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Attention)

Drawings specially supplemantea to
this book are designated with Roman numerals;
Arabic numerals denote drawings given in the

-Albun of Drawings,

UKEIIN  IDoEM

ENGINE OPERATING PRINCIPLE

Air Graw in by the/ compressor -is compressed to a pres=
sure of Pc=8.0 kg/sq.cm, s_md is further delivered into the can-
mlar combustion chamber, -

At the combustion ‘chamber inlet the air is divided into two
streams: the primary air stream (30% of the entire air) passes .
through the domes with the swirlers and into the combustion cham—
ber to be used up in the fuel combustion ‘process, fuel being de-

. livered by the HP=-210 fuel regulating pump via ten main burners

installed in the dome portion of the combustion chambers, The
secondary air stream (comprising 70% of the air) enters the come
bustion chambers through special holes provided in the combustion
chamber walls, mixes up with the combustion products, and reduces
the temperature of the gases, to lessen its detrimental effect on
the nozzle diaphragm vanes and turbine blades, and cools the com-
bustion chamber walls.,

The secondary air also forns a heat insulating layer between
the walls of the combustion chambers and their housings

All the ten combustion chambers are joined by interconnecting
tubes serving for equalizing pressure in the chambers. Interconnect-
ing tubes serve for flame propagation during engine starting.

Two upper tubes located between combustion.cham—
bers 1 — 2 and 9 - 10 mount two starting system flame igniters

providing for initial delivery and ignition of gasoline,- e m— .

Hot gases flowing out of the ion chambers

‘high potential and kinetic energy; while passing through the

nozzle diaphragm and the turbine blades they mpart rotary motion
to the turbine,

Power generat@d by the 1st stage turbine is used up for spin-
ning the high-pressure compressor rotor and for d.rivmg the engxne
accessories mounted on the engine wheel case.

Power developed by the 2na stage turbine is used ror d.tiving
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the low-pressure comrressor rotor, Exhaust gases leave the ture
bine to be carriea via the diffuser into the jet nozzle, The

Jet nozzle Passage area is controlled with the aid of an electro=-
hydraulic control system,

In the jet nozzle the potentisl
verted into kinetic edergy, the velocity of gas outflow increas—
ing and the temperature and pressure decreasing,

Provision has been made for engine thrust augmentation to
accomplish a short-time increase in the engine thrust at take-
off from limited area air fields, or during flight, when it is
hecessary to obtain a rapid increase in speed or altitude of
flight because of some tactical considerations,

At augmented rating the fuel via two manifolds and 102 in-

Jectors is delivered into the afterburner aiffuser by the HP-220
fuel regulating pump,

energy of the gases is con=

The afterburner fuel is ignited by a special flame igniter
and is burnt at the expense of excess OxXygen contained in the
combustion products issu.iug'i‘rom the combustion chambers; fuel
thus burnt increases engine thrust- by 50%(max),

MAIN TECHNICAL DATA
- P11Q -300 Engine Specifications
1. _General
1. Engine designation , , . .

e e+ o o P10 <300
+ Engine type

S e e e e e aeaa., turbo-jet, two-shaft,
with afterburner
® e 4 4 a4 . axial, 6-stage, two-spool
. (3+3)
® e e s e a4 individual, straight-flow,
accommodated in common
. housing
uumbar............. 10 pieces
numbering ., , , . ¢ * e+ .. left-hand, starting from
. upper left-hand chamber
(looking fwd)
5. Turbine . , , * + « . axal, 2-stage, two-shaft;
* 2nd stage shrouded
* + « adjustable, variable duty;
diameter of flaps varies
within 526 - 680 mm

3. Compressor . , , . .

4. Combustion chambers:

6. Jet nozzle .

ifiod in Part - Sanitized Copy Approved for Release 2013/10/28 : CIA-RDP8OT00246A071200240

7. Arrangenent of engine accessori-

€5 o 4 4 6 s b e v e ee e aa. « engine. lower portion
8. Direction of rotation of rotors . « counter-clockwise (as

viewed from jet nozzle
end)
9. Engine overall dimensions: B
(a)length..........,.I&GOOmm
(b) diameter of turbine
(housing)............ o 772 mm
(c) diameter of afterburner .
(shroud)....-.........906mm
(4) maximum height ( with .
ACCESSOTies) o v v . . 4 W 4 . . . 1085 mm
10, Dry weight of engine with . w2
afterburner . . ... .....,. not over 1065"“kg
Note: Dry weight does not include aircraft accessories and
assemblies delivered along with the engine, such as:
(a) TCP-CT-I2000-BT Starter-se- .
NETAtOre & v V. e 4 4 a4 e . 30 kg
b) ALH-I34T fuel booster pump. 4,2 kg
c) fuel-oil cooler umit 357 ¢,
complete with brackets and
attachment clamps . . . . . ,31,9 kg
(d) attachmeat clamps for star- .
ter-generator, fuel booster, :
pump and HI-34-2T unit . , . .1,7 kg
(e) auxilisry drive of hydraue
lic pump with pump attach-
ment clamp . , . . . ., ., . 4,0 kg
(£) hydraulic control unit
COOling €8S€ o v 4 4 ... . . 6.4 kg
(g) aircraft brackets used to
attach engine. ., . . . ., . .3.6 kg
1. Engine weight, as delivered. . « not over 1147.0 kg+2%
Hote: The shipping weight of the
engine does not include the
weight of the oil inserted
for corrosion-preventive
treatment, and the weight
of the auxiliary parts,
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12, Engine mounting on aircraft . .. aco. to Dimensions Dwg
13, kngine is furnished withs

(&) automatic autonomous sterting system providing for push-
button sterting of engine;

(b) regulating fuel pump HP=2q ¢, which serves for engine
controls it maintains low-pressure rotor T.p.n. at a

level 1 pective of altitude and speed of
f1light, and also meters fuel supplied into the engine
at automatic starting, acceleration, and at sustained
transient ratingsg

(e) regulating tuel pump HP-22 ¢ » @elivering fuel into the
afterburner so that to maintain constant pressure ratio
PZ/P#' it also limits fuel supply depending on pressure
P2 and 1imits high-pressure rotor TePel,}

(4) compressor intake fairing anti-icing device, providing
for normal operation of the engine at any atmospheric -
conditions; :

(e) afterburner with variable duty jet nozzle and dual main
fuel manifold;

() control system incorporating the IIYPT panel tor control
of ratings; the panel eméu.ring engine and jet nozzle cont-
rol from CUT-OFF to FULL AUGMENTED through the movement
ot the engine control lever;

(g) flame igniter oxygen supply system, .providing for reliable

starting at high altitudes;

(h) system of air bleeding,

Amount of air bled from the compressor at

meximum engine speed and at standard atmos-

pheric conditions. « + . . . .. ... .. .860 kg/hr
14, Guaranteed service life of engine up " - -

to first overbaml ., . . . .. ., . . refer to Service Log

= including operation at maximum and

augmented ratings for not more than . , 30%

Note: When calculating the entire operating life of the en-
gine, running time on the ground is considered to be
equal to 20% of the entire operating life, If the en-
gine running time on the ground exceeds 20% of the
service life, the subsequent operation should be cal-
culated 1 hr per hr,

i e
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2. Jet Nozzle Exhaust Area Dianieter Values
S=RE220 Sxhaust Area Diameter Values
at Main Eniine Ratings

1. Full augmented rating . . ., . . . e« - + 680 mm (max,)
2, Minimum augmented rating . . .. ... 610 m (min,)
3. Maximum rating . . ., . ., ., . « e e« . 526 um (min,)
4. Normal rating . o . . ... ..., . + + 526 mm (min,)
5. 0.8 normal rating o 4 . . ... ., .. 526 mm (min,)
6, Jdling rating . . . . . . . . ... . 680 mn (max,)

3. Engine Control
1. Engine control is accomplished by mecans of the ¢.ntrol Jever,
through the medium of the control unit.

The control unit consists of the TP=21 @ rerul
and the [YPT-10 control panel interconnected by of & 1ir
The control system provides for operatinz the engine at the {nl-
lowing ratings: ’

(a) idling rating, which is switched on by setting the en-
gine control lever against the idling rating stop;

{b) ratings trom idling to maximum, which are switched on
by shiftiug the engine control lever ffcm the idling rating stop
to the maximum rating stops

(¢) maximum rating, which is switched on by setting the en-
gine control lever against the maximum rating stop;

(d) minimum augmented rating, which is attained by setting
the ensine coatrol lever against the minimum augmenteq rating
stops;

(e) partial augmented ratings, which are switched on by mo-
ving the engine control lever trom the minimun augmented rating
stop to the full augmented rating stop; :

(£) full augmented rating, which is accomplisned by sebting
the engine control lever against the tull augmented rating stop;

(g) enzine stopping which is accomplished by setting the cn-

Gine control lever against. the CUL~CFF stop. .

2, The jet nozzle of variable-duty type providing for control of
augmentation; it is actuated with the aid of three hydraulic cy=-
linders,
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exhaust area for sete
ting required engine
j rating
Control system 4 + o o o o o o . o . electro-hydraulic
| pe
Operating Tluidle o o 0 v 04 a .., hydraulic flpid
| R ANP-100 , Specifica=-
{ tions Hli-10-58 , or
! AHI-IO , State Stan-
j dard I'0CT 6794-53
Hydraulic fluid pressure in system . .180-215 kg/sq.cm,

hu.-pose....f..........changingofjetnozzla

4,_Starting System

1. Starting system type o o o 4 4 4. .. - automatic, autonomous,
electric, with voltagé
switched over from 24
to 48 V

2. The starting system provides for:

(a) engine starting or cranking at a temperature of -20 to
+50°¢ ythree times in succession, without boost-charging
of storage batt:eries,

(b) engine starting or cranking at a temperature of —40 to
+SO°C, five times in succession, using a ground power
supply source of the AITA-2MIT type, with starter not re-
quiring any cooling in between the operating periods;

(c) engine starting during flight at any atmospheric condi-
tions at altitudes of up to 12,000 m,(with oxygen supply)
and up to 8000 m. (without oxygen supply).

3. Starting system components . .. PP
ing equipment, starting
fuel system, flame igni-
ters, oxygen supply sys—
tem, starting fuel con~
trol unit incorporated

- in HP-210 pump, electro~
magnetic valve control-
ling tuel feed at startw
ing, starting fuel igni-

9 0 @
din Part Sanmzed Copy Approved for Release 20

starter-generator, start-
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tion system, air blowe
off valves (2 pieces)’

5. Starter—Generator

TYP® o « ¢ ¢ o ¢ ¢ ¢ o a4 o s o o« o o TICP-CT-12000BT
PUrPOSE & v o o o « « ¢ « s o o o o o o

used as starter during
engine starting, With
engine running, is eme
ployed as D.C, genera-
tor. Change-over from
starter to generator

duty is accomplished

automatically at 32815

of high-~pressure rotor
normal rating or by
timer action within
44,031.2 sec,
MUBDET o o v o e e e e e e e e 1 piece
Direction of rotation . . . . . . . . . counter-clockwise
Gear ratio
at starter Quty .. « . 4 4 0 . . . 2.249
at generator AUty . . ¢ 4 . . . o . . 1.384

6. Starting Fquipment (not delivered with engine)

T'ype..................lSCIIC-‘+5

Bumber o &+ ¢« 4 ¢ v v o v o s o 4 o o o . 2 pieces

Purpose . . ¢ . . ¢ . ... ... .. enployed as power sourc
during engine starting

Starting relay boX « + « « « 4+ 4 o . . . HIP-ISA ; installed on
aircraft

Ground power supply source switch box . . KNA=4 ( installed on

ground power supply
source)
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T.ype............,......A.B7—lu+-5(1ustaned
on aircraft)

Purpose , , , . R provides for successive
opération of electric
starting equipment
within time Preriod of
44,032 sec.

7. Starting Fuel System
Purpose................

during engine starting
on ground and in air
System provides for
gasoline supply into
flame igniters ang for
igniting combustion
chambers
aviation gasoline
B-70 , State Standard
TOCT 1002-54
Fuel consumed in one starting, . ., , ., not over. 0,3 1it,"
Componernts incorporated in starting
fuel system: .
(a) Starting fuel tank

Starting fuel used

1 piece ( mounted on
aircraft )
(b) Filter ., , ., “* -« .+ 1piece (installed on
], . aircraft)
(c) Starting fuel pump (installeq

on aircraft) .

type............. .HP—lO—9M.geal"77Pe-
driven by electric motor
1 piece
output . L L. ., ., ., .. 40*® 1it.per hour at
pressure of 2+0-2 kg/sq.cn,
with V=24V ang B-0
2%0.2 kg/sqecm, (with no sir
pressure supplied into tank
and at voltage of 252
as read off aircraft

number...........

Pressure adjustment value .

Components incorporated in oxygen
supply system:

: = No FQR:IGN DISSEM . 0240001 o
Declassmed in Part Sanitized Copy Approved for Release 2013/10/28 : CIA- RDP80T00246A07120
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voltmeter)
starting fuel tank pressurie
sationvalue , ..., ,, . 0.420.05 Xg/sq.cm.
(from aireraft compres-
. . sed air system)
(a) Electromagnetic starting fuel .
valve
Wpe . ... ... ... . MEIT-9
1 piece
(e) Flame igniters .
type............. e!f:eriml,withlow—
voltage ignition Ey8~
tem and oxygen supply
nn.mher............. 2 pieces

8. Starting Flame Izniter Oxygen Supply System

Purpose , . ., , ., . P supplies additional
amount of oxygen to
flame igniters for
more effective igni~
tion of main burners
when starting engine
in flight

(a) Oxygen bottle . . ¢ ¢ e+« .. not less than 2 1it,
capacity, 1 piece
(arranged on aircraft)

(b) Oxygen pressure reducer . . , . «2130A; outlet pressure
amounting to 9 - 10.5
kg/8q.cm.,1 piece (ar-

! ranged on aircraft)

(c) Electromagnetic oxXygen valve . . 1 piece (mourted on

aircraft)

(d) Non-return oxygen valve . . « « 1 piece

Oxygen pressure forward of flame o .
1guiters............. e o ¢« 7=9kg/sq.cm,

e e e e

O‘ 'f" s 0o o 0 o o o




Electromagnetic fuel supply valve:
purpose . . . . .. ... ...,

tYPe o ¢ v eh it ...
DUBDET & 4 4 4 4w e e ..,
Starting fuel ignition system

Ly

Air blow-off valvess
purpose . . . . .. . 4 .. ..

t‘ype..............
nUmDer + . 4 4 44 ..., .-
Permissible gas temperature aft of
turbine during starting
Time required for engine to gain
idling speed from the moment starting
button is pressed . . e o s e s 4 s
Afterburner may be turned on within

supplies additional
anount of fuel (8413
lit/hr) for accelera~
tion of starting proce-
dure on ground; fuel is
started to be supplied
25 sec, after starting
button is pressed;
additional fuel sup-~
Ply is discontinued

as soon as’ high-pres—
sure rotor reaches
speed amounting to
487to of normal r.p.m.
KKNT-9¢

1 piece
.low-voltage, employ-
‘ing erosion type sur~
face discharge spark
plugs

discharges part of

air into atmosphere

to prevent engine

from stalling at start-
ing on ground

hydraulic

2 pieces

not over 650°C

not over 60 sec.

90 .sec, after pressing
the starting button

-19-

Notes: 1, During the autonomous

starting, the time pegod

required for reaching the idling speed may

increased to 80 sec,

2. In case the maximum or augmented speed is reached

9. Fuel sttem

1. Grade of fuel

main and afterburner fuels , . . T-1, State Standard

Direction of rotation . . .

TOCT 4138-49
T-2, State Standard
TOCT 8410-57
TC-1, State Stand.ax-d
TOCT 7149-54

2. Fuel boOSter Pump + o o & o o . 4 . . ADH13AT
Type..............centr:.fugal with per-

manent-pressure valve
« o counter-clockwise

Cear ratio o o v 4 4 4 4 4. . 1.344

Pressure upstream of booster

pump..-...........‘I.O-}.Okg/sq.cm.,

At idling rating . ., . . .

Short~time( with gircraft

deenergized ) pressure rise

upstream of pump:
(a) up to 6000 m. (for TC~1 and
T1) o o e ettt e

(b) up to 4000 m, (for T-2). ...

3. Fuel pressure upstream of high-

pressure fuel pumps (main and

abs,
o« .1.8 = 3,0 kg/sq.cm.,
abs.

« » not less than

0.46 kg/sq.cm., abs. -
+ « .not less than

0.6 kg/sq.cm., abs.

afterburner ones). « . . . . . . . . 2.4 - 3.8 kg/sq.cm.

Short-time. pressure rise . . . . . .

At idling rating . . . ..., . .

up to 4.0 kg/sq.cm.

. not less than
1.4 ¥g/sq.cm.

‘4

L)

0 0 0 o "0 6 o o

690 0
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3. Main fuel ragulating pumps
T OTIPO 4 e e h e e e e e e aee

PUrDose o« ¢ o o v 4 40 0. .

Direction of rotation . .. ., .
Goar ratlo o v v o 4 4 4. ..
Beginning of automatic regula-
tion of engine speed . . ., ., . .

Maximum fuel consumption

(at 0,=11,500 r.pome) o ., .
Minimum fuel consumption

(at n,=10,000 ropum.) . , . . . .,

HP-21 ®, plunger, with
variable low-pressure
rotor speed governor,
and with device (OHI)
for limiting fuel
pressure increase at
acceleration; pump is
furnished with hydrau-
lic decelerator, start-
ing fuel control unit,
by-pass valve (KC),
and distributing valve,
Pump rotor is driven
by engine high-pres-
sure rotor

seters fuel supplied
into combustion cham-
bers to provide for
maintaining predeter-
mined engine speed at
sustained rating and
intermediate ratings
clockwise

2.78

85~ -2% of normal rating,
or 95002 TJp.m.

not less than 7000*200
1it/hr
360115 1it/mr

) - O O iAne U
Declass ied |n Part Sanmzed Copy Approved for Release 2013/10/28 CIA RDP80T00246AO71200240001 -4
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5. Afterburner fuel regulating pump:
TIPO o o o o o o o o o o o o

50X1

- HP=22 @ ,plunger type

with afterburner fuel
regulator and barosta-
tic fuel supply limi-
ter; pump is furnished
with afterburner valve,
high-pressure rotor
speed transmitter with
limiter, and EY-4B
control unit

Purpose o . v v 4 e u 0w ... meters fuel delivered

Direction of rotation . . , .o
Gear ratio . . . . .. ... .
Maximum fuel consumption

into afterburner, with
Pé/P4 ratio permanently.
maintained; limits

fuel delivery depend-
ing on compressor out-
let pressure (P;);li—
mits maximum r.p.m. of
highpressure rotor
clockwise

2.57

(at 052114150 T.pum.) . . . . . . Not less than

6. Pressure of fuel in pilot manifold
of engine main fuel system . . . . . .
7. Pressure of afterburner fuel at
HP-22 9 pump outlet , . . . . . e e .
8. Main burner:

TID® ¢ o o oo o e e v o n a e

Fumber o o o v v 4 4 4 0w w W
9. Starting burner:
Type..............

Nu.mbsr.............

10,5000 144 /mr

not over 80 kg/sq.cm.
not over 90 kg/sg.cm.
centrifugal, two-stage,
duplex

10 pieces

«centrifugal, single-

stage
2 pieces

. NO' FORE EM .
Declassmed in Part Sanmzed Copy Approved for Release 2013/10/28 CIA- RDP80T00246A071200240001 4
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10, Af fuel inj ]
TIDE ¢ o 4 o v o o o o v v n o centrifugal, single-
stage
vNumbar........-.....102pieces
(a) in larger manifold . ., . . « +60 pieces
(b) in smaller manifold . . . . , 42 ( including 2 start-
ing injectors)

11, Pilter at main and afterburner

fuelinlet....’......... gauze,havin316,9oo

meshes per sq.cm.j
incorporated in unit

357
12+ Fuel t ture at highp:

pump inlet:
contimwous . . . .. ...,
short-time (10 min, per one
operating hour) .. ... .. . .not over.+120°C

» not over +80°C

10, Lubricating System

TeTYDO o v o o v 4 o o v v v a o P closed~circuit, autono-
mous
2. 0ilgrade used + + . ., . . , . . . ME-8, State Standard
TOCT  e457-53,
and 0.6% of WNOHOI
admixture
3. 0il consumption , . . , ., . . . . not over 1,2 lit/hr
4. Pressure in oil line:
(a) at all ratings exclusive -
of idling rating . . . . . . 3.5 *9°5 g /sq.cm,
(b) at idling rating . . . . . . not less than
1.0 kg/sq.cm,

HRote: At altitudes exceeding 10,000 m.oil pressure may drop
to 3 kg/sq.cm,

'S. 011 temperature at engine inlet . . . not iess than +40°C

O0il temperature at engine outlet . ... . not over +140°C

Note: 0il temperatu.re is measured during experimental tests
carried out in compliance with a special schedule,

o T a
00246AO71200240001 -4
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6, 0il pumps:
(a) 0i1 delivery pumps
VP8 o v o i e i e ..

gear-type
Number............. 1 piece
Direction of rotation . . ., . . clockwise
Gear ratio « o o 4 . L, ., ... 3.168

Delivery at normal rating with
back pressure amounting to 3.5%
0.2 kg/sq.cm. and oil temperature

of+60to75°c.......... not less than

1it/min,
(b) 0il pump for scavenging » /o

oil from accessory wheel
case and from central and
Trear supports:

Type..........;..... gear~-type, three-sec-
tion

Number............... 1 piece

Direction of rotation . . ., . . ., . Clockwise

Gear ratio o v . . 4 vm 4, 0. .. 3.168

Delivery at normal rating with

back pressure amounting to 0.5 -

0.8 kg/sq.cm, and oil temperature of

06075 . . ... L., . e « « » not less than

135 lit/min,
(c) Pump for scavenging oil from
front support:
'I'ype................

gear~type
Number...............

1 piece
Direction of rotation . . e « « o o o clockwise
Gearratio............. 4,461
Delivery at normsl rating with

back pressure amounting to 0,5-

0.8 kg/sq.cm. and oil temperature

0L 460 60 75%C s o 4 4 v W Ww . not less than
12 lit/min.
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7. 011 pressure gauge . . ., , ., . TVM-8T

8. Fuelwoil cooler unit consisting of

fuel-cooled oil cooler, low-pressure

fuel filter and o1l tank:
Type.............. - 357

Ptmpoae.............

cools o0il at any of
engine ratings

011 tank capacity . . ., ., ., . 16 1it,
Amount of 0il inserted in tank . . 12%0,5 11¢,
Minimum amount of o031 allowing ’
normal operation of engine , , , ,

of the oil system at bigh altitudes.

10. The engine oil system provides for normal operation of the
engine irrespective of interruptions in the oil supply (du.ring
inverted flight, ete.) amounting to not more than 17 sec,

M. Ignition System and Electrical Equipment

1. Type of ignition system * e e e 4 electric, low-vcltnge
2. Booster coil units
(2) Booster coils serving combustion

chambers............m-‘!‘mu
L‘lxmber...............2p1ecea
(b) Booster coils serving afterburner EHA-1141 (installed on
aircraft)
Number...............1piec’e
3. Starting spark plugs:. , , , , . « * » shielded, surface~dis-
. charge
(a) Spark Plugs serving combustion
chambers........... Clli=t~3
Number...........'....2pieées

(b) Spark Plugs serving afterburner ., Ca-2115
Number , . , , , St te ... ... 2pieces (including
1 stand-by spark plugz)
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4, Generator regulating equipment . . ..

5. Afterburner control unit with

relay T, type TRE24[IIT
Purpose . . , , , .
Number . ., ., ., , .

6. Ratings c‘ontroli panels

Mumber . ., , ., , ,

e e 4 .

® e e 4 0 o a

* e e e e 0

?. Variable duty jet nozzle control

system:
Type . 4 .. ... .
Componentst
Rheostat transmitter
Regulatlug rheostat

D

Feed-back transmitter . . , , , . o

Pulse @elivery box .

Electro~hydraulic switech . , ., ,, .

8, Control unit:

50X1

PYT-82 and ZMP-400]
(not delivered with
engine; installed on
aircraft)

KA®-13X (aot deliver-
ed with engine; instal-
led on aircraft)

causes afterburner to
be turned on and cut
off automatically

1 piece

IPI-10
1 piece

rey-1a

Zp-3A

P-1

H0C-14

EBC-1 (installed on
aircraft; not delivere
ed with engine)

TA -164M (installed

on aircraft)

By-45
1 piece
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. Q.

Notes: 1. A short-time speed increase should not last for
more than 5 sec,
2. Time of engine continuous operation within the
range of 95 - 100% is limited in the came manner as
when running the engine at the maximum rating.
3. During flight at altitudes exceeding 10,000 m,
the pressure of the o0il delivered into the engine
may decrease to 3,0 kg/sq.cm,

4. During flight at altitudes exceeding 15,000 m,
zge'?gggctemperature aft of the turbine may increase
Minimm pemiss'ibls speeds of flight with afterburner on:
(a) up to the altitude of 15,000 m. indicated air sSpeed
should not be less than 350 km/hr; at altitudes of 13,000 ~
15,000 m, recommended indicated air speed should not be less
than 450 lm/hr; '

(b) at altitudes excaeding 15,000 m, indicated air speed

should not be less thaa 500 km/hr,

Note: In case minimum augmentation is associated with fluc-
tuations in the engine thrust, shift the engine conte
rol lever forward until the fluctuation is eliminated

Engine Acceleration Data
Shift the engine control lever within 1.5 to 2,0 sec,
(a) Time of engine acceleration from idling r

ating r.p.m,t
-to 9% rpem. . ..., . . « « « according to chart
(Fig.JD

= to augmented rating( full, mini-

mum, and intermediate) ., ., .., . not over 20 sec,
(b) Time of engine acceleration '

from 85% r.p.m, : . ;

- to 99% r.p.m. e e et s 0. B =11 gec,

= to augmented rating ( full, mini-
mum and intermediate ) , . . , .,
(¢) Time of engine acceleration
from maximum rating to augmented
rating ( full, minimum, and intep~

not over 20 sec,

Q. RET .
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mediate) . . .

Sttt e e e .. ... notover 9 sec.
Notes: 1

« When accelerating the engine to maximum rating,
spead n.l is allowed to be increased to not over
101.5%,

2. #ith the engine accelerated to augmented rating,
speed should not be increased to over 106,5%.
3. During éngine acceleration to augmented rating
2a short-time increase in the temperature of ga-
Ses aft of the turbine should not exceed 720°C,
The time of engine acceleration depends on the speed deve=
loped by the engine at the idling rating; the idling rating

T.p.m. should be regulated as indicated in the chart (Fig.T).

The maximum permissible T.Pe. of the high-pressure rotor

amounts ‘to 103,5%,

Adjustment of the high-pressure rotor speed limiter should
be carried out at n, amounting to 103,5-0-5g,

B, Ground Starting Limitations'

When checking the engine on the ground, comply with the
r dations pr

in the table of limitations for the

pilot, taking into consideraticn the following additional datas
« 1. Speed B, associated with opera~ .

tion of starter (CT) switch of

control unit (starter cut off at start-

ing, starting fuel delivery discontinu~
ed) ’

<. 32
2! Speed B, associated with opera~

tion of control unit switch BAT (adai-

tional fuel Supply et starting cut off,

combustion chamber spark plugs deener- .

Gized)..................‘1-8:2%

3. Speed N, associated with opera- .

blon of control unit switch BeO-l . . , , egtdg
4,Speed D, associated with opera-

tion of control unit switch B590-2 que

tc decrease in TePelle o0 0 L ., L, 601'-3%

5. Speed B, associated with opera-
tion of I'3 switch of HP~21¢ pump hyd-
Taulic decelerator (afterburner block-
10z with respect to speed ng) . . ., ., 98tg
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6. Operating angle of control panel
switch IR with lever of IVPT-10 control
! panel turned from CUT-OUT stop(I'S switch
geta blocked) o o o 4 o 4. ..., . 68-1°
7. Operating angle of control panel’ . -
awitch BOCwith turning of control panel. lever ’
from CUT~OUT stop (involves setting up of
MINTMUM AUGMENTED Tating) o o o o o o o 934
8. Operating angle of control panel
switch 4, with lever turned from CUT-OUT
stop (providing blocking in case two-po~
sition system of Jet nozzle eoﬁtral is
employed) o 4 4 v 4 4w e ... .. .. 1003°
9. Minimum speed at which low-pres-
sure rotor speed is regulated automati-
cally ( for reference ) . . . . . . ... 852

FOREIGN ‘D

- WIDAEM

[A-RDPBOT002464071280240001-4

50X1==

"Chapter 'II

FREPARATION OF ENGINE FOR STARTING
,
FRIOR T0 FLIGHT

7+ Billing of Aircraft Main Fuel and Starting Fuel Tanks

Prior to £illing the tanks: .

1. Check to see that the following servicing facilities
are in p'roper conditon: hoses, fuel dispensing guns, tank plugs,
and other equipment exposed to fuel delivered into the tanks;
they should be thoroughly protected against dirt. .

2. Check the Certificate containing the analysis data.of
the fuel in question,

The analysis data should conform to the respective State
Standard.

Clean aviation gasoline B-=70 (unleadad), State Standard
1012-54, is used as sterting fuel,

Fuels T-1 (State Standard 4138~49), TC-1(State Standard
7149-54), or T-2(State Standard 84=10-57) are used as the main
fuel,

Fuel should be delivered into the tanks via the refuelling
truck filter, type N’4-150-2000, anc the gauze filter installed
in the dispensing gun (10,000 meshes per sq.cm,).

Make sure that the fuel delivered into the tanks does not .
contain water. For this, prior to filling the tanks, drain 1.5
to 2 1it. of fuel from the refuelling truck settler into a clean
glass vessel, after which drop a few crystals of potassium per-
manganate into the fuel. A characteristic tint will indicate
that the fuel contains water.
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2. Filling of Engine 0il Tank

For lubrication and cooling of the bearings and of the en=-
gine drives use is made of oil ME-8, State Standard 6457-53,

with HOHOA admixture,
The oil delivered into the tank should be clean and should

conform to the respective State Standard (be sure to look through
the Certificate, containing the analysis data of the oil in
question),

When filled to capacity (with the engine 0il system filled
likewise), the oil tank should contain 1230.5 1it. of oil (the
oil level should be checked with the aid of the 011 measuring
rod),

The oil level should be checked not less than 10 min, after
the engine is stopped.

Note : If the engine oil system or the wheel case has been
drained due to some reason, refilling of the oil tank
should be carried out using the following procedures:

1. Pill the engine oil tank to the normal level,

. Start the engine and accelerate it to 90% T.p.m,
Wwithin 30.sec, After the engine has been stopped, check
the o0il ievel, and top up the tank, if necessary,

WARNING: Do not add 01l into the tank with th N .
ning, to prevent oil ejection, @ engine run.

3. Preflight Inspection of Engine

Operations to Be Carried Out Directly Prior to Starting

Prior to starting perform the following operations:

(&) Check the main fuel tanks, starting fuel tank, oxygen
bottles, and the o1l tank to see that they are properly filled;
make sure the oil tank filler plug is properly closed and locked.

'ARNIM::eThe aircraft is ncttallowed to be flown unless

filled to capacity,

) Thoroughly inspect the ground forward of the aircraft;
remove the ground equipment, clean the area of foreign objects
(wire, waste cloth, paper, etec,),

(c) Remove the blanking ccver from the aircraft air intake,
aad inspect the air duct for condition, While doing 80, employ
an inspection lamp or a flood light,

9 e 0 o
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(d) Remove the blanking cover and inspect the after-
burner for condition; inspect the jet nozzle flaps, the flame
arrester, and the divider. When proceeding in this way, use an
inspection lamp or a flood light,

(@) Chéck the engine control lever for smooth travel, by
moving it from one extreme position to the other.

(£) Check to see that:

- the airecraft atorage batteries are properly charged (as

18 laid down in the respective Instructions);
- the oxygen equipment (for etarting the engine in air) is
fully charged and ready for operationg

= switch OXYGEN (BKI) 1s in the proper position,

WARKING: Upon completion of the operations involved in
8etting the OXYGEN switch in the CHECKING position, it
18 necessary to set the switch to the OPERATION position
and to lock it subsequently,

(g) Check the engine oxygen supply system for tightness,
using the following procedures

= open for 10 to 15 sec. the ©xygen shut-off valve; check
the readings of the pressure gauge downstream of the reducing
valves

- check the readings of the pressure gauge 3 or 5 min,later,
and compare them to the initial readings. The readings should
agree, This will indicate that the system between the shut-off
valve and the electromagnetic valve controlling the oxygen supply
1s airtight,

WX Tosnin zw"—u“c,;-wk‘:_-})-\ﬁv;tbl\&\;w.. R NI
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Chapter IIT

CHECKING OF ENGINE ON GROUND FRIOR TO
===t OR GROUND PRIOR 70
FLIGH? .
The engine check on the
beginning of the flying day,
dures:
1. Engine starting,

2, Warming up and checking engine operation during accele-
ration and dsceleration,

3. Engine stopping,

The ground check should be carried out in compliance with
the chart (Pig M. Augmented rating (indicated by the dotted

ground is performed once, at the
and includes the following proce-

lar operation (See Chapter V).

1. Engine Starting
During the engine starting and operation,
personnel should keep a distance of not less th
from the aircraft intake duct and a safe dist
gas stream,

WARNING: 1. Do not start the engine, if the engine instru-
ments are out of order,

2. In case some routine maintenance or mounting
operations have been carried out on the engine
or in the engine compartment, the engine should
be started with the access panels open, to allow
inspection of the engine in the course of sturt-

ng.

3. After 5 unsuccessful attempts to start or to
crank the engine, proceed as followss
(a) discharge fuel from the drain taok, by re-
moving the blanking cover from the drain tank
tee-piece;

(b) check o0il level in the tank; if more than
0 litres are gone, drain oil from the engine
accessory wheel case, and add o1l into the tank

the maintenance
an 15 metres away
ance from the exhaust

up to the specified level (See Chapter II );

s a o o
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(¢) cool the starter-generator for at least 30 min,
The starter-generator may be blown with compres-—
sed air for 15 min,
(d) engine starting on the ground may be accompa-
nied by a characteristic
the two-speed drive which will indicate a slipping
of the friction clutch discs (the sound is heard
within 10 sec. after pressing the GROUND STARTING
butto

4.No attempt to repeat the engine starting or crank-
ing should be made until the high-pressure rotor
comes to a standstill,

The engine starting on the ground is accomplished automati-

cally in the following way:

1. Turn on the following switches:

- AFTERBURNER (A3C-15);

= aircraft-ground storage battery (master switch);

~ STARTING UNITS (A}C-ES);

~ CRANKING (BN ), in the STARTING positiong

- PROCESSING (BK), in the OFERATING position, if found
turned . off;

- pump No,2 (A3C-5);
~ engine instruments (A3C-5),
2. Set the engine control lever in the IDLING RATING posi-

tion,

3. Press the GROUND STARTING button, releasing it in 2 or

3 sec,

This should cause the engine to automatically accelerate to

idling rating r.p.m,

‘o SEREM. - "o
. NO. FOREIGN: DISSEM ..+ "~
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WARNING: 1, When starting the engine, do not shift the en-
gine control lever beyond the IDLING RATING
stop, as this may result in engine surges accom-
panied by a sharp rise of the gas temperature
aft of the turbine,

2. Set _the engine control lever in the IDLING
RATING position 10 sec. before pressing the
GROUND STARTING button,

3. If the engine starting is accompanied by surges
(rumbling) when the engine picks up n =18 - 205,
shift the engine control lever for 1ngr 2 sec.
Yo the CUT-OUT stop, and then set it again in
the IDLING RATING position,

4, To avoid overfilling the drain tank, or over-
heating the electromagnetic: valve controlling
additional fuel supply at starting, discontinue
the starting procedure by turning off the START-

ING UNITS (A3C-. itch § e the in
fails to agcglegggesgo naw engine
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When starting the engine, watch the Teadings of the tacho-
wster indicators, the pressure gauge indicator, and the gas
temporature gauge: ’

= with speed n, = 10 --15%, the bressure gauge pointer
should indicate stable oll pressure;

~ the gas temperature rise aft of the turbine should not
exceed the permissible value (650°C);

- speed b, associated with the end of the starting cycle
of the starter-generator during a normal starting should amount
to 31:$ % (speed. associated with operation of cap cT).

Check this point by the indications of the pilot lamp EN-
GINE STARTING (the lamp should go out),

Notes: 1. Normal starting should not be accompanied by
torches ejecting from the Jjet nozzle,
2, In the course of starting, engine acceleration

100 sec,

WARNING: If the above recommendations are not complied with,
in the

or in case some troubles become evident in

continue starting by setting the engine control

lever in the CUT—OUT position and by turning off

the STARTING UNITS 8witch,

If the starting procedure had been interrupted

before the STARTING UNITS pilot lamp went out,
UNITS

the ON position for not less than 45 sec. to allow

the starting control equipment to complete cycle of

operation.

A repeated attempt to start the engine should not
be made until the trouble is located and eliminat-
ed,

2._Power Supply Sources

Engine starting on the ‘ground may be accomplished by the
use of the aircraft and ground power supply sources. .

" The aireraft power Supply source is comprised of two storage
batteries, type 15CUC45, rated for a voltage change-over of
24x48 V, . :

A ground power supply source may be Trepresented by any D,C,
supply source having 24 - 30 v across the terminals and rated

S 5073/10/58 - CIA-RDP8OT00246A071200240001-4
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for a voltage switch-over of 24x48 V. The ANA-2MI ground start-—
ing trolley is best suited for the purpose, .

The capacity of the Power supply source should not be less
than 200 ampere-hours,

3. Warming Up and Checkd ng Engine Qgergg;og

1. After the engine has accelerated- to the idling r.p.m,
run it at this rating for 8 to 10 sec, )

Check the readings of the tachometer oil pressure gauge,
and the gas temperature gauge,
’ 2. Smoothly shift the engine control lever to the position
corresponding to 88 - 90% TeP.m., and run the engine at this
rating for 8 to 10 sec,

3. Smoothly shift the engine coatrol lever to the MAXTIMUM

" turned on Judging by the indication of the respective pilot lamp

and by a drop in the gas temperatu.;-s aft of the turbine; the gas
temperature should rise to thevinitial value after the afterbur-
ner is ignited. Run the engine at this rating for 8 to 10 8€C,, .

while checking the readings of the tach ter, o0il p. gauge,

and the gas temperature gauge,

5. Smoothly move the engine control lever to the MAXTMUN
AUGMENTED rating stop. Run the engine at this rating for 5 sec,.;
watch the Teadings of the tachometer and gas temperature gauge,

The augmented ratings should be cut off by a smooth move-
ment of the engine control lever to the MAXIuUM rating stop or

" to a position corresponding to some lower rating, The afterburner

disconnection is indicated by the Tespective pilot lamp,_which
should go out,
WARNING: 1, To prolong the engine service life, the maximum

rating should not be checked for more than 1 min.,

whereas the augmented rating should be checked
for not more than 15 sec,
2. When the afterburner is tur

R
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3. Tae introduction of the augmented ratings must
be smooth, no popping being permissible, .
A drop in the 8as temperature aft of the tur-
bine should be within 20 . 60°C, With the am- .
bient air temperaturea above 315"0, ‘the
temperature drop may equal 80°C”(as compared
to the tem erature characteristic of the maxi-
um rating).

4. If no fuel ignition takes Dplace after the after-
burner has been turned on(the 8as temperature
aft of the turbine drops below 450 C), cut off
the afterburner by shifting the engine control
lever to the MAXTINUM Tating stop, to avoid ex-
cessive fuel consumption,

S5¢ In case afterburner operation ig associated
with the speed Surging or a rise of the gas
temperature aft of the turbine in excess of
the specified value, cut off the afterburner

rature increase persists, move the engine con-
trol lever to the cuT-outh stop.

Do not turn on the afterburner until the trouble
is located and elininated, .

6. In case the movement of the engine control
leve:zl-ttgi) t]t-l}el M:rxglmlb\‘i rating stop does not .
Tresu. n the erburner cut-off, turn off the
AFTERBURNER (43C-15) switos. ' ;

the engine at this rating ig doubted; carry out the
above check every 10 days, in case the aircraft is not
days. . ’

6. Reduce the engine speed to the idling rating r.p.m, by
8m00thly moving the engine control lever; while doing so check
the engine operation by the Teadings of the tachometer ang the
888 temperatura gauge, . )

7. Check to see whether the engine responds Properly to the

Hotes: 1, The éngine r.p.m. shoulq 0ot lag behind the engine
control lever smoothly moved within not less than
20 sec, from the idling rating r.p.m. to the maxi~
Dum reting r.p.m, and back,

2. Fluctuations in the engine speed. are allowed within

the following r. B
(a) $0.5% for r.p.n, equalling 88%;
(b) 20,3% for speed ranging from 88% to 100%,
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8. Having ascertained that? the engine operates normally at 5 p
sustained and transient ratings, check it for Pproper accelera- K
tion within the following ranges: L ) .
(a) from idling rating to maximm rating;
(b). from 85% r.p.n. to maximum rating r,p.m,} .
(¢) from idling rating to augmented rating (if necessary),
The time Tequired for engine acceleration is determined

tive rating Tepom,

Note: With the engine accelerating Up to the augmented rate
ing r.p.,m., the end of the acceleration period is in-
dicated by a characteristic noise produced by the
afterburnper, .

9. Having completed the acceleration test and run the engine
at the respective rating for S5 Sec., reduce the engine ‘speed to
80% by smoothly shifting the engine control lever to the required -
Positicn, and run the engine at this Tating for 8 to 40 sec, ,'

10. After the engine run at 80% TePem.is over, check operation
of the oxygen supply system employed for starting the engine 4in
the air, proceeding in the following manneps:

(a) smoothly shirt the engine control lever to ‘the CUT-OUT
stop; . - i : )

) (b) as soon as the engine reaches speed of n4=35 - 40%, set
the engine control lever sgainst the IDLING rating stop, and-
operate the switch STARTING IN ATR (A3C-10) keeping it in the On
Position tor 10 to 12 sec, After reaching the idling rating T.p.m,,
accelerate the engine to X0% TePel, and run it at this rating for
10 to 15 Sec., then stop the engine after running it for 10 to
12 sec, at the idling rating. After the engine comes to a stand-_ . _
still, check to see that the oxygen pressure is equal ‘to zero
(as indicatea by the low pressure gauge). <

- o 4._Engine Stovping . '

“a3ine stopping should be accomplished by shifting the con-

trol lever to the CUT-OUT position, . e .
. If the engine has been run at the T.P.m. exceeding 8Of, -

allow it to cool down while running it at 80% TePell. for 10 sec,

orior to stopping. .
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In case the engine has been operated within the range or
from the idling rating to 80% r.p.m. (including engine opera-
tion after taxiing), the stoppage should be accomplished without
cooling it at lower ratings,

Stop the engine using the following procedure:

1. After operating the engine for 10 to 12 sec, at the
idling rating, smocthly shift the control lever to the CUP-OUT
positiod,

2, After the high-pressure rotor comes to a standstill, turn
off the following switches: master switch A3C-25 and switch
AFTERBURNER (43C-15), .

. WAR.NING: To avoid damage to the fuel pumps, never cloge
the fuel shut-off valve until the high-pressure
rotor comes to a standstill (exclusive of the
cases when fire becomes an immediste danger),

3. While the engine is slowing down, check the rotors aural-
1y for smooth rotation and for absence of foreign noises.

%4. After the engine rotor has stopped, fit the blanking
cover into the engine air intake duct. Close the engine exhaust
port 15 to 30 min, after stopping the engine (depending on the
outside air temperature),

5. 4dd oxygen into the OXygen supply system, as is laid
down in Chapter VII (in case the oxygen supply system has been
checked on the grou.nd), open the cut-off valve.and make sure
OXygen low pressure gauge reads pressure. :

Hotes: 1, As the high-pressure rotor -slows down, the two-

speed drive dogs should cause noise similar to

that produced by a rattle,
2, While the engine is slowing down_. check the ro-

ng at the idling rating T.p.m., to the moment
the engine comes to a Standstill, This time
period should amount to 180 sec, for the low~pres-
sure rotor, and to at least 35 sec, for the highe
pressure rotor; these values should remain prac-
tically unchanged throughout the service life of
the engine,
The high-pressure rotor stopping is associated
with the disappearance of the noise produced by.
the dogs of the two-speed drive of the starterw
generator,

Should it be necessary to stop the engine in emergency,
shift the engine control lever to the CUT-OUT stop,
Stop the engine immediately in the following casess
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1. ¥hen a sharp drop is experienced’f’ in the pressure of the
oil supplied into the engine, i

2, When leakage of fuel, oil, or hydraulic fluid shows up
in the engine system or in the delivery lines, which is likely
to involve fire hazard,

3. If a sharp rise is evidenced in gas temperature aft of
the turbine, |

4, When flame or sparks are e;]ec:t:adK from the jet nozzle,

5. When the engine produces an abnormal noise,

6. When engine operation is accompanied by vibrations,
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(‘ Chapter IV

i OFERATION OF ENGINE IN FLIGHT
o e e AN FLIGHT

During taxiing and in flight the engine may be operated at
any rating within the range of from the idling rating to the
FULL AUGMENTED Tating, provided the indicatioris of the instru-
ments agree with the values referred to in Chapter I,
The following instruments should be kept under regular ob-
servation while in flights )
= tachometer indicators (n., and nz):
« 0il pressure gauge indicator; -
~ gas temperature gauge indicator,
Hote: In case one of P! or
n,) fails, the readings of the other tachometen"
b8 used; in this event, the idling rating r.p.m,
g,ozf n25 in landing shoula amount to not less than
The instrument readi;
engine rating,
Should the instrument readi.
sible range of values, the e:
rating, providing for Prop

ngs should conform to the established

ngs disagree wit:l; the permis-
ngine should be operated at a lower
er indications of the instruments,

1._Engine Operation at Take-Off and duri Climbi.

During the takew-off and climbing the engine may be operated
at any of the following ratings: MAXIMUM, MINIMUM AUGHENTED, any
of the transient augmented ratings, and FUILL AUGMENTED,

WARNING: 1, Under emergency conditions (with the engine

gccelerated to the augmented rating within

0 sec.) at the take-off, gas temperature aft
of the turbine may mreéﬁ to 7:880. €

the engine at maximum
and augmented ratings is allowed within a spe-
cified time periodn%See Chapter I),

N, A
NG F
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During aircraft acceleration and climbing, speed n, will
vary depending on the variations in the speed of flight (Mach
number), but it should not exceed 103,5% r.p.m.

WARNING: 1. Climbing at a constant Mach number may involve

E—— an increase in speed R,y the increase not exceed-

ing 0,5 R

2. When clix;xbing with the Mach number decreasing,
do not allow the Mach number to drop below the
specified value (See Chapter I),

At altitudes exceeding 10,000 m.pressure of the oil deliver-
ed into the engine is allowed to decrease to 3.0 kg/sq.cm,,

Eogine control. Any of the engine ratings within the range
of from the idling rating to the full augmented rating may dbe
established by shifting the engine control lever &
tive position,

The engine control lever may be shifted at any rate, but
not quicker than 1.5 to 2.0 sec, With the engine control lever
shifted within the range of from 85% to 100% r.p.m. at a rate
exceeding 10 sec., speed o, should not lag behind the travel
rate of the control lever, .

In any of the fixed positions of the engine control lever,
variations in the r,p.m, should not exceed the following values:

20.5% - from idling rating r.p.m, to 1'11:88%;

%0.3% - from speed 2,=88% to n,=100%,

Note: In-flight variations in speed (taking place within

= 2 sec.% exceeding the permissible values and resulti.

in the swinging of the link are not allowed. Eliminate
the trouble on the ground (See Chapter XI), .

o the respec-

Acceleration and deceleration

Engine acceleration to the maximum rating (including the
cases with the engine slowing down) may be accomplished by quick-
1y moving the engine control lever from any effective position
(excluding positions below the idling rating stop).

Normal acceleration of the engine during flight and accele-
ration with the engine slowing down, within the range of from the
idling rating to the maximum or augmented rating, as well as en—
Bine deceleration within the above range is allowed to an altitude
of 15,000 m. at any flight speed specified in the respective in-

-
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structions (at altitudes of 13,000 to 15,000 m, the recommended
indicated speed should not be less than 450 km/hr ),

WARKRING: In case engine acceleration is accompanied by
surging, immediately stop the engine end start
it as is laid down in the present Chapter, Fur-
ther acceleration of the engine in flight is
not allowed,

The engine should be controlled by moving the
engine control lever in a slow manner,

Engine gugmentetion, The afterburner may be turned on at
altitudes up to 15,000 m,, with the indicated air speed amount-
ing to not less than 500 km/hr.

Should it be necessary to turn on the afterburner at alti-
tudes of from 1 5,000 to 18,000 m., the recommended indicated
air speed should exceed 550 km/hr.

The afterburner is switched on in flight by shifting the
engine control lever to the FULL AUGMENTED rating position, with
a subsequent setting of the control lever in the required posi-
tion,

The chang to the ratings (minimum, interme-
diate and full) on the ground and at the take-off should be
accomplished by setting the engine control lever to the respec—
tive position,

WARNING: 1, If the afterburner operation is accompanied
an excessive rise in the gas temperature aft of
the turbine, turn off the afterburner by set-
ting the engine control lever to the M.A{IMUM
rating position,

2. In case fuel fails to be ignited after the
afterburner is switched on (gas tegperature
aft of the turbine drops below 450°C within
15 sec.), switch off the afterburner b; 8hift-
ing the engine control lever to the IMUM
rating position or to a position corresponding
to a still lower rating.

Engine operation.at augmented ratings:

= up to 15,000 m, - with the indicated air speed amounting
to not less than 350 km/hr (at altitu—
des .of 13,000 to 15,000 m. recommended-
indicated air speed should not be less
than 450 km/hr);

- at altitudes exceeding 15,000 m. - with the indicated
air speed amounting to not less than

500 Xm/hr,

Y S R I
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Engine operation at minimum and intermediate augmented
ratings is allowed within the entire range of altitudes and
specds referred to above. In case of an unstable engine running
at minimum or intermediate augmented ratings, which is manifest-
ed by variations in the engine FeP.M., as read by the B, and n,
indicaters, as well as by jerks occurring along the aircraft
centre line, it is necessary to shift the engine control lever
to the FULL AUSNENTED rating stop, until the variations in the

speed £gppear,

Pereatad encagement of afterburner, A repeated engagement

¢ the afrerburner within the time period specified for conti-

ooy eration should be done after running the engine at the

“ating for &t least 10 sec, A repeated acceleration of

ne Yo the maximum and augmented ratings, after the speci-

fied time period of engine operation at these Tatings has expired

(See Chapter I), should not be performed earlier than 1 min,

afver the sngine has cooled down while rTunning at the normal or

less arquous rating.
er_disenzagement, The augmeatgd ratings are switch-
ng the engine control lever within 2 to 3 sec.
rating position, within the entire range of per-

missible altitudes and augmented rating r.p.m.

#ARNING: 1. If shifting the engine control lever to the
MAXIMUM rating stop or further does aot cause

he afterburner to be cut off (the afterburner
pPilot lamp keeps burning for.more than 3 sec.),
operate the AFTERBURNER switch,

2, If the afterburner switches off spontaneously,
(involving 2 sudden drop in the gas temperature
aft of the turbine), immediately shift the
engine control lever to the MAXIMUM rating po-
sition or to a position correspondinz to a still
lower rating,

ting enmine thrust suszmented rating. The adjustment of

thrust at the augmented rating is performed by shift=

ne conirol lever within the range of from MINIMUM

to FULL AUGLENTED,

1532 4, Vith the engine Tunning at the minimum augment-
ed rating, the gas temperature aft of the tur-
bine may increase by 20°C as compared to the
teaperature characteristic of the sustained
full aurmented rating.
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2.

With the aircraft accelerated :

3

ine Operation when Accelerati

L8

2. If engine operation at the MINTMUM AUGMENTED

rating is accompanied by variations

332!1:5‘81 ng the aircraft centre line, shift
the engine control lever to the FULL'A

eed

UGMENTED
rating stop until the variations in sp

disdppear
When repeatedly shiftisg the engine control
laever to the MINIMUM AUGHMENTED rating posi-
tion, it is hecessary to increase the speed
ot £lignt, .

In cage the £ollow-u;

.

system controlli th
t nozzle flapa fails Ta % o

Jo in flight, with the en-
gine runningiat the augme gt

gine fails to respond Yo the movement of the
control lever; engine t]
@8 or increases

J» _operate the EMERGENCY ENGAGE-
MENT OF TWO-POSTRTON l

JET NOZZLE switch, This

-Up system to be cut off;
further control of the engine will be effected
Wwith the aid of the two-position system(MAXT-

rating - AUGMENTED rating)

Aircraft

at_Augmented Rating

gine speed n, should not exceed 103, 5%. :

At high speeds of flight (exceeding M =

engine running at augmented and maximum rati,
burner is turned off),

A further increase in the 8speed of flight will
to decrease by 2 - 3 %,

WARNING: 1,

- 2.

3.

1.6) and with the

+5% (as limited by the limiter of speed na).
cause speed n,
with speed R, remaining constant,

With the engipe running at a speed preset by
the limiter 9f speed Dy, speeds n,; and n, may
vary within <0.5%,

If during the aircraft acceleration speed o,
is less than 102, 4: y_and speed starts
decreasing (by 1 or 2%), the limiler of speed
xzg should be adjusted after the flight is over
a§ is laid down in Chapter X, R

As the aireraft is being accelerated, the gas
temperature aft of the turbine increases; how-
evep the gas temperature should not exceed
700°C when the maxtimum permissible speed of
flight is attained,

Should speed n, exceed 103,5%, it is necessary
to subject the af terburne

er to ground trials as
is laid down in Chapter IX; before doing so,

°
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R N - B - A A9 1_4
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at the augmented rating, en-

ngs (after the after—
speed n2 may reach the maximum-permissible
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" make sure ‘the tachometer indicator gives core
rect readings. .

5. In case the engine speed drops abruptly below

Gliding, Gliding is allowed at any of the engine ratings,
with the r.p.m. equal to, or exceeding, the idling rating r.p.n..
(Ses Fig.lV). . . . :

Note: When gliding is performed after an eme:

T of the engine, the control lever shoul

CUT-OUT position. .

Engine ration with booster
booster pumps of the service tanks fail
normally to the following ‘altitudes: .

=~ up to 6000 m,, when using fuel T-1 and ‘TC~1;

=~ up to 4000 m,, when using fuel T-2, . -

WARNING: Do not turn on the afterburner, if the aircraft is

deenergized or the service tank booster pumps are
out of order,

3. Flight with Zero or Negative GeFactor

Flight with zero or negative G-factor is allowed at any ofl
the engine ratings for not more than 17 sec,

If o1l pressure drops to O and does not reach the initial
value within 17 sec., it is necessary to discontinue the mission
and to reduce the engine T.p.m. to the minimum value providing °
for 'a contimation of the level flight. ’

The representative of the engine Manufacturer should be con—
sulted as to further operation of the engine.

- 4. Engine Operation with Aireraft Going Round

With the aircraft going round, the engine cohﬁ-oiﬁmiy be
accomplished by shifting the control lever within 1.5 to 2
from the idling rating position to the required position (:
ing the position corresponding to the augmented rating). .

WARNING: 1. It should be bornein mind that total time of

maximum rating amouats

4 8ec., to the augmented rating - not

over 20 sec.; ‘therefore, going round should be
decided upon in due time.

2. Should one of the tachometer indicator pointers
fail, the readings of the other may be made use

rgency stoppage
d be set in :ge

s faili; In case the
» the engine will run

.0 sec,
includ-
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of:;lic shgumdbe ta{l:en 1:;0 consige:(.-af%gn,hthat mérsencx in-f1ight stopping of engine. The following cone

itudes e ground (w. ]
:nsi:: xn:ingeatazheozdlmggr::ing) speed :1 ditions are cause for immediate stoppage of the engine in flights
shoulg exceed 32%, whereas speed o, should = strong vibration of the engineg )
excee - :

- sharp increase of gas temperature aft of the turbine;

5. Engine Starting and Stopping in Flight = surging of the power plant accompanied by a sharp

4 reliable starting of the engine in flight (with the oxy- decrease of engine r.p.m.
8en supply switched on) is ensured to an sltitude of 12,000 m, In case of a fire in the engine nacelle, set the engine
Engine starting with the use of the oxygen supply system should control lever in the CUT~QUT position, close the fuel shut-off
be performed: : valve, and use the fire-fighting system, -
- &t altitudes of 12,000 to 10,000 m., with the indicated In all other cases of the engine stoppage in flight, no
air speed amounting to 520 - 650 km/hr; closing of the fuel shut-off valve is required.
- at altitudes below 10,000 m,y with the indicated air speed 6._Trial Flight .
amounting to 450 - 650 km/nr, A triel flight is performed after the installation of a
Hotes: 1. :’gzajs.p ::d_,gf_ag;;rg:azégqs;:egtg:ﬁl;hg:églg; new engine, as well as after the replacement of the HP-21¢
ed by the low-prgssurg rotor, and HP-229 fuel regulating pumps, .
2 be porSene.tarting without 08§ 508 TP can The following polnts should be checked during the trial
the indicated air speed amounting to 450 ~ flights .
650 lan/kr, 1. Engine controllability within the range of. from idling

The engine starting in flight should be carried out using
the following procedure:

1. Set the engine control lever .in the IDLING Tating posie-
tion,

2. Turn on the switch STARTING IR AIR, With the engine
Picking up speed at a high rate; turn off the STARTING IN AIR
switch (not later than 30 sec. after it has been turned on).
The attempt at starting should be considered successful if the
engine r.p.m. increases to not less than 50%,

Engine Stoppi in flight, The engine stopping in flight

rating to maximum rating, at an altitude of 5000 to 8000 My
with indicated air speed amounting to S00 - 600 km/hr (in the
airfield region).

2. Epgine acceleration from 1dling rating to maximm rating
at an altitude of 5000 to 8000 m, with the indicated air speed
amounting to 500 - 600 km/hr (in the airfield region),

3. Engine operation at augmented ratings within the Tange
of from MINIMUM AUGMENTED to FULL AUGMEH‘IED, at an sltitude of
10,000 to 16,000 m,, with the indicated air speed amounting to

550 - 650 km/hr, The afterburner switching-on at an altitude of
is accomplished by shifting the engine control lever from the 1,000 to 16,000 m. should be accomplished at indicated air

initial position to the CUT-OUT stop. speeds within 450 - 500 km/hr,

In case of an inadvertent stoppage of the engine in flight, |, 4. With the aircraft flying at maxioum Mach number, check
immediately set the engine control lever in the CUT-OUT position, the engine for maximum speed By. This speed should amount to
and start the engine, proceeding in the usual manner (provided Within 103’5-0.5%‘ X

the aircraft tanks contain fuel). Notes: 1. After the replacement of the EP-210 fuel regulat-
- ing pumpdcan—y out the checks enumerated in Points
1, 2, and 3,

2, After the replacement of the HP-22 § fuel regu-
lating P, Carry out the checks enumerated in
Points 3 and &, X

—_—

@
X




Chapter V
CARE OF ERG:

1._General
Trouble~free operation of the engine is largerly dependent
on timely and thorough fulfilment of all routine maintenance ope-
rations. Any defects should be eliminated as soon as they are
detected. The routine maintenance operations performed as well
as repairs carried out should be registered in the engine Sexvice
Iog in due time,

WARNING: All mounting, routine maintenarce, and other ope-—
rations on the engine should be performed using
the engine tools set carried on the aircraft.

Then carrying.out some operations on the aircraft, do not

place bolts, nuts, cotter pins, safety wire, or other parts on
the engine. Having completed the work, check to see that no
small parts and foreign objects \are left lying on the engine or
in the engine compartment., The engine compartment should be
thoroughly cleaned of dust, dirt, and oil.

2, Preflight Fngine Inspection
Preflight inspoction of the engine should be performed as
is laid down in Chapter II of the present Instructions,

3.Postflight Fogine Inspection

Postflight engine inspection should be carried out in the
end of a flying day. Engine readiness for a subsequent operatica
is dependent on the quality of the inspection in question,

Bubject to inspection and checking are the following units
and corponents of the engine:
’ 1. As the engine is being stopped, with the rotor still
spinning due to inertia, see that:

(a) the engine does not generate any foreign noises and
knocks, Perform the check aurally. In case some noises appear

va
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which question engine soundness, listen to engine operation
while cranking it once or twice with the aid of the starter-ge-
nerator. Do not start the engine unless the defect is detected
and eliminated;

(b) no amoke issues from the adjustable jet nozzle. Smoke
is a sign of a defective drain valve of fuel regulating pump
HP-21Q ; fuel or oil leakage into the afterburner may also be
the cause of smoking.,

. After the engine comes to a standstill, proceed as
follo'ss

(a) inspect the aircraft intake duct and the blades of the
engine compressor stages through a speaial inspection hole.:
Dirt and mechanical damsge are not allowed (while proceeding in
this way, use an inspection lamp or a flood light).

(b) inspect the inner surface of the afterburner and the
adjustable jet nozzle Plaps, Make sure they do not contain
crecks, burns, or warpage (use an inspection lamp or a flood
light),

Special care should be taken in i ting the ible
componenta of the diffuser (circular flame arrestors, posts,
flame igniter, fuel burners, etc.).

3. Inspect visually all accessible units, control links,
and lines, to see that they are properly attached and locked.
Defective locking should be excluded.

4. Check the fuel and oil lines as well as the hydraulic
fluid lines for leakage, Inspect the points where leakage is
likely to show up, such as flanges of individual units, the
union nuts of the burners, the joints in the pipe lines, manie
folds, and housings.

5. Open the oxygen cut-off valve; oxygen pressure, as indi-
cated by the low-pressure gauge, should be -within 7 to 9 kxg/sq.cm,.
{in the aircraft cockpith

Fotes: 1. If leaksge is detected in the pipe line joints,
tighten them as instructed in Section "Replacement
of Pipe Linea", The nuts of the flared éoinea
should not be tightened by more than &

A i‘apeated tightening of the flared ,joints is not

al.

2, If the tightening of the nuts does not ‘stop the
leakage glace the sealing ni

3, Having ‘Eigh ened the nuts or replaced the sealing

0 o o
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~ rings, start the engine and check the Joints for
X . leakage, with the engine running.

4, In case leakage is detected on the housing of
the fuel filter of fuel-oil unit 357C, 1t is
allowed to tighten the mut securing the filter
shackle by % to X of a turn,

5. Permissible fuel escape into the vent system,
with the engine running: .

(a) from the drive of the IHA-13IT booster pump -
in drops;

50X1

the oil pump unit with blanking cover EiI37-317 1n plece of the
cover removed together with the filter, For cleaning the £ilter
gauses use should be made of brush 031-139y

(b) dry the filter, without blowing it with compressed air. |
4, Check clearancs [Iin the telescopic joint between the
afterburner diffuser and the adjustable jet nozzle (Pig.V)

instrunent

erta.in'the electric mains as well as the
't thermo-couple wiring is in good

(b) from the drive of the HP-219 .and of the @ local iacrease of clearance llup to 4.5 mm over an are not
atartin‘c;/ ml control unit (total) ~ not over exceeding 300 mm is allowed, R .
cu . .
(c) from the drive and electric contactor of the 5. If clearance Il excseds 4.5 mn, 1t is necessary to dis-
HP~22Q pump (total) = not over Joint the aircraft, to bring up a trolley-mounted frams, and: to
6 !50 cu.cn/min
« lake c

measure clearance B in the telescopic Joint, making use of a

repair and is securely attached.

feeler gauge,

Where clearance B is largest, make a notch (with a pencil)
on the diffuser, remove the telescopic ring, and measure the
height of the diffuser collar (size H), The difference between
sizes H and B should not be less than 1 mm.

6. If the above difference is in excess of .4 mm, install
the teleascopic ring, remove the frame and couple the aircraft.
During further operation of the engine, see that maximum clea=
rance II does not increase in excess of the initial value. If the
clearance does increase, carry out the operations detailed in
Point 5. . : :

’ 7. In case the difference between sizes H and B is less
thaa 1 mm, check to see which of the components (diffuser or jet
nozzle) is deformed. Por this, turn the adjustable jet nogzle .
through 180° and measure clearance B (at. the point where the
difference between sizes H and B is less than1 mm and -at the oppo=
site side). If maximum clearance B appears to -have been turned
also through 180°, then.the adjustable jet nozzle is deformed,

If the location of maximum clearaace B ramains the same
after turning the adjustable jet nozzle, then diffuser flange
X 1s deformed. . o

8. Straighten the deformed flange (E orX¥ ) until the requir-
ed difference between sizes H and B is obtained, Straightening
should be performed with the aid of wooden tools (a mall amd
‘& dolly), o . . . ’

%
7+ After the engine cools down, 1n3§ect the blades
and the shrouds of the turbine I stage. If
cracks or dents are detected on the turbine
blades, consult the representative of the engine
Mamufacturing plant, prior to taking decision as
to the engine further use, When inspecting the
engine, it is prohibited to carry out any opera-
tions on the mircraft electrical and hydraulic
equigment.
8, Check the starting fuel and oil levels; add up
ir d up oxyg into the systei sup—
the burners,
The minimum permissible amount of oil in the tank '
after flight should be equal to 7 lit, In case the
tank contains a smaller amount of oil, consult the
representative of the engine Manufacturing plant,

&._Routine Maintenance after Pirst -H’
Hours of Engine Operation

1. Inspect the engine as is laid down in Section
Engine Iaspection®, .

2.. Check and tighten, if aecessary, the bolt securing the
solenoid: of -the HP-220 pump, '

3. Remove, i » and, if nec ¥, wash the surface of
the oil pump unit filter, The oil pump unit filter should be
washed using the following procedure:

(a) vithout removing the filter from the cover, rinse it
in a bath containing clean gasoline B~70 (prior to doing so, fit
the filter with rubber stopper C31-131); do not forget to fit

"Postflight
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5. Periodic Maintenance

1. Every 3035 days of engine operation inspect and, if
necessary, wash the oil pump unit filter, as is laid down in
Sectlon "Routine Maintenance after First 51 Hours of Engine
Operation".

2. Every 10%2 hours of engine operation, check it for pro-
per operation at the augmented rating, While doing so, measure
speed n, as is detailed in Section "Replacement of HP=-220 Fuel
Regulating Pump”. Enter the value of speed o, thus obtained into
the engine Service Xog.

. 6. Routine Maintenance Performed Every &’5
Hours of Enzine Operation

1+ Perform the operations enumerated in Sections "Postflight
Engine Inspection™ and "Routine Maintenance after First 5%
Hours of Engine Operation",

2, Inspect the engine control unit for wear of the links
and for play in the control system; check to see that the lock-
ing devices of the levers of the HP-210 pump and MYPT-19 ccntrol
panel, as well as of other parts are intact. Treat the control
link joints with WMATHM-201 lubricant,

Check the engine control system for proper operation by
shifting the engine control lever within the entire range, from
the CUI-OUT stop to the FULL AUGHMENTED rating stop and backwards,
The engine control lever should move smoothly, without any bind-
ing. While proceeding in this way, pay attention to the follow~
ings

(a) with the engine control lever set in the CUT-OUT and
FULL AUGHENTED rating positions the lever in the aircraft cock-
pit should stop 1.5 or 2.0 mm short of the respective stops;

(b) with the engine control lever set in the CUT-OUT posi-
tion the lever of the HP-210¢ fuel regulating pump should snugly
contact the respective stop on the pump dial;

(c) with the engine control lever shifted to the IDLING

NO-
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rating position the notch on the flag of the HP-210 fuel Tegu-
lating pump should stop between the notches limiting the IDLING
rating sector on the pump dial (first and third notches from
the CUT-OUT stop); :

(d) when the engine control lever is set sg'ainat the MAXI~
MOM rating stop figures 69 - 70 of the control panel dial should
come up against the notch on the housing, whereas the notch on
the flag of the fuel regulating pump should be located beyond
the 6th notch on the pump dial;

(e) with the engine control lever set against the MINTMUM
AUGHENTED rating position the lever of the INYPT-10 control iaanel
should be within the MINIMUM AUGHMENTED rating sector (7341° to
7812°, as indicated on the dial of the control panel), while
the notch on the flag of the HP-21Q fuel regulating pump should
be beyond the seveath notch on the dial of the HP-21¢ fuel Tegu-
lating pump; .

Note: The MINIMUM AUGM.?N’I‘ED rating stop has been so ad just-

AUGMENTED rating stop.

(£) with the engine control lever set against the FULL
AUGMENTED rating stop the lever of the HP-21¢ fuel regulating
pump should have a clearance between the flag and the stop,
anounting to not less than 2 mm; in this case the lever should
be located behind the 7th notch on.the dial of the HP-210 fuel
Tegulating pump whereas the lever of the NYPT-1¢ control panel
should tightly contact the FULL AUGMENTED rating stop. '

3. Start the engine and check the maximum T.p.m.3 if neces—
sary, adjust the maximum r.p.m. to 10010.5 ber cent and check
engine operation at the AUGMENTED rating, .

4. When inspecting the afterburner:

(a) check the ring and the jet nozzle flaps for eracks,
warpage, and scores;

(b) check the hydraulic system controlling the jet nozzle
flaps (with the engine at standstill);

When 'checldng the hydraulic system proceed in the following
Hanneps

= coanect the ground supply source to ti:e aircraft mainsg
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= turn on the following switches: MASTER SWITCH, AFTERBURNER,
PROCESSING (in the K position)s

= cut out the blocking system of hydraulic decelsrator I'3
by turning screw I on the KA®~13flafterburner control unit in
the BIOCKING CUT~OUT position; :

= connect the ground trolley mounting hydraulic pumps, Make
sure the pressure in the hydraulic system is within the permis—
8ible limits;

= shitt the engine control lever from the MAXIMUM rating
stop to the FULL AUGMENTED rating stop, and note the time period
required for the jet nozzle flaps to shift from the FULL AUGMEN-
TED rating to the MAXTMUM rating position,

The time period should amount to 5.031.5 8sec,

Hotes: 1. The engine control lever movement must take
1.5 to 2,0 sec,

2, When checking the hydraulic system, do not fail
to inspect the aulic cylinders and the hydrau-
1lic system pipe line Joints for leakage.

3. If the jet nozzle flap shifting time does not
agree with the sgecitied value, perforn readjust-
ment, as detailed in Section "§aplacement an
Adjustment of Hydraulic Cylinder™ (Chapter IX).

4. Shifting of the jet mozzle flaps from the MAXTMUM
rating to the FULL AUGMENTED rating position and

ng.
from the hydraulic ¢ylin-
ders to the same length; the permissible differen=
ce should not exceed 7 mm at the intermediate aug=
menﬁed ratings and 1.5 mm at the full augmented
rating.

Set screw 0 of the afterburner control unit in the BLOCKING
‘cur 1N position; set switches MAIN BWIICH, FROCESSING, APTERBURNER
in the initial positions disconnect the ground power supply
source from the aircraft mains, and disconnect the trolleymounted
hydraulic pumps.,

5. In case the locking devices are found to be damaged or
loose, check the nuts of the engine pipe lines for proper tigh-
tening, Tighten up the muts, if necessary. .

7. Routine Maintenance after Expiration of Bnzine

Service Life

1. Process the internal surfaces of the engine as recommen-
ded in Section "Internal Processing of Engine”,

5
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2, Remove the engine from the aircraft. Process the exter—
nal surfaces of the engine as is laid down in Section "External
Processing of Engine”. .

A11 @efects and troubles encountered in the course of
engine operation on the aircraft should be duly entered into
the engine Service Log and reflected in the Certificates, which
are to be submitted to the Manufacturing plant,
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OPERATION OP ENGINE AT SUBZERO
TEMPERATURES
At subzero temperatures and excessive air humidity the air
intake duct tends to be coated with ice, which may involve engine
Ice hazard is especially great during drizzle, rain, or snow
£all at ambient air temperatures approaching zero; water on the
airfield also favours icing. '
When inspecting the engine make sure that the intake duct
surfaces have no traces of icing. An ice coat on the engine and
air intake duct components should be removed with the aid of hot
air, making use of the heating devices available on the airfield,
When warming up the engine under the above conditions, it
18 necessary to keep the edges of the air intake duct and of the
“inlet cone under observation. As soon as ice shows up, stop the
engine and inspect the air intake duct and the blades of the com~
pressor first stage through the access hole. If the blades are
found to be in proper condition, proceed warming up the engine
at ratings excluding ice formatﬁ.on.

1. Preparation of Engine for Operation

When the cold season sets ing

1. Check the blanking covers for tight f£it over the air
prevent snow penetration),
tures storage batteries 15ClC-45

ce with the respective instructions.

. At sub air ¢
should be operated in conplian

a im0 0 o
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2. Sround Starting, Warming-Up, Checking,
and Stopping of Engine

The starting, warming-up, checking and stopping of the
engine on the ground should be performed in the uéual manner,
Besides, the following should be taken into consideration, when
starting or stopping the engine in cold weather: . .

-1, With the air temperature dropping below 0°. the idling
rating r.p.n. of the cold engine decreases by 2 to 3%. After
the engine is warmed up, .the idling rating r.p.m, should
increase to the normal value. .

2. With the air temperature below - 40°C, the engine should
be warmed up prior to starting by using hot air provided by
ground installations ( air temperature should not exceed + 80%),
Special care should be taken when warming up the fuel-oil unit,
oil and fuel pipe lines. Hot air should be delivered via the

rotor, -
In case the rotor blades are found to be frozen,
Warm up the engine with hot air as is instructed in
Point 2 of the present Section, .
3. After starting the engine and accelerating it to the
1dling rating T.p.m., as well as during checking and taxiing,
the engine should not be run at & r.p.m. below 50% (if ice hae
zard exists) for more than 5 min. (with air temperatures amount-
ing to 0 « 10°), : :

The engine may be operated again at a r.p.m. below 50%,

only after it has run at & r.p.m. excecding 50% for not less
‘ than 0,5 min, - : ’

Notes: 1. The above limitations have -been introduced for
g prevention of ice formation on the nose bullet
and ‘the blades of the compressor first stage
(when starting the engine under conditioms favour—
ing icing).
2. When running the engine on the ground, keep the
aircraft intake duct under observation to prevent
ice formation.
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4. Special care should be taken to cool down the engine befors

stopping it, to prevent the parts of the engine hot section from

warpage. Prior to stopping the engine, run it at 80% r.p.m. for
not less than 1 min, .

3. Operation of Engine during Fuggf

In a cold season the engine should be operated in flight
at the same ratings as in other seasons, with the limitations
referred to in Chapter 1 of the present Instructions duly taken
into consideration,

4. Keeping Engine Ready for eration

To provide for quick and reliable starting of the engine,
the following should -be observed:

. 1. Pit the blanking cover over the engine outlet within
15 to 30 min, (depending on the cutside air temperature) after
the rotor stopa,

Install the blank_.ing cover into the air intske duct imme-
diately after the engine comes to a standstill.

2, Take care to see that the fuel and oil are guarded
against water, to avoid ice formation in the oil and fuel sys-
tens, .

4% low outside air temperatures use of main fuel with ad-
mixture M (Specifications MXI 117049) is permissible. The
admixture content should not exceed 0,3% (by weight),

3. With the outside air temperatures below - 40°C, the en-
gine should be warmed up at regular intervals by running it at
88 to 90% r.p.m. for 2 to 3 min, .

The engine may be warmed up with the aid of hot air (not
over + 80°C),

When using hot air, special care should be taken to tho-
Toughly warm up the fuel-oil unit, as well as the 0il and fuel
pipe lines. Hot air should be delivered via the inspection holes
of the engine compartment,

. \N.‘ -
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Chapter VII

ENGINE MOUNTING AND DISMANTLING
===ty AND DISMANTLING

' MOUNTING OF ENGINE ON AIRCRAFT

1. Engine Transgortatiog

The engine is transported in a special reinforced wooden
case, which also contains the following items:

- single set of spare parts;

= aircraft-carried tools. )

The case amounts -to 3480 mm in length, 1100 mm in width,
and 1410 mm. in height, PR

The jet nozzle is packed in an individual case, which is
2800 mm in length, 1150 mm in width, and 1221 mm in height,

The case used for transporting the engine is of a collap-

sible type. The end wall of the case upper portion is removable,

whereas the entire upper portion is capable of sliding on the
bottom panel, The upper portion is attached to the bottom panel
by means of four bolts, Bolted to the bottom Plate is a metal
Support mounting the engine, -

The case for jet nozzle transportation is also a collap=
sible type. The upper portion of the case slides on the bottom
Panel. Bolted to the bottom panel is a metal support mounting
the jet nozzle. The upper portion is attached to the bottom
Panel by means of four bolts, ‘

The engine is secured to the support in two Planes (Fig.43):

(a) in the plane of the compressor rear casing - to two
side brackets; )

(v) in the plane of the froat flange of the first stage
turbine nozzle diaphragm casing - to the brackets located in
the middle portion of the engine.

DP80T00246A07 120024000




To provide for reliable attachment of the engine to the
case during transportation, the bolts holding the support to
the bottom panel should be securely tightened whereas the pins
supporting the engine.should be locked.

The jet nozzle is secured to the support in two zones:

(a) the first zone is represented by the front flange of
the Jet nozzle; the flange collar engages the half-ring of the
case support to be held down by a removable half-ring with the
aid of two hinged bolts;

(b) the second zone comprises the afterburner attachment
slides which hold the afterburner on two T—shapgd pins of the
case support,

The case containing the engine should be hoisted with the
help of a crane baving a capacity of not less than 2 tons,

WARNING: It is strictly prohibited to either tilt or turn
over the case,

The case is suspended from the crane on a wire rope passed
through four eyes provided on the case upper portion.

Prior to removing the case from a truck or a platform, make
certain the upper portion of the case is securely attached to
the bottom panel,

Weight of the case with the engime . . . . . 1550130 kg

Weight of the case with the jet nozzle . . . .650230 kg

2. Unpacking of New Engine

Unpack the engine proceeding as followst

1. Remove the four bolts attaching the upper portion to the
bottom panel,

2. Detach and remove the end wall of the upper portion;
slide the upper portion off the bottom panel,

3. Take out the spare parts and the aircraft-carried tools.
Check to see that the seals are intact,

Remove the cover from the engine as is laid down in the In-
structions for unpacking the engine.

Attach the hoisting device to bolts 2 and bracket 7 (Fig.43);
detach the engine from the bottom panel support; lift the engine
and carefully mount it on the trolley with the help of brackets

6 and bolts 8; the trolley will be used for moving the engine
into the engine compartment.

‘ 9 i
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When lifting and mounting the engine, see that the engine
pipe lines are not damaged, and that the wire ropes of the hoiste
ing device do not countact the engine units and components.,

FARNING: When 1ifting the engine remember that the centre

of gravity is located at a distance of 165 mm
from the rear casing joint, towards the ad justable
Jet nozzle., .

Unpack the jet nozzle proceeding as follows:

— remove the jet nozzle control unit;

- detach the jet nozzle from the case support;

=~ fit the straps of the hoist under the jet nozzle body,
1ift and mount it on a trolley.

3. Preparing Engine for Installation on

Aircraft

Prior to be installed in the aircraft the engine and the

Jet nozzle are subjected to deprocessing in the following manner:
1. Wash a1l external surfaces of the engine having a coat

of processing compound with clean gasoline, using a brush.
2. Thoroughly rub the washed areas with dry cloth,

Notes: 1. Solidified brocessing compound may be removed
géth ggscaid of transformer oil preheated to

2. When deprocessing the engine, see that no oil or
gasoline is allowed to f£ind its way into the
engine electric equipment,

3. Gasoline or Solvents should not be allowed to re-
main on painted surfaces for more than 2 min,

The deprocessing procedure completed, make an external insw
Pection of the engine, .

When inspecting the engine, check the following points: -

1. Engine units and assemblies for proper attachment, 411
uwits should be securely fastened and locked.

2. The fuel, oil and air'pipe lines for proper condition,
The pipe lines for proper clearances, The pipe lines should be -
securely fastened and locked.

The clearances between the pipe lines should amount to not
less then 3 mm,

The clearances in the places of rigid attachment (to cases,
trackets, flanges, etc.) should not be less than 2 mm,

3
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3. The engine wires for proper condition and attachment.
The wires should be securely attached and locked; the plug con-
nectors should be clean.

4, Check the closures in the engine measurement points
(Bee Disgram showing arrangement of measurement points,(Fig.42),

Hotess 1. The places serving for checking ‘engine characte.
ristics on the ground should gg fitted with ser.
vice closures,

2. The places serving for connection of engine in-
struments should be fitted with shipping closu-

. res coated with red paint,

5. Check the seals on the ad justable components in compli.
ance with Appendix No.3.

Should some defects be revealed on the engine, draw up
& certificate which should be submitted to the Manufacturing
plant, .
Do not install the engine on the aircraft unless the cause
of ‘the trouble is detected and eliminated, )

6. Remove the shipping closures and install on the engina
the following equipment:

~ tachometer generator (for measuring speed n, and nz);

- oil pressure transmitter;

- Hl-34-27 hydraulic pumps and other units and assemblies
enumerated in the aircraft Instructions;

Note: The shipping closures should be removed from the
units and the engine just before installing the
instruments or connecting the pipe lines,

4. Installation of Engzine on Aircraft
Prior to installing the engine in the aircraft, check the
engine compartment for propexr condition., The engine compartment
should be cleaned of dust, dirt, traces of oil and fuel, as well
as of foreign objects, such as muts, bolts, tools, etc., Check
the air intake duct surfaces for proper condition.

WARNING: The engine oxXygen supply system should be f£illed
with nitrogen as is instructed in the present
chapter.

Install the engine in the aircraft in compliance with the
recommendations of the aircraft Instructions. Then mount the
adjustable jet nozzle.

Secure ‘the telescopic ring on the left-hand side (looking

forward). The narrow slot of the telescopic ring receives the
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collar of the diffuser flange; the collar of the jet nozzle
flange enters into the wide slot of the ring,
Having installed the telescopic Joint, measure clearance
I (Fig.V) which should not exceed 4.5 mm (over an arc not ex-
ceeding 300 mm). Should clearance I be in excess of 4.5 mm, pro-
ceed as is laid down in Chapter 5, Section "Routine Maintenance
after First 5%1 Hours of Engine Operation"(Points 5, 6, 7, and
8). It is not allowed to leave the adjustable Jet nozzle unfas—
tened or without support on the afterburner diffuser, ’
Perform ajircraft Jointing as is laid down in tﬁe aircraft
Instructions, after which install the hydraulic units control-
ling the adjustable Jet nozzle proceeding as instructed in Sec-
tion "Replacement and Adjustment of Hydraulic Cylinder" (Chapter
IX); connect the Ppiping of the hydraulic cylinders to the ajr-
craft pipe lines.
Note: In case there is a necessity to check operation of
the afterburner, it is allowed to check the engine

on the ground, with the adjustable jet nozzle secured
to the frame,

Having secured the engine to the aircraft, connect the air-

craft pipe lines to the engine in compliance with the list
attached,
WARNING ¢ Prigr to connecting the aircraft Pipe lines to the
engine, see that the delivery pipes and hoses are

free of any foreign objects or dirt on the inside
and outside,

5. List of Aircraft Pipe Lines Connected to

Engine
Ros Description Type of joint
Lubricating system_
1 | Engine breathing Durite sleeve
-Falg and starting fuel system_

1 | “ain fuel suprly to JUH-13AT fuel booster Flange

pump .
2 | Starting fuel supply to electromagnetic Nipple

valve

06 0.0 o
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Description

Type of joint

-

n

[V

| Bydraulic f£luid outlet from cylirnders

engine_and air release from pressure

chamber

Alr bleed for aircraft needs (in two

points) :

Air bleeding from pressure chamber

manifold (in two points)

Alr bleeding for shaft cooling
Bydraulic systen_

Hydraulic fluia supply to hydraulic

cylinders controlling jet nozzle
2laps

Flame ieniter oxyzen_
-supply system
Supply of low-pressure oxygen to non-
return valve

Epslne electric_systen
Plug connector 2MIP60I4SHM2

Connection of wires to starter-genera-
tor

8tarter—generator cooling

-Pzain _system
Hydraulic fluid drain from two hydrau-
1lic pumps HI-342T

Fuel drain from drive of ZUB-137T

pump

Fuel drain from electric contace

tor of HP-220 pump
Puel drain from combustion chamber

Dér'la

Nipple, flange
Flange

Telescopic

Fitting

Fitting

Fitting

Bolt

Telescopic

Fitting
Fitting

Fitting

Fitting

housing

.I,»'_QQ»

sified in Part - Sanitized Copy Approved for Rele

e

= .
o o SCRT o
NO. FOREIGN . DISSEM .. A L
ase 2013/10/28 : CIA-RDP80T00246A071200240001-4

CIA-RDPBOT00246A071200240001-4

- 69 =

50X1
Nos Description Type of joint
5 | Puel drain from diffuser collector Fitting
at afterburner pipe joint
6 | Fuel drain from diffuser collector Fitting
at nozzle diaphragm Joint
7 | Fuel drain from glands incorporated in Fitting
drives of HP-210 and HP-220 fuel regulat-| -
ing pumps
8 | 0il drain from two-speed drive of starter- Fitting
generator
9 | Fuel drain from starting fuel control Fitting
unit, electric contactor, and gland in-
corporated in drive of HP-210 fuel re-
gulating pump

Note: All drain (vent) lines, exclusive of that refer—

red to in Point 5, have a common outlet.

6. List of Engine Instruments

1. For checking engine. r.p.m. (n.] and na) -
and JIT3 -1 sets,
2. For checking oil pressure - [l -8T set,
3. For checking gas temperature aft of the turbine~
TBLA1T set.

. 7. Flushinz of Pipe Lines

Having connected the aircraft pipe lines to the engine,
flush the pipe lines with the purpose of removing air locks.

Prior to flushing the pipe lines it is necessary to f£ill
the main fuel and starting fuel tanks with fuel as is laid
down in Chapter II,

Pipe line flushing is carried out as follows:

1. Flush the main fuel system, for which purpose: .

(a) connect the ground power supply source to the air-
craft mains; .

(b) remove the screw cap from the connection serving for
air release from unit 357C, 2nd comnect EHi -535 air release .
device;

(c) open the fuel shut-off valve, and start the booster
bumps.,

ur3 - 2
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Discontimue the fuel delivery as soon as the fuel strean
issuing from the device hose becomes free of air bubbles, byt
not before allowing 8 to 10 litres of fuel to Tun from the
pipag

(4) the procedure over, atop the booster pumps and rein.
stall the screw cap after fitting it with a new rubber sealing
ringg

(e) employ the same procedure for flushing the HP-21 @
fuel regulating pump, after connecting device BU37-535+t0 aip
release valve 9 (Fig.24).

2. Deliver fuel into the pipe line carrying starting fuel
to the electromagnetic starting valve, for which purpose:

(a) set the storage battery switch in the ON position
(843

(b) set the FROCESSING switch (BK) in the K position;

(¢) turn on the STARTING UNITS switch (A3C-25);

(d) turn on the STARTING IN AIR switch (3B).

Stop the fuel delivery as soon as the stream of the start-
ing fuel issuing from the mircraft drain cock becomes free of
air bubbles, :

Note: The oxygen cutwoff cock should be closed. Having
completed the procedure, set the STARTING IN AIR
switch in the initial position and use a piece of
cloth to wipe the places showing fuel splashes,

3. Remove air locks from the hydraulic system proceeding
as follows:

- t the trolley ted hydraulic pumps;

= cut out the hydraulic decelerator blocking by turning
screw § on the afterburner control unit to the BLOCKING
CUT-OUT positiong

~ turn on the AFTERBURNER switch; set the PROCESSING
switch in the K position; switch on A3C-15;

- shift the engine control lever 3 to 5 times from the
MAXIMUK stop to the FULL AUGMENTED rating stop and backwards,
While proceeding in this manner, watch the jet nozzle flap
ring. The misalignment of the ring should not exceed the speci-
fied limits (proper operation of the ring testifies to the fact
that the hydraulic system is free of air locks),

The procedure completed, set all the switches to the inj-
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tial positions, disconnect the ground power supply source, and
the trolley-mounted hydraulic pumps from the aircraft.

8. Deprocessing of Engine

The engine internal dep: ing is
lows:

7. Drain oil from the engine wheel cese and from the oil
tank, .

2, Use hose Bi137-592 to connect the unions for measuring
main and afterburner fuel pressure to the pilot manifold union
(alternately).

3. Pour fresh oil into the engine tank, proceeding as
recommended in Chapter II,

4, Connect piping for delivery of nitrogen to the union
serving for measuring oxygen pressure.

5. Connect the ground power supply source to the aircraft
mains,

6. Turn on the following switches:

(a) AFTERBURNER (A3C-15);

(b) STORAGE BATTERY (B3

(c) STARTING UNITS (A3C-25);

(4) BY-PASS VALVE (EC);

(e) CRANKING (BIl ) (in the STARTING position);

(£) PROCESSING (BK) (in the K position).

Note: The STARTING IN AIR switch (A3C-10) should be in
< ‘the OFF position, The OXYGEN switch (BKIl ) should
be set to OPERATION,

7+ Cut off the hydraulic decelerator blocking by turning
screw } on the afterburner control unit.

8. Open the fuel skut-off valve.

9. Start the msin fuel booster pumps,

10. Set the engine control lever against the FULL AUGMENT—
ED rating stop, press the GROUND STARTING button and release
it 1 or 2 sec, later,

To prevent oil from getting into the oxygen system, blow
the latter with nitrogen at a pressure of 7 to 9 xg/sq.cm. -
while cranking the engine,

1ished as fol-
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As soon as the GROUND STARTING button 1s‘pz-essed, the
starter begins spinh.iug the engine rotor, The rotors should
spin smoothly, without knocks or binding,

To deprocess the engine, it ig necessary to crank the
engine 3 or 4 times,

M iA.?:Ie.g :gggg?g.iytgg :lllfésetge starter to cool
down for not less than 30 min. prior to crank-
ing the engine again, The starter may be coole
ed by using compressed air during 45 min,

troubles show up during the engine cranking,
immediately discontinue the cranking proce
the STARTING UNITS switch,

With the cranking procedure discontinued due to some
Treason, that is with the starting cycl,

e of the starter-gene-
rator discontinued by the action of the STARTING UNITS switch,

it is necessary to turn on the switch in question for not less
than 45 sec, to allow the starter control equipment to complete
the cycle. After this, the engine cranking may be performed

in the usual manner, After completing the engine cranking
(with the fuel delivéred), stop the main fuel booster pumps

and crank the engine wiih the purpose of Temoving the remain-
ing fuel from the engine.

Engine deprocessing completed,

1. Turn off the following switc
ING URITS, APTERBURNER.

Set the PROCESSING switeh in the operating position;
turn screw ! on the afterburner control unit to the initial
position,

2, Disconnect the
aircraft mains;

times in Succession,

if some

dure by operating

broceed as follows:
hes: MASTER SWITCH, START~

ground power supply source from the
detach the nitrogen delivery pipe and hose
BiI37-592 from the unions used for measuring the fuel pressure.
Fit screw caps onto the unions ang lock them,

3. Inspect the oil and fuel lines for leakage, and remove
oil and fuel splashes from the engine and engine compartment
surfaces,

Note: After deprocessing the engine which has been idle
for over 30 days, blow the Ppipe lines delivering
oxygen to the flame igniters of the combustion

as is instructed in Chapter

chambers with nitrogen
VIL.
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9. Engine Cranking

The engine cranking is using the following
procedures:

1. Connect the ground power supply source to the aire
craft mains, and start the fuel booster pumps (installed on
the aircraft), .

2. Pura on the following switches:

(a) AFTERBURNER (A3C-15)3

(b) STORAGE BATTERY (B,,);

(c) STARTING UNITS (A3C~-25) (in the ON position);

(d) CRANKING (Bl ) (in the CRANKING position),

Note: When performing the engine cranking with the use

ot of thg 24x48 V system, set the CRANKING switch in
the STARTING position; set the PROCESSING switch i
in the K position, and detach the plug connector =
of the electromagnetic starting valve, . -

3. The engine control lever should be set in the CUT-OUT )
position,

4. Press the GROUND STARTING button and release it 1 or .
2 sec. later,

This will cause the starter-generator to spin the engine
rotor,

In 45 sec, after pressing the GROUND STARTING button,
turn off the following switches: MASTER SWITCH, STARTING UNITS,
and CRANKING; disconnect the ground power supply source from
the aircraft mains and stop the fuel booster pumps,

Note: Iimitations to be observed when cranking the en-
== gine with the fuel delivery apply to the engine
cranking without the fuel delivery as well,

10. Checki, en System of Main Flame
Izniters gnd Charging System with
Oxygen

The main flame igniter oxygen supply system should be
checked in the following manner: .

1. Charge the aircraft oxygen bottle with commercial
pitrogen, Deliver the nitrogen via the charging connection
until pressure rises to the specified value,

carried out
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Note: Deliver the nitrogen through a felt filter,

2, Install a pressure gauge with a measurement range of
0 to 10 kg/sq.cm., for checking oxygen pressure downstream
of the non-return valve.

3. Connect the ground power supply source to the aircraft
mains,

4, Open the cut-off valve of the oxygen bottle,

5. Set the master switch in the GROUND STORAGE BATTERY
position; turn on the STARTING UNITS switch,

6. By setting the OXYGEN switch (BKII ) in the CHECKING
pPosition, measure the pressure downstream of the pon-return
valve, .

7. Remove the pressure gauge and install the service
closure,

8. Coat the joints of the ron-return valve, aircraft
pipe comnection as well as the closure with neutral soap foam
for checking the joints for tightness,

9. Set the OXYGEN switch (BKIl ) in the CHECKING position
and discharge the nitrogen,

Notes: 1. When dischargin%rthe nitrogen, check the joints
for tightness, bubbles show up, tighten up
the joint or reassemble it,

2. Nitrogen pressure 4 of the n 'R
valve should be ? to 9 kg/sq. cm,

Having blown the system with nitrogen, set all the swit-
ches to the initial position, disconnect the ground power
supply source from the aircraft mains and charge the oxygen
bottle as is laid down in the aircraft Instructions,

1. First Starting of Engine

Prior to starting the engine for the first time, observe
the following: .

1. Check operation of the hydraulic system controlling
the jet nozzle, as detailed in Section "Routine Maintenance
Performed Every 50%5 Mours of Engine Operation",

2. Adjust time delay values (with regard to the Jet noz-
2le and fuel) of the afterburner control unit, in accordance
with the data presented in the engine Service Log.
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Chapter III (Engine Starting),
4, Remove caps from the air release needles, |

WARNING: 1, The engine should be started with the engine
compartment access holes open, to make it
possible to check the 0il and fuel line
Joints for leakage.

2, If leakage is detected in some joint, jmme—
diately stop the engine and elimipnate the
leakage, The engine should not be run unless
the defect is corrected.

In the case of 5 unsuccessful nttemiats at

.starting or cranking performed in succession,

allow the starter to cool down for mot less

than 30 min. prior to making another attempt,

The starter cooling may be accomplished by .

using compressed air delivered for 15 min,

When starting the engine, proceed as is laid down in
Chapter III,

12, Engine Ground Check after First Starting

The checking of the engine on the ground after starting
it for the first time should be performed as is instructed
in Section 3, Chapter III "Warming Up and Checking Engine
Operation", making use of the graph (Fig.JHYattached hereto.

FARNING: If variations in the engine r.p.m. are experi-
enced during the engine trial, subject the main
fuel pipe line to flushing,

13. Engine Stopping

The engine stopping should be accomplished as is laid
down in Chapter III,

After the engine comes to a standstill, check the oil .
level in the tank; add up o0il to the specified level, if neces~
sary (See Chapter II); add oxygen into the oxygen supply sys—
ter as recommended in the present Chapter,

Carry out the operations enumerated in Section "Post-
flight Engine Inspection”, and inspect the filter of the oil
pump unit, as instructed in Section "Routine Maintenance
after First 51 Hours of Engine Operation" (Chapter V).

3. Carry out the operat;{ons referred to in Sectio/h 1,

3
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14, Trisl Flight

Parforn the tricl flight as instructed in Chapter IV,
DISMANTLING OF ENGINE

1. General Information on Engine Processing

1. The purpose of the engine processing is to preclude
corrosion on the engine components and to provide for safe
torage and portation of the engine. Therefore, the pro-
cessing of the engines temporarily kept away from service
should be carried out properly and in due time, making use of
ion-preventive ds strictly complying to the res=-
poective State Standards, so far as their physical and chemical
properties are concerned.

2, A complete processing safeguards the engine against
corrosion within the period of 12 months, provided the engine
is stored in a closed building and is processed in compliance
with the "Processing Instructions™ accompanying the engine.

3. The enginesin service are subjected to internal pro-
cessing providing for a three-month storage period,

4, The engines in'storage should be inspected visually
once a month,

If some corrosion is detected on the external components
of the engine, clean the affected areas with fine grain emery
cloth (No,180 = 220 ) moistened with o0il, grind with T'0J paste,
wash with clean gasoline, and coat with corrosion-preventive
compound.

The processing of the external surfaces or the removal
of surface corrosion should not be performed during rain or
snow fall,

Apply corr -preventive
dry surfaces having no paint coating.

5. When washing or processing the external surfaces of
the engine, as well as when deprocessing the engine, take care
to see that gasoline and corrosion-preventive compound do not
got on the wires, on the release jet of the HP-210 pump start-

Ang fuel control unit, on the ICP-CT—12000BT starter-generat=
oryon the KHA-114 booster coils, or on the adjustment needles,

only to clean and

—
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6. Having performed the engine processing, make a corres—

ponding entry into the engine Service Log.

2, Corrosion-Preventive Compoundg
For the internal processing of the fuel and oil systems

use should be made of oil MK-8, State Standard 6457-53.

For the external processing of all non-painted components

of the engine use neutral petrolatum, State Standard 782-53.

Notes: 1. As a substitute for petrolatum, use may be made

of aviation 0il MC-20 or MK-22, State Stan-
dard 101549, with addition of 4 to 10% of ceresine,
State Standard 2488-47.
24 All corrosion-preventive compounds should be used
only in case they are free of moisture, If the oil
intended for processing happens to contain moisture,
Tremove it by Beating the oil to a temperature of
of 110 to 120°C, until any traces of froth disap—
ear from the oil surface.
grior to processing the engine, check to see
whether the corrosion-preventive compounds comply
to the respective State Standards. .
4, Reclaimed or used compounds should not be employ-
ed for processing.

3. Internal Processing of Engine

The internal surfaces of the engine should be processed

3.

in accordance with Appendix No.7 of the present Instructions,

4, Dismantlir_xg‘ of Engine from Aircraft
Dismantle the engine from the aircraft using the following

procedure:

1. Detach all aircraft pipe lines and wires from the en—

gine,

2, Remove the hydraulic unit controlling the jet nozzle.
3. Disjoint the aircraft,

4, Bring the trolley under the adjustable jet nozzle.

5. Remove the telescopic ring and detach the jet nozzle

from the afterburner diffuser.

Note: Having removed the jet nozzle, reinstall the hyd-
raulic coatrol -unit,

6. Bring the trolley under the engine.
Detach the engine attachment fittings from the aircraft;

move the engine out of the engine compartment, attach the
hoisting device to the engine and place the engine onto the
Packing case support,
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. 7. R the tach tors, oll pressure trans-
mieters, as well as.other assemblies and units referred to in
the -atircraft Instructions, Install the auxiliary and service
closures and subject the engine to external processing.,

5._External Processing of Engine.

The external processing of the engine congists in coating
non-painted components of the engine with a thin layer of cop-
rosion-preventive compound ,

burner with cloth soaked in clean gasoline. Dry the surfaces
subject to Processing,

3. Coat all external surfaces of the metal non-painted
parts as well as the internal surfaces of the after-
burner with petrolatum ( or with a mixture of aviation oil
EC-20 or ME~22 and 4 to 10% of ceresine),

Apply the compound with a bdbrush or an atomizer,

For thinning the corrosion-preventive compound, petrola-
tum should be preheated to 80 - 90°C. whereas the mixture
should be preheated to 60 - 70°C,

4, Wrap the engine in 2 or 3 layers of paraffin Paper
and fit on a polyvinyl chloride cover,

6. Packing Engine in Shipping Case

Having performed the external processing of the engine,
attach the container with the single set of §spare parts and
the aircraft-carried tools to the case support,

Slide the upper portion of the case over the support,
ipstall the end wall of the case, bolt them down to the sup-
port and apply the Seals,
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Chapter VIII

CARE OF ENGINE INSTALLED ON_AIRCRAFT DURING
== 2n) ON AIRCRAFT DURING

PARKING PERIODS
S i3 (1)) 5)

Up_to 30 days. With the aircarft parked for a period of up
to 30 days, perform the following operations once every 10 days:
1. Open the access Panels, remove the blaaking covers

from the air intake duct and the adjustable. Jjet nozzle,
inspect, where possible, the external components of the engine
for corrosion, Treat the areas affected with corrosion as is
instructed in Section "External Processing of Engine®,

2. Start the engine; check its operation making use of

the chart presented in Section "Checking Bngine on Ground
prior to Flight"; check engine operation at the augmented rat-
ing,

3« Stop the engine,

4, Close the access Panele, the air intake duct and the

jet nozzle,

WARNING: 1, It is prohibited to carry out the operations
referred to in Point 1 in the open air during
rain or snow fall,

2. During the entire idle period the engine fuel
system should be filled with Tuel.

3. The aircraft fuel system should be free of
air locks, which are likely to cause corrosion

of the fuel system unit components,
4. If the engine fuel System has been drained,

perform engine processing for a three-month storage period, as
is instructed in Section "Internal Processing of Engine" (Chap~
ter VII),

e e

T e e
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ChapterIx

BEPLACEMENT OF ENGIRE UNITS AND ASSEMBLIRS
o T —————====2 20 AoLIMBLIRS
If some defects which cannot be <:’orrected in the field
become evident in the course of engine operation, replace the
respective assemblies, units, or paresf.
When replacing individual parts, Inss(smblies and units,
extreme care should be used to prevent foreign objects from

finding their way eithgr into the engine or into the units
and pipe lines,

A1l holes uncovered 'during disassenmbly should
be immediately closed with auxiliary closures or cellophane,
The units and parts dismantled from the engine should be
processed not later than 24 hours after the removal,

The sealing and spring washers, as well as the locks of

the dismantled units should be replaced by new ones,

WARNING: When installing the new units and assemblies,
pay attention to the arrows, indicating the
ection of rotation or fluid flow. :

The tightening-up of the nuts (or bolts) of the flanged
Joiats should be performed uniformly in a ¢riss-cross manner,
A successive tightening of the outs(or bolts) is strictly pro-
hibited, :

The threaded joints of the u
tures should bde 1iberally coated
of chalk powder with oil )
units, -~ .

Bolts yielding with difficul:
tions should be treated with kerosene.

Prior to dismantling the units of t
tem, 1t is becessary to close the fue:
drain the fuel (or oil),

nits exposed to high tempera-
with chalk paste ( a mixture
prior to the instaliation of the

ty during dismantling 6pera-

he fuel (or oil) sys=
1 shut-qfr valve and to

2l Declassiﬂej;i in Part -
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The units to be installed on the engine should be subject-
ed to external deprocessing, When deprocessing the external
surfaces of the units, the shipping caps and bushes should
not be removed.

The shipping caps and bushes must be removed only when

. installing the units in place.

When turning off the nuts and caps, use another wreach
to prevent unscrewing of the connections.

After the replacement of the units or pipe lines of the
fuel and hydraulic systems, it is necessary to thoroughly
flush the respective units and pipe lines as is recommended
in Section "Flushing of Pipe Lines"(Chapter VII).

The flushing procedure over, check the joints for tight—
ness with the engine running, . .

WARNING: 1, 20 not tighten up the joints if the Pipe

ines are exposed to the pressure of liquid
or gas.

2+ When replacing the units .and assemblies,
use the aircraft-carried tools set.

The list of the units and assemblies which may be replac-
ed in the course of engine operation is presented in A'ppendi_x
o1, C

The 1ist of the parts to be substituted with new ones
vhen replacing the respective units and assemplies 18 present-
ed in Appendix No.2.

) 1._Replacement of Pipe Lines
1. The replacement of the pipe lines can be carried out
only by the representative of the Manufacturing plant,
2. The pipe lines, fasteners, and locking devices newly

installed on the engine should be fabricated at the,Manufacvu-_
ring plant. RARRE :

2._External Inspection of Pipe Iines -

Prior to Installation
=Xior Vo Jnstallastion

The pipe lines to be installed on the engine should be.
subjected to external inspection to see that:

(a) the pipes are plugged and sealed; .

(b) the colour of the paint coating is correct; X

(c) the nipples on the flaved pipes-are capable of dis=
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Placing within 10 to 15 mm along the Dipe, and the muts are
capable of the same displacement on the nipple;

(d) the mating surfaces of the pipes are free of burrs,
notches or other mechanical damage;

(e) the deflection radius of the low-pressure and high=
pressure pipe lines is not less than two diameters of the
Ppipe.

If the pipes do not comply with even one of the above
requirements, they should not be installed on the engine,

3. Pipe Lines and Fittings Fmployed for
Oxygen System

The high-pressure and low-pressure oxygen systems employ
steel piping of 4x6 and 6x8 mn in diameter; at the Manufactu-
ring plant the piping is subject to special chemical treatment
(degreasing and passivation).

Pipe lines to be newly installed on the engine are not
subject to degreasing or passivation,

¥ARNING: If traces of oil are detected on the Joints, or

if there is a suspicion that some fuel or oil
has found its way into the pipe, subject the
st Pipe to degreasing and passivation.

4, ﬁége'asig. Wash in soda~-potassium bichromate solution
or in hot alkali solution at a temperature of 60 to 70°C, After
degreasing wash the Pipes first with hot water and then with
cold water, Washing should be accomplished by a repeated dip-
ping of the pipe into the water. The inner surfaces of the
pipe should be flushed.

B, Passivation, Wash and keep the pipe for 20 min, at a
Toom temperature in a solution of the following composition:

chrome anhydride . . ., , . 150 to 160 gr/lit.

sulfuric acid (commercial) , 1.5 mgr

After the passivation wash the pipe in hot Tunning water.
Dry at a temperatu:;e of 70 to 100°C until moisture is comple-
tely removed. .

1. The inside of the oxygen system components ready for
installation should be treated with 10 mgr of clean rectified
spirit, The spirit issuing from the components should be ap-
plied to filtering paper. No oil stains should be left on the
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paper after the spirit evaporates. Repeat the above procedure,
if some oil stains are detected on the raper.

2. Check the pipe lines for tightness with the aid of
pure dry nitrogen., For this treat the joints with a concen-
trated neutral soap solution., The check completed, remove
the remaining soap with a dry piece of cloth, and wipe the
respective places dry.

WARNING: 1, Do not blow the pipe lines with compressed

air,

2. Any modifications and changes in the con-
struction of the reducing and non-return
valves of the oxygen system must not be
introduced by the Custonmer, -

3. The pipe line is to the inst
union after blowing the Pipe 1line with come
pressed nitrogen.

4. When d.isassembling the pipe lines exposed to
bressures, reduce the pressure available in
the pipe line to zero (as indicated by the
Pressure gauge) and then disconnect the
Joint,

5. The pressure gauges employed for checking
pressure in the oxygen system should be in
proper condition. and carry the required
seals., The pressure gauges should be guarde
ed against oil and fatty substances; the
bressure gauge dials should bear the follow-
ing inscriptiou:"OXYGEN, OIL IS DANGEROUS"™,

4, Installation of Pipe Lines on Engine

The prelimi. erection of the pipe lines is carried
out with the burpose of fitting the pipe to the engine confi-~
guration, .

' The pipe is considered fit for installation ifs

(a) the clearances between the pipe line and other lines
(at the points of their attachment) agree with the specified
values (not less than 3 mm between pipe lines and not less
than 1 mm between the pipe lines and other components);

(b) the pipe line is so installed as to cause no stress—
€3, and is fitted into the clips with a negative allowance of
oot over 1 mm;

(c) the pipe remains in the initial position after the
outs of the joints are turned off,




WARNING: 1, The preliminary erection of the pipe lines
should be performed without using tiie sealing
rubber, the necessary clearance providing for
the installation of the sealing rubber being
taken into consideration when fitting the
pipes,

2, The deflection of the Ppipe from the union rng
from the clip nest should not exceed 4 om,

(d) the places with stripped paint coating coinside with
the clips (for bonding purposes). .

If the pipe is fitted into position with some difficulty
(requirements presented in Points a, b, ¢ are not complied
with), it is allowed to bend the pipe at the point located at
a distance of not less than 75 mm from where the nipple is
soldered or welded; no subsequent hydraulic or X-ray tests are
required, The bending may be accomplished manually or by using |
a special tool,

Note: The pipe bending is performed after the pipe is ne-
cessarily removed from the engine, the work being
entrusted to the representative of the Manufactu~
ring plant only.

When laying the pipes provided with telescopic joints,
treat the surfaces to be connected with lubricent HK-50.

The threaded portions of the pipe line joints should be
treated with clean oil prior to screwing them on,

When unlocking the pipe line nuts, see that the locking
lugs and strips on the nuts and pipes are intact,

Do not use the rubber and copper sealing rings again.

When carrying out the replacement operations, use pipes,
fasteners, and locking devices fabricated at the Manufacturing
plant only. .

The fasteners should be fitted exactly in the same places
as before the pipe was replaced.

Prior to the replacement, blow the pipes with compressed
air and wash them with clean gasoline {exclusive of the oxygen
system pipes),

Do not put the pipes in storage unless they are processed.
The pipes should be plugged or closed with cellophane film,
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The final erection of the pive lines should be accom—

plished in compliance with the following requirements:

(a) the rubber ring should be free of ply separation,
scores or cutsg

(b) the rubber ring should be fitted into the recess by
means of rod BU37-28; -

(c) the nut should be turned on the union manually unbil
it contacts the collar of the nipple; then the nut should be
tightened up with a wrench,

Notes: (a) tighten up the flared Joint by using a wrench

with a 120 to 160 mm long arm;

(b) when tightening up the Joints, hold the unions
of the mating components with a wrench;

(¢) the flared Joints may be tightened up four
times, after which the respective pipe should
be replaced;

(d) lock the nuts of the pipe lines with brass and
steel (where exposed to high temperatures)
binding wire having 0.8 or 1.0 mm in diameter.

5. Units Replaced via Access Holes of Engine
Compartment

The starter-generator should be replaced using the fole
lowing procedure:

1. Remove the cooling air delivery pipe from the starter-
generator,

2, Detach the wires from the starter-generator.

3. Release the locks (2 pieces) and back out 2 bolts of
the connecting ring, while supporting the starter-generator.

4, Remove the starter-generator from the engine.

A new starter-generator is installed in the order reverse
to dismantling.

Check to see whether the starter-generator has occupied
the correct position; if the position is correct, the cylind-
rical pin will enter the hole provided on the flange of the
engine wheel case.
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Notes: 1. When installing the starter—generator, the quick-

disccanect ring should be so arranged as tc
allow the joint to be set in the horizontal
plane,

2, The starter-generator cooling air delivery pipe
may be installed at any angle, depending on ar—

t of the aircraft pipe lines. .

3. The wire attachment block should be located at
an angle of 20” below the horizontal plane (at
port side, looking forward),

Having replaced the starter-generator, crank and start
the engine, after which run the engine for 1 or 2 min, at 88
to 90% r.p.m. to see that the generator is properly loaded.

Replacement_of HP=210_Fuel

The replacement of the HP=21¢ fuel regulating pump should
be carried out in the following sequence: '

1. Unlock and detach control link ? (Fig.43) from the fuel
regulating pump.

2. Remove the low-pressure rotor tachometer generator.

3. Remove the universal joint shaft of the pump centri-
fugal governor drive, connected to the oil scavenge pump of the
front support.

The universal joint shaft is dismantled as follows
(Fig.19):

~ extract the spring ring;

=~ remove the plug;

- extract bush 10;

- loosen the straps on the rubber boot;

~ take out universal joint shaft 83

= remove the rubber boot,

MWiRNING: 1. The installation of tlie universal joint shaft
should be accomplished in tic reverse order of
dismantling,

2. During reassembly see that the universal .joint
shaft enters the recess provided in the bush
of the HP-21¢ fuel regulating pump and the
recess of the drum incorporated in the oil
scavenge pump, .

3. Check to see that the drum is properly engaged
with the pump, for which purpose tura the
low-pressure rotor manually. If the engagemenv

is correct, the universal Joint shaft will
rotate, .

o e e 0 @ . @ @
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4, When coupling the drive of the centrifugal governor
of the HP~210 fuel regulating pump to the pump sca-
venging oil from the front support by means of univer—
sal joint shaft 8 (Fig.l9), see that the hole for bush
10 lines up wish the hole for block 9; the permissible
error is not to exceed 5.5 mm (check by using sppli-
ance Bll 37-189 contained in the group set, Appe
No.5). If the appliance pin enters, the hole provided
in the fuel regulating pump, the misalignment of the
holes may be considered to be within the permissible
Trange.
The axial displacement of the universal Joint shaft
should be within 0.8 to 3 mm.
After the HP-21) fuel regulating pump has been installed
in position, adjust the position of the levers of the IyPT- I®
control panel and of the HP=21 ¢ fuel regulating pump as is

instructed in Section "Adjustment of Engine Controls™,

‘Chapter X, N

After the replacement of the fuel regulating pump take
the following steps: .

(a) flush the main fuel system as is laid down in Section
"Flushing of Pipe Lines" (Chapter VII); .

(b) deprocess the fuel regulating pump as is instructed
in Section "Deprocessing of Engine™ (Chapter VII);

(c) start the engine in accordance with recommendations
presented in Section "Engine Starting" (Chapter III);

Notes: 1. When starting the engine, it is allowed to per-
form manual regulation of fuel supply.
2. With the engine running, check the fuel system
for leakege., No leakage should be allowed.

- Adjust the following:

(a) engine maximum T.p.m. as recommended in Chapter X3

(b) r.p.m. associated with the operation of the hydrau-
lic decelerator limit switch, as is laid down in Chapter X3

(c) engine controls and acceleration, as instructed in
Chapter X3

(d) engine starting, as is laid down in Chapter X.

Perform the trial flight as instructed in Chapter IV,

‘e e @ o ® o o
LAl




The replacement of the control panel should be carried
out in the following sequence:

(a) detach the plug connectors of the control panel,
Ap-3A tter, and P-1 rh 3 ’

(b) disconnect the link from the control panel lever; .

(c) unlock and turn out the bolts securing the control
panel; remove the control panel from the engine;

(d) remove the J[P-3A tranamitter, P~1 rheostat, and the
lever from the control panel.

The installation of the new control panel onto the engine
should be accomplished in the following manner (Fig.49): E

1, Mount the J[P-3A transmitter on the control panel, for °
which purpose: i

{a) remove cover K (Fig.38) where the transmitter is to
be connected to the control panel; back out four bolts;

(b) set shaft 10 of the control panel in the zero posi-
tion (Pig.11)s

(c) mount the J[P-3A transmitter onto the control panel,
having fitted a gasket under it. Secure the transmitter with
bolts 7 and install lockss

(d) attach the transmitter plug connector to fixture
B3?7-587;

(e) rotate the panel shaft in the direction of arrow U

until the transmitter slide shifts to the soldered portion of |

the winding;

Hote: As soon as the slide reaches the soldered pox-non,
the resistance of the winding stops changing des- :
pite the slide movement,

(£) with the control panel shaft in this position, figures
107 ~ 109 of the dial should line up with the notch provided
on the casing. ' ) i

Fasten the dial in this position by means of screw 2; ‘
lock the screws with binding wire;- l

(g) rotate the control panel shaft in the clockwise direc- |
tion to line up figures 78 ~ 80 on the dial with the notch on
the casing,

50X1

With the shaft in this position, manipulate screw 13 of
the transmitter to adjust the initial movement of the trans-
mitter slide in response to the clockwise turn of the control
panel shaft (from figure 78)

Notes: 1. When the slide starts moving, the resistance of
the transmitter winding changes in response to
the shaft turning.

2. Having adjust;ed the slide, lock screw 13 and
register the fi value in the transmitter Cerw
tificate.

2, Install the lever on the control panel, for which pur-
poses

(a) turn the shaft in the clockwise direction and line
up the dial zero with the notch on the casing;

(b) mount the lever over the splined bush of the panel
shaft, at an angle of 53+1° (Pig.40);

_Note: The specified angle can be obtained by resetting
the lever over the splined bush and by displacing
the splined bush over the splines of the control
panel shaft,

Measure the angle with the aid of a gauge. Fasten
and lock the lever.

(e¢) turn the shaft in the counter-clockwise direction
and line up dial divisions 112 = 113 with the notch on the
casing, With the shaft in this position, adjust control panel
stop screw 5 (Fig.38) so that the control panel lever flag is
tightly pressed against the stop screw, -

3. Check to see whether the operating angles of the con-

- trol panel cams agree with the limitation values presented in

Chapter I (perform the check with the engine inoperative,
using fixture Bl137-587)..

If necessary, adjust the operating angles of the control
panel cams, using the following procedure:

(a) slacken screw 12 (Fig.38) of the control panel cain

. to be adjusted;

(b) turn screw 13 of the respecc:.ve cam to adjust the
required angle of operation;

(c) the adjustment over, tighten screw 12 end lock it
together with screw 13.

4, Mount the P-1 rheostat (Fig.49) on the control panel,
having removed cover 8 from the latter (Fig.38). Tighten
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screws 14 and lock them with binding wire.

S. Install the panel on the engine, Bolt it down and
lock., Couple the link to the control panel lever, fasten and
lock it. Attach the plug connectors of the control eguipment
to the JIP-3A transmitter and to the control panel,

Having installed the control panel on the engine, carry
out the necessary checks and adjustments:

(a) of the engine controls, as is laid down in Section
“Ad justment of Engine Controls", Chapter X;

(b) of the jet nozzle diameter at the MINIMUM AUGMENTED
rating and at the FULL AUGMENTED rating, as is instructed in i
Section "Replacement and Adjustment of Hydraulic Cylinders", |

|

The replacement of the J[P~3A transmitter should be car~
ried out using the following procedure: ;

(a) remove the IYPT-10 control panel in compliance with |
the recommendations presented in Section "Replacement of . ’
NYPT-1¢ Control Panel";

(b) remove JIP-3A transmitter from the control panel,

The installation of the new transmitter and further ope-
rations pertaining to checking the engine controls should be
conducted in compliance with the instructions presented in
Section "Replacement of [YPT-19 Control Panel™.

The replacement of the P-1 rheostat should be performed
&a’ follows:
© (a) detach the rheostat plug t
(b) unlock and remove the screws securing the rheostat, |
Remove the Theostat from the control panel (See Fig.49).
The installation of the new rheostat should be m:t:cunplilél?I
ed in the order reverse to dismantling. Further operations P
taining to checking the engine controls should be carried out
as is laid down in Section "Replacement of IIYPT-19 Control

i } .SEC&ET s
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In case the feed-back transmitter is found to be defec=
tive, the hydraulic cylinder should be replaced along with
the transmitter, The replacement of the hydraulic cylinder
should be effected as instructed in Section "Replacement and
Mdjustment of Hydraulic Cylinder" (Chapter IX).

The control unit is replaced using the following pro-—
cedures

(a) detach the plug connector of the control unmit.

Unlock and remove two bolts securing the qmck—d;scon—
gect joint;

(b) remove the BY-4F control unit, taking care to support
the shaft connecting pin.

Note: When dismantling the control unit it is allowed to
remove the pipe lines and wires interfering wi:
the control unit removal from the engine.

Prior to installing a new control unit, set its shaft in
the initial position by rotating it about the axis, until
the key accommodated inside the shaft occupies a position dia-
metrically opposed to the hole provided on the face of the
control unit (Fig.39). Set the shaft of HP-22¢ pump speed
transmitter 30 in the initial position, that is in a position,
allowing the notch on the tachometer generator shaft end face
to stop against the notch on the flange of the quick-discon-
tect joint (the shaft should be rotated from the inmitial posi~
tion in the clockwise direction, if viewed from the flange
side); in this case (See Fig.26) the axis of the grooves
provided on the shaft for accommodation of the bush (for the
connecting pin) will set at an angle of 90° relative to the
reference pin on the flange of the HP-22(Q fuel regulating
hump, Proceed with installing the units:

(a) install the connecting pin into the grooves of the
tush on the shaft of the HP-22Q pump;

(b) install the key into the shaft of the BY-4B5 control

. Wit; the key should engage the groove of the bush of the

BP~22 @ pump;

s
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(¢) £1t two half-rings of the quick-disconnect joint
onto the flangesg

(1) secure the rings with two bolts; lock the bolts;

(e) attach the plug connector to the BY-4B control unit,

After the installation of the BY~4B control unit, check
the operation of switches CT, BAT , B20-1, and B®0 -2 with the
engine running, watching the indications of the tester pilot
lamps and of the pointer of the high-pressure rotor speed in-
dicator,

Hote: The operating speed of switches BO0O-1 and B0 -2

should be checked while slowly shifting the e ine
control lever within the range of 50 38 80% r.;t;:l.

If the operating speed values of switches cr, BAT ,
B®0-1, and BPO-2 do not agree with the specified values,
presented in Chapter I, adjust the switches as follows:

(a) back out screwl15,and hinge off the control unit cover
(Fig.39)3

(b) unlock screw 8 of the respective cam and slacken it;

() vy turning screw 9, adjust the switch as is laid
down in Chapter 13

Hotet One turn of the switch cam screw will e the

operating speed by about §.6% (with regard to the
high~pressure rotor speed).

(d) the adjustment over, turn in screw 8, lock it along
with screw 9 with wire, and reinstall the control unit cover,

RBoplacement of UA-I3AT _ Fuel Boogter Pump

The fuel booster pump should be replaced as follows: X
1. Detach the fuel inlet and outlet Pipe lines from the
pump,

Note: When dismantling the pump it is allowed to remove
the piping interfering with the procedure,

2. Unlock and back out 2 coupling bolts of the quick-dis~
connect Joint half-rings,

The installation of a new pump should be carried out in
the order reverse to dismantling; gasket 0253112 should be re~
placed beforehand,

WKEILN LIdJE

The correct position of the pump is indicated by the cy=_ .

lindrical pin provided on the pump flange; the pin Bmgid enteﬁj";f 2. Detach the air lines from ‘the regulating needlé.

the hole on the flange of the engine wheel case,
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After the replacement of the pump, proceed as follows:

(a) flush the main fuel system as is instructed in Sec~
tion "Flushing of Pipe Lines" (Chapter VII)§ :

(b) start the engine and check the tightness of the
pump delivery and suction lines,

The non-return oxygen valve should be replaced using the
following procedures: .

(a) unlock and turn off the nuts securing the pipes which
deliver oxygen to, and carry it from, the valve; back out the
bolts fastening the valve strap;

(b) remove the non-return valve from the engine.

Prior to installing the new non-return oxygen valve,
blow it with compressed commercial nitrogen. Do not wash the
valve, i

Note: The commercial nitrogen should be delivered via a
felt filter to remove hard particles and moisture.

The new non-return valve should be installed in the order
reverse to valve dismantling. After the valve installation,
check the oxygen piping ( upstream of flame igniters) for
tightness of the joints, using commercial nitrogen at a pres-—
sure of 7 - 9 kg/sg.cm.; prior to delivering the nitrogen, treat
the joints with the neutral soap solution, as is instructed
in Chapter VII,

WARNING: When installing the valve, follow the recommen-
dations presented in Section "Replacement of
Pipe Lines",

(the needle being marked with one collar made wit)x the
electric etcher or with digit 2 and one yellow strip on the
housing)

The regulating needle should be replaced in the following
manners:

1. With the engine running at the maximum rating g.p,m,,’—,»’"
ueasure the air pressure in the pipe line delivering 1""2 to’
the afterburner governor. N

3..Unlock and turn_out the bolts securing the strap which
e
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holds the needles to the bracket; remove the regulating needle
from the engine.

The new needle should be installed in the reverse order
of dismantling,

4, Having installed the new needle, restore the original
air pressure in the line delivering P'2 to the afterburner go-
vernor, by manipulating the regulating needle with the engine
running at the maximum rating r.p.m.

With the needle turned in the counter—clockwise direction,
P e Pé will i ; when the needle is turned through
1 division, the pressure will change by about 0.008 kg/sq.cm.

Notes: 1. The operations presented in Points1 and 4 should
be carried out under the same outside air tem-
perature conditions.

2, If pressure P} has not been measured prior to
the removal of the regulating needle, perform
the adjustment of augmented rating after the
installation of the new needle, as is instruct-
ed in Section '"Replacement of HP-22¢ Fuel Regu-
lating Pump™ of the present Chapter.

3, The needle head should not project above the
tightened-up nut by more than 11 to 23 mm,

_Hoedle
* (the needle being marked with two collars made with the
electric etcher or with digit 1 and a blue strip on the hous-
ing) . R
The replacement of the limiting needle should be carried
out in the following manners:
41, With the engine running at the maximum rating T.DPeMl.,

measure the air pressure in the line delivering P3 to the ba—

rostatic limiter of the HP-22¢ fuel regulating pump.

2, Detach the air lines from the barostatic limiter needle,

3. Unlock and turn out the bolt securing the strap which
holds the ncedle to the bracket; remove the needle from the
engine,

The installation of a new needle should be accomplished
in the reverse order of dismantling.

- De
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Having installed the new needle, restorethe original air
pressure in the lipe delivering P'Z' to the barcostatic limiter
of the HP-22¢ pump, by manipulating the needle, with the en-
gine running at the maximm rating r.p.m.

With the needle turned in the counter-clockwise direc-—
tion, pressure P'2' inqreases, and vice versa.

With the needle turned through 1 division, the pressure
changes by 0,008 kg/dq.cm. :

Notes: 1. If pressure PY has not been measured prior to
the removal of the barostatic limiter needle,
carry out the adjustment after irstalling the
new needle as is laid down in Section "Replace-
ment of HP-220 Fuel Regulating Pump”of the
present Chapter.

2. The needle head should not projest above the
tightened-up nut by more than 11 to 23 mm.
Replacement of Afterburper Spark Plug on _Disjointed

_Aircraft (See Fig.37)

The C3-21J5 spark plug should be replaced using the
following procedure:

1. Fasten the adjustable jet nozzle on the support of
a special trolley.

2. Unlock and turn off two nuts securing the quick-dis—
connect joint between the diffuser and the jet nozzle, Extract
the bolts, remove the fuel collector and the half=-rings, after
which move the jet nozzle aside,

3, Unlock and detach the following pipe lines and wires
from the diffuser casing:

(a) two pipes delivering fuel to the afterburner fuel
manifoldss

(b) pipe connecting I.-’,+ (static) to the HP-22( fuel regu-
lating pump; .

(¢) afterburner wire running to the C3-21]I5 spark plug; -

(d) pipe delivering carburized mixture to the flame igni-
ter;

(e) pipe delivering air to the flame igniter.

4. Unlock and turn off six nuts holding the fuel collect-
or to the 2-nd stage nozzle diaphragm-to-diffuser joint; remo-
ve the fuel collector,

R AR e A, R
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5, Unlock and turn off the nuts of the bolts securing
the diffuser; remove the diffuser,

Eote: Vhen extracting the bolts holding down the diffus-
er, mark with the places for installing the
roilomng lengthensd bolts which serve for fasten—
ing the pipe lines on the diffuser:

four bolts securing the brackets;
b) six bolts for the fuel collector;
i c) one bolt for the bracket mounting the after-
W burner fuel pipe line,

6. Unlock and turn off the nut holding the busbar to the
spark plug.

7. Unlock and turn out the spark plug with the aid of
i a special wrench (contained in the group set of spare parts).

The installation of the new spark plug, the afterburner
diffuser, and the adjustable jet nozzle should be accomplish-
ed in the order reverse to dismantling.

Notes: 1. When installing the diffuser, the nuts of the
diffuser fastening bolts should be tlsgtened
by turning them to an angle of 5 to 15° (from

position where the nuts cuntact the flange).
2. When £itting the pipe delivering P,, replace
] copper gasket 0253132 (1 piece).

Check the diffuser for correct installation by the posi-
tion of the notch provided on the nozzle diaphragm casing;
normally, the notch.should line up with the centre dot on
the diffuser flange.

In a properly jointed afterburner the wider collar of
the adjustable jet nozzle will fit into the wider groove of
the half-rings, whereas the narrower collar will enter the
respective groove of the joint.

When installing the diffuser pipe lines, lock the nuts
of the Joints with the aid of wire 1X18H9T, having 0.3 mm
in diameter, State Standard I'0CT 5948-50 (hardened).

i After completing the operations pertaining to the

e e

L . replacement of the C3-2115 afterburner spark plug, check the
R operation of the engine, with the adjustable jet nozzle fasten-
¢ ed to the trolley-mounted frame (at any of the engine ratings).
4 Prior to turning on the afterburner, check the pipe

] lines which have been subjected to dismantling and reinstalla-
tion for tightness, for which purpose:

OOO
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(a) deenergize the KHA-114 afterburner booster coil by
detaching the low-voltage plug connector;

(b) start the engine, after which shift the engine cont~
rol lever to the FULL AUGMENTED rating position and keep it
therefor 0.5 to 1.0 min.;

(¢) if no leakage shows up, attach the plug connector
to the booster coil and check the aftérburner for proper con=-
trollability, as is laid down in Section “Checking of Engine
on Ground prior to Flight".

Replacement and Adjustment of Hydraulic Cylinder

(to be performed with the hydraulic control unit dismantled)

The replacement of the afterburner hydraulic cylinder
should be carried out in the following manners:

1, Remove the hydraalic unit controlling the adjustable
jet nozzle, for which purpose:

(a) detach the hydraulic pipe lines from the hydraulic
control unit and disconnect the plug connector from the feed-
back transmitter;

(b) unlock and remove six pins securing links 3 (See
Pig.45) to the adjustable jet nozzle casing;

(¢) release struts 3 from the eyes and remove the hydrau—
lic control unit (three hydraulic cylinders along with the
cooling casings, flap ring 10, and load-carrying ring 4 with
six links 3).

2. Remove the casing of the cylinder td be replaced.

3, If possible, measure the projecting portion of the
cylinder rod in each of the two positiens (MAXIMUM and FULL
AUGMENTED) for which purpose:

(a) t the trolley d hydraulic pumps;

(b) connect the hoses,contained in the aircraft-carried
tools set, to the hydraulic control unit-and %o the aircraft
connectionss

(¢) connect the ground power source to the ajircraft mainsj

(d) turn on the following switches: AIRCRAFT-GROUND STORAGE
BATTERY, AFTERBURNER, PROCESSING (in the K position).

°.'°600'e'°
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Set screw W on the afterburner control unit in the
BLOCEIRG CUT-OUT position, turn on the switch EMERGENCY EN-
GAGEMENT OF TWO-POSITION .JET NOZZIE;

(e) set the engine control lever in the MAXIMUK rating
position and in the'FULL AUGMERTED rating position. While
proceeding in this manner, measure the projecting portion of
the hydraulic cylinder rod,

Should it be found impossible to take the above measure-
ments, make use of the values obtained while measuring the
rods of the sound cylinders (taking the mean value).

After carrying out the above | . At t
the ground power supply source from the aircraft mains,

4, Release pressure from the hydraulic system.

5. Unlock and detach the pipe lines from the cylinder to
be replaced,

6. Unlock the mut of the bolt holding the hydraulic cy-
linder to load-carrying riang 4, .and hydraulic cylinder fasten-
ing pin to flap ring 10;

Extract the bolt and the pin, and remove the hydraulic
cylinder,

The installation of a new hydraulic cylinder should be
carried out in the order reverse to dismantling,

Adjust the rod travel of the newly-installed cylirnder in
the MAXIMUM and FULL AUGMENTED ratirg positions so that it
agrees with the respective values obtained on the replaced cy-
linder (in case the measurements were carried out), or with
the rod travel values of the sound cylinders (proceed as in=
structed in Point 3 of this Section).

Check the hydraulic cylinder rods for synchronous travel,
for which purpose shift the engine control lever several times
£rom the MAXIMUM rating stop to the FULL AUGMENTED rating stop.

No difference in the travel values is permissible.

The misalignment of the ring during the rod travel should
not d 7 mm at 1 diate ted ratings and 1.5 mm
at the full sugmented rating.

Hote: The ring is checked for misalignment by using a
e to measure the projecting portions of the cy-
linder rods; the difference between the rod projec-
tion values (of three hydraulic cyhnders) will affect
the synchronous travel of the rods.

50X1

Should it be necessary, perform-the adjustment of the rod
travel by manipulating screws 5, springs 4, and the synchroniz~
ing valves (Fig.48); prior to carrying out the procedure, sla~
cken nuts 6. The tightening of the screw of the right-hand syn-
chronizing valve spring (See 313.50) will cause the rods to
open the jet nozzle flaps at a higher rate. The tightening of
the screw of the left-hand synchronizing valve spring will
cause an accelerated closing of the jet nozzle by the cylinder
rods. .

Check the time period within which the hydraulic cylinder
rods shift from the MAXIMUM rating position to the FULL AUGMEN-.
TED rating position and backwards, as is instructed in Section
"Routine Maintenance Performed Every 5015 Hours of Engine
Operation”.

If this time period does not agree with the specifxed one,

carry out the adjustment of the synchronizing valves (Pig.50)
with the aid of flow restrictors I, II and III. ’

An increase in the capacity of left-hand synchronizing
valve flow restrictor I will cause the rods to elose the flaps
within a shorter time period, and vice versa.

An increase in the capacity of right~hand synchronizing
valve flow restrictor II will cause the rods to open the flaps
within a longer time period, and vice versa.

Having completed the final adjustment of the cylinder
rods, install flow restrictor III with a capacity specified
in the chart attached, where O.I and 02 are the capacities of
the flow restrictors of the left-hand and right-hand syschro-
nizing valves respectively. ’

Having completed the above procedure, disconnect the trol=

ley-mounted hydraulic pumps from the hydraulic system; discon-
nect the ground power supply source from the aircraft mains,

turn off the EMERGENCY ENGAGEMENT OF TWO-POSITION NOZZLE switch,

and install the hydraulic control unit on the engine in the
reverse order of dismantiing.

After the installation of the hyd.rauh.c control unit,
check to see whether the jet nozzle diameters conform to the
values piesented in the Service log, proceeding as follows:

1. Connect the crolley-mounted hydraulic pumps to the
aircraft.

© 0.0
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," 2, Connect the ground power supply source to the aircraft
mains.
f 3. Set the engine control lever in the MAXIMUM rating po-
sition and measure the jet nozzle diameter (see that the
69 70° division of the control panel dial lines up with the
n?Ech provided on the vasiag).
4, Shift the engine control lever to the MINIMUM AUGMEN-
TL’ED rating stop and measure the diameter of the jet nozzle
(i in this tase the 74 — 75° division on the control panel dial
should line up with the noteth on the casing).
| 5. Shift the engine control lever to the FULL AUGMENTED
rating stop and measure the jet nozzle diameter ( this should
cause the 112 - 113° division on the control panel dial to lims
up with the notch provided on the casing, whereas the engine
control lever should tightly fit against the FULL AUGMENTED
rating stop).
Adjust the jet nozzle d.iametera. if necessary.
Note: 'I'he jet nozzle diameters should be first adjusted
t the FULL AUGHMENTED rating, as changing the jet
nozzle diameter at this rating will cause a change
in the jet nozzle diameter at the MINIMUM AUGMENTED
rating.
. The jet nozzle diameter should be adjusted in the follow-
ing manners

1. Adjust the jet nozzle diameter as follows:

(a) set the engine control lever in the FULL AUGMENTED
rating position and turn on the EMERGENCY ENGAGEMENT OF TWO-FO-
SITIOR JET KOZZIE switch;

(b) release pressure in the hydraulic system;

(e¢) slacken locking bolts 18 (Fig.47) retaining hydraulic
cylinder shankssg

(d) turn the hydraulic -cylinder rods to obtain the requir~
ed jet nozzle diameter.

Turning the hydraulic cylinder rod in the clockwise direce

“tion (looking forward) will cause the jet nozzle diameter to

increase, and vice versa.

50X1

One turn of the rod will change the Jjet nozzle diameter
by about 2 or 3 mm.

WARNING: To avoid causing misalignment of the Ting turn
the rods of all the three hydraulic cylinders -
through the same angle,

Having completed the adjustment procedure, tighten up
locking bolts 18,

2. Check the hydraulic cylinder rods for proper projec—
tion at the beginning of the FULL Al ] D rating tor,
proceeding as follows:

Set the éngine control lever in & position in which the
107 - 109° division on the control panel dial lines up with
the notch on the control panel casing.

_Note: When shifting the engine control lever, watch the
movement of the hydraulic cylinder rods.

With the engine control lever in this position, the rods
of the hydraulic cylxnders should set against the mechanical
stop. .

(a) In case the byd.raulic cylinder rods set against the
mechanical stop before the engine control lever reaches the
specified position, turn screw 10 of the P-1 rheostat
(Pigs 36, 40) in the clockwise direction to adjust the hydrau-
lic cylinder rods so that they set against the mechanical stop
as soon as the engine control lever attains the required posi-

tiong -
(b) If the hydraulic cylinder rods stop as soon as the

engine control lever reaches the required position, turn on
the EMERGENCY ENGAGEMENT OF TWO-POSITION JET NOZZLE switch,
This should not result in changing the hydraulic cylinder rod
projection value.

If there is a change in the proaectlou of the hydraulic -
cylinder rods, turn screw 19 of the P-1 rheostat in the coun-
ter-clockwise direction to adjust the rods so as to ensure
a full projection of the rods at the given position of the. en-
gine control lever. ‘

Note: Having checked and adjusted the full projection of
the hydraulic cylinder rods, turn screw 10 in the
counter-clockwise direction through 3 or 4 and
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check to see that the rods do not move wben the
engine control lever 1is shifted within the range
of the FULL AUGMENTED rating sectore

Adjustment_of Jet Nozzle Diameter at _MINIMUM

AUGMENTSD Rating_

1. Set the engine control lever in the MINIMUM AUGMENTED
rating positions

2. Adjust the jet nozzle diameter to the required value
by turning screw 16 (Fig.16), Turning the screw in the clock=~
wise direction will cause the jet nozzle diameter to increase,

and vice versas
WARNING: When adjusting the jet nozzle diameter by means
.of screw 16, see that the axial displacement of
the screw should not exceed 2 mm in either
diﬁrection (as compared to screw projection value
registered in the Certificate of -34
transmitter).

If the jet nozzle diameter fails to be adjusted by tura-
ing screw 16 within the specified range, the ad justment pro=
cedure should be carried out as follows:

(a) set screw 16 in the initial position;

(b) turn screw M® of the P-1 rheostat(Fig.16) to adjust
the jet nozzle diameter +to the required value,

Turning screw ¥ in the clockwise direction causes the
jet nozzle diameter to increase, and vice versa.

WARNING: 1, Having adjusted the jet nozzle diameter with
the aid of screw MQ, do not fail to check
and to adjust the full projection of the
nydraulic cylinder rods as is laid down in
the present Section, with a subsequent check-
ing and adjustment of the jet nozzle diameter
at the MINIMUM AUGMENTED rating by means of
screw 16,

After checking and adjusting the jet nozzle
diameter ot the MINIMUM AUGMENTED rating,
check to see that the rods do not move when
the engine control lever is shifted within
the range of the MINIMUM AUGMENTED rating
sectore
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_Adjustment of_Jet_Nozzle Dismeter_ et MAXIMOUM
Rating_

1., Set the engine control lever in the MAXTMUM rating po—‘
sition. :

2, Turn mts 11 of the hydraulic cylinders to obtain the
required diameter of the jet nozzle (Rig.47)e

Turning nut 11 in the clockwise direction will decrease
the jet nozzle diameter, and vice versa. One complete turn of
the mut will change the jet nozzle diameter by 2 or 3 mm,

The adjustment procedure over, lock puts 11.

WARNING: 1. To avoid misalignment of the jet nozzle ring,
turn the nuts of all the three cylinders
through the same angle.

When adjusting the jet nozzle diameter,
use the fixture, contained in the 1:20 setj
the pressure of the air delivered to the fix-
ture during the adjustment procedure should
smount to 4 - 6 kg/sg.cm. X

2. Changes in jet nozzle diameter at the maximum
rating do not affect the diameter of the Jet
nozzie at the NIMUM AUGMENTED and FULL AUG-
MENTED ratings.

The adjustment procedure over, disconnect the trolley-
mounted hydraulic pumps and the ground power Supply source
from the aircraft; set the switches MASTER SWITCH, AFTERBURNER
and PROCESSING in the imitial position; set screw Hon the
afterburner control unit in the BLOCKING CUT-IN position and
remove the fixture for the measuring jet nozzle diameter
( BU37-575).

No reference has been made in the present Instructions to
the replacement of other units and blies, the pr
being rather simple since it does not involve engine dismantling.

6. Units Replaced after Dismantling Engine
from Aircraft v
_Replagenent_of Oil Pump Unit
The oil pump unit should be replaced in the following man=
ner: :

1. Remove the JIT3-1 high-p: re rotor & ter genera-

tor.
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2, Detach the oil inlet and outlet lines.

Hotes It 15 a%lgg;d P::!P r:ggze d:]:;ﬁg:{e lines interfering

3. Relensa the plate locks and turn out four bolts fasten-
ing the oil pump unit.

4, Bemove the oil pump unit,

5. Install a new oil pump unit in the following sequenoe:

- use a depth gauge to measure the distance between the
face of the driven gear lub and the face of the dismantled oil
pump unit, with an accuracy of 0.7 mm; ’

- remove the driven gesr from the oil pump unit to be re-
placeds

- install the driven gear on the new oil pump unit;

- the dist the 0il pump unit face and
the driven gear hud as is recommended above. If the size obtain-
ed does not agree with the size of the dismantled unit, ensure
the required size to an eccuracy of 0.1 mm by roplaciﬁg calib—
rated rings No, 0243043 ( a set of 12 rings differing in size
by 0.1 mm);

= lock the mut fastening the driven gear (lock 0243151).

Purther installation of the new 0il pump unit should be
accomplished in the order reverse to disﬁantnng.

Be sure to fit in a new gaske. (No, 253144),

Having installed the new oil pump unit, check the oil
pressure at all ratings up to normel (as indicated by the pres—
sure gauge); after running the engine for %1 or 2 min. at the
normal rating, see that no oil leakage shows up on the oil pump
unit flange, If the oil pressure does not agree with the speci=
fied limits, perform the necessary adjustments as is laid down
in Chapter X, ’

Replacement_of Combustion Chamber Flame

The following procedure should be used for the replacement
of the flame igniter: :

1, Unlock and turn off the nuts securing the shielded
wires; detach the fuel inlet pipes and the oxygen.delivery
pipes from the flame igniter,

o o:.o °
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2. Release the plate locks and turn out the flame igniter
gecuring bolts.

Prior to installing a new flame igniter, it should be de-
procesaed with the aid of clean gasoline applied by a brush.
The installation of the new flame igniter should be performed
in the reverse order of dismantling.

VUARNING: 1. Treat the thread of the flame igniter secur-
ing bolts with chalk p:

2. Install the CIH-4-3 spark plugs into the
flame igniter with the help of a tor%ue 1ndi-
cating wrench, to prevent damage to the spark
plug thread.

Prior to installing the engine on the aircraft, check the
oxygen piping joints for leakage using the following procedures:

~ treat the joints of the oxygen system piping subjected
to dismantling with neutral soap solutiong

- connect the cylinder containing commercial nitrogen to
the engine non-return oxygen valve;

~ deliver nitrogen into the oxygen system piping and check
the joints for tightness.

WARNINGt 1. Nitrogen pressure should be within 7 -

2. Fo bubgh.ng of the soap solution is allowed.

Having checked the oxygen piping joints, disconnect the
nitrogen cylinder from the non-return valve and install the
engine in the aircraft.

Replacement of Front Support ( 0il Scavenge

Bump

The replacement of the front support oil scavenge pump is
carried out in the following manners:

1. Remove the IIYPT-19 control panel,as recommended in the
respective Section of the present Chapter; remove the low-—pres—
sure tachometer generator.

2. Detach the oil inlet and outlet pipe lines.

Note: It is allowed to remove the pipe 1:|.nes interfering
with the pump dismantling.

3, Remove the universal joint shaft of the HP-21Q pump
centrifugal governor drive as is instructed in Section "Replace~
ment of HP-210 Fuel Regulating Pump™ below, ’

g e . S A ¢ o T
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4, Back out the bolts securing the helf-rings of the
pump qQuick-disconnect Joint,
5. Carefully remove the pump; support the pump when
removing it to avoid bending the drive coupling shaft.
Install the new-pump in the reverse order of dismantling:
Note: When installing the new pump, fit in a new gasket,
‘Baving installed the new pump, start the engine and check
the pipe lines subjected to dismantling for leakage.

(the p\mp 1s to be replaeed completa with chs BY=-4B
control unit)

To replace the fuel regulating pump, proceed as followss
1; Detach the fuel and air lines; detach the plug con-—
nectors from the EP-220 pump and from the BY-4B control unit.
HNotes: (a) It is all m'ed. to remove the pipe lines inter-
féring with the pump dismantling.
(b) Do not change the. position of the regulating
:gem?n:: ogﬂ the needles for releasing pressur-
2, Release the iocks of.the bolts securing the half-rings
of the quick-disconnect Jjoint.
3, Back out the bolts while supporting the EP-22¢ pump.
4, Remove the fuel regulating pump from the engine.
5, Install the new fuel regulating pump in the reverse
order of dismantling.

Note: The parting line of the quick-disconnect joint ring
should be positioned vertically.

6. Having mounted the fuel regulating pump, install the

.engine i1n the eircraft.

_°£ 51’:220.?‘_165 §°Maziss_h_me

1. Install instruments for measuring the following charac—
teriasticst .

(a) Pf.p - fuel pressure in the pilot manifold (pressure
gauge from O to ‘400 with division value of 0,5 kg/sg.cm.);
(d) Pt.a.m.- fuel pressure in the afterburner manifold
(pressure gauge from O to 100 ‘with division value of

0.5 kg/8q.cm.)3

-107 =
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(e) Pé - gir pressure in the pipe line delivering air to
the afterburner fuel control vnit (pressure gauge from O to
6 with division value of 0,02 kg/sq.cRm.)3

@ Ps - air pressure in the pipe line delivering air to .
the barostatic limiter of the HP-220 pump (pressure gauge
#rom O to 6 with division value of 0,02 kg/sq.cm.)s

(e) o, - speed of the high-pressure rotor @CT-Z tacho-
peter indicator);

[(¢9] P, - gas pressure aft of the turbine( pressure gauge
from O to 6 with division value of 0.02 kg/sqecm.).

Connect tester HI37-587 (contained in the sircraft-car—
ried 1:20 set) to the main plug connector,

Set zero delays on the aftetburnet control unit ( with
regard to fuel ard jet nozzle)d.

2. Start the engine and check the speed associated with
operation of cams CT and BAT as instructed in Chapter III.

3, While smoothly shifting the engine control lever, check
the speed associated with operation of the 1imit switches
590~1 and B?0-2 (as indicated by the pilot lamp of the tester).

4, With the engine running at the maximum rating, measure
characteristics Py pom.? P}, P3, By, and Poe

5., Turn on the afterburner and check the afterburner igni-
tion by the indications of the tester pilot lamp,.

The afterburner ignition system should operate within 7
to. 12 sec. (operation of the eleétromagnet switching on the
P-220 pump and of the afterburner valve limit switch marking
off the specified time period).

If the above time period is less than, or exceeds, the
permissible limits, perform the necessary adjustment by choos=
ing préper flow restrictor 18 (Fig.26). The flow restrictor of
2 smaller capacity will cause an increase in the time perjod
¥ithin which the afterburner valve opens to its full capacity,
ad vice versa.

6. With the engine running at the augmented rating, measure
the following characteristics. B3, P3, P,

f.p.m.? Pt.a.m,' 2! L34
4, and n,e
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The parameters of the augmented rating should be lower
than those of the maximum rating:

(a) fuel pressure in the pilot manifold . .by 0.5 =

. 1.5 kg/sq.cm,

(b) speed iy ¢ o o o . . . . b7 0 =0.7%

(c) gas temperature aft of the turbine . . by 5 to 15°C

In case the difference between the parameters of the aug-
mented and maximum retings is less than, or exceeds, the spe~
cified values, carry out the adjustment of regulating needle
Py (marked with one collsr made with the electric etcher, or
with digit 2 and yellow strip on the housing).

Turning the needle in the counter-clockwise direction
will increase the fuel pressure in the pilot and afterburmsr
manifolds, as well as the gas temperature aft of the turbine,
and speed n,, and vice versa, ’

Hotes: 1. If the fuel pressure in the afterburner fuel
. manifold exceeds 75 kg/sq.cm,, the adjustment
of the augmented rating should be carried out
with the fuel pressure in the afterburner mani-
fold amounting to 65 - 70 kg/sq.cm. In this
case, a change in the position of the necedle
reguiating element should be accompanied by
a change in the pressure of fuel in the after=
burner manifold; pressure P} should exceed
ressure P, by 6.02 kg/sq.cfl.
Bﬂ.ting the "ad justment procedure pressure P’e'
should exceed pressure P$ by 0.2 kg/sg.cm.§
the final adjustment shofild be performed in
compliance with Point 7. !

7+ Adjust the needle of the barostatic limiter of the HP=
22¢ puxp (with speed By ina amounting to 1,09%) to a pressure
determined in accordance with the following formula:

. s ]
P, stat + —7§g- ) B,
b -

2 X 736

2.

20,02

kg/sq.cm.

where K is the coefficient of the ratio between pressures
PZ and P'Z' at an altitude and on the ground: )

1.30x736 956.8 : ) i
Pj sltitude  Pj altitude

P3 altitude (mm of mercury) is determined from the cha-
racteristics of the barostat entered in the Certificate of
the HP-22® pump (for fuel consumption of Q=3650 lit/nr);

P, stat (kg/sq.cm.) is the static pressure of the air
aft of the compressor with the engine running at the MAXIMUM
rating (n, ;. 4=100%); : ’

B° (mm of mercury) is the atmospheric pressure at the !
moment of adj“stmept. . i

Notes: 1. Turning the barostatic limiter needle in the
counter-clockwise direction will cause an ine
crease in pressure P3, and vice versa.

With the needle2furned through one divi-

sion, pressure will change by 0.008 kg/sq.cm.

2. Should it be necessary to adjust the regulating
needle (in the course of engine operation),
first find the difference between pressures Pé
and P3 at 100% r.p.m, and then hdjust the re-
gulating needle, with a subsequent ad justment:
of the barostatic limiter needle for the pres- )
sure difference determined, :

The adjustment procedures over, remove “the 1n§trumenta'
and close the respective connections, .

After the replacement of the HP-22Q fuel Tregulating pump,
perform a trial flight and register the o, and 0, T.p.m. values
with an accuracy of 0.5%, with the engine running at the sus-
tained FULL AUGMENTED rating (at flying Mach number range of
1224 « 1,35 and H equal to 11 4000 = 13,000 n.)e

Notes: 1. Having adjusted the regulating. needle, pass

over to the adjustmeni of the barostatic limie

ter needle, as is laid down in Point 7 of the
present Section,

2, When carrying out_the adjustment of the augment~
ed rating, make all or the tach
indicator error (iA compliance with the respec—
tive Certificate)s .
After the final adjustment of engine operation at the
augmented rating, perform a trial flight as instiructed in
Chapter VII.
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The replacement of other units and assemblies (after
dismantling the engine from the aircraft) is not delt with
in the preseant Instructions, the replacement procedurg_s not
involving any particular difficulties,

—_— . ' Chapter X

ENGINE ADJUSTMENT

The following adjustment procedures may be carried out
- ' in the course of engine operation:
s . ’ 1. Adjustment of idling rating r.p.m, -
2. Adjustment of oil pressure.
3. Adjustment of engine acceleration.
4, Adjustment of engine starting.
5. Adjustment of maximum r.p.m.
6, Adjustment of the HP~21Q pump hydraulic decelerator
limit switch and of the BY-4F control unit limit switches.
7. Adjustment of engine coatrols,
8, Adjustment of afterburner control unit time delays.
9. Adjustment of high-pressure rotor maximum TePoelle
The engine delivered to the Customer should have all its
adjustment elements locked and sealed,
WARNING: 4. Prior to the engine adj'us't:ment, make sure
the readings of the measuring instruments
are correct,

2. To obtain stable enzine characteristics du-~
ring the adjustment , the positions of the res—
pective adjustment elements should be changed
by turning them in. Should it be necessary
to turn out an adjustment element thrau{fh some
angle, turn it through the required angle o
plus 180”, and then turn it in through 180°,

f the adjustment element has some fixed
positions (indicated by clicks, etc.), turn
out the element so that the number of clicks
gggguced should correspond to the angle of

Whenever completing ‘the engine adjustment on the aircraft,
lock and seal the respective adjustment elements. The list of
A Points subject to locking and sealing is presented in the
. Appendix, . . .
WARNING: 1. When operating the engine, it is allowed to

change the position of the following adjust=
ment elements:

—adjustnment screw of the HP~220 pump maximum

y - NO-FOREIGN DISSEM;"
for Release 2013/10/28 : CIA.
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speed limiter (i
- :%g%ing rnting r, .m. ad justment screw

- HP=-219 pump maximum speed stop

« HP=2i0 pump feed-back flow rastrnltor,

= HP-21¢ pump hydraulic decelerator flow re
strictor;

= 18t and 2nd braach pressure increase limi-
ter flow restrictors (HP-210

- 1L GMENTED rating stop of the Ef-z‘l@ pump
ever;

-ad;juatment screw of the HP-210.pump hydro-
electric contactor;

— HP-2190 pump starting fuel control unit screw;

- starting fuel control unit air jet;

- HP=229Q pump afterburner valve flow reﬁtrictor;

= 0il pump unit reducing valve
- g:rews of the ‘BY=4b cont:rol unit limit swit-
8 ;

- EP-220 pump regulating needle;
- HP=220 liaump barostatic limiter needles
- screws Hd and 1 ¢ of the P-1 rheostat,

The position of other adjustment elements
by the representative of
the Manufacturing plant,

All adjustments performed on the HP-21 0 and
HP-22 § pumps should be duly reflected in the
Certificates. Ail adjustment performed on the
engine should be registered in the engine Ser-
vice Log.

1._Adjustment of Idling Rating R,P.M,

The 1dling rating r.p.m. should be checked and adjusted
after warming up the engine for 1 or 2 min. at 88% rp.m,

Before the adjustment procedure the notch on the flag
of the HP-21 d pump control lever should be located between
the notches provided on the idling rating sector and on the
pump dial, Shift the engine control lever in both directions
within the range marked off by the idling rating sector not-
ches on the dial of the HP=~210 pump, to check the idling ra-
ting sector for proper setting. If the idling rating r.p.m.
associated with the upper notch differs from r.p.m. associat-
ed with the lower notch by more than 1.5%, further use of the
HP=-219 fuel regulating pump on the aircraft should be discus-
sed with the representative of the Manufacturing plant,

Should it be necessary, carry out the adjustment of the
4dling rating r.r.n. in the following manner (Fig.24):

1. Unlock idling rating slide valve screw 11.

2

- 113 -
2. ‘Turn screw 11 so that to cause the idling rat1150X1
r.p.2. to reach the value referrcd to in Chapter I,
futess 1. With screw 11 turned in the clockwise direc-
ulQD. the idlinz rating r.p.m, will decrease.
and vice versa. “One turn of the screw will
change the idling rating T.p.z. by 2%.
2, The idlinm rating r.p.n. chould be ad,,u.ﬁ:ed in
accordanice with the chart pretented in Fig.T
(Fi#,V1 being Culy taken ihto consideration),
with the Hil=34-21 and [CP-CT=12000BT units
under load.

3. lock screw 11,

The above adjustiient hrocedwre should be conducied using

the following tools and nartst

1, Side cutting rliers C31-204.

2. Pliers C31-226,

3, Safety wire (brass).

4, Locking rinfs. ’

2._Adjustment of Oil ‘reccure

Phe adjustment of the 0il pruss hould be performed

in case the oil punp unit is replaced or in case the oil pres-
sure drops below tle specilied level,
Note: If th: oil nressure &rops by more than 0.5 kg/5Q.cn,
below the nermissible level, further use of the en-
gine should be discussed with the representative
of the lianufacturing plaat.
The followinj procedure should be used, when adjusting
the oil pressure: .

1. Unlock the shank and the union nut of the redgcin(;
valve.
. 2. Turn off the shank union nut by 1 to 1.5 turns, taking
care to nrevent the reducing valve shank from turning.

3. Adjust oil pressu.re to the reguired wvalue by turning

the shank,

Notes: 1. Turning the shank in the clockwise dn‘ectxon
will cause oil prescure to increase, and vice
versa. One complete turn of the shank will
chepge the o0il pressure by 1 kg/sq.cm.

2. To provide ease of access to the 0il pump unit
reducing valve, it is allowed to detach the
plug connector of the electromagnetic starting
fuel valve.

4, 'ighten up the union nut, taking care not to allow
turning of the shank; lock the nut and the reducing valve
" shank,
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The above adjustment procedure requires the use cf tae
following tools and parts: (‘

1., Side cutting pliers C31-204, |
+ Pliers C31-226, : . |
3, Yrench El137-08
. Wreach Bi37-I3 |
5. Safety wire. i

N

+

3._Adjustment of Engine Accelerdtion

A complete adjustment of the engine acceleration is done
at the Manufacturing plant. However, an additional adjusinent
of the engine accoleration is allowed during cngine operation
on the aircraft in casc the rate of the engine acceleration
fails to agree with the specified values presented in
Chapter 1.

The time of the engine acceleration from the idling
rating r.p.m. and from the automatic fuel supply ninimum r.p.a.
to ny =100,% is resulated by adjusting the pressure increase
limiter znd the hydraulic decelerator by choosins proper flow
restrictors., An increase in the capacity of the flow restric-
tors will causeé a decrease in the acceleration time, and vice
versa.

The time of the engine acceleration from the idling rat-
ing r.p.m. to n1=1007’a is affected mainly by the adjustment of
the pressure increase limiter, whereas the time of the engine
acceleration from n,=85% (automatic fuel supnly mirimum r.p.m.)
to n1=100% is a:ffecte@ by the adjustment of the hydraulic dece-
lerator.

WARNING: In case the engine accelerating ability is check-
ed immediately after deprocessing or replacement
of the HP=21¢@ fuel regulating pump, smoothly
accelerate the engine 8 or 10 times to r,=88 -
90% pricr to starting the adjustment procedure;
this will deprocess the pressure increase limi-
ter and the hydraulic decelerator.

The engine acceleration is adjusted with the aid of the
following elements (Fir,24):

(a) pressure increase limiter 1st branch flow restrictor
27, which affects mainly the first stage of the engine accelc—
ration (from =21 kg/sq.cm, to 2731 kg/sqecm., 1St

Pf 58 . 1
branch);
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(b) pressure increase limiter 2nd branch flow restric—
tor 26, which meinly affects the second stage o{ the engine
acceleration (from Pf.p.m.=27:1 kg/aq.cme to 40=2 kg/5QeClay
2nd branch); )

(c) feed-back flow restrictor 15 (incorporated in the
regulator), which affects mainly the third stage of engine
acceleration (from Pp, .m‘=40:2 kg/8q.cm.. to 100% T.p.m.)s

(d) hydraulic decelerator flow restrictor 25 which influ-
ences the rate of engine acceleration from n1=85% to n1=10()%.

In case the engine parameters fail to sgree with the spe-
cified values, carry out the ad justment proceeding as follows:?

1, Connect the pressure gauge (80 - 100 ¥g/sq.cm.) to the
wnion on the pilot manifold.

2. Measure the fuel pressure in the pilot manifold with
the engine running at the idling rating.

The fuel pressure in the pilot manifold should amount to
21%1 kg/sq.cm.

3, Check the time period within which the pressure in the
pilot manifold (with regard to the pressure increase limiter
1st branch) increases from Pf.p.m =22 kg/sq.cm. to 26 kg/sq.che;

| this time period should be equal to 3.6 sec.

Notes: 1. When proceeding as is laid down in Point }1
azes : shiftpthe engine control lever from a position
below the idling rating sector to a pgsltion
where Pgp poma = 18 - 19 ke/sq. cm. (FigND).
«Pells

. The capacity of the pressure increase limiter
2 1st bre’;ncht‘;low restrictor should not be less
than 40 cu.cm /min, .
The capacity range of the flow restrice—
tors used on the aircraft amounts to 40 -
00 cuc.cm/mine .
3. ':':'he initial pressure rise in the pilot fuel
?* Lanifold should not exceed 2.5 kg/Sq.cm.
4, The time of pressure increase should be check-
d in the following manner: .
e_ reduce pre57uren§n the 11):111]); fuel nlé\antifoét:
to 18 = 19 'sq.cm, by slowly movi e -
gine centroliglever towards the CUT-OUT stop;
2 smocthly shift the engine control lever to
the MAXIMUM rating position, and determine the
time of pressure increase with regard to the
first branch of the pressure increase liqu!:er.
5. In case the maximum permissible time period is

0.0 0 00 0. 0.0 00 0 0 0.6 ° ,°.._°. a
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§§§‘;ﬁ§§§ ggrtggeffggéngr::gﬁlgisgi::étxgtgge i 6., Check the time of the engine acceleration from
amounts to 40 cu,cm/min,, the time of pressure g6 T.p.me to 400% T.p.m.; take also the time readings as soon
increase (with regard to the 1st branch) may be s the engine picks up 99% r.p.m. ’

reduced to 3,0 sec.
4, Check the time of the engine acceleration from the
idling rating to 100% r.p.m. which should agree with the data
presented in the Chart (Fig.W). The readings should be taken

The time period should be within 8 to 11 sec. In case the
gtusl time period fails to agree with the specified data,
djust the engine acceleration by choosing a proper flow res—
‘rictor for the hydraulic decelerator.

at n,=99%. -
as WARNING: If the total time of acceleration fails t. WARNING: 1. The capacity range for the feed-back flow re-
with the specified data, while the tizme of the . strictors shoald be withia 150 - 300 .cu.cm/min.
engine acceleration with regard to the 1st branch 2. When substituting the feed-back flow restric-
R keeps within the specified range, it is necessary | tor by a flow restrictor of a smaller capaci-
to carry out the adjustment of the engine accele- ] £y, check the maximum ex)xgi::e T.p.z. in §°§°r"
ration time by choosing proper flow restrictors dance with the recommendations pr i
for the 2nd branch of the pressure increase limi~ i Point 4 of Section "Adjustment of Engine Ma-
. ter and for the feed~back system, ximum R.P.M." below, )
5. Check the time of the pressure increase in the pilot \ 7. Having completed the adjustment procedure, check the
. ) fuel manifold, with regard to the 2nd branch of the pressure - mgine accelerations .
4 increase limiter, from Py . . =28 kg/sq.cm. to Pp pom. = (a) from the idling rating T.p.m. to the maximum rating
. oPolle
40 kg/sq.cm. which should amount to not less than 6.0 sec, TePolle
Notes: 1. %‘Q;ighange-over from the 1s%t pressure increase (b) from n1=85% to the maximum rating r.p.m. ~ .
at Pfe: :Z“E%Efiigfggf:‘f branch tekes place The engine acceleration should be checked by quickly (wi-
To determine the change-over pressure, in- 28 1.5 to 2.0 sec,) moving the engine control lever to the
5 , stall a.glow resgiictor inothe 2nd branch with rquired positions '
- B @ °ap§§iizga§g‘§2rm‘-’ﬁe§°t§8th; iggng‘;;f,%?;;es_ The time of the engine acceleration should agreg with the
sure,Tieiustalltthe old flow restrictor. nlues presented in Chepter I,
.. e ¢ ci £ ¢ i
¥ restrictoragﬁo\;:lg §§”§§t§in 23 f“g;g’x“i‘mﬁ‘i’z WARNING: After the replacement of the f}ow re§trxctor5 o .
o If the total time of engine acceleration fails. in the course of the acceleration adjustment pro-
k to agree with the specified data while the time cedure, flush the HP-210 fuel regulating pump as
R . of the engine acceleration with regard to the is laid down in Section "Flushing of Pipe Lines
E 1st and 2nd branches of the pressure increase (Chapter VII).
limiter keeps within the specified range, it Having checked the engine acceleration, check the accele-

E is necessary to perform the adjustment of the . . . <
engine acceleration by replaciﬂg the feed-back ation time margin in the following manner:
flow res_l:rigtor. - bring the engine speed to maximum and keep the engine
2. When adjusting the time of the engine accelera- N 5 2 mines
tion with regard to the pressure increase limi-  oning at this rating for 1 or 2 min.;

teré fi: thgalvdraulic decelerator with a flow - reduce the engine speed to the idling rating r.p.m. and
restrictor having a capacity of 280 ~ s in. s
300 cu.cm/min, to cut the hydraulic decelerator nun the engine at this speed for 1 min.; accelerate the engine
out u'f operation, o 85% r.p.m. and check the time of the engine acceleration
; he ad justment procedure completed, rein- . i :
. stall the old flow restrictor. ' “ the maximum rating. . R :
The capacity range of the hydreulic dece- In this case the time period should not differ from that
lerator flow restrictors should be within #asured as indicated in Point 7 (b) by more than 2 séc.

50 = 90 cu.cm/min.

In case the difference is greater, consult the representa~
ive of the Manufacturing plant as to further use of the HP-21¢
%el regulating pump.
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Note: The difference between the two time periods may
H exceed 2 sec., provided the time of acceleration
j . is within the specified range (Chapter I).

1 The acceleration adjustment procedure completed, detach
the pressure gauge for measuring fuel pressure in the pilot
manifold; fit in the service closure.

WARNING: In case the engine acceleration is accompanied
by an excessive increase in the gas temperature
aft of the turbine or by surging, shift the en-
gine control lever to the CUT-OUT position,

g after which locate and correct the trouble.

; For carrying out the above ad justment procedure, the fol-
lowing tools and parts are required:

1. Pliers €31-226,

2. Side cutting pliers C31-204,

3. Screw-driver,.

4, Safety wire,

5. Rod.

6. Wrench Eli37-10,

N 4._Adjustment of Engine Starting

The adjustment of the engine starting is carried out in
case the starting procedure does not conform to the require-
ments referred to in Chapter I of the present Instructions,
The adjustment procedure is carried out with the engine

i Started from the ground power supply source,

Starting adjustment elements are as follows:
e 1. Starting fuel control unit spring screw 3 (Fig.24), af-
. fecting the 1st stage of the starting procedure (up to 8,=18 -
21%). :

With the screw turned out, the time of the engine accele-
ration within the 1st stage increases (resulting in a decrease
of the gas temperature aft of the turbine), and vice versa.

2. The jet for the air release from the membrane chambe:

. of the starting fuel control unit (Fig.23) which affects the
] 2nd stage of the starting procedure (at n,=18 - 21% and above).

4 jet of an increased diameter will cause the time of the
engine acceleration within the Zn{l stage to increase (result-
ing in a decrease of the gas temperature aft of the turbine),
and vice versa.

The engine starting is adjusted in the following sequence:

oo

o

9.9 o @
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1. Check pressure of the starting fuel, The starting fuel
pressure should be 220.2 kg/sq.cm,(with the starting fuel tank
10t pressurized and with voltage amounting to 25+2 V),

If the pressure value obtained does not agree with the
specified pressure range, carry out the necessary adjustment
by manipulating the screw of the starting fuel pump reducing
valve. With the screw turned in, pressure increases, and vice
versa.

2. Check the position of the flag of the HP-219 fuel re-
gulating pump (on the pump dial) when setting the engine con-
trol lever in the IDLING rating position, The pump flag should
be located between the notches marling off the idling rating
sector, Adjust the aircraft link, if necessary.,

3. Fit in a pressure gauge (0 - 80 kg/sq.cm.) to measure
pressure in the pilot fuel manifold,

4, Start the engine.and warm it up at 88 - 90% r.p.m. for
1or 2 min, - .

Note: The engine starting may be accomplished with the
fuel supply regulated manually,

5. Check the idling rating r.p.m. on the warmed-up engine,

The idling rating r.p.m, should be within the range speci-
fied in Chapter I,

If pecessary, adjust the idling rating r.p.m. as is laid
down in Section "Adjustment of Idling Rating R,P.M." of this
Chapter,

6. Check the fuel pressure in the pilot manifold, with
the engine running at the idling rating. :

The fuel pressure in the Pilot manifold should be equal
to 213 kg/sq.cm,

WARNING: The adjustment of the fuel pressure in the pilot
manifold should be performed with the aid of
screw P.K, .

7. Start the engine automatically 2 or 3 times,

Note: When starting the engine, follow the recommendations
of Chapter III.

8. Determine the range between the "cold" and "hot"™ stal-
Ung limits while turning the starting fuel, control unit screw
%t or in; this range should be equal to not less than 1,5 turns

et
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ot the screws.Thia done, set the starting mel control unit in
the intsrmediate position,

Notes The range between the limits of "cold™ and "hot"
stalling should be checked only when adjust;:u:g
the starting procedure after the replacement of
the HP-210 fuel regulating pump.

After completing the adjustment procedure, remove the
pressure gauge for measuring pressure in the pilot fuel mani-—
fold, and plug the respective union; attach the plug connec—
tor of the electromsgnetic oxygen supply valve,

The above adjustment procedure is carried out by employ-
ing the following tools and parts:

1. Pliers C31-226,

2. Side cutting pliers 631-20%

3, Screw-driver FU37-569.

4, Safety wire,

5. Set of jets 3700188,

5. Adjustment of Engine Maximum R,P.M,

The maximum r.p.m, of the low-pressurs rotor should be
within the range specified in Chapter I, The maximum r,.p.m.
should be checked after the engine is warmed up, with.the
engine control lever in the MAXIMUM rating position.

HNotes: 1. Prior to starting the engine, see that the en~
ine consrols are set 'in the correct position

- , @8 read off the control panel dial),

See that the notch on the flange of the HP-21 ¢

pump is above the 6th notch on the dial.

2, The adjustment of the maximum %,p.m., should be
performed by using a reference tachometer in-
dicator capable of giving readings within the

rage of 90 - 105% r.p.m. with an accuracy of
If a reference tachometer indicator is

not available, it is allowed to perform the

ad justment making use of the aircraft tacho-

meter indicator; in this case the engine speed

should not exceed 100,5%. All shouid be

made for the actual error of the instrument,

The adjustment of the maximum r.p.m, is accomplished by
manipulating fuel regulating pump decelerator screw 8 (Pig.24).
With the screw turned in, the maximom r.p.m, increases, and

. vice versa.

The adjustment of the maximun r,p.m. should be carned
ant as followsi

-1
50X1

1. Unlock and turn off the cap of the hydraulic decelera-—
tor screw, .
2. Unlock hydraulic decelerator screw 8 and manipulate
the screw to obtain the required maximum r,p.m.
Notgs: 1. One turn of the screw will change speed ny
’ 2, It the slackening of the screw by 2 turns will °
fail tg adjust the maximum r.p.m. to a value

of 100=0,5%, the HP-210¢ fuel regulating pump
should be replaced.

3, Check the maximum r.p.m. after the adjustment proce=
dure is over, for which purpose run the engine at n1-90% and
shift the engine cuntrol lever two or three times to the MAXI-
MUM rating stop.

4, Check the EP-210 fuel regulating pump for excessive
maximum r.p.m. due to variations in the amount of fuel deli-
vered into the engine; to accomplish this, proceed as follows:

(a) detach the plug connectors from the electromagnetic
valve and from the limit switch of the HP-229 pump afterbur-
ner valves;

(b) check the difference in the maximum r.p.m. values
with the engine control lever set in the MAXIMUM rating posie
tion and in the FULL AUGMENTED rating position.

The difference in the maximum r.p.n. values should not
exceed 0,5%,

Note: The maximum r.p.m., value in either case should
not exceed 100,5%.
If necessary, adjust the maximum r.p.m. with the
aid of screw 8,

Should the difference in maximum r.p.m. values be iu excess
of 0,58, replace feed-back flow restrictor 15 (Fig.24) by a
flow restrictor of a greater capacity (by 20 - 30 cu,cm/min,)

Notes: 1. The maximum permissiblé capacity of the feed=
back flow restrictor is not to exceed
300 cu.cm/min.

2. Having replaced the feed-back f£low restrictor,
check the engine scceleration from the idling
rating r.p.m. to the mezim\m rating and va.ria-
tions ia the r.p.m. at 88 - 1Q0% speed; the
variations should not exceed =0, %P

5. The adjustment procedure completed, lock and seal
screw 8 and the cap.

The following tools are required for carrying out the
above ad justment p!:gu:ed\n:e=
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1. Wrench BH 37-509,

2, Pliers 031-226.

3. Side cutting piiers 031-204,
4, Bafety wire,

6. Adjustment of Eydraulic Degelerator Iimit Switch

and of BY-4P Control Unit Switches

1. The speed associsted with operation of the limit
switch of the HP-21$ pump hydraulic' decelerator should be
checked with the eld of tester Eil 37-587 (set 1:20) with the
engine control lever smoothly shifted within the range of 90%
to the maximum T.p.m.

The pilot lemp of tester Kl 37-587 should light up as
soon as low-pressure rotor speed n, reaches 981%,

If the actual rotor speed differs from the specified
value, perfora the following adjustments

- remove the cap from hydraulic decelerator switch adjust-
ment screw 1 (Fig.24);
- release the locking nut, taking care to hold the adjust
ment screw of the hydraulic decelerator switch against turning;
- manipulate adjustment screw 1 to obtain the required
speed of operation of the limit switch,

With the screw turned in, the speed increases, and vice
versas

e Cheed of Tho 19ait owiteb by mnes 5% %""““‘“

—~ tighten the locking mut while holding the Adaustment
screw from turning, and install ‘the cap.

2. The operating speed of the cams of the BY-4F control
unit should be checked and adjusted as is laid down in Section
"Replacement of BY-4b Control Unit®of Chapter IX,

7. Ad;justment of Engine Controls
The adjustment of the engine controls is carried out after
the replacement of the HP-21{ fuel regulating pump or NYPT-10
control panel,

The adjustment of the engine controls is performed at

: 9 e _ SECRET*“ g
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the expense ofs:

(a) changing the length of link 7 (Fig.40);

WARNING: When changing the length of link 7, it is not
allowed to expose the row of holes adjacent
to the shackle.

(b) chapging the:position of the link shackle in the
groove of HP=21® pump lever 2,

Notes: 1. When adjusting the length of link 7
and the position of the shackle in the lever
oove, set the levers of the control panel
11) and of the HP~210 fuel regulating pump
in the CUT-OUT position.
2, The initial distance from the centre of bolt
3 (holding link 7 to the lever of the HP=21¢Q
pump to the centre of the pump shaft should
5 mm,

When adgusting the engine controls, ensure the following
'arrangement of the levers of the control panel and of the
HP-21@ fuel regulating pump:

(a) with flag 4 of the pump set against the CUT-OUT stop,
the zero of the control panel dial should line up with the
notch provided on the control panel casing;

(b) with figures 67 - 68 on the control panel dial set
against the notch on the control panel casing, the notch on
the pump flag should be located against the 6th notch on the
pump dialsg

(c) with figures 72 - 73 on the control panel dial set
against the notch on the control panel casing, the notch on
the pump flag should be located beyond the ?7th notch on the
pump dialg

(8) with flag 13 of the control panel set against the
FULL AUGMENTED rating stop, the notch on the pump flag should
be located beyond the 7th notch on the pump dial.

The adjustment procedure completed, check the following
pointss:

1. Control panel limit switches for proper operation (ma=
king use of tester FJl 37-587, with the engine at standstill),

Make sure thats

{a) lining-up of figures 67 - 68 on the control panel
dial with the notch on the control panel casing should cause
operation of cam KII§

A,H,.-._,aww
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(b) lining-up or figures 72 - 73 on the control panel
dial with the notch on the control panel casing should cause
operation of cam BQCy

(o) lining-up of figures 99 -~ 101 on the control panel
dia) with the notch on the coatrol panel casing should cause
operation of can 4,

2, The engine control system for proper functioning as
is laid down in Section "Routine Maintenance Performed Every
5035 Hours of Engine Operation",

3. After the replacement of the NYPT-10 control panel
as well as of the J[P-3A transmitter and P-1 rheostat, check
and, if necessary, adjust the Jet nozzle 5o that its diameter
should change depending on the travel of the engine control
lever; proceed as is instructed in Section "Replacement and
Adjustment of Hydraulic Cylinder" (Chapter IX),

8. Adjustmont of Time Delays in KAC-13] Afterburner
Control Unit

The adjustment of time delays is carried out in case the
afterburaer operation fails to comply with the requirements
referred to in Section "Warming Up and Checking Engine Opera~
tion" (Chapter III),

Provision is made in the design of the afterburner cont-
rol unit for time delays (with regard to the jet nozzle and to
fuel) ranging from O to 2 sec,

To establish the Tequired time delay values, it is neces-
sary to set the slotted screws of the afterburner control unit
in the respective positions (Fige33). To reduce the gas tempe-
rature drop aft of the turbine, it is necessary to increase the
time delay value with regard to the Jjet nozzle or to decrease
the time delay value with regard to fuel, and vice versa,

Notes: 1, Changes in time delay values should be effected

in successive steps equivalent to not more than

sec,

2. In case the afterburner cutting-in is accompani-
ed by a double pop, decrease the time delay
value with regard to the Jet nozzle or increase
the time delay value with regard to fuel,

s
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9. Adjugtment of High-Pressure Rotor Maximum R,P.M

The adjustment is carried out in case the maximum r.p.m.
(;2) value during flight fails to agree with the value speci-
fied in Chapter I (103,5 - 0.5%).

The adjustment procedure is carried out as follows:

1. Unlock and turn the cap off screw 8 incorporated in
the HP=22 ® fuel regulating pump (Fig.26).

2, Manipulate screw 8 to adjust the maximum r.p.m. value
18 recommended in Chapter I. The tightening of the screw will
cause the maximum r.p.m, value to iacrease, and vice versa.

(ne turn of the screw will change the operating speed of the
rp.m, limiter by 1,7%. N
) 3, The adjustment procedure over, lock screw 8, install
the cap and lock it. . .
ot speed n., is determined by a clrnl_) n spee .
ot Mm:‘;ntlh gha 1‘1?;;11;:’ lach number increas,lng; in
2113 case speed n, should be constant. This r.p.m.
value corresponds“to the actual maximum r.p.m.
. value, .
4, Perform thu trial flight for checking maximum speed 0.
M S tion, check
k ING: Once eve: 10=2 hours of engine opera ’.
WARNING tgc highfly:ress\u‘e rotor r.p.m. (ng) by flying
the aireraft at maximum Mach numb&r, The above
check may be omitted, in case the maximum C.pe.me
value has been reported to be normal with the
aircraft flying at Mach numbers below maximum.

Should it be found that the maximum r.p.m. value fails

to agrec with the specified value of 103.5 = 0.5%, perform the

ad justment procedurc as is instructed in the present Scction.

© 0.0 0.0 .0 0.0 0 0 o
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. 50X1
Appendix No,1

LIST OF UNITS AND ASSEMBLIES WHICE

CAN BE REPLACED IN SERVICE

A. Units and Assemblies Replaced withouh
Dismantling Engine from Aireraft

Quantity per engine
1. Starter-generator ICP-CT-I2000BT e e v ee o1
2, Fuel regulating pump HP-210 . ¢ v o+ o v & o » o
3. Puel booster pump AUH-13AT . . . . ERCEE NP |
4, Control panel TIVPT-1M o « v« o v o ¢ o « o o o o o1
5. Peed~back transmitter JIOC=1A, , . . .. ., . .. .4
6. Rheostat transmitter JIP-3A o o « « o o « o o o o 1
7« Rheostat P=1 o o ¢t ¢ o o o o ¢ e 0 e 0 0 000 ool
8, Controlumnit BY-4B. . . . . .., .. ...... 4
9. Electromagnetic starting fuel valve MKNT-9 . . . .1
10, Carburettor electromagnetic valve MKIT-99 . . . .2
11. Electromagnetic additional fuel valve MKNT-90, . 1
12. Afterburner spark plug C3-2115 and adapters
1 -12 (replaced on disjointed aireraft) o o o o o o 2
13, Booster coil KHA-114 (for combustion chamber
and afterburner) . « o o ¢ o o 0 v e e e 0 0 .. 2#1
14, Engine wheelcase oil drain valve . . + « . + . . 1
15. Tachometer generators AT3~1, . . ., .., ., ... .2
16, Hydraulic pumps HII-34-2T 4 o @ v o o o o « o0 o 2
17. Vent system $ank o ¢ v ¢ 2 o o o ¢ ¢ o s o o « o 1
18. Afterburner hydraulic ¢ylinders . « « o « o o o 3
19, Adjustment REGALES o + o o « o o ¢ o o 0 0 40 0 o 2
20, Non-return oXygen VAlVe « « o « o « o o o o o o 1
21, External lines for oil, fuel, instruments, and
electric wiring, as well as their attachment.
fittings
B._Units and Assemblies Replaced after
-Dismantling Engine from Aircraft
1. Fuel regulating pump HP-22® v v 2 ¢ o o o « o o 1
2,011 unit 4 4 o o o o o 0o e 0 0 c 0 0000 a0 e
3. DEAGTALOT & « o o o « o o o o o ¢ 6 o 0 o 0 2 ¢ o1

. * 1 iNO FOREIGN DISSEM . -
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. i .
4, Contrifugal breather o « o ¢ o « o o o o o o1 ‘ . ) Appendix No 50X
5, Puel~o1l unit 357C ¢ o ¢ o ¢ o o o ¢ o 0 0 o o1 { LIST OF PARTS T0 BE REFLACED WHEN REPLAGING UNITS
6. Front support oil scavenge PUmD « « ¢ « « o o 1 /
7. Combustion chamber flame igniters ¢ « « « « o 2 f AN‘D ASSEMBLIES
8, Spark plugs CHH-4-3 , for combustion chamber 2 |
£1ame 1GRILETS « o « o o o e o o o 0 0 4o e ; Name of unit Name of part Dwg No. Quan-
- 9, ALr DIOW—OLL VBLVES vo o « o ¢ o o o ¢ o o o ¢ 2 l | tity, pec.
40, Bxternal linmes for fuel, oil and air systems 1 2 B 3
3 Puel booster pump Sealing ring ©250063 2
JLH-131T Same 0253063 6
N ; Locking washer | 3124509 L
N Fuel regulating pump| Sealing ring 0250001 6
HP-21 9 Same 0250002 10
Same 2525152 2
.. . Same 0250005 2
T Same . - | 0253189 3
’ Same . 0250040 1
Locking washer 2525567 2
Same ’ 0240010 - 2
3 i Fuel regulating Sealing ring 0253063 -
| 2R I . : pump } .
N : : ’ EP-220 Seme 0250001 2
=3 . Same 0250002 3
" : . Same 0250006 1
; : Same 0253132 2’
Same 0253194 3
a2 Centrifugal breather|Sealing ring 0253179 1
= Same | oas0015 1
> e Same 0253180 © 1
— Sanme 2524578 6
Deaerator Sealing ring - -0258303 1
Same 0292175 1
Locking washer 3240010 4
Same 3124509 2
] 'Adjust:ment needles |Washer 2524578 1
: - ) Same 0253132 1
Hydraulic cylinder Iocking washer 0243250 59
Gotter pin 194M51-3x20 3




- 150 -

1 . 2

3

Control panel OYPT-1®|Cotter pin
PFeed=back tramsmitter | Sealing ring
Jioc-14

Rheostat transmitter
IP-3A

Afterburner spark
plug CO-2115

Washer

Safety wire
Graphite -
grease
Safety wire

Rheostat P=1
Non-returan oxygen
velve R

Flame igniter

Washer

Locking washer 0240010

194451-1,5x15
0247534

3124010

a=0.8 762
4=0.8 I62

2524578

Appendix No

2

starting fuel control unit -

Permanent pressure differential valve| Wire
Minigum pressure valve Wire
Peed~back flow restrictor Wire
Pressure increase limiter 18t branch Wire
flow restrictor
Pressure increase limiter 2nd branch Wire
flow restrictor
Electro-hydraulic contactor adjust— Wire
ment - scTew

. Starting fuel control unit screw Wire "

Punp minimum delivery stop . Wire
Pregssure increase limiter rod Wire
Bleeding jet of pipe feeding air to Wire

B. Puel regulating pump HP-220
Barostatic limiter spring adjustment Wire

LIST OF ADJUSTMENT ELEMENTS AND POINTS SUBJECT

T0 LOCKING AND SEALING

Adjustment element

Locked with Sealed with

1 2

3

A._Fuel repulating pump HP~21¢

Idling rating r.p.m. adjustment Wire
ascrew
Distributing velve adjustment Wire
screw
Automatic fuel supply minimum Wire
Te.p.ms StOP :
AUGMENTED rating stop - Wire
‘CUT-OUT stop Wire
Maximum fuel delivery Wire
stop
Maximum r.p.m. stop (A,I)(on hyd-| Wire
raulic decelerator)
Hydraulic decelerator flow res- Wire
trictor

screw
Barostatic limiter aneroid adjust- Wire
ment screw

Pump maximum delivery stop

Fuel valve adjustment screw

Speed (nz) limiter adjustment screw
Afterburner valve flow restrictor
Pump minimum delivery atop
Aftarburner regulator spring adjust-
ment screw

Servo-piston flow restrictor

C. 011 pump unit
Reducing valve Wire
0il pump .unit filter Wire

D. Fuel—oil unit 357C
0i1 by-pass valve Wire
Fuel by-pass valve
Fuel filter
Air release valve
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Appendix No,& i [
1 2 3 LIST OF ATRCRAFT-CARRIED TOOLS fF -
_ Dip stick plug Wire Plete seal : (Fige VM and YWY - - A
; Filler cover Wire Plate seal I T
"‘;,} ) 011 drain cock Wire Plate seal 4131 Sst H ° )
N Fuel drain cock Wire Plate seal [
k . Tool No. Description Size Quantity H
E, Control unit BY-4B p 2 3 4 ble
-
Band screws I Wire Plate seal BU37-01 Wrench for mounting booster pip-| 36xt#1 1 {
F. Fuel booster pump ZAUH-137T ing ;
® Closure on suction side cover Wire Plate seal Fﬂ37-0?. Wrench, general-purpose 2730 1 §
R ) Permanent pressure valve Wire Plate seal FU37-03 Wrench, general-purpose X 19x24] 1 i
: 3 Suction side cover - Wire Plate seal BU37-04 Wrench, general-purpose 19x22 1 i
: 4 . Adjustment needles BU37-05 Wrench, general-purpose 14x17| 1 f
o Adj !
Regulator adjustment needle (P') Wire Plate seal b137-347 Z;::::;tg::e::i-znu:pose, itk 1010 ! E o
. Iimiter adjustment needle (P") Wire Plate seal B37-07 Wrench, general-purpose - 9x11 1 i
N H, Engine controls F137-08 Wrench, general-purpose 5x7 1 H
. Adjustment 1link Wire No seal BU37-10 Wrench with sprocket, general- 9x11 1 5
2: S I. Rheostat P=j purpose .
\ Minimum augmentation adjustment screw Wire Plate seal bus7-11 Spocial wrench with sprocket for 230 1
- X . ue oil system nuts
Full augmentation adjustment screw Wire Plate seal BH37-13 Special wrench with sprocket for | 17x19| 1
(10 and20) nigh-pressure fuel system nuts !
1 . and for muts of afterburner pip- !
NS . ing
e B37-574 Special wrench for castellated 1
nuts of booster piping *
FU37-188 Wrench with sprocket, general- 9x11 1
- - . S purpose . H
| - BU37-235 Wrench with sprocket for after- | 22x24 1 e
burner piping nuts N -
BU37-501 | Hinged socket wrench for change- S= 1 1
able heads i
]
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1 €31-077 {[Changeable head, general-purpose | S=11 1 B
i Bil37-505 | L-shaped socket wrench for bolts |7x9 1 031-078 {Changeable head, general-purpose | S=14 1 |
B C31-180 |Changeable head, general-purpose | S=9 1 2
P holding down booster piping flang- €71-215 |Handle bar for hinged socket 1150 1 i
3 . es, for nuts securing oil pump . wrench ‘
. . 400-2 Handle bar for replacement of ex1 1 k
! f unit  filter, and for adjustment flow restrictors and for removal :
of blanking cover from HP-219 !
of air release needles pump drive cardan shaft 0
. BU37-605|Screw-driver, general-purpose 1=300 1 b
P BH37-506 Special wrench for changeable 5=9 1 BUl37-606 {Screwv-driver, general~purpose 1=200 1 P
PR heads 8=11 BU37-607|Screw-driver, general-purpose 1=150 1 ¥
C31-061 |Bar for bending locking washer 1 .
Mg S=14 . lugs - 1L
; 1 . 5217 031-060 [Wlarking tocl, general~purpose 1 ? i
- €37-28 [Rod, general-purpose dia.=3 1 ;
BU37-507 | Special wrench for bolts of S=11 | 1 €31-229 |Hammer, general-purpose 300 gr | 1 i
C31-206 |Pressure gun for washing parts 1
N . pressure chamber outlets BW37-317 |Blanking cover for oil pump unit 1 ;
\ 2o housing i
. BU37-509 Wrench for adjustment of HP-22@ |S=4 1 031131 |Plug for closing imner holes of a9 | 1 !
. and HP~21¢ fuel regulating pumps filtering elements |
€31-204 |Side cutting pliers for removal 1=125 1 i
Bu37-515 Socket wrench for bolts of elect-|S=9 1 of safety wire ‘
o o -’ ric wiring blocks C31-226 Cembination pliers for safety 1=150 1 ) ‘ y
- g wire . i
i C31-098 Wrench with sprocket, general- 14x17 | 1 - B37-550 {case for aircraftecarried »tdols 1 E -
i EU37-329 [Rounc~rose pliers ' 1 -
purpose __ _ —— b
BU37-185 |Changeable head, general-purpose S=17 | 1

o o o ® By
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1 State Stan~|Spring hook for suspension of 2
dard 2809-45 |tools during work
400-1 General-purpose wrench for 1
adjustment of maximum r.p.m.,
BEy-45 ,KA®-131 , and high-
pressure rotor
G31-139 Brush for washing parts 1
Fii37-592 Hose for elbows of fixture 1
BU37-590 apd 0289914
Ei37-590 Elbow.for air release 1
0289914 Elbow for processing and 2
deprocessing afterburner
manifolds
Appendix No.5
LIST OF TOOLS SUPPLIED WITH
EVERY 20 ENGINES
Tool No. Description Size | Quantity
1 2 3 4
BU37-189 Centring bar for checking 1
alignment of holes in HP-210 |
pump centrifusal governor drive
and in front support oil scaven—
ge pump drive
BA37-520 Torque wrench rated 1
at 3,0 kg-m, for tightening
spark plugs C3-2175
£U37-310 Handle bar for wrench 1
BU37-604 .
FU37-536 Fixture for safety-wir- 1.
ing of auts in hard-to~get—
at places
BU37-604 Special wrench for 1

Decla
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1 2 3 F
flame igniter nozzle
M37-570 Socket wrench for flow
restrictor of isodrome gover- S=10x10 1
nor
FA37-408 Screw~driver, special, 1
for replacement of starting
fuel control unit jets
H37-562 Adapter for wrench 1
BU37-520 , for tightening
spark plug CIHA~3 to 6 kg-m
T37-250 Case for aircraft tools 1
Appendix No.6
LIST OF FIXTURES SUPFLIED WITH
EVERY 20 ENGINES
Fixture No. Description Quantity
BU37-575  |Fixture for measuring jet nozzle 1
diameter
Bi37-587 Electric control equipment tester 1
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Appendix No,?

INSTRUCTIONS FOR PROCESSING,
STORAGE, AND DEPROCESSING OF ENGINE
(Guarantee Storage Period - 41 Year )

The instructions deal with processing of the engine which
is %o be put in storage, as well as with the engine deproces-
sing and storage regulations,

'Engines processed in accordance with the given instruc-
tions should be stored as is laid down in the instructions,
that is, in normal store rooms, with the moisture absorbing
silica gel changed in due time in compliance with the indica~
tions of the humidity indicators,

I. General

4. Engine processing consists of the following main ope=
rations:

(a) internal processing at the test plant;

(b) restoration of paint coating;

(c) external processing; -

(d) arrangement of moisture absorbing silica gel inside

and outside the engine; .

(e) arrangement of humidity indicators;

(f) packing of the engine in a cover of polyvinyl chlo-

ride film B-118 and curing of the cover seam;

(g) packing of the engine in the case.

2, When processing the engine for a storage period of not
over six months, slush the external non-painted surfaces of
the magnesium parts, copper parts and parts of copper alloys,
as well as cast iron parts, and parts of carbon and low-alloy
steel, including those subjected to oxidizing and phosphatiz-
ing.

3. The fuel and oil systems of the engine are processed
with the aid of oil MK-8, State Standard 6457-53.

4, Connect the hoses delivering the AMI-10 oil from the
installation to the uanions of the adjustable jet nozzle and
start the installation pump. Build up a pressure of up to
80 kg/sq.cm, at the inlet and flush the hydraulic cylinders,

(b’o
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while shifting the jet nozzle flaps from one extreme pnsition
to another, Repeat the procedure 3 or 4 times.

The oxygen system pipe line, which has been in use on
the engine, is blown with dry, clean nitrogen, plugged, and
is then left unprocessed.

5. External processing is accomplished by the use of gun
grease, State Standard 3003-51, applied to ferrous metals, and
petrolatum, State Standard 782-33, employed for treatment of
non-ferrous metals.

Notes: 1. Petrolatum and gun grease may be substituted
by aviation oil ilC-20 or ME-22, containing 6
to 10% of ceresine.
2. It is strictly prohibited to employ used or
reclaired oils and lubricants for engine proces=—
sing.

1. Check to see that the tank of the processing instal-
lation contains the specified anount of oil (40 to 50 lit.),

2. Check the oil against thke laboratory Certificate, which
is valid for not more than 7 diys,.

3. Lave sure the routine maintenance operations have been
performed in due time (washing of tank filters, checking of
pressure gauges, etc.).

4, DPrain fuel from the fuel filter of fuel-oil unit 357C,
and from the AUH-13A fuel Looster pump via the drain cocks;
remove fuel from the drain tank by extracting the plug.

5. Drain o0il from f{uel-oil unit 357C and from the front
casing wheelcase.

Pour 8 to 10 lit. of fresh oil into the oil tank,

6, Drain used oil from the hydraulic system, fill the sys-
tem with fresh oil and plug it.

Note: Operations referred to in Points 5 and 6 should not
be performed on the engine which have just passed
the Acceptance tects, or which have been dismantled
from the aircraft due to some trouble, provided the
idling period does not exceed 2 weeks,

7. Use a hose to alternately connect the main and after=
burner fuel manifolds to the pilot manifold via the unions em-—
ployed for measuring pressure.

8, Deliver o0il to the starting system with the purpose of
its processing.
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9. Connect the ritrogen delivery pipe line to the union
serving for ing oxygen pri

10. Set the following switches in the ON position:

(a) APTERBURNER (A3C-15)3

(b) STORAGE BATTERY (B,‘);

(¢) STARTING URITS (A3C-25);

(a) BY-PASS VALVE (EC);

(e) CRANKING (BNl ), in STARTING position;

(£) PROCESSING (BK), in K position.

Note: The STARTING IN AIR switch (A3C-10) should be set
in the OFF position., The OXYGEN switch (BKII ) should
be locked in the OFERATION position,

11. Adjust oil pressure in the processing system within
the operating pressure range at the inlet into the MIH-13
fuel booster pump.

12, Deliver the oil at boost pressure through the valves
for air release from the HP=-21Q and HP-22Q fuel regulating
pumps, and througﬁ the cap of the fuel-oil unit filter.

13, Set the engine control lever in the maximum rating
position.

14, Press the STARTING button and release it in 1 or
2 sec.; with the engine being cranked, blow the oxygen system
with nitrogen at a pressure of 7 to 9 kg/sq.cm, When starting
the engine, shift the engine control lever repeatedly from
the MAXIMUM rating position to the IDLING rating position and
back taking care not to retain the lever in the IDLING rating
position, With the engine control lever in the MAXINMUM rating
position, operate the tumbler switches of by-pass valve KC (on
HP-210 fuel regulating pump)1 or 2 times.

15, Open the installation cock and run 4 to 5 lit, of oil
through the afterburner manifolds. After the fuel pumps have
been drained not less than 30 lit. of oil should be consumed
‘for processing the fuel system. Operations listed in Points
14 and 15 should be repeated 3 or 4 times,

16, Detach the processing pipe line, Plug the hoses of
the processing installation. Restore all connections on
the engine in accordance with the specified diagram; fit clo-
sures onto all open unions,
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17. Drain excess 0il from the oil tank and from the engine
wheelcase,

18, Clean the engine of oil and dust, For this wipe the
engine with a rag soaked in gasoline B-70 (take care to safe-
guard the wiring and electric equipment against gasoline and
0il),

19. Bry the compressor by blowing it with hot air delive-
red through the compressor front casing intake., The inlet air
éemperatu.re should be within 110 - 120°0. The air should be
delivered for 15 to 20 min,

20, Make a corresponding note ia the engine Service Log,
with the names of the persons in charge of the engine proces—
sing duly indicated.

the EHH—ISRT fuel booster pump and fuel-oil unit 357C, remov-
ed from the engine, should be processed not later than 24 hours
after the dismantling procedure. The iaternal cavities of the
units are processed by flushing them with oil MK-8, The HP-21
and HP-22Q fuel regulating pumps should be processed in the
following seguence:

1. Drain fuel frem the pumps while rotating rotors by
the coupling shafts.

2, Plug all fuel outlet holes, exclusive of the hole com=
municating with the afterburner manifold and the main and pi=-
lot manifold unions,

3. Deliver 0il at a pressure of 0.5 = 3 kg/sq.cm. to the in-
let connection, and run it throush the pump at 250 to
800 r.p.m., using 1,5 to 2.0 lit. of oil, The oil should issue
in a profuse stream from the pilot manifold union (on the HP-
21 $pump) and from the union delivering fuel to the afterburn-
er manifold {on the HP-22¢ pump). After flushing the HP-22 &
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pamp for the first time, deliver voltage of 24 V to the sole~
noid-operated valve, and repeat the flushing procedure 2 or

3 times, When flushing the HP-219 pump with oil, shift the en~
gine control lever several times from the IDLING rating posi-
tion to the MAXIMUM rating position.

4, Having completed the flushing procedure, drain excess
oil from the unit and install closures. Treat external non-
painted surfaces with petrolatum preheated to 60 - 80°C,

5. After processing, pack the unit in a container or
wrap it in paraffin paper and turn over to storage.

Make a corresponding entry in the pump Service Log, in-
dicating the date of processing and the name of person in
charge.

The internal cavity of the pump is not subject to depro-
cessing prior to installing the pump on the engine,

.
1I. External Deprocessing and Packing of Engine

1. Make a visual inspection of the engine.

2. The engine should be blown with hot air at a tempe-
rature of 110 to 120°C for 15 to 20 min,., via the compressor
front casing not later than 4 hours after acceptance on arri-
val.

3, Clean the external surface of the engine of dust, oil
and fuel by employing cloth soaked in clean aviation gasoline

B-70; this done, dry the engine in air within 10 to 15 min.,
or blow it with compressed air,

4, The wires and hoses of the wire harness, the electro-
magnetic valves, the oxygen pipe line, and the oxygen valve
should be cleaned with a piece of dry cloth and wrapped in
two layers of paper.

g o T ‘*sEtRET
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5¢ A1l non-painted@ external surfaces of the magnesium
components as well as of the components fabricated of non-fer—
rous alloys, and also cadmium and z:;’nc—plated parts should be
treated with petrolatum preheated to a temperature of 60 to
80°C, using & brush, i

6o The non-painted surfaces of the steel components (ad~
justable jet nozzle, afterburner &iffuser, external surface
of the rear casing nozzle diaphragn"z) should be coated with gun
grease, preheated to a temperatute;of 60 to 80°C, The grease
should be applied with the aid of a brush or an atomizer.

7+ The grease may be preheated to a temperature of 105
to 110°C, if applied by means of ah atomizer.

Note: The external surfaces of the engines to be stored
within the period of up to 6 months are not subject
to greasing; this does not' concern the surfaces
referred to in Section I (Point 2) of the present
Instructions.

8+ All ends of safety wires on the engine should be bent
inward, All sharp, projecting parts of the engine should be
wrapped in 3 or 4 layers of paraffin paper and bound with twine,

9, Prepare the case and the film cover, Treat the inner
surface of the cover with a thin layer of petrolatum, using
12 - 15 gr of the lubricant per sq.m. Petrolatum may be dilut-
ed with 10 ~ 15% of hot aviation oil liC-20, if grade YH =2
petrolatum is employed., Leave 300 to 400 mm wide margins
along the cover edges untreated. Place the cover onto the
case bottom support taking care to put the soft plastic pads
over the support rests.

10, Arrange 30 silica gel bags, weighing 300 gr each, on
the engine. 6 pieces out of the entire number of the bags
should be arranged in the diffuser, 8 pieces - in the front
casing. The remaining 16 bags should be arranged on the engine
outside as follows:

(a) in the vicinity of the engine accessories . . 6 pieces

(b) on tke compressor front casing . . . . . 6 pieces

B e
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(¢) on the resr compressor casing . . . . . .2 pieces

(d) on the turbine casing « « « » o« « « « » 2 pieces

The silica gel bags should be attached at both ends and
placed on top of paraffin paper to keep off grease.

Eote: The number and location of the bags on the engine
should be indicated in the engine papers, The bags
for silica gel should be made of calico lined with
mica paper on the inside,

11, Fit the cover on the diffuser. Put a tarpaulin cover
or a plywood blanking cover onto the front casing.

42, Wrap the engine with two layers of paraffin paper and
bind it with twine.

13. Lift the engine, treat the journals with gun grease,
and mount the engine onto the case suppoz't;. Attach the engine
to the support.

14, Place 10 silica gel bags, weighing 300 gr each, on
the engine, taking care to see that the bags are distributed
uniformly on the entire surface; arrange two humidity indica~
tors on the engine so that they can be easily seen through the
cover f£ilm and through the inspection ports provided in the
case,

Note: Use silica gel having a humidity mot exceeding 2%.
The silica gel should be transported to the proces—
sed engine in a moisture-proof packing, which
should be removed just before arr ng the silica
gel on the engine, The time period between the un-
packing of theé silica gel and curing of the last
seam of the cover should not exceed 1 hour (for
handling silica gel see Appendix No.9).

15. Put the f£ilm cover on the engine, carefully press ‘the
cover around the engine to remove excess air, and cure the seam,
Perform the seam curing procedure as is laid down in Appendix
No.10.

16, Press together the cover surfaces near the seam and
Tub them to spread petrolatum applied to the imner surface of
the cover.

17. Inspect the cover visually to see that it is intact;
suck out the air from under the cover until the latter is
slightly pressed to the engine. Any holes detected in the co-
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ver should be patched w:.th the film of the same grade, using
vinyl perchloride cement.

18, Bind the engine with strips of polyvinyl chloride
f£ilm where the cover is loose. See that the cover is neither
overtightened oor twisted over the engine.

19, All operations pertaining to the arrangement of the
silica gel, fitting of the cover, and curing of the seam should
follow one another in close succession, without any interrup-—
tions, to prevent the silica gel from absorbing moisture out
of the surrounding air, with resultant reduction in its acti-
vity. .
20, Fit the packed engine with a tag (attached by means
of cement) which should carry the following data: the date of
processing and the storage expiration date, number of silica
gel bags, their location on the engine, and the name of the
person in charge.

21, Make the following entries into the engine Service
Log: the date of processing and the storage expiration date;
indicate the number of the silica gel bags, and their location
on the engine; make a note as to the necessity of removing the
silica gel bags when unpacking the engine,

22, After the engine has been packed in the film cover,
install the upper portion of the packing case taking care to
see that the film is not damaged and the upper portion is pro-
perly aligned.

23, A1l the operations pertaining to the engine packing
in the f£ilm cover (curing of the seam, application of patches,
etc.) should be carried out in a warm room, at a ‘temperature
of not less than +10°C.

24, The time period between the internal precessing of
the engine and the completion of the external processing proce-
dure and packing should not exceed 120 hours.

III. Storage Premises Specifications
For storage premises specifieations see Appendix No.9,

IV._Engine Storage Regulations
1. The engine sbould be stcred in closed premises, Outdoor

storage of the engine is not allowed.
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2. General requirements to storage locaticns, as well as
engine shipping regulations, and corrosion-preventive measures
taken in the course of engine storage, should be as laid down
in Appendix 9 dealing with storage of the engine and spare
parts in store rooms,

3. Inspectica of the indicating silica gel, arranged in
the £ilm covers, and replacement of the silica gel in case the
indicator acquires pink colour, should be accomplished as fol—
lowss

(a)_Tospection of Progessed Engines for
Condition _ o

1. The processed engines should be kept in film covers on
case supports; the engines should be so arranged as to allow
ease of observation on all sides,

2. Engine inspection should be perforned once every month,
throughout the entire storage period. Engine inspection con-
sists in checking the condition of the £ilm cover, and the co-
lour of the silica gel contained in the humidity indicators,

3. Blue and blue-violet colour of the silica gel, with
some grains having somewhat different tint, which however does
not affect the prevailing colour, indicates that the humi dity
of the air inside the cover is within the permissible range
allowing further storage of the engine,

4, In case the indicating silica gel acquires Pink or vio-
1l€t-pink colour, replace both the moisture absorbing and indi-
cating silica gel,

5. The engine inspection completed, enter the following
data in the engine Service Log: the dave of inspection, the
condition of the cover, the colour of the silica gel in the
humidity indicators; register all operations performed on the
engine in the course of storage (replacement of the silica gel,
patching of the film cover) and any deviations from the storage
specifications. The notes made in the Service Log should be
signed by the person in charge of the engine inspection.

- 167 =
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(b)_Replacement_of Silica Gel on Engine_

As soon as the silica gel in the humidity indicators
acquires pink or violet-pink colour, perform the operation -
recommended in Appendix No,9.

Engine unpacking and deprocessing procedure should be
carried out in the following sequences

1. Remove the upper portion of the packing case,

2. Use scissors to clip off the side seam of the cover
(remove as narrow strip of the film as possible).

3. Carefully roll the cover down,

4, Remove the humidity indicators, the silica gel bags,
the paraffin paper, and the closures from the afterburner
diffuser and from the distance ring.

Check the number of the silica gel bags removed from the
engine against the number registered in the technical papers.
The numbers should agree.

5. Mount the engine onto the trolley.

6. Melt the grease coat on the engine by blowing the lat~
ter with warm air at a temperature of 50 to 100° or by heating
the engine in a drying chamber at a temperature of 50 to 70°%,

7. Wash the engine with clean gasoline until the slushing
compound is completely removed, Washing should be accomplished
with the aid of a brush; while proceeding in this way, take-
care to safeguard the wiring, the electrical equipment, and
the flexible hoses against gasoline.

8. The washing procedure over, thoroughly rub the engine
with dry cloth and make a visual inspection.

9. Fit the closures onto the diffuser, and the front
casing, and then have the internal surfaces of the engine
deprocessed. :

1C, Deprocessing of the internal surfaces is performed on
the aircraft or on a special stand, as follows:

(a) remove the closures, including those fitted onto the
distance ring and the diffuser;
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(b) drain oil from the tank, from the oil cooler, the
engine wheelcase; pour 12 £ 0,5 11t, of fresh oil MK~8 into
the oil tank;

(c) disconnect the plug from the receptacle delivering
voltage to the boost;er coil unit;

(d) deliver fuél into the starting system to £ill the
supply line. Blow the oxygen system pipe line with clean dry
nitrogen; ;

(e) set the power supply switch in the ON position;

(£) turn on switch STARTING IN AIR for 35 to 40 sec.;
this should cause gasoh.ne to run frem the combustion chamber
drain pipe; {

(g) connect the plug to the receptacle supplying voltage
to the booster coil unit;

(h) deliver main fuel into the pipe lines of the installa~
tion ard connect the pipe lines to the engine in compliance with
the normal dii;grm;

(1) use a hose to connect the union serving for measuring
fuel pressure in the pilot manifold to the union serviang to
measure pressure in the afterburner manifold (via accessory
tee-piece);

(i) set the enginme control lever in the i1dling rating
position and accomplish three false startings of the engine,
delivering voltage of 48 V from the ground power supply source
and keeping the aircraft booster pumps running;

Note: Deliver fuel into the main fuel system to_remove
air from the fuel pipe line; the air should be dis-
charged via the unions of the FAP-22 ®and HP-21 ¢
fuel regulating pumps, as well as through the union
of fuel-oil unit 357C,

(k) set the engine control lever in the CUT-OUT position,
and crank the engine 2 or 3 *imes to remove any remaining fuel;

WARNING: Not more than 5 crankings are allowed to be per-
formed in succession,

(1) remove the hose from the union for measuring pressure
in the pilot fuel manifold and from the union for measuring
pressure in the afterburner fuel manifold, Plug the unions;

(m) inspect the o0il and fuel lines, eliminate leakage,
and wipe fuel and oil from the engine surfaces.
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VI. Materials Employed for Engine Processing
and Deprocessing
1. A11 materials used for engine processing should comply
with the respective State Standards and Specifications.
Following below ibs the list of materials used for engine
processing and deprocessings:
1. Aviation oil ME-22 or MC-20 ., . . . State Standard
TOCT 101349
2; 0i1 MR-8(with MOHOI admixture).. . State Standard
TOCT 6457-53
3¢ Petrolabum « o « « ¢« = o « . . . o State Standard
TOCT 782-53
4, GUn grease « o« « o + « « + « + o o BState Standard
TGGT 3005-51
e« e s s s s o« . State Standard
TOCT 6794-53
6. Ceresine, grades 80, 75, 67 . . . . State Standard
TOCT 2488-47

5. 0il AMI-10

7. Pplyvinyl chloride film, grade
BA18 . .....0..¢4¢ . . Standard MXI
TYN786-57
8. Polyvinyl chloride -sheet plastic . Standard MXI
TY2024-49
9. Vinyl perchloride resin . . . . ., Standard BTY
MXTT 1719-48
10, Dichloro-ethane . . . . « . . . . State Standard
TOCT 1942-42
11. Calico, bleached, art.4#2, or
coarse linen, bleached, art.,55 , .Standard OCT
30286-40
HK TERCTHID (Tex=

Substitutess tile Industry)

Calico, bleached, art.50, or

fine linen, bleached,art.56 . . . Standard OCT 30285-40
HK TeKCTHNb
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12. Cotton thread No.20
Or Noe30 ¢ o 4 ¢ ¢« » o « + , State .Standarda I'0CT

6309-52
13, Mica paper « « « « « « + « State Standarda I'OCT
650053
14, TWine . . . . < s o 4.« . o State Standara I'OCT
572951
Substitutes:
Mackey thread No.9 5/6 . . . State Standard I'0CT
2350-43

15, Moisture absorbing silica
‘gel, grades KCM and HCM
(in lumps or gramulated). . .State Standard T'0CT
395654
16, Indicating silica gel . . . Standard MXI
T¥1800~50
17. Bumidity indicator, standard
18, Paraffin paper . ., . . . . .Standard No.305
AMTY-52
19, Gasoline B-70. . . . . . . . State Standard I'0CT
1012-54
20, Sticky £aP€ o o o o o o o
21. Gaseous nitrogen . . . . . Standard TY MXI
4280-54

The materials used for engine processing are checked in

a laboratory for the following characteristics:

Fo. Descriptioa Characteristics
checked
1 Aviation oil ME-22, (a) Acidity
MC-20, and MR-8 (b) Water-soluble acids
X and alkalies
Petrolatum (e) Moisture
Gun grease (4) Mechanical admixtures

‘@SECRET.»
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No. Description Characteristics
checked
4 Polyvinyl chloride Every batch is subject to
film, grade B-118 checking according to Points

3, 4, 5, 6, 7, 8, 9 of Spe=
cifications MXIl (M786-57)

5 Moisture absorbing 1. Moisture content
silica gel 2, Moisture absorbing capa-
city

Appendix No,8

INSTRUCTIONS FOR STORAGE OF ENGINES
AND SPARE PARTS IN STORE ROOMS

The present Instructions deal with the conditions of sto—
rage of engines and spare parts (single and group sets, indi-
vidual parts, etc.); they also contain recommendations on
storage of engines and spare parts in the Customer's stores
during the guaranteed period,

I. General Requirements to Storage Location

1. The room used for storage of the engines and spare
parts should be well heated and ventilated, Relative air humi-
dity should not exceed 70%.

2, The room air temperature should not be below +10 and -
over +35°C,

Note: Sharp variations in the air temperature and humidi-
ty are not allowed.

3. The temperature and relative humidity of the air should
be checked twice a day, in the morning and at the end of the
working day.

The results obtained should be entered in a special regis-
ter,

4, The store rooms should have floors of painted wood, cone
crete, xylolite, or tile. No cement or clay floors are allowed,
It is strictly prohibited to keep any materials or engines on
floor, The items put in storage should be arranged on special
racks or supports,

5. Cleaning of the floors in the store room should be




accomplished with the aid of moistened sawdust or by using a
vacuun cleaner., Sweeping of dry floors or sprinkling them with
water is not allowed,

6. The racks should be fabricated of wood having a humi -
dity of not over 18%,

The shelves of the wooden and metal racks should be coat-
od with oil paint and kept clean., The racks should be position=
ed in a manner providing for a distance of not less than 40 cm,
between the shelves and the wali, and a distance of not less
than 20 - 25 cm. between the lower shelf and the floor.

7. The racks should be covered with light cloth to protect
the materials and units against dust and sun rays.

8. The store room should be safeguarded against gases
favouring corrosion (smoke, chlorine, ammonia vapours, etcs)e

9. Acids, alkalies,or storage batteries should not be kept
in the same room with engines or engine components,

Do not store rubber parts unless px‘operly packed.,

10, The store room should be separated from the yard by
a vestibule,"

Handling of the storage items should be accomplished either
in the vestibule or on protected grounds. Any handling opera-
tions in the open air are prohibited. Storage.of engines and
spare parts in the vestibule is not allowed,

11. A special room should be provided adjacent to the ves-—
tibule, separated from the store room by a solid partition. In
this room the engines are put to assume the room temperature.
The same room is used for packing, unpacking, and treatment of
the meterials and units,

42, The room should be equipped similarly to the store
room proper; relative humidity of the sir should be within the
specified range.

13. Storage of the cases conta.lning engines and spare
parts in the open air is not allowed.

14, When transporting the engines and spare parts in open
vehicles, care should be taken to protect the packing cases
against precipitations (snow, rain, etc.). The storage items
should be transported in special closed containers, or under
a water-proof tarpaulin cover.

-173 -

15. The engines put in storage should be kept under re-
gular observation. The dates of engine and spare parts inspec~
tions should be recorded in a special register kept in the
store room, Besides, every unit should be provided with a tag
for registering the date of .the last inspection, and the date
of the next scheduled inspection and treatment of the unit;
the tag should be signed by the person in charge of the unit
inspection, All operations pertaining to the treatment of the
units .should be also registered in the Service Logs (if avail-
able).

16. Do not touch the non-protected surfaces oi‘ the engines

‘and parts with bare hands, Grip the metal items on painted or

otherwise protected places (nickel-plated, painted, etc.). In
other cases make use of knitted gloves, oiled waste cloth or
thick paper.

II, Storage of Engines and Spare
Parts

1. The engines should be kept on the supports, with the
upper portion or detachable wall of the case removed.

The supports should be manufactured from wood having a
humidity of not over 18%. The support surfaces contacting the .
engine should be coated with paint and lined with pamffln
paper.

2, The spare parts (single sets) for the engine should be
kept on supports.

3, The engines and group sets of spare parts may be trans-
ported both in special containers and in the containers of the’
Manufacturing plant, Prior to loading the engines into closed
railway cars, make sure the cars are thoroughly cleaned.

4, Cases with engines and group sets of spare parts -deli-
vered to storage should be cleaned of dust and dirt outside the
building and immediately moved into the room separated from the
storage space by a partition. Unpacking should not be done
until the engines acquire the temperature of the room (next
day). Prior to unpacking the engine, remove the seals from .
the case wall carrying the number of the engine, take out the
technical papers pertaining to the engine unpacking, and the

processing Certificate.
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Note: Engines to be put to long-term storage are pack-
ed in special cases with a detachable wall,

5, After umpacking, thoroughly inspect the engines not
fitted with covers; wipe dry the surfaces covered with con-
densation using a piece of clean cloth and immediately treat
the exposed surfaces with lubricant. Use gun grease, State
Standard TOCT 2005-51, for steel parts, and neutral petrola—
tum, State Standard TOCT782-53, for parts of non-ferrous
metals, as well as for galvanized and cadmium plated parts.

Note: In case petrolatum or gun grease is not available,
it is allowed to employ aviation oil MK or MC with
addition of 4 to 10% of cereeine.

6. The empty containers should be kept in a location pro=
viding protection against atmospheric precipitations.

7. Engines packed in polyvinyl chloride film covers are
subject to regular inspections both at the Manufacturing plant
and at the Customer's stores. .

The inspections should be carried out as followss:

(a) the processed engines should be kept in the £ilm
covers on the supports arranged in a manner allowing easy
observation of the engines on all sides. Engine storage may
be accomplisned in the Manufacturer's containers. The silica
gel should be observed through the inspection ports provided
in the case, or after removing the detachable wall or upper
portion of the casej

(b) if silica gel in the humidity indicators acquires
pink or violet-pimk colour, proceed as is laid dowa in Appen-
dix No.9;3 .

(c) if the film cover is torn, apply patches as recommend—
ed in Appendix No.10.

IIX. Steps to Be Taken on Arrival
of Group Spare Parts Sets

When unloading cases with assemblies, especially with
those packed in film covers, handle them with due care.

Do not turn over or drop cases containing group sets or
individual spare partse ’

The group sets of spare parts delivered from the Manu-
facturing plant are processed for a storage period indicated
in the respective technical papers. The parts will be preserv—
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ed within the specified time period, provided the Manufactu=-
rer's corrosion-preventive treatment is left intact. There=
fore, it is not recommended to open the cases until the gua- '
ranteed storage period expires.

Note: When delivering the group sets of spare parts from
the store, do not disturb the Manufacturer's corro=
sion-preventive treatment for checking the number
of the parts. Subject to checking is the number of
packs and packets containing small parts (such as
nuts, washers, etec.). The contents of the packets
should be checked against the labels, on which the
type of the parts and their number in the packet
should be indicated. .

Cases arriving at the same time or within 15 days should
be kept in a separate stack, marked with the date of arrival
and the date of first processing. .

After the specified 6-month period expires, open the
cases containing a group set of spare parts, and inspect the
parts in the following order:

(a) check to see that there is no corrosion under the
layer of the processing compound, without touching the parts
with bare hands and breaking the anti-corrosive layer; if no
signs of corrosion are detected, wrap the part in the paper
and place it in the cases

When performing the inspection, do not take the part out
of the paper, but unwrap it and inspect while carefully turn-
ing it on the paper; : :

Notes: 1. Should it be found impossible to check the
condition of the surface under the layer of
the lubricant, remove the latter by washing
the part in gasoline (State Standard TOCT
1012-54). .

2. Do not use gasoline containing any additions.

(b) some of the parts, that is the parts having. traces
of corrosion, should be washed in gasoline and inspected
through a lens, in case there are some doubts as to their con—
dition, . .
If traces of corrosion are revealed, eliminate them and
raprocess the parts The remaining group sets of spare parts,
having the same date of processing, should be deprocessed ax_xd.

inspected.
Deprocessing, inspection and reprocessing should be car—
ried out as follows: :

.
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(a) having unpacked the parts, wash them in gasoline to silica gel, wrap the assemblies in paper, cure the covers, i
remove the lubricant, Thick slushing compound may be first and put the assemblies in storage for one more year. [
,/,.,; melted by dipping the part for 2 or 3 min., into mireral oil The curing of the cover seam, application of patches to /
= preheated to a temperature of 70 to 90°, Allow exceas lubri- the £ilm cover, as well as the preparation of the silica gel
. cant to Tun down, and wash off any remaining lubricant by chould be accomplished in accordance with Appendices Nos 10 {
using gasoline and a brush; . wd 9.
(b) subjett the deprocessed parts to inspection, taking Given below is the list of materials used for processing?
i care to group the parts into: 4. Petrolatil » o « « o o o « o « o State Standard TocT )
'i 1. Parts not affected by corrosion. . 78253
B 2. Parts affected by corrosion, . 2. GUNGTeaSe « « o o+ + « o o o o o State Standard TOCT |
M When inspecting the parts, do not touch them with bare . 3005-51 P
] nands; : 3. Aviation oil KC-20, MK-22 . . . State Standara TOCT
"} (c) wash the parts haviog no traces of corrosion in ga- 1 :
M soline, dry them in air for 5 to 10 min., and process the 4. Ceresine, grades 80, 75, 67 ... State Standard TOCT
i 248847

parts as is laid down in the respective Instructions; .

Notes: 1. Use gun grease for treatment of steel and cast— S, Gasoline B-70. . . . . .. . . .State Standard TOCT

iron parts having no protective coatings or solder . . 1012-54

seams of non-ferrous metals and not contacting the .

garts of non—ferrouslmeta%s. 1 . 6. Moisture-absorbing silica gel,

or non-ferrous metal parts, as we as for parts .

plated with zinc, cadmium, <'>r copper, or soldered . grades KCH and ECN (in lumps, .

with non-ferrous metals or contacting the parts or granulated). . . « « « » o o State Standard I'OCT
of non-ferrous metals, use of the following neut= 395654

N
.

he TN

[
®

,-‘ ral lubricants is indicated: petrolatum, or avie- .
A Tatn o1 MC-20, or ME-22 containing & to 10% of 7. Indicating silica gel . « . . . Standard MWXOTY
A ceresine. 1800=50
a (4) small parts are treated by plunging them for 5 to 8. Paraffi
i 15 min. iato the lubricant preheated %o 105 - 110°, until the o in paper . . + 4 o o - - » Standard 305AMTV-52
~ part is warmed up. A second, thicker layer of lubricant is 9. Wrappi . .
applied by dipping the part into lubricant, preheated to 60 - * PPiDg DAPET o .« o o ¢ o o o ¢ s;;’te Standard T'OCT

b s 0t L ctan e

80°% .

Large-size parts are coated with lubricant preheated to
60 - 90°, using a brush.

Parts of heat-resisting and stainless steel are treated -
by plunging them into lubricant preheated to 105 - 110°.

Do not coat with lubricant the painted surfaces of tne

parts and assemblies.
Parts affected by corrosioa should be cleaned, washed
with gasoline and processed as is laid down above.
Assemblies, packed in covers of polyviayl chloride film .
with the use of moisture-absorbing silica gel,. should be open— ' . ’ T
ed after one year of storage. After the replacement of the

- e
e R T 2t
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_Appendix Fo,9
IRSTRUCTIONS FOR CHECKING INDICATING SILICA GEL
AND FOR SILICA GEL RECLATMING

The present Instructions deal with inspection of the in-
dicating silica gel arranged on the engine under the f£ilm

cover and its replacement in case 41t acquires pink colour; the

Instructions also contain recommendations on reclaiming mois=

ture-saturated silica gel, grades ECM and [CM (in lumps, oF
granulated, State Standard TOCT 3956-54)«

1. Procedure of Checldng Processed

Engines for Condition
The processed engines (in the £i1m cover) should be mounte

ed on case ‘supports in a manner allowing easy inspection of the

engines on all sides.
The engines should be inspected monthly throughout the sto=-

The inspection consists in checking the condition

rage period.
e indicating silica gel con—

of the cover and the colour of th
tained in the humidity jndicators. .

Blue and blue-violet colour of the silica gel, with some
grains having somewhat different tint, which however does not
affect the prevailing colour, indicates that the humidity of
the air inside the cover is within the permissible range allow=
ing further storage of the engine,

In case the indicating silica ge.
pink colour, replace both the moisture:

ing silica gel.
The engine inspection completed, enter the following date

the date of imspection, the condi-
tion of the cover, the colour of the silica gel in the humidi-
ty indicators; register all operations performed on the engine
in the course of storage (replacement of the silica gel, patch~
ing of the film cover) and any deviations from the storage
specifications. The notes made in the Service Log should be

‘ signed by the person in charge ©:

1 acquires pink or violet-
—absorbing and indicat-

in the engine Service Logt

f the engine inspection.

REIGN DISSE

pink or violet-pink colour,
on -the engine, proceeding as followss:

=TI =
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II, Replacement of Silica Gel on Engine

When the silica gel in the pumidity indicators acquires
replace the silica gel arranged
(a) use scissors to clip off the side seam of the cover
(removing a strip as narTow as possible): B

(b) carefully roll the cover downj

(c) replace all silica gel bags by new ones;

(d) replace the humnidity indicatdrs by those having blue
colour; . )

(e) wrap with paraffin paper the surfaces, which have
been exposed during the replacement of the silica gels.

(£) fit the cover oato the eogine and cure the seam as
is 1aid down in Appendix No.10; | :

(g) all operatioas pertaining to the
silica gel should follow one another in close succes—
sion, as quickly as possible, to prevent a reductioh
i}n silica gel activity due to the moisture absorbed.

replacement of the

IIT. Reclaining of Silica Gel prior to Use
The drying of the silica gel having a humidity of over
2%, as well as the reclaiming of the silica gel used on the

engine as a moisture absorber should be accomplished in the -

following manners: - . .
1. Spread the moisture-absorbping and the ijndicating sili-

ca gel in a thin layer (not over 30 mm thick) on aluminium or
and place the pans in a d.ryibg cabinet.

e-absorbing silica gel at a temperature
stirring it at regu- -

iron pans,
2, Dry the moistur
of 150 to 170°C for three or four hours,
lar intervals.
3. Dry the indicating silica gel at a temperature of
120+3°c for 1.5 or 2 hours, stirring it at regular intervals.
4, The humidity of the dried silica gel should not exceed
2k : : ’ .
o slightly cool down before
For this, slightly open
aturé to 50°; then

5, Allow the hot silica gel t
-pemoving it from the drying cabinet.
the cabinet door and reduce the tempexr
transfer the silica g

6. Keep the aried silica gel in clean,

el into bottles or other containers.
properly sealed

13/10/28 : CIA-RDP8OT00248A071200240001-4
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containers, It may be placed into clean and dry glass {bottles
with lapped glass stoppers or corks sealed with paraffin or
waxe . i .

7. The moisture-absorbing silica gel should be inserted
into cloth bags just before being used ‘on the engine., The si-

‘lica gel should be transported to the engine in sealed polyvi-

nyl chloride film bags.

Note: In case the operations pertaining to silica gel
packing and arrangement on the engine, as well as
to the engine pac]ung follow one another in close
succession, it is allowed to bring the silica gel
to the engine in polyvinyl chloride film bags tied
with twine.

The silica gel returned from the aircraft Hanufacturing
plant should be sorted (clean silica gel must be separated
from that contaminated with oil and fuel)..

The clean silica gel should be passed through metal -
sieves (State Standard TI'OCT 2851-45) to remove dust and minute
particles. Each side of the sieve mesh should correspoad to
the lower size limit of the respective silica gel grade, that
is:

for grade KCM , . . + « 1.5 mm

for gradellCM . . . . . 1.5m
The contaminat;ed silica gel should be turned over to a
laboratory for checking its ability to absorb water vapours
with the purpose of determining whether it cen be used for

.packing the engines,

Treat the moisture-absorbing and indicating silica gel,
returned from the Manufacturing plant as is laid down in the
present Instructions.

50X1

Appendix No,10
INSTRUCTIONS FOR CURING SEAMS AND APFLICATING
PATCHES TO POLYVINYL CHIORIDE FIIM COVERS

The present Instructions contain recommendations oa cur—
ing the seams and applicating patches to polyvinyl chloride
£ilm covers,

The curing of the seams on the film covers is accomplish=
ed by the use of an appliance designed for the purpose. A1l
operations associated with the curing of the film covers
should be performed in a heated, clean room, at a temperature
of not below 10°%C,

No fitter's work should be carried out in the same room,

I, Curing of Cover Seams by Use of Bench Appliance
1. Seam curing should be accomplished on a working bench.
The length of the bench should correspond to the length of the
‘cover cut, i
The working portion of the bench comprises a straight,
planed board, lined with felt and with several layers.of parch=
ment paper. Nailed to the board on top of the paper is a wooden
lath, serving to guide the curing device along the cover seam.
2, Seam curing comprises the following operations: put
two sheets of the film together, and arrange the edges to be
cured on the working bench, along the lath, at a distance of
15 to 20 mm from the latter; smooth out folds and wrinkles,
after which rub the edges with a piece of cloth soaked in
clean aviation gasoline B=70. .
3, Iay an interleaving paper strip (parchment paper or
tracing paper), 5 to 6 cm. wide, on the film sheet edges to’
be cured. T =
4, The curing device should be uniformly moved along the
seam by hand or with the aid of a power drive, at'a rate of
45 t0.50 m. per hour. When operating the device manusdlly, move
it smoothly along tke lath, serving as a guide.
5. The quality of the seam is checked visually by the
colour of the interleaving paper. The colour of the interleav-
ing paper should be darker than the colour of the film,

L : : “NG. FOREIGN DISSEM™. - - ® "
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6. The temperature of the slider at the given rate of
travel should be equal to 250 - 300°C,

R 7. Excessive pressure on the seam (resulting in filo
thinning) is relieved by the respective adjustment of the
lower component of the slider,

8, The curing procedure completed, carefully tear off
the edges of the interleaving paper Getached from the seam,

N and remove the f£ilm sheets from the working portion of the
bench,

9, Carefully fold the cover cut in two relative to the
longer side, with the edges outward, and clip off both butt
ends.

10, Bevel all edges of the longitudinal seams, where
they meet the transverse seam. The distance from the butt to
the base of the bevel should be 35 mm, whereas the distance
Prom the butt to the apex of the bevel should amount to 80 mm,

11, Cure the transverse seam on the working bench follow-
ing the Instructions given above,

Note: Wrinkles along the transverse seam are allowed, pro-
vided the film is free of cracks,

12, Turn out the cover.
13, Use vinyl perchloride cement to attach 200200 mm

5, Cure the seam as is instructed above,

6. Inspect the cover and the seam visually to see thut
there are no holes. If holes are detected, patch them up using
vinyl perchloride cement. .

III, Patching up of Cover

1. Any tears on the £ilm cover are mended with the aid
of polyvinyl chloride film patches and vinyl perchloride
cement (10 = 15% solution of vinyl perchloride resin in dichlo-
ro-ethane,). The patch should overlap the edges of the hole
by 15 to 20 mm in any direction.

Note: The total mumber of patches applied to the cover

should not exceed 10,

2. Thoroughly rub the patch and the affected area with
a piece of cloth soaked in gasoline to remove any greases

3, Apply the cement with the aid of a brush on the res—
pective side of the patch and on the damaged area to be cover=
ed with the patch.

Wait for 1 or 1.5 min, and then apply the patch to the
damaged place: thoroughly press the patch to the cover by
stroking the patch from the centre towards the edges.

4, The pads of polyvinyl chloride plastic are attached to
polyviayl chloride strips to transverse~to-longitudinal seam the cover in a similar manner, To ensure a better bonding bet-
Joints (where the bevel is made). ween the film and the plastic pad, place a light weight on the

14, Use the same cement to attach soft pads of polyvinyl pad after stroking it, so that the pad is snugly pressed
chloride plastic to both sides of the cover, where the engine against the film surface.

Tests upon the support. IV, Checiing of Cover Film and Cured Se
1. The check is performed by visual inspection. The film
d over a port provided in the bench to illuminate

T
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II, Curing of Last Seam
the film from below by electric bulbs,

1. Press the cover around the engine to remove ‘the excess
air,

2., Place the edges to be cured on a board which is simi-
lar to that used for curing the main seams.

3, Mount the board outo special wooden or metal supports
s0 as to arrange it at the height of the last seam.

4, Rub the edges with a piece of cloth or gauze soaked
in clean gasoline B-70, and smooth out any wrinklis and folds.
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2, The entire film used for manufacturing the cover is
subject to inspection. The film should be uniform in its tex-
‘ture, well gelatinized and rolled, Through holes, bulges or
rough nonrolled streaks are not allowed. }

Minute spots and inclusions visible in the illuminated
film by a naked eye are allowed, provided they do not crumble
out when the film is beat to 180° at the point of the inclu-

sion.
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3, When two sheets of film are attached to each other by
employing the curing technique, no wrinkling or cracking of
the film should be observed in the vicinity of the seam,
Straining the film by hand in the direction perpendicular to
the seam should not result in seam lamination.

Note: It is prohibited to strain the cover along the
entire. seam, to check the seam by straining it
with a finger, or to subject the seam to bending
stresses,

4, The cured seam should not have any holes located at
a distance of 5 mm from the cover surface. In case some defects
are detected in the seam (poor bonding or scorching) re-cure
the defective place or repeat the seam curing procedure.

Notes: (a) Holes occurring on the cured seam at a distan=
ce of over 5 mm from the cover surface are
allowed;

(b) Wrinkles in the vicinity of the transverse
seam k:re allowed, provided the film is free of
cracks, .

S. The £ilm should comply with the requirements of Speci-
fications MXI M786-57, Prior to using the film, make sure it
is provided with a fitness Certificate.

Following below is the list of materials used for vcurins
the seams and patching up the covers:

No. Description Standard

1 |Polyvinyl chloride film,
grade B-118 '
Polyvinyl chloride plastic

Specifications MXIl 4786-57

n

Specifications MXHl 2024-49
Pervinyl chloride cement Specifications MXIKY 46356
4 |Paper: condenser paper State Standard T'OCT 1908-57

thin parchment paper | State Standard T'0CT 2995-56
Fifteen per cent solution of pervinyl chloride resin inm _
dichloro—ethane may be used as perviayl chloride cement (Per-
vinyl chloride resin, Specifications MXIl 1719-483 dichloro-
ethane, State Standard POCT1942-42).

A%
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Appendix No, 11
ELECTRICAL CONTROL EQUIPMENT TESTER Bun37-587

(Operating Instructions)

Purpose
(Figs I1X, X, and X{)

Pester BU37-587 is designed for checking the. electric
control equipment for proper operation, as well as for check—
ing engine rotors T.p.l.

The face panel of the tester mounts the follow;nz equip- -
ment: a reference tachometer employed for checking the engine
r.p.m.; pilot lamps designed for checking operation of the en—
gine limit switches; a milliammeter for checking operation of
the SICY-1A electrohydraulic systemjand a resistor knob for
detecting defective electric units of the engine. For.data on
the engine control equipment refer to the respective Operating
Instructions.

Checking High-Pressure and Low-Pressure

_Rotors R,P.M¥,

To check the efigine r.p.m. it is necessary to connec; the
wires to the master plug connectore The r.p.m. is checked with
the engine running. The rotor r.p.m. is read off on the tacho-
neter indicator, mounted on the face panel, with the change-
over switch set in a definite position.

The change~over switch has three positions, Setting the
switch in either of the extreme positions will allow checking

" the r.p.m. of one of the rotors, indicated on the switch; in
this case, the r.p.m. of the other rotor can be checked in the
cockpit.

With the switch set in the middle position, both tachome=
ter indicators in the cockpit will function. )

Checking Operation of Limit Switches
For checking the electric control equipment of the engine,
the tester wires should be connected to the master plug connect—
or.
The checking procedure should be carried out with the en—
gine running. : -
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The high—-pressux"e rotor r.p.m. are used to check opera-
tion of the following limit switches: starter limit switch
CTs 1imit switch BJT controlling additional fuel supply and
exercising of the spark plugs in the engine combustion cham=
ber; limit switchHIl controlling the by-pass valve, Operation
of cams EPO-1 and BRO-2 , as well as limit switch KC control-
ling the relief valve should be likewise checked by the high-
pressure. rotor T.pP.k. ’

Operation of limit switch I3 ccntrolling the hydraulic
decelerator should be checked by the low-pressure Totor r,p.m.

Check operating time of limit switch KC.

In the course of engine starting check operation of the
following limit switches: CT,BAT , KC, and Kn.

Pilot lamp BAT lights up at the beginning of the starting
cycle and goes out as soon as the electromagnetic additional
fuel supply velve is cut off.

Pilot lamp CT lights up as soon as the starter is disen=-
gaged, and goes out at the seme time with pilot lamp BAT . If
the engine does not develop the r.p.m. associated with opera-
tion of limit switch CT, the starter is caused to be disengag-
ed by the timer completing its cycle.

Pilot lamps KC and KI light up at the beginning of the
starting cycle; pilot lamp KC burns within a specified period

of time, whereas pilot lamp HI is caused to go out at the end

_ of the starting| cycle or is deenergized by the action of limit

switeh BAT.
Pilot lamps BOO-1l and B®0-2 are caused to light up by

the action of the afterburner r.p.m. interlock circuit,

Pilot lamp IS is caused to light up by the action of the
hydraulic deceleravor limit switcha

Pilot lamps B20-1,600-2 , and I3 keep burning at r.p.c.
values exceeding those associated with operation of the res=—
pective limit switches. .

Pilot lamp $3 keeps burning while the afterburner is be-
ing ignited.

Pilot lamps IIK,BOC , and # are caused to Yight up by
the action of the limit switches incorporated in the control
panel (IIVPT-12 ). Tumbler switch Py RELIEF VAIVE should be
set in the ON position, Tumbler switch BY-2,BY=4B should be

set in the BY=4Bposition,

-187 =
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Checking Operation of am!-;é Electrohydraulic

Control System

To oheck the operation of the SICY¥-1A electrohydraulic

control system, proceed as follows:

- connect the tester wires to the naster plug connectors

~ connect the ground power supply source to the agircraft
mains;

- turn on the following switches: AFTERBURNER, MASTER
SWITCH, FROCESSING (in the K position)s

- cut out the hydraulic decelerator blocking system (T3)
by turning screw H provided on the KA®-13Jafterburner cont—
rol unit to the BLOCKING CUT-OUT positiong

- connect the trolley-mounted hydraulic pumps to the air-
craft system; make sure the pressure in the hydraulic system
js within the specified range. .

Shift the engine control lever to the controlled augment=
ed rating sector, and check the 3ICY-1A system 2 or 3 sec.after
pilot lamp BOC lights up. -
It is not allowed to check the electrohydraulic
control system earlier than 3 sec, after pilot lamp
FOC lights up, since while the engine is being auto-
matically brought to the augnented rating heavy cur-
rent will be caused to flow through the connected

milliammeter.
Whenever the milliammeter pointer overshoots,

disconnect the instrument by mani; lating swit

SICY CHECKING (IPQBEPKA amg). ointer overshoot-
ing is likely to be caused by an abrupt shifting of
the engine control lever.

By smoothly shifting the engine control lever within the
range of the controlled augmented rating sector, determine the’
operating range of polarizeri relay KBC, as indicated by the
milliammeter, reading the minimum current value.

Operation of polarized relay KBC is indicated by a slight
Xick of the milliammeter pointer, as well as by a characteris- -
tic noise associated with operation of the TA-164 hydraulic
valve located in the vicinity of stabilizer attachment, Operat-
ing limits of relay KBC, within the range 6f 0,5 to 1.0 mA, in
both directions, should not differ in current values, which tes=
tifies to proper operation of the relay. ’

Note:




3807700 0 0 o0 0 a K |
_Declassified in Part - Sanltlzed CopyApproved for Release 2913/10/28 CIA- RDP80T00246A0712002400014

IREIGSIN Ulbbh -
ifx’ ,_mn..m.,ew

FRSKR

With the engine control lever shifted within the MINIUM

AUGMENTED rating sector, the milliammeter pointer should skift .

within the operating range of relay KBC, without causing a
change in the jet nozzle diameter,

With the engine control lever shifted beyond the upper
1imit of the minimum augmented rating sector, the milliammeter
poiAter must run beyond the operating range of relay KBC, caus-
ing a change in the diameter of the adjustable jet nozzle, The
deflection of the milliammeter pointer in either direction
from the zero position should well agree with the direction of
the travel of the adjustable jet nozzle hydraulic ¢ylinder
rods, After the predetermined diameter is attained, the mil-
liammeter pointer should not move beyond the operating range
of relay EBC,

With the engine control lever shifted to the FULL AUG-
MENTED rating position, the milliammeter pointer should run

. beyond the operating range of relay KBC; accordingly, the rods
of the adjustable jet nozzle hydraulic cylinders should be
fully extended and should not change their position.

As soon as switch EMERGENCY ENGAGELMENT OF TWC-POSITION
JET NOZZLE is turned on, the electrohydraulic system gets cut
off; in this case the hydraulic cylinder rods may occupy any
of the two positions. With the engine control lever set-in the
FULL AUGMENTED rating position, the hydraulic cylinder rods
should be fully extended, whereas with the engine control lever
set within the range of from the CUT-OUT to MAXIMUK rating po-
sitiohs, the hydraulic cylinder rods should rest against the
maximum position stops.

Detecting Faulty Blectric Units

Tester FU37-587 accommodates resistors which are equiva-
lent to the resistors incorporated in the electrical equipment
of the 3ICY-lA system; these resistors serve to simulate the
operation of the elegtrohydraulic system, thus allowing the en-
gine electrical equipment to be cut out, The defective electric
units of the engine can be detected by successivély disconnect-—
ing individual units to simulate their operation with the aid
of sound resistors incorporated in tester B37-587.

, n : ‘SEGzET . ,
" 'NO. FOREIGN - DISSEM. . )
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The detection of the faulty units should be performed in
the following order.

Disconnect the vlug from the IIP=3A rheostat transmitter
and connect it to the respective receptacle of the FU37-587
tester, Make certain, the electrohydraunlic system functions
properly by varying manually the J[P-3A resistor whose knodb is
located on the face panel of the tester. In case the electro-
hydraulic system fails to operate.properly, with the rheostat h
transmitter cut out and substituted by the resistor incorporate—
ed in the tester, 't the rheostat itter to the en~
gine electric system and check the JIOC-1Afeed-back transmitter
and rheostat P-1 using the same procedure.

For connection to the receptacle (when checking the feed-
back transmitter) extend the tester cable with the ‘aid of a
patch cord fitted with two connectors,

Por checking the feed-back transmitter, manipulate the
resistor of the J0C-lAunit. To check rheostat P-=1, resistors
N® and 19 should be manipulated.

Normal operation of the electrohydrauli¢ system with one
of the electric units disconnected and substituted by the
resistor incorporated in the tester will indicate abnormal ope-
ration of the respective unit.,

Appenc Ho,1
MEASURING ADJUSTABLE JET NOZ2IE DIAMETER
BY USE OF APPLIANCE BEU37-575

(Fig. XD

1. Set the master switch and the afterburner switch in the
ON position.

2. Set the PROCESSING switch in the K position.

3, Cut out the hydraulic decelerator blocking system (1‘3)
by turning screw Hprovided on the afterburner control unit in
the BLOCKING CUT-OUT position.

4, Connect an air hese delivering a pressure of 4 to
6 kg/sq.cm. to appliance EU37-575(the valve of -the appliance
should be closed).

5. Connect the ground power supply source gnd the t.'rolley—
mounted hydraulic pump to the aircraft mains. )
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6, Start the hydraulic pump and build up a pressure of
4180 to 210 kg/sq.cm., in the hydraulic system.

7. Mount the appliance onto the projecting inner parts
of the jet nozzle flaps so that the collars of the appliance
rods are pressed against the flap end faces (FigXND.

Open the valve when mounting the appliance on the jet
noszle,

Note: Any air in the hydraulic system is not allowed, To
purge the system of the air, manipulate the engine
control lever to bring the jet nozzle flaps from
the maximum rating position to the augmented rating
posit:.on, repeating the procedure several times.

8, Measure the jet nozzle diameter at least two times
after shifting the engine control lever to the respective po-
sition,

Subsequent measurements should be taken after turning the
appliance to ancther position.

Jet nozzle diameter values should be read on the appliance
tape. To determine the true diameter value of the jet nozzle,
the mean diameter value should be found.

The jet nozzle diameter value corresponding to the given
rating is indicated in the engine Service ILog. This value
should be strictly adhered to, since it has been set in the
course of engine adjustment during stand tests,
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Figy. Afterburner Diffuser-to-Adjustable Jet /Vozzle
' Telescopic Joint,
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Fig. X Foce Panel of Electric Control
qupmem‘ Tester
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P11$-300 ENGINE SPECIFICATICNS
Genersl Deta

1. Engine designation .... veesse P11$-300

2. Engine type A «- Turbo-jet, two~shaft,
with afterburner

3¢ COMPreSS0T sevevesnceacnnnen. Axial, 6-stage, two-
spool (3+3)

4. Combustion chemberss: ........ Individual, straight—

a flow, accommodated in
—— cormon housing
Number ....eiiiiivetieeeana.. 10 pleces
FUMDETING eoeenteannanonn left-hand, starting from
upper left-hand chamber
(looking fwa)

Se TUIDING ceuvvencennennanaenns Axial, 2-stage, two=-
shaft; 2nd stage
shrouded

6. Jet 10251 viievniennnnan.. -« idjustatle, variable .

duty; diemeter of throct

veries within 526 - 680 mm

7« Arrangement of engine
>éécessories “etsssccccsccnanas
8. Direction of rotation of
TOOTS tuvvrovenneneensnnnneneananans Counter—clockwise (as
viewed from jet nozzle
end)

ssse. Lower

9. Ingine overall dimensions: N
(2) length veecsecasecnnceses 46LC mm




1%

lassified in Part - Sanitized Copy Approved for Release 201):?(/‘:1184\2{

N -8 -

(b) dlameter or turbine casing .., 772 g
(¢) diameter of aefterburner
on shroud AR 9
(4) maxinun height complete with
accessories ettt ttatteiinanaaa, 1085 nm
1C. Dry weight of engine with
afterburner ............................._. Not over 1&65*2%

36 mm

Note: Dry weight does not include zircrafrt
and assemblies delivered along with 4

accessories
he engine.

11. Ingine weight, as delivered «reee Not over 1147, kg

. +2%

Note: The shipping welght of the engine does not include
the weight of the 0il inserted for corrosion-
Preventive treatment, and the weight of the
auxiliary parts,

© 12. Ingine mounting on aircraft
13. Engine is furnished with:

(a) 2utomatic autonomous

push=button starting éf engine

+eess See Chapter X

starting system providing for
t]

(b) fuel systen incorporating main fuel and
fuel manifolds;

- (e) lubricating 011 system;

starting

(a) compressor intake fairing anti-icing device
for normal oreration of the engine at
tions; .

providing
any atmospheric condi-

(e) afterburner with variable duty jet nozzle and dual
main fuel manifold;

() control
ratings (IyPT);
(&) flame igniter oxygen supply system, Providing for
reliablq starting ot high alti‘lmdes;
(n) system of air bleeding. Amount of air.'
bled from the compressor at maximum engine speed
end at standard atmnospheric conditions ..,....,,. 860 kg/hr

System 1ncorporating Panel for control of

RDP80T00246A0712002

\
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14. Guaranteed service life of engine
up to first overkaul "reecesstecsctssssaness Refer to Service
Log
= including operation at meximmum and
augmented ratings for not more than ... esees 3 hours

Note: ¥hen calculating the entire operating life of
- the engine, engine running time on the ground is
considered to be equal to 29% of the’ entire operat-
ing life. If the engine running time on the ground
exceeds 2C% of the service life, the subsequent
operction should be caléulated 1 hr per hr.

Dizmeters of Jet Nozzle Ixhaust Area

1. Full augmented Tsting ....... 68¢ mm .
finimun sugrented rating .... 61C+1U;

cevens 526%10 gy
526+111

3. Keximum rating ..,
4. Tormal Tating eee.veeeveesnn.n

50614

Se 0.8 normal Teting .eveecees.. jin]

Go TA1ing Tating eveveeveevene.. 68C mm

Ergine Control

1. BEngine control is accomplished ty means of the comtrol
lever, through the medium of the control unit.

fl:e control unit consists of regulating fuel pump HP-216
and ratings control penel NYPT-1¢, connected by means of a
linlk.
at the following ratings:

(a) idling rating, which is switched on by setting the
engine conircl lever agzinst the idling rating stop;

(t) ratings from idling to maximum, which are switched
on ty shifting the engine control lever from the idling rating

the control system provides for operzting the engine

stop to the mewirnun Tating stop;
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(c) maxirum rating, which is switched on by
engine control lever against the mexizum ra

setting the

ting etop;

source of the AMA-2ITI  type, W th sterte t. requiring any
ype, Wit T not. T g

cooling in between the operating periods;

(4) minimum 2ugmented rating, which ic ot

attained by setting
the engine control lever 2gainst the minirmum 2ugmented rating
stop;

(e) partial augmented ratings, which arc switéhed on by
moving the engine control lever from the mininum augnenied
rating stop to the full augmented rating stop;

(£) fuil eumehted rating, which is accomplished by
setting the engine conirol lever 2gainct

the full augmented
rating stop;

(g) engine stopping, whick is sccomplished by setting
the engine control lever against the CUT-CUT (CTON) stop.
- 2. The jet nozzle is of variatle duty type providing for
' control of augmentation; it is actuated with the aid of three
hydraulic c¢ylinders.

Purpose Chenging of jet nozzle exhausi area

v for setting required ergine rating
. Control system Electro-hydrzulic type
Operating fluid Hydraulic fluid AlI-129, Cpecifica-
. tions HN-10-58, or AMP-10, State
: - Standard 679£-53
Hydraulic fluid pres- - :

sure in system 18C - 215 kg/sa.cnm.

Sterting System

1. Starting system
. 2. The starting systen
provides for: T e

/iutomatic, autonomous, electric, with
voltage switched over from 24 to 48 v

(2) engine starting or cranking at a temperature of -2¢C
to +50%C three times in succession, without boost

—-cherging of
storage batteries; :

(b) engine starting or cranking ot 2 temperature of ~4G
to +50°C five times in succession, using 2

ground power supply

Declassified in Part - Sanitized Copy Approved for Release 2
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(e) engine starting during flight
i s of to 12,

ditions, a2t eltitudes of up ©o
R 1. (withovt oxygen supply)-

and up to 8CCC

3. Start

g system.

components

at eny ztmospheric
20C m. {with oxygen supply)

starter-generator, sterting equip-
ment, starting fuel system, flame
igniters, oxygen supply s.ys‘.cem,
starting fuel contrcl unit incor-
porzted in pump I{P—ﬂ@r electro—
mzgnetic valve controlling fuel
feed a2t starting, starting f\:el
ignition system, a2ir tlow-ofL

valves (2 picces)

Type
Turpose

Tumber

Direction of roteticn
Gear rstio

At sterter duty

i1 coneTed duty
it genersToT

starter=generst

-

than 5

or may be operated

DP80T00248A07120024000124

= 0BT

:1:?\-12:&1-2&:03 starter during engine
starting. With engine running, is
enployed as a D.C. generatoT. _
Chenge over from sterter to gene
rator duty is zccomplished auto-
matically at 32 % of high-pres-
gure rotor normal rzting or by
+timer within 44.C +1.2 sec.

1 piece .
counter-clockwise

2.249
T 2.249

1.344

s a.starter not more

5 times in successlon.




o
{
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B Sterting Fquipment
(is not delivered with engine)
4ircreft power supply source (siorzge vatteries)

Type 15CUC—45

Number 2 pieces
, Purpose Is employed as a power scurce Auring engine
. sterting

Starting reley KIiP-154 instzlled on zireraft (is not

box supplied along with the engine)
) Ground power HiA-4 (installed on ground pever supply
P supply source source; is not delivered along with the
o switeh box engine) ’
_timer:
: Type AB7-44-5 (installed on zircraft; is nct
‘ delivered along with the engine)
| ~ 7 “Purpose Provides for successive operation of the
‘ . eleciric sterting equipment within the +time
. pericd of 44.0 +1.2 see.

, Starting Tuel System
i
! Purpose

| Sterting fuel
used

Fuel consumed in
one stariing

(2) 5tarting
fuel tenk

(b) Filter

(c) starting

_1ed on 7 . alre
craft)

fuel pump (instal-

During engine sierting on ground and in alr
system provides for gascline supply inio
flare igniters and for igniting combusiion
chambers

4viation gesoline B-70, State Standard
101254, -

Not over 0.3 1it.

‘Components incorporated inm starting 1‘1‘1e1 system:
1 piece (mounted on eircrafi)

1 piece (installed on eircrait)

O FOREIGIN DISSEM. o
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Type

Kumber
output

Pressure shouid
be adjusted av

Starting fuel tenk
pressurization
value
(4) Flectronegnetic

starting fuel volve

ype

Number
(¢) Tlame igniters

Type

Numter

.Purpose

T =13 - 5OX1
' [EP-10-GM, geer tyre, driven ty eleciric
meior
1 piece
8

o™ 1i%, per hour at & pressure cf
2 kg/sq.cm., with V= 24 ¥ and d =
.. (with no air pressure
pplied in%o tenk and at voltage of
25 -2 v, s read off aircraft voltmeter)
ol 35 kg/sg.cm. (provided by Menufac—
t’urlng plent)

HKNIT-9
1 plece

Dxternal, with low-voltage ignition
system and oxygen supply
2 pieces

zne Igniter CXygen Supply System

7 supply s.dditioné:l amount of oxygem
o fleme igniters for more effective
ignition of main turners when starting

engine in flight

Components incorparated in oxygen supply system: .

{xygen bottle

(xygen pressure
reducer

Tlectromagnetic

oxygen valve
Non-return oxygen
velve -

Kot less than 2 1it. capacity (arranged
on pireraft), 1 piece .
213C43 outlet pressure amounting to

9 = 1C.5 kg/sd.cm. (arTanged on aireraft)y
1 piece

1 piece (mountied on aireraft)

[}

piece




Oxygen pressure forward of
flame igniters
Electromagnetic fuel supply
valve: -
Purpose

Type

Funmber

Starting fuel ignition
system )

' AT blow~off valves:

. Purpose

Type

Number

.4, Permissible gas tem—
perature aft of turbine.
during starting h

; 5. Time reguired for
engine to gain idling speed
from the moment starting
button 1s pressed:

- 14 -

6.5 =~ 8.5 kg/sq.cm.

Supplies additional emount of fuel
(84 43 1i%/hr) for acceleration of
starting procedure on ground; fuel
is started to ve supplied within
25 sec, after tutton STARTING
(BALYCK) 41s pressed; edditional
fuel supply 1is discontinued as
soor as high-pressure rotor
reaches speed amounting to 48% of
its normal r.p.m. :
HKOT-92

1 piece

Low-voltage, employing erosion-
type surface discharge spark plugs

Discharge pert of air into atmos-
phere to prevent engine from stalling
at starting on ground

Hydrzulic

2 pleces

Yot over 650°C

Not over 60 sece.

- afterburner mcy te turned om within mnot less than 90 sec.
after pressing the starting tutton;

HNotes: 1. During zutonomous starting, +the time pericd
- required for reaching the idling speed may e
increased to 1CC sec, ~ N

Declassified in Part - Sanitized bqpy Approvéd for Release 2013/10/2
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2. In case the meximum or augmented speed is
reached withir 90 sec. after pressing the start-
ing button, gas tenperature aft of the turbtine
is sllowed to te increased to 7206°¢ (for nat
more than 5 secs). '

ruel System

1. Crade of fuel
(2) mein and afterturncr

Tote: Ingine mey operate

£0 hours.
2. Fuel booster pump

Sype

Direction .of rotation

Gezr ratio

Pressure upsirezm oF booster

rating

Short-time (with zircraft
deenergized) pressure up-
stream of pump (up to
6090 m. for TC-1 and 7-1)

(Up to 4CCC m. for T-2)

3. Fuel pressure upstrean
of high-pressure fuel pumps
(main and afterburner)

thort-time pressure rise

4% 16ling rating
4, HNein fucl regulating

pump:
wpe

7-1, State Standard 4138-49
-2, State Standard 8410-57
1¢-1, State Standerd 7149-54

on fuel ™2 for not more than

JIIHL 30T
Centrifugal, with permanent—

pressure valve

Counter—clockwise

1.244

1.¢ +3.C keg/sq.cm. abs

1.8 +3.0 ka/sq.cm. abs

ot less than 0.45 kg/sq.cm. abs

ot less than 0.6 kg/sq.cme abs
2.4 - 3.8 kg/sq.crn. 8bs

Up to 4.0 kg/sgq.cme
jlot less than 1.4 kg/sg.che

}1;9.;21@, plunger, with variable
low=pressure rotor speed gOVErnor,
end with device for limiting fuel

OREIGN-DISSEM— = -
8 : CIA-RDP80TO
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Purpose

Direction of rotation
Gear ratio
Starts Tegulating
engine speed
automatically -
Maximum fuel outb~-
put (at o, =
11,500 r.p.m.)
Minimum fuel oute
R mt (at T, =
: 10,000 Tep.m.)
5. Afterburner fuel
regulating pump:
Type

Purpose

Direction of rotation
Gear ratio

- 16 -

pressure increase at acceleration; pump
is furnished with hydrzulic decelerator,
sterting fuel control unit, by-pass
valve, e2nd distributing valve. Pump
rotor is driven by engine high-pressure
rotor

HMeters fuel supplied into combustion
crambers to provide for melntaining
predeterminéd engine speed at sustained
ratings and intermediate ratings
Clockwise

2,78

-2t 85 -2% of normal rating, oxr at

9500 =~ 20C T.pem.

Not less than 70007200 1it/nr

360 #15 lit/hr

HP—ZéQ; plunger type with afterburner
fuel regulator and barostatic fuel
supply limitér; pump is furnished with
afterburner valve, high~pressure roior
speed tronsmitter with limiter, ond
control unit BY-4B ’
lieters fuel delivered into sfterburner,
with PQ/PL; retio maintained at the same
vclue; limits fuel delivery depending on
conpressor outlet pressure; limitc
maximum r.p.m. of high-pressure rouor
Clockwise

2.57

OREIGA DISSEM

246A071200240001-4
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Meximun fuel cuiput
(at T, = 11,150 r,p.m.)

6. Pressure of fuel in
pilot manifold of engine
main fuel system

7. Presiure of afterburner
fuel at HP-220¢ pump outlet

8. lain burner:

Type
Fumber

9. Starting burner:
Type
Number

16. ifterburncr fuel
injector:

Type

Number
(2) ir larger menifold
() in smzller menifold

11. rilter at main and
afterburner fuel inlet
12, Puel temperzture =t
high-pressure pump inlet:
continuous
short-time (10 min. per
1cperating hour)

50X1
Fot less than 10,5C0 -40C lit/hr

Tot over BC kg/sq.cm.

ot over 9C kg/sq.cm.

Centrifugal,
10 pieces

two-stage, duplex

Centrifugal,
2 pieces

single-stage

centrifugal, single-stage

102 pieces

60 pieces

42 (including 2 starting inject-
ors)

Gauze, heving 16,90C meshes per
sq.cm.j incorporated in unit 357C

Xot over +80°%
Mot over +12¢°C

Lutrication System

1. Type
2. 0il grade uscd
3. 0il consumpiion
4, Pressure in oil line:
(2) at 211 ratings (idling
reting exclusive)
(b) at idling reting

-

Close-circuit, autonomous
K-8, State Standard 6457-53
Not over 1.2 1it/hr

3.5 +3.5 kg/sq.cne.

flot less than 1.0 kg/sq.cme

013/10/28 : CIA-RDP80T00246A071200240001-4 /@ &
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Note: At a2ltitudes exceeding 1C,CCO m. cil pressure may
“drop te 3 kg/sq.cm.

5. 011 temperature at engine

inlet Not less than ~40°C
011 temperature at engine

Qutlet Not over +140°C "

Note: Cil temperature is measured during ecxperimental
tests cerried out in compliance with a special
schedule.

6. 011 pumps:

(2) delivery oil pump:

Type. . Gear-type
Nunber 1 piece
Direction of rctation Clockwise
Gear- ratio . 3.168

Delivery at normal rating with =
back pressure amounting to
3.5 +0.2 kKg/sq.cm. and oil
temperature of +60 ~ 75%¢ Not less then 5C lit/min.
(b) oil pump for scavenging
01l from accessory wheel case
and from central-and rear

supports:

- Type Gear-type, three-section
Number i 1 piece

Direction of rotation Clockwise

Gear ratio 3.168
Delivery at.normal rating . - )
with back pressure smounting to .
0.5 - 0.8 kg/sq.cm. and oil
temperature of +60 - 75%
(c) pump for scavenging oil
from front support:
Type ’ Gear-type
Jumber 1 piece

#ot less than 135 1it/min.

-19 -

50X1

pirection of rotation Clockwise
Gear ratio 4,061

Delivery at normal rating with
tack pressure emounting ®o

0.5 - €.8 kg/sq.cm. and oil
temperzture of +6¢ - 75°€

Not less than 12 lit/min.

7. (il pressure gauge I-8T

8., FPuel znd o0il unit consist~
ing of fuel-cooled oil cooler,
jow-pressure fuel filter and

0il tank .

Type 357¢C

Purpose Cooling of oil at any of
engine ratings

¢il tank capacity 16 1lit.

Aimount of oil inserted in tank '
Minimum zmount of oil allowing for

normal operation of engine

9, Prevision has been mede in the
dreining oil from 211 lower points
the engine wheel cese, &s well as b4
through the centrifugal breather wi
ing normal cperation cf the oil sys

1C. the engine oil system provide

12 +0.5 1it.

7 1lit.

engine oil system for

of the oil ccoler and of
or breathing the engine

+h barostatic valve, ensur-
tem at high altitudes.

s for normal operation of

the engine irrespective of interrupticns in oil supply (during
inverted flight, etc.) amounting to not more than 17 sec.

1. Type of ignivion system

2. Booster coil unit: ’

(a) serving comtustion
chambers number

number

(b) serving afterburner

nunter

tlectric, low-voltage

KHA-114%

2 pieced

KHA-1141 (installed on air-
craft)

1 plece




3. Starting spark plugs:
serving combustion chambers

number

serving afterburner .

number

4. Cenerator reguléting
equipment

5. ffterburner contrel unit
with relay T, type TKE24IIT

Purpose

Fumber

6. Ratings control pamel:
Iype
Number

. 7. Variable duty jet mnozzle

‘control system:
Type )

Components:
Rheostatic trancmitter
Regulating rheostat’
Feed-back transmitter
Pulse delivery box

Electro~hydraulic switch
8. Control unit:

“Type
Number

Shielded, surface discharge
CIH-4-3 ‘

2 pieces

C3-21%5

2 pieces (including 1 stand-
by)
PYI-82 and mP-4001 (are
not delivered with engine;
installed on aircrufi)
KA®13%  (is not delivered
with engine; installed on
aircraft)

Causes afterburrer to be
furned on and cut off
automatically
1 piece

- nypPT-19

1 piece

ArCYy-1A

IP-34

P-1

I0C-1A

¥BC-1 (installed on aireraft;
is not delivered with engine)
TA-1644  (inctalled on air-
craft)

BY-4B
1 picce

NO: FOREIGNT DISSEM ™
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J CLhapter I

CYPRERS S

| The erngine compressor (rig.6) is an =xial, two-spool,

s{x-stage type.

The compresscr comprises z stator mounting fixed vanes of
the guide vane assemblies; and two rotors: a low-pressure
rotor znd a high-pressure retor; each of the rotors consicts
of three stages.

mhe first four stages of the compressor zre supersonic,
as regards the relative velocity of the air entering the rotor
blades; the air at the guide vene assemtly inlet has a_sul{scnic
velocity.

The roior tlades impart energy
slowing dcwn its axisl velocity; th
straighten the air stresm until 1%
tion, znd ceuse en increase in the

ihis errangement provides for

+to the =zir,
e gulde vene
flows in the

zimul tanecusly
assemblies
axial direc—

axizl velocity.
satisfactory operation of

both the rotors znd the guide vene assemblies.

Stator

The compressor siator (Fig.6) consists of distance ring 1,
front casing 3, cesing 6 of second stage 5uide vane assembly 5,
middle casing 8, casing 12 of the fourth and Tifth stage guide
vane assemtlies, ard rear casing l4. /11 the cesings are thin-
walled, light siruciures fabricated in steel which allows for
the use of welded guide vane sssemblies giving reliable per-—
_formance.

whe casings zre coupled to each cther ;- meanc of bolts,
passed thra.lgh “1 anges. Helther of the cazinge, exclusive of
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. other guide vane assemblies, has

- 22 -

the fourth and fifth stages, hac a longitudinal joint, which
adds to the rigidity of the ccnstruction and allows the casings
to bte mede thin-walled (vzll thickness amounts to 1.5 ~ 2 mm).
A1l the venes cf the guide vane assemtlies (cxzclusive of the
vanes meking the sixth stage) are attached to the casings ty
means of point welding.

Five straightener vanes 4 of the first stage are scmewhat
thickened. Passed through cmne of the siraightemer vanes is
a drive sheft ruraing to the low-pressure rotor speed trans—
mitter, to the oil pump, scavenging oil from the front support
of the engine, and to the centrifugal govermor of regulating
pump HP-21&, Two vanes serve for delivering oil to and
scavenging it from the frent support. Supply of air for he..t—
ing of the mose bullet and pressurization of the cil lsbyrinth
sealings, as well as breathing are accomplished by the use of
the other two thick straightener vanes.

The arrangement of the lines in the front cesing is
diagrammed in Fig.6.

Pront casing 3 zccommodetes low-pressure reicr front
support 2. The front suppert is made in the form of a housing,
cast of magnesium zlloy and accommodating pressed-in steel
bearing holder and steel nitrated bush contacting sealing
rings. The bearing cavity is fitted with o cast cover, alsc
accommodating a pressed—in nitrated steel tush for the front
sealing rings. The cest support is secured tc the llanges ol
the vanes of ithe 1lsi stezge guide vane assembtly.

Attached to the flange of front casing 3 is second
stage guide vane zssembly 5 eligned with regard to the
cylindrical surface. ’

Middle casing 8 serves for arrangement of third guide

.vane assembly 9 2rd for forming fromt pressure chamter Ty

reducing axial force zcting on the middle support vearing.
The venes of the fourth znd f£ifth guide vane ossenmtlies
are secured in casing 12, which, in contradistinetion to the
2 longitudinel joint. the
rear flange of the casing is coupled with the 2id of fitted
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tolts to the froni flange of resr casing 14, vhich is a lcad-
serving for cormection of +he compressor tc
+he enginej it szlso conmects the low-pres—

carrying component
+he hot scction of
sure section to the high-pressure secticn ond comprises one of
the mein lead-ceorrying structures of the engine. fccommodated
cacing are guide vanes 15 of the sixth stage, which

in the rear
to the inner and

are secured by meens of trunnions and belts

outer-walls of the reer casing.

nearing holder 19 serves for sttachment of the holder 13
ot middle suppori »nd the rexT suppert of the high-pressure
rotor. The bearing holder is menufectured from sieel and is
essentizlly = light welded construction, reinforced by stif-
feners.

@re pearing holder accommodates 0il supply pipes 17 and
18, ac well as air 1lines comprising twe

0il scavenging pipes
first stage turbine

pipes delivering air %o the disc of the
(vie inteke 27) and four pipes for outlet of air, bled fronm
the compressor third stage 2nd serving for cooling the
turbine bearing holders. this air ic diverted %o a2ir col-
lector 29 and furiier is discharged intc the atmosphere via

pipe 28.

The zir lines slsc comprise eight pipes 16, serving for
a2ir discherge from lzbyrinth sealings of the rear support -
Tere the zir is delivered from the labyrinths
xth ciages, ~nd cf two connections 25,
is discherged to the atmosphere.

to receiver 24,
of the third and
through which the o
Tearing holder
treather pipe 2C.
_ The lower part of
collec%or 25} whick wolde o0il drzining from the rear suppert.

treathing is accomplished by the use of

+he tearing holder eccommodates oil

Tow=Pressure_Rotor

.7) consists of shaft 36,
ir:tv— third stages, made
s aligned with regard

the low-pressure roter
three discs, and the tla
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to the shaft hole. Discs 37 and 40 of the second and third
stages respectively, ore coupled by means of radial dowels to
form a single unit, which is shrink fitted onto rotor shait 36.
The disc diaphragms are provided with holes serving for pro-—
tection against pressure drops; the only force acting resulis
from the pressure working agzinst the blades.

The torque from the shaft to the dises ie transmitted
through splines.

The shaft sccommodates slotted bolt 31, which locates
 first stage disc 34 exially with the aid of nut 32. The same
bolt secures spinner 30, instzlled on the disc of the first
stage. The profile surface of the spinner is costed on the
outside with orgenic silicon compound; on the inside the
spinmer is heated hy the air bled from the ccmpressor sixth
stage.

The hlades are held in the discs ty means of locks cf 2
dovetail type. The blades of first stage 35 are held sgainst
axial displacement by dowels 33, whereas second stage blades 38
are. secured by dowels 39 and ring; third stage blades are fixed
by ring 42,

The rear end of the shaft is splined to the second stage
t‘urbine shaft. The spherical nut, teking up axial lcads, is
tightened so that it comes up 2gzinst the face of the second
stage turbine shaft, the necescary clearance being provided
between the nut sphere and the low-pressure rotor chaft.

The low-pressure rotor rides in two supports (Fig.6);
front support 2 is a roller bearing, located in front casing 3,
the rear support being formed by mid support 10 with a radial~
thrust bearing arranged in the trumnion of the high-pressure
rotor. The bearing iekes wp axial load, resulting from the
difference betwer-n the oxiz2l forces of the compressor and
turbine. The exial load of the low~pressure rotor is trans-—
mitted to mid support 13 through the mediun cf the high-pres-—
sure rotor components.

50X1
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H’igh—}’ressurc Roiax

che high-pressure rotor (rig.8) consisis of the discs and
vlades of fourth stage 43, 46, £ifth stage 47,.50, and sixth
stage 53, G4, ~md trunnion 51, fabricated in stainless stee]:

The disce along with ‘4he trunnion fornm an integral unilt.
secured in the discs by means o dovetail locks.
#11 the blades are retained by rings 44, 49, and 55.

©he shenk of trunnion 51 is splined tc the shaft of t}:e
2ligned on the sheft by means 0%
ec are tightened by a

The ‘cledea are

first sizge turbine and is
cones and cylindrical surfaces. he con
nut reteined hy plate lock.

The cone join®t is made ac
cone 22 (Fig.0) is fitted on the turtine shoft with
mzde in the form of a collet.

Pressed on the upper cylindricsl portion of Tz'umrxit.m :5]1
(Fig.8) sre vifth stege disc 47 =nd sixth stage disc 533 ¥ ed
dises are held in place vy means of cylindrical dowels 48 :in
52. Tourth stage dize 43 is pres sed on the ring of fifth siage A

sc 47 snd is olsc secured with the aid of cylindrical dowels 45.
7he high-pressure rotor rigidly connected to the sheft uf u;e
tvrbine, runc in the middle and rear supporis O

follows. Non-detachable rear
a negative

=1lowence; front cone 23 is

first stage
the engine.
The tru

rion accommodates the cupport © he low-pressure

essentislly mid “eering 1T (Fig.6). middle

uwre rotor consists of Wwo radial-

tzke up radizl end axial loads.
is ensured by proper sclectlon

is allows voth

. rotor, which i=
support 12 of the high-press
thrust ball besrings 11, which
Joint operation of toth tbeerings /
of culibrated ringe and of . other componentis; -nh‘ :,
bearings ©o o up radial ~nd exiol lo: at the ceme © me.

sl forces acting on the middle cupport of the

dc fer the rear pre e c¢hember. The
is represented

To decrease

GI)":',ITIC, pI‘OVl..lJl’J is ma
4ke high-prescure rotor S
toking up redial loads only.

s is accomplished by

rear support of
ty a roller teori

Lubrication of the engine supporis
o the tearings vic injectorse Since

1)

forced delivery of oil t




L
I
I
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01l to the bearing of mid support 1C cannct te delivered in
the usual manner, it is supplied from a fixcd injector
attached to mid support 13, into the o1l collecting btushing
at some angle to the engine axis, The bushing iz provided !
with blades, which swirl the oil, thereby causing it to be
carried to the bearirg (by the =ction of centrifugal forces)
via three injectors. The same forces causc the cil to be fed
through the running bearing and further to be discharged along
the inner surface of the roiteting bushing znd vie the holes
in the trunnions inio the o0il spacc of the roior.

50X1
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Ch.anter 11

COMBUSITCN CHAMBER

The engine is eguipped with 2 capnulsr combustion chamber
system (Fig.9). Ten cylindricael combustion chembers of the
straight-flow type are arranged in the circuler space beiween
combustion chember housing 6 (forming the casing of the engine
proper), and rotor shaft tube shield 7. The front part of
housing 6 and shroud 8 form an annular diffuser whose funq‘kion
is to slow down the air sireem at the inlet to the combustion
chambers. 'Me comtustion chamter proper is comprised of
tapered dome 1 with swirler 2 and deflector 9, three-section

liner 3, end flame tube & with combustion chamber attanhment

flange S. . .
The a2ir coning from the compressor passes through the dif-

fuser, ond enters the combustion chamter . via the swirler and

the holes provided in the domc. Deflector 9, having two Irows

of holes, makcs for uniform distrivution of the sir in the

mixture formation mone znd provides an air coat serving for
cooling dowm tlc combustion chamter dome.

me zir fed into the comtustion chamber is divided into
the primary and scecndary air streens.

fhe primery £ir, used up during fuel combustion, enters
the combusition nharter throu the swirler, as well 28 through
ond in the first section of the liner.
the swirler, the zir ctream 1s swirled;
nst the

the holes in the dome

he gel forces throw -the o
wells of ihe dome. & a result, = rarciaction zone is created
in.the centre, due %o which hot combustion products flow back

towerds tke burner; th 1.; ccuses increase in the temperaturc of
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the fuel and air in the combustion chember dcme which results
in a more effective evaporation and mixture formation. The
presence of the bvack currente provides For stable ignition of
Treshly forwed mixture within a wide range of cxcess air coef-
fioclent.

The secondary air, comprisirg the hull of the air strean
(about 7C¢), flows into the combustion chamber  through several
rows of holes provided in the liner. This a2ir getc mixed with
the hot gas sitream and cools it to the specified temperature.
The secondary air is supplied tkrough the holes whose location
and diameters zllow for disiribution of temperatures in the
combustion chamber exhaust area with regard to the turtine
blade height, which is dictated by the blade strength conside-
rations.

The combusbion chamber walls are cooled dovm by the
secondary alr, flowing on the outside. Thic air also passes
through the rows of holes 22, provided on the jointis beiween
the liner sections, and forms an cir coat on the inside,
protecting the walls of the combustion chambers against con-
vection heat exchange.

The secondary air forms & heat insulating layer between
the combustion chamber walls, external housing 6, and shicld 7.
For attachment to the engine the combustion chambers are fitted
with flané;e 5. The inner band of the flange carries two lugs,
serving to fasten the combustion chambers on common ring 10,
which, in its turn, provides for aligning the entire combus—
tion chamber set on turbine nozzle diaphragm 11. The combus—
tion chambers are held against longitudinal displacement by
the external collar of flange 5% the collar is clamped between

the housing flarge snd the outer ring of the nozzle diaphragm.

The front part of the combustion chamters rests against
‘Yurners 13, rigidly sccured to the engine casing. The combus-—
tion chamber dome has two by-pass holes, accommodating welded
bushes 14 and 15. Bush 14 has a special groove and cutouts I
attachment of intercomnceting tutes 16 and 17; the opposite
ends of the tubes enter the bushes of the adjzcent combustion

or
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chambers, thereby affording communication between the inner

spaces of the chembers. "wo intercormecting tubes 17, located
in the upper pert, teciween chambers 1 and 2, 9 and 10, are

i L ik ical
provided with recesces for accormodation of the spheric

vushes of Tlame igniters 21, incorporated in the cngine start-
ing system. . B o

The interconneciing tubtes serve for propagation of T
znd for equalizing pressure therein.

lame

in the -combustion chezmbers e
ing for swirling of the sir stream, is furnish~

ed with five curved venes; the swirler is arranged and expand—
Fitted into the

ed in the combustion cherber dome chell.
< " _
swirler is ring 12 mounting the burner. This crrangement off
#1lignment of the combustion chamber and

sets the possible miss .
burner sxes eand allows axiel displacement of the combustion

chamber due to thermsl expansion.

e combustion chomber dome,
2nd the flame tube are coupled to each other by means of c?n—
tinuous arc welding. In the zone of the welded sezm, the line
sections end the flame tube have slots 19 which serve to Te—
duce thermal stresses appeaTring ot the welded places, and to
ensure a more tight fit tetween +he welded surfaces.

Some of the noles in the liners are edged with shells 20
3 resulting cracks due to great

swirler 1 provid

three sections of the liner

to preclude overcooling an

thermal siresses.

The combusiion chzmber ends in the fleme tube. Tlange 5

) is welded to the flame tube. For protection against peening,
111 combustion chembeT

—resisting materials.

7o render the muterianl more heat~resisting, the suricce

ter is coazted with speciel enamel.

uwsing € is fabricated in stainless steel.

~ter housing has two flanges for nount-

charge from the compressor

the flenge is ploted with copper.
components are fatricated in heat

of *xe combuetion cf

Combustion comier

The combusiian ¢
ing the velves servirg Tor air 4is
into the ninosphere. .
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i Chepter IiT
TURBINE

The engine is furnished with 2 two-stage, axial, rcactlive
turbine (Fig.1l0).

Each of the turbine stazges has its own rotor and nozzle
b diaphragm(stator). '
' . Outer shafi 47 of the Ffirst stage rotor is rigidly ccn-
nected to the high-pressure compressor and reprecents the high-—
pressure Totor. ’ )

Inner chaft 48 of the turbine sccond-sizge rotor is
coupled to the low-pressure compressor and mazl
pressure rotor.

kes the low—

- First—sta;".e Nozzle Diaphrarm

The nozzle diaphragm of the first stage consists of immer
support 1, outer ring 18, radisl struts 10 accommodating volts
in their threcded ends, and hollow vanes 19 with flanges cast
of alloy. .

Inner support 1 is ettached to the flange of reer casing @
with the help of fifteen fitted bolts; it .comprisec part of
the engine inner lozd-carrying system.

Outer ring 18 is secured together with nozzle diaphragm
casing 20 to the rezr flange of the combustion chamber end
constitutes part of the engine outer load-cerrying system.

°  Btruts 15 and the bolts accommodated in their ends, con-
nect concentiriczlly the immer support and the outer ring, and

1link the inner and outer loed-czrrying sysiems 2% the, engine.
Nozzle diaphrsgm vanes 19 (4G picces) are mounted on
struts 15 and are retained by screws 17; adjusiment of the

..

; Bl NG FORFIGN DISSEM 70 i3 ,
Declassified in Part - Sanitized Copy Approved for Release 2013/10/28 : CIA-RDP80T00246A07 12002400

o - 50X1

» nozzle diaprragm arez ic accomplished ty rearrangement of
eccentric tlocks 1&, having various groups of eccentricity.
The outer and inner flsnges of the nozzle dizphragn venes
form the tapered profile of the flow path.

Turtine Firste ge Rotor

The high-pressure rotor rests on two supports: the front
support is represented by a double-Tow angular ball bearing,
accommodated in the compressor; the rear support is formed by
turbine roller tecring 8. The cup of roller bearing 8 with
+he cage 2nd the rollers is mounted in holder 7, which is
drown to the flenge of rear casing @ by twelve bolts 58.

Toller becring cone 1& is festened to bush 11 by means
5f nut 12 and lock 13.

Connectior of turbine first-stoge rotor shaft 47 to the
high-pressure compressoi sheft is accomplished by means of
splines; mutual aligmﬁenf of the shafis is ensured by two
scement is prevented by retoiner 54

cones I and ¥; anguler disp!
atteched to shalt 47 by screw 55.

b'rhe rotor of the turbine first stege consists of shaft 47,
disc 35, and blrdes &

Dowel-located zt
ing components: ring Lolder 6, shaft bush 11, =nd inner bear-
_ing holder 41. .

The disc it connected to the shaft with the aid of am

a

rear end ot the shaft are the follow—

adjusting bend and cixtecn radizl dowels 39.

plades 21 {61 pieces) scre {abricated in heat-resisting
alloy. They zre secured To the disc with the 2id of five-
t00th fir-trce . locks. The blades are held ageinst displace-
ment Ly x;late 1ocks 1.

The rotor is subjected to &y
accomplished by rcarrsngement of +the blades und installation

ic belancing which is

slezncing tolis 2 =nd 34.
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balancing when positioned 2%t a
- ! other.

certain angle relative to each

Second-Stage Nozzlc Diaphragm

The second-stage nozzle diaphragm consists of casing 20,
thirty eight vanes 30 cast from alloy and attached to the
inner surface of the " casing by meens of bolis 29 and ring 32.

The outer and inner flanges of the vanes constitute taper-
ed surfaces of the second-stage nczzle-diaph;ragm flow path; ‘
the pr_ojecting outer flanges meke up the shroud of the first-—
stage turbine; the casing of the nozzle diaphragm constitutes
the shroud of the second-stage turbine; the bosses of the
immer flanges form two cylindrical surfaces for labyrinth
sealings.

Ring 32 ensures sisbility of the labyrinth cylindrical
B : surfaces. Adjustment of the nozzle diaphragm area within 2
narrow range can be performed by turning the blades at
. _ expense of the clearances betwcen bolts 29.
_ Pitted between the end faces of the first and second
cord, .

<the

stage vane flanges are sealing gaskets of asbectos
enclosed in thin steel sheathing.

Second-Stage Turbine Rotor

The low-pressure rotor rests on two cupports. The front
support is ‘represented by & radisl thrust Lall bearing,
accommodated in the shaft; the rezr support is constituted
by inner roller bearing 25 of the second-ctage turbine rotor.

The outer ring of this tearing is mounted in holder 41

pressed into sheft 47 2nd is secured by nui 26.

g The inner ring of the roller btezring is fastened by
nut 23 on inner shaft bush 22.
. The shaft of the low-pressure compressor and the shelt
' of the turbine second-stage rotor are coupled by means of
splines; exial forces from the low-pressure rotor are trens—

WO
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mitted by sphericel nut IV, which also serves to prevent;
longitudinal displacement. . |

Nut IV is re%ained by locking bush 51, spring 52, ayild
thrust rings 53. .

The rotor of the first-stage turbine consicts oZ imner
shaft 48 with disc 26, carrying 64 shrouded blades 31. J’

Located at the rear end of shelt 48 by mecns of do'els
are: lebyrinth ring 44, shalt bush 22, and blenking covir 42,
rﬂachinea on the shaft, below the bush, are spiral grooves and
s5 serving for passuge of the cooling air which
e between shaft 48 and roller bearing 25.
of the sheft with the disc is a2 fork
fitted between two machined

a circular recec
prevents heat exchang
’ The connection
type: the rear end of the chaft is
lugs uf the disc. Twenty redizl dowels securing the joint,
provide for the necessery strength of the structure.

Blades 31 (64 picces) ere made of heat-resisting alloy.
of the
fir-tree type.

The blades

the shenk section of
serving as 2 gas labyrinth.

The shroud provides for damping tlzde vibrations.

the shroud components =re fobricated in heat-resisting
shroud bushes 57.

sre retained in place by plate locks 33.
+he bledes has a three-lmife lug

alloy and comprise 32 shroud sections 56 end 32
tted into the holes of tlades I

The shroud sections are fi
two tlodes. Hounted into the end

so that cach section covers
holes, between two neighbouring
The lotter arc made tubular to reduce centrifugal forces.

rhe rotor of the second-stage turbine is balenced by
rearrenging the vledes -and vy installing palencing bolts 37
and 45. .
“hen asscembling the turbine unit it is necessary to
and Ty Clearance Nl is set

sections arc shroud bushes.

ensure longitudinal clezrances Hy
©y proper selecuion of celibroted w
ling the ‘rotor of the aecond-staéc
provided bty selecting proper caligrated washer VI, when

ssher 5O prior to instal-
turbine. Cler':r:.‘.m:c_1\:2 is

YP8OTO0246A071200240001-4
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installing the second-stage rotor; to prescrve longitudinal
play on the sphere of nut IV, the thickmess of calibrated
washer VII is so selected as to suit washer VI. ‘iasher VII is
secured in nut IV by a retaining ring, whereas wesher VI is
held on shaft 48 with the aid of thread, cui on the shaft
shank and tapped on the inner diameter of washer VI,

Lubrication of Roller Rearings

The roller bearings are lubricated with the help of oil
1nj§ctor M. The rear roller bearing of the first-stage rotor
is lutricated directly by the oil spray issuing from three
upper holes of the injector. The inner roller bearing is
lubriceted by the o0il flowing due to the centrifugal force
from ‘two Jets 9. €il to these jets is fed from the tray formed
by shaft bush 11; the tray is continuously filled with oil
discharged from two lower holes of jet M. .

The oil spaces of the bearings are sealed by rings 5
and 43, ring holders 6 and 22, =nd by packing bushes.

Zurbine Cooling (Pig.10)

The turbine is cooled by the air tled from the air path
of the engine.

1. Cooling of the casings and nozzle diaphragm vanes of
the first and second stages is accomplished by utilizing the
secondary ai;r of the combustion chambers, entering the holes
in the combustion chamber housing flange in the direction of
arrows"6", Part of this air flows inside the vanes of the
first-stage nozzle diaphragm (in the direction of arrows wan),
cools to some extent the nozzle diaphragn casing and the upper
flanges of the second-stzge nozzle diaphragm vanes (in the
direction of arrow "B") and further mixes with the hot gaves
in the flow path of the turbine. % porticn of the air escapes
through the clearances between the flanges of the nozzle dia-
phragm vanes and also mixes up with the hot gases.

]
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2. The turbine discs are cooled by the air bled from the
sixth stage of the compressor and delivered along two pipes “h*.
3. For cooling the peripheral part of the first-stage
disc and for building up pressure both forward of the first-

stage disc and 'in the interdisc space, this air is mixed up
with the secondary air of the combustion chambers, supplied
via holes y provided in the inner support and in shield 6C.
shield 60 forces the cooling air sgesinst the diaphragm
surface 1;1" the first-siage disc, thereby increasing heat dis-
sipation znd preventing adverse circulating air currenis in

‘the space forward of the first-stage disc.

TFrom +this space part of the air escapes through the gas
labyrinth and the fir-tree roots of the blades into the flow
path of the engine.

1 porticn of the eair, pessing through air lebyrinth 59 -
into space £, is bled via eight pipes #f" into the compressor
pressure chamber and further into the atmosphere. .

The bulk ef the air pesses through eight holes T, provid-
ed in the disphragm of the firsi-stage disc, therety finding
its way into the interdisc space.

After cooling the rear surface of the first-stage disc
and the front surface of the seccond-stage disc, the air is
discharged into the flow path of the engine:

(2) through the clearances in the fir-tree rcots of the
seccnd stage blades (this czuses intensive cooling of the
second-stage disc rim);

(t) through the clezrances in the air-gas labyrinth H,
(therety cooling the chenks of the second-stage blades);

(¢) through clezrances ¥ in the rear group of the knives
of latyrinth 44, via the holes made in this labyrinth and
via holes, provided in the shaft and the disc of the second

stage.

g 4. To safeguard tearing 25 sgainst overheating and to
reduce heat transfer to the oil from the first-stoge disc,
provision is made for blowing the central hole in the Tirst-
stage disc by the air bled from the third stage of the
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compressor. This 2ir flows inside the shaft of the ceecnd-siage
turbine in the directicn of arrows I and via the holes in the
front wall of lebyrinth ring 44 enters the cemtrzl hole in the -
first-stage disc. This air is dischezrged into the atmosphere
through the milled grooves of the shafit, space X zrd viz

four pipes T.

Por discharging the cooling air into the atmcsphere,
‘provision is mede in the rear casing of the compressor for
two flengec furnished with holes. Part of the cooling =ir iz
discherged via the left-hand group of the kmives of lzbyrinth 1
snd is bled aft of the turbine (in the direction of arrow Il
through the cen’ral hole of the second-stage disc.

M
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crapter Iv
ZPTERBURNER

The afterturner comprises twe mein assén’olies: a aif-
fuser (Tig.11) end en zdjustable jet nozzle (Pig.12). The
diffuser serves Tor slowing down gas flow velocity, which
facilitates flame stebilization and favours controlled combus-
tion of the Fuel. sn additicnal smount of fuel burnt in the
af terburner allows a short-time augmentotion of the engine
thrust. The adjustable jet nozzle is used for attaining
various operating ratings of the engine. .

the diffuser ard tke a2djustable jet nozzle are connecte
by means of z telescopic ring, which allows the adjustatle
jet nozzle axis to be somewhat misaligned relative to the
diffuser exis. The afterturner is attached to the flange of
the second-stage turbine nozzle diaphragm by 76 bolts.

sfterturner Diffuser (Fig.11)

The diffuser casing includes outer wall 1, inner wall 2
and five feirings 3, connecting both walls. Tach of the fair-
ings is secured to the inner wall of the diffuser with the
aid of four bolts, whereas in the outer wall they are held
by two pins fitting into tushes; this arrangement 2llows free
expansion of the immer wall relative to the outer wall. The
fairings arec 2lso designed for eliminetion of gas siream
swirling, which is likely to occur aft of the turbine (the
scetion of the fzirings is given the shape of zerodynamic
profile).

-RDPB0T00246A071200240001
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The outer wall mounts five tosses for ‘élhcrmo-couples =nd
a boss for bleeding pressure 1’4 cupplied to]the regulator of
pump HP-222. Bolted %o the irmer wzll are rflame igniter 17
and the casing of flame holder 8. The casing face acts ac a
central flame holder.

Secured to the inner wall by five links 4 is also inner
circular flame holder 'S. The links allow tile circular flame
holder to freely expand relative to the caéing of the flame
holder. The inner circular flame holder he% five flame propaga-
tion ribs, arranged radially relative to the flame holder
casing.
X Outer flame holder 5 1is secured to the outer wall of the
diffuser casing with the 2id of ten links 7 znd is furnished

with ten flame propsgation ribs, arranged radially relative to
inner circular flame holder 1.

Outer manifold 10 is held to the outer flame holder by
ten shackles 1l.

The manifold mounts 6C fuel injectors, including 40 in-
jectors uniformly spaced on the manifold ring, and 2C inject-
ors located on the pipes branching from the manifold; 1C of
these injectors supply fuel to the space before the flame
propagation ribs of the outer fleme holder, 1C others deliver-
ing fuel into the space betwecen the fleme propagation ribs.

Inner manifold 12 is secured with the zid of five
shackles 13 to the inner flame holder. The manifold ring
carries 40 fuel injectors, including 3¢ injectors uniformly
spaced on the manifold ring and 1C injectors arranged on the
pipes, ’bi‘anching from the manifold; five of these injectors
supply fuel into the interrib space the other five supply Tuel
to the ribs. . X

‘ Branching from the inner manifold towsrds the centire orxe
two pipes carrying starting injectors 21, which deliver Fucl
to the central zone of the afterburner. The pipes of +the
starting injectors pacs through the slots providcd in the
flame holder casing. -
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. The pipes conveying fuel to toth memifolds project oui-
side through the flanges on the outer wall, accommodating
sphericel tushes which prevent eny loads to ve imposed on the
manifold Tuel cupply pipes during assemtly or operation.

Einged attachment of +he manifolds (by means of
sheckles 11 snd 13) allows elimination (during assembly) of
any menufacturing error; the zbove arrangement also makes for
differences in thermzl expensions. The injectors, exclusive
of the starting ones, deliver fuel asgzinst the gas siream;
for this, the injectors are projected forward by 170 mm from
the {lame Lolder edges, agzinet the gas stream. The entire
he fuel manifolds zre soldered with

fittings and tko pipes of
+he aid of heat-resicting solder.

Tleme igniter 17 is locoied in the central psrt of the
diffuser 2nd serves for ignition of the afterburmer. It consists
of a casing with sperk plugs and detzchoble nozgzle 15. The
nozzle is held <o the flame igniter with the 2id of a union
nut and 2 retaining lock. . .

The igniticn of the afterburner is accomplished with the
help of a torch which results from combustion of Tuel mixture.
The fuel mixture is prepared in the carbureitors (F1g.21) made
in the form of tee-pieccs znd arranged in series. Air is sup-
plied to the carburettors via a pipe from the compressor sixth
stage; fuel metered by the flow restrictors end delivered via
+the eleciromegnetic vrlves from the main and primery fuel
manifolds of the engine, is injected into. the air stream. From
the corburettors the fuel mixture is delivered via pipe 16
(See Fig.l1l) into the flamz igniter, where it is ignited by
the spark plugs; the resulting toreh is dirccted to the walls
of flame holder casing 8 in three radisl jots, projeccted
through the ports »f nozzle 15.
omnl amount of air tled from the compressor is

tn additi
cerricd clomg pipc 14 ond is delivered into the casing of
ir passcs inio the inmex cavity

flame igniter 17; Ihen the
of the Tlome igniter through two rows of holes. This eir cools
the wells of +the flame igniter outlet portion thereby improv—
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ing the combusiion process. The pipes supplying the carturiged
mixture and the air (16 and 14 respectively) pass inside the
fairings. Vhere the pipes cross the outer wall, they zre
sealed with the aid of spherical bushes arranged in the Tlange
of the outer wall.

Spark plugs 18 c¢f the C3-21I5 type are turned intc
the flame igniter casing btosses and arc retained ty wire 3.
Voltage is suppiied to the spark plugs vie adapters 19 of
the II-12A type and busbar 2C. The adapter spheres arc secured
to the outer wall by means of union flanges. The lower ends
of the adapters are supported on the inner wall ty a bracket,
provided with 2 flange having spherical tushes. The azdapters
are guarded against turning by locks, fitting into the adapter
recesses and fastened to the outer wall flange.

The rear flange of the diffuser casing mounts split
ring 22 incorporated in the telescopic connection of the
afterburner diffuser with the adjustatle jet nozzle. The lower
part of the ring carries fuel éosllector 9 serving Tor drain-
ing of fuel dripping from the telescopic comnection.

Adjustable Jet Nozzle

The adjustatle jet nczzle (Fig.12) comprises pipe 1
having a progressively decreasirg dismeter. “he pipe is
welded from sheet metal. The fromt part of the pipe is fitted
with a flange for attachment to the diffuser ty mezns of a
telescopic connection.

The rear portion of the pipe terminates in a flange,
mounting thirty six welded lugs 2 for attachment of flaps 3;
riveted to the flange are also six trackets 4 serving for
attachment of three actuating hydraulic cylinders 6 with'
ring 7, secured by six posts 5. The brackets arc coupled to
the posts bty means of pins and spherical btushes. Beside iwd
lugs for attachment o the post, ezch of brackeis 4 is provid—
ed with two lugs for securing the flaps.

- 50X1

Twenty four flaps capable of turning in the radial plane
change the exhaust area of the jet noszle.

Ring carries three uniformly spaced brackets, each mount-
ing one hydraulic cylinder with two posts secured to spherical
supports. Ring 7 serves at the same time for laying the
hydraulic cylinder manifolds. Thejflaps are retained in the
required position ty load—ca:r'ryiné ring 8, which is connected
to the hydraulic cylinder rods b); means of three pimns with
spherical bushes.

The hydraulic cy! linder rods displace the ring: with the
ring moving forward, the flaps close; when the ring travels:
backwards, gases issuing from the nozzle force the flaps to
open. Riveted to the imner surface of the ring are twenty four
profiled knurled copper siresps coated with graphite. Through
the medium of these straps the ring contacts the outer profil-
ed surfaces of the flaps.

Flaps 3 are of welded construction. They are made up of
the outer and inner wzlls accommodating =& rib. At one side
the wells form a wing, at the other - 2 recess. Vhen assembled,
the wing of one flzp enters the recess of the other.

The inner wsll of the flap is enamelled to increase its
heat resicting properties, whereas the outer wall is chrome-
plated to reduce friction against the copper straps of the
ring. V'elded to the inner and.outer wazlls in the front part
of the flep are two hinges serving for zttachment of the flap
to the rear flsnge of the adjustatle nozzle casing.

To safepuard the inner skin of the zirecraflt fuselage
against the direct effect of the heat generated ty the after-
turner, and to provide for a constent flow of cooling air,
the afterturner is fitted with two non-split casings 9 and 11.
Cooling air pacses teitween the casings znd enters the inner
cavily of the adjastable jet norzle flaps, thereby cooling
the latter. The casings are fakricated in thin sheet steel
reinforced by wire and streps. The casings are oligned by
special supports welded to the pipe. Rear cacing 9 is secured
ty twelve bolts to jet nozzle hangers 10 and by four bolts to
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the pipe supports. The front casing is coupled to the rear
one by means of 16 bolts.

The rear casing is provided with six ports giving accesc
to the places where the hydraulic cylinder attachment posts
are coupled to the brackets on the rear flange of the pipe.

, These ports are fitted with covers 12, secured to the casing
by two straps and two bolts each.

Inside, the pipe is provided with corrugated anti-vibra-
tion screen 13, which guards the pipe ageinst vitration turn-
ing. Holes in the screen accommodating bolts 15 are given
oval shape, which allows for free thermal expansion of the
P screen relative to the casing.

: Arranged on the outer surface of the pipe is a number of
circular shrouds, imparting the necessary rigidity to the

most loaded areas (reasr flange, hanger zone, etc.)§ the shrouds
also serve to ensure the required stability of the pipe.
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Chagpter v

ENGINE ACCECSCRY DRIVES

i"ne eagine accessories are driven ty the shaft of the
high-prescure rotor (1'12) 2nd bty the sheft cf the low—;:ressure
rotor (1’11) (1ig.13). The rotary motion of <ke low-pressure
rotor chaft is srunsmitted through a pair of spur gears, two
pairs of bevel gsears, and the coupling shaft tc the 0il
scevenging punmp and io tichometer generator JITB—I(IIl).
The shafi of the oil scavenging pump drives the regulator of
main fuel pump HP-21% +through s pair of spur gears 2nd a
universel shaft. Yhe accessories mounted on +he engine wheel
case are zctuated ty the high-pressure rotor through a pair
of spur geers with a coupling shaft; one of the gears is
fitted on the rotor shaft, the cther teing accommodated in
the drive housing. The coupling sha2fi rotation is transmitted
t0 the wheel cezse Tevel gears.

The accescories mounted on the engine wheel case include:
rain reculsting fuel pump HP-212, afterburner regulating fuel
pump HP-22%, two uydraulic pumps HI-34-2T, centrifugal

breat"ér, Tuel veoster pumy iifid-3%, startor-generator [CP-CT-
1200CRF »il1 unit, tachometer gercrator LT3-1 (@y), and

Ty )
deaeratcr. .

—aenesutcr Arive imcorporates the following
3 drive transmitting the torque from the

the st
unite: ¢ tvo
starter %o the nig sressure rotor chaft ard lhaving a gear
ratic of 2.249; 25
is iransmittcd o the gemerztor, with the gear ratio amount-
ing to 1.3k, .

» engine hes been +tarted, the torque
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Tatle )
mgine ACCESEOTY Drive Gear Ratlos
! ar -Direction;
Nene :iiiccessory i Tyee j:(l;‘z(trio ‘é%rigti—o_nt Location
N ! stion :
1 Lo EERE s
i . i
Starter-generator I‘CP-CT-].ZOOOBT 1.34% ‘Ccuntcr- 1Engine
: L 2.249 Aclock- iwheel
i i wise icese
Fuel pump {HP-21% |2.778 'Clock-— ivheel
Lwise case
Fuel pump 7‘3}:9-22@ | 2.572 |Clock- Same
ﬁ | wise
Hydraulic pumps !HTX-ZA—-ZT 3.C08 )
[ 3.C04 | Counter— | Samc
" clock—
i lwise
Fuel booster purp imﬁu—m‘ 1.344 | counter— | Wheel
t cloci— case
| wise
0il unit \ - .13.175 | Slock— Same
‘ R wise
Deacrator ! - 2.{83 | Same Sanme
Centrifugal " - G.856 | Same Same
‘dbreather ‘
High~pressure | AT3-1- .571 | cene il unit
rotor (112) tacho-
meter-eenerator
(installed ty eir- ,
craft Uanufacturer)
i
| 1

RE N DI SSEM

-4 50X1
1 P2 3 T E
¢ i
Low-pressure rotor (nl) }JITB—l 4.461 [Counter- 1Pump
tachometer—generator clockwise scavenging
(instelled by aircraft 0il from
Henufecturer) i . front
H support
Pump scavenging oil ° - . Front
from front support l casing

It

~es: 1. Direction of rotation is gl»
the drive side.

as viewed from

2, Geer ratio is presented as 2 result of
n driving
n driven

Engine iheel Case

The enginc wheel czse (Fig.14) is arrenged in the lower
pert of thc cngine -nd is secured by 5ix bolts to the bracket
The wheel case is driven by
the high-pressure rotor through 2 pair of bevel gears and
a coupling shait. The driving btevel gear is fitted on the rotor
shaft znd is held in position by 2 key end a nut. The driven
gear runs in the drive housing in two bearings, 2 radial ’

of the combustion chamber housing

trrust bzll tearing and 2 roller tearing minus the inner cone.
The coupling sheft of the wheel case drive splines the driven
gear to driving bevel gear 33, mounted directly in the wheel
case on two supports: e radial thrust p2ll bearing end a

roller becring. he driving vevel gear imparts rotary motion
to the
spur geor of the wccessory drive, which is made integral with
the drive chaft.

to driven gear 34 coupled with the aid of fitted tolts

Lpart Irom
gesrs & eznd 2

1 gear, the shaf

p it thc torque to the drive gears
of regulating punps HP-212 and HP-22%; gesT 27
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starter-gencrator I'CP-CT-12000BT, fuel booster pump AHH13-ET, mediate gears, as well as via t?ﬁe gears of the-cngine wheel
and hydraulic pumps HI-34-27. The driven gears of the fuel case and the central drive to the compressor high~pressure
pumps are mounted in the engine wheel case on two narrow-type rotor shaft. In +his case the frec~wheeling roller clutch is

disengaged due to “he jifference in the speeds of the clutch

ball bearings and have inner splines for commcction to the
pump shanks. Engaged with the driven gear of regulating ring and the carrier with the rollers, which hes a lower speed; -
pump HP-213 1is deaerator drive gear 18. Two-speed arive gear 30 therefore, no wcdging of the rollers (cngagement of the clutch)

can take place.

is fitted into a splined tush, accommodating the coupling

shaft driving bevel geaf 15 of the 011 pump. Gear 26 driving rfter “Fhe engine has been starte-;d, the startchgencratcr

fuel booster pump TUE12-AT is fitted on the splines of tevel vegins runiing as a generator, that is, the torgque in this

gear 6 driving the centrifugal breather. . case is ‘uransmittfed ﬁ:om ﬂ.]c engine shaft to the generator,

Through the medium of imner splines and coupling shafts 23 the ratchet clutch teing disengaged due to the fact that the

and 29, the bevel gear driving the centrifugal breather, and carrier with the dogs outruns .re,tchet gear 39 thereby caus—

the splined bush of the 0il pump drivé, transmit the torque ing the contrifugal ferces to disengage the dogs from the gear
ratchet. Simultzneously, the free-wneeling roller clutch comes

to two-speed drive, booster pump IIH13-AT ond to gears 25, 22, o, +
21 and 47 driving hydraulic pumps HII-34-2T mounted on ball into engagement, ad

5 . 2t a higher speed than +he Ting, and the rollers get wedged;
bearings in the adapters and housing. A K N K ted n .
L Driven bevel gear 4 of the cemtrifugal treather drive is in this case, rotery motion is tramsmitted to the generd or
| enclosed in the engine wheel case; it is mounted on two marrow-
type ball bearings and serves for transmitting rotary motion
to the centrifugal breather through the medivm of inner splines N T
and coupling shaft 3. 0il pump drive gear 13 is splined to the booster puup AML3-IT, hydraulic pump HG-34-2T  sterter-
0il delivery pump sheft and is held in place by 2 nut. generator [CP-CT-12000BT %o the engine wheel case is

i accomplished ty the usc of quick-disconnect clamps 11, 24, 19,

sting of two halves, clamped

+he carrier with the rollers starts running

directly, without involving the intermediate gears of the
two-speed reduction unit.
Attachment of regulating fuel pumps HP-212, HP-222,

and 14, comprising a sirsp coms

Two-Speed Drive | )
on the tapers of the intermediate parts by means of bolts.
Tro-speed drive 42 comprises z transmission consisting Other units are secured by C?lts fndlsm‘.ls’ .
| of a housing and a cover, febricated in magnesium 21loy WIS, The location of the units, their direction oi To tation,
1 ’ an ios T d to in the respective Table.
H four spur gears 35, 38, 39, and 49, two frce-wheeling d gear ratla‘ are referred to in ¢ respecti
i clutches 36 and 37, and disc friction clutch 41. Free-wheeling

clutch 37 is mounted on the shaft of the driven gear (used for
engaging the starter); ratchet clutch 36 is coﬁpled 4o inter-
v mediate gear 35 with the 2id of dowels; the friction clutch is
. designed for limiting the starter torque during engine start-
. . ing.
., With the starter-generator operating as 2 atarter, the
: torque is transmitted via the ratchet cluteh and the inter-—

E .0 % @
, §E RET....~ 0 o
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autonomous Jubricating system (Frig.15

Chapter Vi
LUBRICATING SYSTEN
Lubricating System Circuit

provided with a ¢lose-circuit
), which makes any 2ddi-

+tional connections on the aircraft unnecessarye. 11 units of

ng sysiem are installed on the engine. 011 tank 5,
znd the Tuel filter have been combined
three scaveng-

The P113-300 engine is

+the lubricati
fuel~-cooled oil cooler,
into one fuel and oil unit 357C. Delivery pump Ty
ing pumps 23, 24, and 25, fine oil filter 1c, reducing valve 11,
and non-return valve 14 likewise constitute a single oil unit.
Yiith the engine running, oil from service %tank S is
supplied by delivery pump 7 into +he high-pressure 1line via
£i1ter 1¢ and non-return valve 1l4. Pressure in the nigh-pres-
sure. line 1is maintzined 2% the required level by reducing
valve 11. The function of %he non-return valve is to prevent
0il flow from the tank into the engine, with the airerait

parked. Removel of air lockes which are 1likely to be Zormed
hen the cngine is

when the oil tank is being filled, or W
running (in the line leading from the oil tank to the deli-
very pump) is accomplished through the pipe conveying oil to
the front support. In this case 01l flow from the tank (on
the ground) is precluded, the 0il level in the tank being lower
then the oil level in the front support.
Along the lines running in the engine wheel case and in-
side the engine, 0il is delivered to lovw-pressure and high—
pressure rotor shaft supports 1, 16, 17, 32, nd 33 to the
bearings and bevel gears of engine wheel case drive 18, to
the bearings and gears of engine whecl case 27, =s well as o

40001-4
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the gears of scavenging pumps‘ 23,
2il cerried to
openings of the jets, in

50X1

24, and 25. The amount of

she enginé components depends on the clear
sstalled in the delivery lines. The jet

capacity values are given in Tig.1S-
on its way %o the ‘middle zni rcer supports the 0il is

passed through ~afety filters

15 and 31, located forward of

453 this arrcngement prevents the jet ducts

the respective Jjetss
from
the steel pipe lines.

Used oil satvratcd with oir
sumps, whence 3t is sccvenged by
from the middle and intermedinte
teing scavenged by pump 243 from

smmer support o the turtine - by pump 23, from th
and from the front support — by -
in the lower part of tihe front casing. The

wheel casc - by Pump 233
pump 2 arranged

intakes of the scavenging lines runnir,
engine wheel case are fitted with

reer supports and from the
protective filters.
cil scavenged from X

the engine wheel case. il sea
flows in a singlie
therein passes through the cent
engine wheel c2
cooled o0il cog

The csvitics of
engine wheel cose, 2nd of t
the breather lirc and ¢
centrifugal treather 30.

air from the oil particles and directs oil

the ergine whecl case.
Ty prevent oil escal

provisison iz mede on the sk

turbince far special se:lings. mhe front cacim
btoth sides with the aid of flexitle rings znd lak

space between the rings and the letyrinths is pressurized with

stresm into deserator 28.
rifugal valve =nd into the

being clogged with scale, likely +5 bve encountered in

is dresined into the oll
four gear-type pumps; oil
supports of the compressor
+he rear support and the
e engine

g from the middle and

. front support is delivered to
venged by the three other pumps

The air separated

se, whereas the 0il is cerried through fuel-
ler 3, back into the 21l tenk.

+the front casing bearing holder, the

he oil tank are interconnected by
ommunicete with the atmosphere via
gne centrifugel breather separates
along the duct into *

pe fron the 51l cavities of the engine,
=f% »f the compressor and the

g 1s sealed on
yrinths. The
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air bled from the sixth stage of the compressor. The lmner
space ¢ the rotor shaft enclosing the middle end rear supperts
is sealed on the compressor and the turbine sides with flexitle
cast iron rings and labyrinths. Apart from the sealing rings
a double latyrinth is fitied on the turbine side.

To provide the necessary pressure forward of the rings,
the space betwcen the rings 2nd the labyrintks of the middle
support is connected ty a duct to the rear pressure chamber
of the compressor. Connected to the pressure charter by means
of eight pipes is also the space tetween the labyrinths of
the rear support. Pressure in the pressure chamber of the
compressor is adjus.ted during siand tests by installing the
respective diaphragm on the outlet ports. ’

Located under +the nutlet connection of the ennling air
space is a diaphragm serving for adjustment of pressure in the
space between the lauvyrintn 2rd the cezling rirgs of the rear
support.

The oil systom is checked for proper functisning with
the help of delivery line pressure trensmitter € and inlet
0il temperature transmitter 9.

0il can be discharged from the engine via two cocks:
cock 26 is located on the oil tank, and cock 29 - cn the
engine wheel case.

COI!STRUC'.[‘ICH OF ENGINE ACCI3SCRILS
0il Unit

The oil unit (Fig.l€) comsists of a cact mzgnesium hous—
ing, enclosing the following units: (2) three-stage scavenging
pump 2, oil filter 3, reducing valve 6, and non-return valve T,
(b) delivery pump 1, mounted on the flenge, serving for
attachment of the housing to the engine whecl case. the cover
of the scavenging pump mounts the arive of the high-pressure

rotor tachometer generaior.
The delivery pump comprises a housing and a ccver {ot-—
ricated in aluminun alloy, two pumping gears, fixed brenze
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shaft, end driving shaft whose end carries z tevel gear,

trapsmiteing the torque fram the engine wheel czse drive io
the oil upit. Rotation from the delivery pump shafi is irans-—
mitted bty coupling shaft 1C to the driving shaft of the
scavenging pump and via a pair of tevel gears %o +he tacho-
meter generator drive. The delivery pump is cecured tn the ril
wnit housing vy four bolts 13. -

Scavenging pump 2 comsists 4 threc stages, each stage
comprising an sluninun housing end *wo pumping gears. The
housihgs and the covers are held to the housing of the nil
wnit by four bolts 1l. The joints are .sezled Ty rubter rings.
A11 three stagec have a common driven gear shait, menufactured
from bronze, and a comtmen driving shaft, the scavenging gear
being mede integral with the shait; two otker gears are keyed
to the shaft. .

To improve the suction 2bility of the pumps, their outlet
cavities sre supplied with oil from the pressure line via
pipe 9; fitted st the pipe inlet, is non-return valve 12,
preventing o0il flow from the tank, whern the zireraft is parked.

The driving shafts of the scavenging erd éelivery pumps
are fitted with sealing cups, precludirg oil leakage from
the tank wken the aircraft is perked. During engine operation
the cups are relieved of the 0il pressure due to ports com-
municating with the cuction cavivy.

il filter 3 consists of 17 sections, z
cylindrical frame and clamped with the help of a
ring. Each of ti:e sections consists of corrugated diaphragns,

tted on &
calitrated

two frame grids, two fine gauzes and inner ard outer holders.
The filter frame slong with the sections is held by 2
flexible ring to the fllter cover, the entire unit being
studded %o the 2il unit housing. .

cil from the delivery pump flows via the ducts in the’
housing ipto the oil filter cavity whkence it ic passed via
the gauzes inside the fiiter =nd further irto the pressure
line. In case the gauzes are clogged, the oil {lows through
safety valve 4, by-passing the filter.
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Non~return valve ©
yields

is a mushroom spring-loaded type; it
to a pressure of C.3 - C.45 kg/sq.cm.

.Reducing plate-type velve 6 maintains the predetermined
pressure of 3.5 - 4 kg/sq.cm.; the valve is adjusted with the
aid of a screw, trought outside.

Deaerator

The deaerator (Pig.l7) mounted
is composed of magnesium housing 5, cover 3, aluminunm
rotor (centrifuge) 4, oil deflector 2, centrifugal valve 6,
and central shait 1, mounted in two bell bearings. The end of
the shaft is splined for ccanection to the engine wheel case
drive. The oil-zir mixture from the scavenging pumps is deli-
vered to the rotor (centrifuge) of the deacrator, where the
centrifugal forces separate air from the oil. The 2ir escapes
into the engine wheel case via the shaft and centrifugal valve 6,
whereas the oil via the circular clearance of the rotor Tlows
along the pipe into the oil tank cooler. fThe cenirifugal valve,
enclosed in the shaft prevents oil flow into the cngine wheel
case when the engine runs at a low speed.

on the engine wheel case
a2luninum

Centrifugal Breather

The centrifugal breather (Fig.18) is designed for separat-
ing oil from the air finding its way into the oil space of the
compressor rear casing end for maintaining prescure in this
space at a constant level irrespective of altitude.

Air mixed with oil enters through the flange of the engine
wheel case into breather housing 1 and comes across treather
rotor 2, which is actuated by the coupling shafi having
splines 3. The treather rotcr rides in two radial ball bear-
ings, mounted in housing 1 2nd in distance piece 4 provided
with duct 5, conveying oil from the engine wheel case to the
ball bvearing. The ball bearing, instelled at the breather in~
let is lubricated 'by‘fche emulsion flowing through it. Tile il

itized Copy Approved for Release 2013/10/28 : GIA-RDP80T00246A071200240001-4
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settling on the treather rotor is carried by thread 6 into
collector 7 and is further ‘hu‘neg ints the engine vheel case
via duct 8. A{

To preventi ¢il throw, the treather rotor trunnion is
provided witk slinger ring 19 afxd two sealing rings 9, instal-
1ed back of the hearing.

The zir separated from thel 0il pacses
vanes end intp the treather rotor; Ifurther,

“hrough eight oval

ports belween

the air enters bLreather cover lvEL viz pipe 1C, and into con-

pection 13 viaz svlphon.chanter lcavity 18; from the connection
i

the air is disclharged into the latnosphere. Sylphon chamber

cavity 14 is made air-tight, and is czpstle of prescrving a
constent mressure, the sylphon proper inside the chenber being
precompressed to offset thermal expancion.

s the aircraft climes, the atsolute pressure in cavity 18
drops, caucing the pressure differential at the sylphon tec
increase, a5 a result of which sylphon cover 15 tars air out-
let from pipe 1¢. 7Thic causes plate-type velve 16 to operatej
pring 17 adjusted to a constant

the velve is loaded with
excess prescure in the 0il cavities of the engine.

In this ccse, the =oir from the rotor escapes through i
nholes 12 {overcoming the force of spring 17 of valve 16) and
enters connection 13 whence it is discharged into the

atmosphere via the aircraft bresihoer linc.

Tront fupport il Pump

Tre 5il pump of the front suppori (rig.19) includes a
scavenging gesr-iype pump end two drives: %9 the low~pressurc

rotor tachomeicr generator, and to +he centrifugal governor

avenging pump and the drives are
noucing 4 fitied with two 2luminum
ithe “runnions
spter 1 with o thread

of the fuel pamp. The

accommodated ir aluminum

of the pumpirg ?
for rcceiving ter generator. Cover 7 acts as 2

support for the shafts o tre drive gears. The housing is
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provided with a flange, serving for attachment to the front
casing (in its lower part) with the 2id of a quic}i—disconnect
clamp. -

. The pu.mp drive is actuated by the shaft of +the low-pres-
sure rotor through the medium of a spur gear, made integral
with the rotor shaff, an intermediate gear, a pair of bevel
gears accommodated in the front support casing, and coupling
shaft 5 passing through the vane of the first guide vane
assembly. In the drive proper, rotary motion is transnmitted
from the coupling shaft to driving geer 3 of the scavenging
rump by a pair of tevel gears and to the techometer generator
through the medium of the inner square, provided in t‘we trun—
nion of the pump gear.

Spur gear 6 dowelled to the driving bevel gear, imparts
rotation to the hollow shaft of +he governor drive accommodat—
ing bush 10 coupled to the shaft with the aid of end face
grooves. Connected to the bush is cardan shaft 85 ihe connec~
tion is accomplished by meezns of spherical tronce retsiner 9,
which is 2 sliding fit on the shaft end. The shaft can be
extracted through the hole provided in +he drive housing; to
take out the shaft, the plug and tush 1 should be removed
first. These paris are sealed with _rubb'cr ringz; the rotating
shafts of the drivec are sealed by rubber cups. the cardan
shaft is encleosed in a corrugated rutter tute, clamped at the
ends with straps.

0il from the front support flows inside one o7 the guide
vanes and zlong the outer pipe to enter the sScavenging pump,
whence it is delivered via en outer pipe into the engine wheel
case. Some 0il scavenged from the front support houcing is
utilized for lubrication of the drive gears and their tall
bearings. v

"NO "FOREIGN DISSEM
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Chazpter VI

ENGIN: FULL SYSTEN AND AUTGMATIC DCUIPMENT

The functici of the engine fTuel system and automatic
equipment is o supply znd recgulate the amount of Fuel fed into
the combustion chembers cnd into the afterburner, depending om
the engine rating; the fuel control units sre slso designed
for engine 's‘hartih'- 2nd afterburner ignition, as well as for
control of the engine znd the jet nozzle flaps.

The fTuel sy

(1) mein fuel tenk (zircraft);

(2) fuel tocster pumps (zircraft);

(2) fuel flow meter (aircraft);

(&) fucl shut-off cock (aircrrii);

(5) fuel punp OIHA3-AT witk permenent prescure valve;

(6) fuel and oil unit with fuel filter;

(7) mein fuel regulsting pump HP-210;

(8) mein fuel menifold;

(9) primery fuel manifold;

(10) combtustion chamber burners;

(11) afterburner fuel regulating pump HP-220;

(12) regulrting needle No.l - adjusting [¢2POH

(13) reguloting needle ¥o.2 - limiting (P"’Z);

(14) zfterburner inver manifold;

(15) afierlurner outer manifold;

16) ignition systenm eclectromagnetic valves;
(17) zfterturner ignition Flow restrictors;

(18) =fterburner cerhurettors;
(19) =fiervurner fleme igniter;
(2¢) sterting fuel tank (aircraft);

ster end the zutomctic equipment 1ne1ude (Fig.21):




- 56 =

(21) starting fuel filter (aircraft);

(22) starting fuel pump (airsraft);

(23) sterting fuel électromagnetic valve;

(24) electromagnetic valve cont‘rollmg additionzl fuel
at starting;

(25) comtustion chamber flzme igniters;

(26) oxygen bottle (aircraft);

(27) oxygen shut-off cock (zircraft);

(28) oxygen pressure reducer (ezircraft);

(29) electromegnetic oxygen valve (aircraft);

(30) non-return oxygen veclve;

(31) electromagnetic zir tlow-off conirol valve;

(32) velves for compressor zir tlow-oif =t starting;

(33) control unit BY-4F;

(34) ratings control panel [IYPT-19;

(35) rheostatic tremsmitter JP-3A;

(36) reguluting rheostat P-1j

(37) electro-hydraulic switch TA-1641;

(38) hydraulic cylinders for control of jet nozzle;

(39) feed-back itransmitter JOC~1A;

(40) synchronizing valves;

(41) pulse delivery box (KBC, eircraft).

The starting system, the operation of the hydrzulic
cylinders controlling *the jet nozzle flaps and of the automatie
equipment is given in Chapters IX, X, and XI.

Tuel supply and regulation 2t sustained ratings and at
starting and acceleration, as well os rcgulation of fuel deli-
very at augmented rating is accomplished by main Luel regulat-
ing pump HP=-210 =nd by afterburner fuel regulatlng punp HP-22%.

Fuel is supplied to the engine as follows:

Tuel from tanks 1 flows via fuel booster pumps 2 and C,
“the fuel and oil urit, 2nd filter ¢ %o Tuel regulating pumps
HP-21® ang HP-220 (7 2rd 11 respectively) snd further to the
engine burners. Comovustion chambor duplex burmers 1C are
arranged in two fuel monifnlds: menifold 9 accommodztes the
primary ducts, monifold 8 - muin ducts. Fuel distritution

- 57 - 50X1

petween the primary end mein manifolds is the function of the
gistribution velve of fuel regulating pump HP-210,

With the efterturner turmed on, fuel regulating pump HP-220
delivers the zmount of imel required for the normel operation
5f the afterburner into the diffuser injectors, which are
combined into twe menifolds 14 and 15.

Tgnition of +he afterburner is sccomplished ty the use of
fleme igniter 19, cmploying carburized fuel mixture. The car—
purized mixture is supplied into the flame igniter as follovwss:

As soon 25 voltage is delivered to electromagnetic valves 16,
flowing fron the primory 2nd main aznifolds into sarburet-
supplied from the combustion

fuel starts
tors 18 to form a mixture with air
chamber; further, the resulting fuel-air mixture is carried
into the fleame igniter furnished with spark plugs designed
for ignition o% *the mixture; the amo ount of fuel necessary for
ignition »f the afiervurrer is metered by flow restrictors 17.
Predetermined gas tempersture forward of the turtine (2t
sugmented rating) is regulated by regulating needle No.l (12),
whereas the predetermined travel range with regzrd to the
afterburner fuel limiter is ‘—kdau.,tcd by regulating needle Fo.2
(13). :
Control urit BY-4B (33) mounted on fuel regulating

pump HP-220 performs the £ollow functions (depending on
the speed of the high-pressure rotur) disconnects the
electric starter, causen the mein spark plugs to be switched
on for Fexercising® (cem CT), cuts off additional fuel supply,
closes the air “low—off valves, znd switches off the main
control unit

plugs efter “exercising- is over {cam BJT); the
also chifts the 3ét nozzle flaps from the FULL AUCKENTATION

to the IAXINUM position {cam B@0-1) ~nd vice versz (cam. B00-2)
%0 provide for ongine siarting and idling rating with the

sle Tlaps set in the AUGITEIITATION position.

To control the jet nozzle flaps in eny of +their positions
sing, provision has been made for an electro-
nydreulic control system ( B[CY~1A), including ratings control
panel [YyPT-1¢ (24), mechanically connected tc the lever of
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regulating  pump ; HP-219; rheostztic rating:
(35) and regulating rheostat
panel l'Iy:E”.I’—-l(_D’;:I rheostatic fe,

S transmitter J[P-3A
P-1 (36), mounted on control
ed~back transmitter JOC-1A (39,
installed in one of the ‘hydraulic eylinders (38), controlling
the jet nozzle,‘ and electro-hydraulic swiick TA-164M(37)
eontrolling +the' pulse delivery box (41). Synchronous operation
of the two other control cylinders znd of the macter hydraulic
cylinder (with Ftranémitter ROC-14) is ‘en
nizing valves (40).

When the c;ontrol lever is turned, the cams accommodated
in the control panel rerform the following functions:

Cam [IKblocks contacts «fBO0-1 md I3
burner is turned on (in cese the speed of
and low-pressure rotors drops to the Tespective r.p.m.).

Cam BOC switches on the afterburner (provides for igni-
tion of fuel in the fuel igniter, delivery of af+terburner -
fuel, and energizing of the electro-hydraulic system control-
ling the jet nozzle flaps). -

Cam 4 provides for emergency, two-position contrel of
the jet nozzle (when the electro~hydraulic system fails to
operate in response to operation .of a specizl toggle switch).

Cam @ is not included in the circuit (being a stand~by

sured oy the synchro-

when the after-
the high-pressure

one).

Transmitter JIP-3A provides for augmented rating (when
the control lever is turned) by operating switch TA-164M,
thereby causing the jet nozzle flaps to te spencd’
1y closed. . : -

" Transmitter IOC-1A takes care of the proper
of transmitter J[P-3A and sets switch TA-164M in
Position- as soon as the hydraulic cylinder piston
the predetermined position, thereby ens

or partial-

ad justment
the neuiral
occupies

uring 2 hydraulic lock.
Rheostat P-1 serves for stand adjustment of +h

e jet
nozzle control system;

rheostat MQ is decigned to regulate
Jet nozzle area at minimum augmentation; the function of
Theostzt 19 1s-to provide for similar afterburner regulating
Tange depending on the angle of turn of the control lever;
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rheostat 20 is not included in the circuit (being a stand-
by one).

Iuel Regul g Punp HP-210

Fuel regulating pump HP-219 {(Fig.23) represents the -
mair unit of the fuel sysiem, ensuring fuel delivexy and
automatic regulation of fuel amount supplied into the engine
at any of the ratings.

Tre fuel regulating pump comprises the following main
componentss:

~ plunger pump;

- stép—cock and throttling valve (made =5 a single unit);

= hydraulic decclerztor ( I'3);

— centrifugnl regulater of lew—pressure rotor speed;

~ throitling velve perusnent pressure differentisl
valve (KIMO);

- distrituting valve (2X);

- fucl pressure ineresse limiter 1

- starting fucl control unit (A3);

- drain valve;

- minimum pressure valve (disengeged) (KHM);

~ thermocompensator of speed governor;
fuel by-pass velve (X2);
~ permeanent pressure valve (KI).

fomp_ Cperation (Pif.23)

The operating principle of +he purp is as follows. When
pump rotor 63 Is spinning, the pump plungers move reciprocal-
1y in their guiding wells arrenged in the rotor, due to the
inclined position of swesh plate 663 the rlungers draw fuel
throug: ‘(: stetion port of ported memter 69 while the rotor
turns through 185° and deliver fucl through tke pressure port
of the ported member into *he high-pressure line while the
Totor completes the revolution.
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Further, the fuel at high pressure flows to throttling
valve 2 via the duct.

To adjust the passage area with the throttling valve set
in the IDLING RATING (MAJIMIl TA3) position, provision is made
for idling rating slide valve 3 enclosed in the throttling
valve by-pass duct. When fully closed, the throttling valve
acts as a stop-cock.

In case the autcmatic fuel metering system fazils, the
throttling cock may serve for emergency manual metering of
delivered fuel.

Having passed throttling valve 2 and idlirg rating clide
valve 3 fuel flows to distributing valve 6 via duct 4.

On the diagram the distributing valve is shown in its
closed position. With the engine running, the valve opens and
distributes fuel into the ducts of the burners. At relatively
low pressures smounting to about 11 kg/sq.cm., the distribut-
ing valve only starts functioning; as a result, the profiled
passage area of duct 9, conveying fuel to the primary manifold
opens only partially; as the pressure builds up, the passage
area of the duct gradually .increases.

With the pressure building up to atout 16 kg/sq.cm.,
duct 7 starts opening, its pessage area gradually increasing
thereby allowing a2 greater amount of fuel to be carried to
the main fuel manifold. Thus, the construction of the distribut-
ing valve provides for the necessary changes in the pressure
and fuel consumption by the fuel menifolds depending on the
fuel pressure upstream of the distrituting velve, in accord-
ance with the engine rating.

Re ating Fuel Pum Cperztion
when Regulating Fuel Delivery

2t Predetermined Fngine Reting

Fuel delivery by the pump depends on the position of
swash plate 66, whose zngle of inclinction affects the plunger
travel, as well as on the pump r.p.m.

- 61 -

%ith the engire r. p.m. exceeding the value, which will be
further termed as 'auudmatl" fuel supply minimum r.p.m. (HAR)%,
fuel delivery i controlled ty the speed governor, which
ensures (at any of the engine ratings) a practicaily pernanent
engine r.p.m. at any altitudes and speeds of flight, by chang-
ing the position of swesh plate 66.

¥ith the engine r.p.m. telow the sutomatic fuel supply
minimum r.p.n., fuel delivery is controlled ty the throttling
valve and permanent prescure differential valve 12, which
maintains‘permerent pressure differentizl at the throttling
valve, amounting to about 1C kg/sc.cm.

Thus, fuel consumption at = constant rate is eonsured with
the throttling valve‘_ih,.:the same position, that is, sustained
engine r.p.m. is provided et unchangestle flight conditions.
THe required engine r.p.m. car be attained by changing manually
the pzsszge zrea of the’ throttling valve.

fdjustiment of the speed governor to the predetermired
rating, with the engine running =t T.P.m., exceeding the
automatic fuel supply minimum r.p.m.

ani regulation of Tuel
consumption bty mcans of changing ‘he pesition of the throtiling
valve 2t lower r.p.m. is accomplished ty manipulating common
control lever 47, linked to the cortrsl lever located in the
rilot's cockpit (through the medium of the lever or the

ratings control panel).

dperatisn of iutomstic Speed Governor

The main cemponents 5f the automatic speed governor are
as follows: low-pressure rotor centrifugel speed transmitter 36,
centrifupal governor slide valve 41, centrifugsl governor
spring 45, =ow plate piston 61, feed-back piston 58, feed-
Yack slide walv 37, coupled tc fred-vack bush 43 through the
medium of the lever, valve 14 maintaining permanent fuel pres-
sure at the regulator inlet (in duct 13), and feed-back Tlow
restrictor 57. '
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Permanent pressure valve 14 serves to emsure that the

conditions of operation of the Tregulator servo-mechanisms are
the same at any of the ratings, and thet they are nct changed
due to the changes in the pressure of fuel at the pump outlet
(in line 67).

As soon as the pressure in duct 13 increases, the valve
overcomes the force of the spring end reduces the passage
area. Fuel pressure in duct 13 dreps o the predetermined
value.

The valve spring maintains fuel pressure in duct 13 at
about 15 kg/sq.cm.

In the centrifugal governor, the force acting on slide
valve 41 is offset at the centrifugal transmitter side ty the
force of spring 45. The tension of spring 45 depends on the
position of control lever 47. The bands of slide valve 41 are
80 arranged relative to the ports of feed-back tush 43, that
the fuel delivered at a constant pressure via a
2 pressure differential in cavities 70 2nd 44, which is reces-
sary to keep the servo-plston and the swash plste in the
balanced position (on the diagram the governor is shown in
its balanced position). In this case, duct 53 is closed by.
féed-back slide valve bands 37, end interpiston chamber 59
communicates neither with fuel supply duct 13, nor with the
ducts provided in the feed-back slide valve, and serving for
fuel drain into the low-pressure cavity.

With a reduction in the predetermined T.p.m., slide
valve 41 will move to the right due to disturbance of balance
between the force of centrifugal governor spring 45 and the
force of the centrifugal weights. This will cause changes in
the passage areas, both in the ducts leading from duct 13 %o
cavities 44 and 70 2nd in the ducts serving for fuel drain.

An’ increase in the DPassage area of the duct carrying fuel into
cavity 70 is accompanied ty 2 simultaneous decrease in the
rassage area of the duct serving for fuel drain. T=e pascage
areas of duct 44 change in the reverse order, that is, the
inlet passage area decreases while the drain passage area

uct 13, creates
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increases. These everts couse a change in the pecossure dif—
ferentizl a2t pistors 61 znd 58, wiich results in displacement
of the swash plate causirg an ineresse in “uel delivery.
Suppose thaz capacity of int 'piston chamter 59 does not
change 3u=ing operation of the governor; then, pistons 61
ard 56 will =ove a5 a

in the =.

single wnit. In this case, a reduction
- (Aun t5 2 chanze in the flight conditions, for
exanple) wiltl causc toih vistcns to travei ts the left thereby
increasing fael

t0 a state of b

i

&elivery rate, until the entire system comes
nee i

Y. In this ncw belenced Position
centrifugal soverier ciide ralve 41 i1l prectically occupy

‘lon relstive to % ports of feed~back bush 43, .
waert of feed-vack piston 58 and feed~back
ronmecsed to the former through the medium of feed-

d d-tack lever 38.

Wwould te attzined, btut no imitial
ned 3% the required degree of accuracy.

To previde for stezbie regulaticn znd to maintain prede-
termined engine T.T.Re, nt 2 constent level with

aceuracy =% any 1

T.p.m. woulsd

great

it conditions, pistons 61 and 58 in the
centrifuge) governor of regulatirg fuel pump HP-249 are con—
nected thrcagh the medium of shamkeor 59, capatie of changing
its capacity ¢ cetusl reguleting procedure in the systen
of pump T .21 occurs as follows.

£% ary ol

£es 1: trhe predetermined engine T.p.m.y, hoth
Pistons 61 ezni 2 Tirc’ move as single unit, thet is i

due to displacement of Teed—
37 irwm the noutral resition, interpiston

> Tlow restrictor 37 either with
the low-Trecsurc cavity. the
:s¢ the predetermined cngine

the mrarer drserited stove; +
back £lid
chomber 57 2
fvel del

former cvort

T.Tem. dcere
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engine r.p.m. increases. In both cases a gradual change in
the capacity of chamter 59 will be experienced.

At the end of the regulating procedure the feed-back pis-
ton will return to its initial position, ir which interpiston
chamber 59 will be discornected by slide valve 37 both from
duct 13 and from the low-pressure cavity. 4s feced-back piston 5
is connected by lever 38 to feed-back tush 43, the end of the
regulating procedure (state of balance) at any positions of
piston 61 will always be associated with the same position of
feed~tack bush 43 and slide valve 41 relative to the bush
ports, and, consequently, with the permenent r.p.m. Therefore,
the governor emsures a reasoneble amount of st2bility at a
great degree of regulation accuracy. .

The changes in the ‘ension of spring 45 duec %o variztions
in the temperature of fuel are neutralized ty a special device -
thermal compensator 52. ibsence of the thermal conpensator
will result in changing the tension of spring 45 due to
variations in the fuel temperature (with the hydraulic dece-
lerator being in the same position) involving changes in the
length of the individual parts. In this case a reduction in
fuel temperature will result.in an increased engine speed,
and vice versa. Thermal compensator 52 is essentially a set
of bimetallic plates, installed in the linkage affecting the
tension of the governor slide velve spring.

Variations in the fuel temperaturc cause the bimetzllic
Plates to deflect, thus changing the spring tension, which
provides for a constant engine r.p.m. 2t a given rating.

Regulation of Puel Supply at Fngine r.p.m.
Lelow sutomatic Puel Supply Minimum r.p.m.

Governor transmitter spring 45 starts changing its temsion
as soon as the control lever is set in a definite position,
in which decclerator rod piston 51 starts moving, therety
setting the spced govermor in operation and causing fuel
supply to be regulated automatically.

bh DISEEM- "o 7T T AR T
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At engine r.p.m. below auvtomatic fuel supply minimum
r.p.m., the tenzion of the transmitter spring is maintained
a2t a constazut level, =and is =lways in cxcess of the force
developed ty the centrifugal weights.

As a result, clide velve 41 is displaced to the right,
which would cause swachk plate piston 61 to move z1l1 the way
to the lcft, therety setting the swesh plate in a position in-
volving maximum fuel dclivery.

To control fuel delivery at engine ratings which are
telow the zutomatic fucl supply minimum r.p.m., permanent
pressure differentizl valve 12 is provided, whose function is
to meintain permznent pressure differential at the throttling
valve of the pumr. Trom the righ alve 12 is acted upon by_
fuel pressure upstrezm of *the throttling valve. it the other
side the vzlve is :1fected by fuel pressure downstresm of the

throttling velve and by the force of the spring.

By adjusting the tension of the spring, a pressure dif-
ferential vzlue is obtained, which causes the valve to travel
to the left. If the pressure diffcrentiel ot the throtitling
valve happens to exceed the predetermined value, the valve
will move to the left, thereby =llowing fuel return from the
interpiston chember end supplying kigh pressure under the
svash plate piston. Tue to 2 pressure drop in the interpiston
chamber and pressure increzse under the swash p}afe piston,
the latter will move to the right therery reducing the angle
sh plete. The pump delivery will

°f inclination of the ov
preszure differentisl at the throttling

decrease, causing th
valve to reduce to the predetermined value, as a result the
valve will partially closc the ducts runring 5 the inter-
piston chember and under the swash plate piston ‘o provide

for a pressure differential at the swash plote piston required
ition.

or meintzining it in the predetermined por

~lues excceding the automatic

At 211 engine r.p.m.
tre pressure differential at the
hen the predetermined value, provided

fuel supply rinimum r.
throttling velve is lower

ty the tercion >f the rlide velve rpring, due to a larger

?
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bassage area opcned by throttling valve 25 28 a

2 result, the
valve is put out of operation by the action of spring 12.

¥hen the engine is cut off, with thre
Totor still rotating and the throttling valve closed, pressure
differential at the throttling valve tends 4o a

&row. To provide
an outlet for the fuel, valve 12 is furnished with drain holes
which are opened as

soon as the pressure differential at the
valve reaches 15 kz/sq.cm., thereby allowing fuel drainage
into -the booster system.

shaft =nd the pump

. As valve 12 moves all the way to the left, high pressure
is fed under the swash plate piston, due to which the sw:sh

plate sets azgainst the minimn delivery stop.

Operation of Regulating Tuel Pump

during Fngine Acceleration

To provide for normzl, that is quick enough engine shifi-
ing from one rating to another involving quick movement of the
engine control lever (within 1.5 to 2 sec.) not

accompanied
by flame throw-out or surge,

the pump is fitted with special
devices, i.e. a pressure increase limiter (OHI) 2nd = hydraulic
decelerator.

The hydraulic decelerator'provides for:

(a) smooth zcceleration of the engine to a given rating
from r.p.m. equal to, or exceeding the automatic Tuel supply
minimum r.p.m.; .

(%) extra travel of the engine control lever after gain-—
ing the maximum r.p.m. necessary for starting the afterburner;

-(¢) electric l{lgcking allowing cutting in of 1imit switch &
at the predetermined speed of the low-pressure rotor;

a) possibility of regulating the meximum Tr.p.m. value
(by means of screw 54) and the automatic fuel supply minimum
T.p.m. value (by means of screw 39).

The pressure increase limiter provides for engine accele-
ration from idling rating or from the r.p.m. value which is
below the automatic fuel supply minimun r.p.m. value (in the

O, FFOREIGN. DISSEM
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latter case the termination of the accelerstisn period may be
associated with the operztiom of the hydraulic decelerator).

Tuel Prescure Varistions with Accelerstion
Controlied by Pressure Increase Limiter

and by Hydraulic Decelerator

The normal accelerstion cf the engine is ensured due to
limiting +he rate of increszse of fuel pressure upstrean of
the distrituting velve (or in the primary menifold) in con-
formity with the predetermined progrmm of permissible excesc
with regzrd to the engine r.p.m.

illurtretes the nature of fuel pressure changes in
menifold with the engine accelerated on the ground.

Cperevion of Fuel Pressure Increase Limiter

The pressurc increzse limiter consistz of the following
mein parts: slide valve 25, spring 22, flow restrictors 26
and 30, and piston 23.

The major component of the pressure increes
represented ty

“limiter is
ide velve 2%, which, during engine accelera-

tion, controls e position of swesh plate 66 by changing
messure differertizl ozt the swash plste pi:_ton with the aid
of ducts 28 and 29. :

) From the left, slide valve 25 iz acted upon bty the fuel
Pressure upstrexm o the distrituting valve, the right side
of the valve being exposed to the booster pressure of fuel
and to the force of spring 22. The tensicn of spring 22 depends
on the poscitisn of piston 23. The preccure inerease limiter
comes to a2 st 111 when = sinte of talance is ectzblished.
iz totrl of the btooster pressure nf fuel and
the pressure 9f spring 22 is eq

In this casc

1 to the pressure value of
g valve, znd ducts 28

the fuel upstresm o She distritut
and 29 are cloused.
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The position of piston 23 2t = state of tezlance is depen-
dent on the position of slide valve edse 27, controlling pres-
sure in cavity 24.

At another state of balance, piston 23 meves to = new
_position, in which new pressure value upstream of the distri-
buting valve is balznced bty the modified force of spring 22,

A chenge in the position of <ihe piston zt znother state of
balance is brought about by the displacement of slide valve
edge 27, which regulates fuel by-pzss from cavity 24 to the
return line, which determines tihe position of the piston. In
this case ducts 28 and 29 remzin closed all the time.

During engine acceleration, fuel pressure upsiresm of
the distributing valve increases due to quick onening of the
throttling valve wheress slide voslve 25 moves to the right.
Slide valve edge 27 bars fuel by-pess irom cevity 24; simul-
taneously, the slide valve edges partizlly open ducts 28 and 29,
and the inclination of swash plate 56 is so controlled that
fuel pressure upstream of the distrituting velve camnot excced
the value preset by spring 22. Fucl drzin from czvity 24 teing
discontinued, piston 23 will be forced by
through flow restrictors 26 znd 20 to move rereby tightening
spring 22 which will result in gradusl incresse of fuel pres—
sure upstream of the distributing valve.

fuel eniering

The rate of pressure incre:sse, and, corsecuently, fuel
consumption by the engine depends on the raie of travel oi
piston 23, which in i%s turn is deperndent on the resistence
of flow restrictor 26 znd 30, delivering fucl %o cavity 24 from
the permenent mressure duct. The initial displacement of slide
valve 2%, when shifting the engine control lever 7
balanced state position to the pocition st which
valve edges are controlled throush the medium of Jucts 28
and 29, results in the initial rise of fuel gressure in the
primary menifold 4 P & 2.5 kg/sq.cm.

During engine zcceleraztion, pistor 23 moves therety spen—
ing the groove provided in the rod. This causes flow restrict~
or 26 to be choked with resulting drep in resistance; pisten 23

om the
e slide
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starts moving #t a higner rate, which results in 2 higher
rate of fuel precsure increase. This provides For the requir-
ed fuel-to~time characteristics,

In its further travel pistorn 23 abuis against slide
valve 25 through the medium o the spring seat. The slide
velve edges will close duets 28 ané 29, and theé slide valve
will move to a pesition zllowing control of fuel ty-pass from
cavity 24 ty edse 27. As the rate of fuel Pressure increase
in cavily 24 mey ve very high, the piston teing at a stznd-
still, eny rate of “uel pressurc increase u :petream of the
distributins velve will not be dependent on +he pressure
increzse limiter, as the

ztter is put out of operation.
Spring 71 corves for returning the piston to the initial posi-
tion when the engine r.p.m. decreases.

The enginc zcceleration charscteristic curve consists of
three sections differins from one snother ty the rate of fuel
ressure increuse upciresm of

e distributing velve (Fig
Tirst section (first branch) s-1:
¥low resirictors 2¢ ¢nd 30 are connccted in series.
The rates of

travel znd »f fuel pressure increase

the lcect end ore meinly governed by the resistznce of
flow resirictor 2€.

Second scction (second branch) — 1-2:

Flow resirictor 26 is choked. #he raies 27 the piston
travel and of

el pressure increzsze ore higher than ot the
first section, snd 4epead mainly on +hc recistance. of flow
restrictor 3¢.

Third section (third brenck) - 2-bs

Tiston 23 comes wugrinst the spring aebutment pla 'be of
slide vzlve 2°
tension of

4 1g not cepetle »f further increasing the

Spring 22. Under the increasing fuel pressure up—
stream of the dis

trituting vo
7 ducts 28

slide vzlve 25 is not
tzpable of openi: tle to overcome
Yo the pision from covity 24, with the

ty-pass duct closed by edge 27.

the pressure appii
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The rate of fuel pressure increase is dependent on the
rate at which swash plate 66 changes its =ngle of inelination,
which is a2 function of the resistance value of fecd-back Tlow
restrictor 57.

This section is characterized by the gTes
fuel pressure increasse.

+est rate of

The total acceleration time depends on the balanced
state position from which the enginc control lever is shifted
forward. The higher the pressure upstream of the distridbuting
valve, the grester the distance covered. ty piston 235 con-
sequently, it will take less time for the piston to compleie
its travel and for the pressure to reach the predetermined
value.

With the engire r.p.m. changed slowly cnougk by manipulat-
ing the engine control lever, the slide velve of +he pressure
increase limiter does not interfere with the operation of the
Permanent pressure differentizl valve (2t enginc :E.p.m.
values below the automatic fuel supply minicum T.p.m. value),
or of the speed governor (2t engine r.p.m. values cxcceding
the zutomatic fuel supply minimum r.p.m. velue), Tuel supply
being controlled by the above units, since the Tate of fuel
pressure changing upstream of the distrituting valve agrees
with the rote of chenging the tension of spring 22, znd .
ducts 28 2nd 29 remain closed by slide valve 25 c11 the time.

Cperation of Hydraulic Decelerator

Motion is Yransmitied from the engine control lever to
centrifugal governor spring 45 by the hyirsulic decelerator;
adjustment of the governor for the predeternmined r.p.m. depends
on the tension of the spring. Hydrazulic
is connected via flow restrictor 56 with @uet 13 (down-strean
of the permanert pressurc velve), snd via hole 48 in he
decelerator rod to the return line.

In the balanced 'pn)ai ion of the decclerator piston the
inflow of fuel through flow restrictor 56 into cavity 5¢ is

decelerator cevity 5¢

equal to fuel cutflow terough hole 49 in the decelerator rod
partially closed@ by bush 48; this results in 2 balance of the
forces acting oun th: kydraulic decelerstor piston.

As soon as hole 49 is completely closed by the edge of
tush 48, fuel outilow from cavity 5¢ stops, and the piston
will slowiy move sgainst the force of the opring towerds
adjustoent cewew 54, its spzed dependlng on the capacity of
the flcw resirictcr.

With the rvd role open, the piston will be Torced by the
spring e ~bruptly shift tcwards :utematic fuel supply
pinimun r.p.n. firp serew 39, thereby forcing fuel to return
via hole 49.

When accelerating the engine from the r. P.m. exceeding
the avtormati el suprly minimum r.p.m. vzlue, the engine
shifted within 1.5 to 2 sec. to a position,
corraspording %o the maximum r.p.m. or to some intermediate
T.p.n. value.

control lever is

In this case tush 48 will close hole 49. The piston with
the rod will slowly move toweards adjustment screw 54 and will
operate lever 4C, thereby smoothly readjusting centrifugal
jovernor suring 47 Yo a new rating. The decelerator piston
vill move wntil a state of halance is reestablished Tvetween
the forces dcting on the piston; this will be associated with
& Gedinitc pesiticn of rod hole 49 relative 4o the operating
edge of decelerat~r bush 48. Thus, at the engine ratings
involving automctic fuel supply, each position of the decelera-
tor huslk (ar “he engine control lever) will be assoclated with
2 specitic :prirg Yersisn value, hence with a specific engine
rating.

o engine acceleration period, the sctuel
scewnzt lower than the values provided for
svernecr slide valve 41 in thic case is dis-
nced pocition, while piston 61
inclination of the swash plate
fucl supply rate and prov1d1ng Tor
<he engine,

Throuzhout &
T.Per. values ere

%y the govarnsr;
Mlazed to the Ti
frajuz11- chao
Insre
the normel zceclara

therety

<4 O.
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With the engine accclerated from ihe r.p.m. values which
are below the a2utomatic fuel supply minimum r.p.n. value
starting from the idling rating, the decelerator pistor may
come to a balanced position before the completion of the engine
acceleration.

In this case the rzte of engine acccleration is dependent
on the action of the pressure increzse limiier.

Engine acceleration from the r.p.m. vilues below the
2utomatic fuel supply minimun r.p.m. vz2lue cannot be accemplich.
ed in a2 shorter time period thaen accelerzvion from the
automatic fuel supply minimum r.p.m. velue, since at = high
rate of, r.p.m. increase, the termination of ihe ccceleration
period will depend on the action of the hydrszulic.decelerator.

Cperation of Sterting Puel Conirol Unit

The starting fuel control.unit is derigmed for cutomatic
starting of the engine.

Automatic starting is accomplished with engine comtrol
lever 47 set at the idling rating sector.

In the course of sterting the starting fuel control unit
by-passes (from the line upsiream of the distributing valve)
excess fuel delivered by the pump to *he return line.

At the beginning of the sterting procedure, when sir
pressure aft of the compressor (P,) is too low, fucl prescure
upstream of distributing valve 6 (and, conseguently, fuel
consumption) is determined by the tension of siarting fuel
control unit spring 19. 4s soon as fuel precsure increasec,
valve. 18 opéns ‘thereby by~passing excess iuel. )

As engine speed grows, zir pressure increase in
diaphragm chznmber (the chamber is supplicd with oir at prec—
sure P, corrected by the zir discharge jet) cruses the sirrt—
ing fuel contrel unit to hy-pasc less fuel, Wi
higher rate of fuel flow through the turners.

At an engine r.p.n. apprcaching or higker then the 1dling
rating, air precsure in the chamter will ineresse io z value

v recults in
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ca](’zsing the valve tc closc completely. Then, the rate of fuel
flow through the turners will teconme equal to the rate of
fuel flow through idling rziing siide valve 3.

Limiting of FEigh-Trescure Rotor Haximum r.p.m.

N
i Provision ir made in fuel regulating pump HP-210 for "

limiting meximum r.p.rn. of +the hig
apcamplished zgs follows.

recsure rotor, which is

i Tuel regulating pump HP-229 =ccommodates the high~-pres-—
sure rotor speed irancmitter, ch: by~passes fuel from the
cavity betwecen jed end the decelerztor flow restrictor as
igh-preccure rotor reaches the maximum permissible
r.p.m. value; this resulis in a2 pressure reduction in decele-
by ©
right thereby readjusting the tension of governor spring 45
2nd decreasing the speed of tihe low-pressure rotor (thg
trensmitier slide valve spring being slackened). A decrease

soon as the I

retor piston cav

?, whieh cezuses pistcen 51 to move to the

in the r.p.m. of the low-pressure rotor will csuse a reduction
in the speed of the high-pressure rotor.

By~Pass Valve

The mein fuel by-pasc velve serves for cutting off fuel
supply into the combustion chembers dui'ing enginc starting
within 1€.6 sec. 2{ter the engine ciazrts o be spimmed; the
valve mey 2lso te wused for ty-passing Tuel when firing rocket
missiles.

Then volitage is supplied from a specizl sutomatic system
to the winding of solenoid of by-pass valve 31, the valve
slide will move to the lext for a2 peried of 0.3 #C.5 sec.
thereby comneeting *he spring chamber .t ermanent pressure
differencial volve 12 w1
in the spring chember will drep, excess pressure of fuel up-
f 2lve will meve the latter to the left, and
tre front edge of the valve will connect the cavity of the

th low-prescure cavity 34, Pressure

stream of the v
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swash plate piston with high-pressure cavity €7, whereas

groove of valve 12 will

connect interpiston chember 59 wi

low-pressure cavity 34. Due to the differecnce between the

pressures, the piston will set swash plate 66-in
providing for a lower rate of fuel delivery.

the booster cavity via the inner duct of valve 12.

with low-pressure cavity 34.

the way to the right, thereby reducing the
causing the slide valve to connect cavity 7C witl
this
fuel. Fuel drop upstream of +the distributing velve will

causing the fuel %o be delivered at a lower rate.
solenoid has been energized, the by-pass

2 position
Simulténeously, %igh pressure will be diccharged into

At the same time (with the valve slide moving to the
left) slide valve edge will connect decelerator cavity 50

The decelerator spring will £orce +he rod to move all

h low precsure;
will provide for more effective by-pascing of the main

readjust spring 22 of the pressure increase limiter thereby
After the :
valve clide and per— !
manent pressure differential valve 12 will move to the initial

position, and the rate of fuel supply will be reestablished

as required for engine

operating period of +he by-pess velve.

Jrein Velve

the fuel manifolds into the drainage tank after the

The function of the drain valve is to direct fuel from

engine
has been stopped to preclude fucl comtustion in the burners.

tension of spring 45
through the medium of lever 46. The force developed by the
centrifugal weights will displace slide valve 41 %o ihe left,

3

acceleration, provided by the preszure
increase limiter or <he hydreulic decelerator depending on
the reduction of speed of the low=-pressure rotor within the

Vith the enhgine stopped, throttling valve 2 is set in the
CUT-0UT ( CTOM) position; fuel pressure upsirean of the dis-

tributing valve drops to the drazin pressure value, as

hole is opened by the rear edge of the valve, due to which. g

2 drain

:‘: . 2 : No'
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reduction is experienced in the pressure of fuel delivered to
drain valve pizton 1 via duct 45 as a result, the valve is
forced by the spring to move down, thereby connecting the main
and primary Tuel menifolds with the drainage tank.

A%t any other position of the throttling velve, fuel pres-—
swee in duct 4 ceuses the valve to te locked in the upper po~
sition; in this cese the main 2nd primary fuel manifolds are
cut off the drainage tank.

culating Pump HP-229

Fuel regulating pump HP-22¢ (Pig.25). delivers fuel into
the afterburner 2nd sutomet

iczlly regulates fuel flow rate at
any of the afierburner retings. The .fuel regulzting pump
consists of the following mein units:

- plunger pump;

- afterburner regulator;

~ bzrostatic fuel consumption liniter;

~ afterburner vslve;
Tuel valve;

- permancnt pressure valves
afterburner control solenoid;
electric contactor;

- ty-pass valves

= high-prezrure roteor speed transmitter and meximunm speed
limiter with thermal compensator;
- cut-off valve.

I’umg % Qeration

uel is directed through filter S8 znd via the duct to
Ported member %9, Laving sucs

on port 6C and delivery port &1.
"kile the pump roior cetuated through the medium of

shaft €6 ic spinning, plungers 63 Torced ty thc springs

against the face of swach plate 65 move reciprocally in their

guiding welle, thereby drewing fuel through suction port €¢

GhaDISEM -
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while the rotor turns through 12:° ana delivering it through
delivery port 61 into high~pressure cavity 62 while ithe rotor
completes the revolution.

Fuel supply rate is dependent on the ongle of inclina-
tion of swash plete 65, ot well =5 on the rotor cpecd and
the pressure in cavity 62. The greater the ansle of inclino-
tion of the cwash plzte, the higter the fucl delivery rate,
plungers 63 being capeble of longer iravel.

The swesh plave is displaced by servo-piston 55, whose
rod is hinged to the swach plate bearing housing.

Servo-piston 55 is controlled bty the aftcrburner regulat-
or, which tends to masintzin the AZ/P raztio &t 2 consiant
value, in the event the raztio between pressurcs Pj = —1?-{'- znd
‘1‘ is disturbed, the afterburner regulatcr chenges the rate !
of fuel flow to the afterburner injectors. |

Pé - corrected pressure zft of the compressor; |

Pq - static pressure aft of the turtine;

X - constant value - Teduction factor.

The reduction factor is
adjustment of regulating needle No.l (Ref.¥o.12, IM.g.21).

Fuel delivery control, with afterburmer vzlve 71 open
(Pig.25) is accomplished as follcws:

Servo-piston

a2 constant vzlue for the given

cavities 49 znd 56 =re connected with high-

pressure cavity 62, caviiy 5€ beirg connected via the duct, i
and cavity 49 through je: 11 znd flow restricior T7. Becides, |
provision ic mede for the Aducts rumning fron cavity 62 vie
filter 10 znd jet 11 to afterburner regulator velve 36, limiter !
valve 2i, and to afterburner valve groove £E. i
valve 21 closed and aliterburner velve
changes in fuel by-pass through valve 36 trke place dependinz

tk limiter H
groove 68 cut »ff, i

o the pressure difference between Py znd P
Ir casc afterburner regulstor valve 3¢ in closed snd no
fuel is by-pasced,

equsl. Under the force of

the precsures in covities 49 ond 56 are

:e springs end the preccures aciiag
on the servo-piston, the latier netc the swash plate at o mexice

50X1
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angle of inclination whick correspends to ihe meximum pump
delivery. The maximur nngle of inclination of cwash plate 65 -
is adjusted witax the help of meximum delivery screw 64.

s soon

valve 36 is open (duc to an increase of pres-—
sure Py, for mple) pressure in cavity 49
ing dve to fuel ou

will start decreas—~
low 2nd the presence of jet 11. )

Excess pressure of fuel applied from side of cavity 56
will couse “The pizion to overcoeme the force of the spring 2nd
1o move towards cavity 49, thereby setting the swash plate at
a less angle of ion, which will result in reduced pump
delivery. Tuel consumption rate will keep changing until pres—
sure _P4 in the sfterburner nearly approaches the vzlue of pres—

inelix

sure Pé,ar;d the ©ysien (engire-regulating pump) comes to a

state of bazlance. In this case, forces zctiing on the piston

from the left (the swzsh plate and pressure in cavity 56) and
from the right (the spring end pressure in cavity 49) will be
equal.

Consequertl;, fuel by-pess from caviiy 43 via valve 36
serves for rezulating fuel delivery bty the pump. The rate of
fuel by eutomatically controlled due
to chrnging of e clerronce betweon the jet and afterburner
sures “é and Pa at about
f1light.
tomatic regulation
altitudes and

s from covity 49 is

regulator vilve 35, s

ntaining pres

zltitude 2nd speed of
k afterburner regulator serves for zu

of =fterburner Tucl conrumption, ot

speeds oi Flight.

the sarme level ai any

varisus

fterburner regulator hze three cavities 29, 31,
and 33.

Cavities 31 oxd 30 cre divided by zn air-tight, flexible
netal pesrtition,
parti

sealing lever 33. Cevities 31 and 29 arc

oned 32. The lever is cupported by an axle
Te | bolence ol lever 33, and,
the entire syctem depends on the

incorpor:

: Torce of siring 27 #rd valve spring 39

£ provide

Ior lever talence with the punp at s stand-
£tili); wrescure in duct 28 tetween afterturmer valve 36 ond

ligi-er wolve 21, end pressure difference tetreen 123 and ?4’
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Regulation of fuel consumption with the aircreft climbing,
is accomplished as follows: pressure P, (eft of the compressor)
and, consequently, pressure P} starts dropping, which results
in excess pressure P, acting on the membrane. The excess pres~
sure applied to the membrane displaces the lever and partially
opens valve 36, which incresses the rate of fuel bty-pass from
servo-piston cavity 49, with resulting displacement of the
servo-piston and a reductionin the fuel delivery.

Fuel will be delivered into the engine afterturner at a2
lower rate, causing pressure Pb to drop. The rate of fuel ;
supply will be decnéasing until there is no practical d4if- :
ference between pressures Pé and l)l.;’

Afterburner operation in zecordance with the law provid-
ing for constant ratio PZ/PA is dependent on equality of pres-

sures P) and PL;‘ _

For adjustment of. afterburner operation with regard to
varying 2ltitudes provision is made for spring 39, located
under valve 36. Slackening of spring screw 40 will cause |
temperature ‘1’4 aft of the turbine ‘o decreszse, whereas tighten-‘
ing of the screw will result in temperature increase at higher
altitudes.

The barostatic fuel consumption limiter serves for limit-
ing fuel consumption in case of an unsuccessful attempt at
afterburner ignition, for precluding the possitility of the
afterburner going out at high altitudes, as well z& for
ensuring afterburner fuel supply regulation, in case the
afterburner regulator fails; tke limiter also serves to
eontrol afterburner fuel consumption depending on air pres— .
sure af+t of the compressor (PZ) that is depending mainly on
the altitude and speed of flight. To provide for normal opera-
tion of aneroid 22, high pressure P, is reduced to pressurc P
in regulating needle N>.2 (Ref.Wo.13, Tig.21). The degree ol
pressure reduction ] = PZ/PE is constent 2t 211 engine r:-,tingsv

_ irrespective of altitude and speed of flight.

The sneroid trensmitter along with profiled fuel valve 9
Jimits fuel consumption depending on the chenges in 2ltitude

T
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znd speed o 't, in compliance with z definite altitude
characteris
reguired rate of riterburner Tuel coz
fere with the operation >f regulator PQ/?A'
The limiter has two cavilics 18 and
tight fleéxitle metal partiticn, sealing lever 24. The lever
rests on an cxic mounting bzll bearings. The balance of
lever 24, and, conseguently, the balance of “he entire system,
depends or the £ollowing fzctors: tension of velve spring 16;
pressure in duct 28 between the af terburner valve 36 and

ick provides for somewhat higher than
mption, not to inter-

2ivided by an air-

limiter valve 21; pressure opplied to transnitter retainer 25
from cavity 62 and irom eneroid 22. % chenge in any of the
sbove forces will inveristly cause changes in 211 other forces
tending o maintnin the btalance. Practically, only two forces
in the limiter zre relsted t5 each other as simple dependentss:
pressure DY, (affecting the force of anersid 22) 2nd pressure
in cavity 62 (affecting the force acting on transmitter 25).
' Vith cir pressure reducing in cavity Pi, aneroid 22
increzses its pressurc on the end of lever 24, thereby reliev-
ing the velve which causes an incressce of fuel by-pass Irom
cevity 49 of the servo-piston vie voive 21, snd displecement
of the servo-piszton towards lower rate of fucl supply. This
will chenge Tuel pressurc in the system 2nd upcstream of trans-
mitter retainer 25.

ks a result, 2 new state of balance will ve estzblished
ich will czusge it te maintain 2 new reduced

in the limiter,

pressure in cavity 62.
Chenging of pressvre in cavity 62 witi relation to alti- —

tudes end speads of flight is Jetermined by the characteristics

of aneroid 22

. diameter of prescure iransmitter piston

(rotainer) 2%, mrojecting beyond tie dinphroem, and ty changes

in 4%
eccentric 23 wi
Jever atbacrment. Damper 26, loczted in the path
itter 25, eli-

o 4

length of the arn Ifrom the contect point of the rod of

. lever adjustment screw 20 to +the axle at

$he point of
o1 fuel {low
ninates fuel pulsation 1likely to oceur in the systenm.

cavity 62 to limiter lran




The nature of chenges in maximum rate »f fuel delivery
into the afterburner within the range limited ty the pressure
in cavity 62 depends on the profile (affecting the passage

- area) of fuel valve 9, as well as on the tension and rigidity
of spring 4. As the pressure in cavity 62 is the function of
pressure Pg, the general characteristic of maximum rate of
fuel delivery into the afterburner system within the range
-limited by pressure P§ is dependent on the adjustment of the
limiter and of the fuel valve.

Adjustment of the limiter is performed by manipulating
adjustment screw 15 of spring 16 and screw 2 »f spring 4 of
fuel valve 9. %With the afterburner regulator in the talanced
state, limiter valve 21 is partially closed.

Con.trcl of fuel delivery into the afterburner is accemp-
1ished by opening and closing afterburner valve 71 coupled to
the piston.

Afterburner velve 71 is operated by solencid 34, which,
when energized, closes valve 37, thereby causing fuel from
duct 17 to be delivered into cavity 67 via flow restrictor 12;
as e reéul‘c, the piston and valve 71 will te opened tc full
capacity and the spring will be compréssed. 4t the beginning
of the afterburner veive travel, groove 68 gets closed, and
fuel is not allowed to te drained from spring cavity 49 of

"the servo-piston. Servo-piston 55 starts displacing the swash
pla:te towards a higher rate of fuel delivery. With the vol-
tage cut off, valve 37 opens (by the action of the spring
located under the valve) and the strong spring of vzlve 71
forces fuel from cavity 67 to the return, (that is, into the
booster pressure cavity) thereby closing afterburner valve 71.

T T The nature of changes in fuel delivery while the after-—
turner valve 1s being opened, depends or the veriations in the
passageé area of the valve and on the changes in fuel pressure
in cavity 62. .

The rate of pressure increase in cavity 62 is dependent
on the swash plate servo-pistcn rate of travel, which is the
function of the cazpacity of flow restrictor 57, whereas the
rate of travel of the afterburner valve ic determined ty the
capacity of flow restrictor 12. At the end of the iravel the

» _ DREIGN DISSEM. - : : :
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pisten of velve 71 (2t full esugmentaetiion) werks 2gainst rod 69
of engine blecklng device electric eccntacter 7¢, thereby
treaking .the circuit supplying veltage to the clectromagnetic
valves controlling fuel delivery intc the afterburner flame
igniter.

¥her the piston mcves in the reverse direction, the spring
returns rod 69, and consequently, electric contactor 7¢ in
the initial position. )

Toe ensure that the afterturner valve mcves at a constant
rate, permanent pressure vzlve 13 is provided. This valve
zaintains a permanent pressure in the duct aft of the valve,
irrespective of changes in fuel pressure upstrezm of the valve
(that is, downstream of filter 12). 4s soon as pressure in
duct 17 incresses, vzlve 13 will be displaced towards the
spring, cousing the holes provided on the side surface of the
valve to be pardially or fully clesed; thus a fuel pressure of
2bout 11 kg/sq.cm. will bte maintzined in duct 17.

Fuel valve 9 serves to ensure a predctermined afterburner
fuel consumption, wher the limiter is set in'cperation.

¥ith afterburner velve 71 open (it is shown in the dia-
gram in its closed position), fuel from cevity 62 will be deli-
vered to the fuel velve zfter passing *hrough the afterburmer
valve passage area.

Fuel valve 9 congisvs ¢f a slide and a guiding bush
having prefiled poris. The passage arez in the fuel valve
assemtly is dependent on the pesition of the slide relative
tc the tush poris. The position of the slide is determined by
the fuel pressure v
of the =pring, cond

ue upsircam of the valve, by the tension
hie Looster pressure in valve spring

3l

chember 3.

hs pressure tuilds up upsiresm of valve 9, the valve
Passage zrex increases. Screw 2 serves for 2djusting the
initizl tension of the epring. Jet 1, ccnnecting valve spring
charter 3 4o the return, serves for damping the valve

(elimineting porsille pulsetion of the fuel).
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The function of ty-pass valve & prcvided cn the valve is
to ensure a minimum fuel consunption, when the afterburner is
turned on and afterburner regulator 36 is open (the angle of
inclination of the swash plate Teing minimum). £t a low pres-—
sure of fuel in duct 8, downstream of afterturner valve 71,
ty-pass duct 6 is fully open therely directing excess fuel
delivered bty the pump to the inlet of main regulating fuel
pump HP-210. 4s soon as the pressure increasses, duct 6 gets
rartially closed which causes a reduction in the amount of
fuel by-passed. Then fuel pressure in duct 8 reaches the
meximum value, duct 7 is open, which @rains the fuel thereby

limiting meximum fuel pressure in the pump.

By-pass valve 5 upstream of the afterburner valve is
designed: for relieving excessive pressure resulting from dis-
engagement of the afterburner valve; for meintaining pressure
in the pump required for the normal cperation of the servo-
piston with the afterburner turned offj for ty-passing fuel
with the purpose of cooling the pump when the afterburner is
turned off.

With the afterturner turned on, valve i is closed, the
force of its spring exceeding the pressure differential at
valve 71. When the afterburner is turned off, pressure in
cavity 62vwill decrease at the expense of fuel Ly-pass via
valve 5, and will depend on the tension of the valve spring,
since the valve spring chamber will e connected with the
return via the groove provided cn the afterburner valve.

The:speed transmitter serves the tlocking devices of
the engine responding to the r.p.m. values of the engine high-

. pressure rotor.

The speed transmitter comprises = cern*rifugal governor,
consisting of centrifugsl weights 41 and pendulum 42, a servo-
piston with rod 53, speed transmitter shaft 47, ard rack 4%.

With the rotor speed increzsing, the centrifugal force
of the weights builds up causing pendulum 42 to come out ¢f
the state of balance, therety allowing fuel from cavity 17,
downstream of the permanent 'm-essure valve, to flow into

Declassified in Part -
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cavity 52 of servs—picton 53, wherezs servo-piston cavity 54
is caused .to ‘e connected to the return duct.

The scrvo-piston starts moving therety increasing the
tension of ‘spring 43 through the medium »f the gear end rack 44,
until the state of talance is reestatlished, that is until
the force of spring 43 equals the force developed ty centri-
fugzl weights 41. This will cause cpecd trencmitter shaft 47
tc change itc angle. With the speed redueing, the order of
the atove events will te reversed.

4t the end of the travel of servo-pision 53, corresponding
to the maximum permissitle r.p.m. velue of the high-pressure
rotor, groove 48 sn tre servo-piston rack will line up with
the edge of highr
valve 5C, caus

—pressure rotor meximum speed limiter slide
fuel from duct S1 to e lLy-passed to the
return line. Fuel %o duct 51 is delivered from ihe cavity of
the hydraulic decelerztor of mein regulating fuel pump HP-210,
Thke cut-off valve serves for preventing fuel frem finding

its way to the afterturner fuel msnifolds at drain pressure
when the afterburncr iz turrned oif. When the zfteriurner is
switched on, pressure in cavity 8 inmcrenses, theroby causing
fuel to open thc velve zrd to f1ow inmtc the fuel manifolds.

6T _Furnoers

Corr ustion Cha

The ergire i provided with 10 two-stnge, duplex cenitri-
fugal burners, srranged in two manifolds - ihe main manifold
and the primery manifold.

The turrer construction is illusirsied in Fig.27. The
’ oly 3 incorperating a pressed-
in Cistance cleeve; tightly pressed szeinst the lzpped face of
the sleeve are “wo cpruyers 6 and 7, clamped v nus 5 and
retained on the

Yurner consists of steel stemped

copper ring 8 znd ring 9. vt S
lock 4. Titted into the irlei connections of

= 3ligkl interference are gauze filters 1
and 2. The Lurner is rigidly securcd to the flznge of the
comtustion chamter casing ty two Lolis; the cylindrical surface
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of nut 5 enters into the hole of the comtustion chamber
spherical ring.

Fuel is fed into the turners via two Cucts: I stage
prizary duct 11 (idling rating duet) and I stage main duct 10.
Each of the ducts has its own sprayer (6 for the T =tage,
and 7 for the II stage). Each of the sprayers is furnished
with tangential grooves for whirling fuel, =ni 2 whirl
chanber. The dimensions of the grooves, the whirl chamter,
as well as of the passage area of the sproyer are so celected
as to provide for tie required quality of fuel atomization
wi*hin the entire range of the required fuel consumption
vathes 2t the permissille mressures. .

%hen fuel pressure upstresnm of the distrituting valve oi‘
‘pump HP-210 is about 16 kg/sq.cm. (éuring engine starting),
fuel is delivered into the combustion cham:er only via the
primary duct of the turners; as pressure upstresm of the
distrituting valve builés up, the main .duct getc open, and
fuel flows into the combustion chamter viz two ducts, the
rate of fuel flow through the mein duct increasing with the
engine speed.

The profile of the distrituting valve and propérly select-
ed hydravlic characteristics of the Yurmer sprayers provide
for the required changes in fuel consunmption depending on
pressure upstrean of the distriluting valve. .

Regulating Needle (Pig.28)

The engine is equipped with two regulating necdles
(Fig.28)- incorporated in the afteriurner control equipment.
Regulating needle No.1l (contained in the regulator)
serves for reducing air pressure from P, to P35 whic?: in the
afterturner regulator P/ Py (pump HP-220) equels pressure Tye
Beguleting needle Mo.2 (limiting) is decigned@ for re-
" dueing air pressure from pressure P, to prcssu_re‘ 3 which 15
supplied into the arostatic fuel consumpiion limiter.

B

50X1

Tre operztion of the regulating needle 15 /‘.:ascd on the
principle of mainieining a comstant ratio etween zir pres-
sure PZ a2t the inlet to the chember limited Ly iwo jets, =xd
2ir pressure ¥j (or _‘-‘5) inside the chemier, irrecpective of
the chorges in the inlet pressure (grovided Ty Py = 5), in
cese z2ir keeps flowing from the outlet jei o% [senic velocity
irrespective of tae Qngine roting, and from thle inlet jet - )
2t sulsoric velosecity (whick provid or presc;r\'ing the
constznt reductior coefficient). idjusiment of the regulating
needle for tke predetermined prescure ratio value is carried
out Ly ckenging ¢ crex oi the inlet jet with the )
2id of the tapersd meedle. ’

I'ezdle curing 7 is made in the form of 2 cylindrical
charter welded from steel; the irlet end of the chamber
encloses an zdjustalle cylindrical jet havihg 2 sherp edge;
this jet provicdes omly Tor cu:sonic flow velocity, with pres—
sure ratio Py/Fy =
capacity jet h:
vergent-Cdiverger

3.36. The cutlet ené accommodates =z constant
& inner configuraticr apprcsching a2 con-

vpe of nczzle. This jet prcvides for

supersonic velocity c¢f =ir outflow intec the atmosphere, with
> 1.6 - 1.8. :

Turned into *he casing is neeclle 4, who

pressure retic P,/P,

se tapered

portion cnters inlet jet, therety 2llcwing regulation of
its passzge zrce. The ncedle threads sre treated with molyl-~
denum-Gisulfide for protection sgainst Lurring. .

The neelle is retzined in 2 definite position Ly locking
nit 25 to eliminete zny air leskage ithrough the threads, cap 1

is fitted Tack of

e locking nut. lountecd on the needle J:n =
x rotates together

front of ihe locking nut is washer 3, vk

vith $he ncedle, carries cicht notehes 2llowing reedle:

turning to e casily registered.

Witk the ncedle turned Ly one s Pé or Pj
e fzece of
- ¥or ncedle turning.
2 a connecticn to

chenges

£ kg/cg.om. (Then on

the needle mow

conmpressor is

prones trrougk

5 ¢ischarged in-
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to the atmosphere through the outlet jet. The required pres—
sure P4 for needle No.l or P§ for needle No.2 is established
in chamter 8 duc to d1splacement of needle 4 in the inlet
Jet; further, the i:ressu:ce is supplied@ viz the connection to
the afterbturner regulator or to the barosiatic fuel. consumption
limiter accommodated in Tegulating fucl pump HP-220,

Bnclosed in the chemver aft of the inlet jet is a deflect-
or, which trezks the inlet air stream, thercby preventing
2 straight air flow, which is likely to affect the stadle
operation of the outlet jet.

Engine Controls

The cengine controls (Pig.40) are deglgned for changing
the englne rauinga. The controls. comprise regulaumg fuel
pump HP-210 (1) 2nd ratings control panel IYPT-10 (10) with
rheostatic transmitter JP-3A (15) and regulzting rheostat
wnit P-1 (12). )

The regulating fuel pump is attached to the engine wheel
case by means of a quickly detachatle strap.. The pump dizl has
the following notches:

(2) notch 2 - IDLING RATING, located tetveen notches 1
and 3, limiting the idling rating sector;

(b) noteh 4 - AUTCHATIC FUEL SUPPLY MINIMUM R.P.M.;

(c) notch 5 - NORMAL;

(d) notch 6 - HMAXTMUM;

(e) notch 7 - ADDITIONAL.

Control panel NYPT-10 with rheostatic tremsmitter IP-34
and regulating rtheostat unit P-1 is sccured Ly mezns of two
tolts to the box of mester conmector 9, which in its turn is
attached to the compressor casing with the aid of tracket 8
end tolts.

The levers of the regulating fuel pump HP-210 znd of the

‘control pznel NVPT-10 arc connected to each other 1y link 7

which can te adjusted as to its length. The aircraft control
system is connected to control panel lever 11.

V¥hen shifted from CUT~CUT stop 5 located cn the regulat-
ing fuel puwp, to the FULL AUGHMENTATICN stop 14 located on
the control panel, levers 11 and 2 are moved through the
following pesitions: CUT-0UT (CGTOM), IDLING RATING (MAJLI

TA3),AUTCM:TIC FUEL SUPPLY MINIMUK R.T.I. (OEOFOTH HAP),
FORMAL (HOM#HAM), iuixImui (R{AKCE’H{AJI) {hyé@raulic decelerator
contact gets Llocked), MININUHG AUGHMENTATIGY ( MUEUMANBLHKN
$0PCAR), JET NOZZLE AREA STARTS CHALGING (EAYAZIO M2 NMEdEHUA
CEYEHIA COMIA), EFD CF JET NCZZLE AREA CHANGING (OKOHYAHVE
H3UEHERMA CEYEYA COMAA), and PULL AUGMENTATICN (HOMHHIA
Q0PCAE). Vhen moved from the CUT-CUT stcp to the MAXIMUM
position, lever 11 of %he control panel does not cause any
changes in the electric cn‘cuit that-is it perfocrms an 1dling
travel.

In this cuse eccntrel of the engine is accomplished by
regulating fuel punp HP-210 alone, which changes the engine
T.p.m.; 2t the engire ratings sterting from the CUT_GUT up
to the r.p.i. amounting +5 65% of the normal speed of +the high-
pressure rotsr (up to the cperation of cam B00-1) the jet
nozzle shutters =re oper %o the FULL AUGMTR TATI ON pasition,'
thereas zfter operztion »f cam BOO-1 the jet nozzle shutters
close to the MAXTWIM raticg position (to the minimum area).

Settirg of the levers in the RAXTMUM position will cause
operatior of control pensl cem IK, which will block contacts 3
and BP0-1 {after operztion of speciai relay 2z 1ncorpnrated
in the automatic eo.upmcnt)

From the WiXTKUH position tc the FULL AUGHENTATICN stop
regulating fuel pump laver 2 is capaile of extrsz travel, which
dees not involwe uny ck

2s in the engine meximam r.p.m.,
e control Danel cams and provides -
for functioninz of tre fecllew-up cystem controlling the jet

mzzle. Setting of lever 1l in the IININUY iUGHERT:SION posi-
tion, czuses operatism of control panel cam FBOC, which turms
o the afterturner (provices for afterburner igrition, fuel

Supply, ani for opening of the shutters). Lhen lever 11 is
Roved from the JET IICZZLE ARE: STIRTS CHANGING position to

Sut ceuses omperstior of
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the FULL AUGMENTATIN position,
up control system rheostatic transmitter IIP-3A changes iis
pesition, therety displacing the rods of the jet nozzle’

control cylinders, which results in changing of

Position, the rheostatic transmitter slide will ceme to the

the slide of jet nozzle follow—

the jet nozzle
area. With lever 11 set in the END OF JET KOZZLE ‘REL CHANGIFG

end of the rheostat, and further turning of lever 11 will no%

cause changing of the jet nozzle area.

AREA CHANGING comprises the afterburner regulation range.

The angle bLetween the positions MAXIMU and NINTMUL
AUGMENTATICN makes up the MAXTMUM sector,
the positions MINTIMUM AUGHEN TA T ON and JET
CHANGING is the MININUN AUGKENTATICN sector,
between. the positions .ND CF JET NCZZLE
AUGMENTATICN represents the FULL AUGHMEN TATT OFF
of levers 11 and 2 within the Tange of these ongles
affect the respective engine ratings.

the angle tetween

anl the angle

A
AR

With levers 11 ang 2 moving from the FULL £UGHENTATICH
position to the CUT-CUT position, the engine ratings
the reverse sequence,

chenge
the reverse opening of the jet ncezie
shutters from the MAXTMUM position to the FULL AUGHENT:TION
position taking place at the engine rating zmounting to 6¢%
of the high-pressure rotor normal speed (when operaticn of
B®0-2 occurs).

EZmergency Control of Jet Nozzle

When switch EMERGENCY CCNTRCL CF 2-POSITICN JET NCSZLE
is turned om, the follow-up system is disconnected, thercty
transforming the 2ll-duty jet nozzle into 2 two~position
nozzle. When levers 11 and 2 are turned from tke CUT-(UT =
to the
value.

The jet noZzle shutters, depending on the speed of the
high-pressure rotir (cperation of cams Bp0-1, B30-2) wiil

MAXIMUN position, engine speed reaches the meximum

The 2ngle btetween the
prositions JET NCZZLE AREA STARTS CHANGING 2nd END CT' JET NCZZIE

NCZZLE AREL STARTS

.t CELRGING and PULL
secter. Shiftiing
dces not

cem

top

cccupy the pesiticn, correspending to the FULL AUGNENTATICN <r
MAXIMUM rating. In this cece, ihe angle tetween the positicn
EAX'I]“HIH and the po icn ATTERCURNER SWITCHING IN EMERGENCY
CONTRCL F JET (2 (CAIL 4) will vepresent the HAXTMUM sectcr.
Fith lever 11 set in the ATTLRE ZR SWITCHING IN ENMERGENCY
CONTRCL CF JER LCZZLE (CAM 4) pesiticn, cam & cf the ccntrol
penel will cperzte, thereby cousing the Jjet nozzle tu open to
the FULL A TrTTICH pesition; tesides the afterturner will

Se ignited and the fuel will le duly supplied. Further ncve-
ment of the lever tc ccnircl lever step 14 (FULL LUGMENTATICN)
will not affect the ergsine operstion, this rsnge cof the lever
trevel representing the FULL AUGUENTATICN cector. Vith the
lever mcved in the reverse directicn, the cngine ratings change
in the reversc sequerce.

sit:
ZLE

Irzin snd Dump Systems

Thz drain nyster is designed tc prevent cverfilling cf
the drzin cavities with fuel, lecking through the sealings
instzlled in the drives of the fucl égquipment units arranged
on the engine (Fig.22).

Fuel drainsge is zccomplished as follows.

Fuel is dr:cinecd from the drive of fuel regulating pumps
BP-210 and HP-229, from Tuel “ocuier pump IIH13-1T, electric
tentactor of fucl reguleting pump [IP-220 and electric con-
tactor of the s*arting fuel contrel unit, 25 well as from the
irive of the speed trarsmitter of fuel Tegulating pump HP-210
% drain system.

inte the airera? T
ApsTt from this, ihe Lottom section of the engine has
the f31lowing drain peint : .
(5) drainaje from the front fuel ccllecior (on the engine
Theel case);

(L) arai Tuel ccllectcr (lccated cn the
rear ilenge of ion ckemler hcusing).
Puel drzincge frem the rear fuel collecter is necessaxry to

revent uncontr:lled Lurring cf +he fuel cutside the engine

tmbustion chumters.

o<
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Tuel from these points is directeé into the aircraft
drain system via individual pipes.

Wote: Hydraulic fluid from twe hydraulic pumps  HA-34/2
and oil from the two-speed ‘Crive cf the generatcr
are drained to the front Iu}el collector.

!

The dump system serves for draining
ard primary fuel manifolds, as well as

" from the fuel and 0il lines =nd cavivﬁ,‘es
stopped. !

fuel from the main
Tor draining fuel
ter the engine is

Fuel from the menifolds is draine'd through the drain
valve of fuel regulating pump HP-21®, into the drain tank.
FProm the drain tank the fuel is forced beyond the end face of
the jet nozzle ty the air, delivered from the compres;
another attempt at starting is mede.

To drain fuel from the fuel lines of +he engine, frcm the
Tilter, and the ¢il cocler of unit 357C, provision is made for
a drain cock, mounted on the fuel and oil unit.

0il drainage from the cil tank and from the fuel-cooled
01l cooler is accomplished via the drain cock, installed cn
unit 357cC.

Drainage from the engine wheel case is through the Crain
cock mounted on the engine wheel case.

scr when

VIIT
STARTING SYSTEWM

Chapter

The engine ctarting system includes:
-~ a2ir ltlow-off

system,

- starting fuel system,

- oxygen feed sysiem.

Functioning of the atove systems in cenjuncticn with the -
automatic fuel contrcl units is preovided for
automatic contrcl equipment.

Lty the engine

%

The starting fuel system (Fig.29) functions only at
ing, znd includes the follcowing units:

~ starting fuel tank 1 (installed on the aircraft);
filter 3 (instelled on the aircraft);.’

starting fuel pump 4 (installed on the aircraft);
electromagnetic valve 2 (installed on the aircraft);
starting fucl manifold 243

9

engine
start

two flame

igniters

en Peed Syste

2ir. It provices =n excess amount of oxygen
for ipmition of the engine comlusticn chembers, and consists of
the H
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~ electromagnetic oxygen valve YH
~ non-return oxygen valve 8;
~ sexvice jets 23 incorporated in the oXygen connecticns

- upstream of the flame igniter amourting to 6.5 +8.5 kg/sq.cm.

£ir Blow-Cff System

The a2ir tlow-off system Tunctions only during engine
starting on the ground; it providez for relizble starting Ly
widening the range of compressor sustained operaticn, which
allows for delivery of mzin fuel into the comtustion chemier
at a higher rate (as compared to engine starting without zir
s blow-cff), ’

' ' The compressor zir “low-off system comprises the *ollcw-
ing components (Fig.29):

- electromagnetic valve 33;

T = left a2ir hlow-off valve 323
a = right air tlow-off valve 31;
= non-return valve 30;
= air blow-off system pipe lines.

Alr Blow-Cff Velves (Fig.31)

The engine is equipped with two air “low-off valves
mounted on the flanges of the comlustion chemter casing, the
left valve being located Letween the 2néd and 3rd anc the-
right - between the 8th and 9th comlustion chemters.

" The tlow-off valve consists of ody 1, cover 2, piston 3
valve 4, and spring 5. Left valve riston 3 is provided with
a 0.5 mm dia. aperture to ‘yrovide =z flow path in the system of

’

accommodates a fuel supply connection; valve tody 1 incerpo-
rates connection 7 for directing fuel into the drain system,

EC
(O FOREIGN
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of the flame igniters and limiting oxygen consumpticn to with-
*, in 0.9 +1.1 gm/cec.per one flame igniter, with oxygen pressure

fuel supply, when the “low—off valves ere Yeing closed. Cover 2
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and conncction 8 Tor corveying fuel to the dump system.

sye Tne
" air tlow-ofT

vorts on the valver are protected Ly ‘sauze 9, 2
preventing foreign objects from getti:
bustion chamber.

ng into the engine com-

Flame Ign

The engine is provided witl: two ?leme igniters, installed
in the upper comnecting tutes, Yetween 1 -~ 2 and $ - 10 combus—
tion chemlerc. The flame igniter consiste of tody 1, and bush 63

the Lody tosses mount tushes, serving oo cz2sings for one
sperk plug CliH-4-3 2nd for special plug 8.

50 safeguard the spark plug zgainct direct Tuel sprays,
the spark plug #

the speecizl plug are .inserted into the
2 of 3.5 t0 4 mm =nd are Slown with air
supplied through holes 7. The other tosses of Tody 1 mount

tushes to & lep

sterting fuel “urner 3 znd connection 4 accommodating a jet -
serving for oxygen supply; the comnection a £0 encloses a
filter, protecting the non-return oxygen velve from hard
perticles occurring in the products of comiusticn.

Zach of the flame igniters carries spark plug CIH-4-3
in a tosc located in the vieinity of the oxygen supply connec—
tion. ’

Cperation of Starting Eystem

Cpersiion of the sizrting control units =nd of the
. electric equipnent is descrited in Chopter Electric Lquipment.

Secuence of Starting Dquipment Connegtion

‘zen the eng
System is not empls
is as follows.

rted on the gromnd, the oxygen feel
the stzrting system operating sequence

The engine control lever is set
stop, after t

CIA-RDP80T00246A071200240001-4 @ @ @
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connection of electromagnetic ly~pass valve incorporated in

fuel regulating pump HP-219; the ignition system and electro-
magnetic valve 23 supplying fuel from regulating fuel pump HP~2qp
into air Llow-off valves 31 anC 32 will le likewise switched

on. The starting fuel system starts %o function; starting fuel
pump 4 draws gesoline from sterting fuel tank 1 via fuel

filter 3, and i‘ee(L fuel tc electromegnetic starting fuel

valve 2.

The starter-generator staris spinning the ergine. By-pass
valve incorporated in fuel regulating pump HP-21¢ opens the
Guets, which set the pump swash plate in a vosition providing
for minimum fuel supply, which results in low or even zero
rate of fuel flow into the engine. Puel Zrom pump HP-219
flows into the cavity aove pistoens 34 and 35 of velves 31
and 32 thereby providing for compressor zir Llow-off into the
atmosphere.

Fuel dripping ‘through the clearances of pistons 34 =na 35 -
and through a C.5-mm jet installe@ in pisten 2% is directed %o
the tooster line via non-returr veslve 325 ¢ smell portion of
the fuel is passed into engine drain tank *hrouén the rod
clearances.

Then electromagnetic starting fuel pump 2 is switched on,
and gasoline flows via the starting fuel menifald pipes into
the flame igniter burners (Fig.22), where it mixes up with air,
coming through four holes 5 (Pig.3C) proviced in the fuel flow
path. The mixture is ignited Ly %he eleciric dincharge, taking
place on the surface of spark plug 2.

Within 16 sec,, the timer cam Ciscomnects electromzgnetic
fuel lty-pass valve incorperated in fuel pump HP-219, therely
causing fuel drain from the cavities to e discontinued; the
pump swash plate iz set at = certein angle nteined Ly the
pérmanent pressure differentizl valve, and fuel gupply inte
the engine now depends on the setting of +ie starting fuel
control unit.

The torch thus formed in the fiame immiter will prope,
by-pass pipes 1, 2, 10, and 9 through the comhuction

via

chamlers, where it ignites the fuel-zir mixture Tormed ty
the atomized fuel supplied by the main fuel turners, znd by
the 2ir stresm delivered Ly the COmpressor.

ifter igniting four combustion cham ters, Tlame will
propagate throughout the entu‘e numter >f ike comtustion
chambers. .

£t the very teginning of engine starting, hot gases flow-
ing towsrds the turbine help spinming the engine. At subse-
quent stages

sturting procedure, the hot gases couse
the enginc to e accelerated to the idling rziing r.p.m. Fuel
consumption 2% idling rating is comnirolled Ly the idling rating
slide valve of fuel regulating pump HP-210.
fuel flowing tkrough the idling rating slide valve is depen-
dent on the pressure difference “etween csvities 4 and B,
amounting to 1C¢ kg/sq.cm. and on the section of slot 27, which
is adjusted 1y idling rating slide vzlve 12.

During engine acceleration, when the pump swash plate is
set in a position providing for the maximum Fuel supply, the
main fuel deliverel ty 'I‘(’}l\ll:'&i"lﬁ fuel pump HP=210 flows
into cavity B (Fig.29) upsiream of distriluting valve 14
and. starting fuel conirol unit 18, +he amount of fuel directed
into cavity B, sterting from engine speed of 100C - 1200 T.p. oM.y
teing alrea

1e amount of

equzl to the amount, consumed 1y the engine at
1dling rating. Yuel from cavity B cen flow cither into the
engine via dictrituting velve 14, or ‘e drained via starting
fuel control urit 12. the =mount of fuel celivered into the
ergine depends con the Gifference tetween the amount of fuel
consumed

v the engine =t i¢ling rating 2nd tle rate of fuel
train throv;

i ng fuel control unit. ke rate of Tuel
drain through

starting fuel contr:l unit Cepends on two
edjustztle components: spring 16 and sir jet 21. Chenging of

the spring tenuion with ke aid of serew 26 will affect the

tonstznt component of the pressure applied tc the mem rane;

vherers # T

:tion or increzce in the dizmeter of jet 21
vill cmuse respective chenger in pressure "’2 representing the
le component of the prescure applied to the membrane,
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whose characteristics change in proportion to the characte=
ristics of pressure P2 aft of the compressor. Air jet 22 at the
starting fuel control unit inlet is adjusted to 1.5 +2.2 om.

At the initial stege of the starting procedure, when pres-
sure aft of the compressor is still low, the major portion of
the fuel is drained, the remaining amount of fuel suppliecd
into the engine teing sufficient for starting engine spinning,
Vhen the high-pressure rotor Picks up speed amounting to 303
of its normel r.p.m., pressure Py aft of the compressor
reaches the value, at which the starting fuel conirol unit is
'closed; as 2 result, the engine is supplied with an amount of
fuel required for mzinteining idling rating.

The zppropriate fuel-to-zir consumption ratio at the
engire is dependent on the setting of the fuel control unit
incorporated in fuel regulating pump HP-21@. Vher the high-
pressure rotor reaches ¢ speed amounting to 32:1% of its
normal r.p.m., the ignition is switched off at 44.3 rec. Ty
the action of the timer cam simulizneously with disconnection
of the starter zccomplished Ly cem CT of control unit BY-4F,

To increase the rate of engine accelerztion to idling
speed, the starting fuel system is equipped with an electro-
magnetic valve controlling additional fuel supply which iz
switched on by the timer cam 2t 25 sec.

After teirng switched on, the valve connects cavity A,
forward of the idling rating slide valve, toc cavity B,
forward of the distrituting valve, via jet 2C3 as the perma-
nent pressure differential valve of fuel regulating pump HP-210
maintains a pressure of 1C kg/sg.cm. “etween cavities A and B,
fuel will flow into cavity § at a rate of 84 +3 1lit/hr., by-
passing the idling rating slide vzlve, whick will cause quick
acceleration of the engine to idliqg rating. Vhen the high-
pressure rotor picks up speed amounting to 48 +2% of its
normal r.p.m., cam BAT of control unit BY-4F switches off
the electromagnetic z2dditionszl fuel supply valve therely
cutting off fuel supply not controlled 3y the 1dling rating
slide valve and by electromagnetic valve 33; fuel CQelivery

s ST =N
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from regulating fuel pump HP-21¢ is Gisconiinued, and air
tlow-off valves 31 and 32 zre closed Ly e&ir pressure P2 aftr
of the compressor anid ty the actisn of the vaelve spring. As
soon ag the air Ly-pass valves ere closed, fuel Srapped under
‘pistons 34 znd 35 is Ly-passed through a 0.5-dia. hole in
piston 3%, znl non-return valve 30 gets closed. The engine
starts runming at z sustcined icling rating.

Engine Cterting in Air

¥ith the engine s
does not particivete

ted in air, the starter-generator
engine spinning; ir this case engine
spinning is Cue to auto-rotetion.

The starting

cuel, the timer, znd the electromagnetic

velves controlli 2l fuel supply, und the air Ly-pass
valves are cut off. Compressor zir y-pzss velves are closed.
Due to the fact

the engine, nore £

t no additional fuel is supplied into

vouratle condiiions are crested Ifor engine
sterting in zir. )
Set the z*rol lever in the IDLING R.TING position.

CIRTING IN AIR, end keep it in the on

Turn on
position un

stion chembers are ignited.

The engine should sutomaticzlly accelerzte to the idling
rating r.p.m.

With "ove switch turned on, voliage is supplied: 1o
the ignition cystem, to sterting fuel punp electric motor &4,

electromagmetic sterting fuel velve 2, and electromegnetic

oxygen velve

ignition sysiem function

the strriing fuel, 1 results in e vigorous torch Ffacilitat~
ing the ignition of

vered from lotile ©

comlustion chamters, (xygen is deli-

ia cut-ofi? valve 25 into the oxygen pres-
sure reducer, wrick %ri oxygen pressure Irom 25 -
156 kg/sq.en. Cown kg/z0.0m. 3 further oxygen Ilows
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via electromegnetic oxygen valve 7 into non-return oxygen
valve 8 and into C.8-mm Jet 235 then oxygen is fed into the
flame igniter, wherc it is atomized while passing through the
apertures in dXygen connection 4 (Fig.BO).

Pressure downstream of non-return oxygen valve 8 should
be maintained within 6.5 - 8.5 kg/=q.cm., to prevent oxygen
consumption rate in» excess of 1.1 gm/sec., which is likely to
cause a temperature rise in the flame igniters in excess of
the specified value.

"the jet nozrle

50X1

er X

JET HCZZLE ZLAPS COWTRCL SYSTDM

The jet nozrle “leps are controlled Ly the follow-up
electro-hydr

wiiese Servo-componenis are represeni—
cylinders.
stem provides for smooth chenging of

ed by =zctuating aydrzulic

The flap control

a=rea Cizmeter, depending on the posi-~ -
tion of +h

engine control lever.
The nzin components of the jet nozhle shutters control
system incluce:

1. ictureting clements.

2. fynchronizing devices.

3. Hydrezulic fluid pipe lines.

4. Cooling system .

5. Eleciro-hydrsulic control system (for respective
description sce Chapter

Zlectricszl Zquipment).

sctuzting Blemente

The actusting elements (Pig.4%) of the flap comtrel -
system include: ‘

~ {lap ring 10

- aydreulic cylinders 63

- lozl-cerrying ring assemtly.

-1 sev

a2gsen.l,

ne elemen sre comtined into a single

¢ sghutter flange.
Iréreulic cylinder. For zctuating > flap ring and

reteini it in = preletermined position, use is made of three

‘drulic cylinders.

viaidh is mounted on the jet no

actuaiing
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The hydraulic cylinder (rig.47) consists of liner 4 amng
piston 5 made integral with the rod. The rod passes through
Tutter sealing ;-irigs 16 accommolated in cylinder cover 9. fThe
cylinder cover is turned onto liner 4, the.thrcads Teing
soldered for sealing purposes. The cover znd the liner comprise
an integral assenmbly.

) The other end of the liner is secaled Ly shank 1, clampec
by union nmut 3. The shank is neld in 2 Qefinite position
relative to the liner ty key 15, and is sealed ty rutber
Tings 14. .

Piston 5 is sezled by rubter Tings 7 fitted with fluoro-
plastic gaskets at their sides.

Adjustment of the piston travel is carried out with the
ald of changeatle spacer shims 8, thrust nut 11 serving for
adjustment of the IMXINUN position, and rod shank 12 serving
for adjustment of the AUGMENT:TICN position.

L_O_?_.g;t;a_rm. Load-carrying ring 4 (Pig.45) is
fitted wit trackets 2 for mounting the hydrzulic cylinder
shanks. The lozd-carrying ring is falricated in sheet steel
and has a chznnel-shaped section. The effort from the hydraulic
cylinder is transmitted through the medium of shanl 9 to ring 1¢,
sliding over the shutters.

Reactive forces are tremsmitted Ly the hydraulic cylinder
shanks to the load-carrying ring, which is rigidly connected

to the flange of the jet pipe by means of six links 3.

Synchronizing Devices

The synchronizing devices serve to ensure that the move-
ment of the hydraulic cylinder rods is uniform and takes
pPlace within 2 specified tine periold. The synchronizing Cevices
include synchronizing and additionzl valves.

Synchronizing valves (Tig.48) provide for symchronous
travel of the pistons, that is for the szme rate of iravel at
any given moment irrespective of the forces zcting on the
rods. Due to this, no misal_ignmént results during flep ring

NGO FOREIGN. DISSEM .
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displacement. The rate of piston travel is controlied ty
changing the rate of hydraulic fluid flow from the hydraulic .
cylinders,

The synchronizing valves maintain a permanent pressure
differential at flow restrictor 2 irrespective of the pres-
sure value 2t the valve inlet and outlet. As soon as the
piston starts moving at a higher rate, the hydraulic fluid
outflow from the cylinders will increase, which will result
in increased pressure upstream of flow restrictor 2 and in
cavity B, Pressure downstream of the flow restrictor will
remain practically unchenged; as pressure increase in cavity B
will cause displacement of slide valve 3, which will partial-
ly close the hole in the liner thereby caucing a reduction in
the hydraulic fluid flow rate.. The initial pressure value
upstream of the flow restrictor will e reestablished.

Permznent pressure differential at the permanent jet
(permenent resistance of flow restrictor 2) provides for
permanent hydraulic fluid consumption through flow restrict-
or 2. fny pressure changes in the return line will not tell
on the hydraulic fluid consumption through the throttling
valve, the pressure differentizl remaining the same.

If the hydrzulic fluid flows via the valve in the reverse
direction, flow restrictor 2 is pressed off the seat and the
valve allows unrestricted flow of the fuel.

Addition=l Valve

The kinematics of the jet nozzle control system do not
provide for self-traking. The exhaust gas flow produced by
the running engine generates a force which tends to bring
the pistons to the zugmented position. To equalize this force
2t the moment of flap opening, provision is made for an
additional flow restricting device, which is installed at the
hydraulic cylinder inlet, znd whose function is tc bring
down hydraulic fluid pressure. The restricting effect is
rrovided Uy the flow restrictor incorporated in additiomal

P8OT00246A07 1200240001
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valve 9, end by rigid aittachment of the flow rectrictor in
synchronizing valve 10 (Pig.4k4). The capacity of the flow
restrictor in the additional velve is edjusied after choosing
proper flow restrictors for valves 12 and 13 (See Graph).

Hydreulic Tluid Iines (Fig.46)

Load-carrying ring 26 accommclates twe manifclds 16. Zach
of the ccllecturs has o ccnnection for inlet of hydraulic
Tluid and three connections for delivery of the hydroulic fluia
to the hydraulic cylinders. Jolned to the hydraulic fluic
inlet connections are the ripes of the aircraft hydraulic
system. Secured to ccnnecticns 7 are synchronizing valves 3
and pipes 6. The meznifolds snd the pipes azre wound with heat
insulating tape and are clamped by “lccks to lcad=-carrying
ring 26, .

Ceoling System

The system for céoling the hydraulic cylinders and pipe
lines (Fig.46) comprises the aircraft air intakes, cGelivery
connections and casings.

The casing ccnsists of two stamped parts. Lower part 12
is point-welded on the inmer radius of load-carrying ring 26,
and forms a2 seat for the cylinder and pipes. The link passes
through a narrow slot in visor 9, which reduces air leakage.
Walls 2 form annular air duct 1 2round cylinCer 10. Upper
casing part 13 ic secured tc the lower part. The end faces of
toth parts are tightly rressed zgainst ring 26, and =re held
ty screws to Lrsckets 8. The casings have perts 14 and 24 for
connection ¢f the aircraft zir delivery pipes.

The air stream is diviced in +he casing. Part ci the alr
flows along cylinder 1¢ ond escapes threugh Cuct 11 a2t the end of
the casing; the Temaining portion of the air ccols the cavity
accommodating pipes € 2nd passec inte ring 26 via hole 20,

50X1
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Ring 26 and casing 17 form a duct, enclcsing manifold 16.
ifter cooling the pipes, the air escapes through holes 21,

Operation of Jet Nozzle Flap Control System
(Fig.44)

¥ith the engine control lever moved forward, voltage is
delivered to electrcmagnet I of unit TA-164M (three—position
valve with electromagnet control). The unit cpens ball valve 2.
mef 3 is comnected to the precsure cavity, as a result of
vhich valve 4 opens, while piston 5 cpens valve 7 through
the medium cf pusher 6. Thus, operating pressure is supplied
into ecylincer cavity 11, whereas cavity 12 is connected to the .
return line. Synchronizing valves 13 instzlled at the return,
maintain hydreulic fluild flow from each of the cylinders at
2 constznt rate; therefore the pistons travel a2t the same rate .
(synchronously). The ring releases the flaps, and the jet
prozzle is open by the action of the gas stream. The action of
the forces generated by the gas stream is off-set Ly additional
valve 9 which reduces pressure in cavity 11.

When the jet nozzle diameter reaches a certain value,
electromagnet I of the TA-164M switch cuts off the power
supply. Valves 2 and 4 are closed by the action of the springs,
piston 5 returns in the intermediate pesition, pusher 6
relezses valve 7, which also closes. The cylinder cavities
thus bteing locked, the pistons are retained in the predetermi-
ned position. )

¥ith the engine contrel lever moved tackwards, voltage is
delivered to elecctiromagnet 8 of the TA-164M switch. Further
operation of tre hydraulic syctem cccurs as deserilted above,
the only éifference teing in that the cperating pressure is
supplied into the ceavities which have lLeen connected to the
return lines.
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Bolts 8 located on the rear flange of the combtustion
chamber heusing (section through rr serve for attachment of
trackets uced for production purposes.

The afterturner-to-engine joint is of a telescopic type.

R The afterturncr i equipped with slides 9, which move over
the rollers of the aircraft trackets.
Chapter X

ENGINE HOUNTING IN AIRCRAF®

. The P119-300 cngine is secured with the aid of trackeis
arranged in two zttachment stations of %he engire (Fig-43).«
The main attachment station 1s represented Uy the casing of
the compressor sixth-stage guide vane assertly, lccated at
the centre of gravity of the engine (Section BR).

Upper tracket 3 fitted with a spherical ring is designed
for attachment of the aircraft pin, and serves for iransmitting
the engine thrust. The aircraft pin is sc fitted into the
bracket as to provide at least a 3-mm clearance Tetween thej
casing and the pin, to a2llow thermal expansicn of the engine
(the clearance is illusirated on the diagram). Twe side
trackets 4 with eyes for connection of the aireraft strutis,
are de..ignec to take up the engine weight and the overloads
involved in aircraft manoeuvres.

The auxiliary attachment station arranged on the combus—
tlon chamter recr flange (Section Ir) incorporates two

1 brackets 7 which assume part of engine weight and overlcad

I . that may appear.

1 Apart from the atove brackets, the cngine has tolts 1,
arranged on the compressor front co 2sing-te-distonce ring jeint
flange; the tolis serve for coupling the bruckeisr to the guil-
ing rollers employed for mounting the eny gine intc the engine
compartment.

Bolts 2 locat on the Tlange of the front ard midlle

ed
coﬁ\press or casinge serve for lifting the engine.
Brackets 6 provided on the main attachrment siation of the
engine serve as thrust pieces for the engine mounted on the
trolley. ’
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Chapter xT
LNGINE LLEC TRICAL EQUIPMENT
The ecngine electrical equipment includes the power supply
sources, the starting units, the units providing for engine

augmentation, the Llocking devices, and the measuring instru-
ments,

Power Supply Sources

The main power supply source is represented by starter—
generator TI'CP-CT-12000BT rated at 12,00C W,

In generator duty the starter-generator operates as a
shunt-wound generator in conjunction with voltage regulator
PYT-82, reverse current cut-out relay JMP-4007, and trans-
fermer TC-9M. The equipnment is provided for the fallowing
purposes:

P (=) for statilizing veltage delivered into the aircraft
LA mains at various engine r.p.m.;

() for protection of the storage tatteries agninst dis-
charge current during parking cr with the engine running at
low speed; . ' - -

(¢) for recucing voltage variaticns Zue to variations ir
engine speed. -

Ingine Starting Units

1. Sterter-generator with starting equipment.
N 2. Twe tooster coils XA-114 with two erosion type spark
T Plugs ClH-4-3,

NG FOREIGN. DISSEM. - -k i
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3. Flectric motor My-102A ¢riving sterting fuel pump
MHP-10-9¥ with clectromagnetic velve MKNT-9,

4. Electromagnetic valve MKNT-90 controlling additional
supply of main fuel.

5. Zlectromagnetic oxygen feed valve.

6. Tlectromametic valve HMKNT-9 controlling air blow-off
valves.

1. Starter-Generator with Starting Pquipment

Ingine sterting is accomplirhed with .the help of starter—
generator TCP-CT-12000RT, which operates as u starter during
engine st:;rtin{,, and chenges over to generator. duty, after
the engine has een s .

(2) Sterter duty. with voltage across the sterter ter—
nminals emounting to 19.3 V, #% compound excitation and brake
power equal to 2.5 kg-m, the wnit sheuld develep 2 speed of
2t least 14C0 r.p.m. . .

The stérter-generator is connected into the aircraft
mains in parzllel wiih the aireraft stcrage bvatteries, provid~

irted.

ing Tor autcnomous starting of the engine,
(b) Generztor duty:
power (at 35 V) Srererentietstinase. 12,000
rated voltoge o.....

cesesecessecsas 28,5V

eesecrss 400 4

cperating speed  range seeceavscses 4200 = 9000 ropem.
operating duty svreesersesssecaceass COntinuous

rated loac current ..

Thé 3iarter-generator has two excitation windings: a
shunt winding 2na 2 series winding. ¥ithin 12.6 sec. a series
winding is connected into the shunt winding circuit to
increase tue follow-up speed.

+8 goon as the starter-generator siarts delivering voltage,
the series winling gets disconnected.

The starting sysiem cireuit diagram is prescnted in
PFig.32.
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/ The starting equipment includes: sterting lox KIP-154, and 14, across the operating surface of insulator 11, coated '
o chenge-over contactors MI-4000, four comiectors Kk-2001, with the electrode metel. This metal coating turns out when
oné contactor K-507, storting resistor rated for .05 chm, the ignition system functions in parallel with fuel delivery,
ground power supply source selector box KNA-4, one reiley the process tecing the more intencive during engine starting on
TKES3MIT, one relsy THES2MIT, two relays THE2AMAT, one the ground. Therefore, with the engine sterted on the ground,
relay THE24IAT, rocistor B-q = €.3 okm, and timer AB~7-44<S. the Ignition system is cwitched on 7.1 sec. befope delivery of
A1l of the alove equipment is installed on the aircraft

the starting fuel. This rrovides for “exercising® the spark
in/ places casily accessille for mounting and servicing,

plug, as = resulit of wiich the cperating surface of the
exclusive of ground power supply source selector ox KA-4, insulator gets coated with the electrode metal due to the
which 15 contained in the set of the £rounc nower supply zource. action of the spark discharres causing crosion of the electro-
Starting tox KNP-15A encloses: two relays THAI2MALY, des. Cesides, the spark Flugs are exercised at the end of the
one relay THA12MKT, tiree relaye TKES2MET, one relay TKES3MKT, starting cycle, itom the moment of the operation of micro-
four relays THE21M71Y, one resinstor rated for 3 oklms, one switch T up %c the moment when oreration of microswitch BAT
relay TKE22MI1Y, one relay THE22OKT, one relwy TKE21IKT, of the BY-4B control unit occurs, that is until the engine
one relay THE201], one relzy TB£101B, recisztor of the Teaches the idling rati

113B-7-36-1 type, two relays TKES2LAY, and +wo relays
TKES4IALY;

The starting Lex has n plug connector for comnection to

TeDem. The ignition sysiem employing
surface discharge sperk plugs has the Tollowing adventages:

reduced cielectric losser. Inzulaticn of the electrical wires
the control circuits. Timer AB=7-44=5 consists of clectric tecomes more relintle, which allows for engine siarting at

motor J-2P with an eleetromagnetic trake coupling and a higher 2ltitules;
centrifugal speed governor, reduction gear, scven protilead
cams, seven limit microswitches 09, two relays TKES3MAT,
one relay THES2MAT, cné one relay THKE21Mf.

The operating +imec of the switches (from +he moment tutton
STARTING is pressed) and the time within which the switche

(a) ratca flash-over voltage 51 150¢ V, resulting in

(%) the inductive component value of the Secondary
current inercases rroviding for more effective ignition of
fuel;

(c) the cystem is capalle of rormal operation irrespec-

s tive of heavy czrion deposits on the spark plug insulator;
return in the initial rosition (as measured from the end of (@) the flash-over sparking voltage of +the spark plug

the starting cycle) is indicated in the starting syster dizgrom is rrectically independent of +he pressure in the flame igniter

(See Fig.32). .. o7 (2t least up to 5 kg/=q.cm.). The sperk rlugs (Tig.37)  are
f - . ) @ non-sectionzl rhiclded type, having ceramic insulation.

2. w&m . Booster coil KHA-114 consists of a frame, high-voltage
The lgnition system of the combustion ol nters comprises Windi’:‘e’ low-voltage winding, interrupter, two high~voltage
two tooster coils KHi-114 snd tvio surface i sapecitors, onc low-vol

2¢ capreitor, one plug connector of

a

orge ercsion

N the 2PT type, and one high=-voltage lead.
type spark plugs CIM<4-3 (r15.37 * =
R f,:: fulf.r fentur §f Ehil)‘ ten o ists in that the The primery low-voltsge winding of the induction coll is
ihe pe gad ea C . S syste *onsists in that . a- . N .
ischarge on the Spark plug tekes place botwoon electroies 13 supplied with: voliagé from = D.C. power source via the inter—
N . Tupter. Counceted ir perallel with the interrupter is a capa-

citor. .
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Due to the presence of the interrupter (vi‘.:rating at a
frequency of about 400 - 800 c.p.s.) pulsating voltage is
induced in the secondary high-voltage winding, which is suf-
flclent for formation of discharges on the plugs.

The secondary winding of the induction coil has one high-
voltage lead running to the Plug, the other lezd running to
the minus via the capacitor,

Booster coil KHA-114 provides for relialtle spark forma-
tion, with power source voltage across the terminals of the
booster coil unit amounting to 12 - 29.7 v, During operation
of the booster coil the voltage should not e lower than, or
exceed the specified 1limit. .

The resistance of the line supplying voltage to the
booster coil should not exceed (.15 ohm.

‘3. _IHP-10-9¥ Sterting Pump Electric Iotor MY-102A
Electromasmetic Valve MKNIT-9

Starting fuel pump IHP-10-9M is driven 1ty electric
motor My-1024, having series excitation. The current consumed
at rated power and voltage of 27 V amounts 1o 6 A.

Electric motor MYy-102A operates in perallel with the
ignition system Looster coils. Connection to the eleciric
motor is accomplished by the use of a plug -connector.

Starting fuel pump MHP-10-9Mis instzlled on the air-
craft. : . )

Incorporated in the fuel pipe line running from the
starting fuel pump to the starting fuel manifold, is electro—
megnetic starting fuel valve MHIT-9, which is engaged within
7.1 sec. after button STARTING is pressed.

With the voltage amounting to 27 v,
current of 3.5 A.

the valve consumes

- 111 -

4. Zleciromsmetic idditional Twel Supply Valve MKIT-90

The velve is desifmned to feed an a2dditional amount of

m2in fuel into the rrimery manifold, when the cngine is bGeing
started on the grourd, which csuscs the engine to accelerate
to the idling rating r.p.m. at a higher rate.

The electromagnetic valve is engaged within 25.6
and is cut off &5 soon as the high-pressure rotor reaches a
speed amounting to 48 #1% of its normal T.P.m.
The elecctromesnet is supplied with voltage from a D.C.
source; with the voltage -amounting to 27 V¥,
megnet consumes current not exceeding 3.5 A.

SecCe

power the electro-

5. Zlectromagnetic Cxypen Supply Valve

The valve is

éesigned for delivery of oxygen into the
flame igniters of

the combustion chambors when starting the
engine during #light,

The electromagnet is supplied with voltage from 2 D.C.
Power source; at a voltage amounting to 27 V, the clectro-
magnet consumes current of 3.5 £,

6. lleciromzgnetic Valve MKIT-9 Controlling

Crzyplic Adr Blow-Cff Valves

The vzlve servees Tor suprplying main fuel (during eng}ne
starting) to the hydrzulic valves, which open under the pres—
sure of fuel ard zllow o portion of the sir to e discharged
into the atmospherc, trercty facilitating cnpine stérting.
The valve is engeged within 1.6 sce. after tutton STARTING
has teen pressad, end iz cut off 1y cam BAT.

the eleetro
power source; wi
Jagnet cons

¢t is supplied with voltage “rom a D.C.
7oliage arounting to 27 Vs the electro—~
funes curreny unot exceeding 3.5 i,
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Zlcctromamnetic Fuel By-Pass Yalve

" fhe valve participates in the dperation oFf the starting
-system from the 1st up to the 16th sec. Besiles, the valve is
connected into the circuit vhen the engine is teing processed,
At voltage amounting to 27 V the valve consumes current of
1.2 A,

Electric Units Providing for Engine Augmentation

Vith the afterburner turned on, the‘i’ullowing electric
units take part in the engine operaztion:

= control pemel [YPT-10;

.= control unit BY-4B; .

= booster coil KHA-114 with one spark plug C3-21]5;

~ electromagnet of fuel pump HP-22¢;

~ electro-hydrzulic switch TA-164H;

= electromagnetic fuel by-pass valve;

= limit switeh of HP-220 punmp fuel valvé;

= 1st electromegnetic valve of carburettor HMKIT-90
and IIné electromagnetic valve of carturctior MKIIT-90;

~ limit switch of HP-210 regulating fuel pump hycdrsulic
decelerator; ’
= afterturner control box KA@-13];
= pulse delivery box KZBC_—'.L;
- rheostatic trensmitter AP-3A;
- Teea-tack transmitter Joc-14;
~ rheostat P-1; .
~="units decelerating and restoring the engine speed.

Ingine Contrsl Pancl NYPT-19
(Pig.38)

Engine cortrol penel [IYPT-18 secrves for closing and
opening the elcctric cirecuits in the engine control system.
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Declassified in Part - Sanitized Copy Approved for Release 2013/10/28 : CIA-RDP80T002

50X1

- 113 -

The control pancl consists of the.following main parts:
casing 1, can mechanism, four limit switches, ¢ial 14, plug
connector 16, and.lever,

As the drive shaft Totates, the limit switches either
close or open the circuits, depending on the a2djustment of
the cam mechanism. . L

Dinl 14 is mounted on éplined tush 4 and is graduated
to 18¢°% in uoth directions. ¥With the lever set in the z2ero
position (58c irom the horizontal axis of the control panel)
the zero division of the scale should line up with the notch
provided on.the bhoes of stop screw 5. Splined bush 4 has
thrust pin 3, which zbuts against stop screw 5 whenever the
lever is turned through an angle of 11371, ihe cam mechanism
2llowe for individual adjustment of cach limit switch, Profil-

"ea cams 6 arc in constent touch with the Toller mounted on
axle 11. This zxlc is secured to shaped nut 9, which is clamped
ty spring 15. ¥ith the chaft rctating, the profiled cam
rigidly secured %o thie shaft presses off the roller, therely
trensmitting the motion 0 the limit switeh “utton through
the medium of the cheped nut. The travel of the 1limit switch
button is adjusted with the 2id of the adjusting mechanism
consisting of screw 18, spring 19, clemp 17, and shaped nut 9.

fo a2djust the cems for proper operating angles, remove
cover 8 and loosen locking screw 12. The position of -profiled
cam 6 relative to shaft 7 is changed turning adjustment
screw 13.}ﬁccuracy of adjustment is within :10. The limit

gwitches arc ~ljusted for the following cperating zngles:
cam BIC - 73° - 1°
can MK -68° -~ 1°
cam ¢ =-63% - 1%
cam 4 - 1 11° - -
cam @ is not commected ints the systen and does not
take part in operation.




Control Unit  BY-4B (ri1s.39)

Control unit BY~4F ic mounted on regulating fuel pump
HP-220. The control unit comprises cest casing 1, enclosing
four profiled cams 2, four rockers 10, and four linmit
switches 13. : .

The casing is prrovided with a flange for receiving
quick-disconnect ring of regulating fuel punp HP-220,

Shaft 3 mounting cams 2 is coupled to the shaft of the
speed transmitter of reguleting fuel pump HP-229. Cams 2 are
fastened to shaft 3 with the 2id of adjustment screws 8 anc
are locked by special screws 9. Rockers 10 are arrenged on
shaft 12 and are always rressed 2gainst the profiled cans Ly
springs 11. Tor ease of mounting and adjustment of the.
profiled cams, the unit casing is fitted with remnyatle
covers 7 and 14. Mounting wires & Tunning Irom the micro-
switches are led inio steel flexitle hose 5 end terminate in
plug connector 2PT32H103W1;_ .

- The 1limit switches in the control wnit are lalelled as
CT, B®0-1, BAT, and BE30-2.

Limit switck CT is Cesigned to cisconnect the starter
depending on the engine r.p.m. 2nd to cut in ooster ccil
KHA-114 with the purpose of exercising spark plugs CHH—Q—Z»_.

Limit switch BP0~-2 dclivers pulses causing the jet
nozzle flaps to open from the MAXINUL to the FULL LAUGHINTA=
TION position, whemever *te engine speed is reduced Zclow 6%
of the high-pressure rotor speed.

Limit switch BET serves to .disconmect the electromagnetic
valve controlling 2dditional fuel supply as vwell os to dis-
continue spark plug exercising 2nd to close the a2ir “low-off
valves (Ly deencrgizing the electromagnetic valve). -

Limit cwitch BOO-1 provides for tlecking engine ratings
depencding on the speed of the high-pressure rotor, zné serves

. for closing the je% nozzle flaps from the FULL AUGHNENTATICH
position to the LAXTMUM position, as soon as the engine

reaches a spee” amounting o 650 of the T.P.n. nornmally
developed ty the kigk-pressure rotor. '

114 with ine Sperk Plug C3-24]5

Bc.o:-‘vter Coil

In their design booster coll GA-114L ~nd spark plug C3-21]5
d> not differ from those deseri’ ed earlicr onc used for igni-
tion of the cortustion chamters, Supply of high voltoge from

the tooster coil to the apzrk plug is accozplished with the
2id of acdepter insulator [[-12A .und o current-carrying tus—
bar connected to the sprrk rlug znd te the adapter.

Zlectromagnet of Tuel Resulaing

The clcc‘.;z-om:_;gnet (vhen ercrgized) provides for fuel
flow into tie afterlurner fuel manifold. —
The eleciromzgnet is supplied with voltage from a D.C.

Ppower source; 2% a volizge omounting to 27 ¥, the .electro~

magnet consumes.current nok czeeeding 3.35 L. The elect;'o-
magnet winding is led to thce plur commector.

Zlectro-tydravlie Switch TPA-164M

The PA-164M switch is  essentially = solenoid-conirolled
velve scrving for remote contrsl of +the jet nozzle actuating
cylinders, The switch is installed on the aircraft. :
cmounts o 27 Y, current - o 0.3 A.

ing duty of the electromzgnet - continuous.

Crriuretior Dloctromrsnetie ¥zlves

Two cleciremogretic velves provide far fuel supply Irom
the maein and primery manifolds ints +he corturettors. The
cleetromagnetic valves :re cut in togetier with tooster
coil I3L =114 end are cut off L7 the 1limit switch of fuel
reguleting pump HP-22¢ (with the ofterurner velvs fully open).
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With valtage amounting to 27 v

or "L¥, enclosed in the name Lox. Relays “aé ang wpw deliver
> each of the clectro-~ i
magnetic valves consumes current no

t exceeding 3.5 4 voltage to the clectromagnets of electro-hydranlic switch
168 . Ae 3
& * TA-164M, therely causing the jet nozzle Tl2ps to te opened
Lex is installed on the aireraft.

imit Switch of HP-220 Pucl Pump Valve oT closed., fThe pulce delivery

The 1imit switch Provides for cutting ofr alterburner
tooster coil KHi~114 and the electromagnetic valves of the
carturettor, when the valve of the 1
is set in its furthermost pos
open position of the after’

Rheostatic Transmitter JP-3A (Pir.34)

uel regulating pump HP-220 | Rheostatic ‘ransmitter IP-3A is rigidly comnected to
ition (corresponding to the fully the shaft of control pancl IYPT-19 and comprises the first

urner valve). stem of regulation. The
rheostatic transmitter consists of the T51lowing main unitss °
t Switch of HP-210 pump hydraulic Decelerator easing 14, drive shaft 17, scctor 16, return spring 7, shaft 15
M—;‘\— with contac
it switeh is +o cut off the after— and others.
mum permissitle speed  of the Shaft 15 mountin

pPair of the tridge arms in the sy

t deviee 12, holder 13 with resistor 4, cover 6,
The function of the 1im

turner depending on the mini 2 gear, contact Lusbar 12, and stop 11,
" low-pressure rotor.

is engaged scetor 16 throug

I the medium of the spur gear,
Return spring 7 is fitted into the hole provided in the

Afterburner Control Box I{A@-]_Sl casing, the othrer end Weing inserted into the

sector hole,

. P R . Y%hile the lever of control panel [YPT-19 is on its
. MMM forward travel, transmitter drive syhaft 17 is running idle
The afterburner control “ox fecommodates four relays (?.t‘nat engaged with t.ke sector) until the Z.Lug o tush 10
— TBELO1B, one relay THKES3IIAT, two releys TREPAMAT, three rigidly connected to the shaft comes up 2gainst dowel 8 of
relays THES2(IIT, one relay TKE14071, ornd four relays sector 16, . .
SYRA2MI, . Purther rotation will cause the lug of tush 5 rotating
together with the shaft, to zctuate sector dowel 8, thereby
] Pulse Delivery Bax me=1 trensmitting rotary motion via the gearing to shaft 15, 7
Ll mounting +the contasct device sliding on resistor 4 and contact h
b . The pulse delivery tox is Cesigned for delivery of pulses ring 1.
' causing connection and disconnection of the servo~units 0% 17 rotating in the reverse direction the
(I'A—164M), when’the tridge circuit of the Tollow~up circuit sectors xre coused by return SPring 7 to move ‘;?CMds ux,‘til
tecomes unbalanced. stop 11 rigidly secured to shaft 15 comes up against adjust—
Arrenged inside the tox on shock alsorers is a polarized ment screw 3.
> Telay, responding to the direction and megnituce of the current
| ' causing Lridge untalancing. 4s soon as the untalancing current
Teaches the megnitude sufficient for energlzing the polarized
. relay, the latter delivers pulses to intermediate relay “af
; P -
: e AR
)
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Tecd=Back yransmitter JI0C-1A (ig.35)

The feed-buck trancmitter comprises n sccond pair of
bridge arms and is designed to effect Tecd-l
tion system.

the
ack in the regula-
The feed-“zck trensmitter consists of ihe Tollowing main
units and parts: tute enclosing wire-wound resistor 4, slicde 2
with contact device, fairlead 1, ete.

The resistor wirc wound »m a core is enclosed tngether
with busbar 6 in a metal tute and iz connected to the fair—
lead. The ends of the resistor are .coldered to tips 3.
5lide 2 witl contact springs 5 is essentially on insulator
enclosed in a casing. One end of contact cpring & clides along

the resistor, the other - along current-carrying Lusbar 6.

Rheostat P-1 (Fig.36

Rheostat P-1 consists of 3 adjustable resistors manufac—
tured ‘as separate units. The resistors arc mounted in cact
aluminum casing 1, which acts as a cover for control panel
nyPT-19.

The adjustable resistors. serve for regulating the dia—
nmeters of the Jjet nozzle fleps: screw 6 serves for adjustment
of jet nozzle diameter at minimum 2ugmentation, screw 5 - for
adjustment of jet nozzle diameter at I stage full sugmenta=-
tion, and serew 4 - for a2djustment of jet nozzle dizmeter
at IT stage full augmentztion.

To 2djust diamcter of the Jet nozzle, remove cover 2 o7
rheostat P~1 and adjust the jet nozzle diameter at the res—
pective rating Ly manipulating the adjustment serew.

Units Decelerating and Restoring Pryine Swueed

Electromagretic fuel By-pess velve (Sce Bection Tlectric
Units Providing for Engine Augmetitation), -

]
c 46A071200240001-4
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“lectromagnetic o tarting fuel valve (fee section Zngine
Starting units),

Electromagnetic oxygen .supply valve (See Section Englne
Starting Units). -

Tlectromagnetic additional fuel supply valve (See Sec—~
tion Zngine Sterting Units),

iieasuring Instruments

the engine is Titted with the Io1lowing instruments:
Two tachometer generztors Z[T9—1 miniature oil preszure gauge
trancoitter, trancmitier of oxhaust zas temperature gauge
TBI~1T, 411 of the nlove instruments ce instzlled ty the
ianuiacturing Plant.
moter renerator NIT3-1, when opersting in
conjunciicn with doutle~disl incicstor NT3~2, serves for
measuring engine speed in pereentare of the maximum T.p.0s
The operating rrirciple of the tuchometer fenerator ic tased
or itrensforming the cngine rotor r. P.r. into three-phase
alternating current with froqucrw proportional to the engine
rotor r.p.m.

flternating current is fed to the synchronous motor of
the tzchometer indicztor. The tuchometer generator is a three-
phase %.C, machine employing a permonent four-pole magnet as
a rotor,

fhe 21loy used for the menufacture of the generator
rater, possessec ¥

gk induction znd considerable coercive
force; ite magnetic properties sre almost not affected ¥y
vitration.

The ©

CGo27=mun cop:

2 four-pole, threc—phase winding employing
Zach of the thates has four ceils. The
ar-connected.

phases zre

1 ecuipped with two tachometer generators,
Pressure and high-pressure rotors respectively.

dourle-Ciel indicator UT3-2 indicates the speed of the
engine rotor withirn 0 to 1054,

Ior the low

Declassmed in Part - Sanitized Copy Approved for | Release 2013/10/28 CIA RDP80T00246A071200240001 -4




Decl'as'éifiledhir'iJFfart -San

ON

=120 -

Inéicator error at engine speed amournting to 10 - 60% of
the maximum T.p.m, is equal to 1%.
to 60 - 105% of the maximum r,
equal te C,54,

160 per cent speed Sf the h
11,425 r.p.n.

120 per cent speed
11,150 r.p.m.

The miniature oil Iressure gzuge is designed for measur—
ing 01l pressure at the engine inlet.

Exhaust gas temperature gauge
a thermoelectric set

At engine speed amcunting
P.m., the indicator error is

igh-pressure rctor amounts to

of the low-pressure roter emcunts to

TBT-11T is essentially
s consisting of a meving coil millivelte
. meter and four thermo-ccuples connected in series.
The temperature gauge is designed for remote mea
gas temperature aft of the turtine (exceedin,
The operation of temperature gauge TBI-11T 1
the thermcelectric principle.

With the gas temperature aft of the turtine exceeding
30000, thermcelectromotive force is generateC in the thermo-
couple cirenit, whose magnitude depends on the material -of
the thermoelectrodes making up the thermo-couple, and cn the
temperature difference tetween the t¢perating end Chot Junetion)
and the free ends (cold Junction),

surement
.

g 30C°).

5 based c¢n

of

The magnitude of the thermoelectromotive ferce is reacd
on the indicating millivoltmeter B
In temperature gauge
are connected ir series

aduated in degrees C.
TBP-11T 211 of +the thermo-ccuples

therely ferming a thermc—‘.:attery, with
total thermoelectremctive force corresponding to

temperature of gases in four puints aft
The thermo-elecctrodes of the th
the temperature f2uge are

the mean
of the turtine.
ermo~ceuple employed in .
Tatricated in materials capalle
of producing thermcelectremotive force when. the terperature
of the hot junction rices to 309 or over;j therefore, the
temperature of the thermo-rzourle free ends, "x.’arying within
=60 to +50°C has no notzble effect on the magnitude of
thermoelectromctive force.
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Variaticns in the ambtient air temperature tell on the

resistance of the indicstor loop. To eliminate the resulting

errcr, provisicn is made for o silit resistor accommodated

in the indicator mne having 2 negative temperature coefficient.

Uperztion of Electrical Equi ent
=22 2l blectrical Fquipment

The electric equipment provides for the follewing:
1. Automatic starting of the engine:

(2) zutonumous engine starting, with the use of 24= or
48-V system; .

() engine starting from grournd power supply sources,
with the use of 24~ or 48-V system.

24 Manual regulation of fuel
starting and when
sources.

supply during autonomous
stzrting the engine from ground power supply

3. Engine starting in air,

4. Engine cranking.

5. Switching in the maximum rating.

6. Switching in the augmented raz
the jet nozzle flaps.

7. voltage supply to the sircraft and engine loads, and
toost~charging of the aireraft stoerage lLatteries (with the
engine Leing at a stondstill).

ting and regulating

8. Engine processing.

Presented in Figs 32 ana 33 ore the starting system
circuit diagram and the cngine ratings control dizagram. To
provide for tlLe normel Jperation of the electrical equipment, -
the following Cevices should %e turaed on.

1. Master cwiteh ‘3.1, (coxmecting storage batteries. AKI
and AKy into the aircreft mains).

2. Circuit treskers A3C-25 (STRRTING UNITS) supplying
voltage from the uireraft meins to the serveo-circuits and
to the starting systenm control circuits.
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3. Circuit breakers A30-15(;irTERBUMNER
supplying voltage to the afier:
Fig.33).

TR
urner control circults (éee
i

!
Autonomous Enzine Starting {
;
Automatic zutonomous starting of the engine is acc
ed by the use of two storage tatteries 15CIHC-45 which pre
switched over from parallel to series ccnnection in the‘
course of the starting procedure (using 24x48-V system).

When master switch B‘l is turned onm, voltage is supplied
to contactors X, anad Kh' The winding of contactor 1’(4 is per-
manently connected to the positive terminzl of sterage tattery
AK,; comnectionto the attery negative terminal teing acccm~
plished via contzects 7-8 of relay A and switeh 131..

The winding cf contactor K., is permanently connected to
the positive terminal of storage battery AKI; connecticn to
the battery negative terminal (led to the aircraft freme) is
accomplished via contacts 54 of relay A and switch Bl.

The positive terminal of storage tattery Jx}:l is perma-
nently connected to the aircroft meins viz contacter K..

The negative terminal i1s permanently connected tc the
aircraft frame.

The positive terminzl of ztorage tattery j;x2 is ecnnected
to the aircraft meins via contactors ¥, and I{Ilis whereas
the negative terminel is led tc the aircraft irame via con-—
tactor HIlp. Thus, toth storage tatteries are comnected to
the aircraft mzins in parallel.

-Engine starting is accomplished as follows:

1. Set the engine control lever in the IDLING RATING
) position.

2. Press lutton STARTING and release it in 2 or 3 sec.

With tutton STARTING pressed, voltage via circuit “reaker
A3C-25, +time-lag safety fuse MlI-10, ciosed contacts of com
end relay I, btlocking button STARTING when the starter—gene-
rator delivers voltage to the aircraft mains, flows to time -

S

vt

2
L]
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relay PB, whick prepares relzy P.

16 for
21so delivered via the closed contacts

relay Ly of timer AB7-44-S; contacts 9-€
voltage to Le

operation; voltage is
of relay Pll to

of e relay cause
dclivered tc relay _A»“, whereas relay ‘[‘3 is
energized via contacts 5-6.

Contacts
to motor 2P of the timer,
cams 1, 2, 3, 4, 5, C, and 7
Tespective micro-switche

th

3-2 of relsy ‘-'-.4 cazuse veltage to te delivered
which will stert turning profilec
the; switching over the

time periods, indicated in the
cyclogran (Fig.32). Timer relay i;a prepares the circuits for
connection cf a numter of relays and contazctors.

at

48 soon as Tutton pressed, relay P, geis
contzets 3-2 of the relzy
to terturner
coil XHA~114 (4hus causing spark plug C3-2175 +o
ed); contacts 2-1 of the a'ove relay will cut the
ratings contrel circuit Curing engine starting.

energized via cranking

switeh

will cause voltage +o ‘e deliver:

@

tocster
te exercis-
coil off the

Via closed contzcts 4-5 of relay 3B and closel contacis
4-5 of relay PS the pulse is delivered to relay 3 whose

the positive terminal of

will comnect moin fuel menifold booster
coils KA-114 via clcsed contacts of contactor K4, two time—
leg szfety fuses WN-10,snd switek BK. Pilot lemp IGNITION
will light up at the moment voltage ic delivered to spark
plugs CH-4~3, 4% the seme moment voltage will Le delivered
to relay Plh via contzcts 4=5 of relay 3B; contects 3-2, 5-6
of relay Plk will cut=-in the motor of the [IHP-10-9} pump,
while contacts 11-12 will meke up the circuit for comnmection

contacts 3-2, 5-& conmnected to
storage tattery ""'K’_L

of contactor KMy cwitching cver the starting equipment power
supply from 24 to 48 V; contacts 9-8 will mzke up the circuit
for relsy 38' Contzctc 11-12 of relay Plu dizecmmect the winld~-
ing of contactor Kl; cepending on the operation of comtrel
unit limit switeh C? (when the engine reaches speel anmcunting
to 322 of the high-pressurc rotor normal f.p.m.) or at the .
end of the timer cycle (at 44 sec.).

iﬂ_&‘

SEM.

ET -

T00246A071200240001-4 g
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Relay P1€ encrgized vin contucts 3-2 of relay PL owill
open the circuit of voltage relay PH,

In 1.4 sec. the 1st cam will operate,

Relay £y energized when lutton.STARTING was pressed is
now kept picked up due to its contaicts 9-8. A4 thic moment
Lutton STARTING mey te relensed, the timer having automatically
operated throughout its cycle,

Cam 6 will operate in 1.6 scc. therety delivering voliage
via closed contacts 5-4 of relay P3 and contacts 9-8 of
relay P14 to the winding of relay Tg whose contacts 3-2 will
cause voltage to Le supplied io fuel ly-pass valve SM4 (See
ratings control circuit, Fig.33).

Contacts 9-8 of relay Pl in the circuit of relay T8 will
keep fuel bty-pass valve HM4 deenergized during ccld
cranking.

Cam 7 will «lso operate in 1.6 sec. therely energizing
relay Pys whose contacts 5-6 will cnergize velve M8 con-
trolling hydraulic air Ulow-off valves; contacts 1-2 of the
relay will treak the circuit delivering voltage tc acditicncl
fuel supply valve 3M2 (up to 25.5 sec.).

Cam 2 will operate in 1.9 sec. therely L:red»:ing the cir-
cuit of button STARTING anc energizing relays BT, il, anc
contactor Kl. At this moment the engine ctarting ecycle Legins.
Contacts 2-1 of relay [I disconnect the shuni winding from
voltage regulator PYT-82; contacts 2~3 will connect the
winding to circuit breaker A3C-25 via contacts 1-2, 5-4 of
relay O; at the same time, 2 cireuit will be Tormed Ly con-
tacts 5-6 for energizing relay Pyge

Contactor Xy will comnect terminal CT of the starter-
generator to the aircralt mains via starting resistor P =
= 0.05 ohm, which limits current magnitude at the mement of
the starter connection to provide for impact-freé elimination
of the gear clezrances. Thus the series excitation winding
is connected into the eircraft mains 1y contactor 1{1, the
shunt winding “eing connected ty relay I,

engine
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Telay BI' keeps reverse current cut-out relay JMP-400f
deenergized curing engine starting.

Cam 3 operates in 4.1 see. theretly comnecting contactor o
znd relay CP,

Contacter i, shunts starting resiczter P, therety provid-
ing for deliverj' of full volinge from the nireraft mains to
the starter-gererzior. whis cauzec the engine to spin inten-—
sively.

Contacts 4-5 and 7-8 of Telay P (connected in parallel),
cut voltage off the operating winding of regulator PyI‘_82,-
contacts 3-2 of the come relay meke up the eircuit for ecne—
tactor Hilj, .

Cam 5 will operate in 7.1 sce. therely cnergizing relay 7
via eranking cwitekh B, cortzctors Kil4 =na Klp, closec .
contacts 1-2 of rcliy I‘j; relay Pl(: is energized via con~
tacts 5-6 of relzy If,

The normelly open contacts of contzctors K4 ond Hilp
will connect the negative terminal of storage tattery AKp to
the positive terminal of storage tattery A}{l.

Thus the “aiicries are connected in seriec, the result-
ing voltage of btoik the storage latteries Leing delivered
to terminal €T of the starter-gencrztor. Thin couses the
spced of the siarter-generator 4o inerease, which results in -
more intensive spinning of the engine.

Contactr S-4 of relay P7 Lresl the
voltage to the afterlurner booster coil.

This cu®s voltage off spark plug C3-2175.

Tesides, contacts 3-2 of relay P7 will czuse veltage to
e delivered to relzy I‘6 via terminzlc 4-~5-0i control unit
limit switek BAT; 1the relay will te kept energized Ly its
conizets 3-2, Contacts 9-8 of relay PG will make up the
cireuit for electromsgnetic =dditional fuel supply valve 3.';&2,
whereas contacis 5-C will vlock contacis 5=6 of relay Ph'

it the seme time, contacts 3-2 of relay P,, will cause
voltage to Le delivered to contazctor Kliy via centacts 2-1

circuit delivering

of relay 1’12, contacts 2-1 of relay 1’15, closel contacts 11-~12
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of relay Pll‘, contacts 11-10 of relay A. 4he normally open

contacts of contactor Ky will cause inerensed voltage (48 v)
to be delivered via safety fuse WN-20 ana series resictor

to the starting uniis (tooster coil X1
MHP~10-9M, electromagnetic
tional fuel supply valve
fuel ‘y-pass valve

4=114, motor of pump

M5, adli-
W2, eir Llow~off valve M8, =na
M-4, Thie is done to maintein the voltoge
delivered to the starting units at ihe required level, since
supply of 48 V to the starter-gencrator couses a sharp voltage
drop in the aircrast mains.

starting Tuel volve

The series resistor Ry linits incrcase of volt
vered to the starting units.

Contacts 2-3 of relay Plc cause voltoge to e delivere?
to starting fuel valve 3MS.

age Jeli-

Starting fuel starts flowing into the flame igniters,
the first pericd of spark plug cxercising teing

thus terminat-
ed.

Cam 4 operates in 12.6 sec. therety celivering voltage
to relay Ol and relay 1’11 which is kept cumergized by its
contacts 6-5. Relay OO opens its contacts 4~5, 2-1 therely
connecting series resistor Ry into the circuit of the sterter—
generator shunt winding.

This weakens the magnetic field of starter-generator
excitation, which results in increased speed.

Relay Pll opens its contacts 1-2, therely Ceenergizing
timing relay PB, which opens contacts 3-2 with a time lag of
C.5 sec.; this causes the winding of relay Plé to te discon-
nected at 13.1 sec. Relay Plé closes contact;—:ﬂl-ﬁ therety
connecting the winding of voltage relay PH via recistor Ry
to the circuit delivering voltage ‘to Looster coils =114,

Besistor Ry is so selected ac tc +1low voltage relay to
pick up as soon as voliage in-the supply circuit reasches
28 - 29 v,

Relay PH is connccted
ing to allow tla transitory processes (chanres taking place
in current and voltzge o7

5.5 see. after partial compound-

the starter cireuis) associatec with
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portial compounding of the stnrter-gencrator,' to te terminated.

At 16.6 sec. cam 6 Lreake the contact and deenergizes
relay P8 whoste contacts 3«2 open the supply circuit of electro-
magnetic fuel Ly-pass valve M4,

As the engine is Leing accelerated, current consumed by
the starter-gencrator decreases, which causes voltage on
terminal CT and on the starting units to grow. Should the
voltage increasec to the value at which voltage relay PH
(28-29) picks Up, contacts 2-3 of this relay will cause voltage
to be delivered +o the winding of relay P12 whose contacts 2-3
will kecp the rclay cnerglzed, whereas contacts 2-1 will lLreak
the supply circuit of contuctor Kly.
will cause voltage to be delivered +
the aircraft mzins.

Déenergized contactor Kil,
o the starting units from

.kt 25.6 cec. cam 7 “recks the contact, thereby deenergiz~
ing the winding of relay Pl&‘ Relay
in the circuit
off valve

PlJ will open its contacii -6
suprlying voltage to electromagnetic air tlow=
Ji8, though the valve will remain encrgized due to
the action of contacts 5-6 of relay Pge

A% the zame time, relay Pl‘ will close its contacts 1-2
therely delivering pulse viz closed contacts 9-8 of relay PB
which will cause electremagnetic additianal_fuel supply
valve 3M2 to te cnergized.

At 25.6 sec, com 4 will operate thereby energizing
relay PlS’ Contacts 2-1 of the relay will Lreak the supply
circuit of contector i{l‘lz“ thus disconnecting the contactor
and causing voltage to be delivered to the starting units from
the aircraft mains. X

4s soon 2s the engine reaches a speed. amounting to 324
of the normel high~-pressure rotor T.Pefey contrel unit limit
switch CT will operate therely closing terminals 4=5 and
energizing relay Ps.

Contacts 2-1 of relay PS will cut the minus off the wind-
ing of relny by while relay Ay (teing deenergized) opens its
corntects 2-3, 5-G, and 9-8, therely deenergizing the windings
of relays Py, Pyys Ppgy PB, BT, H, and A3y as well as the
winding of contactor Kl. Relay 1‘3, in its turn, will deenergize
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the windings of releys “Py Py, Doy P15, O, Pyy, and the
windings of contactors Iy, KMy, 2na Kiip,

Besides, contacts 1112 of relay Plh will break the supply
circult of contactor K4, Thus, the starting units, exclusive
of electromzgnetic 2dditional fuel supply velve 3M2, air -
blow~off valve M8, ond vooster ccile IHA-114, Secome de—
energized. ’ .

The starting cyele of the starter-generater thus comes ¢
an end, and the latter starts operating as 2 generator.
Booster coils KHA=11%4 will “e connected to the aireraft mains
by contacts 5-6 of relay PS’ to effect repeated exercising of
spark plugs ClH-4-3, o .

In case the engine fails to accelerate to a specd amount~
ing to 32% of the normal high~pressure rotor TeD.me within
44 sec., the starter-generator and the ctarting units are
disconnected in the following  sequence.

At 42 sec. cam 3 will treak the cortact and decnergize
the windings of relays P and Kéj_helay SP will elese the
circuit of the operating winding of voltage regulator PyT-82,
while contactor K2 wi;l comnect starting resister inte the
starter line circuit. : N

At 42,7 sec. cam 2 will trezk its contacts therety de-
energizing the windings o@ relays BT, Kl; and W, Contact-
or Kl ﬁill disconneet the starter-generator. Nelay H will
connect the shunt winding to voltage regulator PYT-82 and
deenergize relay PlO’ thereby causing electromagnetic
valve 3M5 to discontinue starting fuel supply. -

Relay BT will cause voltage to he deliverea to reverse
current cut-out relay [MP-400f. . -

Then, cam 5 comes to the initial pesition (et 43.4 sec.)
therety deenergizing the windings of contactors KH1 cnd  Rlp
and relay P7. Contactors Kllq end Kﬂz will switch over
storage vatteries uﬁ_and 4K, from series to parallel con-
nection (from 48 V to 24 V), .

Relay P, Will open 1ts contacts 3~2; nevertheless,

7o)
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electromagnetic velves M2 and M will remain cnergized due
. to the action of contacts 3-2 of relay PS‘ .
At 44 sec. cam 1 will come 4o the initial pesition there-
Ty deencrgizing the Windings of relays Al’ Lk’ A3, P9, Plh’
and 3, which, in their turn, will deencrglze relays Py Pls,
and Ol, tke electric motor of starting fuel pump NHP-10-SH,
booster coils : =114, 2nd timer motor I-2P, The timer comes
to an end of en the engire reaches a speed amount-
ing to 32% of nornmzl high-pressurc rotor Tr.p.m., (cam CP
operates), th park rlvgs are cupplied with voltage again.,
then the engirne rezches = spred amounting to 46% of the
normal high-pressure rotor T.p.n., cam BAT operates, there~
Yy Utrezking the

winling of relay FG’ which, when deenergized,
will cut oiff electremzgnetic valves k2, 3B, snd will de-
energize relay PS. The latter will disconnect tooster coils
XHA-114. vol% will not Ye supplied to spark plugs CliH-4-3
any more. Pilot lamp ICNITION will 2o out. frhis will be the

end of tkre starting cycle. £11 stariing units will come to

the initial position and will te rezdy for further operation.
In czse the engine fails to Ye accelerated to a speed

amounting to 484 of

¢ normzl high-pressure rotor TepPeMe,
eleciromegnetic valves 3542 znd M8 remain encrgized; they
should he swit Sff Uy menipulating circuit “reaker
A3C-25.. .
) Rngine.ﬁtarting “¥ Use of Ground Power Scurces

Frgire startiné or. the ground involves the use of a
" ground power supply source (24 = 48V system); starting is
accompliched with the zid of box KllA~4 instzlled on the
power source. .

With voltege delivered 4o the ground receptacle, relay A

will pick up ard crergizc contactors XZ and Kb, therety dis-
AZ, Trom the eircraft

cormecting storzge 5

meins.
Lfter lution 3 :5ed, englne starting

' procedure will e the come 20 in the caze of the autonomous
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starting., * The only differcnce consists in ‘hnt operation of
cam 5 within 7.1 scc. after button STARTING has teen pressed,
will cause voliage to le delivered to contactiors

iMq ana iip;
only efter that will contactor KN3, arranged on the ground
power supply source, te energized via contacts 3-2 of rclay oOp,
The ground power supply sources will Le connected
a8 a result, veltage of 48 V will be delivered to
the aireraft mains snd 211 control circuitfs “eing
with 24 v,

in scries;
the starter,
cupplied

Besides, the winding of contactor KMy is deenergized
during stariing, and the starting units are supplied with
voltage from aircraft storage Lattery "“y‘l which docs not take
part in the starting proccdure. Due %o a small load conneccted
to the vattery there is Practically no voltage drop; as a
result, the sterting units are supplicd with voltage of
rermanent magniiude. .

In 44 sec. the storting system returns in the initial
position.

The components of the sterting system operate in the
following scquence, )

With voltage deiivered to tne ground power receptacle,
relay A and contactors K5 and ](6 get erergized Ly teing con-
nected to the plus terminal of Lox KNA-4, the minus being
supplied via the normally closed contacts of relays Pl-1
and PII-2, termiral 6 of the receptacle incorporated inm
box KMA-4, contacts 5, 6 of relay A, and macter switch By
The ground power supply sources arc connected in parallel;
operation of cam 5 causes the power sources to te connected
in series.

As a result, contactors K4 and Kl will operate, con-
tactor Kl‘l3 lLeing then supplied with voltage via contacter KIlq,
contacts 3, 2 of relay OP,.and terminal & of the receptaclc
incorporated in tox KlA-4, .

Relay A opens its contacts 10-11, and the winding oi con-
tactor Kl is caused 4o bLe deenergized throughcut the sterting
period.

FOREIGN - DISSEM - S
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Further evon
in the case of

ts will toke place in the
wtonerous engine starting.

Engine Starting with lMenual Control

03 _Fuel Delivery

some sequence as

Ergine starting should be cccompliched using the follow-
ing procedure: .

1. Tress hutton
3 sce. The sterting s
in the case of

2.

STARTING and keep it pressed for 2 to
tem will operate in the same manner as
sutonomous starting,

ipulric the engine control lever in 2 smooth slow
manner to start main fuel supply into the engine; accelerate
the engine to idling roting rop.m. Vzien Pilot lamp IGNITION
to go out to sece that the sturting cycle has ceme to an end
:-mtomaticnlly.

rting Engine in pir

Ingine starting in air ic
Sspecd, with dxyger suppl:
not taking psrt in the o

accomplished at autorotation
turned o6n, =nd the stzrter-generator
rting cyecle.

Fngine sctarting choulq
1. ohifi 4n

stop.

“e ac}:omplished &5 Tollows:
€ engine control lever te the IDLING RATING

2. Turm on switek 3B g RTING IN A1 (Gircuit lLreaker
A3C-10). relzy 3B to ve encrgized.

Via cireuit rreaskers A3(0-25 and A3C-10 voltage is
delivered from the 2ireraft meins to the windings of relay 3
2nd Py, (vis cortacts 6,5

i
(via contn

This cous

of relay 3B), znd 4o relay Py
€, 9 of rclay 3B); contacts 3-2 of relay 3B
Will camge voltage to Le delivered
supply valve SMKM,

Contzects 3, 2 ang Sy G of relry 3 will deliver voltage
to Loester coils whereas contacts 3-2 ang 5+6 orf

*tage to Le delivered to starting fuel

to electromagnetic oxygen
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pump [IP-10-9M, as descrited in section iutonomous Starting
of Engine.

Pilet lamp IGNIYTON will light up.

Cuntacts 2-3 of relay Pjc Will energlze electrumagnetic
starting fuel pump 3M5, ’

Engine Cranking

The engine is cranked by the starter—-generater, with no
fuel supply or igniticn system switched un. Engine cranking
involves operation of clectrumagnetic valve 3-8 controlling
elr blow-off valves (within the time perivd starting from
1.6 sec. up to 25.6 sec.).

To crank the engine pruceed as fillows.

1. Set engine craniring switch in the OF) position.

2. Press buticn STARTING and keep it pressed for 2
to 3 sec. The engine ccntril lever should be set against the
CUT-OUT stop.

With the tuttcn pressed, the timer will proceed through-
out the starting cycle exasctly in the szme menmer as in the
case ¢f engine starting on the ground. The starter-generater
will be spimming the bigh~pressure rctor until the starting
cycle is completed.

Should it be necessary tu spin the engine tu 1ess TuD.li.,
the starting cycle is discontinued by switching ff circuit
breaker A3C-25. Befcre subsequert engine starting or cranking
the timer motor will ccomplete the starting cycle after circuit
breaker A3C-25 is switched on. : -

If button STARTING is pressed by mistake before the
starting cycle is completed by the timer, neither voltage
delivery tc the starter mur to the igniticrn system will result,
since no voltage will be delivered tc¢ relay "‘1 and relay A3 ox
the timer; hence, the switches <f cams 3, 4, 5, 6, 7 and tke
circult of cem 2 will remain deenergized.

Engine cranking is accomplished by the use of the 24-V
system; no provision is made for switching over the pcwer

L U Y A OREIGN TUSSEML ke L ;
py Approved for Release 2013/10/28 : CIA-RDP80T00246A071200240001-4 © @ @

Supply scurces and the supply circuit of

the starti: units
from 24 t. 48 v, "

Switch CRANTING teirng set in the OFF pcsi

ticn prevents
pulse delivery frum the 5th

car of the timer, therety not
allowing the power supply scurces to be switched cver from 24
to 48 V; the supply circuit of the starting units is likewlise
vpen by the cranking. switch.

Operation of Flectrical Equipment
with Faximum Rating Switched ¢Cn

Maximum-rating is sxvitched wn by shifting
centrol lever to the NAXIMUM stop.

As scon as the engine contrel lever is fet against the
MAXIMUM step, limit switch [IK of eontrel panel IIYPT-19 ‘ener-
gizes relay 7, which closes its contacts 2-3 thereby blccking
switches T'3 znd BRO-1.

Thrceughout  engine cperaticn from the starting mcment to
the moment switch B®0-1 is tlccked, the jet nozzle flaps
remain in the FULL ir TATICE position; as sccn es the |

switch is blocked, the jet nuzzle flaps are shifted in the
MAXIMUM positicn.

the engine

Relay 7 is energized from the sirerafl+t mains viz circuii
?:r‘eaker A3C-15, pin 24 f the engine plug connector, the
contacts of 1limit switel: BOO~1 (¥ contrcl unit By-45 ,
pins 13 and 44 of the engine plug ccnnecter, the contacts -
hydraulic decelerator limit swiich I'3, pins 23 and 6 of
the engine plug connecter, 1limit switeh IIK c¢f the ceontrel
panel [IYPT-19, pin 22 of the enzine rlug ccnmector, and
pin 14 of the plug cennector inesrperated in the afterburner
cantrecl trox.

Te turn off the maximum rat
is removed from the

&
K
B
®
3
&
B
I
3
o
[23
8
5
H
o
&
5
<
o
H

stop. cauces 1imit switch MK
te te cpen; as 2 resul: relay 2 will te
2=3 .f the reley will drop cut, thereby
hlocking linmit switches I'S and B30-1.

of the control panecl
deenergized. Contazcts
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The jet nozzle flaps remazin in the AXTHUM rating position *

up to the moment limit switch BuC-2 1s blocked, then they arc
shifted to the PULL AUGMENTATICN pcciticn.

Augmented Ratin

Augmented rating is turned c¢n by setting %:hc engine
ccntrol lever in the WINIMUM AUGMENTATICN positicn, FULL
AUGMENTATION positicn or scmewhere hetween these pusiticns.

This causes uperatiun of ccntrol panel limit switch EeC,
which energizes relay Qi. This relay cuts in.twc carburettor
valves and afterburner buuster cuil ¥HA-114. Igniticn of the
afterburner flame igniter takes place.

The electrumagnetic valve of regulating fuel pump HP-220
is energized at the same time, which allcws fuel tu flow into
the fuel manifulds of the afterburner. With the engine ccntrol
lever set in the MINIMUM AUGMENTATION positicn, the jet nozzle
flaps are shifted to the MINIMUM AUCHMENTATION position, the
winding of electro~hydraulic switch TA-164H (M) being de-
energized, and the winding of switch TA-1G4M (®) being supplied

- with voltage.

As scen as the afterburner is turned cn, the. eclectro-
hydraulic follow-up system controlling the jet nozzle flaps
starts functicning. This sysfcm comprises a D.C. Lridge :
circult; ccnnected into the diagenel «of this bridge circuit
is the winding of highly-sensitive pelarized relay PIIC,

The slide cf rhecstétic transmitter J[P-3A moves in
unison with the engine ccntrcl lever, which disturbes the
balance uf the tridge circuit and results in appecrance c¢f
current in the winding ¢f relay PNIC. Depending on the direc—
tion ¢f the current, relay PIIC cleses either the left or
the right peir of the contacts, thereby cutting in switch

TA-164M (M)cr TA-1643(D), ana causing the jet nczzle flaps
either to partially close or open. . )

The slide will move relative tc the resistur of rhecstat

Z0C-1A simultanecusly with the hydrawlic cylinder rod. This

! Déclasaﬁed in Part - San[tied'Cpr' Approved fér:ReIease 20
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will result in less dishalance of the bridge circuit and in
reduction af current flowing in the dingonal of the btridge, - -
that ic in the winding o relzy PHC. £s soon as the circuit
dicbalance isn eliminated ty the zction of the rheostat, and
the current in the winding of relay PliC becomes less than
tke pick-up current, the contacts of relay PIC will sct in
the neutral position. Both windings of clectro~hydraulic
switeh TA-164M w111 te deenergized, -
She hydraulic system being locked, the ;]et»ixozzle’flaps
vill remzin fixed until the.cngine .control lever is shiftead

Jet nozzle flaps “follow up® the
engine control lover within the zone of ar terburner regulation.
Tull augmentstion is switehed an Ly sehiting the engine
control lever in ihe PULL AUCHINITA TG pocition.

While the engine control lever ic teing smoothly moved,
the aftcrburner i switehed off by contral pancl limit
switch BOC. 3y this moment the jet nnzzle flzps will have
come tn the WINIFG ~UCHEITLFION ‘position.

In czze the afterburner is zLruptly turned off with the
engine conirol lever set telow the ;

s5top, a sharp rise
is experienced in the low=pressure rotor specd. ¢ reduce
this spced inecre 5€y, provision in made for relay 7, which
delays disconnedticn cf afterburner fuel zupply while the jet
nozzle flups arec being shifted from the TULL AUGHEITTATION to
the MININUE /3 IPAYTON positicn. Afterburner fuel supply
is cut off ¢nly afier the. Jet nczzle flaps have occupied the
required positicn.
In case afte

hArner cutting off is assceisted with a
drup in Righ-prescure retor speed, vhich Lecomes cquel te
the speed of operaticn of 1imit switeh I3, afterturner fuel
Supply is dizeontinued after cperation of 1lirmit cwiten I'3,

In case variatle duty syntem of jet nczzle contrel falls, the
S1C wwo=ncnition control system by
menipulzting switeh CRGENCY COH C=POSTTICK JET
HOZZLE, which will cut off + : )

Filot should pazs gver +o

tre fellow-up system.

: ( o
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In this case full augmentetion will he centirolled only by
switch 4 of the control panel, whercas the tlceking system

providing for delay in disconnecticn of af terturner fuel supply
will be cut out.

Operation of Flectrie Equipment

¥ith Afterburner Switched Zn

When the ‘engine control lever is set against the MINIMUM
AUGMENTA TTON stop, switch BOC will vperate thereby supplying
voltage to the winding of relay 4)1 via circuit breaker A3C-15,
24th terminal of the engine plug connecter, 1imit switch Bpo-1.
13th and 44th terminals of the engine plug cennector, 1imit
switch . I'3, terminals 23 and 1€ of the engine plug cennector,
switech BOC of control prnel IVPT-19, termingl 12 of the engine
Plug comnector, terminal 11 of afterburner centrel unit KA®-13]],
and contacts 4-5 of relay B.

Contacts 2-3 of rel.

ay CDl will cause veltege tc be deli-
vered to relay H (via terminal 2 ¢f the afterburner control
unit, terminal 20 ¢f engine plug conneetor, limit switch of
pump HP-210, terminal 15 of the engine plug connector, and
terminal 26 of the afterturner control unit), te relay 4’2
(via contacts 1-2 of relay C or M, and switches controlling
time delay (B, I, or T), tc the electrcemagnetic valve of

punp HP-220 BMland tc the afterburner pilct lamp (via con-
tacts 1-2 ¢f relay C or ll, time delay control switches 4, B,

or E, contacts 7-8 of relay KP, terminal 4

¢f the afterburner
control unit

» and terminal 8 of the engine plug ccnnector).
Relay H will close its contacts 5-6,
veltage to be delivered to carburettor electric valve 3NG

(via terminals 9 of the afterburner comtrel unit ang terminal 32
of the engine Plug comnector) and to af terturner booster

coil XHA-114 (via terminal 9 of the afterburmer control unit,
the processing switch, and contacts 1-2 of relay I’g). Con-
tacts 2-3 of the same relay will cause voltage to te fed to

the 2nd carburettor electric valve M7 (via terminal 27 of

thereby causing
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2fterburner cunt:

- "
tTo) unit ang términal 17 o
conne cter),

the engine plug
AS scen .t’.svprc-::

fure in thé alterburner
builds up tc the 5

Peecified value,
HP-220 (1m, Hp-2z9) will eul

and M7, ang '
Relay fbp

Tuel manifclds
the 1imit switch of pump
ff carburetsor valves 3H6
beubter eosl Kani-114,

the wiegl) will \fpen itsvcuptects 5-4 thereby deenergizing
2 & of elcctru-}wdrnulg.c switeh TA-1864) (1); cen-
tact:‘2-3 of the zame relay will cauge voltage to be fed to
the winding (¢ relwy ¢ via clntacts 8=7 ¢f relay s, Relay
will close ito ecntacts 5-6 thereby causing voltage tg Plcw
to the tridge Téllew—up circuit via terminal 4 f buex ¥ne-1,
series reg ©X FRC-1, terminal 29 of the
3 56 cf relay £
This cause

af terburncy

ister R, tc—minal & uf k.
f T cuentircl unit, contact » terminal 7
el the afterburncy ceentrcl unit, 5 variable duty jet
noszle centrel systen tc re set in vperaticn,

voltage ig Supplied to terminal 2
AOC-1A  urg +c terminal 1 of tn
to switching on the af'terburner
the maxIHURP Tating position,
This pesiticn e 1
a certain Dositicn of

T ar terturne

4t the same time
vt feed-back transmitter
¢ engire plug ccmnector,

Irior
» the jet nczzle flaps

were in

he jet nczzle flaps i3 assoeiated with

the feed~back transmitier s11ge relative
to its winding, ’
Vith the nzine centrel lever geot 4n the IwTTIoNY

TICH Position,
turted, tha

AUGHCH TA~
the briagge circuit gets dig-
35 the slide ¢f rheugtat IP-3A
will %e lewer, ihzn

ihe Lalznce of
t is, viltage zerc

terminal 2 of LP-3A)
- the feed-back tre:

2¢rocs the slide ¢f
itter (terminnl 1 of R0C-14), Censequently,
t will flow 2long the diagonal. The current
inal 1 or feed-hack transmitter 70C-1A to
t2s IP-34 vin terminnl € of ney ¥BC-1,
7 FIIC, termingl 7 of box “BC~1; terminal 39
Connecter.

itk the curren+ flowing in
ing of relay PIC, tne 1ert P
relay will close, tn

unbalaneing currcn
will flcw trom ¢
terninal 2 of .
the vinding of' pel.

of tre e gine plug

this direetion via the wing-
T of centacts of the polirized
erchy ca £ing  voltage tc be Ted tc relay o,
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(via terminal 6 of the zfterturner control unit, contacts 2-1
of relay B, terminal 22 of the afterburner contrel unit, and
terminal 5 of box KBC~1).

Belay G will close its contacts 3-2, thereby causing
voltage to be supplied to the winding of electro~hydraulic
switch TA-164M (O)via terminals 4 and 3 ¢of btox XnC-1l. The
hydraulic system will .start cpening the jet nozzle flaps,
and the unbalancing current in the bridge circuit diagone!
will start diminishing, since the slide of feed-back trans-
mitter JIOC-1A will move in unison with the cylinder rcd
relative to fixed resistor J0C-1A, thereby cauésing a reduc-
tlon in voltage acrcss terminsl 1 of the feed-bazck transmitter,

When voltage zcross terminel 1 appreximates veltage acress
terminal 2 of rheostatic transmitter IP-34, +he unbalancing
current in the winding of relay PIIC -will drop to a value
which is below voltage causing relay PIC to cperate. The left
and right pairs of contacts of relay PIIC  will te cpen thereby
causing both windings of hydraulic switch I'A-164N tc be de-
energized. The hydrsulic system will te locked, arnd the jet
nogzzle flaps will be fixed in the IINIMUM AUGHENTATICH posi-
tion.

Further movement of the engine control lever towards
increased augmentation will zctuate the follcw-up system and
the jet nozzle flaps will shift to' a new pesiticn which cor-
responds tc the engine control lever pesition. -

With the movement of the engine control lever towards
decreased zugmentation will cause voltage across terminal 2
of rheostatic transmitter IP-3A to increase in excess of the
'voltage across terminal 1 of the feed-back transmitter, as
e result of which nn'baiancing current will flow from terminal 2
of the rheostatic transmitter to terminal 1 of the feed-back
transmitter via the winding of relay PIC. In this case, the
right pair of contacts of relay PHC will clcse thereby caus-
ing voltage to be fed to relay “a". Relay “a“ will deliver

voltage to relay T via terminal 4 of box IBC~1, its ccntacts 3-2,

and - terminal 1 of box XBC-1. Relay T will energize the wind-
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ing of electro-hyaravlic switch T4-164M (M). The hydreulic
system will start clesing the jet nczzle flaps until the
unbalancing current areps telow the pick-up current of relay PIIC.
The jet nczzle flaps will te set in a pcsition corresponding

to the iew position of the engine contrcl lever,

‘Prevision is made ixn the engine contrel circuit fcr
delaying the opening of the jet nozzle fleps and afterturner
fuel Supply, when ikhe afterburner is turnmed on.

Jet nozzle flaps opening. may be delayed by © sec., 1 sec,
and 2 sec. Within thic period of time the flaps remezin in
the MAXTIIMUM positicn, .

Fucl supply nay te delayed ty © sec., 1 sec., and 2 sec,

The above delays are provided for ty time relays PR ’

PB,, PBB’ PBQ, as well as relays Ye# and “A%. The delays in
Jet nozzle opening and in supply of afterburner fuel involve
deenergizi‘ng of the time relsys, which is accomplished by

ovening normelly closed contacts 2, 1 of relay (I)l, when the
afterburner is turned on. . .

Besides, +c en'sure‘ the required delays, it is necessary
to set jumpers A, B, B, T, I, and E of the afterburner control
unit KAQ-131 ir the respective positicns(arrangement of the
Jumpers is illustrated in the ratings control circuit diagram,
Pig.33). )

By opening. its ccnteects 2, 1, relay 5131 will deenergize
the time relay unit, which has bteen energized by switching cn
eircuit tresker A3C-15. mTipe relays PBy; PBy, P2-3, and B,
will open their contacts within 0.5 Sec., therety causing
relay C to he deenergized in 1 sec. and relay g ~ in 2 sec.

By closing their contacts 1-2 via respective Jjumpers,
relays C and 5 provide for the necessary delays in opening .
of the jet noz:le Tlaps and in supply of the afterburner fuel.

Y1ith the afterturnsr turned vtf, relay @1 drops out., This
causes the tridge circuit to he untalanced; relay PIC will
energize relay “a“, Cortacts 3, 2 of relay “a¥ will cause
current 1o be fed to relay T. Contacts 2, 3 of relay T will
cause voltage ‘o e supplied to the winding of electro-hydraulic

L AR R ety - Kou R
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switch TA-164H (M) vie WN-5 and contuots 2, 3 of relay o
contacts 5, 6 and 8, 9 of the relay will cause voltage tc be
delivered to the eleetromagnet cf HP-220 (3M1) pump valve,
end to the winding of relay ., (via circuit bresker h3C-15),
to terminal 13 of the engire mester plu; connector, to limit
switch B¢0-1, +o terminel 24 of the engine master plug con—
nector, to centacts €, 9 of relay T, to terminal 34 of after—
burner control unit KAD-131 connected to the winding of

relay ®,, and to contacts 5y & of relay T, tc terminal 8 of
the engine master plug connector, nnd to the elecironagnet of
valve Jif1,

Relay 2 will be kept dccncrgizc& until the bridge ecircuit
is balanced 2gaan, which will tzke place when the jet nozzle
flaps are set in the MIOTIITUT: AUGHEDN . TTON pesition, that is,
when the unbslancing current drops tc zero. is socn as the
bridge circuit gets tzlanced, =fterburner fuel supply is dis-
continued, as ccntacts 3, 2 of deenergized relsy “a-
supply circuit of relay 7.

The following events will take place when passing over tc
the two-position system of Jjet nozzle contrel: the winding o
Telay B will te cnergized bty menipulating switeh T ERGENCY
CONTROL OF TWC-TCSITION Ju7? ROZZLE,

Contacts 2. 1 of relay B will deenergize the ccntacts ¢f
relay PIIC, wherces contacts 8, 7 will deenergize the winding
of relay L. Contacts S, 6 of relay L will deenorgize ihe
bridge circuit. Thus, the entire system conirelling the
veriable-duty jet nozzle will tecome deenergized. Contacis 4, 5
of relay B wili ?isconnect tke wirding of relay @1 from
voltage supnly via switch B3C of the control panel, whereas
contacts 6, 5 will cause voltage to e supplied via switch &
of the cornirol penel.

* cpen the

With the use of +he two-positica jet nazzle control systeom,
the afterburner is turmed on ty setting the engine control

_lever in the FULL AUGHENTATION Pposition. Afterturner igniticn

will proceed ir the szme manner 2s has tcen. descrited stove.
The winding of Lydraulic switch IA-164M (0)is kept energized

e NO FOREIGN' DISSEM . -1
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throughout the 2fterturner operation, while the Jet nozzle

flaps are et in the *UL3, 2 SENTLTTON position. The winding
is cnergized via ‘erzinal € of the af terburner conirel unit,
contzets 2-3 of reley 9,y contazcts 8~9 of relay B, and
terminal 15 of {he efterturner control unit. With the after-
burner cut off, contacts 2, 3 will open and contacts 5-4 of
relay @, will closc. e vinding of switch TA~1G4M(®) will ve
decnergized, voltege Leing delivered to the winding of

Switch TA-164H(H);  the Jet nozzle Flaps will shitt to the
MAYINUM position.

-nzine Proc essigg

The scquence of the electrics

1 equipment operaticn during
engine proce g is

similar, in the main, to the seguence of
electrical couipnent operztion during
ing.

autonomous cngine start-

Processing switeh BY is set in the ¥ pocition, whereas
switch ¥ (fee 71 '+33) ic turrcd ofr. This causes the booster
coil to te cut off; at the come ti 211 engine electro~

hy-pass valve HMI‘, are

magnetic valver, exclusive of fuel
prepared for Procescing.

During tre prac irg procedurc, electromagnetic addi-
tional fuel supply ve M2 iz kept c¢nergized within the
period starting from zerc up to 44th

©eC., whereas air blow-
off vzlve 38 is kept energized within the period starting
from 1.9 sec. up o 25.5 sec.

As soon as tuiton STARTINC is pressed, voltage is deli-
vercd to relay P3 via szfcty fuse H0-20, <he normally closed
contacts of relay KHA, contzets 3-2, 5-6 of relay 3, termi-
nel 24 of box iMP-154, cafety Tusc M-10, +tae contzets of
switeh BE, $erminal 25 of Lox EfP-152;

electronmacnetic addi~
tional fucl cupply velve 32 1o encergized via contacts 7-8
of relay P&'

Velve M2 will be kept cnergized until the timer completes
its cycle, since contmeis 1-2 of relay P3 will deenergize
relsy r7 therely preventing relay PG Trom :eing cnergized.
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Contacts 5-4 of Telay 173 will open
thereby rreventing voltage ‘Tf’ron teing su
magnetic fuel by-pass valvef 3.‘&[‘.

At the same time, 1st cerburettor electromagnetic valve 3G
will be supplied with voltage via safety fuse [ifi~10 and the
contacts of switch BX (See Fig.33); the winding of relay ip
will be energized via terminal 18 of box KA9-13].

Contacts 3-2 and 9~8 6{’(‘ relay XP will ceouse voltage +c be

fed to electromagnctic valves 347 =zna 91 while the timer
completes.its cycle. )

After the engine has
the above cycle,
valveSHa. .

For this, turn on switch E,

the circuit of relay Py
Pplied to eleciro-

!
been processed in accordance with
it is necessary to process fuel ty-pass

and press button STARTING.
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