. Flange (10) (Fig. 22) with 18 bolts for mounting ‘the ‘propeller
shaft ball bearing cover flange is on the partition inside the housing..
~ The front end of the sleeve has.a lubrication nozzle for the ball bear-
o - 16
o }S-E-C-R-E-T
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: Dassage .opening for mounting the bearing sleeve of the oil punp- and
.7 torque meter drive. The bassage opening leads to the outer flange, to -
" vhich is fastened to torque meter bump. This flange has two openings:

The lower part of the houéiné ‘has flange (9) with bolts and a 56 <

. ~= the first (right) »-is connected:to the ché.nnel_ supplying oil
~ to the torque meter pump. o 4

Lo ~= the second (left) ,»I is connected to the openings of the torque.
. . meter Journals for supply of oil to the meteérs

: . The flange has four bolts and centering indents for mounting the
. pump. The torque meter pump oil supply and the feeding of this oil to
. the meter is accomplished by means of holeg in the reducing gear lugs.

' The lugs have openings and recesses in.which are mounted the torque
Dbistons, with the aid of Journals. - The lug openings are closed except
for one which is connected by means of channels to the Pressure stage
of the torque meter bunp. For drainage of oil seeping through at the
point of the Journal's setting, the lugs have channels'connected, by
opening under the journals s to the inner reduction gear cavity.

_';f.‘“x,_' The rear fiange of the reduction gear housing has inner and 6utef
+ 7 cylindrical surfaces (7) and (12) (Fig. 22): o -

~- the outer serves for centering the engine cowling.
-~ the inner, for centering the partition.

-

In the front outer portion of the reduction gear housing are two
bolts £Or mounting the propeller de-icer electrical cable. Partition (2)
.. (Fig. 2k), which is made of cast ML5 magnesium alloy, is fastened to the
rear flange of the housing, .= = R : '

) ‘The partition flange has the same openings as the reduction gear
" housing flange. Steel sleeve (1) for the Dlanet gear carrier ig Pressed

in the center opening of thepartition. The well [partition] has two
.Openings for de-aeration and for oil drainage from the reduction gear | -
into the front housing. . . o :

1.2.2. Partition
The partition has three cylindrical surfaces;

- == the outer for centering the slﬁ.éld, _ '
, ~- two on the sides for centering the front housing and thi
reduction gear housing. . . ' ‘

The fromt. of the reduction gear housing has a cover (Fig. 25), cast

of magnesium. : The ‘cover is mounted on ‘the hous with twelve bolts.
' The’geriter portion of the (COVer has rubber cup (1):‘through which the
" propeller “sheft passes "ana-fwhich‘*-prew‘rex;ts loss of ‘il from the:-inner:

cavity. S SRR & { R o
‘ . " " S~E=C~R-E-T
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: The cover has 8 recess in whlch there is a ring (56) (Fig. 19) of - 50X1
.. voller bearing (2). . The ring is secured by pins (57) to the cover, in- '
-...‘the lower part of ‘which is a cavity for drainage of oil from the packmg
K space of the forward porblon of the rednction gear. :

The cover has a dra.i.nage hole for oil [see pa.ge] from under the
rubber cup. :

1.2. 3 Dr:i.ve sha.ft

, ‘The d.rive shaft tra.nsmits torque from ‘bhe engine rotor 1o the
reduct:.on gear.,

: The shaft is made of hOCHNMA (40 KnMA] steel; it is heat treated
and on the ends has external nitrited "involute grooves" [helical

 splinds?] The shaft is connected by its.forward grooved ead to sun
gear (l) of the reduction gear, and by its rear grooved end to the-

" compressor, rotor. Also the bevel drive gear of the housing is mounted. .
on the rear end.

On the forwa.rd end of the shaft are two splines'

-- one inside the shaft, | :
' -= anéther on the grooving.: _ g )

_ These spln.nes are interconnected by holes for the flow of oil.: :
supplied by nozzle (25) (Fig. 19) for cooling and lubricating the Spline
" coupling. The splines on the rear end of the shaft are copper coated.

. In the center of the opening on the rear end of the shaft is a bushing
which prevents axial sh:l.f'tmg of the shaft. The inner surface of the
bushing is copper coated and isssecured 40 the shaft ‘by a flat flex:.ble ,

,.ring

1.2.4. Planet gear system

: The planet gear sys‘cem (1st stage) of the reduction gear cons:.sts
of the following main components: sun gear (1) (Fig. 26), mounted on

* the drive shaft splines; planet .gear carrier (7) (Fig. 275 six planet - ‘ :
gears (3% journals (2); inner ring gear (8); ring gear. hub (9) and . o .
details components] of the planet gear bearings. - F

. The gear coupling of the ‘planet stage and the coun'ter sha.f'h have
corrected [modified?) gears 'l;o reduce the contact- stran.n and to equaln,ze
the specific slippa.ge. o - : _ \

18 L
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PR 'I‘he sun gea.r of the red.uctlon gear is cylinderical, made of 12CHZ2HLA
- [12KnoWBA] steel, and has external front gearing. It has 35 carburized °OX|
L mvolute teeth and a central opening m'bh copper-coated splines. - _

The sun gea.r is freely set on. the splines of the drive sha.ft. The - )
gear splines have three recesses:. :

o ~= One in 'bhe cen’cer :Eor 1u'brlca‘bion of the splines and
o L == two on the edge for mounting the a.dJustment r:.ng securing the
‘ _ ‘gear m an axial posrblon on.the: shaft.

The f_ree settmg of the ‘sun geaxr on the splines makes possible-
the actusl engagement of the sun gear withthe planet gears during opera=-
tion. The planet and sun gear teeth are cooled with oil supplied under
presszlre by nozzles (2) (Fig. 28) which are pressed into the planet .
gear (1). : AN

. For-each pair (sun gear - plariet gear) there is a special.nozzles.
:  The nozzles have three holes; the center hole supplies oil to the sun
s 7. gear teeth at the point of initial engagement, while the 'bwo on the
edge [supply o:Ll] at the pom't of dlsengagement.

. The planet gear carrier (7) (F::.g. 27) is made of )-I—OCHNMA [LoKnIMA ]
- steel and has the shape of a housing with openings in which are mounted
planet gears (3). In the center, the carrier becomes & shaft with -
involute, copper-coated splmes.. .

_ The splines of ‘the shaft connect 1t to propeller sha;f'b (52) (Fig. 19),
and its’ copper-coated ends are centered in the special propeller shaft

‘guide (8).

: The rear portion of the shaft also has a centering boss (%) (Fig.
28) vhich forms a support for the countershaft housing. To improve
‘resistance to wear, the boss (L) is chromlum plated. The centey por-
tion of ‘the boss has a hole for oil supply to the countershaft hous-
ing sleeve and then to the bearings a.nd teeth of the countersha:ft gears.

On the planet gear shaft hous:.ng, from the side of the casing there
4 is a surface for ball bearing 319) (Fig. 19) and threeds for the mount-
DR - ing nut. The ball bearing (19) is prevented from axial shifting by the
.. ! ring gear hub, countershaft gear (46) connected with 1%, and inner ring
@® | o~ (ko).
' ' For lubrication of the spline coupling of the' planet system hub .
and thé countershaft sun gear, the planet gear shaft housing has
nozzle (18) (Fig. 19). Inside the planet gear carrier cavity, sleeve
(17) is inserted, creatmg & circular cavity for passage of oil. The . °
sleeve is secured in its position by thrust ring (27). Nozzle (25) is
in the rear portion of the sleeve and supplies oil to the spline coupl-
ing of the sun gear of the reduction gear and the d.rive shaf't, a.nd of
’“bhe dr:we sha.f‘b a.nd the compressor sha:ft
' | SeBa@-R: ap
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On the rear end of the planet gear case there is a surface and
threads for mounting and fastening the ball bearing (29), in vhich is = 50X1
-mounted the planet gear carrier. ' ’

'The walls of the planet gear carrier, connected by six bridges ’
"~ have six evenly spaced openings into which are pressed. the planet gear
~ . journals (2) (Fig. 27). -

On the oitter side of the left wall is a cylmdrica.l boss with six -
chamfers to prevent the journmal from turning. ’ .

- In the left side of the planet gear carrier there is a drilled
opening for supply of oil to the planet gear journal cavity for lubri-
cation of the roller bearings. The oil then passes through openings in
the right wall and through the cavity between the special sleeve a.nd

the case 'bo the six nozzles (2) (Fig 28).

[Page 7 of original text is missing]-

in addition to the splines, there is a recess for the bearing and two
c:x.rcular grooves for the retainer rings.

Hub (¥1) (Fig. 19) of the planet gear system is prevented from
axial shafting by means of ball bearing (19), the outer ring of which
is mounted in the hub with a clearance and is secured by adjustable ring
(21). From the other side, the forward end of the rim of the reduction
gear sun gear, secured by an adjustable ring, presses a,gamst the outer
~ ring of bearing (19) through ring (20). -

The spline coupling of hub (41) of the planet gear system and sun
gear (46) is supplied with oil under pressure from nozzle (18) through
- the planet gea.r shaft housing, 'bhrough openings a.long the splined rim
of sun gear (46).

l.2.4. Countershaft

" »The countershaft consists of thé following parts:

‘Sun gear (ll) (Fig. 272
Countershaft tube (6) (Fig. 29); :
-~ Six planet geers;. - ' ‘
Planet gear journsls (2) ; - :

© == Inner ring gear (7);

== Hub (8) and roller bearing components.

The pla.net gears, Jjournals, the imnner ring gea.r, and the roller
bea.r:mg components of the countershaft are interchangeable with like
pa.r'bs of 'bhe planet gear mecha.nism.
20 . : o
" - 8-E~C-R-E-T
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‘The bearing of intermediate gear (3) differs from the bearing of
the planet gear of the planet gear system only in that it does not 50X1
a cage (28 rollers). : : o

'The countershaft sun gear 1is essentially the same as the reduction
gear sun gear.. . S

‘The rear pértibn of the teeth of the countershaft sun gear is
separated from the remaining part by & circular groove (Fig. 27, pos
[?] 11) and is used for coupling withthe planet system hub.

On the teeth and in the central opening of the gear under the
grooves . there is a circular groove for passage of oil for lubrication
and cooling of the spline coupling. The teeth are copper coated.

The countershaft planet gear carrier (Fig. 30) is box-shaped with
ribs and is made of LOCHNMA [4O KhNMA] steel. The elements of design
such as the mounting bolts, oil supply for lubrication and cooling of
the bearings, and the recesses for the gears are the same as in the planet
gear carrier. ' : ‘ S '

In the central opening of the left side of the countershaft plenet
gear carrier there are grooves for coupl with the rim [plate?] of
the torque meter mechanism; [these grooves| connect the carrier sy by

, means of the cylinders and the pistons of the torque meter, with the
reduction gear housing. The grooves are copper coated and have a groove

for a flexible ring, which prevents the case from axial shifting in the.
grooves of the torque meter rim. ‘

The right side of the countershaft planet gear carrier has a cylin-'.'

" derical terminal end, in the central opening of which are pressed two
~ bronze sleeves which center the countershaft planet gear carrier on the
sun gear case shaft. S . S

Between the sleeves there is a groove to which oil comes through
openings in the countershaft planet gear carrier. This oil cools and
lubricates the details [components] of the countershaft.

To permit passage of oil in the centrsl opening, there are three

. milled pockets connecting the circular groove with the oil channels in
"- the left wall of the carrier. _ .

Countershaft hub (8) (Fig. 29) is made of 12CHRNLA [12KnoW4A]
steel is heat treated, end has inner and outer hardened splines, on

: the profile. The outer splines are the same as on the hub of the

planetary stage. The irner splines run the entire length of the hub.
These splines connect the hub with the propeller shaft. The splines
are lead coated for protection against abrasion during assembly.

ERAEP! |
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1.2.5. Propeller shaft (Fig. §Ll

50X1 .
The propeller shaft transmltsthe torque to the propeller, and also :
. receives the forward thrust of the propeller s ‘the bending moment of the

‘ 'propeller, a.nd. the gyroscopic moment .

The hollow propeller shaft is made of NOCHWMA [40 KaNMA[ steel,
is heat treated and mounted in ‘the reduction gear housmg on two roller

bearings. _ o ) .
Front bearing (2) (Fig. 19) is of the roller, thrust type; rear -

bearing (5) is of the ball, radial exial type, and receives the forward

thrust of the propeller; trasmitting it to the reduction gear housing

through the steel bearing sleeve.

, Mounted from ‘bhe outer side of the central portion of the shaft .'
ares

-~ Bushing (55) under packing seal (58);
0il slinger ring (1) .
Ball bearing (2)
-= 0il distribution liner (3) with packlng ring (53), which are
pressed against the shaft thrust ring by nut (9).

On the end of the shaft are mounted: ball bearing (51), drive .
gear (12) of the torque meter oil pump, and countershaft hub (49) ,
vhich are fastened with nut (11&)

Tnside 'the shaft are inserts () and (5) which carry oil for pro-
peller pitch control end for lubrication of reduction gear componen’cs. '
In addition, the planet mechanism shaft seat (8) is insige.

The front section of the propeller shaft has a flange with front
" splines .and openings for mounting the propeller. On the rear end-are
splines for mounting and fastening drive gear (12) of the torque meter
0il pump and countershaft hub (49). Inside, the shaft has involute
grooves for coupling with the planet gear housing shaft. In two places
© .on the outer surfa.ce of the shai't there are threads for fastening the
components.

o To supply oil for controlling the propeller blades and 'for lubri=-

cation of ‘the reduction gear, the wall of the shaft has four rows of .
radial openings, distributed against four sleeve recesses (3). From

the first recess (from the propellerz through drilled openings in the

propeller shaft and inserts (4) and (5), the oil passes to the "fixed"

piteh [fully-featured] channel, from the second [recess] into the low

pitch channel, from the third to the high pitch channel, and from the

fourth to the cooling and lubrication of the reduction gear.

. "22
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The recesses are separa.ted. by bronze packing rings (53), mounted
in pairs in the liner grooves. . 50X

On ‘the front end of liner (3), along the inner diemeter, » 'bhere is
& recess for [lock] pin (54), mounted in the propeller shaft, which pre-
vents the liner from turning in relation to the shaft. Th.e inner sur-
face of the liner is copper coa‘ced. :

. Packing rins (53) of the Liner (3) run on the nitrzted surface of
. ' sleeve (7), on whose outer surface are four civcular recesses, comnected
by opening and channels of the reduction gea.r hous:.ng. ‘

Along ‘both sides of the recesses three sre circular grooves for
rubber packing rings vhich prevent the seepage of oil from channel to .
channel. .

Sleeve é’? is brevented from turn:.ng by means of stops pressed into
"its housing ' . :

Steel seat (8) and inserts (4) and (5) are mounted in the inner
cavity of the shaft. The walls of the seats and the shaft wall form
. & circular cavity, from which oil passes through a hole into the shaft
of the planet gear carrier.

Tnserts (4) and (5) are cast from magnesium alloy end their front &
. portion has a thrust section with grooves for rubber rings for coupling
'with the slide valve apparatus of the propeller sleeve.

The outer surface of the inserts ha.s circular grooves which have
‘rubber rings along their sides, preventing segpage of oil from groove
to groove.

. Insert (L) (Fig.. 19) is prevented from tu:ming in relation to the
shaft by means of pin (54).

1.2.6. Torque meter (IKM) mechanism (Fig. 32)

0il line (7) consists of six bent tubes, intercomnected by threaded
fittings. The ends of the tubes are soldered into openings of the
+threaded fitt:i.ngs. :

. : : Tube (4) (Fig. 20) is seated in openings [nipples] in the threaded
’ fittings against the seating surface of the [cylinder] pivot (11) and
of the cylinder (7), and is secured by nut (3). At the point of the
connection of each. threaded £itting with the pivot , 't;here is a rubber
. ring seal (10)

a3
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_ A 'special'_high-pressure oil pump (Fig. 20, item 13) provides the
necessary oil pressure (up to 90 kg/em®) for the torque meter cylinders. 50X1

The pump is driven by drive gear (2) (Fig. 20), which has 117 teeth,
spline coupled to propeller shaft (12). This gear engages pump diive
gear (1) which has 33 teeth. This gear shaft rests in two ball bearings
(14) with spacer sleeve (15) securedby a nut. ‘ .

The rear end of gear (1) shaft has inner splines into which the '
~ splined end of the pump drive shaft fits. . The drive shaft bearings are S .
seated in steel sleeve (16), mounted in a recess in the reduction gear
housing and fastened by four bolts. ' - ‘

t

1.3. Reduction gear oil system

The reduction gear oil system (Fig. 33) lubricates and cools the
components of the reduction gear [assembly] under pressure by spraying;
supplies oil for propeller control; and [supplies oil] to ‘the torque

- meter cylinder cavity. ) ' L

. The oil is delivered from the GMN-20 main 0il pump to the reduction
gear system pressure; the main pump is mounted in the front housing.:

Through channel (20) in the reduction gear housing and through
openings in parts (29, 28, 27, 26), the oil passes from the main pump
to circular cavity (25), formed by sleeve (24) and the shaft of planet
gear carrier (23); from there the oil is distributed as follows:

-~ (a). through holes (22) in the planet gear carrier,. annular groove
E2), three recesses (3), and .six holes (4), in the countershsft housing

the o1l] is supplied for lubricating the roller bearings of the counter=
shaft planet gears., At the same time oil is supplied through six holes -
-in the planet gear carrier to.nozzels (21) for lubrication and cooling
at the meshing points of the sun gear and countershaft planet gears

(6);

(b). with the aid of_nozé.le (7) in the planet gear carrier shaft
. for lubricating and cooling the spline coupling of countershaft sun
gear (5) and hub (8); : . v

(c). through channel (9) in the plug and through nozzles (15), the - o .
0il passes on to lubricate and cool the splined coupling of sun gear (17) ’
and drive shaft (16), and the drive shaft and compressor; \

(d). through six ‘bores (10) [the oil passes on] to Lubricate v
planet gear roller bearings (14); and through cavity (18) and nozzles .
(19) the oil passes on to lubricate the meshing points of sun gear (17)

- end plenet gears (k).

2L
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_ | Lubrication of ball bearing (1) is eccomplished by a'nozzle mounted
in ‘sleeve housing (29). The other parts are lubricated and cooled iy ihe
sprayed oil.s : E n o

. 0il for propeller control is delivered by the [propeliér] governor
through a system of channels in the fromt housing and in the reduction -
gear housing. -

e 0il passes from the governor through three upper channels (11, 12,
’ . *  13) in the reduction gear housing to sleeve housing (29), and from '
there through openings parts (28, 27, 26, 30, 31) into the: low pitch
channels. . ' ,

The torque pump is supplied from the main engine pump through
channels (17, 18, and 23) (Fig. 20) in the reduction gear housing.
From the torque meter oil pump oil passes through hole (24) in’the
. reduction gear housing through pivot (25 into tube (%) of the torque .
- meter [illegible] through pivot (5) into the operating cavity of cylinder
(7). Through openings (19, 20, 21, 22) oil is carried on to the mano- |,
meter, which measures the pressure in the“operational cavities of the |
cylinders. o - ’ :

The return oil is [collected?] in the lower portion of the reduc-

tion gear hous:i_ngl cavity, from where it passes through a drilled open-
ing into the [illegibleli of the housing. C -

" 1.4. Supplement for series 02 and 03 engines

Tn the Series 02 and O3 engines the reduction gear [assembly] con-
tains an automatic transmitter for [pccopeller] feathering reverse pull
[negative torque].

Priixciple of operation of the transmitter

The automatié negative torque transmitter (Fig. 34) provides the
impulse for setting "the propeller blades into & feathered position when
' negative pull torque, exceeding the setting of the ‘transmitter, develops o
o during flight. : .

The transmitter is actuated by the axial shifting of the propelier

. . shaft caused by the effect of negative torque on the propeller, develop-
. ing during flight upon failure of the engine or of the propeller control
system. ' - ‘ :

The negative 'Eorque .sh:I_'E'ts the propeller shaft and simultaneou,s]j’i
the thrust ball bearing in the direction opposite to the direction of
flight. Such shifting is impeded by the combined force of the springs
-and the jpressure of the oil in space " " (Fig. 3%), developed by
cylinder (2 ) and piston (1) of the trasmitter, which is comtimuously
. supplied with oil by the main oil pump. T S T

. ' S-E-C-R-E-T
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From space " [ " the oil passes along groove "A" on the inmer -
surface of the cylinder and along the control channel to the [propeller]. 50X1
governor. Blocking of oil to the control channel or & drop in its
pressure to under 2. 5'kg/ cm?® indicates an emergency condition of the
engine or of the propeller control system. When shifting to the right, .
piston (1) with packing ring (6) covers groove "A" and blocks the supply -

~of oil to the control channel. - At the same time, ring (7) uncovers
E groove ."B" which ;permn:bs an immediate. drop in oil pressure in the con-
' trol channel. ' '

:Blockage of the oil supply is the control chanpel is the impulse
for the automatic system in the governor, which ensures the setting of
the propeller blades in the feathered position and the complete cut-off
of the fengine] fuel supply.

. The red.uctlon gear is des:L@ed with equipment which controls the
automatic feathering system by imitating the resulting negative torque
on the propeller shaft. For this pfipose oil is supplied from the
"fixed angle" [full-feathering?] channel under -the piston (5), mounted
in the ball bearing sleeve. Through the effects of the force resulting
-from the oil pressure, the level of vwhich exceeds the maximum permissible ,
negative torque, piston (5) is shifted to the right as are transmitter
ball bearings ({L) and piston (1). This also stops the supply of engine
0il to the [propeller] control chamnel. . In the course of this, an
- impulse is provide for setting the propeller, which is indicated by an
signal light in the pilot's cabin.

_ 0il is d.elivered under pisto‘n (5) only during operation, of the

. automatic feathering system. For the entire remaining period the oil

~ supply’ channel is closed by an electromagnetic vale, located in the. o:.l
line from the full feathering channel under pls‘ton (5).

Design of the a.utomat:.c fea‘thering transmit‘cer

The . nega:t:.ve torque automtic con'brol transmitter (fig. 35) con-
sists of two basie parbs* B _ b

- the transmitter and - : ' )
-- the control mechanism of the automatic fea:thermg system.

I The tra.nitter has 't;he followmg main pe.rt3° 4

cylinder (19) | R ’
. piston (22) : ' DR ‘ :
L. == springs. mounted in cylinder sleeves (13)
T =~ packing rings {11) and 12). -

-’ Cyl:.nder (19) is made of 38CHA [38 K.'hA] steel, and togéther with -
piston (22) forms. the oil ca.v:.ty ot the transmitter as well as a spa.ce '
for mounting the spri.ngs. ‘

L 26 R
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‘There are 20 openings on the cylinder flenge, with 18 of These used ny4
for fastening cylinder mounting bolts to the reduction gear housing and - . -
two for passage inserts (10) and (20), connecting cavity "F~ " of the
cylinder through drilled holes and millings in the reduction gear hous=-
ing, and in the cylinder itself, through'the engine oil line and the com=~ -
trol channel to the governor. = - ' . L

_ : The cylinder well has 18 openings, 15 of which are used for retaine-
- ing springs (13) and three for guide pins (21), preventing the piston
. : from turning. | o . ' )

The cylinder sleeves have 15 outer and 15 inner springs, mounted
in pairs, one inside the other. :

The inner spring has a guide (16). The total force of the springs
. averages 900 kilograms. ' ‘ . :

Inside the cylinder are two precision-machined cylindrical surfaces
for rings (11) and (12). The surface of the smaller opening has three
grooves: one of these supplies 0il to the regulator transmitter con-

~ trol channel; the others are for drainage of oil from the cylinder when
piston (22) shifts to the right. .

Piston (22) is made of 38CHA.[38KbA] steel. On its outer surface
are four grooves, thre for packing rings (11) and (123, and the fourth
. .. center groove on the thinner porition [of the plunger] comnects cylinder
" ecavity " J© " with the control channel. ‘

. The wall of the piston has 15 recesses for springs' and ‘three holéé
. for pins vhich retain the piston in the cylinder.

. # on the outer diemeter the piston has & relief groove.

- - .The apparatus for control of the operation of the automatic p:i.tch
control system consibts of piston (25), packing spring (7), and 12 ‘
springs (26). Three pins (6) prevent the piston from turning.

All of these parts are mounted in front.of ball bearing (24) in
insert (28). The piston is made of 38 CHA [38 KLA] steel. Together
with insert (28) and insert (27) it forms & cavity into which oil flows

L ! from propeller feathering channel (1) through & drilled hole in the
. , housing during operation of the transmitter.

| ' : The piston has groove for packing ring (7), three holes for pins
| : . (6), and 12 holes for springs (26). The springs press the piston
o © against bearing (2113 when it shifts simultaneously with the propeller

a7
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. Insert (27) is fastened to the wall of 'bea.ring insert (28) by bolts - 50X1
-and the cylindrical portion is centered in it. o

The surface of the insert ha.s a groove for packmg ring {8), pre-
venting the outflow of oil from under piston (25). The oil is supplied.
under piston (25) from feathering channel (1), through a drilled hole in
the housing and bearing insert (28) and through electromagnetic valve .
(37) which is fastened tothe outer surface of the reduction gear hous- _
ing and connects with the oil channel through inserts (34) and (36). , .

The automatic_ control transmitter for negetive torque is set at a
reading of 1,800 .,%80 kilograms with the oil pressure in the system.
. at 5 kg/cnne o y

In addition to the newly-mounted automatic feathering transmitter.
mechanism and the control apparatus, the [02 and 03 series] reduction
gear has the following differences in design: .

The front oil-passage insert (4) is made of magnesium alloy with &
drilled hole in the central portion for return oil from the propeller to
the engine.

The front end of the insert is located on the same plane as the
propeller shaft flange. :

Planet gear carrier ball bea.r:mg (17) is reduced in size [pre- - -
sumgbly in comparison to series other than the 02 and 03]. The seating o
diameters of the planet gear carrier, the bearing insert, and reduction
gear partition were made in the same manner.

. Ball bearing (17) is mounted with a clearance which permits it to
shift freely in en axial direction in relation to the insert. For this
reason the tolerdnce of ‘the stop lug and @'oove with retammg ring in
the insert are nil., -

The planet gear carrier is axially secured by flexible rings (30)
end (31), mounted in ennular grooves on the Planet gear carrier grooving.
Permissible shift of the propeller shaft in relation to the planet gear
case is 0.0 to 0.2 millimeters and is secured by a spacer washer (29).

The IKM pump drive gear (18) is fastened’ with bolts to the flange - ‘
of the countershaft hub :Lnstead ‘of being splined on the grooves of the
propeller shaft. :

- 0il is supplied to reduction gear ball bearing (24) through hole
'(32) in ‘the propeller shaft a.nd through a recess in bearing space
washer (5). .

28
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. o 50X1
On the outer surface of the reduction gear housing is a flange for - L
. mounting electromagnetic valve (37) for automatic feathering control.
© The following supplementary channels are built into the reduction gear

housing: - ' ' '

(a). For supply of oil (23) from the engine oil ine into the cavity
of the automatic_control transmitter for negative torque;

@ (1), For scanvenging oil (9) from the transmitter cavity through ~
' the front housing to the housing; S ‘ .o

(¢). For supply of oil (35) from the full feather channel to the
electromagnetic valve of the automatic feathering control mechanism;

(d). - For scavenging oil (33) from the electromegnetic valve under
. ‘the control plunger. , '

2. FRONT HOUSING

The fromt housing (Fig. 39 and 4O) is located between the reduction
gear and the compresser, and serves as the mounting for engine accessories,
accessory drives, front mounting bolts, compressor bearing inlet guide -
vanes and forms the air intake channel of the engine. ) _

The front housing group consists of the following parts:

| , == front housing (12, which contains all the parts of the drive;
: ' -~ propeller brake (2);

| S -- main gear (8);

-- drive housing (10).

'The front housing contains the following accessory drives (Fig.
41 and 43): : -

i — (a). Propeller brake drive, [propeller] governor, and centrifugel
| : - deaerator, consisting of bevel gear (h?e(Fig. 41) and horizontal Shaft
(2), mounted in two ball bearings. At the same time the drive is con-
nected, by means of the grooves (1) tothe propeller brake shaft. Bevel
A ‘ drive gear (3) is engaged in the centrifugal deaerator gear, and splined
’ shaft (5) transmits the rotating motion to the. governor;

(b). Drive housing drive, consisting of bevel gear (6) and gear
(8) with shaft, mounted on two ball bearings. The motion is trans- -
‘mitted by splined shaft (9). From the gear and shaft (10) motion is
tremsitted toithe main oil pump through splined shaft (7); ’

. .
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(c). Two drivés to the starter-genera‘bor consistmg of drive gear N
" (k) (rig. 42), intermediste gears (13) mounted on two ball bea.r:mgs, © . BOX1
and sp:l.:med shaft (11) :

, (d). From the drive to ‘the scavenge oil pump, composed of inter-' :
: 'med.:.a:te gear (21) (Fig. 43), gear (29), mounted on ball bearings, and: -
splined shaft (19); , .

. (e). From 'bhe drive 'bo the oil separator and the oil supply pump, - - - -,
. which consgists of intermediate gear (18) and gear (17), mounted in ball' = 'i ‘
. . bearings. Splined shaft (25) transmits motion to the separa.tor, a.nd 'by'
splined sha.f‘t (26), to the oil supply pump; - ‘ .

(£). : From the drive to the alternating current generator which -
. consists of two intermediate gears (22) and gear (23), mounted on wo.
S ,ba.u. bearings, and generator drive couplings (24). :

201 Schematic of the e front housing drive

S The schematic of the front housing drive is on Fig. 4. From the
" turbine rotor, rotating counterclockwise, motion is transmitted through
- . the compressor rotor to drive shaft (1) a.nd. on to the reduction gear and . -
~ the drives in the front housing. :

R Motion is tra.nsma.tted to the reduction gear through reduction drifre
... gear (28), splined to the d.rlve shaft.

From the d.rn.ve gear of the ma.m drive ) the transmission is divided .
to two [locations]: _

(a). To the accessories located in th3 upper portion of the front

. housing: ‘through upper drive bevel gear (3/ of the main drive and gear

" and shaft (%) to bevel gear (5), located on-~the splines of the right o
end of upper horlzon‘ta:l. shaft: (6) which turns clockwise. . o

Inside upper hor:.zonta.l shaft (6) is the drive, connected to the
shaft andthe propeller governor by means of splines (drive I, 'burns to . .
the left). On the central section of shaft (6) is the bevel drive gear .. =~ ~
. ' of centrifugal de-amerator (7), which is engeged in the centrifugal <L
‘ de-aerator shaf‘b drive gear (drlve II. rota:bes ‘bo “the righ‘t)

, on the- lef‘b ‘end of upper horlzontal sha:ft (6) is mounted bevel . - .

- drive gear (9) of the starter-generator drive; engaged in these is e

" intermediate starter-generator drive gear. (L0), rotating on fixed .
Journals (11) and trasmitting rotating motion to. the starter-generator
drive gears and shafts (12). Inset within these gears are splined -
shaft of the. stax*ber-genera.tor dr:.ves (drive III. rotates to the left)

-

L B0
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.+ The left end of upper. horizontal shaft (6) constitutes the pro-
- peller breke drive (drive IV. rotates to the left); . 50X1

Lo . (). To the accessories located in the lower portion of the fromt -~ N
. SRR F-,,‘..'-‘ housing and particularly; through the lower driven bevel gear of main

drive (3), connected to gear shaft (13}, to bevel gear (1k). he
Bevel gear (14) is mounted on the end of lower horizontal gear (15) °
G and tRuns it clockwise. To the right of gear shaft (15), through two
. - intermediate gears (16), rotating.on fixed journals, motion is transe
- - ‘mitted to gear (17), which constitute the drive for the alternating
_current generator (drive V. t: s to the right).

‘ To the left from the lower horizontal gear shaft 5153 , through -

- - intermediate gear (16), motion is transmitted to gear (18), inside
which fits the drive cone [bevel gear?] of the oil sravenge pump from
the reer compressor bearing and the turbine bearing and the turbine
bearing (drive VI. rotates to the left). . '

Engaged in gear (18) is another intermediate gear (16), from
which the motion is transmitted to gear (19), which has [inside?] splines
on the ends of its cénter hole, and from it [the motion is] transmitted
‘through transmission shafts to the accessories; from the rear end to

- the centrifugal separator (drive VII. turns to the left), and from the .

front end to the oil delivery pump (drive VIII. rotates to the right)..

From lower horizontal gear shaft (15), through the drive housing
shaft, dual drive housing gear (20) turns, with the left large ring .
[gear?] which is engaged in gear (21) of the drive ‘of the main”fuel

-pump (drive XI. turns to the right). ' : ‘

Engaged in the small right ring [gear?] from the left side is gear
- (22) of the fuel delivery pump (drive X, rotates to right) and from the
right side, dual gear (23) [is engaged]. '

. From the left large ring [gear] of the same gear motion is trans- -
mitted to gear (24) of the scavenge oil, pump for the drive housing
- (drive XI. rotates to the right) and from the right small ring, through
intermediate gear (25) to tachometer tremsmitter gear (26) (drive XII.
rotates to right). = - | . : :
. The center hole of dual gear (23) of the hydraulic pump has [inside]
- splines into which is fitted the hydraulic pump drive shaft (drive XIII.
. rotates to the right). : '
: The hole of main gear (20) of the drive housing has splines, into
- which is fitted the KTA drive shaft, which transmits rotating motion .
. to the KIA (drive XIV. rotates to the left).'.From the lower perpendicular
. shaft of .gear (13), through the.oil pump drive shaft, motion 1s trans--
mitted to the main oil pump (drive XV, rotetes to the left). - =
. §-B-C-R-B-T '
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2.2, Design of the front housing

.The front housing (Fig. 45, 46) is cast of ML5 megnesium alloy and 50X1
_'has the skjpe of two truncated cones: inner (28) and outer (24), inter-. -
connected by six ribs (9) (Fig. b45). '

o Between the inmer and outer cones there is created an intake suction '
channel of the engine, divided into six sections (10) by ribs along its
periphery. The upper and lower portions of the outer cone have lugs with
flanges for mounting the accessories. _ ' .

The drives are mounted to the accessories in the center cavity of
the front housing, in the spaces of the perpedicular ribs'and lugs.

Both cones have flanges on their forward ends:

-~ from the front - [flanges] for mounting the reduction gear and
the air filter (lapac),

~= from the rear -~ for mounting the compressor and the inlet guide
vanes. :

On the front end of outer cone {24) is the flange (8) with twelve
holes for mounting the air filter, and on the forward end of inner cone °
(28) is a flange (1) with a central recess and thirtly bolts for mount-
ing the reduction gear to the front housing.

On this flange are:

-~ 0il supply holes for the propeller governor and the propeller;

-- 0il drain holes (21 and 23) from the reduction gear to the front
housing; . o '

~-- opening (22) for supply of oil from the main oil pump for lubri-
‘cation and cooling of reduction gear components and also for supply of
the torque meter pump; o

-~ opening (29) for supply of oil from the operating spaces of the
torque meter cylinders to the pressure meter and trensmitter for auto-
matic pitch control;. T ‘ ‘ :
. -~ opening (27) of the sleeve for the electrical cable for de-icing
propeller blades. o . '

Into all oil openings (except drain holes) there are inset adapter
sleeves with rubber rings for sealing the oil cheannels. : . .

. In'the central portion of the inner done there are two recesses
for the front housing main drive with flanges with nine bolts (25) for
mounting the main drive. In the lower portion of the front end of the
flange there is a pin for securing the drive in the specified posi-
tion. The front housing has an annular groove, covered by ring (26),
for passage of heated oil from the right side ribs into the left.

- -I
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From the front, on the upper housing projection, there are three
flanges: the center one (6) for mounting the propeller brake and i50x1
. flenking flanges (5) for the pivots of the intermediate gears of the
starter-generator drives. Under the flanges is mounted a nozzle [sensor?]
for measuring pressure in the bharp pitch channel. A

In the upper. portion of the box-like projection there is a flange |
. (18) for mounting the oil delivery pump and hole (20) for mounting a
drain cock for oil from the front housing [sic, located in lower pro=

. , _ Jection on housing].

On the side walls of the outer housing there is also a number of
Jugs for mounting accessories and fastening engine components. There
are, namely: : - :

-~ both:flangés for fastening the engine mounts (45) (Figs 145) 3
and (16) (Fig 45); -

S -- on the front forward end of the outher cone, opposite the upper -
~ and lower diagonal ribs, there are flanges (11) (Fig. 45) and (44) _
s (Fig. 46) with openings in the center for mounting tubing for passage
of oil from the suction stage of the main 0il pump to the centrifugal
separator, through drilled openings in the ribs;

. == on the left side of the outer cone, opposite the upper diagonal
rib, there is flange (12) (Fig. 45). for mounting the amutomatic pitch
control transmitter. S . 4

The automatic feathering transmitter is supplied with oil from
the torque meter plston, mounted in the reduction gear, through special .
opening (29) in the rib of the front housing, There is a nozzle on the
transmitter housing to which is fastened the torque meter oil pressure
meter.

The de-~aseration tube, connecting cavity of the front housing with
the special aircraft engine de-aeration tank through an opening in the
rib, is mounted simultaneously with the transmitter.

Under the de-aeration [de-aerator?] on flange (15) is mounted an
lcing warning ‘indicator. The flange has holes opening into the > Iinlet
channel of the front housing. ’

.’ “ At lower left in the front housing are threaded holes for connecte-
o ~ing the'air removal tube from the "termopatron" of the KTA assembly. :
* . Through this hole {&] passes the end of the tube, which is bent into

' _the air stream'in the inlet channel. . .

.33
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. On ‘the upper part of lower box-like projection is flange (17) for
mounting the oil scavenge line from the side ribs to the céntrifugal - 50X1
. separator. : o

~ Opposite the left upper diagonal rib & nozzle is mounted from the
rear end of the flange to supply air. to the labyrinth seal of the front
compressor bearing. The ‘air proceeds through the 1 ine from the nozzle
behind Stage V. of the compressor. ' :

On the rear end of the outer cone is flange (62) (Fig. 46) with-a =~ .
centering seat and thirty bolts for mounting the compressor housing.
Tnside the cone is a recess for mounting the compressor inlet guide
vanes. On the front end of the the inner cone there is a similar flange
with & center recess for mounting stecl sleeve (59) for the front com-

 pressor roller bearing. The sleeve of the front-compressor bearing is
- fastened to the front housing flange with three bolts (61). On the
front end of the flange are eleven bolts (60) for mounting the :inlet
guide vanes and for tightening the bearing sleeve.

Opposite the upper rib on both flanges are pins (63) for securing
the compressor inlet guide vanes and the front bearing sleecve in the pro-

per angle. v
The upper box-like'pro,jécti‘on in the rear has three flanges:

(a). Center (30) for fastening the propeller governor. On the
flange are six holes: left lower (31) for oil supply from the main
oil pump to the propeller governor; pump governor oil scavenge hole
(32); oil passage hole (34) to the low pitch setting channel; oil pas-
sage hole (37) for pitch control; oil passage hole (36) to the "fixed"
[full-feathering setting chennel; end oil passage hole (38) for the
high pitch setting channel. ‘ : '

The system of channels is designed with the aid of a special insert
' pressed into the flange recess and secure by threeded stop (35). In
the center of the insert is hole (33) for centering the governor and
coupling the drive shaft to the engine drive. At the upper right is oil
fitting (39) from the feathering pump to the governor.

Under the flange are three nozzles <~ the center nozzle for attach- '
ing the oil supply tube for lubrication of the turbine and compressor
bearings; the left (65; , for measuring pressure of ¢il in the low pitch .
channel; the right (66}, for measuring pressure in the "fixed" pitch
setting channel. . : '

‘ (v). Two startér;generator-mounting flanges (40). The starter-
generators are attached by quick-disassembly holders drawn together by
holts. The beveled grooves of each holder draws together the adapter
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flanges of the genmerator and the front housing flenges, in the course of
which the adapter flange of the generator drive is fastened with ‘br&-;‘o*)z1
to the front housing and the generator flange is bolted to the frouv

housing flange.

The lower box-like projection of the front housing has flanges
located in the rear"for attaching the following accessories:

' . o= on flange 57 (Fig. 64) is the air separator on [fastened by]
.- o nine bolts. Openings have been cast in the flange to permit oil -to
enter the separator. To lubricate parts of the separator, oil passes
~ through holes (56); two holes (58) are service openings; .

on the flanges (50) three bolts fasten the covers of the inter=
' mediete gear shaft covers. ' The covers have a’lug for securing the '
shafts; _

flange (54) with eight bolts is for mounting the adapter unit - .
of the scavenge pump. The flange has & recess in the center for center-
ing the adapter unit. : : : :

-- on the right side of the box-like projection is flange. (48), to
which is fastened the slternating current generator. Mounting on the .
steel adapter unit is by means of a quick-disassembly holder, just as in
the case of the starter-generator. A rubber cup, pressed in the adapter .
unit, prevents seepage of oil from the drive into the generator and .
[also prevents] drainage from fitting (67). Above flange (48) is fit-
ting (46) for drainage of oil from the air passage behind compressor
stages V. and VIII; : :

_ -~ in the central portion of the lower p;;ojection there is flange
(53) with a central recess and ten bolts for fastening the drive hous-
ing to the front housing; - ' -

-- on +the lower well of the lug there is flange (52) with a
center recess and bolts for mounting the main oil pump. From the right.
side, the flange of the main oil pump has a threaded oil fitting (51)

4o the KTA fuel control assembly; ' :

-- on.the right side of the outer come of the housing there is a
- - hole opposite the upper diagonal rib of the front flange; this hole is
‘ _ for electrical leads for heating the propeller. Adapter unit (43) for
: " mounting the plug comnector for the electrical lead is mounted on the -
flange; beside it is the second flange (427 with a hole which is con-
nected to the inner space of the front housing. ’

Fastened on the. flange is the tubing -of the valve for the releas-
ing fire-extinguishing substance into the front housing. The upper
‘diagonal ribs have service openings (14) (Fig. 45) and (11) and (Fig.
46). The openings have covers. The cover mounting bolts have angle
plates for fastening plug’ connectors of the: electr:j.cal lead;

’ ’ V . - 55 . .
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-- at lower right, on the outer cone, there is a specially. cast
flange for fastening the transmitter for over-all air pressure passing 50X1
t0 the engine; the transmitter geuge extends into the engine's inlet :
channel. For protection sgainst icing, the filter portion of the trans-
mitter and the air tube from the [?] of the fuel control assembly are
heated by eir brought to them by a special tube;

' -- in the lower projection are two chambers (49) for mounting of | :
-the o0il filters. Above the filters is a flange witha hole for mountmg -
the oil pressure 'bransm:.t'ber at its entry into 'the engine; o ‘

-- on the upper left dlagonal rib and right lower [rib] are flanges.
(13) (Fig. 45) and (47) (Fig. 46) for mounting the air supply tube from
' . the space behind the compressor for heatlng the compressor inlet guide
vanes.

2.3. Central drive

o The central drive (Fig. 47) consists of housing (1) and three
* bevel gears mounted in it: Dbevel drive gear (2), engaged in two driven
bevel gears; the upper (3) and the lower (k).

Drive gear (2), mounted in the housing in one bearing, has inner
splines connccting with the reduction gear drive shaft. Upper driven
bevel gear (3) is mounted in two bearings and its end has inner splines
for connecting with the gear of the gear of the :perpendicular shaft of
~the upper drives.

Lover driven bevel gear (4) is mounted initwo bearings like the
upper one, and likewise has inner splines for connection with the gear
. shaft of the lower drives. . Central drive housing (1) is cast of AL &
alloy, and is shaped like a truncated cohe with two flanges on the
forward ends.

On the end of the housing wi'bhthe sma.ller diemeter there is a
recess with flange (5) and eight bolts. for mounting the flange of the
_ d.rz,ve gear bearing sleeve.

_ Flange (6), with nine Boles for 'bolts and with one hole for & pin,

is employed for fastening the housing to the circular flange of the v
center recess of the front housing. .The following cylindricel surfaces '
are located on the housing for mounting in the front housing: surface B

(7) in the case of: the 1a.rger a.nd two surfaces (8) in the case of the

smaller d;Lameter.

-
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Between 'the two cylindrlcal surfaces (8] are annular grooves () -
© for passage of oil from the main oil pump to the governor and for 5"0)‘2-1-1.
cation of the upper drives. On the sides of groove (9) are two rulil.

seal rings (10), mounted "in an annular recess.

The bevel drive gear bearings and front compressor bea.rmgs axre
lubricated by nozzles Inthe bearing enclosures [cages?], connected by
""" holes drilled in the walls of the housing with annular groove (9). A .-
o ' hole is drilled from this groove, and through this hole flows oil for .
. . lubrication of 'bhe teeth of the bevel. gear of the main drive. '

. ‘On the side surface "of ‘the housing are four cute-outs (11) for'
the passage of the rmg of the driven bevel gears.

2.k Drive housing

‘The drive housing (Fig. 48) consists of cast housing (1) and
" cover (2), and & complex of gears and shafts mounted on ball bearings. .
Both parts of the housing are mutally centered by pins (3) and are
tightened together by twenty bolts and nuts. The housing has the
following drives:

-~ drive to the KTA fuel control assembly, consisting of splined
welded shaft (L), connected with two rims of gear (5); the housing
with the drive shaft of the fuel control assembly 3 and 'tu'bula.r shield
(6) with rubber seal rings on-the ends;

-~ fuel delivery pump drive, cons:.st:mg of gear (7), driven by the
~ small rim of gear (5); - .

-= main fuel pump drive consisting of gear (8) driven by the large
rim of gear (5);

-~ hydraulic pump drive, consm'tmg of gear (11), bhaving two rims
and driven by the smell rim of gear (5).

From the small rim of gear (ll) the hydraulic pump drive leads to
the tachometer transmitter, consisting of a complex of gears: inter-
mediate gear (12), driven gear (13) mounted on two bearings, located in
| special steel housing (14). The transmitter shaft is sealed by a cup.
| . The transmitter is mounted to housing (1) by means of a shifting
| . [adjustment? ] nut s which is a part of the transmitter.

 The drive of the oil’ scavenge pump, consisting of gear (15) is
d.riven by the. large rim of. bydra.ulic pump drive gear (ll) .

3T
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.. - 2.1, Drive housing 2 ' , 50X1 -
The drive housing is cast from ML5 magnesium alloy. Its front
portion is fastened to the front housing by bolts passing through holes
(1) (Fig. 49). To ensure alignment of the central gear of the housing = !
drive and the lower horizontal shaft of the front housing, the front'
housing has lug (10) (Fig: 50) on the outer ‘side of the housing wall.

On the same wall, from the inside, there are two holes (Fig. 49), into =~ =
"which are fitted the stops of the front intermediate gear shafts. B .

. In the center of the housing, in the mounting hole,- insert (3)

- 'of the central housing drive gear is pressed. In the lower portion of . =
the housing, insert (U4) of the main fuel pump drive gear is pressed.
Mounted in the right of center recess (3) is pressed insert (6) is
fastened to 'the hous:.ng by two bolts and nuts. :

"~ For de-aeration of the drive housing into the front housing, there
- is a hole (11) (Fig. 50) in the housing well.

. © For correct assembly there are two pins (7) (F:Lg. h9) located in
the wall of the housing. hl

Nineteen bolts (8) are d.lstrlbu'ted along the per:.phery [of the '
housing] for fastenmg the cover to the housing.

- 0il from the housing cavity is drawn out by & pump; for this
purpose (12) (Fig. 50) is in the wall of the housing, beginning in the -
lower portion and ending in hole (13) in the wall to the cav:.ty of -the
lower box~like projectn.on of the fron‘b housing. :

Nozzles (9) (Fig. 49) lubrlca.ted. the gears of. the drive housing,
the nozzle is in the wall of the housing and serves as the terminal of
a channel connected with the channel of the lower box-like projec’c:.on
of the front hous:.ng :

2.4.2. Drive hous:Lng cover (Fig. 51. and 52)

The cover is cast of MLS magnesium alloy,. and 1ts shape resembles
- that of the housing. From the inside & the cover through a mounting S
' hole in the center is pressed insert (7) (Fig. 52) of the central gear = ' .
. bearing; from the outer side it [the cover] has flange (1) (Fig. 51), ‘
- which serves as & supporb for the ring of 'bhe KTA drive-shaft sh:.eld. -

On-the 1eft of the central recess is hole (6) with a square flange o ‘
and four bolts for fastening the fuel delivery pump. In the hole, from o
the outer side, there 1s. pressed an insert -for the drive gear bearing.

L o8
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. Under the central recess is flange (5) with & hole and four b50X1. -
. for mounting the main fuel pump. From the inside s there is pressed into
¢ the'hole, insert (1L) (Fig.. 52) for the drive gear bearing. ' N

‘To the right of the central recess is flange (4) (Fig. 51) with a =
hole and four bolts for mounting the hydraulic pump. In the hole, from -
the outer side of the cover, there is mounted imsert (12) (Fig. 52) for  °

Co the drive bearing. Above flange (4) (Fig. 51), the. intermediate gear o
.‘ o of the tachometer transmitter drive is mounted in mounting hole (2) by ~. .
L - means of the triengular flange and three bolts. '

At the upper right end, the tachometer transmitter drive housing -
. 1s mounted with five bolts. Nineteen holes (13) (Fig. 52) in special -
- projections along the edge of the.cover are used for fastening the cover
. to the housing; two holes (10) for the centering pin and three holes (9)
with steel inserts for bolts, used in removing the cover from the hous- .
. ing at disassembly, are also on the edge of the cover. Inserts (11): and

(7) are mounted on the cover by means of two nuts and bolts. X

2.5. Propeller brake

The propeller brake (Fig. 53) is basically a single-difid friction.
coupling, preventing windmilling of. the propeller (and all turning parts
. of the engine) as result of the torque developing on.the propeller blades
* through the effects of the wind when the aircraft is parked. '

The main parts of the propeller brake are: shaft (13); movable
disc (16); steel housing (10); the movable tensioning apparetus consist-
ing of plate (5) with solid disc (7) and a complex of springs (%4); hous-
ing (3); transmission cover (2); and the brake control mechanism. contain- .
ing the shaft (18), brake switch, driven gear sector, and drive [gear]
sector (20). ‘ : , :

Brake shaft (13) is mounted in ball bearing (15) in the brake hous-
ing, and its splined end is connected té the upper horizontal shaft of
‘the front housing. Movable disc (16) is mounted on splines on the
opposite end of the brake shaft. : .

s Operation of the brake is based on dry friction because its area.:
\ " .-, -is sealed against oil seepage by rubber cup (12). On the friction sur-
. 1. faces of discs (16) is pressed a metalloceramic facing with & high ,
| - v . friction ccefficient, wear resistance, and with good seating characters
: - istics of the friction surfaces. - ' '
: -
_ To prevent needless wear of thempvable disc through friction with
.+ . non-moving parts during operation of the engine, the brake has built-in
| S cequipment, permitiing retention of the moveble dise in & contral posd=
| T tion between the non-moving parts. This'equipment consistsof flange
. 8=-E~C-R-E-T
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. (8) which is firmly comnected to movable disc (16); solid stop sleeve
(17); regulating sleeve (11), the movement of which is restricted by the 50X1
thrust ring (9); and spring (1%), which is in sleeve (11). ‘

Braking ,occﬁrs. when disc (16) is compressed 'befbwejenihe non-moving
details [parts]; egfde (8) pushes away regulating sleeve (11) toward the
rear, eliminating clearances M and N. ‘ ' .

The pressure mechanism is prevented from turning by the brake hous- - L
- ing (10) by grooves (6). Longitudinal shifting of the pressure mechaniém. .
and engagement and disengagement of the brake is provided by shaft (18),
hub (5), and solid dise (7). : .

The tension element of the pressure mechanism, consisting of the
system of springs (4), under tension between hub (5) and disc (7) pro-
vides a constant and précisely limited pressure on movable disc (16).
In this menner the possibility of deforming the movable disc ab engage-.

‘ment of the brake is eliminated.

: The brake is engaged at the time of parking of the aireraft end is
disengaged before starting the engine by the MZK-2 clectrical mechanism,
mounted on adapter unit (2) of the brake cover. A

Torque from the MZK-2 electrical mechanism is transmitted to brake
shaft (13) by two gear sectors: drive [gear sector] (20) and driven
[gear sector] (19), the extreme positions of which are fixed by set

" screws (22). These ensure constant setting of the brake during exchange
. of the electrical mechanism during operation. Retention of the brake
in the engaged position is ensured by the self-locking feature of the
MZK-2 electrical mechanism. . '

Adjustment of the propeller brake to the desired degree of -
friction is ensured by adjusting compression of springs (4) of spacer '
washers (1), clesrances M and N, and setting the angle of engegement
within a specified range. Clearances M and N are checked at the time
of mounting the brake on the engine by simultaneous insertion of two
gauges through the control opening which is closed by a cover.

2.6. TFront housing oil system g : |
0il is supplied to the front housing for cooling énd lubrication L ‘
of the components both under pressure and by spraying. : : T
" Engine oil system channels are bored into the ribs of the special
~ lugs of the front housing. ™ . - . - T

- ko
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. Mounted on the front housing are four 6il pumps: the main. Bsoxq1 -7

~ pump] {7) {Fig. 39) and the pressure oil pump (5); then, pump (11) (Frig.

30} which draws oil from the rear and center bearing, and pump (10)
which draws oil from ’che dr:.ve housmg

Oil passes from the pressure stage of the main oil pump, iceated oz
- the lower: pro,jection of the front housmg, to two screen fi‘lters (9).

® From the forward filter the- o1l passes through the channel for
S . lubrication end cooling of the reduction gear components. 01l goes
. ‘from the rear filter to the main front housing line, from where it pro-
. ceeds to the governor and for lubrication of rotating components as fol-_ -
- lows: :

o ~-= t¢ the propeller governor through hole (31) (Fig. 46), from the
. frogt kousing distribution sleeve; from the governor through holes 34,
26, and 35 in the sleeve and then through the forward housing channels
- to the propelier; .

R -=- through nozzle (611-) and outer 'bubing to the bearings Z.ocated in .
s _"}"bhe combusion . chamber, ' o

.- ‘bb.rough fi‘bting (51) end an outer line to the KIA fuel control .
a.ssem“bly, ,

- -~ to the flange of the remote pressure measurement [device] at the
7 éngine inlet loca‘ced on the filter),

: -~ to the nozzles (65) and (66) for measurement of pressure in the
high pitch and "fixed" pitch setting channel; and also to nozzle (3)
- (Fig. 39) for measuremént of pressu.re in-the high pitch setting channel.

-«= for ‘lubrication and cooling of rotating componen'bs of the drive,
by means of nozzles; for lubrication of the central drive gear ‘bearings,
two nozzles with diameter of one millimeter; for lubrication of the com~
pressor rotor roller bearing, one nozzle with 1.2 millimeter disméter;
for lubrication of the teeth of thecentral drive bevel gears, cune nozzle

. witk onemiliimeter diameter; for lubrication of starter-generstor drive
- bearings, tow nozzles with diameter of 0.8 millimeters; for lubrication
of d.r:we hous:.ng gears y ‘One nozzle wi'th one millimeter d.iameter. .

‘ k - o To extension (39) (Fig. h6) is connec'bed the l:.ne for the feather-
o  ing [?] pump. :

The return oil is co"llec“cedv in the lower housing projection. O0il .
- from the reduction gear, the drives, governor, oil from the centrifugal
deaerator, -0il .drawvn from thedrive housing, and return oil from the
.’oleed, wvelves of the compressor collec't in this proJectn.on.

. . -' . B . hl
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The return oil is drawn fromthe front housing by suction stage of
the main oil pump, and by means of outer line (12) (Fig. 40) the oil is ~ 5ox1
- supplied to jhe right diagonal ribs of the front housing. Further, oil :
comes through channels of the diagonal ribs and through the annular chan-
nel into the left diagonal ribs, from ‘there through outer line (4) (Fig.
" +39) it comes to separator (13). The oil drawm from the bearings of the
combusion chamber housing also goes to line (k).

_ 0il passes through the ribs to heat them. The upper and lower r:.bs
are heated by oil going to the propeller and the reduction gear. ‘

On the left lower side of the front housing is a cock (6) (Fig. 39) .
for draining oil from the housing.

' The drive housing gears are lubricated by oil supplied by nozzle

. (9) (Fig. 49) in the housing wall, connected by hole (14) (Fig. 50) to
the main oil channel of the. forward housing, and also by the oil sprayed.
on the shield of the drive shaft of the fuel control assembly and parts"
ially coming through the central gear bearing from the front housing
cavity. From the drive housing the ‘oil is drawn off into the fromt
housing through hole- (13) (Fig. '50) by the’ scavenge pump, mounted in
hole (5) (Fig. h9) '

"3
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. 3. COMPRESSOR
.. 50X1

. 3.1 General dats

' The compressor (Fig 54, 55, 56) is of the axial, 10-stage type, N
designed to compress and force air into the .engine's combustion chamber.

o . The compressed and heated air very effectively causes rapid combus-
. o + - tion of a large quantity of fuel in the small spaces of the burners.

At an averagé speed of 278 meters per second on the ground, the
adiabatic efficiency of the compressor is 0.845.

The passage channel's constant outer diameter between the first and
tenth stages is 433-433.4 millimeters, and the inner diameter of the
channel is reduced from the first to the tenth stages.

o _ The outer diameter of the first and second stages is reduced to the
| ~+  diameter of the third stage, the diameter of the first stage 1s 4UT.92+ 0.2
. _ millimeters. . ~

_ The compressor 1s subsonic. ' To reduce the relative speed of entry
of alr into Stage I blades of the compressor, the stream of &ir to the . .
compressor is deflected by the inlet guide vane assembly {1) (Fig 54),
mounted on the inlet of the compessor in the front housing cavity at the
end of the inlet cheannel.

The vanes of the inlet guide assembly are set at the most suitablev

angle of intake to the blades of Stage I of the compressor.

'ff. The apparatus which brings air into the compréssor, located in the
a forward housing, is basically a channel divided by six shaped ribs.

To ensure normal operation of the compressor on modes of up to
11,200 rpm, the engine provides for release [bleeding] of air behind
Stages V and VIII of .the compressor.

Bleeding air ensures the compressor's shift to the cQBculated mode
. without the impact resulting from the increase in the volume of air
‘passage through the first and middle stages Bf the compressor. The
. bleeding of alr taskes the first and middle stages of the compressor from
': ' . the zone of unstable performance and increases their level of compression
. ' and efficiency. - '

In this manner, air bleeding eliminates surging at the lower and
calculated revolutions and makes it possible for the mutual operation
of the stages to be in better relation, which leads to an increase in
over-all compression and adiabatic efficiency of the compressor in
‘calculated modes, expands the operating area of the compressor, and
substantiglly'egses starting and initial acceleration of the engine.

. 8-E-C-R-E-T
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3.2 Cowpressor'design

- The compressor consists of rotor (2) (Fig 54), housing (3) with the S 50X1
.stator and rotor of the inlet guide assembly (1) and air bleed valves

.(5) and (6).

) ~. . .
- The compressor housing is fastened by its flanges to the rear flange
: of the forward housing and to the forward flange of the compression
" chamber housing.

On the compressor housing (50) are mounted the rear englne mountings. ' _ ‘
(3) and (8) (Fig 7).

- To attain the high compressor efficiency, the radial clearance of
the ends of the rotor blades and the clearance in the labyrinth seals of
the stators are reduced. At the same time, contact i§ permitted between
the "engine" [rotor?] blades and the labyrinth ridges of the rotor with
the [compressor?] casting and the labyrinth rings of the stators, that
are covered with soft material. .

The mounting clearances on the ends of the rotor blades and in the
labyrinth seal of the stators are indicated in-the following table:

- ) I I Itz w v |vi VII VIII IX X
Radilal clearance ‘
at ends of rotor . . : .
blades :0.440.75 0.5% 0.65 0.640.75
Radial clearance
in the labyrinth
seal of stators  0.1784+ O 0.2540.358 . 0.35% 0.458
- 0.273" .

-3.2.1 Compressor rotor

The compressor rotor (Fig 55 and 56) consists of 10 diécs, on the rims
of which are mounted blades; the rear compressor rotor shaft; and the baffle
-geals of the front and rear bearing.

The rotor is mounted in two bearings. The fromt bearing (7) (Fig 55) .
i1s of the roller type and supports the radial load and permits the axial
shift of the rotor as a result of heat expansion and. deformation due to
axial forces.

Rear bearing (25)-13 of the ball, radial-axial type, supporting the.
radial and axial loads and retains the rotor in the axial direction.

) "
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The rotor is driven by the turbine. The mechanical energy used
by the rotor is utilized for increasing the pressure and temperasoxq of

 the air and for driving air through the compressor.

The torque of the turbine is transmitted through the splines of the -
rear shaft and the discs of the compressor rotor. Pins, mounted radially-
in the disc grooves under the blades, transmit the torque from one disc
to another. -

The part of the mechanical energy which drives the propeller and the.
engine accessories is transmitted to the reduction gear splined drive
shaft by the inner grooves [in the Journal] of the front disc of the
compressor rotor. At starting, the reduction gear drive shaft transmits

‘the torque to the englne rotor.

The inner cavities of the discs are interconnected by openings in the
disc walls. Air is supplied to the inner cavity of the compressor rotor

- through four holes on the c¢ylindrical surface of the Stage IV disc from

the compressor's {[air] passage channel. In this manner the same pressure
is provided in the entire rotor cavity, and the axial load on the disc -
partition is eliminated. . :

The discs, the rear shaft, and rotor blades of the compressor are

made of CHLTN2 [Kh17N2] stainless steel.

. The disc of Stage I (11) (Fig 57, 58) has a journal at the front end;

.'on the machined outer surface the following are mounted:

'Baffle seal ring (22);
Baffle seal sleeve (20);

Spacer ring (19), setting one millimeter insertion of the inmer
ring of the roller bearing, bearing compressor, in relation to the

Roller bearings (4)

Nut (12) is screwed into the threads of the Stage T disc, tightening
together the forementioned components to a torque of 30 §-3 kilograms.
Nut (12) is secured by lock (13), the lugs of whith fit into the grooves
on the journal and are bent aeross the edge of the bolt. To prevent
shearing off of the lock lugs in tightening the nut, there is a thrust

Ting (14) between the nut and the lock.

R
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Ring (22) and the baffle seal sleeve (20), thrust ring (14), and
spacer ring (19) are made of 38 CHA [38KhA) steel; lock (13) is made of 50X1
.10518N9T:[1Kh18N9T] steels. -

The baffle seal sleeve and the baffle seal ring, together with the
aluminum-asbestos grafite surfaces of sleeve (23), prevent seepage of oil
from the roller bearing cavity to the compressor. ‘

: On the inner surface of the Stage I disc journal are grooves -for
_coupling with the splines of reduction gear drive shaft (5). In the immer ‘

eavity of the Stage I dise journal, lock housing (10) made of 38CHA [38KhaAl

" steel, is pressed onto and secured to the groove stop. Inside the housing,

steel pin (25) is pressed, serving as a guide for spring (8) of the splined
coupling lock of the Stage I disc with reduction gear drive shaft (5).

The lbck housing serves as a blind flange, preventing seepage of oil
into the compressor rotor cavity.

The rear end of the reduction gear drive shaft is inserted into the
splines of the Stage I dise to the stop on the front end of spacer ring
(21) and is fixed in the axial direction by plug (9), screwed into lock
housing (10).

Between the face side of the plug and the body of the lock is &
regulator ring (6), securing the longitudinal clearance of the reducer
drive gear to a tolerance of 0.2 to O.h millimeters.

, If the clearance is not maintained, the face side of the plug rests
against the face side of the reduction [gear assembly] drive shaft bushing.
The plug is secured by sleeve (7) and spring (8). The securing sleeve

“ has two outer hexagonal configurations, which fits into the hexagonal
openings of the plug and the body of the lock. ' :

In screwing in the plug, the securing sleeve is pressed aside by a
special key. The securing sleeve is pressed into a working position
by the spring, which is guided by pin (25) of lock assembly (10).

The regulator ring, plug and securing sleeve are made of type 38CHA
[38KhA] steel, the spring of OVS steel.’ C

The design of the discs on the II - IX stages of the compressor (Fig 59)
is of disc and drum construction: . the thin-walled disc with a rim for . .
fastening the blades transforms it in its axial part to a thin-walled '
sleeve with labyrinth ridges and cylindrical surfaces serving to inter-
connect the discs. - L o L

R
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‘On the cylindrical drum part of the discs of stages I - IX a50X1e
- rear shaft of the compressor, are four rolls of circular ridges, which
- move over an aluminum-graphite layer deposited on the seal ring of the
. stators, making up the baffle seal, which reduce the leakage of air bete-'
-ween the stages of the compressor and inerease the effectiveness of the . -
compressor. : .

e The discs of all stages and the rear shaft of the compressor are Ll
.. . .. Joined.on cylindrical surfaces pressed together and secured by pins. “The -
... “.pins are made of CHL7N2 [Khl7N2] stainless steel. .

The dises of the rotor compressor are pressed onto each other with a
shrinkage tolerances of from 0.095 millimeters (for stage I) to O.4 milli-
meters (for stage X). Prior to being pressed on, the overlapping dises =~
are heated to 180° - 200° centigrade, and the disc pressed onto the rear.v:f'

" 'shaft is heated to 250° centigrade. B

z The selected tolerances assure mutual centering of the dises of the
entire compressor during engine operation. R ‘

Radial openings are drilled at all discs connections for pins pressed
. 'in to.secure the dises and to transmit torque. The pins are placed into
- position with a shrinkage tolerances ranging from 0.002 to 0.023 milli-
meters. o : ' '

: The rotor blades (Fig 60) of the discs of all stages of the compressor
- ‘are secured by locks (Fig 61). The slots in the discs are elongated.

All discs and the rear shaft of the compressor are machined, statically.,
balanced, and the assembled rotor is balanced dynamically to an accuracy '
of 5 gram/centimeters. The rotor is balanced by removing metal from
areas (11) and (20) (Fig 55) of the front and rear compressor shaft. The
compressor rotor is balanced dynamically in its bearings.

Compressor rbtor blades (15) consist of the blade proper and root.
The blade proper is made with great precision and with s high degree of

surface finishs. The leading and trailing edges of the blade proper and
of the transitional part of the blade leading to the root, are polished,

: The number of blades on the individual stages is as follows: stage
- - I; 25; stage II, 23; stage III, 31; stage IV, 45; stages vV, Vi, VII, 53;
. i - and stages VIII, IX, X, S5l. '

: The rotor blades of stages I - VII are secured at the front against
longitudinal movement by locking pins (12) and at the back by pins (1k4),
which are'pressed into. the openings in the dises with & tolerance of
0,023 - 0.002 millimeters. - '

Iy {
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The rotor blades of stages VIII and IX differ from the other stages 50X1
in that they are secured at the front by pins (28), which secure the
discs of stages VII and VIII, VIII and IX, and by locking pins (16) at
the back. The locking pins securing the blades are bent on one end
toward the face side of the blade, and the other end, in stages II - VII,
they are placed into the openings of the pins which secure the compressor
discs; on stages I, VII - IX they fit into the openings drilled into the
. discs under the blades. .

The blades of stage X are .secured on both sides by locking pins (17),
which are made like little places, with their ends fittings into the openings
located along the periphery of the disc. The ends of the locking pins are
bent toward the face side of the blade.

The blade locking pins on all stages of the compressor are placed into
the slots with tolerances of O 4+ 0.02 millimeters. Seating the blades with
a tolerance of 01{0.02 millimeters is secured by milling or grinding the
lower part of the blade.

The pins are made of type CHLTN2 [Khl7N2] steel, and the locking pins of
type [lKh18N9T] 1CH18NOT steel.

Rear shaft (19) of the compressor (Fig 55) is a [very slightly] cone-
shaped disc, which terminates in the center part into a cylindrical tube.
‘The outer surface is a thin-walled tube with ridges for the labyrinth
{vaffle] seal. The surface of the cylindrical tube is precision machined
and seated upon it are the following: baffle seal bushing (4) (Fig 62),
régulator ring (10), oil slinger (11), ball bearing (7). . The regulator
ring serves to adjust the tolerance between the rotor compressor discs
and the inner rings of the stator blades.

"Behind these components is a thread for nut (9) fastening ball
bearing (7) and grooves for coupling the turbine shaft. Nut (9) is
tightened to a torque of 80 + 100 kilogram meters.

Located inside the rear compressor 'shaft [tube] are the following
threads for coupling member (8) (Fig 63) connecting the shafts of the
“turbine and compressor, grooves for sleeve (7), locking coupling bolt,
cylindrical recess for the seating and locking [?] of the guide pin (5),
which is also a "blind" ([cap ?] of the compressor's rear shaft. The
guide pin is made of type 1CHLONOT [1Kh18N9T] steel. The baffle seal
bushing, regulator ring, oil slinger, nut, and locking sleeve are made

- of type 36CHA [38KhA] steel.

Baffle seal bushing (3) (Fig 62) is fastened to the tapered end of
the rotor's rear shaft by six bolts; it is made of type.CHLTN2 [Khl7N2]
. steel and is seated, together with baffle seal bushing (4), on the rear
-shaft of the compressor. Its annular ridges turn on an aluminum-graphite

. 48
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deposit on the surface of baffle seal bushing (6) of the combustion
chamber casing. This seal reduces air leakage from the area behin5QX1:
compressor into the oil area of the combustion chamber and thus reduces
the axial force of the rotor compressor resulting from the air pressure
behind the compressor. :

The outerﬁsplines'of the compressor's rear shaft engage the splines
o of the turbine shaft and transmit torque of the turbine to the
. ’ compressor rotor.

The rear end of the compressor shaft is connected with the turbine
shaft by threaded coupling ‘member (8) (Fig 63), made of type 45 steel.
The dowel pin [of the threaded coupling member] is screwed into the
threaded orifice at the rear end of the compressor shaft and its face
side, passing through thrust bushing (9), rests against the turbine
shaft.

The thrﬁst bushing is splined to the turbine shaft and is clamped
between the turbine shaft and the end of the compressor shaft.

- Spacer sleeve (L4) is fitted over the outer splige of the rear of
. ‘the compressor] shaft, and its two forward teeth fit into the groove of
- . the nut which tightens and secures the ball bearing.

Between the faces of the spacer sleeve and the shaft of the turbine,
there should be a tolerance of 0.3+ 0.5 millimeters selected and set by
the spacer sleeve and the thrust bushing. The spacer sleeve and the
thrust bushing are made of type 38CHA steel.

Threaded coupling meember (8), connecting the turbine rotor and the
compressor, is secured in a longitudinal position by a sleeve and spring.
The securing sleeve has two sets of grooves engaging the grooves at the
rear end of the compressor shaft and the grooves of the pin, connecting
the turbine rotor and the compressor. While screwing in the pin, the
securing sleeve is held by a special wrench. The securing sleeve is

pressed into position by a spring made of type OVS steel which is guided
by a pin-.seated in the compressor shaft.

L Front bearing (4) of the compressor (Fig 57) is of a roller type.
It supports the load resulting from the balance and imbalance of the
rotor and permits the axial shifting of the rotor resulting from heat
- expansion and distortion by axial forces. The outer race of the roller .
. bearing is set into sleeve (2) of front housing (1) with a tolerance
~of 0.032 to 0.011 millimeters. The outer race is secured in an axial
position by spacer-insert (16) and flexible ring (15).

kg -
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The .front bearing sleeve (2) is locat

the rear flange of front housing (1) with a tolerance of from 0.011 to

0.04 millimeters. In order to secure this setting, the diameter of the 50x1

mounting is made in two sizes.

The front bearing sleeve is fastened to the flange of the front
housing by ‘eleven tap bolts which, together with three bolts (18), also °
. secure the inner ring of the inlet guide vanes. The sleeve is aligned

by a pin. The front bearing is equipped with a baffle seal preventing
' . seepage of ¢6il from the area of the roller bearing into the air passage
- space [air intake duct?] of the compressor.

The baffle seal [assembly] of the compressor's front bearing is

" three-fold and consists of baffle seal sleeve (23), baffle seal ring
(22) and baffle seal sleeve (20). It 1s [pressure ?] sealed by air bled
from the area behind stage V of the compressor.

The compressed air passes through a tube, channels in the forward
housing, air supply channel to front roller bearing seal (17), the air
supply channel (24) in the sleeve of the front bearing and the baffle
sleeve into the area of the seal, thus preventing the seepage of oill into
the air area of the compressor. '

Three sets of ridges on the sleeve, the rings, and the baffle seal
sleeve move along the inner surface of the sleeve; the seal rings have a
‘built up aluminum-graphite layer. On the surface, under the aluminum-
graphite layer, is a step tap of 0.75 millimeters. During assembly a
diametral clearance is maintained on the surface of the thicker seal
ranging from 0.15 to 0.348 millimeters, and on the two other surfaces
from 0.12 to 0.289 millimeters.

At operational engine rpm, the radial clearance of the seal approaches
‘zero, so that.a slight contact is possible between the ridges of the
" seal and the easily removable layer. The ring and sleeve of the seal
are mounted on the [foward] journal of stage I of the compressor together
with the roller bearing, the regulator and stop ring, and the lock, and
these are secured. by lack nout (12).

The baffle seal sleeve is fastened to the sleeve of the front bearing
" by six bolts and is centered on the cylindrical surface of the front
bearing sleeve with a tolerance of from 0.05 to 0.1l3 millimeters.

0il for lubricating the compressor roller bearing is supplied
through openings in the front'drive housing. Oil from the roller bearing
area flows into a sump in the front housing as does oil from the baffle
seal, which flows there via three grooves (3) of the front bearing.

. 50
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The front bearing sleeve, the spacer sleeve, and the baffle geal t
sleeve are made of type 38CHA [38KhA] steel. The flexible ring 50X1ade
- of type UTA steel.

Rear bearing (7) of the compressor (Fig 62) is ball type, radial-
o . axial. In addition to the radial load of the rotor, the bearing also _
o carries the entire axial load acting on the rotor, equalizing the differ-
ence between the axial forces of the compressor and the turbine.

. C The outer race of the bearing is set into the combustion chamber with.
"~ & tolerance of 0.01 millimeters up to 0.032 millimeters, The ring is
" held in an-axial position by being clamped between oil ring (8) and
~baffle seal sleeve (6). , _

, The baffle seal sleeve is set into the combustion chamber with an

. outer sleeve clearance of from O to 0.067 millimeters. The oil ring, the
outer race of the ball bearing, and the baffle geal sleeve are tightened
by nut (13) secured to the combustion chamber to a torque of 55-65 kilogram
meters. ' : :

The nut 1s-secured by safety lock (14), fastened to it by two bolts
(15). The outer lock of the safety lock falls into & groove and into
the forward groove of the.combustion chamber and in this way secures the
nut. ~ : .

The ball bearing is lubricated with oil supplied under pressure from
the engine's oil system through three openings in the lubricating ring, -
one and two millimeters in diameter.

The oil flows from the area of the bearing into oil sump (12) of
. the combustion chamber from which it is removed by the oil pump. The
P inner ring of the bearing is seated on the shaft of the compressor rotor
with a tolerance of from 0.015 to 0.013 millimeters.

The imner ring together with baffle seal bushing (4) regulator ring
(10) and disc (11) of the slinger ring are fastened by nut (9). :

The rear bearing of the compressor is equipped with a baffle seal
with reduces air leakage from the compressor into the oil area of the
combustion chamber. The baffle seal is three stage, consisting of

: baffle seal bushings (3) and (4) with three rows of ridges and seal
R rings (1), (2), and (L) (Fig 64; 65), joined together imto a single

‘ unit with six bolts. The three rows .of baffle seal sleeves, turning
simulteneously with the rotor of the compressor, move over the soft

surface of the seal rings. -

<
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_ During operation, the radial clearance of the seal is reduced so
- that the baffles can come in contact with the §oft layer. In. assembling5OXﬂ
the equipment, the following diametric clearances are maintained on the
© gurface of the seal: for seal ring (2), 0.15 -~ 0.365 millimeters; for

seal rings (1) and (4), 0.12 - 0.305 millimeters. Seal rings (1) and

" (2) on the rear surfaces have six baffles each. An aperture (3) forms

. between the baffles of the forward side of the labyrinth sleeve which

' 18 connected with dearation space (5) (Fig 62).

. Afr penetrating through the two rows of seals passes ,' via the o . '
~ aperture, into the deaeration space and is carried off by the discharge
nozzle, . .

0il slinger (11), located between the inner race of the ball bearing
. and the regulator ring, throws the oil towards the periphery and the
~discharge opening located there and prevents its seepage onto the packing.

Safety lock . (1l4) and seal rings (1) and (2) (Fig 64) are made of .
. type 38CHA [30KhA] steel; baffle seal bushing (4) and lubricating ring
(8) (Fig 63) are made of type 38CHMJUA [38KhMYuA] steel.

Nut 13 is made of type 12CHN3A (lEKhN3A] steel., The contact face of
the nut is carburized. All of the above mentioned components are pro-
~tected against corrosion.

The inner surface of seal rings (2) and (4) and the outer surface of.
seal ring (1) (Fig 64) contains threads with a piteh of 0.75 millimeters
on which is deposited a layer of aluminum-graphite.

) In order to achieve uniform clearance over the periphery between the
gseal ring and the baffles of the seal sleeve, the seal ring grinds in:
on the packing layer..

3.3 Inlet guide vane assembly

The inlet guide vane assembly (Fig 66) is mounted at the compressor
intake and .@irects the stream of air onto the venes of the compressor's
first stage. :

- The inlet guide assembly is mounted in the area of the front, housing
. and consists of the following main components: 23 guide vanes (4), fromt-. -
" outer ring casing (3), rear outer ring casing (5) s inner ring casing ' .
(15) and flanged spacer ring (17) o
: The vanes of the inlet guide assembly are cast of type CH17N2
[Kxnl7N2] steel.

On the top and bottom of the vané are precision machined pins'
(11) and (16), used to set it in the outer and immer rings.
. _ ;” " -
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' The bottom pin has a cut-out, which serves to secure the vanes in
‘,the channel. _ ‘ . ’ . 50X1

The inlet guide vanes vary in height and configuration. In the
forward section, the vanes have channel (9) along their entire length
which is created by milling and by welding (electric or argon weld) the -
‘forward edge and the upper face edge of the vane. After being welded,
the leading edge 1s polished to reduce resistence to air flow.

. Top pin (11) is hollow and has two openings (12) for admission of’

hot air into the vanes. The small channel (10), made from the forward
edge of the vane by an spark erosion machining connects the forward channel
of the vane with openings. -

Air, taken from behind the compressor for heating the inlét guide

' vanes; passes through a tube into the annular area (22) between the front
casing and the outer rings of the inlet unit. From annular area (22) the
air passes through openings (12) into channel (9), and on leaving the
vanes it mixés with the inlet air entering the compressor. This heats
the guide vanes and prevents them from icing. :

The outer ring [casing] of the inlet guide vane unit consists of two.

‘M','halves: forward (3) and rear (5) joined by 12 bolts (25). In connection -
" with this, the forward part of the ring has 12 threaded openings and the

back part has 12 smooth openings. The fastening ties on the two halves
are secured by locks (23). The outer casing's two halves are centered
together by three pins (18). Spaced as und the outer ring casing are
23 openings with a diameter of 12 = 2 millimeters for the upper
pins of the vanes.

“The outer ring casing is centered in the forward casing by two precision
machined lugs located on the front and rear parts of the casings. The '
outer ring casing is secured in an annular position by pin (2), seated
in the forward casing. The front face of the ring casing rests against
the forward casing and 1ts back side against the regulator ring (6).

The outer ring casing is made of type ML5 magnesium alloy, and the inner -
ring (15) of type DIT raluminum alloy. The imner ring has 23 openings
with a diameter of 12 + 0.012 millimeters for the bottom pins of the
guide vanes.. . ‘

On the forward side of the inner ring are ll openings for bolts (20)
which screw into the forward casing and secure the immer ring and spacer
flanged rings (17). The inner ring casing is secured by pin (13) which
" i{s set into the forward . casing and the inner diameter is aligned with

~ the front bearing sleeve (lh) ,

- . ‘v 53 | . v:»
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The forward face of the inner fing casing 1is against the flange of
the front bearing sleeve. : 50X1

Ring (17), made of type 380HA [38KhA] steel, secures the guide vanes
with its forward face in a certain position with regard to the compressor
axis. :

3.h ' Compressor housing

: The compressor housing (the static part of the compressor) (Fig 67- . .
69) consists of the part between the front casing and combustion chamber
unit. The compressor assembly has ten stator and ten rotor rings. Mounted
on the outer surface of the compressor assembly are the following: four
[bleed] valves for releasing air behind the V and VIII stages, the valve
for bleeding air to heat the vanes of the inlet guide unit with electro-
mechanism MP-5, and the XTA control combustion assembly.

The compressor assembly is of welded steel construction and consists
of two parts joined in a horizontél plane which permits simple assembly
‘of the engine. ,

The main components of the compressor assembly are the following: _
housing (6), front flange (4), and rear flange (12), and four longitudinal
flanges (14), (17) (Fig 67).

The housing is cylindrical and made of steel plate, two millimeters
thick. The housing is divided into two halves along a horizontal plane
which are joined by flanges. The "fibers" of the housing material run
parallel to the axis of the compressor. Flanges are welded to each end
of the housing. . "

In order to achieve the necessary alignment of the compressor rotor
bearings, the surfaces of the front and rear flange are made as accurately
as possible and their centering indents are made with the least possible
relative disalignment.

"Angle shapes are welded to the housing and also to the front and rear
flange in a horizontal plane. 'Along the surface of the housing are 64
i ~openings used for bleeding air to the collector and 60 openings for bolts
' to fasten the stator blades.

The front’ flange (&) 1s made of type 20 steel, 1t is shaped like a , ‘
truncated cone and fastens to the forward casing. From the front, the :
‘flange has 30 openings for the mounting bolts of the forward casing and
30 m;lled countersunk recesses for the nuts. ' o

N
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On the inner surface, from the forward side, is a cylindrical recess
for centering the compressor assembly on to the forward .casing. 50X
inner surface also has two shoulders with a precision seating diameter
 for the rotor collar of stage I and the forward collar of the outer ring
of the stage I stator vanes. From the back, the flange has a round o
- collar which is used to center it on the casing prior to welding. '

‘ The compressor'housing (12) (Fig ?] is made of type 20 steel; it is = -
o . aligned with the combustion chamber housing and fastened to it by 36 bolts. -
. ' The bolts and nuts are secured by lock washers. o

: From the front, the flange has a collar by which it is aligned with
the housing prior to welding. The four longitudinal members (14) and
(17), welded to each half of the housing on a horizontal level, are made
of type 20 steel. The longitudinal members have an angular shape which
broadens out towards the back to accomodate the bolts for mounting the -

engine. ‘ i '

The twoihalveslof fhe compressor housing are joined together by 42
bolts (16), of which five on each side are centering bolts which serve -
- t0 position both halves of the housing. )

. Two gaskets (15) of AVA-M material, four millimeters thick, are

Placed between the flanges of the two halves of the compressor housing.

The connecting bolts are made of 38CHA [38KhA] type steel. The nuts for.
- these bolts are tightened to a torque of 2 + 2.2 kilogram meters.

. The bolts are secured by lock washers placed under the main bolts
and nuts. Welded to the inside surface of each half of the compressor
housing are 12 T - shaped (1) and three U- shaped (24) semi-circular
stiffeners. . R : : ‘

The semi-circular stiffeners are made of type 10 steel and serve to
center the rqtor blades and the stators. - . -

Welded to the outer surface of the assembly housing are 60 bosses.
(5) and (7) for fastening the stator [rings] of the compressor's
I -'X stages (three bosses for each half of the stator). .The bosses
are made of type 10 steel. ‘ v

The stator fastening bolts are secured by lock washers (12).
. . The bosses, located in a vertical Pplane, both on the upper and iower
' balves of the housing have precision openings for the centering bolts

fastening and securing the stator halves in an axial and radial direc-
tion. .. - e
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The stator mounting bolts are made of
maintain an even tension and to prevent overstress in assemblying, the
fastening bolts of the compressor stators in stages I ~ III are tightenedsQoxq1 .
to a torque of 0.6+ 0.8 kilogram méters and in stages IV - X, to a torque
of 1 <+ 1.2 kilogram meters. The face surfaces of the bosses, lock. .
washers, and the contact surfaces of the fastening bolts are tightened
to insure a sufficient tightness of the interior area of the compressor
housing.. For bleeding alr, canister collectors, made of type 20 sheet
-steel (upper strength 1.5 millimeters, bottom strength 2 millimeters),
.. are welded to both halves of the compressor housing. o - '

The upper and lower collectors are welded together from two halves,
~ while rear halves (11) and (23) are welded by two side walls to the
 compressor housing and the front wall becomes a hermatically sealed
barrier separating the areas of the bleed valves of stage V from the
" area of the bleed valve of the compressor stage VIII. Forward halves
(8) and (20) are welded to the compressor housing and to the-rear halves
of the collectors.

: Welded to the central part of the upper collector, under one of the

‘bosses of the stator fastening bolts, is insert (10) of type 20 steel
plate. Six inserts (10) are welded in a similar fashion on a vertical

plane -of the lower collector. In order to achieve an even collection of

air along the periphery, the collectors take up a sizeable portion of

the housing, while their diameter increases progressively to the place
where the bleed valve is secured.

Two flanges (9) of type 20 steel are welded on a vertical plane to
the upper collector for fastening the bleed valves behind the V and VIII
stages of the compressor. The flanges have eight threaded openings for:
the bleed valve fastening bolts.

Welded to the front of the upper collector is coupling (6) (Fig 68)
which is used to bleed air from behind stage V for the baffle seal of the
compressor's front roller bearing. Welded to the sides of the rear half
‘of the upper collector are bosses with a threaded opening for fastening
-the clamps of the starter cables from the KPN-4 coil to the igniters.

Four flanges (2) and (5) (Fig 69) of type 20 steel are welded to the sides
of the lower collector, two on each side. The flanges have eight threaded.
openings. Mounted on two of the flanges, from the right side, are the
bleed valves behind the«compressor stages V and VIII and behind flanges

(2) (Fig 69) of aluminum alloy from the left side.

‘Welded to the lower level of the collector are two mounting bars (6) . .
 (Fig 69) for fastening the KTA fuel control assembly. The KTA assembly g
is fastened with eight bolts screwed into the mounting bars and bosses
welded to the bars.  The mounting bars and hosses are made of type 20
steel. TFour plates are welded to the housing and collector to increase
the rigidity of the lower collector in its areéa around stages V and VIII .
under the mounting bars of the KTA assembly. - ,

Tk 56 !
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‘Boss (4) (Fig 69) with a threaded hole is welded at the front of the
lower collector for fastening the clamps holding the air tube.le:50X1

-~ from the sensor located in the forward casing to the KTA control assembly.

~ Two bosses (1) with threaded holes are welded to the lower half of
the compressor housing on the left side for the bolts holding the supports
of the VE-2 hydraulic switch of the starter generator. Boss (3) with a
threaded hole for fastening the clamp holding the wires to the KTA fuel

control assembly is welded to the lower half of the compressor on the.right
side, : :

Two bosses (4) (Fig 68), with threaded holes for bolts securing the
hot air bleed valve for heating the vanes of the inlet guide vane unit, are
' he upper half of the compressor housing. Welded

‘ half of the housing is a support plate (3)
of type 10 steel with two threaded holes for fastening the clamps of the tube .

. carrying off air from the oil area of the turbine shaft channel to the

centrifugal deaerator.

On two of the bosses (1), welded to the upper half (placed close to

the forward flange), are fastened the clamps for holding the eollector lead
to the MP-5 electro-mechanism.

One rear mount for the engine, made of type LOCHNMA [4OKhNMA] steel,

sides of the compressor housing rear
flange and is secured by three bolts to the longitudinal members of the
compressor housing and by two bolts to the rear flange. Fastened by four
bolts to the same flange of the upper half of the housing are two mounting
bars for fastening by three bolts are also two mounting bars for fastening
‘the cover. They are made of type 38CHA [38KnA] steel.

‘The starting fuel valve is fastened to the longitudinal members on the
right side. , ' '

The compressor housing is tested under air pressure of one kilo

gram
per square centimeter for a period of one minute,

3.5 stétor and rotor rings

The compressor stator rings (Fig 71,72, 73) convert a part of the
kinetic energy of the air, acquired from the compressor's rotor blades,
to pressure energy, and direct the stream of air at the desired angle.

_ The outer and inner rims of the stator and rotor rings form the
narrowing duct of thevcompressqr.

The coﬁstruction of all the stator rings is the same; they differ
only in_their'gepmgtric shapes and the number of blades.
. 8«E-C-R-E-T - g v
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' The stator rings are welded and consist of outer rim (2), inner rim. :
(&), labyrinth ring (5), and pins (1) fastening the stator ring to the  50X1.
. compressor housing (Fig T1). :

The outer and inner rims are rolled from steel sheet 1.5 millimeters -
thick and have shaped openings into which blades are placed and welded
from the face side so that a rigid component is created which cannot be
disassembled. Labyrinth ring (5) of steel sheet, 2 millimeters thick,. |
is welded inside. - S '

The labyrinth ring together with the ridges on the compressor rotor
form.the fir seal which prevents the seepage of air between the stators.
" In order to secure the seal with a zero clearance, an soft layer of aluminum
‘with graphite (7) (amount of graphite 6 to 12 percent) is deposited on
the seal ring. The thickness of the layer, afterthe completion of the
‘milling, must be at least 0.7 millimeters. Special ridging (6) is cut
“into the ring to achieve a better union of the layer with the seal ring.

The sealing layer is deposited in the stator rings to assure the
clearance between the surface of the rotor and the layer.

‘ These clearances are achieved during the operation of the engine,
© when the rotor is affected by centrifugal forces and the material has
. expanded. as a result of the heat, the ridges of the rotor cut into the
layer and thus assure the necessary sealing.

The stator vanes are cast of type CH1TN2 [Khl7N2] steel and are ,
_polished. All of the stator rings are cut in two and marked "Upper" and
"Lower." The beads of the outer rings are precision milled and serve to.
seat and center the stator rings.

Three . pins (l) (Fig 71) with threaded openings are welded to each
. half of the stator ring to secure it to the compressor: housing.

The stator. rings ‘behind the stages v and VIII- have 80 and 4o openings
in the outer rim for bleeding air,

To prevent corrosion the parts are eloxal coated. The number of
stator vanes in the individual stages is presented in the table below:

, : Stagc I II III IV V VI ‘”VII : VIII IX X . ‘
- Number 32 33 hh 62 62 7u=.7§ f;j?#it. 7u 82 f‘ o
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The compressor rotor rings (Fig 73) are positioned between the outer .
stator rings and assure a maximum clearance between the tips of gpoxqrotor
blades and the inside diameter of the rings. The rotor ring is rolled
from 10KP steel sheet 1.5 millimeters thick. The ring is centered the

compressor housing and for this reason the beads of the rings are precision
milled. The ring is prevented from turning by stop (1), welded to the
outer surface of each rotor ring, which fits against the packing located

in the separation plane of the compressor housing on the left side. The
axial position of the rings in the housing is secured by the outer rim

. of the stators.

, The rotor ring of stage I is secured at the front in an axial direction
by a seal ring, which rests against the outer rim of the inlet guide vane

-unit. The rotor rings of gtages I and II have a tapered inside diameter;

half of the angle is 2° 52° ., The rings of stages III - X have centering
bosses of the same diameter. ' A

To secure the minimum radial clearance between the rotor blades and
the inner surface of the rings, the inner surface has a deposited film,
which is easily worked on contact with the tips of the blades. Deposited
on the inner surface of the rotor rings of stagesiI - V is a sealing
layer consisting of an aluminum, asbestos, and talc mixture having a
mininmum thickness of 0.7 millimeters.

‘Deposited on the inner surfaces of the rings in stages VI - X is a
layer consisting of an aluminum and a 10 to 14 percent graphite mixture,

~and having a minimum thickness of 0.7 millimeters. To achieve a better

seal between the deposited layer and the surface of the ring, the inner
surface is grooved to a depth of 0.35 millimeters at intervals of one
millimeter and a profile angle of 60°, To prevent corrosion, all rings

"are phosphated, and the surface is coated with a protective material.

3.6 Bleed valve

The bleed valve (Fig T4, 75) assures the stable operation of the
compressor during starting and during low RPM and thus reduces the load

‘on the starting mechanism during the starting period.

The four valvcé are on flangcs welded in pairs on the collectors
behind the stages V and VIII of the compressor and are secured by 8 bolts.

Automatic control of the bleed valveé is carried out by the KTA fuel

_control assembly, which controls oil [pressure] to the on the bleed

valve piston, according to engine RPM. This piston opens the valve [under

~pressure], and after the 0il [pressure] has been cut off, the valve is
- closed by a return spring. The pressure of the oil entering the cylinder

above the piston &s 13 to 15 kilograms per square centimeter; the maximum
pressure of the ailr im the collector, at which the valve can be opened,
is six kilogramsper square centimeter,
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During engine starting, the bleed valves open when the oil pressure

reaches three kilograms per square centimeter, at 1,000 -+ 1,200 engine 50Xj"
RPM; they close behind compressor stage VIII when n (nominal = 9,000+ 150 RPM, .

and behind the compressors stage V when n = 11,200 1+ 150 RPM.

The bleed valve [Fig 24] consists of the following components: body

.a(l6), cover (8), piston (5), valve (17), plate (7), spring (14), end
 safety locks (6 )

Body (16) is cast of MLS megnesium alloy. On the lower part of the
body is a flange by which it is fastened to the collector. The flange has

eight bolt holes. The three extensions from the flange support the cylinder,

while the openings between them permit the escape of air. Cover (8) with
a pipe fitting for the intake of oil is fastened by four bolts to the
cylinder's upper flange. A "fabric" type gasket is placed between the

.flanges of cover and the body.

~ The lower cylinder cavity serves as the valve's (17) guide. In order .

to prevent oil seepage the cavity has a circular groove with an inserted
rubber ring seal (18). The upper cylinder cavity serves as a guideway
for piston (5). On the outside is a boss with a threaded opening for pipe
fitting (12) to drain off oil seeping between the piston and the packing.
The pipe fitting seals on aluminum gasket (13). The cylinder cavity is
terminated by a horizontal surface which stops the piston in the down
position. On the inner surface of the body, near the lower flange, is a
precision machined tapered surface into which the valve seats in its
extreme upper position.

~ To secure a dependable tight seal, the tapered valve seat in the body
is milled concentrically with regard to the inner cylindrical cavity and
the valve is self seated by gringing action. Filter screen (21) is placed
in the openings between the lower flange supports. The screen, which is
secured by four dural rivets, prevents foreign objects from entering the

compressor housing.

The screen is made of 1CH18NOT [1Khl8N9T] steel. Cover (8) is cast
of AL~5 aluminum alloy. The cover has a boss on the side surface with a
threaded hole for pipe fitting (19) for oil pressure to the valve.
Between the cover and the hexagonal pipe fitting is an aluminum gasket....

[page L1 of text 1¢ missing. Begins discussion of hot air bleed valves

~ for heating 1ntake guide vanes [Fig 76]

The casing has two holes for bolts to secure it t0 the compressor

busing, four holes for bolts (1) to hold casing (1l) together, flange (10),

angle plate (18) and flanges (7) and (20). On each face side of the
housing is a single hole for pins to secure the flange and angle plate
on the casing.
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The casing has two bronze bush

butterfly valve shaft (8). Bushin Tened tO the casing by two
bolts; the face side of bushing (19) rests against the butterfly v-2y-
and it 1s tightened by a castle nut (24), screwed on to the threa ©0X14
of the butterfly valve shaft. The nut is secured by a cotter pin. The
butterfly valve shaft has two precision worked surfaces which fit into

" the openings of the futterfly valve bushings. Attached at the end of the
shaft by screw (13) and nut (12) 1s pull rod (26). The buttcrfly valve and
its shaft are made of type 38CHA [38KhA] steel.

.. o Flange (10) has holes for mounting to the casing; four holes for fastening
: ' the flange to the casing and one for lock pin (31). It also has holes
for guide screw (29) of the MP-5 electro-mechanism, round recesses for
centering the electro-mechanism unit, four holes for pins and four for the
bosses of the pins securing the MP-5 electro-mechanism.

Angle plate (18) has holes in its vertical walls for centering on the
casings, four holes for the bolts holding the unit together and one for
lock pin (30). Angle plate (18) and flange (10) are made of type 20 steel.

Cover (1h), stamped of AVAM aluminum alloy sheet 1 millimeter thiék
is fastened to the horizontal walls of the angle plate by five screws (25)
v : (with one screw to the casing). "~ On the left the cover rests against the
o flange with its face side. The cover fastening bolts are safety wired.

Fastened with two screws in the horizontal wall of the angle plate
is forging (15), that guides two rollers (2), (3), which make up the axle
connecting pull rods (26) and (27). The forging is made of type 45 steel,
and the rollers of 38CHA [38KhA] steel. Pull rod (26) consists of a
- covering, the pull rod itself, spring and two washers. The casing and
washers are mde of type L5 steel, the pull rod of type 38CHA steel, and
the spring of type OSV steel wire. The pull rod, with a washer fastened
: to the end, is able to move over the inner surface of the casing to a
, S "position in which the spring is completely compressed. The spring rests
| against the face side of the washer. The other washer is secured to the
end of the casing. The casing and pull rod have eyes by which pull rod
(27) 1is attached to the buttcrfly valve shaft arm. -

[The last paragraph of page 42 is illegible.]

The tubes for bringing in and carrying off the hot air to the valves
couple into flanges (7) and (20). Flanges (7) and (20), made of type L5
steel; have four openings each for bolts to secure them to the casing and

' - .- a thread for securing nuts (4) and (21). Inside the flange are openings
: for air intake and the centering recess for the tubes.

. Asbestos packing cord (6), (23), seal rings (5), (22) and a lock nut
~ are used in coupling the tube and the flange. The nuts are made of type
38CHA steel, the seal rings of type (45) steel.

. 61 E
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The nuts are safety wired,ffor which purpose the nuts and. flanges 50X1
have holes 1.5 millimeters in diameter. o

- 4,  COMBUSTION CHAMBER

. The combustion chamber (Fig 78) consists of the following parts:
inlet section (1) (Fig 79) with air casing (&); burner (5); main fuel
nozzle (2); igniter (3); starting fuel nozzle (?); housing (6) of the
‘rear compressor bearing; housing (7) of the turbine roller bearing; oil . .
supply tubes (9) and (10) for the bearing, oil drainage system and air
sealing, tightening and sealing details.

. The combustion chamber is that part of the engine in which the tempera-

" ture of the air supplied by the compressor is increased by burning fuel.

- Simultaneously it catches the elements of force resulting from the
turbines' weight and motion, originating in the combustion chamber and
turbine during the opcration of the engine and the forces originating on
the aircraft.

4.1 Inlet section of the combustion chamber

. The inlet section of the combustion chamber is welded of type
1CH18NST [1Kh18N9T] heat resistant steel 1.5 2.5 millimeters thick, with
flanges made of the same material, and bearing bushings of type 25 and
20 steel. The inlet section of the combustion chamber consists of the

- outer casing (1) (Fig 80) with welded flanges (2) and (3), imner tapered
supporting scction (4), and the rear outer end guide casing.

Inlet outer casing (1) (Fig 80) and the inner tapered supporting
section (4) are mutually joined to ten equally-spaced streamlined frames
[cans], welded, with reinforcements, to the outer surface of the tapered
supporting section and the forward casings. The frames are reinforced
by strengthening members (7) located in the stream of air supplied by the
compressor.

Welded to the inlet outer casing of- thc combustion chambcr is front
B flange (3), by which the intake casing is joined to the compressor housing,
. and on the rear end is flange (2) for coupling the casing to combustion cham-
'~ bver [proper].

Welded to the outer casing are the following: flange (8) for the line - .
which carries off the oil emulsion from the area of the compressor's rear
bearing and the turbine bearing to the centrifugal deaerator; flange (9)
for the line which carries. off the air used for heating the - inlet guide
- vanes of the -compressor; flange (10) for the deaeration line of the D)
and D2 areas of. the baffle seal leading to the [word illegible] nozzle.

SR
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Welded to the outer casing are ollowing: anges
(13) which serve as mountings for the device conducting air from Eﬁﬁ(1
(14) which is utilized for the needs of the aircraft. Flange (15 oc.ves
‘as a mounting for the oil filter through which the oil is drawn off to
‘the front housing. Lines (16), welded to flange (15), carries off com- -
pressor bearing oil from sump (33), and line (17) carries off turbine
bearing oil from sump (32).

[Paragraphs 2-7 of page Ll are illegible ]
. S {Word illegible] burner

The engine burner (Fig 81 and 82) is of a canannular type located =~
inside the combustion chamber, It is welded of type E1435 heat resistent
plate. '

The forward part of the burner consists of ten domes (Fig 82) located.
. between the frames of the chamber casing. For fastening to the chamber
. casing, eight heads have welded bushings (2) for securing pins which
permit the free expansion of the burners when heated.

[Paragraphs 1 - 5 of page 45 are illegible,]

The block of burner domes welded to the rims is riveted to the outer
casing (15) and inner casing (16), of the burner. The casing is riveted
with rivets three.millimeters in diameter and made of type 1CH18NOT steel.

To reduce the rigidity of the joint between the casing and cans,
longitudinal slots are made in the outer and inner casing in places where
the rivets are located.

Spacer plates (17), placed between the casing and domes create
apertures through which air passes for cooling the 1nner surface of the
casing.

Secondary air is brought into the burner through 50 mixing extensions
(18) welded to the outer casing and through 40 mixing extensions (19)

. welded to the inner casing. The extension consists of flange (20) and
inserts (21), welded to the flange. The front edge of the insert is
bathed with air which passes between the flange of the extension and the
insert. ,

. - - For equalizing the heat field behind the chamber and cooling the walls.
: of the inserts between the extensions, the outer casing has pairs of
‘openings, and where the domes come in contact there is one opening.

S
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For increasing rigidity, grooves are milled into the outer casing. 50X1
Two flanges (22) are welded to the inner casing, between which is a third
flange (23) with 50 openings, four millimeters in diameter. The inner .
diameter of this flange rests on the cylindrical surface of the "distribution
unit" -- [probably, the nozile guide vane assemdbly].... :

[Page U6 of text is missing]

. The outlets of the fuel manifolds are made of type iCHLTNOT {1Kknh18nr] .
steel and the joined with PZL-500 braze. The fuel system manifolds are
joined to each other by aluminum couplings (7) (Fig 83). With regard to
the bridging, the surface under the couplings is cleaned.

The fuel manifolds are fastened to the combustion chamber by six steel
mountings (6). PFach steel mounting has two grooves so that the manifolds
may be set in the desired position.

Fuel is carried from the manifold to the primary fuel nozzles via lines

(3) and (4).

The lines supplying fuel to the main fuel nozzle of the mdin circuit
[flows] are marked with black painted rings, the other circuits is marked
with two painted rings. :

6h
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4.7. Main fuel nozzle

. To assure correct burning in the combustion chamber, the fuel is 50X1
., delivered in an atomized state for better mixing with the air. :
The ‘dispersion and distribution of fuel to the burner domes of the -
‘combustion chamber is assured by the ten main FR-20 fuel nozzles, which
are mounted on every dome of the combustion chamber and which are fastened
_ by flanges to the casing of the combustion chamber. :
. . [Paragraphs 1 = 6 of page 48 are illegible]

Impurities- in the fuel and metal particles which get into the fuel
as 1t passes through the individual parts of the fuel system assembly are
trapped in the area between the filter screen and the flange., Impurities
and other small particles are easily removed during the disassembly and

¢+ cleaning of the filter components. To prevent the seepage of fuel by the
filter lnto the channels of the fuel nozzle unit, casing (15) (Fig. 84)
'is placed on bushing (14) of (filter) insert (9) with a maximum tolerance !
of 0.113 millimeters .and casing (15) is placed into body (15) of the fuel.
nozzle with a maximum tolerance of 0.103 millimeters. . I

Aluninum gaskets are placed under the collars of tube fittings (1),
(2) and (hex heads], (8). The body of the fuel nozzle is made of type
12 CHN3A [12 KhN3A] eloxal [?] coated steel. :

When starting the engilne, the fuel enters only the first manifold of
. the fuel nozzle [assembly]. It progresses to the central area of
adapter (19) and. from there through openings into vortex generator (20)....
[Paragraphs 1 - 5 of page 49 are illegible. ]

The face side of the atomizer, on the head of the fuel nozzle unit

and on the sleeve, has three channels (32) [Fig. 84] for the passage of air
to cool the main fuel nozzle and to remove its carbon deposit.. The air ’
passes through the clearances between the sleeve and the shroud it blows
through the face of the atomizer and the casing via twelve openings (33)
of 1.5 millimeters in diameter in the :casing. In order to prevent the
sleeve from turning while putting on the casing, its boss (34) fits into

: one of the recesses on the head of the fuel nozzle unit and collar (35)

C - of the shroud is bent into the other recess. Sleeve (29) is made of type
38CHA [38 KnA] eloxal coated steel; the shroud (30) is made of type
1CH18NST [1Kh18N9T steel. ‘

The cylindrical surface of the shroud has ten holes (36), 2.5 millimeters

. thick, for discard of fuel, which can flow out from the side of the atomizer,

Flange (37) of the fuel nozzle is made up of two halves from type D1T
/ duraluminum it is joined together by bolts (38) and nuts (39). The nuts
¢ ~are secured by safety locks (4O). Set into the recess of the flange is
8 ring (41) consisting of two halves whose inner surfsce encircles the _
.cylindrical surface, of the fuel nozzle unit with the tolerance of 0.0008 f

0.045 millimeters., Rubber ring (42) is placed into the recess in the ring.
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[Paragraphs l -7 of page 50 are illegible.]

The starting fuel nozzle (A) (Fig. 85] is fastened to casing (B) of S0X1

 the burner by flange (4) with bolts and three nuts locked by spring washers.

Body member (2) of the starting fuel nozzle with sleeve (3) welded to it
and flange (4) 1s made of type 20 cadmium plated steel. Tube fitting (5) .
is screwed into the orifice of sleeve (3) for connecting the fuel lines.

" Aluminum vasher (6) 1s placed under the tube fitting. -

In body member (2) of the starting fuel nozzle , the collars of ) o ‘
atomizer sleeve (8) and cap (9) are secured by nut (7). The collars are T
sealed with gaskets (10) and (11). Gasket (10) is aluminum and Gasket (11)

- is brass. Sleeve (8) of the atomizer is bronze, and cap (9) is made of

type 1CHIBNOT [1Kh18N9T] steel.  Nut (7) is made up type 45 steel and has:
four keyways. The nut is secured by safety lock (12) for which five grooves

" have been made on the face side of the starting fuel nozzle., The safety
. lock is pressed_against the nut by spring (13).

Slot filter (14) 15 set into sleeve (8). The upper plate of the

. filter is pressed to the face of the atomizer sleeve (8) by spring (15).

Set into plate (16) and rolled is core (17), which has nine logitudinal
grooves along its periphery and a thread cut on its outer surface.

[Paragraphs 1 - 6 of page 51 are.illegible.]

Welded t0 the body member bf the auxiliary starting fuel nozzle, Fig.
86) is casing (3) made of type 1CHLONGT [1Kh18NYT] steel, with opening (A)
for air from the compressor. The air passes between the body member and
the casing and cools the fuel nozzle. The fuel comes in through fitting -
(4) secured by bolt (2), which has two openings 2.5 millimeters in diameter
located opposite each other for the passage of fuel ‘from the tube fitting

to the fuel nozzle member. The fitting is sealed with an alummnum gasket.

The fuel nozzle is mounted on the casing of the combustion chamber

by a flange and_two bolts. A "paronite” packing is placed under the flange.
{5, TURBINE] ' | | |

[Paragraphs 1 ~ 8 of page 52 are illegible.]

5.2 Turbine Rotor

The turbine rotor (Figs. 89, 90 91) consists of the rotating dises = : .

of stages I, II, III and the shaft. The turbine shaft.{10) (Fig. 63) is

made up type LOCHNMA [LOKHNMA] steel and its fromt end splines onto the

. compressor's. rear shaft (1). It 1s secured against axial displacement by

threaded coupling (8) inside the ‘turbine shaft.

.
*
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A thrust bushing (9) ou grooves :

A

inside of the shaft to assure the necessary alignment in an axlal direction,
of the turbine shaft flange and the flange of the outer housing of U5OX1
stator vane unit of the turbine s I stageeess

[Paragraphs 1 - 4 of page 53 are illegible.]

The tightness of nuts (22) [Fig. 89] is checked, after the turbine
rotor has been assembled, according to the size [word illegible] of the
" tie bolts, which may have a tolerance of O.4 0.02 millimeters. The tie
bolts are reinforced where they come im contact with the discs, which
. ' reduces the clearance between the bolt: and the sleeve (15) and prevents
' an even greater possible oscillation during operation. The reinforced
part of the bolt has radial recesses in which are set, with the aid of a
' heavy lubricant, two-piece guides (21). : : -

In the disassembly of the turbine, discs (16) and (19) are rested
against the turbine shaft bolts through guides (21) snd sleeve (15). This
construction permits the dismantling of the individual turbine discs.

The forward part of the tie bolt is strengthened with flat surfaces,
. which are used for tightening the bolt. The flat surfaces for strengthening
~ the bolt, where it comes in contact with the discs of‘turbine stages I and -
¢ - - II, are 8150 used for the same purpose.

, . The rear end of the tie bolt has a square head by which the bolt is
| B . ‘held to prevent it from turning when the nuts (22) are being tightened or
| © - .. loosened. The nuts are secured by safety locks (1) (Fig. 92) of type 10
‘ o KP steel, 1.2 millimeters thick. To prevent the safety lock from slipping _
’ - out, shims (2), 1 millimeter thick and made -of type UYA material, are placed
under. the nuts. The nuts are copper plated. Every nut has two openings
into which kerosene 1s poured prior to unscrewing. The nuts .and bolts are
made of type E1L437B alloy.
(Paragraphs 1 = 6 of page 54 are illegible.]

the mounting of the turbine buckets is shown in Fig. 90. The buckets
‘are inserted freely into the disc. The grooves in the disc for fastening
the buckets are cut at a 20° angle to the axis, so that the bucket proper.
does not exceed the contour of the lock. The buckets are guarded against
longitudinal displacement by safety locks ( @) (Fig. 90) made of type
'E1435 steel 2 millimeters thick. Lug (2) of the safety lock fits into
slot (4) of the bucket's lock and the protrusions (23) are bent down after
. . the bucket has been seated, against the face side of the disc. A longitu-
.. .. dinal movement up to O. 3 millimeters is permitted the buckets in the
‘ grooves. .

Co The buckets of the turbine's I and II stages are cast of type ZS6K
,* [2hS6K] alloy, slightly oversize for milling and & minimum smount of .
mechanical working. The buckets of the III stage are mechanically worked
L . from stampings made of type E143TB alloy. The cross section shape of the
L buckets is lemniscatlc. 'The transitional part of the buckets in all three
' .. . stages, which make up, the inner surface6 of the rotor ring channel, has a
i L . , . ‘ 7 ‘ )

)  §-B-C-R«E-T
2 '.-.'_ No Foreign Dissem

Declassified in Part Sanitized Copy Approved for Release 2013/10/23 : CIA- RDP8OTOO246AO72200090001 -0



\
Declassified in Part - Sanitized Copy Approved for Release 2013/10/23 : CIA-RDP80T00246A072200090001-0
: §-E-C-R-E-T
No Foreign Disse

£illet (5) from the side of their leading edge, ch 855 y -
of air to the disec. The outer edge of the buckets used on the discs of 313'50Xj

stages are worked into a tapered configuration.
(Paragraphs 1 = 5 of page 55 are 11legible. ]
Balancing the turbine rotor is done with special equipment by removal !
of material from the periphery of the discs of stages I and II (17, 18,)
(Fig. 89) up to a 15 GCM maximum on each support. : .
After balancing, the position of the discs and the spacer rings is . ' .
marked with an "O" with relation to tie zero pin of the rotor shaft. Marked' .

in the seme manner, with regard to their pins, are sleeve (15), guides
- (21) and nut (22). : :
[Paregraphs 1 - 6 of page 56 are illegible.]

The inner body (9) [Fig. 93] of the turblne nozzle assembly of stage

I has the following main components: supporting come (8), to which a flange
(7) is welded from the face side for fastening the turbine nozzle assembly
to the casing of the combustion chamber and the.deflector rim (10) of type

. ET435 .steel, welded to supporting cone (8). The deflector rim (10) :
protects the nozzle gulde vane locks and set rim (11) with cups against
excessive heat and makes up the inner contour of the gas chaunel. . In
addition, the deflector rim together with the forward part of outer rim
(1) makes up the support for combustion chamber. :

The stage I stator assembly has 47 guide vanes, cast of type ZS6K -
[Zhs6K] alloy, which are machined slightly after being cast.
[Paragraphs 1=-8 of page ST are illegible.]

The inner rims (4) are slotted in their outer surface to recelve
the ends of the stator vanes.. '

Circular imsert (5) is placed into the inner rim and welded there,
thus covering the outlet area of the vanes face side and preventing the
seepage of gas through the clearances in the slots under the vanes. At
the front of the inner rim is a flange with openings for the baffle seal
fastening bolts. » ' : '

‘Seal rings (6) serving as inter-stage packing (2) (Fig. 95), are of
three-ridge construction and are fastened by bolts to the forward flanges
of the inner rims. The larger-diameter openings on the flanges of the
' inner rims enable the seal rings .to move freely and thus regulate the
radial tolerance between the face of the turbine disc and the seal ring. .

To assure an axial clearance between the face side of the seal and
the turbine disc, ‘the seal can be adjusted by the spacer rings. The
- axial tolerance between the discs.of the turbine rotor and the inner rim
of the turbine stator stage can be adjusted by inserting a spacer ring
' between the discs. T B '
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- The stator vanes (3) (Fig. 94) of
type VLT-45U alloy and are machined. The stator assembly of the II stage
~has 51 vanes and the III stage 53 vanes. - _ ‘ 50X1

One end of the vaneuis-setjinto the slots of the outer rims and

'> welded; the inner rim:'(4) is centered according to the other end of the

vanes, which freely expand in the slots when heated. '

The stator assemblies are mutuaily Jjoined to the casing of the
combustion chamber and the -exhaust nozzle with bolts and nuts mede of

type EI388 steel, secured by locked plates.
[Paragraphle = T of page 58 are illegibvle.] -
[Paragraphs 1 - 10 of page 59 are illegible. ]

- After passing through the circular. cavity (9) [Fig. 98] above the
housing of the roller bearing, the secondary air insulates the bearing
(6) against the effect of the hot gas.

A part of the seéondary air passes through the clearances in the
labyrinth seal and the opening (7) into the deaerating area (8) .

The secondary air passes from the casing of the combustion chamber

through 50 openings (11) in the seal ring and through clearances (12)

over the inner contour of the gas channel and it cools the inner rim of
the stator assembly and the bottom part of stage I buckets.

The secondary air passing through clearancés (13) between the

' combustion chamber of the outer rim of the stator assembly of stage I,
. ¢00ls;the outer rim of the stage I nozzle assembl

(Paragraph 1 < 9 of page 60 are illegible. ]

Chapter IV,

THE OIL SYSTEM

. [Note: Except for a few brief paragraphs and partial lines, the text

comprising this chapter is obliterated to a point where no continuity of

. meaning can be developed. ] '
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AI-2U0 Englne
| IL-18 Afrcraft

- 50X1
Chapter V.
THE FUEL S&STEM
1. GENERAL DESCRIPTION |
The fuel system (Fig. 138) operates automati:cally under normal - | .

conditions, and needs no special attention by the crew.

The fuel system 1s divided for the right and left engines. Each
pair of engimes is supplied from its own tanks, i.e., englines No. 1 and
No. 2 are supplied from the left wing tanks, and engines No. 3 and No. 4
are supplied from the right wing tanks.

A total of 22 tanks are located in the wings, 20 of which are soft
and unshielded, and ‘2 tanks are in the detachable parts of the wing
- (tank No 8)

Tanks Nos. 1 to 8 belong to the main group of tanks, forming group
" I. The tanks are located behind the inboard engines and are sufficiently
removed from the fuselage.

: - Tanks Nos 9 to 11, forming group II, are added to increase range.
The tanks are located between the fuselage and inboard engines. These
" tanks are emptied first. No tanks are located in the fuselage.

 Tank capacities:

8,200 liters (6,315 kilograus),
of which 3,800 liters (2,540
kilograms) are in tank No 8;

Main group - group I

05 060000 bsséeede s

Auxiliary group - group~II 3,650 liters (2,810 kilograms).

a-‘.o‘o-ooc‘ooo-.

. Total capacity in one side of the wing . -11,850 liters (9,125 kilograms)

ceeeeas 123,700 liters, minus 2 percent

Total capacity of the fuel system
. _ . (18 250 . kilograme, minus 2 percent)

ProjJected specific weight' equals ,,,..... ©0.7T70. - B : - .

L The tanks of each side of the wing contain 10 PNV-ZG fuel pumps.
The pumps are located in the following tanks. .

Four overflow [?] pumps in the’service tanks No. 1;

T0
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four transfer pumpé in tanks No 9; and
two transfer pumps for the amount of o g : CoEgxq.
fuel remaining in tanks No 2. . . S ' C

The following instruments and'accessories belong to the fuel system' o
in addition to the tanks and PNV-2G pumps: - I

KTA-S5F fuel control [throttle]_assembly - ingtalled on each engine;
. - 661A (3481) high-pressure pump = one per engine;
7071 supply pump - one per engine

12TF=-15. fine fuel filter - one per engine (mounted on the left support of.
" the engine bed); : K C

TF-6 coarse fuel filter - one per engine (mounted in the firewall);

No 762700 fire shut-off valve - one per engine » in inboard engines on the
' firewall (side nearest the landing gear),
and in the outboard engines on the firewall
in the area of the oil cooler;

“No 762700 éross-over,vaivefF one_mountéd on the front girder of the
' fuselage center section;

~ Drain valve for the I and II groups of tanks - 4 on the right and left
' " - edges of the inboard nacelles
in the landing gear area;

No 662600 check valve - eight units under the tanks next to the fuel pumps.
The flaps of the check valves have a 0,3 millimeter opening in each;
SDU-3 transmitter - 0.35 of the minimum fuel pressure of TOT1l supply pumps
- one unit per engine (fixed to the right support of the engine bed);
SDU-2-0.18 transmitter of the disengagement (VYSAZENI") of the overflow
pumps - two units behind the pumps on the right edge of the inboard nacelles
in the landing gear area; SDU-2A transmitter - 0.18 of the fuel transfer

' from the II group of the tanks - two units behind the transfer pumps on the .-
left edge of the inboard nacelles in the landing gear area; SDU-2A trans-

*  mitter -~ 0.18 of the transfer of the fuel remaining -~ two units behind the
pumps transferring the fuel remiining, located under tanks No'2; EMI-3R
three hand indicator for measuring the fuel pressure at the nozzles - 4

. complete sets, the P-100 transmitters are located on the right supports of

the engine mount, and the indicators are located on the control panel;

SETS-280 fuel gauge - transmitters and SU-2 fuel quantity signals are

located on the tanks, two UTO indicators and the CG-5 change-over switch

are located on the control panel; two UTO indicators and two NG-3 change

over switches are in the nacelles in the landing gear area on the maintenance

boards for pressure fueling; two UTS-5L measuring relay boxes, two BAS-52-25
automatic relay boxes, two PD2-2 remote control change-over switches, and’

Tl
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commutation equipment are found in the front cargo area on the right side; ,
RTMS=-1.2 Bl consumption gauge (complete unit for the airplane) - trans- 50X1
mitters, located on the firewall of the inboard engines and on the left v
support of thé engine bed of the outboard engines, four indlcators are on
the left pilot's panel; four PT-56 "thyratron" breakers and two TRP-52 ,
transformers, located under the navigator's table; system of intake tubing,
jettison, and fittings; and system of pressure fueling.

i

1.1 Fuel system operation and checking . . .

The fuel system is checked and operated from the crew cabin. The
check instruments are located on the imstrument panel and the -left pilot's
-panel, while the control instruments are on the central panel. :

The instrument panel contains: four indicators (of the EMI-3R -
complete'unit). The housing contains a fuel pressure gauge to the nozzles;
two indicators and one fuel gauge change-over switch (from the SETS-280
complete unit);

four red signal lamps indicating a &rop in the fuel pressure below 0.4
kilogram per square centimeter, locdted in front of the high-pressure
661A pump;

two red signal lamps, indicating disengagement of the overflow pumps;
two green signal lamps, indicating the operagion of transfer pumps;
two red signel lamps, indicating 800 liters of fuel remaining.

Thé left pilot's panel contains: four RIMS-1l, 2-Bl indicators of
amount of fuel consumed. The fuel consumption gauge shows the amount of
- remaining fuel in kilograms for each engine, and the scale shows the
consumption in kilograms per hour. EEEE .

The centrel panel contains:

four fire shut~-off valves disconnect switches for the cross=-over valves;'
four disconnect switches for the overflow pumps;
_four disconnect switches for manual control of transfer pumps; .
_ two disconnect switches of the pumps transferring the remaininf fuel;
~ tWwo green signal lights, indicating the operation of the pumps transfering
the remaining fuel. R - '

. . 1.2 Fuel supply to engines- .

Supplying fuel to each pair of engines (Fig. 138) is handled from
service tank No 1 by means of two PNV-2G overflow pumps. All of the other
‘seven tanks of the main group are connected with the service tank,.and the .
fuel supply from them to the service tank is done by gravity flow. To

N T (-
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. Prevent fuel from escaping, check valves are inserted in some connections
- between the tanks. Service tanks No 1 and tanks No 3 have check .va50X1
~ inserted in all four connections. .
Two pumps are provided for greater reliabllity. In case one pump
1s put out of service, the other assures sufficient fuel supply to two
engines. :

’ After the engine is started, the fuel is drawn from the main group
. . of tanks, and after 200 to 200 liters is drawn off, the signal from the
guel gauge transmitter of tank 6 automatically turns on 2 PNV-2G transfer
pumps, located in the tank No 9 of group II of the tanks (if these tanks
are filled). The green signal light "pumping from auxiliary tanks,"
lights up on the instrument panel. '

' The transfer pumps are turned on after 200 to 300 liters of fuel -
. are withdrawn from the tanks of the main group (group I), and fuel
proceeds into tank No 6 only when the float valve in tank No 6, opens
‘after 500 to 600 liters is withdrawn. ‘ '

‘ If the tranéfer pumps are not automatically turned on within 15
L minutes after the engines are turned on (i.e., if the lights 4o not g0
' on), the shut-off valves are turned on manually at the central panel.

The float valve located at the end of the transfer pump tubing in
tank No 6 maintains a constant level of fuel in group I of the tanks,
and prevents overfilling. -

After fuel 1s pumped out of group IT of the tanks, the tramsfer
pumps are automatilcally turned off by the transmitter.of the fuel gauge
on tank No'9 and the SDU-2A - 0.18 pressure indicator, during which the
green signal light goes off, and the fuel again is drawn from group I of '
the tanks., ' ' :

In case the transfer pump was turned on manually, it must also be
turned off manually. . To alleviate the stress in the wings, a float valve,
mounted in tank No 6 on the connection to tank No 8 prevents any fuel
from being pumped [prematurely] from tank No 8. With this valve, fuel
1s withdrawn from tank No 8 only when the quantity of fuel in the other
tanks drops to 3,500 liters. _ ‘ - '

After the fuel from tank No 8 is withdrawn, the remaining fuel:
‘ : continues to be pumped out.. Should the quantity of fuel in the group I
drop to 800 liters, a red signal light,- "800 liters remaining," 1lights up
on the instrument panel. , : . - o

A
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The PNVL2G pumps, located in tanks No 2, assure that the remaining 50X1
fuel is completely pumped out. The pumps are turned on by a switch on _
~the central panel. Green lights, located near the switches, light up at
the same time. After the transfer pumping is completed, the green lights
are turned off by an impulse from the SDU-2A-O. 18 transmitter, and the
pumps must be turned off manually.,

If necessary, all the engines may be supplied from the tanks in one :
half of the wing., To do this, the switch opens the cross-over valve, and '
the overflow pumps are turned on according to the appropriate instructions.:
The cross-over valve should be closed normally.

The fuel under a pressure of 0.8 plus 1.3 kilograms per square
centimeter passes from the overflow pumps through two check valves and
through tubing with an inside diameter of 32 millimeters to a "T" fitting

“located on the front girder of the center section, and subsequently through
tubing with an internal dlameter of 25 millimeters to the two engines and
to the cross~over valve.

' 2. ENGINE FUEL SYSTEM (Fig. 1k2)

2.1 Operating Principle

The fuel supplied to each engine passes through fire (shut-off valve)
No 762700 to the TF-6 coarse fuel filter, and themce to the 707-I low
pressure pump located on the engine. .

_ From the TOT~I pump the fuel flows at & pressure of 2.5 plus [to?]
3 kilograms per square centimeter and proceeds through the 12 TF«~15 fine
. filter and fuel gauge to the 661-A (348-I) high pressure pump. Part of the
fuel is conducted from the T17-I pump to the solenoid valve which automatie
cally opens when the engine 1s started. - During starting, the fuel passes
. through this valve to the igniter nozzles. :

The fule pressure ahead of the 661 A pump is in the 0.4 plus 3
kilograms per square centimeter range. When the pressure drops below O.h4
kilograms per square centimeter, the red warning signal "minimum fuel '
pressure” lights on the instrument panel.:

The 661-A (348~I) pump supplies fuel to the KTA-S F fuel control
 [throttle]. If the XTA does not use all the fuel supplied by this hlgh

pressure pump, the 'unused amount returns to the pump intake. The fuel - . .
proceeds from the KTA fuel control assembly to the I and II fuel collector o
(manifold.] - _ _ _

" The fuel needed is supplied by adjusting the KTA assembly coatrol
" lever assnring the specific consumption.

R Y
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3. ENGINE FUEL SYSTEM ASSEMBLIES 0x1

3.1 348-I Fuel Pump

The 345-I fuel pump (Fig. 112) is a gear pump powered by a special
drive from the engine. The pump supplies fuel to0 the fuel control
assembly [throttle] from which it flows through the fuel nozzle to the
engine combustion chamber. ‘ :

_Technical_Speci:ications of the Pump

Moael 0.o-0oc00;000006.;;000;-oq0.-00oooo ‘3h8-I.
PImp power supply ooolo.;o.ooit';cotooohoo from the engine

Directicn of rotation (looking from the o
of the power sUPDLY) ..uuvuiesevess.. ©0O the right

s MaX1mum rpm -oaoa.ooooooooooooocouooo‘.oo hJBhd

Minimum rpm .I.....l..'v........'.Q..'...‘ hso
Meximum pressure (kg/cm®) .., ..v.vvuunnn. 110. o

Absolute pressure of the operating
fluid vhen entering the pump, , »
(kg/cmz) coo-ooaooo-oobo‘o'ooco-ocgqo 1'5 % 3'9.

Pump delivery (liters/minute)
a. ‘When "N" equals 4,840 rpm,
pressure is 90 kg/en2, and
intake pressure is 1.5 to 3.9
KB/ Cm2 ettt titeserennenannennnnennnnn. minimum 46

b. When "N" equals 450 rpm,

pressure is 15 kg/cm2, and

intake pressure of 3.3 plus

0.6 or minus 0.5 kg/em? ,............ winimum 2

Operating £1udd .ii.eieeeveieeasnnnne.., LRK=55, T-1 or TS-1 fuels,
: ' or similar grade fuels

Permissable ,tempera,t'ures' (degrees centigrade)
8. Operating fluid ...evevvvenee.... from minus 60 to plus 60

b. Ambient air ......i.uviieeeeis... from minus 60 to plus 60

Weight of pump~(k3) 0000.00.(06;00000000‘ five

5
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The pump consists of the following prine :
flange, two gears, roller hearings, power supply seal, movable guides,

and power supply. <50X1

The housing (29) (Fig. 112), made of a special 'alloy, contains gears
'(9) and (18), bronze fixed guides (8) and (19), movable guides (10) and K
(17), two front (7) and (20) and two rear (14) and (27) roller bearing
inserts (26), and bearing cage (15).

The housing is oval shaped and has transverse ribs. The mounting . - ‘
flange (2), cast from AL 3 aluminum alloy, is attached to the housing -

flange. On the side .of the housing are two tube fittings for fuel intake

(21), and discharge (22), to which the appropriate tubing is connected. -

Soft aluminum washers are under the fittings.

-'Grooves, into which rubber sealing rings (12) are inserted, are cut
in fixed guides (8) and (19), and in the rear roller bearing inserts to
reducé the overflow of fuel into other parts of the pump. Fuel which soaks

.~ through the forward surfaces of the pump Jjunction is returned through
channels in the housing to the intaké side. :

Movable guides (10) and (17) can move along recessed in the pump
actuated by spring (16) and the hydraullc forces developed by the pressure
of the fluid on the face of the guides while the pump 1is operating.

The guildes are pressed steadily against the face of the gears, and
this sets the clearance between the contact surfaces of the gears, guides,

and front inserts.

The movable guides have a number of splines on their forward surfaces
by which the spaces between the gear teeth are connected with the spaces
formed by the forward surfaces of the guides and rear Inserts.

To equalize the pressure of the fluid in this area with the varisble
pressure in the spaces between the gear teeth, the space between the face
of the guildes and the rear inserts is divided into several secotrs. The
segtors are mutually separated by radially distributed brass rollers (11)
while inserts separete the sectors on the seals smooth surface of the guides.

~ Roller and insert are situated in the splines of the movable guides ;
which contain openings into which springs (16) are set.

. " Since movable guides, which are hydraulically liftéd from both face ' .
surfaces, and roller an insert seals are used, the clearance of the front
surfaces between the ‘gears ans guides is compensated :

The amount of the clearance is minimal, so that during the designed
period the hydraulic parameters of the pump are constant

. The constant value of hydraulic parameters of the pump at various
ambilent temperatures and operating fluid temperatures helps to protect the
cast housing. ~ _ _ 6

- | " BeE~C~R-E-T
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, The case~hardened gears of the p
i pins which are seated in. single row roller bearings. 50X1
Drive gear (9) has a central through~opening with splines for
connection with drive shaft (1). To prevent axial displacement, the shaft
'is fixed by washers (3) and (23) and thrust ring (2#), inserted into the
‘¢ircular. recess of flange (2).

b

. The drive seal consists of two seals (4) with spring washers (25),
. - pushing the seals against the cylindrical part of the shaft, and drainage
. " [ring ?] (5), through which the fuel from the pump area and the o0il from
the: drive area are taken off to the drainage system of the engine through
Iittlng (28) .

Washers (3) and (6) also serve as stops preventing the seals from - -
- 8liding along the drive (1). Drain ring (5) is tapered on two sides, and
the seals rest on it. This arrangement assures the seals from turning
inside out:under the pressure of the fuel and o0il coming from the area of
the pump and the drlve.

Flang (2) is of AL 3 aluminum alloy, and is fixed to the pump housing
(14) by pins. The tight locking of the housing and the flange together
ls done by two check sleeves. - Lead plated foil is used for sealing in the
contact.

To assure constant hydraulic values, movable guides (10) and (17) in
the pump are pushed against the gear faces by springs (16) and by
hyﬁraullc pressure.

The pump is mounted on a flange of the power housing [gear box] lower

'part of the engine in a horizontal position, W1th the outlet tube fitting.
at the bottom.

3.2 707-I Fuel Pump

The TOT-I fuel pump (Fig. 113) supplys fuel to the high pressure ‘
pump., The pump has two valves, a reduction valve and a by pass valve,
which are locatéd in the reduction chamber.

The pump has a 70 by T0 mlllimeter flange and a splmned shaft which.
-couples to the engine.

. _ 'Technlcal Specifications of the Pump

»lnlrectlon of rotation ...........;....... To the wight o ,
' Number of rpm | | |

a. .maximum‘r?...J§...J.........;........ 2,280

b, minimum ;;,.3.‘,..;‘.,5‘.;{;.....77. 1,855

00 geEeC-R-B-T
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Opera"bing flﬁid oo'oo.cooc;aovnoc.citnoo-. Ile-55, T-l, TS-]., 01' Other 50X1
. ) equivalent fluid ‘ :

Absolute pressure on entry to .
pmnp (kg/cm2) Sed 0000000000 CRBIPSIERIBEYTE 0'23 plus 2005

Discharge pressure, (kg/cmz) ceressrianes 2.5 t0 3

Temperature of operating fluid ' . . .
(degrees centigrade) .veeeeeesceeses. Pplus or minus 50 ‘

t

Required power input (horsepower) ....... oOne

Weight of the dry pump, (Kg&) ecececeeees. foUr

3.2.1 Pump Design

The pump is on centrifugal design, with four nitrided blades set at
right angles to each other, set in slots in the rotor. One end of the
blades rests on a floating hardened steel pin, and the other rests on the
inner surface of the nitrided casing. The chamber of the casing is
cylindrical. e '

The steel nitrided rotor is inserted in the bronze guides by its
_pins. The "cerpaci usel" [literally "pumping junction,” possible "pump
chamber” or "pump coupling"] is sealed by a rubber ring (14) (Fig. 113)
around the outside edge of the front face, which is pressed to the pumping
chamber by the face side of the nut of cuft 13.

Pumping chamber (7) is set in the cylindrical resess of housing (25)
cast from AL3 aluminum alloy. The position of the pumping chamber in the
body is secured by a pin.

To prevent the fuel from leaking from the pumping chamber to the
power drive, and the o0il from lesking from the power drive area to the
pumping chamber, the power drive area in the body has sealing around it.
The sealing [or packing] cuff consists of duraluminum nuts with a 68 by’
1.5 millimeter threading into which rubber cuffs are pressed.

Splined steel nitrided shaft (10) transmits the rotary motion from the
engine drive to the pump rotor clea.rance. ‘ , B '

Rubber seal ring (11) is inserted in between the pump body and the
nut cuff (13). The nut of the cuff is secured by rings (8) and (9).
Drainage ports are located between the seals to check whether fuel is
leaking from the pumping chamber and oil is leaking from the drive box.

A reduction chamber,‘ cast in one plece with the housing, is located
on the pide opposite the flange. The chamber countains a reduction valve
and a by-pass valve :Lntegrated into onggunit.

"~ 8-B-C-R-E-T
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The operating cone of the reductio —

.~ the seating in the reduction chamber, and the"cylindri;al part-engages
- . into the recess of the guide feed head. : '

[

50X1

The by-pass valve releases fuel filling the lines before the engine
is gtarted so that in case the T07-I pump should stall, the overflow '
pump could deliver through the by-pass valve sufficient fuel for the normal
- operation of the engines. ' '

' B Nine 7;5-ﬁillimeter diameter openings are in the valve come to allow 1
. - the fuel through when the line is being filled. The by-pass valve is .
' constrained by a spring resting on a support which is held by a thrust
ring. - : , . .

- Flat diaphragm (16) of rubberized fabric, is fixed between the disk

‘of reduction valve (6} and spring (18) with the aid of springs (4). The ,
outer edge of the diaphragm is clamped between housing (25) and ¢ap (5) R
of the pump by six bolts secured by lock washers. i

The reduction valve.is adjusted by [threaded disc 2] (3), by means
of screw head (2), secured by protective cap (1). The cap [cover-(5)?7]
contains a plug with an air passage [17?] to the space above the diaphragm.
 The K1/8 tube fitting 1s screwed in instead of the plug in case the
+ . pressure must be brought in to the area over the diaphragm. The fitting
" has a 42 by 1.5 millimeter threading for assembly of the inlet and outlet
o 7 elbows. . ' . :

R The fuel for the engine ignition nozzles is drawn off by fitting_(lé)
: screwed into elbow 20, drawing the fuel off to the 348-I high pressure pump.

‘ Pump rotor (21) with vanes (24), and floating pin (22) divides the
| ) internal area of casing (23) into two sections: the intake side A and the
output side B (Fig. 113). Sinmce the rotor of the pump is set eccentrically
in the internal recess of the casing, the volumes of the intake and output
o sides change coutinually, ‘ :

_ If the rotor turns in the direction of the arrow (Fig. 113), the
area formed by the moving vanes is filled with fuel from the intake side.

. Figure 113 illustrates the moment when-a specific quantity of fuel,
‘which will be pushed out by the vanes to the outlet side with further
rotation of the rotor, is held between the blades. During a single
‘ revolution of the rotor, four such quantities are pushed out. When the
pump 1s not operating (and also during checking of the full output of.the
pump) reduction valve (6) is pushed to the seating, and separates the
output and intake sides, ' . :

When the pump is operating::posiﬁive pressure of fuel builds up in
the output area, which reacts on the surface of the reduction valve, opening
- 1t, and compressing spring (18). As a result of this, the output and intake

79
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sides of the pump are connected and part of t area
flows through the opened ports to the intake area. The supply of fuel is
automatically reduced by this, and the selected pressure, which depends S0X1
- on the amount of loading on the spring of the reduction valve and the excess
quantity of fuel (which must be transferred), is maintained in the supply )
tubing. _ : -

Constant delivery pressure is maintained by diaphragm (16) of the
reduction valve. The area above the diaphragm is conuected with the :
atmosphere by opening (17). With a drop in fuel level in the tanks or . = .° '
with a change of atmospheric.pressure, the pressure in the intake lines <
will be changed by some extent. If diaphragms were not used, the pressure
of the fuel being supplied would drop by the same amount, because the ,
pressure acting upon the reduction valve from the intake side would be |
reduced by the same emount. If diaphragms are used, the dellvery pressure
does not drop, because with the drop of pressure in the intake line, the
diaphragm delivers additional pressure to the reduction valve. The amount
" of this pressure is proportional to the effective area of the diaphragm,
. and since this area 1s about the same as the area of the reduction valve,
+ the forces which act upon the valve aud diaphragm balance out.

, At higher altitude, the TOT~1 pump operates with lntake pressure
- produced by the overflow pump installed in the fuel tanks.

3.3 KTA-5F Fuel Control Agsembly [Throttle]
Requirements set for Throttle Unit KTA-SF

1. It limits the maximum output of the englne by 11mit1ng the supply of
fuel., 2. It limits the supply of fuel when the engine is started so that
the temperature should not exceed the permissible limit before enteriung the
turbine. Supply of fuel according to the prescribed characteristics curve
" is done by the englne automatically in the idling phase. 4. The
automatic limitation of fuel supply limits the idle RPM (10,400 revolutions
_per minute). 5. Supply of fuel according to the prescribed characteristics
curve with the rapid shift of the throttle lever to the "start" position .
- automatically puts the englne in the starting phase. 6, The automatic
limitation of fuel supply limits the maximum permissible revolutions of the
. engine. T. The throttle automatically corrects fuel consumption according
to altitude. 8. It automatically corrects fuel consumption according to
- plane speed. 9. It automatically corrects fuel consumption according to ' .
the temperature of air entering the compressor. 10, - It automatically - ' .
maintains the constant output of the engine in each mode to the point of
maximum output. 1l. It delays a change in fuel supply during rapid
" withdrawal of gas [sic]. 12. It transmits the hydraulic signal to the
VE=-28 assembly to turn off the starter .generator, ‘according to the revolutions
of the engine. 13. It automatically maintains :.constant gas inlet
temperature at the turbine at 'each mode above the amount of limited output.
1k, It controls the opening and closing of the compressor air bleed valves.
o 1D, Beyond 0 7 nominal mode it prepares the electrical system of the .
o : | SRR - ¢ . . B
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_ engine for automatic feathering when t
" 0.1 of the nominal output. " 16. It autOmatically turns on and off fuel
" supply to the fuel manifold of the second stage of the operating nozz50X1
17. It stops the supply of fuel to the engine during feathering. 18. It
locks automatic feathering system during negative torque in phases, according
to UPRT [abbreviation unidentified] under 18 degrees plus 2 degrees.

Basic Technical Spefifications of the KTA~5F Throttle
., ' Operating fluid: control part .eeciecsvessssss OLl from the engine systém .

fuél part Ceevesncenesenanas 'type of fuel prescribed for
- - the engine

-Power input (mimlim).‘.:.'....'....?............Q 6 horsepower

Control of the unit: ILever controlling
: the fuel supply e.e..... Shifting the lever from the
: "idle".position to the
"start" position changes
the engine mode '

Ignition electro=~
- magnet [solenoid?] ,,,.. When energized the fuel
L supply to the starting
nozzles starting of the
engine is cut.

- Blectromagnet for . :
- 8topping the engine.,,.,. When stopping the engine
_ : ' and when feathering the
electromagnet is energized
and the fuel supply is
interrupted

. Emergency engine
,shut-ofr P Accomplished by bringing
- in unitrogen to the gate
valve for emergency engine

shut-off
. Maximum pressure of fuel upon entering
.. the KTA-5F when L = 100 degrees plus _
hdegrees 0'|Q'....'.C.......‘0000..’.}.'....... 95 kg/cn?

Max .'pressure of fuel from KTA-5F :
when &%= 100 degrees plus b degrees ., ..iiiud 78Ikg/cn?
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KTA-SF Oillpump 0080000000000 es00soscban
‘ o ' : ' englne, the revolutions of

the pump corresponding to 50X1
the working revolutions of

the engine-5,250 rpm; oute

put at 5,500 rpm is a .
minimum of 3,500 liters per
hour; oil pressure on leaving
the pump at 5,500 is a :
constant 15 £ 1 kg/er®, and ' |
is controlled by the reduce- ’

‘tion valve, while the

pressure of the oil entering

the pump is the same as the

pressure in the engine oil

system. '

Oil Fllter esseeccscsccccsncsoscscsoscssccsscsnes Screen type, with 00025
. I millimeter opeunings,
consisting of 34 £ 39 [ond?]
disks. T

Fuel Filter .‘..'IVQ....Q..'OO.....‘OQOQ‘.....IQOQIOO Screen type With 0.02 % .
. ) 0.035 miliimeter openings,
consists of 32 4 37 disks.

PT-10 Heating Element Insert-----o---..;~.--. Hydraulic‘

Aneroid'[Presumably barometer]
reacting to change (Pﬁ - Py) .
and PH (upper) ooooooaocco3o¢oooooooooooofo.o.o A)-h, capsule type, cOnSiStiDg
' . of two cells '

Aneroid Reacting to P¥ (Lower) ADT-2A, capsule type, con-
T - - sisting of two cells

Throttle Position Indicator ' The position of the throttle-

, T is determined on a scale
located on the KTA-5F, The
scale has a 105 degree arc,
divided- into two degree
segments.

The supply of fuel to the KTA-SF is controlled by a fuel positive .
pressure governor on the feed setting section of the throttle valve. The
governor elements are moved by the oll supplied by & pump with a centrifugal
governor. . ; oo T
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P " A diagram shows Nos 1-50 as the go e ———

' " of the governor elemeuts is used in the instructions concerning the
regulation and use of fuel control units. No 51 and above are used in S0X1
text of the description below.

Individual Parts of the KTA-SF Throttle, and Their Operation

3.3.1 Fuel positive pressure go#ernor :

. : Aun impeller pump, which 15 specially mounted on the engine, supplies
. + fuel to the KTA-SF. The fuel passes through check valve (163), filter
" (164), and proceeds to the governor whichregulates the supply of fuel to
the nozzles by reléasing the fuel supplied by ‘the pump. A change in the
~ supply of fuel according to the prescitrbed regulations, is done by
- . changing the feed setting openign (51) while a constant difference in
s pressure before and behind the openmng is maintained.

The body of throttle valve (52) has a square shaped opeuing .(51).
The size of the opening changes by overlapping of the openings in the.
throttle valve in the slide motion as well as the rotary motion. The
square shape'of the opening does not change meanwhile.

The constant difference of pressure in front of and behind the feed
setting opening in the throttle valve is maintained by gate valve (53).
The pressure before the throttle valve acts on one side of the gate valve,
‘while the pressure bheind the throttle valve, brought in by channels (5&)

. and (55), acts On the other side of the gate valve.

' The pressure of spring (56) determines the difference in pressure
while the fuel flows through the throtile valve. If the difference in!
pressure increases, gate valve (53) moves to the right, and reduces
opening (57), through which the fuel passes to the throttle valve. In
reducing the difference of pressure, opening (57) is enlarged on the
other hand. - .

Excess fuel delivered by the pump is released by gate valve (58)
~ through opening (59) at the fuel pump intake. Fuel, under pressure,
behind [?] the throttle valve, which is brought in by channels (54) and
(60), comes into this gate valve from one side. The force on gate valve
- (58), resulting from the difference of these pressures, is controlled .
by spring(6l) . . .

. . 8
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1f the difference in pressures increaseo, ve— e~

_the right, and-the outflow of fuel from the KTA-SF through opening (59)

increases. 50X1

When ﬁhe difference of pressures diminishes, the gate valve shifts
to the left, reducing opening (59) and reducing the amount of fuel released
from the KTA-5F. . .

- Attenuates (62) and (63) restrict the pulsation in the pressure of the
fuel in the system. To restrict the leakage of fuel through the clearance
between gate valves (53) and (58) and their liners into area (64), and . .
from area (65), the gate valves contain slots (66) and (67) to which fuel
under pressure is brought from passage (54) i.e., behind the throttle
valve. .

Without these slots, the pressure of the fuel in area (64) could be
greater, and that in area (65) could be lower than that in passage (54),
{as a result of] fuel leaking through the clearance and the throttling
effect -in attenuators (62) and (63) which would thus complicate normal
positive pressure and regulation of fuel. Screws (1la) and (1b) serve to
adjust the amount of positive pressure.

The governor maintains the minimum unbalance both for the difference

~in pressures of the fuel supplied, and the pressure of the fuel in the

system. To attain the same weight consumption of fuel, it is necessary

to change the difference in pressures in the throttle valve. This is -

done by a corrector for standard weight situated on screw (1a). When

screw (la) is screwed into threaded sleeve (9) the loading on spring (56)

is varied. The scale indicates standard weights from 0.73 to 0.85 kilogram

per square centimeter, with graduations at 0.03 intervals. : '

3.3.2 0il pump with centrifugal governor - ' -~

The KTA-SF oil pump increases the oil pressure, and delivers oil
through screen filter (168) to the working mechanisms. The reduction
valve (69) maintains a constant pressure (15 - 16 kilograms per square
centimeter) in the oil system of the KTA-3F.

‘The pump shaft contains a fork with weights of the centrifugal
transmitter of revolutions (70)+ The centrifugal force of the weights
changes the operating pressure to the control pressure of oil Pp,.
which is transmitted to the governor elements. The conversion Of - :
centrifugal force to control pressure is done by gate valve (2. - .

8k
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Weights in the shape of angular lever arms act on gate valve (T1l),
. moving it to the right, when the number of revolutions increases. Aggyg
. same time, the middle collar on the gate valve opens orifice (72) througa
_ which oil from the pump, at a pressure 15 - 16 kilograms per centimeter,
flows through the system of passages shown on diagram P,,. As soon as
the pressure in these passages (and in area 73) increases, and the force'
acting upon gate valve (71) overcomes the centrifugal force, the gate -
velve ig shifted to the opposite side, and occupies a central position,
Lo in which the force of the weights and of the oil is in equilibrium. ‘
. The collar of gate valve (71) has axial play in the liner for smooth change
of the control pressure Pp. ) . _ y t :

This method maintains the oil pressure P, in the system, proportional
t0 the number of revolutions of the -oil pump. The character of.changes
of ‘the control pressure Py is shown on Figure B. C

‘ - -3.3.3 The regulation of fuel supplied at various engine modes

The fuel control unit prbvi@es programmed regulation of fuel supply
t0 the engines according to the following parameters: a. & cording to

the static pressure Py, total pressure PH,laﬁdvtemperature Tg of the air
entering the compressor; b. according to enginé mode.

: Figures.C, D, E, F, and G illustrate the characteristics of changes
in fuel supply at all these parameters. - . o

The analytical expression of delivery of fuel G is given in the
following equations: . - ' o

. ({Go [a‘f'béh v (bvst # B B )] 'AG} C; s

‘:(‘5"1‘{',)" LA . b PEoC

vst "H

[
L@
(1]

n
Q2
1"

i where:lad G=a (t; - 25%) (for t; .'155_2500, gjﬂ G = 0) .

G -'l" when t* = 2..77%

&, b, v, d are constants.
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The other values are given by the above-mentioned characteristics- 50X1
[curves]. _ . T

‘ Regulation according to the first law assures supply of fuel to
maintain constant engine performance (to the point of maximum output).
At higher altitudes, when the supply of fuel is limited by the temperature
of the gases in front of the turbine, the regulation is done according o \
. to the second lav. - ) : .

: As was mentioned, the change 'in fuel supply is done by throttle valve
(52) which overlaps the fuel opening in liner (51) while a constant
difference in pressure before and behind this opening [is maintained];u

The consumption of fuel passing through the throttle valve is N
determined by the position of the control lever (7#) at the various .
phases, turning by means of the transmission in the liner of the throttle
valve. ) .

The change in the fuel supply according to pressure PH and pH and -
temperature t of the air entering the engine 1s done automatically by
movement of the throttle valve. The transmission from the control lever
(T4) to the throttle valve is done through a retarder. :

The retarder is turned by shaft (75). Cam (76) on the shaft (75)-
turns the system of levers (77, 78, and 79), the last of which turns the
throttle valve. The cam is necessary to .change the consumption of fuel
according to the prescribed relationship "C equals f (X+) (see flgure D),
where - v is the angle of alignment of the control lever.

. Spring (80) gsecures contact of the. lever system with the cam (76) by
a tie rod. Screw (8), shifting tie .rod (81) with the roller, permits
limited changes in the relationship C = F ( & ). The throttle valve
is shifted along the axis by servo-piston (82), Vehich f£ollows the move-

- ment of gate valve (83).

On the right side, the pistons is actuated by oil flowing to the
cylinder of the servo-piston through "a" nozzle, and ‘on the left side is
‘actuated by the force of spring (8&) : .

The position-of ‘the piston {s determined'at.each instant by an
equilibrium of forces on both sides of the piston which is possible .
only with imperceptible release of 6il from the cylinder of the piston
by opening (85), formed by throttle edges of the gate valve and piston.

86
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Cate galve (83) is controlled by two aneroid instruments and a
thermal insert (88). Instrument (86), regulating the supply of fue50X1
according to the equation Gp = Gpo [a + bpg_y (byst - PH)U, consists
of two capsules, the barometric and manometric. It is located in the
chamber connected with outside pressure (Pg). Pressure (PE) is conducted -
into the barometric capsule.

The capsule, through rocker arm (89), limits the movement of gate
© valve (83) to the left, i.e., to increase fuel supply. There is play
. o between gate valve and the lever which corresponds to the phase in which.
, v “the fuel supply is regulated by instrument (89). In this way -the posi-
“tion of the lever is. changed according to the air pressure Py and
difference in air pressure P;* - PH' A smaller fuel supply, and con-

versély, correSpondé to lower pressure Py and greater difference PH - PH .
respectively. ' ' ~

‘The thermal correction (A G), during regulation according to equation -
one, is done by thermal insert (88). The thermal insert is fanned by the
alr stream from an air intake located behind the cover. The thermal in-
sert picks up the air temperature, and reacts to changes in temperature
by shifting the tie rod in regard to the body. Lever (91) is held in
contact with the tie rod by spring (90). A lug on ‘the lever (91) is
connected to guide (92), which turns on axis (93). At the same time, by
means of spiral splines on the axis, the lug [?] shifts to the right, |
and changes the position of shackle (94) with rocker arm (89).

" With a rise in temperature, rocker arm (89) shifts gate valve (83)
- to the right, and reduces the supply of fuel, over the entire characteristic
[curve 2] according to phases, to the maximum output of the engine.

The direction and lead of the spiral splines on the axis (93),
correspond to the size and sign (A G) of the prescribed correction
according to temperature. Screw (36), with screw transfer, handles the
initial regulation of fuel consumption for the phase up to the limited

~output. Screw (37) ad justs  temperature tﬁ = 25°c, above which correction
is necessary.

Aneroid instrument (87) changes the supply of fuel according to the
total pressure of the air enteriﬁg,the engine. The instrument, with the
help of lever (95), acts upon gate valve (83). When the air pressure
in the chamber of aneroids (87) falls, the aneroids expand, and the lever,

‘ ' containing fulerum (26) in the center, shifts gate valve (83) to the right,
- cutting 'the fuel supply. At this time, rocker arm (89) 1s not in contact
with gate valve (83). . : ' :

,i 87
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Fulerum (26) is a sliding type. It is fixed to cam (96), ‘and can
be shifted,. changing the transmission from the aneroids to gate valve 50X1
(83). Cam (96) is moved by thermal insert (88) through lever (91). The
shape of the cam is calculated so that the shift of fulcrum (26) corrects
the supply of fuel according to the air temperature, according to the

‘prescribed equation A = f (tH) (Figure E)..

With regulation according to equation (2), the supply of fuel at high

- altitudes might be very small. To maeke the operation of fuel nozzles ‘

reliable, the KTA-5F does not cut the supply of fuel below a certain
limit. Therefore, located here is a regulating stop (5), which limits
‘axial displacement of the  throttle valve when reducing the supply of fuel.

3.3.4 Restricting maximum RPM

The maximum engine rpm is limited by cutting the supply of fuel to
the engine. The KTA for this end contains gate valve (97) and piston (98)
controlled by the gate valve. Control pressure P_, which depends on the
revolutions, is brought into the cylinder of gate valve (into area 99).
When the revolutions of the engine are at their maximum, the control
pressure depresses spring (100), shifts gate valve (97) to the right,
and opens the intake of the operating oil to passage (101). Through

. passage (101), the recesses, and openings in piston (98) oil flows to

area (102) and moves the piston to the right. The piston, by means of
tie rods, lever (78), and guide (79), rotates the throttle valve for a
reduced supply of fuel. As soon as the number of revolutions drops, the
pressure of the control oil drops, and gate valve (97) shifts to the
left, blocking the supply of fuel to area (102), while at the same time
opening the drain of dil from this area, spring (103) shifts the piston
to the left, and spring (80) shifts the throttle cock for more fuel.

'~”Screw (14) regu;ates the prescribed maximum revolutions.

v\r "o‘ . v
ﬁ”ii" : 4 ‘ ¢ .
R B P

The idle mode is regulated by control lever (74) being set at stop
( h), corresponding to angle of v = O. At the same time, the governor
for maximum revolutions is set to regulate idle rpm. The setting is dome

- . by cam (105), which through lever (106) reduces the prestressing of; spring

(100). Lever (106), when the control lever in the idle position, contacts

-stop (15), which is used to precisely adjust idle rpm. To avoid over-

regulation, there are 1imits to the changing of fuel consumption at idle Lo

rpm. . : _ . ' i‘l'
Maximum consumption cannot be greater than the consumption afforded

by cam (76) when O'v = 0 (Figure F). Minimum consumption is afforded

when piston (98) is- checked hydraulically, i.e., when the piston is in

the position when the supply of fuel is reduced, to cover the duct (101),

and the supply of oil from area (102) is blocked, while the supply of

fuel is not reduced.. Screw (19) makes it possible to ad just the amount
of this consumption.,_ . _
_ v U 88
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3.3.6 Changes fuel supply with mode change

50X1

The fuel control unit-makes possible delayed reduction and graduated
supply of fuel to the engine when the setting of lever (T4) is quickly
changed. The delayed reduction of phase from control lever (Th4) to cam |
shaft (75) is done by a retarder. «

: : Gradual acceleration is actuated by shifting stop (135). In moving
'- 4 - lever (T4), attached to the shaft with wheels (107), bar (108) is
: relocated. .

" Guide (109), containing gate valve (110) controlling the supply of
fuel to the cylinder of the servo-mechanism, is fixed to the end of the bar.
The fuel is brought to the servo-mechanism by gate valve (112) which
maintains constant pressure, of 10 - 12 kilometers per square centimeter,
in the retarder. If the pressure in the valve exceeds 10 - 12 kilograms
per square centimeter the gate valve is shifted upwards, and shuts off the
supply of fuel from the-retarder. When the pressure of the fuel is below
10 - 12 kilograms per square centimeter, the gate valve moves downward
under the pressure and opens the fuel intake. A constant pressure of fuel
is necessary for the stable operation of the retarder.

. Fuel passes from the passage through an opening in liner (113), and
- an opening in piston rod (1lk4), to slots (115) on gate valve (110).

From the slots, the fuel can pass through openings (116) and (117)
to the cylinder either from the right or left side of the piston, according
.. t0 the shifting of the gate valve in regard to openings (116) and (117)..

" If guide (109) shifts gate valve (110) to the left, slot (115) is connected
to opening (116), and the fuel under pressure advances to cylinder (111)
from the right side of the piston, and the fuel from the left side of the
piston passes freely through passage (118) and openings (117) to slot
(120), and from there to the outlet. Under the pressure of the fuel, the
piston and piston rod (11k) also shift to the left.

v Under pressure of the fuel, the piston will continue to move as long
as opening (116) is connected with slot (115). If gate valve (110) is
‘ shifted to the right by mguide (109), the fuel flows under pressure from -
~ . slot (115) through opening (117) -to cylinder (11l), left of the piston.
The fuel in the cylinder right of the piston is pushed out through the
~° throttle insert to outlet. Piston rod (114%) has teeth into which the
‘ small gear (124), attached to shaft (75), engdges. The dlameter of wheels
[presumably gears] (107) and (124) fixed to shaft (75) [sic]. The dia-
L meter and number of teeth of gears (107) and (124) are identical. There-
" - fore shaft (75) according to the size of the angle and the sense of

rotation, follows lever (74), but with a time delay.

4 rd
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The period of delay during withdrawal of gas is controlled by the:
resistance of throttle insert (122), and is about 8 - 10 seconds. The 50X
delay in shifting shaft (75) causes the delayed supply of fuel.

" 3.3.7 The control of fuel supply during starting

When starting the engine, control lever (T4) is in the idle position
(%) (6¢ = 0). The position of lever (Th4) for low fuel feed at the
characteristic of ¢ = £ (& v), when o v = 0. (Figure D) corresponds
to a specific supply of fuel. However, up to the moment of ignition,
and when the starter is actuated, as long as the revolutions of the
- engine are less than 1,000 to 1,400 rpm, throttle valve (52) is closed.

: The throttle valve is held in this position by a strong spring (126),

“through tie rod (127), lever (70), and guide (79). When the number of
revolutions increases, the supply of oil from oil pump (68) also increases,
.and the operating pressure increases to the point where valve (123) opens,
and oil from area (129) flows to area (133) through passage (130) and
recess (131) in the casing of gate valve (125) of passage (132).

Electromagnetic valve-(153) connects this area with the outlet.
After 15 seconds, electromagnetic valve is turned off, and the outlet
from area (133) is closed.

Piston (l3h), under oil pressure, forces down spring (126) and shifts
"to0 the left, releasing lever (78). Spring (80) opens the throttle valve,
~and fuel supply to the engine begins.

As soon as piston (134) opens throttle valve (52), stop (135) which
does not permit the supply of fuel to rapidly increase consumption for
the free running phase, starts to control it. The stop limits the supply
of fuel for each engine speed, because its position depends on the re-
volutions of the drive. Stop (135) is found in piston (136), which
shifts under the pressure of the oil entering the cylinder through nozzle
"d"

On the right side, the piston is shifted by the strong spring (137).
: The movement of .the piston.controls gate valve (138) which opens or
» closes the o0il outlet from the area of the cylinder. 'One side of the
gate valve is affected by the pressure of the controlling oil Pp and
spring (139), while spring (140) acts from the other side.

90 - : ST
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The toothed rod on the piston rod of piston (136) turns cam (142),
through gear (141), which through lever (143) depresses spring (140)50x 11
brings the gate valve to a position of equilibrium. For example, witn
the higher number of revolutions, the control pressure also increases,
and gate valve (138) shifts to the right, blocking the outlet of oil

- from the cylinder of piston (136). The piston with stop (135) shifts to'
the left, and spring (80) shifts the throttle valve for a larger supply
of fuel. S o . o

. o Cam (1l42) at’ the same time depresses spring (140) and shifts gate
- - valve (138) to the position where the outlet of oil in the cylinder area
will be equal to the intake of oil through nozzle "d".

 The position of stop (135), and simultaneously the supply of fuel
according to the revolutions of the engine depends upon the pressure of
the cam (142), and the position of piston stop (136). The characteristics
curve of fuel supply according to revolutions is shown on Figure H.

. After idle revolutions are achieved, the supply of fuel is limited by
‘the previously described idle governor. Nozzle "b" and screw (22) serve
to regulate the revolutions, during which the intake of oil to the comtrol
part of the assembly is opened.

The "b" nozzle releases 0il supplied by the pump, and the oil pressure-
above the valve drops when valve (128) is shut. The revolutions of the

~pump when valve (128) opens, depend upon the size of the nozzle in this
method. :

. Adjustment of the unit according to the characteristics curve on
Figure H is dome by turning stop (135), which shifts the prescribed
characteristics curve upward or downward. This screw is No 16. Screw:
(17) changes the compression of spring (139), and shifts the
‘characteristics along the axis of rotations.

‘When the engine is stopped, electromagnetic valve (153), which opens
the outlet from area (133) is energized. Spring (126) shuts the throttle
valve, stopping the supply of fuel. .

| 3.3.8 The restriction of fuel delivery on intermediate modes

When the engine is started, stop (135) limits the supply of fuel for
bringing the engine to the idle mode ‘® v = O...

The same stop limits the supply of fuel whén bringing the engine 1hto
a working mode ( ‘& v > 15°, ‘according to UPRT [not identified]).

L
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~ Movement;stop (135) to the left with increasing revolutions of the
engine will continue until the stroke of piston (136) is checked by the 50X1
stop on piston (173).

This position of stop (135) will correspond to a consumption of fuel
equal to (60 - T0) percent of the starting consumption. Further shifting
of stop 135, which entails greater consumption of fuel with the increased
number of revolutions, is blocked as long as the closing of valves does not
go beyond, [presumably valves do not remain closed beyond] the fifth stage
of the Compressor. ‘

Piston (173) is the movable stop of piston (136), and its position is
controlled by the pressure in area (175). The pressure is brought from
- the system controlling valves bleeding air from the compressor. Up to
the moment of shut-off of valves bleeding air beyond the fifth stage of
the compressor, piston (173) is depressed up to the recess of casing
(172). At the instant of shut off of the air bleed valves beyond the
‘fifth stage of the compressor, oll under pressure is released from tubing
. (176) by gate valve 160 to the outlet. O0il from area (175) will also flow-
to the outlet through the throttle insert of retarder (174). The throttle
insert [flap ?] assures the smooth shifting of piston (173) in 3 to 6
seconds, from the stop on the insert recess (172) to the stop on the adjusting
washer " ". At the same time, piston (136) with stop (135), follows the
movement of piston (173), and assures, after shutting off air bleed valves
at the fifth stage of the compressor, a smooth increase in fuel supply up
t0 the initial consumption in 3 to 6 seconds. After the maximum revolu-
tions are attained, the governor (gate valve (97), piston (98)), starts
operating, and cuts the supply of fuel. -

The governor increases the supply of fuel and thus the rotor tordque.

'3.3.9 Turning on and turning off the second stage operating nozzles

Engagement of the second stage of the operating nozzles is done accord-
ing to the pressure of the fuel behind the throttle cock in passage (1uk).
In addition, the second stage operating nozzles is turned on and off
independently of the pressure of the fuel behind the throttle valve,
according to the C.A.Py valve. Because the alr temperature (coefficient
A) does not change not¥ceably at higher altitudes, the turning on and
off of the second stage will depend chiefly on the altitude of the plane,

" The change-over gwitch is made in the shape of a valve (145) with - .
8 to 10 kilograms per square centimeter, the valve .compresses the spring, .
and, on opening, switches on the second stage of the operating nozzles.
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As a result of the difference in areas on which the pressure acts up
to and after the opening of valve (145) the valve closes at a lovergyx 1
pressure. ' '

Screw (2) adjusts switching on of the second stage at the prescribed
pressure. Turning off the second stage nozzles according to the planes
altitude is done by the same valve (145), with the hélp of gate valve (1L4T),.
which shifts the same time as the throttle valve. When the plane is
climbing, the throttle valve shifts to the right, and when gate valve.

- (147) opens passage (148), fuel under pressure flows from passage (149)

(from the area in front of the throttle valve) to area (150), and gate
valve (145) closes and switches off the second stage nozzles.

' 'Screw'(3) ad justs the turn off at the prescribed consumption of fuel
and v [angle-setting of control lever, possibly].

3.3.10 Automatic feathering system and fuel cut-off when feathering

For all types of automatic and emergency feathering, the supply of fuel

'to the engine is automatically shut off.

-The supply of fuel is stopped by draining oil from area (133) of the
hydraulic arrestor. At this time, piston (13k4) shifts to the right under
the pressure of spring - (126), and closes the throttle valve,

The oil is drained from area (133) either by gate valve (125) (during

 emergency feathering) or by electromagnetic valve (153) which is energized

(during automatic feathering)

The throttle assembly operates the automatic featlering system
with the help of shaped cam (154), according to the IKM [torquemeter]
(according to the output of the engine) at phases below 0.7 of nominal,
and the systemoof automatic feathering during negative torque at phases -

CK v £18 ¢

‘The automatic feathering system according to IKM at phases less than
0.7 of the nominal, is operated by disconnecting the contacts of disconnect’
switch KV~-9 in the circuit of electrical automatic units of the feathering
system, according to IKM over . ., << 56°. Screw (9) sets the instant .
of contact- of the KV-9 circuit breaker contacts. '

The automatic feathering system, during negative torque at angles

Tk <Z18° + 20, 45 operated by diverting oil from area (171) through
‘ penings in liner (170) _

© 8-B-C-R-B-T
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When the control lever is turned to the o< ¢ == 18° 720
" cam (154), through lever (169), and tie rod shifts the gate valve to 50X1
the right, the outflow of oil from area (171) is stopped, and the gate
valve [which actuates] automatic feathering during negative torque of the
rpm governor is set into the position where it is ready for automatic
feathering at the start of negative torque on the propeller shaft.

3.3.11 Reduction of fuel supply during ignition .

The normal supply of fuel during starting is. controlled by the pre- . .
viously described stop (135), according to the relationship on Figure H. '
In individual cases, it is necessary to reduce this supply for a brief
period. Therefore, electromagnetic valve (156), which, when the current
is turned,;on transfers part of the supplied fuel from the first stage
operating nozzles back to the intake of the fuel pump, is set in the
throttle assembly. Nozzle (f§7) limits the amount of transferred fuel.
This amounts to about 25 percent of the supply. :

Fuel passes through check valve (158) on the way to electromagnetic
valve (156). The check valve opens the fuel intake to the electromagnetic
valve during starting. After ignition, valve (158) shuts off fuel intake
4o electromagnetic valve (156), under fuel pressure. Without valve (158),

. valve (156), having a weak spring, would allow part of the fuel to enter
the low pressure passage.

3.3.12 Control compressor air bleed valves ‘

Two gate valves, (159) and (160), which switch on or block the supply
of oil to each valve, are located in the KTA to control the air bleed valves
, on the compressor when starting and running up the engine to maximum rpm. '

With a small control pressure (at lower number of revolutions) the "
gate valves are depressed, and openings (161) and (162) stay open. As
soon as valve (128) opens, oil passes through these openings to the valves
and these open. At high rpm, gate valves (159) and (160) move downward,
block openings (161) and (162), and connect the valves with the outlet
(they close). ' B

) Compression of springs under ‘the gate valves (screws 20 and 21) govern
* * the number of revolutions at which the valves that bleed air from the
compressor are closed. ‘ S

The valves at the 8th stage of the compressor close at 8,500, plus or
minus 150, revolutions per minute. - ‘

R
§-E-C-R-E-T
. . : . No Foreign Dissem
Declassified in Part - Sanitized Copy Approved fof Release 2013/10/23 : CIA-RDP80T00246A072200090001-0



|
Declassified in Part - Sanitized Copy Approved for §GLQ%S%(2013/10/23 : CIA-RDP80T00246A072200090001-0

Survey.pf KTA-5F Adjusting Screws and Their Functions

"Screﬁ 1a :

Screw lb
Screw 2
Screw 3;l

Serew 5

Serews 6 and

Uy

" Serew 7, s,

and k6
Screw 8

Screw 9

Screw 14
Screw 15

Screw 16
Serew 17T
Screw 19 .

Screw 20

No Foreign

_ 50X1
Conducts proportional change of fuel supply for the entire.
characteristic curve (by change of positive pressure).

Screw la adjusts only the altitude characteristics curve '
above the value of the limited output.

Changes the positive ﬁréssure of fuel at the throttle

- valve (change in the transfer of fuel from the KTA to the
outlet). :

Sets the moment of switching on the second stage operating

nozzles (according to the fuel pressure).

Sets the moment of switchiné off the second stage operating
nozzles according to consumption of fuel (depending on the
altitude of the airplane).

'Sets the minimum fuel consumption during climbing.

© "idle".stop

The "start" stop. It changes the consumption of fuel
at the starting phase.

Changes the pitch of the fuel characteristic curve

Sets the moment of turning on the circuit for'automatic
feathering according to the torque in relatiom to engine
mode '

Sets maximum engine. rpm

Changes the idle rpm

-Changes the minimum fuel consupption during starting since

it changes the opening of the throttle valve by rotating it

Changes the time needed to bring the engine to the idle
mode during starting '

'Handles_the change in the minimum consumption of fuel during -
- the operation of the limiter of maximum revolutions.

Changes'the instant of closing the air bleed valves of

the compressor, stage VIII

' 8-E-C-R-E-T
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Serew 21  _ Qhanges the instant of closing the air bleed valves of
© _compressor stage \' : ' 50X1
Screw 22 Changgs the start of supply of oil to the KTA mechanism
© © 4n relation to rpm ‘
Screw 23 . .. The reduction valve of the KTA 0oil pump. It handles the
T . “change in operating pressure in the KTA
Serew 24  + Handles the change to the -point of the limited output . '
Serew 36 Handles the change of consumption of the engine tO the

" point of limited output of the engine
Screw 37 Handles the change at the start of correction of fuel
. . consumption according to the temperature of the air
entering the engine

Comment: Screws 3 and 5 are jound under the same cover (serew 3 is inside
gserew 5) '

3.4 Fuel tanks venting

The fuel tanks have a dual venting system

The primary venting is done by & 22 by 20 millimeter tube, leading to
the upper points of tanks 6, 8, and 10, and the auxiliary venting is done
" by a 22 by 20 millimeter tube leading to tanks 2, 8, and 10.

Check valves are located on the auxiliary venting to prevent fuel from
being sprayed or any siphoning from developing.

In addition, all the tanks of a group are interconnected with internal
air vents. To prevent fuel from spraying from the venting of the first
group of tanks, tank 6.1is vented to tank 8, in which the venting tubing
forme a loop. Therefore, the main venting of tank 8 is conducted. out
from the wing, where it is covered, by a loop..

The tips of the air vent tubes have an ‘inside diameter of 32 milli-
meters, and have an outlet under the bottom skin of the wing behind the .
rear spar. The tips are adjusted at an angle less than 45 degrees to the .
direction of flight. As a result of the large diameter of the venting
tubes and the bias arrangement, the danger of icing is lessened, and the
negative pressure ‘rubber valve, located on the wenting tubing within the
wing, serves as additional protection. The valve opens when there is
negative pressure in the tanks, aad draws alr in £rom within the wirig.
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. The fuel and venting tubing is made Trom AMgM and S20 tubing. The
tubes are joined by "durit" [duraluminum 2] Jjoints with-[two]_slee5oxq¢
.both ends. The "durit" Jjoints have metal bridging-over. - :

Connection with the engine is accomplished by flexible hosing with
heat insulation, consisting of two layers: the inner layer is made of
S ~ AT-T asbestos cloth, and the outer of ANCM fabric. Both ends of the

: hoses have yellow colored circular slips.

. ' ‘  3.5 Fueling the tanks

'Filling of tanks in both halves of the wing is done séparately,
and can be done'in two ways: from above, and under pressure from below.

3.5.1 Gravifyjfueling

Fueling (138) is done through six necks, three on each half of the
wing. The main Group I, tanks are fueled through necks in tanks
No 6 and 8. The auxiliary Group IT tanks are fueled- through a neck in

_ Access to the necks is -through openings on the top surface of the

- wing. To dump overflow fuel from the housing which insulates the neck
from the wing, a tube with an inside diameter of 10 millinmeters, is led
-out under the wing. ' .

The necks contain a screen to prevent foreign materials from falling
into the tank during fueling. .Rubber lids are on the necks to prevent
dampness from entering the necks. ’

A measuring rod is screwed.in besides the Tueling neck., With full
fueling, free space must be left to permit expansion, in the following
manner; in tank 6 about 60 liters, and in tank 10 about 40 liters, which
means that the level of the fuel must be 30 to 40 millimeters below the
edge of the neck. '

To total wvolume left unfilled in all the tanks is about 200 liters.,
. Tank 8 is filled up to the edge of the filler neck, ‘and therefore about
. 60 liters of free space still remains.

3.5.2 Fueling under pressure from below

. . Fueling the tanks of the right and left halves of the wing is done

: : separately (Figure 139). The fuel enters through a neck, located on the

- right side in the landing gear wells. A control panel, which has a cover,
. is found beside the necks. ' '

|
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The panel contains: the main disconnect switch, three cross-over
switches controlling the valves, the fuel gauge cross-over switch, and 50X1
six signal lights, of which three are green to signal opening of the
.valves and [three] are red to signify closing of the valves.

Tubing, 50 by 48 millimeters leads from the neck, from which three
tubes, 40 by 38 millimeters, separate to the N1 T60L00 and 760600 shutoff
filling valves, controlled by the MZK-2 electro-mechanism. Fuel passes
through these to tanks 6, 8, and 1l. ' ‘

To prevent the tanks from overflowing in case of valve malfunction
' and to ensure that fuel delivery automatically slows down at the end of
the fueling operation, a floating valve, which after reaching the maximum
level cuts the supply of fuel to the tanks, is located on the intake filler
pipe couplings of these tanks.

Group.I tanks, and tanks 1 to T are filled through tank 6. Tank 8 is
filled separately through its own tubing and valve. Auxiliary Group II
tanks are filled through tank 1l. '

In the crew's cabin, the change-over switch located on the ignition
panel is set on the "fueling from below" position, and then the electrical
system is.switched on by the main disconnect switeh [sic] on the control
panel in the landing gear shaft [well ?], and the red signal light "valve
‘closed" lights up. '

The remainder of the fuel in the tanks is checked according to the
indicator of the fuel gauge. The cross-over switch opens the filler valves
of the groups of tanks which are supposed to be filled. The appropriate
red lights are turned off, and the green ones light up.

The fuelisupply [unit] on the tank truck is turned on. The fuel is
delivered at a pressure of 1.5 to 3 kilograms per square centimeter. The
time required to completely fuel the aircraft from two tank trucks is 16
to 20 minutes. Complete fueling of the tanke is automatically ended with
the signal of closing of the valves. This is done by the following method:
in tanks 6 and 8, by signals of transmitters of the fuel gauge, and in
tank 10 with [signals] from the SV-2 level indicator the electro-mechanism’
of the fillerrvalves is automatically switched over to the closed position.
The lights of "cocks closed" shine on the control panel.

L With partial fueling, the valves are turned off manually by cross-over .
switches on the control panel, and the amount of fuel is checked by the
fuel gauge and by the meter on the tank truck. '

With fueling completed, the cross-over switches of the valves are set
in the "valves closed" position, and the electrie current is shut off.

%)
d
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-The pump on the tank truck draws off the fuel from the loading tubes
and hoses, and then the filler hoses are disconnected, and the neck5ox1
re-capped.

The cross-over switch in the crew cabin is then set at the "fuel
gauges in cabin” position.

'The accuracy of the fuellng is checked on the fuel gauges in the
_cabln. -

‘Comment:
The total amount of fuel loaded during complete fueling from below is
- 1,000 to 1,300 liters less than with fueling from above. If complete fueling
is required, the rest of the fuel is loaded through the top necks.

3.6 Fuel dréinage

Drainage of fuel from the tanks is done through drain valves with
30 millimeter through-openings, mounted in the inboard engine nacelles in
v the landing gear section (two discharge valves of group I and two of
g ~ Group II).

The fuel is drained by gravity flow; and it is possible to switech on
.the overflow and transfer pumps to speed the operation.

Sediment is drained in the following locations: from tank 8 through
the drain valve on the bottom of the wing - two spots for discharge; through
the drain valve on the T-piece under tank 9 - two spots for discharge;
from transfer tubing through main drain valve of the group II - two spots
for discharge; from the feed and circulation tubing through the drain valve
located on the tubing in the front part of the center section bordering
the fuselage --two spots for drainage; from the fuel filters and tubing
of the engines through drain valves on the filters - eight spots for drainage; -
from the transfer pump of the remining fuel in tank 2 by the drain valve
of the PNV-2G pump ~ two spots for drainage; and from tank 1 by drain
valve located on the fastening plate for the PNV- 2G pumps - two spots for

- drainage. N ) _ .

The plane has a total of 22 locations for drainingbsediment, and 4 drain
‘velves. About 200 1liters of fuel, which cannot be drained through the
‘ drain valves, remain in the plane.
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" 3,7 . Operation of the fuel system in flight ‘
- - 50X1 .
. 1. PFour transfer [?] pumps are switched on before the engines are
" started, and operete for the entire time the engines are in operation.

é. The byépaSS‘valve, as was said, must be closed.

The engines on the right are supplied with fuel from the tanks in the
right half of the wing, while the engines on the left are supplied from ’ .
- tanks in the left half of the wing. The by-pass valve is opened according -
to the appropriate instructions.
3. Fuel is pumped from the tanks automatically. . Likewise, fuel
from the Group II tanks is transfereed automatically.

4., If the transfef'pumps of the group II tanks are not turned on
automatically within 10 to 15 minutes after the start, the pumps must be
" turned on manually. Likewise, they are turned off manually.

5. In the case of uneven fuel consumption with the shut-down one or

two engines, it is necessary to open the by-pass valve, and close the
fire shut-off cock of the dead’ engine. To balance the withdrawal of fuel

- from the tanks of the right and left halves of the wing, it is necessary.
to switch off one or two overflow pumps in the tanks of the half of the, '’
wing opposite ‘to the ddle engines, and to check the equal consumption oI,
fuel from both halves of the wing, in which the difference in weight of
fuel should be no greater than 500 to 600 kilograms. 5

6. In flight, it is necessary to carefully check the instruments ' )
and signaling operation of the fuel system: . the pressure of the fuel at
the nozzles [shown] on thé’ EMI 3R pressure gauge on the instrument panel
“nmust not exceed 78 kilograms per sqparg centimetgr, when” hbe fuel pressure
'?‘ms"reduced4£oéb L - 0.35 kilggram Per squaréﬁcenﬁimeter‘before the high
£ P ssure pump; bhe red,signal l1ght»1nscribed t"minimum fuel pressure” ﬂ
o dar »:i*s':Lllumina’t,ea'i with\the“disengagement of two transfer pumps of any service
tank, the red signal "disengagement of pump" is illuminated; when trans-
ferring fuel from the auxiliary group II tanks, the green signal "transfer
of auxiliary tanks" is illuminated] when the remaining supply of fuel is
800 to 900 liters, the red signal "remaining fuel 800 liters" is
.1lluminated; the amount of fuel in the tanks in kilograms is checked on e
the two SETS-280 fuel gauges with oné cross-over switch; the amount of L
remaining fuel in kilograms for each engine is checked on the counter of : .
the overall consumption of fuel, and the consumption in kilograms per
hour is checked on the scale of momentary consumption on the RTMS-1l.2-Bl
consumption gauge, located on the left pilot's panel; and with the trans-
fer of the remaining fuel, the light "transfer of remainder to service
tanks" is illuminated on the central panel.
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i " k4. _FIRE-EXTINGUISHING SYSTEM (FIGURE 1k1) o 50X1

The fire extinguishing system protects' the engine and exhaust sections
against the outbreak of fire. A mixture designated "3.5" is used as the.
extinguishing material. Discharge of the contents of the bottles of the
fire extinguishing equipment to the engine affected is handled in two
groups, with three bottles in each group (series). The bottles of the

. first series are put in operation automatically through the fire sensor
‘ and the bottles of the second series are put into operation manually.

The fire extinguishing system for the engines consists of these
_parts; of six 0S-8 extinguishers with seals controlled by cartridge
actuators. two OSUZ-ls signal disks ("eyelets"), indicating the
' spontaneous discharge of extinguisher devices; two connecting tubes;
two blocks [units] of electromagnetic [presumably] distributor valves,
type No 781400; 12 sprayer tubes (three in each nacelle); for spray
nozzles for conducting the extinguishing mixture to the crankease, one
per engine; appropriate tubing and electric lines; the SSP-2A fire signal
system (aircraft of the older series had type T1 thermal signals); four
signal lights showing outbreak of fire; sirens signalling the outbreak
of fire; control panels for the fire protection system; and two emergency
"mechanisms for switching on the extinguisher system. '

|
1 _ - b1 05-8 Fire extinguisher

The OS-8'extinguiéhers are located on bulkhead No 1 inside the
nacelles. Each nacelle has three extinguishers installed in it.

The 0S-8 extinguishers have a threaded neck for connection to tubing
from the signal disk. The necks of the three extinguishers are Jjoined
into one steel connection ring witha 6 x 1 millimeter inside diameter,
which is connected 1o the neck of the OSUZ-ls signal disk.

The signal disk is located on the right side of the inboard nacelle,
‘and the inscription "spontaneous discharge" is written around the disk.

The connecting tubing combines the delivery of the extinguisher mixture
from three extinguisher devices into one tube. A check valve, which

during the switching on 0f the devices of the second series prevents the
extinguisher mixture from entering the emptied bottles of the extinguishers,
is attached to the connecting flange at the inlet end of the connecting

‘ tubing. ‘ ‘

' The block of type No 781400 electromagnetic distributor valves
.distributes the supply of extinguisher mixture through two valves to
~ the inboard nacelle, or through two other valves to the outboard nacelle
built into this half of the wing.
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The tubing from each two distributer valves 1s connected into a 50X1
single steel tube with a diameter of 27 x 25.5 millimeters, which conducts
the extinguisher mixture to the sprayer tubing. Two sprayer tubes in the
engine section are located: in the front - on the bulkhead of the fromt
part of the cover; and in the rear - in the nacelle on bulkhead 1. The
sprayer tubing in the exhaust section is located in the nacelle on bulk-
head 3. '

The manifolds are equipped with very small openings, with a 0.8 milli-
meter diameter, for spraying the extinguisher mixture. The front and ’
rear sprayer tubes in the engine section have 525 openings, while the sprayer
tubing in the.eXhaust section has 200 openings.

" A sprayer nozzle [atomizer], into which the extinguisher mixture from

‘the main tubing leads through the T-fitting to the engine, is located on

each engine. A tube, with 12 x 1 millimeter diameter and a flared end,

is fixed to the T-fitting. An attenuator insert with through-opening of

3 millimeters diameter, to reduce the pressure of the extinguisher mixture
conducted to the engine to 2 kilograms per square centimeter, is inserted
between the pipe union and neck of the T-fitting.

The control panel for the fire extinguisher system is located on the
pilot's electric panel above the console panel. The control panel for
the fire protection system contains: four cross-over switches (under the
protective hinged safety caps for releasing the extinguisher devices);

. four green lights, signaling the opening of the appropriate valves for

supply of the extinguisher mixture; and briéf instructions for using the
fire fighting equipment.

The control panel contains a cross-over switch for checking and testing
the SSP-2A fire signal system. Four red signal lights are located on the
instrument deck panel. ‘ :

The siren and its discomnect switch are located on the right pilot's
panel. The DPS-1A transmitters of the SSP-2A fire signal system are .
placed into special caps, fixed in the engine nacelles.

A total of 48 transmitters, 12 in each nacelle, [with] 9 transmitters
in the engine section and 3 transmitters in the exhaust-section, are
located in the airplane.

The transmitters of each nacelle are divided into four groups: - three
groups for the engine sector, and one group fop the exhaust section.
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Each group has three transmitters and one relay. In this way,fjixq
o nacelle has four independent groups of transmitters. So, if somé givuy
] should break down, the operations reliability of the system is not

- destroyed.

The transmitters of the inboard nacelles are divided into groups in
the following manner: group 1 - are the transmitters located on the
right side of the lower cover of the enclosure, and on the right side of

. ' - bulkheads 1 and 3; group 2 - are transmitters located on the left side of
. ‘the lower cover of the cowling and on the left side of bulkheads 1 and 3;
and group 3 - are transmitters, located on the support for attaching the
- extinguishers devices, and on the upper part of bulkheads 1 and 3.

The transmitters of the outboard nacelles are divided as follows:
group 1 - are the transmitters located on the right bias strut supporting.
the engine, and on the right side of bulkheads 1 and 3; Group 2 are

- transmitters located on the right bias strut and on the left side of bulk-
heads 1 and 3; group 3 are transmitters located at the bottom and top of
bulkhead 1, and on the top of bulkhead 3; and group 4 has two transmitters
located on bulkhead 4, and one transmitter behind bulkhead 5. The group
is identical for all nacelles.

The transmitter relays are located in the BI-ITA relay boxes (out-
put block); and each of these three groups of transmitters of the engine
section in each wing can be connected.. To connect the transmitters of
the exhaust section, also included are two BI-TIA relay blocks (the

" blocks are not fully utilized -- only one third utilized). The airplane
contains a total of four relay blocks.

Ly Two BI- IIA transmitter blocks of the engine section are located in the

: ' lower cargo area between bulkheads 22 and 23 on the left side. Two
blocks for the transmitters of the exhaust section are also located in
this cargo area..

The mechanisms for emergency activation of the fire fighting equipment
are located on the main struts of the landing gear. The mechanism con-
sists of the VK2-2A-I limit disconnect switch with lever devices, and a
clamping bracket with a sleeve. _

4.2 Operation of the fire extinguishing equipment

‘- When fire breaks out in an engine, the equipment turns on the fire

' signal system, and sends an electric impulse to the control winding of the’
relay; consequently the red signal light of the proper engine shines on
the deck instrument panel, and a siren goes on.
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At the same time, the electric circuit for opening both électro- 50X1
‘magnetic valves, type 781400, of the proper engine is closed. On -the :
' control panel of the fire fighting equipment, a green light shines showing

"the opening of the valves. The valves are in tandem in case one might
. break down. .

After the valves are opened, the limit disconnect switches are turned

'on, these are located in the valves, and only then is the current conducted
t0 the cartridge activator cartridge protective covers of the three

extinguisher devices of the first series.

Activation of the circuit by firing the cartridge actuators by the
limit disconnect switches of the cocks 1s done to avoid discharge of the
extinguisher devices before the cocks are opened. In case the extin-
guisher devices should be discharged before the cocks are opened, the
high pressure of the extinguisher mixture would jam the valves, and they
would not open.

With the current closed, the "pyropatron" blows the safety covers of
the bottles. The force of the blast of "pyropatron™ opens the valves of
the safety covers, and the extinguisher mixture is conducted to the damaged

“engine on which it is sprayed.

This is the manner of the automatic activation of the extinguisher
devices of the first series. Through openings in the sprayer tubing,
the extinguisher mixture "3.5" very quickly reaches the bays in the
engine nacelle and in the exhaust bay forcing air out of these which’
makes it impossible for combustion to continue, and the fire is extin-
guished. '

AThe aircraft crew must proceed in accordance with the instructions

- and regulations, which means’that when the red light and the green bulb -

(opening of the valves) are illuminated, the crew must immediately stop
the proper engine, shut off the fuel system valves and institute
feathering. . :

If the fire is extinguished the red light must go off. If, 6 se-

| conds after the green light goes on, the red light signal does not go

off, it is necessary to turn on manually the second series of extinguisher:.

o devices. To do this it is necessary to move the cross-over switch on

the control panel of the fire fighting equipment to the "II series"

. position, and to .activate the other three extinguisher devices.
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After the fire is extinguished, the change-over switch must be
returned to theé central position so that the valves will close. I50x 13
extinguisher devices do not turn off spontaneously, the red signal disk
goes off. The empty extinguisher is ‘recognized by the pressure gauge
hand of the extinguisher standing at zero.

Testing the serviceability of the fire signal system is handled
through.the cross-over switch located on the electrical equipment panel
- next to the fire protection system control panel. The cross-over
. , switch gradually closes the circuits of the control relay in the relay |
block. If all elements of the system are in order, the red fire signal
light on the deck instrument panel must light up. .

Testing can be done only with the system of automatic release of
extingulsher devices of the I series in disengaged position, which is
helped by turning on the automatic disconnect switch on the distribution
’ board of the nacelles. :

v To prevent the outbréak of fire during emergency belly landing, the
main landing .gear struts have an attached mechanism for emergency
activation of the fire fighting equipment.

When the ground is hit, the lever of the mechanism turns on the limit
., disconnect switch, and this activates emptying the six extinguishers in
the engine bays of the inboard nacelles.
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AL-20 Engine - T
o IL-18 Aireraft ooy 1
 Chepter VI |

 ENGINE ELECTRICAL AND AUTOMATIC STARTING EQUIFMENT

The individual automatic components, which are part of the electri- S
cal equipment of engine AI-20, take care of the following operations of | ‘
the engine: C

" Autometic engine ground starting;

Cranking engine on ground without fuel;

Cold engine cranking;

Air restarting of engine; ‘

Feeding direct current to aircraft. power system from starter
generators mounted on the operating engines;

Indication of engine icing conditions.

The engine .is started by two starter generators, type STC-12TM. The
starter generators are fed either by 20 batteries of type 125AM-28 (start-
. ing based.on internal power sources) or 20 batteries and en airfield
power source with a nominal voltage of 2k volts (sterting with the assist
.of airfield power sources) which, during the course of starting, are
_ series comnected. . '

. After starting ‘pi'ocess , ‘the starter generators automatically change
to'the function of generators and can be cut into the aircraft network.

ot
H

1. ELECIRIC EQUIEMENT OF ENGINE

i The set of electrical equipmerit of the engine includes the follows.;
' .; ing components: - ' ‘

2 starter generators, type STG-12TM;

1 starter housing, PSG-EA for starter generators;

. 1 automstic starting device, APD-75 (the Aircraft has one such
device for all engines); - - =~ . : '

2 low-voltage stai'tei'"coils , KPN-4, with 2 power plugs SPN-4;
2 voltege regulators, type RN-180, with 2 reostats for the
adjustment of regulated voltage, VS-20 (1 set for each starter generator),
' _mounted. within the aireraft; . . :
1 electroma@eﬁic starter fuel valve;
o ' 106 o
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1 electric switch, VE-2S;
50X1

1 electric meclianisrg MZK-2, mounted on the propeller 'brake ;
| - 1 icing indicator SO-12AM (S0-k);

| 1 mecha.ﬁism MP-S ;
. . L:imit resistors (located within the aircraft);

Position indlcators for control handle to regulate fuel mixture, '
KTA-SF (UPRT-Q),

Tachometer, ITE-2;
Generator, SG0-8;
Electromagnetic propeller pitch [feathering?] control valve;

Transmitter for pitch control when RPM exceeds maximum.

1.1. Starter-generator, STG-12TM

| ' : The starter generators serve to start the engine and, later, act as
| : generators for feeding the aircraft power system with direct current. )

The starter generator STG-12TM is essentially a 6-pole direct current
generator. - During starting, the output at the shaft is at the ratio of
i = 3.167. When acting as a generator, the output is at a ratio of i .= 1. -

By this method, a greater torque is realized during: starting and,
when acting as generator (at a ratio of i = 1) the load factor of the
- generator is improved. Power feeding of the starter generators during
the starting phase is accomplished directly through control. box PSG-2A.

1.1.1. Technical data specifications

N Generator regime

© Rated voltage (im volts) . . . . . . . .+ . . 26.5+ 30
o ' ' , (adjusts itself
‘ co sutomatically)
: * Rated power at temperatures of . '
20450 (in amperes « « + o ¢ o o o o o o . KOO

.Range of operating revolutions o
(inl‘pn) e o o @ .'lo-o e 6 @ o e & & & o s @ 3500"' 9000

Type of operation « « ¢« o ¢« ¢ o o & . . .. constant
- : SR 107
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to those of a derivative generator with a compensation - ; . 50X1

* winding. When the exciter winding is cut in, the gen- -
erator voltage is regula.ted by a var:Lable resistor in
'bhe exc:.ter winding.

Remark: _' A1l characteristics of the starter gemerator correspond

- Starter reg:.me

Load on owtput shaft S e e D .'._.”_. . Engine rotor

Type of operatlon. o« e v e .w*: o o+. o6 o o o Repetitious,

' - short duration
Maxn.mum permissible revolutions
of armature (in TPm). « « ¢« 4 o ¢ ¢ 4 e e 11,000

Average power during starting
(mamperes)................hso_

The star‘ber genera:bors operate reliasbly under the following conditions:

‘ a. At temperatures of 20+ 59%C and a relative humlchty of 95 to
98 percent.

: . b. Under conditions of ambient temperature from < 100°C to =~

. 60°C (long term) and at  + 1409C (short term) 4

o ¢. They withstand, without sustanining damage, acceleration

- stress.of 4G's and between 60 to 100 frequency oscillations per m:mute. '

d. When hot, they must withstand a load of 600 amperes at & i

minimum of 6,000 rpm within a period of 10 seconds.

Without supplemental cooling through intake air, it is permitted, - -
“to load the starter generators with current of 200 amperes on the groudd
for a period of 20 minutes within the limitation of 3700 to 9000 rpm.
The starter generator must withstand 11, OOO rpm for a period of 2 min-
utes without becoming deformed.

- The drive mechanism protects the roller clutch of the starter gezi- '
erator against the penetration of lubricant because it does-not have its
. om oil slinger.

T 1.1.2. Descrlptlon of mdw:.dual components

The starter generator STG-lETM has a semi~closed housing with open- = - -
ings for the entry and exit of cooling air. The air passes through a ' ' .
hose t¢-a nozzle at the rear end of thé starter generator. Part of the
air then passes over the armature, cools the commutator, the iron core - -

. of the armature, and the coils at the poles and passes out of openings

- in the. forward part of the generator. The second portion of the air
passes through .channels glong the axis within the a.rma'bure and also passes
out of the generator through the front. . _

108
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Within the STG-12TM, a centrifugal ventilator cools the device while
operating on the ground and when no air is forced through the s’ca:c"t:er5ox1
The starter generator (Fig. 11%) is composed of the following main paius:
housing, covers, armature, and planetary reduction gear with free wheel=-
ing device.

Housing (1) is made of electrical steel; the main poles (2) and the
commntator poles (3) are mounted on the hOus:.ng with bolts. ‘

. : The main poles are made of electrical steel; the commutator poles -~ -
' are of one-piece construction and made of low-carbon steel. The main’
poles have coils with derivative exciter winding (h), compensation
winding is inserted in the splines of the poles. The winding of the come
. mutator poles (5) is made of copper . -

Covers (6) and (7) are made of aluminum alloy and are mounted on
the housing with bolts. Six brush holders (8) are mounted on the cylin-
drical part of the cover (6). ZEach holder has three brushes (9) of '
type MSG-T7.

" The brush cé.ble is silver plated. The brushes are pressed against -
the communtator by coil springs, having a.tension of 800 to 1,000 grams.

Panel (10) is bolted to cover (6) and its terminal screws are used
to attach the ends of the windings of the armature and the exciter. On
the side wall of the cover (6) is nozzle with a clamp for fastening the
shielding. Union (11) with z.nozzle for feeding cooling air is mounted
on cover (6). e

Armature. (12) is composed of silicon-steel sheet sections which are
press-fitted onto the casing. 1In the recesses of the armature, the wind-
ing is of copper wire; its forward portions are held together with steel-
wire bindings. Armature shaft (13) is made of alloy steel. An aluminum
hub is located between the housing and the shaft, has elongated slits,

- and serves to bring in cooling air.

The armature is mounted on ball bearings. Shaft (13) is connected
‘with drive shaft (15) by idle roller clutch (16), which assures a f£irm
connection between the armature shaft and the drive shaft when the gen-

- erator is functioning as a generator and takes care of the uncoupling
of this connection when the generator is functioning as a starter.

. At the end of the shaft, mounted from the end of cover (6), there
' . is & special port vwhich has elght steel rollers located within a texto-
- 1ite cage of separater (18) a.nd. which run along the interior surface
of the shaft. '

On the opposite end of the shaft, there are 24 gear-teeth, which
firmly conneet the shaft with the reduction gear carrier (19). The
shaft has 16 : Bplinea ‘on its end vhich fa.czlitate connection with the
engifi€ drive. = . . . 109
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When the device functions as a starter, torque is passed on from
the armsture, via the reduction gear, to the drive shaft, during which 50X1
time the idel roller clutch is uncoupled. » K
Tf the shaft [drive shaft] attains an rpm greater then that of the
shaft of the ermature, the idle roller clutch locks and torque is then
transmitted from the above mentioned drive shaft to the shaft of the axrma-
ture, during which phase the reduction gear is by-passed.

The reduction gear is mounted on the foreward cover, on the drive o ‘
end, and serves to increase the moment of torque delivered from the
aramture shaft to the drive shaft when the device is functioning as a
starter {i = 3.167). ’

The reduction gear is composed of a ratchet clutch and the actual
reductor. The reductor is of the plemetary gear type, has a drive [sun]
gear (30) comnected to the armature shaft, and planet gears (21) each
of which is mounted on two single radial ball bearings. The shafts of

: the planets are firmly connected with the guide (19). The satellites
' engage with the ring gear through internal gear teeth (22). Three dogs:
(23) of the ratchet clutch are mounted on three shafts and are firmly
connected with the rim of the gear wheel.

Coil springs (24) push the dogs against the gear wheel and cause
them to engage with ratchet (25) which is firmly connected with the
body. By this method, the ring gear- is-blocked in one direction (when
the device is working as a starter). Centrifugal force reduces the '
tension in the coil springs which cause the gos to cease engaging the
ratchet and gear wheel (22) is allowed to move freely.

The function of the reduction gear is as follows: electric power
is Ped to the starter generator; the armature rotates and transmits
torque through the sun gear to the planet gears which in turn rotate

. along the inner surface of the ring gear and turn the planet gear pos-
itioning plate which is firmly coupled with the drive shaft. This shaft
is in turn firmly coupléd with the rotor of the engine and begins to
turn it. As soon as the drive shaft revoltuions exceed the revolutions

. of the armature shaft, the idel roller clutch is disengaged.

When the revolutions of the engine exceed those of the starter

generator armature, the roller clutch locks and the armature shaft .

rotates a2t the same number of revolutions as the drive ‘shai"b. During ) ‘
 this phase, the planet gears do not rotate; they drag with them, in a

counter-clockwise direction, the immer ring gear, which is now no

longer engaged into the ratched wheel, and the reduction gear rotates

at the same number of revolutions as the drive shaft. Whentthe éngine

is stopped, the ratchet dogs engage the ratchet wheel, the roller clutch

is disengaged, and the starter generator is ready to begin enother start-

ing phaSe_ ) ' . . L
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1.2, Automatic starter control APD-75 (Fig. 129)

: 50X1
The automatic starting control APD-T5 controls the time sequence of
starter generator action-and the actions of starting assemblies. Simul-
taneously with control box PSG-2A, the APD-75 ensures the following:

P CUp 5

w

T o . iy

- Starting the engine on the ground;
Cold cranking of the engine.

In ad.d:.t':.oﬁ,' where 'bhé need arises, the device assures the inter- | _
ruption of the starting process and the accelerated return of the start-
ing mechanism to the starting position in a maXimum of 9 seconds.

1.2.1. Technical data | » ‘ .

Rated load..- o "o e 4 w ¥ 6 s e ¢ & 4 e @ 2)'!' VOl‘tSDC
i | Number of .sequence eyeleSe v o v v 4 0 40w 2

' | . Total time for e_a.ch cycle:
l .

Starting engine on the ground . . . . . TL

L B » _ 3 seconds
| - : Cold cranking of engine . . . . . « o s 3042

*
-+ 2 seconds

The automatic d.ev1ce closes and opens the circuits of starting
devices within the limits set forth in the following Table:

Designation | No of .
of Opera- | Opera- Individual "l Duratian
tion - tion Operations Begin | End Remarks
Starting 1. Feeding of exciter : Starter devices
the engine- | eircuit, starting can also be
" |on the o regime _ _ O |71+ 3 |§switched off
ground by centirfugal
. L ‘ switch
2. Activiation of -
starter resistors O}l ot1
, . 3.. - |Closing the starting
. |resistor for a short
. _ o time by action of the . :
mein switch 3.5+ 5 [E~(1f£03]"E"--Actual time
: - from instant of
starting sequence
to instant of
subsequent dis-
connect of oute
. _ put regulator
. 171 . (executed by
8-E~C~R-E-T ‘
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Desig:lation No of ‘ . ~ ’ .
of Opera- Opera~ Individual Duration ‘ 50X1
tion - tion . Operations _| Begin End Remarks '
‘ ' ' ' " | insert E of
-{ the program
‘| mechanism)
k4, Activation of ou'tput ' :
regulator RUT-600D |. 204 17043 | - o
5. Switching of feed | :
: sources frm 24 to
L8 volts | 151 B-(2+03)
6. Activation of block-
‘ ing circuit DMI-LO0AN 0] Tt 3
7. Turn-on of ignition 0] 25¢2
8. { Turn-on of electro-
magnetic starter _
fuel valve - 9+1 | 25+2
9. | Signal to stop valve 0| 204 1
10. Full workingcycle of 4
APD.- T5 0] Tt 3
. Code cranke 1. Feeding of exciter
ing of ; ‘ circuit while funct«
Engine ioning as a starter
- § device of 30+ 2
2. lActivation of starte
o ing resistors of 9+1
3. Closing of the starte|.:
'{ing resistor for a
short time by action o
of the main switch | 3.5+ | 2%+ 2 )
power sources frrm 2k " ‘
- Jvolts to 48 volts 15+ 1| 29+ 2
5. Fomplete working cycle
o bf APD=T5 panel ;0] 30t2
112 L
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Type of Operation Repetitive ~- short duration;
- consists of 4 complete cigx1
each lasting 71+ 3 secondas.
Intervals between closing of
switches are 3 minutes. Fol~
lowing 4 cycles, it is neces-
. sary to allow complete cool-
ing off.

. . 1.3 Starter control box for starter-generator PSG-2A (Fig. 130)

The starter control box for starter generator PSG-2A assures the
action of the two starter genmerators during various phases of engine
starting with the assistance of & relay and a contact. The control box
is attached to the components of the starting system.

Power sources are connected to terminals "+ PL" and '+ P2". The
armature of the starter generator is connected to terminals "+ 1" and
"% and the excitor winding of the starter generators is connected to
‘berm:ma.ls n (s5) and 2 (S5). ‘

, The remaining 'termlnals of the connectors are connected to the com-
ponents of the sta.rt:.ng system and to the automatic starting sequencer
APD-T5.

The a.ctlon o:f' the starter control box PSG-2A dur:mg various phases
of starting is controlled by the introduction of signals from the APD-T5
tothe terminals of comnector Sk.

. X33.1. Technical specifications
Rated voltage . .  e e e o s i o o' o o 2k volts DC

Type of Operation « v « « « « '« « + o+ Short duration --
S repetitive, con-
sisting of 4 phases,
each lasting 90
seconds. Intervals
"~ between cycles are
3 minutes. Follow-
: : . : : ing 4 cycles, com~-
' I o o _ - plete cooling off is
' required. -

Note: In starting four engines on the aircraft the following is
permitted: =~ '

& E:.ght starting a‘t‘hemp‘bs followed by 3-minute :u.n'berva.'l.s
between switch-on times and subsequent full cooling off periods.

b. Five unmterrupted starting attempts with complete cooling
off to follow. 113
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1.4, Tow voltage starting coil KPN-k

: i ) : 50X1 .
Coil KPN-L operates simultaneously with a surface discharge electro-

erosive plug of the SPN-L type and is designed to ignite air and fuel

mixtures in starting operations of the engine, on the ground as well as

while airborne. ' :

The coil receives its power from the aircraft power system with

a rated voltage of 24 volts. The coil KPN-l consists of an induction : '
coil with the vibrator, two condensors, and a selenium rectifier. ' .

1.4.1. Technical specifications

' The coil assures uninterrupted sparking of the plug (type SPN-k)
which is screwed into the igniter, during starting on the ground and
vhile airborne, under the following conditions:

When the voltage across the terminals of the coil changes
“from 18 to 28.6 volts; : ' _
' When the length of the shielded lead from the coil” to the plug
is a meximum 2.5 meters; . '
) Upon delivery of fuel to the igniter no sooner than 8 seconds
following the turning on of the coil;
. When the pressure in the combusion chamber is less than 5
kilograms per square centimeter under normal temperature conditions;
Voltage in the secondary winding must be.at least 3,000 volts
when ‘the voltage across the terminals of the coil is 1841 volt.

. 1.4.2. Layout and principle of operation

Starter cpii KPN-4 (Fig. 115) chages low volté,ge direct current to
~ high voltage alternating current. Essentially, it is an induction coil
. with dual windings. ' '

: A vibrator -- an electrmegnetic circuit breaker -- is cut into the
primary winding. The primary winding is accomplished with a single
lead, the negative pole of which is connected to the coil former. Posi-

 tive current is supplied to the coil through a connector and through
the terminals of the electromagnetic circuit breaker. Capacitor Cy is
connected in parallel with the terminals of ‘the circuit breaker. '

. The secondary winding is wound over the primary winding and is ‘
composed of two interconnected and counter-wound portions. The end of
one portion is connected across a selenium rectifier to the coil ,
former; the end of the second portion is connected 46 the high volt-
age lead which leads to the coil through the KJ=20B contact device.
The lower pole of capacitor Ca is connected with the same pole of ‘the

secondary winding.
.11k
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The core of the coil is composed of electromagnetic steel sheets. 50X1
.The vibrator is mounted on the panel and has two platinum-irridium term-
inals, one of which is soldered to the terminal screw which is connected
with the power source, as well as with one covering of capacitor Cj, and
- +the other terminal is connected to the armature spring which is connected:
v with the beginning of the’ primary winding and the second covering of
o capacitor Cq.

L o The selenium rectifier VS is composed of 20 selenium plates mounted
. . on an insulated post. The side of the selenium rectifier marked "4
: . is connected with the coil former.

Ca.pacrtor Co serves to increase the capacity of the discharge and
- partially also filters the pulses of the secondary winding which simul-
taneously increases the ignition capability of the spark. The selenium
rectifier limits the discharge current in the event the coil should feed
low resistance current to the spark gap of the plug or when the load is
increased.

‘I‘he secondary winding does not create its own magnetic flow Do
- . which would weaken the magnetic flow of the primary winding Dy which
% . ¢+ acts upon the circuit breaker. This is because the secondary winding.
~ 1s executed in two sections, the directions of which are opposed to
- each other (they are wound in a bifilarly menner). Thus, the magnetic
flows ‘of the sectn.ons are opposed. to each other a.nd cancel each other
out. .

1.5. Electz;oerosive aviation plug with surface discharge SPN-L

: Spark 1gn1ter plug SPN-L works simultaneously with starting coil

. KPN-4 and is a part of the low-voltage ignition system. A special

+ characteristic of this system is that the discharge in the plug occurs
between the electrodes of the working surface of the insulator, which
is covered with an electro-erosive layer of electrode material.

The plugs cannot be dismantled, have a ceramic insulator and are
shielded. The sparks jumps on ‘the surface of the ceramic insulator
between the interior and the exterior electrodes, which have been-
coated with electrode material by an electro-erosive methéd. This
meterial is consumed along with the fuel and the preliminary switch-
ing on of 1gn1t10n coil KPN-4, during the phase before the starting

. fuel is turned on at the begn.n:nmg of each starting sequence, carries
. out the conditioning of the plug, that is to say it renews the layer
of electrode material upon the working surface of the plug insulator

with the ass1stance of spa.rk discharges by the electro-eros::.ve method.

1l.5.1. Techn:Lca'L data

Dlstance between electrodes (w:xdth of belt in ceramic device) --
1+ 0.1 millime'bers. ' '
115
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After conditlonz.ng , the plug must work reliebly along with-coil
KPN-l ‘when the latter is set for the minimum prlma.ry current (2.8 amps) 50X1
and at a fuel pressure of up to 5 kg/cma. _

I.engl:h of threading of the threaded paxrt of the plug body -- 11
m:.ll:i.me‘bers.

Weight of plug with gasket -- maximum 0.08 kg.

After conditioning, the maximim value of the spark volta.ge in the . ‘
rlug may not exceed 2,000 volts under normal conditions with a power ‘
source of 24 4 1 vol'bs.

. The plug is mounted on the engine together with the jet, contactor
i KU-10 and knee UE-110-18R with a safety nut and 18 x 1 threads, assur-
' ing reliable contact with the head of the cen‘bral electrode.

. In operating the engine, fuel must be wrbhheld u.n’c:ll 8 seconds
- after 1@1‘bn.on turn”on.

1.5.2. Description of design

Spark igniter plug SPN-} (Fig. 116) is not dismantleable, is shielded,
, and consists of the following principal components: body (3), insulator
(h) , electrodes (5) and (6), shielding sleeve (2) and setting ring (1).

Body (3) is made of stainless steel and has two 18 x 1 millimeter
. threads for connec'ting with the igniter and for comnecting the high--
‘bens:Lon lead.

Insulator (&) with 'the central. silver electrode (6) is located in

the lower portion of the body on a copper case and touches the external

- electrode. A ceramic: sh:.eld.mg sleeve (2) is located in the upper por-
tion of the body.

Setting ring '(1)' sexrves fo secure the plug on vthe engine and gasketf .
ring (7) serves to assure a tight fit between the plug and the igniter.

1.6. Starter fuel valve

The starter fuel valve (Fig. 117) serves to transmit the fuel from
pump TO7-I to the starting and auxiliary jets. The entrance to the ‘ ’
starter fuel tank is closed off by the valve. .

The ,eiectrics.’l. part of the sta':r'ter'fuel. Mve has a coil with é
movable cylindrical core, which is connected with the needle of the
valve, and a connector. The coil winding is of copper wire with a dia-
meter of 0.38 millimeters and has enamel insulation. The number of turms
in the winding is 760, with 50 turns per layer. The surface of the
former of the coil and the face are covered with a shellacked. fabric

: §-E-C-R-E-T
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vhich is 0.3 millimeters thick. The _

. with a bakelite lacquer and covered with a lacquered fabric which is 0.3
millimeters thick. The entire coil is impregnated with a bakelite la50X1
quer. It is also possible to impregnate the coil with shellac. The -
output leads from the coil ere 45 millimeters long and are insulated by
a shielding tube. One end of the coil is soldered to the coil former,
and the other end terminates in comnector. '

™~

| The coil is mede of ST-Al2 [steel?]
‘ In opez;ation » the coil draws down the core, overcoming the sprinlg-
tension which is endeavoring to keep the core in a position which would
close off the fuel port. '

1.7. VE-25 electric motor switch

The VE-2S electric motor switch is:éssentially & single-lead electro-
hydraulic relay which opens its contact points when the oil in the chamber
under the corrugated bellows attains a certain pressure.

The VE-25 has standard covered contact points." The interruption
of the electric circuit is caused by pressure of the oil on the bellows,
connected with the contact point:s via a rod linkage. ' -

The electric _motor' switch is designed to work within the eirecuit
of the accelerated termination cycle within the SPz-2L. '

1.7.1. Technical specifications

The VE-2S sﬁtch works reliably under the following c_onditioﬁs:

Tym Of cllrren‘b ¢ o o e e & o . * . . L] 3 [ m ‘.
Power at the plug connector
of the aggregate (in volts). « . « . . . . 18428.6

The winding of relay TKE 21 PL or RP-2, which is cut into the olr~
.cult of the contact points [no other data given]: ’

Working fluid . + « « v . . + . . . . . Engine oil
‘Pressure 0 open contact points

(in kilograms per square centimeter . . 1.6%+2.0

Type of operation « .. . + . . . . . ... Repetitive, short

:. . | | " duration

l.7.2. Principle. of operation

The principle of operation ofthe VE-2S (Fig. 118) is as follows:

During the engine starting phase, oil £ills chamber (12) at a g
certain pressure. Corrugated bellows (3) is located within the chsam'ber.i
The ‘0oil attempts to push on the bellows in en axial direction. The :
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Te pressure of oil on the corrugated bellows is counter-acted by a° .
cylindrical spring (6), the upper face side of which rests against set = g5ox1-
screw (8) and the lower side against plate (15) of the bellows. Upon - -
reaching a pressure of 1.6 to 2 kilograms per square centimeter, spring

(6) is compressed and rod (L), .which is connected with plate (15) moves -

upward to open the contact points of the electric ¢ircuit. As the pres-

sure drops below the above value, the switch points are closed through

. the action of spring (6). ‘

© 1.7.3. Design o o | o @

The switch consists of the following parts: housing (1), shoulder
(2;,,me-ta.1,bellows (3) with plate (15), push rod (%), spring (6), lever
(5), comnmector (7), set screw (8), gasket (9), and protective cover (10).

The housing (1) is made of aluminum alloy holds the principal
components of the switch. On the upper face.side of the housing, there -
are four threaded openings, three of which serve to hold reinforcement
(11) and one of which is used for the holding screw of the lock. The
lower face side of the device has six evenly-spaced bolts which serve
to tighten down.shoulder (2), mnd the center of the housing has a fair
large threaded opening to hold the set screw (8). : S

: To protect the device against corrosion, it has been anodized.
Shoulder (2) is cast from aluminum alloy AL-l, and one end of it-has
.12 x 1.5 millimeter threads; the other side has 1k x 1.5 millimeter

- threads. On the sides of the shoulder there is a special boss with
two openings of 5.5 millimeter diameter through which the bolts that
hold the device onto the engine are passed. The Metal bellows (3) is
fabricated from special alloy L-80 and separate the high pressure oil
chamber from the area of the contact points. In essence, this is a flex-
-ible element which transmits the oil pressure via its plate (15) to
push rod (4). . : :

Push-rod (L4) is made of No 25 steel and transmits the motion of
the bellows to lever (5) with its movable contact point (16). Lever
(5), which is stemped from L-62 brass, is intended for opening the
contact points. On one end, the lever has an attached contact point
and on the other end an opening for attachment to reinforcing strut

an. | | ~

Spring (6) is made of high grade OVS wire 'and assures the action | ‘

of the switch in response to a preset pressure. The setting of the.

spring tension is accomplished by set .screw (8), which is secured. .

! . . .

Contactor (7), of the SR12UIES2 type, serves to connect the air-
craft power net ¥ith the switch. Gasket (9) protects the contact
chamber against the seepage of oil from the bellows chember. Pro-

' tective 1id (10) is cast from aluminum alloy (5) end protects the
mdiv:.dugi components against damege and dirt. , .

e
o ' §-B-C-R-E-T

£

‘ . _ No Foreign Dissenm . _ et
Declassified in Part - Sanitized Copy Approvéd for Release 2013/10/23 : CIA-RDP8OTOO246AO7EQOOO90001-0




S T

Declassmed in Part - Sanitized Copy Approved for Release 2013/10/23 CIA-RDP80T00246A072200090001-0

$«B-C-R-E
No Foreign

i

The adapter in the upper part of the 1id serves to connect the plug
connector, which feeds power to the device. The bottom of the 1id hz50X1
three openings for anchoring to the reinforcing struts of the device.
Four openings on the side surfaces are used to attach the name plate.

Fof protection. against corrosion, the 1id is galvanized and its
exterior surface is painted black.

Brace (11) is made of type 25 steel and serves to fasten cover (10)
to body (1). Rubber packing ring (19) protects the contacts against
the penetra:blop of the liquid from the nearby area.

Disconnect switch VE-2S is fastened to the engine by two bolts
with a dlemeter of 5 millimeters, passing through the openings in the
flange of the extension. During assembly, the disconnect switch '
adapter must make pos:rt:ure electrical contact with the frame.

1.8. Electrical mecha.nlsm MP-5

The MP-5. electrical mechanism operates a value [Fig. T6] to bleed
[hot] air. Control of the switching mechanism for extenions and retrac-
tion of the actuator rod.is handled from the control boa.rd panel by a -

 two-pole cross-over switch for the electric motor.

1.8.1. Technical Specifications

Rated.voltage.........‘......27V Yo
Rated forc for actuator rod acting .

counter to its movement (kg) . « « ¢« . . . 5 _
Maximum travel of rod (Mm) « « « « o o o« « 40 -1

Note: Travel of the rod must be set yithin 4 renge of 5 to 4L mm.

Speed of movement of rod. rated
load and rated voltage e ¢« ¢ s s s o o o+ 1.3 m/revolu~
tions + 05%
Current necessary at a rated load
, for‘bherodlnamps s e s e e e e s e e .ma.xmum015
Operation mode ¢ « s o s ¢ o ¢ o & o o ¢ « JShort-term,
repea:bed

1.8.2. Construction

 The MP-5 electrical mechanism has the following parts: Electric
motor, direct current D-2S; freduction gear with conversion i = 9k.6;
actuator rod with a rise of 1.3 mm; two KV-1-20 cross-over swi'bches, and
small plug connection composed of SP-3 and VS-3. * '

Ol. The electric motor D-2A is a, direct current [motor] excited by

& permanent magnet .
. 119
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. Technical Specifications:

VOLtage o o o o o o o v o o o o o 0 0 0 o o 2T V4 105
Required current (amps). « + « « « + « « « » max. 0.15
Number of revolutions (rpm). « « « « « « « . 5,7000 + 10%
Shaft torque (ZCm) « ¢ « ¢« o o o o 4 o 4 4 s 20
Operation mode « « « '« ¢ o o s « &+ + o & » . sustained

02. The reduction gear (Fig. 119) consists of a four-stage converw-
sion by spur~gesrs. (1), fastened to the motor shaft by a pin meshes
with idle double gear wheel (2) on shaft (3). Gear (2) meshes with

' Jouble gear wheel (4), which in turn meshes with gear (5) which freely

turns on shaft (3). Gear (5), engages a gear in a single unit with a
nut (6), vhich has an internal trapezoidsl thread for comnection with
actuator rod (7). _

1.8.3. Principle of Action

The electric motor shaft turns the reduction gears and nut (6).
Double nut (6) and actuator rod {7), convert rotary movement into linear.
actuator rod (7) is moves to "pushed out" togehter with cams (12) and
(19), in whose grooves the protrusion of the rod fits. On reaching the
extreme extended position, the cam presses down.on the tongue of the
spring (20), which then depresses the button of the terminal switch a7
and bresks off the ¢urrent to the electric motor. In switching over

_the two-pole commutator, the. electric motor rotates in the opposite
" direction. The actuator rod begins to move in the direction of "pulled

in" upon which the cam (19) disengages from the tongue of spring (20),
releasing the terminal switch button (17). This way, the circuit "pushes
out" is once again sét for pushing out of guide bolt (7).

The movement of rod (7) to "pulled in" lasts until cam (12) moves

+the tongue of spring-(2L) which presses -on the button of the second

terminal switch "pulled in" (18), and breaks off the circuit upon
which the actuator rod stops. - S

' The electrical mechaniszﬂ mekes possible the setting of the move-
ment of the rod by shifting cam (12), along actuator rod (7). The
securing of the set position of cam (19) is effectsd/'by a guide, faste

_ened by & serew to the body (14).

' Nut (6) is placed on two special'r;a.dial thrust bearings (11). ‘
Reduction ‘gear housing (8), has cover (9), which has actuator rod sleeve
(10) and four bolts for mounting the electrical mechanism. _

‘Cam (12), on the end of rod (7), slides along the rod and pre- -
vents rotation. The rod fits into grooves in body forging (14) and
is fastened to it by two screws. o

120
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v The terminal switchs (17) and (18] Tor "pushing out the rods" that
’ are  aligned lengthwise in the grooves.of the housing, are fastend bY50X 1
screws (16) to housing (1k4). '

Cam (19 a.ctlvates the terminal fastened to terminal changeover

1 switches (17) and (18), switch for "pushing out the rods." Springs

i (20) and (21), relay the pressure of cam (12) to the button of the
terminal switches. Electric motor D-2A (22) is fastened to the lower

- part of the housing, with four screws., Terminel switches (17), (18)

. and. electric motor (22) are covered by case (23), fastened to the hous-

- ing by four scres which are safety wired. A small plug connection is

also fastened to the body. . ’ : :

1.9, S0~-12aM (so L) Icing Inchcator

i ‘ ‘ The icing :anhcator shows the presence of 1ce on the outer parts
I . of the engine.

1.9.1. Operating principle

The action of the indicator 'is based on the utilization of the -
flexible qualities of the corrugated metal diaphragms, opening and
closing the electrical contacts during changes in the impact pressure

- of the air current flowing through the indicator air intake.

The SO-k 1c1ng :.nd.:.ca.tor is a 'differential pressure gauge with two
sealed chamber, connected nozzle by (5) (F:.g. 120).

' One of the chambers (2) receives the pressure of the accumulat:l.ng
current of air in the engine inlet through intake (1). By ' pressure
is understood the total amb:.ent air impact pressure, that is, p = Pg+ Pp.

The second chamber (4) receives' static pressure through opening (3),
placed on the side surface of the air intake head Chambers (2) and (4)
are separated from each other by diaphragm (9).

The dynamic pressure inteke has 20 openings with diameters of 0.7
millimeters. If the inpact pressure does not act, that is, when the
engine is not in operation, the contacts are in & switched-on position.
During operation when the indicator intake is charged with air ;. & vary-

~ . ing pressure develops from the impact pressure, in the chembers of the
" 4 . differential pressure gauge, and bends the diaphragm. As a result,
‘ " the contacts open and remain open [unless incing occurs].

Under icing conditions durlng flight, intake openings (1) are
covered with a layer of ice, and the entrance of dynamic pressure to the
chamber (2) of the differentiel pressure gauge is blocked. The pressure
in chambers (2) and (4) is balanced through nozzle (5), and the dia-
phragm returns to the starting position and closes the contacts. This
ictuates the soleniod which energizes, in para.llel , the "ic.mg" .warning

1gh and the hea.ting elements = 459
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Heat melts the ice on the intake, the L. -
the difference in pressures in the chambers of the dlfferentla.l pres-
sure gauge opens the contacts of the electric c¢ircuit; the solendid 50X1
- /. opens disconnecting the warning light circuit and the heaters. The
indicator assumes the initial position.

If in this period, the aircraft is not past the area of icing, the
entire cycle is repeatéd. During passage of the aircraft through a
zone of 1c:.ng, in th:Ls way, the warning light will be periodically

- 1it. | _ C | ‘

o De"-icing of the intake openings in the SO-4 lasts a meximum of 90
seconds from the moment of switching on the heating. The process of
icing up the dynamic pressure openings lasts a maximum of 150 seconds,
and the full cycle of icing and de-icing, a maximum of 240 seconds. - On
the first icing warning, the engine air intake heating system must be
turned on manually. After the aircraft leaves the icing zone, that is,
after the "icing" werning light turns off the system must be turned
off manually. To protect the heating elements of the system against
over-heating, it is necessary to switch them on when a dynamic pressure
of a minimum of 250-mm of water is reached; by the passage of current
to the coil of the heating soleniod from the starter generators STG-12TM
(in accordance with the disgram, it is required that heating be switched
on only during operation. ' When the engine reaches an rpm at starter
STG-12THM provides sufficient voltage both for the supply of the cabin
system and also for energizing the coil of soleniod TKES52FD., This
[soleniod] relay, switches on a second relay, in which the winding of
the coil is connected on the frame through the contacts of breaker (6),
of the differential pressure gauge. These contacts are disconnected

by the action of air impact, and for this reason, the relay works only

. when they are switched on; this happens during the icing of the front
part of the intake, when it is necessary to switch on the heating. The"

"jcing" light also does not light up 'beca.use it is parallel to the relay.

1.9.2. Technical Spec:.flcations

Supplysource c e s o s e o s s s s s & o o aireraft direct
. ’ current, voltage
: " 27V 4 10 percent
. Range of temperatures at which ’
the indicator operates without i
disturbing : its characteristics . « . . « 'fromt60 to = 60°C

Supply sYstem « « o o v 4 b . ae 0 0 e e ‘single-line - .
Maximum current carried to the contacts . . at ‘a voltage of 27v .
' : 0.6 emps

' Ma.x:\.mum current of hea.ters at a o
' temperatureofaoiSC......... .7 amps ;
weight ' L3 '-., . » . e . o . . L) L] . . P L3 * OO 75 kilog'ams

122
§-B-CrR-E-T
. ) No Foreign Bisscm _
Declassified in Part - Sanltlzed Copy Approved for Release 2013/10/23 : CIA- RDP8OT00246AO72200090001 0



o

Declassmed in Part - Sanitized Copy Approved for Release 2013/10/23 CIA-RDP80T00246A072200090001-0
_ S~E-C-R-E
" 'No Forelgn Di

1.9.2. Structure of the Tndicator (F1

B 50X1
The indicator is composed of two main parbs- the dynamic. and static
pressure inteke (1) and the electric differential pressure gauge (2) s '
fastened to adapter (3).

The intake is eylindrical; on the. front part it has a pressed-on
and soldered cover (4), which has 20 openings with a diameter of 0.7 mm

, for catching the high-speed air which passes to the dynamic pressure .
‘ chember "p" by two tubes (5). In the lower part of cover (i) are three .
. openings w:.th diameters of 0.5 milln.me’bers for drainage of water.

" A heating device in the intake assures the periodical de-:n.cmg of

the 0.7-mm diemeter openings. On the back part of intake housing (7)
is tube fitting (8), in which is placed the static pressure chamber, .
"connected" with the flowing current of air by 8 openings (10) with .

& diameter of 2.5 millimeters, located on the side surface of adapter °
pipe (3). At the same time, the heater static pressure chamber is con-

" ‘nected with static pressure chamber (11) of the differential pressure
geuge by rubber tube (12) end tube nipple (13).

- The dynamic and stat:.c pressure chambers are interconnected by a
calibreted opening, through which the pressure in the chambers is
equalized when the intake openings in the cover are closed by ‘ice.

On a ring in the intake is mounted the terminal of the feed to
the heating element, which is made of nickel-chromium spiral.

The differential pressure gauge is composed of diaphragm (20),
fastened to base (21) by nut (22). The diaphragm is made from berylium
bronze and is the sensing element of the differentlal pressure gauge. '

"In the center of the diaphragm is soldered a ‘silver movable con‘cac*b
point: (233 that makes contact with silver contact point (24) of set
screw (25), which pre-sets the tension of the diaphragm providing the
necessary adjustment of the pressure drap required to open the contacts.

Set (25) is insulated from the housing by packlng (26). The base
of the differential pressure gauge is fastened to the adapter by four
serews (27). "The cylindrical heater (28) insulated with on both sides,
is wound of nickel-chromium wire and is located in the elbow pipe.

- Insulator (29) is used to lead the 'bhrough from the static pressure (29)

. | chanber .

Rubber gasket (30), see.ls 'bhe dynami.c pressure chamber. The steel
"outer case (31) is screwed to the base on threads and secured by two '
pins. Nut (33) seals the static pressure chamber with the aid of
rubber gasket (34 ) . . )

Lo e
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1.10. MZK-2 Electrical mechaxiism

50X1

The MZK-2 electrical mechanism is used to brake the propeller of
the AI-2O engme.
1.10.1. Technical Speéificétibns :
. Reted voltage «.... .'....'....27 :
Range of operational voltage. c e e s 2832297 _ , .

Note: The electrical mechanism may operate at 20 V.

Rated moment of force at the g

exit [output?] shaft kgm « « + + o » « « 2.5
Required current at rated voltage, amps . 3.6 maximum
Maximum angle of turn of the exit o
[output?] shaft, limited by the

terminal switches degrees. « « + + « + « 95, minimum
Time necessary to turn the exit

[output] shaft from one extreme:

position to the other by 95°, seconds. 3 6 - 5.6

Note: In order to switch on the contacts of the signal llghts , it
goes 5 to 10 degrees in front of -the final position of the
exit shaft. The angle to turn of the exit shaft must be
set up with the aid of stopping devices within the.range of -
50 to 95 degrees. In this case, the terminal switches
operate after the. sln.pping of the friction clutch.

Operatlonmg moa.e e @+ ¢ e 8 e o e & & @ orepgated} short-tem
Power to the electricel mechenism . . . . two~-conductors

1.10.2.  Structure

The .electrical mechanism has the following parts: type D-12TF . .
electric motor; reduction gear; friction clutch; panel of terminal
switches; switch of signel lights; SR28PTNS7 plug connection.

OL. Electric Motor

The D-12TF electric motor is 2~pole , reversible, direct current :
[motor] with series winding and a electromagnetic brake clutch. ‘ .
Reversing the electric motor is effected by changing the direction of

" the magnetic fux.  For this, the electric motor has two separate
exciter windings, switched on individually, depending upon the direct- -
ion of rotation. The direction of the current in the armature does-
not change in the process. The switching-on is effected by a single-
pole changeover switch.. e '

8-E<C-R-E-T
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Struc'turaliy, the electric motor (Fig. 122) is composed of a hous-
S ing Wwith exciter windings, an ar¥mature with winding, a commutator, 50X1
¢ “ an electromagnetic brake clutch, and a plate. ‘

The electric motor housing (25) is a steel cylinder, within which
there are two pole extensions fastened by screws, on vwhich there are
two separate exciter windings. The electric motor housing is covered
on the drive end by plate (22) and ®on the commutator end by cover (36).
: Plate (22) is made of an aluminum alloy and has a seat for the roller
. ' bearing, which constitutes the front support of the armature shaft with |,
openings for the end of the aremature shaft and for [o:.l?] supply lines.

Rotor (23) turns on two No 60024 ball bea.r:.ngs and consists of a
shaft on which is pressed a laminated electrical. steel armature.

The ends of every coil winding on ‘the armature are soldered to com--
" mutator (28) tebs. The commutator is made of special shaped copper
plates, each insulated from the other by micanite separater. The plates
of the commutator are pressed from K6 plastic. The drive end of arma-
ture shaft has an extension for connection with the reduction gear
of the electrical mechanism. Brake disc (51) is secured by nut (32) on -
the commutator end of the .armature shaft, this braking disc of the
electromagnetic clutch reduces the run out of the armature shaft after
the electric motor is dlsengaged from the system.

The mndmg of electromagentlc clutch (29) is enclosed in a steel
housing. In the housing are pressed 3 guide pins, by which the brak-
ing washer with ring (34) can be moved. Clutch (29) and the braking
washer create the magnetic circuit of the clutch.

The washer, through the action of cylindrical spring (33), is con~
Lo stantly pressed against the braking disc (31), which is fixed to the
o - armaturezshaft. Between the disc-and the braking washer, there arises,
from the pressure of the spring, the constant braking moment of the arm-
ature. The windingof.the clutch is conneced in ps.rallel with the
winding of the a.rma'bure of the electric motor.

When the electric mo’car is not operat:.ng, there must be, between
braking washer (30) [sic] of the terminal switch and clutch (29) of
the clutch, a minimum space of 0.2 millimeters. In supplying voltage

: - to the main magnetic flux, created by the coil, winding is stopped

. ' through this gap. The braking washer (30) [sic} restrains the force
of spring (33), and by the action of the electromagnetlc force moves -
along the pins clutch (29).

=, . When the electrn.c motor stops, the electromagnetic force ceases, .
“» - . the braking washer,’ through the action of the spring, moves along the -
~gu3.d.e pins, presses a.ga.:.ns‘b the disc (31), and 'brakes the a.rma’cure.

« . - : '125 .
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A support rlng with 2 pressed brush hol
the body of clutch (29). In the electric motor, brushes (27) of the :
A-12 type with dimensions of 4 x 5 x 7 millimeters, are used. - The . 50X1
brushes are pressed to the comutator by spiral springs. Thecpressure
of the brushes is 110 to 150 grams. '

TFor actess to the comutator and the brushes, there are, in body
D=12TF, access holes that are closed during operation covers (36).
Plate (22) on the drive end, and the 'body of electromagnetic clutch
'(29) are fastened by clamp bolts. K ‘ |

Speclflcatzons of the electrlc motor

. Moment on the shaft, (gram—centlmeters) . .. 125
.:Vol‘bage....................27
Current, emps (Meximum) =« « « « v v «o o o+ 3.6
Numbexr of -revolutions of the exit _
shaft 1N IPM o e ¢ o e o'e o o o @ e e e o s 12,500410%
Oubput In Watts « eo o o ¢ o o v o o s o o« . 16
Armature winding « « ¢-¢ ¢« « ¢ ¢ ¢ ¢ ¢ +s o . . lap-wound
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2. Reductiqn gear , L h S
' S L e des : 50X1
The reduction gear increases torque and &kpcreases the rpm, trans-
ferred from the electric motor to the output shaf% of the electrical mechan-
. dlsm. - , o . :

,1 The reduction gear is of the planetary type and is composed of 5
-stages with a total transmission of 3275.91. The first 3 stages are located
’ : - directly behind the electric motor, the fourth stage between panel (13) of
. © the terminal switches and the friction coupling, and the. fifth behind -the
friction coupling. Gears (15), (17), and (19) (of the first 3 stages) mesh .
with fixed [ring] gear (18), fastened by a pin to reduction gear housing (2)

Planet gears (19) of stage I of the reduction gear rotate on shafts
. . in metalloceramic bearings, and gears (15) and (1T) of stages II and III
B - turn directly on the shafts. Drive gear (40) of stage I, fastened by a
| o pin to the armature shaft of the electric motor, through the planet gear
‘ (19), drives gear (41) of stage II, which is made in a single piece sith .
a guide having 3 catches {balls?] located opposite each other at 120 degrees.
On each one, is fastened planet gear shaft. .

Drive gear (41) of stage II, drives gears (15) and (17), and drive
gears (44) and (12) of stages III and IV. T

Drive gear (12) of stage IV engages planet gear (9) which rotates -
within inner ring gear (10), secured to the case of the electric motor.

- It rotates the friction clutch sleeve (49). The movement from the sleeve
is transferred through the friction clutch of drive gear (61), level V,
which, through gear (64), rotates guide (63), by means of the output shaft
(60) of the electric motor. . 4 '

o The friction clutch protects the electric fno‘cor during excessive, but
short-term overloading. - ' .

.Princible of operaﬁion: .

~ The kinematic diagram of the electrical mechanism is shown in Figure
- 123. The electrical mechanism has two wires. Current from the aircraft
circult passes through terminal SR, and through the closed panel contacts
' for feeding the electric motor to one of the exciter windings, the armature
winding, the winding of the electromagnetic clutch, and to "minus" (terminal
: 1). The coupling actuates the gears s and the electric motor shaft is turned -
‘ through stage IV of the planetary reduction gear, the friction clutch, and
stage V of the reduction gear on the output shaft of the electrical mechanism.

_When the output shaft turns to the required angle, the signal light
contact closes .and when the output shaft stops, the friction clutch slips.

¢ §-B~C-R-E-T
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Dur:uig this, the shaft of the mechanism does not move, and the S
electric motor armature. contlnues to turn, which protects the motor from - 50X1."
~ over-loading. : L

The fr:.ction clutch of the mechanism will turn wntil the front cam, S
-~ located on the clutch sleeve disconnects the panel contacts, as a result '
~of which it [the motoxr] is shut off, and the armature is stopped by the
braking disc-of the eleqtromagnetlc clutch. = When the second excitater. o _
winding of the electric motor is energized, the output shaft of the
electrical mechanism turns in the opposite direction. L .

1.11. Tachometer ITE-2

The magneto-induction tachometers continuously measure the nunber of
" revolutions per minute of the engine main shaft, which is expressed in
-percentages of its maximm revolutions.

The tachometer assembly is composed of the following: alternating
current transmitter-generator (Fig. 124), whose frequency is proportional
to the number of revolutions of the engine shaft and the magneto-induction
indicator device, the read-out value is proportlonaue to the frequency of

~ the supplied current.

The remote-control measurement of the revolutions per minute by the
‘tachometer is based on the principle of the conversion of the engine shaft
revolutions to electrical current with a frequency proportional to the speed
of rotation: The conversion of the shaft rotation into [appropriate] ,

- movement of the needle by the magneto-induction instrument (ITE~-l or ITE-Z2)
is based on the interaction of the magnetic field of the rotating magnets
with the currents induced by this field in the metal disk. As a result of :
this interaction, the disc (comnected with the needle), turns proportionately
to the number of revolutions of the magnets (dependent on the frequency f),
. balenced by the counteraction spring. .

, The tachometer operates as follows: in ‘stator winding (1) of trans-
mitter (Fig. 125), during rotation of rotor (2), a three-phase current with
a frequency proportionate to the speed of rotation of the engine shaft is
. generated and is conducted by three leads to the stator m.ndjng of the
synchronous motor of the indicator (Fig. 125). '

- The rpm of the rotating magnetic field. of 'bhe stator winding of the - h ‘
- instrument if proportionate to the frequency of the curremt in the stator ,
Phase winding of transmitter DIE-2, and for that reason are proportionate
~ to the rpm of the engine. The indicator rotor revolves at a speed synchro-
nous with the rota.tlon of the ma.gnetic fleld.
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Magnetic system (6) is fastened to the end of the rotor shaft of the
motor. The system has six pairs of permanent magnets, among which is 50X1
sensing element (a disc) (18). During rotation of the magnetic system,
eddy currents are induced in the disc. As a result of the interaction

. of the eddy currents with the rotating magnetic field of the magnetic
.. system, the sensitive element rotates proportionately to the rpm of the
‘ - maguetic system. Spiral spring (8), fastened to the shaft of the sensing
element, opposes the rotary movement of the sensing element. On the
other end of the disc's shaft is needle (15), indicating on the evenly
. calibrated scale (17) of the indicator the appropriate value of engine rpm.

A shock absorber is -used for thesmooth operation of the indicating
system. During the movement of the system, the magnetic current of the
‘permanent magnets (6) generates eddy currents in the aluminum disk, and

" their reciprocal action, with the magnetic current of the magnetic system,
activates a braking movement. .

The - instrument's rotor consists of two permanent magnets and three

hysteresis discs. With the same revolutions of the rotor and field of
- ' the 'stator, the magnetic field of the stator winding interacts with that _
. of the permenent magnets and the flux of the hysteresis discs , magnetized
W by the stator field. Because the magnetic flux of the discs , the :

- synchronous movement of the rotor is mainly induced by permanent magnets,
especially at slow rotation:of the stator field, when its inductance is
_small and also when the flux of hysteresis discs is negligible.

In the asynchronous stage of operation, the rotating magnetic field
lags both the permanent magnets and the hysteresis discs. During this,
the rotary movement of the hysteretic dises, through the increasing rpm
of the magnetic field of the stator, increases, and the rotation of the
permanent magnets falls, because, at greater revolutions, the field of
the permanent magnets is not sufficient to follow it without the aid of
the hysteresis discs. Por this reason, at low rpm of the magnetic pole,
the rotation of the rotor stems mainly from the Permanent magnets, and,
during higher rpm, with the aid of hysteresis discs.

In the asynchronous stage of operation of the engine, with higher rpm
. 0f the magnetic field, the hysteresis disc of the rotor helps to bring to
rpm where the permanent magnets are sufficient to adjust to the magnetic
field of the stator. Then, the permanent magnets are synchronized with
the hysteresis disc, exceeding considerably the braking load of the rotor.

. In order to facilitate the interaction of the Permanent magnets with
o the rotating magnetic field, the magnets are placed on the shaft in such
& way that they can start rotating freely behind the rotating field without
loading the shaft until the spring winds up. ' After spring winds, the -
magnets are loaded by the braking action of the rotor. As a result of this ,
the magnets interact with the moving magnetic fields follow it ; and then
synchronously pass into the assigned load of the shaft and exceed the load
' of the shaft, already in the synchronous stage » when theyccontrol with a
considerable force the mutual action 3}519‘“11 the magnetic \fie’ld. of the current

' 8-E~C-R-E-T
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of the. stator winding. )
_ ' : ' o : 50X1
The principle of action of the hysteresis discs is as follows: it
is located in the rotating magnetic field; during the entire period it is
magnetized in such a way that the magnetizing poles move along the circuit
of the discs behind the poles of the rotating field. The mutual inter-
action of the magnetic flux of the discs and the rotating magnetic field
causes the rotation of the disc in the direction of rotation of the field.
During the rotation of the hysteresis discs, the direction of magnetization
changes, but it is constantly lagging the magnetic field, and when the .
dises reach synchronous speed, the torque begins to act upon it. :

‘ After the attainment of synchronization, the hysteresis dises act upon
" the winding as permanent magnets, but the force of their action is consid-
erably lower (that is, the magnetization of the synchronous discs is less
than for the permanent magnets). : : )

1.11.1 Construction’
0l. Trausmitter

The construction of the transmitter is shown in Figure 124k. The
transmitter is a 3-phase, alternating current generator with a permanent
4-pole magnet, comprising rotor (1)}. The rotor is cast from an alloy
having & high inductance and a considerable coercive force. The trans-

. mitter rotor, type DIE, operating with one motor of the instrument (ITE-1 .
or ITE-2) is cast from alloy ANK; the rotor of the type DIE-2 transmitter,
operating with 2 motors of the instrument (ITE-1 or ITE-2) is cast from
alloy ANKO-2, which has a greater residual inductance than alloy ANK.

The construction of transmitters DIE-l1 and DIE-2 is the same. The
rotary movement of the drive-shaft of the aircraft engine is transmitted
by drive 52), set in bushing (3) and connected with it by a 4-side drive
{coupling] and a flexible ring (4). The shaft is sufficiently flexible;
it bears twisting well and compensates for the slight bending which may
arise during the dssembly of the transmitter. -

, Between. the rotor bushing and the drive a packing is inserted, which

prevents the penetration of the oil to the transmitter. = The bushing

rotates in two ball bearings (6); cne in cover (8) and the other in seat :
(19), inserted in cover (23). The covers (8), (23), cast from an alumimum - -~ .
alloy, are bolted (9) together and position the stator and the rotor.. :

The stator (10), in order to lower the eddy currents; is made from

transformer sheet with a thickness of 0.5 milliméters, and has 12 grooves,

in which are placed double-layer winding. ' :

. The stator plates are insulated from each other. The winding of
~ the stator is 4-pole, 3-phase, and is made from copper wire brand PEV-2,
with a diasmeter of 0.27 millimeters. Each phase of the winding has 4 coils.

The phases are star-connected.: 130 |
~ 8-E«C-R-E-T
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02, Indicator [Fig. 125)
; (Fig. 125 | , 50X1
The indicator consists of two basic parts, mounted in ome body: the

synchronous motor;  the mechanism of the instrument.. : ‘

The synchronous motor consists of stator (1) with a 3-phase winding
(2) located in the plate assembly of stator (3); and rotor (i), made in
‘the shape of two cross-shaped magnets (5); and starter element (6), composed’.
. of 3 hysteresis discs [rings] placed on bushing (7). The permanent maguets -
b . seat freely on the shaft and are connected with it by spring {8), through"

which it transfers the torque to the motor shaft. The spring causes the -

magnet to rotate in relation to the shaft and bringlog it to synchroniza=-
tion, as the magnets reach full torque. o

[One end of] the shaft (9) seats in ball bearing (10), fixed to s
cover (11). The other end of the rotor shaft protrudes beyond the frount
) . face of cover [38], and magnetic system (12) is fastened to it; this
! system consists of two round plates with affixed permanent magnets (13).

The roung blates afe aligned so that the opposite poles of the magngﬁs
are opposed to each other and concentrate the magnetic flux around the
outer edges of sensing disc (14), in order to attain the maximum rotary .

- ‘torque. : - . .

The mechanism of the device has a sensing element (14), placed in the
air gap of the magnetic bundle bebween the fronts of the cylindrical
magnets. B : :

‘The needle (15) on the other end of the shaft (16) of the sensing
element indicates om scale (17) of the instrument the shaft rpm of the
. aircraft engine. The material of the sensing element is aluminum-magnesium
 alloy, having & small thermal coefficient of electrical resistance, so
 that temperature changes cause no significant diviations.

The heat compensation is executed in the device as follows: On
magnets (13) is placedra shunt prepared from a special alloy, whose mag=
netic permeability falls with a rise in temperature and rises with a
fall in temperature. : : :

With unchanged ambient temperature, the 'shunt takes upon itself part
. of the operational magnetic flux, and with this, decreases the operational
£lux in the gap between the front parts of the magnets. '

“With a rise in the temperature, the magnets operational flux in the
gap increases, just as the intake by the shunt decreases, and, conversely,
with a fall in the temperature, the magnetic flow in the gap decreases,
just as the intake of the flux by the shunt increases.

With a rise in temperature, the electric resistance of the sensing
element increases, and with a fall in temperature, it decreases. In this
. way, the change in the magnetic operational flux in the gap, &8 a result
" of the change in the magnetic permeability of the shunt, conforms t0 the
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change in the electrlcal resistance of the sen y - ]

an almost unvarying rotation created by the magnetic bundle. The sensing
element is rastened to three supports, on which there are adjusting nuts
(20) for balancing the entire element and setting the gap between the
sensing element and the magnet of the magnetic bundle. :

50X1

Spring (21) is fastened by its inner end to the bushing pressed to
‘the shaft and by its outer end to the adjusting lever (22). The damper
is vasically a magnetic system, analogous to magnetic system (12). S :
. Between the fronts of the six pairs of magnets is placed a disc (25) . .~ - .
fastened to the movable system of device (24).- e

During the movement of the magnetxc system of the instrument,. a
magnetic flux of the magnets of the damper induces eddy currents, by
whose mutusl interaction with the magnetic flux of the system movable-
magnets, a braking torque, increasing the stability of the needle, is
produced '

The twoepart instrument consists of two identical systems mounted in
one frame. Each of these systems consmsts of a synchronous motor and an
indicator mechanism. b

Technical Data

The seale of the instrument has divisions from O to 105% and is K
numbered from O to 100%. ° |

The instrument measures accurately from 10 percent. The scale is
even, divided into one—percents. The operational range of the scale is
60 £ 100 percent. - :

The maximim allowable error in measuring at a temperature of 60:&50
Centigrade is 2.5 percent.

1.12, Control 1ever positlon indicator of fuel control unlt KTA=5F (UPRT-zl

: The electrical indicator UPRT-2 consists of an indicator device (Fig.
- 127) and [sensor] transmitters (Fig. 126). It indicates the position of -
-~ the control lever for fuel control unit- KTA-SF. '

1.12.1 Erinciple of-Operation

‘ The Operation.of the lever position-indicator is based on utilization
* 'of a potentiometric system, composed of a round potentiometer and a
three-c01l magneto-electrlc ratiometer with a movable magnet.

, ' The transmitter shaft is connected by a collar to the shaft of the
unit. It changes the position of the cursor on the round potentiometer,

depending on the position of the contrgl lever of the unit.
s-m-&-ﬁ-m-m ' : '
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i With a change in position of the c

i1s a change in the distribution of current in the coils and the value
of the magnetic flux in each of the coils of the ratiometer is change50X1

The indicator rotor forms a permahent magnet, which is ‘set when the T
. current is on, in the direction of the resulting magnetig flux created ¥
by currents flowing in the winding of all the coils.

When the transmitter shaft turns, the position 6f the potentiometer
.. and the supply points is changed in relation to the cursor. The change
. © in the distribution of the current causes the magnet of thé indicator '
. rotor to turn. In this way, a specific position of the magneto-rotor in
relation to the. coils of the mtiometer corresponds to each positioh of
the cursor and on the poteutiometer. :

, On-tﬁe'shaft of the movable magnet of the rotor is fasteued a needle;
‘rotating with the magnet, and indicating the position of the control lever.
Appropriate markings have been placed on the dial of the instrument.

l.12.2. Gonstruction
Ol. Transmitter U?RT-Z_

The construction of transmitter‘UPRT-e-is shown in Figure 126, The.
transmitter is composed of a potentiometer (14) and cursor (2), firmly.
~ fixed to plate (13), mounted on the transmitter case. : ‘

‘When the control lever changes position, shaft (19) turns, and this
movement is trausferred at a 1:2 ratio to shaft (4) through gears (18) and
(11). Gear (18) consists of gears (21) and (22) connected by.spring (20)°
which sets the meshing clearance with gears (11). - .

Potentiometer (14) is fixed on shaft (14) and turns with it. When ,
«the position of the lever is changed, current is fed to the potentiometer
through spiral spring (9), fastened to the contact plates (24),
{ . electrically connected with posts (5) and mounted on bed (7). In order
i Yo prevent the coils of the spiral springs from touching, insulating
5

washers (8) are inserted between them. A pin (17) moves to the stopping
device (15) in the case (3), prevents continued rotation of shaft (19),
and in this way protects the spring conducting the current from breaking.

For the initial setting of the potentiometer in relation to the pin
". ' (17), socket [?] (10) is placed on the gear (11), making it possible to
rotate the potentiometer shaft in relation to the gear [22]. -

- All the parts of the transmitter are mounted on case (3) and covered
by covers (1) and (6). For fastening to the motor, the body has four
openings for mount bolts. The transmitter is wired to the electrical

-system through plug (12).- ' " A
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02. Indicator UPRT=-2 v .
The structure of indicator UPRT-2 is shown in Figure 127. In bthe S0X1 .
device are mounted two identical magneto-electric ratiometers, each of

which is electrically connected with its own transmitter. A ratiometer
is a system consisting of a stator with a 3-phase winding and a perma-
nent magnet-rotor (1), rotating within the stator on ball bearings (2).
One magnet turns on a hollow shaft (3) and 'a second on shaft (4), into

which a thin:shaft (5) is pressed. ' .

- Shaft (5), on which pointer (6) is fastened, with the designation "1" 3 .
or "3" phases through hollow shaft (3) of the first ratiometer. Pointer :
(20), with the designation "2" or "L, ig fastened to shaft (3) by nut (7).

The axial spacing of the rotor is regulated by washers. The winding

of stator (9) is in the form of 'a toroid, divided into six sections. The
ends of the winding are connected in such a way that two dlametrically
opposite sections form one phase. All six sections comprise three phases,
spaced 120° apart. In carbolite frame (10) are placed permalloy dises (11)
of the magnetic line, and the stator winding is on the outer part of the -
frame. Six wires leading from the plug connection (12) pins connect to

. the stator, The ratiometers are fastened to the body (13) by three screws
(14). The steel cover (15) protects the device from mechanical damage
and from-dust, and also forms a shield for the ratiometer.

The scales (16) are fastened to the column of the first ratiometer. '
Rubber seal (17) and glass (18), which is held by a flexible ring (19), .
are on the front end of the body (13). The indicator is wired to plug
(12). For fastening the indicator to the aircraft, the body of the
indicator has four eyes with self«locking nuts. :

Technical Data
1. The UPRT~2 operates on a DC voltage.of 27 = 2.7 V;

2. The UPRT-2 operates reliably &t ambient temperature of from 50
degrees C to - 60 degrees C. . : '

R 3. . The distance transmission error on thé device, when the voltage

" varies according to point 1, and in the temperature range cited in point
2, does not exceed - one degree according.to the scale of the device, in
the range of 60 to 105:'degrees and '1.5_pe'_rcen_t in the other parts of the . .
scale. - i . ' : ‘

L. Maximum current for the assembly's two instruments and four
_‘transmitters is O.6a. T S

5. The transmitter is designed for an averload by the vibrations [which
‘occur] at ah acceleration of [6g] and the instrument (is designed for an

. overload of ?] up to 1.5 “g" within a frequency range of 20 to 80.
. 8«E-CG<R<E-T -
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1.13. Generator SGO-8.

The SGO-8 generator is basically a 12-pole synchronous unit genera50X1
.. three-phase alternating current, with excitation from the direct-current
aircraft system in emergency cases from the batteries. On the rotor, there
is a three-phase alternating-current winding, which is delta connected.
The ends of the three phases of the windipg lead to the_dollector rings.

In the terminal box are three terminals (from the three phases of the
. synchronous generator) with designations C,, Cp, C3,‘for the current
. output, and two terminals with the designations I,, I, for feeding the
exciter winding. ' :

The generator may be used as a single-phase generator by attaching - .
the AC current collector to any two of the three terminals of the winding.
-If the generator is connected as a  three-phase generator, its output is
15 kilovolt-amperes. - '

The generator is driven by the engine through a flexible shaft, which
is,splined on the end.

The cooliné of the generator is cooled by a current of air with a
pressure of a minimum of 300-mm of water column at the intake duct, at a
maximum temperature of 4 60° Centigrade. '

The generator operatés at a single-phase network, together with one
of the following assemblies: Voltage regulator RN-600, resistor VS-33,
voltage precision regulator box KRT-1, switch box'KVP-lA,'program mechaunism
box PMK-14, contactor KM-100 D; regulator box KRL-31, voltage regulator
RN-400 B, regulation resistance VS-30 B, contactor KM-100 D. .

Technical-Spécificatibns:
voltagg....,'.'.'.‘.,..‘.'.....,....'....;..-1:........‘.;_.' 115 v
éustained output ............;;...,...;.;;.g.- 8 KvA
‘Rated current ....;;.;........;..;;,.........‘ 59;5 A
'Freguency ranée ,......;.f.;;:.;;....,.;.,..; hod to 900‘c§s
RPM range ;.}.....‘.;.;.:..,...;.,;.....,....L,OOO to 9,000 fpm
‘ - Exciter voltage '"""'f""fl"f"""“'f-‘ﬂn- 26 £0-30 V |

t

Maxiﬁumrexciter CUrTENt sievieiveceereasdonsss 28 A
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1.13.1. ' Structure

The generator is partially encased' the cover and the body have 50X1
openings on the drive end for the intake and discharge of cooling air. - )

. The air reaches the generator through a hose fastened t0 a connecting’
pipe on the back end of the generator.

Part of the ailr passes along the surface of the slip rings and channels
of the armature sleeve, and the other part along the body between the' .
exciter coils. Both currents of air come out through openings in the body. .

0l. Body.

The body of the generator (7) (Fig. 128) is a monobiock and is cast
from steel. The outer surface is covered with a black protective paint.
Twelve terminal bars (9), with excitation coils, are fastened to the body
by screws (6). The coils (11) are interconnected in series; two outlets

. are fastened to the terminals an the panel. The coils are treated with
~ insulation lacquer. '

The terminal bars are wound from-copper leads with a diameter of 2.4k
millimeters, and closed on the front end by connecting copper plates.

: "~ In the body (7) there are, on the dnive end openings for exit of
cooling air from the generator. To prevent the access of foreign objects
into the body, the [main] openings are protected. inside by perforated
.cover (10). '

02. Rotor with Sllp rings.

The rotor is made with electrotechnical steel plates and is fixed to
"the bushing by a .support. ring. Tn the rotor grooves is a 3-phase winding,
which is delta connected. The ends of the winding; are soldered to the -
slip rings. The bushing, with the rotor, 1s pressed on hollow shaft (19), -
made of type 3OCHGSA steel.

e Within the hollow shaft is fastened flexible shaft (18). The flexible
. shaft has a splined end for connecting the generator with the drive. The
~ ‘winding of rotor (8) is double-layer,. impregnated with insulating lacquer. D
© On the front end, the’ winding of the rotor has a protective wire binding. - ' ‘

The rotor is dynamically balanced by an application of lead to the:
- binding. The slip rings (21) are made of. copper and embedded - in plastic..
- The rotor turns on ball bearings._ On the drive end, there is fastened,
in the body, near. the laboring by means of a support ring, an’'external
' collar. The bearing is secured on the shaft. by a nut (12) '

LW BeBeC-R-EAT
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At the opposite end, the ball bearin, — e

03. Fromt. . S “T 0 50X

The front part (5) is made of aluminum alloy and is fastened to the .
body by screws. (14). A doyble brush-holder (13) is fastened to the fromt |
part with screws (15) and bushings (16). On every slip ring there are
two brushes (17).  The brushes are preased in by springs.

' The wires from the brush-holders are clipped to terminals Ci1y )
‘ ‘and C,, located on the panel. The terminal panel (3) is in case (2%
whose lower part is fastened to the front .by screws (4), and the upper
part is removable. For access to the brushes, there are openings in the
froat part covered with band (20)

. The air intake pipe (23) is made of aluminum alloy and is fastened
to fromt (5) by screws (22). A hose, through which cooling air’ passes
is fastened to the air intake pipe.

1.1%. RN-180 Voltage regulator.

‘ ‘ !

The RN-180 carbon voltage regulator automatically maintains the
voltage of the DC starter generators at a designated range, upon the
change of its load in the generator stage and upon changes in rpm in the
operational range. At the same time, the regulator assures the uniform
distribution of the load during the parallel operation of the generators.

Technical Data.

Nominal regulated voltage teieenenereiernnes 28.5

Maximum loss of carbon column W'............. 180 |

Stage of operation ..,........;;;............ Uninterrupted

'The regulator .operates safely under the following conditions: 95 to
98 percent humidity and at temperatures of 25 - 5° Centigrade; at a
change in the ambient temperature from 50° to 60° Centigrade.

The RN-180 voltage regulator is an electro-magnetic rheostat type
regulator with a continuous change in the resistance of the carbon column.
The main parts of the voltage regulator are: the regulator itself, the
. support with the shock absorber, the base, and the plug connection
8328PK7NG-9 R

The regulator assembly includes the carbon colum, the coil with the .
core and contact, serving for the regulation of resistance of the carbon .
column. :

v

SooBT
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Heat combensation,resistors are located o ‘ Lo0 v
stabilization resistor and the tuning rheostat. The regulator operates

as folchs: 5OX4-

Higher armature rpm, increases the voltage.and at the same time increases
the current in the operational winding of the regulator; as a result of
this, the magneto-motive force, which overcomes the action of the spring, -
begins to draw the armature to the coll core with three windings (in this
case, 1f regulation resistor RN-lSO is in a position corresponding to the

settmg). R _ | . | .

The changed position of the armature decreases the pressure on the
carbon column, and its resistance then increases, which causes a reduction
of current in the exciter eircuit of the generator. As the exciter
voltage falls, the voltage at the termlnals of the generator falls,
proportionate to the exclter current up = (ib) With a decrease iun the
geunerator voltage, the voltage in the operational winding decreases
:proportionately. When the armature, by means of the flexible diaphragm
increases the pressure in the carbon column, ‘the resistance of the column
decreases, the generator voltage ilucreases. :

The characteristics of the electromagnet and of the diaphragm of the
armature are selected in such a way that a slight change in the voltage
of the operational winding of the regulator causes a comparable change in .
the resistance of the carbon column, which is necessary for keeping the
generator voltage in the desired range.

In the calculation of the ampere turns and the resistance of the
Operational winding, 1t is necessary to give attention to the attainment
of a specific stability of regulation during transient periods.

In order that temperature changes should not influence the operation
of regulator RN-180, it has a heat compensation: 1. heat compensation
resistors R, and R,, made of "constantan" are wired in series with the
operational winding; 2. parallel to the operational winding and the Rj
heat compensation resistor, is fastened a heat compensation winding whose’
magneto-motive force acts in opposition and is subtracted from the magneto~ .
motive force of the operational winding, and the difference between these
magneto-motive forces acts upon the regulator.

The parameters of the resistors and the winding are selected in such
a way that with a.change in temperature, the magnetic flux is not changed,
-and the resulting magneto-motive force remains constant, with an unchanged _ '
number of generator revolutions and load.

In this way, the "constantan" resistors svltched into the regulator
circuit (hav1ng & high specific resistance and a small change in resistance
during changes in temperature) and the winding of the heat compensation
[device] considerably lower the changes in regulated voltage, caused by
the changes in the .resistance of the operational winding at various

138
8=B-C-R-E-T

¥

No Foreign Dissem -
Declassmed in Part Sanltlzed Copy Approved for Release 2013/10/23 CIA-RDP80T00246A072200090001-0



|

Declassified in Part - Sanitized Copy Approved for Release 2013/10/23 CIA-RDP80T00246A072200090001-0

S-E-C~R«E-T
No Forelgn Dis

temperatures. In addition to this, stabl

achieved by switching over the reverse power connection to c1rcuit RN-180,
with the aid of stabilization resistor . As a result of this, - the 50X1
regulator operates without a stabilizing transformer. The balancing

winding "So" is.used when the generators are switched in parallel to
aircraft system in order to equalize the excitor currents of the

generator of the same type.

The adjustment of RN-180 during operation is carried out only with
ad justment resistor VS-20 switched into the operational winding of the
regulator. .

1.15. Electro-magnetic”feathéring control valve

The electro-magnetic valve (Fig. 36) for feathering directs oil from
the featherlng channel to the piston for control of feathering during
negative torque. . _

Technical Data"

Current ow...;..;.;oo-ovto00"00..00000(0..'0 Direct

. NO Of leads .0...0,..;0000.0..010.;0‘0000000. Single“line

voltage I...Q..I....'..00..;....‘...0“0....0. 27%1%v
Current at a voltage:of 27 V ceesessecssenains 3 Amps

Operational Présﬁure Of Oil .no;..o.ooooentﬁ hs kg/CH?

© The valve is tight at a pressure of ......... up %o T0 kg/cu®

Operational regime ..........................» repeated, shorteterm

The valve (Fig. 36) is fastened to a flange on the reduction gear
housing. The oil is fed to channel (1) end passes to.the valve cavity.

The valve is controlled from the pilot area by throwing the feathering
switch under negative torque conditions. The voltage passes to the coil
(14), and the resultant electro-magnteic force moves core (12). - The core

. pulls pin (11) and needle (10), which opens the channel in insert (6).

The oil passes through the insert and the holé (2) to the featherlng piston.

Note: The valve may be operated three times, each tlme lasting 30 seconds.
The time’ interval between the individual switchings is three minutes, and

. then follows cooling, for a minimum of 30 seconds.

1.16. Transmitter for feathering when allowable revolutions are exceeded

The transmitter for feathering when the allowable revolutions  (Fig. 37)
are exceeded, tranemits s signal (switching of contacts) in the electrical

139 .
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system for automatic feathering when englne r .
Technical Data

Type of transmitter * 00 oo 0 608000 . eS80 ' Electro-hydraulic

Current .Qov.lo0.00...00.ooo.;oococoocouo. Direct

VOLEAEE +0vesseennsnssenssnassnssesssenes 27 105V
No of_wires Geessesscssesseccessssnssnssns £wo

Load current cpntactsﬂ,.........,........ 1.5A

The valve begins operation at .....‘..L..'f13;6 kg /e

Error during amblent temperature range
from -600 to%laooc .....0............ ’ '5%

Overload PrESSUre eevvvececccccsasecasaas 30 kg/cm?

TighﬁneSsv[tolerance?] cevecesssecsseses tO 88 kg/cn®

A schematic of the transmitter is shown in Figure 38. When the
engine rotor reaches 140,000 f 500 = 250 revolutions per. minute the

control pressure in KTA reaches a value of 13.6 kg/cr®, point (2) contacts
point (3), fastened into the upper spring (4), and transmits voltage to:

.the electrical system for automatic feathering.

" Structurally, the transmitter is compdsed of the following main

-parts: _housing with parts; mechanism with sensing element, and cover.

On the housing (5) [Fig. 37] are mounted the following: insert (18)
with a filter, threaded fitting (19),- plug comnection (7), and plug (34).
Cover (8) screws on threads in the housing. A seunsing element is fastened
inside the housing by means of collar (2). The collar is secured to the
body by two screws (20). The transmitter sensor is a spring "VID" box
(16), composed of two welded parts.

2.  STARTING SYSTEM.
_ 2.1."General}

The electrical starting system assures: starting the engines on the
ground; cranking the cold engine; interruption of starting (switching
off the starters); restarting the engine in flight. -

The starting:system consists of assemblies mounted on the motors of
controlling components and instruments located in the crew cabin, and
assemblies located in the electrical section under the wing roots.

L R o 140
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On the engine are mounted the following: STG~12 TM starter generatore -
two; KPN-4 ignition coil KMT=Rwith SPN-4 spark igniter plug - two set50X1
VE-2S pressure switch - one; starter fuel valve - one; MZK electrie jg;
mechanism = one, prOpeller brake - one. A

The following control parts and control instruments are im the crew
cabin:

. . On the left board on the starter panel: main starter SW1tch'

. S eng:.ne selection switch, startlng button; signal light for operation of

' automatic starting device; button for:disconnecting starters; switch for
cold engine cranking,'button for fuel transfer changeover switches for
propeller brakes; signal lights of propeller brakes; relay and button
for control of 51gnal lights.

‘ "_' - 2. -On the central pilot panel: air restart button.

- 3. On the lower part of the instrument panel on the side of the
central panel: voltmeters of starter power sources.

In the electrical sectiOn‘under the wing roots located between ribs
nos. 24 and 26:. APD-T5 automatic starting device PSG-2A starter case;
case of starter circuit relay no. 63. v

| The blocking relay which prevents startlng4when the propellers are .
| braked is located in the box of the fire prevention system No. 65 of the-
| ‘electrical section. .

\

The contractors for feeding the starter-generators are located in the
distribution boxes of the approprlate engine nacelles.

2.2, Starting engines.

The starting of the engines is conducted basicelly by means of a -
single ground source and aircraft batteries, or, in case of need only
by means of the batterles.

To prepare for starting, it is necessary to set switch 16-196, on the
distribution panel, into the position of "switched-on", and to set change-
over switch 026-195, on the control panel of the directcurrent sources,

: . into the position "airfield source," which actuates the relay and contactors
- 63-0177, 63-0178, 63-181, 63-183, 63-184, 63-182, 63-0181, 63-0182,
. 63-5647; these connect the ground power source to the aireraft circuit;
shut off the generators; and energize the starter circuit. Together with
thése relays and contactors, contactors 43-0169, 43-100A, and 43-0170 are
also put into operation. The voltage of power sources is checked by two
voltmeters 10-185 and 10-186, located. on the instrument panel.

- o Lo oo
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From main starter switch 11-5505, throug , Yy F[ or- -
automatic device APD-T5 and contacts of blocking relay 63-5647, current .
is supplied to starter button 11-5509 from the main starter switch 11-5505, S0X1
and also contactor 63-0187a, which switches on the supply for the starter

“eircuit, is switched on. :

The engine selector switch 11-5510 is set in position for the engine
to be started (in Figure 143, it is set for starting motor No 1). ‘

Changeover switch 11-5515 of the propeller brgke is set into the L o .
position "brake released." The MZK-2 electrical mechanism releases the :
propeller brake and blocks the "mimus" circuit of starter relay 65=5529.

On the left pilot panel, the red warning light 11-5519 goes out.

Starter relay 65-5529‘gqeé’into-operation and switches on starter
button 11-5529 and button 11-5525 for the starting fuel supply to the
engine selected for starting. The system now is ready for starting.

On pressing button 11-5509 "plus" is fed to relay 62-5627 and ‘
contactors 62-5639 and 62-5643. Relay 62-5627 is switched on through
contacts of intermediate relay P3 of automatic device APD-75 and through
contacts 18-17, and yields a "plus" on control relay Pl of automatic
device APD-T5. : ' '

Control relay Pl goes .into operation and through its contacts is
blocked, because it attains a "plus" at the main starter switch 11-5505
through the button for switching off starters 11-5508, and its contacts .
17-18, and the terminal switch "B" of the program mechanism. .

- . Pressure switch 5553 is switched on to the "minus" circuit of control
relay P-1. Through the contacts of control relay P-1, is fed the relay
-of the electric motor ¢of program mechanism P2, intermediate relay P3. of

" the augomatic device APD-75, and the signal light 'starting is in progress"
11-5506: o ‘ s _

Relay P~-2 of the electric motor goes into operation and feeds
electric motor D-2 from the program mechanism. o

'Intefmediate-felay'P3, thrbugh its contacts 5-6, switches on the
blocking relay, which disconnects the contacts and breaks off the supply
to the starter button 11-5509. o : .

Relay 62-5627 attains the "plus" necessary for blocking from the main - ‘
starting switch 11-5505 through contacts 3«2 of intermediate relay P3 o
~and its contacts 17-18.\ F ' - . :

‘Contactors 62-5639 and 62-5643 are fed by relay 62-5627, closing the
- clreuit for supply of voltage to the exciter winding of starter-generators ' -
< 10laand 103. : - L : o S

. : 2
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, Through contacts 8 - 9 of control re - . -
cranking relay P6, which goes into Operation and feeds, through the termina?
switch and contacts 11-12 of relay 62-5627 on comtactor 62-5635. . 50X1

ettt ot S

. The contactor 62-5635 switches on the ignition system on the engine
preparing the spark igniter plugs for firing. Contacts 11-12, of relay
62-5627, and relay 62-5631, go into operation and set the delivery range
of the electromagnetic valve for starter fuel 5561.

. - Through contacts 6-5 and 2-3 of relay 62-5627, "plus" switches on
. contactors 81-5611 and 81-5613 and blocking relay 63-18la.

Contactors 81-5611 and 81-5613 close the supply circuit for the
starter-generator, and blocking relay 63-181a disconnects the starter-
génerators from the aireraft circuit.

From the terminal switch "V" of the program mechanism, "plus" is
conveyed to contactors K; and Kp in case PSG-2A, which switch on, to the :
circuit for feeding the starter generator armatures, starting resistors ‘ i
RPl and RPQ' . . ’

. o “ The full voltage of the aireraft network, equivalent to 2LV goes

P to the exciter winding of the starter-generator because the carbon columns
. of the output regulators RUT-600D are short-cirecuited by contactors Ks
and K§. ' :

_ The switching valve 5-185 in KTA-SF i5 fed from the terminal switch . |
"G" . . ] . e ¢ C

&

-«

In the first stage, the following were assured: 1. Supply of voltage
" to starter case PSG-2A; 2. Switchover of the exciter winding from the
- generators stage to the starter stage (relay 62-5639 and 62-5643); ‘ :
3. Switching on the armature circuit of the starter generators through '
the starter resistors (contactors Kj and Ko); 4. Switching on electro-
magnetic valve 5-185 in KTA-S5F; 5. Switching on the ignition system for
"conditioning" the spark plug (contactors 62-5635); 6. Switching on
-blocking relay 63-181a, disconnecting the circuit.for switching on relay .
DMR-400 AM. . ‘

As a result of this, the starter-generators begin to turn at low rpm !
and no torque is generated in the mechanical transmission. |

, Operétion then continues in according to the schedule of the
.  program mechanism of automatic device APD-75. In the first 3.5 seconds, . .
the starter-generators are fed through the starter resistors. This
assures their running without generating torque.

In 3;5 seconds, terminal switch "A" feeds the intermediate relay
Py of case PSG-2A. Intermediate. relay R, turns on contactor K3 which
briefly connects resistors Rpy and Rp2 and supplies 24 volts ffom the
aireraft system to starter-generator armatures.. A v
- 1B
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In nine seconds, terminal switch "B" disconnects from contactors :
K; and Ky of case PSG -2A, which disconnect starting resistors Rp; .and 50X1

" Rpp

, ‘Terminal switch "v" disconnects the supply of relay Rg for switching
~on the output regulator of the APD-T5 asutomatic device.

The relay for switching on the output regulator P5 closes the supply o
circuit on intermediate relay P4 of case PSG-2A. " Intermediate relay P) : _
passes current from the terminal switch through contacts 6-5 of the relay : . |
for switching on the output regulator P5 and contacts 6-5 of relay Pg for :
cold turning of automatic device APD~75

Intermediate relay P), of case PSG 2A switches on its contacts and
feeds the coils of contactors Kg and Kg, which switch on the output
regulators RUT-600D. Through contacts 2-3 of relay Pc for switching on
the regulator and through contacts of relay 62-5681, the coil of the
electro-magnetic valve for starter fuel 5561 is energized, and the valve
opens, but the fuel still does not pass into the systemn.

B In 15 seconds, the termlnal switch "V" feeds the coil of intermediate.
' relay Pp of case PSG-2A; relay Pp conducts "plus" to contactors 63-0183
- and 63-018k4, which switches over the supply source from parellel to series
connection. In this way, a 48-V voltage supply is attained on the winding
.'of the starter-generators.

In switching over, terminal switch "V" breaks off the supply of
intermediate relay P) of case PSG-2A. Relay Py, disconnects contactors
K5 and Kg, which short-circuit the carbon columns of output regulator
RUT-600D. The full voltage of the aircraft system will be supplied to
the exciter winding of the starter-generators, vhich develop a greater
torqne, and the rpm of the motor increases.

In twenty seconds, ‘terminal switch "D" switches on the electro-
magnetic 'stop valve 5-185 in KTA SF. In switching on the coil of this
valve, the supply of fuel begins to flow to the starter system and the-
fuel nozzles. The starter fuel is ignited and the flame is transferred
to the combustion chamber. The turbine begins to develop torque.

In 20 seconds, terminal switch "D" switches on intermediate relay
R8 of dutomatic device APD-75. .Intermediate relay P-8 feeds, through its :
own contacts and the contact of the relay for cold cranking Pg, the winding -
‘of intermediate relay P) of the PSG-2A, which switches on’'contactors K R .
: and Kg« During the action of contactors K5 and Kg output regulators '
" RUT-600D operate at a voltage of 48 v,  ~ 5

PO
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If the engine reaches N = 4,500 t06 6,000 rpm (35-50%), pressure
switch 5553 disconnects the "minus" circuit of control relay P} of sggyqatic
device APD-TS. '

. Control relay P feeds through its contacts 2-1, contacts 5-6 of the
relay of electric motor Po on electro-magnetic coupling 53 for accelerated
operation of the automatic starting device after disconnecting the starter-
generator. Contactor 62-5635 disconnects the supply to the ignition system
and to relay 62-5631 on the electro-magnetic starter fuel valve 5561. If
. a command does not come from pressure switch 5563 for switching off the starter-
: generators, they obtain this command from the program mechanism, in
accordance with the operational schedule of the automatic device APD-T5
after 69 seconds.

In 25 seconds, terminal switch (D) stops the supply of contactor
62-5635 and relay 62-5631; this switches on the ignition system and the
electro-magnetic valve for starter fuel 5561.

In 68 seconds, terminal switch "V" switches into initial position. .
- Intermediate relay Pp, is disconnected in the PSG-24, which switches off
contactors 63-0183 and 63-0184, and these change the starting circuit
from 48 to 2L v. : A

In 69 seconds, terminal switch "A" is switched over to initial position
and switches off intermediate relay P of the PSG-2A, which ceases to supply
contactor K, which switches off the supply circuit of the starter-generator
armatures. In TO seconds, the terminal switch "E" disconnects the circuit
for blocking control relay P; of the APD-75 automatic device. The control
relay switches over to the initial position, switches on coupling 53 to

accelerated schedule of the program mechanism. The relay of the electric
motor of program mechanism P2 of intermediate relay P3 and blocking relay
P7 of automatic device APD-75 remain switched on, because their supply
is assured through terminal switech "0", which switched on its contacts
for 2.5 seconds after the starter button was depressed.

During the cut off of the relay for switching on output regulator
P5, the relay for cold cranking Pg and intermediate relay P§ of automatic
device APD~TS5, contactors Ks and K§ of the PSG-2A are switched off and
short-circuit the carbon columns of output regulators RUT-600D, and there
occurs a supplementary magnetization of the magnetic circuit of the.
starter generators for assuring their operation in the generator stage. .

: . L In 73 seconds ,,t,erminai switches "'Vf' > "D", and "E" are switched
" over to their initia; positions. -

In T4 seconds, terminal commutator "Kh" is switched over to initial ,

¢ .

position.
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In 75 seconds, terminal commtator “O" is switched over to initial
~position. - ‘ 50X1

Automatic device APD-T5 is switched off. Intermediate relay P
~ disconnects the circuit of relay 62-5627. During this, contactors 62- 5639
and 62-5643 switch the exciter windings of the starter-generators to the
generator stage from-otbput regulators RUT-600D to regulators RN-180
(Figs 117 and 119).

. With the deactivation of relay 62-5627, blockage the switches of , o .
" generators DMR-4OO AM is stopped (blocking relay 63-181A is switched off),
.- the eircuit is switched off for feeding the starter-generator armatures
- from the PSG-2A (relays 81-5611 and 81-5613 are switched off).

g Upon transition of the starter- -generators to the generator stage,
. relays 62-5607 and 62-5619, which prevent the operation of the starter-
generators on ‘the running engine, are switched on.

The conversion of the starter generators to the function of generators
for the aircraft system is effected by the switches of generators DMR-400 AM .
S at the moment the voltage of the starter generators exceeds by 0.3 to 0.7
"« the voltage of the aircraft. system (during the switching on of switches 026-
"7 1h41 and 026-143, :

2.3 Swifching off engines

To break off the starting process, it is necessary to press the button
for switching off starters 11-5508. During this, the control relay Pl of
automatic device APD-T5 is switched off. The program mechanism is switched
over to accelzrated operation and is set in the initial position. The
.accelerated setting is affected by switching on the clutch for accelerated
_operation through contacts 1-2 of control relay Pl and contacts 5-6 of the
"relay of the electric motor of program mechanism P2 of automatic device
APD-75. 1In order to switch off the operating motor, the switeh "switching

- off of motors" on the central board in the crew cabin is closed. During
this, the "plus" passes from the aircrft system through the switch
"switching off motors" to the electro magnetic switching-off:valve
'5-185 in KTA-SF. The fuel spupply is stopped. The fuel transfer turns
on the electro magnetic fuel transfer valve, button KIA-5F. In this :
. way, the supply of fuel to the nozzles is decreased; and the temperature of the
,gases in. the exhaust nozzle and 1n front of the turbine is decreased. :

2.} Cold cranking L S D ‘

. Cold quine eranking is effected when. the p051tion of the switch’ of
the électro-magnetiv valve for: stopping the engine is at "seitched off,"
and the switches for cold cranking 11-5507 are in the position "cold
cranking. A . . v : .
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After the pressing of starter button 11-5509, the automatic system
works in the same way as during starting, except that contactor 62-563;Jx1
does not switch power to the ignition system and relay 62-5631 for
feeding the. electro-magnetic valve of starter fuel 5561 in KTA-5F, and

“they are not switched on after the second output regulator RUT-600D, at :;

a voltage of 48v,

The starter generators are cut’off in this case by terminal switch
"kh," which, in 25 seconds, switches on clutch 53 to accelerated operation
of the program mechanism. Power to the clutch for accelerated operation
passes, in this case, from main starting switch, 11-5505, through the
terminal switeh "kh,". contacts 2-1 of relay P6 for cold cranking and
contacts 14 to 15 of control relay Pl.

2.5 Air restarting:

In order to restart, button 15-5523, on the central board in the crew
cabin, is pressed. Current passes directly to the ignition coil and the
electro-magnetic valve for starter fuel 5561.
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CHAPTER VII . )
' 50X1
ATRCRAFT PCWER PLANTS

1. GENERAL REMARKS

- Foﬁr‘powerrplants{ two outboard engines, Nos 1 and 4, and two inboard,
Nos 2 and 3, are located on the center section. '

The engines and accessories are enclosed in the nacelles. The inboard _ ‘
_ engine nacelles also contain the main landing gear structs, and units
[accessories or aggregates] of the hydraulic, fuel, fire protection, and
 electrical systems of the aircraft. Therefore, the inboard engine nacelles
are ‘larger at the bottom than the outboard. The outboard engines differ
from the inboard in that the oil coolers are located in the nacelle, . e
instead of in the eng1ne cowling. -

The axes of the outboard engine nacelles are aligned with the axis
of rib (20) of the center section, while the inboard nacelles are on the
axis of rib (10) [Figure apparently missing].

The nacelles are divided into two parts: into the cowling and the
* nacelle itself.

The cowling is attached to the engine and not to the nacelle, The
rear edge of the cowling cover rests on shaped rubber seals. The nacelle
itself is a continuation of the cowling, and makes up the enclosure for
the main landing gear strut and exhaust pipé. The nacelle transmits
‘stress from the engine to the center section. In addition, it contains
attached tubing, and cables for controlling the engines and landing
gear.

The engine bay is separated from the exhaust pipe by firewalls,
which are formed by the bottom part of bulkhead (1), a horizontal
partition, and the upper part of bulkhead (3). Tpe firewalls have a

- titanium nmetal covering

- The places where the tubes and llnkages pass through are sealed.
Engine bulkhead (3) is sealed by removable pressed shapes, fixed by a
rim to the turbine housing shield.

The inside of the nacelle and cowling is colled by air through .ag o .
{air] scoop located on the cowling and nacelle.

The wing covering is shielded by protective walls from overheating
. by the exhaust pipe: by a lower wall and two side walls. -The walls
are made of titanium metal. The end parts of the nacelles and the upper
access’ panels can be removed.

_ o 148
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L.l 'Cow]..ings o ' . 50X1

The cowlings of the inboard and outboard nacelles differ in shape and
construction in that the cowlings of the inboard nacelles have a lower
panel not on the outboard nacelles.

1.1.1 Inbbard nacelle cowling

The cowling consists of the front part with the [air] inlet duct for '
the oil cooler, of the streamlined cover of the reduction gears, of the
top support bracket, two side panels, and a bottom Panel with an outlet
duct for the o0il cooler.

The side panels can be opened upwards (131). This provides access to
the parts of the engines and accessories locsted in the engine bay. In the
opened position, the side panels are held by supports located in the front
part of the enclosure. , '

The front section of the cowling and the streamiined enclbsure for the
reduction gears forms an air intake, and a duct for supplying air to the
engine. The bottom of the front section contains an oil cooler.

The front section of the cowling is attached to the flangé of the front
engine housing_by 12 fittings mounted in the place of contact of the
partition with the covering of the air supply duct and bulkhead 2.

A "textolit" strip is attached to the corner on which the side panels
and upper load bearing section rest. The front section of the cowling
contains two openings: the upper -- for access to the electrical mechanism
of the propeller brake and the lower -- for access to the 0il drain plug
of the coller, and also, for heating the engine.

The streamlined cover of the reduction gear is box reinforced by four
longitudinal partitions, by one transverse partition, and two circular
molded shapes.

The molded shape has‘eight "textolit" nuts equally spaced around the
circumference, which serve to center the cover on the box. )

The streamlined cover and'aISO the front section of the cowling are
attached to the engine. The front flange of the reduétion gear box has
bolts for this purpose, while the rear flange has outside faces on which

the "textolit" lock nutsare located.
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The upper support part of the cowling i

~and to the special fastening plates located on the rear flange of the ,
compressor housing. The support member is fastened on rubber.[shock] 50X1
absorbers tightened by screvs. :

The sides contain metal fittings on which the side panels of the
cowling “turn. .

In front, the support member has a cut-out section for the centrifugal
air vent valve. The cut-out section is covered. Shaped rubber sealing, v
covered with linen, is at the contact point of the support member with : .
- the side panels.

The forward mounting points of the support member are attached to the
metal fittings on the front section of the cowling, while the rear mounting
points are attached by three shafts and metal fittings to the plates on
the rear flange of the compressor housing.

The side panels of the cowling consist of a stamped frame and covering.

The upper part of the panel has metal mountings, which are Jjoined by
6 millimeter diameter bolts with the metal fittings of the upper support
members. The panels hinge on these fittings when being opened.

The side panels are secured in the closed position by locks located
on the lower part.

Each panel has a countersunk air vent to ventilate the engine area.
The left panel has an access hole for adding oil to the tank and the cover
for the oil gauge transmitter, while the access cover has an air vent
for cooling the oil gauge transmitter.

- The panels are held in the open position by a support fitted with an
end piece. The end.piece is set on a stop which is on a partition of the-
' front section of the cowling.

The lower panel consists of transverse and longitudinal reinforcing
elements and covering. The cover is attached by four hinges. By means
of the front hinges, the cover is attached to the metal fittings of the
front section of the cowling, while the rear hinges on four supports,
attach the panel to the special plates and metal fittings located on the
rear flange of the compressor housing The panels are attached by means o
of rubber sleeves. - L Lo : . .o ‘
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.Both sides of the pancl have metal Tittings on the upper molded pleces
for mngaging the locks. The outlet duct of the oil cooler is. attachuny 4
to the partitions of the panel. A flap, controlled by the MVR-2V ' -
electrical mechanism, is at the end of the duct.

- The front edge of the outlet duct adjacent to the oil cooler has a
molded rubber seal. The outlet duct 1§ riveted on the panel.

: The rod -of the electrical mechanism which passes through the cut out
. section in the duct covering has a seal. The lower panel contains four
openings: two circular shaped openings for acéess to the flap attachment,
a left opening for access to the fuel outlet, and a right opening for
draining the oil and fuel and for access to the propeller pump.

The entire cowling is sealed by shaped pieces at the contact of the
-cowling side panels. .

1l.1.2 Outboard ® cowling(engine)

The cowling for the outboard engines consists of the front section,
. the upper support section, and two side panels. The side panels, Jjust as
’ ‘ on the inboard engines, open toward (131). This position provides access
to all parts of the engine and accessories located in the engine bay.

The front section of the cowling is circular, and together with the
streamlined cover forms the air intake and air supply duct to the engines.

The upper support section and the attachment of the side panels to
it 1s similar to that of the inboard engines. Below, the side panels are
Jointly connected by tightening locks.  In the closed position, they
rest on two side stops which are attached to special attachment plates
located on the rear flange of the compressor housing. The opening for
preheating of the engines is on the right panel. ,

1.2 Propeller hub fairing

The propeller fairing consists of a cover for the propeller hub four
. covers for the blade roots, and two rings. The cover of the propeller
hub is streamlined and has three rings. The cover rests on the front
ring on the front part of the propeller hub and also is attached by the
two other rings to disks attached to the propeller hub.

. " The rings are riveted to the covering,the flanges are riveted to the
' cover plate. . : _

o1 | § | . f
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The rings are attached to the propeller hub on rubber damper
sleeves., The cover can be easily removed from the rings by special pins
located in the two rings of the cover. The pins fit into the ring openings
- into which steel casings are pressed, and they are held in this position
by a circular safety catch located on the front ring. The safety catch
secures .all 16 pins of a. ring at the same time, which makes it possible to
remove the connection easily. The safety catch is a steel ring {30 CHGSA) -
[ 30KhGSA] with shaped cut out sections. The safety catches are closed and
‘opened by a special key turning the ring to the right or left. To prevent
- the circular safety cateh from opening, it is secured by a special safety
device which shows whether the circular safety catch 1is in the open or
closed position..

The inside of the panel has a heating element for electric heating.
The heating element is connectedé to the front end of the propeller hup.
The connection consists of two pins, which when the cover is mounted onto
the propeller, fall into the openings in the propeller head.

" 2. ENGINE. MOUNTING

The engines in the outboard and inboard nacelles are mounted the same
with differences in the size of girders and struts. (132).

The enginc'mounting is flexivle and done by rubber disks with [vibration]
absorber. The combination of disc and absorber sleeves enables good
flexibility both vertically and horizontally.

The flexible mounting of the englne’reduces transmission of vibrations
~ which develop when the engine is running, and prevent their being transmitted
to the airplane frame. '

The engine is mounted on four pivots. The front pivots [trunnions]
(1) (Fig 132) are set in the front absorbers (2) of two girders (5). The
girders are joined to two upper [rigid] struts (L4), and two [tubular]
struts (6) are attached to the mounting brackets on bulkhead No 1 of the
engine nacelle. The rear pivots are attached to the upper mounting brackets
on bulkhcad No 1 and two shock struts are attachcd.

Struts (6) on the inboard nacelle, and the left struts of the outboard
nacelle are steel tubes., The right internal strut of the nacelle is a '
girder forged from AK-6 material. - : :

To fa01litate assembly and balanc1ng out p0351ble stresses in the
.couplings of the girders and struts on bulkhead No 1 and in the couplings
of the rear shock struts, ball-bearings are inserted.
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The position of the engine can be changed by adjusting the lcngth
of the tubular struts and the rear absorbers. AdJjusting the length ¢
the struts moves the engine horizontally, while adaustlng the rear 50X1
‘shock struts moves the engine vertically.

When installing or removing an engine, the girders and shock structs
are not disassembled, but only turn in the attached mounting brackets on
bulkhead No 1. The tubular struts are ‘disconnected from the girders
[during adgustment procedure?].

. All screws, pivots, and sleeves are lubricated with CIATIM-201 grease
when the engines are installed. '

3. EXHQUST SYSTEM

The exhaust system (Fig 133) consists of: adapter flange (1) attached
by bolts to the rear flange of the engine; cones (2), connected tele-
scopically with the adaptor flange and pipe; and exhaust pipe (4), attached
by its front end to the nacelle [engine ?]. (The rear end of the pipe rests.
on rollers (29) in guides mounted in nacelle (28), which allows the pipe
to change its position freely during temperature changes); and contact
collars (8) and (14) for connecting the cone between the adaptor flange and

pipe.

The cone is essentially a pipe extension whose wall 1s made of heat
resistant steel 1.2 millimeters thick. Welded onto the front end of the
cone is a ring with a lug (7), while the rear end has flange (11) welded
to it for the telescopic connection of the cone with the engine and the
exhaust pipe. The telescopic connection makes it possible for it [the
cone 7] to shift from the axis or along the axis.

To restrlct the spontaneous shlftlng and vibration of the cone, it is
attached to the adaptor flange by eight springs (10). Adaptor flange (1)
is attached to the engine flange by 48 bolts (5), 8 millimeters in diameter.
All four cones are identical.

A ring with lug (12) for connection with the cone is welded on to the
front end of the pipe. Two metal fittings (22) into which pivots (21) are
engaged, are attached to the hoops of the front part of the pipe, and
seated snugly into metal fitting (19) with rubber sleeves (20) located
on the sides of the nacelle. The mounting of the pipe can be adjusted,
making possible to properly adjust the front end of the pipe. Metal
. - guide (26), with rollers (29) is attached to the rear end of the pipe,-

and the pipe is supported by the rollers on the guides of the nacelle.
Rollers are also located on the front end of the pipe to ease installing
the pipe when it is being mounted on the airplane.

)
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The exhaust pipes of the inboard engines are 1.5 meters longer than 50X1
the pipes of the outboard engines. The contact sleeve consists of two
halves joined together by four screws.

The points where the pipe is connected with the cone and the cone is
connected with the engine flange by contact sleeves are telescopic
connections which make it possible to align out any possible displacement
off axis during installation of the pipe, "and in flight it makes possible
relocation of the back of the engine in regard to pressing out the shock ‘
absorbers of the engine suspension mounts [?]." '

4, DRAIN TUBING SYSTEM ON THE ENGINE AND NACELLE

The drainage system (Figs 134, 135) includes; drains for fuel leaking
from the tescopic connection of the cone and exhaust pipe; and drains
for fuel accumulations in the combustion chamber of the engine. The
system consists of a collector tank and jackets.

The front and rear jackets are attached to the sleeves of the cone
of the exhaust pipe. '

_The collecting tank of the inboard engine is set on the bottom part
of bulkhead No 1, while the collecting tank of the outboard engine is on
the lower part of the nacelle between bulkheads Nos. 5 and 6.

Tubes with a 12 x 10 millimeter cross section are welded to the bottom
of the jackets.. These tubes, with the help of the hoses of the pipe
" extention adaptor, increase the opening cross section from 10 to 16
millimeters, and the tubing of AMGM [materiall cross section 18 x 16
millimeters (for the inboard nacelles) is attached to the collector tank.
Hoses with an internal diameter of 16 millimeters lead to the outboard
nacelle from the pipe extension adaptor to the collector tank.

Drainage of fuci from the combustion chamber is done by AMGM tubes
of 12 by 10 millimeter cross section.

To brevent fuel from leaking to the wheels and landing gear struts,
. the trainage tubes from the combustion chamber of the inboard engine are
led outboard the nacelle behind bulkhéad 13.

tion box of the outboard power plant, the drainasge tube from the combustion
chanber is led outboard the nacelle behind bulkhead No 6, and here a cover
on the opening provides access to the fuel accessories and bus of the
central distribution box. The drain tube from the oil tanks also leads

out here, C o :

To prevent the fuel from leaking to the bus of the central distribu- , ‘

s
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Fuel drains from the recessed [?] control opening of the horizontal
‘brace of the nacelle through a tube 8 x 6 millimeters in cross- sectio50X1
which is led out behind bulkhead No 4 from the right side of the nacelle.

Water draingage openings are at the bottom of the cowling bancls,
the propeller fairings, the landing gear doors, and the lower surfaces of
the nacelles. : Co-

5. COOLING AND FIRE-WALLS

._ : To increase the fire safety, the engine nacelles are divided by
fire walls into three bays (Figs 136, 137). The engine bay, the exhaust
pipe bay, and the bay for the main landing gear shrut of the center nacelle
(in the outboard nacelle the area of the oil cooler). - The fire wall is
formed by the lower part of bulkhead No 1, the horizontal brace, and the
upper part of bulkhead No 3. The bulkheads are made of VPI-DI titanium steel
0.6 millimeter thick. ~

The fire walls are sealed. All guides passing through the bulkheads
have flange connections or seals. .

The engine mounting bay in bulkhead No 3 is sealed by removable
pressed shapes, secured by a band to the turbine housing shield.

The three generators mounted on the engine are cooled by the upper
air scoop (2) on the nacelle. The engine bay is cooled by two inverted
air scoops (8) on the side panels of the cowling, scoop (1) on the cover
of the centrifugal de-aerator and by the air coming from the generators.
The air in the engine bay is removed by louvres (3) on two sige panels
of the control openings of the nacelle.

‘Through the upper scoop (2) air proceeds to the turbine shield of the
engine, cooling it, and comes out through the circular space at the level
of bulkheads No 3 to the exhaust pipe section. In addition, the exhaust
pipe sectlion is cooled by air from two scoops located on the sides of
the nacelles.

, Air comes out from the [exhaust] section through a circular space 6
between the exhaust pipe and the inside coating of the rear of the nacelle.

. A compensator, assuring free movement of the engine, is inserted in the
frame of the pipe connection cooling the turbine housing.

_ . Two side.air scoops (9) on the nacelle cool and ventilate the main
landing gear bay. After passing through the nacelle, the air passes
out through rear louvres (10). '
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Thc oil cooler area is ventilated by six openings (9) (Figure 136) 5-56Xﬂ'
found above the air intake for the oil cooler duct. The air exits
through louvres on the lower part of the nacelle.

' The 011 gauge ‘transmitter is cooler by air from the scoop on the
cover of the. oil filler hole to the tank.

) The rlght side of the nacellc contains an intake for cooling the booster
- gear for the emergancy brakes and the brake accelerator. Shield protect .
the W¥ing skin from overheating by the exhaust pipe: the horizontal ? :
shield (5) with air gap between wing covering and the shield plate and
two side walls. The shields are made from titanium (VII-DI alloy),
0.6 mllllmeter thick.

Thc<horizonta1 shields are removable and are mounted by bolts and
~ self-locking nuts to shaped scctions on the wing. :

In addition, the nacelle contains shields preventing the overheating
of the booster gears of the mergency brakes and the brake accelerator.
. The KTA-S5F thermal cartridges, cartidges are cooled by intake (7) located
to the right in the front part of the gowling air intake.

The antiicing devices on the front part of the cowling are protccted
at the same time by the air intake cooling the "thermal cartridges”.

" The outboard nacelles have shields to ensure high [air] velocity in the
tubing which fans the "thermal cartidges." " Tubing for air cooling is
made of AMGM material of 34 x 32 millimeters cross section, which at the
pipe connectlon,for the thermal cartridges is reduced to a 27-x 25 milli-
meter vross section. The pipe connections use "durit" [duraluminum ?]

The tubing for air cooling is thermally insulated by two ASIM-9
layers; a LAS strip, and outer ANZM layer, since the degree of heat of
the air by the air coolmng undcr the englnc cowling scriously affccts
fuel control [?] R
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. Fig. 2. AI-20 Engine (view from left)
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Fig. 15. Throttle characteristics compiled during engine
operation in test chamber. [E=0m, v = O meters
per second, n = 12,300 rpm]. Paramters Neyy. o)

Npos COmos Chexv.o @4 Reo-

Fig. 16. Reduction Gear Unit (complete)
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Fig. 1T. Schematic of Reduction Gear =~ 1. Planet gear; 2. Ring gear;
3. Pin; 4. Cylinder; 5. Pin; 6. Piston; 7. Imner ring gear

{1st stagel; 8. Planet gear carrier; 9. Planet gear; 10. Sun

gear [1st stage]; 11. Shaft; 12. Inner ring gear lb; 13. Sun
. gear [2nd stage]; 14. Countershaft housing; 15. Imner ring
gear [2nd stagel; 16. Countershaft kmb; 17. Propeller shaft’
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: Fig. 18. Schematic of the Torque meter mechanism
' . - Space A .

- @roove B
.1l. High-pressure pump
2. Piston
3. Cylinder
4. Rim
5. 0il line
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lO.
1l.
12.
13.
14,
15.
16.
17.
18.
19.
20.
2l.
22.
23.

' 2)4”,
- 26.
27.

. 28.
29.
30.
. 31.
32,
- 23
3h.
52
36.
37.
38.

39

L-h.o.

Fig. 19. Reduction gear housing (lateral section) . 50X
0il slinger ring - 41. Ring gear hub
Roller bearing k2. Torquemeter ring
Liner . - 43. Reduction gear housing
5. 0il passage inserts 4, Pin :
Liner casing ' " 45. Planet gear shaft [2nd stagel
Sleeve - 46. Sun gear [2nd stage) . :
. Planetary mechanism sea‘b S L7. Planet gear o .
. Nut 48. Imner ring gear [2nd stage] :
Bearing seat ring . 49. Countershaft ring gear hub
Bearing flange : “ 50. Countershaft housing
TKM drive gear 51. Radial shaft bearing
Sleeve 52. Propeller shaft
Nut _ o 55. Packing rings
Sleeve _ - 54, {Llock] pin
Roller bearing 55. Bushing
Tubular shaft ‘ ' 56. Ring
Nozzle ' 57. Pin
Ball bearing ' . " B8. Packing
Spacer ring 59. Cover .
Retainer ring o
Housing cover
Ball bearing reta:fzner ring
25. Nozzles -'
Drive shaft -
Thrust ring
Sun gear [1lst stagel
Ball bearing
Bearing retainer ring
Roller [bearing?]
Bearing cage
Spacer ring
Front retainer nng
Blind flange-
Planet gear shaft
Planet gear carrier - .
.Rear retainer ring -
Planet gear
Inner ring gear [151; stage]
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Fig. 21. Reduction gear housing
1. Centering lug
2. Sleeve
3. 0il drain hole

Fig. 22. Reduction gear housing (rear view) - 1. 0il drain hole for
the reduction gear cavity; 2. 0il passage sleeve; 3. Roller
bearing housing; 4. 0il feed hole from the operational cavity
of the IKM cylinder to the pressure meter; 5. Holes for mount=
ing bolts; 6.-Tap hole for mounting reduction gear bulkhead;
7. Outer cylindrical surface; 8. 01l channels; 9. Flange for
mounting bearing housing; 10. Flange of mounting roller bear-
ing seat; 11. 0il supply chamnel for lubrication of reduction
gear components; 12. Inner cylindrical surface; 13. Hole for
slectrical cable; 14. Opening under the TKM piston journal
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.

m\m

BJB

Fig. 23. 0il1 passage sleeve
1. 01l distribution
sleeve; 2. Ring; . LT
3. 011 distri'bution Fig. 2L. Housing cover

sleeve; 4. 01l passage 1. Ball be '
. aring seat rin
sleeve housing 2. Housing cover ¢

Fig. 25. Cover for front portion  Fig. 26. Drive Shaft -

of reduction gear housing 1. Sun

1. Rubber cap 2. Shaf%ea:r (1st stage]
2. Body of cowver

3. Pin

k. 0il seal ring
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Fig. 27.

Fig. 29.

Fig. 31.

3. Planet gear; 4. Roller bear-

5-E-C-R-E-T
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Planetary system components
1. Journal insert; 2. Journal;

ing; 5. Bearing cage; 6. Spacer
ring; 7. Planet gear carrier;

8. Inner ring gear; 9. Ring
gear hub; 10. Plug; 11. Sun gear

Fig. 30.
Countershaft [2nd stage]
components - 1. Journal
insert; 2. Jowrmal; 3. Planet
gear; . Roller bearing;
5. Spacer sléeve; 6. Counter-
shaft tube; 7. Inner ring gear;
8. Countershaft hmb

‘ 2

v

Fig. 32.

Propeller shaft
1. Propeller shaft insert
2. Propeller shaft
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Fig. 28. Planet gear carrier
1.

* 50X1

Planet gear carrier .
2. Nozzle
3. Spline coupling
Jubrication nozzle
4. Centering boss
5« Bushing

Countershaft {2nd stage]
planet gear carrier

1. Countershaft (2nd stagel
planet gear carrier; -

2. NOZZ]-E

J ‘ 5 5

!
Iéc-n-»

IKM components .

l. Nut; 2. Cylinder pin;

3. Piston pin; 4. Piston;

5. Torque meter cylinder;

6. Rim {torque meter plate?];
T. Oil line

CZ)"" |
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Fig. 35. Lateral section of reduction gear
1. Propeller feathering [?] channel; 2. Low pitch channel;
5. High pitch channel; 4. 0il passage insert; 5. Spacer washer;
6. Coupling pins; 7. Packing ring; 8. Packing ring; 9. 0il
scavenge channel from feathering transmitter; 10. Bearing insert;
1l. Packing ring; )2. Packing ring; 13. Insert retailning spring;
1. Inner spring; 15. Outer spring; 16. Spring guide; 17. Planet ‘
gear ball bearing carrier; 18 IKM pump drive wheel; 19. Roller;
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Fig. 35 (Cont a) e
.20. [Bearing].insert; 21. Coupling pin; 22. Piston; 23. 0il
) supply channel to the antomatic feathering transmitter;
.' o : 24. Ball bearing; 25. Piston; 26. Spring; 27. Insert; =
28. Bearing insert; 29. Space washer; 30. Lock ring; 31. lock
ring; 32. O0ll supply hole to ball bearing; 33. Oil scavenge -
‘channel from the electromagretic valve under the c¢ontrol
mechanism piston; 34. Insert; 35. Oil supply channel to the «
electromagnetic valve; 36. Insert; 37. Electromagnetic valve.
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Fig. 36. Electromagnetic valve for feathering the propeller
1. 0il supply channel to valve chamber '
2. 0il supply hole to the propeller piteh control piston
for negative torque ‘
5. Electrical coupling base
4. Thrust ring
5. Plug coupling
6. Insert
T. Housing
8. Cover
9. Ring seal
10. Needle : :
ll. Pin ' ' ’ ! C .
12. [Solenoid] core . o
15. Spring
l)"'l Coil "
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 Pohled shora (bes vidka) '

Fig‘. 37 'Fea'theﬁn;g Tz;ansmitter when permissible revolutions are

exceeded (view from-above without cover) |
1. Tube : " 13. stop 25. Bolt
2. Collar ' 1k. Threaded casting 26. Insulating btushing
3. Threaded coupling 15. Plunger . 27. Washer
L. Tut o 16. Sensing element 28. Washer
5. Housing ‘ : 17. Center portion 29. Pin
6. Bolt 18. Fllter insert '30. Sleeve
7. Male plug 19. [oil] fitting 31. Washer
8. Cover 20. Serew - 32 Mut

. : ' 9. Bolt . 21. lower spring 33. Plate
10. Electrical lead = 22. Upper.iprinigt ;1;. g‘i%
. Insulated contact 2%, Contaat PO 4 .
B gint ' - ok, Contact point 364 ﬁo:l.;l-] fitting
12, Sleeve ' : S
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Fig. 38. 8Schematic of the propeller feathering transmitter |
1. Sensing element; 2, 3. Contact points; 4. Upper |
spring; 5. Lower spring; 6. Plunger . !

\

Fig. 39. Front housing (view from Fig. 40. Front hcmsin% (rear view)
1

right front) 8. sun gear [1st stagel
‘ 1. Front housing 9. 0il filter
2. Propeller brake 16. Drive housing
* 3. Oil pressure measur- 11l. Bearing scavenge pump
) ing nozzle for high 12. 0il return line from
i . pitch setting the main pump to the

k. 0il return line from
the [cooling] fins to
the air separator
5. 011 supply pump
6. Drain cock
7. Main cil pump
13. Alr separator 180
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‘Fig. 45. Front houding (right front view)

. Reduction gear mounting flange

3, 4. 0il supply holes for
propeller

Flanges for mounting drive
shafts to-the starter-generator
Centrifugal de-aerator mounting
flange

[no caption]

Aircraft [cabin] air filter
mounting flange

. Reinforced ridb

Engine air passage space lair
intake duct?]

Mounting flange for oil line to
separator

Hydroelectric switch mounting

‘flange

Mounting flange for air supply
line for heating the inlet
guide vanes

Technological openings

Ice warning device mounting - -
flange

Engine forward mounting trunion
Mounting flange for oil line”to
separator

18.
19.

20.
21.

22.

23.

ol

25.
26.
27.

28.
29.

Mounting flange for MWP-20

o0il pressure pump

Channel comnecting MNP-20

pump to main oil pump

Drain cock mounting flange

01l drain hole from reduction
gear to front housing )
Opening for oil from the main
pump for reduction gear lubri-
cation

0il drain hole to the reduction
gear

Outer cone of front housing
Main d rive mounting bolts

0il passage ring

Sleeve of the channel for elec-
trical lead for de-icing pro-
peller blades

Inner cone of front housing
0il passage from the IKM torgue
meter cylinder to the automatic
propeller pitch transmitter
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Fig. 46. Front housing (right rear view)

30. Governor mounting flange 47. Mounting flange for air supply
31. 0il supply hole to governor line for heating compressor
32. Regulator oil return hole inlet guide vanes
33. Centering hole under governor 48. Generator mounting flange
34. 0il passage hole to the low 49, 0il filter chamber
pitch setting channel '50. Mounting flanges for intermediate
25. Groove gear
36. 0il passage hole to the 51. Threaded oil fitting to the KTA
feathering channel 52. Main oil pump mounting flange
37. 0il passage hole for the 55. Drive housing mounting flange
feathering [control?] 5h. Mounting flange for scavenge pump
38. 0il passage hole to the high adapter unit
pitch setting channel 55. Threaded oil fitting from de-aerator
39. Threaded oil fitting from . tank to forward housing
feathering pump to propeller 56. 0il passage holes for lubricating
governcr air separator components
LO. Starter-generator mounting 57. Air separator mounting flange
flange 58. Technological openings
41. Technological openings 59. Compressor roller bearing seating
k2. Fire-extinguishing valve recess
mounting flange 60. Bolts for mounting compressor inlet
43, Adapter for mounting male guide vanes
socket of electrical lead 61. Mounting bolts for roller bearing
L. Mounting flange for oil lines seating recess
from scavenging stage of main 62. Compressor housing mounting flange
pump to the centrifugal sepa- 63. Retaining pin
rator 6. 0il nozzle for lubricating turbine
45. Engine mounting trunion _ and compressor bearings
46. Threaded oil fitting from the 65. 0il pressure measuring nozzle in
oil passage channel from com- low pitch channel
pressor 66. 0il pressure measuring nozzle in
the pitch control channel
67. Drainage nozzle
185
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Fig. 47. Central drive

1. Central drive housing

Bevel drive gear

. Upper driven bevel gear

Iower driven bevel gear

Mounting flange of the drive gear

Mounting flange of the central drive

housing to the forward [reduction gear] box

» 8. Cylindrical surfaces -

. 0il supply groove from the main pump to the
propeller governor and for drive lubrication

10. Rubber seal ring

11l. Cut-outs for mounting bevel drive gear

WE PvED
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o Fig. 48. Drive housing - 1. Housing; 2. Cover; 3. Pin;

' M7, - 4. Splined drive shaft for control of fuel
I : - . assembly; 5. Main gear; 6. Tubular shield for
. R . 0o . the fuel assembly comtrol shaft; 7. Fuel pump

‘ L t .. drive gear; 8. Main fuel pump drive gear;
e - 9. Main fuel pump splined drive shaft; 10. Hy~
R C © draulic pump drive gear; ll. Tachometer trans-
- mitter drive gear; 12. Intermediate gear;
© 13. Driven gear; 14. Transmission housing;
15. Scavenge pump drive gear ,

| 87T,
. " '8-E-C-R-E-T
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Fig. 49. Drive houslng (inside v1ew) Fig. 50. Drive housing (cuter view)

1. Holes for fastening ' 10. Centering lug
housing to front [reduc- 11. De-aeration opening
tion gear]. box 12. Return oil channel

2. Holes for axle stops 15. Hole
[retainers?] of inter- 14, 0il supply channel
nediate gear . . nozzle

5. Central gear bearing
insert

L. Main fuel pump diive gear
bearing insert

5. Mounting hole for pump

draining oil to the hcusmg

cavity

Hydraulic pump drive gear

bearing insert

Pins

Cover fastening bolt

Nozzle

\O 00— )
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Fig. 51. Drive housing cover (outer

view)

1. Thrust bearing flange of

the KTA drive shaft shield

2. Hole for intermediate gear
shaft

. Tachometer transmitter .

drive mounting flange

. Hydraulic pump mounting

flange

. Main fuel pump mounting

flange

Fuel supply pump mounting

hole

v g 2 jeerm Y -
g -7

278, v o

50X1

Fig. 52. Drive housing cover (inside
view) '
T. Central gear bearing
insert

8. Central gear seat

Q. Tapped drills for cover-
palling bolts
Holes for centering pins
Main fuél pump drive
bearing insert
Bydranlic pump drive
bearing insert
Holes for drive housing
cover mounting bolts

10.
11.

12.

13.

189
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Fig. 53.° ) Propeller brake
o 12. Rubber cup

1. Spacer
2. Transmisstion cover 13. Brake shaft
3. Housing @over 14. spring
4. Spring assembly 15. Brake shaft bearing
5. Plate 16. Movable disc
6. Housing grooves : 17. Stop sleeve
7. {fixed?] disc 18. Brake engagement shaft
8. Flange 19. Driven gear sector
9. Thrust ring ... 20. Drive [gear] sector
- 10. Steel housing ; o 21l. Mounting cover
11. Regulating sleeve . , - .22 Set screws
100
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Fig."v 54. - Compressor

: 1. Inlet gulde vanes
: 2. Compressor rotor
. L 3+ Compressor housing .
k. Cover for air bleed valve behind compressor Stage V
5. Alr bleed valve behind compressor Stage V
‘6. Alr bleed valve behind compressor Stage VIII
T )
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Compressor rotor

1. lock housing 15. Rotor blade

2. Journal 16, 17. Locks

3. Stage I disc 18. Intermediate disc

L. Nut 19. Rear shaft [mounting plate and
5. Retainer shaft]’

6. Thrust ring 20. Trim end balancé point
T. Roller Bearing 21, 22. Baffle seal sleeves
8. Spacer ring 23. Spacer ring

9. Baffle [labyrinth] seal sleeve 24, 0il slinger disc

10. Baffle seal 25. Ball bearing

11. Trim and balance point 26. Mt

12. Lock 27. Guide journal

13, 1h. Pins 28. Pin

Fig. 56. Compressor rotor
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Fig. 57. Front compressor roller bearing

1. Front housing 1. Thrust ring
2. Front roller bearing insert seat 15. Flexible ring
3. 0il return groove from the baf- 16. Spacer sleeve

. fle seal space - 17. Air supply channel to froat
. Front foller bearing roller bearing seal :
5. Reduction gear drive shaft 18. Screw.
6. Retaining ring 19. Spacer ring
7. Retaining sleeve - 20. Baffle seal sleeve
8. Spring , ' 21. Spacer sleeve
9. Plug oo : 22. Baffle seal ring
10. Lock housing _ 23. Baffle seal sleeve
11. Stage I. disc 24, Air supply channel
12. Fut - - 25. Pin
13, .Iock :
|
{
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Fig. 58. Coupling between compressor rotor and reduction gear

1. Front compressor roller bearing
2. Thut
3+ Splined shaft from compressor Stage 1
4. Reduction gear drive shaft
5. Plug
| 6. Retaining sleeve
| T. Spacer ring
8. Spring
9. Lock housing
10. Lock
1l. Thrust ring
- 12, 13. Spacer ring
14. Baffle seal sleeve
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Fig. 59. Fig. 59. Disk Fig. 60. Rotor blade
> Fig. 61. Mounting the blade in disc of the compressor rotor
i ‘ ' 1. Blade
2. Locking pin
3. Pin

i, 5. Compressor rotor discs
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. Fig. 62. Rear compressor bearing ’ '
1. Rear shaft - 7 9. .Nut - ~ S
2. High pressure area ' . 10. Regulator ring N
3, 4. Baffle seal sleeve. 11. -0il slinger
5. Deaeration area . 12. 0il sump, combustion
6. Baffle seal sleewe ' chamber casing
7. Ball bearing ©13. Nut o
8. Iubricating ring - 14. safety lock
.. " 15. Bolt ° - °

AN
mﬂﬂﬂ”—
,hay\\\\\m

o . F:Lg. 63. Compressor shaft caupling with the
@ 77 tubine shaft
N .1. Rear shaft, compressor

6. Spring
2. Ball ‘bea.ring, eompressor T+ Locking sleeve
-~ 3, Nut U 8. Threaded coupling member
- L, Spacer sleeve o - .. 9. Thrust bushing
5. Guide pim -~ - " 10. Turbine shaft
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Fig. 6. Baffle seal [assembly]
1, 2, 4. Seal rings
3. Air passage aperture
5. Screw
6. Lock washer

Fig. 65. Baffle seal

197
§-E-C-R-E-T

No Foreign Dissem

Declassified in Part - Sanitized Copy Approved for Release 2013/10/23 : CIA-RDP80T00246A072200090001-0



- 50X1

S<BE~C-R-E-T

Declassified in Partk- Sanitized Copy Approved for Release 2013/10/23 : CIA-RDP80T00246A072200090001-0
‘No Foreign Disae

‘o _,.N..q )

Fura x9N0 Y3 Suranoss Tod G2 ¢

s3UTI 'Jo3no aU3 JuTranoss N 42

£ TABO TRENUUY °*T2

‘ oot Butxds *¢2 ‘12

JUEsBO PIBAIOY IO0F IJYSeA
FOO0T Pwe Sura Jouup Jupanoss T4 ‘02
. Bursed PIBMIOF IOF ISYSBAM . .

00T Pwe BufI Jouut Sy} JUTINOSS Ay *6T - . w
[

uyd Burranusd °gr
[Sura) 23erd 1008dS *LT
uid [junom) W0qq0q SWeA GT
Supx xewar *GT .. . L _ _
dndo Butxesq quord 4T .. o
Ui €T
s8utuado ate 20H °*2T
utd Hmﬂpgosuno..« swep *TIT
AA00ID °0OT
TSuweyo ITE PeIBSH *§
T Butx BUTHION °Q -
Butrsed Jossaxdmo) °}l
Buzx xozeTndSY °9
Bupa a9N0 IBIY S
_ SUusA SPIN 4
Bupx a9qmo juoxy *¢
. ud ‘e -
Bursed quoxy °T
Arqmesse ouer SpINB3 STUL mm At o

. . . - ) . B

g b-‘v | S -k -C ‘R‘E"T

. . " No Foreign Dissem = *° - o
Declassified in Part - Sanitized Copy Approved for Release 2013/10/23 : CIA-RDP80T00246A072200090001-0



Declassmed in Part - Sanltlzed Copy Approved for Release 2013/10/23 CIA-RDP80T00246A072200090001-0
: , ) , _ S$-E-C-R-E
No Foreign D

1 2 a e

F.!.g. 67 Compressor housing

1. Reinforcement
- 2. Lock washer
. 3+« Stator vane bolt
4. Front flange
5. Support under Btator vane bolt, stage I :
6. Compressor housing - b
T. Support under stator bolt, stages IT =~ X
8. Upper forward [collector] pocket
. 9. Flange .
102.Upper [collector] pocket cup
11. Upper rear [collector] pocket
12. Rear flange
13. Flexible shim ‘
14, Upper. longitud.mal flahge
- 15. Gaskets
16. Bolt
- XT7. Lower longitudinal flange
18. 8tator vane, stage I
- . 19. Rotot, stage 1II
20, Lower forward [collector] pocket
: - . . - '21. Flange for mounting KTA ‘
o : .- .o 22. Lower collector cup .
. : , - . 23%. lower rear covering
* 4 - .. - . . 2k Reinforcement .
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Fig. 68. Compressor housing
(upper half)
1. Clamps for fastening wires to Fig. 69. Compressor housing

the MP - 5 electro-mechanism (lower half)
2. Mounting ‘:);osses for the two 1. Bosses for mounting the hydraulic

. Mounting plate for clamp of 2. Flanges )
> the ling carrying off the 3. Bosses for mounting the clamp

holding the wires to the fuel

KPN-L4 starter coils VE-28 switch
air from the oil area of the
turbine shaft channel to the control assembly ‘
centrifugel deaerator 4. Bogses for mounting air line

4. Bosses for mounting the hot clamps o
air bleed valve to the inlet - 5. Flanges for mounting the air
guide Vanes " dbleed valves behind stages V and

5. Bosses for mounting the clamps VIII |
of the wiring leading from the 6. Mounting bars for fuel control
KPN-I starter coils to the assembly
igniters

6. Coupling for air supply to the ‘ . ‘
baffle seal of the roller
bearing

Fig. TO. Rear engine mounts

1. Right rear mount
2. Left rear mount

200
S-E-C-R-E-T

No Foreign Dissem

Declassified in Part - Sanitized Copy Approved for Release 2013/10/23 : CIA-RDP80T00246A072200090001-0



Declassified in Part - Sanitized Copy Approved for Release 2013/10/23 : CIA-RDP80T00246A072200090001-0

S-E-C-R-
No Foreign

N 50X1 |

2o Paapesno aa : i )
. \a ! |

=\

Fig. T71. Compressor stator ring

Cuter rim

Blade

Inner rim

Labyrinth ring

Ridging .

Aluminum layer with graphite

Do EWbE

J .

Fig. T2. Stator ring, stage V Fig. . Rotor! ring
compressor : 1. Stop
2. R:inlg
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1 Fig. Th. Air bleed valve - 1. Rivet; 2. Lock vasher; 3. Nut for fastening

‘ cover; L. Heel; 5. Piston; 6. Safetylgck; 7. Plate; 8. (;ove:r,
9. Aluminum gasket; 10. Nut; 11. Packing; 12. Tube fitting; e
1%. Aluminum packing; 1. Spring; 15. Screen; 16. Body; 17.IVa ve;
18. Ring; 19. Tube fitting; 20. Bolt for securing the cover;

21. Support

3 . ] - . . )_L. Nut‘
ig. . Air bleed valve - 1. Valve; 2. Valve housing; 3. Cover; i
Fg- T 5. Spring washer; 6. Gasket; 7. Piston; 8. Lock washer; 9. Plate;

10. Spring;
202
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‘ Fig. 76. Hot a.ir bleed valve for heating inlet guide vanes
Bolt 18. Angle plate
3. Rollers 19. Bushing
Securing nut 20.. Flange
Seal ring 2l. Securing nut
Asbestos cord 22. Seal ring
Flange 25. Asbestos cord
Butterfly va.lve . 24, Nut
MP-5 electromechanism 25. Screw :
Flange : 26, 27. Pull rods
Casing . 28. Lock nut
Mt 29. Actuator rod of the MP-5 electro-
. Bolt mechanism
Cover 30, 31. Pins
Forging 32. Washer
‘Butterfly wvalwve shaf‘t 33. Mut
Bushing ' 34, Iug
35. Bolt
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Fig. T{. Hot air bleed valve for heating inlet guide vanes

1. Cover
2. Hot air bleed wvalve
3. MP-5 electromechanism

Fig. 78. Combustion chamber
a. View from the right
b. View from the left
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" Figure 80 Inlet section of combustion chamber
1s Outer lower casing; 2. Rear flange; 3. Front flange; k4. Conical supporting
section; 5. Rib; 6. Reinforcement ring; 7. Reinforcement; 8. Flange for the
- . line which carries off the oil emlsion; 9. Flange for the line which sup-
plies alr for heating the inlet guide wanes of the compressor; 10. Mounting
.. flange for de-aeration tubing; 11, 12, 13. Flanges for air lines to aircraft;
0 lb. Adr area; 15. 0il fn.ltermounting flange; 16. Line for carrying off the
oil from the compressor bearing; 17. Line for carrying off the oil from the
_turbine bearing; 18. Rib; 19, 20. Mounting flange for operational fuel noz-
zles;. 22. Rib with oil filter mounting flange; 23. Flange for fastening the
- locking pins of the combustion chamber; 24. Compressor bearing housing;
'25. Conical casing; 26. Burbine bearing housing; 27. Casing; 28. 0il supply .
'tube; 29. Mounting flange for [men] line cover; 30, 31. Ribs; 32, 33. Oil .
\_-_sump. 3h. Flange. | Pl
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| Fig. 81. Burners -

Vortex generators

Done

Outer ring

Extension [secondary air mixers?)
Cuter casing

Inner ring

Inner casing

= oW U
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14. Opening for the auxiliary fuel nozzle
18, 19. Extensions [secondary air mixers?)]
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Fig. 85. Fuel system

Secondary manifold

Main manifold

Fuel supply line to the main fuel nozzle

Fuel supply line to the secondary fuel nozzle

Fuel supply line from the fuel control assembly to fuel
manifolds ' :
Mountings for fuel manifolds

Coupling

T vEYDE
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¥ piglBh7 Fuel nozzle - 1, 2. Tube fittings of the return valve; 3. Rubber :
.. .i.,; valve; k. Spring; 5. Stop; 6. Set ring; 7. Filter; 8. Extension
; Lo . [hex head bolts for filter units?]; 9. Fllter insert; 10. Pin;
Nan " 11, Screen; 12. Frame; 13. Journal; 14. Bushing; 15. Casing;

e 7 16. Circular groove; 17. Opening in the tube fitting; 18. Fuel '
e * . nozzle body; 19. Adapter; 20. Vortex generator of the primary !
"N .. - circult; 2l. Four tangential grooves in the vortex generator;

o © .., 22. Vortex chamber; 23. Recess in the adaptor; 24. Ring; 25. Re~

.. . ", " cess in the atomizer; 26. Atomizer; 27. Four tangential grooves .

SR .7 .7 in the atomizer; 28, Atomizer chamber; 29. Sleeve; 30. Shroud nut;

L © 31, Two keyways in housing; 52. Machined area on heed and sleeve; . .. |
3%. 12 openings around the shroud; 3k4. S8leevs boss; 35. Shroud = '

shoulder; 36. Ten fuel discharge outlets; 37. Fuel nozzle flange;
38. Bolt; 39, Mut; 40: Flexible lock; 4l Ring; 42. Rabber ring "
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Fig. 850 I@iter
A. Starting fuel nozzle ; 16. Upper plate of the filter
B. SPN-4 spark ighiter plug 17. Core
V. Igniter body 18. Nickel chromed wire
) G. Two tangentially placed openings 19. Plate:
: E. Complementary openings 20. Atomizer
ZH. Grooves ' : - 21. Nut
l. Igniter body sleeve 22. Lock mut
2. Starting fuel nozzle body 25. Lock mut
3. Starting fuel nozzle sleeve 2h. Blind [shroud?]
}, Starting fuel nozzle flange
5. Tube fitting
. Te Mat ' . R
8. Atomizer Sleeve '
9. Cap . '

10. Aluminum washer
11. Brass washer )
12. Flexibla-lock

13. Spring
1k. Starting fuel nozzle filter

15. Spring ' .
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Fig. 86. muxiliary starting fuel nozzle:

1l. Body

2. Bolt

3. Housing

4. Tube fitting
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Fig. 817. 'l‘ur'b:l.ne - 1. 'I‘ur'bine sha.ft, 2. Roller bearing; 3. Sta‘bor vane
~ assembly of stage I; 4. Stator vane assembly of Stage II;
.5.:8tator vane assembly of Stage III; 6. Disc, Stage I;
7. Disc, Stage II; 8. Disc, Stage ITI; 9 [word illegi'ble]

~of the rotor.
T e
i w| s} w
‘:. . o - Ve (3 = s\_:_‘
;f 'u ] _..nl‘..- ok : - “ ,4..__4.1.—..4 ".
2 4_.1[}';:»1:,'..:.-1:.74; <
wl | ol |- 44 et S s
wl ol ¢ ia i e - I

)

|

1

|

3+ [.'Fi.gl. 88. Change in static heat T, pressure D,
ka = N ~ and absolute speed c in the indi-
R 1 1 \&l o ‘ vidual stages on the central radius
S T T T e ~of the turbine _
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Fig. 89. Turbine rotor (cro

ss section)

l. Spacer ring ‘13. Seal ring
2. Safety lock 14. Securing bolt
3. Bolt " 15. Bushing
k. Baffle seal flange " 16. Disc stage I
5. Roller bearing . 17, 18. Areas from which material
6. Supporting ring ' is removed during balancing
7. NMut 19. Disc stage II '
8. shaft : - 20. Disc stage III
90 Safety» lOCk.: 21. Guide
10, 11. Baffle for reducing flow 22. Nut
of heat to bearing 23. Cavities
122 .Milled recess 24. De-aeration opening
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|
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Fige. 90. , Mounting turbine 'buckets on disc
o7 . a. Bucket
" 7 b. Safety lock
.. Bs Dise o
~+.:-% 1. Bucket shoulder E ' : -
.7 2. Safety lock lug ‘ :
“._ . 3. Safety lock, bent down ends
. k. 8lot for lng of safety lock
5. Baffle ..
-6+ Recess. |
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Fig. 91. Disc, Stage II.(front view)
1. Peripheral section
2. Tapered plate
3. Hudb
4, 7. Lightening holes
5. Holes for tightening bolts
6. Recess

Fig. 92. Disc lock nuts

1. Safety lock
2. Shaped washer
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" Fig. 95. Turbine nozzle assembly, stage I

1. Outer rim
2. Inserts,
3. Nozzle guide vane
h'o Set lock
5. Deflector
6. Bolt
T. Supporting cone flange
8. Supporting cone
- 9. Inner body
10. Deflector rim
11l. Set rim .
12. Belt
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Pig. 94. Stator vane assembly of turbine
1. Outer rim
2. Metallo~ceramic insert
5+« Stator vane
' l"o Inner rin
5 Circular insert .
T. Spacer ring

Flg. 95. Interstage packing
1. Turbine nozzle assembly,
Turbine stator vane assembly
2. Seal ring
3. Turbine disc
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, Fig. 96. Exhaust nozzle
1. Outer casing 9. Tube fitting
2. Cone .10. Cup
3. Rib 11. stay
4. Outer cup 12. Extenstion
5. Imner cup - 13. Reinforcement
6. Guide | k. Tube
Ts Forward flange : 15. Flange
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Fig. 97. Turbirde housing

Right half of turbine housing

%, 4. Air passage openings to the
turbine nozzle unit

Tnner housing (front)

Ieft half of the turbine housin

. Reéinforcement .

Housing wall

. Cover

Right rear housing body
"Blind" [cover plate?]

. Wire

Tightening sleeve
Shaft flange

220

15. Longitudinal slots

16. Throat

17. Right front housing body

18. Shaped openings under housing

19. Nut

20. Support band

21.. Cone

22. Rear inner housing

2%. Diameter of the weld between
the inner and outer housing

2h. Iron mounting

25. Support band

26. Forward support diameter
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Fig. 98 ' Emr'bine cooling dia.gram

1.  Alr intake hole
s 2., Anmular alr scoop
o ©. .. -3. Area for the alr used to cool stator Yanes
v e by 5. Alr passages
© 0. 0 i, 64 Roller bearing -
- 7. Openings connecting the secondary air with the de-aera.tion

. . area
: s 8. Alr bleed aica
’ ' .« +.< 9. Area of the secondary air current
;' : -, 10. Openings for the passage of the secondary air current
1 : 11. Openings for the passage of the secondary air current in
. _ , L the seal ring :
W 7 12. Clearance between the inner casing of the combustion chamber

S R T and the inner ring of stage I stator vane assembly
4 T 13. Clearance between the outer casing ‘of the combusion chamber
1 T © ahd ‘the outer ring of stage I stator vané assembly
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| Fig 100. Diagram of engine air vent system

a. Seal, front compressor bearing; b. Alr; c. Mixture of alr end oil;
d. 0i1; e. Seal, rear compressor bearing; f. Seal, turbine rotor;

"1, Iine coupling; 2. Centrifugal de-serator; 3. Line for carrying

emlsion to de-aerator; 4e Alr vent line for areas behind the baffle
seals of the engine rotor bearings; 6. Alr bleed line from the fifth

" gtage of the compressor to the front compressor bearing seal; T. Adjust-
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Fig. 101. OMN-20 main oil puamp

a. Front view (top)
b. Rear view (bottom)
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Fig. 102. GMN-20 main oil pump
1. [M1ter] screen 14, Bottom cover
2. Packing (seal) - 15. Plug
3. Top cover 16. Bypass sleeve
. Packing seal 17. Valve :
5. Gear - 18. Spring disk
6. Drive shaft ‘ 19. Spring
T. Driven shaf‘t 20. Protective cover
8. Packing 21. Adjusting screw
10. Liner 23. Lock nut [for adjusting
11. Drive gesar screw
12. Driven gear 2h. 0il release insert
13. Packing _ 25. Packing
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'Fig. 103. Gear of pressure stage, msin oil pump
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Fi.g. 1ol+ MNP-20 auxiliary offl pump

1. Housing 15. Spring

2. Cover 14, Packing ring

3. Intake line fitting - 15. Protective cover
' 4. Check valve 16. Adjusting serew
. 5. Insert B 17. Seal ring -

6. Spring 18. Washer

7. Spring 19. Lock nut

8. Packing ring " 20. Pecking

9. Protective cover 21. Packing

10. Reduction valve 22, Drain cock

11l. Ingert 25%. Plug

Fig. 105. V0-20 Alr ::geparator

. Lock pin
0il drain line coupling
Relief valve body
Gate Valves
« Spring
. Turnable extension
-15. Cover
, lJ+ Packing
o 15. Thrust ring

P
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. Pig. 106. MNO-20 oil scavenge pump
B Cross section ABBA
1. Line fitting
Iine fitting
. Cover _
4. Upper body
5. Lower body
6.. Pin o '
T, 10. Second stage gesr
.8, 11. First stage geer -
S 9. Sleeve ' o
. 12. Bells
"~ 13. Pecking
© 1. Packing
15. Packing

A

16. Bolt _ o ‘
. 17. Stop o . : o o
' -18. Seal ring .- -

- 19. 011 dregin line tube
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7.
: 8.
Vo - 9'
‘ 10.

Scavenge pump, d20X1 box

Body

Drive gear
Driven gear
6. Keys
Drive shaft
Drive gear
Packing ring
Cower

Fut

Flg. 108. Centrifugal de-eserator
|

a.
b.
o ! c.

o 5 ‘

e

-
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ll.

1k,
6.

-18.
21.
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Air exheust
Mixture intake
01; outlet

Body

5. Covers

18, 20. Pecking
Nozzle

Rotor shaft
Rotor

Involute grooves
Upper ingert

. 0il seel rings

Baffle seal insert

. Spacer sleeve
. Bevel drive gear

15. Ball beering
Nut

Lock pin
Extension
Sleeve’
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Plg. 109. The MF-20 oil filter

a. 0il1 output 10. Thrust ring

b. 0il inteake 11, Screw

1. Bolt 12, 14, Seal rings

2. Cover 13. Mut [plug]

3. Filter ingert ' 15, 16, 18, 19. Springs

4. Guide 17. Valve

" 5. Nat ' - 20. Seal ring

6. Sleeve

T. Valve body

8. Relief valve

9. Lock pin
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Fig. 110. MIKM oil ump
‘a. View in the direction of ¢  13. Body '
~ -- cover removed 14, 15. Thrust bearing . '
b. Delivery 16. Rollers
¢. Intake 18. Spring ‘
1. Gasket 19, 30. Rear bearing inserts
2. Covers © 20. Cuff seals ’
3. Stud bolt , ‘ 21. Drive shaft
4, 12. Front bearing inserts 22. Adjustable collar
5. Needle ~253. Thrust washer
6, 17. Seal rings 2k. Thrust disk
T. Drive gear 25. Drain port
8. Driven gear 26. Washer
9, Washer 27, 28. Seals
10. Lock washer 29. Insert
|
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Fig. 111. 01l filter '

. 1. Body ‘ : 50X1 !

. Mlter screen ' ' B
. Liner ' s
. Seal - -

. Tut [plug]

|
f
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.
Soz o DD NN
Awnnet
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Fig. 112. 348-I fuel pump
a. Cross section AA . '12. Rubber sealing rings
;. 1. Drive shaft .»+ 14, 27. Rear bearing inserts

. 2. Flange . g . 15. Separator [bearing cege?] .

3, 23.. Retainer washers 16. Spring
. 4. Packing seal . : 18. Driven gear
- . " 5. Drainage [ring?] .- 21. Fuel inlet fitting

6. Thrust ring - .24, Adjustable ring

T, 20, Front bearing inserts 25, Flexible ring

8, 19. Fixgd pressure. guides 26, Bearing rollers
9. Drive gear 28. Drain fitting

10, 17. Movable pressure guides 29, Housing .

11. Distributor rollers ' 23l ' :
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) Figo 1130
a. 'Cross section AA 13, Nut-cuff
1. Protective cover 14, Rubber rigzeal]
2. Adjusting screw head 16. Diaphragm
3. Adjusting screw 18. Spring
15;, ggvr;_i;‘g i 17. Air passage
. ) . 1 . Fi'tt
.6+ Reduction valve 2 nozzﬁg For el sUpply to starting
'8]'. Pumping chamber 20. Fuel outlet to 348-T pump
» 9. Ring ' , 2l. Rotor
10. Shaft . 22, Pin
11. Rubher_ ring 23. Casing
12. Fut 2. Vanes
25. Housing
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< 1. Housing e 5. Cover
., 2. Coil 6. Capacitor (C)
" 3. Contact device . T. Plug connector
T
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Flg. 116. SPN-4 Spark igniter plug

1. Setting ring

2. Shielding coat

. Body

. Insulator

. External electrode
« Central electrode
« Gasket ring
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Electromagnetic startisoxq -
fuel valve

1. Fuel intake fitting
| | o 2. Fuel outlet fitting
N ) ! e “ 3. Valve seat
' A X 4. Housing
) ‘ , ‘ S 5. Valve needle
‘l. S : . . - 6. Core
. v . '8(o Coll of magnet
3 .

y _ Plug connector
2 . [

‘- - Fig. 117'

VE-2S Switch

1. Body
2. Adapter shoulder
3+ Metal bellows
h‘o PuSh rOd“
5..1lever
. . i 60 Spring
i, o \ 7. Plug connector
‘ Tl - 8. Set screw
3 L 9. Gasket
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10.
11.
12,

‘13,

l,-l-o

"15.

16.
17.
18.
19.

Cover
Reinforcing gtrut
Chamber

Blind flange
Nozzle

Bellows plate
Contact points
Holder

Pin .

Gasket ring
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Fig. 119. MP-5 Electromagnetic device

1. Gear wheél of electric motor

2. Double gear wheel

3. Fixed shaft ‘ ‘
k, 5. Double gear wheels i
6. Nut for gear wheel

T. Actuator rod

8. Housing |
9. Cover ) !
10. Actuator rod sleeve

11. Bearings

12. Cam

15. Clamping terminal

14. Body forging .

15. Lead . o
16. Screw -

17, 18. Terminal switches

19. Cam )

20, 21. Springs

22. Blectric motor

25.- Case
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Fig. 120. Sketch of Pneuma.tic icing mdicator S50-4A
1. General pressure openings -
2. General pressure chambers
3. Static pressure openings
4. static pressure chamber
'50 Nozzle
6. Circult breaker
T« Plug connector
8. Waming element
9. ‘diaphragm -
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11. Static pressure chamber; 12. Rubber
tube; 13. Tube nipple; l4. Spring; 15. Ter-
minal clemp; 16. Gasket; 17. Contact nut; .

18.. Connector; 19. Wrapping; 20. Diaphragm;
- 21. Base of differential pressure gauge;

.. tact point; 25. Set screw; 26. Gasket;
' ~27. Bolt; 28. Heating element; 29. Insulator;
~ 30. Rubber gasket; 31. Outer case; 32. Safety
wire; 33. Nut; 3k Rubber gasket :
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| \_m : L. Alr intake; 2. Differential pressure I ¢
7 gauge; 3. Adapter; 4. Intake cover; 5. Tube; '
! 6. Heating element; 7. Intake housing;
, ‘ - 8. Tube fitting; 9. Flow-through device;
R 10. Opening; diameter 2.5 millimeters;

. 22. Nut; 23. Movable contact point; 24. Con- _ .
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Fig. 122. MZX-2 Electromechanism

50X1
. 1. Fixed gear 33. Spring
2. Housing 34. Ring
- 3, Balls 35. Washer .
L, 5. Friction discs 36. Cover '
6. Case 37. Carrier ring
. T. Ball 38. Brush holder
' 8. Ring ~ 39. Plug connector
. 9. Planet gear, Stage IV 40. Drive gear, stage I
' / 10. Inner ring gear: ' L1. Drive gear, stage II
11. Shaft 42. Knee joint
12. Drive gear 3. Rubber case
13. Dog of Bwitch L. Drive gear, stage III
14, Lead 45. Lifter
15. Gear wheel, stage III 46. Cam
16. Bolt : 47. Blind flange
17. Gear wheel, sta.ge II 48. Spring
18. Gear B L9. Sleeve
19. Planet gear, stage I 50. Contact spring
. 20. Cover 51. Disc
4 .21. Propeller brake . 52. Friction clutch
! 22. Plate 55. Special mut
23. Armature 54. Cover
2. Terminal 55. lead screw’
25. Electric motor 56. Shaft
26. Coil 57. Cover
" 27. Brush 58. Gear wheel
I - . 28. Commitator | 59. Small shaft
29. Electromagnetic clutch 60. Output shaft
. 30._ Terminal switch 61. Drive gear, Stage V
" 31. Brake disc: - 62. Cover
32. Nut 63. Gulde
64. Gear, stage V
' '.';4 .
-1
. ' S~E-C-R-E‘1T
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Fig. 124. DIE-2 sensor

1. Rotor 13. Lock mat
2. Drive ' 11k, Case
3. Bushing 15. Ball
L"o ng 160 Case
5. Sleeve ) 17. Mut
6. Ball bearing 18. Reinforeing strut
T. Nut : A 19. Seat
8. Forward cover 20. Gasket
- 9. Bolt - * 21. Cover
10. Stator ' 22. Bolt
11. Sleeve 23%. Cover
12. Plug
2ks .
. 8-gB-C~R-B-T
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 Fig. 125. m-a Tachometer T~
1. Stator . ', .21. Hair [spring?]
2. Rotor w:i.nding 22. Regulating lever
3. Stator . . ‘ . :25. Magnetic system of suppressor
4. Rotor 2kh. Bridge
5. Magnet: 25. Disc
| 6. Magnetic system [called 26. Gasket
‘ "starter element” in text]  27. Case
. T+ Bushing . 28. Bolt
| 8. Spring : 29..Mut
. - 10. Bdll bearing 31. Bolt .
1l. Cover o 32+ 33. Bolts
12. Magnetic system o © 34, Lock mat
13. Magnet - o 35. Nut
. "+ 14, Disc T 36. Case
‘ . ; 15:-eelle tndlcator 37. Bolt
16. Axis _ : : 38. Cover
18. Sensing element - 40. Outer case
19. Support o T k1. Packing
20. Nut ST ey

T 1 B-E-C-R-E-T
_ !!o Famim ﬁiﬁm} '
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Fig. 126 UPRT-2 Transmitter
1. Cap : oo - 1k. Potentiometer
2. Sweeps : o 15. Stop
3. Case. : e 16, 17. Pins
4. Shaft o ’ 18. Divided gear
. 5. Small posts . - 19. .Shaft
. 6. Outer covers ~ 20. Spring
7. Bed 21, 22. Gears
-~ 8. Insulated washer . 23. Bridge
9. Spiral spring - -~ 2h. Contact disc
10. Socket :
11. Gear
]20 Plug ‘.
15. Small disc
. L] 2u8
R ,;:.,S-E-C-R-E-T
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Fig. 127.

Me.gxet-rotor

Ball bearing
Hollow shaft = .
5. Axles '
Pointer

‘Nut

Bea.rings socket
Stator winding
"Permalon""discs
Plug connector.
. Body .

. Screw

N
~

e A - :
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15. Cover
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Tl -+ " 17. Gasketing

18. Glass

19. Ring

20. Pointer
. 21. Bolt
23,

2k, 25 Bolts
- 26. Cover

- 27. Housing
28, 29. Bolts
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Fig. 129. APD-75 Mitomatic starting device (without cover)

1. Base plate 9. Rectifier equipped with D-72.gérmanium
k. TKES2PK relay diodes 12 8¢

5. mm relay 10. PM22-75Urprogram mechanism

6. TKES6PK relay 11. SR32P1ONS1 plug connection

T. TKES3PK relay 12. SR32P8NG3 plug connection

8. TKE22FKT.'relay 13. SR28PTNG9 plug connection

Fig. 130. DPsG-2A Starter case

1. Base plate . 9. PEV-30-30-I resistor
2. IM-100 contactor 10. RS-25 no. 7T regulating resistor
3. TKES2FD relay 13. RS-25 no. 8 variable resistor
4. TKES52FK ‘relay 12. SR28PTNS9 plug connection
5. TKS602A €ontactor 13. SR32P12NS1 plug connection

- 6. TKDS51lA contactor 14. PEV-10-51-T resistor

. 7. RUT-600D ocutput regulator 15. Clamp screw

‘ 8. Ps-150-0, 16D starter resistor

251
5-E-C-R-E-T
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50X1
s .

N "% Propiska &. 1
©_waivini
- . gondoly

"’\\
f N ¢
-3 -’.

A

} 4 [rot S'Aa-u{h] ' \ -

Bridge link

| ~ s
- Fig. 132. Bngine mounting

. 1. Front trunnion ' ‘ 8.

2. Shock absorber -9,

3+ Mouhting suspension bracket:  10.

4. Upper strut 11.
5. Bottom girder - o 2.
6. 8trut 13.

T. Mounting bracket 1k,

25 .
. 8-B-C-R-E-T"

Rear shock strut

Outboard engine girder

On right girder only

Forward

Inboard engine girder

Bulkhead no. 1 of inboard : .-.%." .
nacelle

o W6 Fowekin PRENGH
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Fj.g. 133 Exhaust pipe
1. Adaptor flange e 21. Pin
2.-Cone ' L 22..Cushion
3. Support R 2%, support
4. Exhaust pipe - . . 25. Guide
5. Flange attach 'bol'b - .. 26. Support
6. Baffle o~ 27. Retainer .
7, 12. Ring . . . 28. Support guide
8, 14. Contact’ co].'l.a.r : - 29. Roller of rear support
9, 13. Bushing 'below clamping 30..Front attach section
screws : ‘ '31. Rear attach section

107.8pring [T ‘.32. Connection of engine with exhemst

1. Flange . oo il pipe - o o
15. Forged member - .- 1. 33, Edge of necelle - @

16, 17, 18, Shims .~~~ % 34, Front attach of exhauét pipe o

19. Forged member i1 35. Rear attech of exhaust pipe
20, Bushi.ng et 36 Viewsin d:i.rection A ‘

.\I‘
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| _ Fig. 1%8.” Fuel systei - .
1. Check valve k2. Sediment drain
2. SDU3-0.35 pressure indicator . 3. Pire valve [no 1 engine]
¢ 3. Pressure guage transmitter from . . ! 44, Main tank
. . EMI-3R assembly - 45. Transfer of remaining fuel
L 8. Transmitter of R'ms-l 2A-B1 flow 46. Sediment drain
. | meter 47. Fire valve [no 2 engine]
9. T24100 fine filter 48. Auxiliary tanks
11l. TF-6 coarse filter - 49. Manual pump from suxiliary: tenks
12. Fire smtoff valve o 50. Pumps .
15. Starting fuel valve 51. Cross over valve
14. Starting nozzle 52. Auxiliary tanks
~15. Operating nozzles 55. Manual pump from auxiliaxy tanks
16. Fuel control assembly . 54. Fire valve [no 3 enginel
- 17. 661A pump 55. Main tanks
18. 7071 auxiliary pump 56. Fire valve [no 4 engine]
19. PNV-2G transfer pump 57. Transfer of remaining fuel
20, 24, 26, 29. SETS-280 fuel guage - 58, Tank in use
transmitter 59. Drain
21. ‘Alr vent check valve : , 60. Sediment drain
22. Air vent tubing 61. I [group] circuit
25. Fuel filler neck 62. 1T fgroup] circuit
25. Inter-tank air vent 63. For AT-20
27. PNV-2G remaining fuel *transfer pamp 64, Pllots' instrument panel
_ 28. SDU2A-0.18 pressure mdicator 65+ Cross-over switch of fuel gauge from
‘ . 30. Float valve : . the SETS-280 assembly
h 31. Float valve 66. Two-stage counter indicator of fuel ...
32. Air vent safety valve gauge from the SETS-280 assembly
,‘ 34. PNV-2G overflow pump . 6T. Fuel pressure gauge from the EMI-3R
35. Check valves essembly
36. SDU-2-0.18 pressure i.ndicator 68, Intake pumping disengaged
37. Left control panel/dehk . 69. Transfer pumping from auxiliary tanks
38. RmMMS-1, 2A-Bl flow mter v 70. 800 liters of fuel remaining
. 3(9). ‘8adiment drain: . gg., 78y ‘Mindoun: Hiel cpressure
. Tank 10 -~ . . CL 2 _
4. Tk 9 L % 7 8.R-C-R-E-T
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Fig. 139 Pressure f‘aeling system

(from below)
. 1. SETS-280 [pressure] amplifier  13. Main fueling disconnect switch
2. Fuel filler neck 1. Cross-over switch for fueling valves
3, SETS-280 fuel gauge transmitter 15. Check (vacuum) valve e
4. Check valve v : 16. Cap :
" 5. Fueling cock , 17. Valve
6. Fueling valve 18. Ring
7. SETS-280 fuel gauge transmitter 19. Housing
8. Fueling control panel . 20+ Main diagram of fueling valve
9. Feul gauge {no 8 tank] - 21. Valves closed
.10. Fuel gauge cross-over switch 22. Valves open

- 11. Green signal light--valves open 23. Group I
L 12y Red signal lighte-valves closed.j. 2k. Group IT
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: ’ 260
o+l S-E-C-RE-T

DR No Foreignmssem - ,
Declassmed |n Part Sanltlzed Copy Approved for Release 2013/10/23 CIA-RDP80T00246A072200090001-0



e .

\
Declassified in Part - Sanitized Copy Approved for Release 2013/10/23 : CIA-RDP80T00246A072200090001-0

~E=C-

“No Foreign

Indidabdic ol o s & 4

oo T . " ..:,.u-q-r““' ORI
R s ity - .1,";7' . )
r s R D .
- ) . ‘., . ) N
' B R
. Lo N .
.

.. . | o 3 ‘.' 3 .- .l . ., .5. ! . 1

\ - 7

o e ..

[N o
. — S
P N

B 1 — e i .

D I. T ‘ e R . : . .!

oL : ' Fig. 140. 0il system

* 1. Oil pressure indicator in the IKM-2 I-100; 2. 0il pressure transmitter
- in the IKM-D-100; 3. EMI-3R instrument; 4. Oil pressure transmitter in P-10;
5. Pressure drop warning transmitter of SDU 6-3.9; 6. Signal transparency
.~ [plate?]; T. Position indicator of oil cooler flaps; 8. 0il gauge; 9. Filler
' neck; 10. Measuring stick; 1l. MES-189T7 A oil gauge; 12. 0il tank; 13. Feath-
ering oil filter; lk. NF-2 TA-1 feathering pump 15. Flap MVP-2V o0il cooler
" control mechanism; 16. 1100 control box; 17. 1074 thermostat; 18. 875 cooler;
19. Filter for center and rear bearings; 20. MNO-20 scavenge pump; 21. Check
valve; 22. V0-20 separator; 23. 011 filter; 24. Pressure stage of GMN-20 pump;
- 25. Pressure stage of GMN-20 pump; 26. Reduction valve; 27. P 1 intake oil '
. temperature -transmitter; 28. Check valve; 29. MVP-20 suxiliary oil pump;
~ 30. Reduction valve; 31. MIKM pump; 32. IKM mechanism [torquemeter]; 33. R-68
_Propeller governor; 34. Governor pump; 35. Heating the forward crankshaft
_casing ribs; 36. To the reducer; 37. 011 accessory; 38, 39. Drains; 40. Front .
compressor bearing; 4l. Instrument box; 42. Rear compressor bearing; 43. Drain;
L. Minimum pressure; 45. Remaining oil, 5 liters; 46. Turbine bearing;
47. Drain line leading out of cutboard nacelle; 48. 01l level indicator;
" 49. 011 supply for feathering (15 liters); 50. Outlet; 51. Qutlet; 52. Legend:

._’l- & 011 line of englne; b. Alrj’c. 0Ll lines of aircraft

. | B |
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“ . Fig. 14l. Fire extinguishing system "
"1, 2, 13, 20, 21. Spray heads 7. 0S-8 extinguishers
3. Fire signal [sensors?] 8. Check valve
4. Plate with operating instructions 9. No 781400 distributor valve units
5. Red fire warning light (plate type) 10. Fire in engine no 1 L
" 6. 0SUZ-1s signal disk (for automatic 11. Fire in engine no 2 o

signalling of emptying of the ex- 12. Fire in engine no 3
tinguisher device) 13. Fire in engine no 4

Procedure in Extinguishing Engine Fire

1. When the fire signal lights up (the (red] plate lights up), seris I. is
sutomaticallyccactuated .t (the ~green:. light goes on). Switch OFf the engine,
st off the fire valve, and feather the propeller. If the green light and
the [red] plate go off after 3 to 6 seconds, the fire is extinguished.

2. If the [red] plate is still lighted, turn on series II after 6 seconds.
ATTENTTON: If the green light does not go on after the [red] plate lights up,
switch on series II. ' .

3. If you see a fire, do not walt for the warning light, and turn on series I

* manually by the appropriate switch and series II after 6 seconds.
. 4. When the fire is out, set the toggle switch in the middle position to shut

off the valves.

1, 2, 3, k. Eogines 1 to & .

5. Distributor valves S _ . ‘
6. Switching of series II : - o ' g . |
T. Manual switching of serles I : _

8. If the light is on «= the distributor valve is open-« with the toggle
switches in the middle position, the valves are closed. :

“
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o _T/\| %semng siet1s ‘ :
r Pomaomt tryay |
T . /. /2.3, xolektor| || - ¢ :
- Privet do L v
. - ITA-5 TA ? -~ !
. ’ ‘ . .- ] ' ;
s § " ’ !
k - 0dpad § KTA-S ‘”f,,, ;
. . , - 10,7 Wtup do K25 ' |
\ { 9, Vysokotlaké derpadle
(.
‘\ 3
i —_ sl T A SN ;
‘ .Fig. 142. Fuel system diagram S
2 oo | 1 G rsasure pump
.5 iy 10. To intake of KTA-5
. valve 1l. Outflow from KTA-5
4. Coarse filter 12. Feed to KTA-5
5. Boost pump 13. Manifold I
6. transfer valve : 1. Manifold IT
T, Igzitroma@etic va.lye » starting. 15, Operating nozzles
.. : o ) , 16. Starting nozzles
+ Fine filter . .
Q'
,
o 263
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L U i
S . .- Engine starting disgram [translator's note: pp 35-37 pre-
Fig. 13 snuga.bly contain the Czech equivelent, translated below, ‘
of the original Russilan heading on this diagram repro- _
duced on pp 38-k1.] | _ .
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_Fig. 143. ENGINE STARTING DIAGRAM

| : - | . , 50X1-
- Numbers of the " © : : '
" Panel Plates Designation
_and Disconnect of the _ ‘
Equipment . Diasgram - Accessory ‘ Type -
m - ' Pilot's left control panel. S .
5 S - Pilot's central control
: : o panel
16 o Pilots overhead electric
' panel
25 ' Navigator's central radio
: : panel ‘
6. Central radio panel "rtg"
S e " ["rtg" unidentified]
026 - gervicing direct current
‘ : . sources
62 - S Sta.r"cing relay "box
63 T ' Panel of relays for storage
. : batteries
65 B "~ Fire equipment control box .
81 R Central [electrical?] distri-
S ‘bution box for left -outboard
" nacelle
8LA - : ' R _' Bus  bar of distribution box
S - for left outboard.: .celle : ”
101, - Gemerstor No 1, engine No 1 -STG-12THO |
. 103~ Generator No 1, engine No 2. . STG-12TMO )
81 A o K 109 = " Switch for generator No 1, ' .
: L :a.'-engi.ne o 1 - R IMR-40O0 AM
8LA C 111 Switch for generator No 2, ... -
o - engine No'l o DMR-400 AM
. - 266
. ;_ ', S-E-C-R-E-T
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117 Voltag
ator No 1, engine No 1 . RN-180
‘119 - Voltage regulator, gener=' S0x1
. ator No 2, engine No 1 ' RN-180
25 . . .. 125 . Rheostat for regulating '
' o voltage, generator No 1,
engine No 1 VS=25 .
. - 026 - 127 ‘Rheostat for regulating
~ o ' - voltage, generator No 2,
engine No 1 ¥3-28
133 Compensating .resistance,
generator No 1, engine
No 1 _ BS-12000 .
135 . - Compensating resistance,
generator No 2, engine No 1 BS-12000
. 026 . S5 Disconnect switch, gener=
. : : ator No 1, engine No 1 2v-45
026 143 Disconnect switch, gener- :
) ator No 2, engine No 1 2v-45
: : 81 <. 19 Signal relay of disengage-
. C ’ ment of generator No 1, .
engine No 1 - TKE-21FD
81 ' | 151 Signal relay of disengege-
I . ment of generator No 2,
engine No 1 TKE-21FPD
026 - 157 . Signal light of disengage-
- : ment of generator No 1,
.engine No 1 SM-30 (in
the srmature)
SLC-51 (red)
026 159 Signal lght of disengage-
._ o , : ment of generator No 2, )
- "engine No 1 ' SM-30 (in
. . S the armature)
Pl S ‘ o : SLC-51 (red)
: I ‘ . . : ‘ .
' " oe6 . 165 Ammeter of generator No 1,
! ;o - . .,  .engineNol A-2
f I . T '.\ '
P 267
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- 63

026

10

06

10
026

026

026

e
ars

REY)
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| ;“i 185
.. 185a

| '186
1869,_';

e 1
:3_.87af ~
1688

o 189

190

' source . -
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. Ammeter of generator No 2,

_engine No 1

' Shunt of ammeter of gener-
- ator No 1, engine No 1

- Shunt of ammeter of gener-
- ator No 2, engine No 1

Disconnect relay for gener-
ators of engine No 1 when
- ground sourcé is engaged

.. external

" Disconnect relay for gener-

ators of engine No 1 from
the aircraft network during
starting

Voltmeter for left generators

Voltmeter of ignition sources
- of left group

' Voltmeter of right generators

Voltmeter of ignition sources
. of right group

' Change over switch for 1eft
" voltmeter :

" Discomriect switch for left
“group of batteries
‘-_voltmeter '

" Discomect switch for left
~.group of batteries

~ Front recepbicle for external

.

S Fron'b receptic:l.e for exhernal

SOUI‘Ce

268
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. Change over switch for right

KV-P-A-S

A2 . . 50X1
S-2

v
s-2
TKE~52FD

TKE-52FD

V-1

V-1

V-1
V-1

“llpln" not
identified]}

KV-P-A-S

(1] llpin"
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026 191 Signal 1ight of front
' - recepticle for external
source

026 19la Diode

‘ 026 192 Signal light for rear
, . socket of recepticle
- external source

026 - 192a Diode

026 195 Changeover switch with
' aircraft "ktg." Airport
" charging--(batteries)

16 : 196 Battery emergency disconnect
switch
026 197 Battery Ammeter
026 198 Change over switch of bat- .
‘ tery ammeter
0165 Bettery
0166 alla
0167 .
0168 L
63 0169,  Switch contactor of first
left battery
: 63 . 0170 Switch contactor of first
‘ ,righ‘t 'ba‘btery ,
63 0172 Relay of £irst left battery
269
- S-E-C-R~E-T
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armature )
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(red)

. DG-C22

SM-30 (4in
armature)
SLC-51 -
(red)

DG-C22

2PIN-145

KV-P-V-S

2FN-20

KM-600D

. KM~-600D

TDE-210
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4 £t
6 OLT3 Switch of second le g
3 . bettery RE-600D oy
63 OLTh Switch of second right £00D
battery KM~
63 0175 Relay of second’left _
3 battery TOE-210
63 0176 = Relay of second right TIE-210 o
- OLTT Switch of front recepticle P
63 : of external source TKT-101D
0178 Switch of rear recepticle
63 of external source TKT-101D
63 ) 0179 Relay of front recepticle
of external source TDE-210
63 0180 Relay of rear recepticle of :
external source TDE-210
63 . o8- Relay of front recepticle
' disengaging generators TKE-52PD
63 . 0182 . Relay of rear recepticle |
disengaging generators TKE-21PD
63 0183  Switch changing over sources.
from 2l volts to 48 volts TKS-611A
1
63 0184 Switch changing over sources |
fram 24 volts to 48 volts TKS-611A l
v
63 0185 Shunt of battery ammeter SA-L46 !
_ v !
63 0186 Shunt of battery ammeter SA-L46 !
[
63 0187a Switch activating starting o 1
| circuit of engines KM-600D .. .
5500 Automatice starting unit of '
engines. AFPD=-T5
ko Intermediate relsy Pg
270
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51 Progr
52 Electric motor of pro- SOXT
- grammed mechanism D-2P
:\53 Electromagnet of motor of !
programmed mechaniem EMS-18A -
- 5h . Limit disconnect switch of
‘ ‘ * cams of programmed mechanism KV-1-20
| 55 Control relay Py TKE=-56PK
! 56 Electric motor relay Po TKE-52PK
57. Intermediate rel‘a.y P3 TKE-52PK -
l , .
) 58 . Ignrb:s.on relay Plt , ab 2’+
T volts : TKE-21PK -
“59¢ Swi'bch-on relaqr over output
regulator P5 TKE-53PK
; 60 . Relay for cold cranking Pg TKE- 52PK
'}"‘" ‘ 61 Locking relay Pp TKE-21PK
; - 62 Diode
‘ v v v
' - 81 Plug connection SR32P10NSL
v v
: So Plug connection SR32P8NG3
'- v . v
; S3 Plug connection SR28BPTNG9
i
; ‘ 5501 Ignition box for generator
: ' starters PSG-2A
67T . Output regulator: RUT-600D
: 1 68 Ignition resistance PS-150-0
; , - “16a
‘ ~ . 69 Switches Ky and Ko, switch-
L ‘ " ing on the 1gnition resiste
: " ance KM-100
§
; T0 Switches and Kg, switching
I TKD-511A

& .

on the output regulators

"-,271
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72

73
Th

5185
11 5505

J13 5506

1 5507

11 5508
n 5509
11 5510

1 5515

Switch K3 s swit
feed armature of the starter
generator

Intermediate relay Ry, Ro,
and R),

Intermediate relay R3

Regulator, resistance

Resistance
Regulator resistance
Resistaz;ce

Plug connection
Plug. connection

Electromagnetic switch for
turning off the engine

Starting main disconnect .
switch

Signal light for activity

of the APD-T75 ignition
automatic unit

Disconnect switch for cold
cranking

‘Starter disconnect button
Engine starting button

Disconnect switch for engine
selection

Change-over switch for pro-
pveller (brake), engine No 1

272
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- TKS-6024

50X1

TKE-52PK

TKE-52PK |
RS-25

No. 8, ' ‘
PEV-30-30sM

RS-25, N°c 7

'PEV-10-51-1

v v
SR2BPTNS9
v v
SR32P12NS1

MKT-4

V-45

‘(in the-

armature)
SLC-51
(green)
KV-P-V-S
VK2-140v-1
204KsS

E6.722.106

KV-P-V-S
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-1 * + 5519 . Signal light for braking ] 50X 1

engine No 1 propeller ' . (in the
armature)
SLC-51
. (green) -
b R ' 5523 - Air stert ‘button, engine
| S No 1 GR3, 604 .00k
" 1 S 5585 Button for transfer of fuel 205KS
65 5529 Relay blocking starting
o - during propellier braking TKE-52FD
5501 ' Mechanism of propeller brake, :
( ; engine No 1 - MZK-2
- .5553 Disconnect switch for elec-
‘ , . tric motors ) VE-2S
5561 Electromagnetic valve
. releasing fuel in KTA-5F
/ '
; ' 5565 Ignition coil KPN-4
5569 Ignition coil
5561 Electromagnetic va.lve trans-
ferring fuel in KTA-5F
5585 Spark igniter plug SPN-L
5589 Spark igniter plug SPN-k
n B 5591 - Relay check of signal lights TKE-56PD
- 5592 Button checking signal light 205KS
62 5607 Intermediate relay disengag-

ing starter from starting cir-
, cuit during generator opera=

. - - ' - ‘ tion phase TKE-21PD
. 6 ... 5611 Switch engaging the starter
. charge: during: starting : KM-600D
# ¢ .
275 |
) S-E-C-R-E-T

- caw
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62 5613 Switch engsging the .
' .charge * during starting . KM-600D 50X1 -
62 5619 Intermediate relay dis-

engaging starter from
ignition circuit ‘during

generator operating phase = TKE-21FD
62 5627 Relay turning on signals
- for starting , TKE-56PK - ()
62 . 5631L  Relay engaging electro-
' magnetic valve releasing _
fuel _ TKE-52PK
62 5635 Ignition circuit switch KM-25
62 « 5639 Switch engeging the exciter
winding of the first starter, .
engine No 1 TKD-511A
62 5634 Switch engaging the exciter
- winding of the second starter, :
. engine No 1 TKD-511A
63 5647 . ' Relay blocking starting TKE-21FD

'l. - Operation diagram of APD-T5 progrem mechanism after 2.5 seconds

5. Operating disgram of limit discomnect switches of APD-75 program
mechanism

3. After 3.5 seconds
4. Contact made |
5. Breking the propellers of engines Nos 1, 2,3, end &, |
5; Ignition | ' | '
7. Signal of braking propéllere . '
8.’ Transfer of fuel | |
' 9. Starting on the ground

10. At 68 seconds

2Tk
. ~ 8-E-C-R-E-T
_ No Foreign Dissem .
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“11. For 9 seconds

12. For 70 secondé . | . 50X1
13. For 15' seconds
1. Engine 1
_ 'l"j. Is turned on for 9 seconds
o 16. Is turned off for 25 Seconds

17, D:.sengages its contacts when the engine is rotating st 4,500
6,500 rpa

18. For 20 seconds

19. Switches of for_ 9 seconds
. 20. Fpr 25 seconds

21. The current is cut off for 75 seconds

22. To the starting units of engine No 2

23. To the disconnet switches stopping engine No 1
- 24, The current is cut out for 25 seconds

25. The current is cut out for 25 seconds

26, 27. The current is cut' out for 75 seconds

?8. In the un-arrested position

29 In the arrested, position

30. To engine No 2

' 31 Cranking when cold
‘ 32 ‘o engines Nos 2, 3, and L
. ' 33. Connected for 9 seconds 'w= the current is cut off for 73 seconds

3h. Thef current “ig cut off for seconds
* 35, ToengineNo3

275
. 8§-E-C~R-E-T
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36.
37,
38.
39.
Lo,
4.
k2,

)"'30

s,
46,
b7,
L8,
49.
50.
51.
52.

53.
5k,

56 .

o1

58.

59.

60.
61.
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To accessories, engine No 2
To accessories, enhgine No 3

To accessories, engine No 4

'To engine No &4

Cuts off the current for'69 seconds

Connects [current] for 3.5 seconds

Chaiging the exciter wind;ng of the first and secona starter
Power supp;y for the starter contactor

fbwer supply of the PSG-2A

Connects for 15 seconds

_Cuts off the current for 68 seconds

To engines No 2, 3, and 4
To accessories for starting engines No 3 and 4

The 40O A switch turns on the generator for 75 seconds (with
the engagement of the disconnect switch 026-141C026-143)

To the AZS-2 automatic safety [fuse] on the 25 A bus
The ¢urrent is cuf off for T5 seconds : |
81 A bus

From aircraft power sources

Socket.

Tothe accessories of engine No 2

To.the accessories of engines No 3 and i

82 A bus

From a.ircra.ft power sources -

To the AZS-2 automatic safety on the 26 B bus

Connects for 15 seconds

Quts off the current fur!%aﬁ?cOnda

opefafofich
No E%ELiég'gigéem

50X1
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50X1
{
%
] |
E e
.. 1008 3000 3000 +4000 5000 .

W h Fig. B. Change in 0il control pressure P, with oil
: punp rpm

1+ "Ppy" pressure {presumably]
2. Revomtions Per mimite

| 277
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{Translator's Note:

Fuel consumption in relation to KTA-5 F drive rpm

G--kilograms per hour

Fuel consumption at operating rpm
Fuel consumption in starting
Fuel consumption in the idle mode
Ppr--revohztions per minute

Figure reproduced on page 68 contains no

.accompanying legend. ]
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