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ASSEMBLY OF JET ENGINES
CHAPTER I

METHODS OF ASSEMBLY
Paragraph 1. Basic Principles.

Classificatlion of Engine Parts and Assemblies.

The modern aircraft turbojet engine consists of several thousand parts.
Each part of the englne during the operation performs a certain
specific function.

From the standpoint of assembly all parts of the engine can be class-
ified into the following basic groups:

1) Basic parts of the engine (turbine blade, turbine shaft, turbine
disc, compressor wheel, and others).

2) Fas%ening parts (nuts, bolts, dowel pins, threaded studs and
others).

3) Locking parts (Grover washers, plate locks, locking rings, cotter
pins and others).

4) Sealing parts (paper gaskets, rubber and lead rings, copper-asbes-
tos gaskets, packing glands and others).

Furthermore, in the process of assembling the engine the following
materials are used: asbestos cord, kapron or silk thread, various
pastes for sealing, varnishes, insulating tape, and others.

Each part is covered by a drawing (blueprint) that contains the name
of the part, its permament number, and the number of parts contained
in one engine.

To provide better information for assembling the engine the design
bureau in addition to detailed drawings issues a specification of
e list of all parts that make ume the engine.
the number of g part, its complete name, the
number of the specific part per engine, and the name of the assembly
in which this part is used.

The drawings and the Specification of parts are needed both for laying
down the technological process of the assembly and for the work of
assembly 1tself. )

The ‘as®embly !shop must always have a complete set of parts blueprints
for the engine nand the specification of parts.

From the design schematic of the aircraft jet englne it can be seen that
the parts that make up the engine are Joined together in groups and
such groups form assemblies. Thus. for instance, the compressor
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rotor consists of several parts, such as: compressor wheel, front

and rear air intakes, front and rear shafts, studs and nuts. This
whole group of parts joined together in a definite manner and fastened
vwith studs and nuts forms the compressor rotor assembly. There are
soma complex assemblies which consist of several simple assemblies

or sub-assemblies and parts; for instance, the combustion chamber
conslsts of the combustion chamber casing, flame tube, ailr intake
sectlion, tubes, and fastening parts. The combustion chamber is an
assembly. The combustion chamber casing and the flame tube are also
assemblies, but they are components of the combustion chamber assembly.
It i1s only necessary to point out that the combustlion chamber is an
assembly that is actually fitted or mounted together, while the flame
tube and the combustion chamber casing subassemblies are welded
assemblies.

The assemblies that malce up the engine can be classified in the
following basic groups: machined welded, and fitted

A machined assembly is a group of parts joined together because of
necessity of machining of them all together as a group. The examples
of such are, the compressor assembly, the middle bearing assembly,
and the collector assembly.

Welded assemblies consist of parts joined together by welding, for
instance, the flame tube and the combustion chamber casing.

Fltted assemblles are formed from parts, welded and machined assem-
blies and they are put together directly by assemblers in assembling
teams in shops that produce complete units like engines or fuselages,
or 1n assembly shops.

All machined, welded, and fitted assemblies are covered by the so-
called assembly blueprints or drawings. The assembly blueprint
specifies the magnitudes of fits or clearances between Joined parts
and they also indicate the means of fastening. 1In several cases
assembly blueprints mention additionsl speclal requirements for test-
ing the strength of the assembly. For instance, the assembly blue-
print of a fuel hose together with its fittings states that it must
be tested for airtightness with kerosene under the pressure of 200
atmospheres for 5 minutes and that it should not leak.

To facilitate work with assembly blueprints there is an assembly
specification which is a 1list of all assemblies with the number of
the assembly, its full name, and reference to whiech group 1t belongs
(machined, welded, or fitted). It also contalns the number of all
assemblies in the englne, and the location of the assembly - whether
1t is mounted directly on the engine or it is a component part of
another assembly.

Being in possession of blueprints for parts and assemblies and
specifications of parts and assemblies the shop technologist can
work out the flow sheet of assembling, and the assembler can put
together such assemblies.

NOTE: THIS DOCUMENT CONTAINS INFCRMATION AFFECTING THE NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANNG OF THE ESPIOMAGE ACT, 50U S. & —
31 AND 22, AS AMENDED  |TS TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN UNAUTH"RIZED PERSON IS PROHIBITED BY LAW
IT MAY NOT BE REPRODUCED iN WHOLE OR IN PART, BY OTHER THAN URNITED STATES AIR FORCE AGENCIES, EXCLFT BY PERMISSION OF THE DIRECTOR OF
INTELLIGENCE, USAF.

(CLASSIF?ZEO_N)W 16-=55270-1  ¥¥ U. 8. GOVIRNNENT PRENTING OFFICK

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7




Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

STAT
For the assembling of the complete engine blueprints showing general
views of the engine are required. As a rule, for every kind of englne
there are drawings of general views in several projections with cioss-
sectlons. Baslc clearances and fits which have to be adhered to in
the assembly of the whole engine are indicated in the general view
blueprints. In addition these drawings contain notations indicating
the numbers of assemblies and parts that g0 into the engine assembly.

In laying down the flow sheet for the assembly of the engine the
technologist must have first of all general view and assembly blue-
prints. In addition every assembled item is covered by general and
special technical specifications.

An engine can be disassembled into several complex assemblies and
rarts. These complex filtted assemblies can in their turn be dis-
assembled into simpler fitted, machined, and wélded subassemblies
and parts. It is impossible to take an englne completely-apart,
because a large number of parts joined together into welded and
machined assemblies and subassemblies cannot be taken apart without
being damaged 1n the process.

In addition to individual parts and assemblies the englne has also
accessories mounted on it. An accessory 1s also an assembly that
performs some complete function necessary for the normal operation

of the engine, for instance: Ffuel pumps, a starting pump, a pressure
regulator, a starter, a generator, etc.

Accessories can be dismantled in the same manner as the whole engine
into individual machine, welded, and fitted assemblies and sub-
assemblies and parts.

Accessories containing moving parts are Jolned to the basic mechanism
of the engline by special drives with springs and through them they
recelve motlon from the engine, such are, for instance, fuel pumps,
starter, generator, etec.

Accessories are interchangeable, i.e. fuel pumps, throttle valve and
others can be taken off one engine and mounted on another of the same
type, and such change would not cause any complications.

Several accessories are mounted on the engine, and only some of them
are produced at the engine bullding plant, while the rest are delivered
by special accessory producing plants.

Blueprints - of parts, of assemblies, and of general views - and
technical specifications cover each engine accessory.

The Place of Assembly Operations in the General Technological Process,

Assembling operations are an integral part of the general complex
of technological processes in the production of the reaction engine.

The present day trend in the producticn of reaction engines is ex-
pressed in the establishment of speclalized shops for the production
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of aggregate units. Each such shop produces one or several aggregave

units of the engine or its assemblles, executing within the shop the
whole complex of technological processes of production of parts and

of putting together machined, welded and fitted assemblies and sub-

assemblies that are components of the englne accessorles, aggregate

units or engine assemblies.

In such cases only some technologlcal processes are executed by other
shops (forging, casting, and heat treatment).

When shops are organized on the principle of the aggregate unit,
assembly operations are not concentrated 1n one place as it was done
formerly, but are spread out among a larger number of shops.

An example of such distribution of assembly operations can be seen
in the production of gas turbine rotors of the turbojet aircraft engine.

The parts of the gas turbine for the aircraft turbojet engine are
produced in a shop that is specialized according to the aggregate
unit principle.

The assembly of the turbine shaft which 1s a machlined assembly 1s
done by the group of machinists of this shop and the assembled shaft
i8 delivered to the special assembly team of the same shop whlch
assembles the turbine as a whole. The completely assembled gas tur-
bine 1s sent to the assembly shop of the plant where it is mounted
on the engine.

Similar instances covering other assemblies of the englne can be
" clted. For instance the assembly of the compressor rotor and of ...J

‘neggl@ BoX: is done in shops that are specialized on the aggregate Unit

principle, and when completed these assemblles are merely mounted on
the engine in the assembly shop of the plant.

Thus, it can be sald that assembling operations are done:

a) by machinist teams or welding teams in speclalized shops;

b) by specilal assembly teams of specilalized shops;

¢) in the assembly shop of the plant.

For the purposes of reful inspection of the condition of parts each
engine after the hot’test on the test stand 1s dismantled, lnspected
for defectlve parts, and reassembled. The re-assembly of the engine

is done:

8) in the re-assembly shop or in the re-assembly department of the
assembly shop.

The system of the organlzation of aggregate unit shops almost completely
obviated matching and fitting operations in the assembly shop of the
plant which resulted in a great improvement in the workmanship of
assembly.
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The Technological Process of Assembly and 1ts Elements STAT

The sequence of assembly of operations necessary. for putting together
different assemblies and the engine as a whole 1s known as tne tech-
nological process of assembly.

The well planned and tested in practice technology of assembling
oacked by proper technological eyuipment (special rigging equipment,
tools and instruments, deslces), as a rule guarantees the hign quality
of the workmanship of assembly and conseguently the reliapility in

the operation of the engine.

The high responsioility for the quality of workmanship in the assembly
of aviation jet englnes demands rigld technological discipline in all
links of the assembly process.

The baslc element of the technological process of assembly is the
assembly operation. The assembly operation is the sum total of ,obs
performed in the assembly of a unit, or an engine as a whole, without
changing the equipment, at a single work place, by one or several
workers.

The technologists of the plart prepare a technological chart for each
assembly operation. This chart contains the number and the name of
the unit to bve assembled, the Seguence number of the assembly operation
and the description of assembly work together with a drawing or a
Schema of the unit to be assembled with numbers of parts that make up
tne unit.

The operational assembly chart indicates on what stand the assembly
must be performed and what devices, tools and instruments must be used.

Thus, an operation consists of Sseveral actions of worker or of a team
of workers at a single work place.

A part of operation which consists of a group of actions that are
~olned together by one purpose 1s called a suboperation (priyem). Subd
operations are of two kinds: basic and auxiliary.

The basic suboperation consists of the achieving of the basic tecn-
nological alm of the operation, for instance; "to place a gasket",

"to place a washer", "to tighten a nut", "to place a cotter pin in the
nut", and so forth.

The auxiliary Suboperation consists of the implementation of the
auxiliary actions, such as for instance, the placement of an assembly
on a stand or a cart or taking it off etec.

The suboperation consists of the Simplest elements expressed in unin-
terrupted single movements of the workmen.. Such an elementary single
uninterrupted movement performed by the worker is called a work move-

As an example the following can be cited.
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Such suboperation as placing an assembly stand consists of the

following work movements: a) take the assembly, b) bring the assembly
to the stand, c¢) place the assembly on the stand.

A part of a production operation which is performed without a change
of work tools is known as transition. In several cases there may be
only one suboperation in the transition, then the concepts of trans-
1tion and suboperation become identical.

The whole technological complex of assembly operations performed ab
the plant can be divided into the following basic groups.

1. Operations for the assembly of machined assemblies. As a rule
the assembly of machined units requires a constant contact of
assembling operations with machining operations wlth the help
of machine tools designed for cold machining of metals and for
this reason these assembly operations are performed in machine
shops or in the assembly groups of shops which are specialized
on the aggregate unit principle.

In the process of assembling of machined units, machining and
fitting operations both performed by hand and by machlnery are
permissible.

Operations 1in the assembly of welded units performed in the con-
stant contact with the operations of various kinds of welding
which require ppecial welding equipment are performed in welding
shops and also in accessory shops. In the performance of these
assembly operations, machining and fitting of parts 1is permissible]

Operations for the assembly of units and the assembly of acces-
sories are performed separately from machining and welding and

r in special assembly groups of accessories
shops in special rooms where the work places are kept especially
clean or in the assembly shop (the first assembly).

Operations for the final assembly of engines are performed
in the assembly shop of the plant (the first assembly).

Operations for the reassembly of engines after the work test 1n
thelr turn are divided into four groups:

1 disassembly of the engine;

2 identification of defective parts and assemblies;
3 elimination of the defects;

y assembly of units and the engine as a whole.

All four groups of operations are performed in the assembly shop of
the second assembly or in the reassembly department of the assembly
shop of the plant with the exception of a part of operations of the
third group which in several cases have to be performed in those shops
where these unlts or assemblies were assembled.
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Finishing assembly operations done in the shipping room befoSJAT

the shipping of engines from plant. -

In the assembly of subassemblies or accessorles, sometimes the
so-called preliminary subassembly of a unit 1s done. It is
necessary when parts are eppecially selected and fitted to pro-
vide for the flow of the necessary quantity of liquid or gases
or to provide for required clearances. The subassemblies or
assemblies in the preliminary assembly are put together in such
a way that the necessary degree of fastness can be tested. VWhen
satisfactory results are obtained subassembly or an assembly 1s
taken apart, the parts are branded with definite legend stamps
which Indicate that the different parts matched together, after
which they are washed carefully and then the final assembly of
the unit is performed.

In some cases subassemblies and details ready for the final
assembly for some reason are kept aside and are not used for the
assembly, then they must be greased and they are assembled to-
gether without paying attention to clearances but without
damaging the parts. Such assembly is called mock assembly.

In the assembly of machined and welded subassemblies fitting

and adjusting operations done either by hand or on the stand

are permissible. Such matching and fitting operations are

‘done when required clearances and tolerances are obtained in
their final form when several parts are either machined or
worked over together. In such cases the parts are marked mostly
with the sequence number of the subassembly which lndlcates that
the parts are individually matched and that they can be used )
only in this particular subassembly. Fitting and matching opera~
tions are permitted in machinists groups or in welding groups of
the aggregate unit shops. In assembly shops these operations

can be permitted only 1in exceptional cases.

The followlng job can be cited as an example of making a machine sub-
assembly with the help of matching and fitting operations performed on
a stand.

Figure 1 represents a machined subassembly — an oil pump housing. The
subassembly consists of the aluminum casing 1 — in which 2 bronze
bushings 2 are seated.

Acecording to the technical specifilcations for the manufacture of”the
oil pump housing the bushing shoulders must be flush with the bottom
of the gear chamber, i.e. they should not be either above or below

the bottom of the chamber. Furthermore, the distance between the
axes of bushings H must be maintained with the tolerance of 0.02 mm.
The subassembly is machined with certain tolerances for a and d (the
internal diameter of the bushings); after the housing together with
bushings is assembled these tolerances are brought to the final value.
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If both the housing and the bushings were machined with final ‘co:\.er--T

ances before the assembly this would have complicated both the
machining operations and the assembly. In such case in the machining
of the housing the depth of machining for the seat of the shoulder
would have to be achieved more precisely. The thickness of the

pushing would have to be made more accurately and the

st be made more precise. In

the p @ the bushings would have
to be seleé oth of the depth of
the seat of the houlder sO
that the dlfference betw

It is evident that to manufactufe an oll pump housing as 2 machine
subassembly is cheaper than to assemble 1t from finally prepared parts.

. The Classification of Assembling Operations on the
Principle of the Interchangeability of Parts

In the practice of the production of aviation engines presently there
are the following fthree methods of assembling:

(1) assembly with the full interchangeability of parts, subassemblles,
and assemblies.

(2) assembling with 1imited interchangeabllity by means of speclal
selection of several parts and subassemblies to meetb the re-
uirements of the blueprint and of the technical specifications
?selective assembling).

(3) 4individual assembly of each subassembly from parts specially
made according to speclal blueprints or drawings or with the
use of fitting and matching operations.

The most ideal method 18 that of assembling with full interchange-
abllity of parts, subassemblies and assemblies.

In the production of each debtall tolerances for adjoining surfaces

in this case must not exceed half of the assembly tolerance for this
joining, and in practice they must be even more rigid, because wlthin
the tolerances the parts may have conlclty and ovalness.

The principle of complete interchangeability has peen already imple-
mented in the production of aviation englnes in the case of a con-
siderable amount of various parts, subagsemblies, and assemblies.

As a result we may clte the case of fastening parts which are com-
pletely interchangeable if they are of the same nomenclature.
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However, there are still parts and subassemblies to which the prin-
ciple of interchangeability cannot be completely applied because of
rigidity of tolerances in their sets or for some other reasons.

A
1

5 an example of parts and subassembl
mplemented by means of select

assembly of a £ the roller bearings, and Joining
the compresser rotor with the roller and ball bearings.

The blades of the air
between the blades

The turbine
cted on the basis of thelr
of the play in the lock ete.

Individual matching of opposite parts in several cases presents an
opportunity to obtain a more precise fit at the smaller cost,

for instance, by means of the selection of parts it is possible

obtain the degree of fit of the first class of pbrecision in spite of
the fact that the surfaces of adjoining parts were brepared in accord-
ance with the requirements of the second class of precision,

of 0.013 mm and the maximum clearance of 0.034 mm.
clearances meet the requirements.
the precision of

mm. Thus,
preclse fit without inc
facturing of parts.
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The Separation of Parts into Three Groups in Selective Assembly

Group Hole in mm Shaft in mm Clearance in mm

min max min max min max min max min max min max

'60.00 60.01 59.98 59.987 0.013 0.030
60.011 60.021 59.988  59.995 0.016 0.033
60.022 60.030 59.996  60.00 0.022 0.034

As 1t can be seen from the above cited instances the method of matehing
parts presently f£inds & wide application in the production of aviation
engines. Matched mating pabts must be labeled to avold a mix-up.

The third kind of assembly, and that is the individual assembly, 1s
wlidely used in the overhaul of aviation engines. In this case sub-
assembly is assembled after its dismantling, washing, and finding the
defective parts and 1t 1is assembled only with the use of those parts
and subassemblies from which 1% was assembled to begin with, and shiftH
ing parts from one assembly to another one of the same nomenclature
is not permitted. Furthermore, in the overhaul repair parts instead
of defective parts may be used (they may be elther larger or smaller
size as compared to the normal size%. As a rule, when these parts
are assembled together, individual matching and fitting operations to
assure the proper fit are used.

Organizational Forms of Assembly

From the standpoint of the organization assembling can be divided
into two basic kinds: the complex assembly and the differentiated
assembly.

Complex assembly. The complex assembly or, as it 1s often called in
production practice, the individual-team assembly is that kind of
assembly in which the whole complex of operations for assembllng a
unit which is planned for the shop or the part of the shop 1s per-
formed by the same worker or by one and the same team of workers.

Thus, if 15 different units are being assembled together in a shop
simultaneously this assembling will be done by 15 workers or 15
assembly teams and each one of those 15 assembly men or each one of
the 15 teams of workers will assemble from the beginning to end one
of the 15 units that are being assembled wlthout particlpation in the
assembly of the remalning 14 units. It is quite evident that the
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complex assembly can be carried out only during one shift, because
the continuation and the completion of the assembly, 1n case the
process of assembly requires more than 8 hours, or the time spent in
minutes does not amount to one of the multiples of 480, cannot be
turned over to another assembler or to another team. This complex
and labor consuming process necessitated by thils kind of assembly
makes it imperative for the assembler to be able to perform a great
deal of diverse assembly operations, both simple and complicated ones,
and that requires a high skill on the part of the assembler. The
complex assembly is usually used in the production of an experimental
aviation industry. As a rule, the complex assembly 1s performed at
a stationary work place and on an immovable object of the assembly.

Differentiated Assembly. The differentiated assembly, or as 1t is
usually called In the production practice, the operational assembly
is that kind of assembly in which the whole complex of operations

in the assembly of a unit or a subassembly planned for the assenbly
shop or for the assembly department or shop 1s broken into several
individual operations of which each one is performed by an individual
worker or an assembly shop in whlch the assembly 1s being done. Thus,
in this case every worker of the shop participates in the assembly

of each unit performing on each one of them certain operations.

Dividing large complex of work into individual operations simplifies
the work and, therefore, it does not require such a high degree of
skill on the part of an individual worker as 1t 1s done in the case
Bf complex assembly. The fact that an indlvidual worker in the
operational assembly does only a limited amount of operations presents
an opportunity for a better organization of the work place, and in

so doing the labor of the worker becomes more productive. Further-
more, while in the complex method each work place must be equipped
with a whole set of tools and gigs and other devices necessary for
the whole technologlcal process of assembly of the unit, in the
operational assembly every work place must be equipped only with
those tools and devices which are necessary only for the performance
of one certain operation. This results in a considerable reduction
in the number of tools and glgs necessary for the sBhop. The differ-
entiated assembly can be easily organized for 2 or even 3 shifts
because in practice the technological process can be always broken
into several such operations the time for which, expressed in minutes,
would be a multiple of 480.

The differeMtiated assembly can be implemented with the permanent work
place and the movable object of assembly, and vice versa with an im-
movable object of the assembly and movable work place.

In the first place the object to be assembled 1s moved by hand or
transported mechanlcally from one work place to another until the
whole cycle of assembly operations is finished. In the second case
the objects of assembly are immovable while workers in a definlte
sequence move from one object of assembly to another performing the
assembly operations with which they are charged. The assembly wilth
the stationary work place and movable object of assembly 1s more
efficient because in this case the worker does not have to spend his
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time moving from object to object and for carrying the tools anS AT
devices which quite often are qulte cumbersome. In the case of a
heavy object of assembly 1t may become more profitable to conduct
the assembly with the statlonary object of assembly and movable
work place.

From the standpoint of the organization of production the best form
of the differentiated assembly 1s the continuous (potochnaya) assembly.

The continuous assembly is the differentiated assembly in which the
assembly operations are conducted in uninterrupted sequence one after
another until the whole unit is assembled as a whole.

The continuous assembly can be organized both wlth the stationary work
place and with the movable. The mandatory requirement for the organi-
zation of continuous assembly is the identical rhythm of the work on
the part of every productional worker. This means that the complex
of operations for each work place must be selected in such a way that
the time spent on it by worker should be ldentlical or the same for

all work places. In this case all workers will begin and finish the
complex of their operations at the same time. Thus, every worker will
repeat the complex of operations with which he 1s charged regularly
within a definite perliod of time which is called rhythm or tempo of
assembly., Because the last operation of the assembly is conducted
also within or during rhythm, i1t becomes perfectly evident that a

new unlt will be produced at the end of each rhythm,

Thus, if the assembly shop produces a completely assembled engine
every 10 minutes then the rhythm of a work of the shop will be 10
minutes and each work point of the assembly must complete 1ts complex
of operttions within 10 minutes. The continuous assembly method
requlres a high degree of the organization of production because a
delay on any of the work points may stop the whole subsequent stream
of assembly,

At the same time the continuous assembly 1s more economical than plain
differentiated assembly. Under continuous assembly methods less
auxiliary area 1s required because there is no necessity to have spe-
clal shelves for storing material necessary for the assembly. Further-
more, the production cycle is decreased in the continuous assembly
method and planning and the organlzation of work places are simplified.

The continuous assembly usually has several lines or streams of
assembly. One of those lines on which general assembly is done is
known as the assembly line, while the remaining lines of assembly or
subassemblies are known as auxiliary or feeder lines.

For the sake of most convenlent organization of the stream of parts
and subassemblies the main line of assembly 1s placed in the middle
while the auxiliary or feeder lines are located on both sides oftithe
main line (Flg. 2). When the object of assembly undergoing continuous
assembly is moved from place to place mechanically the assembly is
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. STAT

called the conveyor assembly or simply conveyor. The conveyor is in
the track on which the assembly stands move by means of .a mechanical
drive (an endless chain). The movement of conveyor may be continued
and interrupted. In the first case the conveyor moves slowly through-
out the process of assembly. In the second case the conveyor during
the process of assembly does n oved only in the
intervals between the two adjoining rhythms for the time necessary
for moving the object to be assembled to the next work place,

The conveyor moves objects to be assembled throughout the 1line
simultaneously.

2, Tools, Devices, and Equipment Used in Assembly

The complete description of the tools and devices is contained in
approprlate general textbooks on tools and equipment. In this sec-
tion of the book only such tools, devices, and equipment which must
often are used in the process of assembling aviation engines is
given.

Working Tools

The basic work tools used in assembly operations are the simplest
assembly hand tools: various wrenches, screwdrivers, hammers, punches,
and so forth.

Wrenches

L

by skilled workers. Furthermore, such
wrenches lower labor productivity.

Wrenches are the basic work tools of the assembler. A separate set
of wrenches is produced for each design of the jet englne, The greater
1s the number of nuts and bolts of different sizes in the engine the
greater number of wrenches must be brovided for the assembler.
nut or of the head of a bolt of the engine there should
own wrench¢ On the basis of this all wrenches may be classified
according to the dimensions of the open end.

In the process or designing aviation Jet engines the designers attempt
to decrease to the minimum the dimensions of the engine and its welght,
therefore, the access to several jointed parts of the englne quite
often is very difficult due to the lack of room for the hand of the
worker and for the tool.

of special design which ca assembling in certain places
of the engine to which access is difficult. For this reason in the
majority of cases, for each nut or bolt joint

as a rule there is its own 8pecially flitted fo

has 1ts own name (mnemonics),
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According to the configuration wrenches may be classified approximately
in the following manner:

(a) flat single open end;

(b) flat double open end;

(¢) flat box wrenches with single end;
(d) flat box wrenches with two heads;

(e) socket wrenches with an open socket;
(f) socket wrenches with closed socket;

(g) specilal wrenches of various kinds: Allen type wrenches, spanners
and others which are used depending upon the kind of fastening
parts found in the engine.

Wrenches for the assembly of aviation engines are made wlth thin walls
and of most diverse shapes. To make wrenches strong and long lasting
they are made of structural alloyed steels of the following marks,
40X, 38XA, 30X CA and others.

The simplest and the cheapest wrench 1s the open single or double
end wrench. This wrench can be used whenever the access to the nut
is comparatively free, because the ends of such wrenches as a rule
are fairly massive (Fig. 3).

The surfaces of the Jaws of the wrench must be sufficiently firm so
that the flats of the jaws wouldn't be damaged. The size of the jaw
of the wrench must be such that the wrench could be freely put on the
serial production nut of the corresponding size. 1In practice the Jaw
of the wrench must be equal to the largest size of the corresponding
nut plus 0.1 — 0.3 mm (depending upon the dimensions of the nut).

The jaw or the end of the wrench must be periodically checked by
caliber because first of all it gets worn out, and, secondly whenever
excessive force is applied 1t may unbend. Because of this in time
there may be a large clearance between the wrench and the nut or the
flats of the jaws of the wrench may not be parallel which will cause
damage to the flats of the nut.

As a rule, wrenches are made double end to accomodate two adjoining
dimensions of nuts. This economlzes materliel and reduces the number
of necessary wrenches., Large wrenches from alloy steel often are
made single end and with a short handle and applied cross piece which
is placed on the handle of the wrench and which permits the applica-
tion of proper torque for Pightening the nutb, Furthermore, this
presents an opportunity to save on expensive structural steel and the
handle of the wrench in this case becomes more convenlent,
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- Box wrenches (Fig. 4) are not as susceptible to bending as the oSTAT
end wrenches and for this reason the head of the wrench may be more
compact. Box wrenches are made with 12 point ends so that the turning
angle of the wrench would be smaller. In this case the minimum angle
of turn must be kept below 30°. Box wrenches are made both single
end and double end. When the expected angle of turn of the wrench
is below 30°, nuts with triangular splines instead of flat nuts are
used. The box wrench in such case 1s made accordingly (Fig. 5).

The socket wrench (Fig.6) 1s more convenlent and economical wrench.
While the open end box wrenches can be moved by one motion of the
hand to the angle from 60 to 90°, the socket wrench can be used to
turn the nut to the 180° angle. Furthermore, during the operation
the soclket wrench i1s not removed from the nut, but only the hand is
removed to a new position on the handle. For faster work with the
socket wrench, that 1s, for faster work in the case of free turning
of the nut (before tightening of the nut) the turning handle of the
wrench is extended by means of welding another plece that would be
parallel to the arm of the wrench or one side of the turning handle
is made longer and bent parallel to the arm of the wrench (Fig. 7).
Such wrench permits a constant turning without changing hands.

Socket wrenches are made elther milled with inserted turning handles,
or with welded turning handle and welded sockets and also tubular.
The length of the turning handie is calculated for each specific
wrencn; the use of a longer turning handle is not permitted. Socket
wrenches may be one end and double end. Frequently socket -wrenches
have removable sockets which are Joined to the wrench through a
rectangular hole in the socket (Fig. 8). Such sockets may be freely
interchangeable whenever the socket is worn out, or if the size of
the nut is different. To prevent dropping of the socket off the
wrench whenever it is moved from nut to nut the wrench is equipped
with a ball lock (Fig. 8, a). The turning handles of socket.wrenches
may be inserted through the arm of the wrench. So that the inserted
handles would not drop out, some drops of metal are welded on the end
of the handle or some rings are welded on them. If it is desirable
to have a removable turning handle, it is possible to make a ball
tock to prevent it from falling out of the handle, as it i1s shown. on
Fig. 8, a, to the right above. Sockets may be made either integral
(Fig. 8, c) or welded (Fig. 8, d). 1If, according to design, the

arm of the socket wrench must be at a certain angle to the nut then
the arm 1s made offset or a universal joint is used (Flg. 9). For
the same purpose the socket may be made with a universal joint (Fig.l0)
For nuts with internal hexagonal flats socket wrenches with external
hexagons are used (Fig.lli). The advantages of the socket wrench are
in the fact that it can be used to tighten nuts that are located
within wells or the nuts that are surrounded by protruding parts which
interfere with the access with an open end or box wrench. Hook and
pin spanners are also often used in addition to the above mentioned
wrenches.

Spanners (Fig. 12) are used for tightening splined or round nuts with
holes. These spanners are not used for strong tightening of the nuts
because the whole stress would be received only by one tooth or pin.
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Splined bhox wrenches would be stronger wrenches to be used in suc§TAT

cases (Fig. 13). For tightening of plugs and taps rachet wrenches
are often used (Fig. 14). A wrench that is used for tightening and
loosening of round knuried nuts of sleeves is a bent lever to which

a canvas strap is attached (Fig. 15). The canvas strap is wrapped
around the sleeve and tne free end of 1t is pressed by hand to the
lever: Whenever the lever 1is turned the strap tightens on the sleeve
and with the turn of the wrench 1t moves the sleeve.

Serewdrivers. A screwdriver serves to tighten and loosen screws.

T oconsists of the steel shank to one end of which a handle is attac
and the other end 1s in the form of a thin plate or a blade (Pig. -
The working part or the drive end of the screwdilver is made 1n the
form of the wedge and only the very tip (1), which enters the slot
on the head.of the screw has parallel surfaces (Fig. 17). The tip
of the blade is made of different thickness depending upon the wldth
of tihie slot of the serewdriver; it must enter the slot with a small
clearance (0.1 - 0.2 mm). The handle of the screw 1s made elther of
wood or plastic. On Fig. 18, a, - a round fluted handle is shown
yhile Fig. 16,b - a handle with added wooden sides. From the stand-
point of convenlence the han ig. ble;
addition with this kind of handle a greater rque can be
created than with the handle that is shown in Flg. 16. In grinding
the tip of the screwdriver it should be remembered that the tip must
have parallel sides. If the tip surfaces are ground on an angle the
serewdriver will jump out from the slot of the screw and wamld damage
(burr) the slot. When the biade is properly ground, minimua force
can be used for pressing the screwdriver to the screw and, on the
contrary,; whenever the tip is ground in the form of wedge then much
greater force nhas to be applied to press the tip of the blade to the
screw.

The analysis of the forces applied indicate that in the case of wedge
tip first of all the area of sideways bearing is reduced to a line,
and secondly there arises a vertical force that tends to remove the
screwdriver from the slot of the screw (Fig. 19). In individual
cases in order to increase the magnitude of the torque the turning
handle is welded to the screw handle or the handle 1s made 1n the
form of T as it is done with socket wrenthes. Usually such screv-
drivers are used for tightening plugs.

Figure 20 shows the screwdriver for screws with cross slots (Phillip's
type). Blade serewdrivers with a gulde have been used (see Fig. 18,D).
In thls case the screwdclver is centered on the head of the screw by
means of a guide which is released from the screwdriver by springs.
The worker slightly pressing on the handle and turning it puts the

tip of the blade into the slot.

Mechanically driven wrenches and screwdrivers. The mechanization of
tightening and withdravwing nuts and screws as yet has not been ade-
quately worked oub. Most of the nuts and screws are tightened and
wlthdrawn in the process of the assembly of aviation engines by means
of ordinary wrenches and gerewdrivers in spite of the fact that there
are several mechanically driven devices. which make possible tighten-
ing and withdrawlng of nuts and screws by means of electrlic and
pneumatic nut setters.
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Figure 21,a shows a wrench with electric drive. The wrench consists
of a housing, 1 which contains a high rpm reversible electric motor
running on the current used in industry. The wrench is turned on
by means of a switch 3 located in the handle 2. The direction of the
rotation of electric motor is changed by means of a slide 4, The
spindle 5 rotating with 350 RPM's 1s driven through a reduction gear
with the general transmission ratio of 8.4 and the set of reductlon
gears consists of 4 gears, 6,7,8, and 9. Chuck 10 which with the help
of a pin 1s joined to one half of a cam clutch 11 enters into the
spindle. The second half of the cam clutch is made integral with the
spindle of the wrench. When idling the spring 12 presses back the
chuck and disengages the clutch because of which in idling of tihe
wrench the chuck does not rotate. When the handle of the wrencn 1s
pressed, the spring is compressed and the chuck is pushed inside the
spindle and both halves of the clutch become engaged and they rotate
the chuck.

The teeth of the cam clutch are beveled SO that after the maximum
tension of nut or screw is reached the clutch would disengage. The
chuck has hexagon sides inside to accomodate the removable socket.

The socket is held in the chuck by means of a sleeve with ball lock 13.

Before the socket is inserted into the chuck the sleeve of lock 13

is pressed by hand towards the housing of the wrench, because of this
the ball lock will be free to move in radial direction and it would
permit the tail of the socket to enter the internal square of the
chuck. After the sleeve is released the ‘spring will press it back
and will lock the ball lock.

Electric screwdrivers and stud drivers have the same design.

Table 2 presents the specifications for electric wrenches and screw-
drlvers.
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Table 2
—  STAT
(According to the data of the Khar'kov Power Tools Manufacturing Plant)
! Electric [Electric
Parameter . Electric Wrench serew-  Stud
i driver ! Setter
-60 1 -61 n-62 | 14-63
Greatest diameter of tread ' 6 12 6 12
in mm [ \
Number of RPM's of the spindlej 980 630 260 75 for
driving
870 with-
' ) : [draving
Frequency of current in cycles 200 200 200 200
Voltage in Volts : 30 or ; 36 36a 36 or
220 220 220 \ 220
200 600 200

Capaclty d Electric Motor i
in Watts i { i

Dimensions in mm 1100 X 300 i k70 X 600 140 X 320i160 X 470

Weight in Kilograms : 2.2 { B.7 | 2.2 7.3

\

Wrenches and screwdrivers with pneumatic drive differ from electric

wrenches only in thelr drive which is an air driven turbine that oper-
ates under the air pressure of 5 kg/cme. Table 3 presents specification
of pneumatic wrenches and screwdrivers.

Table 3

(according to the data of NIAT)

Parameter Pneumatic whench ' Pneumatic Screwdriver
D-TR TRP0-650-1 | RP0-350-2

Maximum diameter of tread in mm 10 f 6 12

Number of spindle RPM's 300 f : 350

Operational air pressure in atmos-'
pheres

{
!
;
i

Maximum capacity horsepower

Consumption of compressed air i !
vhile idling in mS5/min. i ) ! 0.

Maximum torque in kg/cm 200

1
i
|

Inside diameter of the hose in mm ; ; : 13

1 t

; i
Dimensiong of the wrench in mm 5425x125x58 1 250x50x132 | 250x50x132

Welght of the wrench in kilograms ' 4.7 1.9 : 1.9

\
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To hold studs in the stud setter and to transmit the torque upon the T

stud, special sockets are used. The socket (Fig. 21,b) consists of

a housing 1 which 1is connected with the taill part 2. Inside the hous-
ing there 1s a nut 3 that touches upon the ball 5 that is supported
by the seat 6. After the stud is tightened the nut and the ball will
start slipping which will serve as a signal to end the operation.

One of the defects of electrical and pneumatic wrenches and screvi-
drivers is their considerable welght (up to 9 kg). For convenlence -
in operation heavy electric and pneumatic wrenches are suspended on

a pully with a counter balance, due to which only a small effort for
vertical movement of the wrench is required. The reduction of the
welght of pneumatic wrenches and screwdrivers can be achieved by
increasing the pressure of the compressed alr that fits the pneumatlc
tube.

Hammers. Various kinds of hammers are used as stllking tools. The
most popular 1s a machinist cross peen hammer welghing 400 grams
(Fig. 22). The face of the hammer must have a hard surface and at
the same time it must hot be brittle so that there wouldn't be any
falling off of small pleces wnich may get into the object that 1s
assembled and which may cause injury. The handle of the hammer must
be made of hardwood whilch can be well polished: beech, birch, dog-
wood, etc. The handle must be polished and covered with gasoline
resistent varnish. After the head is set in the handle the latter
should be wedged, that 1s, either a metallic wedge (Fig. 23) should
be driven in the handle to spread it or a wooden wedge which would
be kept tight with glue. The length of the handle of the hammer is
approximately 350 mm. The free end or the handle of the hammer should
be rounded to avoid splitting of the end after striking some parts.

For driving in small parts, for instance, small locking pins, splines
and so forth, hammers weighing 100-150 grams (Fig. 24) are used.
Hanldes of such hammers are made shorter, approximately 300 mm.

A machinlist hammer in the majority of cases 1s used together with
a punch which would protect a part from deformation at the time of
striking.

In addition to the ordinary machinist. hammers in case of assembling
brittle parts the so-called soft hammers are used: made of red
copper, lead, rubber and rawhide. Such hammers are used without
punches.

punches. A punch is a rod 150 - 500 mm in length made of a softer
material than the assembly parts (brass, copper). The tip ol the
punch is ground to a coneé or it is made spherical in order to avoid
scratching hands on the tips of the punches. In time the tips of
punches split and crack. They must be periodically filed 1in order
to avold the possibility of injury to the worker.

A better way would be to use composite punches (Fig. 25). In this
case the punch is made of low carbon content steel and only its tip
is made of nonferrous metal (copper, brass, aluminum). The stcel rod
of the punch is less liable to spread under the blows of hammer fthan

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE ACT, 50U S.C —
31 AND 32, AS AMENDED. 1TS TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY LAW.
IT MAY NOT BE REPRODUCED IN WHOLE OR IN PART, BY OTHER THAN UNITED STATES AIR FORCE AGENCIES, EXCEPT BY PERMISSION OF THE DIRECTOR GF
INTELLIGENCE, USAF.

(CLASSIFICATION) 16—05670-1  ¥% V. S, GOVERNMCKT PRINTING OFFICE

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7



Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

a rod made of brass or copper and 1t will have a better resistanchAT

to buckling. To press pbushings by means of hammer and a punch an
aligning tall part is used which centers the punch in respect t©o the
bushing. The aligning end of the punch must enter the bushing to be
pressed with the clearance of 0.1 - 0.2 mm to prevent the wedging 1n
of the tip of the punch in the bushing after it has been pressed 1n.
In case the tip of the punch comes in contact with the spherical
surface of the part it 1s expedient to make this tip with a reverse
sphere in order bto increase the area of contact of the part and of
the punch (Fig. 25,c¢).

Tools for the elimination of small defects. As a result of trans-
portation of parts and assemblies and their handling by workers and
preldminary assemblies certalin burrs and dents and uneven places may
by formed on the parts, and these should be removed without changing
the geometrical dimenslons of the parts before the final assemblies
of either assemblies or finished product.

Such parts must be presented both before the elimination of small
defects and after it to the personnel of the department of technical
control, i.e. to controllers or controller foremen.

Tools for the elimination of small defects include:

a) burnishers which are curved round rods made of steel with care-
fully polished surfaces of the working part. Wooden handles are set
on the end of burnishers. With the help of burnishers small dents
or burrs are smoothed over on the surfaces of parts made of such
metals of aluminum, brass, and bronze;

b) scrapers; only small scrapers of various shapes - flat, semiround,
triangular etc. are used. The basic purpcse of scrapers is the
elimination of small dents and burrs and sometimes elimination of

the lack of airtightness of the joint done by evenlng surfaces of
the parts.

¢) Tiles; only small files and needle files of various shapes - flat,
triangular, round, semirounded are used to remove dents and burrs;

d) stones or hones; of various shapes, round, square, semiround also
serve for the elimination of small defects;

e) taps; only small and middle size taps are used to correct the
thread in the holes;

f) dles; are also used to correct the outside thread;

g) reamers; are used to correct surfaces in openings that do not
correspond to each other in slze;

h) drills; are used for withdrawing broken studs or whenever plugs
are changed and holes need improvement.
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It 1s categorically forbidden to use the above mentioned tools that
produce metal shavings directly at the place of the assembly.

S of subassemblles are turned over to speclal work-
ing places for the elimination of defects. After the defects have
been removed, the parts and assemblies are washed and shavings and
metallic dust are blown off by means of compressed air,

Measuring Instruments and Technical Means of Gontrol 1. e. Inspection

sents a list of specif
aviation engines.

For measuring holes or openings the following measuring instruments
are used:

indlcators graduated to 0.01 and to 0.02 mm for precise measurements
vernier calipers graduated to 0.1 mm fop rough measurements;
plug gages round and flat and sets of plug gages for classifying
holes in technological groups within the limits of tolerances for
the hole;
thread gages of various dimensions;

5) special gages for measuring irregularly shaped holes.

Eor measuring outside diameters the following are used:

1) ordinary micrometers graduated to 0.01 mm forpr various diameters;

2) micrometers equipped with a dial graduated to 0.002 mm for various
diameters; .

3) snap gages with dials graduated to 0.01 and 0.002 mm for various
diameters;

4) rigld snap gages and sets of snap gages;
5) vernier calipers graduated to 0.1 mm for various dimensions;

6) mlcrometers and snap gages for measuring the average diameter
o thread;

7) special Snap gages, simple ones and equlipped with dial forpr measur-
ing outside variously shaped profiles.
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Feeler gages of various shapes and sizes from 0.03 to 5 mm and
above are used for measuring clearances. STAT

For measuring conical holes and outside conical diameters beveled
gages of varlous dimensions are used.

For measuring depth and length, depth gages, simple and equipped
with dials, are used.

For visual inspection of parts magnifying glasses of various
megnification from 2.5 to 10 are used.

Luminescent inapection apparatus and magnaflux are used for
special inspection to discover oracks in the metal.

Prisposobleniya*

In the work of assembly the term prisposoblenlya is given to a
mechanism or a structure which is designed for oreating conven-
ience in work (locking devices) or for inecreasing the degree of
precision of work (guiding or centering devices) or for conven-
ience and precision in the process of inspection, or filnally,

for increasing productivity of work (mechanizing devices).
Devices in the modern assembling process play an enormous role.

A correctly designed and made devilce provides not only convenience
of operation and high degree or workmanshlp, but also 1increases
labor productivity.

Devices must answer the following requirements:

1. Simplicity of design.
2. Simplicity and convenience of operation.
3. Profitableness of operation.

A device simple in design as a rule 18 cheaper in the cost of
production and it 1s better mastered by workers. The assembly
devices must be stably fixed on the vench or upon foundation
and they must have locks which make them in proper times lmmov-
able. Whenever these devices are moved, steps should be taken
to peduce the noise connected with the movement. Each device
must have an easy access to it. The height and the shape of a
device must be made such that they would be the most convenient
for the operator. Whenever using the device the worker must
spend a minimum of time that 1s not direotly concerned with pro-
duction. FPFinally, the device must be safe which is achleved by
precluding the possibility of dropping parts out of this device,
by setiing up proper safeguards; and=by means of other measures
takeQﬁ%“:the process of designing and:manufacturing this device¥

Analyst's note: *The Russilan genetlis: s ip
many English terms and does not ‘have; orresp %
alent. From the followlng paragr;gha in:text 1t will
prisposobleniya may mean gigs, fixtures o

L n9
or pieces of portable’
equipment;, in other words, evices. For the purposes of thils

translation, unless a specific ‘term Iike a gig or a fixture can b
substifuted in each specific case, the word prisposobleniya will

be translated as devices.
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A universal holding device 1s the mechanic's vise wlth parallel §Iﬁ1

for clamping small parts that have projectlions with parallel surfaces.
To prevent damage to the surface of a part the clamps of the vise are
equipped with removable linings made of soft material (copper, lead,
and aluminum alloy). In cases when the part i1s of the shape that is
not conveniently clamped by the jaws of the vise other intermediary
devices are used. Figure 26 illustrates a device for holding and
fixing shafts in the process, of assembling rotors. It consists of a
column with a plate whié¢h 18 fiixedly mounted on a bench or a specilal
support and of a strongjodllar wlith a hinged cover that 1s mounted on
the column. The sollar-i8 equipped with inserts or linings made of
soft material (aluminum). Whenever inserts of various sizes are used
this device can be operated for clamping shafts of various outside
diameters.

Figure 27 shows a screw clamp which 1s used for setting springs is
compressed state. The spring 1s inserted into the screw clamp in a
free state then 1t 1is compressed by means of a screw to the magnitude
of 1-2 mm less. tHan the operating position, then the screw clamp is
placed on the seat of the spring and the spring is beaten into the
seat with a soft hammer.

For pressing in and withdrawing small parts and also for temporary
clamping, screw clamps illustrated in Fig 28 are used. For assembling
subassemblies which are large in size and weight special assembly
stands or assembly carts are used.

Flgure 29 shows a cart for assembling of small subassemblies (air
intake apparatus, the transhission gear box and so forth). The cart
conslists of a tubular welded frame 1 mounted on wheels 2. Plate 3

1s mounted on shafts that go into the bearings 4 that are inserted

on the support of the frame. The plate can rotate 360° around hori-
zontal axls. If necessary, the plate can be turned on an angle which
is a multiple of 60° and locked in this position by means of a fixing
lock 5 which enters into one of the six holes of the locking dise
that is welded to the jackshaft. In the middle of the plate there
.1s an opening through which protrude the projecting parts of the
object that 1s being assembled. The assembly 1s fastened to the plate
by means of studs. To avold the damage to the baslc surface of the
assembly the plate is equipped with lining 7 made of soft material
(delta-wood pulp, plastics ete.) which is fixed to the plate by means
of screws with countersunk heads. Rubber tires are put on the wheels
of the plate in order to reduce the nolse whenever the cart is moved
in the shop, the rubber should be resistent to gasoline.

The cart showncon Flg. 30 serves for assembling the aviation jet
englne with axial compressor. The cart consists of a frame mounted
on wheels, two.supports or vertical members 4 and 5 with lugs and

the turning mechanism. In the middle to make the frame rigid it is
fastened by a crossmember 2. For the convenlence in transport one
pair of wheels 3 1s made in such a way that they are capable of turn-
ing around. Lug 6 of the upright 4 is connected with a hinge to the
support and it can turn 360°. The 1 7 of the support 5 is rigidly
Joined with a worm turning mechanismug. The worm turning gear makes
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it possible to turn by means of a steering wheel the unit to be STAT
assembled to any angle and to lock this unit in this position. The
hot part of the engine ig fixed to the lugs by bolts which are 1n-
serted into the slde bosses of the support.

The cart shown on Fig. 31 serves for assembling compressor and for

the general assembly of an engine with centrifugal compressor. The
cart is made of a strong tubular frame 1 which.is mounted on wheels 2,
two of which are made turning wheels. At the top of the frame there
are bearings 3 for jackshafts of the cradle 2, Two openings 5 are

in the cradle. These are for the lug of the engine and for the support
pin 6. The cradle is turned by means of turning mechanlsm 7 and 1ts
handle 8. The turn can be fixed in a certaln position by means of

a lock 9. For convenlence the cart is equipped with foot rests 10
which are covered with riffled aluminum sheet.

One of the most widely used auxiliary devices in the assembly shop
are pullers. From the standpoint of design and the principle of
operation pullers are divided into 3 basic kinds: Bcrew, lever, and
impact pullers.

The simplest type of screw puller 1is a push-out or a squeeze-out bolt
the end of which is made spherical (Fig. 32). In the process of
dismantling two parts such a bolt is screwed in a specially made
threaded opening in one part and it rests upon the second part with
its spherical tip. When the bolt is being tightened the bolt bearing.
with 1ts tip upon the second part creates a pulling stress applied

to the first part and this stress pulls one part from another.

The end of the bolt 1s made spherical for the following reasons;
fiprst, in this manner the friction between the tip of the screw or
bolt and the support surface upon which 1t bears is considerably
peduced and, secondly the spherical surface does not score or scratch
the support surface upon which tip of the bolt bears. For the pur-
poses of dismantling usually no less than 2, and for round housings
no less than 3, squeeze-oub bolts ware used. In the process of dis-
mantling the parts all squeeze-out bolts are tightened gradually and
evenly so that the pressure would be applled evenly, otherwise if

the part is in any way out of line then great force has to be applied
for dismantling and in case the part is badly out of line it may lead
to the damage of the part (such as appearance of cracks on the
shoulders and their breaking off). Before the bolt is inserted its
thread must be greased. Such squeeze-out polts are used in dismantling
housings and cases of large size which are asseibled with a drying
gasket (to create air tightness), and dismantling of parts and
assemblies or subassemblies that do not have protruding parts which
could be used for taking them apart by means of a puller with Jaws.

The most widely used puller is shown on Fig. 33. The puller conslsts
of a cross member 2 in the middle of which i1s threaded hole for the
screw 1 which is equipped wlth a handle. 4t and jaws 3. The cross
member 1s made of forged steel and in case the screw is of a large
dlameter the thread for it is not made directly in the cross member
but in a bronze bushing which is pressed into the cross member.

The bronze bushing reduces the friction in the thread and 1t prevents
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STAT
sticking of the screw in the cross member. The screw is made of
carbon steel. The thread of the screw of small pullers is V-shape,
metriec and for large pullers it 1s ribbon thread.

To reduce the friction on the end of the screw its tip is made spheri-
cal or a special spherical tip 18 inserted into the screw. Further-
more, the very large pullers are equipped with safety tips (Fig. 34)
in the form of a steel cap within which there is a heat treated stesl
seat. Two pins (Flg. 3) that fasten the cap to the screw are inserted
into the ground out slots on the screw, they are insérted with con-
slderable clearance. This is done in order to prevent a dropping

off of the cap from the screw. The large clearance presents a possi-
bllity for the cap to deflect from the axis of the screw which com-
pensates for small errors in setting the puller and it permits a free
rotation of the screw in respect to the cap. Thus, during the process
of dismantling of the assembly the cap would be firmly pressed to

the part and it would not rotate which would prevent the possiblility
of seizure of the contact surface. The arms of the puller are made
in the form of rods with eyelets for mounting upon the cross member
and with the jaw for holding the part to be pulled. The Jaw of the
arm 1s made in the form of a beam of uniform strength (Fig. 35).

This makes for strong construction of the Jaw and the access to the
part 1s not made difficult. The contact surface of the jaw must be
even and strictly perpendicular to the axis of the eyelet so that it
would be pressed against the part throughout its surface.

When contact surfaces of the Jaw and of the part are small then, in
the process of pulling, the Jaws may slip off. To prevent 8lipping
off the jaws are tied to each other by means of screw clamp which

does not permit the arms to bend thus preventing the slipping of the
Jaws. In case when the part to be pulled does not have any protruding
projections that could be held by the jaws of the puller three threaded
openings are made in the part in the process of manufacture and the
Jaws are made in the form of bolts which pass through the openings
in the cross member and which are threaded into the body of the part.
In thls case the pull 1s transmitted through the cross member to the
head of the bolt and then through the body of the bolt upon the part.

In using pullers the following rule should be observed. The screw
of the puller must be set exactly along the axis, or the part will
be pulled unevenly. The thread of the screw must be clean and it
should be greased with a semiliquid grease. If there is no safety
cap on the screw then a steel strip should be placed between the
surface of the part to be pulled and the tip of the screw in order
to prevent damage to the part. The arms should be placed at an even
distance from the screw, because otherwlse the pull that is applied
to each jaw would be uneven which may cause warping of the part.

The jaws of the arms must come in contact with the s

the contact surface of the Jaws must be
o the axls of the screw. Figure 36 presents
& screw puller for pressing out the combustion chamber muffle.

HOTE:

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING CF THE ESPIONAGE ACT, 50 U S.C.—
31 AND 32, A5 AMENDED TS TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSOM IS PROHIBITED BY LAW
IT MAY NOT BE REPRODUCED IN WHOLE OR IN PART, BY OTHER THAN UNITED STATES AIR FORCE AGENCIES, EXCEPT BY PERMISSION OF THE DIRECTOR OF
INTELLIGENCE, USAF.

(CLASSIFICATION) 16—56570-1 ¥Y U. 3. COVEANNENT PRINTING OFPICE

Declassified in Part - Sanitized Copy pproved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7



Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

In the assembly of jet engines the lever pullers are used seldomSTAT
This 1s because of the fact that to create a large force the lever

of the puller would have to be very large which makes the puller
cumbersome. Usually leve®r pullers are used in cases when comparative-
ly small force must be applied. -

In dismantling small parts (locking pins, plugs, etc.) impact pullers
are very convenlent. An impact puller consists of rod 1 (Fig. 37),
to which a head is welded 2; the other end of the rod i1s threaded
and thls threaded end of the rod is inserted into the part, Before
the rod is threaded into the part a steel cylinder 3 with a hole in
the middle is placed upon the rod. This cylinder being the impact
mass may slide along the rod from the part to the head of the rod. -
After the rod 1s threaded into the part the cylinder is sharply struck
against the head of the rod. The force of the impact is transferred
from the cylinder upon the head, acts through the rod upon the part
and separates 1t from another part. The same device can be used for
Joining two parts.

In addltion to the above mentloned devices and tools of the general
kind in the process of assembling Jet engines a large quantity of
special tools and devices 1s used, the most typlcal of these devices
and tools are shown in the discussion of the technologlcal process
of assembly in chapters 2 and 4.
Equipment Used in Assembling

To create facilities for best workmanship in assembly operations
diverse equipment i1s required. The basic kinds of necessary equlipment
are as follows:

hoisting mechanisms;

means of transport or conveyance;

washing and pumping installations;

cablnets and baths for heat treatment and cooling installations;

installations for hydraulic and pneumatic tests;

stands for preliminary testing of assemblies and subassemblies;

stands for dynamic balancing of rotors;

inspection equipment (magnaflux, luminescent inspection). ~

addition to the above mentioned technologleal equipment assembly
shops must be provided with the followlng facilities:

a) ventilation; ~

b) electric lights of high and low voltage;
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heating system; STAT

compressed air of high and low pressure brought to work places;
water;

fire fighting apparatus or installatlons;

sewerage.

Because of the fact that the description of various kinds of techno-
logical equipment 1s found together with the description of the methods
of assembly of varlous assemblies, the present chapter discusses only
hoisting mechanisms and means of transport or conveyance.

Hoisting mechanisms. Holsting mechanisms used in assembly operatlons
can be divided into three kinds:

%) hand hoists;

b) pneumatic hoists;
¢) eleetric holsting mechanisms.

Of late hand hoists in the form of handdriven pulleys, hand cranes
and winches have almost dilsappeared from assembly shops. Pneumatic
hoists are found also very seldom.

Presently, replacing hand operated and pneumatic holsting mechanisms
electric hoisting mechanlsms mostly in the form of electric holsts
electric hoists equipped with trolleys and tracks and electric cranes
are used on wide scale in the assembly shops.

Electric hoisting mechanisms are very convenlent in operations and
they facilitate the labor of men engaged in assembling and yield
high productivity.

As a rule, in assembling subassemblies electrlc hoists or other
electric holsting mechanisms with the load capacity up to 250, 500,
and 1,000 kg are used. In the general assembly of the englne to set
it and to remove it from assembly carts and conveyors electrilcal
mechanisms with load capacity of 1500, 2,000 and 3,000 kg are in use
in assembly shops.

Electric holst is used for 1lifting the load. PFigure 38 shows the
general view of an electric holst wlth the load capaclty of 2 tons.

The hoist i1s suspended on a trolley which in its turn 1s suspended

on a track along which it can move. The schematic deslgn of this
electric trolley 1s indicated in Fig. 39. The holst is driven by

a three phase short circulted asynchronous electric motor 1 through
the set of reduction gears 3, the electric motor rotates the cabldgram
2. The steel cable goes around the roller of the hook pulley 5.
Thedhgok has a ball seat so that it could be easily turned wherever
needed.
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To prevent spontaneous slowing of the hook after turning on the STAT

electric motor an electromagnet bralke 6 is braced on the shaft of the

reducing gears. The brake is set on Dy spring 8 and 1s taken off by

three electromagnets 9 yhich are wired in parallel with the electric

motor. For this reason putting the brake on and off occurs automati-
cally aimultaneously with closing and turning the electric circult

of the motor. Force of the spring of the prake is regulated by screw
10.

When the hook 18 ralsed to the limit the circult 1s automatically
proken by the terminal switch 7 when it comes in contact with the
housing of the pulley of the hook.

The recommended speed for raising and lowering the load with the
electric holst for assembling operations (the moment of joining of
parts) is from 0.5 to 1 meter per minute. For greater productivity

it is recommended to use electric hoilsts with two speeds: up to 1 nymin
for joining and separating parts and up to 8 m/min for free hoisting
and lowering. The two speeds for ralsing and lowering the load are
usually obtalned by double winding of the motor. The speed of move-
ment of the trolley can be satisfactory for assembly operations within
the range of up to 10 m/min and for transporting -- 20 m/min.

Means of Transport. The assembly shop and assembly departments in
other shops should have well organized intrashop transport. The intrad
shop transport facilities together with hoisting mechanism create a
general complex of technical means of the shop with the help of which,
the movement of a great mass of parts and assemblies i1s accomplished
with the minimum expenses. This movement embraces conveying from

the warehouse to the work places of production teams and the conveyance
along the whole £low between worl places or subsequent assembly
operations. In planning a shop for a given technological process
of assembly it must be specified exactly what means of transport shbuld
pe used for transporting parts and assemblies between work places.

In several cases hoisting mechanlsms, such as, for instance, cranes
and electric hoists mounted on trolleys suspended from the tracks,
etec., 1.e. mechanisms which move loads both in vertical and horizontal
directlons are used. However, in practice of assembly shops in addi-~
tion to these technical means, conveyor lines, mostly around washing
machines, and hand trucks are used.

Hand trucks may be divided into three kinds:

D3
1) hand trucks for conveylng parts and small and medium size sub-

assemblies. The truck has a loading platform of 0.8 sq. meters
in the area, and 3 wheels on solid rubber tires. The rear wheel
can turn. The diameter of wheels is 200 - 220 mm. At the rear
of the hand truck there is a bent bar so that the hand truck can
be pushed by worker without bending. Due to its small welght and
because the wheels are mounted on roller bearlngs the operation
of this truck is very easy. Parts or assemblies should be placed
on the platform in speclal boxes.

-~

—o—
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2) The cart for transporting or conveying large assemblles of thgTAT
engine. The dimensions and the mechanism of the hand truck are
the same as of the first class but instead of a loading platform
it 1s furnished with a special stand on which the assembly of the
engine is placed. The assembly is fastened to the frame of the
truck depending upon the design of each either with collars, eye-
lets or bolts. Such hand trucks are used when 1t becomes necessary
to send an assembly of engine in the direction away from its basic
route along the productional flow.

3) A truck for conveylng assembled englnes. This truck can be moved
by hand and it can also be towed by an electric truck. The wheels
of the truck have solid rubber tires. The engilne 18 fastened to
the truck with bolts.

For transporting parts and assemblles between the shops electric
trucks to which platforms can be attached are used.

In all cases of movement of parts and assemblles between shops the
load must be carried in special boxes and covered either with a pilece
of canvass or a plece of vinyl chloride plastic, especlally 1if the
trucks are moved outdoors.

3. ASSEMBLY OPERATIONS

Parts may be joined together or connected together in two basic tTypes:
so that the joint becomes elther immovable or movable. The immovable
Jjoints include such in which in the process of operation there should
not be any shift in the respective positions of the tyo parts. Im-
movable joints in their turn are divided in two classes: permanent

or fixed and detachable. In the first case 1t is understood that the
joined parts after the assembly cannot be disassembled because in the
process of disassembling either the original dimensions would be c¢ -
thanged or the oontact surfaces or jolning surfaces would be damaged
which would make 1t impossible to reassemble the parts. As an example
of immovable permanent joint connectlons thoge made by means of forced
fits or by means of weldlng etc. can be cited. Immovable but detach-
able joints can be separated and joined together agalin several times,
and in such cases no damage would be done and every time such joint
should satisfy completely technical specifications for assembly.

Such are among others joints or fits made by means of keys splines,
grooves, cones, flanges etc. '

The movable jolnt is a Joint which permits limited shifts in the
position of one part in respect to the other. Movable joints must
always have clearances between jolned parts. In most cases movable
joints are detachable, however they can also be not detachable (ball
and rolling bearings that cannot be disassembled).
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Assembly of Fixed Non-Detachable Joints STAT

Fixed non-detachable Joints are characte
Resilience forces whi

the shaft which are being

two with a sufficient margin of safety. In some instances such joints
are further braced by smooth or threaded locks. To these non-detach-
able Joints should be added Joints made by means of welding, soldering,
flaring and bending or riveting.

Joints of considerabie tightness are usually made by two methods:
introducing the shaft into the hole uslng great force (pressing in) or
by heating the aperture, previous to Joining, and cooling the shaft
which results in a positive instead of 2 negative allowance between the
parts, after which the Joining is done by hand. Or, a combination of
these two methods may be used.

Producing drive fits by means of impact force vhen the parts being
Joilnéd aré of large dilameter cannot be recommended because this method
lacks in precision and may produce scoring of the surfaces and other
disagreeable results.

Press Force. A press 1is used in force fits. When comparatively small
force (up to 5,000 kg) is needed, screw and rack presses are used
(Figures 40, %1). However, when considerable firce is needed for
making the joint, hydraulic presses (up to 50 & ) are used.
Joinéd by the press must have clean, smooth surfaces v
free from burrs, nlcks and flaws, and must have tapered entering sur-
faces for a quicker and more precise self-centering of the parts.
Burrs, flows and nicks on the surfaces which are being mated, first of
all necessitate extra effort in pressing and, Secondly, impair the
he mating member and of the base part, and may lead
pressed parts. Before pressing, the mating surface
bers is lubricated with industrial grease, Industrial
vaseline or aviation oil. The lubricant must be dehydrated before it
is uged. Lubrication prevents jamming of mating part, especlally when
™the metal used is the same in both parts.

In pressing, the base part (i.e. into which the other part is being

pressed) is placed strictly on the axis of the main screw of the press,

80 that the p n the axis of the mating parts, be-
ing may resul the mating surfaces or

in sticking of the parts.

the

I The authors do not glve stress calculations which are hecessary for
» 8ince the lations much

The press capad

rience. Those

e3s stress cald

"Allowance
sented.
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part. Fig. 42, b i1llustrates the method of coaxial setting in ﬁﬂ?ﬂl
fitting of bushings. In this case of press setting, the bushing is
placed on the holder sleeve which enters, with a small play, the hole
in the base part and places it coaxially with the maln screw of the
press.

Quality control of the press fit i1s maintained in the following way.

In the majority of the cases, previous to press fitting of the parts of
the maln assemblies the diameters of the hole and of the shaft are
measured in thelir normal temperature. These measurements permit the
determination of the actual tightness resulting after press fitting and,
consequently, assure dependability of a given joint. The snug fitting
of end surfaces 1s also tested (ends of shoulders). This adherence is
tested after press fitting with a 0.03 mm feeler gage which should not
be able to pass.

For a better guarantee of press fitting 1t is possible to test the
quality of fit by the amount of press stress, which is especlally easy
when hydraulic presses provided with manometers which indicate pressure
in the compression cylinder are used.

Very tight fits may be achieved by thermal expansion of the hole and

by thermay contraction of the shaft. Selecting proper temperatures of
heating the part with the mating. hole and cooling the shaft, it is
possible to obtain such an expansion of the diameter of the hole and
shrinkage of the shaft diameter, that a positive allowance results in-
stead of a negative one and the mating of the parts may be done by a
simple insertion of the shaft into the hole. The part is usually
heated in an electric thermostat or in an oil bath. Electric thermo-
static heating 1s preferable since this operation is simpler, safer
from the point of view of fire hazard, and is cleaner. THe entire part
is immersed when the part is heated in an oil bath, and to take out a
slippery hot part is not too easy in the first place, and in the second
place the oll dripping from the part soils the floor, equipment, and
clothing. To retrieve a heated part from an electrothermic oven, the
hands should be protected by speclal heat insulated gauntlets or specia]l
handling devices should be used to hold the heated part. -

Dry ice is used for cooling of shafts. Dry ice is placed in a special [
thermostat which is made to fit the part. For a more effective and
even cooling of the part it is recommended to mix dry ice with alcohol
or kerosene. Such solution is capable of cooling the part to -70° C.
In such a bath the entire part upon immersion in the cooling reagent
cools down rapidly and evenly. The cooled part should be handled with
canvas or leather baize lined gloves to protect hands.
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Temperature for the parts being mated is taken depending upon the gTAT
tightness according to the following formula:

C o= AL+ (8% - 60)eg] = BIL + (837 - 85°) &p),

where A - hole diameter 1n mm;
B - shaft dlameter in mm;
terminal heating'temperature in C°;
terminal cooling temperature in C°;

initial temperature of parts (shop) in C°;

coefficient of linear expansion of the metal around the holeﬁ

® p - coefficlent of linear expansion of the shaft metal;
¢ - added amount for clearance in mm,

The added amount for clearance 1s necessary, first of all, to ensure
freedom of fitting and, secondly, to compensate for reductlon in clear-
ance due to changes in temperature of parts during the process of
assembly. Value C depends upon the duration of the immediate unlon

_ of the shaft with the hole, the mass of the mating parts and the area
of the surface of the parts. Consequently, 1t is safest to test the
selected value C experimentally.

When the parts are ready for mating, it 1s necessary to verify the
dimensions of these parts with a speclal gage 1n order to have assurarnce
that the dimensions are of the proper silze. Verification of dimensions
and assembly of the parts should be done qulckly inasmuch as after the
parts are taken out of the thermostat and cooler the heated part cools
down while the cooled part warms up rapidly due to the conslderable
difference in the temperature of the parts and of the outside air.

This process of heat exchanglng goes on even more rapidly during the
actual mating of the parts. Previous to the assembly operation, impact
tools must be held in readiness in the event that the hole begins to
seize the shaft before it is fully inserted and must be driven, as a
last resort, to its place (1f the heating was correctly calculated, and
the work continues without incidental delays, this 1s not necessary as
a rule). As in the case of pressing operation, one of the parts is
usually lubricated with dehydrated mineral lubricant.

One of the parts must rock slightly durirng the mating, since during the
assembly operation the parts usually Jjoin slightly on a slant creating
an impression that they were not properly treated thermally. Thls 1s
especially true in the case of heavy parts which have considerable
fitting length.

If, in splte of rocking, the shaft enters the hole with difficulty, the
narts should be separated immediately and the thermal treatment re-
noated. In those cases when parts mate with difficulty from the very
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start, it should never be attempted to help with hammer strokes singce
the effect of thermal treatment lasts a very short time and the sholAT
may be left selzed half-way in the hole. In this case gseparation of
the parts takes a long time and in some cases 1s lmpossilble without
damaging one of the parts. In practice, entering part must enter freely
all the way in and after placement should be glven two or three rocking
moverients around its axls to ensure proper centering. When the parts
have additional bracing, such as splines or keys, which do not permit
relative motion of the parts, the absence of slant 1s ascertained with
the help of a feeler gage which 1s inserted into the gaps between the
surfaces of both parts. After cooling of the parts there may appear a
slight clearance between their end surfaces (especially in the case
when the parts have different coefficients of expansion). This should
not serve as a cause for alarm since clamping of one part to the
shoulder of the other is necessary mainly for the purpose of fixing of
the location, whlle the change in the position of the part upon cooling
1s small enough to be disregarded.

If the parts are additionally fastened by a locknut, it may be placed
and tightened immediately after the assembly of the parts. Before the
locknut is tightened, it must be Jubricated with a mixture of industrial
grease and graphite. If, previous to the screwing of the locknut the
shaft had been heated, the clearance for the mean diameter would de-
crease, the locknut would screw on with difficulty and possibly would
seize. It should be possible to screw in the nut all the way by hand,
if, however, it enters with difficulty the operation should be stopped
and resumed only after the shaft has cooled. Placing of the nut
immediately after Joining of the parts is done because the clearance
between the surfaces of the part after cooling will be then rather
small. After cooling of the mated parts the nut should be tightened
according to specifications and locked only then.

Before the unit is conveyed to the point of further assembly it must be
cooled naturally, which takes a comparatively long time, or by a steady
blast of cold air, or finally, in a special refrigeration unit. In the
case of artificial cooling it is absolutely necessary, in order to
avoid buckling, (especially of thin, large-sized parts) to ensure an
even cooling of all parts of the assembly.

Assembly of Non-Detachable Threaded Joints

Joints made by means of threading may be of two types: non-detachable
(end of stud screwed into the part) and detachable (nut fitted end of
stud, as well as bolts, tie nuts, ete.). On one end the stud has a
normal, so-called fastening thread, for screwlng of the nut, while on
the other end - a thread with an increased piltch diameter (so-called
tight thread). The stud may be screwed into the part both to the end
of the thread (Fig. 43, a), or to a given depth with a certailn length
of the stud left above the surface of the part (Fig. 43, b). The studs
which are screwed into the primary parts are selected according to the
torque to be applied which fully protects the threaded Joint against
unscrewing and breakage or selzing of the stud as it is screwed into
the threaded hole (for instance, centrifugal compressor impeller rotor
vanes, bolts which attach gas turbine disk to the shaft, ete.).
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Internal threads are divided urpose
of matching, Group numbers of
studs are st r thelr production.
The group to which the bore £ rmined before the
insertion of the studs.

Two speclal gages are used to determine the group of the internal
thread in the case of three groups. The first gage is go gage for the
second group of thread and no-go gage for the first. The Second gage
1s go gage for the third group of thread and no-go gage for the second.

Using these gages to verify the pitch diameter of the

group to which the stud hole threads

number of the group is written in peneil near each hole.

a stud of the same group 1s selected for each hole and 1s screwed into

When there are only two groups it is sufficient to have one gage, which
1s no-go gage for the first group of internal threads and g0 gage for
the second.

To Join the stud and the housi
without burrs or
during screwlng.

bricated with gr - The studs are screwed
T a device which is known as a tool post (Fig. 44).

When the stud 1s screwed into the part, the tool post is turned at
first at a slight angle in relation to the stud, there ensues a con-
siderable friction between the thread of the stud and the tool post,

Yy the pressure of the bolt on the stud, and the tool post
forces the stud to follow and screws 1t into the well. If the stud
must be screwed in not as far as the end of the thread, special rings-~
templets (Fig. 45) are placed under the tool post whieh ensure screwing
of the studs to the The screwed in stud must Tit
tightly in the well

The tightness of the fit of the stud in the well may be tested by feel,
in trying to unscrew the stud. Actually this is never done, since the
erilterion of the tightness of the Joint is the torque with which the
sStud 1s inserted into the well. The Skewlng of the stud in relation to
the surface of the well 1s checked by means of a Special square which
is placed on the 11. As a rule, skewing of the stud
e for thread or skewing
place in hand drilling
er. II skewing of the

readjusted for another stud.
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It 1s possible to remove a stud with the help of two nuts which aSTAT
screwed on the free end of the stud and a wrench which is placed over
the bottom nut. In unscrewing the stud it i1s recommended to turn the
wrench first in the direction of the thread of the nut followed by a
furn in the opposite direction. Should the stud fall to respond
immediately, it will be necessary to repeat this operation several
times, untll the stud wlll start to loosen.

A stud wrengh is very con¥ehient for removing studs (Fig. 46). The
wrench has a hole of the diameter of the stud and knurled cam which
turns freely on its axis. The wrench is placed over the stud and then |.
the cam i1s turned by hand in such a way as to press it against the stud|
In unscrewing, the stud 1tself tightens the cam in such a way that the
wrench will not move in relation to the stud. After being unscrewed
with the help of a stud wrench the stud's thread on the nut end of the
stud 1s usually damaged and the stiud cannot be used again. If in re-
moving, the stud breaks off flush to the surface, the remaining part
may be taken out with a drill of a diameter equal to, or 0.1 - 0.2 mm
smaller than the inside diameter of the stud. When the stud is ex-
tracted with such drill, parts of the thread remain in the seat and are
taken out with a special scriber. Fragments of metal which remain in
the hole thread are extracted by means of a compressed air jet aimed
Into the hole. After a complete removal of shavings out of the hole,
the burrs which have probably appeared should be removed with a tap.

Broken studs must be removed by experienced workers. To avoid deflectm
of the drill and damage to the well thread in unscrewing of the broken
studs, the use of a Jig is recommended. Fig. 47 shows several other
methods of stud removal.

In Flg. 47, a the protruding end of the stud is filed to fit the wrench
and the stud is unscrewed with the help of a nut wrench. In Fig. 47, b
the stud is unscrewed with the help of two nuts, the wrench used on the
lower nut; to prevent the nuts from coming off, the upper nut is held
by another wrench. In Fig. 47, ¢ a hole for a tap is drilled in the
stud. The tap wlth a counter thread is screwed into the drilled hole
and the stud is removed with the help of the tap. 1In Fig. 47, 4 a
tetrahedral rod is driven into the hole drilled in the stud and the stud
1s unscrewed with a nut wrench P ;i]

In Fig. 47, e an extractor is driven into the drilled hole in the stud;
the extractor 1s a screw with a very shallow thread, counter to the
thread of the stud, and the stud 18 unscrewed by turning the extractor
with a nut wrench.

Among other, less commonly used methods, are removing studs with nitric
acid and by electrolytic erosion. Removal of studs with the help of
nitric acid 1s done only when the seat of the stud is made of aluminum
alloy. Nitric acld dissolves steel but has very little effect on
aluminum alloys if their composition does not include zinc or magnesium,
This process takes place in the following manner: an acld-resisting
barrier (made of wax), in the shape of a well, 1s built around the
broken stud. This well 1s filled with nitric acid of 1.15-1.2 specific
gravity. The acid will dissolve the stud gradually without affecting
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the aluminum casing into which the stud was screwed. The acid 1sSTAT
changed periodically until the stud has been eroded completely. After
this, the threaded hole, out of which the stud has been removed, is
washed carefully with soda water, which neutralizes the acid, followed
by a washing with hot water. Erosion process is more rapid if the part
is heated to 50 - 60°C. This operation should be conducted very care-
fully since the acid may cause burns. Nor should the acid be allowed
to touch steel parts to avold damage to them. After the erosion
process 1s completed the remalning fragments of the stud are removed
carefully out of the seat, the hole thread must be checked with a num-
ber three tap. This method of removal of broken studs is not wide-
spread due to its meticulousness and the amount of labor consumed but
is completely Justified in removal of taps broken in aluminum casings.

Electrolytic erosion method of stud and tap removal is mainly used in
case of small parts since special equipment is needed 1n case of larger
parts.

’

Should the stud be screwed in too deeply 1t is not recommended to
correct the situation by unscrewing the stud by several threads to the
needed height; this may weaken the fit of the stud. 1In this case 1t is
better to unscrew the stud completely, to check the hole thread with a
tap and %o screw in a new stud of the next in size thread gage.

Assembly of Detachable Threaded Joints

Deflection of the part due to faulty tightening should be avoided when
the parts are assembled with the help of bolts, studs and nuts. Bolts
and studs should be tightened with an equal force and in a definite
sequence. This 1s especlally important in the case of block studs of
large-size parts which have a great number of studs or bolts.

The major requirements in stud tightenling are a close contact of butt
surfaces without warping or buckling during tightening, and absence of
overstrain in the body of the stud. The first requirement is achileved
. by a selectlon of a definite order in the dequence of stud tightening;
the second, by the use of speclal devices or wrenches while tightening
of studs. PFirst of all a so-called setting 1s conducted in which all
nuts are tightened evenly and in a specified sequence. Followlng this
all nuts are loosened, then screwed in to the contact with the seat
surface of the part, and finally, the threaded joints are tightened.
A n?rmal nut should screw in.with .ease until its contact with the seat
surface.

Difficulty in screwlng or selzing of the nut indicates local damage to
the thread of the nut or of the bolt {nicks, burrs, metal sticking,
etc.) or faulty geometric dimenslons of the bolt or nut thread.

Small local damage to the thread of the stud may be corrected with the
help of a triangular neelde file, or by rethreading with a threading
dle. Similar defects in nuts may be eliminated by rethreading with a
number three tap.
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If tightness in screwing is due to error in geometrical dimensions,
which is rarely the case, the bolts and nute are rejected. If thisSTAT
concerns the stud, another nut, of greater pitch diameter is found, or
the thread of the stud is rethreaded with a threading die which is in
good condition. 1In case of faulty pltch or faulty angle of the thread,
the stud 1s rejected and replaced by another. If the thread of the
bolt and nut 1is cadmium plated, the tightness in screwing of the nut
on the thread of the bolt may occur when cadmium layer is somewhat
thicker than specified (cadmlum layer of the thread is approximately
0.005 mm thick), and the pitch diameter of the thread approaches the
minimum in case of the nut, and maximum in case of the bolt, ile./ the
clearnace at the threaded jolnt approaches zero. In this case 1t is
necessary, elthér to replace the nut, or to force the nut along the
thread of the bolt or stud with the help of a wrench, applylng only a
slight hand pressure.

A11 major force-transmitting threaded joints are tightened with a
specified tightening force which 1s determined according to the
elongation of the stud or bolt which is being tightened, according to
the locking angle of the nut after its contact with the seat of the
part, and according to the maximum torque. The most precise test of
the tightening force is a check which determines the elongation of the
stud or bolt, this method, however, cannot be always applied. The two
remaining methods, especially the third, may be used almost in any
case of threaded Joints, but these are less precise, lnasmuch as a
number of such varlable factors must be consldered, as thread friction,
and friction between end surfaces, which depend upon the quallty of
threading and of contact surfaces. Besides, 1n tightening according
to the locking angle, considerable effect will be exerted by the
elastic deformation of the stud torslion and contortion of contact
surfaces. Measurement of the tightening force according to the value
of the elastic elongation is based on Hooke's law

PL
Al= _Z'/_‘;__’

where A/ linear elongation in mm;

/A - applied load in kg;
L - stud length;

{\,’

modulus of elasticity of the first type in kg/mm?;
/ - stud cross-section area in mm<.

Assuming the value of tightening force P, it is possible to determine
the values of elongation of bolt or stud after tightening.

The tightening process 1tself 1s as follows: First of all the bolt
length 7 ; 1s measured in its free, untightened state. Then tightening
takes place, length of the bolt is again measured and the value ¢ 2
if fixed.

NOTE:

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE ACT, 50 U S.C —
31 AND 32, AS AMENDED. TS TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON 1S PROHIBITED BY LAW.
IT MAY NOT BE REPRODUCED IN WHOLE OR IN PART, BY OTHER THAN UNITED STATES AIR FORCE AGENCIES, EXCEPT BY PERMISSION OF THE DIRECTOR OF
INTELLIGENCE, USAF.

{CLASSIFICATION) 3 70-1 ¢ u.s PRINTING OFFICE

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7




Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

If the measurement difference ¢ 5 = (1 =AC 1s of the needed \STAT
the tightening was performed corFectly. If the obtained value ~»¢ 1is
smaller than the one assigned, it means that the tightening already
performed must be increased. To avoid too many measurements and over-
tightening of the;bolt, it is wise to conduct the tlghtening process in
the following wa&y:| bring the nut in contact with the part, then turn the
nut 90° and press_the joint. This is to be followed by releasing of
the nut, measuring of the bolt length and again bringing the nut in
contact with the part, turning the nut 90° and measuring the elongation
of the bolt. Now 1t is possible to calculate the approximdte angle by
which the nut must be turned in order to obtain the required elongation

/N ¢, and consequently the required tightening force. In case of
overtightening of the bolt, i.e. the elongation obtained greater than
required, it is necessary to release the bolt in such a way that the
value A ¢ becomes slightly smaller than required, and then, turning
the wrench carefully, to tighten the bolt to its norm. Since the
elongation after tightening is usually measured in hundreds, or maximum
in tens of one millimeter, the measurements of initial and final bolt
lengths should be made with considerable accuracy.

A method of precise measurement of bolt length is Bhown on Fig. 48.
Here, both ends of the bolt have conical grooves into which are in-
serted two balls and the length of the bolt is measured from one ball
to another. To prevent the balls from falling out, they are clamped
by a speclal spring clamp which presses them to the surface of conical
grooves. The clamp should be installed in such a way as to have the
balls get into their old places each time. This will eliminate the
error which may arise due to the difference in the size of the balls.
If the stud length cannot be measured, its elongation due to tightening
may be determined by measuring the distance of the end of the stud
from some permanent base.

Fig. 49 shows a method of measurling stud elongation due to its tighten-
ing in the rotor of a centrifugal compressor. As a measuring base is
taken a device which is made fast to the shaft of the compressor. An
indicating depth gage is installed on the surface of this device with
the help of which the distance between the scraped surface of the
device and the stud end, into the conical groove of which a ball has
been inserted, is measured. Tightening in this case is done twice.
The first tightening serves for pressing of the Joint and selection of
possible clearances at the ends of the studs which are screwed into
the impeller. After the preliminary tightening one of the nuts is
unscrewed to its contact and then tightened for the last time. In the
Same way all the other studs are tightened in sequence.

In tightening according to the locking angle method a calibrated scale
with a hand indicator is used. Depending upon convenience, the scale
and the hand may be attached either to the wrench, or to the body of
the part (Fig. 50). A preliminary tightening 1s made, 1n the locking
angle method, to eliminate looseness in the Joint and with this, the
free play of the nut. Then the nuts are unscrewed, brought to the
contact by hand, after which the stud is given a final tightening by a
turn of the nut to the required angle. In tightening of long studs it
. should be considered that the angle of the turn may be considerable,
especially in case of considerable friction of the thread. In the case
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when the tightening of a detachable threaded Joint 1s desired acq;nfﬁng
to the torque in kgm, it 1s necessary to apply dynamometric (torque)
vwrenches, which indicate the value of the torque, applicable in tighten
ing of the threaded Jjolnt, or limit wrenches, calibrated to the desired
torque.

Dynamometric wrench, shown on Fig. 51, is the least complicated in
design. The wrench consists of a head (1), connected by means of pre-
cision (without play) threading, to a resilient rod (2), provided with
a handle at its end. A calibrated scale (3) is attached to the head of
the wrench, and indicator (4) to the resilient rod. In tightening of
the threaded jJoint the rod (2) will bend and the indicator (%) will
travel over the scale (3). Before its application the scale of the
wrench 1s calibrated to the desired torque and the scale is correspond-
ingly marked in accordance with the desired torque. During the tighten
ing of the threaded Joints the worker must see to it that the indicator
reaches the scratched mark on the scale.

Dynamometric (torque) wrench shown on Fig. 52 is made of a duralumin
holder (1), to which a plate (2) is attached by means of eight screws,
holding the mechanism of the wrench, shown separately on Fig. 53.
Resilient rod of the wrench §7) 1s connected with the sguare aperture
in the head of the wrench (6). The value of the torque is fixed by the
hand of the indicator (3). To ficilitate its operation one end of the
holder of the wrench has a form of a handle (4).

To screw in a nut in a hard to reach place a hinged joint (5) is
provided. Both resilient rod (7) and the square of the Joint have ball
locks.

Wrench mechanism (see Fig. 53) consists of a resilient rod (7), welded
to plate 32), lever (8) connected to guide (9), which sits on the same
shaft (10) with a toothed sector. The toothed sector (11) (Fig. 5%),
which has 12 operating teeth, and can turn both ways {for right-hand and
left-hand thread, meshes with a gear (not shown), the shaft (12) of
which:.also serves as the shaft for the indicator hand. The gear has
twelve teeth and consequently, during the maximum shift of the .toothed
sector together with the indicator hand will execute a 180° turn. To
eliminate play in the meshing of the teeth and a reverse movement of thel
Indicator hand, a spiral spring (13) is provided. The scale of the
indicator is divided into two semicircles (right and left-hand thread)
each having 30 graduations. Each graduation on the scale corresponds

to 5 pound-foot or 0.69 kgm. The indicator scale rotates so that it
could be set at zero.

Fig. 55 shows a spring limit wrench. A turn of the handle (3) can
adjust the wrench to various values of the torque from 100 to 200 kgem.
The moment of complete tightening of the threaded joint is found by the
worker by feel when the mechanism of the wrench begins to slip. This
corresponds to the position of the guide (18) as it is shown on Fig. 55
left top.

The worker should watch carefully for slippage of the wrench, because
1f the tightening process is not stopped at this moment, with further
v'¥n of the wrench, the guide (18) will rest on the casing (27) and the
jéiggening willl continue above the required torque breaking the threaded
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Calibration of limit and dynamometric (torque) wrenches may be dgaTon
a machine for torsion tésting of the samples.

Test data are added to the wrench. Tightening by means of dynometric
or limit wrench is performed in two operations. First, the threaded
joint undergoes a preliminary tightening according to the desired
torque (reduction) then one nut at a time, in sequence, 1s loosened,
followed by a final tightening, at the same time bringing the nut under
a splint. Tightening must be done evenly, without lnterruptlons or
Jerks, since in starting the dynamometric wrench will show at first a
slightly greater value. The same takes place in jerking.

The precision of a threaded detachable Joint, 1s affected besldes
eveness in value of tightening of each threaded element of the cons<:.
nection, also by the séquence of tightening of bolts and studs,
especially if these are present in great numbers. When there are four
studs located on the circumference, the tightening is done as 1t is
shown on Flg. 56.

Flg. 57 shows the sequence of stud tightening when they are located
along the axis. Such sequence ensures the best contact of butt surfaces
since even if both butt surfaces are buckled, in tightening this
buckling wlll be straightened as a result of shift of the case halves
in both directions.

Fig. 58 shows the sequence of tightening of studs of a round flange of
an engine equipped with a centrifugal compressor. In this case the -
process is started by tightening four studs located crosswise, followed
by tightening of studs in each of the four sectors approximately in the
same order as the first fomr. Flange connections with a large number
of threaded detachable joints are tightened in approximately the same
way. To avoid burrs and corrosion in the threading, it is recommended
to lubricate the threaded Joint, before its joining, with a mineral
lubricant. It is recommended to lubricate force transmitting threaded
joints, which reaulre considerable tightening force, with industrial
grease. Threaded Jjoints which require sealling, are assembled with the
help of whiting, minium, hermetlic sealer, or silk thread. Threaded
joints which are sealed are hard to dismantle, consequently thls method
of thread sealing is recommended for those Jjoints which are never taken
apart, or rarely dismantled. N

Locking of Threaded Joints

As a rule, all threaded joints of an engine are locked after tightening
to prevent self-unlocking die to vibration. Fig. 59 shows the usual
types of locking. As a rule, locking or safetying parts and materials,
wlth the exception of special lockhuts, are used only once and after
dismantling are thrown out regardless of their condition. Among such
materiel and parts are: binding wire, cotter pins, lockwashers,
locking terminals, the teeth of whlch are bent back in locking, etc.

In cotter pin safetying it should be remembered that the pin must it
the hole tightly, with little play, and must have its length protrude
above the nut approximately equal to one facet of the nut. Longer
cotter pins, requiring nipping off their ends to the necessary length,
never should be used. Cotter pins should be trimmed at a distance from
.he place of assembly to avoid falling of cuttings into the engine.
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Protruding cotter pin ends must be bent back carefully over the ISTAT,
of the nut, or as 1t is shown on PFig. 60 (over the facet or over the
end of the bolt or stud), and tightly pressed to the facets with hammer
blows. In locldng with the help of wire 1t 1s necessary to guard
against over-twisting of wire leading to cracks at the place of the
twist.

Castellated nuts (Fig. 61) should be tightened with a wrench by 120-
180° after screwing on the thread. The teeth of locklng terminals
after they are bent over the facet of the nut should be tightly pressed
to it with hammer blows.

Assembly of Flanged Joints

Flanged joints are widespread in engine-bullding practice. Gas turbine
of a jet-propulsion engine may be glven as an illustration. Major
requirement in a connection made by means of flanges is perpendicu-
larity of the axle ends being Jjolned and concentricity of the pivotal
axis of the holes made for bolts or studs. Non-perpendicularity of
flanges brings about a greater or lesser break in the axle with all the
ensulng consequences, In particular, in the above given illustration
of a gas turbine rotor this brings forth pulsation of the disc butt
end. In case of non-concentricity of holes made for the bolts of the
rotor axle there 1s pulsation along the circumference of the dilsc. It
1s also very important to align the axls of each hole made for bolts
or studs, especlally 1n case of templet bolts. This 1s ensured by a
simultaneous reaming of the holes in the flanges being Joined.
Connecting bolts are tightened according to standard practice.

Assenbly of Cone Joints

“‘Cone Joint connection serves both as a method of centering of two parts

and, "to ‘make a stationary connection. In the first case the cone

“Joining is done with a slight tightness and the immovability of the
connection depends on additional fastening by means of a dowel,
(Fig. 62). Besides, the part with an inner cone is protected from
axial shifting by a lock nut. It is obvious that in order to tighten
the cone joint with a nut, it is necessary to have the encompassing
cone overhang'the cone being encompassed thus having the capacity to
move along the encompassed cone when the nut is tightened. The contact
surfaces of a cone joint before being assembled, are ground reciprocal=
ly with great care. The quality of grinding 1is tested with paint; no
less than 80% contact of the cone surfaces 1s required. Before
assembly one of the cones is covered with graphite lubricant to prevent
scoring of the surface in dismantling.

In assembly of a cone Joint requiring considerable tightness the oper-
ation 1is carried out in the following way: after grinding, the cone
hub is placed on the shaft with an abrupt movement to assure its tight
fit on the shaft. PFollowing this, the distance between the end of the
shaft and the end of the sleeve({{.})is measured with up to 0.0l mm
precision with the help of a depth gage, (Fig. 63). Then the distance
(. is theoretically calculabed, this distance corresponding to the
pos% ion of the sleeve when it will sit on the shaft with a required

tightness.
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The dimension (¢ ,) 1s found by means of formula
H

e (' 5 = é‘ 1 -+

2

where 142 and ('1 _ Qaistances in nm, shown on Fig. 63;
H - vrequired value of tightness in mm;
x - cone angle.

Then the sleeve 1s taken off the shaft and heated to that temperature
which will ensure an easy slipping of the sleeve on the shaft (distance
from the end of the sleeve to the end of the shaft £ 5); after cooling
the sleeve must have the desired tightness H. The required tempera-~
ture of heating may be determined by formula

H = /'117:1(&:1 "?fo)OI’ Lzl =
e

where H required tightness;

A size of sleeve hole in mm;

linear coefficient of expansion;
¢ 1 sleeve heating temperature in C°;

7 o room temperature in C°.

Heated sleeve 1s quickly placed wlth an abrupt movement and the
distance ( [2) is checked immediately. The surface of the shaft, before
the sleeve 18 placed, is lubricated with light industrial grease to
prevent scoring of the shaft or of the sleeve. In those cases when
placement of the sleeve in the shaft cannot be done rapidly, the sleeve
is heated to the temperature 50-100°C higher than that required, and
during the placement of the sleeve in the shaft attentlon is pald to
the retention of distance (¢ p), which can be done easlly before the
sleeve has cooled and tightened in the shaft.

- Assembly of Splined Jolnts

Splined joints with splines rectangular in their cross section differ
in methods of their centerlng. Fig. 64 shows types of spline Jjoint
centering. Figure G4, a shows outside diameter centering, Fig. 64, b
inside diameter centering, and Flg. 6%, ¢ centering along the side sur-
face of the splines. The first two types are the most common.
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Since in preparation of Splines there is always a possibllity of _ew»por
in the angle, it is necessary to find those grooves and splines© !fRleh
may be mated with the greatest ease. This position is affixed by
stamping a spline of one part and the groove or a pair of corresponding
adjacent splines of the other part. Before mating the collar with the
shaft, the surfaces of Splines of both parts must b

and all the minute scratches, nicks and burrs must R

wise selzing may occur in the splines. It should be also checked
whether there is sufficient surface: on the splines, contacting the
radii of the grooves of the splines.

In joints made with the help of end splines (Fig. 65), the splines
should be free of nicks, or dents, otherwise flanges will not lock
tightly and the joint will be out of Hne. Chance nicks and dents on end
splines should be dressed carefully with a barette file op scraper
before Joining. However, i1f the flanges still fail to Join tightly,
1t should be ascertained with the help of palnt, which splines inter-
fere, and to find the best position for the splines by turning one
flange in relation to the other by an angle between the bolts.

the best Joining position 1s ascertalned it is affixed by marki

the periphery of the flanges.

To improve joining of the Splines, Joints of large dimensions are
pressed before assembly under 50-60 kg/cm2 pressure.

Setting of Anti-Priction Bearings

The design of jet engine specifies, almost exclﬁsively, the use of balll
and roller bearings both of detachable and non-detachable type.

Due to high rpm of the engine very high performance standards are re-
quired of ball and roller bearings.

The major requirement of an installed anti-friction bearing is easy
and smooth rotation of one ring of the bearing in relation to the other
without noise or selzing.

especlally of the bear-
erved in preventing
gs and preventing oxidation especlally of
ng races, balls and rollers, where absolutely
re stored in
Unpacking of bear-
the bearings are
d with warm, dry
s or smoothness and ease of movement, and
for traces of corrosion. If necessary, setting diameters of the outer
and inner rings and diametrical and axial clearanc
is recommended to wear clean cotton gloves while t
anti-friction bearings to protect them from fatty
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Non-detachable ball and roller bearings, as a rule, have a tight '
fitting ring on one slde and a ring with clearance on the other STAT
installing bearings 1t 1s necessary to guard against distortion of the
ring as it 1s fltted tightly. Setting surface of a ball or roller
bearing must be clean and greased to prevent possible scoring. The
most expedient method of placing ball or roller bearings is by means
of a press or a free ‘setting accomplished by heating of the bearing.

Because the above mentioned methods are not always convenlent due to
the design features of the parts, an impact method of setting ball and
roller bearings is often used. Vhem impact method is applied the use
of a special device which has the form of a tube, one end of which 1s
fitted with a plug-head (Fig. 66) is recommended. The dimensions of
the tube are taken according to the ring of the anti-friction bearing,
on which the tube must rest; the outer diameber of the tube intended
for outer ring is made 0.5-1 mm smaller than the diameter of the outer
ring; the inner dlameter of the tube intended for inner ring is made
0.5-1 mm larger than the diameter of the inner ring. This is done to
prevent the tube from touching the surface of the housing, or the sur-
face of the shaft, being fitted and scratching 1t during slight skewlng
or flaring of the tube end. The use of this tube 1s convenlent becausgq
the force used on the anti-friction bearing as it 1s placed is dis-
tributed evenly over the entire area of the bearing ring and will
ensure its movement along the axis without skewing.

Fig. 67 shows how to apply force in installing anti-friction bearings
depending on which of the rings has a tight fit. If this rule is not
observed, and the force 1s applied to the ring with clearance, the
force used on the ring with a tight fit will be transmitted to the
ball bearings through the balls, and through rollers to roller bearings

When the force 1is applied locally (by hammer and punch) the force will
be transmitted only through one ball or roller, which results in in-
creased tension at the point of contact and may lead to the occurrence
of dents in the bearing-races of the ball bearing and cracks or breaks
of the shoulders of the outer or inner collar of the roller bearing.

In both cases the bearings will be completely damaged and will have to
be replaced. Removing bearings from parts (housing or shaft) is done
with the help of clawed screw pullers. To prevent skewing, the puller
is provided wlth three claws which grasp the bearing by tilght-fitting
ring. When anti-friction bearings are taken out with the help of a
puller by grasping them by outer ring, grooves are made in the housing
at the place where the bearings will be placed, for the claws of the
puller.

If turning of the bearing, after its installation, becomes difficult,
the bearing is removed and replaced by another which fits the given
part less tightly. For individual bearings (compressor or turbine
votor bearings) the method of preliminary matching in accordance with
the dimensions of the shaft or some other part 1s used. In these
cases the setting dimensions of the bearing and of the parts being
mated are measured and then the bearing and the parts which ensure the
desired filt, are selected.
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Thus, for instance, a bearing of the rotor of gas turbine TKVRD STAT
equlpped with a centrifugal compressor, 1s selected first in ageoY .. ce
with shaft dimensions with fit tolerance of from 0.000 to 0.010 mm and
then, in accordance with the dimensions of the outer ring the size of
the bearing is selected with tolerance for fit of from 0.000 to 0,010
mm.

In case of single unit production such matching is not always possible
due to a limited number of comblnations of parts and bearings, and in
this case this problem may be solved by corresponding finishing of
mating parts.

The inner ring both of a ball bearing and roller bearing, after its
placement on the shaft must fit tightly the corresponding shoulder of
the shaft or the adjacent part. Tight fit of the face of the inner
ring of the bearing and the adjacent part points to its proper position
on the shaft (absence of skewlng). Tight fit of the bearing face is
tested with a 0.03 clearance gage which should not be able

shaft and
ce or by further pressing.

Looseness of fit of the inner ring face of the bearing with the face of
the shoulder, when the clrcumference clearance is uniform, may arise if
the chamfer of the shaft ring has a greater radius. In this case the
chamfer radius should be corrected.

" In case of detachable roller bearings outer or inner ring may be re-
moved, while the second ring remains connected with the rollers which
are encased in a cage. Both parts of the bearing are mounted on the
corresponding parts separately and then the bearing is assembled -
slmultaneously with the assembly of these parts.

Besides general rules to be followed in assembly of anti-friction
bearings here must be observed also the condition of correct axial

If this condition is not

ay fail to operate over

the races because one part of the roller may reach
beyond the race on one side. In practice this occurrence is known as
roller "droop" and it 1s ascertained with the help of paint. To do thig
previous to their assembly both rings and their rollers are wiped dry
while the bearing race of the detachable ring is painted with a thin
layer of Prussian blue. This is followed by the bearing assembly.
*

One ring of the assembled bearing {usually the inner) is turned 360°
two or three times after which the bearing is disassembled. If the
entire length of the roller becomes covered with paint it means that
the connection was made properly. If, however, one end of the roller
remains unpainted for a certain length, it means that roller "droop" is
present. Roller “"droop" is ellminated by moving one ring of the roller
bearing axially in relation to the other by the correspondlng length in
the needed direction by selection of calibbated washers, which are
introduced into the design especially for that purpose.
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STAT

In assembly of ball thrust bearings (Fig. 68) one ring (1) must fit the
shaft tightly, while the other (2) must be seated with a clearance.
This 1s explained by the fact that the ring tightly seated on the shaft
of the ball thrust bearing, centers the entire bearing in relation to
the shaft and rotates, as do the balls, together with the shaft. The
other ring, which has a clearance in relation to the shaft, however,
remains motlonless during operation and is pressed tightly to the
housing.

If, due to a mix up, the rings are changed in position, ring with a
tlght shaft fit will be pressed by the shaft agailnst the housing, will
heat 1tself due to frictlon and will be the cause of the bearing's
breakdown and damage to the mechanism.

In a turbo-Jjet engines with axial flow compressor, the forward radial
thrust ball bearing of the compressor rotor is offen combined in pairs
or 1n threes.

In this case, two or three radial thrust ball bearings are placed in a
single common housing or, as it is called, assembled in a pack. This
assembled pack is placed on the shaft of the compressor rotor.

When such ball bearings are assembled, besides following the general
rules of assembly, it is necessary to observe the condition of uniform
distribution of axlal thrust among the ball bearings of the pack. This
is achieved by having each ball bearing after its installation in a
common housing pressed in the housing by the axial thrust equal to the
axlal load which the ball bearing takes on during the operation of the
engine. After pressing of all ball bearings thelr position in their
common housing 1s affixed rididly.

Sliding Frictilon Bearings
Sliding friction bearings or sleeve-type bearings in modern turbo-jet
engine are mainly used as bearings in manual drives (cone operating
gear, etc.). In design these bearings usually represent bronze flanged
bushings. :

Major requlsites to be observed in the assembly of these bearings are
as follows:

l. Tight fit in the seat;
2. Cooxiality of bearings on which the same shaft rests;
3. Ensurance of the required clearance;

4. Alignment of oill holes of the bearing with the oil
channels of the housing;

5. Absence of possible creep of the bearing in its seat.

As a rule, these bearings are placed in the housing seat by means of a
press 1t which creates the necessary tightness of union between the
3eat and the bearing.

NOTE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE CF THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE ACT.50 U S. C —

31 AND 32. AS AMENDED  ITS TRANSMISSION OR THE REVELATION OF iTS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON 1S PROHIBITED BY LAW.
IT MAY NOT BE REPRODUCED IN WHOLE OR IN PART, BY OTHER THAN UNITED STATES AIR FORCE AGENCIES, EXCEPT BY PERMISSION OF THE DIRECTOR OF
INTELLIGENCE, USAF.

(CLASSIFICATION) 16—55570-1 TX U. 5. COVERKMENT PRINTING OPFICK

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7




Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

During press fit setting of the bearing it 1s necessary to watch for
proper alignment of oil holes of the bearing with the oil holes cSTATe
housing. Alignment of the oil holes of the bearing with the oil chamel
which provides lubricant from the housing, is checked with a cylindri-
cal probe, the dlameter of which i1s 0.05-0.1 mm smaller than the
diameter of oill hole of the bearing. For that reason the flange of the
bearing and the seat are drilled together and threaded for a stopper.
Then the stopper is screwed in and its protruding part is cut off.

After the stoppers are installed, the bearings after press fitting are
unscrewed simultaneously to obtain cooxlality and to restore the
dimensions of the inner diamebter. When especlally clean surface of the
outer side of the shoulder 1s required, the shoulder 1s faced.

Assembly of Gears

In aircraft Jet engines gear assemblies with spur and bevel gears are
used.

Assembly of gears requires the adherance to the following: a speclfied
clearance between the teeth of the gears on the plitch circle; proper
fit between the teeth of the gears at the moment of meshing, smooth
rolling fit of the gears, and proper mutual arrangement of their shafts

The size of the clearance between the teeth for each palr of gears 1s
set by the designer in accordance with work conditions and the di-
mensions of the wheels. Increased backlash above that aspecified leads
to increased impact load per tooth; decreased clearance leads to in-
creased wearing away of the teeth, and in the case of a very small
clearance results in jamming of the gears.

Proper £it of the teeth of the gears while meshing ensures an even load
distribution along the width of the tooth and uniform wearing out of
the tooth.

Smooth rolling fit of the gears serves as an indicator of the correct
geometrical design of the tooth.

Incorrect arrangement of the gear shafts in respect to each other,
which is seen in the gear shafts being out of line or in increased or
decreased distances between thegakworsens meshing conditions of the

gears and affects the size of b lash.

Assembly of Gear Transmission with Spur Gears. Clearance between the
teeth of the gears - backlash - e (Fig. 69) is checked with a feeler
after thelr installation. For that purpose one of the gears 1ls forced
out in the direction of its rotation while the second 1n the opposite
direction, and into the clearance thus formed between the engaged teeth
a feeler 1s inserted. The feeler which corresponds exactly to the size
of the backlash, must be able to enter the clearance tightly without
Jamming. The clearance, as a rule, is measured in three or four points
and the mean size of the clearance obtalned during two or three turns
of the gears 1s noted.
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When it is impossible to measure the size of the clearance between the
teeth of the gears with a feeler a holding device and and indicaigyaT
are used. The holding device 1is installed on the shafts of one o1 une
two meshing gears. A measuring splndle of the indicator is brought to
the lever of the device. Having stopped one of the gears and turning
the second to the right and to the left to the limit, the size of the
clearance is calculated 1n each case according to the difference shown
by the indlcator. To avold needless recalculatlions, the distance from
the lever from the plane of contact of the lever with the measuring
spindle to the shaft is taken as being equal to the radius of the pltch
circle of the gear. Should i1t be necessary to increase or decrease the
backlash, the gears are selected according to the thlckmess of the
tooth.

Smoothness of meshing and turning of the gears 1s tested by feel while
revolving one of the gears. In smooth operation the gears must roll
without seilzlng or jerking, approximately with a constant torque, and
must run silently.

Paint 1s used to check proper meshing of gear teeth and true mutual
arrangement of the shafts on pitch circle. For that purpose teeth of
one of the gears (driving) are coated with a thin layer of paint
(Prussian blue), the gear is installed and turned in the working .
direction. The second gear (driven) is braked slightly, to jgreate,
during turning of the gears, a slight pressure on the teeth for a
clearer imprint. After the gears have made a complete revolution the
gear wlith unpainted teeth is taken off and the outline and the size of
the obtained imprint made on it by the painted tooth of the first gear
1s checked on 1ts teeth. In case of a good meshing of teeth, the
imprint on the tooth of the driven gear will be found over the line of
action (see Flg. 69) and its length should be 60-70% of the length of
the tooth. When the distance between the shafts of the gears A 1is
greater than allowable, the imprint will move itself toward the head
of the tooth. VWhen the distance between the shafts of the gears is
smaller than allowable the imprint will move to the root:of the tooth.

One sided imprint along the length of the tooth will mean that the
gear shafts are out of line.

Assembly of Gear Transmissions wilth Bevel Gears. Clearance between the
teeth of bevel gears is measured with an indicator in the same way as
in the case of spur gears; the shoulder of the lever on whilch the
contact of the measuring spindle of the indicator with the lever takes
place, 1is taken equal to the radius of the pitch circle of the large
gear. When there is a free access to the teeth of the gears, the
measuring spindle 1is directly attached to the tooth of the gear along
the pitch circle of the large gear.

When the clearance between the teeth of bevel gears 1s not of the
proper size, it is brought to the needed dimensions eilther by bringing
the gears together, moving them along their shafts (decreasing the
clearance), moving them apart, or conversely, (increasing the clearance)
It 1s possible to change the clearance between the teeth of the bevel
gears during the process of assembly of gear transmission or, as it is
usually called, regulate the clearance, by several methods. The easi-
%B%tmg hod %i‘%ﬂ“%?i%ga%%ea?i‘ﬁég vefreeR tﬁsltegghwgicﬁeé@li *a52s1Bie
~ther to aw e gears closer to each othep 8r o _force tThem apart,
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For a more rapld selection of callbrated rings the following short
calculation may be used. The size of the clearance between the teSTAT
of the bevel gears and the distdnce by which none of the gears must be
moved along 1ts shaft, to make the clearance equal to zero (0), are
linked by correlation

) e = B2sin X sin ¢

where clearance between the teeth of bevel gears;

value of the distance by which one of the gears must be
moved, to make clearance e equal to zero;

meshing angle;
- angle of pitch cone.

It is posslble with the use of this ratio to calculate value B corre-
sponding to the specified cléarance e. After the bevel gears are
installed one of the rings is moved along 1ts shaft to the limit and
value B is measured with a feeler (Fig. 70). If value B does not
correspond to the rated one, the thickness of the calibrated ring is
increased or decreased by the difference between the measured value B
and the rated value B.

After the proper between the teeth of bevel gears has been established,
paint is used to check abutting of the side surfaces of the teeth in
the same way as in the:case of spur gears. Following this the gears
are taken out and the quality of thelr meshing is Jjudged by the form,
dimensions and location of the imprint.

The latest research establishes that the best conditlions for the oper-
ation of the teeth of the bevel gears exist when the imprint of the
1dling gears is of the type shown on Fig. 71, a. This is explained by
the fact that while in operation under load, the thinner part of the
tooth will yleld to a greater extent than the fthicker part, and the
contact along the booth will be complete. Value A of the imprint for a
good rating of tooth engagement must be equal to 0.5 to 0.75 of the
tooth length.

The imprint may have a break (Fig. 71, b) or may recede somewhat from
the edge (Flg. 71, c).

Permissible limit of the break in the paint imprint (see Fig. 71, b) is

- under thils condition its length 1s not considered and the

entire A 1s taken as the imprint length. Deflection of the imprint
from the narrow end of tooth /° 5 (see Fig. 71, ¢) to 0.25 of A, and
the length of the imprint in thils case is considered to be value A.

Imprint on the side of the wide end of the tooth (Fig. 71, d) testifies
to an abnormal meshing and overloading of one part of the tooth. As a
~ule, bevel gears with such an imprint are rejected and exception is
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STAT
made only in the case if the length of the imprint is not less than 3/4
of the entire length of the tooth.

If the paint imprint on the teeth is nearer to the root of the tooth
(Fig. 71, e), it is possible to relocate the imprint toward the head
of the tooth (dotted line on Fig. 71, d) by moving the driven gear
along its shaft toward the point of intersection of gear cones which
will result in diminished clearance, or by moving driving gear along
1ts shaft away from the point of intersection of cones leading to an
increased clearance. If the imprint on the head has no break (see
Fig. 71, ) then, depending upon the length of the imprint and size of
the clearance it 1s necessary either to move thils gear along its shaft
from the point of intersectlon of the gear cones, which will result in
the appearance of a break and lncrease of the clearance, or to bring
the assembled gear closer, which will result in a break in the imprint,
decrease in clearance of the gear teeth.

In case of a satisfactory dmprint changing of the clearance between

the teeth of bevel gears should be done by means of an uniform bringing
together or moving apart of both gears. No manual finishing of the
tooth profiles to improve meshing of teeth is permitted.

'
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CHAPTER II
ASSEMBLY OF ENGINE COMPONENTS

"y Structural Designs of Engines Which Determine
Y Technical Aspects of Assembly

Gas-turbine jeat engines ﬁay be divided into two major groups
according to their structural design: engines with centrifugal
%ompreasgrs (Fig. T2) and engines with axial flow compressors
Fig. 73).

Gas-turbine engines with centrifugal compressors may be broken
down further into a number of assemblies according to thelir
structursal and assembly characteristics.

Compressor 1 together with inlet units, engine support trusses
3 and 5, and outlet air adapters 13, represents the major load

. ecarrying assembly. Two lugs are clamped to the body of the con-
pressor with the help of which the engine is attached in the
aircraft.

The housing of the center bearing 6, the housing of the rear
bearing 12, and nozzle inlet ducts with a nozzle dlaphragm 13
are attached in successive order to the backside of the campressor.

Combustion chambers 14 are located between nozzle ducts and alr
adapters: The gas turbine shroud 17 is connected to the nozzle
diaphragm; the turbine rotor 16 is housed in the gas turbine

shroud.. To the body of the turbiné are successively attached:
exhaust: sone. owter shell | 19:and outéy; eihaust hood 20.

front pid!-bfﬁthnrcbmprgiggg ;Acceanories case 10 is attached to
the engine support truss, and o1l plmp case 11 is attached to the
lower part of the support truss. Within the accessorles case ave
located the drive gears to the accessories of the engine, while
they themselves are mounted outside; on the drive gear accessories
case. Rotation is transmitted to the gears from the front shaft
of the compressor by means of a coupling shaft.

The engine has three main bearings of which the front, ball bear-
ing, 1s located in the front support -truas 3, while the other
two - center ball bearing and rear roller bearing - are located
in special housings. Cooling of the components of the hot part
of the engine is done by air which is delivered by a cooling
impeller 8. To safeguard turbine disc from being heated by ex-
haust gas and to diminish the losses at the turbine inlet a
stationary exhaust cone 21 is installed inside of the exhaust
cone shell.

The design of an engine with axial flow compressor (Fig. 73) 1s
considerably different from the one examined above. Here, the
main load carrying part of the engine is the support which, with
the help of three lugs, is attached to the alrcraft and carries
the remaining units of the engine. Combustion chambers 12 are
placed on the outside of the support, and are combined in a block
with the help of common turbine inlet ducts, to which they are
attached. Combustion chambers are covered by the support
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housing 11. Nozzle 14 and the rotor of gas turbine 13 are
located within the inlet ducts housing.toTo the back side of ‘STaT
support housing is connected an outer exhaust cone 17, inside o1
which is located a variable cone with its servo-mechanism.

Axial flow compressor composed of housing or stator with gulde
vanes 2 and multiple-stage rotor 3 is attached to the front side
of the support. Accessory drive power take-off housing 5 1s
attached to the compressor, inside of this housing are located
accessory gears and couplings to accessories drive case 8, placed
at the top of accessory drive power take-off housing, and maln
oil pump placed at the bottom of thils housing.

Starter motor 9 and air inlet assembly 10 are attached to the
front slde of the accessorlies drive power take-off housing.

Some of the auxiliary assemblies are located on top of the ac-
cessories drive gear houging while others on top of accessories
drive power take-off housing or in the compressor case.

The engine has four main bearings, two of which (front 4 1s a
three-row ball bearing and rear 6 ies a roller be ) support
the rotor of the compressor while the remaining two (ball bearing
tn front and roller bearing in rear) support the rotor of the gas
arbine.

Elements of the hot part of the engine are air cooled with air
withdrawn from the compressor after the fourth stage.

Comparing both structural designs it may be sald that each engine
can be divided into a number of components, assembly of which may
be done independently.

At the same time, structural differences of engine parts which
possess same nomenclature create differences in the technical
process of thelr assembly.

The compressor in the case of both engines may be assembled only
during the process of general assembly, inasmuch as, in the case
of the first design, the rear bearing of the compressor rotor, and
in the case of the second deslign both bearings of the compressor
rotor, are located outside of the compressor body.

Accessories drive case of the first deslgn may be assembled com~
pletely with its auxiliary subassemblies, and in 1ts completed
state may be instslled in the englne at any stage of the assembly
operation. In the case of the second design the power take-off
housing 1s assembled during the process of general assembly and
may be installed only at a certain moment of the assembly (before
the installation of the inlet assembly), while the accessories are
placed on top of the accessorfies drive case during the general
assembly of the engine.
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2. Washing of Parts and Engine Assemblies

Cleanliﬁéss is of utmost importance in achieving high-qualit;STAT
engine assembly.

Even the slightest speck of dirt or sand, or a shaving may lead
to most unfortunate results in the operation of the engine, Thus,
for instance, dirt in the fuel plug may bring about an inaccurate
flame Jet which in turn will cause warping of the fire tube, and
even its possible burning out, and overheating of gases, which
may cause disintegration of turbine blades, i1.e. complete break-~
down of the englne. Penetration of dirt into oll may cause

breakdown of bearings.

In ensuring necessary cleanlineas of the parts and assemblies
peing fitted together a very important role in the technical
process of assembly is played by washing, which 18 carried out:

a) Previous to initial assembly of engines, which are then
conveyed to testing stations for final tests before dkllivery;

p) During the immediate assembly (1f necessary);
¢c) After disassembly of engines which passed the final tests;
d) Before assembly of engines for control tests;

e) For the purpose of unpacking of parts and assemblies.

Washing agents are: gasoline, kerosine, white spiritl, agueous
solutions, etc. - .

In the production of aviation engines most often gasoline and
aqueous solutions are used for washing.

Parts and assemblies of complex contours, which may retain mols-
ture or fine dust, anodlzed parts, bearlngs, as well as parts of
oil and fuel systems, are washed in gasoline.

Aqueous solutions are used to washgparts which have simple con-
tours, made of any metal except mdgnesium. .

Washing of parts and assemblies 18 conducted in rooms speclally
equipped for that purpose. Ganeral equipment of washing depart-
ment consists of open type vats for washing of parts in gasoline,
closed vats designated mainly for washing fuel manifolds and
other important parts, and washing machines where the parts are
washed in agueous solutions.

Hh

,‘Jiuy}te spirit is a light petroleum fraction which is used in
"% washing of parts since 1t constitutes a good oil solvent.
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Wash rooms are equipped with ' exhaust and intake ventilation
hoists, transportation facilities, air dellivery condults whS?AT
supply cold or hot (to 40-50°C.) air for blowing &nd drying ..
the parts sfter washing, gasoline pipe line which feeds gasoline
from tankk'located outside of the wash room (in case of central-
ized delivery) .and finally, blasiproof electric motors and pumps,
filters and small tanks for gasoline (for each vat), if there is

no centralized feed of gasoline.

At serial production plants both feed and run-off of the used
‘gagoline are mpgually centralized.

Gasoline, for washlng parts in the wash rooms of the assembly
shop, 18 delivered under pressure from the storage tank reser-
volrs through pipes. From this main gasoline trunk line, addi-
tional branches take gasoline to each wash vat, which in turn is
egukpped with pipes for used gasoline run-off through which
gasoline flows Dy gravity into the raservoir. Delivery of gaso-
line into the shop from the storage tank is done by pumping inert
gas into the tank under 1-2 atm-pressure.

For proper and efficlent operation of the gasoline storage tank
it 18 necessary to provide three gasoline reservoirs placed be-
low the floor level of the wash room of assembly shop to ensure
a free run-off of the used gasoline.

One of the gasoline reservolirs must be under working presauré of
the inert gas and its gasoline is fed to the shop.

The second reservolir 18 connected to the run-off system and used
gasoline 18 drained into 1it.

The third gasoline reserveolr must be filled with used gasoline
where it remains in gquiescent state to settle the dirt and shav-
ings which were not trapped by the filters with which each tank
1s provided.

During the work process the designation of each reservoir con-
tinues to change. When the first reservoir 1s emptled it is
switched to receive run-off gasoline while the settling reservoir
1s now used for delivery of gasoline to the shop, etec.

Fig. T¥-shows an open-type vat which is not equipped for central-
ized delivery of gasoline. At a certain helght above the bottom
of the vat there is a screen (aduminum perforated sheet), on
which the part being washed 1s placed.

After washing, the used gasclline passes through the screen %o

the bottom of the vat from which it 1s pumped into a tank adjeent
to the vat. To prevent gasoline vapors the vat has side channels
through which a fan drives the vapor to the outside.
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Gasoline for washing of the parts is conveyed. through a flexible
hose which is provided with a special nozzle (Fig. 75). The
nozzle consists of case 1, push button 2, relaase spring 6, STAT
pusher 3 and shut-off valve ‘4. When finger pushed the button 2,
the taper of its shaft presses out the pusher to the right, thus
causing its end to thrust against valve 4 and to shift it from
its seat. At this moment gasoline in the hose.over the length-
wise channels of the vklve 4 penetrates into the side channels
(not shown in the drawing) of the case 1, and through nozzle tip
5 i1s directed to the part being washed under pressure of approxi-

mately 1+5 - 2.0 kg/cm2.

Outer and inner: surfaces of the parts and oll and air channels
are washed in the vat. Jet washing, in case of considerable
accumulation of dirt, is sometimes accompanied by Sscrubbing with
brushes, wire brushes, rags, etc. After washling, the parts are
dried with compressed alr or are wiped with clean lintless cloth.

Fig. 76 shows a closed type vat. Such vats are used for Jet
washing of parts with gasoline under pressure of 1.5 - 2.0 kgﬁm?.
The vat has a gasoline tank 1 and such auxiliary eyulpment as:
blast-proof electric motor 2 which 18 coupled to a pump 3 for
delivery and pumping out of gasoline, filter 4§ for purification
of gasoline, screen 5 for draining of gasoline to the bottom of
the vat, a valve 6 to empty the vat in emergency, cover T of the
vat with a plexiglass window to observe the parts belng washed,
manometer 8 to maintain control over .gasoline pressure during
washing. To wash the part it 1s placed on the screen of the vat;
gasoline 1s dellivered over the pipeline 9 to the nozzles 10,
through which it is directed as a jet at the part, After wash-
ing, the parts are dried with an air jet.

In a8 number of cases pulverized spray washing is used in the
assembly shops which ensures good quality washing. Pulverized
spray washing 1s done In closed compartments with top and side
air exhausts. The part is placed on a plvot disc of the compart-
ment and 18 washed with a strong Jjet of pulverized gascline under
pressure of 2-3 kg/cm2. Gasollne is pulverized with the help of
a pulverizing gun activated by compressed air om the shop's
system. Pulverized spray washing, as well as Jjet washing, is
extremely convenlent for washing parts with sharp edges (blades,
eto.) since they eliminate the necessity of toughing sharp edges
by hand. A shortcoming of pulverized washing lies in the fact
that much gasoline i8 needed, since 1in washing gasoline atomlzes,
evaporates and 18 carried into the air. Besides, such vats must
be provided with high-capdcity exhaust system which would guar-
antee non-penetration of gasoline vapors into the wash room.

Parts with simple outlines (without depressions, pockets, etc.),
with the exception of parte made of magnesium alloys, are washed
in aqueous sclutions in special washing machines. Washing in
such machines 1s more convenlient from the polnt of view of fire
prevention and i1s more economical than washing with gasollne.
Mechanlcal washing machines which are in widespread use at serial
production plants may be of varied construction: single chamberedy
two chambered and three chambered. The parts are washed in them
in aqueous solutions.
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In single-chamber machine, (Fig. 77) parts and assemblles, gﬁiﬁr
washing, are dried with hot compressed air. The machine rep.'S“
sents a cabinet with recelving and discharge compartments for
the parts being washed. The parts are placed on a belt which
moves through the inner recess of the machine and then, after
washing, are automatically passed to the adjacent table.

1

Inside of the washing machine is a tank (at the bottom), out of
which atomized solution heated to 70-80° C. 18 conveyed by a pump
through speclal sprayers to the part- being washed. The 8oltigion
is heated by steam, which passes through a coil located in the
vat. To have a simultaneous washing of the parts fr

the sprayers are placed in the chamber at the top and sides.
Solution used is drained through a screen and then through a
filter, with the help of a pump, 18 again directed over plpes
and through a sprayer at the part being washed. The speed of
the conveyor of the washing machine 1s selected to ensure
thorough washing of the part which lies on the conveyor belt.

Fig. 78 represents a two-chamber washing machine. In one chamber
the parte are washed in aqueous solutlon while in the other in
hot water. Two-chamber machine like the single-chamber one, has

g of aqueous soiution and water, as well as a
water pipe system with Bprayers through which the liguid fopr
washing of parts i1s directed. A general view of a two-chamber
washing machine i1s shown on Fig. 79. When the parts and assem-
blies leave the chamber they are dried on the conveyor with hot
air.

A three-chambered machine represented on Fig. 80, washes, rinses
in hot water, and dries the parte. The parts are moved on a

continuously moving conveyor. Agqueous solution and water are

admitted from tanks through boilers in which they are heated to
80-90° G~ After washing in water the parts are blown in the dry-
ing chamber with air heated to 80-90° ¢C., under 2-3 atm pressure.
The air is heated by steam. The Speed of washing in this machine
may be varied from 2 to 4 m/min.

Besides washing machines in which aqueous solution 1is used, there
are speclal vats filled with solution, as for instance for re-
moving carbon deposits from the parts. Such vat i1s filled with
solution which 13 steam heated to 80-90° C, the steam passing
through a coil in the vat. The parts are immersed into the vat
for a specified time, after which they are scrubbed with brushes,
washed in hot running water and then dried with compressed air.

All washing machines and Speclal vats are provided with exhaust
fans. The eguipment of g washroom division must be provided
strictly in accordance with fire prevention requlirements. Thus,
for instance, electric motors must be blast proof, the vats must
be made of non-ferrous met (usually aluminum sheeting).
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From the point of view ofhaanitation and safety of workers the
equipment of the room must also meet the established require-
ments. These requirements specify sufficlent exhaust of 8aBsgTATE
vapors which generate as a result of evaporation and atomizav.on
of gasollne, and the vat of a design which would permit the w.

to operate outside of the fume zone during washing.

Aqueous solutions whioch are used in the washing machines have
the following;components: 0.2 soda, 0.1 - 0.2% potassium bichro-
mate, while the remalnder, up to 100%, - water. Soda or bichro-
mate 18 sometimes subatituted with 1llquid glass. To prepare the
solution the vat of the washing machine chamber 1s filled with
water heated to TO-800 C. by steam passing through a coil.
Simultaneously, the required composition of soda and bichromate
i3 dissolved 1n a paill of hot water after which this solution is
poured into the vat of the washing machine; to stir the solution
the pump of the machine 1s switched on. After stirring, the
solution is analyzed for overall alkalinity and for corrosive
ability. Por that purpose a drop of the solution is placed on
the surface of a dressed and gasoline degreased plate of perlite
iron; after drying the drop should not leave a spot. In case of
unsatisfactory results of the analysis, lacking components are
added to the solution.

Solution for removal of carbon deposits off fire tubes of com-
bustion chambers 1s composed of 20% caustic soda and 80% water.
To prepare this solutlon, the necessary amount of water is poured
into the vat which is then heated to 70-80° ¢. with steam which
passes through a coll in the vat; this is followed by an addition
of caustic soda. After stirring, the solution 18 tested in the
chemical laboratory.

The parts should be washed in washing machines and vats only
after the tests of the solution were adjudged satisfactory.

Depending upon on their outlines, designation, construction,
materlal, etc., the parts are subjected to various types of
washing.

Such parts as power take-off housings, drive gear cases, support
boxes, etec., of rather complex shapes of their inner recesses and
whioﬂ‘have oil and air channels, are washed not only with a Jet
of gasoline, but are also cleaned at the same time with plain and
wire brushes, rags, etc., and then are blown with compressed air.

Inner recesses of oil lines, filters, plugs, ball and roller
bearings, are washed in gasoline with special care; after washing,
ball bearings are places in a vat filled with solution of 6% MK
oil or MC oil dissolved in gasoline or are oiled and packed 1in
special chlorvinyl sheaths to protect them from dust.

Parts made of rubberized material (for instmmce, oil seals), are
not washed in gasoline to prevent their corrosion or swelling,
but are wiped with rags lightly moistened with gasollne and then
wiped dry.
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Parts pertaining to electrical equipment yalso are not washed in
gasoline-to~Avold. damage to individual parts which are covered
with varnish, for’ instance, or made of materials which may be graT
harmed by ‘gasolihe. Thus, for example, inner part of tachomete.
generator- are rubbed with a brush slightly moistened in gasoline.
Thefbuterfgart-or this component is cleaned with the shaft polnt-
ing to "up". To avoid damage to electrodes the flanges of igniter
and fusl plugs are:rubbed #ith rags lightly moistened in gasoline
Generators and similar parts are cleaned in the same way.

Fuel manifold is subjected to an especially careful washing
followed by flushing. The semicircular rings of the manifold
are first washad in an open vat, and then the assembled makifold
1s flushed.with gasoline in a closed vat (Fig. 81). Manifold of
an engine with centrifugal compressor i1g fastened to a special
device and placed in a closed vat, where the 1dling tubing is
flushed for 3 minutes under pressure of 1.5 - 2.0 kg/ome, followed
by flushing of the main gas line; in both ocases flushing 18 done
in two Btages - preliminary and finsal.

Manifold hoses are also flushed with gasoline. As in the case
of the manifolds preliminary and f 1 flushings are done under
gasoline pressure of 1.5 - 2.0 kg/em=, each flushing lasting 1-2
minutes. Other washing requirements are the same for hoses as
in the case of the manifold.

Engine parts such as: bedy of the compressor truss, bearing
housings, eto., are washed in washing machines. Before washing
15 started the machine is tested by idling. Large parts are
arranged on supports (rig. 82) vefore their placement on the
conveyor belt of the machine, while small parts are placed in
special containers, (Pig. 835, with perforated bottoms and sldes,
through the holes of which the #olution is drained into a drip
pan or into the tank of the washing vat.

Fire tubes of combustion chambers, after final testing of the
engine, are cleaned off carbon deposits in a vat filled with
alkaline solution. For that purpose the tube assembly 18 1m-
mersed into the vat with heated solution where it remains for
about an hour. Following this the tubes are cleaned with a
speclal brush to remove the scale which was loosened in the vat,
then are washed with water and blown with compressed alr.

One of the important requirements to be adhered to during washing
with agueous solutions is the maintenanée of the proper concen-
tration of the component parts of the solution. Quantitative
deviation from the required concentration of the component parts
results in the loss of washlng and anticorrosion properties.

Washing for the purpose of de-preservation 18 done when the parts
to be assembled are received from storage. This operation 1is
done with gasoline, aqueous solutions and oil.
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The process of washing with gasoline and ajueous solutions of
the parts being removed from storage is similar to usual washing.
Fuél manifolds, fuel hoses and fuel plugs are cleansed of LSTAT - |~
bricants by flushing in gasoline under 1.5-2-0 kg/em€ pressure. .
The ‘lubridant is removed in a vat filled with MK or MC oil.which.
is.heated to 60-70° C.; a brush:isiused to remove the lubricant. -
After the lubricant has been removed the parts are subjected to
waiQ;hg with a gasoline Jjet and blown with compressed air.

The duality of washing process of parts and assemblies 1s con-
trolled, visually. . .

Parts and assemblies are méved into and out of wash room in
special containers (Fig. 84).

3. Marking of Parts

Engines produced by a plant, as a rule, are given thelr sequence
numbers. The same number 1s marked on all major parts of the
engine, including .those which are subjected to individual match-
ing. Besldes, also marked are parts which require a strict flxa-
tion as to their mutusl position in relation to each other in the
assemblies of the engine. .

Marking of the parts may be done mechanically, electrically or
chemically.

Mechanical method is the simplest way of impact marking of parts
(Fig. 85). However, this methed has a considerable shortcoming
which 1ies in the fact that strong hammer blows may result in
deformation of thin-walled parts. This defect may be eliminated
when speclal devices are used which permit marking with equal
force (calibratedspring).

Electrical method of marking 1s quite widespread. For that pur-
pose an electric etching apparatus - electrograph (Pig. 86) - 1is
used., This device consists of a single-phase step-down trans-
former which is connected by means of a cord with a plug to the
llghting network. One end of the secondary winding 2 of the
transformer is connected to a copper plate 3, while the other
end, through a brass handle 4, 1s connected to a tungsten tip 5.

In electrographic marking, the part is placed on a copper plate 3,
thus including it in the circult of the secondary winding; and
the necessary mark 1s made with a tungsten tip (Fig. 87).

Electrograph may be used with primary voltage of 120, 220 and

380 v; this apparatus will consume no more than 0.5 kw. With the

primary winding voltage of 120 v, the voltage of the secondary

gégding is 1.5 v wlth corregponding current capacities of 3.3 and
amp .

ggimical and acld marking 1s-done on parts made of steel or copper
oys. )
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Marking 1s done with stamps provided with rubber tips with thin

1ines, outlining letters or numerals. Felt pads placed in tightly
closing containers (Fig.”.88) are used for application of .solution
on the lettérsior numerals. STAT

For markirg steel parts.(except high alloy) a liquid compound of
the following compositioh is used:

copper SULTALE eoveesconerroanenaononns 100 g
SilVel‘ nitr&te.".....-......-............ 10 g
Oxalic acid ceessnssassesmteees ey Qg
sulphuric acid of 1.84 specific gravity. 5 em3
WBEBY cecosecvosisasnosasascscaacsveccens 1 liter

For the parts made of copper alloys:

copper 8ulfate ...cccseccrernoenroreees 100 g
silver nltrate ...cceecccsccecesesnccane 10 g
nitric acid of 1.4 specific gravity..... 8 cm3
acetone oot.-o!ol-oa'l.nﬁ!coc---o.-ovto.o 50 Cm3
water .tc.ll..'..i"..'"00.....!..‘.500 1liter

For marking of parts made of tempered steel, a solution composed
of 30% acétic acld, 10% nitric acld, 5% denatured alcohol and 55%
weter is used. A 5% solution of hydrochloric and nitric aclds 1is
used for marking bronze parts. -

Places to be marked are cleaned with gasollne and lime to remove
grease. After the mark is made acid 1s allowed to stand for 1-2
minutes until the marks appear, after which the remaining acid is
removed from the surface with filter paper and the imprint is
neutralized with a 10% solution of calcined soda. Besides, to
prevent corrosion, the place where the mark was made 1s lubricated
with alkaline compound, wiped dry and covered with a thin layer
of industrial vaseline.

4. Assembly of Basic Units of Air Parts of the Engine

Assembly of Centrifuggl Compressor Rotor

The rotor of a centrifugal compressor (Fig., 89) 1s assembled in
two stages -- preliminary and final. During the preliminery
stage of assembly the parts are matched, f1itted together and
marked, after which such parts as the impeller rotor of the com-
pressor, rotating gulde vanes and cooling impeller blades are
sent to be anodlzed.

Final assembly of the compressor rotor is performed after the
parts are anodized; at this time additional fitting operations
are no longer permitted.
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Preliminary Assembly of the Centrifugal Compressor Rotor

Due to the fact that the fit tolerance in assembly of the conSTAT
pressor rotor is more rigid than the sum of tolerances of the
mating parts, the assembly is done by the method of matching of
the parts. Ior that purpose, the forward and the rear flanges
of the shafts are measured for their thickness as are the seats
for the inner race of the front ballbearing, cooling impeller,
splined driven hub, inner race,of the center ball bearing, rota-
ting guide vanes and impeller; the corresponding seats of the
above parts are measured in the same manner to ensure required
fits and tightness (Fig. 90).

After matching offthe parts the forward and rear shafts of the
rotor compressor are assembled. Retalning ring is. installed in
the forward shaft (Fig. 90, a) which limits the axlal shifting of
the coupling shaft tc the aecessory power take-off housing after
which the plug is pressed in. To press in the plug the shaft is
heated to T70-80°C in an electric cabinet for 10-15 min.

After matching of the driven splined hub with the splines, a tle
bolt and retaining ring are inserted into the rear shaft (Fig.
90, b). When the hub is installed, its inner dlameter project-
lons are matched with the grooves ofiithe tie bolt. After 1its
fastening to the shaft with a tle boit the play of the hub (Fig.
91) in respect to the diameter-of the journal of the shaft 1s
checked, for the purpose of which the shaft is placed on prisms.
Allowable play is up to 0.03 mm. Too great 2 play is eliminated
by selection of a hub with lesser clearance at 1ts setting
shoulder to maintain the coaxiality of the bushing and spherilcal
tip of the shaft of the turblne rotor during further assembly:

The basic operation, after the matching and assembly of the
shafts, 1s their installation in respect to thelr relation to the
compressor impeller in such a way as to place 1t strictly per-
pendicular to the seating surfaces, thus achieving the least play
of all the parts of this assembly. For this purpose bthe surfaces
of the shaft flanges are coated with a thin layer of paint, after
which the £it of the flange surfaces with the corresponding sur-
faces of the compressor impeller and guide vanes 15 tested. The
fit may be considered normal if the paint imprint 18 no less than
80%. If the fit ims unsatisfactory the shafts are substituted
(matched) or the surfaces of compressor impeller and guide vanes
are slightly sepaped.

Previous to testing play of the shafts of the compressor rotor
together with the compressor impeller 16 block studs are installed
for mounting of shafts and guide vanes. The.gperdtion of stud
installation into the compressor Ampe '}Sﬁ%ﬁ;iimporgghx one and
requires great care. Threads of shids'and helés must’ ve. abso-
lutely clesan. The necessary average diameter Tit'(in ‘this case
approximately 0.02 - 0.06 mm) 18 obtained by selecting studs

which fit the holes.

Before inBerting the stud its thread is greased. After inmdrtion
of the studs their perpendicularity to the surfaces of compressor
impeller is tested.
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After the accuracy of stud installatlon is tested the Play of the
shalts is tested simultaneously with' the compressor impeller. For
that. purpose the:shafts are placed on the compressor impelleSTAT
(dusmy ‘shine’spe 7 inserted in place of gulde vanes) and are
tightened:with nuts with spplication of 19 kgm torque. Compressox
impeller thus assembled is installed on prisms using supports A
and B (Fig. 92). The play is: tested_at the points

B,r,A,E, A, 3 and M ." Inadnissible play is eliminated by
shifting the shafts along their axes with conslderation of the
place where the greatest play oscurs.

The assembly of the compressor impeller with its gulde vanes is
done by matching.

Matching of guide vanes to impeller blades consists in elimina-
tion of the 80 called overhanging (Fig. 93), i.e. failure on the
part of the end planes to coincide. Ih this case overhanging is
permitted to 0.15 mm on the working s8ide «of the blade and to 0.5
mm (approximately) on the reverse side. The same fit 18 achieved
on the outer contour of the hubs of guide vanes and of the im-
peller at the place of their division, also with a speclfied
tolerance. In matching of ‘blades, to achleve proper mating of
‘their ends in 'the final joining, the guide vane, at the expense
of a certain clearance in the studs, is moved toward the back of
the blades (front shaft of the impeller) and toward the trough of
the blades (rear shaft). This 1s done with consideration of the
fact that in the final fastening of the gulde vanes to the im-
peller they may shift in the direction of tightening of the nuts.

To lessen the unbalance of the assembly of the compressor rotor,
which 1s later subjected to dynamic balancing, the guide vanes,
the compressor impeller arnd the cooling impeller are balanced
statically on prisms.
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Final assembly of the compressor rotor. The final fitting of
rotor compressor asSembly consists of the following. In fitting
of the shafts with rotating guide vanes to the impeller, the
vanes are shifted in the necessary direction before they are
tightened. Preliminary tightening (setting) of the vanes is done
wlth the help of a ealibrated wrench (Pig. 94) using 17 kgm
torque, followed by final tightening with the same wrench using
19 kgm torque. The degree of nut tightness may be also deter-
mined according to stud extraction. For that purpose the vane
holding nutd:are screwed in until they tough the surfaces of the
washers; an indicator which is used to affix the initial position
oftthe stud (for instance, O) is placed (in sequence) on the end
of the stud. Thus, the extraction of studs is tested at the
moment of tightening of the. nuts according to the reading of the
indicator hand; i1t may be egual to 0.15 - 0.16 mm. In case of
unconformity of the nut slits with the stud openings, for the
cotter pins the washers are selected according to their thickness.
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The fit of the matched vanes to the impeller in the final tighten-
ing of. the nuts must ensure the required clearance and tight§?3%

(FPig. 95) at the face surfaces of the vanes and impeller blad.l,

a8 well ‘as at their hubs.

After the inapection of the relative spacing of the blades,
cooler 'impeller, ball bearing and driven splined coupling are
installed on the rear shaft. The inner ring of the roller bear-
ing is inatalled on the front shaft. The compressor rotor thus
assembled (Pig. 96) is again tested for the play of the com-
pressor at 1ts dlameter, play of i1ts blades, play of the cooler
impeller and of the sphere of the driven splined coupling., The
end play of the cooler impeller is eliminated, when necessary,
by selection of adjusting rings 1 which have a lesser degree of
wall thickness difference. This is followed by citter-pinning
of the vane mounting nuts to the impeller.

With this ends the assembly of the compressor rotor, which 1is
further subjected to dynamic balancing previous to the general
assembly of the engine.

Assembly of the Rotor of the Axial-Flow Compressor

Assembly of the rotor (Fig. 97) consists of the preliminary and
final assembly. It includes the follow;qg\basigdpperationa:

- assembly of rotor discs with.s ﬁiigﬂiii}Ofuﬁniié
bladesj e . S 2 -

‘3

- Joinlng of the first stage disc with the front shaft;
- Joinding of the diéc of the 8th stage with the rear shaft;
- final assembly of the compressor rotor.

Assembly of discs lncludeas selection and fitting of blades 1 into
Sspeclal slots in the discs 2, which have dovetail form (Fig. 98).
Previous to installation of the blades, the quality of the ots
is checked with a go gage (Fig. 99), after which the blades” are
matched to fit these slots and matched according to their welght
to achieve a decrease of the disbalance of the discs. In the
entire assembly the allowable difference in weight of the blades
is up to 5 g, while 0.5 g welght difference of two blades in-
stalled in dlametrically opposite direction is permitted.

Blades thus matched are installed into the slots of the discs
wilth light blows of a rubber hammer. In order to determine the
accuracy of installation of the blades in their slots, an in-
dlcator equipped fixture (Fig. 100) is used to test the lateral
play of the blades, for the purpose of which a mandrel is in- -
serted into the opening of each disc being tested. In case of
inadmissible play the blades are substituted by means of match-
ing. After testing of the blade play the disc is machined, i.e.
the protruding shanks of the blades are ground flush with the
face of the disc and the face of the blade to the necessary
diameter of the disc. To prevent lengthwlse shifting of the
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blades, holes are drilled and threaded for stops (Fig. 101 gTAmd
the stops, after their insertion in place, are safetied by press-
ing in the thread of the hole. ) '

Each disc 1s subjecteéd to static balancing after it has been
assembled. '

The assembly of the dis¢ of the first stage: (Fig. 102) consists
of the disc itself 6, cone ring 10, and front shaft 1, which is
press fitted into the: disc and is attached to it with a nut 3
through a steel splined sleeve 4. The latter also serves to
transmit the torque from the front disc to the front shaft of
the rotor. Assembly of this component is done with the help of
& device (Fig. 103) which represents a hollow cast housing 1, -
provided with a steel ‘hub 2 with inner splines, designated for
centering of the front shaft during the assembly and to keep the
shaft from turning during the assembly. Stop bolt 3 of the hub
ensures support for the flange of the forward shaft and its end
plane.

For the assembly of the component, the front shaft is placed in
the device in such a way as to have the splines of the shaft en-
gage the splines of the steel hub 2, and the flange and the end
Surface of the shaft contact the stop bolt 3. Then cone ring 10
(see Pig. 102) 1s placed on the cone surface of the disc to safe-
guard the shaft against getting out of alignment with the disc
and to ensure a complete contact of the circumference of the
flange with the butt of the disec. After the ring is installeqd,
the shaft is pressed into the disc and then a steel splined hub
1s placed over its splines; the hub is Simultaneously pressed
onto the protruding, precisely machined, key of the disc. Pins 5
are pressed into the holes drilled in the hub and the disc. The
shaft is pulled tight to the disc by nut 3 with a special wrench
wlth approximately 45 - 50 kgm torque.

The assembly of the disc of the eighth stage (Fig. 104) consists
of a disc, shaft with a flange, with slots which fit the boss

9 on the disc. 1In this way the transmission of the torque from
the rear shaft to.the disc 1s realized through these bosmses.
From the disc of the eighth stage to the dis¢ of the first stage
the torque i3 transmitted by the bolts of ‘the disc centering
8lots 2 of the discs of the intermediate Btages.

The quality of the fit of the surfaces of the bosses of the discs
to the slots in the shaft is checked by two gages (Fig. 105).
The gage for testing the disc bosses consists of body 1, which
has slx tangentially placed lugs with preclsion machined and
ground surfaces A. To test the Quality of contact, surface A is
thinly coated with paint (Prussian Blue), followin,

gage, which 1is provided with a centering tooth, i1s inserted into
the opening of the disc. . Handle 2 turns the gage to the point
of contact of the surfaces A with the teeth of the disc.
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The gage used to test -tlie paint adherence to the surfaces:of the
slots of the shaft flange represents a conic disc *ith"ix*STAT
radlally -placed teeth, the lateral surfaces of which are prel.-
sion machined. The disc offthe gage has an aperture through
which the 'gage 1s placed on the Journal of the shaft. Surface A
is covered with a light coat of paint after whilch the gage 1s
placed on the jJournal ofthe shaft in such a way as to have the
teeth enter the slots. 7Adherence of the surface is tested by
turning the gage until surfaces A tough the surfaces of the
slots. JIf the gage turns with diffgculty, a wedge is driven
into the space between the nonworking surfaces of the teeth of
the disc and the slots, (Pig. 106). The palnt imprint, is not
permitted to be less than 85% of the surface as it Is tested by
both gages. Clearance between the surfaces being tested and the
gage should not beggreater than 0.03 mm (this clearance is tested
by a feeler gage). ‘

For the assembly of the disc of the eighth stage it is posaible
to utilize the same device as in the case of the asselbly of the
disc of the first stage. Conic ring 3, is placed over the conic
surface of the disc (see Fig. 104) after which the shaft is
pressed- into the disc. After the installation of the steel
spherical bearing 4, the lock nut 5 which fastens the shaft to
the disc is tightened with application of approximately 45-50 kgm
torque. The seal housing Of the rear roller bearing rotor of
-the compressor 6 and the inner ring of the roller bearing 7,
selected for the shaft accorddng to the proper £it, are pressed
onto the shaft. Nut 8 i1s placed on the thread of the shaft and
the lock of the nut is installed.

-The final assembly of the compressor rotor unit takes place
after the asdembly of the first and the eighth stages. The tie
rod (see Fig. 102) of the rotor is fitted with snap rings 7,
etaining ¥ing 8 and:seal rings 9, followed by installation of
- the; firdt:stage. Then the second, third and the re-
intng diacs are plaged on the positioning collar of the first.
After the allation of the eighth disc the following are
placed on the-rod (Fig™ 107): a rubber seal ring 2, retaining
ring 3, snap ring 4; sndiithe second retaining ring 5; while a
nut 6 18 screwed {g »thread of the réd. Thé:rod which
ggns through-the:/sent@khdles of the discs: and shafts, tightens
em. : : '

Before the nut is tightened finally, the rotor is placed on the
device, and the nut 6 is tightened to the contact of ifs surface
with the surface of the retalning ring. Following this, a devicﬁ
(Fig. 108) for measuring the elongation of the rod is placed on
the rotor. This device consists of a clamp 1 made of steel tub-
ing, to the front end of which are welded: a prism 2, and a
strip 4 with a stop 5, while to the rear end are welded: a
priasm 3, and a retainer 6 with a screw 7. To measure the elonga-
tion ofthe rotor tie rod previous to tightening of the nut of th
rod, the device is installed on the journal of the rotor shafts
in such a way as to have the astop 5 of the strip 4 contact the
end of the front shaft, and to have the clamp in a vertical
position. Into the opening in the retainer 6 is inserted an
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indicator to the contact(with the initial tightness of 0.5 mm)
of its leg with the hexagonal end 6f the tle rod of the com-
pressor rotor, and then 1s tightened in the retainer with a STAT
gscrew 7. The indicator's hand 1s set in the zero position after
which the device 1is removed from the rotor.

After setting of the device, the tle rod of the rotor 18
tightened with a nut While at the same time, the elongation of
the rod is periodically tested. The elongation is brought to
the final figure of 1.6-1.8 mm (approximately) whilch corresponds
to the tensile stress of the rod of about 2,000 kg.

Tightening of the rod assures rigidity of the entire construction
and the possibility of torque transmission from disc to disc as
a result of friction force in the retaining bosses of the posi-
tioning collars of the dises. The set of snap rings is installed
to avoid overloading of the rod. The rings deform under the ef-
fect on the rod of considerable force as a result of thermal ex-
pansion of the rotor and stabilize the stress in the tle-rod.

The play of the faces H, surfaces M and K of the disc, as well
as, the play of the front and rear shafts i3 tested after the
nut has been tightened (Fig. 109). For that purpose the com-
pressor rotor 1is placed on a device (Pig. 1008. Diameters A and
B serve as bases for testing. Inadmissible play of discs and
shafts 18 eliminated by shifting them by a certain angle taking
into account maximum play obtained in testing. Play at the
sides H 4B not permitted to be greater than ~/ 0.12 mm, at the
surface M - not greater than 0.1 mm, at the surface K - not
greater than O.1 mm, front shaft - not greater than 0.02 mm, and
rear shaft - not more than 0.1 (approximately).

After satisfactory results as to the play of the rotor dilscs
have been achieved, the relative position of the discs 18 fixed
with the help of stop bolts (Pig. 110); for that purpose holes
are drilled and threaded in the hubs of the discs using a de-
vice-a split ring with Jig bushings which are placed over the
hubs of the disc, this is followed Dby placement of lock washers,
and tightening and safetying of the stop bolts. The rotor com-
pressor thus assembled 15 dynamically balanced.

Assembly of Cases and Stators of Compressors and Mounting of
Gulde Vanes

Figure 111 represents case of a centrifugal compressor and
stator & of the engine of an axial-flow compressor.

The assembly of case 2 of centrifugal compressor includes the
installation on 1t of trunnions 3, designed for attaching the
entire englne to the alrplane, case cover 4 and alr adapters 1.
Assembly of the case i3 done on a stand which serves also for
the general assembly of the engine.

The stator of the axial-flow compressor consists of upper and
lower halves (Fig. 111, b). The gulde vanes are inserted into
the seats located inside of the housing (F1g. 112).
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Stator assembly operation consists of installation of cone ring,

. STAT
The cone ring; ‘prepared in half-finlshed state, is given 1its
final shape in the-housing, after which the cone halves are at-

_ tached to it withﬁxhganglggJ&gﬁg}g@giith the observance of the

b1k ﬁihfgﬁige assembly studs are in-
0¥,

gulde vanes and other parts.

sarted:in. place. -

adgusting washera, which ensure the required clearance between
the surfaces of the lugs and the stator, housing, are selected,
(Fig. 113); at the same time a test is conducted to ascertain
that there is nofcontact between the curve of the lug and the
flange of the housing. Following this the vane assembly is in-
stalled in its final stage and attached with nuts which are
safetied with plate locks.

Assembly of Alr Inlets

Ker enters centrifugal compressor engine through screens 4,
which are located on the front a and rear § truss assemblies
(Fig. 11%), and is directed into the guide vanes 2, which are
compased & blades and two rings which form a cylindrical crown.
Front inlet assembly 1s provided from the impeller side with a
rear wall 1, which is connected with the front bearing housing.
The rear inlet assembly has from the impeller side, a front wall
5 and. a rear coverfaring 7. The trusses are connected with the
compressor case by flanges. The rear truss 6, as well as the
front frame 3, has a number of openings to direct the alr toward
the codling impeller.

The assembly of the front inlet consists of the following. The
housing of the front bearing (assembled earlier) is attached to
‘the trusa. During the joining operation of the casing it 1s
necessary to take care that the air and oll plpes are properly
placed. Then the gulde vane assembly is installed in the truss
in such a way as to have the position of the blades correspond
to the alrflow direction. This is followed by installation of
the rear wall and protecting screen. Gulde vane assembly is in-
serted into the framework of the rear inlet assembly, the front
wall 1s attached to truss of the flange and to the rear cover-
faring and the protecting screen 1s put in place.

The bolts which hold the screens are uniformly tightened in
such & way as to have the distances between shoulders at the
screens correspond to the required dimensions.

An air inlet assembly (Fig. 115) of an axial-flow compressor
engine represents a comblnation of several Bub-assemblies:
diffuser 1, through which the alr is dlrected to the compressor,
annular oil 2 and gasoline 3, tanks, and a connecting flange 4.
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Assembly of these sub-assemblies consists in welding together the
housing walls; welding on and riveting of stiffening ribs,
brackets and connecting pipes; installation of threaded sleeSTAT
for the bolts and assembly of holes and covers for filling gaso-
line tanks. After the assembly of oll and gasoline tanks and
pipes arée tested hydraulically. Previcus to the assembly of the
inlet components the gasoline and oill tanks are washed carefully
with gasoline. :

The assembly of the inlet components starts with bolting the con-
nectingd wall to the front wall of the oll tank. Following this
the gasoline tank 18 bolted to the connecting wall. After this
the diffuser assembly 18 selected according to its mounting
dimensions. If no sultable dimensions are found, the diffuser
i1s fitted to the tank and bolted to the connecting flange.

Followlng thelr assembly, the fuel and oll systems of the inlet
components are tested pneumatically under 0.15 kg/cm? pressure.

5. Assembly of the Maln Components of the Engine Hot
Parts

Assembly of Turbine Rotors

The assembly of turbine rotors consists of selection of blades
and their lnstallation in the disc slots; selection and matching
of shafts to the discs and the flnal assembly of the rotor.

Fig. 116 represents a rotor of a centrifugal compressor engine.
The blades of the rotor (Fig. 117) are selected according to thein
welght and the size of the cleapance in the slots and must meet

the followling requirements: the difference in the weight of the

blades (each pair), placed in the discs in dlametrically opposite
slots, 18 not permltted to exceed 0.2 g, while the weilght differ-
ence of Individual blades in the assembly should not exceed 10 g.

The blades selected according to thelr weight are placed in the
disc slots after which tangentlal, radial and axisl plays of the
blades (Fig. 118) are tested by means of an indicator which is
provided with an L-shaped tip. Tangentlal play A of the blades
is tested in 6B direction at a distance of 5 mm from.the end
plane of the blades. Play A 18 permitted to be fréom 0.7 to

1.3 mm. Radial play T is tested in BB directlon and at the
same time play A between the shoulders of the blades 1g also
tested. . If this play 18 not great enough the shoulders are

E . Play-T 1s permitted tc be 0.05 - 0.00 mm. Axial play
E 1s:tested in XK direction and is permitted to be 0.1 - 0.2 mm.
Figﬂ‘ll? demonstrates the method of testing tangential and axial
play.

In case of inadmissably great play of blades and clear&nces be-
tween the shoulders, other blades of the same weight are selected.

After the blades have been selected according to their weight and
grooves they are marked 1n sequence with numbers corresponding to
those marked earlier opposite each groove of the rotor disc.
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Further operations with the blades are performed after the in-
stallation .of the 8haft on the rotor disc. STAT

Fig. 120 represents the shaft of a rotor of an axial-flow com-
pressor engine. The seats in the grooves of the rotor disc (Figd -
121) are checked. Base surface A 15 tested first with paint -
imprints;: ;impression thus obtained 18 not permitted to be less
than 80%. n respect to this base surface, the parallelism of
end planes and play of outside end planes of the disc B are
tested with an outside measuring indicator.

The blades are aelected/aﬁég;&ing to their weight. Weight dirf-
ference of the blades in the assembly must not exceed 1 g. With
this differeénce in weilght the blades may be placed in the disc
in succession. If the difference in weight exceeds 1 g .it is
possible to utilize diametrical installation of blades of the
same welght.

The blades selected according to thelr welght are inserted in
place and the clearence B between the end surfaces of the roots
of two adjacent blades (Fig. 122) is tested; the contact of the
blade root with the outer surface of the disc at A and B is also
tested. At side A contact of the entire surface with no clear-
ance 18 permitted, while on the other aside a slight clearance is
allowed. Inaccuracy in pitch, checked by a device (Fig. 123),
should not exceed + 1 mm of the nominal pitch.

The device consists of support 1, to which a scale 2 with three
lines 18 attached. On the axle 3, between the support and cover
4 18 indicator point 5, the initial position of which is affixed
by means of a spring, placed.in the seat of the support under the
cover. This device is placed on the end planes of two adjacent
blades until it is in contact with the cover of the device.

When the pitch between the two blades 1s within the permitted
limits the indicator point is located between two extreme lines
of the scale. Besldes, testing 1s also conducted of thepplay of
the blades along plane [T (see Fig. 122) in relation to A and end
play of A plane 1n respect to plane E. If the root of the
blade 18 too wide and does not fit the groove in the disc, the
blade may replaced by another or else the width of several last
blades may be reduced by grinding the root surfaces.

After all the blades have been inserted into the disc, hotes are
drilled 1n the disc for the joint pins which will reinforce the
blades. These holes are drilled with the help of a Jig bushing
(Fig. 124) — a round steel plate (casing) 1 -—— with holes equal
in number to the number of joint pin holes. The plate 1is
centered as to the turbine shaft bore. As the holes are drilled,
the disc blades of the rotor are pressed in their grooves with
the help of strips. After drilling, the holes are reamed and
broached to the required dimensions, then the joint pins are
pressed into them and the pin ends are flattened on both sides.

Further operations with the blades are conducted after the shaft
18 connected to the disc,
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Selection apd matching of the shaft to the disc of the turbine
rotor of the centrifugal compressor engine and the final &STAT.-
bly (Fig. 125) consists of the following. The shaft is selected
adcording to diameter A, so celculated as to ensure a fit of
0.01-0.04 mm. ; Then the shaft, previous to Jjoining 1t with the
disc, 18 heated in & thermostat to 110-120° for 15 minutes.: - In.|:.
direct Jjoining, the shaft 1s centered on splines in such a‘way
as to have the bolt holes in the disc and the shaft coincide,
this is followed by the insertion of the bolts. The bolts are
tightened applying the torque of 5+0.5 kgm. The contact of the
bolt heads with the ends of the flange, and the ends of the -
8leeve with the end of the shaft is tested with a feeler gage.
The contact 18 considered to be normal if - fhe feeler gage 0.03
mm thick' cannot be inserted between the Joined parts. The
ovalness-.and the coniclty of the B diameter are also tested.

The assembled shaft with the disc is placed on prisms (Fig. 126

and 125) to test they play of surfaces M, A and E in relation
. to journals b and B: The play in the surface I is permitted

up to 0.07 mm, surface E - 0.02 mm, and surface £ - 0.0l mm.

After the shaft is finally assembled with the disc, the disc is
subjected to machining (gas labyrinth 18 bored and the blades
are ground along their outer diameter). To bore the labyrinth
a device i8 placed over the shaft s lines, and immediately beford
drilling the play of surfaces 4 , % and |- 1s tested. A face
chuck, whiZh presses the blades against the disc is placed over
the disc of*'the rotor, and the lapyrinth 18 bored. To have a
rigid fit of the blades, wooden wedges are inserted between them
during machining. For the final inspection of the blades and
grooves 1in the disc, and to remove the burrs, the blades are

taken out of the disec.

Following the inspection, plates are inserted into the slots of
each blade (Fig. 127) with the help of which the blades are
locked in the disc; this is followed. by the insertion of the
blades in place according to their numbers. The second tab of
the plate is bent first with a copper punch to the angle of
25-30% and after this is completely bent by means of a special-
device. Then the axial play E of blades in the difection M
(see Fig. 118) is tested. If the axial play is smaller than the
Specified 1t 1s recommended to strike lightly the lock of the
blade with a hammer and aluminum punch. If the play 1s too
great, additSonal bending of the plate is recommended. The
plates must bé in close contact with the surface of the disc.
Ten-power magnifying glass 1s used to exanine the bent plates
for cracks or breaks.

The inner case of, the roller beari

ng 1s selected with its tight

&

fit on the hub equaliit070,000=0.0lma: according to outer diameter
B of the hub (see Fig.s 125). The case 13 heated in an oil tank
to 60-80° C., pressed on the hub and safetied with a mut. To
clean the spaces between the hub and the shaft they are flushed

with heated oll in a special device under 2-4 kg/cm? pressure.

Figure 128 represents an axial-flow compressor engine turbine
rotor assembly.
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The shaft with the disc 1s centered with steel bushings 21.

Previous to assembly the bushing holes in the flanges of the STAT
shaft ‘and disc are reamed. For that purpose the shaft is Joined
with the turbine disc and these holes reamed through a speclal
jigg bushing.- Then studs are inserted into the turbine disc,

the bushings are pressed in and the disc 1s attached to the shaft
wlith bolts which are safet¥ed with lock washers.

After the shaft is joined with the disc, it is machined, i.e.
both end planes of the disc are ground, simultaneously with the
protruding heads of the pins which hold the blades, then the
blades are ground along their outer diameter, after which the
edges are cleared of burrs.

The seal housing 1l is pressed on the shaft of the turbine rotor,
adjusting ring 26 is installed, and the inner ring 10 the
roller bearing and spacer 6 are pressed ontbo the shaft. The
seal housings and the lnner roller bearing ring are heated in an
electric are furnace to 70-80° C., for 10-15 minutes before being
pressed in.

The rotor is tested for blade play along the outer diameter of
the side surface of the disc (at the plades) and the end of the
shaft. The inner ring of the roller bearing and the ball bearing
are used as bases for testing.

After its final assembly the turbine rotor 1s subjJected to
dynamic balancing.

Assembly of Turbine Inlet Ducts and Nozzles

Fig. 129 represents turbine inlet ducts of a centifugal com-
pressor engine, the main parts of which are: casing 1, inner
casing 6, cover 4, hot alr ducts and connecting flanges 2 and
5. The nozzle assembly (Pig. 130) is connected to the cover of
the inlet ducts. The nozzle assembly consists of outer and inner
rings, vanes, labyrinth packing and adjusting rings. The outer
and inner rings have chamfered slots into which the blades are
inserted (Fig. 131). The bevel angle of the slot of the outer
ring is smaller in relation to its axis than the be¥el angle of
the slot of the inner ring. The blades have a variable cross
section of a specific profile, and the thrust sockets are beveled
to it the slots of the outer and lnner rings. The turbine inlet
ducts and nozzles represent a single assembly.

Turbine inlet ducts and nozzles are assembled on a stand (Fig.
132) on which the casing 1s placed, connecting flanges are in-
serted into the holes of the casing and the air ducts are placed
on the connecting flanges. After the ducts have been attached to
the casing, the ovalness of the inner diameters of the connecting
flanges is tested; ovalness is not permitted to exceed 0il mm.
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A test. drum device is placed over ‘the housing of the turbine
inlet ducts to test and to establish clearances; this 1s followed
by testing the clearances (Fig. 133) between the air ducts and
the inner .casing wall, the latter must be within the limits of
1.6 - 3.4 .mm; not greater than 0.22 mm between the connect STAT
flanges and the turbine inlet ducts housing; and at least 0.0 mm
‘between the air ducts (Fig. 134).

The cover of the housing is installed in such a way as to have
the openings. A on a single axis (Fig. -135), this 1s followed by
installation of de-airator case on the cover. .

Previous to the final inatallation of the gulde ring, a test ring
device is’placed: oyer the cover studs to check clearance [
between theair.ductsiand the ring. These clearances must be
within &he. Iimits.of 0.7 - 2.0 mm (see Fig. 133). After checking
this clearance, the test ring is removed and in its place normal
gulde .ring is installed. Clearances B between the ends of the
air ducts and inner shoulder of the gulde ring must be within the
1imits of 1.9 - 3.1 mm and the distance B from the ends of the
air ducts to the face of the inner casing must be within the
limits of 6.5 - 8.1 mm. After tightening and safetying of all
nuts, plugs, etc., the test casing 18 removed from the turbine
inlet duct assembly and a normal casing 1s placed in 1ts stead.

Nozzle inner ring 1 is inserted into the case slot 2 (see Fig.
135) and is attached to it, after which the blades are inserted
in accordance with their numbers into the slots of the inner ring
and outer ring 4 is installed on the guide ring 5 of the housing.
The blade play 18 checked in the directions E and A . The play
in E direction is permitted within the limits of 0.07 - 0.3 mm,
and 0.10 - 0.6 mm in direction ZA . Fig. 136 represents a method
of testing axial and radial plays in the vanes of the nozzle
assenbly. In case of divergences the required play is achieved
by means of selection of vanes and thelr dressing. Then nozzle
vane lock surfaces X (rig. 137) are checked for overhanging or
countersinking in relation to nozzle outer ring crosspleces.
Ovemganging is not permitted to be greater than 1.2 mm, while
countersinking 18 not to exceed 0.8 mm.

To ensure correct flow of gas (velocity and direction) through
the nozzle passages they are tested with the help of a set -of
indicators (Fig. 138). In case of deviations from the required
standards, other vanes are selected. Nozzle passages (Fig. 139)
are checked along several levels located at definite diameters.
The width of opening A is taken as measuring distance in each
passage, and for each of the openings - the height of each vane B
All the vanes of the nozzle assembly are dilvided into nine sec-
tors, the dimensions of which sre noted in tables speclally pre-
pared for that purpese. The area of the nozzle passages of the
vanes of each sector 18 calculated sgparately, after which the
total area of the nozzles is computed. The area of each sector
is calculated according to formula
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vwhere Fgee
Agv.

Bav.

6

A av.B av.:6

100
sector area to-be determlned;

Fgec . ™ cm?

3

average width of the opening;
average height of the opening;

number of vanes in sector;

100 transference number m? 1in cm?.

The sum total area of the nozzle assembly 1s caloulated
ing to formula
Fs‘ = Fl - F2 - F3 - Fu"..‘Fg

Where Fgp total area;

area of the first secvor;
- oarea of second sector;

area of third sector

area of fourth sector;
Ii..‘..."'l.‘.......O...‘l’..

area of ninth sector.

F9 -
Difference in the areas of the greatest and the smallest sector
18 not permitted to be greater than 2 eme.

To test the play in surface K in relation to S (see Fig. 135)
the nozzle is placed on a device (Fig. 140). The play, 18 not

permitted to be . bh dsgembl o{*@ﬂeA

ek --—-—-..J-‘.;.u°~3£: Atk
second time, o[ direction;
which must be within the 1 Following this,
the turbine bousing 1s placed over the outer casing of the inlet
ducts and nozzle assembly.

The nozzle (Fig. 141) of an axial
gents a set of vanes installed ci
inner rings.

~-flow compreASQr engine reprél
rcle-wise between outer and
The outer ring consists of a shroud and a band.

-

Hollow welded vanes
the gas 1s conveyed
inner band with the
freely in the slots
perature increases.
ances the vanes are

(Pig. 142), which form openings through
to the rotor blades, are fastened on the
help of plates and collars and may shift
of the outer band when expanded @ue to tem-
In order to establish the necessary clear-
selected to fit the slots.
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Assembly of Combustion Chambers and
Combustion Chamber Blocks

RIARIIL R L e S

STAT

A combustion chamber (Pig. 143) of a centrifugal compressor en=
gine 1is composed of the following major assemblies and parts:
entry section, housing, flame tube and plugs, installed on the
inlet ducts. All combustion chambers are interconnected by
erossover tubes (Fig. 144). ~ .

The contacts of spherical surface of ring 1 (Fig. 143,8 ) are
tested, previous to assembly of each chamber, with a device and
the distance A between the tube and the combustion chamber hous-
ing is measured at eight points (Pig. 145). . This distance 1s
maintained by means of matching of housings or fire tubes. The
fire tube is inserted into the housing of the combustion chamber;
a suspension cup 1s inserted into the flanges of the housing and
fire tube, to secure thelr rigid attachment, while two chucks
are inserted into the flanges of the crossover tube of the hous-
ing and into the hub of the suspension cup of the fire tube.

After the housings and the fire tubes have been connected, seal
rings are inserted 1nto the flange grooves of the housings.

Pire tubes which are inserted into the housings' of the chambers,
are rigldly secured by suspension cups. Nuts are placed on
crossover tubes after which they are inserted into theflange of
the combustion chamber. This 1s followed by insertion into the
chamber of secondary crossover tubes. To avoid buckling, the
combustion chamber entry sections are screwed to the casings
evenly.

The combustion chamber assembly of an axial~flow compressor en-
ine consists of & nozzle inlet ducts and combustion chambers
%Fig. 146) of welded construction. All combustion chambers are
interconnected by corrugated crossover tubes. Each chamber 18
equipped with a fuel nozzle, three of the chambers have igniter

plugs.

Combustion chamber shown on Pig. 147 is assembled separately,
followed by final assembly as a unit. Since the parts of the
chambers are made of thin metal plate and are welded, the as-
sembly of the combustion chambers 1is conducted by matching of
the parts.

The assembly of combustion chambers starts with matching of outer
1iner 2 and entry section 3 to the combustion chamber housing 1.
Entry section and the outer liner must enter the housing tightly
and without exertion of much force. The entry section is tem-
porarily bolted to the housing. At the same time, the clearance
between the flanges of crossover tubes and housings 1s tested,
as well as the clearance between the mounting flanges of the
fuel nozzle and the housing. If the size of these clearances is
greater than specified, another entry section 1s selected.

After matching of the parts of the chambers, mounting plugs,
studs, screws and other parts are installed.
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This 1s followed by the assembly of the combustion chamber as a
block. For that purpose the nozzle inlet duct assembly ig nl=2ned
on a mounting stand and the chambers are installed. The reStAlvwe
position” of the chambers and of the nozzle inlet duct assembly
is tested by a device (Fig. 148), which is placed on the entry
section of the combustion chamber housings. The chambers are
attached on the nozzle inlet duct assembly with screws which are
evenly tightened. The flanges of the combustion chamber hous-
inga must be in tight contact with the flanges of nozgle inlet
duct assembly without skewing.

With the help of an angle plate,which is placed on the housing
of crossover tubes, the angle between the flanges of these tubes
is tested. To match the crossover tubes according to their
length, each tube with its seal 1s attached with screws to one
of the chambers, after which the clearance between the flange of
the other end of the tube and the housing is tested. Should the
elearnace be greater or smaller than specifled, the tube is re-
placed with another. A tube thus selected is attached to the
chambers and tightened with screws then thecontact of gaskets
with the housing 1s tested. For added rellability thercontact
of tubes may be tested with paint,

The assembly of the combustion chambers is ended with the in-
stallation of the studs, mounting plugs and othergparts.

Assembly of Exhaust Cones

An exhaust cone of a centrifugal compressor engine and 1its parts
is shown on Fig. 149,

Assembly of an exhaust cone consists of ingtallation of the cone,
tie rod mounting flange braces, laying of thermal insulation on
the outer cone, installation of housings, bottom plate and ex-
haust cone.

The inner exhaust cone (Fig. 150) is attached to the cone as-
sembly with tle rods which go through the rod braces and sockets
(seats) located on the cone.

Aluminum foll thermal insulation (Pig. 151) is placed 1n a de-
finite order, l.e. first one sheet 1s placed between the first
and second reinforcing rings, then between the second andtthird
and, finally, between third and fourth. Round 6 and long 5
spirals are placed on the first layer of thermal insulation,
followed by laying of the second insulation layer. Asbestos
material may be used in place of aluminum foil.

After the installation of the casings and clamp rings on the
outer exhaust cone, the de-aerator housing is installed. Be-
cause theparts, expand in high temperature, tightening of clamp
rings 18 done in a definite sequence. At first the clamp ring
bolts are tightened to the 1limilt, then the bolts of two clamp
rings (8econd and fifth from the gas turbine) are released by
one turn, and the remaining three - by two turns. The bottom is
installed on the inner cone, and the exhaust nozzle is placed
—.over the mounting flange. _
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Exhuast cone assembly of an axial-flow compressor engine with a
variable cone. (Fig. 152) i1s of welded construection. STAT

The assembly of the exhaust cone consists .4n matching and placing
together .of the control ;pachanism parts, adjusting the co-axial-

ity of the vertical shaft and splined sleeve, and in adjusting
cone mqumept. .

3

- g
Fig. 153 shows the schematic of control mechanism of variable
cone. “ '

Fig. 154 represents bevel gear box assembly.

Into the support 3 of the bevel gear are installed: roller bear-
ing 6, spacer hub of bearing 5, adjusting ring A and ball bear-
ing 2; after which into the assembled support 18 inserted a shaft
with a bevel gear 1, made integrally with the shaft, and it is
connected to the housing. Then, bevel gear, into the inner
splines of which are inserted vertical shaft, adjusting ring b
and ball bearing 11 are mounted in the housing, and the entire
assembly is tightened with a nut.

The clearance between the teeth 138 determined with the help of
adjusting rings A andiB . The contact of teeth and turning of
the gears, which must be smooth and noiseless, are also tested.

To shift the rod with its cone along the axle of the exhaust
cone, angle brackets with rollers are installed on the rear cone;
simlilar rollers are installed on the brackets on the bevel gear
assembly bracket. .

Assembly of the exhaust cone starts with the installation of the
rear cone and its attachment to the inner cone. The support
bracket of the bevel gear assembly 1s attached to the same cone;
the assembly is equipped with apur gear, sleeve and an adJusting
ring. In case of co-axiality the vertical shaft must be able to
enter the splines of the sleeve freely. If the axles fail to
colneide, an adjusting ring of the required thickness is placed
under the bracket.

The cone, which 1s belng adJusted, with 1ts rod is placed through
the outlet of the exhaust cone assembly and 1s thrust in to the
limit. After the installation of the ame, a™shroud is placed on
the rack of the rod, a thrust washer is installed and the nut is
tightened. The cone must be set so that 1t could be pulled out
to a specified length and must have a smooth movement; this 1is
tested by pulling the variable cone in and out using cone control
mechanism for_that purpose.

The assembly is completed with the installation of the exhaust
cone cover, under which an adjusting ring 18 placed, in order to
maintain the required clearance between the turbine and the cover
during the attachment of the cone assembly to the lnner casing
support.
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Assémglx of Support and Casing of Axial-Flow
Compressopr Engin

Sl . ‘;g, .
z j55§§gd 156 show casing and support.

P \5\“

WA, .

The main bpﬁ%ﬁtion in the support-casing unit (Pig. 157) assem-
bly is that' of establishing strict concentricity of the casing
in relation toille, support by means of rods 1 and 2.

; .
For its assembly the support 1is placed on a stand which permits
the placement of the assembly both 1in horizontal and vertlcal
positions. Included in the immediate assembly of the support 1s
the installation of plugs, studs, flanges and othergparts.

Bracket 3, used to attach the rods, is placed on the support
followed by placement of the casing over 1t and attaching 1t with
bolts. To avoild skewing of the casing, tightening 1s done grad-
vally and evenly. The rods are installed after the casing has
been attached. The play of the inner ring of the casing 1is
tested with the help of a device (Fig. 158), which consists of

a body 1, flange 2 which is attached inside of the body of the
hub 3 and which rotates freely on the pin of the flange, and a
stem 4 with clamp 5. The body of the device 1s installed in
place of the rear bearing of the turbine rotor. -The steam of
the indicator, which is inserted into the clamp, must touch the
mounting shoulder on thefnside wall of the casing. The rod,
together with the indicator and the hub on the pin of the flange,
is rotated around its axis; the play of the casing in relation
to the support is measured at six polnts, located opposite the
rods. Greater play than permitted is reduced by screwling or
unscrewing of the rods.

6. Assembly of Accessory Drives and Couplings

Accessory units of the engines are put in motion by couplings
and drives, the mechanisms of which in their turn are motivated
by the gas turbine.

Accessory drive gear case (Fig. 159) of a centrifugal compression
engine is located in the front part of the engine with the
following units placed on it: fuel pumps, generator, tachometer,
starter, oil pump housing, etc. The case 1s connected to the
front shaft of the compressor through the assembly of the bevel
drive gear and coupllng.

The accessory drive power take-off housing (Fig. 160) of an
axial flow compressor engine is a component part of the air flow
system of the engine and is located between the air intake as-~
sembly and the compressor. Into 1t are placed thepower take-off
assembly, spherical three-row bearing, oll pump and drives.
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On top of the accessory drive power take-off housing is located
the accegsory drive gear case interconnected by a drive sha®t
coupling. On the accessory drive gear case are located tueSTAT
pump, hydraullc pump, generator, de-aerator, and other accessor-
ies. On the air intake side, on the %lange of the accessory
drive power take-off housing 18 lnstalled, the starter motor
which 1s connected to the housing by a ratchet shaft. On the
compressor side, the mechanism of the accessory drive power
take-off housing 1s connected with the front shaft of the com-
pressor by a coupling.

Asgsembly of Units and a General Assembly of Accessory Drive
Gear Case of a Centrifugal Compressor Engine

Assembly of the case consists of three major stages:

- tge assembly of drives to fuel pumps, tachometer generator
starter and idle drive, oll pump case with filters;

~ preliminary assembly of accessory drive gear case;
- final assembly.

Drives are composed of casings, geared shafts, bearings, spacer
hubs, adjusting washers, and other parts.

Let us discuss the assembly of one of the drives (Fig. 161).

On the shaft of the bevel gear 18 placed one ball bearing 4 and
together with the shaft it is pressed into the casing of the
drive 1. This 1s followed by the placement of spacer hub 9 on
the shaft and the second ball bearing is installed simultaneously
in the casing and on the shaft. After this, retaining ring 2,
lock washer 8 and nut 7 are installed. Turning of the ;gears musti
be smooth and noiseless. The rotation of the gears inarelation
to their axis 1is tested as to the play in surfaces A and B . with
stationary gears and rotating flange. Permlssible play of A and
surfaces should not exceed 0.06 mm.
We will give another 1llustration of the assembly of one of the
major units in the accessory drive gear case. Fig. 162 shows an
oll pump drive assembly. Power 1s transmitted to the oil pump
shaft through the lower driveof the pump.

Bevel gear 1 of the drive has inner splines 2 for meshlng with
the drive spur gear 3 of the oil pump. A steel hub for spur
gear centering 1s pressed into the gear.

The drive shaft 1s installed on two ball bearings 4, between
which a spacer hub is placed.

The lower bearing 1s mounted on the disc of the drive gear while
the upper - on the disc of the rear shaft of the bevel gear.
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Between the end of the bevel gear and the upper bearing a rin~_6
is inatalled to adjust the clearance between the gear teethSTAT e
outer rings of bearings are enclosed in steel cups 7 with flanges,
which are pressed into the body 8 of the oil pump drive. The

outer ring of the lower bearing is clamped by a spring ring 9.

The housing of the drive which represents a flanged cup is
centered at the lower wall of the accessory drive gear case and
i8 clamped by means of a flange between the housings of the oil
pumps and the wall of the case.

The assembly of the drive is done in the following order. Ball
bearing 1s pressed on the end shaft of the spur gear 3. AdJust-
ing ring is placed on the shaft of the bevel gear and a second
ball bearing i8 pressed on.

The spur gear is pressed into the housing of the drive to its
contact with the flange. A retaining ring is inserted into the
slot. On the end of the shaft of the spur gear 1s placed a
spacer hub, after which the ball bearing together with the bevel
gear, and connecting 1t with the splines of the shaft of the
spur gear, are pressed into the housing. Lock and safetying
washers are placed on the end of the shaft of the spur gear and
the nut 1s tightened.

During the assembly the following are checked:
a) rotatlon of the shaft of the gear;

b) play of the bevel gears at the pitch circle in relation
to centers on which the drive 1s mounted;

¢) play of surface A in respect to centers.
If the play of the bevel gear at its pitch circle in respect to
surface A does not correspond to the one required, it is recom-
mended to do the following:

to disassemble the drive completely;

to test the play of the outer surface of thé bearfag cup
in respect to the inner surface;

to test the play of surface A of the drive gear housing
in respect to surface b ;

to test the play of the bevel gear at the pitch circle in
respect to surface B.

The drive unit 1s again assembled out of matched parts and again
tested at the centers.

The following operations are included in the preliminary assembly
of the accessory drive gear case:
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1. Hydraulic testing of the oil passages of the case, conducted
on a special -fixture (FPig. 163); transformer oil, heated 4+
40-80°* C. under:6 kg/emc pressure is used for this purpoec.
In three minutes time there should remain no trace of oil on
the outer surfaces which eorrespond to the passages in the
case.

J‘
The assembly of the subassembly of the spur drive gear (Pig.
16%4) and testing of the clearance between the teeth of the
Sleeve and the pawls of the ratchet of the starter mechanism.
On the shaft of the spur drive gear 25 are installed the
following parts: breather sleeve 3, which reste on the rollen
bearing 14 and which 1is pressed into the. cup 15 of the drive
gear accessory case 13; driven bevel gear 29 of the starter,
prepared as a single unit with the sleeve of ratchet
mechanism, resting on two ball bearings 31 and kept in rigid
position by spacer hub 30; and flange 18 of the ball bearing
24 of the drive spur gear.

In the ratchet mechanism (Fig. 165) are included, hub 1, to which
thrust ring 2 1s attached. Pins 3 with:pawls 4, dowels 5 and
springs 6 are mounted on the hub, after which the hub is inserted
into the inner part of the sleeve.7 of the ratchet mechanism with
splines 8. To teat the clearance a between the tweth and each of]
the pawls, the pawls are lossened to the limit with the help of
wedges; for that purpose the bevel driven gear with its sleeve is
installed on a mandrel. With clearance G being zero the requiszed
clearance (a) must not be less than 0.3 mm.

3. Testing meshing of teeth of bevel and‘spur gears and side
clearance hetween thenm.

Assembly of the 01l pump ease, which includes the installatior)
of the oil pump (pressure and scavenge), pump drive, oil
intake vent with a filter for filling the cashing with oii,
one high pressure filter and two low pressure filters. After
assembly, the case placed on a special installation 1s sub-
Jected to test run for 20-25 minutes.

5. Plushing of the accessory drive gear case with transformer
01l with o1l temperature of 70-80° C.

6. Disassenbly of the case (partial) for inspection and prepara-
tion for the final assembly.

The final assembly of the accessory drive gear case consists in
insertion into it of upper and lower drives, drive spur gear
assembly, o1l pump case, fuel pumps and other accessories and
parts, Assembly is accompanied by inspection, measurements and
notations in the rating plate of the case.
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Assemb of A S80 priyes
of. an Azial-Flow Compressor Engine
' STAT

Fig. 166 shows a bevel gear of accessory drive power take-off
assembly which includes: the main assembly and drives from this
assembly to the 0il pump, to drive-gear box, to accessories and
to the manual turning assembly.

Into the housing 1 of the assembly are pressed cage 20 with liner
19 of ball bearing of the drive gear 10, which are then tightened
with nut 23. The inner ring of the roller bearing is pressed on
the shaft o the drive gear 10, #d&justing ring 22 is inserted into
liner 19 and the assembled ball bearing is placed on the shaft

of the gear. The innér splines of the ratchet 18, which 1is
screwed into the end of the gear shaft 10, must coincide with the
inner splines of the gear shaft; another ratchet is selected if
they do not.

The outer ring of roller bearing 1s pressed into the cover 28.
Before the cover 1s placed on the housing of the unit, distance
A is measured from the end of the ratchet to the end of the
housing; this distance must be within the required limits to
ensure the necessary end clearance between the ratchets of the
starter motor and the assembly. Tkis distance may be altered by
selectlon of adjusting ring 22.

Drive (Fig. 167) to the manual turning assembly consiste of cas-
ing 1, gear 2, roller and ball bearings 3 and 4 and other parts.
The outer ring of the roller bearing 1s pressed into casing 1;
adjusting ring 6 18 installed, spacer 7 and ball bearing which

1s tightened with nut 8, are also placed in casing. Inner race 9
of the roller bearing, spacer 10, and shaft stroke limiter, which
is connected with the manual turning mechajjism, are pressed on
the shaft of the gear after which the spring ring is placed. The
shaft.of the gear is tightened with nut 11 and 1s safetied with
special washers.

Drives to the accessory drive gear case and to the oll pump are
of the same construction, but due to the fact that the outer
diameter of the gearis greater than the lnner diameter of the
cases, their assembly is donetin a different sequence. Whille
during the assembly of the manual turning mechanism the case was
pressed on the shaft of the gear, after the corresponding assem-
bly of the parts of these drives, the shaft of the gear 1s
pressed into the case. ) >

The general assembly of the accessory drive gear cié sta;
the installation of the assembled spherical three-row all bear-

ing. IV

Further assembly of the case consists of anstallation of oill
filter, oil pump and of the manual engine turning assembly.
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With the help of a device, which is installed in place of a
shaft, the clearances between the edges of the apertures STAT he
protective strainers of the o1l pump and the device are cnecked.
The turning of the oil pump, which must be smooth and without
Jamming, is also tested.

Pump shaft is inserted into the drive of the pump, the drive con-
8isting of a cover with two ball bearings, after which the shart
passes through an opening in the pump and 18 connected with the
drive, while the cover is connected with the surface of the pump
body. Since ’

Drive shaft 1 is inserted into the manual turning assembly drive
(Pig. 168), after which ball beaking 2 with thrust ring 5 is
pressed on the shaft on the outer side of the casing, liner 3 is
heated and placed over the ball bearing. ¥

The assembly of the accessory drives consists of installing
assembled drives with earlier matched gear clearances into the
case,

Let us examine the assembly of the main drives of- the case-drive
shaft and generator (Fig. 169). The drive bevel gear 1 is manu-
factured as a shaft (Pig. 169, a),
y Pa.l £.and roller 3. Splines in-
side the shaft connect it wi%hWQghm‘ihattﬁﬁgqr the main drive
assembly. To protect it from ax;alusﬁigyigggthc shaft is held
rigid , ted inside the gear shaft,

y of the drive shaft of the accessory drive
power take-off housing, the bearings are assembled first,
followed by the assembly of the shafts, and finally the drive
assembly in the accessory drive power take-off housing. Ball
bearing with adjusting ring 14 ia installed in the case 8. The
outer race of the roller bearing 1is pressed into liner, is
Secured in it with 8pring ring 12 and then the liner is pressed
into the accessory drive gear case. The inner race of the roller
bearing 18 pressed on the shaft of the gear 1,

Lt e N
Roller tLedring#t3itogether with the liner are pressed on the end
of the gear shaft. This is followed by placement of spacer 5
inside of the shaft 1 and the screw 6 is tightened. In this

the accessory drive gear case.

8 have been adjusted. Spring

led during the process of general assembly after

the installation of drive shaft 4 through an opening in the
accessory drive shaft case 1,

With the drive bevel gear 1 of the shaft, is connected power
take~off bevel gear 13 and ks shaft which is Provided with
inner splines for its connection with the shaft of the generator.
The assembly of the bevel gear drive or power take-off unit is
done in the followin manner, On the shaft of the bevel gear 1
of the drive (Fig. 1 8 ) spur gear 2 is pressed on; it is
locked on the end of shaft with dowel pin 3. Al1 remaining spur
gears of the drives obtain their power from gear 2,
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Two bearings serve as supports for the gear -- front 4 roller
bearing and rear 5 ball bearing. - ;The. outer race of the roller
bearing is pressed into the steel liner after which the edgSTAT
of the race are pressed in. The bearing has no inner race --
the roller bearings run directly over the cemented end shaft of
the spur gear. Into the liner-6 are placed adjusting ring 9 and
a ball bearing, the outer race of which is fastened in the liner
with a nut {Q; and locked with a spring ring 11.

The liner & together with bearings is installed in housing 7 and
is attached to.lt with screws 8, which are locked with binding
wire. After this the housing is placed on. the shaft of the
bevel gear and 1s attached to it with nut 12. Nut 12 is not
locked immediately, since in adjusting of the side clearance at
the teeth of the bevel gears it may become necessary to dis-
assemble the unit. )

All the shafts of the assembly of the accessory drive must have
axial clearances within the 1imits of 2 mm.

A

A 880 a 880 oW ake-o
Hoysing
Kinematie schemas of accessory drive gear case and accessory
drive power take-off housing of jet engines consist of a great
number of gears, both spur and bevel. Complexity of assembly of
these arrangements is due to the fact that in adjusting the mesh-
ing action and backlash 1t is necessary here to deal, in in-
dividual cases, not Just with two gears, but with three and more
(Fig. 170 and Fig. 171), which have to be installed and adjusted
simultaneously.

All gears in both accessory drive power take-off housing and
drive accessory gear case are tested with paint for proper mesh-
ing and the backlash between the teeth of bevel gears is ad justed.
Meshing action testing with paint is done on the working side of
the teeth as the drive gear 1s turned in the forward direction,
l.e. 1in the direction of 1ts rotation during the operation of the
engine. The turning direction of the gears, as a rule, is in-
dicated in the kinematie arrangement. To obtain a more clear
imprint 1t is recommended to turn the gears, which.are being
tested, two or three times.

AdJjustment of backlash between the teeth of bevel gears is done
by altering the thickness of adjusting rings.

Adjustment of backlash between the teeth of spur gears is done by
matching gears according to the thickness of the teeth -axddtby
proper selection of drive housings.

The baciklash between the teeth is measured with a feeler gage or
an indicator with a 0.0l mm precision in four points in'three
different positions of the gears (through 90° turn of the drive
gear) on the working side of the teeth. :
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ments of backlash between the teeth of the gears, Fig. 172 show
a fixture for testing backlash between the drive gear and theSTAT|
gears in the accessory drive gear case. This device consists of
a split gylinder,.;h the holliow of which dowel pin 5 is secured
with a joint pin 6; and a hollow cone 3 which moves freely along
the dowel pin inside of the eylinder. The threaded end of the
dowel pin which prodrudes out of the eylinder, has a nut 2, whil
rod 4 with a plate 7 .for installation of the leg of the indicator
is attached to the cone. To test the backlash the eylinder of
the device is inserted into the opening of the drive gear as-
sembly. By turning the nut of the dowel pén the cone is moved
inside of the cylinder and as 1t is shifted loosens the cylindri-
cal fixture, thus attaching itself to the gear.

Special devices are widely used for convenient and rapid neanure%

Fig. 173 shows fixtures for testing backlash between the teeth

of the spur gears in the accessory drive gear case of a centrlfu-
gal compressor engine; between the gear of fuel pump drive and
drive bevel gear; between the teeth of drive and driven gears of
the starter; and for testing the backlash between the teeth of
the auxiliary gear and the fuel pump drive, and oil and fuel

pump drives. .

-
.

7., m 8 8 8 O

Assembly of Main Bearings of Centrifugal Compressor Engine

The engine under discussion has three assemblies of main bearings
front, center and rear, which supportii the compressor and the
rotor or.the turbine. )

Assembly of the front bearing .subassembly (PFig. 174) starts with
measuring the seat of the maln roller bearing and outer race of
the roller besring to determine the actual placement of the parts
If the measurements coincide with those given in the drawing, the
bearing is installed in the housing, otherwise another bearing is
selected. : - )

After the selection of the bearihg, the following are placed in
the assembly of .the housing of the front bearing: oil’ Jet, oil
inlet tubes and oil labyrinth seals. :

TAfter 1ts assembly the entire unlt is flushed with transformer
oll under 3-% atm pressure and 50-60° C. temperature.

Befope the assembly of the.¢enter bearing (Pig. 175) 1ts cover
18 matched according to the outer race of the ball bearing and

the axial play of the ball bearing (Fig. 176) 1s measured.

Besides, measurements are also taken ofthe overhanging or counter-
sinking of the outer race of the ball bearing in 1ts seat. Upon
the conclusion of these operations, the ball bearing is pressed
into the seat with the help of a device grig. 177) and is fastened
in it with a tightening washer (Fig. 175

.
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After the ball bearing has been installed, into the cover of the
center bearing are inserted the parts of the oil Jet (Pig. 175),
which.are covered on-top with a cowl screwed to the studs STAT
ccnterrpquring cover with twe nuts.

Thq'dsioﬁbly of the rear bearing support (Fig. 178) consists @n
selection of the roller bearing, installation of oll Jet and
placementof.oil labyrinths. Besides, a shroud and a deflecting
ring areialso installeéd., 01l labyrinths are selected in such a
way as 10 be able to maintain the specified clearances between
the shaft and the labyrinths. -

Assembly of Main Bearings of Axial Flow Compressor Engine

In the design of the engine under consideration there are four
assenblies of main bearings, of which two support the compressor
rotor, and two serve as supports of the turbine rotor.

The assembly of the front subassembly of the compressor bearings
(Pig. 179) is performed in the following way. Parts for a given
assenbly are selected first, for the purpose of which a microm-
etric measurement is taken of such parts as bearings, liners,
spherical cone, spacers, etc.

The quality of contact of the selected spacer rings with the sur-
face of the cover 1z tested by pouring in & mixture of oll and
kerosene; no leaks are permitted. ’

For an even distribution of axlial load on all three bearings dur-
ing their assembly the bearing supportswﬁ,gre first pressed in a
special press with a force equal to 1/3 of the actual axial load.

After the bearings have been pressed, three conic holes are

drilled and reamed in the supports; conic dowels 1l are inserted
into these holes rigidly fixing the position of the ball bearings
in relation to the cuter bearing support.

The rear assembly (Fig. 180) of the compressor rotor bearing 1is
composed of the housing of the bearing 1, roller bearing 3, re-
taining ring 2 and flange 4. :

Spherical housing with the assembled three-row bearing is in-
stalled in the accessory drive power take-off housing (Fig. 181).
In the seat of the housing are installed springs 7, which press
the bearing to the spherical body of the casing. Sealing rings
10 are placed on the Jjournal of the bearing, after which cover 8,
which attaches the bearing to the housing, is installed.

The subassembly i assembled on support 10 (Fig. 182). Seal 7
with rings 9 and the inner race 6 of the roller bearing are
placed on the rear shaft of the rotor, The roller bearing is
pressed into housing 2, the retaining ring 4 is installed,
followed by pressing the housing wilth its bearings into a pre-
viously heated flange 3 and attached to 1t with nuts, The flange
thue assembled is installed in the support by means of a center-
ing shoulder 5 and 1is attached to the support. As the housing 1s

WARNING: This document contains information affecting the national defonse of the United States within the meaning of the
Espionage Lawa, Title 18, U S. C, Sections 793 and 794. lis tranamission or the revelation of its contentsinany manner toan
unauthorized person is prohibited by law. It may not be reproduced in whole or in part, by other than United States Air Force
Agencies, except by permission of the Director of Intelligence, USAF

AF | FORM ] 1 2a REPLACES AF FORM 112-PART I, § JUN 48, CLASSIFICATION (SECURITY INFORMATION when flled in)

0CT 52 WHICH MAY BE USED UNC L A S S lF 'ED GPO 9336%¢

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7



Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

being inserted 1nto tho flange, matching of 0il draining holes
ia teatcd. , STAT

Front and;rear bearings (Pig. 183) are assembled in the support.
In the agsembly of ithe front bearing (Fig. 1 3}%@) housing 1,
which isiFattachéd 'with bolts 2, is placed into:the support flange]
14. Cdver 4§ is pldced on the shoulder of the housing, after
which-a ‘8plit radial thrust ball bearing attached with nut 5,
which in‘turn is locked by means of a retaining ring 6, is in-
serted Ihto “the housin;.

Seals 9 togethcr with nut 13 are mounted on the turbine shaft
after the\turbine ‘rotor has beén installed in the support.

The rcar aslembly of the rotor roller bearing (Fig. 183,8 ) is
also astenbled in the support. Steel liner 2 is pressed into the
housing 2. 'Into the liner are placed outer race 3 of the rolier
bearing: ‘with separator and rollers; the outer race rests on one
8ide on*thc supporting shoulder of the liner, and on the other
side 1is hzld in place against axial displacement by s8ix supports
of cover k.

Seals 8 with sealing rings and the inner race 5 of the roller
bearing, -ldcated between the casing and shaft spacer 7, 18 pressed
onto the shaft during its assembly. Cover 4 is made fast to the
rear flange of the housing 1.

The 01l channels of the assembled subassemblies are f{lushed with
oil.

8. Asgembly and Testing of 0i1 System Units

Fig. 184 repressnte an oil system of 2 centrigngal compressor
engine. One of the main assemblies of this systemiXs the oil
pump casing %;. which 18 connected to the accessory drive gear
case and which41ncludes a pump with pressure 3 and scavenge 2
stages. O0il is poured into the casing to f£ill the oil system.
Besldes the pump, two strainer filters 7 and 8 are installed in
the casing, which protect the pump stages from extraneous matter,
and a high pressure filter 10 of slotted type for. the oil which
pa:ses through the system under pressure. De-aerator tray 5
which” renovea air and gas from the oll iz installed in the casing

01l in:thé box is pumped through filter ;§éreen into the intake
channel 0f .the oil pump, and then through a high pressure filter
proceeds into o1l distributing'channgl in the accessory drive
gear case, Thie changel 15 -gonnected with:a ‘¥elief wvalve which
is calibrated to 3.5 kg/cme; p diﬂtributing ‘chanhél is
branched into three lines; oné-of‘'them 13 rnoduﬁthc‘dots which
lubricate the center and rear bearings, and delivers~oil for
lubrication of g¢onnecting sleeve coupling of the shafta of the’
turbine rotor and compressor; the second l4ne 1 feeds .0ll to the
Jet of the front bearing; while the third 14 feeds oil to the
drive of the airplane auxillary assembly and to two tubes which
spray oll on the gears of the accessory drive gear case,
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e
The scavenge 8tage extracts oll only from the housings of the
center and- rear bearings. - From the front bearing the oil f3nwsa
into .the' acgessory drive gear case, and out of the case 1t 1STAT

- poured . inte: .pump assembly housing. The scavenge stage of the

. pump sucks-this oll “through filter screen and delivers it
through\aapystcm,ot‘qhannsls into the: pipe’ of de-derator in-
stalled in the case, and from the pipp -- to the tray of de-
g;rator from which 01l flows downward and reenters the main oil

ne. -0 N -
011 system of axlial flow compressor engine does not differ
radically from the one described above. This system, of a some-
what different design, includes an oil tank, oll pumps with
 prefsure and scavenge stages, filters, de-aerator and other
units, ’

Assembly of 011 Pumps

The pumps are designed for eirculation of 01l in the o1l system
of the engines, Pig. 185 shows the design of a pump with one
pressure and one scavenge stage. Pump shown on Pig. 186 has two
pressure and one scavenge stages. To draw off the o1l from the
housing of gas turbine of an axial flow compressor engine, a
pump shown on Fig. 187, with two scavenge stages is used. All
these pumps are of gear type.

Since the pump stages are processed together in_ the machine
shops, 1t is necessary dmging matching and assembly of the pump
parts to have the marks stamped on them correspond strictly.
Pump parts, such as: shafts, gea»s, etc., are also marked after
their final preparation.

The basic preparatory operation for final assembly of the pumps is
the determination of the required side and radial clearances of
the gears In the stages; backlash between the gear teeth, ete,
The surfaces of the stages being joined must fit together tightly
and must be Btrictly parallel to each other. To avold skewing
of the nut, fastenings of the stages must be tightened evenly.
The pump parts must turn smoothly, without Jamming or noise.
Radial clearances of the drive and driven gears of the pressure
and scavenge stages are set within the limits of 0.035 - 0.09 mm,
axlial clearance between the gears and surfaces of the stages -
0.02 -~ 0.07 mm, and the backlash between the teeth of the drive
and driven gears -~ 0.24% - 0.32 mm.

Checking the assembly of the pumps 1is done with the help of an
dndicator depth gage which measures the depth of grooves 1n the
Stages, and feeler gage and indicator fop measuring backlash
between the teeth,

After thelr assembly the oil pumps are tested, the test consist-
ing of the following four operations:
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a) Test run of the pump after assembly;

b) Determination of discharge of the pressure stage of theSTAT
pump;:

¢) Determination of discharge of the scavenge stage of the
pumpj

a) Detefdination of discharge with vacuum in the pressure stage
of the pump.

These operations are performed on a speclal installation, the
diagram of which is represented in Fig. 188. Testing of the
pumps is done with transformer oil at 75-80° C. temperature.

For the purpose of testéng, the oil pump is installed in a hous-
ing made up of #pper and lower halves; during the installation,
the gear of the-pump is meshed with the drive gear of the in-
stallatlon. To contf§ol the emergence of oil in the breather tube
of the upper housing‘valve 23 and valve 17 are opened.

This is followed by opening of the valves 15 and 16, after which
the. engine is switched:on. By means of a rheostat pupp revolu-
tions are adJjusted to 700-800 RPM and the pump 18 operated for 2
minuted., Then at 1500-}600 RPM the test run is conducted for 3
minutes, finally, the number of revolutions 18 increased to
3100-3200 RFPM and at>that speed the operation is conducted for
ten minutes. During all of these p!ﬂc.lses, the by-pass valves
are opened to draln the oil into the service tank. With this
the test run of the pump ends.

Then counter-pressure of 3 atm 1s created in the pressure stage
of the pump with the help of a valve 15; this counter-pressure
is controlled with a manometer 11, and then a three~way valve 18
is switched to a‘metering tank 3 with a simultaneous switching
on of a stop-watch, - After 3 minutes valve 18 is switched to
service tank with a simultaneous stopping of the stop-watch, This
is followed by evaluation of the discharge according to formula

V=Q . 20, n
where V - discharge of the pump durling 1 hour;

Q -~ amount of oil in liters, which entered metering tank
during 3 minutes;

-

20 - conversion coefficient to hourly discharge.

The discharge of the pressure stage must not be less than 600
11t./hr with 3,1000 - 3,200 RPN,

To transfer oil from metering tank 3 into the service tank,
valve 21 is opened and then closed. This is followed by testing
discharge of the scavenge stage of the pump in which counter-
pressure of 1 atm 18 created and which is tested by manometer 13.
To create counter~pressure, valve 16 is used. A three-way valve
19 18 switched over to the metering tank 2 with simultaneous
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switehing on of stop-watch. After 3 minutes, valve 19 is
switched over to the service tank and at the same time the %ﬁ?ﬁ?
watch 18 stopped. The discharge of the scavenge stage at 3,0 -
3,200 rev/min and at 1 atm counter pressure should not be less
than 900 1it. /hr.

Then, by means of a valve 17, 0.85 atm vacuum is created in the
pressure stage, which 18 controlled with a wacuum meter 10. To
test the discharge of the stage with vacuum, the same operations
as the ones described above are conducted,  The discharge with
vacuum must be not less than 300:11t./hr)] The discharge of the
pressure stage with vacuum is caléulated by the formula given
above,

Agsembly of 0i] Filters

Assembly of filters requires absolute cleanliness and careful
matching of parts. After their assembly the filters are flushed
with o1il,.

High pressure filter (Fig. 189) consists of outer and inner
filters. Previous to their imstallation into the liners, contact
tightness € the flanges of the liners being connected (to avoid
overflow of 0il) 18 teasted. Fig. 190 represents a filter of a
different design. The body of the filter is composed of four
filter elements, elght spacers and three partitions, Each screen
disc in it8 turn is composed of two fine mgsh outer screens and
two coarse mesh inner screens. Surfaces of the discs and parti-
tions must be in tight contact with each other, to avoid leakage
of oil.

Assembly of Rellef Valves

Valve design is shown on Fig. 191 and-Fig. 192. Overflow oil
passed by the valve into any cavity i1s poured out through an
opening in the seat of the valve.

During the valve assembly special attention 1is paid to their
contact with thelr seats. For instance, a ball must be in con-
tact with 1ts seat along 1ts entire circumference, the piston or
the cup must be fitted to its seat until a complete contact is
?ac5199bd.

"Parallel position of the surfaces of the spring in its working
position must guarantee true (without skewing) operation of the
valves. The valve is tested for its hermetical properties with
0il under certain pressure in a given period of time, and is
calibrated to a specified pressure by means of a spring and an
adJusting screw,.
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Assembly of 013 Jets -

STAT
Engine bearings are lubricated with of] which enters through
Jets., Jet housing (Pig. 193} is composed of two flanged parts
which attach the Jet with studs to the housing of a bearing, A
brass bushing with shoulders at its ends 1s inserted into the
housing ang A small rod with
a spiral thread on e hushing; due to
this arrangement the 0oll i8 given a rotating motion ang is
Sprayed, through a calibrated opening in the housing, onto the
bearing being lubricated,

During the

e Jet
The other part
housing.

To determine the amount of 01l which passes through the cali-
brated opening of the housing, the Jet 18 operated on a 8pecial
1natallation, diagramatic layout of which is shown on Fig, 194,

The Jets being tested are insenrte nd then the
adjusting valves 6, 7, 12, 13 and Valve 8 must
Switehed on.
the needed pressure is estab-
is controliled with manometer 9. When three Jets are
tested sigultaneously, valves 12, 13 ang 14 are opened to the
limit, €n one or two Jets are being testedq, unnecessary valves
are shut,

When lever 11 is turned up s Btop-watch is switched on. At the
expiration of a definite period of time the lever is lowered ang
the stop-wateh is switched ofr. By turning lever 17, the o1} in
the metering retort is poured into tank 2, Electric motor is
switched off ang valve Y- is closed. .

Discharge of each Jjet 1s estimated according to formula
Q=Y 60 1/nr, =
t . ’
Where Q - discharge in 11t. /hr;

v measured volume of o1l in liters;
t - time of meagurement in minutes;
60 =~ coeffielent for transfer into hourly discharge.

The required volume Of o0il used in test discharge run is assured
by the selection of the diameter of the inlet opening of the Jet,
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Assembly of De-Aerators

Fig. 195 represents a de-aerator designed to extract the mimSTAT
air particles from the oil which 1s pressure pumped by centrifu-
gal force of scavenge stages of the oil pumps into the oll tank
of the engine.

The major parts of the de-aerator are: casing 1, centrifuge 2,
shaft 3, ball bearing 5 and roller bearing 11. Because the shaft
and the centrifuge rotate at a great speed, mounting of parts 1s
performed with extreme care. Co-axlality of two openings for I
roller and ball bearings is ensured by, provislon of tolerances :
as the casing is being produced in the machine shop.

Clearance A between the deflecting washers and the end planeodf
casing 1, as well as clearance B vetween the end plane of the
centrifuge 2 and washer 14, located on cover 4, are ensured by
the eelectlon of adjusting rings placed between the end of the
inner race of the roller bearing, deflector washer 12 and sleeve
13 of the centrifuge. .

For the assembly of de-aerator, matched adjusting rings and de-
flactor washer are installed on the shaft and the inner race of
the roller bearing, which is tightened with a nut, is pressed on.
After the casing of the demaerator has been heated to 0° C., the
outer race of the roller bearing is inserted into it. Into the
outer casing is also placed the body of the ball bearing, as-
sembled together with the shaft and the centrifuge.

After the de-aerator has been assembled, the rotation of the
centrifuge, which must be smooth and without Jamming, 1s tested.
The assembly of the de-aerator is finished with drilling of holes
for dowel 15, placement of the dowel and screw 6, the last is

wire locked.

9. Assembly of Fuel Sgatem Units ggg_zgg;z Test Runs

" The fuel system of an engine cor#ismsiof fuél pumps, throttle
valves, filters, fuel and starter‘nozzles, fuel diatributors and
other parts.

Figures 196 and 197 represent fuel dlagrams of centrifugal and
axial-flow compressor engines.

Since the systems operate under high fuel pressure, the asgsembly
of the parts should be conducted with great precision and ac-
curacy. Of great importance, from the polnt of view of fire
prevention, is absolute hermetical sealling of the connectlons.
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Assembly of Fuel Pumps’

Hultiple.plunger pump, cross section of which 1s shown on Fig,
196, has:p rotor witR seven plungers. 5, which are pressed by
aprings 6 to the spherical surface of rocketr arm 7, which can
pivot on two pins along the vertical axis of the pump. The rotor
is connected by shaft 2 with the pump drive 1nsta11¢d in the
accessory drive gear case,

Plungere and cylinders constitute the main parts of the pump.
In grinding this pair as 1t 1s machined a clearance of A~ 0,003 -
0.005 is left. Fitting consists in grinding the surfaces of the
plunger and cylinder with special grinding preparations such as
Folr paste or grinding for 30 minutes with alundum abrasive
powder followed by a 60 minute grinding with an-addition of
aptndle oll. The ground surface of this pair must be of an even
dull color. Besides, grinding of these parts produces the
necessary clearmnee (0,008 - 0.012 mm). The quality of the sur-

face and:.the. clesaranse are tentad, wlth micrometric measurement,
yaraul l 1) - ]

After 1ts‘asaembiy, the pump 1§ tested on a special installation,
the testing includes: test run, adjustment and checking its dis-
charge.

Fuel pump (Fig. 198) of gear diiven type has the following major
arts: front cover of pump 6, pump body 7, two intermediate walls
and 20, pump cover 9, shafte 4, 19, driven and drive gears 11,
12 and seal which includes a cup 5 which is inserted into a steel
cup housing 27, spring ring 14, rubber ring 26, and retainer cup

15.

During the assembly of the pump it 18 necessary to adhere to
strict co~axlality of the outer ring of needle bearing 30, which
is pressed into the front cover of the pump 6 and rear cover 9,
and parallel relationship of the axes of the holes of these two
parts,

Axial shifting of the shaft of the driven gear 1s achleved by
selection of bronze thrust bearings 21, pressed into the pump
body and cover, while shifting of the shaft & the drive gear is
done by selection of lock washer 31. Gears 11, 12 are connected
to the shafts by three balls 22, which s8it in grooves made in the
shafts and slits in the gears and which play the role of pins.
The giparar¥e between the shafts and inséde diameter of gears 1s
assured by proper selection of these parts. Clearance 0.02 -
0.04 mm between the gears and intermediate walls 8 and 20 is
eatablished by selection of gears and pump body 7 according to
_heilght.

To prevent fuel from entering accessory drive gear case through .
clearances, a seal - a rubber cup is placed on shaft 4; this cué
must fit closely, but not too tightly, the Jjournal of the shaft.
At the same time ring 14 1s so selected as to have the cup en-~
velope the Journal of the shaft along its entire diameter.
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To obtain rigid fit of the base of the body.cover and inter-

mediate discs, tapered dowels 3 are installed and the entire STATI

agsepgly ig8 joined with bolts 13.
/’ PR

Fig.- 199 represents a starting fuel pump of gear driven type.
The end clearance 0.015 = 0,04 mm between the bushings 7 and
_the géars is determined by selection of thickness of gasket 16,
.made .0f lead foil. The same requirements are observed when this
Pump ‘i8° askembled -2s in the case of the assembly of the pump 1

"' N gt

iiidescribediaariier.

Azﬁpfffﬁefr Esserbly, the pumps are teat run on a special in-
stallation, the hermetical 'fit of all joints and seals is tested,
and the discharge of the pumps is determlned.

- Assembly of Fuel Filfers

The design of one such filtér is shown on Fig. 200. Filtering
element here is a metsgl screen.

Assenmbly of the basic-fuel filter consists in the following.
Two-sided screen discs are placed on body 3, between the discs,
from the inner and outer sides, screen rims 6 are inserted to
tighten .them and shaped washers T are also inserted to add
rigidity to the disc set. Clearance between the discs is
maintained by proper selection of washers 9.

High-pressure fuel filter is also composed of screen discs but
is provided with a relilef valve. Both 1n the first and in the
second case, bolt nuts which hold together the set of disc should
not be over-tightened to avoid their deformation. Fig. 201
represents a low-pressure filter with a felt filtering element.

It is very important to maintain cleanliness, during the assem-
bly of the filter; the parts should be washed with extreme care.
Filtering elements, after they have been washed in gasollne are
dried in electric ovens for 10 minuted in 60-70° C. temperature.

For the purpose of teBting the quality of assembly (hermetical
sealing of the connections) and the discharge of the filters, a
special installation has been devised which is shown on Fig. 202.
Fuel temperature during filter testing must be 15-25° C. To
achieve reliable filtering of the fuel, filter system includes
filter 3 made of silk. After gheagump has been connected with
drive 4, pressure of 3-4 kg/em® is created by proper manipula-
tion of the vilves in the main fuel line of the installation,
then 1its air—tightnegs 18 tested and the pressure 18 reduced to
0.8 - 1.0 kg/cmc and 1ts discharge, which should be 3,000 -
3,750 1it. /hour, is tested.

R

Filtering elements and other parts located inside of the filters
obstruct the passage of fuel, The difference in pressures at
the intake and in the outlet (drop) 1s permitted at 20 - 30 mm
mercury column (Hg).

WARNING: This document contains information affecting the national defense of the United States within the meaning of tho
Espionage Laws, Title 18, U.S C, Sections 793 and 794 Its tranamijssjon or the revolation of its contentsinany manner to an
unauthorized person is prohibited by law It may not be reproduced in whole or in part, by other than United States Air Force
Agencies, except by permission of the Director of Intelligence, USAF

AF : 5%5;!52 ] 1 23 REPLACES AF FORM 112-PART 11, 1 JUN 48, CLASSIFICATION (SECURITY INFORMATION when filled in)

WHICH MAY BE USED. UNC LAS S lF ‘ED GPO 933858

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7




Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

For the purpose of washing, filters are flushed with fuel at

0.8 - 1.0 kg/em2 pressure for 12 - 15 min. Upon examination the
filter of the installation must be absolutely clean, which would STAT]
indicate that the operation of flushing 1s completed and that the
filter is ready for operation.

Assembly of Fuel Distributors
Fig. 196 shows a fuel distributor.

An irregularly shaped needle 32 of the distributor, which changes
the cross section of the jet nozzle, through which the fuel flows
to the main nozzles, must be matched very carefully according to
the sleeve and the seat of the get. )

To avoid skewing of the needle, the surfaces of the springs must
be strickly parallel to the surfaces to which they abut.

An important part of the stop-valve 1s 1ts plunger, which shifts
in a steel sleeve; one end of plunger is threaded with teeth
which create a rack which is connected with a gear on the shaft
of which the lever of the stop~-valve is attached. Matching the
plunger to the steel bushing by means of grinding this pair with
grinding pastes (until an even o aque surface 1s obtained and the
necessary clearances are reached) is the major operation. Meshing
of the teeth of the cleat with the gear must be smooth and with-
out catching.

Assembly of Throttle Valve and Compressor Pressure Limiter -
Throttle valve (Fig. 203) serves as a means of engine control.

Assembly of the valve consists in screwing in of the connections
6 and 8, installation of idling Jet and installation of a cap
which closes this jet, assembly of control lever 5 and connecting
of the plunger with the bushing. In meshing the teeth of the
rack and pinion gear 7 the clearance is so selected as to allow
smooth and free shifting of the plunger in the steel bushing.
Good surface of the bushing and exact clearances between the
plunger and bushing are achieved by grinding with grinding paste.
After the assembly, the air tightness of the connections and the
discharge of the valve are tested.

Compressor pressure limiter (Fig. 204) is oa a membrane type; it
1limits the pressure of the basic fuel which is delivered to the

nozzles of the engine depending on the drop of air pressure be-

fore and beyond the compressor.

The assembly of the limiter consists of the following. Between
the body 1 and the intermediate plate 3 gasket 10 is placed,
while between the cover and the plate a membrane is inserted
dividing the chamber under the cover in two: above and under the
membrane. Plates 16 are attached to the membrane. A slide valve
rests on one side of the membrane and a spring on the other side.
The slide valve 1s installed in the body with a specified clear-
-~ ance. The engine compression is controlled with adjusting screw
7 or with the screw 9 of the ball bearing.
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Assembly of Drain Valve

. - STAT|
Drain valve (Fig. 205) is designed to drain fuel which drips from
combustion chambers.

The main parts of the valve are: body, cover, valve and spring.
At the places of 1ts contact with the body the valve plate is
covered with hermetic sealer. Then the valve together with its
plate is placed on the studs of the draining valve and the cover
is attached to the body. Then the connection 1s screwed into the
cover, and the spring is installed, together wilth the disc and
the retaining ring.

The valve 1s tested determining the moment of its closure and
opening and the alr tightness of the connection of the cover of
the valve with its body is checked.

The valve is tested in a special testing stand shown on Fig. 206.

After a proper preparation of the stand the recelver valve 1s
opened and air pressure of 1-2 kg/em@ 1s created, after which the
valve is closed. Then, gradually opening the valve, _the pressure
at which valve closes (which must be 0.05-0.25 kg/cm?), is
determined with a manometer.

To test alrtightness of the valve, the pressure is increased to
1 kg/cm2 for three minutes. When the valve 1s closed pressure
dropGinnthe receiver is permitted to be no greater than

0.15 kg/bme. Attention is pald during testing to the appearance
of air bubbles in the gasoline vat in which the valve hose is
immersed. Pressure drop without formation of air bubbles indi-
cates leakage of air along the line of cover joint in the body .

To test alrtightness along the Jjoint of the body and the cover,
an air hose from cylinder 12 is connected to the drain valve and
the valve is immersed in a gasoline tank. Ths pressure in the
drain valve is increased gradually to 6 kg/em“. Airtightness of
the connectlons is tested for 3-5 minutes. In the case of
improper airtightness of the valve, it 1s tested for proper fit
of the cap or the nuts which attach the cover to the body are
tightened. When necessary, the valve 1s ground with rown
paste. -

Assembly and Testing of Fuel and Starter Nozzles

Fuel nozzles (Figures 207 and 208) are designed for injection of
fuel into the combustion chambers.

Preliminary asseitbly of~a fuel nozzle (see Fig.20T) consists of
selection and fifting together of the parts being Jolined:
atomizer 9, atomizer chamber 8, atomizer washer 7 and nozzle Jet
6. Adjustment of thesg parts is done by grinding their surfaces
with polishing pastes.
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Final assembly of the nozzle consists of the following operations STAT
Two fuel filters, springs and connecting pipes are installed in
the flange opening for fuel admission. Iocknut 13 is screwed on
the inner casing 5 and retaining washer 14 is installed. Into
cup 11 are inserted in sequence, nozzle Jet 6, atomizer washer 7,
atomizer chamber 8, atomizer 9 and spring 10, and then the cup 11
1s inserted into the nozzle casing 12. This 1is followed by
screwing the nozzle casing with the inserted cups on the’ inner
nozzle body 5, tightening of locknut 13 and turning the edge of
the retaining washer into the nut opening. During the process of
testing, the nozzles, when 1t i1t necessary, are partially dis-
assembled for the purpose of substitutlon of parts or their
grinding. :

Assembly of the starter nozzle (Fig. 209) involves installation
into the body of the filter 5, spring and connecting pipe 3,
atomizer 4, needle valve 2, solenoid and other parts. Needle
valve and atomlzer must be carefully fitted to theilr seats. In
the process of testing, the starter nozzles when necessary are
also partially disassembled.

After they have been assembled fuel and starter nozzles are
tested wilth kerosene on speclal installations.

Main operations in testing fuel nozzles involve testing: dis-
charge, atomization angle, uniformity of atomization, airtightnesd
of connections and classlification of the nozzles according to
groups.

The discharge of the nozzles and igniters 1s tested in an instal-
lation diagramatic arrangement of which 1s shown on Fig. 210.
The fuel in tank 1 is heated by a hot water colltto the required
temperature. Then with the help of an electric motor 11 and
pump 3 the fuel, through a surge tank 4 and throttle valve 5,
proceeds through a reductor (to retain constant pressure) to
nozzle 6. Valve 12 is opened to test the discharge, after which
fuel flows into metering tank 13.

Nozzle discharge 1s tested at 10 and 45 kg/cm? pressure. At

10 kg/cm2 pressure fuel consumptlion must be within the limits of
41.5 - 43.0 liter/hour. In testing the discharge at 45 kg/cm2
pressure, fuel consumption for fuel and starter nozzles must be:

group 0 ......e.eeev... 377 - 385 liter/hour
Broup A ..ieinvennn «e.. 392 - 400 1liter/hour
EYOUP B «vecvnscennasces 410 - 418 1liter/hour

In case of greater or smaller discharge, the nozzles are dis-
assembled and the discharge is made to correspond to the required
technical condltions by means of grinding or substituting indi-
vidual parts.
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‘ Atomization angle (Fig. 211) and the absence of the jJet along the
flame cone of the fuel being atomized is tested in two positions STAT
of the nozzle (in second position the nozzle 1s turned by 42°
from the initial) with the fuel pressure of 45 and 10 kg/emé. In
the first case the atomization angle in both positions must be
76° + 5°, and at pressure of 10 kg/em?--75° & 5°/

7" ‘

Uniformity of the atomlzation 1s tested, on the installation
shown on Fig. 212, with fuel pressure of 10 and 45 kg/eme.
Irregularity of the atomlzation should not exceed 26%. If this
value 18 not maintained, parts are ground. Irregularity of the
nozzle atomization is calculated by formula

3 = 9nax - 9min 100?;‘

o Y verage
where g -~ variation factor in %;
q - greatest volume of fuel in one of the 12

retorts of the installation;

Quin - smallest volume of fuel in one of the 13
retorts of the installation;

dav e - average volume of fuel (determined as the
averag volume of fuel in all retorts, divided by 12).

Alrtightness 1s tested on installation (Fig. 213) for 3 minutes
with fuel pressure of 250 kg/cm2. Ieakage of fuel at places of
connection and welding are absolutely prohibited; in cases of
léakage the end planes of parts are ground. Tubes which show
leakages at their welds are substituted.

Preservation of fuel nozzles after their washing and flushing
with gasoline 1s done with MK-20 oil which is heated to 110°C,
and which is. passed through the nozzle previous to the appearance
of oll in the atomizer opening.

Sparking of the plugs in the starter nozzles, airtightnegé of the
it of the needle of the electromagnetic valve to the seat of the
atomizer bushing, as well as the discngrge of the nozzles, are
tested.

The electrode is installed in a special installation (Fig. 214)
and a wire i1s connected to the shielding of the plug from a high
voltage source. A pressure of 1.2 - 1.4 kg/cm2 is created 1in the
chamber. Installation for testing of sparking 1s switched on for
not longer than 30 seconds. During testing the spark must appear
at both side-electrodes, alternately, and wifthout missing. The
clearance between the slde and central electrodes must be

1.3 - 2.0 mm. The dlfference between the clearances should not
exceed 0.05 mm.
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For the purpose of testing sparking of the starter nozzle, fuel
hose 1s connected to the connecting pipe of the igniter; wiring STAT
from the low-voltage source is connected to the solenoid of the
electromagnetic valve; wiring from high-voltage source 1s con-
nected to the shield of the igniter and the installation is
switched on. With fuel pressure not greater than 0.7 kg/cm2 the
plug should-ignite the fuel. At this pressure the flame should
not go out and should be steady for not less than 10 seconds.
Then the fuel pressure is increased to 1.2 kg/em2, At this
pressure’ the flame ‘dlso should not burn out and must be steady
for not less than 20 seconds. Ignitibn 1s tested twice at a 2
minute interval. 1In case of faulty ignition the atomizer is
replaced by another.

Airtightness of electromagnetic valve of the starter nozzle is
tested on the installation at fuel pressure of 3 atm for three

minutes. In case of fuel leakage through the opening of the

atomizer, the valve is grou?d to fit the seat of the bushing.

angle

To test the atomization/the nozzle is installed in the seat of

the device. PFuel hose is connected to the connecting pipe of

the nozzle and wiring from the source of low-voltage 1s connected

to the solenoid df the electromagnetic valve. Atomization angle,

which should not'be smaller than 30° is tested at first with

fuel pressure of 0.5 kg/cm2, and then with pressure up to

2 kg/gme. At this pressure atomization angle must be not

greater than 80°, otherwise the atomizer is replaced by another.
/

The dischaf%e of the starter nozzle is tested on theg installation

with fuel pressure of 0.5 kg/em2. From 60 to 75 em3 of fuel

must pass through the nozzle in 60 seconds, an% when fuel pressurdg
i1s increased to 2.5 kg/em2, from 135 to 150 em? in the same

period of time. In the case of greater discharge the atomizer
is substituted, in case of smaller diseharge its side openings
are ground down.

After its testing the nozzle is assembled with its igniter.

Shifting the nozzle, along the surface of the casing, determines
the anular clearance between the body of the igniter plug and
the cylindrical part of the atomizer nut (not less than 0.1 mm).
To test its alrtightness, the assembled nozzle is immersed in a
tank filled with pure gasoline, and air pressure,gf 5-6 kg/cm?
1s created in the nozzle. Absence of alr bubbles®in the tank
during three minutes will show that the connections are hermiti-
cally sealed. 1In case of alir lekage through the connecting pipe
of the nozzle the needle valve is ground to fit the seab of the
bushing of the atomizer or the solenoid spring 1s replaced by
another. If the air leaks at the place of contact of the nozzle
with the body, it is necgssary to scrape the surfaces of the
parts being joined and to replace the packing.
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Preservation of the starter nozzles is done in the following way.
The nozzle is placed in the installation, fuel hose is connected STAT
to the connecting pipe, and wiring from the source of low-voltage
~ i1s connected to the solenold of the electromagnetic valve. The
current is switched into the solenoid of the electromagnetic
valve and for ten seconds the ignliter 1s flushed with pure
gasoline after which the current 1s switched off. Then, in place
of the gasoline hose, oill hose 1is connected to the conriecting
pipe. The current is switched on again and the nozzle body 1s
filled, with MK-20 oil, heated to 110°C, until it appears at the
nozzle's opening. Then the nozzle is immersed in MC oil tank for
its outer preservation, this oll is also heated to 110°C.

10. Hydraullc and Pneumatic Tests of Engine Connections

Airtightness of fuel, oil, air and gas sybbems is an essential
condition necessary for reliable operation of engine assemblles
on the whole.

leakage of fuel and oll, pollution of the air with oil, infil-
tration of gas into air cavitles, and other defects may impede
the normal operation of the englnes.

Airtlghtness of the assenbled assemblles and connections in the
engines is achieved by high-grade processing of the surfaces
being joined, absence of nicks, scratches or burrs on the sur-
faces; proper placement and good quality of packing - rubber
rings, gaskets, etc.

Airtightness of assemblies and engines is tested with the help
of hydraulic and pneumatic tests on special installations and
devices.

The fuel system of a centrifugal compressor engine operates at
low and high pressures. Each assembly and subassembly of thils
system 1s tested for airtightness.

Hoses of the fuel '‘manifold, as well as the connecting hoses of
the pumps, throttle valve, distributor, servoplston, etc., are
subjected to hydraulic tests with kerosene under 160 kg/cm?
pressure for three minutes. The distributor of fuel manifold is
tested with kerosene under 110 kg/cm2 pressure for three minutes.
The assembled manifold is placed for its testing in an installa-
tion and connected to a device (Fig. 215). Pressure of 60 kg/cme
1s created in the manifold, at which for three minutes there
should be no leakage of fuel in the connections.

After their assembly, fuel nozzles are hydraulically tested 1in a
special installation (Flg.216). To the connectlng hose of the
line used during idling operation of the engine a kerosene hose

of the installation is connected and the opening of the connecting
hose of the line used during operation of the engine at high
revolutions is closed. Before the test, air is pumped out of the
main 1ine of the installation through an opening in the nozzle,
after which the opening of the nozzle is closed with a device. A
nressure of 250 kg/cm@ 1s created in the main line and the tests
are conducted with kerdsene for three minutes.
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The nozzles of the fuel system of an axial-flow compressor engilne
are testéd with kerosene under 70 kg/cm2 pressure for two minutes STAT]

Fuel filters, stop-valve, throttle valve and other assembliles
are hydraulically tested, dlscharge tested and are flushed
immediately after their assembly.

Fuel system of a centrifugal compressor engine, both of low and
high pressure are hydraulically tested in an assembled englne x¥%-
with the help of an installation shown on Fig. 217. Previous to
the test, after the passages of the assemblles (stop-valve,
throttle valve, etc.) have been opened, the alr must be pumped
out of the main line.

To test systems of low and high pressure the necessary pressure
18 created with the help of adjuiting of valves 7 and 8 of the
installation. Pressure for testing of low pressure 1s fixed at
1.7 - 2.0 kg/cmz and at 60 kg/cm2 for high pressure.

Fuel system of an assembled axial-flow compressor engine 1is
tested with a mixture of 97% gasoline and 3-4% MK oil; pipe lines
of high pressure are tested at 80 atm pressure while those of
low pressure at 2 atm.

For better visibility of connections of the systems kerosene 1s
tinted with "sudan® paint.

The housings of front, center and rear bearings and other
assemblies of a centrifugal compressor engine are tested hydrau-
lically. Testing of housings 1s conducted on an installation
(Fig. 218) for the purpose of determining the quallty of the
connections of the pipe lines and of the nozzles leading to the
seals. For that purpose a solution of 65% of transformer oil
and 35% of kerosene at 3.0 - 4.0 kg/cm? pressure for 1-2 minutés
is used.

Pipe lines are tested after the housing of the rear bearlng has
been connected to the housing of the center bearing and the
tubes have been fastened to the intermediate connections. The
cover of the center bearing with all entering parts 1s connected
for its testing to the housing of the center bearing.

Pipe lines of the oil system, loc®ed on the outside of the
centrifugal compressor engine, are tested with transformer oil

in an installation (Fig. 219). In the assembled axial-flow
compressor engine, besldes the above described tests, the Tpdin
following are also tested: the condition of couplints between
the accessory drive power take-off housing, and accessory drive
gedr case and other assemblies, starter drive and accessory drilve
power take-off housing, oil discharge box and the accessory drive
power take-off housing and other connections; testling 1s done
with air which is admitted into the inner housing under o.5 atm
pressure during the time necessary for inspection. For a more
convenient inspection butt joints are covered with a soap
solution.
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To prevent oil from penetrating into alr recesses of the engine,

seal rings and labyrinth seals are used.

Fig. 220 represents the assembly of a housing wlth seal rings.
Contact of rings with the surface B is tested by pouring a
solution of oil and kerosene into the recesses of the assembly.
To test the quality of the contact of the rings the shaft 1s
turned on its axis by 1l-1 1/2 turn and after one minute a test
1s conducted for leaks in Aisurface. If, during 10 minutes,
when the shaft is turned there 1s no leakage, the contact of

rings is good. Paint 1ls also used to test the quality of ring
contact.

WARNING: This nt ¢ infor aflacting the ruh'on;i{ delense of the United States within the meaning of the
Espionage Laws, Title 18, U. 5. C., Sections 793 and 794... Its transmiasion or the revelation of its contents in any manner toan
unauthorized person is‘prohibited by law:. It ‘may not be reproduced in whole or in part, by other than United States Air Force
Agencies, except by permission of the Director of Intelligence;-USAF &' >

s

AF . aucs}usz_ ] l za‘ REPLACES AF FORM H12-PART If, 1 JUN &, . SIFICATION

(SECURITY INFORMATION when filled in)

WHICH MAY BE USED, UNC ‘ A SIFIED GPO 933686

i

Declassified in Part - an| d Copy




Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

To prevent oil from penetrating into ailr receéses of the engine,
seal rings and labyrinth seals are used.

STAT]

Fig. 220 represents the assembly of a housing with seal rings.
Contact of rings with the surface B is tested by pouring a
solution of oil and kerosene into the recesses of the assembly.
To test the quality of the contact of the rings the shaft 1s
turned on its axis by i-1 1/2 turn and after one minute a test
1s conducted for leals in Ahsurface. If, during 10 minutes, -
when the shaft 1s turned there 1s no leakage, the contact of

rings 1s good. Paint 1s also used to test the guality of ring
contact.

L
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CHAPTER IV

STAT
FINAL ASSEMsLY OF ENGINES

1. ORGANIZATION OF ASSEMBLY IN THE ASSEMBLY SHOP

Assemblies and accessories can be put together elther in the
assembly shop or in the assembly departments of accessory and mechani
cal assembly shops; the final assembly of an engine, as a rule, is
done only in the assembly shop. This is due to the fact that the
technological process of the final assembly of an engine has 1ts
clearly defined assembly sequence without resorting to mechanical
treatment or welding during the assembly.

An engine 1s put together in its final form from assemblles,
accessories, and parts supplied to the assembly shop by accessory
shops, supply plants, and mechanical-assembly shops or from
assemblles put together directly in the assembly shop. Assemblies,
accessories, and parts prepared by other shops and supply plants
arrive in the assembly shop through the warehouse of finished parts
and assemblies. On recelving parts and assemblies from the warehouse| -
the assembly shop checkers verify the matching of mating parts, and
the presence of all the necessary ftechnical documentation.

Before the assembly, all parts and a portion of assemblies undery
go washing; a portion of assemblies undergo depreservation and
flushing. During the washing particular attention 1is paid to the
cleanliness of oll and fuel lines.

Thereupon technical control inspectors check the presence of
acceptance marks, matching of mating parts, and conformance of data
contained in technical documentation and testing certificates with
technlical conditions; they also inspect visually parts, assemblies,
and accessories, ready for assembly, for minor damage (during tran-
sportation and washing). All minor defects noted by either the in-
gpector or a worker are eliminated on the spot. :

If, in the process of final assembly, it becomes necessary to
select parts according to elther dimension or weight, thls operation
is accomplished by the technlcal control inspector who puts on marks
to show that the parts match and 1f necessary, the number of the
engine. All instances of mounting on the engine individual parts
and deviating from standards permitted by the chief plant inspector
or the customer are recorded in appropriate documents; these are
preserved in the engine file. The file also contains all technical
documentation, records, forms, and other papers connected with the
manufacturing and testing of parts, assemblies, and accessories
from which the engine is put together.

Because of large dimensions and substantial weight of parts,
final assembly work places ordinarily are set up in a straight line,
following a strict sequence, So as to make it more convenlent to
move the object being assembled from one work place to another.
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STAT
2. ASSEMBLY OF ENGINES WITH CENTRIFUGAL COMPRESSORS

Inspection of coaxlality of supports is the preliminary
operation preceding the final assembly of engines. Let us examine
an engine with three bearing supports (Flg. 250) and let us in-
vestigate the checklng process fr coaxiality of these supports.

Discs with shaft cutouts are inserted into ID of tightly fitted
support steel rings (Fig. 251). Clearance between the shaft OD
and the disc ID must be the smallest possible (0.02 mm at the most).
In order to obtaln more correct results of checking for coaxiality,
the engine 1s set up 1n vertical positlon, whereupon the shaft is
inserted into the dlsc cutouts. The shaft shall pass through without
Jamming and rotate freely in the cutouts. An indicator 1s mounted
on the journal.

If the engine has several supports, coaxlallity 1s checked with
the ald of the shaft which is alternately inserted into the disc
cutouts located in the engine supports.

This is the way the checking is done, with the aid of an indica-
tor, of the overall free play of bearing supports in relation to
the shaft rotated in the discs. Tolerances for free play are
determined depending on the dlameter of the support (for example,
free play of 0.04 mm at the most 1s permissible for diameter of 125
mm) .

Greater free play of supports indicates lncorrect position of
parts 1ln regard to each other; it isaleviated by either shifting or
selecting proper parts. In the absence of locking elements (a bead,
a bolt,) the parts are shifted along the generatrix at the expense
of clearances between the holes and the pins with whilch the part is
fastened. Parts with locking elements may only be properly selected.

Coaxlality of labyrinth seals is inspected after they had been
installed according to clearances between them and the rotor shafts.

Fig. 252 illustrates devices for checking the mutual position
of the seal and the outer bearing race with the aid of an indlcator
as well as with the ald of a disc and a shaft, which shall move
smoothly and without jamming in the disc cutout in the case of
coaxlality. In additlon to the above methods, coaxiality of seals
may be checked by devices used for checking coaxlality of bearing
supports. The lack of coaxliallty is alleviated by proper seals.

The order of checking coaxiality of two or four bearing supports
does not differ in principle from checking coaxiality of three
supports in engines with either centrifugal or axial flow compressors|

The final assembly of an engine with centrifugal compressor
begins from the drive assembly (cf. Fig. 250) consisting of the
followlng baslic components: compressor casing 1, compressor rotor 2,
front and rear truss rings 3 and 4, bearing housings-center 5 and
rear 6, fan impeller 7, nozzle inlet ducts and nozzle 8, and turbine

rotor 9.
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Assembly of the drive 1s accompanied by inspectlion and, if
needed, adjustment of the following axlal and radlal clearances and
dimensions:

1. overall axial clearance between the compressor rotor and
casing;

2. axial clearances between the compressor rotor and the conlcal
portion of the casing and between the rotor and the casing
cover;

3. distances between the turbine rotor coupling face and the
rear bearing housing flange face;

4. axial clearance between the fan impeller and the rear wall
(aiffussor);

5. axial clearance between the nozzle labyrinth seal face
and the turbine rotor disc as well as radial clearance
between the seal crowns;

6. radial clearance of the turbine rotor in the bearing;

7. radial clearance between the turbine rotor blades and 1its
casing;

8. axial clearance of compressor rotors and the turbine in
the drive.

In order to adjust the overall axlal clearance & Ay (Fig. 253)
between the rotor and the compressor casing, the latter 1is set up on
an assembly stand and then:

a. the rear truss ring is lowered onto the casing with the aild
of a sling (Fig. 254) and then turned 180°;

b. the compressor rotor is mounted wilth the ald of a fixture
(Fig. 255);

¢c. the casing 1id and the front truss ring are mounted on the
compressor casing.

To determine the axial shifting of the rotor in the casing, a
Jack shown in Fig. 256 1s attached to the flange of the front truss
ring, and a fixture shown in Flg. 257 is attached to the rear truss
ring; one of them serves the purpose of determining the clearance,
the other -- for determining the shifting -of the rotor along its
axis.

Upon 1ifting the rotor with the fixture handle (Fig. 257) as far
as 1t would go, reading of the axial shifting of the rotor is taken
from the gage (Fig. 256); it will be the overall axlal clearance Ay
2.5 - 3 mm. Then the compressor rotor must be mounted in operating
position, i.e., this clearance must be divided into & Az and & A3
clearances (Fig. 258). For this purpose, the compressor casing 1s
set up in horizontal position. A Jjack (Filg. 259) 1s attached to the
front truss ring so as to prevent the rotor from turning; thereupon
the casing 1s set up in vertical position (the front truss ring
facing downward).

In order to check and, if need be, adjust these clearances,
the followlng operatlons are performed:
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a. a gasket (a seal), an adjusting ring, and a second gasket STAT
are placed on the flange studs of the cerfter radlal thrust
bearing cover (Fig. 260);

b. the cover of-the center bearing is placed on the rotor
shaft;

¢. the splined coupling is inserted into the shaft splines,
and, together with all parts, is tightened by a nut;
thereupon a drive coupling 1s mounted onto the driven one;

d. the center bearing housing is mounted on the rear truss
ring; in dolng this, the cover is connected by studs with
the inner lug of the bearing housing;

e. a jack (Pig. 261) 18 attached to the center bearing housing
so that the gage leg would rest against the driven coupling
end.

Clearances are chetked as follows. After unscrewlng the casing
cover nuts of tne center bearing (cf. Fig. 260), the rotor will
drop untll reaching the caslng cover. In this position of the rotor
as determined by the gage, a clearance equal to the overall clearance
A Ay wlll be obtalned petween the rotor and the compressor casing
cone sectlon.

Then, as the center bearing cover nuts are uniformly tightened,
the rotor will rise and assume a position corresponding to its
operating condition, i.e., A Ap clearance determined from gage
reading will be obtained.

Thus, 1t is possible to calculate A A3 clearance with the ald
of & A1 overall clearance and A A, clearance. VWhile conducting
this calculation, the axial play of Ehe radial thrust bearing, equal
to 0.6 mm, is taken into account.

A A3 Clearance 1s calculated from the formula

AA3:=AA1- AAE - A4

A i
clearance between the casing cover and the rotor;
overall rotor clearance in the compressor casing;
clearance between the compressor cone section
and the rotor;
Ay - axial play of the bearing found upon measuring.

where A Ao
& Ay
YA A3

An example:

Pa
AAl = 3.0 mm;
D Ro = 1.7 mm;
Ay = 0.6 mmj
AA3=3— 1.7 - 0.6 = 0.7 mm.

If needed, the desired clearances may be adjusted by selecting
a proper thickness of the adjusting ring found under the center
radial thrust bearing cover. The thickness of the adjusting ring
1s selected so that 4 Az and A A3 clearances are assured within
the desired tolerances.
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Turbine rotor is secured in regard to the compressor assembly STAT
particularly in regard to the compressor rotor, by a bearing which
must be mounted so that the position of bearing rollers would coin-
cide strictly with the lnner race of this bearing mounted on the
turbine rotor shaft (Fig. 262).

In order to determine this position, A By distance 1s checked
between the turblne rotor coupling end and the rear bearing housing
flange face. For this purpose, the rear bearing housing is mounted
on the center bearing housing. With the ald of a 1lifting fixture
(Fig. 263), the turbine rotor is inserted into the rear bearing
housing and engaged wilth both the driven and the drive couplings,
after which. A By distance is chnecked with the aid of the gage
(Fig. 264).

The required distance 1is obtained by selecting the thickness
of the adjusting ring under the cover of the center radlal thrust
bearing. When substituting this ring for another (according to
thickness), 1t 1s necessary to maintain & Ag clearance between
the compressor casing cover and the rotor, for which purpose the
adjusting ring under the radial thrust bearing (Fig. 258) is also
replaced. If the adjusting ring of the center bearing cover is of
greater thlckness, the adjusting ring under the bearing 1s
correspondingly selected to be one size thinner, and inversely;
thus, A A3 clearance 1s also maintalned.

After checking A B; distance, the turbine rotor is disengaged
and taken out of the casing; the rear bearing housing 1s taken off.

While assembly operations are in progress, free play of the
spherical surface of the driven splined couplingis checked. For
this purpose, there are installed on the back support: the fan
impeller assembly together with the impeller mounted on the rotor
shaft, the center bearing cover, and the driven splined coupling
attached to the shaft by a tightenlng bolt. After placing the
gaskets on the cover, the casing is mounted on the rear truss ring
instead of the center bearling housing. Free play of the spherical
surface is checked at a distance of 2 mm from the surface of Jjoining
(Fig. 260) with the aid of a gage mounted on the housing surface.
During the check, the compressor rotor is turned 360°. The permissi-
ble free play (up to 0.03 mm) must provide for a normal connection
between the sphere of the drive splined coupling and the spherical
turoine rotor tip. After checking the free play, these parts are
taken off for further checking of clearances and assembly.

Fig. 265 shows the impeller assembly consisting of the followlng
basic parts: impeller to be mounted on the real compressor rotor
shaft, fan front cover, and fan rear wall (diffuserg.

When mounting the fan on the rear compressor rotor shaft, it
18 necessary to check and adjust YA Ay clearance between the fan
impeller and the front cover face, and A Ag clearance between the
impeller and the rear wall surface.
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In doing this, a device preventing the compressor rotor from

turning is mounted on the front truss ring while the rear truss ring
receives the front cover of the fan impeller. The impeller fan
is mounted on the rear compressor rotor shaft splines with the aid
of a check and locked with a nut (Fig. 266). A distance, measured
by a depth gage, determines the position of the impeller in relation
to the front cover Plane without the adjusting ring.

Thereupon the impeller is talten off by means of a puller
(Fig. 267) to install the adjusting ring. The impeller is then
mounted on the aft shaft Splines and locked with a nut. Distance
Ag 18 then measured to determine the position orf the impeller with
the adjusting ring on in regard to the face of the front cover.

Consequently, A Ay clearance between the fan impeller and
the front cover is adjusted by Selecting a proper thiclmess of the -
adjusting ring and calculating it from the formula .

ARly = Ad, o+ (ag - As),
where Z&Au ————— clearance between the compressor casing
cover and the compressor rotor:
Apg —meee distance between the fan impeller front

cover face and the impeller tip after in-
8%talling the adjusting ring;

ZSA5 ————— dlstance between the front cover face and
the impeller tip without the adjusting ring.

For example, Any =o0.7 mm, Ag = 20 mm, Ag = 1§ mm.
Clearance, Aay = 20-19 + 0.7 = 1.7 mm.

For determining Z&A5 clearance by means of a depth gage, A
distance 1s measured in tha fan rear wall, il.e., from the wall sup-
face to the fan front cover surface.

ZlA5 clearance to be determined is calculated from the
formula A A .
AS = A7 - A6 - Ag - A4 >

distance between the rear wall plane and the front
cover plane;
AG - distance between the front cover plane and ring
impeller tip after mounting the adjustment;
A Ao - clearance between the compressor caslng cover and
the compressor rotor;
A4 - axial clearance in the radial thrust bearing selected
after measuring.

where A7
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For example, A7 = 22.5 mn; Ag = 20 mn;  AA, = 0.7 mu; A, =

0.6 mm; LoA =205 - 507007 6 5,87 1.2. AAZ clearance ist

adjusted by a proper selection of thickness of thg

and the adjusting ring.

The technological process of the engine drive air system
assembly consists of the followlng operations and is accompanied
by a check and adjustment of tolerances desired:

1. joining the rear truss ring and the compressor casing;

2. placing the rotor into the casing;

3. mounting the cover on the casing;

4. Joining the front truss ring, which includes the front
roller bearing housing and the compressor casing;

5. adjusting the fan impeller front cover and mounting the
fan 1mpeller on the rotor shaft;

6. connecting the front cover and the fan impeller rear wall
(diffuser%;

7. mounting the radial thrust ball bearing .cover on the shaft;

8. Joining the center bearing housing with the rear support
and its inner lug with the ball bearing cover;

9. mounting the driven splined coupling in the rotor pear

shaft.

Let us examine the further engine assembly process, 1i.e.,
assembly of 1ts hot section consisting of the followling basic com-
ponents: rear bearing housing, ring and tube assembly, turbine
rotor, and exhaust cone.

The rear bearing housing 1is mounted on the center bhearin
housing. Nuts, brace bushings, and Sealing gaskets (Fig. 268) are
placed on the ends of oil lines (both suction lines and pressure
lines). In order to check the quality of joint seals, the assembly \
undergoes hydraulic testing using transformer oll under the pressure
of 3-4 kg/cm?. Leakage of o1l in Jolnts is absolutely not permissi-
ble.

Fig. 269 shows the labyrinth seal of the nozzle inlegt ducting
and the turbine rotor disc. It is needed to determine ?&B
clearance bhetween the labyrinth seal face and the rotor disg as well 7
as the radial clearance B3 between the labyrinth seal (teeth) ‘
and the turbine rotor disc. “To do this, a lifting yoke (Fig. 270)
18 used to mount the nozzle inlet ducts on the rear bearing

housing. The yoke is attached to the housing flange for positioning
the turbine rotor. Then the adjusting ring and the labyrinth seal
¥re mounted on the inner ring of the nozzle, after which elght lead A
check plates, 15-20 mm 1in length and 1.5-2.0 mm in thickness, are
placed on the seal teeth along the circumference (Fig. 271).

Using this yoke, the turbine rotor is lowered into the rear
bearing housing until it reaches the lead plates; then the rotor is
Secured by a Screw on the yoke. Thereafter By clearance is
checked at eight points which are uniformly locatéed along the
clrcumference, using a clearance gage inserted into the vane Jjoints
(Fig. 272). B3 clearance is determined from the thickness orf
imprint upon the §ead plate. A and B3 clearances are
obtalned by selecting the thicknes§ of adjustment ring or replacing

e
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the labyrinth seal. . Y STAT]

Thus, assembly of the hot section-of the engine consists of the-
followlng operations: e

1. joining the rear and center bearing housings;

2. mounting the ring and tube assembly on the rear bearing
housing;

3. installing the rotor in the rear bearing housing and
Joining the rotor shaft with the compressor rotor shaft;

4. attaching the turbine casling to the nouzzle diaphragnm
flange.

Following the drive assembly, the radlal clearance of the
turbine rotor in the roller bearing 1s checked with the aid of a
Special gage.

This gage (Flg. 273) consists of a clamp with indicator 1 and
flange sleeve 2. Flange sleeve 2 is attached to the turbine rear
flange by three screws while clamp 1 is attached to the turbine
casing. The indicator measuring pin 1s mounted on the sleeve con-
tact ring; then the magnitude of the turbine radial clearance in
the roller bearing 1s determined by pushing the turbine rotor
behind the sleeve pivot bolt in two opposite directions.

. Radlal clearance between the turbine rotor blades and the
casing (Fig. 274) is checked by turning the rotor 309, If the
desired clearance (~~ 1.7 - 2.0 mm) is not obtalned, a proper
turbine casing is selected. -

Axial clearance of rotors in the drive (0.6 - 0.7 mm) is
checked with the ald of a jack (Fig. 256). uhen checking, the
Jack 18 mounted on the front casing while the splined coupling is
locked.

Rotors shall turn smoothly, easlly, and nolselessly. Before
proceeding to the further assembly of the drive, a control in-
Spectlon is carried out, in the course of which check is made of
the presence of all parts, closure of all openings by dampers and
hoods, presence of all papers, etc.

Assembly of engines with centrifugal compressors calls now
for mounting on the drive the fuel manifold, oil lines, combustion
chambers, drain system parts, spray nozzles, gearbox, their ’
accessorles and piping, exhaust cone, Ignition assembly, and other
parts and components.

Before mounting combustion chambers on the drive, the threading
d crossover pipe nuts (Fig. 275).1s greased wlth graphite-containing
lubricant consisting of 50% scale graphite and 0% MS 0ll%* One side
of the copper-asbestos gasket disc is greased with BU paste.

* Analyst' Note: Light, selectively refined motor oil.
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After mounting the chambers with spherical rings in their
proper places, the nuts on bolts Jjolning together the chamber in- STAT
take and exhaust ducts are pretightened so that these rings would
uniformly touch the pipes; the nuts on crossover pipes are likewlse
pretightened. Then the nuts on bolts and pipes are tightened as
far as they would go. Clearance between the chamber shrouds - 1t
must be at least 0.5 mm-1i8 checked; then the fit of chamber shrouds
in the nozzle dlaphragm adapter flanges 1s also checked wlth a
feeler (Fig. 276).

Taking into account expansion of parts in the combustion .
chanmber undexr the effect of relatively high temperatures while the
englne is 1n operation, the nuts on bolts connecting intake and
air adapters (Fig. 2775 are loosened so that it would be possible
to turn them using a wrench with 0.4 kgm torque. Thereupon the
bolt nuts are safetied with counternuts.

Before mounting the gearbox on the flange of the engine front
truss ring, distance A (Fig. 278) is measured between box flange
plane and the plane end under the roller bearing. This distance
determines the axial shifting of the spring connecting the gearbox
wlth the compressor rotor front shaft. The lack of the necessary
clearance may result in spring "thrust". The moment the box is
Jolned to the truss ring, particular attention shall be pald to the
connection of alr and oil lines; it must be absolutely airtight.

Before the final Jjoining of the exhaust cone to the turbine
casing, clearance between the turbine disc and the inside cone of
the duct (Fig. 279) 1s checked according to formula

X = A - (B-C),
where X - clearance to be determined;

A--~ distance between jet cone attachment flange and
the end of the inner cone;

B - distance between the end of the centering ring of
the turbine casing and the exhaust cone attachment
flange;

C - distance between the end of the turbine casing
cernitering ring and the turblne disc with a radius
of 237 - 239 mm.

All these dlstances are measured to determine the
clearance.

After mounting all the parts and assemblies on the drive, air-
tightness of fuel line connections 1s checked and the oil lines are
flushed.

Before carrying out a hydraulic test en the stand, air is
evacuated from fuel pumps and lines by flushing through and opening
drain valves. Low pressure lines are tested under 1.5-2.0 lcg/cm2
pressure and high pressure lines, under 60 kg/cm2 pressure. In
elther case leakage in the Joints 1s absolutely intolerable, with
the test lasting for 3 min. Fuel used for running the engine is
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also used for testing. The engine oil line i1s flushed with trans-
former oil for 3-4 min. at the pressure of 1.5 - 2.0 kg/cm? and oil
temperature of 15-30°C. In this case (without turning the engine
rotor), the oll passing through the front, center, and rear bearing
spray nozzles would flow from the draln pipe and the orifice in the
oll pump box. DNo oil inflow 1s permitted in the jolnts between
parts and assemblies during the flushing.

STAT

The final inspection and preparation of the engine for testing
stand (Fig. 280) consists of a check of the rotation of rotors,
avallability of all parts, dampers covering all external orofices,
documentatlion, etc. However, external safetying of engine parts
sent for acceptance tests may beonitted.

3. ASSEMBLY OF ENGINES WITH AXIAL-FLOW COMPRESSORS

Assembly of engines with axlal flow compressors is also accom-
panied by inspection and, 1if needed, adjustment of radial, and
other clearances, because thelr proper adjustment must provide for
the deslred interlinking of all parts and assemblies.

Let us examine the basic assembly processes for one of the
englnes of this type. Fig. 281 shows its individual parts, sub-
assemblles, and assemblies. The compressor rotor must be positioned
in the stator (Fig. 282) so as to provide for the following values.

Distance A between the first rotor disc and the gearbox flange
plane determining the position of the rotor in regard to the box;

ZXAl clearance between the eighth disc and the support labyrinth;

ékAg clearance between the splined rotor drive sleeve and the
rear bpearing nut, precluding a possibillity of the sleeve's thrust
on connecting the stator and the support.

Furthermore, radial clearances are inspected between the
rotor blade tipe and the corresponding surfaces in the stator as
well as axlal clearances between the rotor blades .and gulde vanes
mounted in the stator.

AA.2 and A A, clearances are checked after connecting the
stator with the éearbox and the support. To do this, the lower
half of the stator is Jjolned first and then removed after taking
measurements; the upper half follows next. In order to avoid de-
formation of parts, a spreader (Fig. 283) is used. It is made of

a plpe with two sectors welded onto i1t; they sre employed to attach
it with bolts to the gearbox and support flanges.

Distance A, which in the given case may amount to 54-54.4 mm,
must be obtained as a result of maintaining precise folerances
during the machining of gearbox and disc flange planes. llAl
clearance 1s adjusted by selecting the thickness of adjusting ring
on the rotor front bearing, after a final tightening of the nut
which secures the sleeve and the inside ring of this bearing; it
measures 1.8 - 3.2 mm,
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A A, clearance is adjusted by a proper selection of thickness | ™
of lock safetying the redr besaring nut.

" Radlal clearances between the blade tips and the corre-
_sponding surfaces in the stator.and axial clearances between
the blades and the guide vanes are obtained basically as-a re-
sult of machining the parts whthin the limits of tolerances in-
dicated in the blueprints; they measure 1.3 mm (radial clear-
ances) and from 1.3 to 5 mm (axial clearances) on the front
shaft side and from 2.2 to 5 mm, on the rear shaft side.

STAT]

. To prevent in the process of putting together this assembly
the deformation caused by s large number of Joints, a strict
sequence of operations is established. During the final mount-
ing of the stator, the templet bolts joining together the stator
halves are tightened in the following manner: the first bolt -
from the left stator side; the second bolt - from the right side;
the third bolt - from the right side; the fourth bolt - from the
left side; and then all templet and ordinary bolts - from both
sides. After the stator had been Joined together, it is con-
nected with the support, wheresupon the gearbox is connected first
with the upper stator half and then with the bottom one.

The suggested system of tightening this dssembly when puttig
together engines of such type ensures normal operations without
unnecessary strain on the parts.

The hot section of the engine (Fig. 281) is made of a sup-
yort casing, & combustion chamber unit - tube and ring assembly -
turbine rotor, and the exhaust cone.

The ring and tube assembly (Fig. 284) is mounted between
the oompressor and the gas turbine inside the support casing.
Chsmber orifices terminate in support air windows where they can

freely;expand due to thermal deforsations. The ring-anditube
assembly - {: n_,{;}q;:izufsc ring) and the exhaust cone, are attached
by an euter sexsi¢/tlange.to the.Fear -support casing flange
(P1g. . 285)% " The inmer nozzle flange (Fig. 284) receives dia-
phragn: ne¥kle . piig ‘(along the maall shroud), the ring
plat » turbine rotor shroud. The plate and the shroud

have' an-outer snd sh-inner flange. They are attached by an
outer flange (Fig. 128) and dsstance bushes 13, together with
the mnall part of the nozzle ring and the outside flange of the
~_diaphragm, to the inner nozzle flange, using bolts 1k&; inner

" flanges’ together with the dlaphragu are ettached to the turbine
Iretor’ Fesr bearing casing, using bolts 27.

“Afr for cooling the front surface of the disc and the tur-
bine rotor blades is supplied from the support air lines through
pipes 18 and 19, welded to both the plate and the shroud.

Having been previously put together, the support assembly
for mounting the ring and tube sssembly is partially disagsen-
bled, 1.e., the rear turbine rotor bearing is removed. After
ingtalling the component in a definite position with regard to
the support, the rear bearing is reinstalled in the support;
then the ring and tube assembly receive the nozzle ring plate,
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the nozzle ring, and the rotor shroud.

During the final assembly of the hot section of the engine, STAT
the following axial and radial clearances (¥ig. 285) are checked
and, 1if needed, adjusted:

ZkEl between the nozzle ring flanges and the exhaust cone
flange;

AB,  between the nozzle ring flange diameter and the rotor
blade tips;

A53 between the nozzle ring and the rotor disc surfaces
Dby between the rotor shroud and the exhaust cone shroud.

AGy ana ADB, clearances are within tolerances established
during the machining of interlinking parts.

A53 and A54 clearances are adjusted by selecting the thick-

ness of adjusting ring 26 mounted on the rotor shaft between the
inner roller bearing race and the seal housing (Fig. 128).

AB - and ABQBclearances are adjusted by seleoting the thick-
ness gr the adjusting ring under the exhaust cone shroud.

The final assembly of this unit now breaks down in to the
following (Fig. 128). The rotor is inserted into its support
and pas§ed through the opening of the imner race of ball bearing
5. The, gear 'teeth of the sleeve must engage with the scav-
enger ofl pump gear. Then a heated seal housing 3 is forced
upon the shift end, and nut 2 is tightened and safetled by lock L.
Rotor shaft splines receive a splined spring 28 connecting the
turbine rotor with the compressor rotor.

3

To check the tightness of the turbine rotor casing seal,oll,
preheated to 80-100°C, is poured into the assembled support
cavity. The seal must not leak any oil on turning the rotor
manually for 10 min.; otherwlae the seal must be replaced.

This completes assembly of the hot section of the engilne,
which then is connected with the compressor rotor. After the
connection, the rotor should turn smoothly and noiselessly. The
exhaust cone is attached to the support casing flange.

The rest of the engine assembly 1is as follows (Fig. 281).
Starter motor is connected to the central drive assembly flange,
piping 18 led to it, and the motor dome is installed. Then the
intake assembly (the diffussor) is attached to the box flange;
the intake assembly is combined with the starter motor gascline
tank and the oil tank. Installation of this assembly 1s followed
by connection of proper plping.

Accessory drive box 1s attached to the gearbox and con-
nected, by means of a spring, to the maln gear assembly. Land-
ing gear pumps, basic fuel pumps, deaerator, ‘tachometer gen-
erator transaitter, and generator RFM governo? .are mounted on the
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~ box. Exh i’cono operating zonr,,quubultioﬁ chamber ignition
plugs, and other accessories are mounted on the conppcg{gugﬁmugqrh
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After installing power lines, they are connectﬁﬂéﬂiﬁkwpak;li{ ST
and fusl-1ihes s well as electréc conduotors and equipment. Gus®
control rod is adjusted for two extreme positions of the lever;
RPM control handle on the instrument pariel must reach the rests

of adjustment sorews "Stop" and “Pull CGas.”

To check the tightness of connection places for accessories,
shrouds, etc., found on the outer contour of the engine, the
assembled engine is air-tested at the pressure of 0.5 kg/cm2
{introduced into its inner cavity. .-

Fuel and oil lines in turn undergo hydraulic testing; no
fuel and oil condensation, not %o speak of leakage, is permitted o
under any circumstances. Thereupon the engine 1s fluahed with
oil under pressure.

Assembly of an engine with axial flow compressor (rig. 286)
ends with.its visual inspection and check of the revolution of
rotors and its preparation for shipment and acceptance teats;
this 1s followed -by the check of the presence of all engine parts
and egeoution of technical documentation for the final engine
assembly.

R
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CHAPTER V
ENGINE DISMANTLING AND REASSEMBLY STAL

1. - ENGTNE DISMANTLING AND TROUBLE FINDING
General Dismantling and Trouble-Finding Conditlons

Following an acceptance test, .every engine undergoes dis-
mantling for the purpose of detemmining the condition of 1its
parts and assemblles.

The process of engine dismantling and elimination of defects
after the acceptance test consists of the following operations:

a. Bisassembly of engines into assemblies and disassembly
of assamblles;

b. washing of all parts and assemblles;

c. inspection of all parts and assemblies for the purpose
of trouble finding;

d. e~limination of defects or replacement of parts.

Engines are dismantled in the premises, equipped for that
purpose and situated alongside with the washing department in the
assembly shop so as to save time on transportation. Premises for
dismantling must be equipped with hoist devicee (block and _
tackle . - ilines) for taking the components off the engine. In
the ssme premises there are placed stands with felt discs, vats
with aqueous solution and water for cleaning from scale certain
parts, such as turbine rotor blades, certain combustion chamber
parts, etc., as well as air lines for drying of parts. Because
of the presence of such vats, the premises are equipped with
intake and exhaust ventilation. The floor in the premises has a
track along which stands are moved with engines set upon them,
making it possible to provide feor appropriate order and sequence
of dismantling.

Dimmantling work places must be equipped with devices
(puller chucks, etc.) and tools (open’ end socket, and special
wrenches)., Tools selected for each opsration are kept in special
mobile boxes. Maintaining such an order is conducive to the ap-
plica:ign of more efficient methods and it improves dismantling
standards.

To prevent oil and fuel from contamrinating the floor upon
discharge from pipe and accessory openings during the dismantling,
catch basins are placed under the engine or the unit being dis-
mantled. Special containers are provided for sorting, storing,
and transportation of parts, assemblies, and accessories,

On receiving from the test station the engine in the Aais-
mantling shop, it is taken off the transport dolly and placed
onto the dismantling stand. Parts, accessoriles, etc. are in-
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spected visually and then-cleaned off dust and oil.

the disassenmbly of engines into components and dis- STAT
assembly of compqunents, in order to avoid dents and scratches -
on the parts, one ahall: use devices and tools which are pre-
soribed by the shop process; use aluminum or wooden punches;. :
ocarefully witch a correct attachment.of pullers;, drive out.the
parts unoobhly, avolding skewing. DBefors taking off parts and
assemblies, one shall cheok whether all nuts and bolts are un-
screwed and ;washers taken off,

Accessories received rroi andther fagtory (fuel pumps, regu-
lators, generators, electricalisguipment)ifire not disaszembled,

as they undergo acceptance and sts dt the supply plant.

e a K Rao wiptodaturegniondRt s ofd

After dislantli the parts are sorted into groups, 1l.e.,
parts in nesed of clonning I'rom scale and sealing materials and
parts to go for immediate washing with soap and aqueous solution.

After cleaning and washing, engine parts and assemblies go
to the control rack where they are placed in a strictly deteér-
mined (pcrmantnt) order by assemblies.

Racks must be well 1lluminated. In addition to general
illumination, portable Row-voltage hand lamps are used when in-
specting engine parts.

The control rack is supervised by the shop technical con-
' trol department.

Technical control department personnel (control foremen and
inspectors) thoroughly inspect parts and assemblies of every
}onginn, note :‘their defects, and enter them in special defeot re-
ports.,

The trouble-finding process consists of visual inspection
of parts and assemblies, using, if need be, optical inatruments
and carrying out control measurements and other checks.

A trouble-rinding inspection 1s done with the goal of get-
ting a clear picture of the condition of parts and getermining
their fitnesas for further operation. Simultaneously with the
finding of defects, visual inspection, and measuring, a report
on defects 1s drawn up and a measurement card filled out. The
nature of defect, the method of elimination, and the conclusion
about the inspection results is entered in the report, against
;v;iy Ustedwpart and assembly. The report is filled in as
ollows:
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Part, assembly, and STAT
a¢08psory
Rear truss ring: Dents on outer and . | Dents of not more

inner strut- surfaces thgn 1 mm in depth
_to he dressed

Seratches and tears Dress
.on ritting straps T

Defeot . . 'Conolusion

Pront truss ring A crack by the flange ReJject -~

Tis report, as well as the other documents (measurement:
cards, conclusions for individual paris, etc. ), 1is the basic
dooument for elimination of defects and provides the basis for
replacement and order of parts.

Inspection of parts is done for each assembly ln 1ts en-
tirety. While taking measurements, particular attention 1s pald
to the cleanliness of surfaces of parts being measured. The ex-
tent of fitness of parts and the resulis of measurement are de~
gemxine% from fitnsss charts, technicel conditions, and other

ocuments.

The magnifyling glads, the micrometer, indicators for inner
and outer measurements, and others are the basic contrel in-
struments for inspectlon and measurement of parts.

Parts with defects which cannoet be eliminated as well as
the rejected parts must be replaced by new ones., In the case
of rejection, some of the parts are replaced by new ones while
the most important parts are replaced by ones which had pre-
viously passed acdeptance tests on another engine. Tools and
devices used in trouble shooting must provide for the required
precision and: ¢leanliness.

Work places for inspection for defects must be set off the

piace‘s whete the final assembly of components and engines takes
place. '

After elimination ofdefects and asceptance of parts and
components; the. technical control department personnel take up
the umbiy;;ot components. The assembled components, together
with corresponding documents, are set aside for the final assem-
bly of the engine.

Dt amantling of Centrifugal Compressor Engines

Memantling of an engine with centrifugal compreasor begins
from taking off the exhaust cone. Then the following parts and
components are taken off the engine in this sequeénce:

air intake collector;
electric lines;
fuel and o1l lines;
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aCCESEOT1es;
Spray. nogzles;
drain lines; - : STAT
cdombustion chambers; )
turbine rotor; ..
mnozzlé inlet duets and rear bearing housing (Pig. 287);
‘fuel intake manlfold;
‘center bearing housing (Pig. 288);
fan impellers - i
front truss ring with the front beiring housing
;(the assembly) and cover (. 289);
compressar rotor (Fig. 290);
rear: truss ring; -
combustion dhamber ‘air adapters off the oompreasor
casing, whereafter the compressor casing is
taken-off the dolly;

Since certain parts operate at high temperatures, the
following clearances are checked durling the dismantling of
engines: axial clearances between the turbine rotor disc and
exhaust cone cover.

Radial clearance between the rotor blade tip and turbine
casing and betwsen the combustion chamber outer tube rings and
nozzle orifices; and alsc between the turbine rotor and the
rear bearing; and axial clearance of rotors in the drive.

Radial olearance between the blade tips and the casing is
checked with a clearance feeler along the ocircumference. The
gear box and the oil pump box are dismantled to check axial
and radial clearances of ball esnd roller bearings, inspection
of gear teeth, drives, and oll pumps (both soavenge and pressure
pumps ), oil filter shaft sleeves, and other parts., To do this,
the oil pump box is taken off the gear hox, as are the gears of
the bevel drive gearwtisel component of oil and fuel pumps,
driving eonical starter and tachometer wheel, and idle gear.
Pumps, low and high pressure cll filters, and other parts are
taken out of the oil pump box. Strippers are used for pushing
out bearings, sockets, and other parts inserted in thelr seats.
Puring dismantling one shall chedk the condition of adjus
rings with which axial clearances of shafts and engagement o
gear teeth are set.

Before dismantling the gear box, the following clearances
in the gear teeth are measured in the case of necessity:

a. driven and drive spur gears;

p. driven and drive starter gears;

c. driven and drive bevel gears;

d. driven bevel gear and idler drive gear;

e. driven bevel gear and oil pump and centrifuge gear;

When assembling the gearbox, following additional checks
of axial clearances are made:

WARNING: This document containa information affecting the national defense of the United States within the meaning of the
Espionage Laws, Title 18, U S C, Sections 793 and 794 Its transmission or the revelation of its contents in any manner to an
unauthorired parson is prohibited by law It may not be reproduced in whole or in pacé, by other than United States Air Force
Agencies, oxcept by permission of the Director of Intelligence, USAF

AF \ 6%5}3162 1 1 28. REPLACES AF FORM 112-PART Il 1 JUN 4, CLASSIFICATION (SECURITY INFORMATION whena ﬁflad in)

WHICH MAY BE USED. UNC L A S S lF IED v GPD 933658

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7




Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

as“ betieenfthe centrifuge and the deaerator cover;

b. between the centrifuge and the bearing housing; STAT
o. between the oil deflector and the ball bearing
housing.

Before dismantling the oll pumps, following checks avre
made:

a. olearances in the oil pump drive gears;

b. clearance in the oll pump gear teeth;

¢. side snd end clearances between the driven and the
drive gears and the oll pump housings of all stages;

d. diametric olearance between the drive gear and the
o0il pump housing;

e. dlametric clearance between the driven gear and the
shaft of the driven oll pump gears.

However, if the engine design has been in production for
a long time, checking operations are drastically curtalled,
clearances are not checked, and a number of components are not
disassembled.

The following fuel gystem components are disassembled:
filter, nozzles, lgniters, manifold, and drain valve. Whille
dlsmantling the fuel filter, attention is paid to the, condition
of the filter element itself; after the dismantling, the fllter
is placed in a special contalner to prevent its contamination.
Fuel nozzles and igniters are dlamantled after acceptance tests
only in extreme instances, i.e. if the spray nozzle has been
clogged (according to test data) and 1t does not furnish the
necessary atomization. To prevent dents, scratches, asf{., spray
nozgle parts are also placed in spectsl containers. Rubber hose
are taken off the fuel manifold for inspection of joints. The
drain valve is dismantled for inspection of the valve, the
disc, and the diaphragm.

Pismantling & combustion chamber consists of the following
basic operations: taking off crossover tubes with union nuts,
unscrewing cover and casing union muts, removing lifting lug
union bolts, and then taking out the flame tube out of the casingd

During the dismantling of combustion chambers, they recelve -
protective oovers from a close woven fabric to prevent damaging -
the casing palnt., Flame tubes are cleaned from scale.

The turbine rotor disassembly in®ludes taking the blades
off 1%s disc for inspection.

The nozzle and diaphragm are dismantled to inspect shrouds,
1n§er and outer blades, and labyrinth seals of the nozzle casing
and cover.

The front truss ring with the front roller bearing, the
center ball bearing housing with the fan impeller parts, and the
rear roller bearing housing are dismantled for inspection of
hearings, races, rollers, separators, impeller, labyrinth seals,
and other parts.
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Neither the front nor rear truss rings are dismentled after
acceptanse tests; only the noxzle dliaphragm blades are. STAT

The cbmpressor rotor ;gﬁgiaiangggq.qp;y in the case of seri

ogs defects, such as deep dents on.dbuoketa, the impeller itself,

or the shaft, or intolerable. Moveérhanging" i (shifting) of buckets|
in relation to impeller blades. =~ T °

Combustion chamber air adapters are taken off the com-
pressor casing for inspection of swirlers.

Dismantling the exhaust cone consists of removal of the
air preheating shroud, outer cone casings, bolt fairings, and
other parts. The cone 1s dismantled for inapection of thermal
insulation sheets or asbestos sheets (depending on the design).

Components are dlasmentled essentlally with the aid of
devices used in their assembly, with the exceptlion of certain
special pullers and other equipment.

Diamantled parts of components are placed in appropriate
contalners and brought to the washing department.

Dismantling of Axlal Flow Compressor Enginesg:™

Instruments and accessorles are taken off the outside of
the engine first; then pipes and acecessory controls are dis-
connected; and then the exhaust oone nozzle control rods and
nozzle controls are also discomnected.

After disengaging the tachometer generator drive, the
tachometer generator, deaerator, fuel pump, RPM governor, gear-
box, gasollne pump, high pressure filter, and fuel filter are
taken off the gearbox.

Thereupon oil and gasoline tanks (together with their in-
take assembly -~ the diffuser) are taken off,

In order to take off the starter motor, the cable is pulled
out and the motor dome attachment screw 1s removed. After
pulling the ring off thé cable, the dome 18 taken out. Before
taking the starter motor of’'the gearbox, ignition and gasoline
lines are disconnected,.

While taking the maln drive assembly off the gearbox, one
takes off first the oll pump drive, removes the pump spring,
takes off the oil spillbox, and takes out the manual drive spring
with its ball bearing as well as the gearbox spring.

Thereupon the distributlon panel and electrical equipment
are taken off, including thermocouple conductors snd thermo-
couples, plug casings, elbows with sperk plug wires, ete. The
panel with ignition coils and wires is taken off the compressor
stator; spark plugs, spark plug preheater and thermocouple
transmitter are removed from combustion chambers.
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To -take the compresgor rotor out of the stator, nuts on I
bolts joining the upper and lower stator halves are unscrewed. STAT
After the compressor rotor front shaft nut has been unscrewed,
the bolts attaching the stator to the support and the gearbox
are also unscrewed. In doing this, both the horizontal and the
vertical surge tanks are taken off. Refore proceeding to the
following operation, the compressor rotor 1s suspended on a°
holst. Then the gearbox 1s taken off by a puller (Fig. 291),
which is mounted with 1ts flange 1 on the studs connecting
gearbox joint planes and the main drive assembly, whereupon the
puller 1s secured with nuts. By rotating handle 3 of screw 2,
the rest knob 4 1s turned until it reaches the compressor rotor
front shaft butt. The gearbox is taken off the rotor front
shaft by turning the handle screw. Then the hot section is dis-
connected from the compressor rotor and the rotor rear shaft is
dlsengaged from the rotor rear bearing in the support; this
makeg it possible to 1lift the rotor and place 1t on a special
stand.

To take off the compressor rotor and turbine rear bearing,
the hot section is mounted on a stand, the nut 1s unscrewed,
the compressor rotor rear bearing is removed from the support,
the compressor rotor drive splined coupling and the nut lock are
taken off the turbine rotor shaft, whereafter the nut 1is un-
screwed off the turbine rotor shaft. Then the hot section is sed
up in vertical position and the turbine rotor 1s taken out of the
support.

While proceeding with the further disassembly of the hot
section, the turbine rotor shroud and the nozzle ring plate
are taken off after removing the bolts on the nozzle flange: and
rear bearing. The nozzle ring is taken out of the support ..
casing. The dlaphragm is taken off the support, whereupon..the
turbine rotor rear bearing housing 1s pressed out of the support
by a plug (Fig. 292). The plug 1s mounted on the rear face of
the support so that disc 2 would rest with its holes against the
support studs and disec 3, against the rear bearing studs. After
securlng the discs, the rear bearing is pressed out by turning
handle 5. Then the combustion chamber crossover tubes and the
spray nozzle feed lines are taken off.

The tube and nozzle assembly is taken out of the support
casing by a plug (Fig. 293), which 1s set up so that flange 1
would rest against the support rear face and engage -~ wlth its
centering ring in the seat under the turbine rotor bearing and
with dise 2, in the nozzle flange under the diaphragm. After
attaching the disc to the flange by rotating the screw handle,
the tube and nozzle assembly is removed from the support. .The _
support front bearing 1s pressed out by a plug (Fig. 294:) ,; Beforef
employlng the plug, sleeve 4 1s taken off the shaft, whéreupon
the shaft journal with drum 7 is inserted in the support so that
tha Journal would pass through the [frontibearing holes and flange|
1 would engage with its centering wing.in the support seat under
the rear bearing and rest with its two holes against the support
rear face. After attaching the flange, sleeve 4 1s mounted on

the Journal. The bearing is pressed out by turning handle 6.
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“To disassemble de-aerator, the drive shaft with its
centrifuge and ball bearing housing 1s pressed out of its housing STAT
to permit inspection of the bearing, centrifuge, and shaft.
Pressing §g§g, “accomplished with the aid of a plug (Fig. 295),
housing 1iof-iwnich 1s mounted on the de-aerator flange and

” ached to the ball bearing housing.

sleave 3 is .
: émbly . of the gearbox, bolts attaching the

/ ssembly )
gears to the Pox are unsoreéwed first; then the generator idler,
tachometer generator, RFM governor, fuel pump, and de-aerator

drives are taken out, Drives are disassembled to inspect bear-

ings and other parts.

The gear box 1s disassembled as follows. Before takihg oul
the compressopr rotor three-row front bearing, its cover is taken
.off; then the oil filter and oil pump are removed by a puller
(Fig. 296). Prior to taking the pump off, both the drive and the
spring are removed from the gearbox. The puller 1s mounted with
the butt of its cup 1 on the gearbox flange; thereby rod 2 with
hook 3 is inserted into the pumg housing opening. The pump 1is
taken out of the box seat by rotating handle % clockwise (that
18, for screwlng in). To disassemble the main drive component,
it is necessary to take the spring out of the drive gearwheel,
unserew the nut, take off the rear bearing housing, and press . -
out the drive gearwheel with the bearing, cup, and ratchet. It
1s also necessary to preas the gearwheels out of the manual
cranking accessory drive and oll pump drive after having
unsaftied the locks and unscrewed the nuts off the shafts of these
gears. To press out the manual cranking accessory drive springs
and the bearing, & plug (Fig. 297) 1s used. The box is dis-
assembled for inspection of gears, bearings, oil pump parts,
springs, and other parts.

While disassembling the oil filter, the filter housing
unit is unscrewed first; then the spring, the rubber ring, and
the screen filtEr are taken out. To take the screens off the
freme, the nut 1s unscérewed and the lock and flange are taken off.
The rilter 18 disassembled for inspection of screens, the spring,:
and the rubber ring. :

To disassemble the fuel filter, the filter cover nuts are
unscrewed and the cover with the serews is taken out, whereupon
the anchor bdlt nut is unscrewed. The screen truss cup and the
spacers are taken off the frame, The frame and the anchor bolt
are removed from the housing. The“filter is disassembled for
inspection of screens and other parts.

During disassembly of the.combustion chamber assembly, the
latter is taken off the nozzle diaphragm. From combustion
chambers are removed spray nozzles, and then muffles and fore-
chambers iwhich are cleaned off scale. The muffled are removed
from combustion chamber casing by a puller.

To disessemble the exhaust cone, the cover is taken off.
After unscrewing nuts and taking off the rdck slide blogk, the y
movable bullet is taken out of the cone. The cone 1s disagssembled
for inspection of the bullet and its operating gears.
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Washing Engine Parts and Assemblies After Dismantling STATI

All engine parts undergo washing, with the exception of
accessories and electrical equipment which cannot be disassembled
and which are rubbed off by rags highly impregnated in gasoline.
Depending on the design, parts are washed in-0pen basins with
gasoline Jet (Jet washing) or in washing machines using agueous
solutions. After washing, all parts are aerated and dried with|
pressure ailr. ~

SmaXl engine parts are ‘washediin containers provided with
gasoline run~off holes of corresponding diameters (depending on
dimensions of parts). Fuel and oil lines are washed uader
pressure of 4 kg/em= for 5-8 min. to achleve better results.

Particular attention must be pald to washing of baill and-
roller bearings, spray nozzle parts, fuel and oil filters, and -~
fuel manifolds and to prevention of dents and soratches on them.
After washing in gasoline, ball bearings are agaln washed.in,
gasoline containing 5% of either MK or MS oil to prevenk
corrosion; then they are wrapped in oil paper or placed:in', K
special canvas covers. Fuel manifolds are washed on a “special”
stand under pressure.

After washing, parts and assemblies of each engine are
noved to the trouble-shooting department for inspection.

Inspection of Parts and Correction of Defects

For inspectlion purposes, all engine parts may be sub-
divided into three following groups:

(a) rotating or friction parts;
(b) fixed parts with no friction;
(¢) standardized parts (nuts, bolts, washers).

The flrst group is subject to inspection and, if needed,
to measurement and checking with control equipment, The second
group 1is subject to visual inspec¢tion and partially to measure-~
ment; finally the third group, to inspection only,

Iet us dwell on types of defects which may be encountered
. during the inspeotlion of Jet engine parts and on the methods of
thelr correction, ’

Nicks and dents. Nlcks and dents can be caused by small foreign
particles striking, during the engine operation on the test
station, the surface of revolving parts through the safety screen
., . Impact of forelgn particles, for example, against the blades, may]
- ocause formation not only of dents, bubt of cracks as well. There-
fore, 1t 18 recommended to inspect carefully all nicks and dents
uslng a magnifying glass. Foreign particles, can cause defects
on gulde blades, compressor rotor blades,its casing, air adapter
swirlers, and other parts. Nicks and dents are removed by £iling

scraping, or grinding with wetstone and then polishing with fine

emery cloth. _ : o -
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v ScratchclﬁgAnéqponaifpr~acrg§§heg on friction surfaces of parts STAT
may be the: following: burrs’left during the assembly; adheslon

of small. foreign.particles to greased parts; inadequate washing
of parts *(thé presence of abrapgives, etc:); contact of rotating
parts with those fixed; etc. Small or deep scratches can occur
on shafts, sleeves, bearing races, ball and roller bearings,
¢omponents such as drive gearboxes and similar, surface of com-
pressor rotor and turbine shafts as a result  of eontact of
labyrinth seal crowns Wifh the shaft surface, etc. Seratches on
ateel parts may be reworked: completely or partlally by hand,
using fine emery.cloth or polishing on the stand, provided that
dimensions of the part permit 1t to take off a part of the
material without affecting the tolerance during the inter-
connection of these parts. Seratches on bronze and aluminum
parts areﬁﬁ@fﬁﬁgﬁ'by screping and smoothing out. In this casej
it 18 not recomménded to use emery cloth. ’

Galling. Galling may be caused by the lack of coaxisllty, in-

.ad gﬁﬁ%é f£it of mating parts, free play exceeding thlerances,

vibration 6f parts while the engine 1s in operation’; etc. They ~

can oceur on spherical turbine rotor shaft tips, driven splined
- coupling, drive splined sleeve, springs, etc., Galllng is re-

Pyttt

'worked: by buffing or polishing.

Cracks. Cracks on parts are caused by inadequate thermal treat-
ment and great internal stresses, the effect of high temperatures
(for example, flame tubes), ¥ibratlon, ete. Cracks may appear
on turbine rotor and nozzle dlaphragm
¢ N A0 GaLE LAk

‘‘‘‘‘

blades, about the flame
v 3 - a8 g_ f;a?gesIgnd nozzle dia-
aove 8, atrutaiiste ). asf, cracks appear,

Joriiblades. are rejedtac ;%‘,&% #: dlaphragm blades are

elth rﬂ@ﬁﬁiﬁi@?or rejected depending on the slze of cracks.

Casings and similar parts with cracks are rejected. The ends of

orac%Q?ou,tIEme tubes, the length of which is tolerable, “are

drilled.

Defects on Ball and Roller Bearings. Roller and ball bearings
may have delects, such as discoloration, scratches, wear and tear
of the race, weakening of cage rivets, and irridescence. The
following can be the cause of these defects: unsatisfactory
thermak treatment of parts, the lack of coaxiallty between the
bearings and mating parts, foreign partlocles.on the race, in-
adequate setting of rivets, etc. Bearings in such instances
ordinarily are rejected. Scratches being small, parts are
polished, and the bearing 1s retained for further servicegy In
the case of substantial inorease in axlal and radial clearances,
bearings are rejected.

Wear and Tear of Gears. Greater wear and tear of gears may be
caused by Incgrrectly adjusted end clearances and clearances
between the teeth; skewing of teeth, etec. Gears with greater
wear and tear are rejected.
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* ‘Burnouts. Burnouts of flame tubes,. muffles, nozzle diaphragm
blades, and other parts in the combustion system can be caused STAT
by abnormal atomizatlon of fuel by spray nozzles (contamination,
etc.)éor Panulty operation of the englne. Parts with burns are
rejected.

Blade Shifting. Shifting of impeller blades in relation to
compressor rotior bladesn%excoeding the tolerances) may be caused
by inadequate tightening of the lmpeller and rotor. To correct
this defect, robor blades are taken off and replaced.

Metallization. Metallization of engaged and rotating parts -
Tor example,  labyrinth seals and compressor rotor and turblne
shafts - may be caused by the lack of coaxiallty between these
parts. If the wapr and tear of labyrinth seals 1s slight, thelir
crowns are dresséd, as 18 the metal on shaft journals. 1In the
case of conslderable metallization and substantial wear and tear,
the parts are rejected.

Rogggggss. Rough spots appear on polished surfaces of blades,
gulde blades, compressor ¢asing cover, casing itself, ete.; they
‘are caused by large amounts of dust striking such parts and are
removed by repeated pollshing.

. Wear of nuts, 3tuds, and other parts is either remedied by
dressing or the parts are replaced.

Rocking exceeding tolerance limits of turbine rotor blades
(axial, tangential, and radial) is corrected by replacement of
blades after checking the rock with a gage; this 1s also true of
the .rocking of gulde blades (trusses), and combustion chamber
air adapter swirlers after checking the rock visually.

During inspection of parts, one determines by measuring
whether the openings are oval or conical; for example, in the
turbine casings, the nozzle dlaphragm and 1ts cover, etc.
Buckling and bulging of indilvidual spots on the parts and of the
whole parts (engine hot section) are checked visually or with the
ald of master forms. Intolerable distortion of oval and conlcal
shapes and other defects of parts found in the hot section may be
caused by the effect of high temperatures upon them and great
internal stresses. If buckling exceeds permissible limits, parts
are rejected.

Inspection of parts, 1f needed, 1is accompanidd by testing
the parts and assemblies hydraullcally, checking them on magna-
flux or with fluorescent penetrants, microscopes, and other
instruments.

Replacement of specific main assemblies and parts 1s done on
their final rejection; in a number of instances it calls for
additional testing of engines and their subsequent dismantling

Tofiyeplaced and interconnected parts. .The.
it 6T Peplacement parta 1g.baalc 1 he .
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Iet us examine the reasons for replacement ol parts and

the technological summary of basic operations during‘the replace- STAT
-ment . . )

Combustion chamber parts, such as casings, muffles, fore-
chambers, flame tubes, etc., may be rejected because of cracks
in flame tubes, forechambers and muffles or because of burnout.
indication, etc. '

Replacement of parts in individual chambers of combustion
unit (axial flow compressor engine) is followed by thelr fitting
to assure the desired tolerances for clearance and tightness.
After such an assembly, individual chambers are inserted into the
unit where their position in relation to the nozzle diaphragm is
checked with a gage.

Inlet ducts with large cracks are rejected. Replaced
ducts are fitted to the particular spot so as to assure proper
clearances in the nozzle dlaphragm casing.

The turbine rotor casing is rejected in the case of
distortion of its oval shape; another 1s selected so that
clearances between the blade tips and the casing ID would corre-
spond to the dimensions on the assembly blueprint.

Blades are rejected if they show cracks in the locks, sign
of burnouts, wealening in the slots (axial flow compressor enfiine)
ete. When replacing, blades are selected by roots adiweight, T
after which they ufidergo machining (blades lnserted in their
discs are polished at the tips until reduced to the diameter of
other blades left on th§ rotor).

If the rotor shaft is replaced, it is selected to fit the
disc so as to ensure all the required tolerances. The roller
bearing inner race, the shaft cojpling, and other parts are
selected to fit the shaft. After Joining the shaft with a disc,
the play of Journals and rotor disc is checked. The contact of
the spherical tilp with the splined dfitve coupling sphere (in a
centrifugal compressor engine) is alBo checked. The assembled
rotor with all its parts (a balance assembly) undergoes dynamic
balancing. i v

The nozzle diaphragm, which includes the casing, the - >
cover, and other parts, 4s rejected if 1t shows cracks by the
window and flange openirigs. When replacing, these parts are
selected so as to ensure tolerances with parts interconnected
with the nogzle dlaphragm.

a Nozzle diaphragm and ring blades with cracks, signs of

- burnouts, deep dents, etc., can be rejected. Replacement blades
are fitted to the inner and outer shroud slots; thelr passage
cross sectlions are also measured. .
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I

. The followlng can Justify the rejection of buckets and STAT
bladesyj.& large numbexr of dents which cannot be blended; shifting
.of buckelys in relation to rotor blades; cracks on bladess weaken-
ing of -théir attachment in the seats (axialeflow compressor
engines), etc. In such instances, & new bucket 1s fitted to the
rotor so as to provide for necessary tightness and interconnection
of blade tips ("bow"). To replace compressor rotor blades in
axlal flow compressor engine, the entire rotor is disassembled and
the rejected blade# are replaced (selecting them by weight and
disc slots). Then ‘rotor discs are checked for free play and
balanced statically. After rotor has been assembled, it under-
goes dynamic balancling. ’

When replacing bearings, they are selected according to
size to assure proper fit with ihterconnected parts, 1.e. between
ID of races in the housings and OD of roller bearing races, and
ID of races and the rotor shaft dlamefber. Rotors with replaced
bearings undergo dynamic balancing.

Replacement labyrinth seals are selected by size with the
goal of providing for the gesired diameter clearances between
the shaft and couplings. After the selectlon, coaxiality of
seals in relation to bearing supports is checked.

Replacement gears are selected according to dimensions of
thelir seats and inner pearing races to assuee the desired fit.
o set axlial clearances and teeth clearances with interconnected
gears, adjusting rings are selected. Imprintes on paint are used
fo check how the teeth m%sh.

}—2. PINAL INSPEGTION OF CENTRIFUGAL AND AXIAL FLOW
o COMPRESSOR ENGINES PRIOR TO CONTROL TESTS
AND THEIR PRESERVATION

. Final assembly of engines prilor to control tests is one of
the final stages, completing the production cycle of engine
pullding at a factory. Engine testing 1s the ooncluding stage;
it boills down to checking englne parameters and the quality of
assembly.

After correction of defects and replacement of parts (1f
this was necessary), engine components are put together in the
assembly shop and then passed along, together with appropriate
documentation, for final assembly.

The technological process of the final assembl
engines prior to control tests is analogous to the assembly
process prior to apceptance tests, with the exceptlon of certain
operations.

First, while englne parts and components are prepared for
assembly, supplemental checking operations are ecarried out, such
as balancing of compressor and turbine rotors, ebtc.
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'+ Second, all parts and acoegao?iéé:found not only inside
the englne, but also ‘on the outside, are.safetied. STATH

After completion of all operablons, engines undergo visual
inepection; turning of rotors is checked; then all openings in
accessories and assembled. engines are closed by special plugs;
finally, all the prescribed papers are ‘assembled and filled out
(for components, accessories, etec.).

THereupon, englnes are taken to the test station for
control tests, afteér which they &re forwarded fio the shipping
department; here they undergo internal and external preservation .
and are packed. -

Engine preservation 1s carried out after the final testing
on the stand and before shipping them to the customer or the
warehouse. .

The preservation safeguarding all internal and external
engine parts against corrosion is done in special premises; it
breaks down into internal and external preservatlon of parts,
preparation of engines for packing, and the packing.

Preservation of centrifugal compressor engines for two
years 1s done as follows:

After completion of control tests, the inslde cavity of
the engine 1s blown by hot (120°C) air for 15 minutes through
the orifice of the alr adapter box.

. The remaining fuel is removed from the plping with an
electric pump. To preserve fuel-and oil lines, either trans-
former or aviation oil is poured into the oil pump gearbox. To
preserve the fuel system, up to 10 1 of oil is pumped through
the fuel system by rotating the engine.

External preservation of the engine is done in the shilp-
ping department. .

In the case that the lacquer paint coating 1s damaged at
some places, the latter are repainted, using a spray gun or a
brush, and dried by an electric reflector lamp at not more than
702C. The exhaust cone nozzle 1s preserved on the inslde and
(omtside by grease preheated to 60-70°C, using a spray gun. Cast
iron parts with no protective coating are coated with grease,
too. All engine parts from nonferrous metals with no protective
coating (paint), as well as those zinc and cadmlum~coated are
greased with industrial vaseline with the additlon of 4-6%
cerosin, using a brush. All ®dyurit" hose are rubbed off with a
rag and then wrapped in oll paper.

To guard against the moisture effect, bags with silica gel are
suspended in the inside hallow of the exhaust cone, adjacent to
front and rear truss screens, and in other places.
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After closing all openings with plugs and after general
inspection, the éngine is wrapped in oil paper. 0On the engine
base 1s laid_ a polyvinyl chloride sheet, the surface of which
coming in ‘contact with the engine .is coated with thin coat of
industrial vaseline. After the engine has been placed upon this
base, it 1s wrapped into the sheet and the joints all around are
glued together. Thereafter the alr pressure in the space between
the sheet and the engine 1s somewhat reduced through a pipe,
using a vacuum pump; after this the sheet is pressed by atmos-
pheric pressure against the outer contour of the engine. For
humidity controil, humidity indicators are Suspended to the engine
at definite places.

After the final inspection, the engine is covered with a
contalner made from well dried lumber and sealed. Preservation
of axlal flow compressor engine for one year is done in the
following manner.

The engine to be preserved is run after control tests at
2900-3000 RPM to drain oil from the oll tank and preserve the
fuel system. To do this, the fuel system 1s switched to a
mixture of 50% gasoline and 50% turblne oil and run through for
2 min. Then engine RPM's are reduced to 2000-2500, the fuel cock
1s closed, after which 0.8-1 kg of oll 1s introducad into the
intake assembly diffuser by means of a pump and a special
atomlzer for the purpose of preservation of inner parts. After
draining the stagting fuel from the filter, the engine is taken
off the stand and' moved to the shipping department.

The oil tank which has been drained previously recelves
10-12 1 of aviation oil preheated to 60470°C. For preservation
of lubrication system and parts, the engine is rotated with a
Spring for 5-7 minutes. Then the remainder of oll in the tank
1s drained off. For internal preservation of the starter motor
aviation oil is used; for external preservation, industrial

vaseline preheated to 80-100°C.
External preservation of parts of axlal flow compressor

englne is.done in the same manner as for a centrifugal compressor
engine. !

1
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Fig. 7 - Design of socket wremshes
a - sookst wrenoh with a special

tuming handls
b = soockst wrench with insertable

Fig. 8 = Sooket: wrencnes with
removable sockets

a - an arm of the wrench with
removable turning handle

b - nonremovable turning handle

¢ - removable socket

d = welded removable socket
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Fig. 15 = Strep wrench for round inurled nuts

STAT,
1l =1lever, 2 = strep
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Fig. 16 = Sorewdrivers

a = for small screws and
b - ordinary screwdriver -

/ ] !
! > dion oy
e
Fig. 17 = The tip of the blade and
' sorewdriver
; & = & ssrewiriver with &
a ~ eorrest grinding ~ sides Surniag handle,
of the 4ip are paraliel b =~ a serewiriver with a
b = wrong griading — the sides guide.
of the tip are not pareliel :-:nm'nr,
3 ~wloekiag, STAT
4 ~ opring
. \a

-
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Fig. 19 - Foroes utuc'lnpu V/\ ) .
7 the blade of the

e ,

Covenue noa a Bud o ~ oong
Fige 20 = A sorewdriver for sorews with
cross like slots in the head,

Phillip's type
Cross section along A A View along the arrow

® 4 = Lo

Fige 21 - Electric wrench ~ a schematic drawing of
electric wrench -

1 -~ housing, 2 - handle, 3 - switch, 4 = rotation reversing slide,

5 - spindle, 6, 7, 8 = reducing gears, 9 = spindle gear,

10 = chuck, 11 « cam clutch, 12~ spring, 13 = sleeve.

b — socket for stude for electric wremnch STAT
1 — housing, 2 = tail part of the socket, 3 - a movable nut,
4 — a lock nut, 5 - ball, 6 = a seat far the ball,
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Fige 22 = An ordinary machinists
hammer .
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m.%-lmcemtwblﬂmm

1 = support plate 5 = insert or lining
2 ~ fixed position look 6 = hinged screw

3 = support post 7 = look nut

4 = oollar

PEAREING :B/
. 151 4 -
—?‘:‘i?;_y-.‘:‘;:'.' *).-

T~

Pig. 27 = Sorew clamp for inserting

oylinditeal springs in oom-
pressed state.

1 = housing
2 - sorew
3 = movables blook
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Fg. 29 - Movable assembly
stand or cart for
small assemblies.

- wheel

- turning plate

- bearings for holding
the shaft to the plate

- fixed position lock

- studs for mounting the
unit to be assembled on
the plate

7 - lining

F\>

(e 3V )]

Ammm{u
hot part aad for

;

g
i.:
[
s
b

s

..é.
i

:
}
I
|

STAT

O O~ O\ C’\IN.:‘

i

*@
|

»

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7



Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

'Y

Fig. 31 - Cart for assambliag oompressor sad for '
ammmofmutho-w'

compressor

- & freme of the oart

- turning vheel

- cradle bearing

- credle

- an opening for the protruding 1
of the engine P e
support pin

turming mechanism

tuming mechanism drive handle
fixed position lock

foot support
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Mg. 32 - Push-out or
squeeze-out’
balt

STAT

2 - cross member

5 « am \
4 - turming handle \
5 - safety disc )

L Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7




Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7



Declassified in Part - Sanitized Copy Approved for Release 2013@5/20 : CIA-RII%P81-O1043R002000070010-7
-
A I
POOR-UBTGANAL

e o — —— o T ——

2 - the head of the

3 - steel cylinder

STAT’

Fig. 33 - Genersl view of electric hoist and trolley

a - viev from the side of the electric motor
b - view from the side of the trolley

s
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Fig. 42 - Device for placement of the hale of
the part on the same axis with the
main screw of the press

a - stud screwed in STAT
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1 = tool post holder

2 = clamp balt

3 « stud which is being inserte

FoipH

9

1l - wrench handle

2 - reinforcing cam
3 = cem shaft

4 - hole for stud

tool post casing
tool post bolt

ring-templet
stud

-

[7
7.

7

7

Methods of removal of broken studs

stud unscrewing with a wrench
stud unscrewing with two nuts
stud unscrewing with a tap

stud unscrewing with a four sided rod

© 0 oP

stud unscrewing with an extractor

W\

/
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Fig. 48 ~ Device for precise

measurement of balt
g =~ ring with indicat opening
é - ball 8 E 2 - indicator cavor s

3 - tightening nut

J

N
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Fig, 50 - Tignteming acc
locking angle

1 - wrench
2 = indicator
3 «~ calibrated scale

ording to

l/lmn“lv ey M‘: i Jm:v -
uylawd l!:v) ﬁfcn mwah:’r
~n 35 nen

'3

Mg, 5 - Wﬁemnch (torque vre‘neﬁ)

1 = wrench head
2 = resilient rod
3 = scale

} - indicator

5 - make two marks (0,3 m wide,
0s3 mmn deep) after calibrating
to 3¢5 kem

6 = zero mark

7 = 10 kg weight
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Tid. 53 - Wechanism of “the dynamcmstrie wrench
2 - plate

3 - indicator

7 = resilient rod

8 « treansmission lever
9 - gulde

10 = guide shaft

1:1 . ~;{u - lechanisn of indicator of
i dynsmametric wrench

- plate
1‘:.r-xuni.uicm lever STAT
guide

toothed sector

gear shaft and indicator hands
spiral spring
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Fig. 55 - Bpring limiting wrench )
1l - holder 17 - spring
2 - spring 18 - guide
3 - handle 19 - shaft
4 - thrust ring 20 - ball bearing
g-ltop ring A - rivet
7-:'2;:“ 22 « cover
;- 2}-!hl.ft
& - ball 2k - raller
9 - spring ring 25 - bushing
10 ~ sleeve 2% - plunger
11 - wvasher 2] = head cover
.}2- spring washer 28 ~ screwv
3 = nut « wvashe
14 = locator 23?)'1'158r
15 - locator spring = ball
16 - ball *

32 - osition when the required torque is reached
33 - Ball to be locked in
3L - At I-I

35 ~ After calibrating to be filled with easily m;ltod
all
3 :rith melting t of no greater than 96°, and to be markodoy orK
- Mark
37 - Greatest L
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Fig. 5C - Sequence of tightening of
bolts of a flange oon- STAT
nections
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. Flg. 62 - Bleeve ,joinﬁ
connection

Fig. 63 = Determining tightness of
sleeve connection

]‘.L - distance between end of cold sleeve
and end of shaft

1, - distance between end of heated
sleeve and end of shaft

Fige 64 - Types of spline joint centering

a - outside dlameter centering
b - inslde diemeter centering
¢ - profile centering

.
)
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Fige 66 — lube devioce for press fit—
ting of anti=friction bearings

a 5)

£ir. 07 & “itiin, of a bearing STAT
a - euter ring tightening

b ~ inner ring tightening *

¢ = inner and outer rings tightening
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1 - True meshing STAT
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Fig. 72 - Cross Section of Centrifugal Compressor Jet Engine

1 - Compressor casing, 2 - Compressor rotor, 3 - Front - . :
ring truss with front roller bearing housing intake vane - :
assembly, 4 - Compressor casing cover, 5 - Rear ring truss
with intake vane assembly, 6 - Center radial thrust ball
bearing housing, 7 - Impeller assembly front cover,

8 - Cooling impeller, 9 - Impeller rear wall (diffuser),
10 - Drive gear accessories case, 11 - 0il pump case, e
12 - Rear roller bearing housing, 13 - Nozzle inlet ducts . BN
with nozzle diaphragm, 14 - Compustion chamber, 15 - Alr .
adapter, 16 - Turbine rotor, 17 - Gas turbine shroud,

18 - Turbine rotor drive splined coupling hub, 19 - Exhaust
cone outer shell, 20 - Outer exhaust hood, 21 - Inner exhaust
cone.

J R S

STAT
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Fig. 73 - Cross Section of Axial Flow Compressor Jet. Engine -

Compr guide mpre otor, li = Three-rowiball bearing,
port with vanes, 3 = Col sg80r I s A Coupline
( ]5. - i?:geasu;izs-drive ;3:311‘- :ta;?-’roff housing assemigiy,sé -‘%ga:;r bet:rgi vin ci:,s;pgoxs':;ﬂ o Sl
tsen and pover ake-o eding diffu 1l and asoline tanks, 11 - Support
B e 10 assenbly, including diffuser and oll and g 3 1 g o
’ aad ts ariog, 20 2 0 e mb 7 with nozzle inlet ducts, 13 = Turbine rotoﬁ, b sle,
\q’ g P 'ag"m ball t:nmchm:b:; :mm:msse rty - turbine rotor shaft r's\:;:»;.vort;a -]:611’- s;::i.!l.n.ele compmscone’
4 < ety Bollerma rotor and turbine shafts, 17 - Outer exhaust co:ea;s iy -mmgine rpmmagavernor,
0 — : ?.;cugﬁr:.:ble ::on: servo-mechanism, 20 = 04l scavenge pump drive gears,
il 22 = Fuel pump, 23 - Fuel f£ilter.

l:__.._ . {"
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PFig. T4 - Open~-Type Vat for Min‘ o!'. Plu-;o

1 - Vat, 2 - Nozzle, 3 - Klectric motor, ¥ - Gate valwve -
:1‘:”, 6 - Flexible hose, 9 - Scavengs pump, 10 - Tamk. ‘?‘.&..

Inscription: To exhaust ventilation.

i

-

Pig. 76 - Closed-Type Vat for Washi -
of Parts ~ -

1 - Vat, 2 - Electric motor, 3— Pump, & - Mlte
6 - valve, 7 — - Ma ‘ 2 r, 5 - Soveen,
nozzies e, 7 —-Cover, 8 - Manometer, 9 - Pipeline, 10 - Spray

STAT

-~ L\
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rPg. 77 - Schematic of Single-Chamber washing Machine

1 Chamber, 2 - Parts, assemblies, 3 - Steanm, 4 - Drive,

5 - Mlter and pumpD.

" o
 geattiegrtae?
Tty

Pig. 78 - Schematlc of Two-Chamber Washing Machine

1 - Pirst chamber, 2 - Second chamber, 3 - Filter and pu“-p,.

4 - Parts, assemblies, 5 - Steam.

-

_ cemojel View of Two-Chamber Weshing
pig. 79 - Gemedel ‘

. STAT
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Fig. 80 - Schematic of Three-Chamber Washing Machine . . .

1l - Electric heater, 2 - Aipr tube, 3 - Settling tank, 4 - Blow-off ,
chamber, 5 - Second washing chamber, 6 - First washing chamber, - .
7 - Drying chamber, 8 - Water to tank, 9 - Water from the main, '
10 - Steam, 11 - To condenser, 12 - To sewer. __—

L

Fig. 81 - Schamatic of Installation for Flushing
of Fuel Manifolds

1l - Vat under manifold, 2 - Vat fop preliminary flushing, 3 - Vat for

final flushing, 4 - Installation pump, 5 - Electric motor, 6 - Filter,
7 - Pressure regulating valve, 8 and 10 - Washing tank shut off valves,
9 - Installation manometer, 11 - Valve, 12 - Pipe, 13 - To manifold. -

STAT

Flg. 82 - Stand for Parts in Washing Machine

1l - Compressor body, 2 - Conveyor belt, 3 - Stand.
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FPig. 83 - Container for Washing of
Small Parts

Pig. 85 - Impact Marking

STAT
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7
rig. 86_- Kleotrograph

1 - Primary winding, 2 - Second wind Coppe
4 - Handle, 5 - ™p, 6 - Kleotrograph mm.s- - e
7 - Pin, 8- Contact plnto..c o it ’

Fg.

]
, -
Fig. 88 - Chemical Marking of Parts
: STAT

)
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Fig. 89 - Centrifugal Compressor Rotor Parts

Front rotating guide vanes, 2 - Front shaft, 3 - Impeller,
Rear shaft, 5 - Shoulder, 6 - Rear rotating guide vanes,

Sphere support cover, 8 - Splined driven coupling hub,
Cooling impeller.

O~ &
LI I I

Filg. 90 - Front and Rear Compressor Rotor Shafts
a - PFront shaft

1 - Impeller shoulder seat, 2 - Groove for retaining ring,
'3 - Roller bearing seat, 4 - Place for plug, 5 - Guide
vane assembly seat.

b - Rear shaft assembly

1 - Ball bearing seat, 2 - Bracket bolt, 3 - Retaining STAT
ring, 4 - Cooler impeller seat, 5 - Splined hub cover,

6 - Centering shoulder, 7 - Splined driven hub, 8 - Labyrinth
seal shoulder, 9 - Hub centering shoulder, 10 - Rear shaft,
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Pig. 91 - Testing Esmispheric Play
1 - Testing place

N\

N
AN
\\\\\\\\ .

Mg. 92 - Places for Testing Compressor Rotor Shafts Play
1 - Dummy shim.

ng..§3 - "Overhanging” of Rotating Guide Vanes 1 and Impeller
Blades 2

3 - Overhanging of impeller blades, ¥ - Overhanging of

rotating guide vanes. STAT
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70
Pig. 94 - Tightening of Locknuts which attain
Rotating Guide Vanes to the Impeller
»
| i
’ \~
—:\\“\\\ “‘
,,,,, \\\\&\\ \‘ R
F ——F
,,,,,, ,,’\\ \\\\\
. \ S
| s\\\\ 4
: N
Fig. 95 - Clearances and Tight 'nt- in Cowpressor
Rotor Assemdly
1 - Impeller, 2 - Rotating guide vanes, 3 - Mubs of
guide vanes and impeller, 4 - Front shaft, 5 - Frent
shaft flange, 6 - Rear shaft, 7 - Rear shart flangse,
8 - Tight fit, 9 - Clearance.
*STAT
/'b .
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Pig. 96 - Assembled Compressor Rotor
1l and 2 - AMdJusting rings, 3 - Place for testing impeller play along its
diameter, 4 - Place for to-ting impeller blades, 5 - Place for testing
cooling impeller dlades play, - Place for testing of rotating guide
vanes play, 7 - Place for testing hemispheric play.
‘.
‘ ’

Pig. 98 - Mounting of Blade in Pig. 99 - Gage for Checking of
Rotor Disc. Slots in Rotor Disec.

STAT
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Fig. 100 - Compressor Rotor Play Testing
Fixture.

Fig. 101 - Blade Locking in Dilce
1l - After lock installation the thread should be pressed in.

. /\..\\.‘\\\s\\\\\
o
2747 v i

=

.-s A

Fig. 102 - Pirst Stage Disc Assembly

1 - Front rotor shaft, 2 - Tie rod, 3 - Nut, 4 - Splined
look pin, 6 - Rotor disc, 7 - ’ ’ Sp sleeve, S5 - S1eeSTAT
seal ring, 10 - Gane. ¢’ 7 - Snap ring, 8 - Retaining ring, 9 - Rubber
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Fig. 103 - Device for Assemdli
ng Discs of
First and Eighth Stages

1 - Housing, 2 - Hub, 3 - Bolt.

— ——

. Fig. 108 - Righth Stage Disc Assembly

1 - Disc, 2 - Disc positioning collar - Come Spherieal deearing, l
gr-malxg: ll::?t' g - Rear roller boirgng -.u’u:&u. 7 - rlg' ,
10 - Rear rotor shart. 1T : r e,y - ’
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r¥ig. 105 - Checking Gages
a8 - For testing with paint the contact of 8th stage disc bosses,
B - PFor testing with paint the contact of surfaces of compressor
rotor rear shafrt.
i
Fig. 106 - Testing Contact of Surfaces by Wedging
1l - Wedge, 2 - Second stage, 3 - Rotor rear shaft, % - P
5 = 0.03 feeler gage ahould'not enter. ’ tint imprint,
\ ,/12//// '///—/—/ &
8 |
F— 11—
N/
» Fig. 107 - Compressor Rotor Rear Shaft Tie Rod Assembly
1 - Tie rod, 2 - Rubber seal ring, 3 and 5 - Retaini
» ng Ping § - Sna,
ring, 5 - Snap ring, 6 - Nut, 7 - Tie rod nut locki ’ P
8 - Snap ring. ’ ’ ne plate,'
STAT
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ng 110 - m of m Dibes

1l - conurtn; Mdn ot aise, 2 - DI.n attashing dolt,
Lesk wuhor.

prea— . o - \
R . . -

*
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e e

Fig. 111 - Compressor Parts . \
. a - Centrifugal coipressor housing with cover and air adapters,

b - Upper and 1ouer‘hou31nga or stator of axial flow compressor
with gulde vanes. .

1

. : . l
Fig. 112 - Lower Half of Stator Blade Assembly ’ §T AT
1 - l:n.g, 2 - Outer shroud ring, 3 - Immer shroud ring, & - atator bldo.tw

RS
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/
Fig. 113 - Mounting of Stator Blades
1 - AMJusting washer.
!
Fig. 11% - Front a and Rear b Truss Rings with Attaching

Parts of a Centrifugal Compressor Engine.

\

STAT
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Fig. 115 - Axial Flow Compressor &gino Alr Inlet Assembly

1 - Diffuser, 2 - 01l tank, 3 - Gasoline tank, ¥ - Connecting flange,
Vo 5 - Accessory drive power take-off housing, 6 - Starter motor faripg.

. A T

' = . - 4. ‘E
' N . e # ..-’ - - f i

! Pig. 116 - Centrifugal Compressor IEnging Tirdine Rotor {
~ 1 - Sphere support for compressor sad turbime shafbe "!u‘..a - o

2.;.81;01. 5 - Balance plgs. 5- Pels, 6 - N{:‘k 1.;1' T
ariven coupling hub, 12 - Mjusting ring, 13 - Lesk wasbher, .
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‘ ' : Fig. 117 - Blade _ I
1 - Blade root with fir tree m-z_-na@. |
: ] s
. I
— :i;
|
A Y :I
. ‘ | !
P 1
Rl
it
T 3 |
Pig. 118 - Directions of Testing for Loosensss of
! & Blades Installed in the Rotor Disc.
: * 1 - Distance - 5 mm, -
': 2 = Rotor disc. )
i .
S <o I’
* H N
h 5 STAT
/ .
D -
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* Fig. 119 - Checking Looseness of Blades
a - Tangential, b - Axial,
1 - Labyrinth seal.

N i L A 72 7774 P l\‘\\\

i

Pig. 120 - Turbine Rotor Shaft of Axial Flow Compressor Engine

« . 1 - Rotor disc, 2 - Blades, 3 - Shaft, & - Stud, 5 - Stud nut,-
6 - Disc slots, 7.~ Bushing.

e e - -
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Fig. 121 - Checking of Basic Surface A and of
Disc Slots.

Pig. 122 - Checking Mounting of Blades on Rotor
Disc

1 - Holes for Pins.

\) STAT

Y

e e o+ ——————— o~ —— —
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4

1 - Support,

2 - Scale,

3 - Axle,

4 - Cover,

5 - Indicator point.

wig. 123 - Device for Checking
Pitch of Blades

1 - Case,
2-- Plate,
3 - Plate attaching bolt.

Fig. 124 - Device|for Tightening of Blades
in Rotor Disc Slots during Drilling
of Openings for Dowel Pin

Coupling flange,

Turbine shaft flange,

Turbine disc flange,

Bolt attaching shaft

to turbine disc,

Shart sleeve,

Hollow shaft,

Turdbine disc,

Threaded holes for rear

balance plugs;

Place for installation

. of inner race of roller
be ’

10 - Place for ladyrinth seal,

11 - Bolt tightening order. .

; \k(‘

Pig. 125 - Centrifugal Compressor Engine Turbine RotorAssembly

O oo~Nownm Fwhe

STAT

- .
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[ v
Fig. 126 - Devies for Testlng-er-lay oF Turbime Mpter Sarfaces
1 - Plate, N R
2and 3 - Prigms, - ° :
.+ 8 - Jaws, . . ‘
‘ .z-mt. .
' R - Mat. -
¥ , )

Fig. 127 - Rotor Blade Locking Plate ‘ !
- , 1 - Plate. .

STAT

—h
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Pig. 128 - Axial Flow Compressor Engine Turbine Rotor Assembly

1l - Lock, 2 - Mut, 3 - Pront ball-be seal ease, § - 011 grooves
to Tear roller bearing, 5 - Inner rece froat bni bearing,
Spaser, 7-3upport -nomm,g nvmuw. '

10— Imrrhgorthonu- roller bearing, Rear reller-

seal » 12 - Rotor blade, 13 - .cur, u Bals,. 15 - Nade k
. disc upm,IG-muuu 17 - Nossle e, -

18 - te tube, 19 - Casing tube, 20 - munmun. Bushiag,

22 -\Nat, 23 - Threaded hole, 24 - Stud, 25 - Loek Washer - '
_ ring, 27 - Bolt, 28 - mm&.:xnz. 4 - mr«é l-w
zhou.ldor :r rotor shaft, B aphregn, I - Reter splimee,
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Fig. 130 - Nozzle

. / .
- 2 - Inner ri 3 - Lock recess, 4 - Inlet ducts assembly
over 5’ &’ Labyrinth seal:

cover, 5 - Outer ring,

LS

Fig. 131 - Nozzle Parts

1 - Inner ring, 2 - Outer ring, 3 - Turbine casing, 4 - Adjusting
ring, 5 - Labyrinth seal, 6 - Vane, 7 - Chamfered slots.

Fig. 132 - Stand for Assembly of Nozzle Intake Ducts and Nozzle. STAT
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- Pig. 133 - Nozzle Inlet Duct Assemdly. Seat Checking

1l - Test de ri 2 - Casing cover, 3 - De-asrator ocase, N - Alr dust,
5 - Adapts\x’:inang:f.G - Nozsle air iniet housing, 7 - No legemd, 8 - Clear-
ance, 9 - Distance B, 10 - Clearance B, 11 - Clearance not greater than
0.2 mm.

e

]

SO\ FWN -
[ 3 I I I I B A
20

rig. 135 - lbu;lo Afr Duets amd m. M_"
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Fig. 136 - Checking Settings of Nozzle Vanes - ’ : !

2 - Crosspiece

1 - Outer ring, '!
3 - Vane. ‘

Flg. 137 - Checking Posltions of Vanes in Regard to Upper Ring :

’ ) -

’

- - S e S e s e et e - e e ey ey —————y — —— — _._.—._Ll A
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Fig. 139 - Places for Measuring Nossle Passages and NoLght of Vanes
1 - Ring, 2 - Vane height.

. . : v
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- De

- Plate,

- Deflector,

- Spacer cover,
- Spherical boss,

FWoH

5 - Slot in the trailing edge of vanes,
6 - Cutout in the trai

7 - Holes in deflecto

O~ oW FWNOHD P

Fig. 143 - Combustiion Chamher

- Hole in defl
air, o

flector,

}2‘ Outer flange.

ling edge of vanes,

e

i

-Assembled chamber, -

Chamber parts,
Spherical ring,

Entry section,

Gasket,

Crossover tube parts,
Houslng,

Flange for mounting of
starting plug,
Suspension cup,

Fire tube.

U\

(S 1N
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Pig. 134 - Combustion Chamber Crossover Tubes

1 - Inner tube, 2 - Outer tube, 3 - Crossover tube housing,
4 - Seal ring, 5 - Copper-asbestos liner, 6 - Nuts,
T - Combustion chamber casing. _ . |

AL g s (S Aot N84 s

.
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Fig. 186 - Axial Mow Compressor Engine Combustion
Chamber and Nozzle Inlet Ducts Assembly
1 - Combustion o!u.b.'r, 2 - No.zzlo inlet ducts, 3 - Place
for nozgle ‘assembly mounting, & - Inner section of noggzle
inlet ducts, 5 - Flange for attaching combustion chamber to
nozzle inlet ducts, 6 - Corrugated outer lining, 7 - Entry
section, 8 - Scoop, 9 - Swirler, 10 - Corrugated crossover
tube, 11 - Plug, 12 - mel nozzle.
697 3 /r 2 /
] _7/ ﬁ

%

| ‘

. —5 ——

]

[l

[}

'

‘ -
Pig. 147 - Combustion Chamber '
1l - Housing, 2 - Outer liner, 3 - Entry section, 4§ - Swirler,
5 - Bottom, 6 - Crossover tube mounting flange, 7 - ‘Sleeve,
8 - Flange, 9 - Mounting plugs.
STAT

— .,

: - 02000070010-7
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Pig. 148 - Device for Checking Coaxiality of .
Combustion Chambers

FLY

Pig. 149 - Centrifugal Compressor Engine Exhaust Cone

1 - Outer cone, 2 - Inner cone, 3 - Insulation pad, & - Outer
cone shroud, 5 - Mounting flange, 6 - Tie rods, 7 - Rod braces,
8 - Cone bottom, 9 - Clamp rings, 10.- Reinforcing rings,

11 - General view of exhaust cone, 12 - Exhaust nozzle.

Fig. 150 - Irmer Exhaust Cons- Nounting .

: , l
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1 - Flange connesting exhaust oons with support heusing, 2 - Inmer limer
- Control rod ined hudb, A - Bevel gear s-n;n.&»um. ’
- Exhaust pipe ing, 7 and 11 - Oi s O »

9 - Rear cone, 10 - Alr deflector, 12 - e ooNe, - '

14 - Stiffener, 15 - Rod, 16 - Outer comne, 17 - Outer sérut, 18 - Red

bracket, 19 - Inner -tm;‘ 20 - Maek, 21 - Inner 22 - Neles for

cooling air, 23 - St - Cover - Spyr gear, 20 - Mt
27 - Nit, 28 — Thrust washer, 29 -'cfzo. ! '

7 11 - Splined sleeve. S

/

Pig. 153 - Schematic of Control Mechanism
of: Variable Cone ‘
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Fig. 154 - Bevel Gear Box

1 - Gear with shaft, 2 - Ball bearing, 3 - Ball and roller bearing
support, 4 - Housing, 5 - Spacer hub, 6 - Roller bearing, 7 - Ball
bearing support flange, 8 - Gear, 9 - Gear shaft, 10 - Drive shaft
coupling, 11 - Ball bearing, 12 - Flange under bevel gear housing,

34

13 - Bevel gear housing, 14 - Meshing clearance, & and B - adjusting rings.

Fig. 155 - Support Casing

1 - Front flange of casing, 2 - Casing pocket, 3 - Front opening in
casing, 4 - Stiffener, 5 - Upper vertlceal bolt, 6 - Engine rear sus-
pension lug, 7 - Rear opening in casing, 8 - Rear_casing flange,

g - Tie rod attaching casing to support.

pu—
C o e sCren
R AL
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Fig. 156 - Support Assembly

1 - Holes for ignition plugs and ignition system,
2 - Struts,

3 - Exhaust cone air cooling channels,

4 - Pront lugs attaching flange,

5 - Air intake installation hole, N

- 6 - Lock washer,

T - Nut,

8 - Rod,

9 - Turbine rear bearing seat,

10 - Turbine front bearing seat,

11 - Bracket, :

12 - Ribs,

13 - 01l draining holes from scavenge main oil

line of the support,

14 - Holes for oil feed to :bearings,
15 - 01l draining settling tank holes,
16 - Compressor rear bearing cage attaching flange,
17 - Air holes for cooling of turbine disec,
18 - Air holes for cooling nozzle assembly vanes.

STAT
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Flg. 157 - support-Casing Cross Section

and 2 - ilods,

Bracket,

Lock,

Ad justing nut,

Turbine rotor front ball bearing, ,
Turbine rotor rear roller bearing,

Casing,

Compressor rotor rear bearing,

Support,

Scavenge pump.

=OW N O FLW

-

Fig. 158 - Device for Checking Play
of Support Casing Shoulder

1 - Body, 2 - Flange, 3 - Hub, 4 - Stem, 5 - Clamp.
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Flg. 159 - Centrifugal Compressor Engine Accessories Drive

Gear Case

1 - Sump,

2 - 0il filters,

3 - 011 pump,

4 - PFuel pump drives, <

5 - 0il1 pump drive,

€ - Tachometer generator drive,

7 - AirpYane accessory drive power take-off housing,

8 - Starter drive,

9 - Intermediate drive assemblies,

10 - Main drive shaft assembly, -
11 - Coupline ratchet,
12 - Starter drive bevel gear,
13 - Breather,
14 - De-aerator tray, STAT.
15 Relief valve,
16 - 011 intake vent,

17 - 0i1 manometer indicator,

- Place for tachometer generator
19 - Starter motor,
- ns n

a
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Fig. 160 - Axial Flow Compressor Accessory

1-m1m;2-5ydr.nli¢mwdr1vo;3-

Drive Power Tuke-Off Housing

Accessory drive gear case;

T - Idls gear;
- shaft; 5 - Generator drive; 6 - De-airator drive;
g - g::l‘:uur ;pzsar.tor arive; 9 - 0il draining casing atteching flenge;

semb, - Upper oil filter; 12 - 0il pusp filter;
10 - M eive ob I{i 11011 pimp; 15 - 0il pump drive geear;

13 - 0il pusp drive shaft;
16 - Drive cover;

17 - O0il puwp drive bearing;

18 - Ratcbet.
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Pig. 162 - 0i1 Pump Drive Assembly

- Bevel gear

Inner splines

Spur gear vith shaft
Ball bearing

Spacer

AMJjusting ring

Steel cwp

Drive housing

Spring ring

Fuel pump drive

Drive gesar accessory case
Drain pipe .
0il pump

h—

Gk;tzwmﬂm\nc'wmr-

™
\

Fig. 163 - Schematic of Drive Gear Accessory ’
Case Testing Fixture

1 - Drive gear accessory case
2 - 0i1 tank
3 - Electric heater
L4 - Pipeline valve
¢ 5 - 0il pump
6 - Electric motor
7 - Draining oil tank
8 - Measuring oil tank ‘
9 - Measuring glass
10 - Relief valve.
1} - Filter
12 - Manometer
13 « Thermocouple

14 - Control valve
15 - 0il drain valve
16 - Place for Jet.

STAT
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Fig. 164 - pur Drive Gear Assembly

1 - Thrust ring . 18 - Drive spur gear bearing
. flange
2 - Retaining ring
19 - Nut
3 - Breather sleeve
20 - Ball bearing cup
L - Breather casing
21 - Retaining washer
5 - Breather cover
22 - Nut
6 - Washer
23 - Thrust disc
7 - Retaining washer
24 - Ball bearing
8 - hut
25 - Spur drive gear
9 - Breather screen
- 26 - Space hub

10 - Gasket .
27 - Spur driven gear
11 - hut ’
’ 28 - Starter clutch
12 - Washer

29 - Starter driven bevel gear
13 - Drive gear accessory case
. 30. - Spacer hubd
14 - Roller bearing
31 - Ball bearing
15 - Roller bearing cup
. 32 - Spacer hub
16 - AdJjusting washer
. 33 -~ Clearance
17 - Retaining wvasher
34 - Torque

35 - Installation clearance.
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Fig. 165 - Drive jpur Gear Assembly
Ratchet Mechanism Parts

1 - Hub

2 - Thrust ring

3 - Pavl pin

4 - Pawl

S5 « Dowel

6 - 3pring

7 = Sleeve-

8 - Sleeve splines

9 = Clearance.

oy :

Abofumn Y

TN

3
7
¢
Y

Fig. 166 - Axial Flow Compressor Engine Bevel Gear or Accessory Drive Power Take-Off
Assembly

"1 - Housing; 2 - Positioning plugs; 3-4 - Mounting screws; 5 - Starter motor attaching
stud; 6 - Ring; 7 - Accessory case drive; 8 - Manual turning assembly drive; 9. Oil
pump drive; 10 - Bevel gear or powver take-off drive gesar; 11 - Accessory drive gear,
12 - 011 puwp drive gear; 13 - Manual turning assembly drive gear; 14 - Fromt ball
bearing; 15 - Rear roller bearing; 16 - Drive gear shaft; 17 - Shaft adjusting screv;
18 - Ratchet; 19 - Drive gear ball bearing liner; 20 - Drive gear ball bearing cage;
21 - Ball bearing attaching nut; 22 - MJjusting ring; 23 - Nut; 24 - Splined coupling;
25 - Spring ring; 26 - Plug; 27 - 9pring ring; 28 - Cover; 29 - Cover atteching stud;
30 - Spring ring; 31 - Accessory case drive shaft; 32 - Oil pump drive shaft; .
33 - Manual turning assembly drive shaft; 3k, 35, 36, 4O - Oil chennels; 37 - HOLew
for oiling accessory drive power take-off parts; - Casing holes for oiling of
bearing; 39 - Holes in'liner for oiling of bearing; k1 - Front compressor shaft.

s

e
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Fig. 167 - NMemual Turning Assembly Drive

1 - Casing 6 - MJjusting ring 11 - Nut.
2 - Gear T - Jpacer -
3 - Roller bearing 8 - Nut

4 - Ball bea.rfng 9 - Roller bearing inner race

5 - Lock washer 10 - Spacer

rig. Lbo - mngine Manual ‘lurning Assembly

1 - Drive shaft S - Thrust ring

2 - Ball bearing . 6 - Housing

3 - Ball bearing liner T - Accessory drive power take-off
4 - Dowel oil draining case

8 - Drive gear.

_Fig. 169 - Accessory Drive Shaft and
Bevel Gear Drive
a - Drive shaft

1 - Accessory drive bevel gear; 2 - Ball
bearing; 3 - Roller bearing; 4 - Drive
shaft; 5 - Drive shaft positioning tube;
6 - 3crew; 7 - Spring ring; 8 - Ball
bearing case; 9 - Cover; 10 - Screw;

11 - Roller bearing liner; 12 - Spring
ring; 13 - Power take-off bevel gear; o
14 - Adjusting ring; 15 - 3elected by
means of adjusting washer.

b - Accessory Drive
Power Take-off [

1 - Bevel gear; 2 - Jpur gear; 3 - Dowel;

4 - Roller Bearing; 5 - Ball bearing;

6 - Bearing liner; 7 - Drive housing;

8 - Jcrew; 9 - Adjusting ring; 10 - Nut;

11 - Spring ring; 12 - Nut; 13 - Plate
washer.

STAT
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Fig. 170 - Kinematic of Cantrifugal Compressor
Engine Drive Gear Accessory Case

Main drive shaft

Ratchet clutch

Bevel gear

Starter

Spur gear -
Large spur gears

Intermediate shafts

Bevel gears

Gears with fuel pump drive shafts
Auxiliary airplane drive gear shaft
011 pump gear .

Tachometer generator drive shaft
0il pump gears

©~ v Fw'n

Fig. 171 - Kinematic of Axial Flow Compressor
Engine

- . : 1 - Accessory case drive gears; 2 - Scavenge
oil pump gears; 3 - Engine manual turning
assembly; 4 - 011 pump gears; 5 - Starter
motor; 6 - Power take-off assembly. .-

STAT
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9 ? Fig. 172 - Flxture for Checking Backlash of Accessory Drive
Bevel Gears
1 - 3plit cylinder
2 - Nut
3 - Cone
L - Rod

5 - Dowel pin
6 - Joint pin
7 - Plate for installation of indicator leg.

Fig. 173 - Fixtures for Check-
ing Clearances between Gear
Teeth of Centifugal Compressor
Engine Drive Gear Accessory

Case.

Fig. 174 - Front Roller Bearing
o Assembly

1 - 011 fnlét tube
‘2 = Alr inlet tube
3 - Housing

L4 - Roller bearing

6-w¥;~mmu.1

T - Jet parts.

I\
° STAT .

. -~
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Fig. 175 - Center Radial Thrust Ball Bearing Assenbly Details

; 3 - Middle
1 - Cooling impeller front cover; 2 - Rear w|1160t cso;:in:1mri.gl - ;
bearing cover; b - Gasket; 5 - MJjusting ring; © - o Eo\uin‘m;
8 - Tightening vasher; 9 - Lebyrinth seal; 10 - Front m; n-
12 - Rear flange; 13 - Inspection part; 14 - Openings

\aw mmew wle o) 'n |

- ——

Fig. 176 - Device for Checking
Axial Play in Ball
~Bearing
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rig. 178 - Rear Bearing Support Assembly Paris

1 - Front flange 8 - Roller bearing

- rt 9 « Gasket
2 - :sztmae‘w 10 - Front labyrinth seal
E - Shroud 11 - Bearing seat support
5 - Gasket 12 - Bearing seat
6 - Rear labyrinth seal - 13 - Norzile parts

7 - Deflecting ring

Fig. 179 - Compressor Rotor Front Three-Row Ball Bearing Assembly

1 - Cover attaching bearing to accessory drive power take-off hod:;ins;

2 - Plug; 3 - Adjusting ring; 4 - Inner bearing suppogt; 5 - l:i 1: o
bearing support; 6 - Outer bearing support; 7 - Nut; 8 - Bear ng ner,

9 - 0il seal rings; 10 - Retaining strip hole; 11 - Dowel; -126- Spa;::le renl
rings; 13 - Thrust ring; 14 - Retaining strip; 15 - Spring; 16 - Spher
bearing support casing.

<

PN ‘» .
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Jig.e 1ol - Front Three-kow 13

Lompressor Rotor Hear Roller Bearing Paris

il Accessory D
Take-off Housing

iy rear flage

ug front flange .
rotor snafi tall bearing
oL L

; benring Lo
power Lare-off

DeAring L0 acessory
T oware-of £ nousing

STAT

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7



Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

\

1 -
2 -
. -
, -
4 -
‘ -
7
BN R
R , s
I - : v
?
4 1 v
| 1
t —
Treo- A JoTpressor nnigine surbine Front and
4 - surnine rotor front vearing assenbly
(G = Yenlr
Voo Hearing NOLNILE G senlc
z e Cni atuaealng ol 1. = Ball bearing inner race
o= tering Al aondt o 5
Lo Hall pearine ouler ring 11 - Rotor shaf:
Lo~ jonsing tovae 12 - 3pacer
: . 13 - Turbine shaft nut
Lo- Ll .
(- vetaining ring N 14 - Support.
. and v - dealind riugs b - ‘furbine rotor rear bearing assembly
(1) Beariug housing (6) iurbine rotor shaft
(2) Liner (7) Shaft spacer
(3) <oller bearing outer race E8% Rear seal
i ing er Sealing ringc
L) Bearing cove 9) 3e . ) .
H alloer honring nner race (1C) Roller bearing (11) Support rear flagglt._eAT
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i - sl 0y ¢ L
1= bl LAY ). L
- SN age
- P 0. SLwe
- 0 DL Sl

J - Pressure suage oil filier screen
- 3eaverge stage oil fllier screen
9 - Center and rear bearings scavenge oil lirnes
17 - 3lowiled hlign-pressure o;l filter
11 - Ope:.ing for oil L. =< sing
1o - Alr intake pipe o 1abyrintn seal
1% - Center and rear bearings pressure oil lirnes

1L - Pressure oil lines to airplane accessory gears and to
gear lubricating pipes.
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¢ 8% - 0.1 Pump Wita Drive

L - Oil put irive nousing
2 - 3~uvenge stage
1 = Pressure sunge
4 - Center plate
5 - Y- i - Drive geuwrs
vl 3. Spline:
12 - Drivern geurs
11 = 011 pump saaf.
1c - Drive spur pe.ar
- Opaver -
Lv = 501 bear::
10 - Wdiusting wasaer
1

- Bevel gear
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Tig. ¥ - 0il 3oaverge Pump
! - 0l rump body

2 - Cenver plate

3 - 0I1 payg cover

V2 )
W= 10 ud 11 - 01 prmp e

Paipes m a a -
o= dolun
f, S d U - Gears
4 = Busning
1L - 0.1 from support
11 - Cross-section Al u «.
F aatic of 0.1 Fusp Tesuliy
- .
. : Do | 1
-—-- -——— 1 ~
3 ' 2 ! <‘.‘ stage of putp
: ‘ —] : 3 silage of purmp
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S ! o i1 AoN| <
147 ' e ' |- lpwer
283 3” Wiu rF : 7 = Rieostat
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L ! U QR 0 - Awxiliary 0!l puT
, P . Py : AXiliary of o]
e Bl S 1. -
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] N N - .
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O R " - PN { ¥ ] ; e iR
7 135 - la.ometer
1 - 4lr taeriomeier
I, I owd 17 - Vol
: WL valve
-

1o, 10 wd 2C - ¢
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Fig. 189 - High-Pressure Oil Filter
1 - Outer liner

2 - Outer filter

3 - Inner liner

L - Inner filter

5 - Spacer

{: - Rubber ring

I - Filter cap.

Fig. 190 - Oil Filter

a - partition b - openings
1 - Spacer
2 - Fine mesh screen
3 - Coarse mesh screen
L4 - Opening
5 - Body
6 - Inner washer
7 - Rin
8 - Partition
9 - Shaped wnsher
1C - Hut
11 - Oil filter disc
12 - Brass wired0.065 3600 mesh per 1 cm?
13 - To be galvanized
14 - Steel wire;(O.Eh 225 mesh per 1 cme.

STAT

Fi+:. 131 - Relief Valve

1 - ;djusting screw 3 - Spring
2 - Gasket 4 - Ball seat
5 - Ball P
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Fig. 192 - Relief Valve
1 - “elief vidve :up

2 - Spring

oo AU/

3 - Rel.ef valve housing
bo- liut

5 - Relief valve screw
¢ - Dowel

- Cap

Fig. 193 - 0il Jet
1 - 0il annulus
2 - Brass bushing

3 - Screen

Py
"7}'—;\‘6%&\\\“\\\\\\\‘“}0,’” 4 - Rod with spiral

.,)’_‘!;2&%? ’ Z 5 - Hole connecting cavity between
— bushing and jet housing

6 - 0il intake channel.

Fig. 194 - Schematic of Installation for Calibration
Tests of 01l Jets

1 - Installation stand; 2 - Service tank; 3 - Pump with drive; 4 - Filter;
5 - Relief valve; 6, 7, and 8 - Control valves; 9, 10-- Manometers;

11 - 0il cutoff lever; 12, 13 and 14 - Valves; 15 - Contact galvanometer;
16 - Metering retorts; 17 - Metering retort oil draining lever; 18 - Stand
for hydraulic testing of other parts; 19 - Jets being tested.

~
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Fig. 195 - De-Aerator

1 - Casing 10 - Rotating washer
2 - Centrifuge 11 - Roller bearing
3 - Drive shaft 12 - Deflecting washer
- 4 - Cover 13 - Centrifuge sleeve
5 - Ball bearing 14 - Washer ) -
(. - Screw 15 - Dowel
7 - 0il inlet tube 16 - Not less than 0.5
8 - Alr outlet tube 17 - Clearance 0.1 - 0.3.

9 - 0il outlet tube

STAT
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Fig. 196 - Centrifugal Compressor Engine Puel System

- Filter 21 - Lever
- Coupling shaft 22 - Barostat valve spring
- Rotor 23 - Aneroid
- Gate valve 24 - Diaphragm
- Plunger 25 - Piston
- Plunger 26 - RPM governor membrane
- Rocker arm 27 - Governor spring
- High-pressure channel 28 - Pump valve lever
- Servo-piston 29 - Valve spring
- Jet 30 - Solenoid
- Pump valve 31 - Solenoid valve
- RPM governor 32 - Distributor fuel valve R
- Channel connecting pump 33 - Auxili line to fuel nozzles
with barostat 34 - Main 1;3&131 nozzles
- Barostat valve 35 -« Cut-off valve
- Damper 36 - Distributor casing
- Channel connecting damper 37 - Atomizer
with barostat 38 - Jet nozzle
- Discharge valve 39 - Plug
- Throttle valve metering needle 4O - Igniter plug atomizer
- Idling valve 41 - Igniter plug needle
- Flexible partitio:n of baro-
stat
A and B - Servo-piston cavities
Band Ir - RPM governor chambers
K - Barostat valve chamber
1 - Barostat aneroid chamber
M - Openings connecting central rotor valve with rotor
L2 - Filter L9 - Throttle valve
43 - Plurger pump 50 - Ignitor plug
L4 - Barostat 51 - View along arrow a
45 - Starting electric pump 52 - Fuel plug
L6 - Gate valve view - suction start 53 - Fuel distributor.
47 - Pressure start
48 - Plunger pump .\
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Fig. 197 - Axial Flow Compressor Engine Fuel System

1 - Upper section of fuel tank
2 - Starter motor fuel filter
3 - Starter motor

4 - Lower section of fuel tank
5 = Fuel filter of starter fuel
6 - Starter fuel pump

7 - Distributing box

3 - Fuel plug

9 - Airplane fuel tank

1C - Fire valve

11
12
13
14
15
16

17

18

19

.Main low-pressure fuel filter

Main fuel pump

RPM governor

Compressor pressure limiter
High-pressure fuel filter

Thermoelectric thermometer
in exhaust cone

Gas pressure manometer in
exhaust cone

By-pass ppe from RPM
governor

Manometer

Drain.
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Fif. 193 - Fuel Pump of Gear D iven Type

1 - Intake suctiorn pipe sleeve; 2 - Pressure pipe; 3 - Tapered dowel;

4 - Drive gear shaft; 5 - Rubber cup; 6 - Pump front cover; T - Pump
body; 3 and 20 - Intermediate walls; 9 - Pump rear cover; 10 - Needle
bearing; 11 - Driven gear; 12 - Drive gear; 13 - Bolt; 14 - Spring ring;
15 - Retainer cup; 1€ - Nut; 17 - Plate lock; 18 - Screw; 19 - Driven
gear shaft; 21 - Thrust bearing; 20 - Ball; 23 - Gasket; 24 - Bearing
ring; 25 - Labyrinth seal; 26 - Seal ring; 27 - Cup housing; 28 - lockpin;
29 - Lock ring; 30 - Needle bearing ring; 31 - Lock washer; 32 - Cross
section at BB ; 33 - Cross section at BOB ; 34 - Clearance 0.2 - 0.34.

PospesnoAA 28

S
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Fig. 199 - Starting Fuel Pump

1 - Cover; 2 - Drive gear; 3 - Driven gear; 4 - Body; 5 - Relief valve;

6 - Rubber cup; 7 - Bronze bushing (thrust bearing); 8 - Butt; 9 - Coupling;

10 - Cup spring; 11 - Oilseal nut; 12 - Oilseal bushing; 13 - Oilseal nut lock;
14 - Lock screw; 15 - Lock pin; 16 - Gasket; 17 - Cover attaching screvj

18 - Relief valve cap; 19 - Dowel; 20 - Relief valve screwv; 21 - Relief valve
body; 22 - Spring; 23 - Nut; 24 - Relief valve cup; 25 - Suction inlet;

26 - Pressure pipe inlet; 27 - Clearance 0.015 - 0.04; 28 - Cross section at AA.
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L - Bolt

Fig. 20C - Fuel Filters of Main and
Starter Fuels

1 - Filter body

2 - Disc set

3 - Hollow body

4 - Disc tightening bol®

5 - Cover with pipe connection

6 - Screen rim for inner tightening

7 - Shaped washer on which discs

are placed
8 - Outer rim
9 - Sprocket washers for adjusting
clearances between the discs

10 - Pipe connection

11 - Main fuel filter

12 - Cross section at a-a

13 - Starter fuel filter

14 - From gasoline tank

15 - Cross section at a-a

16 - To gasoline pump.
Fig. 201 - Low-Pressure Fuel Filter
1 - Filter
2 - Screen

3 - Spiral spring

5 - Rubber ring
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Fig. 202 - Schematic of Fuel F.lter Testing Installation

1 - Service tank; 2 - Metering tank; 3 - Fuel filter; 4 - Pump with
drive; 5 = Installation stand; & - Fuel filter being tested; 7 - Manometer
for measuring pressure wita kerosene before filter; 8 - Manometer for
meas.ring pressure Wiin kerosene beyond filter; 9 - Thermometer for
aeastrlng kerosene temperature in service tank; 10, 11, 12, 13, 15 and 21 -
Adtusting valves; 1L - Manifold; 1€, 11 - Kerosene draining valves;

13, 19 - YV dves; 2¢ - Piezometer.

Fig. 203 - Throttle Valve
1 - Idling adjusting screvw 6 - Drain connection STAT
o - Pressure equalizing channel 7 - Rack and pinion gear
3 - Plunger 8 - Fuel intake connection
4 - Idling Jet g - Control lever gears
5 - Control lever
/

%‘a
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Fig. 204 - Compressor Pressure Limiter

1 - Valve body; 2 - Membrane cover; 3 - Intermediate plate; 4 - Membrane;
5 - Spring; 6 - Slide valve; 7 - Adjusting screw; 8 - Ball; 9 - Ball

valve adjusting screw; 10 - Gasket; 11, 12 - Fuel pipe connections;

13, 14 - Air inlet connections; 15 - Spring ring; 16 - Membrane plate;

17 - Ball valve spring 18 - Fuel intake; 19 - Cross section ...; 20 - Fuel

drain.

Fig. 205 - Drain Valve

1 - Body
2 - Cover
3 - Plate

L - Tongue wita valve

5 - Plate
6 - Cavity
7 - Spring

8 - Retaining ring

p\a

STAT
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Fig. 206 - Schematic of Drain
Vilve Test Stand
1 - Drai: valve; 2 - Drain valve attaching base; 3 - Compressed air manifold;
}, - Low-pressure recelver; 5 - Receiver air inlet valve; 6 - Receiver mano-
meter; [ - Air outlet valve; 8 - Drain valve air inlet valve; 9 - Manometer
air inleu valve; 10 - Manometer; 11 - Clean gasoline tank; 12 - Compressed
air cylinder; 13 - Cylinder manometer; 14 - High-pressure receiver; 15 - Re-
ceiver manometer; 16 - Valve air inlet valve; 17 - Hose; 18 - Recelver alr

Fig. 207 - Disassembled Duplex Nozzle

1 - Flange;xFuel intake; 3 - Filter; 4 - Manifold; 5 - Nozzle body;

6 - Nozzle jJet; T - Atomizer washer; 8 - Atomizer chamber; 9 - Atomizer;

10 - Spring; 11 - Cup; 12 - Nozzle casing; 13 - Lock nut; 14 - Retaining
washer.

Fig. 208 - Fuel Nozzle Cross Section

1 - Nozzle casing
2 - Cup
3 - Nozzle Jet
3 3 4 - Atomizer
] E 5 - Atomizer washer
8 '3 1] 6 - Conic spring
.8 -]
< 90 7 - Atomizer chamber
H 3y 8 - Primary line
QX 9 - Secondary line.
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Fig. 209 - Starter Nozzle

1 - Starter nozzle fuel feed control solenoid; 2 - Solenoid needle valve;

3 - Starter fuel feed connection; 4 - Atomizer; 5 - Filter; 6 -Starter nozzle;

7 - Starter nozzle housing; 8 - Igniterhousing; 9 - Main electrode of

starter nozzle; 10 - Combustion chamber housing; 11 - Fire tube; 12 - Gas
Flow.

L2
L4
”.

o 2t 2

-

Fig. 210 - Schematic of Fuel Nozzle Discharge Testing
Installation

1 - Fuel tarnk; 2 - Filter; 3 - Pump; b - Surge tank; 5 - Throttle valve;
6 - Fuel nozzle; 7 - Drain pipe; 8 - Drain valve; 9 - Manometer; 10 - Relief
valve; 11 - Electric motor; 12 - Discharge valve housing; 13 - Metering tank}

14 - Drain pipe; 15 - Discharge valve handle; 16 - Outlet valve; 17 and 19 -
Glass gauges; 13 - Manometer; 20 - Coil; 21 - Water main tap; 22 - Water.

Fig. 211 - Fuel Nozzle -- Fuel Atomization Angle
Testing Diagram

a - Atomization angle

1 - Generatrix of flame of fuel atomization.

G4

STAT
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Fiv. 212 - Installation for Determining "niformity
of Atomizatior. of Fuel MNoz:les
L - Metering retorts
2 - Upper chambers
3 - Lower chamber

4 - Fuel tank.

: i'.f i

1

i y‘p?

Fig. 213 - Schematic of Installation for Hydraulic
Testing of Fuel Plugs

- Service tank

- Manometer

- Receiver

- Electric motor

- Pump

Fuel Drain valve
- Tank drain valve
- Filter

- Cabinet

- Fuel plug.

CVOVW NV FW N -
1

-

Fig. 214 - Schematic of Installation for
Testing Discharge, Atomization Angle,
Igniting Quality and Spark Pormation

of Starter Nozzle

1 - Fuel tank; 2 - Pump; 3 - Electrlc

motor; 4 - Pilter; 5 - Drain pipe;

6 - Drain valve; 7 - Discharge valve;

8 - Manometer; 9 - Relief valve;

10 - Generator; 11 - Electric motor;

12 - Rheostat; 13 - Coil; 14 and 15 -
Switches.

STAT
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’ —— Fig. 215 - Schematic of Installation for Testing
of Fuel Manifold .
. ; - Service tank 5 - Menomster
!’
- Pump 6 - Klectric motor.

Pressure control valve

4
F W N o

- By-pass valve

77 |
== +—x""]

Fig. 216 - General Viev of Installation for Hydraulic Testing of
Fuel Nozzles

 Musameme 1

Fig. 217 - Schematic of Installation for Testing
Fuel System of Assembled E:gines

1 - Kerosene tank; 2 - Filter with fuel intake; 3 - Screen filter in tank; STAT
L - Low-pressure filter; 5 - Pump; 6 - Electric motor; 7 - High-pressure valve;
8 - Low-pressure valve; 9 - Lovw-pressure manometer; 10 - Highopressure manometer;
11 - High-pressure filter; 12 - To motor.

0

0.}
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Fg. 21t - Ge.eril View of Installation for Hydraulic
Testing of Bearing Housings

Fig. 219 - Schematic of Installation for Flushing
01l System of Assembled Engine
1 - Filling tank; 2 - Pump; 3 - Electric motor; U - Adjusting
valve; 5 - 6 - Filters; 011 scavenge filter; 8 - Manometer;

9 - Spiral of electric heater of 0il; 10 - Thermometer;

11 - To engine; 12 - 011 drawn off.
! STAT

G\

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7



Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7

\\\\\\

Fig. 220 - Testing of Seal Rings for

1 - Shaft
2 - Seal rings

3 - Cover

Alr Tightness

4 - Stand
5 - Ring
6 - Blend of turbine oil Jl

and kerosene, 50% each

O po STAT
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Plg. 251 - A Device for Checking Coaxiality of Engine ?
Bearing Supports .

a - Checking Coaxiality of the Rear and Center
Bearing Supports

1 ~ rear bearing housing; 2 and 8 - ring gages; 3 - seal housing;
l'; - arbor; 5 - center bearing housing; - oenter bdearing cover;
- gage.

b - Checking Coaxiality of Center and Pz:on‘
Bearing Supports :

1 - seal housing; 2 and 3 - ring gage; & - front bearing housing;
g - arbor mounting; 6 - center bearing cover; T - gage; '
- center bearing housing

A NN |
Lo m\\\& N
N | -
N
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2§ N AN\
2
N
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Fig. 252 - Devices (a and b) for Checking Coaxiality of Labyrinth Seals

labyrinth seal; 2 - front roller bearing housing; 3 -~ the device; STAT
- front roller bearing outer race; 5 - front labyrinth seal;

rear bearing housing; 7 - rear roller bearing outer race;
rear labyrinth seal; 9 - mounting; 10 - ring

[o o Yo, R -2 0
]
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Pig. 253 - Compressor Rotor Impeller Installed in the Casing for
Measurement of Total Clearance )

1l - front trussing; 2 - compressor cl.aing; 3 - casing cover;
4 -~compressor rotor; 5 - rear trussing; - seal gasket.
Inscription: Total and play M

Fig. 254 - A Lifting Sling for the Rear Truss Ring
Inscription: Rear Truss Ring .

q { STAT
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- Rotor Pig. 256 - Assembly Compressor

Fig. 255 - oM iler & Nousing With a Gage
for Checking the Total
Inscription: Front Rotor . Clearance
CQNFMI‘ * 1 - front trussing; 2 - the gage;
3 - compressor casing
Fig. 257 - A Jack for Axial Shifting of the Compressor
Rotor
1 - jack; 2 - rotor rear shaft; 3 - rear trussing;
4 - rotor shifting handle
STAT

O\b
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Pig. 258 - An Assembled Compressor Rotor With the Center
' Ball Bearing for Checking and AdJjustment of Clearances

1 - casing cover; 2 - impeller; 3 - casing; ¥ - fan impeller
front cover; 5 - fan impeller; 6 - impeller rear wall;

7 - center rsdial thrust ball bearing housing; 8 - center bearing
housing cover; 9 - adjusting ring and paronite gasikets;

10 - driven splined coupling; 11 - bearing adjusting ring;

12 - compressor rotor rear shaft

Pig. 259 - A f)ovioo for rx-on'uunc the Compressor
Rotor From Turning

1 - compressor rotor front shaft; _ STAT
2 - front pruss ring;
3 - the devioce q\
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Pig. 260 - Center Ball Bearing Assembly

1 - bearing cover; 2 - adjJusting ring and seal gaskets; 3 - compressor
rotor rear shaft; 4 - driven splined coupling; 5 - drive splined
coupling; 6 - center bearing housing; 7 - studs Jjoining the cover with
the center bearing housing; 8 - adJusting ring; 9 - ball bearing;

10 - clamp ring.

Inscription: a spot for checking the play of the sphere

i , \(:>}
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Pig. 261 - A Jack for Measuring Compressor Rotor Axial Clearances
in the Casing

1 - Jack; 2 - indicator leg; 3 - driven coupling ocover face;

STAT

4 - center bearing housing
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Flg. 26z - Measuring ¥y bimension

1 - housing flange; 2 - rear bearing housing; 3 - outer roller
bearing ruce; 4 - roller bearlng; S - rotor hub; 6 - turbine rotor

— "  Jucw ryplyses
(, B - ) / — —
5
L S/
—_ — -

‘ ‘gg. 264 - A Device for Checking By
. Dimension

- rear bearing housing;

- turbine rotor;

the device

Fig. 263 = Turbine Rotor
Lifting Pixture

wn -

Inscription: Turbine Disc

Qo\ STAT
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Pig. 265 - Fan Impeller Assembly

; ; - impeller;

- fan rear wall; 2 - front cover; 3 fan

i - adjusting riné; 5 = thrust ring; 6 - nut; 7 - compressor
rotor rear wall ‘

| - Npou myogrma
N S g
T r &
Fig. 267 - Fan Impeller Puller
#ig. 2hAic = A Chuck for Inscription: Impeller

Forcing the Pan Impeller
Onto the Shaft

1 - chuck;
2 -« fan impeller

STAT
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Plg. 268 - A Portion of 01l Lines for Center
and Rear Bearing Housings

1 and 3 - sealing rings; 2 - sealing cup; 4 - pressure
line pipe; S5 - housing lug; 6 - rear bearing housing;
7 - center bearing housing.

% —tg i
— Tazaclepur | (E

—_— e _

. Fig. 270 - Fixture for Lifting Nozzle Inlet
37 -j"‘: Ducting

-
iy

AL
i\%% - Ls Inscription: Nozzle Inlet Ducting

B
e

L

Filg. 2cY = Places ror ikasuring
Axial and Radial Clearances
Between the Labyrinth Seal and
Turbine Rotor Disc Paces

nozzle dlaphragm;
labyrinth seal;
adjusting ring;
rotor blade;
turbine rotor disc.

wmEwno -
| I O B I |

Flg. 271 - A System for Placing
Lead Check Plates on
the Labyrinth Seal TSTAT

\-
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Fig. 273 - A Device for Measuring Radial Turbine Rotor Clearance
in the Roller Bearing

1 - clamp with indicators; 2 - flange sleeve with a pivot bolt

Pig. 274 - Checking Clearance Between the Turbine Rotor
Casing and Blade Tips

l - nozzle} 2 - turbine rotor casing; 3 - turi:ine rotor blade;
4 - flange for establishing connectian with exhaust cone.STAT'

Inscription: Clearance 1.7-2.0

\Dg/
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105 S - Combustion Chamber Crossover Tubes

Inscriptlons: top - croscsover tube nuta; bottom left - left 3ide
5 the combustion chamber; bottom center - sealing rings;
hottem clght - right side of the combustlion chamber

Fig. 277 - Connection of the Com-
bustion Chamber Orifice With the Air
Adapter

1 - air adapter; 2 - bolt;
3 - combustion chamber orifice;
4 - spherical ring

Flz. 70 - thocking the Fit
of Combustion Chamber Nozzle
Inlet Ducting Adapter Flanges

\
\? STAT
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Flg. .78 - Measuring Distance A for Calculation of 3ide Shifting of
the Spring

1 - alr line; ¢ - front bearing housing; 3 - bearing race; 4 - roller
bruring; € - oll line; 6 - o1l spray nozzle and housing;

-

7 - labyrinth seal; 8 -~ rotor front shaft

Filee JVU49 = Checnllyl o Flg. 280 - Cvo. .1l Jicw of a Jet knzin L

Cleurune:. Hetueen the Centrifugal Compressor

Turbine Dise and the

Innce Cone w0 the Exhaust 1 - ruel pumps; 2 - alr vent; 3 - starter motor;

Duc* L - o1l pump box; % - oll filler neck; 6 - alr

adapter; 7 - bracket for attaching the engine to

1 - crhoast dduct; the airframe; 8 - exhaust cone; 9-10 - fuel mani-
- Inne: come: o of the rold f»r fnel and starting plugs; 11 - combustion

st net chamber; 1. - fuel plug flange; 13 - protective

screen at the als Intake to compressor; 14% - gearLSTAT
box; 15 - barometric regulator; 16 - fuel filter;
17 - stop valve.
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Fig. 281 - Parts and Assemblies of an Engine With Axial-Flow Compressor

1 - landing gear operation pump; 2 - basic fuel pump; 3 - de-aerator;
}, - tachometer generator transmitter; 5 - accessory drive case;

6 - RPM governor; 7 - generator; 8 - speed regulator; 9 - ignitérs;
10 - compressor stator; 11 - combustion chamber outer casing;

12 - pull rods; 13 - engine lug; 1% - annular fuel supply lines;

15 - guide vane assembly; 16 - compressor rotor; 17 - accessory drive
power take-off housing; 18 - main drive assembly; 19 - starter motor
fairing; 20 - oil tank; 21 - intake duct; 22 - gasoline tank;

23 - starter motor; 24 - oll pump; 25 - oil filter; 26 - support;

27 - support casing; 28 - entry section; 29 - corrugated muffle;

30 - nozzle intake ducts; 31 - nozzle ring; 32 - turbine rotor;
33 - exhaust cone; 34 - alr pressure gage pipe; 35 - thermocouple;
36 - variable cone drive; 37 - varlable cone

STAT
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Mg. oL - Compressor Rotor and Stator Clearaiccs

1 - gearbox; 2 - rotor front bearing spherical housing; 3 - adjusting ring;
4 - rotor; 5 - support; 6 - rear rotor bearing; 7 - bottom half of the
stator with guide vanes

Inscriptions: left - clearance between the blade tip and the stator plane;
center - clearance between the disc and the guide vane (on the rotor front
shaft); right - clearance between the disc and the gulde vane (on the
rotor rear shaft)

A5

0y

Plg. 283 - Spreader

Filg. 285 - Gas Turbine Assembly

I - nozzle blade; 2 - nozzle ring; 3 - rear casing
flange; 4 - exhause cone flange; 5 -~ turbine shroud; ESTAT
6 - nozzle ring plate :
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Plg. 284 - Combustion Chamber and Diaphragm Assembly

1 - combustion chamber; 2 - crossover tube; 3 - turbine inlet ducts;
4 - positioning pin; 5 - ferronite gasket; 6 - combustion chamber bolt;
7 - nozzle diaphragm; 8 - torch igniter; 9 - igniter plug fairing; '
10 - spray nozzle; 11 - positioning bolt of the forechamber in the
;gsingémie ;ithre:deg pin igzaininﬁ the liner in the casing;

- ustion chamber or ee; 14 - outer r1 ;
15 - inner flange of inlet ducts ange of indet ducta;

0(\ STAT
\
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Fig. 286 - Overall View of an Engine With Axial-Flow
- Compressor

Inscriptions: left - view from top
right - view from the left side

% STAT
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Fig. 287 - Removing the Pig. 288 - Removing the Center Bearing
Nozzle Inlet Ducts Prom the Housing and Bearing Cover
Rear Bearing Housing

1 - nozzle inlet ducts;

2 - rear bearing housing

attachment flange;

3 - center bearing
housing;

4 - rear truss ring

center bearing housing;
center radial thrust bearing;
plug;

rear truss ring

FWN -

Fig. 289 - Removing the Pront Truss Ring Together
¥With PFront Bearing Housing and Compressor

Casing
1l - front truss ring; 2 - compressor; 3 - rear trusS‘TA‘frng; ‘
4 - stand; 5 - compressor casing; 6 - compressor rotc: 4
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Fig. .1 - lullcr ror Removing Qearbox
from Compressor Rotor Pront Shaft

1l - flange; 2 - screw; 3 - handle;
4 - rest

clge 290 - iemoving Compressor
notor Prom Housing

1 - compressor rotor;
2 - alr adapter;

3 - rear truss ring;
4 - stand;

£ - eyc nut

Fig. 292 - Plug for Pressing the Turbine Rotor
Rear Bearing Housing Out of Support Seat

1l - flange; 2 - disc; 3 - 8screw; 4 - handle

Fig. 293 - ilug for Pressing

the Puel Manifold and Combustion
Chamber Assembly out of Support
Casing

1l - flange; 2 - disc;
3 - screw; 4 - handle

Fig. 294 - Plug for Pressing the Rotor
Front Bearing out of Support

1 - flange; 2,4 - sleeves; 3 - shaft:
S - nut; 6 - ﬂandle; 7 - drum * STAT

'
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Fig. 295 - Flug for Pressing the Pig. 296 - frullcr oo “emoving
Ball Bearing Housing With the Shaft the 011 Pump from Gearbox
and Centrifuge out of De-aerator
l - cup; 2 - threaded rod;
1l - casing; 2,8 - screws; 3 - hook; 4 - handle
- sleeve; 5 - threaded sleeve;
- handle; 7 - split ring

- atn

\ 2

Pig. 297 - Puller for iHemoving Engine
Manual Cranking Drive Spring and Bearing

- 1l - housing; 2 - round nut; 3 - uller;
k - screw and nut; 5 - handle; Sp- nut

\\\ STAT

Declassified in Part - Sanitized Copy Approved for Release 2013/05/20 : CIA-RDP81-01043R002000070010-7




