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This book describes the technologrical processes of riveting metal structures
made from light alloys. The methods and means of mechanization and autoration of
these processes are investigated, and data are given on rivets and on the tools used
in'riveting.

The content of this book deals chiefly with the basic processes of assembling
and riveting, as applied to the particular requirement of making hermetically tight
joints, and also with the methods and procedures used in testiné as well as with the
selection of awdliary equipment and instruments.

The book is intended for technical personnel, foremen, maintenance supervisors

in plants, and may also be used as a manual by students in institutions of higher

learning.
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PREFACE
I

In the manufacture of various structures from light metal alloys, the basic re-
quirement is that the riveted joints must be inseparable. The wide use of riveting
vas adopted particularly in the construction of aircraft.'The increase in the speed
of airplanes, the necessity of producing hermetically tight rivgted Joints and sur-
faces, the required accurate surface finish of the exterior surfaces of the assem-
bled units, all stepped up the requirements made on riveted Jjoints.

The higher quality requirement of riveted joints, and the large egtent to which
riveting work is done, necessitates measures to maintain quality and reduce labor
costs. In taking such measures, first consideration should be given to the training
and improvement of the qualifications of the technical personnel, such as foremen,
maintenance supervisors, and riveters; the use of well-built auxiliary equipment,

instruments and tools; the utilization of correct technological processes of assem-

- |

L
bly and riveting; a trained labor organization and a good place in which the work is

-done.

This book contains data on assembly ;ccessories, riveting tools, rlvets as
well as a study on the construction and methods of utilizing to advantage s riveting |
.presses, drilling machines, auxdliary app]l.lances, etc. An important portion of this
book consists of a description of the technlcal processes of assembly of riveted
work, both in joining separate parts and 1n assembling complete units. Data are
g:Lven on each of the technical processes, on the equlpment and tools used, on the

._ organization of the labor crew, and on the 1ocat10n in the plant where the work is

STAT
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done.

The technical processes described in connection with the assembly of riveted
parts are illustrated with graphs, pointing out the'advahtages and the deficiencies
of the processes applied; in particular, it is shown‘that press riveting is super-
ior to percussion riveting, and drilling is better than punching of holeé. Compara-
tive data are given on the strength of joints made with different types of rivets,
on the strength of riveted and welded joints, and also on the technical and economic
aspects of standard types of nonseparable joints.

This book is prirarily intended for technologists, foremen, maintenance super-
visors, and inspectors in industrial plants. It may also be used as a textbook by
students in the intermediate and in higher technical institutions of learning.

Chapters I, IT, III, VII, XI, XII, XIII, and XVII were written by Candidate of
Technical Sciences B.P.Crigor'yev. Chapters IV, V, VI, IX, X, XIV, XV, and XVI were
written by Engineer P.B.Coldovskiy.

The data given in this book are based on the experiencekand work done by the
authors on the subjects treated, on the prevailing practice in industrial plants,
and on the work done by the Scientific Reseérch Institute. The description of some
of the riveting presses vas supp;ied by the laboratory Institute. In the preparation
of this book for publication, the descriptions were made in the form presented by a

group of machinery designers, under the leadership of the well-known designer

'V.G.Gorokhov.

The authors wish to éxpress their deep gratitude to Lecturer 3.A.Vigdorchik,

who has made many valuable suggestions'in reviewing the manuscript of the book, and

to Engineer V.I.Tikhonov for the assistance rendered’by‘him in-editing the book.
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PART I

GENERAL CONSIDERATIONS ON THE ASSEMELY
OF RIVETED JOINTS

CHAPTER I
]
PURPOSE AND METHODS OF ASSEMBLY

In the production of structures from light metal alloys, the assembly of parts
by riveting represents a considerable proportion of the work. For example, in the
manufacture of modern all-metal aircraft, riveting constitutes from 30 to 35% of the
labor involved in the production of the craft. The amﬁunt of labor involved in the
assembly of parts by riveting depends on the availability of proper equipment and on
the technical aspects of supervision and the preliminary preparation of the parts.

One of the essential factors in connection with the design and construction of
riveted parts is their classification as major assembled units, and of these units
into tie components, panels, and sections. The advantage of making this classifica-
tion is that it permits using highly mechanized equipment for drilling, counter-
sinking, and riveting, thus simplifying the work of assembly. All this results in a
‘reduction of labor, less time of assembly and, consequently, in lower cost of pro-—
duction.

In Figs.l and 2 are shown a wing and a fuselage, dismantled into their con-
stituent components as ties or connecping parts, panels, and sections.

Depending on the nature of the parts from which the product is made, we may

: ~ |
divide them into two basic classes of riveted work (Table 1): namely, 1) frames or

tie parts and panels, and 2) assembled units. ;
The asseﬁbly of minor components and of panels rebresents a comparatively small

amount of assembly work and does not require complicated equipment, It permits the -
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Fig.l ~ Examples of Wing Elements

1, 2, 3) Longerons; L) Wing rib; 5) Top panel; 6) Bottom panel; 7) Tail

.—— section; 8) Flap; 9) Tail fairing; 10Y) Aileron; 11) Wing in assembled view

£ .
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, : ‘ Fig.2 - Examples of the Members of a Fuselage

{1) Panel lining of the tail section of the fuselage; 2) Frame ribs of the tail sec-
tion; 3) Tail faring; 4) False rib; 5) Tail section in assembled view; 6) Framework
carcass underneath forward section; 7) Bulkhead of the nose section; 8,9) Panels;
10) Rear part of forward section of fuselage; 11) Suction ring; 12) Suction tube;
13) Cockpit; 1) Seat; 15) Minor assemblies; 16) Front -section of the fuselage in
assembled view.
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use of h:.ghly mechanized means for rn.vetlng ‘and for the fornatlon of the holes by

dr:x_llmg and by dlmpl:.ng, to i‘orm a cavity underneath the rivet hea.d- this makes it

Table 1
Exafmples of Riveted Assembly Work

|Riveted Nomencla}ure of minor

components units, panels, and Sketch

]
i

ma jor assemblies

Ribs, bulkheads, long-
erons, and other small

assemblies

Minor

assemblies
Panel lining of the wing
and panels
and fuselage, joined from

several plates or panels

with power tools, flaps,

etc.

Ma jor - Front and rear sections
Assembly of the fuselage, wing,

units : tail group, etec.
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) .‘béssible to organize the v;bz_:k on a contiinféms basis by movir;g either the workpiece

-

.or the equipment.

Major assembled units, in a technical and structural sense, represent finished
..parts of the main product. They are characterized by requiring a comparatively large
,;amount of assembly work and considerable labor, using specialized equipment for

‘drilling holes and for riveting. Such units are of relatively large size and are
characterized by an intricate design.

Depending on the nature of the parts involved in the assembly by riveting, a
distinction is made between the assembly of minor and major units. In the assembly
of major units, individual minor assemblies and panels are joined by means of spe-—
cialized rigs, with the result that a larger assembled unit is formed(such as a wing,
center section, fuselage, tail group, hermetically-sealed compartment, and so forth).

The minor and the major assemblies then go to the final assembly, where the
combination of the separate units takes place along with other components, and with

the installation of conduit wiring, instruments, and other necessary parts.

l. Methods of Assembly

Riveting work, by means of which separate parts are united with rivets into
minor assemblies and panels, and these assembled as section and major units, may be
reduced to two operations} 'na.mely, the placing of the parts in the proper position
as specified by the draw:':ngs, and their joining together by riveting.

Depending, however, on the particular methods of production which prevail in
any one plant, there may be more operations in addition to the two basic operations

-stated. Such additional operations in actual production, as a rule, deal with the

Jlining up and supply of the parts, marking off for drilling, etc. (Fig.3). Much

. time is lost in the performance of these operations, and, furthermore, highly ex-

perienced worlmen are needed.

. The difficulties mentioned can be eliminated by adopting a method of assembly
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whereby the parts to be assembled are prepared, with the holes drilled by means of
templates in special jigs. The schedule on procedure of assembly by this method is

shown in Fig.4. By this method, the number of operations is reduced to three.

4)

Fig.3 - Schematic Diagram of Sequence of Operations Vhen Using the Pro-
cedure of Marking Ofi: and Iaying Out Work
a) layout, dimensioning, and marking; b) Supply and arrangement of parts;
¢) Arrangement in assembly position and fastening; d4) Marking off for

drilling; e) Drilling; f) Riveting

The advantage of assembling by previously drilling the holes in the parts while
still in the fixtures, and using proper templates as guides, lies in the fact that

the parts, when placed together, will fit

accurately. To effect a more perfect

riveted joint, guide holes are drilled

only in one (the inside) mating part, the

number of which must be the sare as the
Fig.l, - Sequence of Operations When
number of rivets in any particular joint,
Assembling from Guide Holes
. while in the other mating part (the out~
a) Arrangement in assembly position and
side) 2-3 holes are drilled, which must

fastening; b) Drilling; c) Riveting

coincide with the 2-3 holes in the inside
piece used as guide holes. Increasing the number of guide holes (above 2-3) is of
'no use since this reduces the probability of coincidence of a larger number of holes
in the assembly of the mating parts.

) . During the assembly of minor and major units in suitable fixtures or jigs, the

%
N
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jparts are arranged in accordance with the guide holes or by means of the holding

Ide:v:x.ces which are a part of such fixtures.
4
__‘ The adoptlon of the method of assembly on the basis of guide holes is quite

'ra.t:.onal, since this procedure requ_lres less assemblv equipment, simplifies the con-

; -2 structlon of the equipment, increases the quality of the work, and permits better
‘?jutilization of labor. However, this method is not sufflclen’clj precise for the
L“_—‘ correct installation and fitting of linings and assembled components, specified for
4—- the exterior of an aircraft. For this reason, it is customary to adopt a method of
j:'assembly of such parts in fixtures, taking as a guide the outline of the exterior
—__ surface of the lining or the parts of the airframe.

- 2. Characteristics of Assembly Equipment

Depending on the variety of parts and items used, assembly equipment may be
- classified as being of the following types:
1) Equipment for the assembly of minor units and panels;
2) Equipment for the assembly of major units and their sections.
Fixtures or jigs of the first group are of comparatively small size » of simple
construction, and permit ready access to the workpiece.
Figure 5 shows a typical construction of a fixture for the assembly, drilling,

- and riveting of minor units such as ribs and bulkheads. In order to make the work—

-~ plece accessible from both sides, the fixtures shown are reversible. The fixture

is built from standardized units and parts.
In some of the designs the raising and turning of the unit in process of assem-
'bly is accomplished by means of pneumtic Jacks, incorporated in the design of the
.~ .fixture. A similar type of fixture for drilling holes in rib joints is shown in
:Fig.é. |
The assembly of the 'wing panels, center section, fuselage, and other major

units is accomplished in fixtures having a more intricate structure.
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%

T Ficure 7 shows a fixture for the assemblr of wing manels. The sheels and the

+ strincers are placed in %he fivture and nimed with control rivets after wlich the
N - 2
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Fir.5 - Trrical Construction of a Fisdture f or JAsserbling, Drilling and

N

Riveting of Airplane Ribs

i
0

worl: of drillin< the holes, counteré:%.nl:ing » dimpling, insertion of the riveis and
£roup rivc;,ting; is carried out. Then, £}1e riveted panel is returned to the sé:me fix-
ture for installation of the transverse elements which impart stiffness.

Fixtures and jigs of the second group for the assembly of major units and their
sections have relatively more complicated worling parts and are of larger size; they

are also rore expensive to build. Sowe of these fixtures, intended for asserbling,

drilling, and riveting of sections of the fuselage and wings of aircraft are shovm
in Figs.8,9, and 10. These Jigs are used for assemblies of rajor units from previ-
- ’ ously asserbled minor units and panels, installing supplemental elements o impart

STAT
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stiffness; hole drilling, countersinl-inr or Airpling, and riveting.

Y

Fi~.A - Nouble-Side? Swin~inr Fi:tture

for Drilling Holes in Rib Joints

is a reans of correcv alignrent of the parts in the fi:tire, either tle surface

cortour of the 1inor asserbl:- units or +he
vide loles, whicl: Lave heen wreviovsl:
Arilled in accordance with & pattern or
template, ray be vsed.

In alirning the parts in accordance
with the contour of the surface, use is
rade of the holdinc and clamping devices
with which the fixtwes are usuwally pro-
vided, sore of which are shown in Fi~s.1l
and 12.

The holding devices showm ir Fi~.12,
used for the alirnment of corponents in
fixtures, are corronlr 'nown as braces,
channels, and clarps.

It is cbvious, therefore, that in

order to do a rood job of riveting it is necessary to have ranr specialized rigs,

3
7

whose construction consumes ruch time and requires considerable raterial. The ex-

pense is particularly larce when a new type of aircraft is scheduled for oproduction.

For this reason, in the construction of asserbly jigs standardized parts and cor—

ponents are used as much as possible, and these ray be changed around and moved from

one location to another to accommodate the requirements of different cdesigns of

.structures. To attain this objective with a minimum loss of time and at a low cost,

is one of the chief problems facing the machine designer and builder.

The following basic principles must be observed in the development, design and

construction of jigs:

1) Not to use components rade up from parts by welding or riveting, and as far

STAT
10

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

k

(]
|
|
]
i
i}
¥
3

N

e
R E iz

\

7

>q.
.&:&

.

-

v

Y .

[ - .
i .
. ‘ h
N
»

Fig.8 - Typical Design of a Jig for Assembling, Drilling, and Riveting of a Fuselage
STAT
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for the Assembly of Fuselare Sections
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as possible to use components which may be taken apart by removing and replacing
bolts and nuts. This permits the repeated use of the components in various types of
fixtures for many different purposes.

2) Endeavor to use standard parts which will permit their interchange in differ-
ent typgs of fixtures for the assembly of light, medium, and heavy-duty units. l

3) Make the component parts of the assembly jig from materials of the lowest
cost that will serve the purpose. In particular, mke wide use of iron castings and
of plastic materials, which results in lower cost as compared with rolled sfeel
produéts.

Asseﬁbly Jigs built in accordance with these principles from standard castings
are shovm in Figs.13, 14, and also in Figs.5 and 8. .

The introduction and use of assembly fixtures of standardized construction in
industrial plants permits to accomplish the follo&iné:

1) Shorten the time and lower the cost of getting set up for the production of
new models of structures; e

2) Reduce the amount of work involved‘in the project by means of proper design
of the jig;

3) Reduce the amount of wark involved in the construction of the fixture.

In order to imbrove the worldng conditions in the place where assembling, drill-
ing and riveting is'done on large units, platforms are provided. for the workﬁen,
along with compressed air'lines (Fig.15) and electric current.for extension lights.
Every fixture is provided’with valves for connecting the compressed—air.hose to the
various pneumatic tools (such as drills, hammers, portable presses, tapping tools,x
etc). Several valves are located at various points of the fixtures, so that the
movements of the workmen will not be hampered by hose lines of greater length than

}
necessary. Usually in fixtures of large size, compressed air is available at the

upper as well as at the lower levels of the fixture.

Iarge assembly jigs are provided with working platforms and ladders to permita

)
f
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9

Fig.11l - Some of the Holding Devices for lMounting to Assembly Fixtures
a) Extension-type clamp; b) Screw-type support; c¢) Adjustable and re-

versible clamp; d) Swivel clamp

Fig.12 - Several Types of Holders for Mounting to Assembly Fixtures

a) Clamp with lock pin; b) Clamp with eccentric cam lock; c¢) Remov-

able clamp with eccentric lock; d) Removable brace with lock pin;

e) Collapsible double-flap brace

73
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Fir.13 - Jig iacde of Standardized Components for the Asserbly of

"ling Center Sections
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Fig.l5 ~ Cutline of a Typical Corpressed-Air Installation on Asserbly Jigs

o - -
* a) Compressed-air line

Fig.16 - Jig for the Assembly of Wings, Equipped with Platforms to Facilitate

Work on the Higher Levels of the Structure

STAT
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!
G mT————— T - j
_iwork on the elevated parts of the structure (Fig.16). Figure 17 shows a typical
__j_qesigrl of a movable platform. In this design standard parts are used, which may be’

Fig.l7 - Movable Working Platform

3:_—__ readily joined together and permit the rapid assembly and disassembly of the plat-

. _:'form, adapting it to the requirements of various fixtures.
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Chapter II
MEANS FOR OBTAINING SURFACE SHOOTHNESS OF MAJOR UNITS

1. Stretching of the Planking

A high degree of surface smoothness is required for the streamlined parts of
aircraft, exposed to the air flow. Defects in the form of peeling and buckling,
produced by improper work during the technical process of assembly and riveting, de-
crease the aerodynamic quality of aircraft to a considerable degree.

To prevent the development of peeling and buckling of the planking, which may
arise as a result of loose contact with the airframe, special tightening methods are
used during the assembly in fixtures. For sheets of light gage (thickness less
than 0.8 rm), mechanical or thermal stretching of the planking is_used, which is

done before drilling the holes and riveting.

~ The mechanical stretching of the skin of the airframe is accomplished by using

stretchers and rubber buﬁfer strips. The sheets are fastened on one end to the air-

frame, the shock absorbers are placed on the upper surface, and this is followed by
tightening the stretching device. After that the holes are drilled and. the clamps
and braces adjusted, so that the sheets are in intimate contact with the airframe.
An effective method of preventing peeling after riveting, is to stretch the
sheets on the airframe before riveting, by using the thermal method.
In the thermal method of stretching, the sheets are heated in a special elec-

tric heating device to a temperature of 70 - 80°C. On heating, the sheets increase

in length and width in accordance with the coefficient of expansion. During the
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subsequent cooling to ambient temperature, the sheets contract and thus become

stretched tightly on the airframe.
Stretching by means of electrical heating is effected in the following manner:

The prepared sheet is first placed on the airframe and is fastened either on the

PP -
o P rep B B kT T AT § e e+ Srn n bl n s

Fig.18 - Stretching of the Planking on the Airframe by

Means of Shock Absorbers

upper or lower end with three to four rivets. Then the heating device is installed

and the current turned on. On reaching 86°C (uswally in L - 5 min) the sheet is
tightened on the opposite end with six to seven rivets, thus fixing the sheet in the
propér position. During all the time of fastening the ends of the sheet, it is
necessary to maintain the temperature of the sheet constant, with a variation of not
more than ! 59C. FHaving riveted thé sheet on the ends, the heating device is dis-
connected and the sheet allowed to cool to the ambient temperature. Next, the holes
are d¥illed and dimpled for the rive? heads, and the riveting is done.

When it becomes necessary to dimple the ﬁoles for the rivet heads, additional
operations become necessary, namely,

1) After the sheet is cooled, it is removed for the purpose of dimpling by
STAT
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2) After stamping of the re.cess;es is completed, the sheet is again installed

on the airframe, during which time it is once more heated electrically in accordance

e~ with the procedure described above.

o~
e d

Heating devices are available in two types: devices with nichrome spiral

elements and devices with bulb panels.

Nichrome spirals wound on spiral tubes are placed at the focal point of a

reflector (Fig.19). The inside of the

I P e N

reflector is coated with aluminum, which

iy St e, . .
R B A v ko i # s o o e

E«u&m.«ux..m.&m...&

Fcumeuuamzmmt’mmua has a high coefficient of reflection. The
wwaa BB number of required reflectors is deter- i
&aaluc(auauwcm&««( i
e mined by the size of the sheet to be heat-

;.z.,..rff,r:

|
! %ﬂ“ﬁﬂIffl(fﬁl“lﬂ(lgﬂ“(llr"‘l

el Bccedicelio panel, so that the shape of the panel must

ed. All reflectors are mounted on one

K 4
, correspond to the configuration of the
sheet exposed to heating. The heating
Y e
1 (J panel is fed with alternating current from

Fig.1l9 - Interior View of the Device for
- transformers at a potential of 20-30 v.

| Heating the Sheets with Nichrome Spiral
The basic wiring of the electric heating

' Wire as Heating Elements
device is shown in Fig.20. The panel con-
taining the heating device is mounted near the assembly jig.

The panel is moved from one place to another as may be needed, by means of a

o suitable movable carriage suspended from a monorail which forms a part of the jig

(Fig.21). The spacing between the panel and the .sheet is regulated by suitable

s St s

- props.

Measurement of the temperature during heating is done on the opposite side of

r

the sheet, i.e., from the airframe side, by means of a thermocouple.

I ' It should be noted that in the process of heating, the lower part of the sheets

o
- Q‘ heats somewhat slower than the middle and upper parts (Fig.22). This is causeSTAT
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the fact that the lower section of the sheet is being cooled by the current of cold

air from below (accordiné to investigations by A.N.Belikov). In order to eliminate

| om—am Yy

:?th - -this undesirable effect, it is necessary
T

to take it into consideration in calcu;a;

ting the design of the heating device, and
to provide for a higher output of heat
energy for the lower part than for the

upper. Nonuniformity of heating the sheet

——— ——— ———— ———— - ———.—-—-'

r
|
|

may be avoided by regulating the spacing

of the reflectors from the exposed sheets.

When the sheets are heated by means
of bulbs, and not by spiral resistance

elements, the bulbs are arranged in

checkerboard order, thus ensuring uniform

| Fig.20 -~ Basic Electrical Wiring
i heating of the surface of the sheets.

Diagram of the Heating Device
ol The thermal method of stretching is

| a) Heating wires; b) Knife switch;
. used in parts of the plant for the assem-

¢) Transformer

bly and riveting of the wing center sec-
tion, stabilizers, tail fin, and other sections which require thin sheet cdve}ing.
The application of this method has a wider significance'in bonﬁection.with the in-
vestigation of the influence of the temperature factor on the surface, on the mechan-

ical properties of the materials .of the skin and airframe, the degree of deformation

T S S A P PP RS By A e S T Tl
I3 .
1

¢ of the airframe, and the susceptibility of the materials to intercrystalline corro-

sion. Wider application of the thermal method of stretching is tied in also with

the research work beiqg done 6n finding more perfect means of exposure of the com—
ponents to heat, to shorten the time of heating, and alsd on the development of more

precise technical processes for obtaining a higher quality of product at a lower

C’ . cost.

STAT .
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surface, is the assembly from the outline
(of the planking), applying the correct
engineering design principles of compen-—

sation.

- 2. Means for Temporary Fastening of Parts

After the parts are arranged in the
required position and the sheqts are

stretched on, and before the holes are
Fig.21 - Heating Device, Transported !
drilled for riveting, the ad joining parts
Along the Fixture on a Monorail

~

are fastened by means of spring clamps,

clamps with hooks, adjustable bolts, screw clamps,-glue, or other means.

Of all available means for temporary fastening, the most widely uséd and the

7

4=

el
e R b : ' ::
ST :‘,"ggj"t 3% k& "?'ig"& %?—L

, S £ H
Rows I §S7S: QMMQ%;.&&,&{& %3

N®of Row 1 o o

A A c —A —
- NofPointl 713925313743 72 8 2026323804 T3 95027530948
L 8382869%0905C8880 548590919292 9088 82 8282848384838

Fig.22 - Temperature at Different Points on the Sheet After Heating for

- ' Four Minutes with Infra-red
ad our Minutes with Infra-red Rays STAT
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most effective, is the spring-type fastener, type FF (Fig.23). Assuring a tight

e

contact of adjoining parts, they can be moved quickly and easily in place and as

/‘-\\
,[); i quickly and easily removed.

i Spring clamps are installed in holes

g ﬂ drilled simultaneously through two or more

W é -=:—¥> parts which are to be joined together.

. The number of clamps required is deter-
mined according to the shape and size of

the parts on which the work is done.
Fig.23 - Spring Clamp of Type FF

Installation and removal of the

and Its Parts
v clamps is done by means of the type K-1 ,

1) Body; 2) Cover; 3) Guide pin;

pullers (Fig.24).
L) Wedge; 5) Spring

' Due to the rather low compressive

i e st

force of spring clamps of the PF type, it is recommended that they be used only in

clamping sheets which do not exceed 2 mm in total thickness. When the combined

Ty

_Fig.2l - Installation-of a Spring Clamp by Means of Pullers Type K-1

O

1) Installation of clamp by means of pullers type K-1; 2) Original position -
of clamp; 3) Extended pos:.tlon of the gu:Lde pin and its entry in the hole
(puller in compresséd position); 4) Wedge of guide pin in position for fasten-

i ing; 5) Working position of clamp with puller in released position

" thickness is greater, and also in the case of cambered surfaces, adjustable bolts 1

and adjustable control rivets are used at a spacing of 150-300 mm. In cases wlﬁsﬂ.m.r
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l

the parts joined together are not to be taken apart again, the control rivets should

have the finished-size diameter, in accordance with the specifications on the techni-

?

(H

off o4t o24 off oF}j o5y
of?} 210, o8} o7} o3} oly

o8} :15; ok} o} oS} o7}
oMty omy oy oz o
W B KB o o o

ééz?éi:i!%%—;g E”E:o’?o.st
é:é:%: 4 I I
S S R TS I 1 I
A HERI
A I AL

Fig.25 - Gutline of the Sequence of Drilling the loles, Installation

of Clamps, and Riveting by the Terminal Method

- cal drawings.
For the protection of surfaces of the parts, especially of the planking, from
'ipossible damage while installing the adjustable bolts, it is advisable to use washers

rade fror nommetallic raterials.

3. Order of Clamp Installation and Sequence of Drilling Holes and of Riveting

v

Peeling and buckling of the surface of riveted parts may develop as the result
of the improper sequence of installing clamps, holders, and control bolts, or of
~ wron? procedure in drilling holes and in riveting. For this reason, in the execution

S STAT
(= of the mechanical operations it is imperative that the order in which the job is done

z
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( - Fig.27 - Outline of the Sequence of Drilling of Holes, Installation ofSTAT |

Clamps, and Riveting by the Central Method . \ I

i
]
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3 o In order to ensure smoothness of the surfaces > the installation of'the clamps

i m R and holders as well as the riveting opera-
' ) tion should be carried out either by the
"central" or the Mterminal method.

The terminal method (Figs <25 and 26)

i

of drilling holes, fixing of clamping de-
vices s and riveting is characterized by the
fact ti’:at the assigned Job is done from the
fastened end or side of the sheet toward
the free end.

The central method (Figs.27 and 28) of

drilling holes, fixding of clamping devices

and ri\;eting > 1s characterized by the fact
that the operation is carried out from the
b Fig.28 -~ Example of the Sequence of

center toward the periphery. ; !
Riveting by the Central Method '

The application of the described ne-
thods results in better stretching of the sheets and prevents possible buclfllng on
’ the surface of the planking. ' (
o r |
. :
. a
N 5 staT - il
|
i.
|
26

: - 01900110002-3
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CHAPTER IIT

COMPARISOI OF RIVETING .JITH OTHER !EANS OF JOINTING

Structural elements which are intended to be fastened together in assembly jigs
may be joined by means of riveting, welding, or cementing. To evaluate these differ-
ent means of jointing, some of the most important characteristics of each will be
described belovr.

The wide application of riveting of light metal alloys involves a number of in-
herent disadvantages, among which the following are of importance: increase in
weight of the structure due to the weight of the protruding head of the rivet; weak-
ening of the material being riveted due to the necessary drilling of the rivet holes,
which may be 1as much as 25%; large number of operations necessary in the preparation
of the materials for jointing, such as' the procurement of rivets, drilling of holes,
and countersinking or stamping of recesses, insertion of the rivets, and the riveting
‘itself; the objectional noise of the pneuratic riveting hammers, and other disadvan-
tages. |

In order to avoid:these disadvantages, efforts are.being made as the first step
to improve the ﬁrocess of riveting, and secondly to replace riveting by other methods
of making permanent joints, such as électric spot or roller welding, cementing,
soldering, etc.

In the present state of technical devélopment of making nonseparable joints,

only spot and roller welding may be considered as being comparable to riveting. The

" introduction of these methods is facilitated by the fact that welded joints caiSTAT
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!
considered As equivalent to fiveted.joints with a large number of riveted seams, with
PR respect to the appearance of the sean itself and to the character of the welded
’@ spots.
o However, in the manufacture-of aircraft, spot velding has not been widely a-

dopted, which is explained by the lack of

10

08 reliable analytical and experimental data

on the raterials thus welded, from the

viewpoint of strength and reliabilit: as

well as of the technical performance of

)
2 3) . the job of welding the joints.

L] e)
Fundamental properties character-
Fig.29 - Performance of Joints at
izing riveted and welded Jjoints, include
Cyclic Static Loading
relative strength, quality of the surface,
a) Coefficient of Loading Stress;
and also technical and economic consider—
b) Mumber of Repeated Loads in Thou~ -
ations.
sands; c) Joints with Rivets of Type 3K;
The strength of a spot weld, as is
d) Joints with Rivets of Type 3Y-90°
well lnown, is determined by the dimen-
e) Spot-Welded Joints
. sions and by the mechanical properties of

its molten central core. If the welding time is too short or the current too low,
no molten core may form. The strength of a weld that is thus insufficiently heated
is low.' By -comparison, the strength of a riveted join£ is determined by the mechan-
ical properties of the material from which it is madg and by the quality of riveting.
Thus, the strength of a spot weld and of a rivet in its original condition, is

a function of the technical process of welding'or'riveting.

Furthermore, the strength of welded and riveted Joints is determined not only

by the strength of the spot welds or of the rivets, but also by the mechénical prop-
erties of the materials being joined, the distribution and arrangement of the points

where the joint is made, the number of points, and also by a series of other CSTAT
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1, )
—structional and engineering factors.

Investigations carried out by V.P.Grigortyev on the strength of welded Jjoints
(‘\} "7 with static, vibration and with cyclic stress loading, show the following;
- 1. Under conditions of static and vibration stress, structures of welded and of

..riveted joints have equal strength.

2. Under conditions of cyclic static loading, welded joints do not stand up un-
der service conditions as well as riveted joints (Fig.29)."
3. The slip or displacement in shear » during the transition from the elastic to

the ductile condition, is lower in riveted than in welded joints (Fig.30).

s — g e
i K —
0 2 &« & &8 0 25 iD 25 10
2)
. b)
i a
L, ) s -
. » > ot
- ) 2wl e am [
5 :o vet -

. Fig.30 -~ Slip in Welded and in Riveted Joints

a) Welded joint; b) Riveted joint with rivets of 4 rm and with protruding

heads; c) Riveted joint with cownter-sunk heads having a diameter of 5 mm
and a conical angle of 90°.- The rupture takes place along the dots.

v

i 1) Stress in kg/mm?; 2) Slip A in-% of diameter from the spot weld;

. 3) Strong joint; L) Extra strong joint; 5) Slip ‘A in % of diameter of rivet;
> 6) Slip A in % of-diameter of rivet STAT
. 29.
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The low ductility of welded joints causes unéahal strain distribution on the
row of spot welds. The first row, at the extreme edge, absorbs most of the load,
with the result that on stressing the seam or joint with equal or with greater load- °
ing of 0.7 Py, cracks appear in the first row, which leads to a rupture of the joint.
Under similar conditions, when the load is applied on rows of a riveted Jjoint, the
first row of rivets absorbs the stresses and relieves the tension throughout the
sheet. On the whole, a greater amount of work is involved in raking joints that are
subjected to stresses on cyclic load ap-
plication.
The quality and condition of the
surface of riveted and of welded joints
is characterized by the extent to which
the heads of the countersunk rivets pro-
trude or by the depression of the spot
welds in relation to the surface of the
rart, and by the degree of warping of a
portion of the joint or of the assembled
unit on completion of the joint.
It should be noted that the smooth-
. . ness of the surface of an assembled unit
Fig.31 -~ View of Investigated Panel
depends not only on the proper riveting
or welding operation, but also on the accuracy of the contour of the airframe. A
comparatively thin planking will follow the depressions and roughnesses in the air-
frame so that the smoothness of the surface is disrupted on some parts of the assem-
bled unit. Therefore, the quality of the finish of the airframe, the corresponding

supply of separate parts, and the proper execution of the technical process of riv-

eting or welding contribute to the quality of the surface of individual units as
STAT

well as of the aircraft as a whole.
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Conéideféble expenditure of labor is involved in meeting the quality require-
ment of surfacé smoothness in connection with riveting.

In the riveting of structures it is possible to limit the protrusion of the
rivet heads to one tenth of a millimeter, due to the close correspondence of the
dimensions of the head of countersunk rivets with the dimensions of the countersunk

or stamped recesses of the hole. In the case of welding light metal alldys, the

cavities formed by spot welding may vary from 0.05 to 0.3 mm.

For the purpose of inyestigating the technical economic aspects of riveted and
welded joints on a comparative basis, a study was made of the panel shown in Fig.31,
which was produced by riveting and also by welding. The panel is covered with &
planking of 1.2 mm thickness of D16T alloy, and a frame consisting of stamped ribs
of the same material. 1In all, the panel contains 1363 rivets (or spot welds).

The data given in Fig.32 show that the time consumed in making the panel by
welding is less than that needed for riveting. Theinumber of auxiliary units of
equipment used in a working shift to make up these Panels was 12 in the case of riv-
eting each unit separately, and 15 in the case of welding. The space occupied by the
welding machine was larger by 15-20% than that required by the riveting press. The
power consumed by the welding machine to weld 100 panels in one shift was equal to
1300 kw, as compared with' 35-46 kw required for riveting by pneumatic rivetiﬁg hab—
mers or presses. The considerable cost of weldlng machines and the larger mainte-
nance expense involved result in higher cost of unit production.

These statements yield the following conclusions:

1. In assembled units subjected to static loads, welding may be considered as
being equivalent to riveting. .

2. Welded joints are not suitable for use in structures subjected to cyclic

stress loads.

3. The degree of surface smoothness of riveted and of welded joints should be

@ approximately the same. . STAT
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l,. Spot welding results in a higher rate of production than riveting with pneu-

matic hammers or individual press riveting.

Fig.32 - Technical-Economic Aspects in the Manufacture of Panels by
Riveting and Welding
a) Riveting with pneumatic riveting hammers; b) Press riveting (single
units; c) Electric (spot) welding; d) Piecework time for one panel, in
min; e) Machine-work time for one panel, in min; f) Cost of one panel, in
rubles; g) NumBer of aiucll:iary equipment to produce 100 panels during or';e
shift; h) Power required by the machine 't‘ools, in kilowatts, to produce

100 panels auring one shift

In order to make ‘weldj_ng more advantageous economically, it is necessary to re-

duce the power consumption and the size of the welding machines, while further im-
provements and refinements in the technology of welding may permit joints‘ of higher

strength and smoother surface finish of the assembled units.
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PART II

PREPARATION OF THE HOLES AND COUNTERSINKING BEFORE RIVETING.
PLACING OF THE RIVETS
CHAPTER IV
FORFATION OF THE HOLES

1. Method of Producing the Holes

The production of holes is a preliminary operation to riveting. The quality of
the riveted joints depends much on how well the operation of preparing the holes was
carried out. 1In the performance of this operation the following conditions are nec-
essary: clean inside of the hole (freedom from graininess, burrs, scratches, etc.),

perfect roundness, no skewing, and absence of other defects.

(&

Holes in parts intended for riveting are made by two methods: drilling or

punching.
Punched holes are widely employed in assembly work of sheets, plates, and other
profiles, and are made in special instruments (punching presses) by means of punches

. - ;and dies.

«; . Holes made by punching possess a number of disadvantages, the principal ones

E being as follows: buckling of the material, hardening by cold-working, cracking,

this reason, the strength of structural elements with punched holes is lower than
i ) § . that of the same elements with drilled holes. ' Depending on the material of the

§§ structural elements, the reduction in strength is from 2 to 8% (Table 2).

The strength in fatigue tests of structural elements with punched holes is from

%14 3 to 8¢ lower than with drilled holes (Fig.33). STAT

i
{
§

33
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The difference in the strength of plates with punched and with drilled holes is

particularly noticeable on repeated static loading tests. The strength of a plate

Table 2

Strength of Plates with Holes Made by Different Fethods

¢
ST sk et e A S

- Strength of plate in £ 5

b

liethod of forming the hole

. V95 MA-1 D16T E

| Drilling to size 100 100 100

i H

. Punching to size s8 96 G2

{ ;

Punching holes to 0.75 diameter "
K followed by drilling to size 100 102 99

with punched holes is 1.5 times less than that of the same plate with drilled holes,

when subjected to repeated static loading. For this reason, the punching of holes to

§ . Byl 111
. 15 ?
i B 1 Ly
“ N <=3
! N
N
1A )
. s ‘
- !
!
i,

Fig.33 - Effect of the Manner in Which the Holes are Made on the

Strength of the Plate in Fatigue Tests

i _ a) Drilled holes; b) Punched.holes; c) Number of cycles 1
E.
C O ,_ STAT

the exact final diameter is not good practice. The preliminary punching of holes to .,
iy
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L

-3 smller diameter for use as guide holes or for assembly, should be done in sections

1 ‘a i .

‘"401 the plant that are properly equipped with punching and stamping equipment. Before

S
“(!. _l!the final assembly of parts, components, or major units, the punched holes are drill-
i 1 K 13 .

.;jed to size to correspond with the diameter of the rivets used.
; },,.._l N

- Standard equipment is used for punching holes, utilizing punches and dies and

punch presses. One of these presses is

shown in Fig.3L4. In setting up the press

for punching, templates or patterns with

E

markers are used, the distance between the

IRLSTAE

RES T

markers corresponding to the position of the

N

(52 NG

TS

15

holes in the part being punched.
The punching of the holes may be done

in devices, such as the one shown in Fig.35,

in which the frame has the shape of the

e TR

letter C.

A e s

The holes are made-by the punch (1) and

the mating die (2) (Fig.36), between which

—

- the work to be punched is placed in position.
- e Fig.3lL -~ Press for Punching Holes . . '
. Drilled holes assure a stronger and
more stable joint, due to the cleanliness and greater precision in the drilling op-

.eration.
Depending oh the construction of the componénts and the thickness of the ﬁarts‘
~being riveted, drilling may be done (a) in one, or (b) in two operations:
a).Drilling to final dimensions from the side of the planking or the airframe;
b) Preliminary drilling to a smaller size from the sidg of phe airframe, fol-

lowed by drilling to exact size from the side of the planking.

Drilling of the holes for riveting from the planking side to finished size is

. done by means.of templates or in special jigs through guide bushings or according to STA

35
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layout marks.

*In the -construction of aircraft the-most widely used method is to drill holés -
) with the aid of templates made of steel. P
) B I. PR

Table 3

Dimensions d, abd D when Using Guide Bushings
H

. .
AN

»

Diameter | Nominal 3.6{4.1] 5.1 6.1
' d, of
'Sketch hole Permissible
: ’ deviation +0.15

‘Outside Nominal
diameter
D:

| Permissible
deviation

g
&
d
d
B
F
ta
i
B
3
¥
5
P}
5
a
=
5
'
T
G
&
8
A
4
&
13
13
b
l::

To preserve the templates and nrevent wear and tear, the guide holes consist of
hardened steel bushings which are inserted at the proper places in' the template, with
the drlll pa331ng through them. These 1nserted bushings, however, may loosen and

’Shlft or even drop out. For this reason it ‘is worthwhlle to use patterns without
y inserted pushings and to rely on special
fittings or bushinés placed on the drill

(Fig.37): '

Such spe01al drill bushings are inter-

_changeable. Dependlng on the diameter of

the drlll they have specific dlmen31ons

( bl 3)

o h Drllllng of holes with the aid of tem-

plates my be done as bench work or in spec1al fixtures which pé%mlt placing aﬁ;TAT
. . .

4 . . - ss .

ottt vt
“"“"&‘§4V°3§%‘i';t?;a L

B

%,
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fastening of the template to the“part being.drilled. Should difficulties be encoun-
.

.‘. 3 r3
. tered in applying the template when drilling is done in fixtures, special guides are
" used , which may be laid over the workplece
or mounted to the part before drilling

(Fig.38). The special guide usually con-

. sists of a stéel plate in which bushings are

“WC o inserted with force fit. After assembly and
- N\7 '
? fastening of the parts in the fixture, the

special guide is put in place, fastened, and

the holes are drilled (Fig.39).
Fig.36 - Jig Used on Presses for

VWhen drilling in accordance with pre-
Punching Holes ‘

liminary prepared guide holes (Fig.40), the
a) Punch; b) Die . -
work involved is reduced by approximately
30% as compared with drilling when the holes are merely marked on layout. When a

template is prepared with guide holes for drilling a particular part, it is obvious

Fig.37 - Drilling Holes by a Template

a) Template; b) Bushing; c) Parts being drilled

that it may be used for drilling other similar parts.
Drilling of holes by marking (Fig.Ll), is used only in exceptional cases, since

it results in a low rate of production, and is justified only in experimental work.
’ STAT

Q) The laying out of spots can be done as follows:

a) Using a template and a center punch;

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

T O S I U ——
" et e e e AR A A e AL i L R

PRI ORI - T




Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

[

llij [ Lf RN

v
[ad

Fig.38 - Examples of Guide Templates
a) layout; b) Flap, mounted on parts of the fixture

1) Guide template; 2) Part

Fig.39 - Drilling with Guide Témpla'bes

a) Guide bushing; b) Plate; c) Part being drilled

\

Fig.LO0 - Drilling with Previously Prepared Guide Holes

a) Guide holes; b) Planking

38
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b) Using a template and spraying paint in the holes;
¢) Using marking and measuring tools (such as an ordinary rule and pencil). -
The following procedure is used in marking by means of a template and center
punch: 'The template is placed on the top of the part to be drilled, the holes are
punch-rarked, the template is removed, and the
holes are drilled.

tlhen the marking is done by means of a tem—

plate and application of paint, the placing of
the template is the same as described above, but
instead of using a center punch, the holes are
Fig.Ll - Drilling for Marking »
marked by a colored powder applied by spray gun.
The marking of holes by means of an ordinary rule and pencil is done on alum-
inum alloy parts. The marking of duralumin parts with scribing tools or center

punches is not permitted, since the profective surface film of the metal is destroyed

when it is scratched or punched, and there is a possibility that corrosion may de-

- velop.

Drilling of holes for rivets is carried out in either stationary or portable

-~drill stands or by pneumatic and electric hand drills.

2. Cutting Tool

The cutting tool used for drilling holes consists of a spiral drill. Drills
— are manufactured of carbon and of high speed steel. In drilling chromium—silicon
_steel alloys, drills with hard-metal tips are used, which permits a cutting speed
twice that of the cutting speed obtained with drills of carbon steel.
: The” angle 2¢ shown in the plan view of Fig.)2 is of great importance and affects
the efficiency of drilling. This angle is chosen to correspond with the require-

‘ments of the type of material being drilled (Table 1).

Improper grinding of the drill, such as unequal bevel of the cutting edge:gTaT

39-
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a differerice in their length, interfere with the correct perforrance of the drilling

and causes enlargement of the hole (Fig.43). Holes of an enlarged diameter agsgravate

Table l;,

Significance of the Angle 20, Depending on the ‘I'ype of laterial !lorked

liaterial worked 2¢ in de-rees

Steel, cast iron, hard bronze, duralumin : 116-118
Silumin, babbitt - 140
Brass, soft bronze 130

I'agnesium, ebonite, celluloid 85-90

-

the working conditions of riveting and cause breaking of the rivet heads. In addi-
tion, when the holes are larger than necessar;s they are not filled with the body of
the rivet, which, in turn, leads to looseness (slipping) of the seam. For this rea—
son, drill grinding should be done by experienced grinders at a centralized location,
vith syéteﬁatic observance of the geometry of the cutting parts of the drill and
cleanliness of the grinding work. o

The quality of the work done in drilling is affected to avmarked degree by
the lack of rigidity of the spindle and the chuck as well as.by the wobble of the
drill itself if it is not properly held in the chuck.

Actual practice.as well as experimental,investigations show that, to main-
tain the quality of the drilled holes, the lack of rigidity of the drill, or its
tendency to wobble in the chuck, must not exceed 0.1 to 0.2 mm. The lower limit
relates to holes up to 10 mm, while the upper 1limit refers to holes~of a diameter
above 10 nm.

N =)
Holes for rivets of various sizes are made with'drills, whose dimensions are

_ given in Table 5. . ) STAT
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This relationship of the diameter of the rivet to the diameter of the drill, as

shown in Table 5, permits proper insertion of the rivets in the holes and assures

t
.

D)
b))

q)
rdr.’u tength

"C)

Fig.L42 - Spiral Drill
a) Shank; b) Guide face (land); c) Flute; d) Cutting part; e) View indi-
cated by arrow A; f) Flute; g) Cutting edges; h) Margin; j) Edge, of margin;

k) Rib; 1) Chisel edge; m) Land clearance; n) Lip clearance surface

that, in riveting, the hole will be completely filled with the metal from the core
of the rivet. The correct selection of the drill size is therefore of great import-
ance. If the hole is smaller, the rivet will not go in and will have to be forced

in, with damage to the parts being riveted and with an unnecessary loss of working

time.
_In places of limited access, where drilling of the holes is difficult with or-

dinary drills, use is made of extra long drills in accordance with Specji‘icatioggit_

GOST 886-41, or special extension and angular types of fittings are used, a descrip-

41
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tion of which is given below.

3. Drilling Machines

Vertical drill presses of the general-purpose type are used for drilling the

holes along the length of longerons, ribs, and other parts and junctions. Their use

results in a high rate of production and in a
. higher quality of work, as compared with pneumatic

I/ P %4 )
////;3//4 g hand drills.

For drilling straight-line holes in minor
Fig.L3
and major units of an aircraft it is advantageous

to use drill presses equipped with multiple-spindle drill heads. Drilling a number

Table 5
Dimensions of Spiral Drills for Drilling Riveted Holes

(Dimensions are in accordance with Russian Specifications GOST 887-43)

Diameter
of rivet,
d, in mm

Diameter
of drill,
d, in mm

Over-all

length of

drill, L,
in mm

Flute

drill in
mm
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of holes at ‘the same time in group sequence results in an increase of production
several times greater than with single hole drilling.

Technical data on the characteristics of
multiple-spindle drilling machines are given in
Table 6.

Figure L), shows a drill press equipped with
a special four-spindle drill head for drilling
Junctions of relatively small size. The head of
the drill stand has a row of gears wﬁich impart a
rotary motion to the drills held by the jaws of
the checks. A roller conveyor is at?ached to the
base of the stand for supporting phe:workpiece
during the drilling operation and permitting to

Fig.lh). - Drill Stand with a

move the work, for drilling the next group of
Four-Spindle Drill Head

holes in a successive manner.

Figure L5 shows a drill stand with a twelve-spindle drill head. The head is

fastened to the stationary part of the stand on the spindle end (1). From the elec-

tric motor the rotary motion is transmitted over the driven tapered block (2) and
the clutch (3) to the crankshaft (4) and dog (5). The dog (5) then imparts a rotary
motion to the spinéles (7) of the head. In order to prevent dynamic unbalan;ing,
the dog is'provided with a counterweight (6) on the crankshaft. This kind of a head
makes it possible to drill holes in components and in parts at a‘continuous pace.’

' In cases where it is inconvenient to move the work over the drill stand table
because of the large size of the workpieces, (such as heavy longerons, wing panels,
and center sections) stands with.drill heads are used that can be moved from one
place to another across the part which is being drilled.

A drill stand of this type is shown in Fig.,7, intended for group drilling of

holes in parts of considerable length. The bedplate (1) carries the carriageSELeT

43
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which carries the electric motor and the four-spindle drill head (2). The longeron
(1) is placed on the tracks (5), which permit regulating the height of the worlpiece.
For the purpese of fastening the longeron, the
drill stand is equipped with a number of pneumatic
gripping devices (6), operated by an air valve
connected to the compressed-air system. The dis-
placement of the carriage, together with the
drill head, after one group of holes is drilled
to another, is accomplished by means of the hand
wheel' (8).
Specialized drill presses of portable or
radial types are used for drilling holes in com~

ponents and major units of large size in contin-
Fig.,5 ~ Drill Stand with a
wous production.
Twelve-Spindle Drill Head
Figure L8 shows a stand for drilling the
1) Electric motor; 2) Hand
panels of a wing. The overhead trolley (1) with
levers for feeding; 3) Body
. the radial drill heads can be moved while in a
of the twelve-spindle drill
perpendicular position in two directions over the
head; /) Drill; 5) Workpiece
) ronorail (2) which is attached to the uprights
(edging of a longeron); ’ :
(3). The rotary arm (9) witl: the drill heads can
6) Table with supporting de~ )
be rotated about the column (6) through 360°. At
vice .
the end of the arm is the electric rotor 7,

which transmits rotary motion to the spindle (4). The feed of the drill is effected

by means of manual lever (8).

On such stands it is customary to have several radial drill heads, for use by
a corresponding number of drill operators. Drilling is done in accordance with the
marked guide holes in stringers, but templates and patterns may also be used. Fur-
i

ther improvements in such drill stands should be along the lines of automation for  STAT]
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Fig.L,6 ~ Kinematic Diagram of a Twelve-Spindle Drill Head
1) Spindle of drill press; 2) Driven shaft; 3) Clutch; 4) Crankshaft;

5) Block; 6) Counterweight; 7) Spindle

Fig.L7 - Drilling the Border Holes of a longeron on a Drill Press
with a Movable Multiple-Spindle Drill Head

1) Base; 2) Carriage; 3) Four-spindle drill head; )4 ) Longeron in which

the holes are drilled; 5) Runways on which the longeron is placed;

6) Pneumatic clamping devices; 7) Hand wheel for relocating the drill

head; 8) Manual feed lever

L7
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shlftlng the part belng drllled or the drill heads.
Radial drill heads may also be used for.drilling holes directly in parts mounted

in assembly jigs. A suitable arrangement is shown in Fig.L9.

The flexible arm, consisting of two steel castings, permits drilling holes over

the entire area covered by the radius of the arm. When it is necessary to drill
holes lengthwise over the entire longeron, the drill head, together with the column
and its base, are shifted to the desired place on runways. '

Several radial drill heads are used at the same time for drilling holes in
longerons of considerable length (Fig.50), which are installed on trucks that run on
monorails. Such installations permit to work on large panels of wings, center sec-
tions, and fuselage, longerons of varioﬁs sizes, ribs, and other major units of an
aircraft.

Considering that the major units of an aircraft consist of separate minor units
and panels in shapes that permit ready access to the paft on which work is being
done, the application of group drilling by a crew of drillers is feasible, and the
following advantages are realized:

1) The amount of labor is reduced.and the workmanship of the holes is improved;

2) An assembly line on the principle of continuous productién.can be organized,
w1th the riveting also belng done by the group method thus improving the entire
system of work in the assembly sectlons of the plant w1th a*rhythmlc output of prod-
uction.

Figure 51 shows a diagram of a stand with which it is possible to assemble,
drill, and countersink panels over the enfire surface. The drill heads are so ar-
ranged that the holes can be drilled perpgndicularly to the surface of workpieces.

Rotation of the drills is effected by means of flexible spindles from a common drive

mechanism which is part of the stand.

.. Manually Operated Mechanical Drilling Tool.

Manually operated hand drills are also widely used on assembly 31gs in alISIéIb
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Fig.,48 - Stand for Radial Drill Head for Drilling large-Size Panels

S—

a - Overall view;.b - Radial drill head

A

1 - Trolley; 2 - Monorail; 3 - Pedestal; 4 - Spindle; 5 - Radial drill

STAT
head; 6 - Column; 7 - Electric motor; 8 - Hand lever; 9 — Bracket
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Fig.h9 - Radial Drill Head for Drilling Holes into Longerons,

Fixed in the Assembly Jig

P
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Fig.50 - Aligning of Radial Drill Head for Drilling

N

Holes in Longerons

wp sy TS
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construction along with other power tools. Thesé are pneumatic and electric drills.
In present day production, pneumatic hand drills are in wider use, which have
the following comparative merits: Pneumatic
hand drills are of small size and weight; a
feature of the power drive is that it permits

a gradual and smooth increase in the speed of

the drill, by controlling the pressure on the
lever connected with the air valve. When the

' Fig.51 - Scheratic Diagram of a
drill is overloaded by excessive feed pressure,

Stand for Assembling, Drilling, )
the motion stops and breakage of the drill is

and Riveting Panels
avoided, while in the case of electric hand

1l - Base; 2 - Drill head; 3 -
drills their windings may burn out and the drill

Fanel being worked; /. - Rock-
itself may be damaged. It is cheaper to operate

ing cradle bed
pneumatic hand drills than electric, notwith-
standing tnat it is necessary to go to considerable expense in providiﬁg auwxdliary
equipment of compressors and air distribution lines. Furthermore, pneuratic h;nd
drills are safer to use than electric drills.

Accordingz to tue gonstruction of the power drive mechanism, pneumatic hand
drills are of two types: rotary and reciprocating. .

Drills witr rotary motors have the following main advantages over piston-type
motors;

1. The power of rotar& motors per.unit weight is considerably greater than tlhat-
of piston types. For this reason, for the same power output, the weight of rotary.
motors is considerably‘less as compared with piston types.

2. The absence of slide valve mechanisms, crankshafts, and connecting rods in .
rotary motors simplifies théir construction as compared with piston-type motors,
thius facilitating tlieir manufacture and lowering the cost. .

3..The opefation of rotary motors is much quieter, due to the absence of recip-
STAT
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1. rocating parts, and the mass of the moving parts is well balanced. This is of con-

siderable importance in connection with the drilling and Epuntersinking of holes

iiﬁ which make rigid requirements as to accuracy of the diameter and quality of the sur-
face of the parts worked.

A drawback of rotary motors is that their efficiency Es somewhat lower than that
of piston motors, which results in a high consumption of cahpregsed air. However,
the design and construction of rotary motors is being constantly improved, so that
the better grades of such motors have an efficiency almost approaching>that of
piston-type motors.

Outside of the condition mentioned, in the selection of a particular type of a
pneumatic drill, it is advisable to give preference to the rotary mogor type.

Table 7 gives the technical characteristics of pneumatic hand drills in general
use, in connection with the drilling of light-alloy structural elements.

In drilling holes in parts of aluminum and magnesium alloys and also of mild

steel, drills operated at speeds up to 3500 rpm are used. For drilling in parts of f

@

alloy steel (such as edges of longerons, tie componénts, etc.), use is made of
slow-speed drills at a speed up to 1000 rpm. Pneumatic drills, whose rpm exceeds ﬁ
3500 and approaches 13,000, are used only in«drilling,preliminary holes of a smaller i
diaﬁeter than specified in parts made of mild éteel and duralumin. . y

Figure 52 shows -the construction of the pneumatic hand drill type D-2 for drill-
- ing holes.up to & mm in diameter, in parts made of aluminum and magnesium alloys.

The hand drill D-2 has a pistol-type grip with a starting mechanism, and con-

sists of a motor, reduction gear, and three-jawed chuck. The air hose is connected

&
i

}

L
b
Iy
£
N
3]
&
!

to the male coupling (1) for tgé sbpply of compressed air from the system. When
pressure is applied to the lever of tle cock (3), the air by-passes the check valve
v (2) and is admitted to the motor through the channel (1) in the grip handle.
: The motor in the hand drill D-2 is of the rotary type and consists of rotor (6)

.QE; to which movable vanes (7) are mounted. The rotor, together with the vanes, isgTAT
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cated in the stationary part of the motor, the stator (10), on ball bearings. The

. rotor is in an eccentric position with respect to the stator, forming thus a
crescent-shaped chamber (8). From the channel (9), compressed air enters the chamber
(8) between the rotor and stator and exerts a pressure on the vane (7), forcing the

rotor to rotate. As the motor revolves, the compressed air travels along the cham-

ber (8).to the exhaust ports (5), through which it is exhausted into the atmosphere

Table 8

Types of Electric Hand Drills and Their Characteristics

a) b) c) d) e) £)

a) Type of hand drill; b) Sketch; ¢) Maxdimum diameter of hole, in mm: d) Num

ber of revolutions per minute in idle running, in rpm; e) Current voltage, i
. . H » 1n
volts; f) Weight in kg

At s ome-—S TAT

®

At an air pressure of 5 atm and higher the motor starts up readily

55
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" what lower pressureé, ihe drill can be started only by depressing the leéer of the
cock to admit air and manually turn the motor by means of the chuck, aﬁper which the
motor quickly reaches its speed.

At normal pressure of the compressed air in the system (5 atm), the rotor of
the drill develops 12,000 rpm, which is reduced to 2500 rpm by means of tﬁe reduc-
tion gear'(ll).

In many cases, in place of, or in addition to pneumafic hand drills, electric
hand drills are employed. The technical characteristics of electric hand drills are
given in Table 8.

An important characteristic of electric hand drills is that they may be used on
Jobs and in places where compressed air installations are not available, due to the
lack of air compressor and related equipment. 7

Figure 53 shows the construction of the electric hand drill FD-8. _The iand
drill is equipped with a universal motor that has a cormutator, which may be oper-
ated on either alternating or direct current as available in the power line. The

body of the hand drill consists of three main parts: the upper cover (7), body part

(5), and the lower part (4). Two elecﬁromagnetic poles are pressed in the body. The

armature of the motor revolves éh two ball bearings. The roﬁary motion is trans-
mitted from the armature shaft to the drill, which is held in a chuck, £hrough the
reduction gear (2) which consists of two gears. The spindle (3) also révplves in
two ball bearings. For the purpose of cooling the"windings<of‘the motor, a blower
is mounted on-the motof shaft which sgcks in air through'thé ports in the body of .
the drill.

Electric current is supplied to .the motor through the rubber-insulated three-

JERNEE S

wire cable (8). Two of the wires are live, carrying current to the motor, while the
third is for grounding the drill while in operation.

The choice of the kind of drill used depends on the diameter of the hole, the

s AT A

nature of the material being worked, and the accessibility of the work.
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Fig.52 — Pneumatic Hand Drill of Type D-2 '
a) Vanes are shown in their normal position; b) Cross-section through EE; c) Cross-—
section througii AB
1 - Air plug; 2 - Valve; 3 - Valve lever handle; 4 —~ Drill handle; 5 - Exhaust open- ,
ines; 6 - Rotor; 7 - Vanes; & - Air chamber; 9 - Air channels; 10 — Stator; 1l - Gear

reducer
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Fir.53 - Electric !land Drill FD-€

1 - Armature; 2 - Gear reducer; 3 - Spindle; /. - Lower

: .. TAT
cap; 5 - Dody; 6 - Electromagnetic poles; 7 - Top cover; 8 - 3-wire electric caouie
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The range of work that may be done with electric hand drills can be increased.
considerably by using specialized tools and fittings in the form of extension coup—

lings, angular fittings, and jig bushings which are attached to the body of the hand

Fig.5l - Extension Fitting of Type SNP-L, Attached to Hand Drill

1 - Lock nut; 2 - Drill; 3 - Bushing; L - Shaft; 5 - Clutch

o B e e L0 o SR et N A 13k it

drill. Extension and angular types of fittings are used for drilling holes in places
which cannot be reached with ordinary pneumatic or electric hand drills, such as

when far-removed or obstructed holes.

Fig.55 - Angular Type Extension Fitting, SNU-5, Attached to Hand Drill

. ’ :
Figure 5!, shows an extension fitting of the'type SNP-~!., attached to the hand :
drill. The body of the fitting is rigidly attached to the front part of the hand '
drill. A coupling is screwed on the spindle. The rotation of th; spindle is tfan;-
mitted to the shaft (4) over the coupling (5). The end of the extended shaft car-

ries the bushing (3), which corresponds to the diameter of the drill used. - i

"For drilling holes in places located close to vertical obstructions, fittings

of the angular extension type are used with the drill. Fipgure 55 sliows an angﬁlar

- STAT
extension fitting of the type SNU-5 for drilling holes at a corner angle of 90°.

g
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Fittings of the type SNU-5 are also available for drilling at angles of 45°.

The design of angular fittings is similar to that of the extension type, with the
only difference that the rotation of the drill

point at an angle is transmitted from the shaft

e el B Sl me

over a pair of conical gears or over a universal

joint.

————
ety

For drilling duralumin, and using simpli-
fied patterns made from thin sheet steel wiich
are not provided with inserted guide bushings,

Fig.56 - Guiding Device of Type
: use is made of guide bushings attached to the

KN-1, Attached on Hand Drill
body of the drill tool. One of such attachments
of the type KN-1 is shown in Figs.56 and 57. The housing of this device (5) is put
on the cylindrical part of the hand drill, and has an adapter (L) at its lower end,
in wh;ch thé cylinder (3) is held. Inside
this cylinder is the guide bushing (2), held

in its extended position by the coiled spring

(1), so that the drill point is flush with

‘the bushing. During the drilling operation

the guide bushing must be inserted in the

O I I Rn

holes of the pattern or template, making sure
that the position of the drill is in the
correct position with respect to the surface

being drilled; then, the power is, turned on,

and drilling is started by applying pressure

. on the tool. This compresses the spring,
Fig.57 -~ Construction of the Cuide

causing the drill point to go through the
Device

guide bushing and properly drilling the hole.
. 1 - Spring; 2 - Guide bushing; 3 - Cyl-

inder; 4 - Adapter; 5 - Housing . STAT
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\
5. Operation of Drill Presses and Hand Drills
[]

The accuracy with which roles are drilled for riveting has an effective influ-

ence on the quality of the work done on the joined seam as a whole. The following

basic factors influence t..e quality of drill work:

1) Quality of grinding of tie drill point:

2) Pressure exerted in the drill feed;

3) Diameter and length of the drill;

l.) Yobble of the spindle of the drilling tool;

5) Wobble of tge chuck;

6) Wobble of the drill in the chuck;

7) Available facilities and skill of the drillers.

The center line of drilled holes must be perpendicular to the plane of the part
worked. To meet this requirement in stacked parts which have a total thickness of
more than 3 mm, special attachments are used on the hand drill (Fig.58).

The attachment device consists of the body (2) which is fitted to the cylindri-
cal portion of the hand drill and made fast with the screw (1). The support bushing
(5) is fitted to the body of the device and is held in i?s normal position by the
tension of the spriﬂg (3). Rubber strips-(6) are cemented to the legs.of the bush-
ing in order £o protect the surface;gf the parts‘dr;lled. YWhen force is applied to
the drill tool, the spring is compressed and the body of the device slides over the
guide bushing with the result that the drill point comes in contact with the surface
of the part worked and the hole is drilled.

The procedure in drilling holes with a similar attachment is“illustrated in

Fig. 59.

The operation of pneumatic and electric hand drills requires much attention and
skill. Before starting the work, the parts to be drilled must be checked for proper
fastening. The part being drilled must be held tight in the assembly fixture or on

the bench. Then the drill is inserted in the chuck up to about 3// of the shank
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lquth, and is tighpened by means of a wrench (Fig.60). ' To verify how well the drill
is held in the chuck, it is tested for wobble at slow speeds by locking and unlocking
the drill in the chuck several times. The causes of wobble and remedies aré shown

in Table 9.

Table 9

Causes of Drill wcbble_and Remedies

-
X

Cause of wobble

Means of eliminating wobble

Drill is crooked

Change the drill

Burrs and nicks on the shank
of the drill

Change the drill

Worn out jaws in chuck

Change the chuck

Spindle of drill is tapered

Replace hand drill

(causing the chuck to wobble)

i

Improper position of drill in Loosen ‘the jaws in the chuck, turn
the cnuck the drill, and lock it again in place

Having checked and eliminated drill wobbling, the power is turned on, and the
drill is aligned at right angles to the surface of the part worked. At the start of
drilling, the opergtor places his left hand on the body of the,hand-drill és a sup-
port and bends the index finger of this hand around the drill. The drill point is
thus properly directed.to the center of the hole, which also helps in de#ermining

the required depth of the hole (Fig.61).

When holes are drilled‘in thin sheet plankings, a wooden. support must be placed

at the outlet side of the drill, which protects the sheet from sagging and buckling,
while at the same time protecting the hands of the driller's helper from injwgTAT

the drill point. -
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Fig.58 - Attachment on Hand Drill
to Ensure Perpendicularity of the
Holes
ls4 ~ Screws; 2 - Body; 3 - Spring;

5 - Support bushing; 6 - Rubber

Strin

L —

Fig.59 - Drilling Holes with an Attach-
ment Device to Ensure Perpendicularity

to the Surface of the Part Drilled

Fig.60 - Tightening of the Drill
‘ Thya v

LA STAT

in the Chuck

Yo

r
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When drill presses are used, it is advisable to start 'up the press before in-
serting the part to be drilled. Setting the drill point on the workpiece must be
Aone carefull:r, without abrupt jerks or sudden impact, to prevent chipping of tle
drill point which would ruin the surface finish of the material. When the hole is
about finis'ed, it is advisable to reduce the feed. If the feed is not reduced, the

drill has a tendency to crip a chip of sufficient size to develop burrs in the metal,

and in some cases also to cause breakage of the drill.
+hen drilling deep ioles it is advisable from time to time to remove the drill
from the wole, without stopping either the drill press or the hand drill, the object
being to remove the accumulated chips. Stopping
the drill press or the hand drill wiile the
drill point is still in the hole causes seizing
of the drill in tke vorkpiece and breakage of
I
the drill. R
Ylhen drilling deep holes in steel parts a
Fig.61 - Position of the lland While
cooling fluid must be used, which serves at the
Prilling

same time as a lubricant and a rust preventive.

Table 10 gives suggestions for cooling and lubricating fluids for use in drilling

steel, cast iron, and bronze.
i

Table 10

Coolants and Lubricants Used in Drilling

S .
Materials Drilled . Recommended

l

Carbon steel, alloy steel, tool Emulsion
steel, and cast steel

Cast iron, bronze Kerosene; mixture of borax and
water with glycerol

STAT

In drilling holes into stacks consisting of a combination of steel and duralumin
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the drilling should be started from the side of the steel part. In cases when the

hole in one part has to serve as a guide for the hole in the other part, the guide

Fip.62 - Drilling Yoles in Steel Tubes with a Pneumatic Hand Drill

Equipped with a llechanical Feed of the Nrill Point

holes shiould be drilled in the part made of the tougher material. If the material of

both parts is the same, the guide holes should be drilled in the part with the great-

est thickness.

For drilliné holes of comparatively large
diameter (up to 32 mm) in steel parts, heavy-
duty hand drills are used which are equipped
with a mechanical feed mechanism, an example of
which is shown in Fig.62. The pnewmatic hand
drill shown,‘designed by N.F.Yegorov, has a

power rating of l.L hp, weighs L.6 kg, and per-
Fig.63 - Device for Using Three. .

mits a spindle speed adjustment in the range of
Drills Simultaneously for Drill- ' :

s e e Pk g et £ i T 2 B T e e

600 to 180 rpm, which is quite important when
ing Holes in Components and Pan-
drilling in metals of various degrees of STAT-
els of Great Length :
ness. The availability of a mechanical feed
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permits shifting the drill smoothly and evenly from one place to another and removing

the drill from the workpiece quickly after the hole is drilled. The clamp which

Serves as a support for the hand drill and to absorb the thrust of the mechanical
feed, also absorbs the torsional moment which always develops on the spindle when a
drill tool is in operation,
drilled.

since the body of the hang tool is clamped to the part

The rate of production in the assembly sections of a plant can be increased

Fig.6l, - A Two-Spindle Attachment
a) View of the reduction gear, ﬁith cover plate removed

1l - Pneumatic hand drill; 2 - Chuck; 3 - 0il cup; L - Body of attachment;

5 = Drill point; 6 - Holding pin; 7 - Driven shaft; 8 - Collar; 9 - Drive

gear; 10 - Intermediate idling gear; 11 - Working gears

considerably by using mechanical contrivances to allow simultaneous use of several

hand drills.

’ @ Figure 63 shows a device for the installation of three hand drills,
drilling h

for usSTAT

oles into longerons and panels of large length. Ihen combined with means

65

. : - 02-3
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Ve,
. ot
of support and with provisions for shifting the drills from -one plice to another, the

use of such a device results in a considerable increase of production and more effi-
cient utilization of labor. All three drills are started at the same time by open~-
ing a valve connected with the compressed-air main line. A foot paddle is provided
for feeding the drill points into the worlpiece.

Another means of increasing labor output when working with hand drills is to use
multispindle attachments fastened to the body of the hand drill.

The attachkment shown in Fic.bl is used for simultaneous drilling of two rivet
loles and for holding parts together during assembly by means of bolts and wing nuts.
This attachment is mounted to the body of the rand drill (1) by means of the collar
(8) and the driven shaft (7) which is locked in the chuck (2) of the hand drill.

The gear (9) is attached to the shaft (7), and rotation is transmitted to the work-
ing gears (11) over the intermediate gear (10). Lubrication of the gears is effected
through oil cups (3). The adoption of this attachment facilitates putting the wing

nuts on the bolts, as well as slipping tihe nuts over the extension pin (6).
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CHAPTER V
FORMATION OF RECESSES UNDER THE HEADS OF FLUSH RIVETS

l. Means for Forming Recesses

The fogmation of recesses under the heads of rivets for flush riveting is done
by countersinking and dimpling.

Countersinking is done when the thickness 61 of the exterior part, such as the
skin, is equal or more than the height h of the inserted head of the rivet (Fig.65a).
If, however, the thickness 61 of the planking is less than the height h of the in-
serted rivet head, and the total thickneés of the stack of joined pieces S is not

greater than the diameter of the rivet, dimpling is used (Fig.65b).

P
| . \\\\\\ m Ry
2%, WS

a)

Fig.65 - Methods of Forming Recesses

a - Countersinking; b - Dimpling; ¢ - Countersinking and dimpling

Countersinking of the inner part, such as the airframe » and stamping of the
outer part, such as the skin or planking, is done whenever the thickness 6 9 of the
5 airframe does not permit a dimpling operation and when the thickness 61 of the
\_.’/ .

planking is less than the height of the head of the inserted rivet (Fig.65¢c). STAT
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2. Countersinking

The quality of the work in flush-riveting depends basically on the geometric

correspondence of the contour of the rivet head with the contour of the recess. Con-

sequently, the operation of countersinking is one of the most important processes in

the art of flush-riveting. The accuracy with which this is done influences the de-

gree of smoothness of the surfaces and the strength of the flush-riveted joint.

The quality of countersinking work depends basically on the following factors:

1. Design and geometry of the cutting edge of the countersink;

2. Design of the countersink attachment;

3. Wobble of the countersink and the pilot pin;

L. Dimensions of the drilled hole;

5. Skill of the operator.

Countersinking is done by two methods: simultaneously with or independently of

yrv
a) 0) c)
Fig.66 - Methods of Countersinking
a2 - Countersinking done simultane-
ously with drilling on layout;
b - Countersinking done simultane-
ously with drilling through guide
holes; ¢ - Countersinking of a
pre-drilled hole with a pilot

point

drilling.
Countersinking while drilling may be done
by laying-out with a pencil, by laying-out and

center-punching, and by using guide holes

(Fig.66). Drilling and countersinking in the

same operation, according to guide holes, re-
sult in a considerable reduction of labor, in
an increase in production, and in an improve-

ment in the quality of the work done.

Countersinking Tools and Attaphments. Tools

with pilot stems are used for countersinking
holes which have been previously drilled

(Fig.67a). Such tools may be an integral com—

bination of drilland. countersink or a countersink attachment on the drill. The s-=

STATI

of a countersink attachment on the drill (Fig.67b) appears to be more rational than
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i the use of a combination drill and countersink.tool, since in the first instance, if .

LY

the drill breaks, which is uéually more frequent than breakage of the countersink,
@52 the drill may be changed and the work continued with the same countersink.

In selecting a countersink, the di-

mensions and type of rivets used on any
one job should be taken into consideration,

1 - along with the material of the part on

i
which work is done. Countersinking tools ;
- must have a diameter somewﬁat larger than g
- a) 6) the diameter ?f the rivet heads.
Countersinks with three cutting edges

R

: are used for making recesses in duralumin
Fig.67 - Shapes of Countersinks

and in steel, while countersinks with only

a - Countersink with a pilot stem;
two cutting edges are used for parts made

b - Drill with countersink attachment
of magnesium alloys.
The cutting edges of the countersinks must be ground to a sharp edge and the 3
grooves must be polished. When working with dull cutting edges the surface of the
recess becomes filled with metal filings, while

the cut chips of metal adhere to the working sur-

faces of the countersink, thus interfering with

\

proper performance of the operation. Grinding of

Point of confd ct

. V of Indicator the cutting edge of countersinks is done in cen-
S Ind. ”

‘ 4 tralizéd workshops.
Fig.68 - Schematic Diagram for , '
Wobbling .of the working part of the counter-

Checking a Countersink with'a
- sink should not exceed 0.02-0.03 mm to prevent

Wobble Indicator ,
: . wrong dimensioning of .the diameter of the recess.
The amount of wobble in a countersink is determined by an indicating device,

the tip of which is brought in contact with the surface of the driven shaft oiSTAT
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countersink (Fig.68).

Adjustable attachments on the body of pneumatic hand drills or on countersinking
and drilling presses are used for determining the correct depth of the recess to
match the shape of the specified rivet head.

Countersinking attachments must meet the following basic requirements:

1) The wobble of the countersink, when installed in the attachment device, must
not exceed 0,02-0.03 mm;

2) The attachments must be provided with adjustable supports for regulating the
depth of the recesses with an accuracy up to ¥ 0.02 mm;

3) The attachments must have an accessory mechanism for the disposal of chips
while it is in operation, and the thrust support which comes in contact with the work
must not damage the surface of the part worked ;

L) The attachments should be of relativgly small size and weight;

5) The thrust support should be of such construction that it will not obstruct
the visual range of the recess;

6) After the attachment is installed and adjusted for the depth of the recess,
it must be able to make a recess that will be properly filled by the rivet head;

7) The body of the attachment must be permanently and tightly attached either
to the body of the hand drill or the countersinking and drilling press.

Various types of countersink attachments are used for riveting of 1igﬁt alioy
structures, and these may be grouped as follows according to their design and appli-

cation:

a) Attachments fastened on hand drills or drill and countersink presses pro-

]

vided with chip-discharge means;
b) Attachments fastened to the body of hand drills and presses withou£ a
blower for chip discharge;

c) Attachments fastened to the chuck of the hand drill or press;

d) Attachments fastened to the spindle or shank of the drill in hand drills
- STAT

70
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or drill and countersink presses.

The type ZN-2 attachment (Fig.69) ensure accuracy of depth of the recess to

*0.03 mm. The body of the attachment (1) is slipped over the cylindrical part of the

Fig.69 - Countersink Attachment
of Type ZN-2
a) Cross-section through AA
1l - Body; 2 - Ring; 3 - Bushing;
L)- Drive shaft; 5 - Thrust sup-
port; 6 ~ Countersink; 7 - Bush-
ing; 8 - Grooves; 9 - Spring;
10 - Screw; 11 - Tubing; 12 - Hol-

low collar; 13 - Seal

hand‘drill D-2, and the spindle of the attach-~
ment thus becomes fitted to the spindle of the
hand drill. Rotation of the countersink (6) is
transmitted from the drive shaft (L) over the
tapered bushing (7). The depth of the recess
is limited by the thrust support (5), which is
shown together with the spring (9) in the ex-
tended position. The adjustment for the speci-
fied depth of countersinking is effected by the
sleeve (3), which is regulated and held in place
by the screw (10). After adjusting for the re-
quiréd depth setting, the ring (2) is fitted and
permanently sealed in position with the seal
(13).

The surface of the thrust support is
chromium-plated and polished in order to protect.

the surfaces of the parts being countersunk from

‘damage. A hollow collar (12), together with

rubber tubing and packing is provided for the
removal of the chips formed in the countersink-
ing operation. In operation of the hand drill,
the exhausted air from the blower in the drill
goes from the exhaust ports into the hollow
collar (12), into the tubing (11), from which

the air current is directed to the space ﬁigalen

71

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3




Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

the body of the attachment and the thrust, and thence through the grooves (8) into
the hole being countersunk, thus blowing away the chips.
(?} * The loose coupling of the drive eliminates the possibility of transmitting any

wobble of the hand drill spindle to the counter—

i sink.
‘ “ Figure 70 shows a countersinking attachment
- 1 I of the type ZN-1. The body of the attachment
: 3 (2) is fitted to the hand drill, while the spin-
: : _-_ 2 dle (4) is mounted to the tapered spindle of the
N hand drill. The threaded end of. the body car— |
: 2; ries the thrust support (7) with its locknut, i
i for adjusting the depth of the recess. The body G
8 is slipped into a tripod (6), with the three é
\ equidistant screwed-in legs at the same distance 5
. from the center. i
(3} Fig.70 - Countersinking Attach- i

The tripod is used for aligning the hand i
ment of Type ZN-1 h =
- drill with the attachment perpendicularly to the
- 1 - Pneumatic hand drill; 2 - Body
surface of the part, Bakelite or similar lam- i
. of attachment; 3 ~ Screw for i ) !
- inated balls (8) are fitted into the ends of i
- mounting the attachment to the b
the legs to prevent damage to the plated sur- [
Y hand drill; 4 - Spindle; 5 - In- s
' - face. The attachment is supported on the tripod
terchangeable countersink; . - .
by means of a spring, shown in its extended
6 ~ Tripod; 7 - Adjustable prop; )
: position.
8 - Ball rest of fabric laminate i :
The use of this attachment has certain

Z bt T

B to prevent damage to the surface
- drawbagks. The countersink is rigidly connec-

of the workpiece . .
ted with the spindle of the hand drill over the

: reducing bushing and thus is subject to any wobble of the drill spindle. Also the

. STAT
absence of an air blower in this device causes the chips to fall in the space between

R LA
PO )

Vi
—
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the panels being dimpled. An obvious advantage of this device is its simplicity of
design and its correct position with respect to the outer surface of the lining or
other part being worked.
Figure 71 shows an attaéhment mounted to the
chuck of a hand drill or of a drill and countersink-
ing press. It consists of the countersink (1) with

a pilot stem. The bushing (2) is fitted to the

countersink over the thrust ball bearing (4). The

spring (3) is within the bushing (2). The lock nut

(6) is used for fixing the countersink in its ad-

justed position. Regulation of the depth of the

IS

recess is obtained by screwing in the countersink
or screwing out the support nut (5).

Countersinking with the aid of this attachment
Fig.71 - Countersinking At- -
is performed in the following manner: After adjust-
tachment Inserted in the
ing the device for the specified depth of the recess,
Chuck of a Hand Drill or Drill

the shank of the countersink is inserted in the
1 - Countersink with pilot
) hand-drill chuck, and the power is turned on. The
stem; 2 - Bushing; 3 - Spring; .
hand drill is, held in the right hand while the bush-

ETATERC IR DR———

J, - Thrust ball bearings; ,
ing is held in the left hand with which the pilot

PP S s S )
§

5 _ Support nut; 6 — Lock nut .
. stem of the countersink is inserted into the drilled

hole. As pressure is applied on the hand drill the hole is countersunk to specifi-
{

cations.

This attachment is simple in construction but, at the same time, is not a

sensitive device; for this reason, its use is limited to countersinking in parts for
which a high degree of surface smoothness is not required. Since this attachment is
inserted directly into the cﬁuck of the hand dFill or drill press, it is obvious
that any wobble wiil be transmitted to the countersink. The body of the att%ﬁ%?Fnt
i

i .

€
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Pt 1

must be held by hand while in operation to prevenf‘the support from scratching the

TR SRS TR g

surface of the part worked. The advantage of this device is its light weight and

[
et bttt o L 2 O

%

(‘. small size, which facilitates the work. :

Figure 72 shows an attachment mounted directly to the spindle of a hand drill

€, e -
i etk s i nene

or a drill-countersink press (countersink chuck). This device permits an accuracy
of ¥0.04 mm, and its small size and weight contribute to better utilization of labor.
0f all described countersinking attachments

used for flush-riveting work, ﬁreference should

be given to the types ZN-2 and ZN-1, which give

. greater accuracy of work. These attachments are '

for use in places where a high degree of smooth-

ness of the riveted joint is necessary (wings,
center sections, etc.). In spots where the R

technical spetifications do not require a high

ERNRY
w

T degree of smoothness, it is rational to use the
- Fig.72 - Countersinking Attach- :
attachments shown in Figs.71 and 72. .
ment Mounted Directly to the -

As already 'stated, before countersinking is
Spindle of Hand Drills or Drill

1 - started, the attachments used should be adjusted
Presses (Countersinking Chuck) ‘ ‘ %
for the specified depth of the recess and fixed |
in that position to prevent misalignment.
The adjusting of the attachments is done by mounting on a test rig wifh cali-
brated recesses, and is further checked by countersinking not less than five holes
in specimens which must be the same as the material of the parts to be countersunk.
" The mounting on the test rig is carried éut iﬁ the following sequence
(ef. Fig.73): ‘
%) Place the support of the attachment so that the countersink fits the cali- :
brated recesses, which are of dimensions corresponding to the mininmum dimensions of

N, R -
A& the heads of the rivets to be used (Fig.73a); STAT

T
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RY H : ‘ 2) Countersink not less than five recesses in specimens (Fig.73b);

l 3) Iteasu:;-e the depth of the recess with a calibrated rivet and an indicating
O instrument. (Complete data on the dimensions of calibrated rivets are given in

1, Table 11).

In case inaccuracies of the setting are revealed, the necessary corrections in
the setup are made, followed by repeat countersinking tests and measurements of the
recess dimensions. The setting of a countersinking attachment is considered éorrect

i only if, after inserting the calibrated riveﬂs into the recessed holes, the rivet

heads protrude by not more than the minimum height permitted by the design specifi- '

cations for the finished structure. f
]

’ ‘ a) b

Fig.73 - Sequence for Adjusting-and Checking Countersinking Attachments

AIPLEPNS I 0 VRIS~ 11 PI Vs - IS4
v asawAY - e | s Saave!

YL o

o e TPST T

a -~ Position of support in a calibrated recess; b - Sample of countersinking 1

i ity

of not less than five holes; c - Checking the depth of the recess i

Y “lhen the countersinking attachments are fully tested, they must be sealed with
i Jlead seals. Only sealed attachments may be issued to the workmen.
It is forbidden to work with attachments with broken seals (since this indicates

tampering with the setting) which may lead to imperfect countersinking (t:hat is, ex-

SPNEIT Sl

.cess or inadequate countersinking of the recesses).

Depth of Countersinking. The depth of the recesses greatly influences the sur-

face quality of the worlk done in flush-riveting of joints. Insufficient counter-

sinking leads to protrusion of the rivet heads, while excessive countersinking re- i1
3 §

3 ) ‘ ;
3 sults in a depression of the rivet heads below the surface. Investigations ha%-gAT ;

i 75
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shown that these defects are due principally to a variation in fit or the noncoinci-
dence of the rivet heads-with the recesses ..
The curve slope (Fig.7,) indicates that, if the holes are not sufficiently
<\" countersunk, i.e., if the height of the rivet head is more than the depth of the
recess, then the left part of the experimental curve approaches the theoretical
- curve. The observed discrepancy between the experimental and theoretical curves is

explained by the fact that, after the riveting is completed, the rivet head becomes

- upset under the pressure, but still protrudes over the surface of the planking.

03

.0,3 02 0.1 g -ar . -02 -03

e) ‘ )

Fig.7l, - Correlétion of Protrusion of Rivet Heads and Depth of Countersunk Recess |
g a) Theoretical curve; b) Experimental curve; c)~ Protrusion of ‘the rivet head, Ah; i
d) Depression of the rivet head; e) Difference between height of rlvet head and l
- depth of countersink recess (hy - h2), in mm; £) Difference between depth of recess E

and height of rivet head (hp - hy), in mm \ ‘

The opposite characteristic of the curve segments occurs when the depth of the |

recess is greater than the height of the rivet heads, i.e., when the recess is ex-

SN

. &w ' cessivgly countersunk. In such cases, the experimental curve deviates sha*é*_‘llg_l_from E b
. ? - st .
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|-
\ﬁ “ . « the theoretical curve. This is explained by the fact that, in the process of rivet-
- ing, the rivet head abuts the flat surface of the set die so that, after riveting,
&z} the top of the rivet head is only sliéhtly below the surface of the,blanking, while
in some cases it is either flush with the surface or protrudes slightly.

In cases. where the depth of the recess is significantly greater than the height

l of the rivet head, (e.g., over 0.1 mm), the rivet head does not fill the recess ade-

quately, Jeaving a clearance between the surface of the recess and the rivet head

(Fig.75). This reduces the strength of the joint when subjected to stresses and

lowers the corrosion resistance of the seam.

The strength of flush-riveted joints with various depths of countersunk recesses

was investigated on specimens in shear and tensile test with static, vibration, and 3

repeated static loading.

Table 12 and Fig.76 show that, in shear with static loading, the strength of

the joint increases as the depth of the recess is increased. This is due to the fact

e et &

that the cross—-sectional area under shear is increased because of the conical shape

penpwyamepsearercypuvarEBREEE RS

( t
<:E of the rivet head which penetrates into the mating sheet. Macrographs of the speci- h
|
mens are shown in Fig.T75. _ . \ \

ﬁ% ) < Another characteristic of the curve in the graph is shown in that portion of it
‘ where the depth of the recess is less than the height of the rivet head, that is,
when the countersinking is insufficieﬁt. In such cases, since the stem of the ri&et
is of uniform area in shear, the failure load or the ultimate strength is nearly

i 1 constant, regardless of the depth of the countersunk recess. This is shown in

Table 12.

Tension tests with static loads on specimens, as shown in Table 13 and Fig.T7,

have demonstrated that as the depth of the recesses is increased, the streﬁgth of

|
§
{
)
3 -
ii the joint is lowered. The reduction in the strength of the joint, corresponding to %
g the increase in the depth of -the recess, is due to the fact that the area of intimate |
|

d »\;:
Qﬁl contact of the conical surface of the rivet with the material of the rivetedSTATb,is

78 . X
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Table. 12

3=1,5mm -
6;-2,0 mm d=y=2 mm

)

P,

failure T
" Kg in Kg[rmm?

in % \ }E;lq:;n in K:/MM" in %

. 1815- 20,6 93 1960 22,3 | 1053 |
1815 20,6 93 1€37 22,0 104,0
1900 21,6 97 1947 22,1 104,6

1958 22,3 100 1860 21,1 | 100

0,1 1583 *| 22,5 101 1832 98
0,15 2010 22,9 103 - —_
0,2 2226 25,3 114. 1885
0,3 2291 . 26,1 117 1830 98

\

7 - ultimate shear strength of rivets

. a) Deviation of depth of recess from normal, in mm; b) Characteristics of joint;

c) Strength; d) Depth of recess lgss than normal by; e) Recesses made to normal di-

mensions; f) Depth of recesses greater than normal by

STAT
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less.

| Tt should be .motedA that seams in which the rivet heads protrude above the s |

’ j i ig.76)e
' " face of the planking are deformed less when subjected to static loads (Fig.76)
A% ac ‘

- ' Fig.75 - Macrograph of Specimens Used for Investigating the Effect of Recess
) Depth on the Quality of Riveted Joints
¥ d 1 - Depth of recess less t.han normal dimensions by O.1 mm
! . 2 - same by 0.2 mm
, ! ‘ 3 - same by 0.3 mm
’ ‘ .l,, - Countersu:nk recess made to normal dimensions

CA 5 - Deﬁth of recess grea’r;er than normal dimensions by O.1 mm

6 : same by 0.15 mm
7 - . | same by 0.2 mm
’ 8 — \ same | ' - by 0.3 mm
‘. - a) Depth of recess less than height of rivet head; b) Depth of recess equal to

height of rivet head; ¢) Depth of recess greater than height of rivet hgraT =

a3
2]
Ol
'I' i
kL
‘;' H
3

" Y

. : .
. ki L
L * B - P . T
E : - PR . . R
PR i . T s U LT e — . 0
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- . . 'For example, on stressing the seam to a tension of ¥ =6 kg/mmz, the slip which
tékeé place in the parts joined, as'a function of the depth of the countersunk re-
{’ . cess, is as follows:
- a) 1.3% of the diameter of the rivets, in seams where the depth of the recess

is less than thg height of the rivet heads;

b) 2.1% of the diameter of the rivets, in seams where the depth of the recess
is the same as the heigh? of theirivet heads; i

c) L.LS of the diaﬁeter of the rivets, in seams where the depth of the recess
is greater by 0.2 mm than the height of the rivet heads;

d) 15% of the diameter of the rivets, in'seams where the recess is greater by
0.3 mm than the height of the rivet heads.

The results of the vibration tests, as given in Table 1, show that joints in

which the countersunk.recesses were made smaller than the specified normal dimen-

sions, have a higher fatigue strength under all test conditions. On the other hand,
joints in which the recesses were made “larger than the required norral dimensions,

(Eb Fave a lower fatigue strength under all test conditions. However, where the recesses

are either over—countersunk or uwnder-countersunk by O.1 mm, and also in joints where
the depth of the recesses is the same as the height of the rivet heads (since here
i - the recesses were made to the specified dimensions), the fatigue 1imit remains con-
stant at the value of unit stress o = L7 kg/mmz. Compared with the case when the

- recesses.are.made to spécified dimensions, joints made with over—countersunk recesses
- by 0.2 mm; have their strength lowered by 4%, while the strength of joints in which

the recesses are under-countersunk by 0.2 mm, is higher by 10%. |

. This m;y be explained by the fact that the rupture of the plates under vibra-
tion loads takes place in the Weakened cross section of the specimens along the first

- b [

” #The tensile stress ¢ was determined as the ratio of total load applied at the joint

to the area F of the entire cross section of the specimen sheets tested.
STAT

81

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Cop

y Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

Table 13

Strength of Joints in Tension as a Function of Depth of Countersinking

b)
B‘=%'(5) e Fy=3,=2 mm
62= N mm )
a) =y
d) 8) J % d) e) in %
. 0,3 1368 18,2 | 112 1970 | 26,1 | 110,6
<T’§ £) 0,2 1330 17,6 | 109 1900 25,2 | 1C6,8
0,1 1280 17,0 | 105 1820 24,1 | 102,1
’ 1223 16,2 | .100 1780 | 23,6 | 100
9) |
: . ? 0.1 | 1160 15,4 95 1755 23,2 | 98,3
© 0,15 1140 15,1 93 - | = —
- h) 0,2 1080 14,3 88 1740 21,8 | 92,3
0,3 1033 14,3 88 1660 22 93,2
1)

a) Amount of deviation of the depth of the recess from mnormal, in mm;

b) Characteristics of the joint; c) Strength; d) Pi‘:;tilure in kg; e) o in
kg/mmz; f) Depth of recess less than nprml by; g) Recesses made to normal

(@3 dimensions; h) Depth of recess greater than normal by; i) ¢ = ultimate ten-

i STAT
sile strength of the riveted joint with the rivets in tension
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Fig.77 - Effect of Depth of Countersunk Recesses on Stre

the Rivets Subjected to Stress in Tension,

Heads Greater than the Thickness & of the Upper

.
]

a) Strength in

b) Rating; c) Depth of recess

03 mm

ngth of the Joint with
and with the lleight of the Rivet
Plate

greater than specified normal;

d) Depth of recess 1ess than specified norma1
" {

15,

¥

OKg/mm,
13—

i
T4

2 S
ot
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-
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\\¥

\'p

I
L

unubmqvuma
L]

25 § 7510 1251517520 22,52527530 325 35 37,5

Stip or displacement of plates (a)in% of diameter of rivets

Fig.T8 - Deformation o

Recess Under the Inse

Recess under inserted rivet head,
Recess under inserted rivet head,
Recess under inserted rivet

Recess under jnserted rivet

a
=}
A
o
| ]
A
d’:%(F is the area of the ent

8l

f the Joint as a Function of th

rted Rivet Heads |

liead,
Recess made to specified normal dimensions

Recess under inserted rivet head,
head,
ire cross section of the plate)

@
e Depth of the Co{mtersunk

0.1 rm below speci fication
0.2 mm below speci{ication
0.3 mm below speci fication

0.2 mm above specification
0.3 mm above speci fication
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mab1E U

Strength of Joints with the Rivets under Shearing Stress

i (C’g\ (The tests were carried out under conditions of vibration loading)
P
i
g
LR Depth of recess Depth of recess
’_{ Deviation of the less than spec- | Recesses made to greater than
*- depth of recess from ified normal normal specified specified normal
specified normal dimensions -
\ in mm 0.2 0.1l 0.1 0.2
X Fatigue point of the
: seam as unit stresgs
0(.!) Sh ’ in kg/m 502 1.,],07 Lpo7 LL.7 l[.os
: in ¢ 110 100 | 100 100 | 96
E -
‘ Note: The vibration tests were made on the basis of 107 cycles.
T2
Sinaz, r Tt
s ol %
635 -&f \\- I 4 ij'
.
| 6.0 ey T+
"Q ') N ‘iify'”‘lp
- 55 P~ ? g
' N OB '
' 5.0 Al
i! 4.5 -
N 105210 4107 B10% 10Y 2107 4107 810%10°

]

‘a.).

Fig.79 - Fatigue Strength of the Joint as'a Function of the Depth of ' Countersunk

Recess, with the Rivets Subjected to Shear and the Plate to Tension Stresses

P TP ——

o - Recess made to specified normal dimensions " |

v vy e

O - Recess made less than normal by O.l mm

A

made less than rﬁormal. by 0.2 mm ‘

J

IBE 0 - Recess

'% - o - Recess made greater than normal’by 0.1 mm
Wl o M - Recess made greater than normal by 0.2 rm

o R

P

a) Number of cjrcles. g = + (F is the area of the entire cross-section oi“ the

Inig

STAT

©
RS plate, in mm?)

3

4]
&
2

& : ' . l
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.
THOR .,

ldi - - N i
%; - row of rivets, along the line of the three holes in the plate 61. Also to the ex- i
o !
? 2 tent that the depth of the recesses is made greater, the area of contact between the 8!
o
ig [ & rivets and the plate in the first row becomes less, which contributes to the lowering %

Los .

ey PR

P rar= s
-

!

. of the fatigue strength of the joint.
L]

Table 15

Strength of Joints on Tests with Rivets in Tension

. Depth of recess Depth of recess

Deviation of the less than spec- | Recesses made to greater than
! depth of recess from ified normal _normal specified specified normal
- specified normal dimensions
in mm 0.2 0.1 0.1 0.2

Fatigue point of the

seam as unit stress
S sh» in kg/mr? o5 o5 o5 lys5 o5
‘ in % 100 100 100 100 100
g ) Note: The tests were made on the basis of 5 to 105 vibration cycles.

The indicated results are confirmed by tests with the rivets in tension on

- . vibrational loads (Table 15 and Fig.80). Under the conditions of these tests, the

! : >strength of the joint decreases at the higher rates of loading as the depth of the

< recesses is increased, but the fatigue limit does not change.

Tn this manner, the tests made in shear and in tension with vibration loads

esaovias

- show that a variation.in the depth of the recesses, within the limits of X 0.1 mm,

does not affect the fatigue strength of the joint. A deviation from the tolerance

given in the, direction of over—countersinking (+) leads to a lowering of the strength

G s e £ S s e
~

of riveted joints.

.

[N

On the basis of the results obtained on the specimens in shear and in tension

under repeated static loads, made with various depth of the recesses, Table 16, shows

! ) \
(“ that in the case of testing the specimens in shear, their strength remains gTAT?D

' 86
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Table 16
. . . Fith
Nurber of Repetitions of Load on Specimens Tested in Shear a_nd in Tension Wi
Jumber ‘

Various Depth of Countersunk Recesses

=11,3 Kq/mm®
omes=0: Kafm] \ I3 Kglmm®
\ c,,,,.zo,‘.)l Kg[m |

. 10117 : 366
11872 ; 349
9580 \ 325
10529 \l 346

—— -
- -—

0495 431
285 .

14302
15014
11816
492
M) 14010

a i i i : ind of test;
) Deviation of the depth of recess from normal dimensions, 1N mm; b) Kind o 5
‘ .
han speci-
) Shear; d) Tension; e) Stress in specimens; f) Depth of recess gre.ater t P
c H

1

of recess less t’han normal dimensions by; i) Average value STAT
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unchanéed, regardiess of the depth of the‘recess. Some increase in strength is ob-
served in specimens in which the inserted flush rivet heads protrude above the sur-
(Tj face of the plate. .

When subjecting the rivets in a joint to a tensile strain, under repeated static
’ loads, their strength increases to the extent to which the depth of the countersink-

ing of the recesses is reduced.

i The following conclusions may be derived from what was stated above:

1. In order to obtain the required degree of surface smoothness and strength in
flush-riveted joints, the shape and dimensions of the recesses must correspond to
the shape and form of the inserted heads of the rivets used in making the joint.

2. Protrusion of the rivet heads in flush-riveting over the surface of the
sheet lining contributes to an increase in strength of the joint under all types of
load application (with static, vibration, and cyclic loads).

3, Joints in which the recess underneath the inserted rivet heads has a depth ]
exceeding the specified normal dimension; by 0.1 mm and more, have a lower strength

(?ﬁ under all types of load. An exception is the case where the thicimess of the upper
countersunk plate is less than the inserted rivet heads, when tested in shear on
static loading.

l.. The deformation of joints in which the inserted heads of the flush-type
rivets protrude above the surface or are flush with the surface, is considerably
- less than the deformation which talkes place in joints yhere the inserted rivet heads
o are~depressed relative to the surface of the planking..
For these reasons, it is necessary in the process of coun{ersinking recesses
to check éystematically the quality of the work and the accuracy of the recesses.
In case fhere is a deviation from the technical instructions and specifications that

7
are in effect governing the countersinking of recesses in any given major unit or

D P
. .

component , further vork should be discontinued until the defects and causes of the

:(:j deviation from specifications have been eliminated. STAT

N

5ot
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-'l;tl'evx'xé.teria—i from which it is made and the cleanliness of the surface of the

_'pilot stem of the countersinking tool has a considerable effect on the quality of

" the countersunk recesses. Proper quality of work and a reduction in the deviation

Guazn L
CWA

857

$3

sit

439

41t 3
N
107 2707 5105 ST 207 4108 &P I0° 2008 4%05 801 210° 4.10° 810°107

4.5

Fig.80 - Fatigue Strength of Joints as a Function of the Depth of Countersunk
Recesses (with the Rivets Subjected to Elongation in Tension; Plate Thickness
are 81 = 1.5 m, 89 = 2.0 )

- Recess made to specified normal

— Recess made less than specified normal by O.1 mm

- Recess made less than specified normal by' 0.2 mm

— Recess made greater than specified normal by 0.1 mm

— Recess made greater than specified normal by 0.2 mm

P

a) 6 pax :-n_f—; (i‘3 is the area of a cross section of the rivet stem in mm?. n is

the number of rivets in the seam).

from correct dimensions is obtained by making the pilot stems from steel tempered
at red heat and well polished, and of the same diameter as that of the drill used

for the hole.

In countersinking recesses, it often becomes necessary for the workman aé‘:l‘_ A*:Ihe

inspector to check the depth of the recess. The checking is usually done by visual

89
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inspection of the fit of the rivet or by using indicating instruments. In such
cases, the inspection of the rivet mpst be followed by pushing it out from the oppo-
C\ site side, i.e., from the side of the airframe, which involves a loss of production
) time since two worlmen are needed to perform this operation. At the suggestion of
Engineer ¥.V.Feofanov, a device known as a vacuum extractor (Fig.81) was adopted at i
- B one of the industrial plants for the purpose of removing the rivet from the side of i
. the planking after inspection of the recess. This device
consists of a cap (1) which is screwed into the body (2). }
The tubel(B) is held in the extended position by the coil %
) spring (). The screw (7) fits into the lower part of the !
tube (3), with its head in the center of the piston (6)
which, on the upper part, carries the washer (5). Tle pis- |
ton fits and slides in the tube (8), which has a rubber
| gasket (9) at its lower end.
<k - As shown in Fig.82, this device is used in the follow-
(;r Fig.€l - Vacuum Ex-

ing manner: The vacuum extractor is placed on the surface

tractor for Rivets

of the planking over the place where the fit of the rivet
Cap; 2 - Body; !
with the recess is being checked. Pressing dowmn by hand on

Tube; L -~ Spring; .
’ the cap (1) causes the movable mechanism to move down,

\lasher; 6 - Piston;

= v W
{

while the air under the piston is expelled through the

Screw; & - Tube;
clearance between the screw (7) and the piston to the at-

0

— Rubber gasket
. mosphere. As shown in Fig.82, after the piston is in its

lowest position and the pressureton the-cap is removed, the action of the spring
rapidly returns the piston to its upper position, while ‘the head of the screw (7)
closes the clearance passage for air, thus creating a vacuum in the chamber under-
neath. Due to the difference in pressure acting on the head of the inserted riyet
and on its stem, the rivet is expelled and is caught inside the chémber of the

\ ‘)\
(0 . , STAT
i tube (9). A hermetical seal between the planking and the device is provided by the

oo T8 .
e it s i s e e

LS St $5E 1 I R 4 A T AR 2 S st e | 2

90
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rubber ring (8).

( . 3. Dimpling

The recesses under heads of flush rivets may also be made by dimpling. Dimpling

can be done individually on each sheet or part of the joint or on two or three parts

0 N

N N NE (R

i N ¢ |

: i D

2 bl

i Fig.82 - Vacuum Extractor

5‘ a - Vacuum extractor installed on the planking surface, witih the movable mechanism
g

! T\ in its extreme low position; b - Instant of expulsion of the rivet from the recess
|

E

fé 1

: D N

§ a) )

;, Fig.83 - Methods of Dimpling Recesses

i) s _ Dimpling with a punch and die; b - Dimpling with the rivet head

¥ 1) Punch; 2) Die

ji at the same time, depending on their thickness. Multiple dimpling of recesses in a
il stack of several parts increases the labor productivity and eliminates the necessity

of spending time in making the recesses coincide during assembly of the parts.

. 2

i @ |
t Dimpling of recesses in parts made of alloy V95 is done by preheating the area

i STAT . .

ok 91

; '

£
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_iin which the recess is made.
-

ok | Recesses may be dimpled by two methods, namely: 1) with a punch and die;

.'\ Ti2) using the rivet head itself (Fig.83). Depending on the method used in dimpling
5 __recesses, the tools used can be classified into the following three groups (Fig.elL.):

- 1) Devices working on the principle of crimping the holes;

~ 2) Devices working on the principle of drawing dies;

A}

—~

i

l
RS

ol
>

e

3) Devices working on the principle of crimping the holes and using a chisel

blade.

. 2 et s’ e g s
o vt 4 A s s 2B A R 50 TR ST
IS
‘
] i

[

Dimpling the recesses with the above devices is done on presses or with pneu-

h ““matically operated hammers.

c)

Fig.éh - Types of Tools for Dimpling Recesses

PP NCAL

e el iR

SR

| a - Tool working on the principle of crimping the holes; b - Tool working on the
principle of drawing dies; c - Tool working on the principle of crimping the holes

with use of a chisel blade

Below, the requirements for recesses for flush riveting made on dimpling tools
; and machines are given‘:
L7 1) Preserva’t:,ion of the original aerodynamic smoothness of the surface of the
Lo parts dimpled;

@ 2) Obtaining precise recesses with an even and smooth transition from the ‘

vy

surface of the part worked; ' STAT k
92 |

i
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3) Absence of cracks and torn edges in the dimpled recesscs;

I,) Feasibility of dinpling rccesses in shcets of various thickness, eitler

separately or in a stack of two or three at a time.

“hen working with the tools of the first group, &s shown in Fig.25, the recesses

are obtairied by radial flexure or bending of t.e r:aterial. The cffect of the bend~-

manifest not only in the area of the recess but also in the adjoining portions

Table 17

Niameter of Drilled lLoles for Dimpling Recesses with Tools of the First Group

Diameter of rivets, in mm 2.6 3.0 L 5.0
Diameter of holes drilled
before dimpling of recesses,

in mm 2.1 2.7 3.6 Lol

of the material, t-us producing 2 cambering of the material.

In this case, during the first stages of dimpling, the sheet is deformed over a

N\

' N
D

N

a’

Fig.85 — Schematic Dihgram of Procedure in Dimpling Recesses with

Tools of the First Group )

_a - Aligning the part with the pilot stem of the punch; b - liolding the part in
~La\s’o stage of the

place; ¢ - Initial stage of dimpling by crirping the hole; d -

dimpling process
) STAT

On further application of: pressure’in

radius larger than the radius of the die.
s equal to the

dimpling, the radius becomes smaller, and in the last stage it become
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radius of the die. On completion of the dimpling, tie radial stresses int e bent

area p;oduce considerable elastic deformation of t.e material in the recess, in-
L .

) crezi.sing the angle of the protruding material by 3 to L° in the area of the recess.

1ost of ti.e deformation is on the convex side of the recessed hole, which con- |

gributes to the development of radial cracks (Fiz.86). The presence Of cracks a~ !

round the hole depends also on the quality of the work. Special attention must be

given to ti:ie presence of burrs wlich arc the principal cause of developrent of ;

cracks. For this reason, it is necessary to remove all burrs after drilling. The

drilling of the holes must be done from thre inside of thre

|

part, i.e., from the side on vwhich ti.e protruded portion of ‘
i

I

@ }/' the recess will appear. This precaution results in reduc-
B .
=7 ing the number of burrs at the outlet point of the drill.

Dimpling of recesses with the described +ools is done

Fig.86 - Cracks on
by pre—dril]ing the holes Lo & diameter corresponding to

the Convex Side of
that of the rivets (Table 17). /

{% the Recess i
- tlork with the tool shown in Fig.85 is done in the fol-

Jowing sequence: The tapered pilot stem of the punch is placed into the pre—drilled

hole; from the opposite side, the mting die is placed in position (Fig.85a), after

Fig.87 - 'gchematic of the Procedure Used in Dimpling with Tools of the Second Group i

a - Placing the part to be stamped over the pilot stem of the punch; b = STAT
stage of dimpling (pressing the part tightly against the hole); ¢ - Drawing of the

n\ate;'ial'; d - Finishing operation of the procéss

9L -
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_,{which*‘the preumatic hammer or press is started up. During the first stage of opera-
~ 7 tion, the hammer or the press tool tightly presses on the part being stamped, as

" ghown in Fig.85b, and finally the punch is brought into action and the dimpling of

the recess 1s completed to the required dimensions (see Fig.85c,d).

ssible to dimple each part separately or both mating parts to-

of mating parts at the same time, bub it

- It is either po

gether. It is feasible to dimple the stack

is not recommended to dimple the parts separately, since this will result in a lower

production output and a poorer surface smoothness. In individual dimpling, the parts

5)

Fig.88 - Schematic Diagram of Dimpling with Tools Provided with Rubber Sup-

L{e port Sleeves

a -~ Placing the part to be dimpled over the pilot stem of the punch; b - Applica-
tion of pressure around the hole of the material; ¢ - Drawing of the material;

. d - Finishing stage of the drawing process

are aséembled in mating stacks and tiie holes are dri_lled to the final dimensions,

a immediately after ‘the dimp-

whereas in simultaneous dimpling the holes are drille

ling.

Before any work on dimpling is started, the working parts

must be checked for proper function by dimpling sample recesses in some specimens.
The described group of tools for dimpling does not fully meet the quality re-
quirements of recess making and has the following drawbacks: ' STAT

@(j 1) Buckling of the material after dimpling;
rmation of radial

2) Presence of burrs around the holes, resulting in the for

Declassified i - iti
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- cracks after dinpling;
- 3) ‘iron¢ dipensions of the recess, in sone caseSs

|
1
i
‘1" @ ’ The aravbaclis mentioned are partially eliminated when using tools of the secc .

13

i group, S1oWn in Fig.&7. In this case, radi2l cracks arc eliminated by holding the

part tightly in place by the plunger. During the first

e

stage of dimpling, the raterial is being pressed into tie

area around the hole, and as the plunger rioves furthrer, i

drawing of the raterial takes place. Flastic deforration

is therefore less than in the case of dimpling with tools

of the first rroup.

To reduce elastic deformation and buckling of the

o o o —— e

planking raterial around the recess, the .pressure during

the initial stages of dimpling 1s absorbed by a rubber

sleeve oOr support around the plunger (Fig.88). The tools

Tig.89 - Tool Set for
shovm are operated on the same principle as drawing dies.

o) Dimpling
The third group 1ncludes tools working on the principle i

1 - Punch; 2,- llolding
of crimping the holes by embossing. The tool shown in

plunger; 3 - Die; .
‘ Fig.89 consists of a punch (1) and die (3), whose hole car=

l, - Spring; 5 — Washer B
T ries the plunger (2), held in extended position by toe

with stem ) ;
spring (4), which rests. on the washer (5) The dimensions i

‘ of the tapered part of the punch correspond to the dimensions of tie rivet head. The
ib pilot stem of the plunger is chamfered at an angle of 2° ‘Lo facilitate the release

- of the part after the recess is -formed. The working surface of the punch in contact
writh the ma.‘r,erlal is nade concave and thab of the mating die is made convex for the
purpose of ar\roi.ding the bulging out of material in the area around ;c,he recesse. \
- -~ Ainamater of the‘conical part of the recess of the mating die is the

ch (l), it is pOsslble to use one set of tools for siSTAT™"

dlmpl_‘mg of - recesses in sheets laving & thickness from 0.5-1mme

[y
~
ergroen

PoT5-10032/V - 9% :
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The plunger with the pilot ‘sten ensures 2 gipht hold of the raterial at tle

edres of the hole, during the entire gravel of tie plunger . The initial tension ¢

(W}« Lthe spring on the plunper may Vary from 60 to €0 kg&-

As the punch approaches the dic (Fig.90), the sheet not only is bent and drar, i

but is also upseb, being coined under pressure and flowing wetween the worlzing parts

i \ Tig.90 - Schematic Diagram of Procedure in Dimpling “Jith Tools of the :

} ¢ Third Group

»

\ a — DPlacement of the workpiece on the pilot stem; b - Beginning of the process = ‘

‘ ‘ (“—" contact of plunger and die with the raterial; ¢ - Crimping and coining under

pressure of the material in the'area of the hole; d — Finishing sbtage of the

i t . . 3 3 " LY
: ’ process -~ the material 18 upset in accordance with the convour of die and plunger

of the puncn and die. Due to the effect of coining, the resultant recess has a

,

sharp and well-defined yransition line to the surface of the sheet. |

Table 18

| Diar;xeter of Holes in Dimpling With Tools of the Third Group

(See Fig.89)

Diameter of rivet stem,

Diameter of holes under the pilot
stem of the punch, in mm

‘ . The washer (5) with its stem (Fig.89) serves the purpose of
! .

i ‘;.

adjusting the a-
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mount of compres,sion on the spring. The degree of spring pressure required deper.’

on the kind of material vworked, its thickness, dimensions, and the type of rivet:

) Dimensions of the Working parts of the Dies Used in Tools of the Third Grouj

) (see Fig.89)

" Dimensions in rm i
Diameter of

) ) Sketch r;;;e;(:n N 5
N 2.6 5.7*0-C25 3,6%0+025 5.,70:02 :
3.0 6.5+0.030 3.9+0.025 2.7+0.02
3.5 0.3%0.030 | },,,70:0% 3.,1+0:025
: 1.0 g.2+0.030 5,2+0.025 3.5+0.025 -;
‘ 5.0 9'9+O.030 6.1*0‘030 l+-5+0'025 ‘

used. The correctness of the amount of spring pressure is judged visually from the
; ;- appearance of the recesses obtained in preliminary tests (Fig.91). The dimpling with
| the described tools is done on holes which have been pre—drilled, whose diameters
T must correspond to the diameters of tl‘le rivets used (Table 18).
- Complete' di}nensions of the working parts of ’plrie tools - pun;:‘n gnd die - for
dimpling in power presses are given in Tables 19 and 20.
Coining enables satisfactory smoothness of surface, but the sharp line of trans-
| ‘ition of the surface of the recess to the surface of the planking causes xa concentra- ‘
i tion of stresses, which lowers the’ strength of the joint as compared \.{it.h joints E
made with recesses which have been stamped out with a smooth and even transsition ;‘\
TAT, .

line. The force required for stamping recesses in sheets of 0.6 to 0.8 rm 1 vhicl—~

ness are given in Table 21

98
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: by the following
ses, utilizing the rivet heads may be done by t
. . s ,
pimpling of rece

two m‘et‘nods :

C' 1) gipultaneously with riveting;
W :

' i th the rivet head;
1y, i.e., ab first the recesscs are dimpled w3
2) 3eparately, 1-€¢»

. s 43 -, tools.
folloved by upset.’oing the rivet with other b tool showm .
) . ' resses, th
. - with riveting on power P
. s e simultaneously wit
Jmen dirpling s

15 1S eI Io fed 11S k.()() l cons IS‘;S ()f l;lle Seb (lle l W.llckl h:‘lS a SIuOObh sur-
. . . . T ( )

Table 20
i £ the Third Group
jorlzing Parts of Punches Used in Tools ©
i ] the Worx
Dirensions of

(5ee Fig.£9)
-+

Dimensions in mm

Diameter of
rivets,
in rm

Jo
5.7-0.025 2.4,.0.02

6.5-0.03 2.7-0.02

.1
7.3.0.03 3.1.0.025

£.2.0.03 3.6-0.025

L.5-0.025

9.9-0.03

Iacl‘, al vl.C ()‘ 1 I [0 acco ()d.a‘,es € !)\ 1NClie H (3“ i)lll er SleeUe 2 iS actu—'
! = ( )
b (1,) i }". il 3 3 11 - -
b . t 1- X} 2 .

- J 4 (J) SCI\JeJ fOI ‘101.1111 L}Ie pa-lh belllg d-:unpledO
at,e, t)’ CiC pl lll[ ) aIld ¥

™ pre-
i ~ '« llolecs are I
i . sing order’: i
: ine this device is done in tae following
- S . n
n o cjori in usingG .

A

3 A + 1 n l A 1 1 way t; b‘l‘.’e
i L ps] ‘ N ne I o i 1 a Nay tha
,. 1 X eSS in sucC
i 1 ! S L'l cnob ccai 'L. pOIIe p
I’" lle in u. e piece 41 1Chy 1 Ol :
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in Fig.93, are used. The procedure of work with such tools is carried out in the

a4

following sequence: As in the previous case, holes are drilled in the piece to be

dimpled, to the diameter of the rivets
Table 21
used, the rivets are inserted, and the
‘Force Required for Dimpling on
piece is placed in the power press in such
Power Presses
a manner that the stem of the rivet fits

Diameter of Dimpling force, into the removable die which must have a
rivets, in mm in kg

conical hole of the same shape as the in-
1900
2,00 . serted rivet head. As the press is started
3000 .
3800 up, the flat surface of the set die de-
5300 )

scends, thus stamping out the recess. After
this, the parts are moved to another power press which is provided with a mechanism

. for riveting, and t“e riveting operation is performed on the entire piece worked.

l.. Countersinking the Inner Sheet and Dimpling the Outer

By this method (sece Fig.65c), the formation of the recesses underneath the
heads of flush rivets is carried out on each of the mating parts se_tara:telzr. In :the
parts of the airframe which are of greater thicl:ngss, the recesses are countersunk
while in the thinner skin the recesses are dimpled. Since the countersunl: recesses
are completely filled by the rivet heads as well as by thc; material of the outer
sheet, using the —too]‘.s of the f.“i'rst group for dimpling (see Fig.85) will cause the
recesses to be cowntersunl: deepcr than in conventional coxmters’inl:ing., b 0.46, .
where 67 is the thickness of the outer sheet being dimpled.

To obtain greater surface smoothness of the planking at the edges of the coun-

tersunlk recess, these edpes are ctamfered to a depth fron 0.3 to 0.5 mm. In that

case, the dimpled recess in the planking will £ill the countersunk recess in STAT
airframe completely. The chanfering is done with a countersinlding tool, having a

taper angle of 150°.
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l‘pling the planking, the depth of the coun-

he rivets used.

The process of dimpling and counter-

sinking recesses and the use of tools and
instruments in connection with this opera-

tion, does not differ from the process

described above.

5. Dimpling in Mapgnesium Alloy Parts

The magnesium alloye of specification

MA-1 and MA-8, used in structures, have
,Fig.91 - Determination of Correct

Spring Pressure in Tools Used for ‘
room temperature because of their thermo-

i
lonly a limited dimensional stability at |
|
i

Dmph.ng by Visual Inspection of
L plasticity; this makes them unsuitable for
Recesses Made in Test Specimens
‘ dimpling. ¢
a- Insufficient spring pressure;
. . Cracks, torn edges, or irregular
b - Correct sprmg pressure' c - Ex-

:sha.pes~ of the recesses develop if dimpling
: . cessive sprring pressure , )
is done cold in magnesium alloy parts.
-1

' Such ’d‘efects weaken the riveted joint and disrupt the surface smoothness. For this

oxr, mgn sium a.]_loy pé.rts are stamped |by pre—heating the area of the metal.

ety
“

i
; 'me pre—hea.ting of the stressed area ;can be done by resistance heatmg or by
conta.ct heating. ll
" In res:.stance heating (Fig.%), an electric current is passed through the

stressed area of the sheet from opposﬁ,elglr placed electrodes which function as the

l
source of heat.. One electrode is connected to the conical’ section of the punch and

sy the other to the ma.’cing die; when these come together and make contact with the

; gh the res:x.stance offered by the metal. The greatest res:Lstance 13 in the area

i

01
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w ere the edres of tle i.ole are in contact witi tie punci, wiich results in iea:
this arca of tle sheet to t..e nijshest temperature.
The tenperature to which t'e dimpling ure .

should be lLeated depends on tle t:pe of rateri.:.

AN

For dimplins parts of 1i-1 allo;” a temperatuvr:

of 325 - 375°C is required, while dirplings of

o LW

parts of -8 alloy (anncaled), requires raisin-

. ”""C/

the terperaturc to 30C - 350°C. In dimpling by
the electric resistance method of heating, a

transformer with a power rating of 10 - 15 kw is

Fig.92 - Device for Dimpling
required, wiich pernits pre-ieatins the parts by
Sirmidtaneously with Riveting

(5]
bringing them to the required temperature within
in Powver Presses
0.5 - 1 secc.
1 - Set die; 2 - Buffer;
The process of dimpling by the electric re-
3 - Spring; 4 - Body
sistance method is carried out in the following

sequence:
1. The parts to be dimpled are placed between the punch and the die wiich are
integral with the mechanism of the power press. Then the part is placed on
the pilot stem of the punch, tlirough the hole;
2. The part is tightened under pressure between the ic;unch and die and the area
of the metal tolbe deformed is leated;
3. The recess is dimpled;

. The punch and die are retracted to their original open position.

Then, the recesses are dimpled over the entire part worked.’

Pfe—h‘eating of the sheet by the contact method (Fig.95) is accomplished by the
transfer of heat from a previously heated device. The intensity of the heat trSTAT
fer from the device to the sheet depends on the temperature differential and on the

area of the surfaces in contact, t’ﬁé material of the device, the pressure existing

102
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between the heated part of the device and the sieet, ard on the thiclness of + »

slieet. Tiie plunger and the die in +that case are made with a wider area of ccr' o

Fig.93 - Dimpling Jith the Rivet iead

a - Starting position; b - Dimpled reccess

‘lhen pre-heating by the contact wethod, tiie temperature of the puncl and the
die material must be higher by 20 - 30°C t.an the temperature of the area if the re-
cess were dimpled by the resistance met:od. Under
these conditions the heating is done within

8 - 15 sec.

The process of dimpling when pre-heating by
the contact method is carried out in the follow-

ing sequence:

Fig.9) - Schematic Diagram of
’ 1) The heating device is brought to the
lleating Parts by the Electric .

. required temperature in special heating

Resistance Method

’ equipment;
1 - Punch; 2 - Transformer; '

2) The part to be dimﬁled is so aligned

3 -~ Potentiometer; ) - Power .
that the pilot stem of the punch fits into
line; 5 - Switch box; 6 -~ Die

. the previously drilled hole;

3) The part is held tight between the punch and die, and the area of deforma-

STAT
tion of the sheet is thus pre-heated; S

L) The recess is dimpled;

5) The punch and die are retracted to the original position and recesses are

then dimnled awven the entire plece.
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The accuracy and cleanliness with which the punch and die are prepared infl -
ences the quality of the dimpled recess to a considerable degree. Tables 22 and -
give data on the shapes and dimensions of the working parts of the tools used for

dimpling of various types and dimensions an

by different methods of heating.

—— Before any work is started on dimpling of
6,
parts, it is necessary to make sure that all

equipment is in good working order. This in-

cludes all tools, instruments, fixtures, the
Fig.95 -~ Schematic Diagram of .
equipment which serves as a supply of heat to

Pre-heating Parts by the Con-
the punch and die, from which the heat is
tact Method
transferred to the material worked, as well as
1 - Punch; 2 - Heat transfer de-
the performance condition of the regulating
vices; 3 - Regulating control
’ instruments. The adjusting of the equipment is
box; 4 - Die; 5 - Thermocouple; ‘
done by dimpling specimens of the same material
6 - Power line

and of the same thickness as the part on which
the dimpling is to be performed. After checking the accuracy of the test recesses
by means of calibrated rivets and making certain that there are no cracks on their

surfaces, the dimpling operation can be started.

Dimpling of recesses under the rivet heads by pré—heaﬁ,ing , in accordance with

the technicai procedure outlined above » can be applied to other -materials which have

a limited ability to withstand changes in shape at normal room temperature.
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CHAPTER VI
~ TYPES OF RIVETS IN USE AND THEIR MANUFACTURE

l. Types of Rivets

Depending on the degree of ease of access to the place of riveting, various
types of rivets are used. For riveting in open places of structures, where it is
possible to approach the work from two sides, rivets with solid shanks are used

(Fig.96), which represent approximately 97% of the total number of rivets used on

10 TFYT
1T T et

Fig.96 - Types of Rivets with Solid “Stems

. STAT
1 - Semicircular; 2 - Flat; 3 - Countersunk h_ea.d or flush, a = 90° L. - Flush type,

= 120°; 5 - Double cone, a = 1200/1614,0 ; 6 = Flat head with.high shearing strength;
7 ~ Bllnd rivet; 8 - Flush type s @ = 120° with hlgh shea,r:.ng strength 9 - Sleeve

for rivets wn.th hlgh shearlng strength; 10 - Plano-convex type

109
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4

0~
:’conventional structures of ‘light alloys. The rivets shown in Fig.97 are used for
T2

mw,t:_ng in enclosed port:.ons of the structures, i.e., where it is 1mp0331ble to

rlvets with solid sha.nks and where the rlvetlng is done from one side only.
wf)etpe;ldmg on the fit of rivets in certa.m structures, rivets with various shajx,

lor heads are used, known as protruding and as flush types. The protruding type in-

e

i
Fig.97 - Rivet Types for' Riveting From One Side

. l
1 - Mandrel with hollow round-head rivet; 2 — Mandrel with hollow flush-head rivet;
3 - Tubular rivet with flat head; 4 - Tubular rivet with flush head; 5 - Explosive
Rivfets

cludes rivets w:Lth semicircular, pla.no—convex, and flat heads. Such rivets are used

. for ;join:mg parts of the airframe which are not exposed to the air flow.

43’—— . Flush-type rivets are subdivided into rivets w:Lth a cone angle of the recessed

44——hoad of a = 90°, rivets with a cone angle :of the recessed head of o = 120°, and riv-

©

PR

Asj,ets with two cone angles of the head of « ,= o°/16a°

Flush rivets are used in the follow:x_n‘g manner:

' STAT
1) Rivets with heads having a cone a.ngle of a = 90° in counters._uqk recesses;

2) Rivets with heads hav:mg a cone angle of @ = 120° in countersunk and

————dimpled-recesses; T — S e e e

~———3)-Rivets-with-heads-having-two sngles « = 120°/164° only in dimpled recesses.

s

J
i
i
it

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



y33usags aesys yIty —

) . <
YITM SA09TS 39ATH (4 $,02T = @ ‘yj8usazs aesys ydty ygatm odLy ysnig (o uooa =0 ‘yqdusags .u.mon_m 3Ty Yy -
od4q ysnld (u ‘y3dusays aeeys ySTY Y3TM pesy eLd (U $o9T/,02T = ® pesy TeoTuoo sTqnog (T $,0CT = 0 eddy

ysatd (3 £506 =P adfq ysnrd (C fpeay qerd (T ‘pesy XoAuod-oueTd (u ‘pesy punoa-jyrey (8 wNz aaddog (z

{peuUspIBY~pTOd QT PUB VST (® ‘Te%31s (p ‘fsfoTT® wmummTy (o ‘suotgeuldTsep epoo parpuelg (a *9eaTa Jo odfy (®

0SVEL0
0SY2e03

05Y$e02

- - - 0SYNENZ - 05V 0802
- A ,oncmmo.m - 0SV1202 08V2203 | 0SY0208
03V6102 0SVLI0Z [0SYI10Z | 0SVH10T 0SVS10% | 0SVEI0Z
- 0SV¥003 | 0SVE00Z (0SV100Z | 05YZ00%. 05v000%
05V 6208 05 V8202 | 0SV.LZ0T | 0SYST0T 05V 92037 hon«vmom
- 0SV010Z | 03V6003 | SV L00Z 0SY800Z [05V9008

Al
.ol

Losim @ | awv bWy _ orq — 81a. | S9A

(p (2
(a

SHUBYS YITM SIOATY JO SUOTFEBUTTSS] ©po) POZTPIBPUE)S

2 STq®l

@
N
o
o
o
—
—
o
o
o
-~
o
o
o
s}
oy
o
—
<
—
s8]
o
[m)]
&
<
O
N
=
~
oy
o
=
[s2]
—
o
AN
[0
[2)
[
@
[0}
14
il ¢
o
u— B
kel )
[}
>
(e}
o=
O
o1
<
Q.
(o]
O
°
[0}
N
=B
e
©
n
1
=
©
o
A=
©
2
=
[2
(2]
&
[$)
[0
[m)

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3




Declassified in Part - Sanitized Co

Flush rivets are used principally in riveting the streamlined surfacés of air-
: craft exposed to the airflow, such as in Jjoining the skin to the fuselsge frame.
Roﬁghness of the outer surface of high-speed aircraft increases the drag. For
- tgis reason, one of the fundamental conditions determining the quality of the outer
) surface of the aircraft, is the use of high-precision flush rivets; 65 - 709 of the
total number of rivets used in the construction of aircraft is of this type.

The use of flush rivets in conjunction with accurate holes and recesses result
in a seam of high-quality workmanship.

Rivets used in the construction of aircraft are standardized. The standards are
differentiated by a definite letter and number code, classifying the rivets by the
type of heads, kind of material, diameter, and length (Table 2,). For example, the
designation 2006 A50-4-18 is decoded as follows:

1) The number 2006 signifies a round-head rivet, made from material V65;

2) The letter A signifies its use in aircraft manufacture;

3) The number 50 is the year of issue of the standard (1950 in the given case);

L) The figure L refers to the rivet diameter;

5) The figure 18 refers to the rivet length.

2. Materials for Rivets and Their Identification Marks

The material for rivets.is wire of alﬁminum alloys and of various kinds of
steel, manufactured in accordance with the technicai specifications iﬁ Table 25.

Theﬂcheﬁical composition and mechanical properties of rivets manufactured from
the materials listed, are given in Tables 26 and 27. . .

Riveté-made from V65 and D18 alloys are used in riveting strong jbints (such as
the skin of the airframe, parts of longerons, ribs, tie components, and major uqits).
Rivets made from these alloys are characterized by the fact that they can be used

for riveting right after their aging period, and that throughout their entire storage

(T, period no repeated h treating is required. This property is quite important since
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used for joining parts consisting of

on 15, 10 (cold~hardened), 20GA and

“|1XK18NGT, which possess high strength, are used in joining steel components and mixed

i
!

Table 25

Technical Wire Specifications for Various Kinds of Materials

Material Identi_f'icatizon marks Technical specifi-
of material cations for wire

V65 265 AMTU-49
D18, AMts, AMg5 349 SMTU

154 (srlect) 20CA ChMTU 100

10 cold-hardened i ChMTU 285
30Kth;A MPTU 2333-49
1Kn18N9T (EYalT) MPTU 232049

Copper - M GOST 770-41

structures, i.é., structures in which aluminum alloys and steel are used in cOmbi:na-

A 4:,

.._,;b ion.

Rivets of material 30KhGSA which possess high shear strength are used in struc-

STAT

"bures subjected to high shearlng forces, such as in longerons, heavy rlbs, etc. Riv-,
IO

-—-'ets having high shear strength may replace bolts, since they are lighter in weight,

i "'S:meler to use, and more economical in production work. In apphcatlons where the

s s i o e rtaian v o e 4 A i e e 2

—rivet heads are subjected to tension stresses, it is not recommended to use rivets
L ;
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{ R A having a high shear strength.

N

To facilitate a material identifi-

; m) Raised
]

?

cation of the rivets, the rivet heads

.

d) 154 and 10 cold-hardened; e) Rivet type; f) For all types;

have definite marks. The marking is

done during the heading operation, in

the form of a coded design which may be

1) Raised point

raised or indented dots and rectangles.

.
?

Table 28 shows the marks specified as

standard for rivets.

|

These identification marks permif

selection of the proper type of rivet at

k) Indented point

any stage of production, beginning with
5

the heading of the rivets, and channel-

ing the rivets to the proper job. Flush-

type rivets have mrks depressed in the

head, since they are used for riveting

line; n)-Copper-

the fuselage skin for which rigid re-

quirements as t0 surface smoothness are

; 1) Marking; j) Not marked

made. These markings are an aid in the

inspection of the rivets during their

c) Steel;

.
?

5
~
~
-3
0n
g
o
5
=3
;
oF
N
o2
23
&4
g
]
-*.{’,
>
2
i
o
[2]
3
’-‘:
_Q'

nanufacture as well as of the entire

riveted joint.

A distinguishing feature of the’

most widely used V65 alloys of aluminum

h) Half-round and flat

b) Aluminum alloy

ype

and 15A of steel is the.absence STAT?

stamped marks.

All above statements refer to riv-

a) Material
g) Flush t

ets with s0l1id shanks. Rivets inte‘nded,_
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for riveting from one side only and rivets subjected to alternating stresses, as wer
as other types, will be investigated in detail in the appropriate Sections of this

book.

3, Established Rivet Requirements

‘Rivets must meet the corresponding requirements as set forth by the technical
specifications 53ATU-51.

As to exterior appearance, rivets must have a clean and smooth surface, without
cracks, scratches, flakes, blisters, beads, and rough surface stains which is an in-
dication of incipient corrosion.

In dimensions and tolerances rivets must meet the requirements corresponding to
the riveting job specifications. The shanks of the rivets must be straight or of
circular cross section.

Bright spots are allowed on the rivet heads which are due to incomplete contact
with the punch head during upsetting, provided they do not affect the minimum dimen-
sions. Slight fins, which are caused in upsetting and are not fully removed in ro-
tary polishing with an abrasive, are tolerated provided they do not affect the dimen-
sions of the rivets within the specified limits. In addition, the following defects
are tolerated:

‘a) Insignificént hollow depressions'and.traces'of marks of the upsetting dies,
provided they are within the limit of one half of the allowed variations in
the specified dimensions;

b) Deviations from the perpendicular of the face and the seating surface of

"the head, as well as of the flat end of- the shank by 30" with respect to the

shmﬂcaiis{ ) . o STAT
¢) Out-of-round of the shank, within the limits of permissible deviation of

the diameter. .

117
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L. Manufacture of Rivets and Their Heat_ Treatment

Rivets used in the assembly of light alloy sheets are made by the cold upsett.ng

process from wire stock. The diameter of the wire is somewhat smaller than that of

Table 29
Die with Inserts of Hard Alloy for Heading Flush Rivets on Automatic Machine 52va

.

ws/vw7 e/

raz
F\\

48757

a,
E1) h)

2,59
2,99
3,49
3,99

4,99
5,99

2,59 ,
3 2,99 6.1 '

+0,03
120°+1,5° |- 3,5 3,49 | 6,9 20

4. 3,99

5 4,99 +0,05 9,5 2%

a) From both sides; b) Insert; c) Body; d) Hole; e) Specified diameter of STATs

d, in mm; f) Dimensions, in mm; g) Specified; h) Allowed deviation

@ the fabricated rivet., This is done for the purpose of facilitating the entry of the
=

wire into the opeﬁings of the upsetting dies. The surface of the wire must be ;bright'

4
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i andnut show no traces of oxidation. The appf'sarance of apparently hligr;li‘ﬁ‘c_ant

Qi ;7 |longitudinal lines_on_steel wire and more particularly on chMﬁmlﬁdenm wire,

a) A is one of the causes of the development of

AN
"X

ithe riveting operations.

Furidamental factors which determine

the quality of fabricated rivets are as

2 40 82 30 gfollows:

= . " 1) Quality and size of the wire used
_ | " Fig.98 - Wear of Dies of Material
: in heading the rivets;

Kh12¥ and in Dies with Hard-Alloy
2) Quality and accuracy of the work
Inserts, as a Function of Working

: in preparing the heading tools;
Time

3) Accuracy of the automatic heading
‘a) Wear area A; b) Amount of wear in
) machine;
. the area A, in mm; c) Work time of ‘ ‘
L) Technical procedure in the further
dies, in hours; d) For die Kh12M;
work on the rivets.
e) For die of hard alloy
The dies and punches of automatic

heading machines are the basic tools which! determine the dimensions and configura-

l .
tions of the rivets, so that special emphasis should be placed on their correct pro-

duction. !

. ) b
Higher stability to resist wear and maintain dimensions of the rivets is at-

. . | '
tained if the dies are made with inserts of hard-metal alloys. A general view and

practical d@ensions of a die of this type are given in Table 29.

’ Tests made on dies fitted with inserts of hard alloys have shown that they ha?'e
—-grea:ter durability than dies made of Khl2M steel, (‘F_‘ig.98). For example, in STAT
—h2-hour period of work, the amount of wear; in the area A of the die was as follows:

For the die fitted with hard-alloy inserts 0.02 mm

_ For the die made of Khl2M steel ' " 034 mm
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-4

]

== S8
I

Fig.99 - Wear of Dies with Hard-Alloy Inserts in Heading Rivets
a) Wear in mm; b) Wear on hole diameter dp; c) Wear on height of recess under

rivet head hp; d) Wear on diameter of recess under rivet head D,

Fig.100 - Autoir!atic‘Rivet—Heading Machine
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This shows that dies fitted with hard-metal alloys have almost 17 times as much
service life as similar dies made of Khl2M steel.
Figure 99 shows characteristic curves for the wear of dies in heading machines,

The curves indicate that during the working time when the dimension dp increases, the

aq ' bj,'

) 4 b) ”.

Fig.1l0l - Formation of the Head of Fig.102 - Formation of the Rivet Head
the Rivet on Single-Stroke Automatic on Two-Stroke Automatic Headers

Headers a ~ Wire stock installed in the die;

a - Wire stock installed in the die; b - One third of the height h upset;

b - Upset head ¢ - Upset head

dimensions Dp and hy decrease. An analysis of these curves shows that in dies with

hard-alloy inserts, their wear has no significant effect on the dimensions of the
]

rivets for all practical purposes, since
- !
this wear is only 0.05 mm. Such dies are

usually removed from service because of

. splitting or czfackirixg' of the hard-alloy

insert. The material used for making the
Fig.103 - Position of the. Rivets Be-
inserts in the dies is the hard alloy VK8
tween the Punch and Die at the Finish- !
or VK10 of specification GOST 3882-,7.
ing Stage in the Heading Operation STAT
The rivets are manufactured ou spe-

cial automatic heading machines (Fig.100).
Automatic headers are classed according to the number of strokes, as single-
(.:1 stroke and two-stroke machines. The operating principle is the same in single-

stroke and in two-stroke machines. The difference consists in that single-stroke
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. . lnchinea have one. punch which heads the rivet in one stroke (Fig.lOl).

) opora.tion. The preliminary punch aligns t

Two-stroke

reliminary and the other for the finishing
he stock in ihe die and at the same time

“[heads .the” shank by 1/3 of the usual allowa
punch, by a aécond stroke, gives the head
heads have a more correct outline when mad
on the single-stroke machines.
The position of the rivets between th
i éperation, is shown in Fig.103.
.'.(J
'_{is carried out automatically throughout.
with the initial setting up of the wire in
chine is operating correctly, keeping the

punch and die tools as necessary.

—Det.emination of Precision Characteristics

The heading operation in both the sin

of Automatic Heading Machines

nce h to form the head; then the finishing
its proper shape (Fig.102). The rivet

e on the two-stroke automatic headers than
e punch and die at the end of the heading

gle~ and the two-stroke automatic machines
The supervising operator is charged only i
the machine, with checking that the ma-

mechanism iubricated, and changing the

The accuracy of the rivets manufactured on automatic headers is checked during

Fornll 1

Form for Entering the Results of Measurements in Determining the Preci-

| .
sion Characteristics of Rivets on Automatic Headers
; .

i

XI—I—Y-

I Xm

‘their-operation by -NEReToUS (usually_fran

%3..}indicating instruments to determine any detrvia.tion from the control caliber.

E(X;— X)'m

150 to 300) mcasurements with micrometer

The
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measurements are made on rivets from one coil of wire made on one die. The micro-
meter is set to the zero point on the first rivet produced, and measurements of sub-
sequent rivets will then indicate the deviation relative to the first rivet. The re-
sults of the measurements are entered on Form No.l.

The following symbols are used in Form No.l:

X - Deviation in the measurements of the rivet head relative to the calibrated
specimen, in mm;

m - Frequency of deviations;
Xsm
Y= PR
;2 m
i
" (X3-X ) - Deviation from the arithmetic mean.

— Arithmetic mean for the experimental group, in mm;

After entering in the Table the measurements and making the proper calculations,

the error is determined by the method of least squares, from the formula

s/ EX=X)ym
. Ym :

The magnitude of 6o indicates the scattering of the results of the actual mea-

surements.

i

Investigation* on determining the precision of the automatic header in the man-

ufacture of flush-type rivets (Table 30, Fig.lO4), show that it is possible to ob-

¢

tain rivets with much closer tolerances (with respect to deviations Ah of the heads :

of the rivets from the calibrated control) than required by the established standards

for rivets.

Inspection of Rivets by the Statistical Method

In view of the fact that a considerable quantity of rivets is used in the pro- -

duction of aircraft, and that the max‘mfac'l‘fure of rivets prbceeds in a‘.ccordancus-l.-él-h

‘a systematic sequence, to definite specifications on a large scale, it is obvious

that the adoption of the statistical method of inspection is quite rational. This

# Investigation made by Engineer Bayemanov

123

T
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1
e

5

X
|
c) =

—0,004 | /1l . —0,0070{0,000049
—0,003] / .
=0,002( /i) —0,€0500,000025| 0,000275
—0,001 | //iI 4

o | me _o,ooaolo,ooocog 0,000225
+0,001 | /il
+0,002 | /i | —0,0010'0,00(!)01 0, 000040
+0,003 | /i1l .

0,004 | LI o;mw{o,;,ocm 0, 000029
+0,005 | ///)/I]] i

+0,006 | /111NN ooumlo,ooooool 0,000216
20007 [ I

+0,008 | /11111 o,dosolo,oooozs 0,000275

+0,009 | /1 ' . :

+0,0104 Jji ; ‘ 0,0525| o.ob‘mio,mg 0,000245
70,0111/

d)Total %150 [£ =0,5355 l £0, 00550

7 EX,M 0,5355
Xm 150

. Sm(X;—XP _ 0,00155
Sm . 150

63 = 0,019.

= 0,0035;

a) Marks; b) Frequency; c) Total measurements.in groups; d) Total

4

1 _.method contributes to the quality of the product, reduces rejects, and result:STAT: ,
. !

5" reduction of labor in the'inspection of the rivets.

. Essentially, the statistical method of inspection of rivets during their pro-

cess. of_manufacture.consists _in_rating the_rivets on_the basis_of measurements of

i

their parameters.-on- a_selected—ml—l\-—nmb?r- (usually—lOAto—]:S-rivets—)—fron—the—lax"gé
. : ] .

]
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nuinr ot rivets produced during a definite interval of time (usually one hour).

Iniuch cases. the method of statistilcal analysis is applied to the character-
istics: of a. mll mni:er of selected samplies, after which a relation is established

bctvoln tho parueters of the small group jof rivets and the parameters of the Total

b)

L ¢)
y%é o

Im=/! 316
B w i

a02( o
x(

-

\
\

ix

7

/4
c(/!
/

0004 -Q00Z 0 G007 10004 GUDG G008 0010 X,
< 36 -l 36

QH,

M.Mw =0,019

—Fa4-r—a4-t+t=l-F--F-F1-F14-+-= /—'_)-\_ -

Fig.1Q) - Practical and Theoretical Dfspersion Curves, Characterizing the

Quality of ‘an Automatic Rivet Header

; a.) Nun}eg of measurements; b) Practicall dispersion curve; c) Theoretical digTAT

persion curve; d) Measurement intervals

output of t.he machine over the same mterval of time, all of which will possess the

sm cha.ra.cteristics.
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4

e
; :
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B e e e e

A record of the correct proceaure of rivet manufacture is k“ei;{‘dn";i.aé_cﬁf sta-
tistical records or charts (Form No.2).

The data on these statistical inspection charts are worked out in the technical
secf;ion of the rivet manufacturing plants, thus mainta.ining a continuous record on
the quality of production. The upper and lower tolerance limits are shown on these
charts in heavy lines, and the inspection data are entered between the lines. The
decision as to wh&;her or not the rivet output is in accordance with guality specifi-

cations is based on the inspections of a

few selected rivets on any one run of the

machine.
The checking of the dimensions of the

rivets is done by the inspection department

with conventional measuring instruments,

such as micrometers for diameters of the

shanks and the heads, and slide calipers for:

measuring the length. A special indicating

device is used for determining the height
Fig.105 - Measurement of the Devia-

deviation of the rivet head from the speci-
tion of Rivets from specified Size .
fied dimensions (Fig.105). The dimensions
in a Calibrated Gage, Using an In- .
of the working parts of the gage used in

dicator

_rivet inspection are given in Table 31. t

1 - Master gage; 2 - Indicator , ‘

: . ! After all diménsioning of the parame- .

dial; 3 - Pedestal support of )
ters of the rivets is done, the arithmetic

indicator i

mean of the selected group of rivets is de-|

a) The dial of the indicating in-
termined by the formula

strument is set at 'zero" - -
« z P
’

n

X =

where x;, Xy X3 o) x, are the measurements of the rivets in the group;

n is the number of rivets in the selected group.

127
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of designation Ul24 according to GOST V-1435-42

quenching and tempering Rg = 50 - 55
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During Their Manufacture, in mm
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*ﬂ@h@o"hﬂ

a) Rivet; b) Specification; ¢) Tolerance

I

3. Coating

1. Material is steel
2. Heat-treatment

goo222282

o= g v
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D:imensiéna 6! the Working Parts of the Ga.go‘;lllé‘od‘.‘u'l Inspecting Riv'tn . :j -

Note:

© w bl
NMOILNODRO
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Common Defects During Manufacture of Rivets and Remedies

Type of defect

Cause of defect

Remedy

Flat surface of head
skewed with respect to
rivet axis

Punch of finish heading
installed crooked

Install punch so that the

working surface is in con-

tact with the die surface

without clearance and prop-
erly aligned

Cracks in thé rivet head

Wire not sufficiently
ductile

Check the chemical composi-
tion of the wire and make
several mechanical tests

1. Rivet head of ellipt-
ical shape
2. Lines on the flat sur-
face of the head

Flat surface of punch
has tool marks which
interfere with the flow
of metal during the
heading process

Finish and polish the flat
surface of the punch

Rivet shank has longi-
tudinal lines and traces
of annular grooves

1. Longitudinal scratches
on the wire

2. Traces of tool marks on
the inner surface of the
bushings

3. Excessive feed-roller
pressure on the wire

1l. Change the coil of wire
2. Change the bushings

3. Reduce pressure on stock
feed rollers

Incomplete rivet head

1. Insufficient movement
of the guide block

2. Insufficient outlet of
wire for the formation of
a full head

1. Increase the stroke of
the reciprocating movement
of the guide block

2. Increase the length of
the wire feed

1. Wire stock does not
enter into the die
opening

2. Rivet shank is bent

1. Diameter of stock is
greater than die hole
2. Diameter of wire is
less than die hole

Change to the wire type

Fin on head not removed
in drum polishing, al-~
though the punch is ad-
Jjusted correctly

1. The setting of the
vire stroke limiter at
the intake side of the
die not adjusted prop-
erly

2. Cutting edges of the
knife have become dull

1. Adjust the setting for

proper feed of stock

2. Change the cutoff knife
STAT

Ingufficient length of
rivet

Insufficient length of
stock fed to machine

Adjust the setting for proj—!

er feed of stock
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Type of defect Cause of defect

Uneven length of rivets | Slipping of the wire _ . _..l. Increase the braking
after upsetting takes place a.t.; cutoff force of the stock-feed
point | mechanism

: 2. Increase gripping force
on wire stock

Rivet head displaced Improper position of Adjust position of punch
with respect to center punch in the finish with respect to center of

line of shank heading stage die

Fin formed on head Surplus of stock for Adjust feed mechanism of
exceeds allowed size formation of the head wire

The arithmetic mean is entered on the statistical inspection ch‘a.rt. If the
mean figure X is within the limits of tolerance, the machine output is correct. If
the mean figure is outside the upper or lower tolerance inspection limits, (u.T.1.L.
or L.T.I.L.), but is within the set allowable upper and lower limits (A.U.L. or
A.L.L.), the inspector must give a warning signal to readjust the exit mechanism of

the heading machine. In the first and second

. i
cases mentioned, the rivets are segregated and are

i

counted as acceptable.
If, however, the average figure is outside

the allowable upper or lower tolerance limits, the

 Fig.106 - Schematic Sketch of . |
inspector must immediately order read justment of

a Polishing Drum .
the header mechanism. In that case, the rivets

1 - V - belt; 2 - Electric )
, produced between the two check periods are seg-
motor; 3 - Polishing drum . .
regated from the regular machine output and are
set apart for sorting as *'suitable' and Mgcrap". . STAT
In addition to inspecting the rivets by their parameter measurements, a visual
inspection of the exterior appearance is also made, and the results observed are

entered in the statistical inspection chart (see Form No.2).
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As stated above, as soon as deviations from the standards shown on the stati:

:-E‘cal__:inspec,tion chart occur, further work on the heading machines is stopped until

the defects are eliminated. in such cases, the maintenance workman must define th-

1

._Jr;a‘;oﬁ; for the deviation and determine the remedy. Table 32 lists common defects
| .
8’

10 —

which arise in the process of rivet heading, together with the remedies. Following

the heading operation, the rivets are subjected to drum polishing, to heat treatment,

12
_land to anodizing.
14

_Rota.ry Drum Polishing

Drum polishing and cleaning is one of the important operations, and has a marked
influence on the quality of the rivets. In this process, any fins and burrs remain-
ing on the rivets after heading, are removed. The removal of the burrs and fins is
effected by rolling the rivets in special drums filled with abrasive particles or
sawdust. Figure 106 gives an outline of a mill in which the rivets are polished in
rotary drums with wood shavings, using the following process:

The rivets, together with the oak shavings, are charged into the drum. The
number'of rivets and shavings should not exceed one .third of the volume of the drum.
By rotating the drum for about 25 to 4O min, the fins and burrs are removed from the
rivets. The time required for the polishing operation depends on the size and shape
of the rivets, the nature of the adhesioné, the rivet material, their contour, shape
of the dr;m in the mill, number of revolutions, condition of the inner surface of

ithe drum, and the speciés of the wood from which the shavings or sawdust is produced.

44_1 .
46—-‘When a large quantity of rivets has to be polished , the milling installation con-
48:lsi§ts of a number of revolving drums mounted to a common drive shaft.
50—- After the rivets are polished, they are screened, separating them from tgTATW-

SZ:dust. The rivets are washed in a kerosene' bath to remove any adhering dirt and

S4“‘grease and are then immersed in another bath of water, maintained at a temperature

‘iof 50 - 60°C. Then, they are drled by cen"br:zi‘uglng.

i

o oo o o o e -om ==
i
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7

Heat-Treating

After passing the polishing operation, the rivets are forwarded to the heat-
treating department. Quenching and tempering, together with natural aging, repre-
sent the final operations in the heat-treating process of duralumin rivets. This in-
creases the physical properties of the rivets to their maximum. The schedule fol-

lowed in heat-treating the rivets is given in Table 33.

Table 33

Heat-Treating Schedule for Rivets of Aluminum Alloys

—— 1

b)
a)

495—503° C 515—520° C

e e e 2 St o e o

@) 2—5 mm—2Q min. | F2—5 mm—30min.
@ 6—10 mm—30 min. | & 6—10 mm—40 min.

&

n)

50° C o)

4 weeks 3 weeks | 10 weeks

3)

)

 a) Heat-treating schedule; b) Type of rivet material; c) Quenching; d) Aging; STAT
* e) Fluid; f) Heating temperature; g) Soaking time; h) Cooling fluid; 1) Cooling tem-
perature; j) Temperature; k) Holding time; 1) Potassium nitrate; m) Mnn;.n) Circula-
ting water; o) Room; p) Weeks; q) Conditions and time limit for use of rivets in
structures; r) When quenched and aged, without time limit, but not.ea.rller than fogr
weeks after quenching; s) -When- quenched and aged, without time limit, bl.It"IXO'b -earlier i3
than three weeks by artificial aging or 10 weeks by natural aging i
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Rivets made from alloy of AMg5 and AMts brands are used in the tempered condi-

" tion. The tempering is done from a temperature of 350 to_ 400°C, maintained for

_Table 3L

Schedule for Heat-Treating of Steel Rivets

Type of rivet Quenching Heating tem-
material : medium , perature, °C

154

20GA i ;

|
60 min and followed by cooling in water or air.

The heat treatment of steel rivets is done in accordance with the specifications

!
for steel rivets 56ATU-48, as per schedule shown in Table 3.

Table 35

Protective Coatings for Rivets of Various Type of Material

Designation of Condition of rivets Protective
rivet material before coating coatings

V65 . Quenched -and naturally aged Anodizing

at elevated temperature

. } .
D18 Quenched and naturally aged Anodizing

: I
AMts : - Not heat-treated ‘ Without coating

AMg5 - Annealed ) Anodizing g ATN

Steel 10 After annealing Galvanizing and
Steel 154 . passivating

20GA; 30KhMA; After quenching and Galvanizing and
30KhGSA annealing ’ passivating

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

L e e e !

A~ - 1Kh18N9T-(E'YalT)— | _Annealed. . —. —.—.. Without—coating—|'
. M2 Co . :




Declassified in Part - Samﬂzed» Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

oL
i

_iPor- steel rivets made from!l5A xﬂateri;ﬁi;‘ﬁg'rmiﬁ;iﬂéz; quenching and annealing

i

ica.n be subst:.tutod for the »_procedure g:\.ven in Table 34.
l

,Rivets of YalT material are used in tlhe annealed or tempered state. Previously
:H—t—treated TivVets possess higher s strength and greater ductility, which facilitates

:the riveting operation in structures.

~|Protective Coatings

After the rivets are heat-treated, they are given a protective coating. The

}
type of coating depends on the material of; the rivets, in accordance with the sche-
|

matic given in Table 35.
“|Physical Tests on Rivets

After heat-treating and depositing a protective coating on them, the rivets are

“'subjected to physical tests on shear and on riveting. Rivets made from any material

o are subjected to tests on resistance to shear,

150t 16— § with the exception of rivets from AMts and M2
+
<>

d materials. Rivets with high shear strength,

made from material 30KhGSA which are heat-
treated, are tested for hardness.

The results of the tests must meet the

Fig.107 - Dimensional Tolerance
standard specifications given in Tables 26 and
and Dimensions of the' Clinched .
. ‘ : 27. For shear tests it is customary to pick
.t Head, in Testing for Riveting . ) ‘
: 10 rivets from each batch (weight of batch, 10
Properties

kg) and if unsatisfactory results are obtained

on more than two rlvets out of ten, then a further test 1s made on 20 rivets p1§;r§:r

out of the batch. If the results of the repeated test are unsat.:.sfactory .on more
tha.n two rivets, the batch is scrapped.

Tests on the riveting propertles are made on rivets of all types of material,

131
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with the exception of those pos_sessing high shear strength. The testing of riveting
properties is done on power presses in plates of material 30KhGSA, in which the

holes must be of such a diameter that the rivets will fit snugly. The allowed mater-

Fig.108 - Drawer for Rivets

ial in the length of the rivet shank, 1.2 d, must be used up only for the formation

of the clinching head of the rivet (Fig.107).

After the riveting, the clinching head must be free of cracks and chips, and in
planview the shape of the head must be round. When defects in the clinched head
occur in as little as one rivet out of 20 inspected rivets, the batch is rejected and
scrapped. .

The finished rivets are forwarded to the warehouse section of the plant, to-

gether with inspection rating charts for each batch of rivets.

5. Working Arrangement for Riveting

e L

in the departments where assembly work is done by riveting, the rivets are

stored in special racks. Each rack is equipped with a number of drawers,.all of

¢

o ket r T

which must be of the same size and somewhat larger in number than there are riveting

places in a particular section of the plant. Each drawer shouid. have a number, _which

¥

refers to a particular riveting place. The drawer (F_ig.lOB) has four compartrﬁlﬁl,

T ok o

to have a maximum number of rivets of various sizes for particular applications

[PRRA

handy; but, as a rule, these should not exceed four.

The supply of rivets in the drawers is carried out in the following sequence:

4 s
TYATINTGR
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R After checking on the requirements of each riveting place as to type, material,

R B 1 .
sizes, and number of rivets needed, the _stockroom manager sorts_the _rivets_in the

- - i
_ .drawers. He then distributes the filled drawers ‘to the riveting places, making sure

e e e e e —————— e
’ __that there will be enough rivets for one full shift. With this system, interruption
N 1

_M of work due to lack of rivets is el:i.mina.tezi.
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e . _. _ PARTIII
|
‘ {
METHODS OF RIVETING, EQUIPMENT AND TOOLS USED

|

!

|

CHAPTER VII

CLASSIFICATION OF METHODS AND PROCEDURES IN RIVETING

¥

_11. Riveting Process ;

Depending on the method used for dimp’g.ing, the procedures followed in riveting
practice may be grouped as A, B, C, and D fprocesses.
Riveting by the A process is cha.ra.cte!rized by the fact that the recesses in the

materials to be joined are made by dimplin'g with a punch and die, so that the rivet

m 77, 221101 JIIIL.
W W \\\\<\*"’/’ SECH S8

a)

1

Fig.109 - Schematic of the Rivieting Procedure by Process A

—a — Preliminary drilling of holes; b - D:Im:pljng of recesses; ¢ - Drilling of holes
40_| ’

to final dimensions; d - FthJILg of rivets; e — Heading

|
head fits into the recess and is flush with the surface of the parts. The technical

procedure of riveting by the A process (Fig.109) consists of the following steps:

o FTY R EER N e o

1. The planking is placed on the airframe, holes are drilled for holding ttgTAT
assembly in position, and the holding dev:‘u,'ces are installed at 150 to 300 mm spacing.
|

The tools used in these operations are drl]_l presses or hand drills, clamping de-

.54 vices,~and-wrenches- for-—trlghtenmg—the clamps.

- |
. 55J~-—2.—Holos—are drilled-to prehm.nary slze in the mating parts, using templates
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or- guide holes, either in a drill press or with hand drills.
3. The recesses are dimpled either separately in each part or simultaneously on

both mating parts by means of a punch and die, using a power press or a pneumatic

e e et bt s e i

hammer.

L. The holes are again drilled to final dimensions, corresponding to the size

of rivets used.
5. Rivets are inserted in the dimpled recesses.

6. The riveting is performed by fitting the smooth surface of the punch and die

into a pneumatic hammer or into a suitable power press.

i e

Fig.110 ~ Schematic of the Riveting Procedure by Process B

P

-

i
1

[ ————tT

%
¥
{
Ev

a - Drilling of holes; b — Insertion of rivets; c - Dimpling of recesses; d - Heading

Riveting by the B process is done-by using the rivet head for dimpling the re-
cess under thelrivet head for flush riveting. The technical procedure of the B pro-
cess (Fig.110) consists of the following steps:

1. As in}the A process, the skin is placed on the airframe, holes are drilled
for the clamping devices, and the holders are fixed in place.

2. Holes are drilled in the mating pafts to a-size ;orresponding to the diameter
of the rivet, using templates, drill jigs, or the guide holes previously drilled in
one of the parts. A |

3. The rivets are inserted in the holes.

L. The récess is dimpled in the skih and airframe, uging the rivet head i%léi;;
in this opera?ion the proper die and the smooth end of the punch are used, mounted

to the power press or pneumatic hammer.

5. The riveting is done in a power press or with a pneumatic hammer.

138
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Riveting by the C process is done by forming the recess for the flush rivet heac

T ——

by a combination of two operations: dimpling of the recesses in the skin and coun-

tersinking of the recesses in the airframe. The technical procedure of riveting by

W @
e 17 c) d) ¢

Fig.111 - Schematic of the Riveting Procedure by Process C

vt s e

Bt oyt s e

e ————r———

a& - Drilling the hole and countersinking the recess in the airframe; b - Placing the
skin on the éirframe and drilling the holes in the skin; c - Inserting the rivet in

the hole; d - Dimpling the recess; e — Heading

the C process (Fig.1ll) consists of the following steps:

1. Holes are first drilled in the airframe and are then countersunk. In some
cases, the drilling and the countersinking is done at the same time.

2. The skin is placed on the airframe, holes are drilled for the holding de-
vices, and these are fixed in place.

3. Holes are drilled in the planking through the holes in the airframe.

L. The recesses in the skin are either dimpled by using_the rivet head itself
or with the aid of a punch and die.

5. ‘The rivets are inserted into the holes.

6. The riveting operation is performed.

Riveting by the D process is done by countersinking the recess for flush rivet—
ing in the planking. The technical procedure of riveting by the D process (Fig.112)
consists of the following steps: . STAT

l. The plankipg is placed on the airframe, holes are drilled for the holding
devices, and these are fixed in place.

2. Holes are drilled in the skin, following the guide holes in the airframe.

139
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3. The recesses for the rivet heads are countersunk in the planking.

L.. The rivets are inserted.

5. Tl\'ie riveting operation is performed.

Flush riveting by the A, B, C, and D processes can be done in power presses
with pneumatic hammers, using special jigs, tools, instruments, and equipment as
described below.

The data on establishing tolerance limits for riveting with the A, B, C, and D

processes are given in Chapter V on "Methods of Forming Recessest.

Comparison of Characteristics of Riveting Processes

The basic characteristics determining the quality of work and the rate of pro-
duction by a given process are governed by the following factors:
a) Smoothness of surface of flush-riveted seam;
b) Strength of the joint;
¢) Volume of work output.
Surface smoothness of riveted seams is characterized by the degree to which the
flush rivet heads protrude above the surface of the parts (planking).
To obtain the required degree of smoothness in flush-riveted seams when riveted

by any process, the geometry of the recess must be correlated to the geometry of the

dy
R X7 /4 . P
I R W Ly K&

o) 5 NN

Fig.112 - Schematic of the Riveting Procedure by Process D
@ - Drilling the holes; b - Countersinking the recesées; ¢ -~ Insertion of rivetgTaT

d ~ Heading

-

flush-type rivets. This requirement can be met by using countersinking tools which

are so adjusted that the depth of the recess is correct » that carefully machined

140
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punches and dies are used .for dimpling, that highly mechanized drilling and power
press equiprent is available, and that the rivets are accurate.

Other conditions being equal, riveting by the D process gives better surface
smoothness than other methods. For this reason, in the productic_m of structures with
relatively thick pianl:ing, this process is chiefly used in connection with fluskh
riveting. Vhen using the A, B, or C process in which the recesses are formed by
dimpling, better results are obt.ained if the dimpling is dc;ne on power presses rather
than with pnewmatic hammers. This is explained by the fa.ct that, in the dimpling,
the hammer and the prop ray be unsteady and subject to change of relative position,
causing indentation. marks on the skin surface and incorrect shape‘ of the recess.

‘The strength' of the joint is affected to a considerable degree by the riveting
process used. )

Tests with static loads on joints have showm (Table 34) that specimens with
countersunk recesses, and riveted by the D process have a strength lower by 20% than
similar joints with dimpled recesses (A process), regardless of the combination of

."c_ll.ifferent ma.terialsj in the seam.

‘:u\' The results of vibration tests [with n = 2000 cycles per minute, with the spec-
imens pre-bStressed so that @ .., = 0. 330411 (Fig. 113), the basis of the tests being
equivalent to 107 cycles], have shovm that Jjoints ma.de ‘with countersunk recesses
(riveted by the D process) have a lower fatigue strength under all load conditions
*han similar joints riveted by the A procé:ss. The decrease in Jstrength in the fa-
tigue limit is 23%. For example > the yield point for joints made with dimpled re-
cesses was Oyq = 6,2 kg/mm » and for joints with countersunk recesses the yield
point was Opd = L8 kg/mmz.

In testing joints under repéatéd static loads, the number of load cycles re-STAT

.éult]hg in failure of the joint by rup}',ﬁre, was taken as the reference point.

The ultimate load for the joint is

(0 ’ cmr'=K° 'Of‘,,. Kg/mm’,

CeFle miwid ks ~

e § e kel

1,1

N

d
N
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where K is the load coefficicnt;

Crail is the eltimate stress in l:g/mn.‘? at which the joint fails.

The lower limit load represents 0.1 of the vpper limit load, i.e.,

o,h==0J G max.

In the procedure of the above tests, the load coefficient was taken as 0.5. The

Table 3%

Significance of Tensile Strength & in l:g/mm2 of Joints in Relation to the

Riveting Process Used

)
JY-120°3

Characteristic of the sheet stack

Riveting process

D

A

Manner of formin

o

(=1

recesses

Countersinking

Dimpling with
punch and die

61 = 0.8 mm of MAS

69 = 1.0 mn of MAS

Rivet type ZU - 120° x 3 of Alig5
61 = 0.8 m of 18

&9 = 1.0 mm of DI1&T -

Rivet type ZU - 120° x 3 of AMg5

11.25

(

o

p

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

= + where F is the cross-sectional area of the sheet over its widi.;h in
' 3

T




Declassified in Part - Sanitiz'ed Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

SR

load éyclp fq.uctﬁatod within 8 - 16 cycles p;r minute.

The test results on joints, under repeated loading, (Table 37) indicate that

“fthe strength of the joints, when riveted by the A process, is higher than in similar.

PR

5) T ¥

§ o e — -

|
Fig.113 - Manner of Stressing in Tedts with, (a) Vibration and (b) with

Repeated Static Loading

] joints riveted by the D process. A partiéularly noticeable difference is observed

in joints consisting of a combination of s;heets of MA8 and DIAAT materials. Here

" __the reduction in the joints riveted by the D process amounts to 35%.
29 '
:} For evaluating the strength of joints riveted by the C process, a comparison
3
P T

}
—,was made with similar joints riveted by the D process, and with joints in which the

As indicated in Table 38, joints riveted by the C process have a greater
strength in shear under static loads. In the C process, the recesses in the mating

parts are made by countersinking and by dimpling.

- It is of interest that seams riveted by the C process are more rugged and de- |

- form less when stressed by static loads (Fig.ll4). For example, at a stress in the

¢

---.seam of 0 =10 kg/mm2 s the slip in seams riveted by various processes is as follows:
a) 0.8% of the rivet diameter in seams riveted by the C process; '
b) L4.3% of the rivet diameter in seams riveted by the D process;
c) 1.5% of the rivet diameter in seams with protruding rivet head. STAT»

- In this manner, the slip in joints riveted by the D protess is k4 - 6 times
.(((sé -sgreater than in similar joints riveted by the C process. '

3

—t
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Tests with vibrational loads (at ogy oo = 0433 0p,51) show that the strength

is greater in joints riveted by the C process, in which the recesses are dimpled and (

Table 37
Number of Repeated Loadings in Rupture Tests of Joints

Riveted by the A and D Processes

Riveting method

Load coefficient

K=_MmaX = g g
Ofail
= 5.6 kg/m? = 6.6 kg/mm?

Characteristics of the sheet stack

= 0.6 kg/mm? . 0.6 kg/mm<

61 = 0.8 mm of MAS 5167 7828

89 = 1.0 mm of MA8 6825 6800

Rivets type ZU - 120° x 3 of AMg5 6818 6525

Average value . 6270 7050

87 = 0.8 mm of MAS 6738 10951
69 = 1.0 mm of D16AT 862y, 1077L,

Rivets type ZU — 120° x 3 of AMg5 6552 _ 11115

Average value 7300 10950

countersunk, than in joints riveted by the D process, in which the recesses are

countersunk only (Fig.l1l5). The reduction in strength in joints with countersunk

recesses is 30% and in joints with protruding rivet heads, 20%. STAT
Thus, the strength of joints made by various riveting processes can be summar-

ized as follows:

DERE S
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1) The application of the riveting process C results in the greatest s-tﬂx"eng'ﬁﬁ

when testing the joints by all described tests.

Table 38

Strength of Riveted Joints as Related to the Riveting Process

r

LA ANANARSW

2) Next in order are joints riveted

Flush-Riveting Process

D
Countersinking

. C
Countersinking
and dimpling

Joints with
protruding
rivet heads

Strength

P in kg
in kg/mm?
%

1540
17.7
100

2260

26.0

11‘.6-7

1850
21.3
120

Coefficient
of strength
of the seam

P

Q =
Py

Ol

0.6

0.45

Note:

load in kg at which the sheet rupturés over its entire width.

1. Sheets are of DLOAT material; rivets of D18 material. 2. P is the

'-,:by the A process with protruding rivet heads, resulting in almost the same strength -

‘3. 0f joint. 3) Finally, joints riveted by the D process, in which the recesses are

0 countersunk, have the least strength.

STAT
The output rate with these riveting processes depends not only on the pa.rtlcu-— :

- lar process used but also on the. degree of mechanlzatlon available, such. as_equlpz-—-

men'b tools, instruments, and fixtures used for drilling, countersinking, -dimpling,-

5.

!
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1

rivoting proper. ©¥or empl§ » of.h'q.r. conditip}xs being equal, gzjéater

-be obta.inod bythe riveting process A and by using power presses_for -

4

A1

-ﬂﬂl !
*
e

w

.- el iy

A-

g-(F- &) J

T2 4 0§ 8 B R MK B N2 4NN
b) :

o A & & B I T a a8 N

Fig.1l, - Effect of Riveting I{’rocess on the Slip in Joints
(Plates of. D16AT; Rivets of D18)
a) P -~ Cross-sectional area of the sheet; b) Slip of the sheet A in % of the

rivet diameter
1

dimpling, stationary drill presses for drilling and countersinking the recesses, and

¥
power presses for group riveting. Then follows riveting by the D process; finally,
. | .

the most laborious is the C process since;it requires two operations: countersink-

ing and dimpling.

+3— 2. Methods of Forming the Clinched Rivet Heads

. et

_‘3 ~ Regardless of what particular method’i..s used in flush-riveting operations, th«STAT

A . . . . .
— heading at the tail end of the rivet shank is done with power presses or pneumtic

4

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

When riveting with pneﬁmatib hammers, depending from which side the hammer is

applied relative to the head of the rivet that fits into the recess, the operation

is known either as direct cr as reverse.
In the direct method, the blows of the hammer are directed on the shank end of

ol

1 1A
:%. | S
# 4= :

|

I
!
i)

) M ; ;Ib'
L L T

IR
6% 2107 410 &10°10° 240° %I0°810°10° 210° 410°810°10° 210° 410°8.10°107

c)

Fig.115 - Effect of Process Used in Forming Recesses on the Fatigue Strength
of Joints (Sheets of D16AT, Rivets of D18; Tests Were
Carried Out at Oghear = 0+33 Ofail)
a) Without rupture; b) (F - is the cross-sectional area of the sheet);

¢) Number of cycles to failure

the rivet, while a heavy prop is pressed against the flush rivet head (Fig.116).

Riveting by this method with flush-type rivets is carried out in the following se-
quence (Fig.117).

1. The rivet is fitted into the drilled hole and the countersunk recess.

2. A heavy prop support is placed against the flush rivet head.
3. A tightening device is installed on the side of the rivet shank, thugraT

sgqueezing the parts to be joined.
l,. The capping tool which fits into the pneumatic hammer is placed in contact

i
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Fig.116 - Riveting by the Direct Method

H)

~+rv ¥ £

L EEY) 4 »
e)

)

Fig.117 - Outline of Riveting Flush-Type Rivets by the Direct Method
a - Drilling holes; b - Countersinking recesses; c - Inserting rivets;
d - Squeezing sheets together; e - Riveting

1) Prop; 2) Squeezing; 3) Blows; L) Riveting punch

Fig.118 - Bending of Rivet Shank

148
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3

withtheprotruimg shank and the heading is done by pressing the lever which|

[

: _ ‘turns on the compressed air that operates the hammer.  _

. o ——-— - - —_—

chl.ra.ctoristic disadvantage of thil method of riveting is the tendency. to

bcnd the end of the rivet (Fig.118), which occurs if the hammer is not lined up co- !

Fig.119 - Riveting by the Reverse Method

S axially with ﬁfle rivet shank. However, this defect is observed only during the first

few days while the riveters are broken in J and usually disappears after they have

beoome accustomed to the requirements 91‘ he job.

The reverse method of riveting consis“t.s in directing the hammer blows on the
head of the flush-type rivet, so that hea.ti;ing is produced by the transmitted blows
of the shank against the prop (FJ':g.ll9).

The riveting of protruding heads is c:arried out by this method as follows:

1. The rivets are inserted in the drilled holes. A

2. The punch end of the pneumtic han:nner is placed in contact with the rivet
h@, while a prop is placed against the c;utlet end of the shank at the opposite

side,

3. As pressure is applied on the starting lever, the hammer blows fall on the
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—irivet head, with the result that the end of the shank becomes upset as it impinges
i
-

‘against the prop.

When rivets with flush~type heads are riveted by the reverse method, recesses
are formed under the rivet heads (see Fig.112).
Characteristic disadvantages of riveting flush-type rivets by this method are
as follows:
‘2] 1. Occurrence of cavities in the

n
. planking around some rivets: These cavi-
| I 4) ties cause buckling of the surface of the

L 6) 3) d) planking (Fig.121a).

2. Depressions over the surface of

the entire riveted seam (Fig.l2lb), which
Fig.120 - Riveting Rivets with Pro-
. is observed more generally on multiple row
truding Heads by the Reverse Method
seams with a short distance between the
a = Drilling holes; b -~ Inserting ri-
rows and between the rivets in the row, as
vets; ¢ - Riveting; d - Riveted joint :
for example, along the rids, where butt

i
1
V 1) Squeezing; 2) Blows; 3) Prop;
joints of the skin may occur, etc.
L) Clinched head
This is explained by the fact that
any blows directed on the rivet head are transmitted to the outer surface of the
planking, resulting in depressions. Such depressions are often observed in struc-
tures in which the airframe is not sufficiently rigid.
When riveting is done on power presses, the concept of "direéct! and ''reverset
riveting methods does not exist, since then the number of operations and the quality

‘of work no longer depends on the relative position of the working parts of the tools

_with respect to the original and the clinched heads of the rivets. STAT

‘

An evaluation of the quality of joints, produced by various riveting methods,

was made by subjecting them to static, vibrational, and repeated static loads. The

\! results of the tests on joints with static loads showed that there is some tendency

150
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toward an increase in strength (by 2 to 3%) wien tre riveting is done in power

—pesses. Tests on similar joints with vibrational Fir.122) and with repeated static
I - o

Fig.121 - Characteristic Jefects in Riveting Flush-Type Rivets
by the Reverse lethsd
a - Cavities in the area of the rivet heads; b - Depressions in the

surface of the skin along the riveted seam

loads (Table 39), showed that the method used in riveting has no influence »on the

strensth of the joints when tested under such Joading conditions. However, for

Table 39
load Cycles to Failure in Tests ~n Joints Pro-duced with
Yarious Riveting l'ethods

(see Fig.122

omax

Ioad coefficient K =
Ofail

0.7 ‘ 0.5

Riveting rethnd )
8.9 kg/mm? | Opay = ek ke/mm?

= 0.89 ke/mm? Onax = 06 lc;r;/m'?'

Power press 7700 29 ,’70.0

hirect blow 7890 26,360 STAT.

Reverse blow 1780 30,910

r

Fobe: 1. Sheets of V95AT; rivets of V65 material. 2. The load cycles shown

in the Table, are the average of three tests

151
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12 - smoothness of the outer surface and production output, preference should be given %o
if
' - power-press riveting. The applicatisn of the direct riveting method can be consid-
<‘ & ered rational only when there is nn possibility »f using power-press riveting., The
Vo
! . 131512
. e
) 65 L Pl )b
I si-%: i
i STt 4 r"
: 6.0 = o
?: & Tl tt,'.' 1 ’;..-..
- B T s ST
| ) 53 Em\\ 13y-90%61 |
Sheets 95 AT |
vy ria .4:‘:}% -
A L SN
. l\\ 1
45 &
o- | Hi
' G"EP/FI b'Jlll'm ndill
] L H
T I s T 4 10°810°107
<)
Fig.122 - Effect of Riveting Method on the Fatigue Strength of Joints
(Sheets of V95AT, Rivets of V65; Test Carried Cut at Oshear = 0.33 ofail)
& £ o & without rupture
B e - Press riveting
. ’ A - Direct blows
O :
o - Reverse blows
. a) Sheets V95AT; b) (F is the cross-sectional area over the entire sheet);
i " ' c) Number of crecles to rupture
: application of the reverse method of riveting is permissible only where power-press.
. riveting or hammer riveting by the direct method is impossible.
- 3._Dimension of Clinched Rivet Heads . STAT
In ordinary riveting (with protruding rivet heads) as well as in flush riveting
@ (rivet heads flush with the surface), in the majority of cases the rivets are headed
] ’ to a flat shape, the dimensions of which are shown in Table 40.

152
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‘larger than 5 mm, the head is determined‘by the relation §

strength of the head and bearing strength of the shank. Regardless of the rivet :
diameter, the heighp of the head will be h = 0.4 d. .

The lower 1limit for the diameter of the clinching head is set to preserve a

certain strength of the Joint; the upper 1limit is set to minimize deformation of the

Table 40

Dimensions of Clinching Rivet Head, in mm

a) b) 2,5{3 3,5 4,5 6,819,5110

c) 3.9 | 4,55,25 6 7.5[ 8,7 u,sxs,s]u,s
_

d) * i-o.2sl +0,3 !~t_~o.4l 40,5 Iio,al +1
—_

e) - LUTLY 1,416 2(2,43,2]34 4

a) Specified rivet diameter d; b) Sketch; c¢) Diameter of clinching head D;

d) Tolerance in D; e) Lowest tolerance of height h

Jjoined parts in riveting.
At the established correlations of the rivet diameter, drill diameter, and o
length of shank allowed for headiﬁg of the rivet, the outside diameter of the ¥

clinched rivet head D‘will be equal to 1.5 #'0.1 of the diameter of the rivet shank,

i.e.,

D=(1,54-0,1)d.

STAT
The above correlation applies to rivets with a diameter of 5 mm. For diameters

D= (1,4540,1)d.
The height of the head is set by the lower limit, which assures equal shear ?

: - 00110002-3
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: . In forming the rivet shank by upsetting, part of the material is intendeq for

b filling the clearance between the surface of the shank and the walls of the hole,

g and another part for the heading.

o The volume of the rivet shank required for filling the annular space between
L

.-E‘»g the walls of the hole and the shank is determined by the relation

V=L—ap “’°4‘ P s

where d is the specified diameter of the rivet;
do the greatest allowable diameter of the hole;

S is the thickness of the stack being riveted.

: - h is the smallest allowable heigﬁt of the clinching head of the rivet

Aside from the above relations, other factors must be considered in calculating

A the length of rivets.

To determine the rivet lengtn from Table 41, matching the corresponding grip

the figures in the col:

ums at right angles which intersect

15,

I

: - -01043R001900110002-3
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rivet diameter,

(*} For example, for riveting a.stack of sheetg of a thic]

lengths of the rivets should be as follows:

For d = 2,6 mn L =12 mnm

T e ——— e

For d = 3,0 mnm L =13 mm

Ford=l;.0mm L =1, mm
'; For d = 8,0 mm L =17 mm

H The tolerance for the rivet. length depends on their length (from * 0.2 to

Youw rm). A deviation of * 0,2 applies to rivets whose length does not, exceed

10 nm; a tolerance of X

Ocly mm applies to rivets whose length does not exceed 30 mp,

If the length of the rivets is properly selected for any particular grip, the

holes will be properly filled, the head will be of the correct form, and the pe-

quired strenpth of the joint will be met.
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sents considerable difficulties.

For the heading, relatively great forces are
| needed, requiring special powerful equipment. Furthermore > during the process of
riveting with large-diameter rivets, the stack of sheets is subject to considerable

deit01':natic;n, distorﬁing the original shape of the parts.

i Rivets nf g special type with central
; for certain riveting operations, with the purpose of reducing the work. Data on the

design and dimensions

1y located hqles in the shank end are used-

of such rivets, together

given in Tables 42 and J

A% I

with the special tools requilgTaTare

The force required for heading such rivets is considerably less than the force

i . required for heading ordinary rivets with solid shanks. The strength of such rivet {
i

.~ Seams, based on static shear and tension tests, compares well with the strength of

‘-‘«jg\:,ints made with ordinary rivets having solid shanis,
® |

A distinctive feature of this riveting process lies in the fact that

, after tiuc
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- Table [(.l
.‘ f Data for Selecting Proper Rivet Length for Various Diameters,
Depending on the Tiickness of the Stack Being Riveted -
: - ’ .;
: T i
. a2 128l 3 133T% T3 T 6 T B [ 33[70] i
:é i 7 Length of Rivets 1A :
¢ 2 2 — ]
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holes are drilled in the sheet stack, tle edges of the hole are chamfered at the

spets where the rivet shank is headed (Fig.123). This prevents cracks and reduces

Table 42

x C Dimensions of Rivets and Dies for Heading, witl Depressed Head

D
| <
"_.c had
- Crde ™
i £ 1
<)
? a) b) <)
: 16 l 20 { 22 24
|
g D 1,4 22,5 28 31 33,5
h 0,32 5 6,5 7 7.5
- c 0,4 6,5 8 9 9,5
A PA 0,6 9,5 12 13 14,5
@ k 0,6 9,5 12 13 14,5
A 1,4 22,5 28 31 - 33,5
K 0,35 5,5 7 T 7.5 8,5
' H 0,32 5 6,5 7 75
< A B, ‘1,16 18,5 S 25,5 29
K1 0,18 .3 3,5 4 4,5

a) Symbol; b) Dimension in -terms of rivet diameter d; c) Dimension of rivet
and die; d) Rivet diameter d, in mm
T
the force required for riveting. STA
‘hen the riveting is done properly, the rivets will fit snugly fit into the

holes in the sheet stack, while. the dimensions of the heads becomes as follows:

. a) For a head with a depression in the center (see Fig.123a);
D=1.0d
4 - h = 0.35-d
157
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Co b) For an annular head (see Fig.123b), !
1 ~ D=1.514 g
h=0.374 k

ke Filline of Holes with the Rivet Shank ;

The rivete(} Jjoints in light-alloy structures are subject to high static and ‘

considerable alternating stresses which my lead to premature loosening of their

lie 3 vmwnons i e

Table 43

Dimensions of Rivets and Dies for the Formation of Annular Heads

R

y fa
;'f a"
b)
c) 16 - 20 , 2 2
D 1,6 25,5 32 35 38,5 d
& — 4,5 4,5 5 5.5
i h - 9 12,5 - 14 15 4
B 1,51 24 30 33 36 :
H 0,37 6 7.5 8 9
H, 0,31 5 6 7 7.5
R 0,37 . 6 7.5 8 9
c . - 1 - 1,5 1 1,5
K 0,31 5 6 7 7.5 STAT

a) Symbol; b) Dimension of rivet and die, in mm; c) Dimension in terms of

rivet diameter; d) Rivet diameter d, in mm :{

. Jjoints and their destruction. For this reason, the extent to which the holes are
LYY L
@ Tilled with the rivet shank in joints of light alloys is one of the fundamental con- '
|
158 j}
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ditions determining their strength.

relation ef dimensions of the r

Fig.123 - Filling the Hole with the Rivet Shank

a - Head with a central depression; b - Annular head_

application of the proper method of cold-riveting,

4 comparison of cold-riveting of light metals with hot-riveting of sheet iron

}Q‘ shows that the holes are filled better in the first case.

1.
a.=629

4,=216

/‘.‘\ | .= 7935

19,50
1970
2085
245
2,50

MMM

BN

¢
Fig.12l - Filling of the Hole with the Rivet Shank
& - Cold-riveting of light alloys;

1) Original rivet head;A2) Driven head

tive data. for illustrating

Jot riveting practice.

159

b) Hot-riveting of sheet iron
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This basic requirement is met by the proper

ivets and the corresponding holes, together with the

Figure 12/ gives compara-

STAT

the extent to which the holes are filled in .cold and in
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In cold—riveting it is observed that not only is the loje corrletel Fidee. ,

there is some increase in the diamreter of the hole; i.ec.,
ﬂ d.=(1,02—1,08)d.,,

where d, is the diametep of the rivet after riveting,
I do is the diameter of the hole under the rivet.

In hot—riveting, the rivet shank does not completely f£ill the hole, i.e.,

a

clearance exists between the rivet shank and the walls of the hole; in that case R

] de=(0,9—0,98)d,.

deformed. In cold-riveting, the hole starts first being filled because of the in-

crease in the shanic diameter followed by the heading.

In riveting light alloys > the increase in the rivet-shank diameter is not uni-

Tform over the thiclness of the stack. The shank acquires a conical shape of 2 - 5%

((. taper, with the apex of the cone in the direction

The increase in the shank diameter during riveting is accompanied by deforra- A

tion and ‘toughening of the sheet, raterial, which ig sufficiently significant to in- o
crease the hardness, ‘

s> while the hardness of the mterial in the upset head re"Szll‘A‘-T-
353 over the original. The hardness increases evenly from one area to the next,

. without skips, and without stress—concentration pealks which would cause premature

Tfailure of the Joint under load.

The nature of the distribution of hardness and of toughness remains alike, re-

gardless of the rarticular Triveting method (whether ’o};

power press or hammering) or

- (@ of the type of rivets used (Fig.126). In the sheet apes in contact with the rivet

}
|
o 160 ‘ j
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ks ‘sha .1»’ Ccruain C l ~5 ing exi i

: ! X 4..151}5 ‘hl 1 i d

‘ i ani, a 1 o) (i 'a!'(lell]]l‘ [ s M Ch S eUl(lenCe that t} € rivetv 1s un er

o ' SOn nsion For thi S re \.ﬂ ivetine mnars di en‘t terja S or o

) l or eA be On. i ason’ en ri eving 18 I'LS cf 1ffeI‘ ma J £ the

P S . . R . .
tﬁ\ sanme xate?lal but different thicknesses, the driven head should, if possible, be on

)
DiBT: 8<25mm: 5= Smm
2)
2V-120%5 of D18 P

11 4

I LA m
QTESVIZTo7
%) —

R Fig.125 ~ Hardness of the Rivet and Sheet Material at Various Points of the
Joint (Press Riveting)
1) Sheets of DI6T; 6'= 2.5.m; S = 5 mm, 2) Rivet type ZU-120° x 5 of D18F;
3) Cross section thziqugh B: /) Points of hardness measured e;lz;ng the é;ds X~-X3

5) Cross section through 1; 6) Points of hardness measured along the axis y-v

the side of thé harder material; if the hardness is the same in the z;ivcted parts,
then it should be on.the side »f the thicker sheet. o S'TAT

It has been established that ﬁhe dispersion of hardness in rivets when the
riveting is done in power presses is less than when done by hammefing. Hammer ri-
veting does not ensure that the holes are completely filled throu,r;;hout the thickness
‘of the stack. It is especially difficul"c to obtain uniform ﬁiiling of the holes

1/ . . . Py
(‘ with hammer riveting of stacks ‘having a thickness of § = (2.5 to 3)d, or more. In

161
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_'g T ‘cases where power press riveting is not possible, this often requires the use of
1§ . bolts or af rivets having a high shear strencth, .

ﬂ The degree to which filling of the hole affects the strength of structural ele-
i mnents is illustrated dia.gré.uatically in Fip.127. The diagram shows that the strength

of the strip in which the holes are filled

2160
20 ] ) 108% is /. - 8% higher than the strength of simi-
21201 1082,
25001 oss | | lar strips in which the holes have no ri-
20807 °

a) 20607 vets. This my be explained as follows:
20404
2020 1013, During the riveting the rivet shank
Zgz: 100%
1980 .
%0 gl I ' increases in diameter, exerting a pressure

J

b) on the walls of the hole, deforming the

| sheet first within the elastic limit and
3 Fig.127 - Strength of Specimen :
then plastically beyond. Thus the rivet

Strips as Related to the Degree

shank in the hole is under stress whose
to ‘hich the Holes Are Filled

magnitude changes in proportion to the el-

\ 1 - Strip with drilled holes;
Q~ ongation of the strips. For example, the
2 - Strip with drilled holes exposed I

strength of a strip whose holes are com-

to view; 3 - Strip with clenched ri-
pletely filled with rivets having half-
vets (flat head) with filed-off heads

.

i

round heads, is higher in comparison with f

L - Strip with 'clenched rivets; '
. & similar strip in which the holes are also ]
5 - Strip with clenched rivets (half- :

filled but with rivets having a flat head.
round heads) with filed-off heads;

The increase in strength of the strip where
6 - Strip with clenched rivets STAT

the holes are filled with rivets having

a) Load at rupture in kg; b) Factors . .
- ' half-round heads is due to the greater

under investigation
) tightness (wedging against the walls of

h the hole) than that vhich is present with flat heads.

The ‘explanation given is confirmed by the results obtained on tests with vibra- ]

’ ({9 tional loads. The graphs in Fig.128 indicate that the strength of the strip in which

i
i
: 163 | }
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: Fig.128 - Fatigue Strength »f Strips with Riveted and with Open Holes
(Sheets of D16T; Rivets of D18 Material)

i a) Number of cycles to failure

P Ay
800 <

1900 - ~—

- ‘ >
E | | // ™ |
) 1600 - ' %

500

STAT

1400

L2 5/ 89 &S 57 59 c

@ Fig.129 - Strength .of Joints in Shear Tests as a Function of the Hole Diameter

a) Hole diameter d; b) Rivets in shear; c¢) Rupture of sheets

164
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i """ . “the Yole is filled, is higher under all trpes of loading than in a similar strip in °
t ' “which the holes are open.
| :

B ’j) All above statements indicate that, in order to obtain a high quality of work-
i ranship in riveted joints, the holes must be well filled by the rivet shanl, which
is attained by the follewing practice:

N ’ 1) Use of press riveting and larmer riveting by the direct method;

[
”

2) Seclectisn of correct rivet length, corresponding to the thiclmess of the

stacl being riveted;

3) .dherence to correct technical riveting procedure (dril]ing, countersinking

and riveting proper).
It should be noted that in drilling the holes for rivets, the diameter of the

holes is in some cases too large, which ma;- be due to improper grinding of the driil

6" Ag/mm? '
0
a0 e
I 0 o i >l = .
: £ 0 A LA de, 2 - ’ .
. stw 4 / / :””f\,\,\’\nlm\\\\\\\\\\v: — i
X 50 } / / 2 P22 o 5) Disr )
. N &y
.. R I / 2= 08 y
' | . . {
_ 90T o= ¢) &=or '
b - 7 X |
R o~ d) Jf =08/ k
V4 i . a- %x / .
! /A
dial.2 v & & M w & % #

! . . e)
) STAT
Fig.130 - Diagram of "3tress Yarping - Slip" as a Function of Fit

a) Dowel pin and fixture of steel; b) Sheet D16T; c) Tightness de/dy = 1.06;

a) Clearance dg/d, = 0.81; e) Slip Al in % of diameter of dowel pin (dg)

@ - lowed telerances. It was proved by experimental investipations that ﬂthe static

165

I
! ~and to wobble of the chuck. The hole diameter in such cases is larger than the al-
i
i
{
{
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Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



o i : .

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

'strength of joints in shear increases to a certain amount as the diameter of the hole
~ 15 increased, and then drops abruptly (Fig.129). The filling of enlarged holes is
dene at the expense of the material allowed in the shank for the formation of the
cienched hiead. As a result, the heading is not cormpleted, which leads to premature
repture of the joint when the rivets are subjected to tension.
E .The degreec to which the holes are filled has a considerable effect on the stress
i@ shear, which incrcases as the liole becomes rore tizghtly filled (Fig.lBOj.

A tishtly filled hole increases the wltimate point of elastic deformation in
shear Ogpaap; bhus, the elastic deformation causing slip in the joint is lowered un-
der static 1l-ads.

iAs seen from Fig.1l30, in cases where de/dy = 1.06, which mar take place in ri-
veted joints, the wltirate stress Oshear 128 a higher value, in vhich case the elas—
tic deformation is at a minimum value.

The last conditions further confirm the necessity of carr;-ing out the technical
process of rivebing in such a ranner that the holes in the stack of sheets are

tichtly filled with the shanl: of the rivet.

5. Flush Rivetins from Two Sides

In_certain structures, swface sroothness on both sides of the seam is required
i.e., from the side of the rivet and from the side of the clenched head. In such
cases, the rivet heads are made flush on both sides.

-" Depending on.the construction of the assembled units, two-sided flush rivSTAT
i; done as follows:

1) By countersinking reccsses in the skin, under the rivet and under the
clénched head (Fig.131a)

" 2) Countersinking recesses in the airframe (in the thiclkest portion) and dim-
plins recesses in the slin for the rivet-clenched heads (Fig.iBlb)

. 3) Countersinking in the outer skin under the rivet and in the airframe under

166
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the clenched head, and dimpline recesses under the clenched head in the planking

widile rivetins (Fig.131c).
Recardless of the method used in making the rivets flush on both sides, drilling

of the rivet holes in the planking is done, in the case of the end stringer (air-

-frame), through the guide holes perpendicularly along its chord.

The countersinking of recesses under the rivets and clenched heads is done per-

Table /,

Dimensions of Holes in Rivet Shanks for Two-Sided Flush Riveting, in mm

Rivet diameter d

liole diameter dy

Depth of hole h 1.0

pendicularly to the surface of the skin at each point (Fig.132). The pilot stem of

- the countersinking tool for this purpose is made short, with a spherical end.

Allowance for lleading

Diameter of rivet, in mm 2.6 3.0

Allowance for the clenched
head, in mm 1.3 1.5

The countersink is made with a cutting tip whose shape deben@s on the thickness

of the sheet being countersunk and the type of rivets used, being as follows:

1) For countersinlking recesses under the rivet, the angle of the cutting point

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3
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3

Fig.131 = llethods of Performing Two-S5ided Flush Riveting

| a - Countersinking recesses in the skin; b - Countersinking recesses in the air-
: frame and dimpling recesses in the skin for the rivet and the clenched heads;

' ¢ - Countersinking of the outer skin for tle rivet and of the airframe for the

; . clenched heads

NIt L Bt AR O AT

G

STAT

Videss

Fig.133 - Riveting of Skin Over the End Stringer with Alternate Position of

C) the Original and the Clenched Heads in the Countersunk Recesses of the Skin

a) Clenched head; b) End stringer; c) Section through a - a; d) Original head

168
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is made equal to the angle of the rivet head;
2) For clenched heads in the case of thick plankings the cutting point of the
countersink is made to an angle of ¢ = 900,

3) For clenched heads in the case of thin plankings the cutting point of the

countersink is made to an angle of a = 120°.
The rivets to be used may be of a type corresponding to specification 2022450,
—with the shanks finished :Ln accordance with Table /J,. .
The allowance for the heading is assumed as equal to 0.8 of the rivet d:ilamet,er;
in case rivets of the type listed in Table L), are used, the allowanée for the head-
) ing is taken as outlined in Table /5.
The upper and lower plankings are joined along the stringer with one or two
rows of rivets in flush riveting. For this reason, the original and the clenched
rivet heads must be arranged along the lower and upper skin in a definite sequence s
as shovmn in Fig.133.
The riveting is performed by pneumatic hammers for the direct method, and the
(=

reverse method is used in exceptional cases.
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‘ fv..

CIAFTER VIII
PRESS RIVETING, AIMILIARY TOOLS .IiD &

1. General Considerations

Dependinz on their operating characteristics, tools used for riveting can be

subdivided into two classes: narel;-, hamrer and press trpes.

" The rrst widely used tools based on lammer action are hand-operated pneumatic
harmers. Their advantage consists in that they possess a wide rance of application
under most situations, particularly when the riveting is done in assembly fixtures.
Their disadvantage is thet it is difficult to obtain a high degree of surface
sroothness, that their operation is nois;-, and that the rate of productive output
is conparatively low.- A more precise method of rivetins is to emplpy'pot-tér-press
equiprent, by means of which most of present-day riveting ‘of lisht-alloy stru;:tures

. is done. .

In this country, a great deal of work on press ri{reting and on the developnent
of technical processes of assembl;r by riveting was accomplished by t};e Engineers
V.G.Gorekhov, M.N.Belikov, K.-}?.Kolobaycv, L.I.Rokhlin, H.I.51lesarev, V.V.Balai-lrﬁ;r
and others. l

A\ desirable char.acteristic of press riveting-is that the formation of the
clenched rivet head is done by uniform pressure on the rivet shank. The basic ad-

vantage of press riveting over hammer riveting are as follows:

1) Facilitating the work of riveters due to reduction in noise.

170
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2) Increase in production output, attained by full utilization of the power of

oty

the equipment, the adoption of group riveting procedure, and the elimination of

T e e

helpers.

&‘j\j

3) Improvement in the quality of surface smoothness of the riveted parts.

e

L) Nigher strength of the riveted joints, obtained by tighter and more uniform

filling of the holes by the rivet shank.

.

5) Greater wniformity in the quality of the riveted Joints, since individual

peculiarities of the workmen are absent. ' i

The advantages of press riveting, whether done singly or by the group mefhod , b

Table 46

Economic Aspects of Riveting with Pneumatic Hammers and of Single and

£330

! Group Riveting on Presses

P )

Type of equipment

. Economic factors Press group Single press Pneumatic
(& riveting riveting hammer

Average output in a shift per h
unit of equipment in number L
of rivets 16,000 4,000 3200 f

Approximate cost to rivet K )
1000 rivets, including power s '
: labor cost and amortization

L ‘ of equipment,' (in rubles) L y 12 13 ‘J

Note: Computations are based on rivets of 4 mm diameter and a press with a

power of 25 tohs o STAT

over hammer riveting, as far as the economic technical aspects are concerned, are

illustrated in Table 46.
It is seen from the Table that s in single riveting, the production costs and

@ the output are approxir mately alike for hammer and for press riveting. Group rivet-
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* ing on presses is considerable rore econocndcal.

The practical experience of leading plants into which press riveting was intro-

(\

|
duced confirm its great effectiveness. For example, with a press of 70 tons there :E
was a saving of 61 man-hours on one job of group riveting (planking of a wing) as :

. compared with hammer riveting. In another plant, as a result of changing.over to

press riveting of 1,0 assembly units, the amount of labor involved was reduced to &

one half,

The increase in the volume of work output with press riveting is connected with

the necessity of separating major units into their constituent components, such as

3 minor units and panels, and the installation of more highly mechanized equipment,
tools, and instruments. If a methodical procedure in the handling of panels in ;
structures is developed, it is possible to bring up the percentage of press riveting

to 70 - 80%.

The advantages of press riveting show particularly in structures where, in addi-
tion to the requirements of higher strength of the riveted seams, greater surface f
' (’. smoothness of the riveted joints is required. It has been established by investi- é
gations that press riveting, either single or group, contributes' to the improvement
in .surface smoothness, as compared with hammer riveting. It is to be noted, how- [
ever, that the quality of flush—riveted joihts dépends not only on the tools and
equipment used in riveting, but leo on how well the geometry of fhe reéesses agrees

with that of the rivets, on the quality of work in drilling and countersinking, and

on the quélifications of the workers. All of these factors have to be taken into
consideration. STAT
" As compared with hammer riveting, press riveting results in considerably less
it drawing of the material, and for this reason there is less distortion in the shape
of the Jjoints which is the cause of cavitieé, swelling, indentatiéns, and other de-

fects associated with hammer riveting.

A ) When riveting with pneumatic hammers, the sheets are first squeezed together

4
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before the riveting operation; due to the springiness of the material there may be

voids between the parts so that the frictional contact between the sheets is not

perfectly uniform, which may cause dis-

8000 =7 [ proym tortion in the shape of the riveted
7000 -
| parts.
6000 v - Zm
£000 i 4/__ In press riveting, the heading is’
L dz6mm
4000 'y S effected while the staclk of sheets is
a) | 7/ da-5mm
300 P %d= Gmm squeezed together firmly, with the ad-
2000 37 —
‘ Z%V @=3,9mm Joining parts in close contact and held
| 1000 =3 mm
i 22,6 mm by greater frictional forces than in the
i c 1 2 3 4 5 6 7 8
! b case of hammer riveting.

“hile the work in press riveting is i
Fig.13l, - Curves Showing the Rela-
facilitated by the methodical handling
tion Between the Applied Force and
of the constituent parts of ma jor assem—

bly units, there are also other require- 'y
N with Flat Clenched Heads i
1""“ ments the compliance with which may re-

: a) Force in lg; b) Upset rivet por- -
| - ) sult in the use of group press rivetine ¢
’ tion in mm

i

!

i

!

} the Diameter of Duralumin Rivets
H

%

|

on a wider scale. Among these basic re-

quirements are the following:

1) The panels should preferably have similar curvatures and as far as possible

have only lonvitudinal elerents of rigidity that permit free access to the place

.of riveting.
2) It is desirable that the riveted seams are made in accordance with staSTAT-
ized - practice throughout and that the number of different types and sizes of rivets

is held down to a minimun.

3) fiive'ts with flat heads in place of rivets with half-round heads should be’
vsed for inside component members of the airframe.

L) Components with concealed riveted Joints should be limited in number as far

@
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‘ as possible.

- Compliance with these requirements will enable to change over almost entirely

from hammer to press riveting of major and minor assenmbly units.

2. Classification of Riveting Presses

According to the manner of their utilization, riveting presses ray be classed
as follows:

1) Stationary type for groﬁp riveting;
2) Stationar: type for single riveting;
3) Portable trpe for single riveting.

The range of application of one type or another is determined by the volume of
riveting work, the dimensions of the assembled units, ease of access to the place
of riveting done, and by other structural and technical characteristics of the parts
being riveted.

Riveting presses ra; be classed according to the pover requirement and the me-
thod of utilization as follows:

1) Lever-type pneuratic;
2) Direct pneuratic;
3) Hydraulic;

L) Pneumatic-hydraulic,

the air pressure exerted on a piston head to the die through a system of levers,

STAT
with the result that a corparatively low force on the piston head is converted into

a larger force acting on the die,
On a majority of bresses of this type, the increase in the force acting on the
die corresponds to the inherent, requirements of the riveting work, the force‘being

greater when the heading is more pProncunced, as indicateq by the curves in Fig.134.

»T@. This also increases the efficiency of the Press. Such presses are built with a

17,.
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*oquick return notion, which contributes to a grea{ef worlk outﬁut by reducing the

machine operation time.

In terms of kinematics, the action of the most widely used lever-type pneumatic

presses is based on the principles A, B, or C.

Presses Operatins pccording to Principle A (Fig.135) are simple in design. The

mechanism of such presses consists of a system of levers of -the 18t or the 2nd

order. 'The following relations apply to

' resses of this type:
n-b—-fp . P ype

1. At a constant force Q, exerted on

the piston head, the force P exerted on the,

die is directly proportional to the arms a
Fig.135 - Kinematic Diagram of the
and b. Usually such presses are built to
Lever-1ype Pneumatic Press, Opera-
fixed dimensions of the arms, so that there
ting on the Principle A

is a direct relation between the stress P

and the force Q, i.e., a
P=Q_b— ™

Q= le2!p
4 )

whgre P is'the pressure of the available compressed air (5 kg/cm2);
‘ Ny 1s the mechanical efficiency, equal to 0.9 - 0.95;
Dp is the diameter of the pneumatic cylinder, in cm.
2. The motion of the die under the stress P and of the piston under the force Q
is inveréely proportional to the arms a and b, whence the distance traveied by the
die is : , ' STAT

[
y=x—,
o a

where x is the travel of the piston in cm.
Figure 136 gives a curve for the relation between the force acting on the die

and its travel. The travel is indicated by the straight line DC, while the work

175"
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S performed by the die in one cycle of operation is indicated by the shape of the
ABCD. The curve AC represents the actual force required to upset the flat head in

‘ duralumin rivets (see Fig.13,). The cross-hatched triangle ABC is the part of use-
‘.u,-“:.

ful worl utilized in upsetting the head, while the area of the triangle ADC repre-

sents the lost work.

The ratio of useful work performed to the total work done by the press is de-

D C .

2000
1500

7
12001
o A
50 . /s /W/ »///Av////f
‘ a;’/ ////1;//////// V208 .

5 4

A

1

Fig.136 - Diagram of the Pressing Process on the Principle A

a) Stress P, in kg; b) Travel of set die, in mm

T S e TR S R
SRR e

1
{
!
i
|
i

fined as the coefficient of efficiency Ny of the riveting process.

Uswally presses operating on this principle have a comparatively low efficiency,

Ny = Oy = 0.5, This is due to the fact that the force P acting on the set die,
which is equivalent to the force required for upsetting the rivet, acts duriné the

entire travel, while actually this force is needed oﬁly at the end of the stroke.

Presses Operated According to Principle B (Fig.137) have a more complicated
system of levers. The relationship between the force P on the die and the force Q
on the piston, in presses operated according to principle B, is expressed mathemat-

ically by the formula STAT

P o]

The travel of the die is determined by

y==a cos 8—b cosp.
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The fo;rce P on the die and its travel may be represented graphically by the

shape of curve (1) in Fig.138. The work performed by the press during the working
stroke is represented by the hatcred area. The actual work needed for the rivet

T Y X e e e e o o -

TR L

Fig.138 - Diagram of the Stroke in Press

Fig.137 - Kinematic Diagram of Lever-
Tirpe Pn(;u:ratic Presses Operating on Riveting, According to Principle B
Principle B a) Force P in kg; b) Travel of die in mm

heading is represented by the cross-hatched area under the curve (2).

The coefficient of efficiency of the riveting process when presses of this type

are used, is ny = 0.5 - 0.6. In cases where such presses are utilized in riveting

N
b)

Fir.139 - Kinematic Diagram of Lever- Fig.140 - Diagram of Press RivetiiISTAT
Type Pneumatic Presses, Operating on According to Principle C
Principle C a) Force P in lg; b) Travel of set
| die, in mm .

worle, using rivets of a smaller diameter than that for which the press is intended,

177
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will be still less, since'the area under the curve (2) is correspondingly reduced.

Presses Operated According to Principle C (Fig.139) are in much wider use. The

relatinon between the force P and the force Q in presses operated in accordance with

principle C is expressed mathematically by the formula

pf[% (a + tg: )] e

For practical calculations, the travel of the die can be determined from the

change in the angle of the lever by the formula
V=g (% sy B,

where dinitial is the angle of the lever at the beginning of the stroke;

%end is angle of the lever at the end of the stroke. !
The worl: diagram of press riveting according to the principle C is represented

in Fig.1:0, where curve (1) shows the force P on the die as a function of its travel,

and curve (2) represents the force necess—

ary for upsetting duralumin rivets.

The coefficient of efficiency in ri-
veting with presses of group C is suffi-
ciently high, with N = 0.7 - 0.8, -

The basic operating principle of

pneuratic presses consists in utilizing

directly the energy of compressed air,

. . whose pressure is transmitted througI‘S-fAT
Fig.l)l - Simplified Power Diagram
series of pistons onto a plunger that holds
for Pneumatic Press

i . the die (Fig.ﬂd).

In presses of this type

02
P=Qn, =[:;Epn ]n..
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‘where Dp is the diameter of the piston inside the cylinder, in cm;
p is the pressure of the compressed air in the system, in kg/cmz;
n is the number of pistons, in the cylinder.,

The force acting on the set die is constant, and is independent of its travel.

The diagram of the process of press riveting is
the same as for presses operating according to
principle A (see Fig.136).

The operating principle of hydraulic
presses consists in the conversion of compara-
tively low oil pressure into high hydraulic
pressure by passing it from the main oil line
through an intensifier, the pressure being

Fig.1h2 -~ Simplified Kinematic

transmitted through a cylinder in the press to
Diagram of the Hrdraulic Press

| the set die. Figure 1,2 shows a simplified

diagram of the principle on which such presses operate. In the utilization of
presses in this group the relation between the forces P and Q is expressed mathemat-

ically by the formula

d’
P"Q';'lg N
n

In the diagram shown for the press, dy, and dy, have constant values, and conse=
quently the force P is constant throughout the working stroke and is directly re-
lated to the pressure of the oil which goes from the main oil system into the.
booster.

‘ _ . STAT

The same diagram applies also to presses which combine pneumatic and hydraulic
operation, having in the same unit pneumatic and hydraulic cylinders. A combination
of this sort makes it possible to convert low compressed—-air pressure into high

pressure in the hydraulic ecylinder, which is transmitted through a mechanical system

to the set die of the press.
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Pneuwratic, hydraulic, and pneumatic-hydraulic preéses may be used for riveting

‘stacks of variable gage without re-adjustment for the thickness of the stack, for the

reason that such presses possess the characteristic that the force is the same, re-

Table L7

Force in kg, Required for the Formation of Flat Clenched Rivet Heads

Diameter of rivet, in mm

Rivet material L 5 6 g

Aluminum alloys
Dig, D16, and
V65 700 950 2000 5000

Steel 15A 1000 | 1300 | 2200 | 2500 | 5000 | 6000

Note: 1. The forces indicated are in round figures.
2. For the formation of half-round clenched rivet heads, the riveting forces

are 2.2 times greater than those given in this Table.

gardless of the position-of the actuvating power piston in the cylinder.

A very important cohditien that determines the suitability of a press for a.
variety of riveting work, is ?'L‘bS‘ maneuverability, which is determined ‘ey the size
and weight of the press.

Figure 143 shows comparative sizes of power cylinders usedAin pneumatic 5 ﬁy—-
draulic, and pneumatic-hydraulic presses, which develop a force on the die necessary
for riveting duralumin rivets of 6 mm in dlameter.. The diagram indicates that g—,’rﬁ T
draulic presses are of smaller size as well' as of lesser weight. This fact should

be given particular consideration in connection with any project involving portable

presses.

- © Presses of the required capacity are selected on the basis of the force needed- .

- (.») for formation of the clenched rivet head (Table L7).
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The design of riveting presses must fully meet the following basic requirements:
1) Provide a high rate of production by increasing the number of working
strokes per unit time;

2) Permit operation of the press without re-adjustment whenever the thiclkness
of‘the stack or of the diameter of the rivet is changed;

3) Permit smooth travel of the plunger;

) Ensure unhampe;gd movement of the parts being riveted in the working area
of the press;

5) Perrit operation of automatic straightening and relocation of panels and
asserbly units ofilarge size in group steps, (when using automatic straight-
ening and supporting devices);

6) Perrit automatic riveting operation and servicing of the press by one
workman.

The domestic industry is manufacturing a series of riveting presses of original

Y

LT

i i ey Jr s

EADANNANARNA ANMANNVNRA

Fig.1L3 - Comparative Sizes of Power Cylinder Units Developing
Pressures up to 6000 kg

a - Power unit of pneumatic presses; b — Power unit of hydraulic presses;

¢ - Pover unit of pneumatic-hydraulic presses

design, which, because of their high productivity and simplicity of mainténancq, are
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‘used successfully for riveting of light alloy structures.

(_‘ 3. Presses for Group Riveting
A feature of presses for group riveting is that they have solid housings , which .

- permits the application of high pressure by the plunger on the supporting ‘prop

A ——————
wh A A
...—_'—- L B

Fig.1Ll - Press Equipment for Group Riveting of Various Assembly

Units and Panels

through a group of rivets. According to their capacity they are subdivided into the
following types (Fig.li4): .
.. - - STAT
1. Presses of type KP-602, for riveting panels of large size with a large
spread of the riveted seams;

2. Presses of type KP-501 and KP-503, for riveting components such as girders,
panels of intermediate size » and other assemblies;

3. Presses of types KP-,03 and KP-405, for riveting comparatively small as-

sembly wnits such as ribs, frames, snmall girders, etc.

Technical characteristics of these presses are given in Table L8.

182
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(For continuition and captions see page 185)

Fig.145 - ¢oﬁstruction of Press KP-602 for Group Riveting
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. “Press KP=602

The parts to be riveted are delivered to tl.xe press with the rivets installed,

and the followins operations are performed on the press automatically:

1) The surface of the workpiece is alipned perpendicularly to the axis of the

rivet heads;

2) In successive steps, the upper and lower die blocks for pgroup riveting

approac}l the workpiece, the stack is squeezed together, the clenched rivet

heads are formed, and the die blocks are returned to the original position;

RSN AN SRR

3) The workpiece is conveyed for other group operations. .
The operation of the KP-602 press is controlled by electric microswitches and
relays. The riveting of stacks of varying thiclness, with rivets of different di-

areter, is performed without additional adjustment of the press.

The press (Figs.l,5 and 1U6) consists of the following components: the housing,

lower and upper riveting heads » mechanism for horizontal shifting of the rivet heads,

(.‘ compressed air system, detecting mechanism, mechanism for the formation of the
clenched rivet heads, mechanism for automatic withdrawal of the plungers in the low-
er head, a tightening device, riveting tools and the supporting mechanism.

} The housing (1) (see Fig.145) is the basic element of the press, on which are
rounted all the principal components and which serves at the same tlme as a support
< for the carriage on which the parts to be riveted are laid out and positioned proper-—
1y for riveting. The housing consists of a steel frame made of two vertical cast
steelk colurms wnited at the top ané bottom by two girders. Each girder serves 8§TZT

support and guide for the riveting heads.

There are openings in the sides of the columns for providing aécess to the
mechanisms and apparatus located inside the housing. The top of the housing is pro-
vided with a removable cover. The foundation of the housing is below thé floor

G level.

The Iower Rivetins Head functions as the power unit for the formation of the
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‘clenched rivet heads. The riveting - head consists of the plunger (2), carrying the
riveting die block (3), four hydraulic cylinders (4), the hydraulic line (5) and a
control panel with a seat (6) for the operator. The entire mechanism of the lower
riveting head is mounted on the carriage (7), which shifts it along guide rails in
the opening in the press from one column to another.

The plunger carries the detector mechanism (8) in guide grooves of rectangular

cross section for the riveting tool, the automatic mechanism (9) for Heading the ri-

vets to the correct height, and an automatic mechanism for withdrawval of the plunger
from the workpiece.
The working and the return stroke of the plunger is effected by oil pressure

from two pumps operated by an electric motor (10). The oil reservoir (11) of the

hydraulic system has a capacity of 340 liters. All elements of the hydraulic system

are mounted on the carriage of the lower riveting head and are moved along with it.
The control panel is located in front of the riveter. The upper part of the

panel carries the operating controls of the press, such as pushbuttons for sta:ting,

manuwal controls, and signal light.

The Upper Riveting Head with the upper riveting dies takes up the force exerted

by the lower riveting head. The plunger (12) of the upper head is lowered and raised-
by means of a reversible pneumatlc motor with the ald of a lead screw wblch trans-

mits the motion to the nut on the plunger. The pneumatic motor 1s_operated by two

valves, providing rotation of the shaft of the motor to the right and to the left.

Four feelers (13) are fixed on the upper head, which serve to-start up the me-
chanism that levels the surfaces -of the parts being riveted before the rivetinSTAT}
eration. A mechanism is located on the upper head for automatic stopping of the
travel of the plunger. As the riveting tools come into contact with the surface of
the work being riveted and w1th the supporting props, the corresponding microswitches
are actuated. One microswitch stops the plunger in its extreme upper position, whlle

another limits the withdrawal of the plunger during the interval when the work is
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‘being lined up for another series of group riveting. The upper riveting die fits in-<
“to a groove in the plunger. The upper head is mounted on a trolley which moves a-

long the upper guide rails of the housing.

The Horizontal Alignment Mechanism for the rivet heads consists in the synchro- .

nous alignment of the upper and lower riveting hgads along the opening of the press.
'This mechanism consists of a reversible pneumatic motor (14) installed on a bracket
on the right half of the press and the vertical shafts (15) with two sprockets (16),
which transmit the motion through a system of intermediate sprockets and roller

chains (17), and bring the upper and lower carriages of the riveting heads into a-

lignment.
The Pneumatic System of the Press provides raising and lowering of the upper

riveting head, drives the horizontal alignment mechanism for the rivet heads, and

operates the carriages and the four hoists for the automatic setting up and alignment

of parts to be riveted. The pneumatic system consists of seven reversible pneumatic

motors of the same type, electric and pneumatic starting controls (18), air supply

lines, and devices for operation and servicing of the pneumatic.system. The pneu-

matic system is supplied with compressed air at a préssure of 5 atm from the main

line, The air is sﬁpplied to the components of the.horj).zontal alignment méchanism

for the rivet heads and to the carriages- through plpes, and to the upper head and
. ’ the hoists through flex:.ble rubber hose.

The most impor‘c.a.nt components of the pneumatic system are the drive of the up-

-per head and the horizontal alignment mechanisms of the carriages. ' The pipiné sys-

tem includes an inlet valve, gaée , settling tank, and an automatic lubricator. STAT-
The special reversible pneumatic¢ motor shown in Fig.1,7 is of the piston type
'a'nd of flangercon'struc‘gion. _ It consists of a revoiving cylinder block (1) and a
stationary distribution valve (2). The reclprocat:mg motion of the pistons is trans- : !
' formed into rotary motion of the main shaft (3) by means of the rock:mg disk (L«.) |

The planetary gear reducer (6) reduces the number of revolutions of the power take-

. 189
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Fig.1l47 - Reversible Pneumatic Motor .
1 - Block with cylinders; 2 - Distributing valve; 3 ~ Main shaft;

4 - Rocking disk; 5 - Driven shaft; 6 - Planetary reducer

Fig.14,8 -~ Electro~-Pneumatic
Starting Device
1 - Body; 2,3 - Valves; 4 - Electromagnet;
5 - Connecting fittings; 6 - Holes for

fastening the electro-pneumatic device

STAT
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Table 49
Outline of the Technical Process of Riveting on the Press KP-602 in the

Automatic Cycle

Type of operation

Initial position of the workpiece

The frame with the workpiece is
fastened on the hoist; feelers of
the press do not come in contact
with the work

Alignment of the workpiece

a) Workpiece brought to the feelers;
automatic alignment is begun . .

b) The workpiece is aligned

Impulse is given for lowering the
upper die block
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Type of operation Sketch

Lowering the upper die block

Travel of the upper die block ceases
as it comes in contact with the
workplece An impulse is given for
raising the lower die block

Raising the lower die block

a) Contact of the workpiece with the
web of the die block, starting up
the automatic headlng mechanism

b) Contact of the rivet with the
surface of the die block, stopplng
movement of the microswitch

c) Finish of the press operation,
impulse given for withdrawal of the
die blocks to the position set
during the adjustment

Withdrawal of the die blocks from
the workpiece

Raising the upper and 1ower1ng the
lower die blocks, with an impulse

given at the end of the travel for
shifting the workpiece
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No. of
opera- Type of operation
tion

Shifting of the workpiece in group
riveting

a) Sliding the die block over the
profile of the workpiece produces

a displacement of the die block
with respect to the plunger, which
actuates a mechanism to bring later-
2lly in riveting position another .
series of rivets

b) As the shifting of the workpiece
stops on the supporting props in
group riveting, no more rivets are
presented for riveting; the center
lines of the die and plunger meet ;
an impulse is given for alignment
of the workpiece and for lowering
of the upper die

off shaft. The reversal of rotation of the pneumatic motor is done by means of two
sets of electric-pneumatic starting devices.
The electromagnetic stérting device (Fig.14,8) consists of the body (1), with

‘a horizontally operated ﬁalvg (2) and a vertically operated'valve,(B)f, The elec-
tromagnet (4) is attached to the body, and when the current is on, the valve (3) is
lifted. The connection fittings (5) are screwed into the body and serve for tight-
ening the tube conduits., The electro-pneumatic starting device is attached to the
body of the press through the holes (6).

STAT
.The press has an automatic mechanism for heading the rivets to the required

height, regardless what the diameter of the rivet shank may be. This mechanism is

located in the upper part of the plunger of the lower riveting head. A description

of the construction and -operation of this mechanism is carried out in the spec1f1—

cations for the power rlvetlng unit KSA-403.
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The press operates according to the following three cycles:

1. The Auéomatic Cycle provides full automatic riveting of one seam, regardless

of its location on the workpiece. The riveting, the alignment of the work for group
riveting, and also the straightening of the parts is doné automatically by pressing.
a button on the central control panel. The job of the operator in this case is to
oversee the operation of the press and the quality of the riveting work.

An outline of the technical process of riveting on the press KP-602 with the
automatic cycle is given in Table 49.

2. The' Semiautomatic Cycle is employed for riveting parts that do not have ex-

tensive seams and also in cases where the shape and the size of the piece does not
permit automatic alignment for group riveting. The riveting heads are brought into
proper position and withdrawn from it automatically in the semiautomatic cycle, but
the alignment of the work for group riveting is done by the operator by manipulating
the main manual control of the press.

3. The Manual Cycle is an awcdiliary aid, and is usually resorted to in adjus-

ting and checking the operation of the various mechanisms of the press while it is

being set up and tested. In that case, the riveting heads are brought into proper
posj:‘c,ion and withdrawn from it separately by pressing thg proper button on the con-~
trol panel. The manual ;:ontrol is used for checking the mechanism which feeds and
'withdr;aws the parts‘ to be riveted at the feelers of the press, to check the cor-

rectness of the stroke of tﬁe upper and lower riveting tools, and other operations.

Riveting itself is not permitted during the manual cycle, since the workpiece

my bg damaged for the reason that, in the manual cycle, the alignment of the press

is not tied in with the riveting heads. ' STAT
The use of KP-602 presses in combination with equipment for group drilling of

holes and countersinking recesses under the rivet heads reduces the labor consider-:

ably, results in a better quaiitf of riveting work , imprxoves’ working conditions,

and leads to building up a high concept of organizatiori in connection with assembly
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Lever-Type Press KP-501A

The press KP-501A (see Fig.ll),) operates on the principle B, and has a charac-
teristic curve of operation similar to that shown in Fig.138. This press has an
automatic mechanism for withdrawal of the plunger by 70 mﬁ, which permits to do ri-
veting work on components with protruding elements on their surface. The construc-
tion of the parts to which the riveting tools are attached is such that changing
and tightening of the upper and lower riveting die blocks can be done quickly, and

. they may also be turned in a horizontal plane through 360° and set in position with
a graduated dial as a guide to an accuracy of 1°. This permits to do riveting work
to join parts in a lengthwise as well as in a lateral direction. A kinematic dia-
gram of the operation of this press is shown in Fig.l.L9.

The press consists of the following basic components: housing, lower plunger,
group of pistons, upper plunger, pneumatic system, lubricating systems, mechanisms
for the control of operation, and riveting tools.

The Housing is a rigid casting holding all mechanical parts of the press which

are accessible through door openings. The lower plunger performs the riveting op-

eration, and its up-and-down motion is effected by the action of a group of pistons,

a pneuratic system, and a system of levers.

The Piston Group consists of two pistons inside cylinders which operate alter-
nately on the same'connecting rod. The large piston is connected to the rod by

means of a spherical joint coupling and is actuated by air, supplied at the concave

part ‘of the coupling. The maximum stroke of the lower plunger, equal to 35 M, GTAT

regulated by the éhange in the stroke of the large cylinder, using a worm gear pair.

The Upper Plunger functions as supporting prop in riveting. Its up-and-down

stroke within the limits of 95 mm is effected by means of a nut which can be moved

by hand, using a hand wheel or operated by the pneumatic drive. The operation by

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



elease 2013/04/12 : CIA-RDP81-01043R001900110002-3

=7 -
H

“ hand is used in setting up of the upper tools for a particular thickness of the
stack. Regulation is effected by means of a dial with a graduated scale. Automatic
shifting of the upper plunger comprises an overall distance of 70 mm, while in the
case of manual adjustment for thickness of the stack, the distance is within the
limits of 25 mm.

The drive for the upper plunger consists of.a pneumatic cylinder block with
three pistons. One of the pistons carries a rack coupled with a gear whose purpose
is.to shift the upper plunger by means of a chain and sprockeﬁ dfive.

The Pneumatic System of the press consists of a mechanism for distribution of

e Tt ) -
v e s e

the compressed air, and is composed of six v;lves for the air cylinders and a start-
ing valve, an air intake for stabilizing the air pressure distributed to the working
parts and acting as an oil separator, as well as an automatic lubricator for injec-
ting atomized oil into the air lines, to ensure proper operation of pneumatically
operated machinery.

The Oil System consists of a pneumatic pump which sucks oil from the oil res-
ervoir through a filter located within it, and supplies oil under pressure to the
oil pipe systemn.

The Operating Controls of the press are mounted on a separate portable panel.

The control panel contains, in suitable position, manual controls, starting and

stopping switches, and a ﬁressure gage. The lower part-of the'column, whiéh holds
the panel, carriés a foot pedal in a coﬁveniently located place for foot operation
of the press. Flexible hoses connected with the manometers and ‘valves, deliver
compressed air to the press mechanism.

The operation of the.press is indicated in the kinematic diagram (see FigSTAT.

Before the parts to be riveted are placed in the press for group riveting be-
tween the dies, the upper and lower plungers‘musf be retracted to their extreme up-
per and lower positions. Valves (1) and (2) located on the control panel and shown

in the diagram, are used for this purpose.,

196
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Compressed air from the main line goes into the oil separator and from there
through the receiver and the automatic oiler, over the piping (3) and the valve (1),
via the valves (4) and (5) and the piping (6) into the chamber of the cylinder of
the control device. This causes the piston to which a rack is attached to move to
the extreme right position, with the motion transmitted by a chain drive, turning
a-nut which shifts the position of the upper plunger upward.

At the same time air is supplied through the piping (7), (8), and (9) into the
chamber in which the rod is connected to the working piston, with the result that
the sleeve with the spring is moved to the right, thus releasing the balls. The
rod moves to the right and carries the lower plunger to its extreme low position.
While in this position, the parts to be riveted are inserted in the opening of the
press, and by means of valve (1) the closing in of the plungers takes place i.e.,
the upper plunger is lowered and the lower plunger raised (in this case, the valve
(1) is in the "forward" position).

The air from the uncoupling chamber of the rod and from the exhaust chamber
operating the withdrawal of the tool is exhausted to the atmosphere through the
valve (1). At the same time, air from the pipe (3) through the valve (1) and the
pipes (10) and (11) enters the chamber which regulates the preliminary position of
the tool and éhifts the piston with the rack to the left, thus causing the upper
plunger to move downward. Simultaneously, through the plplng (10), the upper out-
let of the valve (12), and the piping (13), air enters the chamber for shifting the
tool forward, with the result that the rod is shifted toward the left, permitting
entry of the ball into its groove.

The air from the chamber, éhifting the tool forward, enters the valve (12)
through the piping (14), causing a downward displacement of the valve; this &n}§TAT
nects the inlet chamber, which shifts the tool of the lower cyl;nder forward, with

the atmosphere; a connection is also made between the compressed-air piping (10)

and the starting valve (15).
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Fig.149 - Kinematic Diagram of Press KP-501A for Group Riveting

1, 2, 27 - Valves; 3, 6 - 11, 13, 14, 17, 18, 20, 21, 23 - 26 ip
2 3 N - 28, 29 - Pipe-
lines; 4, 5, 12, 16, 19, 22 - Valves; 15 -’-~Si',ari'.i.n;:,T va.]’.ve e

a) Sprocket gear; b) Exhaust chamber for retraction of tool at e i
s‘tI.'ol{?; ¢) Exhaust chamber for complete retraction of toolj: 3§ ;i;gthﬁlacﬁrs;‘rcﬁ:r
Shlf’f.}ll:lg tool fgmjrard at each working stroke; e) Chamber fér shifting tool to a
preliminary position; f) Motorcycle chain; g) Drive for ‘upper plunger; h) Coun-
terweight; i) Control panel; j) Upper plunger; k) Riveting tool; 1) Tool holder;
m) Lower plunger; n) Pneumatic system; o) Lubricating system: pi Piston group: ’
a) Uncoupling char‘nbex.‘; r) Reverse stroke chamber; s) Chamber’for tool retrac%.on*
t) Chamber for Shl_ftll:lg tool forward; u) Automatic oiler; v) Receiver; w) Coke: ’
x) Chamber for working stroke; y) From the main line; z) Control; aa;.) Felt ’
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Cross Scetion
Cross Section #irough LL through 44

-Fig.150 ~ Power Riveting Unit KSA-LO3

1 - Plunger; 2 - Piston block; 3 - Reversible pneumatic motor; 4 - Clutch; STAT
5,6 ~ Gear wheels; 7 - Threaded nut; 8 - Piston; 9 - Dial; 10,21 - Coupling
rods; 11,2, - Levers; 12,15,26,27 - Microswitches; 13 - Punch; -l — Pickup;

16,18,19 - Bushings; 17,20 - Springs; 22,25 - Push rods; 23 - Stud
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In this position, the press is ready for regular riveting.

To carry out group riveting, pressure is applied to the pedal, thus opening the
valve (15) and permitting air to flow through the outlet opening in valve (16) into
the piping (17) and thence, through the channels in the rod of the upper cylinéer,
into the chamber which controls the forward travel of the tool.

The piston with the rack is shifted to the left, and the upper cylinder is low-
ered by 7 mm by means of chain and nut. As sufficient air pressure is built up in
the piping (17) for forcing out the check ball in the slide valve (16), the latter
is shifted downward. The compressed air in the piping (18) enters the upper opening
of the valve (19), goes through the piping (26) and then into the chamber controlling
the working stroke, thereby shifting the working piston to the extreme left position
and at the same time shifting the lower plunger upward.

When sufficient air pressure, with reference to the line pressure, is built up
in the chamber of the working stroke, the air goes through the piping (21) into the
valve (22), shifting it to the right; this provides a supply of compressed air to
the upper valve surface, shifting the latter downward, with the result that the

chamber of the working stroke becomes open to the atmosphere. Compressed air through

the piping (23), (24) and (25) enters into the reverse stroke chamber, returning the

working piston to its original position. At the same time; through the piping (26)

air enters into the chamber controlling retraction of the tool, at the same time

moving the piston with the rack to the right and shifting the upper plunger upward
by 7 mm.

If it becoﬁes necessary to hold the lower piunger in its extreme upper posi-
tion,(as in setting up the pressj, the cock (27) must be set into the position STAT
"setting up". In that case, depressing the pedal of thé press connected with the

piping (28), opposes the shifting of valve (22) to the right for the duration of the
Iautomatic cycle.

NC

When retraction of both plungers is not required, as in the case of riveting

S B L T A i MRS A o i o S
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RIATL

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Samtlzed Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

s e e A et e e o o e
!

panels with small and tough protruding elements), it is possible to retract either
the upper or the lower plunger only. For this, the cock (2) is placed in the posi-

tion "upper" or the position lower". This causes the valve (5) to shift to the ex-

treme left (closing the pipeline (7) and permitting only the upper plunger to oper-
ate) or to the extreme right position (closing the pipeline (29) and permitting only
the lower plunger to operate).
|
The compressed air is supplied to the operating mechanism in a definite sequence

over butterfly valves.

The press is started for opera£ion in the following manner: The main valve is
opened for admission of compressed air to the control elements. When the pressure
gage on the control panel indicates an air pressure not lower than /. atm the handle
of the cock (1) is turned to the position "supply™. In that position, the upper
plunger descends and the lower plunger rises. To avoid a deviatinn of the lower
plunger from its extreme upper position on application of pressure to the pedal, the
cock (27) must be turned to '"setting up'.

Mext, the press is adjusted for the thickness of the stack being riveted and to
the height of the clenched heads, by means of the hand-wheel which controls the
raising or ;owering of the upper plunger. The distance to which the plunger is

i
raised or lowered is determined by the indications on a dial with 0.2 mm divisions.

o
"\_One full-scale deflection of the pointer over the dial represent 12 mm.
\\”%% .
presues KP-503, KP-403 and KP-405
N :

\“.

These pneumatic presses (see Fig.lhh) represent a particular group of semiauto-

STAT
ranels, etc. In design, these presses consist essentially of a comblnatlon-of sepa-

matic presses for group riveting of components of the type of glrders, medium-size

rate self-contained assembled units; namely, a power riveting unit, a support unit,
avtomatic control elements, and other components. The use of such self-contained

units permits the erection of special-purpose presses in an economical manner.
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Power Riveting Unit KSA-403

This unit (Fig.150) develops a force required for the working stroke in rivet-

ing. = The working stroke of the plunger (1) is produced from the piston block (2),

Fig.1l51 - Press KP-LO5 for
-Group Riveting

]
1 - C-frame; 2 - Pedestal; 3 - Plunger;
L, - Tool holders; 5 - Dies; 6 ~ Oper-
ating pedal; 7 - Electric device with
-pneumatic motor; & - Mechanism for set-
ting the retraction distance of plun-
ger; 9 - Cock for air inlet; 10 - Air
cleaner; 11 - Automatic oiler;
" 12 - Piping for supply of air from the
compressed-air system

while the auxiliary stroke is effected by
the reversible pneuratic motor (3) through
the clutch (4), the gears (5) and (6) and
the threaded nut (7), which transmits the
moti;n to the plunger. The travel of the
plunger is 16 mm. The return of the pis-
ton block (2) is effected by means of the
piston (8). |
The distance of retraction of the

lower die block from the part being rivet-
ed is regulated by means of the dial (9).
On tﬁrning the dial, the cam at its lower
part acts on the lever (11) through the
ball and rod (10), which in turn transmits
an‘impulse to the microswitch (12). The
microswitch actuates the electro-pneumatic
starting device, which controls the motion
of the pneumatic motor of the power unit.

" The operation of the mechanism for
rivet heading to the specified height pro-

STAT
As the plunger is

ceeds as follows:
raised upward, the pressure platen of the

punch (13) act through the pickup device

(1) on the microswitch (15) located on the body of the power unit. The microswitch

controls the stopping of the pneumatic motor and turns on the power during the work-
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ing stroke of the plunger from the piston block. As the plunger is in motion, the

bushing (16) makes up to three revolutions before the die comes in contact with the

shank of the rivet. On further movement of the plunger, the clearance is better de-
fined, with the result that the spring (17) becomes compressed. The bushing (18) is
locked under the action of the bushing (19) and the spring (20), and heading of the
rivets is done as the plunger moves farther.

The deformation of the rivet shank continues until the time when rod (21),en-
trained by the plunger, no longer is in contact with the beveled face of the bushing
(16). This causes the rod (21) to stop and hold down the push rod (22), which has a
drilled recess into which the stud (23) is fitted. On further upward movement of
the plunger, the stud (23) is forced out by the bevel edge on the push rod (22) and
thus actuates the lever (2,). The lever, over the push red (25), trips the micro-
switch (26) which prevents further raising of the plunger and starts the rapid with-
drawal of the plunger from the workpiece. At the same time, under the action of the
piston (8) which controls the reverse stroke, the piston block is returned to its
original position, and all the operating chambers in the block are opened for ex-
haust to the atmosphere. .

The press KP-405 (Fig.151) incorporates the basic operating principles of the
described powgr‘ﬁhit RSA-AOB. In the design of this press, provision was made for
changing the C-shaped frame from one size of obening to another, to comply with the
riveting ;pecifications for parts which require a large bverhang of the frame.

Presses of the type KP-403 and KP-503 utilize the power units KSA-403 and
KSA-503, which do not much differ in design; in addition they comprise the support-
ing units KPA-403 and KPA-503. These supporting units (KPA) absorb the riveting
forces and make it possible to shift.the upper die blocks vertically within thetSTAT
limits of the available space to the workpiece, thus facilitating the adjustment of

the upper parts of the press.

The presses KP-403 and KP-503 operate on the automatic cycle, which consists in
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Fig.152 - Arrangement of the Mechanisms of the Press KP-403

Pneumatic system of the press; 6 -

1 - Riveting suppcens unit KPA-403

tion; L - Housing;;'i -
_|
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Fig.153 - Riveting Support Unit KPA-403

1 - Body; 2 - Plunger; 3 - Reversing pneumatic motor; 1,9 - Screws;

5 - Nut; 6,7 - Guides; 8 - Ring; 10 - Handle; 11 - Plate; 12 - lea-

suring rod; 13 - Thrust support

a) Section through K-K
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‘the simultaneous travel of the upper and lower plungers. This cycle includes lower-'

.
E

ing of the upper plunger, together with the upper die block, until it comes in con- % i
{
]
i

tact with the surface of the workpiece; raising of the lower plunger, together with
- the lower die block until the rivet is headed; and withdrawal of both tools to the
initial position.

These presses are characterized by their large dimensions and by the magnitude
of the riveting force. The maximum force developed by the press KP-503 is approx-
imately twice as great as that of the press KP-403.

To clarify the operation of these presses we will analyze the design and schem-

atic of the press KP-403, as a representative type.

Press KP-4LO

A general view of the press is shown in Fig.l4), while the arrangement of the
operating mechanism is given in Fig.152. The press consists of a cast housing whose
lower pedestal carries the power unit KSA-403. The upper bracket of the frame part
holds the support unit KPA-4O3. The electro-pneumatic devices, together with the
electric wiring system, is arranged on the side of the housing in front of the power
unit. The control pedal of the press extends outward. The upper and lower brackets
of the housing has places for attaching the support and the power units.

We will analyze in detail the design and operation of‘the separate mechanisms
of the press, excluding the power riveting unit XSa-403 which was deséribed above.

The Riveting Support Unit KPA-L03 (Fig.153) consists of the body (1) in which

the plunger (2) moves; the travel of the plunger by 150 mm is effected by the re-

versible pneumatic motor (3) thréugh the serew (4) and the nut (5). | STAT
’ On the lower end of the plunger is mounted a tool holder, consisting of the

guides.(6) and (7), connected with the rotary ring (8). The setting of the tool

holder in the required riveting position is done by means of the screw (9), while

the fastening of the tool in the tool holder is done by the handle (10) with a
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The Pneumatic System (Fig.154) of the press KP-403 supplies compressed air tn

‘spring. The strut (12) is mounted on the plate (11) and has a graduated scale, over’
which the support (13) is moved » thus regulating the withdrawal distance of the tool
from the workpiece.

Cn the outer walls of the housing are installed the electro-pneumatic starting

Fig.l5 - Diagram for the Pneumatic System of the Press KP-403

1 - Pneumatic device for bringing ‘the upper plunger to the workpiece being riveted;
2 - Valve for regulating the air inlet to the upper plunger drive; 3 - Valve for
rggtﬂating the air exhaust on withdrawal of upper plunger; - Pneumatic device for
withdrawal of the upper plunger from the workpiece; 5,8 ~ Reversing pneumatic mo-
tors;'é - Riveting support unit; 7.- Riveting power unit; 9 - Valve for regulating
the air inlet on raising the lower plunger; 10 - Pneumatic device for withdrawal of
the.lower plunger; 11 - Pneumatic device for raising the lower plunger; 12 - Pneu-
matlc.device for the power stroke of the lower plunger; 13 - Valve for regulatiigTAT
the air inlet on raising the lower plunger; 1, - Valve for regulating the air in-
flow into the hydraulic jack; 15 - Collector; 16 - Automatic Jubricator; 17 - Fil-
ter; 18 - Valve for admitting air from the main compressed air system; 19 - Pres-
sure gage !

!
o

devices and microswitches 7KV, 8KV, and 5KV, which control the operations of the

mechanisms during the automatic cycle.

1
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;I'he Pn.eunntic System (Fig.154) of the press KP-403 supplies compressed air to

the support and the power units from the main line at a pressure of 5 atm. Air from
the main line is admitted into the intake pipe through a cut-off valve » air filter,
and automatic lubricator, and is supplied to the electro-pneumatic starting devices

of the upper support unit and below to a collector. From the collector the air goes

a) !

- Fig.155 - Pedal for Operating the Press KP-,03
a) Cross section through AA; b) View in direction of the arrow K, with
cover removed; c) View in direction of the arrow K; d) Retraction of

the plungers, e) Raising the lower plunger; f) VWork cycle

through a hose to the electro~pneumatic starting devices of the lower power riveting
unit and to the cylinder controlling the reverse travel of the cylinder block. STAT

The Control Foot Pedals (Fig.155) for the press KP-4,03 are mounted as an ordin-

ary casting of box shape. Connection with the electro-pneumatic system of the press

is by means of flexible cables. This permits installation of the pedals in the
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Fig.156 - Kinematic Diagram of the Press KP-L03

1 - Microswitch of left pedal (withdrawal of plungers to initial position); 2,3,
5,7 — Electromagnets; I - Microswitch of right pedal (starting the press on the
power stroke); 6 - Microswitch (disconnects the upper plunger as it approaches the
workpiece; 8 —~ Reversing pneumatic motor; 9 - Electromagnet; 10 - Microswitch STAT
(stops the movement of the lower plunger and closes the switch for raising the
upper plunger); 11 - Electro-pneumatic starting device; 12 - Fuse box:; 13 - Micro-
switch for making connection with the pneumatic cylinders in the power black;
1, - Microswitch to stop raising of the upper plunger; 15 - Microswil.ch for making
connection with the pneumatic cylinders in the power block; 16 - Microswilch for
stopping the lower cylinder in its extreme low position; 17 - Miernawilch of can-

ter pedal (raising the lower cylinder itn Lhe workpioce)

a) From the compressed-air ayatem
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’press,-iﬁnﬁhé most convenient location for rivéting.

Operation of £he press is accomplished by three pedals: The right pedal con-
trols the work cycle of the press; the left pedal operates the retraction of the up-
per and lower plungers to their initial position; the center pedal is for raising

the lower plunger during the setting up of
the workpiece in the necessary bosition
with respect to the lower tool. To prevent
accidental starting of the press, which
%ay occur if the pedals are depressed ac-
%identally by the workman or if the press
is struck by some dropped object, the pe-
dals are installed within the body of the
box under its top cover.

The construction of the reversible
pneumatic motors and the electro-pneumatic

Fig.157 - Lever-Type Pneumatic Press
motors of the starting devices does not
KP-20L for Single Riveting
differ from the design of the same devices
that are used with the press Kp-602.
Before the press KP-403 is started for operation it is necessary to make sure

that the automatic lubricator is filled with oil. Then the inlet valve (8) (Fig.152)

is opened and the air pressure in the compressed-air system is checked by the mano-

- meter, which must not:be less than Iy atm. Then the riveting tools will be installed

in the places provided for them in the tool holders of the upper and lower riveting
units. ' ‘ ' STAT
It is necessary to withdraw the plungers to their extreme initial positions
whenever the workpiece is installed on the movable equipment, for positioning it
properly on the support uﬁit. For this purpose, pressure is applied to the left

pedal which closes the microswitch (1) (Fig.156), with the result that the electro-

210
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ﬁxf\agr;&:,é_(é) and (3) are actuated and the two plungers “are retracted to their initial’

. position.
After the plungers are parted, the workpiece is installed on the support unit
and the seam to be riveted is adjusted to the correct position with respect to the

die blocks. On application of pressure to the right pedal, the microswitch (4) is

closed and the magnet (5) is actuated, supplying current to the starting devices of
the support unit, with the result that the plunger (together with the riveting tool)
is lowered until it comes in contact with the workpiece. When the upper tool

touches the workpiece, an adjustment of the clearance between the bearing surface of

. the tool and the corresponding bearing surfacé of the tool holder takes place. This
trips the microswitch (6), with the result that electromagnet (5) is switched off
while the electromagnet (7) is actuated and closes the electric circuit of the
starting device of the lower riveting unit, and the lower plunger with the die block
is shifted upward under the action of the pneumatic motor 8).

At the instant of raising the lower plunger, the lowering of the upper plunger
ceases. When the pressure plates of the riveting tool touch the workpiece and set-
tle by 4 mm, the compressed air is automatically cut off at the pneumatic motor and

' is supplied to the cylinder block, from which the cumulative force of the piston
assembly is transmitted to the rivet shank, with the result that the clenched head
is formed. Durlng that time, the electromagnets (7), (9) and (5) are dlsconnected
while the electromagnet (2) is actuated, with the resul§ that, under the action of
the pneumatic motor (8), the lower plunger is shifted downward. This conbinues un-

" til the microswitch (10) is tripped and energizes the electromagnet (3) and wntil,
under the actioﬁ of the starting device (11) and the pneumatic motor, the plung?;TAT
of the -support units is shifted upward. The next step is to shift the workpiece for
riveting another series of rivets by the group method, and the operation of the

press is repeated.

In some cases during the operating cycle of the press, it may become necessary

211
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Fig.158 - Press KP-20L with Power Head

1 - Starting valve; 2 - Slide valve; 3 — Power stroke cylinder; 4,7 - Pistons;
5 - Reverse travel cylinder; 6 - Rod; 8 - Shaft; 9 ~ Lever; 10 - Rollers; ’
L1 - Bearing plate; % - Plunger; 13 - C-frane; '1; ~ Riveting dies; 15 ~'Die

3 - Screw; ~ Pedal; 18 - Cable; 19,20,22,23,27,28 ]
36 - Chamnels; 21,29,33,38, - Chambers; 2J, - Izéguj..atér?,2’;:31,30§i5{2§;?5, STAT
26 ~ Valve; 37 - Piston; 39 - Holes; 4O - Housing; L1 - Throttle for regulating
rate o{‘ oil supply by the automatic lubricator; 42 ~ Automatic lubricator;
43 - Filter; L) - Hose for supply of compressed air from the main system;

45 - Pressure gage

a) Power stroke chamber; b) Reverse-travel chamber
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“to withdraw the toéls. In such cases use must be made of the left pedal of the press.

). Stationary Presses for Single Riveting

Presses for group riveting of the type KP-602, KP-510, KP-501A, KP-503, KP-405
and others perform group riveting on various components, panels, and assembly units
of large size. However, the construction of particular components of products made
from light alloys does not permit economic use of these presses, and it becomes
necessary to make use of stationary and portable presses adapted for single riveting.

Type KP-20l, stationary presses are in wide use in the industry for single ri-

veting.

Lever-Type Pneumatic Press KP-20L (Fig.157) operates on the kinematic principle

C, illustrated in simplified form in Fig.139. The riveting process of this press is
analogous to the process illustrated graphically in Fig.l40. The press is intended
for riveting components of intermediate and small size that have no seams of ex-
cessive length.

Technical Characteristics of the Press

Force on the riveting die at 5 atm
compressed-air pressure

Greatest diameter of duralumin rivets

Steel

Travel of plunger:
Power stroke 7 mm
Idle stroke : 53 mm

Number of strokes per minute . 15 - 25

Depth of C-frame 1100 m

Height of C-frame 260 mm
Overall dimensions . 1700 x 800 x 1800 mm
Weight of press ~ 1000 kg

Consumption of air per stroke . ' 0.012 m3
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The press consists of the following components: a power head with compressed-
air distributors, brackets, housing, control pedals, and filter with an automatic
lubricator.

The Power Head (Fig.158) is the principal component of the press, used for pro-

viding the necessary working pressures and shifting of the plungers during the ri-
veting operation.
This head is composed of the following parts:
1) A distributor head with a starting valve (1), a slide valve (2), holes, -
channels, and recesses for conducting air alternately to the wﬁrking cylinder and
to the reverse travel cyiinder.
2) A power-stroke cylinder (3), in
which the piston (4) moves. The latter is
rigidly connected with the reverse travel

cylinder. Inside the reverse travel cyl-

inder (5) is the stationary hollow rod
(6), through which compressed air flows

for effecting the return travel. One end
Fig.159 - Filter with Automatic
of the rod is threaded and is screwed into
Lubricator

[T ———————

the body of the air distribution box,

1 - Connecting pipe; 2 - Filter;

while the other end is fastened to the
3 - Opening for passage of cleaned . ) ’
‘ piston (7) with a cup. The piston is sta-
air; 4 - Butterfly valve; 5 - Body ’

tionary during operation, and the reverse
of filter; 6 - Check-valve ball;
travel cylinder is shifted relative to the
7 - Tubing; 8 - Opening for . :

piston to the right and to the left. STAT
compressed-air passage; 9 - Body

3) A steel casting on which the lever
of lubricator; 10 - Hose; .

(9) turns about the shaft (8), under the
11 - Oil-feed regulator

action of a spring and the pulleys (10).

One pulley rolls on the bearing plate (11) and another .on the lever (9). The lever

21,
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exerts a pressure on the riveting die over the plunger (12).
The cast steel frame (13) has two holes in its upper part, into one of which
the plunger with the die (14) is fitted. The lower part of the frame has an adjus-

table threaded die holder (15). On turning the screw (16), the die holder is dis-

placed vertically, which permits adjustment of the press for various thicknesses of

Fig.160 - Possible Positions of the C-frame of the Press KP-20l,, in Riveting

the stack and for height of the clenched head. The frame is fastened to the housing
by means of two dowel pins.

The press is operated by means of a control pedal (17). To prevent accidental
starting of the press, the pedal is protected by a safety cover.

The filter of the press (Fig.159) is intended to clean the compressed air as it
comes from the main lines to the air distribution device. Compressed air from the
main lines goes t6 the filter through the connecting pipe (1). Foreign matter con-

tained in the compressed air is retained in filter (2). The cleaned air is passed

through the port (3). The foreign matter is removed thréugh the drain cock (4) lo-

cated in the lower part of the filter (5).
STAT
The automatic lubricator saturates the compressed a:Lr with oil, which lubri-
cates ‘the working surfaces of the pneumatic cylinders. From the filter to the auto-
matic lubri'&tor the compressed air passes through the port (3), forcing back the
ball in the check""vqlve (6). Under the pressure of the air , 0il rises through the

tube (7) to the reguiator (8) which controls the oil feed. From here, through the

215
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‘hose (10), the compressed air with suspended oil particles is fed to the intake
valve of the air-distributing device.

Operation of Press KP-20. (see Fig.158). On applying pressure to the pedal

(17), the cable (18) causes the piston in the valve (1) to lower, which normally
covers the cgannel (19), connecting the power-stroke chamber for exhaus£ to the at-
mosphere. Compressed air from the main system goes through the groove in the valve
(1) along the channel (20) into the chamber (21). Then passing along the channel
(22), through the recess in the valve (2) and the channel (23), the compressed air
enters the power-stroke chamber. Rapid filling of the working chamber with com-
pressed air is controlled by means of a reguiator (24) which increases or decreases
the aperture of the channel (22). Compressed air, as it enters the power-stroke
chamber, pushes the piston (4) forward and shifts the reverse-travel cylinder and
pulleys (10) to the extreme right position. During this movement, one pulley bears
against the lever (9), thus turning it about the shaft (8) causing the plunger (12)
to lower.

At a predetermined pressure, whose maénitude is regulated by the spring (25),
the piston in the valve (26) is lifted. The compressed air from the power-stroke
chamber passes along the channels (27) and (28) into the chamber (29), which is at
all times connected for exhaust to the atmosphere through the channel (30) which has
a small cross section.

At the instant when the compressed air entering the chamber (29) and the com-
pressed air passing through the channel (30) from the chamber to the atmosphere are

mutually balanced as to the pressure needed for compressing the spring (31), the

piston in the valve (2) is lowered and the channel (32) is opened. An additiogal
' TA

quantity of air from the chamber (21) enters the chamber (29) through the channels
(22) and (32), increasing the pressure there and causing the piston in the valve
(2) to shift to low position. Thereby the channel (22) is overlapped, cutting off

 the supply of air into the chamber (33), and into the power-stroke chamber; this

216
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_connects the channel (23) with the channel (34), and exhausts the air to the atmos—
phere.

- While this takes place, the channel (35) is connected with chamnel (36). The
compressed air in the chamber (21) compresses the spring and causes the piston in

- the valve (37) to come down. Compressed air enters the chamber (38) and, through
the channels (35) and (36), also enters the hollow rod (6), and thence, through the

four ports (39) in the hollow rod, enters the reverse-travel chamber, causing the

Fig.161 - Setup for Riveting with Portable Hydraulic Presses’
1 - Portable hydraulic pfess; 2 - Booster of type MG-7-45;

3 - Portable hydraulic station of type PGS-08-65

entire system to return to its initial position. From the chamber (29) the air is

exhausted to the atmosphere through the channel (30), thus completing the work

cycle. ) STAT

The next step is to change the position of the workpiece to the next rivet, and

the work cycle of the press is repeated.
To make proper use of the press KP-20i for riveting panels and components of
various sizés, with rivets set from the top, from below, or from the side, these

conditions are anticipated in the design of the press by permitting installation of
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‘the C-frame on the housing in various positions (Fig.160).

5. Portable Presses

.Portable presses are used for riveting assembled units held in assembly fixtures
(jigs) and on workbenches, i.e., under conditions that do not permit the use of sta-
tionary presses.

Accordiné to the design of the power head, portable presses may be grcuped as
being‘of the pneumatically operated ;ever type, hydraulic type, and combination
pneumatic-hydraulic.

Table 50 shows the technical characteristics of pneumatic presses of the lever
type used for riveting structures of light alloys in the assembly section of indus-
trial plants. One of the disadvantages of portable pneumatic presses of the lever
type is their comparatively heavy weight and large size, which makes them cumbersome
to handle and contributes to the fatigue of the workmen.

Portable Hydraulic Presses™, whose characteristics are shown in Table 51, are

of comparatively lower weight and smaller size; however they develop considerable
power, sufficient to do riveting work with rivets up to 8 mm diameter. Furthermore,
hydraulic presses permit riveting stacks of variable thickness (with tapered fit-
tings) without special adjustment of the press.

The presses shown in Table 51 are opérated either from the main hydraulic sys-

" tem or from a portable hydraulic station feeding oil under a pre§sure of 4O - 50
atm. At this pressure, the oil enters a booster from where it leaves under a much
higher pressure to enter the working cylinder of the press thét performs the rivet-
ing. A general view of the installation (press, booster and hydraulic. station) §JAT
shown in Fig.161.

‘The C-frames of the presses shown in Table 51 are manufactured in two types:

————e

Mork projects carried out by Engineer V.E.Shamarov.
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“in the shape of ''pincers" and in the shape of "loops'.
Aﬁoptioh of either of one or the other type is dictated by conditions of ac-
cessibility to the work.

The Press of Type KPG8-35-55K (Fig.l62) with a C-frame of the "pincer" type is

intended for riveting with rivets up to 8 mm in diameter on stacks having a thickmess
up to 35 mm. The overhang of the press, equal to 55 mm, permits riveting work along
the edpges of the components.

The press consists of a C-frame (1) which absorbs the riveting force, a piston
(2), ; lever (3) which transmits the force from the piston to the plunger (4) and a

clamp bushing (5).
The Press of Type KPG8-35-55B (Fig.163) with a "loop" type C-frame has no le-

vers, since %he center line of the piston coincides with that of the plunger (2). In

this press, the C-frame (3) is interchangeable, depending on the requirements of the

component being riveted.

The Hydraulic Booster MG—?—QQ* (see Fig.161) converts the relatively low pres-

sure of the oil, suppli?d at the site of the hydraulic station, into the high pres-
sure required at the press cylinder. In this manner, the booster permits riveting
stacks of variable thicknesses without additional adjustmen%, and also permits the
use of rivets of different diameters by a simple change of the setting.

The Portable Hydraulic Station PGS—08—65, shown schematically in Fig.lél, con- -

sists of the carriage (1) cérrying the electric motor (2) with a power rating of
1.7 kw and a rotational speed of n = 930 rpm; the vane-type hydraulic pump (3) type

LIF-8 with a delivery of 8 ltr/min, developing an oil pressure of 65 atm; the oil
STAT

* The designation "MG-7-45" is decoded as follows: "MG" denotes the hydraulic
booster; the figure 7 shows by how much the oil pressure at the booster outlet
exceeds that at the inlet; the figure AE stands for the volume of oil in cm? at

high pressure which the booster can deliver to the working cylinder of the press.
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Table 50

Technical Chardcteristics of Lever-Type Pneumatic Presses

c)
d)

a) Type of press; b) Sketch; c) Maximm diameter of rivet used, in mm;

d) Force on die in kg at a pressure of 5 atm; e) Duralumin; f) Steel
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300
400

STAT

g) Number of power strokes per minute; h) Power stroke of die , in mm; i) Dimen-

sions of C-frame, in mm; j) Overall dimensions, in mm; k) Overhang H; 1) Throat l;

Q. m) Weight, in kg; n) Consumption of air per stroke, in m3
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Table 50 (continued)

c)

f)

|
a) Type of press; b) Sketch; c¢) Maximum diameter of rivet used, in mm;

d) Force on die in kg at a pressure of 5 atm; e) Duralumin; f) Steel
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Table 50 (continued)

L) /)

g) Number of power strokes per minute; h) Power stroke of die, in mm; i) Dimen-

sions of C-frame, irl mm; j) Overall dimensions, ‘in mm; k) Overhang H; 1) Throat ! ;

m) Weight, in kg; n) Consumption of air per stroke, in m
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Technical Characteristics of Portable Hydraulic Presses

Type of Press 50K

KPGS-18- | KPG6-25- | KPGS8-35. | KPGS-40.
45K 85K 558

Desfqn

3800

24

. . Overhang 45
Dimensions "7

of C-frame
in mm Throat £ 24

Overall Dimensiony A 25
n mm B 130

W!I'thl'nxq : 2,6 3,9 8,0

a) Maximm diameter of rivet used, in mm; b) Power on die in, kg; e) Number of
. strokes per minute; d) Power stroke of die, in mm

Note: In the given case, the ‘code designations of the rivetirig presses are
as follows: letters "KPG" denote hydraulic press; The first figure refers
to the hréest- permissible diameter of the duralumin rivet » in mm; the next
two figures refer to the greatest thickness of the stack or the height of
any protruding element on the surfa;:e of the component that can be accommg:l_ AT
dated by fhe throat opening; the last two figures refer to the overhang,

in rm; the letter WK' indicates C-frame of the "pincer' type; the letter

WBM signifies that it is of the "loop™ type.
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Fig.162 - Hydraulic Press KPG8-35-55K
1 - C-frame; 2 - Piston; 3 - Lever; L - Plunger; 5 - Bushing; 6 - Die;
7 - Handle; 8 - Support; 9 - Pipe connection

a) Cover removed for better view

Fig.163 - Hydraulic Press KPG8-35-55B

1 - Piston; 2 - Plunger; 3 - C-frame; 4 — Préss handle; 5 — Die; 6 - Bushing
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tank (4) of 60 liter capacity; and the pressure gage (5).
Up to five portable hydraulic presses may be connected to one hydraulic station,

with which riveting can be done within the limits cf the length of the connecting

Fig.16l .~ Schematic Diagram of the Portable Hydraulic Station PGS-08-63,
Connected to the Portable Hydraulic Press
1 - Carriage; 2 - Electric motor; 3 - Hydraulic pump; 4 ~ Oil tank; 5 - 0il

gage; 6 - Booster; 7 - Hydraulic press; 8 - Pipe conduits

hosc;,s: The usval length of the hose is up to 1C m, with an inside diameter up to
8 mm. When the riveting must be doné at a distance greater than 10 m from the hyd-
raulic pressure source, hose with an inside diameter greater than 8 mm should be .
used.

The hydraulic presses shown in Table 51 are analogous in construction and are
operated with the same power unit (booster). They differ only in design of the STAT

C~frame and overall dimensions, and for this reason a description of their operation

is given by using the press KPGS-BS—SSK as a typical example.

A schematic work diagram of the portable hydraulic press is shown in Fig.165.

®

After the booster is comnected with the main hydraulic system (Fig.l65a) the

226
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Fig.165 - Schematic Work Diagram of the Portable Hydraulic Press KPG8-35-55K

and the Booster MG-7-1.5

a - Booster and press connected to the hydraulic system, with the press ready L QTAT
riveting; plunger in the initial position; b - Starter pushbutton has been depressed,
squeezing the stack together, and plunger is in contact with the rivet; c - Booster
switch for forming the clenched head; riveting; d - Booster is changed-over for re-
verse travel, plunger returned to its initial position. 1, 2, 4, 6, 7, 21, 28, 29,
32, 33 - Channels; 3, 5, 8, 19, 22, 23, 34, 35 - Chambers; 9, 11 - Pistons;
10 - Valve; 12, 13, 24, 31 - Bushings; 14, 18, 20 - Slide valves; 15 - Pushbutton;
16 - Electromagnet; 17, 25, 27 - Levers; 26 - Plunger, 30 - Rod

e) Discharge; f) From pump
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oil is fed to the chamber (3) through the channels (1) and (2), to the chamber (5)

through the' channels (1) and_(4), and to the chamber (8) through the channels (1),
(4), (6), and (7). The oil entering the chamber (3) displaces the piston (9) to the
extreme right position, and thus causes the valve (10) to open. ﬂi;kﬁj.entering
the chamber (8) displaces the piston (11) to its lower position, thus forcing the
bushing (12) against the upper support. The oil entering the chamber (5) causes the

bushing (13) to move to the extreme right position, and the valve (1,) to its ex-

treme left position. In ‘that position, the press is considered ready for operation..

When the starter button (15) (Fig.165b) is depressed, the electric current is
turned on, with the result that the electromagnet (16), via the system of levers
(17), shifts the valve (18) to the right; this permits the oil to enter the chamber
(19) and shift the valve (20) to the left until it is against the bushing (13). The
oil enters the chamber (22) through the channel (21). At the same time, the valve
(20) closes the channel (2), with the result that a hydraulic cushion is created in
chamber (3), which enables the oil to enter the chamber (23).

Under the action of the oil pressure, the piston (11) and the bushing (12) are
raised upward until they make contact with the clamp bushing (2) which squeezes the
stack together. On contact with the stack, the bushing (24,) stops moving, while the
piston (ll); together with the lever (25) and the plunger (26), will keep moving
until the plunger contacts the body of the rivet shank. The 0il in the chamber (8)
exerts pressure on the bushing (12) which, acting on the lever (27) and the bushing
(24), tightens the stack being riveted. The tightening force reaches up to 130 kg.
Vhen the motion of the piston (11) stops, the pressure increases in the chamber (8),
the channels (28) and (21) and in the connected chamber (19), with the result thé?pﬁ'
the valve (20) is shifted to the support in the valve (14). After this, the groove
at the right of the valve (20) (see Fig.165c) connects the channels (2) and (29),
and the chamber (3) to discharge. In that case, the piston (9) begins to shift to&

the left and the valve (10) closes.
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The oil to the left of the valve (10) is forced through the channel. (28) into
the chamber (23); in that state, the pressure of the discharged 0il is seven times
greater than the pressure of the oil supplied. This is due to the difference in the’
areas between the right and the left ends of the piston (9).

Under the action of the high oil pressure, the piston (11) is put into motion

and, over the lever (25) and the plunger (26), performs the riveting.

Control of the booster, when riveting with rivets of various diameters, is ob-
tained by changing the travel of the piston (9) by means of the control rod (30).
During travel of the piston (9), the rod (30) is stationary; when the face of the
bushing (31) coincides with the groove in the rod (30), the oil from the chamber
(22) goes through the channel (32) and (33) and enters the chamber (34.) (Fig.165d);

as a result, the valves (12) and (20) shift to their extreme right position, forcing

the oil from the chamber (19) into the channel (1).
The valve (20), in its extreme right position, connects the chamber (22) to
discharge, and the chamber (3) with the pump; this causes the piston (9) to shift to

the right. When the piston reaches the support, the bushing (31) opens the valve

(10), with the result that the chamber (35), the channel (28), and the chamber (23)
are connected to discharge.

This completes the full cycle of operation of the press and booster. After
this, the press is moved to the next fivet, and the cycle is repeated by dep;essing
the starter button (15).

Along with the portable presses described above, combination pneum;tiq—

hydraulic présses are used for duralumin rivets up to i/, mm in diameter.
: |

6. Tools for Mounting in Presses for Group and fof Single‘HiVeting STAT

Presses for riveting parts and components with various configurations are pro-

vided with sets of interchahgeableltools (such as dies for presses used ' for single

@ riveting and die biocks for group riveting) z;nd also with special riveting equipment,

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



.
‘as required. The prihcipal purpose éf the tools is to cause prelimindry tightening
of the stack being riveted and to head the rivets to the correct shape and dimen-

sions.

Tbolé used in group riveting have additional functions, the principal ones of
which are as follows:

1) Providing a mechanical impulse. for automatically stopping further deforma-
tions of the rivet at the instant the clenched head has the required height.

2) Imparting motion to the follow-up device during automtic riveting of radi-
ally converging seam. »

Tools for presses used in group riveting are classed in the following groups:

1. Tools for riveting in open places of structures;
2.§Tools for riveting in semiopenAplaces of structures;
3. Tools for riveting in places of difficult access.

In sglecting the size and type of riveting tools it is necessary to take into
considera£ion the shape of the workpiece, the number of rivets being riveted simul-
taneously during one stroke of the press, the lateral pitch of the rivets, and the
pitch betﬁeen rows. The length of the working part of the tool is restricted, de-
pending on the number of rivets being riveted during one stroke of the press, and
must not exceed the diameter of the plunger by more than 50%. If this condition is
not observed, the tool may start skewing, with the result that thg clenched hegds
are tilted, and the tool gets out of line.

In construction, the tool used for group riveting is made with cleats and with
thrust journals. The latter are used in riveting ﬁarts and components of odd con-
figuration, i.e., structural parts where a tool with cleats cannot be used. ‘

Figure 166 shows a riveting tool with cleats intended for riveting in open STAT
places of structures. A tool of this type consists of lower and upper die blocks.

The lower die block is installed and set in place in the lower tool holder (Fig.167)

of the press in special guides (1) and fixed in place with the locking device (2).

230
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The guideg of the lower tool hoider may be turned, together with the d;al (3), wit
reference to the stationary bushing (4), which is fastened on the plunger and is
locked in place with the screw (5).
A tool holder of this design is employed in presses of types KP-405, KP-503
and KP-403.
The lower tool (see Fig.166) consists of the die block (1), t; which side

plates (2) are fitted, extending over the die block by 20 mm and continuously sub-

Cross Section through AA

~ Fig.166 - Tool for Group Riveting
1 - Iower die block; 2 - Cleat; 3,5 - Clamps; 4 - Push rod;

6 - Upper die block

jected to the action of two springs (3). The plates serve for squeezing together
the stack as the plunger is raised, and for transmitting the impulse for withdrawal
of the plunger of the pfess from the workpiece at the instant the rivet is heaéiEAT

to the required dimensions. The push rod (4; is held in position by the spring (5).

The upper die block (6) consists of a single piece and is installed and fixed

in place in the upper tool holder. The guides in the upper £001 holder may be turned
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Table 52

Tools Used for Riveting in Open Places of Structures with

Presses for Group Riveting

Principal bYiren-
Sketch of General View of a sion of Tool

Toel sirilar iovier Upper
Tool

A B al|bd
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a) Sketch of tool; b) General view of a similar tool; ¢) Principal dimensions of
tool; d) Lower; e) Upper

Table 53
Tools Used for Riveting in Semiopen Places of Structures with

Presses for Group Riveting

o)

b)

a) Sketch of tool; b) General view of a similar tool; c¢) Principal dlmens:Lons of
tool; d) Lower; e) Upper

233

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



STAT

a) Sketch of tool; b) General view of a similar tool; c) Principal dimensions of

tool; d) Lower; e) Upper

RS S e e =
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a) Sketch of tool; b) General view of a similar tool; c) Principal dimensions of

tool; d) Lower; e) Upper
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Table 54
Tools Used for Riveting in Places of Difficult Access. with

Presses for Group Riveting

b)

|

i .
a) Sketch -of tool; b) General view of a similar tool; ¢) Principal dimensions of

tool; d) Lower; e) Upper
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l Principal Dimensions
General View of a of Tool
Sketch of Tool Similar Tool Lower Upper

A B alb

Fig.167 - Tool Holder

1 - Guides; 2 - Locking device; 3 - Dial; 4 - Bushing; 5 - Locking screw

4

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



with respect to the stationary bushing, which is fastened to the flange of the

C-frame of 'the press.
1 .
Sirrila‘.r types of die blocks for riveting various structures and their character-

istics are }given in Table 52.
For riveting parts of a complicated configuration, with single rows and multiple

rows of rivets, special tools are employed, examples of which are illustrated in

Tables 53 ;nd 5h..

when it becomes necessary to do riveting work on components with large protrud-

ing elements, special die blocks of the type shown in Fig.168 are used.

“hatever type of tool may be employed, the working surfaces of the upper and

Fig.168 - Tool for Presses Used for Fig.169 - Riveting Tool (Die) for
Group Riveting of Components with . Single-Riveting Presses
Iarge Protruding Elements 1 -~ Shoe  block; 2 - Pin; 3 - Upper die;

STAT
L ~ Spring; 5 - Buffer; 6 — lower die

lower die block must be well ground and polished, and the clamping attaclunents, such

1o

' as the plates and dowels, must not have sharp tool marks in order to avoid damage of

@

the surface of the parts being riveted.

TR, Bt s £ osn n s v s

—
=
153

:
|
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Fig.170 ~ Tools for Single-Riveting Presses

a - For riveting in open i)la.cejs of structures; b - For riveting in

semiopen places of structures; ¢ - For riveting in places of diffi-

cult access
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The design of the tool must be such as to assure rapid interchangeability of the
tools wienever there is a change in the riveting work on workpieces of different
configurations. Furthermore, the interchangeable tools must fit perfectly in place
on any press used in group riveting work.

The quality of riveting work done on a seam depends to a considerable extent on
how much pressure is applied to squeeze the stack together before heading of the ri-
vets; this pressure must be different for various thicknesses of the stack and for
different diameters of the rivets.

Cylindrical springs are used for the necessary tightening force to squeeze the
stack together; these springs are located
within the die block of the press. The
required squeezing force is provided be-

forehand during the assembly of the rivet-

ing tool, by adjusting the compression of
the springs.
Figure 169 illustrates the construc—

tion of the die for the press KP-20L. It

Fig.171 - Centering of Rivets with Ref-
consists of the upper die (3), which
erence to the Dies in Press Riveting
slides in the buffer (5) and is acted on
a - Centering rivets with half-round ’
by the spring (4), and the lower die (4)..
heads; b - Centering rivets with ref- -
: The spring is between the buffer (5)

ereﬁce‘to the punched hole for flush )
‘ . ’ and the shoe block (1) in a state of com—
riveting; ¢ - Centering rivets with o
\ pression, fixed by the pin. (2).
flat heads ’
As in the case of tools for group—sTAT

riveting presses, tools used for single riveting are likewise classed in the follow-
ing groups:
1

1.! Tools for riveting in open places of structures (Fig.170a);

2., Tools for riveting in semiopen places of structures (Fig.170b);

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3




3. Tools for riveting in places of difficult access (Fig.170c).
The use of various types of tools is determined by the shape of the parts to be
riveted and by the diameter of the rivets.
The correct installation aﬁd centering of the rivets with reference to the cen-

ter line of the upper and lower dies has a considerable effect on the quality of the

Fig.172 - Tool for Riveting Fig.173 - Riveting on of, an Anchor

Anchor Nuts Nut to a Bulkhead

riveting work. When rivets with half-round beads are uséd, the centering is done
with reference to the original r?yet head. After the rivet is inserted into £he
hole of the workpiece, it is aligned iﬁ the press in such é manner tha; the original
rivet head fits éorrectly into the cavity of the die (Fig.l?la).

In riveting with flush-head rivets, the centering is done on the basis of\the
.shape of the dimpled recess in the sheets (Fig.1l71b), while in the'gase of counter-

sunk recesses, the countersunk recess itself is the basis for centering. "“hen 1§TAT

head rivets are used, the basis for centering is either the shank (Fig.l7lc) or the

original rivet head. In the latter case, dies are psed having a cavity conforming

.. to the dimensions of the original rivet head.

.

The punch mark made for the purpose of‘centering the shank correctly with ref-
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erence to the die should be of such size and shape that it will not distort the

shape of the original rivet head, nor form cuts in the part being riveted. The sur-

Table 55 Table 56
Dimensions of thne YWorking Surfaces Shank Dimensions of Dies for
of Dies for Riveting with Rivets Single-Riveting Presses

Eaving Half-Round Heads
7745°

QE—' “s‘}l

e e

a)

R 4 KP-204
KP-310 25
1.3 o0 (2861001 4,79 KP-201;

0.05 . KP-101
1,5_g,05 [3:3F 5,53 7,5 w KP-102 g+0.005 18
1,75_ o5 |3.851%%| 6,45 8,5 KP-106;
40,05 KP-107 o0
2,0_p05 |44 7,36 10 n KP-103 g10.005 | o 14
2,5_0,06 5,5+0.%6 | g9 KP-104 6H0.005 | o 12
3,0_g,06 [6,61%°% [11,05] 15 KPGS-18-45x | 81995 | 14 | 12
KPG6'25~50|’: 8+°-°°5 2% 14
KPG8-35.55x | 8105 | 19 | 29
KPG8-40-55x | 81095 10 | 22

3,5 008 [1,7TT9% (12,5
4,0_o0¢ (8,870% 114,7 [ 20

a) Divet diameter d in mm; b) Dimensions in mm a) Type of press; b). Dimensions in mm

face of the punch mark must be carefully smoothed to avoid scratches and roughness
of the rivet head.

Table 55 gives the dimensions of the working surfaceé of dies used on pres?fﬁAT
for riveting with half-round rivet heads. Dimensions of the shanks of dies used in
stationary and portable presses for single riveting are given in Table 56.

For riveting of anchor nuts, special tools of the type shown in Fig.172 are em-

ployed. 1In that case two rivets are being riveted at the same time, as shown in

22
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Fig.173.

7..Press Work with Auxiliary Equipment

Design and Characteristics of Auxiliarvy Equipment

The efficiency of press riveting can be considerably increased by broviding the
presses with conveying and work-support equipment. Such equipment eliminates the
necessity of holding the workpiece by hand, does away with the need of assistants,
facilitates the installation of the workpiece between the riveting tools, and im-

proves the quality of the riveting work.,

Following are the principal requirements which equipment for conveying and for
supporting the workpiece should meet

1) The equipment devices must align the parts to be riveted and relocate their
position automatically for group riveting.

2) The equipment must be such that parts of various sigzes and shapes can be
readily installed and handled.

3) The equipment must permit to relocate the parts during the riveting in two
mutually perpendicular planes. .

L) The conveyer mechanism must be such that the parts to be riveted can be
fastened to it in the proper position for riveting.

5) Ready access t9 the eguipment must be provided during servicing of the press
and of the operating controls for riveting.

6) The mechanisms of the equipment must operate smoothly witﬁout Jjerks, and the
parts being riveted should be easily relocated between the riveting tools of the
press. STAT

7) The equipment must be such that the parts to be riveted are easily installed
before riveting and just as easily removed after riveting.

8) The equipment must have the necessary number of support points to prevent

rocking and bending of the parts during riveting.

243
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Auxiliary equipment used for aligning and shifting of the parts being riveted

may be classed in the following groups, depending on their degree of mechanization

and their arrangement with respect to the riveting presses:

1. Equipment which aligns and shifts large~size parts and components automati-

Fig.17, - Supporting and Conveying Equipment. for the Press KP-402

cally in group-riveting procedure, ‘and is tied in directly with the kinematics of

the press.

2. Equipment for aligning and shifting large-size parts and components for

Fig.175 - Automatic Aligning and Conveying Equipment VU-1

group-riveting procedure, and which is installed on the housing part of tile press.

{(’ 3. Equipment in the form of carriages located close to Lhe press, with the
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‘shifting of the workpiece being done by hand.

). Monorails mounted to the overhead structure of the workshop.

5. Equipment attagﬁed directly to the housing parts of the press.

6. Girders and roller conveyers.

Equipment belonging to the first and second groups are utilized to best advan-
tage in corbination with presses for group riveting that have a large overhany and
throat of the C-frame, i.c., in combination with presses of the KP-503 and KP-/,03
type, and also with portable presses which can be used for riveting large parts.

The First Group of supporting and transporting equipment includes the equipmrent

for the press KP-602, shown in Fig.l7L. This equipment provides automatic alignment
of the workpiece perpendicularly to the vertical center line of the riveting tools,
and also automatic relocation of the workpiece in group riveting., The operation of
the automatic mechanism of the equipment is coordinated with the operation of the
press mechanism, so that depressing one starter pushbutton on the central control
panel of the press, will permit riveting a seam up to 15 m in length.

The equipment consists of a frame to 'which the workpiece, a panel, is attached,
a hoisting mechanism for the frame, a carriage, a drive for the carriage, guides on

which the carrizge travels, and a tension device for the hoisting mechanism of the

carriage.

The frame consists of two longitudinal girders of welded construction and four

transverse hinged ties. The workpiece is fastened to the frame with the aid of

special clamps. The frame, with the workpiece, is placed on the four brackets of
the hoisting mechanism. Installation of the workpiece perpendicularly to the center
line of the riveting heads is accomplished by raising or lowering the frame “dtSTAT’
workpiece by changing the position of the hoisting-mechanism cantilever bracket.
The position of the brackets is changed by means of lead screws operated by a
reversible pneumatic motor, which is controlled by the four pickups in the upper

riveting head. The hoisting mechanism is mounted to the movable stand.of the car-
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‘riage.
The carriage has four vertical struts coupled rigidly lengthwise with tub.lzr

members. The travel of the carriage is effected over the cormon drive. The carr__ e

drive is located under the floor, at the front side of the press,

The drive consists of a reversible pneumatic motor turning a horizontal shart
with two pulleys, which transmit the travel of the carriage through cables over spe-
cial guides to the frame. The tension of the cables and the relative position of
the pairs of braces of the carriage are controlled by a special tension-control de-
vice. The upper and lower guides for the carriage tra&el are mounted to four gird-
ers which go through the opening in the press, perpendicularly to the guides of the
housing. The press housing serves as the central support point for the carriage
guides.

An outline of the technical procedure of riveting on the KP-602 press, using
aligning and support attachments, is given in Table 49,

The Second Group of supporting and conveying equipment comprises equipment of

the VU-1 type, shown in Fig.175. This assembled unit is intended for autoratic a-
ligning and shifting of the workpiece with respect to the working tool of the press,
The presence of special hoisting devices in the alignment portion permits fuller use
of the feature of presses of the type KP-503 and KP-,03 to do riveting on parts with
variable contours. In the presses-mentioned, equipment of the type VU-1, with some
modifications, may be used in combination with presses that have a large overhang
and throat of the C-frame, and also in combination with presses of the portable type
for riveting of large parts.,
With the equipment shown, riveting can be done on components with ordinary

STAT
curvature. The greatest dimensioqs of the workpiece installed on the franme are

10,000 in length and 1300 rm in width. The weight of the workpiece should not ex-
ceed 250 kg.

Equipment of the type of VU-1, for which a kinematic diagram is presented in

: 002-3
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'Fig.176, consists of upright columns with guides for the longitudinal carriage,

longitudinal carriage and a transverse carriage, hoisting devices, frame, drive :
Technical Characteristics of Aligning Equipment of the Type VU-1

Dimensions of aligning equipment, in nm:
Length of guides of longitudinal carriage *etcscecctssstersesnnes 22,400
Overall height of equipment ......................;.............. 3,150
Height above floor level R R R~ J (010}
Distance between uprignts Teetecececetittttttiiettttioitnssnanaas 1,500
Floor space occupied by the equipment, in m? Pt teveetttessacncncannans 100
Createst travel of longitudinal carriage, In M ceeeceececesnsencsenss 10,200
Greatest travel of transverse Carriage, iN MM eeeseeeeececoeonsoconsn, 1,500
Greatest travel of hoisting devices, In MM eeeeererencenncensocennnnns 950

Distance from floor to axis of frame holding the part
being riveted, in mm:

Greatest B N
Least H R R
Time interval for aligning the workpiece, in m/min:
Time interval for 1ongitﬁdinal aligmment civeveceeiniencnnnnenses O = 13.5
Time interval for vertical alignment we.eeeseesesseseseensnesnnn. 1.1
Time interval for transverse aligNMmENt w...eeeececeeessesonveonn. 0.75
Air pressure in compressed-air system, in atm ....................L... L -5

Voltage of current supplying the automatic
electric device, in volts Seee e ettt aeereettccatennnornasanececnnnneoe 36

A STAT
the transverse carriage, tension device, electric pickups, and a control panel for

the pneumatic and electric systems.
The gantry (1) is designed in the form of a semigantry to whose colums the

guides (2) for the longitudinal carriage are attached. The base of the upright

columns is in the form. of two beams, connecting every pair of colums. For greater

2,8
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strength, the uprights are installed below the floor level to a depth equal to t:-
height of the transverse carriage.

The longitudinal carriage (3) is designed as a rigid latticed frame consistin-
of two transvefse girders. To the transverse frame are attached puides over whic
‘the transverse carriage (L) travels. The longitudinal girders have brackets at their
undersidé; on which the carriage wheels are mounted, which facilitates travel of the
carriage along the gﬁides.

The trénsverse‘carriage () serves for a;igning the workpiece in a vertical
plane., The transverse carriage has a beam with hoisting devices at each end. ®Both
sides of the edres of the base of the transverse carriage are provided with two
brackets to which are attached two hinged lower brackets for facilitating the travel
of the transverse carriage along its guides.

Hoisting devices are mounted to the base cf the longitudinal beams, for alirning
the parts being riveted. The transverse carriage travels along the guides by means
of the screw (5), located between the support surfaces of the elevating devices and
the base of the carriage.

The frame (6) serves for installing the workpiece and for aligning it with re-
spect to the riveting tool. The frame consists of a ‘welded girder of latticed con-
struction. The trapsverse girders of the frame have hinged connections to both
transverse beams of tlie frame, so pha£ the frame, together with the part to be ri-
veted, can be set to any desired position in a vertical plane, relative to the rivet-
ing tool. The'part being riveted (7) is placed into the frame on special channels, ‘
vhose épds carry hooks by which the channels are suspended from the frame.

The contrél compartment contains the mechanical drive (8) of the longitudigTAT
carriage and also the electric and pneumatic starting devices (9). The drive for
the transverse carriage cénsists of a pneumatic motor and a single-stage speed-up

gear, connected o&er the longitudinal shaft with a worm gear reducer. The worm gear

unit, connected to a lead screw, imparts motion to the transverse carriage. The

250
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drive for the longitudinal carriage consists of a two-stage reducing gear, whose
whose drive shaft carries a pulley (10) which, by means of a cable and drive pulie:
(11), transmits motion to the longitudinal carriage.

The éension device consists of two movable blocks connected by a strip. Each

block has four clasps, three of which are intended for fixing the electric cables

and the fourth for the air hose.

The electric pickups (12) are installed in the upper part of riveting presses,
(In presses of the type KP-503 and KP-103, the pickups are located in the ﬁpper,part
of the riveting ‘support units.) o

The supply of compressed air to the pneumatic motors of the longitudinal ang
transverse carriages, as well as to the-hoisting devices, is from the rain pneumatic
system. The pneumatic system consists of the filter (13), the automatic lubricator
(v, electro-pneumatic starting devices (15), and pneumatic motors. For convenience

of adjustment

3
countersunk recesses, and inserted rivets, is placed 6n the channels of the frame,
which is originally located avay froﬁ the working area of the'rivetingipfess.:

Al%gnment of the parts being riveted is accomplished from the control panel,
After switching the starter to the mstaptn position, the workpiece is lifted to £he
level of the pickups; By means of the central handle the workpiece.is_thenlblacegTAT
between the riveting tools of the press. Tﬁe alignment of the workpiece may be done
eiéher manually or automatically. 1In the autométic cycle, placing the workpiece

perpendicularly to the tools of the press is effected by means of the pickups, which

transmit an impulse to the electro-pneumatic starting devices of the hoisting mech-

: - 110002-3
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The relocation of the workpi.ece in longitudinal and transverse directions 1
effected by manipulating the central manual control handle located on the control
ranel.

Considerable difficulty is created in riveting components on which riveting has

Fig.178 - Riveting of a Panel on the Press KP-5014, Equipped with a
Special Carriage
1 - Table; 2 - Guides; 3 - Carriage for longitudinal travel;

L, - Channel; 5 - Carriage for transverse travel; 6 - Cable

to be done in two mutually perpendicular planes. In that case, special equipment is

employed. 1
Figuref‘l77 shows the semiautomatic aligning equipment for riveting longerons on
the press KP-501i. » STAT

The equipment shown consists of the frame body (1).made fronm standardized cast

colums on. wh:Lch guide rails are fastened Two longltudmal carriages, r:.gldly
:Lnterconnected by means of girders (3) and (L), move along the rails and serve the
purpose of'locatlng the longeron in the required position along the press.

Rails jare located on each lonvltudlnal carriage, over which the tra.nsverse
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carriages (5) with the hoisting devices (6) travel. The transverse carriages serur
- the purpose of locating the longeron in the desired transver?e direction. The rove-
ment of the hoisting devices of the longitudinal and the transverse carriages is
effected from the control panel (7). The longitudinal travel is thereﬁy effected
wiﬂh’a hand-wheel over cables.

The control of the movement of the transverse carriages,and the hoisting devices
is by pushbutton, and is effected by electromechanical transmission. In order to
protect the longeron against buckling during riveting, suspension rods (&) with

quick-release clamps are employed. )

Outside of automatic support and alignment equipment, a third group of equipment
is also employed, in the form of carriages of simple construction andﬁloqgﬁéd near-by
to the presses. Such equipment is designed and built up taking into~consideration h
the shape of the parts to be riveted. h

Figure 178 shows press KP-5014, equipped with a speéial carriage which facili-
tates the proper placement and relocation of a pénel during the riveting operation.

The table (1) is provided with guides (2), along which the carriage (3) moves
in a longitudinal direction. On two sides of the carriage are channels (L), over
the guides of which the cayriage (5) moves in a tfansverse_direction. The cable (6),
tied wiph the carriages and with a hand-vheel, is used for smdoth location and shift-
ing of the workpiece during the ri#eting operation. |

With the aid of such equipment it is possible to do rifeﬁing on flat panels and

also on panels with ordinary curvature of various radii. The construction of the

equiprent is such that the channels may be changed to conform to the-shape of thé
’ ' STAT

workpiece.
The construction of the ‘support and conveying equipment shown in Figs.179 and

180 is .similar to that described above. In the given‘case, the technical process of

riveting is somewhat modified; namely, drilling of the hoies, countersinking of the

recesses and riveting of the panel is done on the. press KP-310. For this purpose,
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the electric motor (1) is installed on the movable part of the bracket of the press,

which trans'mits the rotary motion to the combination drill and c‘ountersinking tool

fitted to the spindle (2) of the head gf the press.

The pz‘-ess is operated in the following manner: The panel, consisting of ripid
elements and planking, is assembled on the bench guided by the assembly holes and
pinned with control rivets. With the‘holes in the frame as a guide, holes are
drilled in the lining. jl‘he panel is placed on the support, and the conveying equip-
ment (3) is fastened to it.‘ Yith the pre-~drilled holes as a guide, holes are drilled
in the stacf:]c of parts to finished dimensions, and at the same time recesses are
countersun}ic in the planking. The opera%ion of drilling and countersinking is done
in the same manner as on ordinary drill stands. i

Rivets are inserted in the drilled and countersunk holes and, after changing

the combination drill and countersink tool with an ordinary die, the riveting is

performec. A lamp (L) (Fig.1€0), attached to the bracket of the press, and a lamp

(5), attached to the lower part of the support equipment, furnish sufficient lighting

at the working station.

The Third Group of support and conveying equipment also includes the equipment

illustrated in Fig.181. As in the case of the above-described equipment in this
group, the panel to be riveted (1) is located on the channel (2), which has cu’d—ot;ts
to fit the rigid elements of the panel. l The chanhels are then fastened to the car-
riage (3), which tz.‘avel's along the guides (4). The ‘guides (h), together with the
carriage and panel can nove in a longitudinal direction along the rails (5) that are
fixed on table (6). For better observation of the quality of riveting work done on
the press, light (7) is available. _ ~ STAT
A similar carriage, designed and built at one of the plants and intel\lded for
riveting panels with the porté.ble press KP-30-/,, is shown in Fig.182.. The unit

KSA-403 is utilized as the power head in this press, while the riveting support unit

KPA-103 is used as the support head. On this press, it is possible to do riveting

25),
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work on large-size units, since the press opening is of considerable dimensions.

Figure 183 shows support and conveying equip;nen‘b for riveting large panels on

the press KP-501A. The panel (2) is mounted to the carriage (1) with the clamps (3).

Fig.179 - Drilling, Countersinking, and Riveting of a Panel on the Press
KP-310, Using Support and Conveying Equipment

1 - Electric motor; 2 - Spindle; 3 - Support equipment

The carriage (1) travels in a transverse direction over the rails (4), .:which are
fixed on the carriage (5). ,Tpe carriage (5) travels in a longitudinal ‘direction over
the rails (6) on the table (7). The travel of the carriage with the banel s in\a
. longitudinal direction is effected by means of the hand wheel (8). On turning the
hand wheel, the cable (9)Iattached to the carriage is wound on the drum' (10) and thus
" moves the carriage 1n a longitudinal direction.
‘The various constructions of support and conveying carriages depend on theSTAT:
and the structure of the mrfs to be riveted, the type of presses, and on a number

of other factors., Figure 18l shows the riveting of a longeron on the -press KP-310,

with the aid of twin carriagés, which permits shifting the wcﬁkpiece in two direc-

e ¥ n e smmen neena
ol R

tions perpendicular to each other. Figure 185 shows the riveting of a panel on the

T T ey g,

255
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press KP-503, using equipment that permits aligning the seam to be riveted perpendic-

ularly to the axis of the riveting tool, by virtue of the fact that the frame is of

Fig.180 - Construction of Support and Conveying Equipment for Drilling,

_Cmmtersinking, and Rivéting of a Panel on the Press KP-310
"1 - Electric motor; 2 - Spindle; 3 - Support equipment;

L and 5 - Lights; 6 - Panel in work

a) Cross section through I-I; b) Asserr;bly A

t_he swinging and rocking type. Shifting of the panel in a longitudinal direction is

effected by means of the carriage.
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Fig.181 - Riveting a Panel on the Press KP—503,AUsing a Support
and Conveying Carriage. ’

1 - Panel being riveted; 2 - Channel; 3 - Carriage; 4 - Guides; 5 - Rails:

2 ’

6 - Table; 7 - Light for illuminating the riveting place

Fig

.182 -~ Riveting a Panel on a Portable Press with the Aid of a -

Carriage Iocated within the Press Opening

257
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Fi 0181 - i i -,
g + = Riveting a Iongeron on the Press KP-310 by Means of Twin Carriages
o) 4 !
— 1 23 - -— -
1 - Carriage; 2 Cable; 3 - Hand wheel for moving carriage;
b

& = Rails; 5 - Longeron

smoothlyv,_ as may be required for the -riveting operation, without blockin ac
the place where the riveting work is done. N e
One f;ype of such equipment is shown in Fig.186. On the two monorails (1) slides
a trol‘l.?y (2) cc?nnected with a second trolley (3) by means of a balancing.sprinv (L) ‘
The frame (5), on which the part to be riveted is placed, is moved along by theo : -
troll?y' 3) during the riveting, in a transverse direction, | d .
The equipment shown in Fig.187 is intended for the s-upport and shifting of a
longeron along the press KP-510. Over the two monorails (1), attached to the over~
head structure of the plant, travels a carriage (2) moving the longeron longitudin~" .

v id
allu s ovement O.f the longelon 1 0
rse ir
na tIallsve d ectlon 1s efiected bV carriage
g

(3) travelin i
& over the carriage guides (2). -From the carriage (3) a balance beam ()

259
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with a channel (5) is suspended. The longeron being riveted is shifted to the re-
quired height relative to the working surfaces of the riveting press tools, by means

of the balancing spring (6). The original heads of the rivets are in close contact

Fig.185 - Riveting a Panel on the Press.KP-503 by leans of Conveying

and Aligning Equipment with Turning Frame

with the surface of the paft being riveted. The alignment of the longeron in height
is effected by means of .the screw (7). ‘

Fipgure.188 shows equipmept of the type employed for riveting panels which have
some curvature. *On two monorails (1) attached to the overhead structure of the
plant, travels the carriage (2) with the upright bars (3). The panel is placed on

the channelsg(h) and is fastened-to them with the clamps (5). The segment (6)SfATd

Fo bars (3),[centers the row of rivets wiéh respect to the dies of the press.

In rive}ing with portable presses in jigs, the presses ?hemselves are suspended.
Figure 189 shows equipment §or sﬁspending portable presses over aSsembiy fixtures.
Over the non?rail (), locateé above the jig, travels a carriage (2), frgm which a

swinging arm (3) is suspended. One end of the swinging arm carries a cable with a

l
shock absorber (4) for susperision of the press, and the other end carries a counter-

260
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Fiz.186 - Overhead Suspension Device for the Press KP-310

1 - Monorail; 2,3 - Carriage; L4 - Balancing spring; 5 - Frame

|
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i
weight (5),‘to provide equilibrium for the systenm.

In riveting parts and components with seams of large extent on assembly fix-
1 - N
tures, several swinging arms are installed and riveting is done with several presses.

The extra blocks and weights necessary for balancing the system in special conveying

Fig.187 - Riveting »f a Longeron on i Fir.1¢8 - Riveting of a Panel on the
the Press KP-510 by }eans of Sus- Press KP-510 by lMeans of Suspended
pended Equipment Equipment
1 - Foneorail; 2,3 - Carriages; - 1 - Monorail; 2 - Carriage; 3 - Up-
l. - Rocking bar; 5 - Chamnnel; right var; L - Channel; 5 - Clamps;
6 - Bég.lancinrf spring; '/ - Screw ‘ . " - Segment
and alignirig equipment, bloplc the working space near the assembly fixtures and cause
inconvenience. The use of general purpose swinging arms eliminates these disadvan-
tages and facilitates the work with suspension-type equipment.

: g .t STAT
The Fifth Croup of support and conveying equipment comprises all equipmenv

mounted directly to the housing of the press.

r

Figure 190 shows equipment for the support and conveying of a cowling cover.

Two colunms (1), located on the bracket of the press KP-310, carry the shaft (2), to

vhich the clamp (3) is attached with four bolts.

262
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1
Figure 191 shows the support equipment used for riveting the semicircular por-

tion of the cowling cover on the press KP-204, mounted to the bracket of the press.,
The part to be riveted can be shifted in two directions: along thé circular

part corresponding to the radius of the workpiece, and across the press. For the

Fig.189 - Equipment for Suspension of Fortable Presses Over
Assembly Fixtures
1 - Monorail;‘2 - Carriage; 3 - B‘ala;nce arm; Y4 - Shock absorber;
5 - Counterweight |

a) View in direction of the arrow A

purpose of shlftlng the workpiece peripherally, the equipment is provided w1th a

tubular support section. Before starting to rivet » the part is placed on the té*_‘lzx_lar

section and fastened with the clamps (2). The tubular section with the workpiece is

rotated about the shaft (3) to which a counterweight (4) is attached. The travel of
the workpiece with the. tu‘pular section in a- longitudinal direction takes place along

the guides (5), situated on the upper part of the press.

The Sixth Group of support and conveyirig equipment includes devices in the form

263
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Fig.192 - Example of Utilizing Movable Girder Structures for Suspension
!

and Conveyving of a Longeron for Riveting on the Press KP-310

e et e

T

] ;./I) "J'.‘ A)U

s

Fig.193 - Riveting of a Longeron on a Croup-Riveting Press, Using a Roller Conveyer

i - Table; 2 - Carriage; 3 — Frame of" carriage; /i - Rollers; 5 - LongérOn;

" 6 - Hand wheel; 7 -.Cable

T AR o i

HoESIR
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of girders and roller conveyvers.

Fig.194 - Riveting of a Panel on the Fig.195 - Roller Conveyer Consisting

Press KP-5014, Using a Roller Conveyer of Separate Roller Units

Fige196 - Roller Conveyer for the Press KP-503 for Riveting Parts o.f

Foderate Dimensions
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of pirders and roller conveyers.

A movable girder (Fig.192) represents one of the simplést structures of support

and conveying equipment. The girder is of relatively light weight and has a compar-

*

atively large capacity for lifting heavy weights. It is readily shifted from one

type of equipment to another.

e et pe s e s cn

Roller conveyers are of great convenience as supports in riveting work. The
roller conveyer shovn in Fig.193 consists of the table (1) with the carriage (2) con-
sisting of the frame (3) with the rollers (4). The rollers, on which the longeron

(5) to be riveted is placed, cause it to move lengthwise. Transverse movement of the

longeron is provided by. the carriage (2) which, in turn, is moved by the hand wheel

(6) over the cable (7) and over anéystem'of rolls.

A similar type of equipment for_rivéting panels is shown in Fig.19.

Figur§’195 shows a roller conveyer for the support and shifting of a longeron
being riveﬁed on the press KP-510. It consists of self-contained separate roller
wnits. The change-over of such a roller conveyer to accomodate various riveting work
is very simple.

The number of roller units is determined by the length of the workpiece, with
their spacing being so selected that there will be no buckling during the riveting.

A simgie design of a roller conveyer is shown in Fig.196 for use in riveting
parts of sraller dimensions. The roller units, in this case; are installed directly

on the press housing.

Of all types oﬁ'suppért and conveying equipment, those of the first, second,

and third groups are of greater utility from the point of view of greater produc—

tivity and jconvenience as well as from the point of view of improving the. quality of
L ' STAT
riveting work as a whole.

Riveting Procedure

{

[}

Regardless of what t&pe of press or awdliary equipment is used, the parts to
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be riveted should be so arranged that the original rivet heacs are on top of the

workpiece. This is made possible by inserting the rivets beforehand.

Should the working conditions be such that the original rivet heads are below,

each rivet has to be inserted separately just before riveting; this interferes with

Fig.197 - Riveting of a Panel on the Press KkP-501A. The Panel is

Delivered to the Press with the Rivets Inserted Beforehand

maintaining the rate of producti;m and results in a poorer-utilization of the press
i‘.acilitieé . The rivets may be installed beforehand, but in that case they can be

préventec‘ from‘fallinv‘out only by using adhehsive‘tape‘, a procedure that results in
hlgher cost and loss of vorking time. v

In order to utilize to best advantage the avallable presses in single riveting

of various components and assembly units in which the rivets are j.néexjted in the .
holes from the top, from the side , or from below, in particular situati;ons WlfIJ'STAT
cannot be avoided, a study should be made of the possibility of"mo.unt':iné the C-frame
of the :;iv\eting unit to-the press housing in various pesitions, ;as was .done on

presses of the type KP-20L, thus providing ready access to the working area of the

job."
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Largejsize components., pénels anq assemblies with portions of the seam of con-
siderable length and in a straight line, are riveted by the group-riveting procedure
on stationarv presses, and the parts are delivered to the press with the rivets in-
serted beforenand (Fig.197). The duty of the riveter then consists of operating the

riveting press and of observing the quality of the riveting worl: in progress.

The quality of worl: and the rate of production on riveting presses depends to

a considerable degree on how well the worlding area is laid out. The working area

about the press should be arranged in such a manner that there will be easy access
by the riveter to the press and to the ‘auxiliary equipment. ‘

It is preferable to rave ‘the riveter operate the press in a sitting position
from which he could observe the quality of the riveting work in progress, similar to
that provi&ed in the press KP-602 (Fig.198). In the vicinity of the press there
should be éwo racks: one for storing the assembled parts to be riveted, and the
other for ﬁarts already riveted. The press should be supplied with the necessary
interchangeable tools (for riveting particular components of various shapes that may
require spécial tools) for possible spot riveting.

In press riveting it is advisable to divide the work among several groups of
worlmen. éne group should do the assembling, drilling, and countersinking; a second
group shouid be charged with operation 6f the. riveting press, and a third group be
responsibleif0r~the finishing operations, i.e., aligning.the rivets in places to
which access is difficult and rejection of défective rivets by replacing them with
good rivets. Such an organization of work will considerably increase the production
in sections of the plant where assembly riveting is done. Considefable difficulties
occur in riveting tubular longerons on presses, due to the igconveniencé gf ini§¥zﬁpg
the rivets in the drilled holes and the impossibility of using staﬁdard riveting
dies. At one of the plants it was suggested to rivet such §tructures by group ri-
véting emﬁloying a special wedge-type support, and inserting tbe rivets into the

holes of the stack by a pneumatic device.
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Fig.198 - Control Pulpit of Press KP-602. Tne Riveter Works Sitting

Down and Thus Can Observe the Qualitiy of the Riveting Work

Fir.199 - Riveting of a Tubular Longeron on a ‘Press for Group Rivgt.ing,

with a I*Iedge—'Iy}ie Support and Pneumatic Device for Insertion of Rivets

1 - Wedge support; 2 - Tubular longeron; 3 - Pneumatic device far inserting vivets
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Firure 199 illustrates how proup riveting on a tubular longeron is done with

the aid of a wedge-type support and a pneuratic device for inserting the rivets. e
will analyze the construction of these devices for explaining their operation.

The Pneuratic Device (Fig.200) for inserting the rivets from the inside surface

of the tubular longeron consists of the handle (1) with a starting mechanism, the

Fig.200 - Pneumatic Device for Insertion of Rivets in Tubular Structures
1 - Handle; 2 - Adapter head; 3,9 - Cut-Offs; L - Springs; 5 — Shank;
6 - Body of head; 7 - Tip; 8 - Regulator; 10 - Bracket; 11 — Cable;

12 - Trigger; 13 - Valve; 1. - Screw; 15 - Channel; 16,;8 - Ri'\rets;

‘ 171 - Chamber

a) Section through I-I

adapter head (2) [containing the cut-off segments (3) and two springs (L4)] and the
shank (5) of a length determined by the dimensions of the tubular longeron. TISTAT
head (6) fits; on the shar;lé, and consists of the tip (7), the regulator (8), and the
cut-off (9).: To protect the inner surface of the longeron from damage during inser-
tion of the device, a textolite bracket (10) is provided, which by means of the

cable (11) and the trigger (12) is released from the tube. The screw (1) regulates
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thé:volume of air passing through the opening in the valyc.(l3)7

The insertion of the rivets in the stacl: of sheét; with the aid of this device

" jg’effected in the following manner:

two rivets are inserted

After inserting the shank and the tip inside the tube,

Fig.201 - Wedge-Type Support for Press Riveting of ‘Tubings
1 - Head; 2 - Connecting rod; 3 - Wedge; / -~ Sgpport; 5 - Tube;
6 - Toggle joint; 7 - Lever arms )
STAT .
a) Section through I-I .
into the adapter head (see section through I-I). Then pressiure is applied to the

trigger (12), permitting compressed air from the main compressed air system to enter

&/ the channel (15) through the valve (13). Under the dction of the compressed air,

273

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Decl
assified in Part - Sanltlzed Co Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

|

the rivet (16) is forced against the cut-off sepments (3) and thereby closes the

1
2
- “L'. channel against the escape of compressed air. Sufficient pressure is built up in
-,{fg the chamber (F?) to move the rivet (1€) along ‘the channel of the shank (5). This
~-y\ motion of the‘rivet goes on until it reaches the cut-off lever (9). Under the action
.~ a of the compressed air, the rivet releasés the pressure on cut—off lever (9), shifts

. : ahead and takes up the position best suitable for its insertion inte the holes of the

- ~ stack. Then; another rivet is inserted into the adapter head and the entire cycle

of operation is repeated.

The tedge-Type Support (Fig. '201) consists of the head (1) in which, by means of

T tre connectlnu rod (2), the wedge (3) is movable, with its grooves sliding in the

thrust support (k). Tne rod (2), rovable along the tube (5), is connected by means

of the toggle joint (%) with the lever arms .
The operlation of the support device is carried out in the following manner:
N after inserting the rivets in the holes of the stack by means of the pneumatic de-
vice, the support device is pushed into the tube. To do this, the lever arms (7) are
( ) spread apart causing the toggle joint (6) to push the connecting rod (2) and the
wedge (3) to the exireme left position, whereby the thrust support () is lifted up-
“ ward, thus reflucing the heigst of the head (1). ‘hen the thrust support (L) touches
t.;e pivet heads, the lever arms (7) are pressed together, This causes the wedge (3)
to move to the right and the support (4) to be in tipht contact with the original

rivet heads whlle the opp051te side of the head (1) is in contact with the ends of

L the rivet shanks. This is the initial position of the support werlgxe for riveting.
“hen the press is-starterl, the riveting is perfonmed during the power stroke on a

group of rivets from opposite sides of the tube, as shown in Fig.199. ' The Er'QTAT

in the head (1) (see section through I-I) regulate the height of the clenched rivet

heads. - ,

O

P
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CHAPTER IX

RIVETING WITH RIVETING HAMMERS AND AUXILiARY TOOLS

1. Pneunatic Hand Hammers

In addition to the equipment used in press riveting of light alloy structures,

percussion type tools are also employed in the form of multiblow and single-blow
pneuratic hammers.
Pneuratic riveting hammers are in wide use for riveting components and assembled

units, their advantage being in that they are small in size, do not have much weight

um-3

Fig.202 - Types of Multiblow Pneuratic Riveting Hammers- :
STAT

and make it possible to do riveting work in whatever position required either in
assembly fixtures or in comparatively crowded 1ocations.r It is to be noted, however, .

that because of the many shortcomings inherent in pneumatic hammers, their employ-

ment should be limited, with preference given in all cases where possible to group
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or single press riveting and also to portable riveting presses with which seams of ..
higher quality are obtained.

Pnewratic hammers are manufactured. to various designs and in various sizes. The

multiblow pnewmtic hammers shown in Fig.202 differ by their power rating, overall
dimensions, and shape of the handle, all of which determines their suitability for
riveting with rivets of various diameters and located in varij-ms places of the work-
piece. !

Table 57 gives the technical characteristics of pr{euma.tic hammers that are u:;,ed

most widely. The operating principle of pneuratic hammers is based on the action of

compressed air admitted into the cylinder of the hammer and causing displacement of

a piston which transmits the force as an impact blow on the die to perform the rivet-
ing operation. Reciprocating motion of the piston is effected by means of an air-

distributing device whereby compr'eésed air is delivered alternately to the upper and

lower chambers of the cylinder. The air distribution in the hammer may be by means
of slide valves or by means of poppet valves.

llammers v‘rith slidé valves are in principle use in aircraft production. The con-
struction of one of these hammers is shown in Fig.203.

Harmer SKI7 consists of a handle and a cylinder. Inside the handle is the mech-
anism for the air inlet, whick is controlled by the triggér.(l). The handle is at-
tached to the c:rlindér (2) by a threaded screw connection. The’ siiéie valve (3) is

located at the upper part »f the cylinder, which distributes the air through the air

Aistribution channels in the walls of the cylinder.

At the beginning of the riveting work, the pipe plug {23) is connected‘. to the
rain compressed-air system by means of-a hose. In order to perfor.m the rivetirSTAT
operation, a die (1) is inserted in the ‘harnmer; if the riveting is by the reverse
method, the shape of the die is to conform to the original rivet head, vhile if the
riveting is done bx the direct method the die is to coni‘orr.n 6 the stem of the rivet.

By applying pressure on the trigger lever, the ball (4) is displaced by the rod (5),
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adrmitting ai‘:r fron the ;rain line to the harmer. Compressed air entering through t
radial channels (7), ti1ls the upper working chamber of the cylinder and exerts a
pressure on the piston (&) which causes a blow by the die. ‘

The va.lve piston (3) moves upward as a result of the fact that, in filling tlc
vpper working charber of the cylinder, compressed air is admitted to the lower char-
ber of the slide valve through the channels (9), (10), and (11), causing the valve
piston to move vpvard.

In roving from its la'.-.rer’ to its upr;er position, the piston of the slide wvalve
covers the -channels (7), thus cutting »ff the corpressed air from the upper working

chamber of the cylinder and, at the same time, opening the exhaust channels (12)

which connect the upper working chanber to the atmosphere through the channels (13)
and ().

In its extreme upper position, the slide valve overlaps the exhaust channels
(13) which connect the lower workin~ chamber (15) to the atmosphere, and the com-
pressed air, through the channels (16), the lower chamber of the valve (17) and the
channels (18) and (19), is admitted wnder the piston, causing it to move upward
(Fig.203b).

_ During the upper travel of the . piston ,‘ at the mo}nent when the upper edge of the
pisteon ¢ores in contact with the sllde valve, the exhaust. ports (12) are overlapped
by the plston, v.merebv the upper chanber (20) is dlscormected from the atmosphere
The air trapped in this chamber is comprecsed during the further travel of the plston
forming an air cu,shién which acts as a brake until fhe upward travel of the piston
ceases completely, thus avoiding the possible striking of the handlg by the piston.

"ith increased pressure in the upper chamber (20), the air exerts a pres:gTATN
the face of the slide-valve piston, causing it to move to its extreme low position.
After the valve piston is in its extreme low position,- the chamber (15), throuch the

¢hannels (18) and (19), t hc upper valve chamber (21) and the exhaust channels (22),

ga |

(12) and ‘(14) become connected with the atmosphere.' With the direction of travel

7

classified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



et 1010y L

N 24-Section
H throughJ-]

7 SUREARTATANAY SAAAAREMARBRAAMNRN MRS NNANNNRNRNRA *

’
Z
.
| E
f ?
f ¢
] é
' Z
é
¢

"
g X

\\;‘\\wwn\\\
Vas =
NN

=

e

‘\\ S

AOOARNNNNN
I’W 2
W%f//
R

NN

Fig.203 - Schematic’ Drawings of Operation and Design of the
Pneumatic Hammer SKM . STAT

a - Instaﬁt of blow; b — Reverse travel of piston; ¢ - Initial position.of
“piston for striking :

1 - Trigger lever; 2 — Cylinder; 3 - Slide valve; 4 - Die; 5 - Connecting rod;
6 - Check ball; 7 - Radial channels; 8 - Piston; 9, 10 and 11 - Channels opera-
ting the slide valve; 12, 13, 1, 22 - Exhaust ports; 15 - Iower working chamber;
16, 18, 19.~ Channels; 17 - Lower slide valve chamber; 20 - Upper chamber;
21 - Upper vorking chamber of slide valve; 23 - Pipe plug; 2L - Section

through I-I
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travel.
With this the cycle is completed, which subsequently rebeats constantly.
Figuré 20l shows the angle-type pnewmatic hammer UM—B,‘intendedffor riveting in
crowded places of structures, with rivets up to 3.5 mm in diameter.
The hammer UI-3 consists of a body and a handle. Inside the body (1) are lo-~

cated: the piston (2), the cover (3), the dowel (L), the valve ring (5), the valve

bushing (6), the valve (7), and two cylindrical dowels (€).

Inside the handle (9) are located; the air-inlet mechanism which consists of

the comnecting rod (10), the valve cock (11), the bushing (12) and the valve spring
(13), parts for connecting the air hose which fits over the plug (1), the bushing
(15), and the threaded fitting (16). The body and the handle have a threaded connec-
tion. The spring ring (17) is to prevent possible turning of the handle with respect
to the body. The die (18) rade to fit the original rivet head, is installed before
berinning to work with the hammer.

Applying pressure on the pushbutton of the connecting rod (Fig.205), air from
the main line system, through the plug, the rotary bushing and valve cock, is ad-
ritted to the distribution section of the valve, which consists of the valve bushing
and.the valve; From there part of the air, through the channels (1), (2), (3), and

(%) enters the lower wnrking chamber under the piéton of the hammer, and part of the

air fills the inner parts of the valve. In the extreme low positioﬂ of the piston,

the port (L) is coveréd, and the upper working chamber, through the port (5), is
connected to the atmosphere. Under the action of the compressed air, which is STAT
nﬁtted under the piston from the inner part of the valve through the channels 6),
(7), (8), and (9), the piston is moved upward. Thereby the exhaust ports (5) are

" covered (Fig.éOSb) and the port (J,) is opened, which increases the supply of air un-

der the piston, while the air in the upper part over the piston goes to the atmos-
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f » _ phere throﬁgh the channels (10), (11) and the port openings in the valve.
8 H .

5 ; - During the further travel of the piston upward, the lower working chambers |-

1

N comes connected to the atmosphere through the channel (12). The inertia of the ro-.-

»

WA

AONAT MLV AR shat vt o

Fig.20l - Design of Multiblow Angle-Type Pneumatic Hammer UM-3
1 - Body; 2 - Piston; 3 - Cover; L ~ Dowel; 5 - Valve ring; 6 - Valve bushing; l
o (’ 7 - Slide valve; 8 - Dowel; 9 - Handle; 10 - Connecting rod; 11 - Valve cock;

12, 15 - Bushings; 13 ~ Clamp; 1) - Plug; 16 - Stud; 17 - Ring; 18 - Die

‘ton carries it over the channel (10) and covers it, thus stepping the -exhaust of com-
press.ed ai;- from the upper. warking chamber. The: entrapped air is compressed forming
an air cushion which arrests the travel of the piston. .I‘nen the piston J.s at the .
upper dead center, the valve shifts to the left, so that the' left chambep of the o |
valve is connected to the atmosphere thvough the channels (13), (&), ana* (12) “
- Compressed air from-inside the valve is admitted to the upper worlelng chamber ; ]
through the channels (14), (10), and. (11) (Fig.205c), with the results that theS}-)rJ'.As-[
ton moves dowmward. During its downward travel, the piston overlaps the port (4) |
i that supplies air to the lower working chamber, and also the exhaust port (12)
; (' (Fig.205d). From that moment , exhaust of the air from the lower working chamber

takes place only through the channel (9), (8), and the ports in the valve. .
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Under the action of 4Vk‘,he compressed air that flow through the channels (1) , (2), |
- (3), and (13) , the valve is shifted to the right, at which instant the piston strile

» the die (Fig.?.OBe). Thereafter, the cycle of operation of the harmer repeats.

| 1ultiblow 'pnewratic harmers produce 300 - 5000 blows per ninute, with anywhere

from 10 to 30 blows for each riveting operation. In contrast to this, single-blow

v \\\*'.e';\{— N
A3

I o ‘
s

15
SN

\
< (\(\(\m“\\

1”///1/”1 l
-”a TEENN

il |
(’) % :
. |
d) ..
|
i ‘ 3 g i i { Angle-Trpe Pnewnatic
{1 Fig.205 - ‘g‘chemtlc Drawings of the Openj'-a’c,lon o ol
’1‘ lNaimer Uk-3
I
| ) . . . ‘
|‘ ‘a - Instant 6f air inlet into the-hammer; b - Upward travel of piston; |
é . . . - - I
: ‘ ¢ - Initial position for blow; d - Dovnward travel of piston; e — In »
l §
L ‘ stant of blow , ‘
. . . |
! . , ] 1 - 1, - Channels - ; STAT ;
i rrer lever i it 13 !
pneuratic hammers produce one blow when the trigger lever is pressed, and it usually l
' . takes from 1 to 3 blows on each rivet, depending on the power rating of the hammer
, ) used.
i t? . ltiblow pneumatic
A Single-blow pneuratic harmers possess some advantages over.ml i p
3 , N
& 282
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harmers. They are less noisy in operation, and the quality of the riveting worlk is
better, since the upsetting of the rivet shank with one or two blows is better, and
the rivet heads are not work-hardened. However,

single~-blow hammers possess a number of essential

disadvantages, among the principal ones being .the
following:

1) Fatiguing for the operator who, with every
stroke, must press sharply on thie trigger with his
index finger.

2) Vhen riveting with siﬁgle—blow hanmers it

Fig.206 - Single-Blow
is particularly important that the harmer is
Pneuratic Hammer 2K13-O
placed correctly along the axis of the rivet, to
prevent the rivet shank from tilting under the blow.
3) Beavier props are required when working with single-blow hammers.

Because of these disadvantages, single-blow hammers have not found wide applica-

@/‘ tion in continuous production work. If a hammer of this type could be mounted in a

Technical Characteristics of Single-Blow Pneumatic Hammers

of Type 2KM-O (Fig.206)

Greatest diameter of clenched duralumin rivets k.0

Possible number of blows per minute o © 16 to 20
Consumption of air during one blow - 0.0035 m
Weight of hammer . 1.6 kg
Length without die o 2,5 mm STAT

Width along the handle without plug 140 o)

stationary position on special fixtures, its application would be worthwhile.

Figure 207 illustrates the cperation of a hammer of this type. Compressed air

from the main lines is supplied to the hammer through a rubber liose to the pipe con-
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| néption (18). As pressure is applied to. the trigger (1), air flows along the chan-
né&g (2), (3) and () and farther along the channel (5) through the port in the valve
(6) into the chamber under the piston when it is in its extreme low posit?on{
Under the action of compressed air, the pistoﬂ roves upward, forcing the air a-
bove it into the atmosphere through the channels (7) and (8) (Fig.207a). The piston

remains in its extreme upper position so long as no pressure is applied to the trig-

ger. Pressing the trigger (Fig.207c) causes the valve (9) to 1lift, which discon-
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Fig.208 - Effect of the Degree of Valve Alignment on the Change in Operating
Characteristics of Pneumatic Hammers
. a - Curve for the dependence of the dir consumption on the degree of valve
alignment; b - Curve for the dependence of'thé number of blows on the
degree of valve alignment ' . |

1) Consumption of air in %; 2) Clearance 24d allowed by design drawings;

3) Clearance 2d in mm

’ 1 STAT
nects the channels (3) and (4) through which air is admitted under the piston. At

the same time, the valve covers the port (8), whereby the upper chamber of the cylin-
der is disconnected from the atmosphere and the channel (&) is connected; to it, un-
covering the starter valve (10), and letting in the air into the upper part of the

cylinder through the channels (2) and (7). This results in the piston moving down-

I
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ward. Simultaneously, the channel is opened and a stream of compressed air contin-
ues pushing the piston with force until it strikes the shank of the die. The air
under the pi;ston shifts the valve (6) and is exhausted to the atmosphere. After the

pressure on the trigger is released, the

%
1201

T 15 piston resumes its initial position.

- The nature of the riveting work to be

done has been considered in the design of

- ’ this hammer by providing means -for regula-

0 B 478304050607
)

ting the force of the blew on the die,
| .
. Changing the force of the blow is effected
Fig.209 - Curves for the Dependence

by changing the compression of the spring
of the Air Consumption and Power of
(11) of the valve by means of the nut (12),
the Harmer on the Clearance Between
. which results in greater or lesser resist-
Die Shank and Bushing of the Hammer
ance to the descending piston.
a) Consumption of air; b) Power;
The utility of pneumatic riveting
¢)| Clearance 6, in mm
' hammers depends to a considerable degree

e N D TR 10 Y Rk BN LI S i e

on the quality of machining of the separate parts of the hammers, the cleanliness
and finish of the mating surfaces, and ‘the allowances for wear, which in turn, de-

pends on the finish of the parts and the clearances between them. It is to be seen

from thé ‘graphs in Fig.208b, that, as the clearahce is increased between.t'he valve

and the cyliﬁder , the mmber of blows becomes less and the consumf)tion of air in- .

creases (Fig._208a).

The curves (Fig.209_) show that when the clearance between the shank ;>f the die
and tk.1e bushing of the hamm;:r is increased, the air consumption is increased arSTAT:
power of the hammer is decreased. It is %o be observed that there is ﬁo direct re-
lation between the air consumption and the power. For exa}nple, increasing the
clearance by 0,25 mm over that specified in the design- drawings (specified wi'b.hin

the limits-of 0.05 to 0.1 mm), i.e., with a clearance of 0.3 mm, the air consumption .

286
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t' increases by 9% and the power decreases by L4%. Increasing the clearance by 0.25 mn
i ) T
t more, i.e., with a clearance of 0.55 rm, the lair consumption rises by 26% and the

- @; pover drops by 1,5. In the curves shown, the air consumption and the power vere

Fif:.210 - Dies for Riveting Plankings on Open Profiles by the

'

Direct Riveting Method

taken as 1007 when the clearance is in accordance with that specified iri the design

drawings.
The curves show that the technical operating characteristics of pneumatic ri-
veting hammers may change, depending on the manufacturing accuracy of the component

parts. For this reason, the mating parts must be accurately rachined and finished,

T

¥

Fig.211l - Dies for Riveting Plankings Fig.212 - Die “ith a Rec‘ess Under the
’ on Sen;io‘pen Profiles by the Dilre«ct Clencfhed Head for Riveting by the
.l . Riveting Mebhod ) ‘ . Direct.Nethod
STAT

espec':ially in the passages of compressed air.

2. Types of Dies and Props Employed

| i ’ e-} The operati}lg efficiency and -the quality of riveting work of ‘components and
l, . assembled units greatly depends on the proper choice'of dies and props and on the )
a 267
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parts together, thus using the same tools to perform two operations, namely, for

tightening and also for riveting.

Vhen r:wetmg by the direct method, a hole is made on the surface of the die in

some cases (Fig.212), whose shape and dimensions must correspond to the diameter and

height of the clenched head. This hole
prevents slipping of the die over the rivet
shank in riveting.

In flush riveting’ by the- reverse me-

thod, use is made of dies with plates, dies

with spherical surfaces s ball—shaped d:Les,

and dies with :cubber buffers (Fig.213).

The use of dies with plate attachments

(Fig.213a) results in a "considerable im-
provement of the surface quality. The
Fig.2l, — Die With Rubber Insert
. polished steel plate attached to the body
of the die protects the surface from damage, such as cuts, indentations, and other
defects which may develop during riveting. However , the type of die s}[mwn has the
inherent drawback, that the plate is jarred at. every blow of the'hammer , which occa-
sionally leads to its breakage. To elim-
inate this’ shortcommg , it is advisable to
a.dd another part in the formgof a rubber
insert which absorbs the vibration during

m w riveting. A die with a rubber insert

(Fig.214) should find wide a;.Jp]j.cafthTATn

) riveting assembly units with especially

Fig.215 - Ball-Type Die, Exploded View ) ! )
high requirements as to surf?c'e finish,

relative to streamlining of the surfaces exposed to the air flow. Wherzx riveting with

"dies having a spherical surface on components and panele; with some curvature, the
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hammer is rocked from side to side, thus smoothing the original rivet heads to the
contour of |the workpiece.

Ball-type dies are used in places of structures which are of difficult access
i.e., where it is difficult to align the hammer with the die perpendicularly to the
surface on which riveting is done. One of these dies is shown in Fig.213c. The con-

| stituent parts of this die are shown in
Fig.215. The ball joint in the die assem
bly permits tilting the hammer at some
angle to th; surface of the workpiece, thus

Fig.216 - Position of the Die on a
NN avoiding indentations in the surface.

Hai}—Round Original Rivet Head .
Another type of die, used in flush-
riveting by the reverse method, is a die with a rubber buffer of type I-92 (see
Fig.213d).} The rubber ring is placed over the shaped part of the die body, overlap-
ping slightly the working surface, E%rpermit its proper aligning and to prevent
sliding over the planking while riveting.

Of all described dies for riveti?g by the reverse method, the most effective,
in the sense of improving the quality{of the skin surface, is a die with attached
plate and rubber insert (see Fig.21L).

Particular attention should be gi;en to fhe finish of the working die surfaces.
In dies for riveting by the direct-method, the working surface is made slightly
spherical for ﬁfeventing'slip during riﬁetiné. In dies for riveting by the reverse

method, the working surface is polished, to protect the.surface of* the workpiece from .

damage.

Dies used for rivets with half-round original heads are made.with recessedgyaT

faces. The recessed working surface must be polished and correspond in dimensions
to the original rivet head (see Table 55). Nonconformity of the recess dimensions
with the dimensions of the rivet head (Fig.216) results in indentations and cuts

either on the rivet head or on the surface of ‘the workpiece.

290
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As already stated, in working with pneumatic riveting hammers the accuracy with
which the mating parts of the hammers are made has a great influence o'p the quality

of the work. The accuracy in length and diameter of the die shank also affects the

Table 58

Dimensions of Die Shanks for Various Types of Hammers

R—-

— ¢

&)

3]
~

2KM
M-1
M-1
2KM-P
M-3
5KM
5KM-P
4KM
KB-5
MA-1
M-3
MA-3'
TKM :
PB-54 34
PB-58 36.
8KM “ 50
2KM-O » 36

cooo o999
wm.—-—-l DD

wh

U\U‘U\O‘O‘@@U‘U\tﬂwml DO -
OOO_OOO°|

-t W W w

a) Type of hammer; b) Dimensions, in mm; c) Veight of die, in kg

operating efficiency and the quality of the riveting work. For example, an increase

in the dimensions of the die shank over those specified in the design drawings leads

to improper air distribution and results in a lessening of the hammer blows and in

lowering its power. a STAT
Wear or incorrec.t machining of the die shank as to diameter also results in a

Jlower number of blows, in a greater air consumption, and an increase of the working

time over that necessary for normal riveting. For these reasons, it is essential

that the diameter and length of the die shank be checked during its manufacture and

291
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also during its use.
Table 58 gives the d:imension; of die shanks for various types of hammers, to-
gether with the data on the weight of dies for various harmlers‘.

In designing special dies for pneumatic hammers, an effort should be made to re-

duce their weight as much as possible, for the reason that a portion of the useful

Table 59

Weigh£ of Props for Use with ‘the Direct Method of Riveting
a) ‘ ‘ 2,6 3,ol 35| 40| 50/ 6,0
b) e i—s_' 6‘ 7 8 | 10 | 12

a) Diameter of rivet used, in mm; b) Weight of prop, in kg

work done by the pq’.ston of the hammer is absorbed by the mass of the die, which leads

to an increase in riveting time, which, in turn, contributes to the cold-hardening of
the rivet material.
@ !

The effgct‘ of the wéight of the die on the operation of the hammer can be shown

-

"
%‘F“
N
\ N
.

) I 77
7/ { ‘
. . e/ \ \ /!
! 2 3 4 .

Fig.217 - Typical Design of a Prop for Riveting by the Direct Method
1 - Handle; 2 - Body; 3 - Eye bolt; L - Head; 5 — Plug; 6 - Set screw STAT

a) Section through I-I

e e

by the following example: If the time of the riveting' work is taken as 100% for a

© @

die weighing 200 gm, then an increase in weight of the d1e to 260 gm will increase

the rlvetlng time with the same hammer and under the same condltlons to 1,0%.

292
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A i When it becomes necessary to use a die of greater weight than recommended in

¥ Table 58 (as is the case when having to use a die of great length in riveting by the
i |“ direct method), a hammer ?f the next group of. power rating shauld be employed.
‘ ]t Props. Props serve as supports for absorbing the blows of the pneuwratic rivet-
I

e e S N e T e 2

ing hammer. The shape, dimensions, and weight of props depend on the structure of
the component or assembly unit being riveted, on the

diameter of the rivets used, and also on the selected

method of riveting.
With the direct method of riveting,.solid props
i i
%g ’ of 5 - 10 kg weight are employed, depending on the H
"' . .
: diameter of the rivets used (Table 59).
1 The working surface of such props is polished and
1 Fig.218 - Prop for Rivet-
the edges are rounded to prevent scratches. To prevent
ing by the Direct Method : .
damage to the surface of the part being riveted, in
case the operator drops the prop while the hammer is in operation, the body of the
| prop has to be protected.
One of the many designs of props for riveting by the direct method is shown in
N ~ . Table 60
i ' Minimum Weight of Props Corresponding to the Diameter and Material
of the Riveté in Use ) !
! |
! a) . b) . 2,6/ 3,0 3,5/ 4,0/ 5,0| 6,0| 8,0 9,5/ 10 il
| —— - — | |
- ) 1,3| 1,51,75] 2,0 2,5 3,0 4,04,75 5
i.i‘ - ""'—_—_—’—‘ e) s | e | e | e B — - l‘..:'
R d) 2,6| 3,0 3,5 4,0/ 5,0 6,0] — | — | — STAT . A

a) Rivet material; b) Diameter of rivet used, in mm; c) Aluminum alloys; d) Steel; 'e) Minimum E
weight of prop, in kg ; H

' - |
Fig.217. The prop consists of the solid body (2) with the handle (1) and the head

e

r < (4), mounted to the body by means of the plug (5) with the set screw (6). To facili-

AN TR TS
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i tate working with the prop, an eye bolt (3) is screwed into the body, by which the
- |

- prop may be ‘suspended from a balancing bar or’ some other device installed in the ri-

(‘ veting f:bctulre. A similar type of prop is shown in Fig.218.

- - prop must be slightly spherical in shape, to avoid slipping of the prop over the ri-

.- 290

i The working part of these props is interchangeable, which permits easy and rapid
- eScchange of the part whenever it becomes worn or damaged.

_ ) When skin is riveteci in-assembly fix-
tures to large-size parts, the prop should
be so arranged that it can be readily lmm'red
over the ‘entire working surface of the
workpiece. For this, the most suitable
arrangement is a balancing device (Fig.219)
installed in assembly fixtures on a car-
riage that rolls along rails and thus pro- '

vides longitudinal travel of the prop.

Movement of the prop in a vertical direc-

-
NG tion is provided by the spring of the bal-
ancing device, which equalizes the weight

- Fig.219 - Stand for Assembling Major .
' . ’ of the prop.
- Units by the Direct Riveting Method, . '

’ In some cases, the balancing devices
; with the Prop Suspended from a ) ‘ o
= . . are replaced by special devices with coun-
- . Spring Balancer - . < .

Tl terweights, and the raising and lowering f

- of the prop to the level of the work is controlled by means of a trigger in the body

of the prop itself.

p ‘ VWhen riveting work is done by the reverse method, the working surface of STAT

- vet shank during the riveting process.
To make sure that the clenched rivet head has the correct shape and dimensions,

‘\‘!’ a prop of corresponding weight for each rivet diameter must be used, based on the
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N data given in Table 60. A prop of a weight lower than recommended for the particular

s rivet diameter will result in faulty seams, incomplete upsetting, or other defects.
.. . L i
Various types of props are in use, depending on the manner in which the seams

—~

» to be riveted are located on the workpiece.

'

The type shown in Fig.221 is used for rivet-

ing in open places of structures. These props are

of relatively simple form and of moderate dimen-

1

sions. o

T e S e e e e il
- ‘
‘ .
Yy

Props of the type shown Fig.222 are used

for riveting in semiopen places of structures.

- Fig.220 - Prop with a

i These props have a more complicated form and are ’
‘ Regulator for Riveting

of comparatively greater dimensions. The employ-

- by the Direct Method : .
ment of such props makes it somewhat more diffi-

cult to do riveting work on account of the springiness of the prop and the eccentric

direction of the hammer blow. Props in which the center of gravity islconcentrated

closer to the rivet shank are considered more suitable from the standpoint of im-

proving the quality of the riveting work and of increasing the rate of production.

; - For riveting in deep places of structures which are difficult of access, props

of two basic pypes aré employed: pressure type and inertia type. The design of one

- of the props of the pressure type is-illustrated in Fig.223. It cpnsisté of two .

blocks, the lower of thch (6) is rigidly connected 'to the tﬁbe (7). To the opposite

end of the tube, the casing (8) with the handle (1) is rigidly attached. The upper

- - block (I4) has a ball connection with the brace (5) and aAlink (3), the latter being

- connected with the inner tube (2). On turning the movable handle-(9), the tuﬁzréz i

is shifted together with the link (3), thus causing the block (L) to come nearer to ;

- the stationary block (6), or to move away from it, depending in-which direction ihe |

‘. movable handle is turned.

"Riveting in tubes or in closed structural shapes with the aid of this prop.is

|
| .
i 295
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. accomplished in the following manner: At the start, the prop is introduced into the
- tube, the rivet is inserted from the top, and the movable handle is spread outward

‘) @til the upper movable block is in contact with the rivet shank. Then the pneumatic

Table 61 -

Principal Dimensions of Pressure-Type Props for Riveting Tubes of

Various Diameters (see Fig.223)

L ’ Principal dimensions, in mm _i
; Inside diameter Peripheral diameter Length of the mov- Overall :‘
X D of tube being circumscribed about able block, 1 length {;_
; riveted, in mm the enclosure of of the ?
; the blocks d prop, L [,
K
27 - 33 2L 70
33 - 40 30 80 ;
From ;
L0 - /8 35 100 2000 1
to ]
® L8 - 58 L5 120 8000 I
S i
| 58 - 70 53 120 |
70 - 85 65 140
85 - 100 75 160
g 100 - 120 » 85 " 180 ;

1 hammer is started, which heads the rivet at the inside of the tube being riveted.
! ¢

TR RS S TS

v
\
s

Props of similar types are manufactured to various dimensions, depending on the

design of the parts being riveted, such as the diameter of the tube being riveted

and its length. Table 61 gives the principal dimension of props of the pressu.r%TAT

AR

e ST

- type for riveting tubes of various diameters.
Inertia type of props are manufactured either with flat or with cylindrical

springs.
®

‘Figure 22l shows an inertia-type prop with flat springs. Flat leaf springs (1),

296
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Fig.221 - Types of Props for Riveting in Open Places of Structures by the

Reverse Method of Riveting

Fig.222 - Types of Props for Riveting in Semiopen Places of Structures

by the Reverse Method of Riveting
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held togéﬁher by clips (2), are joined to the block (/) by means of rivets. ‘he
bar (3) by which the required riveting spot is located, is mounted to the blocl ).
The number »f leaves in the springs are varied to correspond to the diameter and

material of the rivets used, which results in increasing or decreasing the inertia

Fig.22l, - Inertia-Type Prop ﬁith Flat Springs

1 - Flat springs; 2~ Clips; 3 - Bar; 4 - Block

force of the prop. The height of the prop [ (see Fig.22l,) is chosen to| correspond
with the diame£er of the tube to be riveted, or, in case of rectangular structural
shapes, their inside dimensions are taken into consideration.

Inertia-type préps are used not only for riveting in closed places of structures
but are also suitable for riveting in seﬁiopen and open:places-of structures.
Ineftia—ﬁype préps for riveting in opeﬁ placgs of étruc%ureé are shownéin Fig.225.

In 'some riveting processes, pneumtic props are employed. A pneuﬂ;tic prop
(Fig.226) consists of the body (1), the piston (2), ana a stafting device. A hole
is provided in the piston (2) for insertion of a die. The opening undér the ‘shanik
of the die, depending on the design of the proﬁ, can be located eccentrically %gTqu
axis (3) for reducing the distance from the axis of the prop to the edée, and thus

make it possible to do riveting in crowded places. Such props are use? for riveting

!
in open places of structures.

Before riveting is commenced, it is necessary to install a support at the cen-

ter point (3). On turning the handle of the cock (4), compressed air is admitted

299
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under the piston (2) causing it to perform a power stroke. On turning the handle of
the ‘cock in the opposite direction, the bushing of the cock closes the air inlet and
connects the chamber under the piston to the atmosphere, whereby the compressed air
from the chamber is exhausted, and the piston, together with the die, returns to the

initial position under the action of the spring (5).

Anvewas

Av: e zxm»

\\\\"\W ' 'W
| =25

Fig.225 - Inertia Type Props for Fig.226 - Construction of a
Riveting in Open Places of Pneumatic Prop
Structures 1 - Body; 2 - Piston; 3 - Center;

L, - Cock; 5 - Spring

Pneumatic props of a similar type operate from the main compressed-air system,
at a préssure not lower than L - 5 atm. At .t}ie given pressure, the .piston with the
attached die pi'ovides a sufficiently tight fit of the clenched rivet head against the
surface of the part being riveted. The use of similar éupports lightens the work.of

the riveters and contributes to raising the quality of the workpiece being riveted.

3. Operation of Pneun-latic Hammers STAT

The output of work and the quality of riveting largely depend on the correct
choice of the hammer, on the work proced{Jre , and on a well-organized program of labor
utilization during the technical process of riveting. 1In choosing a multiblow pneu-

matic hammer, a number of factors must be taken into consideration, among which the
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most important ones are the diameter and the material of the rivets used.
If riveting is done with a hammer of a power insufficient for a given rivet

diameter, the heading of the rivet is delayed, which results in work-hardening of the

clenched head and in the development of cracks. The air consumption is also in-
éreased. If riveting is done with a hammer of greater power than necessary, over-
iiveting takes place, which also results in the formation of cracks and in increased
air consumption. For these reasons, before starting a riveting job, it is necessary
to become acquainted with the technical riveting process required for a given job,
determine the diameter of the rivets to be used and the material from which they are
made and, from Table 57, select the type of hammer, its weight, and the design of the
props necessary to use with the rivets.

Riveting is usually done by a riveter assisted by a helper who holds the prop.
The helper presses the prop against the end face of the rivet shank while the riveter
directs the hammer blows on the original rivet head when working by the reverse me-
thod of riveting. In the direct method of riveting, the blows are directed on thé'
end face of the rivet shank.

The work of the helper, holding the prop, is no less important than that of the
riveter. He has the responsibility of observing the quality of the clenched heads,
of holding the prop in the required position, and of notifying the riveter beforehand
as to the likelihood of damage.

The fiveter cannot aiways watch how the helpér is performing his work (Fig.227),
and therefore some conventional arrangement is made to give signals by means of
iights or by tapping.

.The eff101ency of labor and the quallty of riveting work depends largely mSTAI
arrangement of the program of work and on the layout of the place where.the riveting
work is done. Preparing a program of the work beforehand reduces the riveting time
from 30 to 35% and even more as compared with the established norms. For example,

in one of the plants, while riveting rows of flush rivets to attach the skin to an
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airframe in an assembly jig, the following results were obtained (see Table 62).

Table 62

Riveting Time per Single Rivet as Done by Experienced Female Riveters

Riveterts family Riveting time in Actual riveting In & of
name seconds per rivet time in seconds norm MAP

’ as set by norm per rivet

VAP

lotorina 2.17 62
Shlyakhova ' 2.76 79
Galayeva 2.88 83

Sukhareva 3.00 86

e o S Ao e b SR AR AT 2 2

Note: Flush riveting in rows in assembly jigs; reverse method of riveting;
position of riveters varied from open to crowded places.

The results obtained by the riveters were due to their using the following pro-

gram:

a) Proper planning of the work, i.e., coordination between the work of the

assemblers, drillers, and riveters;

b) Coordination of work between the riveter and her helpers;

c) Release of the riveter from all subsidiary work;

d) Cofrect proceaﬁre of work according to the outlined program;

e) Proper arrangement of the working statlon.

| The efflclency of the riveter's work depends largely on how well the place in

which he works is organized, the ease of access to the work belng riveted and the
convenience of the position of the worker while rlvetlng. STAT

During the process of riveting large parts and assembly units, the riveter and

his helper are compelled to assume different positions, having to work standing up,

kneeling, lying on the side, sitting, and so forth. The position of the worker

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3
S

during riveting has a considerable effect on the production rate. Table 63 gives
experimental data on the effect of the position of the riveter on the time rate of
production.

The data in Table 63 show that the rate of work output of the riveter is lowered

Table 63

Riveting Time per Single Rivet as Related to the Position of the Riveter

Position of Time per rivet,
riveter in sec

Standing up 2.0
Kneeling 3.1

Lying on side L.9

by l.5 times when in a kneeling position and by 2.5 times when working in a lying
position.,

The most convenient position for the riveter is standing up or sitting. For

Fig.227 - Riveting of a Fuselage; the Helper is Inside the Fuselage

While the Riveter is Outside
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this reason, the working place of the riveter and his helper should be provided with

a stool, particularly when riveting in crowded pléces. In places where the riveting

Fig.228 - Riveting in an Assembly Jig. Platforms, Adjustable to the

Required Height, are Provided in the Fixture

Fig.229 - Example of Riveting Without a Helper

work is above the head of the workers, adjustable platforms are provided that may be

-

{« ? raised or lowered.

i There are many places in structures where the riveting work can be carried ocut
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by one riveter (Fig.229). In such cases, the riveter holds and directs the hammer

with his right hand, while with the left hand he presses the prop against the rivet

shank. By proper manipulation of their right and left hands, experienced riveters

--\"‘\‘\\\\\

i

Fig.230 - Examples of Riveting Work. -The Left Hand Inserts the Rivet;

The Right Hand, Holding the Pneumatic Hammer, Does the Riveting
attain a considerable increase in labor efficiency. They choose to rivet in such a’

direction that the left hand is free to insert a rivet in the next rivet hole
(Fig.230).

iy A YT T

R
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CHAPTER X

DETERMINATION OF THE TECHNICAL CHARACTERISTICS OF RIVETING TOOLS AND EQUIPMENT
i

1. General Conditions

The determination of the quality of tools and equipment is carried out by tests.
In the manui'a?:turer's plants, the tests are made in experimental stations, while
tests on their end-use are made in the maintenance shops of the plant. Such experi-
mental stations and shops are equipped with special apparatus and devices for deter-
mining the actual technical and operating characteristics of the equipment and the

tools, analyzing their construction, defining their shortcomings, and indicating

possible improvements.

The principal properties characterizing the quality of equ:fpment and tools that

involve rotary, impact, and compressive action are given in Table 6l

2. Apparatus and Equipment for Carrving Out Tests and Methods of Testing

As is well known, the power developed in rotary motion is determined by the
magnitude of the torque M, acting on the spindle of the hand drill or drill press,
and the angular velocity w, i.e., N = 14 . If the power is expressed in terms of gTAT

horsepower, the torque in kg-m, and the angular velocity in rpm, we obtain

Mn
= hp.
N=-62 "

In this manner, with the angular velocity known, the determination of the power

R A A S5 A i AEETPA ST S SRR KA Sty et a5 N M -
R - - oo = =
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developed consists in determlnmg the magnitude of the torque of the snmdle of .the
hand drill or the drill press. For determining the magnitude of the spindle torque

of a hand drill, a device that will develop a certain braking moment must. be erected.

Table 64

Principal Properties Characterizing the Quality of Equipment and

that Involve Rotary, Impact, and Compressive Action

Power, in hp

Rotational speed of spindle
‘at idling, in rpm

Force developed by the press,
in kg

Work energy of impact, in kg-m

Air consumption for one cycle,
in

Air consumption, in m3/min

Number of working strokes per
minute

Number of impacts per minute

Overall dimensions, in rm

Weight, in kg

STAT
a) Principal properties determining the quality of equipment and tools; b) Kind of

equipment and tools; ¢) Hand drills for hole drilling; d) Pneumatic; e) Eiectric;
f) Drill presses for hole drilling; g) Presses for riveting; h) Pneumatic riveting
hammers

A simpler device with a band brake is illustrated in Fig.231. The hand drill
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(1) under test is mounted to the stand which consists of the base (2) carrying the
pedestals (3) with the shaft (4) having on one end a brake drum and a band brake (5).
The other end of the shaft. (), over the clutch (6), is connected to the shaft to

which the spindle of the hand drill to be tested is attached. The hand drill, being

Fig.231 - Device for Measuring the Torque of a Hand Drill
1 - Hand drill; 2 - Base; 3 - Pedestals; L - Shaft; 5 — Band brake; 6 - Clutch;

7 - Counterweight; 8 - Rod; 9 - Dial

7 fixed in the device, is balanced by the upper weight (7) on the rod (8). During the

process of testing, the hand drill is subjected to smooth braking by the band brake;
the measurelmént of the torque is made according to the scale (9) at a constant load
-, of 1 ‘kg.
~ The torque of the spindle of the hand drill or the drill press » and also the

power developed in rotary motion, depend to a considerable degree on the number STAT
' revolutions. '
The curves in Fig.232, giving thq ratio of the torque and power to the number
“ of revolutions, show that an increase in rpm leé.ds to a decreasé in the torque,

" while the power reaches a maximum at a certain number of revolutions.
i

A tachometer is used for determinihg the rotational speed of a hand drill or
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drill press, which shows the speed by direct reading of a scale graduated in rpm.
The tachometer shown in Fig.233 is intended for determining the angular velocity
within the limits from 25 to 30,000 rpm, with the following six intermediate scales:
2,5 ~ 100; 75 - 300; 250 - 1000; 750 - 3000; 2500 - 10,000, and 7500 - 30,000.

The measurement of the air consumption is done by means of a floating type

inrpm

Fig.232 - Curves for the Dependence of the Torque and the Power on the

Rotational Speed for the Drill D-1

*‘?} ., aerometer which permits a direct reading in m3/min of free air during the operation
of pneumatic hand drills and hammers.
The floating type aerometer (Fig.234) consists of the body (1), the cylinder
(2), and the piston (3). The cylinder (2) has a number
.of equidistant ports arranged in a spiral line. This
is nec/essary in order that, during the tz:a.vel' of the
piston (3) the. cross section of the platforlm be direc-
tly proportional to the total area 51‘ the holes under
it. The piston (3) is connected to the piston rod (L),
whose lower end carries the dashpot piston (5).STTAk‘11e—
Fig.233 - Tachometer :
upper end of the piston rod, going through the glass

tube (6), serves as an index of the air consumption as read on the scale (7). The

. ‘ J dashpot piston (5) serves the purpose of damping the vibrations of the comnecting

rod (4) while the meter is in operation, and its travel is in a reservoirifilled with
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machine oil up to 0.6 to 0.8 of its height.

For measuring the quantit; of air consumed by the hand drill or hammer under
test, they are connected with a hose to the upper pipe coupling of the aerometer,
while compressed air is admitted through
the lower nipple.

On admittance of compressed air at the
lower nipple, pressure is exerted on the
piston (3), causing it to mer upward, thus

opening the ports in the cylinder (2),

through which air is admitted into the
space between the cylinder and the body,
whence it goes to the tool being tested

through the upper nipple. The travel of

the piston continues upward until the pres-

sure difference between inside and outside
of the cylinder (2) is equalized; at that
instant, the air consumption is read from

the gradvated scale, in m3/min.

The recording of the air consumption

is done after the drill is in full opera-

Fig.23l, - Floating Type Aerometer
’ tion, i.e., after about 1 - 2 min from the

1 - Body; 2 - Cylinder; 3 - Piston;
start of work.

l, - Rod indicator; 5 - Dashpot pis-
For determining the consumption of

ton; 6 - Glass tube; 7 ~ Scale;
free air at various pressures of theSTAT-

g€ - 0il reservoir; 9 - Support Stand
pressed air, it is necessary to connect an

air gage between the lower nipple and the main compressed-air line over a reducing

valve. A general outline of the arrangement of the devices for determining the

,@’, torque, the air consumption, and the rpm, is shown in Fig.235.
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The specific air consumption is a very important characteristic which has a
bearing on the quality of a given type of equipment or tool operated by compressed
air. This factor is expressed by the ratio of air consumption Q to the maximum power

developed by the hand drill or pneumatic hammer:
Qspec = —QI%L m3/hp

Expansion of the compressed air during the operation of riveting hammers takes
place by a process intermediate between the isothermic and the adiabatic processes;

that is, according to a polytropic process (Fig.236). This is explained by the fact

that the hammer is cooled during its operation by the compressed air, but this cool-
ing is insufficient for the process to take place isothermally. The effect of cool-
ing the hammer, however, produces a deviation from the ideal curve representing the

process of adiabatic air expansion, and results in an intermediate polytropic pro-

cess.

The intrinsic energy of 1 m of compressed air is equal to

Lag * Liso
Lineo = —205 450 /3

where Iyq is the intrinsic work energy of 1 m3 of compressed air during adiabatic
expansion;
Liso is the energy of 1 m of air during isothermal expansion.

At a pressure of 5 atm of compressed air, we have

Liheo = 20, 500 ; 16,100 18,300 kg-m /m3

The theoretical intrinsic energy expended during one impact by the air, ﬁg}g&

is determined by the formula

Atheo =

QLtheo
T

where n is the number of impacts of the hammer.
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The available theoretical power of the hammer is determined by the formula

|-
N _ Mheo n
theo W

The relation between the actual power of the hammer to the theoretical intrinsic

power available in the compressed air supplied, is determined by the efficiency of

the hammer
= NO
neff — Ntheo
where Ny is the power developed by the hammer, in hp.
The actual efficiency of pneumatic riveting hammers used in aireraft production
varies within the limits of nopp = 0.1 - 0.2, i.e., only 10 - 20%.
The power developed by the hammer is determined by the formula
_ _ Awin
60 x 75

where A,; is the work at impact on the die, in kg-m and

n is the number of impacts per minute.

In testing pneumatic impact-type tools, one of the most important characterist-
ics is the energy of the impact. \

A simple method for determining the energy of one impact, sufficiently accurate
for all practical ﬁurposes (* 5%) is the ball indentation method.

To deterxhine the impact energy by this method, a special die with a hardened
steel ball of 10 mm diameter is fitted into the hammer (Fig.237). The weight of this
die should be the same as that of the die in normal use with the given type of ham-
mer. This gives results that reproduce the corresponding actual operating cog‘fA—i—oﬁs
of thé harmmer 1n riveting.

The hammer under test with the special die is installed in the frame of the
testing device shown in Fig.238. A smooth metal test plate is placed under the die
with the ball. The top of the hammer handle carries springs for j_mparti.ngv a force

magnitude in the direction of the axis. In some designs the impact
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vices instead of by springs, which makes it pos-

force is generated by pneumatic de
throttling the com—

1b1e to obtain various degrees of force on the hammer handle by

tall the hammer handle and the test plate in

pressed air. The first step is to ins

) .
d) '

Fig.235 - Schematic Sketch of a Stand for Testing Hand Drills to Determine

the Torque, Rpm, and Air Consumption

a) Aerometer; b) Hand drill; ¢) Band brake; d) Tachometer

the extreme position, then the hammer trigger is depressed, and the hammer is put in-

ion for several seconds in accordance with the specified program of pro-

- to operati
cedure. The ball will then continue strlk:x_ng the same spot on the test plate. Next,
after pulling out the hammer handle, the test plate is removed from under the die

with the ball which forms an ipdentation in the plate by the individual blows on the

jameter of the indentations. is then determined with the aid of a migTAT

die. The'di

scope.

The test plate has to be calibrated in order to establlsh the relationship be~-

tween the diameter of the indentation made by the ball and the correspondlng mpact

ed. The ca.llbratlon is uswally done by dropping a free load from a

energy expend
S:mce the load is dropped from va.rlous hemgh‘os,

1 " string in an impact testing machine.

313
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a die with a ball similar to that used in testing the hammer is employed.

In dropping the die from various heights on the test plate, different indenta-

tions of various diameters are obtained, depending on the magnitude of the impact.,

NS
\)

Fig.236 - Diagram of the

Adiabatic Expansion Process
a) Isometric; b) Polytropic;

c) Adiabatic

The energy of the impact is determined from the ex-

pression

A =G(H - h) kg-n

where G is the weight of the load,in kg;
H is the dropping height of the load, in m;
h is the height of the rebound of the load after
striking, in mm.

Since the height of the rebound of the load h
represents only 5 - 7% of H, in some cases this fac-

tor is neglected and it is considered that A = G « H

kg-m. In this manner, on the basis of the tests mentioned, calibration curves

(Fig.239) are plotted. The energy of the impact A4 of the hammer is determined ac-

Fig.237 - Special Die with
Ball for Determining the
Impact Energy of Pneumatic:

Hammers

cording to the diameter of the indentation and the
material of the test plate.

A second important index characterizing @he

. energy developed by a pneumatic riveting hammer is

the number of impacts per minute of the cylinder on
the die.
The number of impacts can be determined by var-
S _ STAT
ious means. One of the more simple portable devices
for determining the number of impacts is the

vibration-type tachometer (Fig.2,0), with which the

number of blows may be readily determined under lab-

(1 _oratory as well as under production conditions.

The performance of the vibration-type of tachometer is based on the following
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principle: To the angle bar (2) a row of flexible strips (1), with loads attached
on the free end, is attached. Depending on the length and on the weight carried,

each strip responds to a specific rate of vibra-
na

y tion per minute. When hammer blows are directed

on a wooden block on which the vibration tachome-
ter is mounted, the particular strip with a natur-

al vibration frequency equal to the number of

blows of the hanmer per unit time, begins to vi-
brate intensely. The scale across the strips then
shows the corresponding number of blows. The ac-
curacy with which the number of blows can be de-
termined by means of a vibration tachometer is

Fig.238 - Testing Device for
¥ 3%.

Pneumatic Harmers to Deter-

Another important characteristic is the

mine the Energy of the Impact

"specific weight! of the tool, which is expressed

by the Method of Ball
by the ratio of the weight of the tool G to its
Indentation :

power, i.e.,

1l - Pneumatic hammer; 2 ~ Die !

_ , . G
with ball; 3 - Test plate; Gspec' = —— ke/hp
. (e]

4 - Springs; 5 - Handle : .
The significance of eff>s Qspec’ and Gspec for

some hammers is given in Table 45.

The principal indices of the technical characteristics of a pre.ss are the fol-
lowing: . STAT
a) Force developed by the press, in kg;

b) Number of working strokes per minute;

e) Air consumption for one cycle in m or consumption of electric energy

in kw-hrs;

d) Overall dimensions, in mm;

: 2-3
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e) Weight of press, in kg.
‘ - The force developed by the press can be determined either by means of elastic

(l } defornation’dynamometers in regular use for the calibration of general-purpose test-

Table 65

Significance of Ngrr, Qspec. and Gspec for Some Multiblow Pneumatic Hammers

b)

a)

d)

e)

f)

a) Indices; b) Type of hammer; c) Average value; d) Actual coefficient of efficiency
eff in %: e) Specific consumption of air, Qspec’ in m3/hp-hr; f) Specific weight of

hammer, Ggpec in kg/hp

ing machines, or by the ball indentation method, as it is adopted for determining

the impact energy for pneumatii: riveting hammers.

In determining the force developed by the press by the ball indentation method,

a die with a ball, of the type used in testing hammers, is installed in the press in
place of the regular die (see Fig.237). The test plate is placed on the lower die

of the press, after which the press is started, causing the ball to make an ind STAT
tion in the test plate. The maximum power developed by the press is then determined
from the calibration curves (Fig.241) for the same degree of plate hardness and cor-

. responding to the diameter of the indenfation.

The number of working strokes of the press per minute is determined by observa-

tion while riveting test specimens,.and gives the greatest number of rivets within

316
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.the capacity of a particular press.
Tt is to be noted that the rating of a press according to the number of working

" (Z‘ strokes is only approximate, since work on large units at spots of difficult access,
b) b)
1
1z
7
7

/

/
4
,

4 J

o)
Fig.239 - Calibration Curves for Determining the Impact Energy of
Pneumatic Riveting Hammers
a) Deformation work Ag, kg-m; b) Weight of die, 200 gm; c) Diameter of indentation,
in mm; d) Weight of die, 100 gnm

with the impediments offered by the awdliary equipment, etc., create conditions

®

under which it is impossible to reach the rated number of working strokes per minute.

|

05CILLATIONS y e N
PER Min, K

Fig.24,0 ~ Overall View and Arréngément of Vibrotachometer

1 - Vibrating plates; 2 - Angle iron; 3 - Basé

In such situations, a correcting factor is applied to take care of the reduced num—

ber of working strokes per minute. )
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A third factor in the technical characteristics of a press is the air consump-

tion determined with an aerometer (Fig.2£2) or calculated from the volumetric con-

tent of compressed-air tanks, with which the

press is operated at power and idle strokes.

Other very important factors determining

the usefulness of the equipment and tools are

the overall dimensions and weight and dimen-

sions of the press (overhang and'throat). For

this reason, the factors mentioned must be

Fig.241 - Calibration Curves for
considered in evaluating the technical char-

Determining the Force Developed
acteristics of equipment and tools.

by a Press
The testing of pneumatic riveting ham-

1 - Material of the calibrated test
' mers and presses is concluded by making ri-

plate, steel: HB = 185 at a load of .
veting tests with rivets of various diameter

3000; 2 - Material of calibrated

and of various materials on test specimens

test plate, bronze: Hg = 70 at a
corresponding to the thickness and to the

load of 1000
material of the workpiece.

a) Force in kg; b) Diameter of

¢

indentation, in’'mm 3. Determination of the Riveting Force and

the Deformation Work Required for Forming the Clenched Rivet Head

To obtain rational utilization of a given press or hammer, it is not enough to

lnow the power developed by a press or the energy expended in one stroke of a hammer;

the following additional data must be defined: STAT
T) The maximum force of the press P ... niys required for heading the rivets
when using a p;ess.
2) The work Ag of a hammer required for heéding the rivet.

" With these data at hand it is not difficult to proceed with the following tasks:

a) To select the type of press required for riveting with rivets of a specified

r 19

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



an

(0

(-0

diameter and material. The force developed by the press in that case must be greater

or equal to the maximum force required for performing the riveting operation, i.e.,

I:'press > Prax.riv

b) To determine the number of rivets Nosvs which can be riveted at one time

P
i~
c) To select the type of hammer suitable for riveting with rivets of a definite
diameter and material. The hammer work must then be greater or equal to the work
l A3 piy done in heading the rivet.

d) To determine the time respired for

riveting a rivet of definite diameter, from

the formula -

Aq - 60 '
Ag imp B

T =

where T is the time of the spontaneous ri-

veting, in sec;

Aq imp 1s the work in kg—m.done by

the hammer heading the rivet;
Fig.242 - layout of Device for

A4 is the deformation work in ké—m
Determining the Air Consumption : :

‘necessary for heading the rivet;
of the Press

n is the number of impacts of the
harmer per minute.
For determining the maximum force required for heading the rivet, special-STAT.

purpose machines are used in upsetting the rivet shank (Fig.243). The device con-

sists of the plate (8) to which is mounted the base (6), clamped to the plate with
bolts. The specimen (16) with the inserted rivet (15) is placed in the bushing (3), !

vhich is fitted to the shank (4). Preliﬁinary squeezing of the sheets is done by

319
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(- means of the springs (9) and the nut (5). The die (2) is fitted into the socket (1)

‘} and held in place by the screw (12). The device, together wifh the rivet to be up-

(‘ " set, is placed on the table of the testing machine (Fig.24l,.), after which the up- ‘
‘ }
i

® &

Fig.24,3 - Device for Determining the Force Developed by a Press

__A,A
.
'

1 - Socket; 2 - Die; 3 - Bushing; L - Shank; 5 - Nut; 6 - Base; 7 - Clamping

bolt; & - Plate; 9,10 - Springs; 11,13 - Dowels; 12,14 - Screws; 15 - Rivet;

S ————
IO

16 - Specimen

setting of the shank is done for full formation of the clenched rivet head. .
o While the test is carried out, the amount of upsetting of the shank is measured
i} - by an indicator placed on the table of the testing machine, and a. record is ke%IAt;rf
| the magnitude of the exerted force as indicated on the dial of a dynamometer. Read-

Lo . ings of the magnitude of force are taken at every 0.1 - 0.5 mm of the upsetting of

. ) the rivet shank. The results of the measurements and calculations are incorporated

s
/ in the test report.

I'320
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The reading obtained by measurements with the indicator, are converted into
actual values By excluding the elastic deformation of the rivet shank, of the testing !
O - de;fice , and of the mechanism of the indicator. This is done in the following manner:
‘ Knowing the overall length of the rivet before riveting as Ly, and after rivet-
= | ing as lp, we obtain as the actval final
upset of the shank a value A, p @8 the

difference, 1l.e.,
Naof =1y - 12

The difference between the fiﬁal u-pse‘b :
value as measured by the indicator, ) i.rf ,
and actual final upset A ,.p gives a final
correction factor Mg, to account for the
elastic deformation at the ma;cx:rnum force

developed by the press, i.e.,

(™
- Ad=k;—hy
1
- The final correction factor thus ob-
Fig.2l)y - Testing Machine with Ar- : .
- L tained, is applied to the instantaneous
rangement of Device and Indicator ’ . P
T : values of the forces acting on the rivet
- for Determining the Force of the .
.. ) shank during any instant of the upsetting
- Press as a Function of the Degree ' . H
T ) operation, and which may be expressed, con-
. of Upsetting of “the Rivet Shank .
- ’ sidering their average -Vvalues, as
. u STAT
. [
o : Axr__f_m .
- Pk ayvy
] - .
where A\ P is the correction factor for the.instantaneous value of upsetting as -read
by the indicator;
w, - i
Q-— - axy is the correétion factor on the final force of the press;
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Ppav is the average value of the magnitude of the instantaneous force exerted
during the pi'ocess of deformation;

Py ay is the average force of the press at the final stage.

The act:ual magnitude of upsetting ) ap is determined as the difference between
the corresponding instantaneous value of the upset operation as read on the indicator

A ips and the derived correction factor A}\p, i.e.,
ABP=1,.P—A L

On the basis of average forces and actual distance intervals during upsetting,
curves showing "Force - Upsetting! values are constructed.
In Figs|.245 and 2,6 are shown "Force - Upsetting" curves for rivets of various

diameter, made from various raterials. From these curves it is possible to determine

000
2500
2000

d=5
a) 1500 et
/ﬂ)‘

300, ﬁ

\o’sbmm

Z

0 4G5 10 15 20 25 10 35 “0 45 50
b)

Fig.2,5 - Curves for the Relation Between the Force of the Press and the -

Degree of Upsetting for Rivets of Various Diameters. Rivet laterial, AMg5

a) Force of press, in kg; b) Upsetting, in mm

the press force necessary for riveting at various progressive stages of upsettiSTAT
In the same manner, it is possible to determine the riveting force required for ri;'
vets of other diameters and of other materials.

The d.éformation work for heading the rivets can be determined from the formula

Ag = Agy my
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where n) is the number of impacts of the hammer required for heading the rivet.

It follows, therefore, that in order to determine the energy of defo:rmtidn re-
quired for heading the rivet, the energy of one impact of the hanmmer and the number
of blows to form a clenched rivet head must be known.

As stated above, the.en‘ergy of one hammer blow can be determined by the ball
indentation method.

For determining the number of impacts necessary for riveting one rivet, use is

made of the formula

n, = .nT
kg0

where n is the number of blows per minute;
i
T is the time of complete riveting in seconds.

The number of blows of the hammer per minute may be determined with a vibration-

3000

2500

2000

500
a) !

7000

500

35 40 45 50

Fig.246 - Curves Showing the Relation Between the Power Developed by

' TAT

the Press and the Degree of Upsetting of Rivets of 5 mm Diameter of S
Various lMaterials

a) Force of press, in kg; b) Degree of upsetting, in mm

type tachometer (seq Fig.2L0) and the time of actual riveting, with a. chronometer.

)
3

=] .
- Having thus determined all parameters entering the formula, the energy expended in
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the deformation of the rivet shank to form the clenched head is determined.

The deformation work directly done in the riveting operation is affected to a

160 considerable- extent by the length of the

rivet shank allowed for forming the head.

i

The graphs in Fig.2,7 show that, by re-

)
3 ducing the allowable length of the rivet

n=08 10 13 15d shank, the required deformation work as

b)
well as the time of riveting with multiple-

Fig.247 - Effect of Allowance for
blow hammers is reduced.

Formation of the Clenched Rivet

Head on Ag and T L. Computation of Consumption Standards

a) Value of Ag, T in %; b) allowance for Compressed Air
for formation of the clenched head

Equipment and tools intended for drilling, countersinking, and riveting struc-
tural parts from light alloys operate basically on the energy contained in air. For
a clearer presentation of the utilization of the energy of compressed air for drill-
ing and riveting operations, we will analyze the basic factors underlying the gener-
al requirement in the utilization of air according to the requirements of the work
to be done, taking into consideration the allowable losses that occur during its
practical application in the operatiog of equipment and tools.

The consumption of air in drilling and riveting operations is accounted for as

follows:

a) Conswnpﬁion of air in performing useful work with equipment, tools and

auxiiiary devices; . .
STAT
b) loss of compressed air in the sectional air lines, hoses, fittings and in
the equipment and tools themselves.
To determine the consumpt:.on .of air for drilling and riveting a component or a’
major unit, it is necessary to know ‘the consumption of air for each type of equip-

ment -and tool individually, which is determined from their technical characteristics.

32,
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git_w_.Wl.,lw,y e

In addition, it is necessary to know the
operating time during which work is per-
(E) formed by the particular equipment or tool,

which depends on the following basic fac-

tors:

a) In drilling operations, on the

ooooocoooo power rating of the hand drill, the

Sgacguasr

number of revolutions, the diameter

—— " o

of the hole, the feed and cutting

OCO0O0OOO00O000

R

speed, and the depth of the cut.

b) In riveting with pneumatic ham-

mers, on the number of blows, the

energy of the impact blow, the type

of prop, the diameter and the ma-

terial of the rivet.

Table 66

¢) In press riveting, on the number

R

A OOOOOOOOOO

ogaézéisss

of working strokes of the press,

the force developed by the press;

size and éhape of the workpiece be-

ing riveted, and the extent.of

a) Thickness of stack, in mm; b) Hole diameter, in mm

mechanization of the supporting and

conveying equipment. STAT

Table 66 and 67 give data on the con-
°°°°°°°°° .

sumption of compressed air for drilling

one hole and for riveting one rivet. The

Tables are computed taking into considera-
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tion the principal factors that have an )

effect on the working time of drilling and
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-and riveting,
To determine the air consumption necessary for riveting a given component or a
major unit with a riveting hammer, it is necessary to multiply the figure given in

Table 67 for one rivet by the number of rivets in the workpiece, i.e.,

Q'ym = Qgn
where Qym is the air consumption for riveting a major unit, in mB;

Qe is the air consum tion for one rivet;
e P

For determining the consumption of compressed air in riveting a component on a
riveting press, the figure given in Tables 48 and 50 on the air consump.tion for a
double working stroke Qx of the riveting press, must be multiplied by the number n
in the component or major unit being riveted by the single riveting method s :or by'the

number of working strokes of the press in the case of group riveting, i.e.,

i ?
mean value of the figure given for the consumption of compressed air for one hole of
the required diameter in stacks of a given thickness, from Table 64 » must be multi-

plied by the number of holes in the component or in the major units i.e. »

The combined consumption of air for drilling and for riveting of a component or

.& major unit is the sum of the consumption of compressed air for drilling, for ham-

mer riveting and for press riveting, i.e., STAT

O = QO + Oy + Qg

Taking into consideration the loss of compressed air. in the sectional air lines

327
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and i
lexible hose » and also losses due to inside roughn:ss of pipe fittings and of

the ri i i
riveting equipment and tools themselves s the grand iotal of air consumption for

all operations on the component or unit may be represented as follows:
3 i

Q total = &

where N is the loss factor, which varies from 1.10 to 1.15 when the pressure in the

main line of the system is equal to 5 atm.

Data on the computed air consumption ‘standard for structural components and ma jor

units are entered on technological process charts. The air consumption of shops for

one product is entered on sheets giving the overall air consumption based on each

individval part or unit.
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CHAPTER XI

UTILIZATION OF RIVETING EQUIPMENT AND TOOLS AND THEIR MAINTENANCE

1. Importance of Servicing Equipment, Tools, and Awdiliary Devices

Evéry one who is working witﬁ equipment and tools and with auxiliary devices
must realize that such means of carrying out specific technical operations involve
precision mechanisms used for performing difficult work under heavy-duty conditions.
For this reason, proper functioning of such equipment and tools depends not only on

their operating condition but also on their correct preservation and maintenance

during use.

The principal rules governing the servicing of equipment and tools (riveting
presses, pneumatic and electric hand drills as well as pneumatic riveting hammers)

are given below, covering servicing before starting the work, during work, and on

completion of the work.

2. Rules for Preparation of Presses and Auxiliary Devices for Operation

Before work is started, the assistant examines the press and the awdliary de-
vices and prepares them for operation. The preparation of presses for operation is
carried out in the following order: ‘ STAT

1. The mechanism of the press is lubricated through all the oiling:;devices that

are on the body of the press. The automatic lubricator is filled with oil through

the plug (Fig.248) to a level indicated by the oil gage (1). Turbine oil of grade.L
i

329
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or spihdle 0il of grade Z is used for lubrication of the mechanism. When the oil is

changed or replenished, an oil of the same grade must be used.

2. Foreign matter in the pneumatic system, separated by means of a filter, is

Fig.248 - Filter with an Automatic Lubricator

1 - 0il gage; 2 - Drain cock; 3 - Plug for dismantling the filter; I - Regulator

for automail;ic oil feed; 5 - Sight glass; 6 - Manometer; 7 - 0il tank for the

v

automatic lubricator; 8 - Hose for supply of compressed air to the press mechan-
ism; 9 - Hose for supply of compressed air from the main line; 10 - Plug for

replenishing oil

drained by opening the drain cock (2). It should be noted that cleaning of the fil-

ter should be done at intervals of not less than once every seven days in the fol-

lowing order:

a) Unscrew the plug (3), remove the filter, and wash it in gasoline;

b) Clean the hardened particles from the filter with a hair or fiber Sb'FK?Fh;

¢) Open the drain cock (2) and scavenge the oil reservoir with compressed air

through the oi)ening at the top;.
d) Blow out the filter with _compressed air and replace it, after which plug
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(3) and cock (2) are closed.’

3. The feed of oil is controlled by means of the screw (4) so that two arops of
0il will flow through the sight glass (5) at :every power stroke of the press.

L. The press is then connected to the pneumatic and electric systems. Before
any hose is connected to the press, it must be thoroughly scavenged with compressed
air to remove dust and dirt, since any dirt that may find its way~into the mechanism
of the press will contribute to 'its rapid wear and interfere with its proper func—'
tioning.

5. The electric and pneumatic sparting devices and the microswitches are in-
spected, and the safety features of their inst;llation as well as their proper at-
tachment are checked. During inspection of the electric equipment, theicontact
points are cleaned and the dust is removed.

6. After the press is lubricated and connected to the pneumatic and electric
systems, the press is checked during idling operation. For this.purpose, the inlet
valve of the pneumatic system is opened and the manometer is watched, which must in-
dicate a pressure of not less than 4 atm, and there must be no leakage of air at any
of the connections. Then the main switch'is closed, which connects the;press to the
electric system, and ﬁressure is applied to the pedal of the press or the main man-
ual control, located on the control panel, ig turned. The operation of ‘the press
mechanism is then checked, including the supportiné and conveying equipment.

The mechanism of the press and of the auxlllary equlpment must operate smoothly
without jerks or, Jammlng.

7. The press is set for the thickness of the stack and the diameter of the ri-
vet, where the number and diameter of simultaneously riveted ri&ets and the stack -
thickness must cqrrespond to the number and diameter of the rivets in the PSTATDeing
riveted.

8. Test riveting is performed, followed by checking all parameters (height and

diameter of the clenched head) as well as the surface finish (as to possible inden-
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tations, scratches, cuts, and other defects).

After making certain that the press and auxiliary equipment are in gbod working
order, and after checking the quélity of test seam, it is in order to proceed with
the riveting of the assigned job.

Supervision over the operation of the press énd the auxiliary equipment is car-
ried out és follows:

1. The air pressure in the main lines is read from the manometer, and work is
stopped as soon as the pressure drops below /4 atm.

2. At the same time, all minor kinks in the operation of the press and the
auxiliary equipment are noted and eliminated. If serious trouble develops in con-
nection with the operation of the press mechanism, riveting of the worlpiece is
stopped, and either the foreman or the repairman is called in.

3. Off-center and one-sided loads on the tools of the press are not permitted,
since this may cause breaking of the riveting tools or, in some cases, breakdown of
the press mechanism leading to scrapping of the workpiece.

L. The number of simultaneously riveted rivets must be watched and must not ex-
ceed the number of rivets specified for the particular press according to its tech-
nical characteristics.

5, When working on semiautomatic presses of the type KP-503, KP-,403, and KP-405,
it is absolutely forbidqen to repeat the same rivéting operation in cases when the
first riveting operation is not satisfactory.

After the work on the press is completed, the worlkman must close the main valve

which admits air from the main compressed-air system, disconnect the electric

switches, and allow the air from parts ‘of the press to escape by opening the screw
STAT

' plug of the air filter to drain any condensate.
When working with\pneumatic tools, such as pneumatic hammers and hand drills,
the following important rules must be observed:

1. The worker opefating a pneumatic hammer must male sure that the shank length

332
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éf the die corresponds to the particular type of hammer he is using, and that the
flat end of the shank is perpendicular to the axis of the die. This is necessary
primarily to have the hammer operate to its fullest rated capacity, and secondly to
prevent damage to the end face of the piston.

2. Before inserting the shank of the die into the hammer, it must be wiped to
remove any adhereing dirt.

3. Turbine oil of grade L is used for lgbrication of the pneumatic tools, which
proceeds in the following manner:

a) The hammer or hand drill is held with the nipple on top.
b) 12 to 15.drops of oil are poured into the nipple, while depressing the
trigger to feed the oil to the tool.

Lo The air hose is first blown out with compressed air and is then connected to
the pneumatic tool, after which it is operated at idling for one minute to distribute
the oil over the inside parts of the mechanism. Then the hammer is placed, with the
smooth face of the die, on a wooden block to prevent the bushing from dropping out.

5. The hammer is tested by riveting several rivets and the hand drill is tested
by drilling several holes of corresponding diameters.

After checking the pneumatic tools for proper operation, the drilling and the

riveting operations are carried out.

6. The readings of the manometer are watched while the pheumatic tools are in
operation. The alr pressure in the main lines rust not be lower than L - 5 atm. A
drop in pressure results in lowering the power of the hammer or the hand drill,
causing a decrease in production and resulting in unsatisfactory quality iof the ri-
veting work.

7. If jamming of any of the moving parts of pneumatic tools takes ;ﬂacesizﬁlﬁrk

and the tool stops, the tool must be sent to the maintenance department for repair,

without attempting to make any adjustments whife on the job.

After work with the pneumatic tools is completed, the inlet valve that supplies
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|
compressed air 'from the main line is closed, and the hose is disconnected from the
main line and also from the pnewratic tool. Then the pneuratic tool and the inserted

tool are wiped with a clean rag, placed in the tool box, and returned to the tool

stockroon.

Yhen worlking with electric hand drills, the specific rules applying to the par-

=

@5)3»»»

Fig.2,9 - Quick-Action Connector Sleeve

1 - Bosses; 2 - Cut-outs; 3 - Rubber gaskets

ticular tool must be followed, which consist of the following:
1. Before starting any work it should be checked whether the ground wire lead

[‘;‘ is comnected to the grounding connection on the body of the hand drill. Breaking of
it

Fig.250 - Quick-Release Connector Sleeve

the ground-wire lead is dangerous, since current may pasé from the metal of §I§T

electric hand drill through the body of the worker.

2. ‘he condition of the brushes and the commutator is checked. In normal work

there should be slight.sparling between the brushes and the commutator.

33k
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3. Overheating of the hand drill must not be permitted while working hith it.
The temperature of the body of the hand drill must not exceed 60°C.

Lo On detecting a strong smell of burning insulation, due to burning of the wire
leads or parts of the hand drill, further drilling must be stopped and the hand drill

turned over to the tool stockroom for repair.

3. Fittings and Rubber Hose

Parts, by means of which the connection is made between presses and ippact and
rotary tools to the main lines, are lnown as fittings for presses and for bneumatic
tools.

The couplings for connecting rubber hose to presses and tools must be tight so

" that there will be no loss of compressed air, and they

must be interchangeable so that any pneumatic press or
l tool can be quickly connected. For this reason, spe-

cial attention must be given to the features of fit-

Fig.251 - Clip for .
tings and hoses, since any defects may considerably
Fastening a Hose to :
lower the output.
the Shank of a Quick- . .
‘The quickest and most convenient connection’be-
Release Coupling i
tveen hose sections and main lines is the quick-release
. coﬁbling sleeve shown in Fig.2,9. This quick-release sleeve consists of two similar
parts. One of these is fitted dinto the hose leading from the tool and is attached
by clip or wire in extreme cases. The other part is connected to the main pipeline.
In connecting the hose to the main pipeline, the bosses (1) on one.part fit by snap-
ping them into the cut-outs (2) of the other part of the sleeve., The parts are
forced against each other by the rubber gaskets (3), resulting in a hermetic§]2§r
tight joint.

Several other means exist for connecting hoses to the pneumatic tools. Figure

-250 shows a quick-release sleeve of a somewhat superior design.
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Figure 251 shows a clip for fastening a hose to the shank of a quick-release
coupling, to replace wire fastening.

Hoses must be inspected regularly and maintained in good order. After the hose

is connected to the main system, the valve is opened and the hose is scavenged for

several seconds to remove any accumlated dirt and dust. Then the valve is closed,
and the free end of the hose is connected to the equipmgnt or the tool.

Hoses should always be dry when in use, and for this reason must be frequently
dried in winter or humid weather. It is forbidden to thaw out frozen hose with
steam, since this may cause damage by disintegration of the rubber sheath. Drying of
hose nust be done in warm places. It is particularly necessary to guard agninst.;xe

cessive tightening, abrupt twists, contact with sharp objects, etc.

l.. Repair of Equipment and Tools

Proper inspection and maintenance of equipment and tools and their timely re-

pairs, will prolong their useful life and improve the quality of the riveting work,

as well as the rate of production. Repair work on tools and equipment consists of
three types: cuwrrent repairs, major repairs, and planned overhauls.

Current Repairs should be made in the tool stockroom, where hammers, hand drills

and various fitted tools are stored. Current repairs are confined to elimination of
minor defects not requiring much repair of the damaged parts, to washing, cleaning,

and oiling of the tools and individuval mechanisms, and to occasional replacement of

broken parts.

The work mentioned should be done by a skilled expert mechanic who ﬁhoroughly
understands the design, correct use, and manner of repair of a given type of equip-
ment or tool. A - STAT

Major Repairs are made in a well-equipped workshop, with facilities for dis-
assembling any equipment or tool, replacing worn parts with stockroom parts or newly

manufactured parts.
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Planned Overhauls are made on the basis of routine inspection of the equipment,
tools and auxiliary devices, and are carried out by a special administrative depart-

fment in charge of the chief mechanical engineer of the plant.

% The inspection program is previously worked out graphically for the planned
Ioverhaul of equipment, tools and auxiliary devices, and spare parts are provided be-
]forehand on the basis of the defects detected during the inspection. The time when
va certain machine is to be taken out of operation for repair is determined beforehand,
and the repair work is done in a central repair shop.

Each time after any equipment or tool is disassembied and re-assembled after
repair, it is tested before it is returned to production work. In the case of cur-
rent repair work, it is sufficient to mke sure that the equipment or tool operates
smoothly without jerks, jamming, or interruptions.

After major repairs, the technical properties of equipment or tools are deter-
mined. For this purpose, the repair shop has an inspection and testing department,
equipped with testing apparatus and devices, such as an aerometer for determining
the consumption of compr?ssed air, a manometer for indicating the air pressure, a
vibration-type tachometer for determining the number of impacts per minute, a tach-

ometer for measuring the rpm, a stop watch, a dynamometer for finding the impact

'energy of the hammer blow, a brake device for determining the torque, etc.

For each unit of equipment or tools, a report is prepared according to Form 3,
and a record is kept of the repairs made according to Form;h;

During repair of equipment or tools, the necessary clearances ;nd,fits between
the mating parts must be accurately maintained to ensure proper operation. In addi-
tion, replacement parts must he made up of the gfade of metal and givenjthe heat-‘
treatment specified for each part. ) o ' ’ STAT‘

Repairs of the electric parts of equipment and tools are made by highly quali-

fied electricians, who must familiarize themselves beforehand with the electric

. %E} schematic diagrams of the particular equipment or tools.
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Form 3

Example of a Report on a Pneumatic Hammer

Plate No. of Pneumatic Hammer Inventory No., Plant No.

Manufacturer's plant Department No. where hanmer is used

Type of hammer Year released

Sketch of hammer Year acquired

Principal data of hammer

Length without die min
Weight 'kg

Inside diameter of hose mm

Inside diameter mm

Shank

Piston stroke mm

Hole diameter mm Hammer is suitable

Shape and dimen-
sion 9f hole for | Chamfered radius
die of bushing mm

for work on ....

Di ameter mm

2

Area mm

Overall length . mm

Weight kg

Top speed m/ sec

Energy of impact kg-m

Calculatedi

Power rating h.p.

- Test data

Characteristics

Air pressure in atm

According to
characteristics

Actual
Alr consumption According to
in m°/min characteristics

Actual

Number of impacts
per minute

Test data

According to
characteristics

Actual

Reported by Checked by Section No. of chief
. experimental station

Energy of impact
in kg-m
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Form L

Example of a Form for Recording the Repairs Made and

) b)

a) Date; 5) Name of repaired parts; c) Test data after repair; d) Sqnt|to repair
shop; e) Issued by repair shop; f) Air pressure in atm; g) Number of impacts
per minute; h) Consumption as free air in m3/min; i) Energy of impact in kg-m;

j) Number and date when defect became known; k) Remarks
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CHAPTER XII
SPECIAL REQUIREMENTS FOR RIVETING SEAMS IN IERMETICALLY SEALED' CABINS

l. Introduction

One of the most critical jobs in riveting aircraft assembly units is that rep-
resented by the hermetically sealed cabin. The volume of work on airtight units
represents about 30% of the riveting labor of the entire fuselage, and in the case
of a hermetically sealed passenger aircraft, it reaches up to 60%. When flying at
high altitudes, the main requirement on airtight cabins is that of dependable insu-
lation against the outer atmosphere, and for this reason the riveting of seams of
cabins makes particularly high demands.

Riveting of airtight seams in aircraft structures is different from that of ri-
veting ordinary seams. Airtight seams, in addition to accuracy of work, must be as
hermetically segled as possible. The.a;rﬁiéhtness of a hermetic seam must be effec-
tive under ﬁhe foilowing conditions:

g) Climb to a considerable altitude which means resistance to great pressure

differences between inside and outside of.the cabin (up to 0.5 atm);

b) Temperature fluctuations within the limits of +70° to -60°C;

¢) Static, vibrational, and cyclic static stresses exerted on the seam.STAT

2. Types of Hermetic Seals

The types of a@hésive packings used in aircraft production in connection with

340
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riveted seams are as follovs:
a) Gaskets of sealing compounds;
b) Pastes, cements and glues;
¢) Friction tape, impregnated with viscous or paste-like compounds of a
sealing materials

The sealing of riveted seams with adhesive packing is done in the following
manner (Fig;252):

a) By placing the packing between the parts to be riveted.

b) By applying the packing to the top of the part assembled last, usually on
the side where the heading is done. '

c) By a combination of packings, i.e., placing the packing between the parts to
be riveted and then applying the packing on top of the part assembled last.

Application of the packing on top of the part assembled last is preferable since
this simplifies the technical process of assembly and riveting, reduces the labor
in completing the work on the assembled unit, and lowers the cost.

Pastes and céments are used as packings on the surfaces of the parts being ri-
veted, in the holes, or on the shanks of the rivets, on tﬁé edges of the sheets, and,
at the same time, for supplementing the sealing of structural and technical places
with insufficient air-tightness.

The principal types of packings for rendering riveted joints airtight are the
following: thiokol, film-type, and glue-type of packings.

\ .Thiokol, in combination with another film~type sealing cémpqund, is used in the
form of tape, inserted between tbe parts to be riveted, and cemen% is then applied
for additional airtightness of the seam.

Thiokol paclding promotes corrosion in magnesium alloys, and i?s use in §%Bﬁp_ )
tures of this material is not recommended. For such alloys, use is made of a film-
tjpe packing in which thé susceptibility to corrosion of duralunﬁﬁ and magnesium |

2lloys is absent.
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Heat treatment is required when using glue-type sealing compounds, by heating

the structure together with the packing compound to a temperature of 130 - 160°C, for

. polymerizing the packing. This complicates
W . somewhat the technical process of making
- airtight cabins, and such a temperature may

even be dangerous for some structural ma-

o ety terials. For example, heating the D16 com~
u/._ll_wM/ﬂ_u_fﬂ. .

0) pound above 120°C develops a tendency toward

intercrystalline corrosion. For this rea-

Fig.252 - Types of Packings in
son, clay-type packing has not found wide

Riveted Seams )
.application in the construction of aircraft,

a)- Packing placed between the parts
but may be utilized in other structures,

to be riveted; b - Packing applied ‘
depending on the nature of the work and the

to the top of the part assembled
kind of material used.

last; ¢ - Combination packings
) Following are the principal require-
rents for packings used in making cabins airtight:

a) Excellent adhesion;

b) Temperature stability within the limits from -60° to +70°C;
¢) Resistance to changes in atmospheric conditions;
d) Considerable stability under vibration;
.e) Resistance to the effects of moisture, oil, gasoline, and other substances;
f) low specific gravity; ‘
g) Absence of corrosive action;
h) Absence of chemical elements injurious £o the‘health of the crew;
i) Facilitation of the riveting operation. - STAT
Sealing compounds of the thiokol type U-20-A and others 'in use at present, do

not fully satisfy these requirements, so that further research is required on de-

veloping new types of packings that would provide good hermetic seals and high ac-

34,2
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3. Technical Peculiarities in Producing Airtight Riveted Seams

For cabins of modern high-altitude aircraft thiokol sealing compounds are prim-

arily used. A typical example of the assembly and riveting of an airtight seam,

Fig.25l - Spatula for Removal of Burrs Fig.255 ~ Roller for Unrolling Tape

a) Thiokol tape; b) Frame

when using thiokol packings (Fig.253) consists of the following principal operations:

1) Preliminary assembly of parts;

2) Drilling of the holes;

3) Formation of the recesses by countersinking;
L) Disassembly of the joints;

5) Application of the packing;

6) Final assembly;

7) Riveting;

8) Test for airtighthess;

9) Additional airtightness.

STAT
Preliminary Assembly. The parts and the planking are delivered for assembly in

a finished form, correspoﬂding to the design drawings and the technical specifica-
tions. The parts should bear a mark indicating that they are accepted by the in-

spectors.
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The p.'lé.‘nking is placed on the frame of the major unit and attached to it tightly
by means of flexible cord or special clamps that are available on assembly fixtures.

2 With the parts squeezed together, they are fastened with adjustable bolts or clamps,

w

| c) A a)
=

T
Sheel 1 | Sheet |

Fig.256 - Places Where Alum:Lnum Foil is Fig.257 - Places of Aluninum
Installed Foil Installation

a) Sheet No.l; b) Sheet No.2; c¢) Sheet No..L a) Butt joint of gasket;

conventionally not shown; d) Butt joint of b) Sheet 1; c¢) Sheet 2;

gasket; e) Foil; f) Sheet No.3; g) Gasket d) Gasket; e) Foil

-y spaced at a distance of 80 - 120 mm. The installation of the adjustable bolts and
4 ‘

clamps is done either by the end or by the central method. The component, in as—

sembled form, is submitted to the inspector who checks the correctness of the as-

. ‘ C)
a) r
d)
a . é V e)

. Fig.258 - Distribution of Thiokocl Packihg Sticks

a). Packing sticks of thiokol cement; b) Thiokol tape; c) Cabin parﬁitiog AT

d) Packing sticks of thiokol cement; e) Thiokol cement

sembly of the parts, the tightness of adjacent parts of the skin to the frame (ob-

g/) serving that the clearance between adjoining parts must .not exceed 0.2 mm over a

345
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length of 100 mm), the smoothness of the contours, and all other requirements per-

taining to the quality of the component.

Drilling of Holes and Countersinking of Recesses. This is performed by the

same means and methods as those used for making seams that are not airtight.

Disassembly of Joints. This operation is performed for the purpose of removing

shavings and burrs that accumlate between the parts to be joined during the process
of drilling and during countersinking of
the recesses. The surface of the planking
and of the airframe is carefully cleaned
of shavings and dust with a hair brush or
by blowing with compressed air. A4 spatula
¢) made of organic glass (Fig.25L) is used for
removing the burrs on the touching surfaces

Fig.259 - Duralumin Angles in a
of the light-alloy sheets and the frame.

Component
Countersinking tools with a cutting angle
a) Thiokol tape; b) Angle; c) Thiokol
of approximately 150° are used for removing
packing sticks

burrs on steel parts; in so doing care
should be taken not to remove any of the metal of the part itself.

Aoplication of Sealing Compound. All touching surfaces are degreased before

any sealing compound is applied. Gasoline B-70 is used for degreasing, applied to
the contact surfaces with a clean rag. ’

The gasket tape is placed on the frame together with a protective strip by grad-
ually unrolling the roll. The width of the. tape must not be greater than 3 - 5 mm of
the width of the frame part. The tape is smoothed with a steel roller (Fig.255) for
eliminating wrinkles and for better adhesion to the- metal. STAT

The protective strip- is removed jusf, prior to assembling the sheets and the

parts. This is done by holding the gasket tape down with a plate made of plastic

mtérjal, so that the thiokol gasket will not slip.

346
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Strips of thiokol tape are joined with a buit joint along their length without
clearance between the abutting edges; the butt joint is located between the holes

and is coated with thiokol sealing compound. On end bulkheads a:nd in spots where

Fig.260 - Example of Making a Component Fig.261 - Example of Making a
Airtight Component Airtight
1 - Thiokol packing; 2,3,4,5 - Parts 1l - Thiokol tape; 2 - Thiokol

of the component; 6 - Thiokol tape packing

longitudinal and transverse seams intersect (Figs.256 and 257), aluminum foil of a
thickness of 0.15 - 0.20 mm is used as fillets.

Sticks of seailing compound made of thiol&oi cement, of a diameter of 1.5 - 2 mm,
are placed over the thiokol tape along the butt and the end seams, by means of a
spatula (Fig.258).

When there are trihedral angles in the cak;in » supplementary stamped duralumin
angles are. placed over the thiokol packing sticks (Fig.25§).

Figures 260 and 261 shows examples of making airtight individual compcSTATs of
hermetically sealed cabins. v '

Final Assembly. The planking is installed on the frame and is fastened with
adjustable bolts and clamps. The installation of t:he adjustable bolts and clamps is
done in the same manner as in the preliminary assembl;,;, and it is essential that all
fastened parts adjoin evenly and tightly. ‘ }

Before the rivets are inserted, holes are punched in the thiokol tape with an
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awl (Fig.26|2).

The awl should have a diameter 0.2 nm less than the diameter of the correspond-
ing rivet hole, should be well polished, and have a chromium-plated tip.

Riveting. The riveting of airtight seams is carried out by the same methods

and by the same means that apply to ordinary riveting practice. However, in riveting

Fig.262 - Awl for Punching Holes Fig.263 ~ Riveting Sequence for Double-
in Thiokol Tape before Insertion Row Butt Seam with Pneumatic Hammer
. of the Rivets 1,2,3,k,5,6 - Rivets are inserted in

a) To be polished the order shown by the numerals

hermetically sealed cabins, certain peculiarities of the work must be taken into

consideration. The riveting of a double-row butt seam is carried out in the follow-
ing manner; First 3 - 4 rivets are inserted in the inner row, followed by the same
number of rivets in the outer row, after which rivets are again inserted in the in-
ner row, and so forth. h

To obtain better adhesion of the thiokol packing to the metal, the riveting of
airtight seams is carried.out at a temperature between 20 and 30°C of the S".l‘.m.s being
riveted. To maintain this temperature, warm air is blown over the parts in the as-

sembly‘secti9ns of the plant.

After the riveting is completed s the seams are cleaned. The partially squeezed'

out packing sticks and the surplus of thiokol tape are picked up at the edges of the
Seam and are smoothed out with the aid of a spatula.

The riveted part is submitted to the inspector, who passes on the quality of

N N I SR v
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the riveted joint and on the seam finish, by the methods given in Chapter XV.

e e

This is followed by installation of the glass parts, control cables a;nd rods,
pipe conduits, electrical wiring, canopy, and port-holes. The cabin is tﬁen subjec-

ted to teste for airtightness, and if necessary, additional sealing is performed.
I

Centrifugal
Fan

Rt e,

Electric Heater
Electric Motor

Fig.266 - Schematic Sketch of Fig.267 - Setup for Testing Airtight

a Heating Device " Cabins by the Pressure Method

i
1

Outlines of the technical processes of assembly and riveting of airtight cabins

with application of film and glue types of sealing compounds are shown in [F‘igs.26A
and 265. i

As stated above, the use of glue-type sealing compounds requires that heat—
treatment by preheating the structure with the sealing compound to a temperature of
130 - 160°C for 30 min. The preheating of this temperature may ‘be carrled out in
special heating cha.mbers or by means of speual devices that supply heated air of the
requlred temperature inside the cabm. A schematic sketch of one of such ide‘STAT

is shown in Fig.266.

L. Inspection of the Quality of Airtight Seams

The test for airtightness is performed by the vacuum method with removal of air
or by the pressure method with supply of air. The vacuum method is used for inspec-,
tion of the riveted seam during assembly of the unit and fabrication of components and

panels, The pressure method is used for testing the cabin after the components have

RSRR
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been assembled up to the stage of installing the heat insulation, together with the
equipment, and also after final assembly and installation of related equipment and
leat inswlation.

The rating of airtightness by the pressure method is performed on the basis of

Fig.268 - Principal-Schematic of the Instruments for Testing Airtight Cabins
by the Pressure Method

1 - Intake valve; 2 - Settling tank; 3 - Filter; /. - Manometer; 5 - Outlet

valve for exhausting compressed air from the pressurized hose of the canopy;

6 - Intake valve for admitting air in the pressurizing hose of the canopy;

7 - Manometer indicating the pressurel in the pressurizing hose of the canopy;

8 - lanometer indicating the pressure in the cabin; 9 - Reducing valve;

10 - Manometer indicating the pressure.in the cabin; 11 - Stopwatch; 12 - Out-

let valve for exhausting the air from the cabin; 13’ - Valve for admitting air

into the cabin; 1, - NippAles; 15 - Hoses; 16 - Nipples for the; pressurizins

STAT
hose of the canopy; 17 - Pipe connections to the cabinj 18 - Safety valve

the pressure drop from py to Py during a definite time after stopping the supply of
air into the cabin.

A special apparatus (Figs.267 and 268) is used for testing the airtightness of

@s\ cabins by the pressure method, tapping the compressed air from the sectional pneu-

matic system. The supply of compressed air during the test is regulated by valves

352
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located on the control panel (see Fig.267).
The amount of excess air pressure in the cabin during the pressure drop is
~ checked with the aid of instruments and devices mounted on the control panél.
Before any testing is done, the interior of the cabin is cleaned of dust and
shavings. On the outside, all riveted seams and bolt joints are wiped with clean
rags, lightly soaked-in gasoline, so as to remove all traces of packing. All holes

intended for the installation of parts or components in the final assembly, are

Fig.269 - Places Requiring Additional Sealing
a) Component A; b) Component C; c) Component B; d) Places requiring

additional sealing

" closed by plugs with rubber gaskets, the port-holeé and canopy are closed and locked,

and all outlets to the exterior connections are closed; STAT

The next step is to install a safety valve in the cabin which is set to the

maximum pressure Apmax; the hoses through which air is supplied are connected to the
corresponding nipples of the cébin, and the airtightness of all hose joints are
checked with soap water.

The pressurizing of the cabin is then performed in the following order: The

intake valve is.opened for admission of air into the cabin, and the pressure is
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slowly raised to the maximum value of fp _ , which is specified in Technical Orders
for testing the cabin, and this pressure is maintained in the cabin during the time
specified by the Technical Orders. Pressurizing of the cé.bin takes place at that,
time. The rise in pressure in the cabin is checked on a mercury manometer.

After completing the pressurizing of the cabin at the pressure &p

max ? the air

intake valve is closed, and an evaluation of the airtightness of the cabin is made
on the basis of the time it takes for the operating pressure to drop from Apcp to the
lower limit equivalent to C.1l atm (73.5 mm Hg). After measuring the time required

for the pressure drop, the valve is opened and the air is released from the cabin.

OWAAALRAN AN

Fig.270 - Injection Gun for Fig.271 - Places where Additional Sealing for

Additional Sealing of Joints Airtightness is Done with B-10 Adhesive

The checkup on the finish of the cabin is done in the following manner: The
inlet valve is opened and air is admitted slowly into the cabin until the pressu;e
reaches 0.1 — 0.15 atm less than Apcp . This pressure is maintained while all air
leakage spots are being detected, for which purpose all riveted seams are swabbed
with soap water. If the pressure inside the cabin is greater than outside,SJZEEles
vwill form at all places of the joints that are not airtiéht,'while no 'bubbles will
‘form where the joints are airtight.

lLack of airtigﬁtness is eliminated by tightening the joints; if that is not
possible, then fhe rivets are replaced with others of larger diameter, and the addi-

tional sealing for airtightness is accomplished as follows:

354
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1
1. All clearances caused by cut-outs where the profiles intersect; etc.,
(Fig.269), are filled with thiokol sealing compound by means of the injection gun

shown in Fig.270, and smoothed with a spatula. The places ‘to which thiokol packing

is appiied are degreased first by wiping with rags slightly soaked in B-70 gasoline.

2. A1l butt and all through joints (Fig.271) - are coated with'B—lQ'adhesive‘in
the following manner: .

a) The surfaces to which the adhesive is applied are degreased with gasoline.
b) A first coat of B-10 adhesive is appiied and’ allowed to dry for 30 min at a
temperature of 18 - 20°C.

¢) A second coat of B~10 adhesive is applied and allowed to dry for 30 min at
the same temperature.

At the termination of the additional sealing treatment, the cabin

ds again
checked for airtightness. L

The hermetic seal of the cabin is considered as having passed the tests and can

Fig.272 - Portable Device for Testing Airtightness of Seams By the Vacuum Method

be worked further, provided the leakage of air does not eéxceed the tolerances speci-

fied by the technical conditions.

R R
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On completion of testing the cabin for airtightness, all plugs inserted during
the test are removed; the seams are wiped with clean rags moistened with gasoline to
remove all traces of packing material and of soap water.

As stated above, the vacuum method is used for the preliminary inspection of

Fig.273 - Schematic Sketch of Operation of a Portable Device for
Testing the Airtightness of Seams by the Vacuum Method
1 - Motor; 2 - Vacuum pump; 3 - Shut-off valve; 4 - Altimeter; 5 - Air separ-
ator; 6 - Pushbutton switch; 7 - Portion of seam under test; 8 — Suction cup;

9 - Switch; 10 - Vibration motor

portions of the riveted or bolted seams during the assembly process of the unit. The

portable device shown in Fig.272 is used for airtightnéss tests by the vacuum method,
and an outline of the arrangement of its
component parts is shown in Fig.273. The
vacuun device is provided with suction
cups by means of wl}i:ch the test foSTAT-

: tightness is performed at any location of®
Fig.27, - Construction of a Vacuum Cup
. the seam.

1 - Wall of cup; 2 - Flexible rubber; . .
: . ' - The vacuum cups are made of plexiglass

3 - Strip of packing type rubber;
of a thickness of 3 - 4 mm. Their shape

L - Strip of percale; 5 — Nipple .
and dimensions depend on the characterist-

ics of the seam and on the accessibility to the place being tested. Readily access-—

356
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ible seams are tested with suction cups having a length of 200 - 300 nm, as showr
Fig.27..
Figure 275 illustrates vacuum cups for use in the inspection of seams at vario .s

parts of the cabin. The cups are stamped out of plexiglass, and are filed smooth

and polished along the edges. To the edges of the cup (1) (see Fig.27L) strips (4)

of percale or linen rubberized on one side are glued. The flexible rubber strip (2),

of a thickness of 8 - 10 mm, is cemented to the cloth with rubber cement. The rubber

'

Fig.275 - Vacuum Cups Used for Inspection of Seams at Various

Parts of the Cabin

strlp (2) is cut to the dimension of the roughly finished cup, with a small allow-
ance. For reinforcement of the flemble rubber, a strlp (3) of rubber sealing com-
pound of a thickness of O. 8 - 1.0 mm is cemented on. The nipple (5) is fitted into
the predrilled hole for connecting the cup to the hoses. STAT
' .The evacuation under the cups is determined by a mercury manometer of an
aircraft—type altimeter. When using an altimeter, the degree of vacuum is calculated
in accordance with the graph shown in Fig.276.

In testing for vacuum, the degree‘ of rarefaction must correspond to the working "

pressure as established by the technical specification for the job, multiplied by a

factor of safety equivalent to 1.5.
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The riveted seam is inspected for airtightness by the following procedure.

The seams are first. wiped with gasoline, after which the portion of the seam

being inspected is coated with soap water, using neutral soap, applied with an ordin-

ary brush.

The vacuum cups are connected to the vacuum testing device through rubber

canvas hoses and are placed on the portion of the seam that is being inspected. 'hen

the vacuum testing device is put in operation, exhaustion of air in the cups takes

place, which is recorded by an instrument. On reaching the required degree of vac-

uwn, the valve of the testing device is closed, and the condition of the soap-water

film fs inspected. >If the seam is not airtight, the places where 1eékage of air

ar
a
o
g
Pb)a.f

a8}
L g7
a8

A

| 1 i
L

-

YN
c)
_Fig.276 — Graph for Calculating the
Degree of Exhaustion wheﬁ Using an '
Adircraft-Type Altimeter
a) Absolute pressure in rm Hg; b) Pres—
sure drop, in atm; c) Altitude, in lm;

" d) Degree of exhaustion

) test in the manner as outlined a

takes place will show by the formation of
soap bubbles. The detected leakage spots
are marked with an ordinary pencii after
the suction cups are removed. The dis-
closed defects are eliminated after comple-
tion of testing the entire component.
The means for eliminating the defects

are different in each case. The principal

means consist in tightening or in replacing

" the rivets, filling up with sealing com-

pound cement from the inner side of the
seam, etc. After the defects are elimin-
ated, the joint is subjected to a repeated

bSTAT

After the testing of the.seams is con-

pleted, they are wiped dry with rags slightly moistened with gasoline for removal of

any soap water remaining on the sedms.

5, Performance of the Seam under the Effect of Loading

Leakage of air thréugh airtight seams depends on the positive pressure; by in-




D
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:creasipg the positive pressure, the time during which leakage takes place through + -
seam, at a given value of positive pressure, is decreased (Fig.277).
It was established by investigations that there is a loss of airtightness during

the riveting process of a seam. The extent of such loss depends on the type of

yali

/ 0~ Thiokol
b/

'k
100 200 300 400 n a5 Fx;
b) : . by

Fig.277 - Effect of Positive Fres- Fig.278 - Deformation of Joints as
sure on Leakage of Air ) Related to Type of Packing
a) Positive pressure Ap, in kg/cm?; a) Thiokol; b) Separation of the

b) Leakage time, in sec joint in mm

packing, on the manner and on the magnitude of the applied static, vibrational, or
cyclic static loads.

Airtight seams deform on application of loads, resulting in an increase of the
clearance in places where there are butt joints of .the sheets, which leads fo an in-
crease of air leakage through theljoints. Greater deformation, as evidenced by the
separation of the sheets, in airtight seams when subjected to loading, is STATved’
when the packing is of t@e thiokol type. Seams with bement-type packing (upper
curve) show less deformation, due to thé cementing properties of the packing layer
(Fig.278). '

Deformation of the hermetic seal is distributed unevenly over the cross seqtioﬁ
of the seam. In the center of slipping (cross section 0-0, fig.279a), the amount of

slip 4, is approximately one-half of the slip b, at the edges of the sheets (cross
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oV

section x-x, Fig.279b). At a thickness of 0.3 mm of the hermetic seal, the greates:,

absolute value of the slip in the areas of elastic deformation in the cross section

0-0 and in the cross section a-a (Fig.280), is as high as 0.0l mm, while the slip in
the cross section x-x is equivalent to

I o
| 3 ‘ .§' 0.8 rm.

A corresponding slip of the material

T
L—c—-lo | a) of the hermetic seal in the cross section
r 0

A
‘zr— - x-x (see Fig.279b), is expressed by the
1 4§

_—_?El angley ., which is determined in the fol-
%

CraC Jowing manner:

8.

Fig.279 - Deformation of Packing in a tan y, = -%— = —84-82— = 0,2666;

Riveted Joint
Yx = 114—055"
a - Seam in its original free condi-

tion; b - Seam under loaded condition
The corresponding elongation of the

fibers of the packing in the cross section :t-x is equivalent to

~ 0.307 - 0.3 B
- 0.3

ore = 2,5%.
X . . . ) . STAT
In the center of the slip there will be considerably less elongation or uvue

fibers.

6. liffect of Some Technical Factors on the Airtightness of Joints

One of the technical factors which produces a considerable effect on the air-

tightness of a joint is the manner in which the riveting work was done. As stated

above, in riveting structures of light alloys, use is rade of press riveting as well

360
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as of irnpaét riveting by the direct and by the reverse method.
A uniformly steady procedure in press riveting results in uniformly good air-

{7 ‘ tight seams. Impact riveting by the direct method, especially without tightening,

dlq/mm ’
25

20

Fig.280 - Relation Between the Slips of Rivets and of Sheets in Joints
and the Magnitude of the Applied Stress

a) Rivet ZU-90° x 3; b) Slip A in g of 4,

gives seams that are of lower quality and of nonuniform hermetic sealing (Fig.281).

STAT

25 30 B0 mfsecn’

Fig.281 - Effect of the Riveting lMeans and Methods on the Airtightnes‘s of Sea.ms .

a) Load in & of Pyj4; b) Single riveting on presses; c) Pneumatic harmer riveting

C-‘ by the reverse method with direct tightening; d) Pneumatic hammer riveting by the

direct .method (without tightening); e) Air leakage G/V

361
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The airtightness of a riveted joint depends to a considerable degree also on s

1
force of squeezins the sheets together, since the condition of the packing between

the sheets is affected therebr. hen the applied squeezing pressure on the sneets

is excessively high while riveting, the cking is squeezed out from the seam, which
O 2 3

Fig.282 - appearance of Filled Holes as Related to the Thickness of the

Packing Applied- between the Contacting Surfaces

a - Thickness of padking 0.5 mm; b - Thickness of packing 1.0 mm

destroys its texture and affects its sealing properties. A much better seam, as re-

gards airtightness and smoothness of the outer surface, is obtained by squeezing the

sheets together at a unit pressure of 20 kg/cm?. STAT

The dépth'of countersinking also is a principal factor affecting the quality-of
airtightness of a joint. If the recesses are overcountersunk, the sealing of the
seam is impaired, resulting in the development of clearances between the conical
surfaces of the original rivet heads and the recesses. Protrusion of the heads of
flush rivets above the surface of the sheep lining by 0,05 - G.15 mm contributes to

tightening of the pack during riveting, which, in turn, improves the hermetic seal

362
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of the seam.

The thickness of the packing also affects the airtightness of the seanm At a

the filled hole in an airﬂight Jjoint has the
Same appearance as in a joint, that is not airtight.

thickness of the packing up to 0.5 m,

“lhen the thickness of the rack-

ing is increased, the nature of the filling of the hole is greatly chanéed Figure
282 shows cross sectional views of joints with packings applied in one and in two

layers. The photo micrographs (Fig.282b) show that, in the case of the thicker

packing, the rivet between the sheets was deformed, resulting in the formation of

clearances between the sheets and impairing the hermetic seal of the riveted seam

For this reason, the application of packings of a thickness greater than 0.5 mm is

not recommended.
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PE P T s P

PART IV
ORGANIZATION OF RIVETING PROCESS, INSPECTION ALD MEANS OF

INéREASING PLAHT OPERATING EFFICIENCY

s TR s s pei

CHAPTER XIII

COMTINUOUS ASSEMBLY IN TIE CCMPONENT ASSEMBLY SECTIONS, ORGANIZATIOHN

CF WORK, AND ARRANGEMENT OF YORK STATIONS

l. General Considerations

The organization of assembly work by riveting consists of the following steps:

i
i
i
|
3
i
I
i
.1'
i
¥
3
I}
i
N
i
i
3
i
;

1. The work stations are arranged in an orderly sequence for carrying out the
technical processes.

2. A definite task is assigned to each worker or group of workers, consisting
of one or several similar operations.

3. The execution of each task at all working places is accomplished during a
def?nite time interval that is equal to or a multiple of the time assigned for fabri-

cation of the workpiece. ; .

L. A1l production operations are on a continuous basis, i.é., the transfer of
_the part on which work is done from one operation to another is uniformly timed,
without forced intérruptions.
: STAT
The adoption of the continuous production sy;t@m results in an increase in out-
-puf of each worker and consequently in an increased production output of the plant,
. in a reduction of the number of workers per‘unit output, in a lowering of manufac-
turing‘costs, and in an improvement in quality.
Ylork by the continuous method is. carried out as follows:

2) On an assembly line with the workpiece in moticn.

36

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified i - iti
ified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

‘b) On an assembly line with the vorkpiece stationary.

viork on the assembly line, with the workpiece in motion is characterized by the
fact that the workers remain at their usual work stations while the workpiece is
moved consecutively from one location, where work on it is performed, to another, in
an orderly manner for the performance of the technical process of assembly and ri-
veting. This form of assembly-line work is adopted primarily where the assembly of
components and units is done without the aid of jigs.

ork on the assembly line with the workpiece stationary is characterized by the
fact that throughout the entire cycle of the assembly process the workpiece remains
at one place, while the workers move from one place to another to perform the as-
signed work to be done during a definite time interval, in accordance with the time
assigned for the completion of the entire job. This form of assembly-line work is
usually adopted when the assembly is done in jigs or with the aid of special assembly
equipment. llowever, there are also examples of assembly-line work on units with the
jigs in motion.

In developing an assembly-line technical process for riveting assembly jobs, the

process must Dbe divided by the number of operations involved, depending on the struc-

ture of the workpiece and the time assigned for its cqméletion. It is recommended
that the division of the technicai prqceés be sucn that the length of time of the
Aoperation will approach as far as possible, the time assigned for its completion in
accordance with the production program laid out for the plant. In that case it is
easier to allocaté the work to the various groups of workers at the severalg?Afes
where the assigned assembly vork is done. Too much time for the execution of‘an.op—
eration cannot be allowed as in that case the combination of.the various operations
of the assigned task is particularly difficult.

The following principal reqpifements are presented in the copstruction of aiy—
craft units by assembly-line methods:

1) Feasibility of subdividing a.major unit into components and panels, wnich

365
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coﬂstitute fully finished elements of the
manufactured product.
2) Interchangeability of components
and panels, thus eliminatinﬁ work to make
' the parts fit during their assembly.
3) Simplification of assembly,.to

fariliarize the workers more quickly with

their worke.

Figures ;ll and 2 showed a wing, a fu-

selage, and a.‘\ tail group disassembled into

individual components, panels, and sections.

The feasibility of subdividing a major unit
into components and panels contributes to ‘
the adoption of highly mechanized equipment
for drilling and riveting, thus reducing

the labor involved, increasing the outpub,
improving the qﬁality, and lowering the

manufacturing costse.

2. Riveting Operations by Organizing Prot—
acbion on an Assembly Line

for group riveting; 7 - Carriage; 8 - lMonorail

As an example, we will analyze the

assembly of a wing panel by the STATb1y-

Fig.2683 - Assembly of a ‘ing Fanel by the Continuous Production lMethod

Jine method. Figure 283 shows a schematic.

sketch of the prihciple of continuous pro-

cesses im the assembly and riveting of a

3 - Drilling and countersinking press; I, - Stand for intermediate inspection; 5 -~ Press

1 - Fixture for aésemblihg and riveting; 2 - Stand for placing the panel ona carriace;

wing, as one of the possible variations of

riveting assembly work utilizing highly

mechanized production eqﬁipment.'
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Sketchl 1

Sketch 2~

Sketch 3

- . « _ e
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Table 6€

Scheratic Outline of the Continuous Technical Frocess of Assembling and

Drilling a ling Panel

HNumber
in
sequence

Type of operation

Sketch - see
preceding

page

Equipment, tools,
and devices

'Assembling according to the

assembly holes of the air-
frame and skin parts, drill-

ing holes for control rivets,

and riveting

Assembler's bench or as-

serbly- fixture, hand

drill, portable press or
pneumatic hammer

Drilling and countersinking:
holes over the entire panel

sketch 1

Drilling and countersink-
ing press for group drill-
ing and countersinking

Inspection of work at every
step

Indicating device'with a
calibrated rivet, limit
gage for control holes

Removal of shavings from the

surface of the panel and in-

serting rivets along the en-
tire length of the seam

Sketch 2

Hair brushes

Riveting the rivets aléng

_tnhe lengbth of the -scam over

the entire panel-

Sketch 3

Press for group riveting

Inspection of the qualipy of

riveting

Indicating device; tem—
plate for inspection of
clenclied heads

The parts are kept in the warehouse where they are classified in grou&STAﬂﬂord—

ing to the assigned tasks, and are delivered to ﬁhe assembly fixture (1) where the

parts are assembled, holes are drilled for control rivets, and these are riveted. The

panel thus assembled goes to the stand (2), where it is placed on a carriage laid

out to correspond with the configurations and dimensions of the panel.

Then the

carriage with the panel is moved over to the drilling and countersinking press 3)

and is placed on its table. In this press, the group drilling of the holes and the

countersinking of the recesses for the rivets are performed.

368
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The use of aligning
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‘dévices assures that the surface of tk.le parts is perpendicular to the axes of the
rivet holes and that the axes of the recesses coincides with the axes of the holes.
The press automatically feeds the spindles into the holes while drilling and coun-
tersinking, withdraws the tool from the holes and shifts the panel for the success-
:!ive group operation. The drilled panel then goes to the stand (L) for intermediate
Einspection, where the quality of drilling and countersinking is inspected. lere the
surface is cleaned of shavings and, if previously specified in the technical pro-
cess, a rust-preventive coating is applied to the surfaces of the holes and the re-
cesses, and the rivets are inserted over the entire panel. Then the panel, with the
rivets installed, is conveyed to the group riveting press (5) by the' carriage, where
it is installed on the frame of the conveying and aligning equipment. l Here the panel

is riveted. On the stand (6) the panel is removed from the carriage, inspection is

o[Z) e T elilel 5] (6]
= 2) ]

=
]
g

Fig.28l, - Schematic Outline ;)f Assembly-Line Production of a '.‘!iné Rib
1 - Table for arranging tHe parts; 2 - Equipmenf for assembly and drilling;
3 - Vlork station for Arivei;ing; L — Work station for inspecting the qtali’;y
of assembly and ri{reting work; 5 - Work station for putting on finishéTAT
touches; 6 - Rack for the finished ribs
a) 1‘3elt conveyer

}rxa.de of the quality of riveting, and, when riecessary, supplementary finishing work

is done, after which the finished panel is placed on a rack. The ‘entire cycle of

Ethe technical procesé of a.séembly and riveting of the panel is outlined in ‘Table 68.

i
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The use of powerful group riveting presses during the assenbly of relatively
srell components is not always convenient. In such cases use is made of drill
presses and riveting presses for single 'riveting, or of low-power presses for group
riveting, for the simultaneous riveting of a small group of rivets. As an example,
we will analyze the schemaiic sketch of the assembly of a wing rib (Fig.28L) by the
a.sse}nbly—line rethod, together with the operation of the eguipment used in this con-

tinuous production line.

Wlorking Stations along the Conveyer. For carrying out the operations of the
technical process, the workers remove the parts from the conveyer, assemble them, and
then return then to the conveyer for further assembly and riveting. In the given

case, the streamlininz is intermittent with deliberate interruptions of the motion,

Fig.285 - \ssembly Department for Wing Sections
STAT

whereby the wing rib rerains stationary at the place where the work is being done
during the necessary time of assembly, until all work is finished at that particular
place of work, after which it is conveyed to the next place for further assembly.

The worl: station (1) consists of an ordinary table for arranging the parts ob-

tained from the stockroom of the stamping section. The arranger inspects the surface

\

finish of the parts, for defects in the form of scratches, dénts, nicks; -checks the
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inspection marks that indicate the acceptability of the parts, and places the compo-
nents forming part of the rib on the conveyer which conveys them to the worl station
(2) where the asserbling and drilling is performed.

The worker, charged with operation of the stand (2), performs the assembly op-
eration; i.e., he installs the parts in the jig or assembles them according to the
assembly guide holes, he drills holes for the rivets and fixes all holding clamps in
accordance with the instructions on his technological cards.

‘fhe work station (3) for riveting is equipped with a press and all necessary
tools, such as dies and props. The press operator removes the clamps, inserts the
rivets, and performs the riveting operation. Then the wing rib is conveyed to the
work station (L), where the inspection of the quality of the assembly and rive£ing
is done, together with an inspection of the exterior contour of the rib, after which
the rib goes to work station (5) for final touch-up work. Here the drilling of holes
and riveting is done in places of difficult access; if necessary, defective rivets
are replaced, the alignment of the rib after riveting is corrected, etc. In the
finishing and correcting work, use is made of hand drills, pneumatic harmers, and
hand presses with their various accessory tools. The finished rib goes to the rack
(6), which is the final point of assembly of the rib by the assembly-line method. At
right angles to the' rib gssemblj line is the wing assembly line; where the finished

ribs go for further processing.

The same principle of streamlined assembly worl is applied to other components,

.such as bulkheads, longerons,‘etc.
) ’ ’ STAT
Figure 285 shows the department where the work of assembly-line production of
wing sections is done. The assembled sections are delivered to the jigs where they
are assembled intn units. The asserbled wings are removed from the jigs and placed

'in corresponding pairs on carriages (Fiz.28A); after they are conveved further, final

work is done on them without the aid of fixtures.

In some cases theﬂlength of time for performing parbicular'operations does not

371

I Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

T e o e AR Y P e e T Y P T T T T Co 00 it s i S R

agrée with the time allocatéd for the job according to the calculated work program,
and in such cases parallel work stations are added to the program (Fig.287).
Inspection is a mandatory requirement in the technical process of assembly and
riveting work that cannot be eliminated, since it determines the quality of the work
done, especially in connection with assembly-line work. When a program of assembly-
liﬁe work is laid out, it is necessary to take into consideration the time, the
place, and the means used for inspection, to prevent interruptions in the continuity
of the work along the entire assembly line. For this reason, an analysis of the in-
spection steps in assembly-line work is of great importance.
The principal problems connected with the technical inspection of riveted as-
sembly work are the following:
1) Precautionary measures to prevent the possibility of rejects.
2) Quality checks of assembly and riveting of components and major units
for compliance with the design drawings and the technical specifications.
The inspector in charge of a group of workers on specific assignments, must be
qualified to perform the following duties:
1) To become thoroughly familiar with the design drawings of the components and

. units which are being assembled in his department, with the technical process of as-—

sembly, and also with the technical specifications of a given job, as well as with

the control and instruction charts.

‘ 2) To supgrvise the progress of assigned assembly work and to notify the fore-
men whenever an inaccuracy ocgurs in the technicai process of assembly. wﬁ;?A%QfGCtS
in the work are observed, he must make sure that they are corrected.

The inspector must ascertain the reasons for any defects in the work and must

_ take precautionary measures to prevent their occurrence.

3. Order of Equipping Assembly-Line Work Stations and Organization of
Their Arrangement .

The equipment and servicing of the work stations on an assembly line, together

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

with the arrangement of the stations, has a considerable effect on the increase’of b,
the output of labor. The servicing of continuous production lines includes the fol=}

lowing: supplying the work stations with tools, auxiliary equipment, -parts, compo-

nents, and materials; repair of assembly équipment, drilling and riveting presses;
]
|

repair of drilling and riveting tools and ‘other equipment.

|
The tool room is charged with the issuing of tools. Depending on the type of
] .

|

Fig.286 - Assembly of Wings on Movable Carriages

work to be done, the tools are placed’ in tool boxes which are charged out to the
workers assigned to specific jobs and responsible for the tools.
Each tool box carries the following markings: the number of the agssigned job,

for which the tools in the box are to be . .

[ Je |+ 4a] used, the inventory number of the box, and, '
X 3 U o

(JO |44 ] the record number of the worker. The tool

box must be of compact size and suitable ° .
Fig.287 - Parallel Work Stations

for moving it from place to place while
in Assembly-Line Work ‘ .

working. There should be a separate plaée
[ in the box for each tool. An example of a good design of a riveter's tool-box-ig—
@ . _

shown in Fig.288. The box is shown open and ready for work. When the tool box.-is——-

STAT

|
A
1

e ) T A A S L E— i i e e s U
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closed it can be carried from one place to another like a satchel. When the covers
are closed, all trays in which the tools are kept are in a horizontal position.
The tool boxes are given out, before the shift is changed, to the worker or the

supply assistant, who delivers them to the work stations before work is started. To

Fig.288 - Riveter's Tool Box

prevent interruption of work due to breakage of any of the accessory tools, such as
drills, dies, ete., any tool subject to frequent breakage is supplied in duplicate
in the tool box.

Parts, components and materials specified in thé design drawingé are arrangéd
in sets for each assigned job; The sets of par£s, standard sections, and components
are stored on racks and are charged out to the particular crew of wdrkers assigned
to the job. Identification tags are attached po the boxes or to the parts‘of the
rack on which it is indicated for what job the parts, componénts,'material, eﬂc.‘are

" held, .

In assembly-line production, the upkeep of the fixtures and equipment of the

" production line during the entire time of work is of great importance. This is ac-- -

-

complished as follows:
a) Daily servicing and inspection of the jigskapd equipment during their use. )

37, STAT
1
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P . ) .
:b) &imely repair of the jigs and equipment, with particular attention to adher-

ance to charts listing all preveﬂtive repairs.
Timely repairs, according to the planned preventive ﬁaintenance schedule, mark—
edly increase the useful life of the JlgS and equipment, and eliminates idle time
and interruption of continuous productlon
due to breakage in se;vice.

The rate of labor production depends
largely on the orderliness with which the
work}station has been arranged, degree of
its suitability for the work to be laid
out, convenience of access to the component
or unit being assembled, etc. A poorly
organized work station results in super-
fluous motion, fatigue of the workers, and

Fig.289 - Work Bench for Assembly
consequently in lowered production.

and Riveting of Small Components
Dependlng on the structure and the

size of the components or najor units belng assembled, the work may be carrled out
dlpectly in assembly jigs or on workbenches.

For the assembly, drilling, and'r£véting of large units in fixtures, the work
station is provided with removabie platforms and ladders, which permit working on the
.higher portions of the structures(see Fig.2é8). All necessary tools, such aé hand
drills; pneumatic hammers, dies, props, and riﬁets, are arranged handily in cénven—
ient. places. When riveting with portable presses, as-described above, the assembly
jigs are provided with balancing devices, so thatvthe press can be moved over the
entire area of the unit being assembled (See Fig.189).

In cases where the worl: is done without auxiliary fixtures, the work station

con51sts of a bench on which all necessary tools and equlpment are su1tably arranged.

Figure 239 shows a workbench for the assembly.and riveting of small components. The

et

STAT
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lower part of the bench has partitions on which separate parts of the components are
kept. All tools necessary for doing the work are arranged on tﬁe top of the bench
in a convenient location.

The arrangement of the work station in connection with stationary presses for
single and group riveting, as well as with pneumatic hammers, was described in the
appropriate parts of this book.

‘I’he'problem facing the technical personnel in sections of the plant where large

units are assembled, is to educate and instruct systematically the leading workers

on the application of progressive methods of work and to inculcate these principles

in the minds of the other workers in order to reduce these principles to practice.
Whenever new equipment and tools of a more highly mechanized type bscomes available,

_ the technicians should re-arrange the work stations so as to make full use of the

possibilities of the new equipment.
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CHAPTER XIV

SPECIAL TYPES OF RIVETS

1. Riveting from One Side

While carrying out riveting work in structures, there will be spots where ac-

cess to the rivet heads is difficult or impossible. Rivets of special design are

used in such places for heading the rivets without the ald of props.

Of the available various types of riyets for unilateral riveting, the types in
widest use are rivets with a mandrel, rivets of specification TsIT (threaded shell
type), and explosive rivets.

A rivet with a mandrel consists of two parts: a shell and a core. The shell
part is in the shape of a stem with.axhole in the center. Inside the shell is the
core, yhich is in the shape of a stepped stem, ending in a gripping and é locking
head. At the side of the locking head, the sfem is thicker, while toward the grip-
éing head the stem is necked so that the core breaks off here at the instant the ri-
veting is finished. . The shell part is manufactured with half-round and with flush
heads, and their use depends on the particulaf location in the structure. %gﬁlts
with flush heads are used for rivetiné parts exposed to the air stream. Such rivets
have a head Qith a" taper angle of 120° for providing a larger thrust surface for the
rivefing tool.

Rivets with mandrels are manufactured from light aluminum‘ailoys: the shell

- i
part, of alloy D18P and the core, of alloy grade D16P. Such rivets are standardized
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and have a code designation pertaining to the type of rivet, its diameter, and the

thiclmess of the parts that may be riveted with them (Table 59).
For riveting rivets with a core, use is made of a ranually operated pnewratic
)
Table 69
Data f‘or the Selection of Rivets According to Their Length and Diameter
Depehding on the Thickness of the Stack being Riveted

(According to Standards 16L6SL9 and 164,75L9)

e)

1648549-0 | 1,5—3 | 1649549-1 1o 3
1648 549-1 3-5 1649 549-2 3—5
16485492 | 5-6,5| 1649549-3 | 5—6,5

" 1648 549-3 3-5 16495 49-4 3-5
1648549-4 | 5-6,57 1649549-5| 5-6,5
1648549-5 | 6,5—9,5 1649549-6 6,5—9,%

1650549-2

a) Rivet with a flush head; b) Necking; c¢) Rivet with a half-round head;
d) Rivet number;.e) Shell with flush head; £) Thickness of stack S, in mnm;
¢) Shell with half-round head; h) Core; i) Shell diameter, in mm;

j) h = in mm; k) K (tolerance) By, in mm
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'ilever-type press of the type KP-111 (Fig.290), or of lever pliers in spgcial‘céses.
Lever pliers are aiso used for repairs under field conditions when compéessed air is
not available where the repair work is performed. The use of the manually operated
lever-type pnewratic.press KP-111 greatly increases the productivity of labor, im-

proves the quality of riveting and lightens the work of the riveter.
Characteristics of Press KP-111

Greatest diameter of the rivet with mandrel seeeecss 5 rmm

Ihxiﬁum force on the press plunger at an
air pressure of 5 atm sececeecccrnccssceecssceccees 800 kg

Air consumption for one work cycle ceecesccecsecsesss 0.001, w

Number of working strokes per minute cececececsceee 10
Travel of PLUNEET cecesecscescccsssosccsccscnscsssss 20
Overall dimensions

Length .....................Z...?.................. 340
Width eeceseccesesscsseccscascascbtocsscscasasessasse 68

HELGNL seessessssasnsosssessnscebosnosensssssneanss 180 mm

7o WEAENE veveevsvensossnsosossosacsssssssenssescsanes 2.7 kg

The presé (Fig.291) consists of two main components : the powér’unit with a

cylinder and staftipgfdevices, and the head which‘is>the workiﬁg_element: The -power .
- component consists of a unit that may be'used in combination with different heads.
The cast aluminum cylinder‘(l) is connected to the cast body (2) by screws. The
body and the handle are in one'piece. The starting device is contained inslﬁgihan—
dle, and consists of a distributing bushing (3), a valve (4) sliding in the distrib-
uting bushing by mean; of the trigger (5) on the shaft pin (6), and the adapter

bushing (7) with a:screen (8); The bushing (7) presses the cap (9) against the dis- %

tribuﬁing bushing (3). The cylinder is located in ‘the upper part of the body and is

closed by the cover (10). The piston (11) with the glands.(12) moves inside the
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cflinder. ‘The piston is conneccted to ghe shaft (1)) with the nut (13) and is guided
by the bushing (15).
©*  The working chamber of the cylinder, in combination with the spindle (14) and
the bushing (15) is filled by the gland
(16), held in place by the ring (17) and
the nut (18) in the left part of the cyl-
inder body.
The yoke (19) carries the follers

(20) which move along the plate (21), fas-

tened to the body (2) with the screws (22),
and also along the lever (23) on the shaft

(24). The lever (23), rotating about its
Fig.290 - Tools for Riveting Rivets
axis, pulls through the lug (25) the plun-
with andrels
ger (26), in which the shaft (27) carries
a - lever pliers; b - Hand-operated
the projecting lugs (28), under compression
lever-type pneuwratic press,
of the springs (29).
type KP-111
. The plunger with the lugs moves in

the ring band (30) fastened by the nut (31) to the flange (32); the»ophef threaded
end of the ring band is fitted with the interchangeable end piece (33).

.Compressed air from the main lines is “supplied thfoﬁgh the hose and the adapter
bushing (7) into the air-distribution mechanism. At that time, the valve (4) is ‘
forced agéinst the ﬁrigger (5); and air is admitted to the rear chamber of ;ﬁgichl—

inder along the channels in the valve and through its_ports as well as through the

slots in the distributing bushing. When pressure is applied to -the trigger, the air

. that enters the inner space of the rear chamber, is discharged through the groove in

the valve (L) t6 the duct comnected to the atmosphere.
After the valve (4) is shifted, the air from the main lines is admitted to the’

front chamber of the cylinder (1), causing the piétqn (11) with the spindle (14) and

380
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the yoke (19) that carries the rollers (20), to move to the right side. To the ex-
tent that the rollers are shifted, the lever (23), rotating about its axis, entrains

the plunger (26), on which the protruding lugs (28) are located. As the lugs (28)
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Fig.291 - Design of Hand-(;perated Lever-Type Pneumatic Press KP-111 -
1 - Cylinder; 2 - Body; 3 - Distributing bushing; 4 - Valve; 5 - Trigger;
6,24,,27 - Shafts; 7,15 ~ Bushings; 8 - Screen; 9,10 - Covers; 11 - Piston;
12,16 - Glands; 13,18,31 - Nuts; 1, - Spindle; 17 - Ring; 19 - Yoke; 20 - Rol-
lers; 21 - Plate; 22 - Screws; 23 - Lever; 25 - Lug; 26 - Plunger; 28 - Pro-

jecting lugs; 29 - Spring; 30 - Ring band; 32 - Flange; Bj - End piece

are in motion, they pul]: thg shank of the rivet through the rivet piston, thus i)er-
forming the riveting operation.

When the riveting is completed, the trigger is released and the plunger returns
to its initial position. The compressed air in the front chamber of the c§1—ﬁ—.rler ‘be-
comes comnnected to the atmosphere, while the rear chamber becomes filled with com-
pressed air which acts on the piston and rgturns it, together with the entire me-
chanical system, to the initial position. .

Schematically, the technical process of riveting rivets with mandrels (Fig.292)

consists of the following operations:
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1. According to the guide holes in one of the parts, holes are drilled in the

second paft. In this case, the diameter of the hole for the rivet must be 0.1 mm

o7

larger than the diameter of the rivet.

R

2. Recesses are countersunk for the flush rivets.

e e

3. The gripping head of the mandrel is fitted in the lugs of the press and the

rivet is inserted in the hole of the stack.
L. Pressure is apﬁlied on the trigger, causing the mandrel to be pulled through
the rivet shell, whereby the thicker portion of the mandrel deforms the shell and
forces it against the walls of the hole.
Cn further pulling, the locking head of the
mandrel enters the shell and expands it.
At this moment the mandrel breaks off at
the notch. The breaking of the mandrel

usually takes place at the following loads:
For rivets Nos.1,2,3....165 kg & 25 kg
Fig.292 -~ Outline of the Technical
For rivets Nos.li,5,6+...375 kg * 25 kg
Riveting Process of Rivets with .
' The remainder of the mandrel is nipped
Mandrels
off with cutting pliers (Fig.293).and is
a - Formation of the hole; b - Inser- .
. - ' smoothed with a file.
tion of the rivets intoe the holes of . .
N When there is considerable vibration
the stack; ¢ - Pulling the mandrel .
) . of the assembled unit while it is in use,
through the piston; d - Removal of : i
. . the mandreél might drop out. To vprevent
the remainder of the shank; - ' STAT
this, the shank is "rolled out! while it
e - Finished rivet .
is cleaned so that it will be locked in

place.
A well riveted job, using rivets with mandrels is characterized by the fact

that the shell closely fits the walls of the hole, and that the locking head of the

rivets is tight against the surface of the riveted stack. Defective riveting may be

e
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due to the following causes:

a) Incorrect adherence to the required dimensions of the rivet holes: If the
rivet hole in the stack is too large, it will not be completely filled by the rivet,
with the result that the entire seam will be loose, which in turn, leéds to weaken-
ing of the joint. Conversely, if the hole is too small, it is impossible to perfon{
the riveting operation. *

b) Incorrect length of the rivet for a given thickness of the stack being ri-
veted: If the stack is too thick, the wedging action will not be sufficient for ri-
veting, and if it is too thin the clenched head will not be formed to the proper
shape.

The correct position of the tool during the process of riveting has a consider-

able influence on the quality of the

clenched rivet head during its formation.
The tools used in the riveting must be

held in a strictly pérpendicular position
with respect to the surfaces of the parts

being riveted.
Fig.293 -~ Cutting Off the Protrud- )
‘ . Threaded shell-type rivets (rivets
ing Portion of the Mandrel with : C '
TsIT) consist essentially of a small ‘bush-
Cutting Pliers ) . .
ing with an original rivet head. The

bushing is threaded internally approximately over one half of its length. The re-
maining-portion toward the original head is drilled out to a larger diame&ﬁi\Tso that
the wall thiclness of this portion is‘less than the wall thickness of the threaded

portion of the rivet. Rivets of this type are manufactured with flush and with flat -

heads. )
A second integral part of the rivet is a screw, used for increasing the resis-‘
tance of the rivet in shearing. The screw may dlso be used for attaching any other

part. The material used in the manufacture of the shell part of the riQet is wire

383
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of grade DIEP and in the manufacture of the screws , wire.of grade D16P.

Riveting of threaded shell-type rivets may be done by means of pneumatic tools

or hand pliers. The use of hand pliers does not ensure the required quality of ri-

Fig.29l, - Pneumatic Tool for Riveting Threaded Shell-Type Rivets (Rivets TsIT)
1 - Cylinder; 2 - Piston; 3 - Adapter; -J, - Coupling rod; 5 - Tip; 6 ~ Knob;

7 -~ Handle; 8 - Bushing; 9 - Starter; 10 - Valve; 11 - Trigger

veting work nor a high rate of production, since the labor involved requires the ex-

pergditure of much force during the heading of the rivet, which results in excessive

Fig.295 - Outline of Riveting Threaded Shell-Type Rivets

STAT

& - Drilling holes; b - Countersinking recesses; c - Screwing the tip of the

tool into the rivet at the beginning of the heading process d - Rivet is ri-

veted; the tip of the tool is unscrewed from the rivet; e - Screwing the screw’

into the rivet; f - Cutting off the head of the screw

fatigue of the workers s especially when such tools are used for a long time. In ad-

38,
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dition, hand pliers'do-not give clenched heads of uniform dimensions, since the
force exerted‘is variable, depending on the experience andAthe skill of the worker.
The adoption of pneumatic tools eliminates the disadvantages mentioned.
A pneumatic tool for riveting threaded shell—tyﬁe rivets is shown in Fig.29,.
The tool weighs 1.7 kg and develops a force within the limits of 300 - 360 kg, which
is sufficient for the riveting of rivets up to 5 mm in diameter.
The pneumatic tool for riveting threaded shell-type rivets consists of the
steel cylinder (1) with the piston (2). To
the cylinder is screwed on adapter (3),
vwhose length varies from 100 - 1000 mm,
depending on the place where the riveting
work is done. One end of the coupling rod
carries a screwed-on tip (5) and the other
end of the rod the knob (6), by means of
which the tip (5) is unscrewed after head-

Fig.296 - Press KO-3 for Riveting
: ing the rivet. The cylinder is connected )

Threaded Shell-Type Rivets

. with the handle (7) by means of screws.
The chambers of the cylinders communicate -with the channels in the handle over the
conical bushing (8). Inside the handle are located the starter (9) and the valve
(10) for exhausting the air to the atmosphere.

Operation of‘ﬁhe tool‘is carried out in the following manner: The threaded
shell-type rivet is screwed on the tip-(5) and is inserted into the previouslngAT
drilled hole. By pressing on the ﬁrigger (11) air is admitted to the cylinder. Un-
der ?he aciion of compressed air, the piston (2), and together with it the coupling
rod (1) and the end pieée (5) shift to: the right, thus performing the riveting oper-
ation on the rivet. A

After heading the rivet, the tip (5) is unscrewed from the rivet by means of

the knob (6) (see Fig.29), and by manually pressing on the trigger, the entire op-

385
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erating mechanism of the toql is returned to its original position. The adoption of
this tool at one of the production plaﬁts has ;esulted in a reduction of labor by
approximately one and a half as compared with riveting with hand pliers.

A schematic outline of the technical process of riveting threaded shell-type
rivets is presented in Fig.295.

A tool giving greater output of production, while riveting threaded shell-type
rivets, is the hand press KO-3 shown in Fig.296, equipped with a device for indica-
ting completion of the riveting process.

The principal components of the press are: a preumatic motor with a reducing
gear; a pneuratic cylinder and plunger with lugs and rollers; a signal device con-
taining electric contacts, battery, wire leads, and a light; a control mechanism
consisting of a valve, latches, and air conduits. The end piece is interchangeable,

depending on the diameter and length of the rivet being used.

The body (1) (Fig.297) of press KO-3 is integral with the handle and consists
of a casting with several communicating charmels through which compressed air from
the main line is admitted to the mechanism of the tool. The casting also contains
a space which sefveq as an oil reservoir (2). From the communicating channels and

through the distributing valve.(3) and the air conduits, compressed air is admitted

to the reversible pneumatic motor (/) and to the pneumatic cylinder (5). The cham-
bers of the motor and the cylinder are closed by the castvcover (6), in which the
signal lamp (7) is loc;ted. Two rollers (8) are mounted to the connecting rod (9)
of the piston of the pneumétic cylinder, and move between a supporting plasiTéId the
lever (10). The lever has a definite curvature, calculated for deveioping the ne- -
cessary pressure on the plunger of the tool.

Regulation of the travel of the plunger (11) is accomplished by the micrometer

bushing (12), located at the front part of the tool. The set screw (13) is used for

locking the tocl in the required position. The end piece (1) protects the microme-

ter bushing against damage during occasional change in its adjustment for position.

386

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

The press operates in the following manner: Compressed air from the main line
enf:ers the chamber (15) of the handle, from where it flows through the rotary valve

along its channels and ports into the motor, which then starts and rotates the tip

(16), thus screwing it into the shank of the rivet (Fig.298a). Then the va.lv)e is

\\\\\\\\\\\\\\\\\ s , o

QSB )

= SN m\\\\\\\

R \!

Fig.297 - Design of the Press KO-3 for Riveting Threaded Shell-Type Rivets
. 1- Body- 2 -0i1 reservo:Lr' 3 - Dn.strlbutmg valve' l, - Reversible pneu-
matic motor; 5 - Cylinder; 6 - Cover; 7 - Slgnal Jamp, 8 - Ro].lers,
9 - Connectlng rod; 10 - Lever; 1l - Plunger; 12 - Micrometer bush:_ng,

13 - Set screw; M,lé - Tlp, 15 - Air cha.mber; 17 - Contacts; 18 - Battery

turned through 90°; admission of air to the motor is stopped. and £illing STAT,
working cylinder with air takes place , causing the piston in the cylinder to move to
the right; by means of the rollers, this causes a displacement of the lug, which, in
turn, presses on the plunger, thus perfomﬁng the second riveting step (Fig.298b).
At this moment, the original rivet ﬁead is tight}l.y pressed to ‘the surface of the
part being riveted.

The movement of the plunger stops at the instant at which its flange strikes

1;he inner recess of the micrometer bushing. On reaching its extreme left posi'l?ion,
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the plunger closes the contacts (17) (see Fig.297), causing an electric current to
flow from the battery and thus lighting the lamp (7). After:the head is formed, the

Yalve is again rotated, starting the pneumatic motor and unscrewing the tip from the

Fig.298 - Sequence.of Operations in Riveting Threaded Shell Rivets with
the KO-3 Press
a - Tip is screwed into the rivet; b - Formation of the clenched head;

¢ - Unscrewing the tip from the rivet; d - Riveted rivet

rivet (Fig.298c). This concludes the operating cycle of the presse.-

Iubrication of the pneumatic motor and the working cylinders takes place at
every cycie of operation by atomized oil from the oil reservoir.

Among the hand pliers for riveting threaded shell-type rivets, the pliers shown
in Fig. 299 are of greatest use in production and are the most convenienf for hand-
ling. The upper handle (1) has an eccentr:.c connected by the link (2) with the rod
(3). The end piece () with its threaded end, fits on the rod. The rivet is
screwed to the tip and is inserted in the hole of the stacke By pressing on the
ha.ndle (1), the r:Lvet is upset. The ha.ndle (l) is returned to its initial position,
and by turnlng it, the tip is ur;screwed from the rivet.. : STAT ~

During the upsetting of the rivet, the bushlng 6) prov1des ‘the pressure for
forclng the orlgmal rlvet head against the surface of the part belng r:weted.

The following’ conclusions were obtan_ned by :anestlgatlons carrled oubt on 301n‘bs
riveted with solid-shank rivets, rivets with mandrels, and rivets of the threaded

shell type, by subjecting them to static and to vibrational loads (F:Lg 300)

1. The static strength 1n shear of r:.vets with ma.nd.rels is 19% 1ower than the
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strength of ordinary shank rivets made of material D18. The tests were made on the -

e,

specimens shown in Fig.300.

2. The static strength in shear of threaded shell-type rivets is 30% lower than’
the strength of ordinary shank rivets.

T

T

3. The fatigue strength of joints riveted with mandrel-type rivets is 25% lower

than similar joints riveted with ordinary shank rivets. The fatigue strength of

joints made with threaded shell-type rivets is 35% lower than the strength of similar

wopueege T T OV

. ,_n.—q—\-ﬂ'"" T

Jjoints riveted with ordina.r_{r shank rivets.
The data given refer to the particular types of joints shown in Fig.300. On

cha.nging the thickness of the sheets or the
diameter and type of rivets (whether flush
or protruding), the strength data may be-
come different. However, in all cases the
strength of joints made with rivets with
mandrels or with threaded shells, is lower
than the strength of joints riveted with
ordinary shank rivets.

Explosive rivets consist of a cylin-
drical shank with an 'originz-;.l head a:t one

Fig.299 - Hand Pliers for Riveting

end and a hollow ericlosure containing an
Threaded Shell Rivets :

i explosive charge at the other end. For
1,5 - Handles; 2 - Link; 3 - Connect-

protection of the explosive charS!Al-om
ing rod; 4 - Tip; 6 - Clamp bushing S

moisture, the enclosure is coated with a
lacquer.

Explosive rivets are manufactured from wire of light aluminum alloy D18 or Vb5
and of grade 154 (seiect) or 30KhMA steel. Explosive rivets are produced in various
diameters (from 2.6 to 6 mm) and in different types, with half-round heads and flush

heads having taper angles of 90° and 120° s on conventional automatic upsetting ma-

5
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chines, with special plungers and dies. The dimensions of explosive rivets and their
tolerances are the same as the dimensions and tolerances for ordinary riyets, with

the exception of the tolerance for the diameter of the shank, which is more rigid

t
8

D

[

a) : —

—

o- b) 2022R50-5-10 !
b-C)mn— = 1BASCS-4 —

e-d}—n— —w— Y55 M219-13; screw 1SSH22Y-14

§EE e)

c

i
o 210 40 ”g-n’
510t 5

10*
q)
300 - Effect of the Type of Rivets Used on the Fatigue Strength

Fig.
of the Joint (Sheets D16T)
a) Legend; b) Joints with 2022 & 50-5-10 rivets; ¢) Joints with 1616 S 49-L
: rivétg; d) Joint; with 155 N '219-13 rivet .; screw 155 N 221-1L; e) Without.
rupture; £)0 5y = maX  (p is the area of the sheet along its weakened

‘cross section); g) Number of- cycles

than for ordinary rivets. . . .‘ STAT

The technical process of installing explosive rivets in structures consists of

the following principal steps (Fig.301):

i, Drilling the holes with a drill whose diameter is 0.3 - 0.5 mmiless.than the

diameter of the rivet.

2. Finishing the holes with a reamer of the corresponding diameter.

3. Insertion of the rivets into the holes.

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

L. Formation of the head. The tip of the heater, which has been preheated to
the working temperature for 30 - 4O min, is placed, on the original rivet head. After

o Sl
N
e —— e

’(. . the tip of the heater is placed on the original rivet head, the heat is trans‘mitted

through the rivet head and the shank to

iRt

VLT

the explosive charge which, on exploding,

s T

generates gases that act on the shank por-

"2 Taae

. tion protruding from the stack, causing it
‘Fig.301 - Schematic Diagram of In-
) to spread and form a barrel-shaped clenched
stallation of Explosive Rivets . . '
. head.
a - Drilling the hole with a drill of ‘
. A correctly riveted rivet should have
a diameter 0.3 — 0.5 nm less than the
a clenched head of a diameter 15 - 30%
rivet diameter; b - Finishing the hole
larger than the diameter of the rivet.
with a reamer; ¢ — Insertion of the
In view of the fact that after the

rivet; d — Formation of the head with
rivet is headed, the shank of such rivets

the aid of an electric heating device
does not increase in diameter, and there-

’ @ fore does not fill the clearance between the shank and the walls of the hole, the

=

final diameter of the rivet hole must be 0.0l - 0.02 less than o6r equal to the di-

ameter of the shank. But since-the diameter of rivets
varies within the specified lj.mits , a series of ream-
ers must be kept on hand (Table 70).

Squeezing ‘of the parts 'of the sta.ck does not take

To assure a
) STAT
tighter conta.ct between the parts, spring clamps must

pla.ce in riveting w:Lth explos:.ve rivets.

be used at every 2-3 holés in the row.

Fig.302 - Electric Heat- .
. Comparing the calculated data for selection of

ing Device for Riveting '

. explosive rivets of D18 alloy with the data for solid-

Explosive Rivets ‘
. shank rivets of the same material but installed by the

reverse method of impact riveting, the following facts were established:

N . _ ege - ) ‘ I N :'!‘.' -
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1. The shear strength of explosive rivets is lower than the shear strength of

ordinary shank rivets installed by the reverse method of impact r:we’c.lng. The de-

crease is 26.2% for rivets with diameters of 2.6, 3.0, and 3.5 mm and 13.2% for ri-

vets with diameters of L, 5, and 6 mm..
ive rivets to shear is 36 - 58% less

2. The resistance of the heads of explos
Table -70

Diameters of Reamers for Reaming the Holes for Explosive Rivets

a) . 2,6_0.05 |3:0_0.06 [3:5—0,06 [4:0-0.08 [>:0—0.10

2,54 2,94 3,42 3,92 4,90
2,56 2,96 3,44 3,94 4,92
2,58 2,98 3,46 3,96 4,94
2,60 3,00 3,48 3,98 4,96
3,50 4,00 4,98
5,00

Remarks. The data shown in this Table are for manually operated

cylindrica.l reamers of Class II accuracy

a) Rivet diameter in mm; b) Diameters of reamers in mm

than the resistance to shear of ‘the heads of ordinary shank rivets ‘installed by the

reverse method of -impact riveting.

ocess of rlvet.lng with explosive rivets of the type shown in

The technical pre

Fig.301 (i.e., rivets in which the enclosure containing the explosive charge is de-
' STAT

formed only in that portion which forms the clenched hHead and does not, extend to the

portion of the shank itself) presents particular difficulties, requiring supplemen—
tary operations, such as reaming the holes and sorting the rivets according to ‘their

when installed in the structure, inadequately fill the

diameters. Since the rivets,
served that even when the seam is not heavily

holes in the stack, it is ob loaded,

there is a noticeable slipping of ‘the sheets (separation of the seam). This draw-
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\'- back of explosiw}e rivets with a hollow head is eliminated by using special improved

explosive .rivets .
The special type of explosive rivets consists of a cylindrical shank with an

original head at one end and two coaxial
chambers at the face of the other end. One

chamber of smaller diameter extends over

vy .y ’/’7’ ' the entire length of the shank up to the
B original rivet head, while the other cham-

ber, coaxially in line with the first at

Fig.303 - Outline of the Installa- .
the lower part of the shank, serves the

tion of Special Explosive Rivets
purpose of forming the clenched head. Both

a - Riveting the hole; b - Insertion
coaxial chambers are filled with an ex—

of the rivet; c ~ Formation of the
plosive and are coated with a layer of

clenched head with the aid of an e-
lacquer.

lectrically heated device
An outline of the installation of

special explosive rivets is presented in Fig.303.
A special feature of the technical process oﬁ riveting with such rivets is an

elimination of the step of reaming the ri-

g - vet holes, since in this case, the explo-
m , sion of the charge in the upper chamber
4) 5) l c) causes the shank of the rivet to increase

in diameter, thus filling the.holes +ight-
n er, : g the.ho STATlg s

Fig.30l - Rivets of High Shear
: ly. This permits drilling the holes for

Strength

. the rivets without supplementary reaming.

a — Flush;.b - Ring.for the rivet; . ’ -
’ Simultaneously, the explosion of the

o - Rivet with a flat head _
charge in the lower chamber results in a.

barrel-shaped clenched head similar to that of ordinary explosive rivets.
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Table 71
Data on the Selection of High Shear Strength Rivets, Depending on the
Thickness of the Stack being Riveted

(For Rivets of Standards 2032450 - 2034450)

@

-
[

I

-

-
|
~

7YY

-
@O o

©

©

5 2
6 7
6 2
7 7
7,6—8,2
8 7
8 2
9 7
9

SOOPE®NNOIAING S

—
o

9.0-9,6
12,0—12,6 9,5-10,1
12,5—13,1 .6 - 10,0—10,6
13,0—13,6) 10,5-~11,1
13,5—14,1 11,0—11,6
15,1—15,7 | 14,0—14,6 11,5-12,1 ,
15,6—-16,2 | 14,5—15,1 12,0—12,6 | 10,4—11,0
16,1—16,7 | 15,0—15,6 12,5-—13,1 | 10,9—11,5
16,6—17,2 | 15,5—16,1 13,0-13,6 | 11,4—12,0
17,1—17,7 | 16,0 - 16,6 13,5—14,1 | 11,9-12,5
17,6—18,2 | 16,5—17,1 14,0—14,6 | 12,4-13,0
18,1—18,7 | 17,0—17,6 14,5-15,1 | 12,9—13,5 |
18,6—19,2 [ 17,5—18,1 15,0—15,6 | 13,4-14,0
19,1—19,7 | 18,0—18,6 | I 15,5—16,1 | 13,9~14,5
19,6—20,2 | 18,5-19,1 16,0—16,6 | 14,4—15,0
19.0-19.6 | 18,1—18,7 |-16,5—17,1 | 14,9—15,5
19.5—20.1 | 18,6 19,2 | 17,0-17,6 | 15,4—16,0
20,0—20,6 | 19,1—19,7 | 17,5-18,1 15,9—16,5
20,5—21,1 | 19,5—20,2 | 18,0—18,6 | 16,4—17,0
o , 18,5—19,1 | 16,9—17,5 .
19,0—19,6 | 17,4—18,0
19,5—20,1 17,9--18,5
20,0—20,6 18,4—19,0
18,9—19,5
19,4—20,0
19,9—20,5
20,4-21,0

— e

REPEIRMTI

a) Rivet diameter, in mm; b) Rivet length, in mm; ¢) Thickness

the stack being riveted, in mm
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2. Riveting of Rivets with High Shear Strength

Rivets with a high shear strength (Fig:30L4) are used in joints subjected to

high shearing forces. Rivets of this type replace bolts, in comparison with which

Fig.305 - Outline of Riveting High Shear Strength Rivets
a - Drilling the hole; b - Reaming the hole; ¢ - Inserting the rivet

in the hole; d — Attaching the ring; e - Upsetting the ring;

f - Riveted rivet

they are lighter in weight, cost less, and are simpler to manufacture. The rivet

consists of two parts: namely, a stem usually made of steel of specification
30KhGSA, and a ring of aluminum alloy Dl6.
On one end,.the rivet has a previously upset original head, and-on the other a

special groove. The groove is made on special automatic machines. After manufac-

ture, the shank is subjected to heat-treating: quenching and tempering or isothermal
quenching (op = 125 2 * 25 kg/mn?). .

The duralumin rings are made from cold-drawn ext;ruded tubes and are STAT’d in
the structure in a freshly tempered condition.

High shear strength rivets are manufactured with flush and with flat heads in .
various diameters, from' L to 10 mm, and. in different lengths, from 10 to 30 mm.

Table 71 gives data oh the selection of the rivet lengths depending on the

th:.ckness of the sta.ck belng riveted.

An outline of riveting hlgh shear strength rivets is shown in Fig.305. The
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process consis£s of the following operations:

1) Drilling holes for the rivets;

2) Reaming the holes;

3) Inserting the ri;ets into the holes;

1) Attaching the ring;

5) Upsetting the ring.

Tablg 72 gives original data for the selection of drills and reamers, depending

on the diameter of high shear strength rivets.

Drilling, reaming and countersinking of the holes is performed on drill presses

Table 72

Hole Diameters After Riveting and Reaming, Depending on the Diameter

of High Shear Strength Rivets

Preliminary diameter Final diameter of
of the hole after the hole after
drilling, in mm reaming, A, in mm

3.8 L
L.8 ‘ 5
5.8 6
7.8 8
9.8 10

STAT
or with pneumatic hand drills. Yhen drilling holes with pneumatic hand dr;lls,-atf

tachments are used to make sure that the axis of the holes is perpendicular to‘the
surface o§ the workpiece. '

For formation of the clenched heads, use is made of presses or pneumatic ham-
mers with a set of fitting toolé consisﬁing of a prop and a special die. The ri-

veting operation with pneumatic hammers may be done, as in the case of ordinary ri-
y ;
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veting, either by the direct or the reverse methods of riveting (Fig.306).

In the direct method of riveting (Fig.306a), the prop is placed on the original

rivet head; the impact of the hammer equipped with a special die, forces the material

Fig.306 - Riveting with High Shear Strength Rivets

a - Direct method of impact riveting; b - Reverse method of impact riveting

of the ring into the groove of the shank; this cuts off the superfluous portion of
the material which is ejected through the hole in the die.
In the reverse method of riveting
(Fig.306b), the blows are directed on the
original rivet head by t.',he ppeurﬁa.tic ham—-’
mer equipped with an ordimary die, while
the head is formed on a speciai prop, whosé
Iworki.ng part design and dimensiorSTAT?>
similar to those of the special die,
Riveting‘of high shear strength ri-

Fig.307 - Dimensions of the Clenched
vets by the direct method results in prop-

Head of High Shear Strength: Rivets

er heading‘of the rivets and, therefore,

in a better quality of the riveted seam as compared with riveting by the reyerse

?method. However, in all cases where it is possible to employ press riveting, the

eclassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

use of 'impact tools should be avoided, since in addition to the higher rate of prod-

uction with press riveting, a better quality of seam is obtained.

Table 73
Dimensions of the Working Portion of the Die for Riveting High Shear

Strength Rivets

== ”’//Wl
520

b) Diameter of rivet used; ¢) Dimensions, in mm

a) Mirror-finish polishing;

The dimensions of the clenched head must correspond to the data given in

Fig.307. . ; . L STAT
Particular attention .should .be givén to the follow:mg. After the rivets are

inserted into the holes of the stack, a check should be ngde on the exto:-zn‘l'f to whlcr}

the cylindrical part of the stem protrudes from the stack, which protm.lsion must not

ceed O - 1.0 mm (see Fig.307j. The shape and dimensions of the working parts of
ex oy = Le ‘ ‘

the special diés é.hd props for riveting high shear strength rivets, as related to

the diameter of‘the rivets used, are given in Ta.ple T3.

b The dimensions of.the shank of the dies depends on thé type'of ‘press or pneu-
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R R T

matic hammer used and must correspond to them.
¢ strength of joints made w:Lth high shear strength r:wets

jo:mts made with ordlna.r'y shank rivets. The

13 consider-
The stati

ably higher than the strength of similar
of such rivets is O. 60y, and is equal to 72 kg/nm

shear strength O gpear

The fatigue limit of joints

made with high shear strength rivets is the same as

re ooy

‘—-
agfmm

3

12

"

4

20 4-}‘5." - z-;r’ 4~) 0w 2 ewin'n’
a

Fig.308 - Fatigue 1imit of Joints Made with High Shear Strength Rivets

(Sheets D16T, Rivet Diameter 6 mm)

a) Number of cycles

for shank rivets, and for the seams shown in Fig.308, it is as follows

for seams of type (a),
. = ll.6fkg/nm2\

for seeans of type (b),
= 10.3 lcg/mm2

‘MThat the fatigue limit of joints made with high shear strength rivets and of

joints made with ordinary shank rivets are the same is explained by the fac@ that, .
J .
in breaking tests, rupture of the sheet, takes place along the first row of rivets.

High shear strength rivets are expensive to manufacture, do not permit proper-
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Compression of the parts, and provide only resistance to shear. The shortcomings of
high shear strength rivets as mentioned, are eliminated by using rivets with differ-
ent degrees of strength. In external appearance and in their dimensions such rivets
do not differ from &rdinary shank rivets.

Rivets of variable strength are manufactured from grade 30KhGSA steel; after
suitable heat-treatmenﬁ they possess the same strength as high shear strength rivets.
For the riveting of such rivets the pértiori of the shank intended for formation of
the head must be as hard as the remaining portion in the hole of the stack. This is
obtained by annealing a portion of the shank with high-frequency current. )

The same equipment and tools are‘used for riveting variable strength rivets as
for ordinary shank rivets.

Joints made with such rivets, from the standpoint of strength, are just as good
as those made with high shear strength rivets, and when subjected to tension they

are considerably stronger than the latter.
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CHAPTER XV

QUALITY REQUIREMENTS IN PERFORMING THE STEPS OF THE TECHNICAL PROCESS
OF RIVETING'AND INSPECTION OF THE QUALITY OF RIVETED UNITS

1. Quality Requirements in Performing the Steps of the Technical Process of Riveting

The basic function of riveted joints is the transmission of forces from one
element of the structure to another. Riveted joints rm;st provide the following:
a) Necessary strength.
b) Surface smoothness ofv the joined parts.
c) Resistance to corrosion.
d) Hermetic seams.
Meetihg the requirements listed depends on the structural factors of the seam,
i.e., on tl';e geometry of its dlmenslons , and also on the technical factors with re-

spect to the kind of equipment used in making the seam.

The technology involved in drilling the holes, countersinking the recesses, and

riveting, must be so laid .out as to give the following results:

l) Perpendicularity of the axis of the holes with respect to the surfa?:IAJf the
pa.rts at the partlcular point;-

2) Absence of flutmg > torn edges, cracks and burrs in the holes;

3) Perpendicularity of the axis of the recesses w1th respect to the surface of -

the lining at the particular point and coincidence of the axes of the holes with

those of the recesses;
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L) Absence of .fluting and scratches on the surface of the recesses;

5) Absence of cracks and torn edges in punched holes and in dimpled recesses;

e e v b e i
T

6) Absence of dents, cracks, cuts, and other damage to the surface of the or-

iginal rivet head;

7) Absence of cracks, cuts, stratification, and roughness of the surface of the
clenched rivet head;

8) Coaxiality of the original and the clenched rivet heads.

Allowances for dev:.atlon from the requ:.rements listed are glven in the technical
specifications of riveting and are established in each practical case.

Below are given some of the quality requirements for performing the process
steps, together with allowances for deviation from the listed requirements, which
may be used in preparing the technical riveting specifications for various types of
machines:

1. In replacing defective rivets with other rivets of the same diameter, the
diameter of the hole is allowed to be larger by the following values: 0.2 mm for

rivets of diameters up to 5 mm, and 0.3 mm for rivets of diameters above 5 mm.

S G o
i 0

AN ke

2, -The countersunk recess should be made to such an accuracy that the protrusion

s St

of the special calibra‘bed' rivet above the surface of the part, when pila'céd in the

recess, is within the limits of 0.0l mm - +0,10 mm. -

e

3. Out—of-round of countersunlf recesses is a.llowed within the limits to 0.2 mm

and, as an excep‘blon, to 0.3 mm, but in not more than 15% of the recesses in a given

seam. ' oL
' STAT'
). Dimpled recesses, after drilling the holes, must have no cracks or torn

AT i

edges.

2127

5. As an exception, dimpled and countersunk recesses can show faint nicks and
cuts on the suri‘ace of the part made by the face of the attachment on the counter-
sinking tool, that limits the depth of the dimpled recess; 1n31gniflcant mechanical

damage in the form of scratches to a depth less than the thlckness of the plated
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layer of the materiél, is also allowed, but in not more than 5% ;:f‘the recesses in
the.seam. .

6. In multiple-row ‘seams of small pitch (up to 20 mn) and on surfaces of small
curvature (up to 400 mm in radius) 1ocal:j.zed protrusions and depressions up to
0.2 mm are allowed around-dimpled recesses. ‘

7. After riveting, the originai rivet heads must be in close contact with the -
surfa;ce of the joined parts. Incomplet;a osculation of the oriéina.l rivet heads with
the surface on one side is allowed up to 0.05 mm, but in not more than 1Q% of the
rivets in a row, and such rivets must not be 1.n succession.

g. The extent to which the original heads of flush rivets protrude with respect
to the surface of the lining, is established in each concrete cace by the chief de-
signer of the product manufactured. Depression of the original head of flush rivets
with respect to the surface of the lining is not permitted. .

9. The allowable size of Wrims™ around the original heads of flush rivets after

they are riveted, is established in the technical specifications of the chief de-

signer.

lO.'Mechanical damage to the surface of the riveted seam around the rivet ‘heads
due to the rlvetlng tool, in the form of scratches, cuts, and other flaws -is an}wed,
prov:.ded their depth is less than that of the plated layer, but not more than in 5%
of the rivets in the seam.

11. localizea clearances in"bhe parts between the rivets a.'re‘allowed to the
followiné extent: '

STAT
a) Not more than O.5.mm for plankings of a 'thiclmess up to, 1.5 mm. ’

b) Not more than 0.3 mm for plankings of a thlckness from 1.6 to 2 mm.
¢) Not more than 0.2 mm for pla.nk:_ngs of a thickness over 2 mm, if not con-

trary to the requirements of the chief designer.

.

12. Depressions in the planking along the riveted seam are allowed up to 0.2 mm

g’ and, as an exception, to 0.3 mm in multiple row seams of small pitch, with the -mea- )

403
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surement taken on the basis of a double pitch of the given seam.
13. The arrangement of the rivets in ‘the seam, the lead of the pitch, and the
rectilinearity of the seams mns? correspond to the specifications in the design
- drawings. -
The technical specifications are to be used as a gulde 1n.prepar1ng the exterior
outlines of the assembled unit, which determine the requirements as to shape and
quality of the outer surface of the unit. ‘The general requirements as to form and

quality of the exterior surfaée of aifcraft are as follows:

1. Butt joints and others of the skin of aircraft units should have smooth
fairings, corresponding to the theory of their contours. Deviation from the gllowed
1imits of the outline from the theoretical contour, in the form of convexity, con-
cavity, waviness, hollowness, terracing, clearances and slits, is determined by the
technical specifications for the particular job.

2. The surface of the metal skin of assembly units must correspond to the tech-

nical specifications governing the supply of the sheets from which a given skin is
made.
" 3, All parts must correspond to the design drawings and have an inspection

stamp certlfylng their acceptablllty.

L. Parts and components of major unlts should be glven a rust-preventlve coating
correspondlng to the technlcal spec1flcat10ns.

Resistance to corrosion of riveted joints is obtained by the follow1ng condi-
tions:

. STAT
a) Absence of the surface of the riveted joints of dents, cuts, scratches,

abrasions, and other mechanical damage that destroy the plated layer.

b) Absence of substances that induce or promote corrosion of rivets and struc—

tural elements, which may be due to a poor job in cleaning up the rivets after heat

treating, such as leaving traces of saltpeter, and otber causes.

Airtight joints, besides strength and smbothhess, must have excellent hermetic
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sealing properties under the conditions under which an aircraft is used. The seal
of the riveted joint must not be destroyed by vibrational forces, differential pres-
sure, or rarefication, and must correspond to the technical specifications for a

particular ajrcraft, as well as withstand a drop in pressure and excessive humidity.

2. Types of Inspection Operations

Defects in riveting depend on the quality of assembly and finis_hing wo'rk on the
separate parts, the accuracy of marking the spots for drilling, and the correctness
of drilling and countersink:'_ng,. as well as on the kind of tools, fixtures, and e-

qu‘ipnen’c employed.

Inspection of the work in progress is

DaphmC o (YW

to eliminate rejects during the process of

assenbly by riveting and to evaluate the
Fig.309 - Limit Gage for Inspect-
quality of finished riveting work on the
ing the Diameter and Out-of-Round
assembled unit as a whole.
of Rivet Holes
Inspection consists of two types: in-

spection of individual operations and inspection of finished work. Individual opera-
tions are inspected during.the various technical I;rocesses of assembly and riveting,
while final inspection c'onsists in an evaluation of the 'quial'ity of .finished joi_nts'
and the nannér in which the exterior ‘contours of the components are ma.tcﬁéd.

Inspection of the individual operations covers the following points:

1) C.orrectness of mounting the parts in the jigs, proper fit of the skin to the
airframe, and clearances in butt joints of the sheets; ' ‘

. 2) Arrangement and location oi‘ the holes in accordance with design drawings or

with templates; .

3) Diameter, shape, and surface finish of the rivet holes at the inlet and out-
let holes of the drill; ) ‘

L) Form and surface finish of the recesses as well as depth of the recesses.

405
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Final inspection consists in checking thé following points:

1) Extent to which the original heads. of flush rivets protrude from the surface
of the parts;

2) Tightness of contact between the originél rivet heads and surface of the
recesses in the case of flush rivets, or surface of the parts in the case of ordinary
riveting with the original heads protruding;

' 3) Shape and dimensions of the clenched heads of the Tivets;

L) General surface condition of the clenched and o}*igi_nal rivet heads with re-

3pect to possible. cracks, cuts made by the riveting tool, and other defects;

5) Type and material of the installed rivets;

6) Size and extent of clearance between the riveted parts;
7) General surface conditions of the parts, particularly of the planking, in-
cluding cuts, dents, nicks, scratches, and other mechanical flaws;
8) Buckling and dents on the surface of the parts along the riveted seams and
between the seams;

9) General contour and dimensions of the assembled unit.

3. Methods a.nd Means_of Inspection

"

Checking correctness of the arrangement of parts in assembly fixtures is done
in compl:Lance with the des:Lgn drawings or the s‘bandards set up for a particular com
ponent or unn:b , and a.cursory check is made on the qual:l.ty of 'the materials supplied,
such as the sheets, sections, and seniifinished ma.terl_als.

Correctness of location of the I;_ivet holes is inspected with standardized and
special measuring instruments, such as slide gages, calibrated rulers, sliding cali-

pers, and others.

For checking the diameter and out—of=round of holes (which must be done in at

least 103 of the total number in the seam) special gages of the type shown in

Fig.309 are employed. At _the same time,‘ the qﬁality of the surface is inspected

LO6 - ) . STAT
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visually as to presence of fluting and burrs. ,
For checking the depth of the countersunk recesses (which must be done in not

less than 15% of the total number in the seam) use is made of a calibrated rivet in

Fig.310 - Measuring the Depth of a Countersunk Recess by Means of a
Calibrated Rivet and an Indicating Instrument
a - Setting the device Yon zero" with respect to a calibrated recess; b — Mea—

@

suring the protrusion of the calibrated rivet from the recess placed in a norm-

al stack of parts; c - Measuring the protrusion of the calibrated Tivét from

the recess, plated in a wedge-shaped pack of parts

' combination with indicating devices (Fig.310b). For this purpose, the indicator is
preset to zero by the calibrated rivet (Fig.310a). The d;-:flection of the pointer

_ from zero on the dial J';ndicates the cor;ectnes‘s of the depth of the countersunk re-
cess. The surface finish of the recess , as to fluting, adhering metg.l particles,
and cuts, is evaluated by a spot-check examination. The extent of out;-oi‘—roxmd o.t;
the recess is of necessity checked by optical means ,vsuchv as a magnifying glass with
a scale or a microscope.

Inspection of the eﬂent to which the heads of flush rivet‘s protrudfe with res-’

pect to the surface of the lining is also done by means of an indicating instrument

—— T T Tap oy R DR TS,
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(Fig.311). Mot less thaﬂ 10% of the‘ rivets in the séa.m are subjected to the f',est.
Before protrusion of the heads is checked, ~the instrument is set to the zero divi-
sion of the dial scale by placing the instrument on the smooth 'surface of the piank—
ing. '

Feeler gages are used for.checking the tightness of contact of the original rl—
vet heads with the surface of the recesses
oi' of the parts, and also the clearances -
between them. Inspection of the diameter
and height of the clenched rivet heads is
done with limit templates (Fig.312), and
not less than 10% of the total number of

rivets in the seam are thus inspected.

Sty The superficial examination of the
RO ASSSSSSSS

original and the clenched rivet heads is

done with the naked eye, and in doubtful
Fig.311 - Measuring the Extent of Pro-
cases magnifying glasses are used for the
trusion of-the Heads of Flush Rivets . .
detection of cracks.

For check:mg the clenched heads from inside the structures, as for example in

tubular or rectangular proflles and other pla.ces, use is made of optical mstruments

such as telescopic tubes with auwxiliary llghtlng (Fig.313). The device consists of
the extensible tube (3), a reflecting mirror (2), 2 smll light (1) and an .eyepi’éce
(4). The sma]} light i1luminates the spot. being examined, which in this_par’é-_‘ll_ r-.AqI];a.r
place is tﬁe clenched rivet head, that the inspector sees clearly in the eyepiece.

The extensible tube is marked with scale divisions, which makes it possible to de- )

fine accurately the location of the rivet in the seam under ‘examination. This opti-

cal instrument is provided with a set of interchangeable tubes; for installation to
correspond with the dimensions of the part being -insf)ectéd. :

Insipection of the surface condition on the side of the original rivet head; in

108
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i d Rivet Heads
Fig.312 - Templates for Inspecting the Dimensions of Clenche

pecti 3t of Riveting in i
Fig.313 - Optical Instrumerit for Inspecting the Quality o

- ' ) Concea;'fl.ed Places of S‘oru.ctures

1 - Light; ‘2 — Mirror; 3 - Tubes; L - Eyepiece ‘ i
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i in Plankings"
‘Fig 31 _ Measurement of the Extent of Gaps and Depressions in
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\‘ ﬁ \ the case of fiush'and also in the case of ordinary riveting, consists in an examina-
l - tion of the surface. This is to check ,for-mark's made by the die, such as scratches,
!11 @ dents, cuts, r:.dges, and other defects. Gaps, as well as bulging of the skin, caused

by riveting, are measured with-an indicating device (Fig.31L).

In a similar manner, measurements are made of
- . o ) line marks and scratches (Fig.315). The surface of‘a
flush-riveted segm at separate sections .and over its

entire folrmation, is inspected by means of a feeler

e gage and a ruler. The ruler is placed on the seam
‘ and the clearance is determined with the feeler gage

between the ruler and the surface of the seam.

Measurement of the contour of a wing over its

%
22000 profile is done with the aid of templates or along

the bracing parts of the assembly fixture, employing

Fig.315 - Measurement of
feeler gages or special indicating devices (Fig.316).

the Depth of Scratches
During the inspection of airtight seams, along

and Line Marks
‘with the checking of the quality of assembly and ri-

vet:mg P pa.rt:.cular attention is given to the checking of the hermetic sealing of the

seam, for which specmal methods and means were described in Chap’cer XII.

L. Types of Rejects and Means of Their E]_imina'bion

The principal types of rejects encountered in flush and in ordinary riveting,
STAT

ﬁc‘ge’oher with the means of their el:.m:.nat:.on s are presen’ced in Table 74.
;‘ * “\' . .
‘J g The principal types of rejects, which affect the strength of riveted' joints,

inciude cracks and cuts on the original and on the clenched rivet heads, cuts on the

‘sheets, cold-harden:mg due to riveting with a low—power hammer , skewed rivets, in-

completely formed clenched heads, o vercounters:mk:mg of the recesses, and a number

of other defects.

110
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POT

The prinéipal types of rejects which affect the aerodynamic characteristics of
the riveted unit include: original heads of flush rivets protruding from the ex- i
S;) terior surface, dents near the riveting area, depressions of the seam, buckling of i

- the material, and others.

For the prevention of rejects, it becomes necessary in many cases to replace

R

f . Fig.316 - Measurement of the Contour Profile of a Wing :

1 v the defective rivets and to carry out additional technical obefations. In the case i

of rejects that cannot be corrected, it becomes necessary not only to replace the
sheets, but also the individuwal parts, in most cases the entire skin.
Figure 317 shows an unsatisféctory surface of a flush-riveted seam. ‘The sur-

L. ' : STAT
face of the lining shows many marks of the tool, resulting in destruction of “the

v e T T "o o es

plated layer and cuts in the planking. .In such cases the rivets must be drilléd out

and the sheet changed.

DTSSR e

In some cases, elimination of the defects requires additional work on correct—
ing the sheets, which is done after the rivets have been drilled out. It is not
(”H recommended to do any work on the sheets without removing the rivets, since this"
i - o

would change the shape of the rivet heads and lead to hidden cracké, whiéh ray be- ~

411

Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/12 : CIA-RDP81-01043R001900110002-3

DA

come the cause of premature rupture of the seam.

e

When shavings and dirt are detected between the riveted joints, the rivets

]
f
|

?
L
4
5
:

i i icles
@ should ‘be taken out and the space between the joints cleaned of all foreign partic

and dirt.

1113 n th
Removal of the rivets is usually done by means of drilling them out from the

©

b).
a) <)

d)"
STAT

. - \

. . s . Ba

Fig.318 - Drilling Out Rivets Fig.319 - Knocking Out Rivets with a Bar ‘
.  yinal

a) Parts; b) Drill; ¢) Original a) Parts; b) Knockout bar; ¢) Origina

head; d) Clenched head . head; d) Clenched head; e) Support

. :

end of bhe or lgllla-l head alld tO hammer out the rlvets Wlth a SPeCIal klloc}{oub bar.
'i\ LVet,S e d ed ; ch ma k llJ.Sb be Hade on the ri-
Q._ . Be_‘f ore the r ar rlll Out a Central pun r t -

i igi jth a drill
vet head with a center punch and a hole drilled on the or:.gm;l head wi
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i - having a diameter less than the rivgt diameter. The depth of the hole is determined |
e by the height of the original rivet head (Fig.318). If the drill is properly posi-
| {ii tioned, the original rivet head usually 'comes aff" on the drill after the required
‘ | depth of £he drilled hole is reached. In case the original head does not "come off"
- on the drill, a knockout bar is placed in the drilled hole and the remaining portion ) é
- - of the rivet is knocked out by tapping lightly.

o A special supporting prop is used for knocking out the remaining portion of the
rivet, to ﬁrevent buckling of the sheet; (Fig.319). The diameter of the tip of the

knockout bar should be 0.5 mm less than the diameter of the rivet being removed.

5, Effect of Defective Riveting on Mechanical Strength

Of the total number of defects in riveting, the most common one is a deviation
in the geometric dimensions’of the clenched
rivet heads. The deviation may be in di-
ameter b, the height h, or shape of the
head. Rivets with clenched heads deviating ,
from the specified dimensions have a lower

strength as compared with rivets that have

o correct dimensions, in accordance with the

established standards. The dimensions of
Fig.320 - Characteristic Rupture of o
rivets with protruding heads are so speci- |
Rivets when Subjected to Tension '

fied in the standards that the rivets.
a - Rupture of the shank; b - Ring- ~ STAT
when subjected to tension, will maintain

like shear of the head .
their strength at all types of rupture.
In a correctly designed joint, using rivets with protruding original heads, in
the case when it is subjected to tension, the rivets should fail by rupture of the

shank‘when subjected to tension (Fig.320§), which preserves the maximum strength of

the joint. When there is a deviation in dimensions of the heads from the specified

n

418 ) . ) :

- s - T
- S T - — = s e
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Table 75

Effect of Riveting Defects on the Strength of Joints
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. : ) A 1%
. % ’ . $ | h) 18\ n) " sTAT “
” | — i
: t
. 0.8 % | 0 o
@ I
’ ' f
i a) Values of the fact;ors under investigation; b) BResults of the expenment. c) In shear; d) In E ‘

tension; e) Sketch; f) Strength in %" g) Nature of failure; h).Shearing of the rivets; i) Bending °

| """ and shearing of the rivet shanksl j) Tearing of the sheets; k) Ring-like shearing of the clenched -
- head; 1) Tearing the ‘sheet on the side of the clenched head; m) Tearing of the original or the

(O clenched head; n) Tearing of the clenched head
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standards, failure of the rivet takes place in the form of a rlng—llke shearing of

t " the head (Fig.320b), or by the pulling out of the hecad through the hole in the part,
P ) whereby the strength of the joints is lowered. By maintaining the dimensions of the

-’ L clenched heads of rivets with.flush héads, the characteristic manner of failure, on

- -subjecting the joint to.tension, is the ring-lilke shearing of the origiﬁal head.

; - In case tﬁe,joint i3 subjected to stresseévwith the fivets in sﬁear, the‘rivet— ‘

»ing defects produced by incorrect dimensions of the heads, have a less noticeable

. effect on the strength. For example, in the case of insufficient diameter (D = 1.3d)

s s Yo, S0

and excessive height h, the decrease of the strength in shear is about 10%. However,

increasing the diameter D and correspondingly reducing the height h results in-a i
somewhat higher strength in shear, due to the increase of the shank diameter and the
hardening of the material.

Table 75 gives data on the effect of some riveting defects, related to the

geometry. of the clenched heads, on the static strength of joints. The Table is based

(.~ on the results of tests with specimens using D16T sheets with D18 rivets. Tests of
o joints with deviations in the dimensions of the clenched heads, with alternating
w o loads subgectlng the seam to shear, have shown that the fatigue point changes little, - .
since, under alternatlng loads, fallure of the joint takes place in the sheet along ' ¥4
: ; the first row of rivets. :
STAT ,
H. . :
P :
B
- . C t
- |
3 . . ]
TR 2;,20 . . L
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CHAPTER XVI

SAFETY TECHNIQUE MEASURES

l. General Considerations

Safety technique is inseparably correlated with technology and is founded on a
study of the production processes, methods of production, and procedure of work.

Safety rules are established and means are developed for avoiding unfortunate acci~

dents during the processes of production.’

Promotion of safety involves education in safety technique duriné production,
elimination of dangerous or harmful technical operations, and a number of other ques-
tions. Safety technique is correlated with the hygiene of labor, whose problem con-

_sists in studying the effect of working cond:i:tions‘ on the health of the workers, and
the development of sanitary and prophylactic measures necessary to make such condi-
tions healthier in order to increase the éroductivity of labor. ’

The importance of safety in the sections of the plant where assembly work by
riveting is done, obligates the commercial and -technical engj.neering persogr-ll—eALTto

take all necessary measures for strict observance of the safety rules, for the pre-
o v ’

’

vention of industrial accidents. The reduction of accidents depends on the follow-

ing: .
1. Proper instruction of the workers and the engineering personnel in safety

methods and extensive posting of the rules.

. C 2. Systematic supervision on observance of the rules and measures tc be taken

ﬁ
| |
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n special safety rules of all workers and checking on

for the prew}ention of accidents by all workers. !
3. Systematic briefing o i

1

i

!

o
T familiarity with these rules.

- The .principal causes of accidents in the operation of drilling and riveting i

presses, as well as in the operation of manually opera.ted rn.vetmg tools, are the

follom_ng. improper and indifferent attention in handling the tools proper and tne £

replaceable parts in the tools, such as in hand drills, hammers, drills, counter-

et o e

sinks, dies, etc.; insufficien‘b attention given to fastening of the parts on which

’

work is done; nonobservance of the rules for handling of the chips, etc.

For this reason, every worker, foreman and technician in the department must

e

know and observe all safety rules and permit no negligence in that respect.

The safety rules must be worked out on the basis of the working conditions for

and individual sections. For example, noise in the riveting

the plant, departments,

assembly sections of the plant has a bad effect on the ear, being as high in some

i e et

- ") cases as 90 - 110 phons, which is bad for the hearing and interferes with the prod-

uction output. The harmful effect of noise gradually dulls the hearing of- the work-

er, and at times leads to total deafness. The noise irritates the central nervous

system, with the result that the attention of the worker to his work is lowered,

leading to a decrease in work output and to unfortunate accldents.

A useful means of combat:mg noise is to secti on off large working aisles with

rous materials to the wall surfaces, mount wooden

B multlple—layer partltlons, apply po

) paneling w—_Lth cushioning mterials to the Jlgs, etc. If the eli:njnation' ogTrAeduc-

B tion of noise in jndividual sections of the plant is impossible, individual noise
f special internal or external

= combating should be adopted. For example, the use o

ear plugs cons:.dera.bly reduces "the effect of noise on the worker.
) . Internal‘plugs are inserted in the outer ear duct. These are usually made of

O rubber,

of outer ear muffs and caps vh

plastics, or wax-impregnated cotton wadding. Tt is helpful to make use also

ich completely cover the ear helix.

122

paCoSIme T
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|

A very effective way of combating the noise in riveting assembly departments is
to repla..ce‘ the equipment and tools operated on the mpact pri:nciple (such as ;;neu-
’ :‘,\ matic hammers) x;:ith equipment operated on the press principle.
Aside from riveting harpmers, considerable noise in riveting assembly dep&rt.-
ments is caused by pneuratic hand {rills. For this reason, if at all possible, work
in drlll:.ng and countersinking should be done on drill presses. o

Working with hammers with a high performance rating, or us:.ng a prop of msui‘fl—

ke

G
7
T e e T e e 1Y

cient weight -causes certain vascular system disorders in the workers, up to atrophy

of the wrist muscles of the hands.

73 prmanae ™

For this reason, props of the greatest possible weight should be used, suspend- {
ing them from balancing devices. The: body of the prop, with the -e;ception of the g
working portion, should be protected by a s1:1itab1e coveriné. This precaution, in é;

i
‘ addition to protecting the surface of the parts from damage by accidental hits, :.on— g;
tributes to the damping of v1brat10ns whlch may be :harmful to the worker. k E
The workers in the r:.veulng assemblxr sections of the plant ha.ve to deal with ﬁ,
) (_j equipment and toolbt operating on the principle of rotation, impact, and press action. %§
% ; Below are given the principal safety fulgs when working with various types of equipr i
3 ment. ‘ l l
g

2. Some Safety Rules -

M- . a. Safety Technique for Work with Hand Drills and Drill Presses

g ' . . STAT
Acc:.dents in- worlcmg on drill presses and with hand dr:Llls are caused by the

fact that the part being drilled is poorly fastened or is held by hand. When the

,pa.rt is not properly fastened, the drill might break, become jammed in the part,

R e R DA

3 tear the part ‘from the hands of the worker and injure him. In addition, a poorly

————

B o fasteﬁed part usually leads to breakage of the drill aﬁd spoilé.ge of the part it-

‘}?% (-» self. For this reason, while drillin‘g , all parts must be correctly placed and 1

W " . ‘tightly fastened in the assembly jig or on the table of the drill press, making use - ‘
. W
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of Spedial fastening devices.
In drilling through sheet material in parts of given thickness, hands or other &
_@iﬁ parts of the body of the helper must not be near the drill tip.

- Vlhen working on'dril% presses, the worker must sometimeé hold his head.near the
revolving spindle. lack of attention to the revolving spindle may Be the cause of an
accident. A spindle with a key groove is particularly dangerous, since it may grip -
- part of the clothing or hair, resulting in serious injury. For prevedting‘this, the

- danger spot on the spindle should be covered with smooth collapsible tubes. The

clamping chuck must also be smooth. The protruding parts, such as lugs,.clamping

i
3
1

bolts, etc,, must be covered with cylindrical jackets, which can be displaced up-

.

ward along the chuck while the cutting tool is inserted.

“hen working with a2 drill having tapered shanks, the surface condition of the

5t 6 L

y s

drill taper must be checked constantly. Wear of the taper of the shank causes the

drill to drop out of its fitting and injure the worker.

0f considerable danger to the worker while drilling, is a long chip revolving

)
)/

with the drill at high speed, which may strike the worker in the face or hands and

8

%

§

cause injury. To prevent excessively long chips, periodic stopping of the manual i [
feed or use of a special drill tip in the case of automatic feed should be_used. For |
i

protecting theveyes of the worker from flying chips, while working on drill stands,

-5, ipesteee <=

- safety goggles must be worn.
The driller must know how to handle electric equipment and know the safety rules
- while working with thenm.’ ‘ STAT gi

According to the safety rules, perfect grounding is necessary for the body of .

electric hand drills, motors, transformers, electric equipment, metal frames carry- é{
'ing electric devices and electric equipment, covers; fittings, electric cables, met-
al conduits for wires, and all wire leads and open metal parts that carry current

rmust be thoroughly insulated. These rules apply not only to equipment and tools for

drilling and countersinking work, but also to press equipﬁent with electric parts.

L2,
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f . b. Safetv Rules in Operation of Riveting Presses

; ‘.? The working conditions with presses are less hazardous than with pneumatic ri-
®.

veting hammers. However, in operating the presses the safety rules must be observed

gince lack of skillful attention or negligence may lead to seridus injury.

Working alone on presses is authorized for specially trained operators and ¢

e

helpers only after checking on their skill.
During operation of the press, the worker must watch the position of his hands

during the process of riveting. The hands of the worker must not be in the working

e s DU

area of the press between the dies. Accidents during operation of the press may be
produced by insecure tightening of the interchangeable dies in their chucks, causing

the dies to drop out during operat:ion of the press and thus injure the worker.

Iack of attention when using interchangeable dies may also be the cause of an

accident. Particularly dangerous is the replacement of dies in two-stroke presses.

Adjustment of the press by two workers is not permitted, since even a minor lack of
9 coordination of the work may lead to an accident or to the spoilage of the part be-
ing riveted. In presses with foot-operated pedals, accidental starting of the press

can be prevented by enclosing the pedal in a guard covering.

o1t g, o T, AV LY AR BRSNS {5 VTl 0 7 T i

During replacement of the die or proia tools, af:cidental starting of the press
" may occur. To prevent this, the press must be disconnected from the power source
during change of tools. Disconnecting the press from the main power line is done

just-before starting work. '
: STAT

When working with suspended presses, before any work is started, the worker

must make sure of accuracy of the balancing device and of the entire suspended mech-
anism, paying particular attention to proper performance of the springs. of “the bal~-
ancing devicé and to fastening of the press to the cable.

Accidents, when working on presses, occur due to the cluttering of the working

@) area near the press and the auxiliary equipfnent with extraneous Aobjeg:ts or with ri-

veted parts. - While working on the press and auxiliary equipment, these objects may

L25

%
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¥ fall and injure the worker. Therefore, before starting work on the press, all un-
essential objects must be removed and the working place cleaned up; all tools ne-

[ cessary for the work must be arranged in an orderly manner, most convenient for their

utilization.

- ¢. Safety Technigque when Yorking with Pneﬁmatic Hammers

Dl o S Tt R

RALY

Pneumatic hammers used in rivgting must be in good order, as in the case of
presses, drill stands, hand drills, and all other equipment, since poor operating
conditions may lead to injury. Operation of pneumatic hammers requires attentive-
ness, correct manipulation, and proper maintenance.

Operation of a pneuratic hanmer without a safety catch for preventing drop-out
of the die is not permitted. A hurled-off die may injure the operator or bystanders.
The simplest device to prevent the die from dropping out is a spring, whose one end,
is fastened to the body of the hand drill, and the other to the die. The spring does

not interfere with operation of the hammer, and prevents the die from dropping from

a .

the hammer.

i S T A BT [ I, £ T T

During the process of work, the number of impacts of the hammer is at times re-

P adjusted: during which time the die should not be held by the hénd while the hammer

- . is being tested. The energy of a hammer_bloy is so great, that it is difficult to i
keep the die in place, riot to mention ‘the possibility of injuring the wrists or
pinching the fingers in the spring.

Since riveting with pneuratic hammers is done by two workers (the rivet317¥pld- ;

ing the riveting.hammer and his helper who directs the prop), they will have to

agree on a systenm of signaling. This -is particularly necessary, when one of the i
? -t workers cannot see what the other is doing, as in the riveting of a fuselage, can-

opy, nacelle, and other large units.

During work stoppage or when changing over from one work station to another,

the working tool - the die — should be removed from the hammer to avoid accidental

s

1,26. ' :
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starting of the hammer. Precautions must be taken to prevent piling of hose sections '"lé
in the work station, twisting or undue stretching, kinking, or dropping on sharp ob-

@ jects. i . %

d. Safety Technique when Working with Magnesium Alloys

The manufacture of parts from magne‘siﬁm alloys differs markedly from the manu- 4
facture of parts from other materials. Due to its high chemical reactivity, mag-
nesium presents greater fire hazards than other currently uéed structural metals.

The flame point of magnesium shavings and dust is 425 - 450°C.

Under the gffect of blows and other causes of localized heating or under the E
effect of a spark, shavings, filings, ar;d dust of magnesium alloys become flammable. !
At a high concentration of dust, such as 20 - 25 gm/m3 of air, the causes 'rnentioxlxed ]
might result in an explosion. . . , . £

In view of the .low flame point and the explosive hazard of magnesium alloys,
special precautionary measures should be taken when working with them; the chief ones
being as follows:

1. Shavings and filingsy of magnesium alloys must be collected in dry ir;)n boxes

‘with tightly fitting covers. -iccumulation. of shavings and filings at the work sta-

PP e v

- tions is not permitted.
2. The box with the shax}ings must be sent from the work area of the section to

- _ the central warehouse not less than twice during each shift. - [

PO S PUTT I X e

3. During inst.all'ation of work for starﬁping recesses that require preheg\r,é:l.-g of

the area to be stamped, the worker must make use of asbestos gloves and aprons to
prevent burns, and must strictly obey the temperatures specified for preheating. i
While working with magnesium alloys, thorough observation of all‘'special safety

rules in the ;Slant. is required.

427
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| CHAPTER XVII

FURTHER MEANS OF IMPROVING THE QUALITY OF ASSEMBLY VORK BY RIVETING

AND TO INCREASE THE OPERATING EFFICIENCY OF THE PLAN'T

\
e

A large volume of riveting assembly work in the manufacture of 1ight-a1103;

structures, particularly in the production of aircraft s requires the adoption of

measures to lighten labor difficulties > to improve the quality of the product, and !

to reduce the ranufacturing costs. Such measures include primarily the training and

raising of the qualifications of technicians, foremen, maintenance men, and assembly

‘:C and riveting workers; the utilization of high production equipment, tools, auxiliary ;
i ; I
e equipment and devices, and the adoption of perfected technical processes of assembly ;

1

% and riveting, as well as a good program of .utilization of labor.

! The plant technicians must thoroughly indoctrinate the production crew leaders
: .

P with the basic work methods, teach them to improve scientifically their experience,
and to brief them extensively on the most productive methods and means of work. Con—

sidering the large volume of work involved in the assembly and riveting, eveigTaTinor

’ ' . improvement and perfection of the technical process has'a marked effect on the econ-

oriical aspects of production. ' ' ’

o v tmiranm

Following are the principal factors which may serve as a guide in setting up
- "and developing measures for improving the quality of the product and increasihg the 0
plant efficiency in connection with assembly and riveting work: ’ N : |

(C. ’ l. Finding more perfected methods and means for the formation of holgs and re-

cesses for the rivets.

1,28
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. . <,
2. Development of a manual combination drilling and counters. “for

drilling holes of a Jarge diameter with mechanical feed of the drili a. o

. @ lesser reaction of the torque transmitted to the hands of the riveter. . i
3. Invention of mechanized means for group riveting énd counteréinking as

as mechanization of the process of inserting the rivets in’the holes. ;

L. Finding more perfected methods of riveﬁing whereby a riveted seam of high \\\\\E

quality may be préduced with a minimum expenditure of time and means; particularly ;

a complete change-over from the impact method to press riveting. .
5. Mechanization of riveting in jigg by installation of power units. §
L

6. Developing light and maneuverable presses for riveting of aircraft gliders.

s

7. Invention of automatic stands for drilling, countersinking, and riveting.

8. Invention of specialized assembled machines with automatic action, for the

assembly and riveting of components and major units, containing in itself, assembly

fixtures and a set of combination drilling, countersinking, and riveting mechanisms.

(ii 9. Development of more perfected methods and means for the inspection of riveted

seams.

10. Invention of a new type of gasket packing for airtight cabiné, that will

L = e eteea g e

= provide high output of labor, greater accﬁracy, and hermetic sealing of the seam.

e SRt o om ok i RN
\

11. Development of more perfect methods and means for riveting from one side.

12. Development of a machine of highly technical Qesign of its separaté compo-
nents and units, that would permit a more extensive application to‘existing as well
as to newly developed means for the mechénization of assembly and rivetihg w§JZ§Tes—
; ) pecially, that wpuld make it possible to increase drastically the volume of gfoup :
presg riveting as related to the volumé of impact. riveting. o E
¢ ¥
)

The effectiveness of press riveting may be oonsiﬁerably increased by providing .

" the presses with standardized supporting, aligning, ‘and conveying devices. wﬁth the 1!

bt e,

-

availability of highly mechanized means of producing holes and recesses for rivets

and with riveting presses, it is possible to change the technical process of assem—

14,29
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bly and riveting work, and to build up an extensively meclianized conveyer éysiem for
the assembly of aircraft units. With this arrangement, the parts and components
i [@ will be automatically conveyed through the drilling and countersinking stands and
. the presses.

Tt is possible to raise the percentage of press rivet‘ing (by the single as well
as by the group method) te €0 - 90%. This may be a(;complished under the condition

that the design of the machinery will satisfy the following requirements:

| . 1. In designing the rachine, attention should be paid to subdividing the major i
units into components and panels in a more efficient technical manner, that would i
permit group drilling; countersinking, and group press riveting.

2. The panels of @jor units should be designed, as far as possible, to have
the same curvature and have only longitudinal stiffeners.

3. As far as possible, the profiles of components should be of the open type;
this would provide free access for drilling and fivet:i_ng tools during their assembly
into complete structures.

L. Yore extended use of standardized seams as to pitch, diameter, and rivet
materlal should be adopted in the design of the completed product.

Aircraft designers were highly successful in. improving the technlcal features

of their fna.chines; in particular, they have made it possible to subdivide major

- units into panels. The problem facing the technicians is to utilize more fully these

- \ possibilities s by developing more efficient technical processes for the fabrication

of major riveted units at all stages, including prel:mlnary assembly, dr1111 RTAT

countersinking, msertlon of the rivets, riveting, and final assembly of panels with l

butt joints into major units, as well as assembly of these units.

The technical process should be carried- out with all work highly mechanized,
resulting in a good quality of the product and in hlgh efficiency of the plant AIt
must .be remembered that the fabricating of separate panels requires superv1s1on not

only of the processes of drilling and riveting, but also of the subsequent. processes
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in the assembly of separate penels into major units. - . . }
Cases have been observed in the prevailing practice of plants where the mechan-— ]
( ) ization of the riveting work on panels did not give useful results, due to the in-
efficiency of thé techﬁique of general assembly of major units, involving a consid- .
erable amount of hand work, that does not result‘in -excellent quality of i)roduct'.ion
nor in high plant efficiency.
Of no less import;ance with respect to the quail.itir of riveted unitls, ~pa}:‘bicuflarly
with respect to the strength of the seam, is the automation of the drilling and ri-

veting processes. The principle of automized work, with automatic stoppage of a

;s

given operation after obtaining the specified dimensions, ensures uniformity of the

manufactured product. For this reason, it is necessary to plan an;'l to introduce

tools with automatic action for countersinking recesses, riveting with pneumatic

hanmers, installation of the rivets in press riveting, and so forth. 1
The principal measure to be taken for attaining the required quality of products

and for increasing plant efficiency is the mechanization and automation of all ri-

~ veting processes.

STAT !
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