Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

rerrer PO

0 S L St ooy H I e SRR

' ® AR TECHNICAL INTELLIGENCE
| TRANSLATION

B,
ey

TITLE (UNCLASSIFIED) .

THE TECHNOLOGY OF FORGING AND STAMPING FREE FORGING AND VOLUME
STAMPING

BY
E, A. SATEL!

FROM

SPRAVOCHNIK MASHINOSTROITELYA, V SHESTI TOMAKH
‘ VOL. 5, 1956
pp. 89-179

STAT

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

CHAPTER II
THE TECHNOLOGY OF FORGING AND STAMPING

FREE FORGING AND VOLUME STAMPING

The Quality of Forged and Stamped Products

The Effect of Forging upon the Macrostructure

Hot mechanical treatment (forging or ro]ling)‘ of a cast ingot will deform and

change its original structure (Fig.la)

*,"‘( L J‘
N4 *Jﬁ‘rt'
by drawing out its crystallites in the

direction of the flow of the metal.

ni

b | &% The result will be the formation of a
71 ’ *
""‘“’ 4 “\"‘ so-called fibrous macrostricture

(Fig.1lb); first in its central zone,
and later, with the increase in the
degree of forging#*, it will be formed
in its peripheral zone.

In Phe central zone, the fibrous
structure is formed when the degree of

Fig.l - The Macrostructure of Steel
forging has a value of 2 - 3. At such

a) Casting; b) Forging
rate of forging, the column-like dend-

% The degree of forging is the ratio of the area of the original cross section

of a cast ingot to the area of the cross section of the forging made from it.
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rites in the peripheral zore will underpgo little change in their original direction.
When the degree of forping is raised to A - b, the deformed dendrites of the

peripheral zone are shill present and théy are not in the direction of the flow of

the metal. Onlyr when the depgree of forging

reaches the value of 10 and higher, forged

steel will acquire a fibrous macrostructure

along its entire cross section (Bibl.15).
Therefore, when evaluating the mechanical

properties of a forging, consideration should

be river to the di;ection, i.e., along and
across the fibers of the sample under test.

A fibrous macrostructure of forged (rolled) steel has a fairly stable forma-
tion. It cannot be destroyed by heat treatment and the pressure following the

heat treatment may possibly only change the strairht-line direction of the fibers

to curves, (Fir.2).

The Effects of Forrsing on the Mectanical Properties (Bibl.15)

ot forging will practically have no residual effect upon such properties as,
strerptha s fluidity T and proportionality obts' It means, the above properties
ﬁill remair the same for samples subjected to the same heat treatment resulting in
the same microstructure, although forged at different desrees of forging.

Forging of a cast inpot will produce a considerable residual effect on such
properties as impact viscosity a , cross sectional shrinkage (narrowing)u,, elonga-
tion 6 énd endurance O_qe

The followiqp should be noted concerning the above properties: increasing the

degrec of forping to 10 will notably improve these properties in longitudinal

(along the fibers) samples and this improvement will remain stable. On the other

hand, as a rule, the ay 5, w, and o_1 in transversal (across the fibers) samples

174
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b the rrade of Le steel ind the sise of the picce (see 1.iter in text).
rot forjinr of @ steel which, s 1 custing, contuins in its microstructure u
cemer tite ret or liurre curbide rrains, will Cavorabl- alfect the qualit- of the
firished product by destroyine the net and

b pulverizing the carbides.

Cold forging will physicallv solidify
(harder) the metal; heat treatment will

relieve it (see Chapter XI).

Preparatory l.ethods and Their wffect on

the Finisherd Product

To obtain the best mechanical proper-
ties, the rollowin; conditions are to be

maintained: 1) a degree of forging best

AT
i
L AT

suited for the piece to be forged (see
earlier ir text); 2) the direction of the
fibers shonld coincide with the direction
of the maximm normal stresses to which
the firished product w&ll'be subjected in
performinr its dutv.‘ If this is‘impossibie
édjustinr‘the mandrill, upsetting, or any
other means should be used to diminish

the discrepency in the mechanical proper-
ties along and across the fiﬁers; 3) the
direction of the fibers should be coordi- -

nated with the contours of the piece, the

fibers should not cross each other; /) the axial zore of the irfot should not be

displaced or the surface of the Zorging; 5) tlermomechanical conditions best for
' © STAT
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the forring should te observed (see later in text).
The above requirements may not be strictly adhered to in cases where best me-
chauical properties are rot essential and cost ard productivity are more importunt.

The field, dealing with the effcct of technological processes in forging on

the quality of the finished product, was

tackled and broadly covered by Prof.K.F.

K.F.Grachev,

Ixamples: l. Figure 3a shows a bolt

9 cut from a rod. The macrostructure of its

head is unsatisfactory - the normal
Fir.6 stresses are directed across the fibers.
Also, the stem of the bolt is formed from
the certral zone of the rolled rod, a zone having qualities of a lower grade., The
bolt in Fig.3b is made by having its stem drawn out. The direction of its fibers

is more favorable. Making the bolt (Fig.3c) so that its head is pressed down from

a rod of the same diameter as its stem,

produces the most favorable ditection: of

its fibers,

‘ Example 2. The gear, shown in Fig.lLa

is cut out from a rod. The normal stresses

in the teeth (1) will be directed unfav-

orably - across the fibers. In a-gear,

stamped out from'a strip (Fig.&b), the

Tip.7 _
direction of the.fibers in relation to

1) ‘Axial zone of stock . :
’ tbe direction of the normal stresses will
vary for each tooth., Tooth (1) operates along the fibers, which is cofréct; while

tooth (2) operates across the fibers, which is incorrect. A geaf made bj the upset

method (Fig.lkc) will have most favorable directions forﬁits fibers. STAT
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rxample 3. The crankshaft in Fir.52 is forged without its wrist; the wrist and

the wehbs are formed bv cutting out part L. The result is: the fibers are cut and

the webs oper:te across tke fibers. Rv having a crankshaft made br berndinr (Fig.5b)

the directior of the fihers will correspord to the direction of the nrormal stresses.
Example 4. ilhen a rirg, subject to irternal pressures, is nade by the method

|
of drawirr out with a mardril, (Fir.ha), its [ibers will be parallel to the axis
of the rirg, i.e., perpe-dicnlar to the directiors of the maximur stresses operatin-
tanrentiall-. On tle other *arnd, the same rir--, but with the use of 4 tube exparder

dirire the forrirg (7ir.%h), will rave fibers with a direction correspording to the

operatioral corditions of the rinf.
Example 5. In a crankshaft forred'from a2 plate after the split-cuttine of the

crarkthrow (Tir.7«) and b drawirg ot the erds, the axiil zorne will pass throush

the middle of tre webs, bnt ir the cr.-kpin sections of the shaft thre axi:l zone

will be displaced ir relation to their axis ard will appeir partiallw on the surface.

This displacenert will not be produced ir 1 staft forped hy hendinr.
TTTALS I DRSICTINT FORCTD ATD STALIPTD PRODUCTS

TCIOLOCTICAL T DA T T 1o

fereril Informatior

The techrological corsideritiors. required when desirninc- products to be produced

by frec forrin~ ard hot stumpirs differ sharply.
The choice between frec forrirg urd stamping stonld be based upor many factors,
among which are:” the possibilit - of .pplyins (teclinicallv) ore method or another,

und the advantares of ore mettod over :nother with due corsideration to the gnality

of the product and the cor firmratior desired. .
7or irstarce, free forrirg mar be used ir forrins pieces of ary weifhi, from
the smallest to the larrest, for example 200 t. The weirht limit for stamping

is 1-2t, with the bulk of stampings weirting up to 100 kr. Free forgins is rood

orle for pieces with plain confifura*ions, or lLavir~ excessive parts to be removed
STAT

178

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

mechanically in order to simplify the confipuration. With stamping, a complicated
confiruratior is feasible. As far as quality and precise surface is corncerned,
these are low for forrines and high for stampins. Vhen machining the piece, more

will be taker off when the piece is a forging and less, when it is a stamping. The

1

1

As a rule, forging of single pieces, or of a few pieces, is more advantageous

output b:- forging is several times less than by stamping.

than stanpin~. On the other hand, for mass productior, stamping has by far greater

advantares. ‘
For the averare rir in quartitv, the selection is based upon the final cost of

the firished prodvct, thus, in many cases, despite tl.e hirher cost of operation,

the use of less material and less machirirg thereafter, make stamping cheaper. Even

wher the gnartits amounts to a few dozens, stamping may prove to be cheaper than

forginr.

Tec' rolorical Conrsideratiors in Desi-~ing Products Fabricated b Free Forging

The desirn of the stock to be fabricated by free forging should also be

coordinated with the technologist, This, to insure maximum mechanical properties,
minimum wastage and ease of operation not only in the process of forging but also
in the finishing operations thereafter, '

The most desirable form§ fof‘such products should be simple, symmétrical,
strairht and smooth und should be hound by plane or c-lindrical surfaces. The more
the corfifuration of a forring is complicated, the hirher the cost of its fabrica—
tion.

Certain portions ol a [orring ma7 prove to be unforgeable by the method of free
forrinre  In cases of Lhis kind, snrplus material must be added to the stock in
order to simplif— the confifmration, with the subsequeni removal of the surplus
material mechanically, or bv torch, ‘

For example, the forging shovm in Figf.8 cannot be produced by free forging
STAT
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withount the use of surplus material. The confirmratior shown in Fif.9 has to be

the basis forr tie desi-r.

o
s [ [
2 < ead ~

A y *

1] N ' :
Lil,-"¢§a'—-~,'z) PRy _J o) 1190

Fi~.9

Cornes (Tir.10a) and tapered s!apes (Fif.10b), especiall:- when sloping only
slightly, should be avoided.

Consideratior shonld be piven to the difficulty of producing by free forging

e S N O -

Tif.10

- a) Correcit; b) Urdesirable a) Correct; b) Undesirable

portioﬁs formed by the intersectior of cylirdrical surfaces (Fir.lla), or formed
b~ the irtersectior of crlindricel with prismatic surfaces (Fip.llb).

In the handbook of sm;ll pieces; one-sided proiections (Fif.10b) are more de-
sirable than two-sided (Fig.llb) projections.

Ribs’are to be avoided. In most cases, ribs cannot be made by the method of
free forgigs ard the addip~ of surplus material becomes recessary. . 3o-called 'Tibé
of rigidity" ir forginecs are rot permissible (FigﬁlQ).

I : Also to be avoided are ''teats', plate-shape and other projections on the main

__STAT_
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body of * = forping (Fir.13a), :5 well as projections inside fork-shaped corlipura-

tiors ( ur.l13b).
Merever the difference in cross-sectional areas is preat, or where the confip-

uration is complicated, it becomes neces-

r«—.___IT’ [—v—d'— sary to combine several pieces of a simp-
! + ! ,
:I:::l E '_)_ ler desipn, or weld several pieces to-
i 71 i
b) .

a) cether (Fip.lh).

Another thing to consider is the pos-

Fig.12 . .
sibility of retting a forging with a proper

a) Correct; b) Wrong
direction of the fibers.

Technological Considerations in Designing Stamped Products

General Information: The geometrical shape of the piece should be such as to

make its removal from the form easy. The stamping dies consist of two parts (the

|
1t

P;igs.lB and 1/,

a) Correct; b) Vrong

upper and lower halves). fAs a rule, they are open. Before the upper and lower
dies touch each other, the metal will flow out beyond the dies, thereby forming a

ring-shaped burr around the line of separation of the dies (Fig.i5).
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tanpirs presses (crank type for hot stampins, screw-friction t:pe, or hydraul-
ic t pe) jhave dies usually consisting of two parts: ihe dies are either open-type,

48 in tarmer presses, or closed tipe

where a burr can be formed only at the

end of the operation. The appearance
£ a burr is due to a clearance being
preser.t betweer the lower and, the

enterins into it, upper die. The lower

Fig.l5 - Formatior of & o rr: a - Derin-

die is krown as matrix, counter die,

ring of stampirg; b - Intermediate phase;
' die pot; the upper - as plunger, purch-~

ourr berins to form; ¢ -~ nd of stamp-
ing die, etc. (Fif.l%).

inr; 1 - Upper die; 2 - Lower die;
Tor complicated corfirurations, the

3 - Stock;
matrixes are compourded from two or

more perts (Fif.l7).
Ir a horizontal stamping press, the
die consists of three parts: two mat-
rixes (stationary and movable) and a
. plunger. The separdtion'of the lower
Tigelh ~ Closed Twpe Stamping Die .
and upper dies is in two mutually
1 - Plunper; 2 - i'atrix; 3 - Stocly
- perpendicular directions.
Ly - Ejector .
If the stock is not to be stumped
all arourd, the problem of the separa-

tior of the dies shorld ‘be ‘worked out

" br the desigrer, as it muy involve

such featnres as slope of the walls,

radius of roundness, etc.

Pipi17 - Die with l'ovable lfatrix In Table 1 are instructions déallng
) with design of forgings to be stumped

U . STAT-- -
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Table 1

Selection of Correct Separation Surfaces (Bib1.8,36,7,1)

1., Make easy removal of the forging from the dies possible. Deep impressions in
the body of the stamping can be obtained only in the direction of impact. All
of the stamping'!s horizontal cross-sectional dimensions, above or below the
'parting line, should be less than the.cross-sectional dimension of this line.

Correct
?@w%g&%%%
AT

2. The separation should be effected in the plane of the two greatest dimensions
of the product, i.e., so as to make the recesses in the die have the least
depth and greatest width (to help in filling up the recesses)

Desirable Undesirable

® s -
! [
i

l : —— N N
! &\\\- TAanS ISR \\\t “‘:&&\\\“X;‘\\\‘g\g\-\:

"Remarks: In some cases, separation is possible without strict adherence to the
requirements, e.g.,
a) if it saves metal, simplifies making of the stamping and cutting
dies, or permits use of fewer preliminary passes in the die.
b) if some surface (not to be stamped) should be flat and without a
stamping slope. : ) ' -

In line with requirement 2 . Is allowed as an excéption
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S R e L

In line with requirement 2 but surface F  Is not in line with requirement 2
has stamping slope A

, = |
3. The separation of the dies should be so designed that the recesses in the upper

and lower dies should have the same contour (it will make it easier to detect
if any of the dies move) X

SO

L. The separation should be so designed that close contact with the surface is
made only by the vertical walls (having a stamping slope), but not by sloping
walls (it makes it easier to detect movements of the die)

Correct Wrong

K/ A7
4

5. Inasmuch as possible, the ‘design should be such,, that the Separation takes
place in a plane surface, and complicated surfaces are to be avoided (easier
to make the die) - ' '

Correct ) Wrong
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by open-type dies (formins rinp-shaped burrs) of harmers and presses. Other instruc--
tiorns in Table 1, deal with the sélecbion of the separation of the die surface.

The side surfaces of the stock should be slopirg (stamping slope) in the verti-
cal direction,‘i.e., in the direction of the impact. This will insure an easy re-
moval of the stamping from the dies. A true verticality of the walls may be secured
by mechanical treatment of‘the piece after.

Normal slope values for outer walls (that move away from the walls of the die)
and for inner walls (which, during the cooling , hug the protuberances in the re-

cesses of the die) are shown in Table 2,

aza'vy
tgyp=t
9y /
Fig,18 —~ Hethod of Counterbalancing the Shearing Forces

'q— l'ormal stamping slope; «- Increased stamping slope

a) Direction of the impact br the hammer

For certain pieces, whose axis is bent, larger slopes -are desirable, as this
will allow the recessed portion of & die to have a location favoring the counter-
baléncing the shearing forces, which arise during the stamping operation (see

Fig.18). ‘

With angles y > 7°, the above method (see Fig.18) will greatly distort the

stamping. _Therefbre Y should not exceed 70,

A1 surface ends should be rounded and sharp angles to be avéided.

Surfaces to be joined should be rounded, using as large a radius as practical.
he purpose i5 to avoid the nécessity of having to use a greater than'normal surplus

of material over the entire surface, which would be necessary to insure a correct
STAT
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Table 2 ' Table 3
Stunpin~ Slopes for Steel Stampirres ; Radii for Ronnded @Hrds of Surfaces

(Ribl.g, 34, 1) (3ibl.34, 1)

. h ' I;
f inwmmat e R inmmat hi)!_

<2li—d 4| <2fo—i] >4

>

>N
~mw
1o ——
oo
223

wns
oSS Sucan

i
——
RN}

S

comobe

N0V N e

-
- ...

cooouiccee

1i0—130
L0 170

SWVDHN LIS
cocTS S ono .V
SO0 1D et e e
SNDO;MD

3,
4
o
6
8.

—
R ot bt

£)

(]
—

a) Over; b) lp to; c) Stampirgs without

ar efector by ramrer. and rechanical e —
presses; d) Stamping with an ejector a) Line of separation; b) Up to;
ber mecharical p;'esges: e) Line of sep- ¢) Remarks: Rudii R of t:he internal
aration; ) Lererd: B -3lope of irner (ertering) angles stould be sreater
walls; a ~5Slope of onter walls thar radii r of the external angles

' (emerping), therebv avoidines spoilape

(of clamps) and helping the dies to

remain firmly in place
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angle (Fir.19).
Jesides this, the desirr-of a piece to be stamped ir open-tpe dies, should be

ir conformitv with the irstructions piver in Table L.

FiF.19 ~ The Relation between the Amount
of Added Material to the Radius of
Rourdness: a - Optimum relatiorship: rqs
rp = Pns b - Worst relationship: ry<
rp = Pns where, ry is the radius of
roundress of the firished piece: rp is
the radius of rourdress of the forgins;
Pp is the rormal amount of material to

be added; Py is the ircreased amount

to be added

Instructions for Designing Pieces to be Stamped in Horizontal Forgirig Machines

Pieces with a great variety of shapes can be stamped in horizoﬁtal fofging
machines (Fig, 20a, b, ¢), For best results, however, the staﬁping of pleces having
a regular form (Fig. 20a), or rotating ‘bodies with projections and cavities should
be performed in a horizontal forging press. Such p;eoe; can be fabricated by a

horizontal forging press with mbre advantages than the hammer or press, In design-5

ing pleces to be fabricated in horizontal machines - follow instructions given in

Table 5, STAT
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Tahle 4

Instructions for Nesirriry Pieces to be “orred L ‘lummers with Open-Twpe Dies

1. Desirr wit! the object to obtain 4 minimu diflference ir cross—sectiontl are.s
of differert portiors spre.d alons t!e lenrth of the picce; avoid thin walls,
"irt ribs, flurres, proiectiors, teats, lonr branches, ard thin influxes in
contuct w1th the plare of separation (oxse of operation, less spoilare and
savire of material).

a) Sharp differerce in cross— )

sectional areas ard small thickress : cm

of the shelf will hamper the work, > \
will ircreise the wastare and will -i}~ ’f,)
not fill the fipure. Nt

—a

A thin-disc will cause a low firmness
of tre dies, dre to rapid cooling
and hirh deformation resistance.
Repeated heatirgs hecome necessary
to prevert the stamping being unfin-
ished. Vill increase the amornt

of rejects,

Fiece 1, dve to preserce of thin and
tall ribs, carnot e ohtaired hr
stampins without a suhsequent mechar-
ical ﬁregtnent. The raw piece
issumes sHdipe 2. A

In shape 1, the fMlarre has a large
diameter wh-ich hampers t!e stamping.
Desigrin~ dccordinr to shupe 2 will
ircrease tre eise of operation 17
times.

-

A lons and thin branch brines a large
wastare of metal (757 of the weirht
of the forpirg) ard ar increuse in
rejects dve to "ifure belry unfilled.

The thir influx 1, ir contact with

the plare of separation, is subject

to breakare, to beirg torn-off und to
cleaving with the cold cutting-off

the byrrs; also to being dragred=in
inside the matrix with the hot cutting
of the burrs.

T e e et e e e o e
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Tuble 4 (corttd)

Tr to design with the object to obtuin symmetrical forms in the plare of sep-
aratior and s:mmetrical slopes for the projecting walls (simplifies the making
of the dies, eases Lhe stamping operation and lowers the amount of rejects).

Shape 2 is desiruble; the hollovness
is the same in the upper ard lower
dies; it. can be turned over durins
ti:2 operutior to remove the scale and
for better formatior of t..e shape.
All this is not obtainable with

shape 1, which is undesirable.

The walls in shape 1 have different
slopes. in relation to the plane of
separation. During the stamping it
will cause the uppearance of stresses
tending to displace one die from
another, This defect is absent in
shape 2.

Tryy to design the configuration with the object of avoiding additional opera-
tions such as twisting and bending. The design should strive to reduce the
number of stage operations (ease of operation).

Crankshaft (1) having eipht throws
cannot be so stamped, as to have its
throws at an angle of 90°., This is
due to the poor confifuration of the
webs which prevents the setup of the
separation., The throws are stamped
in one plane und, by a special
machine, are twisted thereafter by
an additional operation. The eifht-
throw shaft (2), with a similar
elliptical form of the webs, makes
the separation of the dies possible
and allows the stamping (in one oper-
ation) of the shaft with the webs at
an angle of 90° without twisting.
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Table 4 (corttd)

5) The piecc showm 3t left end
is stanped with its form
developed, the bending is
dore;after. The piece
showr 2% tie rirht erd is
stanped also ir developad
form. “ut i» this c.se,
berdirr passes are rot
required, therefore, tlLe
stamping has a simple cor-
figuratior. In ttre first
case, the excess of metal
is 877 of the weirlt of a) After stamping; b) Lines of bending to
the stampire; in the follow; c) After bending
secord case it is 337,

tther. trne minirmum thickress of the walls after
the drillins of ioles is to be garanteed, the
luFs (teats) skonld be made oval in shape and
in tre directior of a possible displacement.

In each separate case, determire the advanture of [{ubricatins the product from
two or more parts to he welded topether .ifter the stamping, ard vice versa,
the advartage of first welding or fastaning by any other meuars, several pieces

to be stamped as one piece.

Piece (1), as a single piece, is too
complicated to he stamped, requirirg
excess material equal to 457 of the
weirht of the stampins. The sime
piece (2).wren welded, is simpler to
he stamped ir parts (there are ro
vranching) with an excess of material
reduced to LO7. Ilarkings ol tle
toles.is possible, :

The stampirs of a ore-piece cornecting
rod is rot euss: it is Lard to obtain
a clean cut of the burrs in the fork .
of the rod; also ar oval shape for

the stem, and thz excess material is
937, These defeccts can be e2liminated
b welding witl a reduclion of cxcecss
material to L8Y.
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Table / (conttd)

¢) Two levers (1) ard (2), to be [astened
to a third piece, can be designed
as one piece (3). Although the
stamping will be more complicated,
this method, by economizing about 1 kg
of metal, is more advantageous

after.

The stamping of the lever as one
piece is more economical than stamp-
ing two parts to be welded together

the stamping is finished.

a) Reduction of Working
Time by Coining:
25.8 min

o

b) Reduction of Working
Time by Coining:
19.4 min

Line referring fo
earlier production
.\m’mbly

%

Mways look for the possibility and advantages of cutting by coining (cali-
brating) as a substitute for the mechanical treatment of the surfaces after

¢) Reduction of Working
Time by Coining:
10.0 min
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Table 5

Instructions for Designing Products to be Stamped in a Horizontal Forging

Machine (Bibl.hk, 5, 8, 1)

1. The following stamping slopes must be used as a minimum: a) Mot less than 0.5°
on each side for cylindrical portlons which are to be shaped in the recess of
the upper die, if their lenpth is more than 0.5 of their diameter.

e

b) Mot less than 0.5-1.5° on a side for c¢) For walls of deep impressions
shoulders which are to be formed punched by the upper die (plunger)
in the deep recesses of the matrix the limit is 0.5 - 3°

.-.I
La

2, Transitions should be made with radii
of not less than 1.5 - 2.0 mm

3. Wnen forming a piece having the shape of a rod with a flange (by pressing .
down) or the end or in the middle, the volume of the flange V, should not
exceed the rod volume Vp of a riven diameter by a length 1 = %10'3‘ 12)d.

" o~ ‘_d,n_‘ .'.'..
¥ j_ = | et e
, L

H

+ T
‘ e ———ad
|

|

:-—-a

riz
P
e
Ve

[ /]

/<(n 214 =120

a) Correct : b) Wrong
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Table 5 (cont'd)

L. Avoid narrowing of the lonpitudinal cross section of the forping which con-
stricts the fluidity of the metal when meeting the plgnner.

ﬁ:zji'zzzz} .'.:'LZ:EEJ

a) Correct b) Wronp

5 Avoia conical shapes for the removable parts and tail ends.

0

a) Correct b) Wrong

6. Wall thickness of pieces with deep openings (open or closed) should not be
less than 0.15 times the external diameter of the piece. !

{

i

/q, '<. 2Lz

. | I

a) Correct b) Wrong

Thermal Conditions for Forging and Hot Stamping .

Forging and hot stamping should be effected at temperatures whichk;ill insure

B

the reqrystallization of the metal during the process. A complete recrystallization

+

usually takes place at temﬁeratures above (0.65.—-0-75)Tpl, where Tﬁl is the absolute

temperature at beginning of the melting (Bibl.10). Forging and stamping accompanied

192
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only by a partial recrystallization, in most cases, will bring a nonuniform structure,
viiich works against the process of deformation.

Complete recrystallization depends not only upon the temperature, but also upon
the rate of deformatior. Increasirg the rate of deformation hampers the recrvstal-
lization.

The maximen permissible varmirg temperature ard the optimur temperature at the
end of forging are set for differenrt allo;s differentl;.

Heatiné to a hifher temperature than necessary will be responsible for a coarse-
‘Frair structure of the forring. Also, heating to a temperature near the melting
point brings an Yoverburn! which is responsible for the complete loss of plasticity
and the product becomes an irrecoverzble loss.

Continuing the forging at temperatures below the optimum for the end stage of
forging will bring hardening of soft metal and cracks in 2 hard metal. Inding the
forging at temperatures above the optimum will make the grains grow.

Temperature intervals for forcing and stamping arc shovm in Table 6.

The process of heating the raw piece is realized in forges, furraces and by an
electric current.

The heating shovrld provide: a) a temperature required by the raw ﬁiece at a
uniform rate of warmins-up, along the length and the cross:scction of the piece;
b) the metal shorld remain as 2 sinsle solid piece; c) minimun decarbonization of -
surface laver and minimum loss of retal in scale formatior.

" The rate of warming-up the raw piece to a fiven temperature depends upon the
furnace temperéture, riethod of placins the raw piece at the hottom of the furnace

‘(singly, in close contact, on a shelf, etc.), the size and corfiruration of the

piece and upon the phrsical properties of the metal (heat conductivity a = —
- (o3

where A is the heat conductivity, c is the heat capacity and y 1is the specific

velipht.

The basic factor, other conditions being equal, controlling the rate of warming-

STAT
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up the metal in the furnace is the temperature of the effective space of the furnace.

However, the higher the difference between the temperatures of the efife'c:tive space

Table 6 ‘

Temperature Intervals for Forging and Hot Stamping (Bibl.2, 15)

Alloy by Chemical ’ Temperature in 0°C

/’nbal'ysis in %, or Beginning of End of
y Trade Mark Melting Melting

Carbon Steel

Carbon up to 0.3 1200-1150 800-850
noon .3-0. 1150- 1100 800-850
noon .5-0. 1100- 1050 800-850
noon .9-1, 1050- 1000 ) 800-850

Alloyed steel

Low alloyed steel 1100 825-850
Medium alloyed steel 1100- 1150 850-875
High alloy content 1150 875-900

Aluminum alloys

D1 470
A2, A4, A5, A6 490
A8 470

Magnesium alloys

MA1, MA2 430
MA3 400
MAS 370

’Copper alloys

Br. AZh Q-4; Br. AZh'MNts 10-3-1.5; . _
Br. AZhN 10-4-4 850 700
LS 59 s 750 600
Nickel alloys )

Monel 1180 1000 (870%)
Nickel . 1250 1000 (870*)

* Forging by means of light impacts

of the furnace and the surface of the raw piece, the higher will be the temperature
gradient across the raw pie'ce. This gradiept inereases with the decrease in the
conductivity of the metal and with the increase of the cross-sectional area of the

raw piece.

STAT
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The temperatyre eradient is Lhe source of thermal stresses. These stresses,
especialle i~ the prescrece of residual siresses ir a cold raw piecce, ir the first
period of heatiir (i.e., belore passinre throush t.e interval of structural corver-
sion Ay, - ACB) can brirr the disrmption of the solid state ol the metal and the

‘ appearance of macro ard micro craclks.

In small foreings made of structural steel with a diame£er of 100 to 150 mm and
heated rapidly, the above-mentioned effects are not observed. Such forpings may be
placed in a furnace with an effective space temperature hipher by 100 - 150°C than
the required ernd temperature,

Cold alloyved steel pieces of low heat conductivity, also larpe cold pieces and
castings of all tr;de marks, for such metals, only a permissible rate of heating
should be maintained. The [urnace temperatvre, at the time of placing the raw pieces
ir the furrace, srould be considerably lower than tlie temperature during the forging:
for carbon-steel castines weifhine 1 - 2 t ~ 9009C, for steels with hirh alloy con-
tent ~ 500 - A00°C, for larpe castings of all trade marks, weirhing ~ A0 m and
over ~ 200°C,

. Turther heatirge is accomplished by rradual raisins~ the furnace temperature or
b- shiftire the raw piéces to zones of hirher temperatures (methodical furnaces); the
first period of heating should amourt to 60—70% of the entire duration of the heating.

The secord heatinrg period, i.e., from the critical to the temperature‘of the

forging process, siiould be carried out witl an high rate, to avoid intensive growth

of the grains, decarbonization of the surface ard formation of scale.
The duratiorn of tl:e heuting of small stecel pieces is shown in Table 7. The
duration of tle heating of castings, and of pieces the dimensions of which are not

shown in the table, czn be found by the equation worked out by Dobroktov:
t=xp VD

where t is the full time duratior of the heatings per hour: D is the diameter of the
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piece in m; k is a coefficient equal to~ 12.5 for carbon steel and for steel with

- low alloy content, and is equal to ~ 25 for steel of high alloy content (Bibl.18).

Table 7 ’
- The Rate of Heating of Structural Carbon Steel from 15 to 1200°C (in min)

(The Effective Space Temperature of the Furnace is 13000°¢C)

- Shape of the Haw Piece
" Round I Square
j‘i Methods of Placing of Raw Pieces in the Furnace
B -
°
] -
o é_ < - —
-
5 63 & 3 & & o
o v - o 0
< : sz | 2 : wn | 2
[ o =
4 g | 35| S o | g5 | 8
© > a3 20 H =3 w3 v
| ) « e 5 iy e a 4
ot o < (&} &0 o —
e A < 2 = 2 2 “ ©
L4 — [77] A o =
< —
10 2.0 2.0 3.0 4.0 2.5 3.5 4.5 8.0
20 3.0 3.5 5.0 7.0 4.5 6.0 8.0 13.0
30 5.0 5.5 7.0 10.0 6.0 8.5 11.0 19.0
‘ 40 6.5 8.0 9.5 13.0 8.0 11.0 14.0 25.0
50 8.0 9.5 12.0 16.0 10.5 11.5 17.5 32.0
60 9.5 | 11.5 14.0 19.5 12.5 17.5 21.0 38.0
70 11.0 13.5 16.5 22,5 14.5 20.5 25.0 44.0
B 80 13.0 | 15.5 19.5 26.0 17.0 23.5 28.5 52.0 (
90 15.0 18.0 23.5 31.0 is.5 27.0 33.5 62.0
100 18.0 | 21.5 27.0 36.0 23.0 32.5 40.0 72.0

Remarks: 1. The time-rate of heating short pieces, as compared with values
shown in the Table is: 0.98 when the length is 1 £2d; 0.92
with 1 £ 1,5d; and 0.71 when 1 = d.

- 2. For instrument carbon steel with a medium alloy content, the

time-rate of heatxnf is increased b{ 25 - 50%. For structural

and instrument steels with a high alloy content, the time-rate
0%

of heating is increased from 50 to 10

When hot ingots are placed in the furnace » the values of k as shown abm“re, may be

cut in two,

' Heating by electricity (induction method and contact) offers substantial ad-
ST e e . STAT .

.
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varnta~es over reating in a furnace. These advantages uare: a) hish rate of heating;
b) easy control of the temperature; c) absence of- scaling; d) possibility for avto-
matization which allows the adjustrnient of the time for placlnr and removal of the
pieces irto ard from the furnacs; e) possibility of raising the initial forging ten—
peraturé without of overhkeating; f) makes for better workins conditions; ) ever
presert readiness to start operatiors.

For heatin-~ bv the'irduétion method, curreris of ury fréqnenér ma; oe used

. (usually ir industr;;, or kirsh frequency). The cost of electricity car. be reduced

to a minimum by coordinating the frequency with the diameter of the piece to be

heated.

The followinr frequercies are recormended: 2000 cycles for pieces having a
diameter of 20-A5 rm; 2500 cycles for pieces witl 30-80 rm in diameter; 1000 cycles
for pieces with 50-140 mm in diameter; 50 ccles when the diameter of the piecc

is 130 mm and longer.
For heating of « larre rauwber of pieces, or in mass-productiori, it is best to
use a metallic t:pe induction heater and to heat sever al pieces in one time. The
pieces to be laid out one alter arother along the axis of the induction coil. The

rumber of pieces n to be placed at one time in the heater is:

_T
t
where T is the heatirg time ir minutes and t is the desirable rate of removing

heated pieces from tre furnace. If Di is the diameter of the~inductor and Dz is

the diameter of the piece, ther. with the ircrease in the ratio by the heater
£,

efficiency falls of srarply. It is therefore de31rable to malntaln thu following

raetios. For pieces with & diameter up to 50 mm the ratio should be 53 < 1l.6 - 1.8

and P < 1le2 = 1.1 for pleccs w’ooe diameter is over 50 mm (Bibl. 11)% Information

D
Z c
on duration of heatins and the necessary power is riven in Table &.

lectric heating, bv the contact method (due to the heat or ohmic re31otancc
e R Y st e e e

, STAT
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Table 8
Necessary for Induction Heater to Heat Raw Pieces to

Final Forging Temperature

Length of the Pieces in mm

125 160 200 250

ption of
rgy in

Heating Time in min per 1 Piece

ically Mini-
ssible Time

kw per 1 kg
g
1
of Induction Heating,

Diameter of the Pieces
Assumed Consum,
Electrical ene
Technolo
mum Perm

in min

Frequency 8000 cycles, Power of Installation 100

0.08 0.1 0.13 0.16 0.2

0.18 0.22] 0.29 0.36 0.45
0.31 0.39] 0.45 0.62 0.78
0.47 0.58] 0.75 0.94 1.17

Frequency 1000 - 2500 cycles, Power of Installation 100

1.04 1.3 1.47 2.09
1.78 2.25 2.8
2.65 3.35 4.15
3.65 4.6 5.7
- 5.8 7.3

uency, Power of Installation 200 k

- - 1.3
- - 6.9 8.8
- : 8.2 | 10.3
.- . 11.8 | 15.2
10.1 : 15.8 | -

. The values shown in the Table should be multiplied b{ 1.15 when heating alloyed
steels; by 1.2 - 1.3 for nonmagnetic steels; and by 1.25 for pieces with a
square shape. ‘

. If the power of the installation is increased or decreased, the time shown
in the gable is also increased or decreased proportionally
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of the forrine being a part of the eleclrical circenit) is ver; convenient for long

pieces whiose profiles ure srmall. Installatio's of thiis natire are much simpler und

Table 9
Secondary Volture and Power Required for lleating a Piece 100 mnm

Long by the Hlectric Contact Method (Ribl.11)

Jdeating time t, in min

0.3 0.5

Secondaryr voltage v, in

ter of the

piece in mm

1.67 1.18

Uiame

Power P in kw

9.7 4.8 2.1 1.2
29 4.5 ' 7.25 3.5
1845 2, 12.1 A1
73 346.2 18.1 9.1

105 53.2 24,4 13.3

he reqrired secondar;r voltare v? and the power P for heatin-
pieces witi o diameter I, ard lensth L with a heatirs duration
chosen as t, will be: vy = vy P = pK )

Diameter of the piece U, in mm

30 0

Correctior factor K

he length of

gJthe piece L,
in mm,

m
3%

-

2,70 -
300 3.5, 3.8, |- vel - L4455
L00 93 |- 5.05
500 ; 4,1 5 A.e5

"’)OO 7 . 15 . 8‘. 1

~

the capital irvestment is less than for the inductior tipe heaters. There should be

STAT
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er ovgh prcs;urc between the clamps ard the surlace of the forgirp. Tie pressures
shiovld be us follows: 1000 lr/cm? lor pieces with a diameter of 20-30 mm; 3000 ksg/cm?2
for diameters of 30-50 mm; 5000 k,rg/cm2 for diameters of 50-70 mm. Information on
heatirg time, power and secondary voltage and their relation to the size ol the
piece are shown in Table 9,

After lorsing, the cooling conditions are Just as important as the heating
conditions. Too rapid cooling creates thermal stresses resulting in internal and
exterral cracks. The smaller the heat conductivity of the steel and the larger is

the size of the raw piece, thc slower is to be the rate of cooling.

Technolorical Processes and Equipment

The basic techrological processes and the equipment used in forging are given
in Table 10, Prof. A.P.Gavrilenko, was the first to give a detailed report on prob-
lems connected with forging under pres-~
sure. There are three basic groups of
processing methods:s frece forging, stamping
and the finishing rroup. !

IFree Forging. General information.

Free forging is effected by hydraulic

presses, by steam, pneumatic and spring-

operated hammers,

Heavy and very heavy forgings to be
made from cast ingots are being forpged -

fig.21 Fig.22
. exclusively by hydraulic presses with

power over 800 t.
I'edium-weight forgings, o;'igirnallgr from rolled material (stripped ingots s
forge-shop irgots, etc.) are made by steam hammers with falling parts weighing 1-3 m,

. ard are also made by hrdranlic presses with o power of 400-800 m, and seldom bv
A ' . STAT

e L R T —

T e “ne. - - . .
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Table 10

Basic Technological Processes and Lquipment used in Forging and
Stamping

' c)

f)
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a) Type of processes; b) Hanmers; c) Presses; d) Forging machines; e) Steam air; f) Crank
type; g) Forging; h) Stamping; i) Pneumatic; j) Friction; k) Spring lever; 1) Hydralic;
m) Screw friction; n) Hot stamping; o) Cutting; p) Crankthrow; q) Horizontal forging;
r) Vertical forging; s) Potary forging; t) llorizontal bending machines; u) Forging rolls;
v) Smith stamping automatic; w) Hot milling cutters; x) Abrasive machines; y) Forging,in
particular; z) With shaped strikers; aa) With backing open dies; bb) Stamping in tightly
held open dies; cc) Stamping by plungers in closed dies with one-piece matrix,in partic-

+ ular; dd) By piercing; ee) By upsetting; ff) Stamping by plungers in movable matrixes;
gg) Stanping by bending; hh) Drawing through a ring; ii) Fluting; Jj) Cutting off burrs;
kk) Cleaning away burrs; 11) Calibrating coining; mm) Voluminal; nn) Surface; oo) Truein:g;
pp) Remarks: In Table 10, the numerals correspond with the numbers of the sklat.ches below

and indicate how wide is the application of the machine for a given process The sign (-)

indicates limited or absence of application

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

P e natice ! weers,

omall foreires from rolled material (:squ.zu-e , round or :;trip')

awre made, in most

cases, b- mermatic harrers ard occasiorallv, b steam ard compressed-air hammers

with falli-p parts weirhirps less than 1 ton.

For verwv simple and ver; small forpingss

buniper-sprins operated hammers are used somelimes.,

Two Lrpes of hdraulic presses are used:(a)Cour-column freme type (Fir.21)

with 1 to / crlinders, deperding upor the tonnapre ard design of the press,(b) open

front t;pe showm in Fir.22.

Table 11l.

Table 11
Specifications of Four-Colwmn !'rdraulic
Forging Tresses

(Taken from COST 72¢4-51)

d)

-

2) Rated power in m; b) Maximur lensth

of stroke in rm; c¢) Naxirnm distance
betweer the stand ard movahle cross-
piece ir mr; d) Irner distarce beticer
columrs ir mn; e) Approximate wei-~hit

inm

Specifications of a four-column press are griven in

Tuble 12
Guide for Selecting Hydraulic Forging
Presses for Ingots of Various Weirhts

(Bibl..5)

a) Power ol press in m; b) 'Jeight of
the irpot in m; c¢) Averape; d) Max-

imm
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As to the type of the drive used, there are: purely hydraulic presses deriving
the power from a pump and a hydraulic accumulator, and steam-hydraulic presses de-
riving the power from a steam-hydraulic manifold. In this type of press, compressed
air may be used instead of steam. The tonnapge required for inpots of diffqrent
weights is showr in Table 12. The relationship between the capacity of hydraulic
forring presses and the complexity of the confipuration is shown in Table 13, where

the capacityr is shown for forging without the use of a manipulator; the use of an

manipulator increases the capacity 1.5 — 2.0 times (the less complex is the configu-

ration - the larger is the capacity).

Table 13
Complexity of the Configuration of a Forging and its Effect on the Capacity of

Iydraulic Forging Presses (Bibl.45) (When a Nanipulator is not Used)

a)
1200

430
790
1250
1640
244

a) The complexity group; b) Capacity per hour, in kg, with the

power of the press measured in m

oy T 3
vorge nammers, Two types of .air and steam operated forge hammers are commonly
used; these are: open-front single-side frame type (Fir.23) and two-sided {rame

“trype which are divided into arch type {Figs2h) and-bridge-tipe (Fig,25)
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Fir.23 - Oper-Tront Fig.2h - Arch-T:-pe

Ar ard ™ro-Sided Frame Air

ated For/e armer

Thle 1M

Specificatiors of /rch-T;pe iir and

Steanm Operated Torse artvers (T ker

from fO3™ L730-19)

c)

ard Stezm Cperated

Torre "artaer

d)

1800
2100
2300
2700
3000

3200

4104230

470260
520290

+ 590330

650370
7103400

1) Ueifrt of f4llirs parts ir m: b) Lensth
of stroke of the ram in rm; c¢) Cleurance

vetwzer. sides in rm; d) Size of striker

ir

7

Fir.25 = Mridsre-T:pe, Two-Sided

Trane, Air ard Steam Operated

Table 15

Torre 'nrreer

4

Specificatiors of Preumatic Forre

emrers (Taker from COST 712-52)

b)

d)

[¢)
LS g

210
190
150
130
115
L 105
1000 93

145%65
200}85

2255091

2655100
300110
345170
390150

——
~NWwDnNLs
£82338

SNHOo

a) Ueight of fallinr part in krj b) lun-

ber of strokes per min; c¢) Lenrth of

elorir p—ouh™ in nmg d) Size of striker

ir me; e) Ueirht of hammer.without its

anvil-blocl: in ks
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Preumatic forge hammers (Fig.26) are made with a single open front, without

guides, and with the piston, rod and ram as one piece.

Fig.26 ~ Pneumatic Forge Hammer Fig.27 - Bumper-Spring Operated Hammer

Specifications for air and steam operated forpe hammers are given in Table 14,
and for prieumatic force hammers in Tuble 15.

Porimers operaled by brmper spriigs are made in small sizes and their use is
limited. A hammer of this type, with the weirht of the fallirg part equal to 30 kg,
is shown in Fig.27.

Table 14 shows the relationship between the hammer capacity and the complexity
of the forgirg confipuration. The required weigchts of the falling parts of the
forge hammer in relation to the ingot weights may be determined by using Table 17.

Hanipulators. In free forging by hydraulic presses, the use of a manipulator
is necessary. Its use increases the capacity by more than 1.5 times by the mechani-
zation oflthe shifting movements of the forging. The lifting capacity of a manipu-

lator, depending upor the power of the press is:(Bibl.LS):—

Power of the Press Lifting power of manipulator
in m in m

(00
800
1000-1200
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Tower of the Press Lirtine Power of the manipnlator
inm irm .

1500 10 - 15
2000 15 - 20
2500-3000 30 - 50
5000-A000 - 75 - 100

Table 16
Guide to the Reldtionship between Capucities of Forge lammmers and Complexity

of Configuration in Forgings (Bibl..5)

b)

0.4

115 155
210 25
203 3RO
310 410
350 510
430 H80
300 650
15 b 9w
120 | 1500

i

r—

xd o
iy s

|
|
|
i
t

4

=30 &= = (=2 c':;:_"') S e N
i V/jj . .

7 174 V)4

a) Complexit; rroup; b) Capacity per hour, ir kg, with weight of

falling part in m

Twen with the nse of . maripulator, the use of a bridre crane is also r.ccessary.

The over-all wei~.t of material ir Crec forpirs is determined from Lhe follow-

. in~ equationr:

STAT
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- | Gig = Gpk * Gpr * Gan * Gug * Gob
. _. where Gjg is the overall weight of material; ka is the weight of the forging; Gpr is
i} Table 17 the weight lost by the added part of the
- Guide for Selecting Proper Weight of Falling .ing°’°; Gqn is the loss by the ingot; Gy,
Parts of Forge Hamers for Forgings of is the loss by burning; Gob is the loss’

Various Weights (Bibl. 45)
by chipping.

Wei gl ing in k o
clght of Forging 1n k€] % The loss in weight from the added
_ w Shaped Forgings gg
- e & 553 g surplus part of ingots, made from struc-
o et =
e (3 (=1
. "g': 2:,, -§,, {;-';2 :",*,‘2*3 tural carbon steel and cast from above,
s FF | E |
o . : | =3 Euﬁ is usually 15-25% of the ingot weight.
& F) 5 o ~
b o - O -t ® O
H 3 a4 £5 For structural alloy steel; 25 - 35%.
0.1 0.5 2 10 50 Ingots cast without the use of a warming
i 0.15 1.5 4 15 60 ekepiece will lose up to 35-4,0%. For
{ 0.2 2 6 25 70
;, . 0.3 3 10 45 85 instrument alloy steel, the surplus mater-
0.4 6 18 60 200 ial may go up to 50%.
0.5 8 25 100 115
0.75 | 12 40 140 135 The lost weight by the ‘ingot G, is
|
1.0 20 70 250 160 assumed to be at )~7% for carbon steels !
2.0 60 180 500 225
- 3.0 100 320 . 750 275 and 7'-'10:-‘6 for al_loyed steels, In per-
5.0 200 700 1500 350 centage of the over-all material, the

loss by burning can go up to 2% of the
material being heated for each heat, and
to 1473 for each preheat. The loss by
chipping depends ﬁpon the comple}ci.ty‘ of |
the forging and also upon the technological process used. For forgings having the

" same configuration, the smaller pieces will have a greater loss.

) - - . The percentage of total loss due to burning and chipping for different forgings,
N - forged by hammers from measured stock is as follows: STAT -
206
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Loss irn &

of ‘leiybht of

Torrines by Croup
Torginse

ond flanges - round, ovil, flat, square, strips, crbic,
blocked )

1.5-2.5
QOper {larges, collars, ruts

.nd sears

nxparder rings, busiinrss, s!ells

vlelded rires, bus“irss, siells, couplinrs

Smooth shalts, rollers, sqeure, strairfit, and hexi~oral
blocks

Slafts and rollers witl. projectiors or flanres, kevs,
stoes, traverses .

Shafts, rollers with recesses on two sides, or with
st.or.lders, spirdles, rods, wokes

Levers for tigtterins nuts, forgin~s of the cownecting
rod t:p2, levers, compourded connectings rods

Cranks

Crarkshafts, curved and two-shouldered levers

% Does not include losses dve to waste of prnched-out material. These loses have to

ve calculated and added additiorally. iMher a backing ring 4s used, the volume V.

of the wasted punched-ont rmaterial is:
2
nd 9
Vo = (0.70 *+ 0.75) 1 h = (0.55 *+ 0.60) d*h
Vhen purching without the use of a backiﬁr ring, the volume of thc punched-out
miterial is:

’ nd2
- 2
Vo (0,20 + 0.25) 7 h = (0.15 + 0.20) d*h

When the purchirg is dore with a hollow pnnch (when for~ing in a press), the volime
ndg
Vo r (1.1 + 1.15) 7 h

where d is the diameter of the punch; i is the heifht of the stocky dg is the dia-

meter of the hole.

STAT
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The approximate weight after deducting losses and waste of the cast-iron ingot

suitable for forging is sh.own below:

Rorring by CGroup Remainder in % of
: Wleight of Ingot

Straight shafts and rods 60=70
Shafts with long wristpins . 58-61,

Shafts with short wristpins and shafts with flanges
on both ends ‘ 54-60

Single throw crankshafts 50-58
rultithrow crankshafts L0=50.
Plates and stri material 50-45
Cubic shapes 52-50
Rings and bandage 55-54

Discs 50-60

Drums, rollow crlirders 50-65

. Sizes of Inrots to be Forged (Stock). When the foreing is to be done by the
method of upsetting, consideration should be given to the weight of the stock and its

volume (V.

ls). The sizes are to be so selected that the height h._ does not exceed

is
the diameter dis’ or the side of the square, by more than 2.5 times (to avoid bends
by . the upsetling). Nevertheless, the height must be 1.25 times larger than the

diameter (to make the chipping and the cutting by shears easr). In other words,

1.25d5¢ < hy o < 2.5d5

3
With this relatiorship we have: d; =(0.8 - 1.0) vVis for rourd stock, and clis =

3 . )
= (0.75 - 0,90) V\.Tis for square pieces,
The lerpth of the stock is found by dividing the volume by its cross—sectional
area, in accordesrce with the precisely determined diemeter, or the side of the

square of the stock, correéponding exactly to the grade of the stock, as specified
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The approximate weicht after deducting losses ard waste of the cast-iron ingot

suitable for forging is shown below:

Forging by Group Remainder in & of
Vleight of Ingot

Straight shafts and rods 60-70
Shafts with long wristpins 58-64

Shafts with short wristpins and shafts with flanges '
on both ends 54-60

Single throw crankshafts 50-58
fultithrow crankshrafts 5L0-50
Plates ard stri material 50-45
Gubic shapes 52-50
Rings and bandare 55-54
Discs 50-60

Drims, r.ollow crlirders 50-45

. Sizes of Inrots to be Torped (Stock). When the forcing is to be done by the
method of upsetting, consideration should be given to the weight of the stock and its
volume (Vis). The sizes are to be so selected that the height h;; does not exceed
the diameter d;g, or the side of the square, by more than 2.5 times (to avoid bends
by the upsetiing). Nevertheless, the height must be 1.25 times larger than the

diameter (to make the chipping and the cutting by shears easr). In other words,

1,250 < h, < 2.5d;

is

. \ 3
With this relatiorship we have: d, =(0.8 - 1.0) VVis for rourd stock, and dis =

. 3 :
= (0,75 - 0.90) VV,  for square pieces.

The lergth of the stock is fornd by dividing the volume by its cross-sectional

area, in accordeance with the precisely determined diameter, or the side of the

square of the stock, correspording exactly to the grade of the stock, as specified

STAT
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‘Mer selectin- stock of rrat ~t Lo be for -od imder Lhe | .amrmer, it is reces-—

s Lo veril- Lie possibilit to Jdo it !ech+icall:- b wpsetiin:-, nsin- the cqualion

C.25 1

- e

1s

where ' is the lengt's of stroke of the himmer., For forpin~ of 4 cast inrot by up-
setting, thle specifications of the inrot should be ir lire witl. Lhe over-ull weirht,
which is to be calcnlated, as sl.owvn above.

When forging by drawing-out: forpgings with round, square, or necarly round or

square skapes of their cross section, shiould follow the followins relationship:

13
€
w

%

is Z

oo

is the cross-sectioral area of tlie over-all stock;

v is the area of the

wvhere T
¢ max

is
maximum cross section of {he forring; :+ is the derree of forring (see earlier in
text). ,

Nasic Operations of the Technolorical Trocesses in free Forginrs. These are:
1) Upsettins, 2) drawir~ out, 3) purching, 4) cntting, 5) bendirr, 4) twisting and
~) forge weldinrr,

Upsettinrs. 7/ith upsettine, the height of the original stock is reduced at tne

experse of the increase ir t'ie arez of its cross section, Upsettnng, wher dore only

for a portion of the stock is called partial upsettir~. Upsetting is I'sed: a) to

obtain foreings (or portiors of forrings) having greater cross-sectional areas ard

relativel - small reirhts (flances, rears, diécs) frorm stock whose cross-sectional
irez is smaller; b) as a prelininrar - step before puncring of hollow forrings (rings,
drums); c) as a prelimirar; operation aimed to destror the derdrite structure of the
casting ard to improve the aqueliti;- of the stock having a transveral structure; d) to
increase the derree of forginc for tlie subsequent draiing-out operatior.

The upsettirs of 2 cvlirdriczl stock {rom a tailless castirp (pins, shanks, etc)

is done: 1) urder harmer, ard 2) b 2 press, when the next operation is punching

209
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(see Fir.2d).
The upsetting of a stock having a tail (Fig.29) is done by a press, if drawing
out, is to follow. In such cases, backing plates are used, with the lower plate
containing a hole under the tail.

The upsetting on plates with holes

(backing rings) is peculiar in that res-

pect, that simultaneously with the upset-

ting process, metal will flow in the

Fig.28 Fig.29 holes of the backing rings A and B

(Fig.30). This method is used to obtain
' products of the type of end gears, flanges and discs with lugs or teats. It is also
used in cases where the volume of the product is unusually large in relation to the
diameters of the lugs and, for some reason
it is undesirable, or impossible to ex-
tend the ends of the product (for example,

il the height of the teats is very small).

Partial upsetting in a ring (Fig.31)
is used to obtain products of the type
Figl30
of end gears, flanges and disks with
teats, or iups. It is used in cases, when the diameter of ‘the lugs (Fig.3la), or
if the end of the stock can be preliminary exitended to the same extent (Fig.31b).
.Partial upsetting in the counter-die (the lower die) is used to obtain flanges
and heads on long rods (Fig.32). The stock may have a diameter equal to the opening
(to the diameter of the rod), or if it is ‘possible to have the end of the stock ex-
tended to the same extent. A cavi s having the shape of the head, can be made in
the upper portion of the lower die (a backing die, Fig.33).
Upsetting by enlarging is used for decreasing the.height and enlarging the

diameter of a product alread; upset when, due to the hich resistance to deformation,
STAT
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furtter wpssttirr b direct strikes of the l.awer (or b - pressrre of the press) over

te ertire srrface is impossible, Thre enrlarrin; is effected bh;” mears of 2 roller

Fi."-32 ?if‘.33

(7ir.3L), or for forrirrs wit'. large diameters, (for insturce, turbine disks), di-

rectlyr by means of strikers (7i, .25).

—
—

o]

“icu3h

Trlar-irrs a) Strikers: b) Prop
roller

The firisling oper.tior alter - psettir,, is the rollir.r 2lornp the diameter. It

is rsed to elimirate Lie barrel-shipe Lo impart a c:lindric.l form anrd a smooth
serface (Pif.3%2). This operatior is 1uwde 2usier b - usire wn underlarer or Sqﬁeezers
(7i-.3"h).

Dravire-Out Cperatiors (Mxtrusiorn). In drawivr—onl operations, the lenrth of

the oriri: =l stocl ircreises at Lbe expersc of the reduction of its cross-sectional

aree (shalls, draugli-bars, cornectirp rods, ele). The tools nused (Fig.37) are:

a) [lit-strivers, b) cib-ort strikers, c) seldom used rounded strikers, d) squeezers,
Thne draving out is effected
STAT

e -

n) rollers, ) kruckles, () mardrils, %) chucks, ste.

“ t
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b consecrtive sqreezirys (byr the squeezers) (Fig.38) while the stock is'fed along .

the axis of the drawing-out directior. It is also accomplished by turning the stock
around (edcing). The varieties of
this process are:

a) Flattening (widening; erlarg-
inf), the increase in width of the
original stock at the expense of its
height. It is used to obtain forgings
or portions of forging having a flat
shape, of the type of flat thin plate.

b) Drawing out on a mandril
(Fig.39), which is increasing the
length of a hollow forging at the
expense of reducing the thickness of
its walls (forging of gun-barrels, .
boiler-drums, turbine rotors, etc).
The tools used are: cut-out strikers
(or a cut-out lower striker and a
flat upper one), and mandrils with-

Fige37 ~ Tools used for Urawing-out . .
857 & - slirhtly conical surfaces.

Operations
c¢) Erlarging on a mandril, which

is the simultaneous increase of the

exterral and interpal diameteré of 2 hollow piece at the expense of thé thickness

of its walls (rings, shells, drums). The tools used are: a narro# long upper striker

(preferably to be as long as the forging), a crlindrical @andril,and supnorts under

the mandril. The method (Fig./0) is as follows: the internal surface of the stock

rests on the mandril, which is supported at its ends, and the forbing is carried out

by rotating the stock while feeding it, with the long side of the striker bLeing
L e c e T e STAT
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pirallel to the wis of the Torping.

d) .\ combination of druwir out with: o mundril and o lar~ings on a mundril. The

. erlarritp will correct tlie bawrrel-s' upediess of Lhe stock, wiich before that was

Tir.38 Flc.39

upset and purched, ard will increasc the interral diameter to the required size; the

Arawing out with o ma dril will redrece the wall thickness and will increase the

il D(%

e LY
e &)
v s,
22 '

77

?ir./'.o Fir.’tl

lersth to the reqrired size, while cailibrating on the mandril the inner surface of
the forpirg at the same tinme.

e) vher tie Corpine is to be tupered or conical,the drawing out is effected by
wedre-like rollers (mir.11).

Punching is used to obtain a thorou~ openins in tre forrin~ (picreir~), or a
ver: deep bnpressiov ir tre forsins. ‘Mhen the punching is dore b hand, the tools
used are: punches (rourd, [lat, square, or shaped) and forms with correspondins

. openings., hen dore b maclire, the tools are: purch dies (solid with round or

shaped cross sectiors, u.lso iollow dies), ckepieces (solid ard hollow), culibrating
STAT
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mandrils, backirpg pieces with operings (backirp rinps). Punching will distort the
shape of the forged piece; the through punching (Producinr a hole) will produce «

loss or wuste of materiul in the form of the punched-out pieces.

s

Flg.h2 - Method of Punching without Fig.L3 ~ Method of Punching by Using
the use of a DNacking Ring a Backing Ring
(2)- Start of operation;(b)- End of (a)- Start of operation;(b)- End of
15t stare; ¢ - Start of 2nd stage operation
a) Striker; b) Punch die; c) 2Md eke- a) Striker; b) Punch die; ¢) Backing
piece; d) 15t punch die; ) Surplus ring; d) A prop; f) Punched-out

side of stock; g) 15t ekepiece piece

The consecutive operations for punching from both sides without thg use of a
backing ring is shown in Fig.42. The punching of one side with the use of a backing
ring is shown in Fip.A3.

For large openings (over 500 mm), a hollow punch die is used (see Fig.Lh).

Cutting. is dore to obtain several smaller piecés from a single large piece, to
remove surpluses at the forging ends, to remove the added parts of the stock and of
the forging, and to‘obtain shaped forpings (crankshalts with throws cut out, draught
bars, forks, etc). Various’methods of cutting out are shown in Fig.lh5.

The tools used for cutting are shown in Fig.hb. For operations by hand, a
chisel (Fig.hba) is cormonly used, also, ship hammers (Fig.Aéb). Tools used in
machine cutting are: axes (Fig.kbc — two sides; L6d - one sided), angular axes

(Fig.hée), senii~-circenlar axes (?ip.héf) and several other shapes, In cuttinr part
(9% ]
STAT
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of tne metal is lost i Zorms of chips.

Nerdins is used to obi.irn (directl;, or ir combination with other operutiors)

i Ll - lethod ol Purchirg with o | *if.h5 - llethods of Cutting

"'ollow Funch Die «) Cut wsurder; b) Cut-olf

(- 15t stare;(b)- 214 stgre;(c); i ¢) Cut-out
of operatior.

a) Striker; b) ord crepiece: c) 15t cke-

pisce; d) Pw.cl- die; e) 3rd ckepiece;

) Surplus side of stock; ) Tackirg

rirF: h) A prop; i) Sls.rurce 15-20 mj

3) Pus: ed-out rod
products of variovs e t s...pes (aryles, brasces, nooks, brackets, etc). Derding

distorts t.e oririral s.up2 o" the cross sectior, «nd decreases the arex in t'.e zore

berdin; mxy produce folds in the inner contour

of the berd (7ir.47). Ir wdditiomn,

ard cracks ir the ovter. The probability of such defects is sreater when the. rudius

of the roundress iz small ard the ansle of the berd is lurre. To prevent distortions

various tools are nsed: 'srootheners' in hard operations and rolls and strikers in

muctire work. These ara of ro help [or correcting unfilled forms (reduced area ir

the zone of the herd). To obhuin the desirerd ares in the zone of the bend, it is

made larger at this place hefore the operatior. Severael methods ol bending are

showr ir Fir./f.
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Twisting is used to obtain forgings of a special shape (crarkshafts with their
throws in different plares, wall bolts, stands, spiral drills, etc). The tools used
are: twisters (Fig.L9), forks, plain
(Fir.50) and hinged (Fip.51). To avoid
berding the wristpin during the tvisting,
the following method is used: a) a strik-
er is placed under the end of the shaft
and the stock is drawn to it br a chain,
(Fif.52), b) by a lunet (Fir.53).
Blacksmith welding is mainlyr used
Fir.4h - Tools Used in Cutting
ir hand and machine forring of small
a) Rlade; b) Face: c) Sharpening angle;
pieces to be repaired. Soft steel con-
d)The tail
tainin~ 0.15 - 0.25% of carbon is very

rood for blacksmith weldirp, whereas steel containing more than 0./1.55 of carbon is

rot rood for il. The welding abilitr of a steel bv this method is lowered b;r the

X [0
»/LL;::
/ L

a)
)

2

1)
J

Pirl 47 - Distortiors by Bending Fir 8 - Rending lethods
. (a)- 0f a round cross section;(b)- Of a a - Rv harmer; b - Rv crane; c - With
rectarplar; (c)- Reduced area ~ lower die ard rollinr; d - In the

a) Reduction of area dies

1) Crane; 2) Rolling; 3) Upper die;

) Lower die; 5) Die
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fir 9 - Twister

~
K

Pigl.51 —~ RBending with I'ineed Fork
a) Top position; b) Direction of
twistine roll; c) lMovement of lever

d) nottom position

B e = mi—

L

Fir.52 - Avoidire Rends Caused br

leirhts

presence of impurities.

The basic methods of blacksmith
weldin; ure: lap-weldirny (Fip.54), split-
end welding (Fif.55), bult-weldins (Fir.56)
and splint-welding (Fip.57) for thin
strips.

lately, besides forging with hammers
ard hydraulic presses, there is a widely '
developed nse of combined process of
forring and stampine with crank-tvpe
presses offered by A.V.Potekhin. The
bas;s of this combined forring-stamping
process is the principle of dividins the
technolorically complicated method of
preparing the forging irto separate simple
operations, carried ont in a definite
consecntive order ir passes of forging
attachments, or in dies installed in the
crark-tvpe presses.

Hammer Stamping. Ceneral information.

Hamprer stamping is mainl-r done with open

dies ard is accompanied with the [ormation
of burrs alorg the line of separation.
Latel -, however, there is . terdencv'to
use special closed hummer dies which make
forgire~ without burrs, makirg it possible
to reduce the corsumption of metal.

In use arec hacked dies and firmlv

STAT
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secured dies. Stampiny with backed dies is done by forging hammers and is used when

a smell quantity is to be fabricated. The firmly attached dics are nsed in special .

%
b

! C)
g P ===
d)
- Fip.53 - Twisting bv Using a Lunet Fir.54 - Lap Welding

a) llpset end; b) Forging the facing;

c) Welding; d) Smoothening

stamping hammers for mass production, or when handling large quantities. The final
configuration can be imparted only to simple forpings to be made from bar stock
(such as square, round pieces, and rarely -

. strips). In most cases, it is necessary to impart

t——%_——j- to the stock a shape very near to the confipura-

{

tion «f the finished forging.
Wher hardling small quantities, these prep-
Fir.55 - Welding of Split End
aratory operations can be effected by free forg-

ing. In mass production, however, or when handling larpe quartities, they are

BN

effected with the aid of preparatory dies. For this purpose, all recesses and all
chanres in the shape of the stock can be effected by a sin;c'le stamping block (cube)
b7y means of A so-called multipass desipn. It is the most widely used method.

Lately, however, with mass production in view, the practice is for a transition, '
or for a4 proup of trarsitions, from ore device to another. In this manner, the
forgings mar be effected with t;»ro or more hammers, or on with a combination of sev-

‘ eral devices, such as 2 hammer and forpging rollers, horizontél forging machine and

+ hammer, etc.

3 e N—— — e c - B
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Corsiderable simpli®icatior of the stampine process, and at the same timre, an

" increase ir productivitr, savrng of metul and improverment in the qualit; cun be

3 * 2 - 8 , M aa 3 &
acaieed he e applicatior o” periordic rolli- ~ ot 1 stock, ii.2 cross seclion of

a)- — -

e e

Ti~,5¢ — Putt eldirs ®i-.57 - 3plint teldinr
a - "efore weldirr~; b - After a - "rds read; for weldirg;

C s - .
weldir-~; ¢ - After smootierirrs L - Veldine~

wiich, alorf its le=-ti., is rot wriform (Pir.58).

Tr, mar.- cases, t.c applic.tior of Lhe rollir~ process for spacial profiles
(7ir.57) offers advartires. The stock is o t, preferabls b - shears, irto pieces,
I+ car be out for ore lor/ins, or for
two, i.c., orz for~in; to be followzr by
another b turninec the picce. Il cur
also he it for ssver.l fore~irys (for, -
in~s from 1 har), ir this é;sc, the

{irished Cor-~ir - i3 eut b the Mkrils!

“of tie die ("idb1.3%, 1),
Latelr, Lae nse o. stock in form
of "wiis" is widaspraad, as in ttis
form il saves nielal due to the fuct that
hara are no smithitorn~s to be used on

ar.r portion of the shock. Stoel, ir the lorn of several Corpings-to-be, is preparsd

‘ " for. for-~ir~s of less than 300 rm lorg and weirhts of l.ss thar 2.5 kge. OStock, in

2

the form of M"wins!" is used for forgirrs up to 400 rm in lenpgth and B‘kn_?1STAT1t.

————
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Larper forpings are forged singly (Bibl.l).
Stampirs Yammers. Stamping withk firmly attached dies is done, in most cases,
b steam ard air operated harmers ir a two-column frame._ These are double-acting
Table 18 Table 19
3pecificatiors for Steum ard aAir Ope;— Specifications for Friction-Tppe Fam-
ated Stampins “amrers (from COST rers with Board (from GOST 957-41)

7021-54)

1000
1200
120)
1200
1250
1250
1250
1500
1300
1.40)
1400
100
1500

s
-‘:.16?8

s Nt
: =

a) Weicht of falling part in m; a) Weight of falling part in kg;

b) Length of stroke ir rm; c) Least b) Length of stroke in mm; c) Least
heipht of dies without tails in mm; _ height of dies in mm; d) Distance be-
d) Clearance betwgen ~uides in mm; ( tween guides ir mm; e) Size of .ram,
e) Size of ram; from front to back, in mm; from frort to back in mn; £) Size of
£) Size of die holder, from front to die holder from front to back in mm
back in mm; p) Weight of hammer,Awithout

arvil block inm

hammers with an upper cylinder (Fip.40). Also, by friction-type hammers with a

board (Fip.41). Considerably less in use are steam and air operated hammers with
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1o BRI 3 Py St , .
lower c-linders ard frictior-type hammers with belts or ropes. lately, hammers
with two rams are extensivelv used for large forpings; the movement of the ruams is

opposite to eich other (Fig.3n).

L

Pig.40. - Steam ard Adir Operated FigeAl - Friction-T:ipe

arrer Vammer with Soard

Specificatiors for steam and air operated hammers are showr ir Table 18, and

friction-t-pe famrers - ir Table 19,

as a suide, tihe following duta mav be used to determine the productivity of

.stamping harmers:

STAT
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Weirht of falling part in mm

Productivity per hr in kg

Weight of fallinr part inm A

Productivity per hr in kg 1200 1500 1800

The relationship between the weight of falling parts and the weight of forgings

is shown in Table 20.

Table 20
Orientation Data on the Relation between the Required Weight of the
Falling Parts of the Hammer, the Area of the Groove for Burrs and

the Weight of the Forping (Bibl.7)

7000—10 000

5,3—-11,2

a) Weight of forging in kg; b) Weight of falling parts of hammer in kg;

c) Area of cross section of the groove for the burrs in cm?

Weight of Stock for Hammer Stampins. The weight of stock Gis is represented
approximately by the following equation: Gjq = ka +C, + Gug’ where ka is the
weight of the forging; Gz is the loss due to burrs; Gug is the loss due to burning
during the heating.

The lost weight due to burrs can approximately be found from the equation:
(;Z = (005 - 008) Y sz

where vy is the specific weight of the metal; S is the perimeter of the forging
STAT
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¢
|
i

measured alor; the line of separatior of the dies; f, is the area of the cross sec-

tior of the rroove for the burrs. Tor forgings with complex cor.fifurations, the

value of the coefficient sionld e lar-e. Values for the area f, are river in
Table 20.

The loss due to burrirg durirg the

neatins ﬂug is issumed Lo equal 27 of
the forpinr~ weijhi.
Losses of metal due to handling
by tongs and to cuttinr of the stock are
rot included in the M54, shown zbove,
_3izes of Stock: a) For forsings by
upsettin-, the buit =nd, the lensth and

he cross sectior of tlhie stock rave the

same valies as ir f{ree forrings operu-

tiors (see sarlier in text).

A
Il ////,! [/oi
- 7 "l
s ) . s
o7 b) The cross section of the stock I
T

h il
. |.5[l
l w2 for zll other shapes, where the cross-—

«hze %

wg
3
4
i.
3
.
A
ii
E

PR RN R IV R ERRTY »/.'f.f’w
- wrt

AW PRI Y (z JRin

sectional areus of the portions of the

stock do rot differ ruch, may be found

“yrmar without Anvil Z2lock by using the following equavion:

Flo= (1,05 = 1.3) Vj,
Lpk

»

1S

where’?iﬂ is the wvolume of the stock; ka is the length of the forsing.

-3

wnere, alorg tre lergth of the forginr, croés—sectional areas of different
portions differ snarpl:r, some of tlese portions have to be'druwn out., In such a
cise, for the pirpose of oriertaiion, the cross section of the stock may be assumed

4s eqial bLo:
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Fio = (07 +1) Frax

where ¥ __ is the maximum cross section of the forfing, including the cross section
of the burrs, equal to 2.(0.5 - O.8)fz. .
The second equatior is used in cases vhen caleulations show that the cross sec-

tion of the stock calculated by using the first equation turns out to be:

Fiy < (0.6 -+ 0.7)F

Stamping Dies (Bibl.35, 1). To obtain stamped forgings oy means of multipass
dies, the following twpes of passes are used: Preparatory (forming, squeezing, rol-

ling, drawing, bending, 2lso a backing platform), stamping passes (preliminary or

—

AN ' L_: < ||

——— —Ir |

FireH3 - Formirfg | Fir.blL - Squeezing

Pass Pass

e e

rough; and final or clear) and cutting passes (front and back).

-~

Forming Passes (?if.H3) are used to impart to the stock a shape similar to the

shape of the forgins at the plane of scparation of the upper and lower diesi.

' # Provided no great changes in cross—sectional areas of the stock are required and
no displacement of metal along its axis is taking place. ' STAT
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Squeesing PMasses (Fir.%)) are used Lo widen the stock across its axis, also to
mpart ir its lonyitudiral section a shape which makes it easier to [ill up the
. recesses of the next puss®,
Rollins Passes (Fir.55) increase considerably the cross sections of certain

portions of the stock at the expense of decreased cross sections of other portions,

—

a)

N ey

.

j—
.
\

= \\— Jffﬁij.J
- TrrrETTTTTTE RS

-
4

e —

—-4"—1

/.

G I s s I e 00

Tig.A5 — Rolline Pass Fig.hh
a - Open type; b - Closed type a) Section along BB; b) View along A

1) Sectior alons AA (for closed pass)

i.e., ther distribrte the volume of the stock alongs its axis so as to m%ke it cor-
respord to the distribution of the volime of the finished forging. There are two
tvpes of rollings passes: oper trpe ard closed t:pe. 'Thebclosed type rolls more
irtensivel;.

Drawine Passes (Fir.%A) are used for decreasinrg the cross-sectional areas of
irdividual portions of the stock with a simultareous increase ir their lensths.

These passes may be located in ar upripht position, or at an angle of 12-18°

i Provided no great chanres in cross-sectioral areas of the stock are required and

is taking place.

225
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(Fir.47). They may be of the open type or closed, depending upon the shape of the
cross sectioa (see TFif.hh).
Rending Passes (Fip.6e) are used for bending the stock and to make its shape
to correspond to the shape of the forping at
the plane of the separation of the dies.
Backing Platforms (Fif.69) are used to
diminish the height of the stock by upsetting
its butt end before the stamping operation.
Final Passes will produce finished forg-
a) Section along AA jngs with burrs, but the dimension of the forg-
ing vill be preater than (~ 1.5%) the dimension
of the forginge after the upsettins operation. In a final pass, -there is a groove
for the burr. The locatior of the proove is along the recessed contour in the plane

of separation of the dies.

Fir.A8 - Bending Pass Fip.59 - Backing Platform

The Preliminary Pass is used mainly to prevent the wear of the final pass.
Rasically,” the formation stage is effected in the preliminary pass; the function of
" the final pass is to give to the forging the exact dimensions required. The pre-

liminars pass is used for forFinss with complex configurations. Excepting certain

cases, the shapes of the recesses are the same for the preliminary and for final

passes, only the radius of roundness in thé preliminary pass is larger and it con-

STAT
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tains no rrooves for the burrs.

Cutting Pass (knife) is used to cut off the finished product from the bar stock,
wher the bar stock is to produce more thun two forginrs. Cutiing puasses may be lo-
czted ir the frort, for better productiv-
ity (Fir.702), or ir the back, which
rmales it rmore durable (Fir,70b). ‘hen
therc is no place ir the front the pass is
located ir the back.

Locatir~ the Passes ir the Die. The
t,pe of passes a1 their combination
should he choser at the time of plarning

the techrolorical processes snitzble for

the lorrinr. The choice depsnds upor the
confifFuratior, size of forrins and npon

the required direction of the [ibers.

"ir.70 - Outtine Pass (Krife)
If onlvs one final pass is culled for,

a - frort; b - ack
its certer iz located in the certer of the

die, whic!. is the irtersection ol the t1il of the die with the axis of its seat under

the kevr. The axis of the !aimmer rod pisses throngh the certer of the die.

With two passes presert, their centers are located on both sides of the center

of the die, with the Tinul pass recurer to the die center than the preliminary.

The locatior of the preparatory and cutting pusses deperds upor +he consecutive

order of operatiors, but as a rule, Luey are located near the edres of the die.

As ar example, 2 multipass die is showr in ?ir.71, After the heating, the stock

arters the dravirr pass (1) to have its erds drawn out; after that it enters the

rollirs pass (2) to "rather" material (mostly in the middle portion), and from there,

it ~oes to Lhe herdings pass (3). After that, the stock is first stamped in the

prelimirar; pxss (1) ther in the firal pass (5), after which the stamping is cut off
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from the bar in the cuttine pass (4), located in back.

Keepire the Yammer Dies in Place. For the uppEr die, this is accomplished by

swallow-tails placed in the seat of the hammer ram. For the lower die, a bed is

o -0
////.v

NS

SONNN \

ST

R

2

Fir.71 - Multipass !lammer Die

a) Tail; b) Section BB; c) Section AA; d) View of hot foreing;

e) View alongs A; f) Séction 55; ) Section GG; h) Section DD

i) Axis of the key .
used which is placed on the anvil urder the die. The tightening is accomplished by

mears of a wedre and keir (Fig.72).

Iaterial Used for “ammer Dies. The material used for -multipass dies, in major-

ity of cases, is alloyed stecel (see Vol.5, Chapter IV).

For dies where ;reit f{irmness is not required, grade Y7 carbon steel may be

used. For the purpose of saving alloy steel, the die passes are often made in the

form of inserts. In such a case, the stamping block (cube) can be made EromSTAT
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‘rule 10X and ever (rom rralde 45 steel,
Stampits with Crarli-T,pe Tresses. The feitures of . crark-type press (Fir.73)
used for hot stampirge are: strenrth (to lower the deformition), sturdy ,uiles (Lo
have the slide-bar rovements precise und exict) and
cicators (lower and upper) for the stand and for the

slide war).

Tpical characteristics of hot stampirr crank-

type pressas are shown in Table 21,

I'any of the operations performed by hummer

. presscs are also performed by crank-type presses.
iy .72

Among these is stamping in open dies with the forma-
1) Wedges ) e ,
tior of projectins edres (burrs), esxtrusion, punching
and different combinations of other operations.

Vhen handling large quantities, or

in mass production, the use of open dies

in crunk-type presses is a progressive

step forward offering the following ad-

vantages, when compared to operations with

harmers: first, the precision is higher,

especiall; of the height of the forging;

this is accomplished by the press mechan-

ism alone by setting the low pointv of the

.

YIS

upper die at a fixed position. UMNext, is

the possibility of reducing the stamping

slopes due to the presence of ejectors.

This works for the reduction of metal

consumption and the work to follow becomes

Fip.73 - Vot Stamping Cranl-Tipe Press easier. TFurther, the productivity is

STAT
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. irker, it is 1.5 to 3 hirher than the productivity of hammer presses and it is due
to the fact that with a crank press, transitions from one operatior to arnother are
accomplished ir @ single stroke. Other advartares are: po3ssibility of mecharization,

and even of antomatization of feeding the

Table 21
stock to the dies; reduced consumption of

Specifications for Mot Stamping Crank-
energy, preater safety and absence of

Type Presses (according to GOST 5808-53)
vibrations.

A crank-type press can be used for

every type of forging usually performed
by hammers, if the following conditions

are met:

a) The stock must be free of scale

before entering the dies of the press, or

3%%233

——

it must be subjected to a heating by an

B
EBES

19004210
21002150 induction heater, which practically pro-

K353IRIAARR

-t s
S e

]
!
l

duces no scale;

b) Forgings, with their portions
(

a) Power in m; b) Length of stroke in mm;
wiffering sharply in cross-sectional

c) o of strokes/min; d) Iaximum distance
areas, which in hammer forging require

between the stand and the slide bar at-
the use of rolling and drawing passes,

its low point in mm; e) Dimensions of
such forgings car be handled by a crank

the stard in mm; f) Weipht in m
press only if the stock is preliminarily
shaped by another machine, or was periodically rolled before. The reason is that
rollinz operations on a crank press are hard to perform and are not practical.
The work should be done in specially designed stamping passes. With the upper
and lower dies in a joint position, the depth of the recesses should absolutely be

less than the height of the forping by the thickness of the projecting edge (burr).

This is necessary to avoid thrusts by the press.,
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necause, by iis nature, the flow of metal in a crark press is unlike the de-
~ormatior urder a hammer it is, thereflore, iecessar: Lo provide the dies under the

crank press with preliminary passes to irsure that thie formatior will proceed grad-

pall- (Fir.7h).

\ul,_,._;‘._, 3
Fig.7h - Txumple of Corsecutive Trars- *if.75 - Ejectors in Crank-IPress Dies
tions ir Forgirg b Crank Press

vhen the stampings slopes are low, tle bottom of the deecpest recessed portion

of thie lower (also of t e upper) die should perform as arother part - the ejector (1)

[ \~\\\

Fir.7%5 - Ora-k Iress Die vith Guiding Fif.77 - Method of Forring a Valve in

Colurins a Crank Press
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(in Fig.75). The latter is actuated by ejecting devices in the stand and slide-bar.
Maximum precision in the upper and lower dies requires a guiding device (Fig.76).
The die-passes in a crank-press are usually designed as inserts in an iron ring,

. kept in place by bolts and shims (Fig.76).

'Z z 7 - ‘ In selecting the tonnage of crank-presses
.. ;.
e
Z Z
2977

i A ; ! The dies are adjusted by bolts.

for hot forging, the problem can be solved by
considering the equivalent relation to the weight
. Fig.78 - Method of Pressing-In
of the falling parts, namely, 1 ton of this
1 - Upper die; 2 - lower die;
3 - Stock weight is equivalent to 1000 tons of press power.
a) 15t stage; b) Final stage
Stamping by Extrusion. The stock is placed
in the matrix (lower die) with a hole in its bottom. The plunger (upper die) enter-
ing from above into the recess of the matrix compresses the stock and causes the met-
al to flow through the hole. In this deformation, part of the stock gets a smaller
cross section. This process can serve as a substitute for certain upsetting opera-
tions of a horizontal forging machine, e.g., when the volume of a flange on a rod is
so great that several intermediate steps are required to "gather® material. Example:
the fabrication of a valve with a rod of 16.6 mm dia. and a valve disk of 83 mm dia.
requires 7 — 10 transitions when fabricated on a horizontal forging machine and only
two when produced in a crank-press by extrusion(Fig.77).
Pressing operations are used to obtain hollow products by the method in Fig.78.
Crank-presses may also be used for combined operations, i.e., one press for sev-
eral operations, or the operations of a crank-press can be combined with those of a-
nother machine. Examples of such combined work are shown in Figs.77. and 79.
Horizontal Forging Machines. Method of forging in a horizontal forging machine
is shown in Fig.80. The heated end of a bar'is placed in the stationary (at the

right) matrix (2), fastened to the immovable cheek of the machine (3). The position

‘ of the bar end is fixed by the prop (h). On starting the machine, the movable

232
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cheek (5) (left cheek) begins to move together with the movable matrix (6), the slide
bar of the machine, and the upper die (7) (Fig.80 I). Before the upper die (7)
touches the projecting butt end of the bar, the movable matrix (6) presses the bar to
the immovable matrix (2), while the prop (/) moves aside. The bar is held fast in
the tight part of the matrixes (Fig.80 1I). With further movement of the slide bar,

a> by
. ) ’ but before it reaches its extreme forward,

position, the upper die (7) upsets that

part of the bar stock which is projecting

berond the tight place of the matrixes.

The metal then [ills the recesses (of the

Li required configuration) in front of the
-
Fig.79 - Method of Using a Crank-Press tight portion of the matrixes (Fig.80 III).
for Combining Pressing-In with a Burr-

Producing Stamping The shape-forming recess may be located in
a) Material; b) Upper die; c) Lower both upper and lower dies (Fig.8la) or only
die; d) In the upper die; e) 1S pass -
pressing-in; f) 21d pass - rough; in the upper die (Fig.81b). On backward
g) 37d pass - clean
movement of the slide bar, the upper die

moves out from the matrix recess, the matrixes move apart, the upset part of the
stock is taken out, or drops out of the matrixes, and the upper and lower dies return
to their original positions (Fig.80 IV). Depending upon the technological process,
the same operation may be repeated, or the stock can be transferred from one pass to-
another, each transition being effected by one stroke of the machine: In several
transitory operations (several die passes), the volume of the deformed metal remains
constant, being eaqual to that of the bar portion projecting beyond the tight place of
the matrixes during the first operation. Usually, one heating will provide several
transitiohs.

Besides the front type of props shown in Fig.80, back-type props are used for

‘ short pieces (Fig.82a and b), and pincer or tong-trpe props for very short pieces.

The stock for a horizontal machine is usually round (squares is less common)
STAT
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precision-rolled metal. Mostly, the stock to be forged has a length suitable for

forging of several pieces.
When the stock is fed by hand with the aid of very simple devices, the length of

the stock should not exceed 2 mm for a di-

,;;’,,I//// .

ameter from 50 to 60 mm (Bibl.5). For

greater thicknesses, a length of 2 m is

permissible only if the machine is provided

SNERNFIRSRNN

YLy with special lifting and manipulating de-

:13___}:. vices (Bibl.5).

. = - )

2 em e
T
-, LA

The predominant operations in a hori-

ANNANNANNY . .
zontal forging machine are pressing-in and
/// ’////// 4

.....—.-.-—.»

upsetting. These machines are suitable

.._....l_.
-
“”’ r—’ for other operations (bending, squeezing,

J.~-.-—-.—~—

RLMEISSSNIS cutting off, etc.).
st ’/gZ/ 74

The advantages of a horizontal forging

machine include: high productivity, pre-

i
vention or reduction in projecting edges

(burrs),‘forging of such sﬁapes as rings

“without waste; a desirable macrostructure,

Fig.80 - Method of Forging in a
: etc. However, the horizontal forging ma-

Horizontal Forging Machine _
chine, while advantageous for certain types

a) Opening of the matrixes; - )
of forging, is no substitute for a stamping

b) Working stroke
hammer or for a hot-stamping machine.
The volume of the stock to be forged is determined by the volume of the finished

forging and the volume of wasted material. The volume of the stock Vg, should be

distinguished from the volume of that portion subjectito upsetting V ., i.es, the-

..aiﬁggojgcting portion from tight. place of the matrixes, which undergoes a deformation.

T e - -

— . _STAT .
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~-reter or less thar tr2 volnrme reqrired for

from, hur:.i . = 27" of th2 volwre of the

ins

for-ir-y the waste dve to burrs is

1l - 2" 0of the forrin- volu~a, or

npset portior: tie wiste rdne to punched-
ont nuterial deperds npor tie confirura-
tior and tre tackroloric:l process
s:lected,

The dimeter of the stock to be
forped deper s po- the confimw.tion of
ttie "iristhied Torecine.

To redice thz myber of oper:itiors,

tie shock possible, provided
diire-
w1 ghonld excend the
1fter the upset b not less {ian

"ihl.34).

“or forrin~s of the t mpe of shufts
with flinres, the diameter of Lhe stock
should equal the diimeter of the shift.
-Por rinc-type lorrings, the dimeter of

the stock shonld erpal, or be nzarl-

aqual to the diumeter of the 'ols. For
lory hollow: forpirps, which wre Lo Have
the shupe of -« drinkine rluss (7if.83),
the cross-szchional aren of the slock

shonld be equal, or be 1 bit smiller Lhun

the mirimum circeular cross-sectional arca
. -STAT e
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inished forrinr.
Rernardless of tLhe corliruration of the recesses in the upper or lower dies, the
ir~ of thrit end w ich projiects itss21f from the tirht place of the malrix can
be effected orlw if the lerrth of that

2rd does not esceed 3 times (2.5 times

is ever hetter) the lersth of the diameter

of the stock. If the lerngtih of the end
is greater thar just mentioned, a1 prelim-

irnars Yeathering® of material should be-

The M"eatlarir-® usudls tikes plice ir the recesses of tie »pper die (Firs.8ha
oA »). e corical surlice of ithe recess, preferably, siould be small, about egual
to t..e diumeter of the stock (7i~.€/ic ard d). In the Mrathering'" operation, the
diameter of the upper-die recess, as well as the lersth of the portion subject to

rpsettins, mist be withir certair limits. (In the berirnins of the operation, the

0

erd to be upset is ovtside the recess of the »pper die.)

. . o . a
Followirr +the letters showr in Fir.@4, ard issuming +lhat M, E- s

|)2 d
d

the wpsettir, iy . corical die puss u 1 wit? ¢ smaller diameler ol the core, Do

k
8 .

= [, we ~et, when upsetii r in : c-lindrical dic-pgss (Dl = Dp), @ ; with
B = 1.

Tor repe.tel »psetiin-s, the diumzter o Lhe stock d is substituted b dl’ which
is the diamcter ot the pecvious remerberir; tust when the upsettin: takes
place i- 4 corical die-puss, dl to be trc sverare diimeter of the core .
(Fif.£0b ard d).

The values n, k, ard o are interrelated. The value r is used to find the

valnes of k and a (Ribl.s3) from the Collowirg equatior:

k = 0.85 Vvn, but no more than 3;
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ey ()t (bi51.43)

no-p
‘ When the values of k and « are found, the recess in the upper die can be de-
termined as follows (Bibl..3):

1 =d(n - k); Dy =daDy=d

The value 3 1is given in advance.

As was mentioned before, in repeated upsettings, the diameter d is substituted

‘L.. cm e - [..._.

- = . el o J‘j\\‘\\\\\‘\\\\‘\\
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Fig.84 - The "Gathering" of Material in the Upper Die

by dl.

A general view of a horizontal forging machine is shown in Fig.85, the basic
specifications of this machine are given in Table 22.

See Fir.86 for the desien of the die for a horizontal forging machine and the
consecuti&eness of the technological process.

The "gathering! of material takes place in the recess of the first pass of the
upper die (1). The front portion (a) of pass (1) in the matrix directs the upper ‘
die during the upsettiné opefatioﬁ. The insert (3) - the squeezing portion of the
pass - exerts pressure on the stock, squeezing it in one direction and imparting to

+ it an oval shape at the place of the squeeze. The diameter of the oval is now

STAT
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smaller and is about equal to the diameter of the opening of the finished forging.
The tight portion (b) of pass (2) holds the stock in place during the upsetting.
In the second pass, the upset-

producing upper die (4) is performing the

AT By
w0
i N recess (5); at the same time, the projected

preliminary shaping of the forging in the

part (d) marks the position of the open-
ing to be. The squeezing insert (6)
squeezes the stock in a direction which
is perpendicular to the direction pro-
duced by the squeezing insert (3) of the
Fig.85 - Horizontal Forging Machine
first pass. This calls for turning the
stock over an angle of 90° in its transition from the first pass to the second.
The final shaping of the forging is effected in the third pass; the opening is
almost punched through by the sharpened plunger (7) which is part of the upper
die (8). With the punching, the enlargement of the material on every side is also
taking place and the forging gets its final dimensions. The squeezing insert (9)
of the third pass performs the final squeeze; it makes a perfect circle at the place
of the squeeze and is forming a cylindrical portion equal to the diameter of the
opening.
The fourth pass is only for punching, the shape of the forging there is not

changed. The punching is effected by a punching plunger (10) and by punching

- insert (11) located in the matrix.
In a die of the above type, there is also an additional pass (12) whose funec-
tion is to cﬁt off the cylindrical end (13) produced by the punching of the opening.
In this particular case, the.projecting edge is very small and is removed by
abrasion on a grinder, if it is formed at the butt end. If a circular burr is

formed, it can be removed by the cutting pass of the die (Fig.87).

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

In the example described above, the forged portion was separated from the
stock by the punching operation, which is the usual case of forgings with holes

along its axis. In other cases, the die

Table 22
pass is provided with a cutting part

Specifications of Horizontal Forging
(Fig.88).
Machines
The matrixes (the lower dies) are
secured to the cheeks of the machines
with the aid of special shims. They may

be of the one-piéce type for small ma-

chines, or compound for large machines.
The upper dies are held in place by
holders, directly or indirectly. The

holders are either of one-piece construc-

tion, or they are compounded of several
parts. They are located in the slide

bar, to which they are secured by means

a) Power in m; b) Length of stroke of
of shims. The operating parts of the

the slide bar after closing of the mat-
dies are made from alloved steel (see

rixes; c) Length of stroke of the immov-
: Vol.6, Chapter IV).

able matrix in mm; d) Strokes/min;
' Forging by Screw Friction Presses

e) Weight in m, up to .
V (Bibl.h6). Screw-type friction presses
are suitable for: 1) forging with oﬁen dies, similar to hammer forging, with forma-
tion of projecting edges in the plane of separation of the dies (Flg.89a), 2) forplng
with closed dies with separating or nonseparating matrlxes (Fig.89b); 3)forging of
bolts and rivets. The field of application of these presses is limited, chiefly
because of their low produectivity.

Speeifications of such presses are given in Table 23 and a peneral view of the

press is shoﬁn in Fig.90. The press is provided with an ejector at the bottom.

239
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The force required for forging is

P =0,013,,F,

where P is the power of the press in m; o vp is the strength of the metal at the

15t operation 24 gperation

374 opecation 4Hoperation

Section 44

DN “}\\.\\\

Fig.86 — The Design of the Die for a Horizontal Forging Machine

temperature of forging in E:g,/'rm“; F is the projected area of the forging in mm<,

The dies for the screw-type friction
press should be provided with guides,
either of the lock type (Fig.91), or with
E- cylindrical guides (Fig.92). The matrix

(the lower half of the die), if of the

movable (separating) type, is shaped con-

Fir.87 ically and is held by a band which keeps
1fle
the matrix securely in place (Fig.

T~ - e P,

24,0

02\
STAT
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Forping bv llvdraulic Presses (Bibl.A6). Hydraulic presses are used for the
followiny operations: 1) forpnng in closed dies (Fip.94) in which the matrix is of
the movable type consisting either of

two parts (Fig.95) or of several parts

(Fig.96); 2) punching or piercing per-

formed as a separate operation (Fig.97),

or in combination with other operations,

such as upsetting flanges, etc. (Fig.98).

3) drawing pierced pieces through a ring

(Fig.99), or by means of rotating rolls;
L) forging with open dies with formation

Fig.88 - The Cutting Part of the Die

of protruding edges in the plane of sep-
a - Displacing the stock; b - Dis-

, aration of the dies (Fig.100); 5) some
placing the cut-off part

other work, particularly in combination
1) Support
with other operations.
The first three types of above forgings are typical for hydraulic presses.
Some of the products produced by hydraulic presses are shown in Fig.10l.
A hydraulic press can be used for forging large complex pieceS'wifh the use of
multipass dies, for example, crankshafts.
As in other presses, a hydraulic press is also provided with ‘an ejector. Before
the stock enters the press, care should be taken to remove the scale from the stock
after the heating. The effort required for forging is found by usine the following

equation:

where P is the effort in kg;o.vp is the strength of material at forging temperature

“in kg/mmz; F is the projected area of the forging, in mm?; k is a coefficient equal

to 2-6, depending upon the relative thickness of the walls and upon the complexity

STAT
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Fig.89‘- Samples of Forgings- Produced

by a Screw—'I‘ype Friction Press
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of the configuration.
Blacksmith-Type Forping Operations for Narrow Products. The horizontal bending

machine shown in Fig.102 (bulldozer) is
' Table 23
‘ a type of horizontal press with its

Specifications of Screw-Type Friction
slide bar driven by a crank-type mechan-

Presses (from GOST 713-49)

ism. The data shown in Table 2. may be
used as a puide to the specifications of
this type of machine.

The work performed on these machines

are predominantly bending operations on

heated stock, and occassionally, combined
410 369
450 400 | 2 . . :
g£><;£ with other additional operations, such
630 '~ 530 . .
gz §g} as punchins holes, cutting out, etc.
:

The stock mostly used is differently

shaped rolled material, and in some

a) Rated force in m; b) Lenpgth of stroke
cases, already forged or stamped stock.

in mm; c) Least distance between the
Samples of products produced by a

slide bar and the stand in mm; d) Dis-
horizontal bending machine are shown in

tance betwern the puides in mm; e) Di-
Fig.103.

mensions of the stand in mm; f) No. of
The forging is effected by one or

strokes per minute
several transitory operations, depending

upon the configuration of the finished product. The die passes are located one on

top another (Fip.104).

fConsi&ération should be given to the fact that precise dimensions can be obtained
only for the internal radii r (Fip.105). Additioﬁal transitory operations are re-
quired to obtain precise dimensions of the external radii (Fip.106).

The vertical type of ‘a forging machine is a high-speed press (K00 - 800 strokes

per minute) with several (3-5) slide bars made to move simultaneously by the con-
| STAT
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necting rods of a crankshaft.

Bach slide bar has its own stand whose height can be adjusted. A general view

Fig.9L

of a vertical forging machine with three slide bars is shown in Fig.107. Such a

Fig.95

a) Stock; b) Forging

) ‘ machine is used in production of small pieces having a simplé configuration (Fig.108).

‘The predominant operation is the drawing out by means of shaped strikeré in sgTATM

[N

2k
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stares (Fir.109).

Rotarv Forping Machines. The method of operation of a rotary forging machine

FifF.97 ~ Piercing Operations Fig.98

is shown in Fig.110. The slide bars (small hammers) (4) carrying the strikers, can

" Fig.99 - Drawing Through a Ring Fige100 - Forging with Open Dies

a) Length of plunger stroke

slide along the grooves located radially in the head of the spindle (3). Thrust

STAT
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rolls (6) are located at the outside butt ends of the slide bars. The head of
spindle (3) is inside of a ring (1). Roll (6) can move freely in the groove of

Fig.101 Fig.102 - Horizontal Bending Machine

of ring (1) and spindle (3), the rolls (2) will

ring (1). With the relative rotation

by means of rolls (6), push the slide bars in the direction of the axis, along which

Table 24 R

Specifications of Horizontal Bending Machines

o a0 | oo

b) 5w W 10

<) SN 375--400|40) ~ 42
d) W01 {1811 | 16-9 . M -

|
e) LB o6 10— 1502 | 5o 00 A0=25 1 q0- 10 0 15=05
H | | i | !

.a - - . - - .
J .
s

SISO 330,550 G i)
-7 97 7- 6 6

a) Maximum effort in m: b) Items; c) Length of stroke of slide bar in mm

d) No. of strokes per minute; e) Size of electric motor in hp

takes place the closing of the two halves of the die (5).
In machines of the so-called 13% type, having a rotary instrument, spindle (3)

rotates and ring(l) remains stationary. The opposite takes place in machines of the
STAT

e 4
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ond type with a nonrotating instrument. In this case, ring (1) rotates with roll (2)

" and spindle (3) remains stationary.

Fig.103 L Fig.10L

The movement backward of the slide bars is effected by the centrifugal force in
machines of the 1St tvpe, and by springs in the machines of the 2nd type. The number
of slide bars is from 2 to L.

The technological process of a rotary forg-
ing machine is the drawing out of the forging by
means of shaped swage hammers. Bars, rods and
tubes aré used as stock. The machine of the 15t
type can produce only round shapes, whereas the '
machine of the 2"% type can produce not only

Fig.1l05 - Reduction of
round, but also square, rectangular and other

Thickness % 1 < )
shapes. For this reason, the machine of the

ond type is élso known as the Universal. Products produced by the Universal Forging

Machine are shown in Fig.lll. The size of the machine depends upon the diameter of

the bar or pipe to be fabricated (20-75 mm).

A rotary forging machine is very productive., For example, prbducts of the type

shown in Fig.11ll can be produced at the rate of 100 to 600 pieces per hour, depending

upon the complexity of the forging.

 STAT
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The equipment for rolling consists of two rolls rotating in the opposite direc-~

tion to each other (Fip.112). Attached to the rolls are the sections of the die

.
A J
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Fig.106 - Two Transitory

Operations to Obtain

Precise External Diame-

ter

1st

a) Forging; b) Trans-

ition (end of process);
¢) 2™ transition (be- Fig.107 - Vertical Forging Machine

pinning of process)

‘ with the required passes. The feeding of the stock occurs at the moment when the
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Simultaneouslv with the squeezing, the stock is being pushed out.

The basic operation of the forging rolls is to draw out the stock and to impart

%\\a@?c@

4 b) c) d)

Fig.109 - Preparing the Stock for a
Valve
Fig.1l08 - Samples of Products Produced
a - Squeezing the bar; b - Rouph drawing
by a Vertical Forging Machine .
out of the tail; ¢ - Finishing the tail;

d - Cutting off the tail from the bar

to it the confipuration required, in the longitude, or in the cross section.

The rollers are used either for a complete forging operation (Fig.113), or in
combination with other machines (hammers,
presses, horizontal forping m;chine, etc)
(Fig.114). In the latter case, the rol-

lers may perform from start to finish, or

as. a forerunner to operations on other

machines, particularly in case of multi-~
shaped forgihgse.

The so-called roller stamping is
also used, which makes it possible to

Fig.110 - Operation of a Rotary .
' produce a chain of products with complex

Forging Machine
confipuration (Fig.115).

Depending upon the diameter of the rolls, the latter can handle forgings of

249
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Simultaneously with the squeezing, the stock is being pushed out.

The basic operation of the forging rolls is to draw out the stock and to impart
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Fig.109 - Preparing the Stock for a
Valve
Fig.108 - Samples of Products Produced
a - Squeezing the bar; b -~ Rough drawing
by a Vertical Forging Machine .
out of the tail; ¢ - Finishing the tail;

d - Cutting off the tail from the bar

to it the configsuration required, in the longitude, or in the cross section.

The rollers are used either for a complete forpging operation (Fig.1l3), or in
combination with other machines (hammers,
presses, horizontal forping m;chine, etc)

. (Fig.114). In the latter case, the rol-

lers may perform from start to finish, or

as. a forerunner to operations on other

machines, particularly in case of multi-
shaped forgings.
The so-called roller stamping is

also used, which makes it possible to

Fig.110 - Operation of a Rotary

produce a chain of products with complex
Forging Machine ’ )
confipuration (Fig.115).,

Depending upon the diameter of the rolls, the latter can handle forgings of

e I I e R
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250 to 1250 mm in length. In the production of the smith forge type of products,
several other machines of the roller type entered the market, particularly machines
for enlarging.

Enlarging machines are used to pro-
duce ring-shaped products having thin
walls (seats of roller bearings, water
rings, etc). As stock for this purpose
are rings of a smaller diameter, but
with thicker walls, forged in advance by
horizontal forging machines or by hammers.

Methods of enlarging are shown in

Fig.116. The stock‘(l) is placed on
roll (2) to which the rapidly revolving
squeezer roll (3) is brought in contact.
This causes the stock (1) and roll (2)
to revolve. The enlarging operation is
continued until the stock touches the

Fig.11l - Samples of Products Produced
calibrating roller (L) serving to insure

by a Rotary Forging Machine
a true center.

The method of enlarging ring-shaped items is very productive and makes it pos-

sible to obtain products with thin walls whose tolerance is.very small (Bibl.1,16).
The Cutting Off and the Cleaning of the Protruding Edges (Burrs). The edges
which are formed alor;;z the line of separation' of the dies during the forging with
opcn'dies, afe removed with the aid of cutting dies! installed in cutting crank
presses. .
The edge may be cut off either when it is cold, or hot. The cutting-off
operation, during the hot state, is usually performed on products forged by a hammer

with a weirht of falling parts above 1 - 1.5 m. The cutting press, in this case,

STAT
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works in combination with tre hammere.

There mar also occur internal edses. These are arch-like, ard are the resuvlt of

b)
Z

—4d)

h_
1
N2/ 2722

g)

Fifl,112 — Rollers at liork

st . . e - .
3 —eni: b) Jie seciion; c¢) izst mozent; d)

- Ial.Tsi

Frodvets Fre— 4 - Szrpias of Troducis Prodmeed

Operziions

&S

edres ard ihe oomching cut of imterm=l ones czn be

ion die wiih cme sircke of ths press (Fis.2i7).

: for cwiting off ihe edrss cam be czRcrQTAT

o I el e el = cm e g
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by using the following equation:

where P is the effort of the press in kg; o

temperature of the cut-off place in kg/mm?;

I}

S

TES e Tr 2,
tibed

Fig.115 - Samples Produced by Rollers

in the final pass of the hammer die, or in
crank (cutting) presses.
"Hot" trueing by crank presses is effec

die (a cutting and trueing die). The same

252

vp

is the strength of the material at the
5 is the thickness of the cut—éffAedge
in mm; S is the perimeter of the edge,
measured around the cut-off plane.

The upper and lower halves of the
die are made from alloyed stamping steel,
and also from instrument carbon steel,
(see Vol.6, Chapter IV),

The roughness remaining after the
removal of the edge by the cutting die,
also, the very small end edges produced
in the forging and cutting of radially-
shaped edges by horizontal machines and
by the closed matrixes of a préss, are
removed by a grinding machin;.

The Trueing of Forgings. Certain
forgings, especially those having complex
configurations, require a trueing opera-
tion, after the cutting off of the pro-
truding edg;s. The irueing may be "cold",
or hot and is effected in hammers, éither

special trueing dies (Bibl.36, 1), or in

ted in the trueing die, or in a combined

is performed in the case of hammer
STAT
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trueing.
" The same method is applied for "cold" trueing. In hammer operations it is done
after the annealing and normalizing required for medium-zize or small pieces made

of a material which is not very brittle. The crank presses are able to handle small

= &
PR3

o —tr=-1}-.

&

| \\\\\\\\‘: :'

7. )
Vi ////// /// l%ﬂ

f
)

Fig.llé Fig.117 - A Combination Die

forpings with any configuration and by the same methods, as in hot, trueing (Bibl. 36
1).

Calibrating (embossing, coining, etc). Calibrating is a finishing operation and
implies the use of pressure. Forgings of precise dimensions, with precise weight
and high quality surfaces é;e made possible by calibrating.

Very often, calibrated surfaces required no machining. Calibrating can be
pérférmed on éold or hot forgings. Cold calibrating (coining) can produce a maximum

precision in the dimensions of a forging and a high quality of its surface. . Hot

calibrating is better for large forgings, but the precision is not as high as in

>

the cold process.

Calibrating is performed in crankthrow-type coining presses. It can also be

STAT
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performed in crank presses for hot f&rging, especially suitable for hot calibrating.
Hammers and screw-type friction presses may also be used, but the results will not
be as good.,
A sectional view of a crankthrow-
type coining press is shown in Fig.118,

while Table 25 shows the specifications:

of such presses,

Following are the types of cold

calibrating~coining operations: flat

surfaces, curvilinear surfaces of ro-

tating bodies, voluminal coining and a
combination of several operations.

Flat surface calibrating (Fig.119)

is used to obtain precise distances

between different (mostly parallel)

planes in the body of the forging and to

impart to them surfaces of High quality.

In this operation, there will be an in-

Y

crease in those dimensions of the forg- )

ing, which are perpendicular to the dir-

ection of phe calibrating. The' exactness
Fig.1l1l8 ~ Crankthrow-Type Coining ‘ which may be obtained as result of flat
Press ‘ . Pplane calibrating is shown in Table 26.
For tolerances permitted fo? dimen-
sions perpendicular to the direction of calibrating, see Table 26a.
Alloﬁances should be made in the dimensions of a forging subject to caiibrating;

the exactness of the dimensions should be higher (see Table 27).

It must be kept in mind, that by increasing the allowances for calibrating, the

ot mmm e e e . STAT
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exactness of the dimensions after the calibrating is decreased, but the quality of

the surface is improved.

Calibrating Curvilinear Surfaces.

Table 25
An example of calibrating a curvilinear

Specifications of Coining Presses
surface of a forpging is shown in Fig.120

(from GOST 5334-50)
and the die for this operation is shown

in Fig.121,

The calibrating is effected by ex-
erting pressure. The piece is pressed
a few times, being turned over after

a0 <310 every squeeze at a certain angle around

$70 X 370
4 X 44 . .
a40 gé 540 its axis.
cmoxﬁ&;

790 3¢ T iq s . . .
ém)ﬁéwn Curvilineal calibrating is not as
£30 % 930
1010 X 1010 ] . .
1120 X 1120] precise as the calibrating of a plane
1300 X 1300,

1400 X 1400

1500 3C 1544 surface.

Three-Dimensional Calibrating is

basically used as a finishing operation

a) Required effort in m; b) Length of
with the simultaneous increase in the

stroke in mm: ¢) Strokes/min (normal);
precision of every dimeqsion and of the

d) Maximum distance between stand and : ‘
: ) : weight. Three-dimensional, or voluminal

slide bar at lowest point in mm; 4
calibrating is performed in a die with

e) Dimensions of the stand (normal)
. recesses which are a duplicate of the

in mm
: fprging gonfiguration and dimensions
(Fig.122). If a protrudihg edge is formed, it may-be femoved by abrasion. The
precision is not as preat in a plane surface, being 30 - LOZ lower.'

Voluminal calibrating may be used for calibrating heated forgings. In this

case, the required effort of the press is less (considerably lessj than in cold

calibrating, but the precision and the quality of the surfaces is lower., A combined
T T e - — ... STAT

e 3

255

/]j,\

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

AR el e R R L .



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

operation consists of two calibrations done consecutively, first the volume and

after the surface.

-

v
S —_—
TR ~—r
DAL d

- e e crme

pressure in m/cm?

The effort required for calibrating

is found by using the following equation:

P

KF

where P is the effort in m; F is the pro-

Jected area of the surface subject to

calibrating in em?; K is the specific

Values of K in m/cm2

Steel

Voluminal
Calibrating

Surface
Calibrating

Carbon steel

20 - 30

13 - 16

Alloyed steel

up to 40

16 - 20

Preliminary Operations before the calibrating of forgings consists of in cut-

ting off and cleaning of the protruding edges and removing the scale by etching, or

Table 24

Tolerances for Dimensions between Calibrated Surfaces after Flat-Plane

Calibrating (Bibl..40)

Area of the Calibrated
horizontal Pro;ected
Surface in cm

Tolerances 4 in mm

Usual Exactness

Exactness exper-
ienced in Industry

3

3-10
10-20
20-40

o1
5

5

o1
o2
2

in a drum by streams of sand or small shot. It is desirable to combine these two

cleaning operations, i.e., the etching with the mechanical cleaning.

256
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The Calibrating Dies consist of a top and bottom plates (see Fig.121,1), two

intermediate plates (Fig.121,2) and two operating plates (Fip.121, 3).

Table 26a Table 27
Tolerances for Dimensions Perpendicular Allowances and Tolerance in Dimensions
to the Direction of the Pressure, when of Products Subject to Cold Calibrating

Calibrating (Bibl..0) . (Bibl.20)

SR

d) e)

(2}
~r

!
l

Q.
~—

(5]
~

<025 ! 41,5
—0,5
0,25-0,8 1,2

1-0‘5

> 0,5 +0,8
—0.5

.. 5 .
-
o -
(<]

2

- -
[}
-

-

XQAXT- NI

+2

-.0,5
+1.5 120—180
—~0.5

~+1
—-0,5

e e e e e e e

St WEWR WMLt

—--oSCTCCoS OC

oLooeoLccocss
——-Imt20osess
W XM CrIU.

[

a) Tolerance in mm; b) Diameter or width a) Length of product i;1 mm; b) Thick-
of forging in mm; c) Ratio of forgings ness (in the direction of. the pressure
‘thickness or w:}dth; d) Usual exactness; in mm; c¢) Allowances for calibrating
e) Increased exactness " in mm; d) Usual exactness; e) Increased
exactness; f) Tolerance for forging (4+),

in mm

Special Features in Forging Aluminum, Magnesium and Copper Alloys (Bibl.2).

Aluminmn, magnesium and copper deformed alloys are known for their following fea-

" tures:

j__’ .. 1) Small temperature intervals (see earlier in text) are required for forging

. ST S o, ctangp et
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and stamping. These intervals should be strictly maintained to insure a forging of
rood quality.

2) These alloys are sensitive to the rate of deformation. Increasing the rate

of deformation will lower the plasticity

of the metal, and will also lower the in-

terval of the critical degree of deforma-

tion#* (Table 28).

3) Sensitiveness to the state of
stress; the more the deformation tends
towards all-around contraction, the higher
will be the plastiecity. For stamping,
therefore, closed dies are to be preferred

Fig.120
and cut-out strikers are to be used for

a) After coining; b) After forging;
forgings. The stamping slopes should not

c) Line of die separation; d) View of
. be higher than 1.5 - 3%.

along A

L) Sensitiveness to the irregularity
of deformation, which lowers the plasticity and causes irregularity in tﬂe structure
of the forging which, in its turn, lowers the fatigue quality of the metal. There-
fore, the forging of a complex piece should be effected in several transitory opera-
tions, changing the shape gradually, frém simple to complex. The separation of the
dies should be so designed, as to prevent the protruding edge (burr) from locating
itself in places of greatest stress, which the finished product will experience
when at work.

Abrupt changes are to be avoided and the dies are to be lubricated.

For methods of forging and stamping aluminum, magnesium and copper alldys,

see Bibl.2

. % The eritical degree of deformation is that value of deformation, which at the op-

the maximum growth of the ains.
& & STAT
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SHEET METAL STAMPING

Any part, or an assembly of parts of a machine is distinguished by the follow-

ing features:
1) The shape of the part;
2) The precision of its dimensioﬁs;
3) The quality of the surface forming that part;
L) Its strength.
. In determining the shape of the part the design should be governed by economic

considerations which are the deciding

factor in the problem of apportioning

the metal which, in its turn, is the

basis of the kind of operation required.

As far as precision is concerned,

in sheet metal stamping it depends upon

the nature of the stamping operation.

sepmow emanes ssewe BN As an example, calibrating and cleaning

N

operations can produce a third and

‘even a second class of precision.

The quality of the surface, as well

as the~precision, vary for different

operations. A surface of the best

quality may be effected by calibratihg

FigF.121 - Example of Calibrating a th
-8

and cleaning which can prodﬁce ab

Curvilineal Surface
class of cleanliness.,

1 - Top and bottom plates; 2 - Intermedi-
The strength of the part is the

ate plates; 3 - Operating plates

result of the fact that in stamping,

the fibers do rnot cross each other, but afe oriented in accordance with the gﬁ%%%nés
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of the shape of the die (Fir.123). Another achievement of stamping is the strength-
ening of the surface layer which makes the part

~ stronger.
%{/'/A/’/.".v A {
: . Presses for. sheet metal stamping-are of a

’

great variety, There are the so-called universal

presses which can be used for many products, and
Fig.,122 .
specially designed presses. In other words, the
stamping of any product in any quantity is not limited by the absence of a suitable

press.

Table 28
The Critical Degree of Deformation of Aluminum and Magnesium Alloys

(Bibl.2)

Interval of Critical Degrees of Deform-
ation during the Operation in %

Under Hammer Under Press

D1 3-15 10-50
AK2 3-18 10-40
" AKs 6-23 20-40 -

MA2 : Do-10 ’ 0.3-10

MA3 6 . Do-10

There are presses of various designs. For stamping of large quantities, the -
press is designed to fit the p&rticular part to be stamped and the nature of the
operation. Such presses are sturdy and very productive, but are expensive and take

a lot of time to build.

For small quaptitieg, presses of universal application are in use. Also in

use are dies with working parts made, not from steel, but from other material (zinc

based alloys, for instance), which can eaéily be m&chined, or changed to another
' ' STAT
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For stamping small quantities of parts having a simple confipuration - dies of
a simplified design are used. Above all,
it must be borne in mind that the unifica-
tion of operations and the standardization
of the parts obviates the necessity of
designing dies individually to fit only a
certain product and makes it possible to
design dies able to handle a great quanti-
Fig.123 - The Disposition of Fibers
ty of parts.
a - The part was cut; b - The part
Parts stamped by a comparatively
after stamping and bending
small die in a small or medium sized
press may be welded together into a large stamping to be handled by a large press.
In going over from one method of shape-changing to another it is necessary to

redesign the part. This should be done without changing the previously joined sur-

faces and without changing their positions.

Samples of sheet metal stampings are shown in Fig.124

TECHNOLOGICAL DATA FOR SHEET METAL STAMPING

A List and Nature of Sheet Metal Stamping Operations

Depending upon the temperature of the material, sheet metal stamping is divided
into cold and hot operationé. -

Depending upon the nature of deformation, operations are: separating, forming
and -complex.

Separating operations are those resulting in the destruction of the deformed
parts, such as, cutting, cutting off, cutting out, chipping, piercing, cleaning, etce.

The forming, or ratﬁer form-changing operations, result in changing the shape

of the deformed portions of the material and their dimensions, such as bendinSTAT
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bending combined with enlarging, profiling, rolling, drawing, trueing, shaping,

pressing, etc.

The complex operations are those
resulting in the change of shape and
dimensions of the deformed portions and
in their destruction.

Separating Operations. Slitting.

This is used to divide the sheet into
strips, or to divide a wide band into
narrow ribbons; the direction of the slit
is along a straight line. The slitting

is effected by meanslof sheet shears
(guillotine), or by disk shears (rollers).
Both of these have a universal application.

The effort in kg, required for slit-
ting a material with sheet shears is shown

below: {

sz
P = 0.3 T
tan @

o

where o 1is the knife slope in degrees;

S is the thickness of the sheet in mm;

the T o which is the resistance to being

cut in the die, can be found in Tables 29
Fig.l2L4 ) )

and 30.

The thing to consider in shears is the thickness of the material to be cut

and, for guillotine shears - also the length .of the cut. The force Q in kg, re-

quired to cut the material with disk shears is:

Q = 0.32 §% cos 0.5 a 1

262
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where @ is the angle of seizure of the material by the disks, which should not ex-

ceed 20°,

Table 29

Values of T o for Various Materials

To
Material in kg/mm?2

Paper#* 3
Paperboard
Paperboard, Bristoli#
Asbestosi*

Mica

Rubber#*

leather, soft¥*
Leather, tannedi*
Leahter, solei
Textolite

Celluloid

Fibers

# The upper die is a knife

#% Knife as the upper die, also lubricated.

Cutting Off is the separation of part of the length from a flat or profiled
strip or fgom a ribbon. The cut-off end may be curvilineal, or straight. The cut-
ting is performed by dies (universal type, or specially designed) in a press, and in
some éxcepéional cases, by guillotine shears.

The cutting by dies may be one-sided (without waste) and two-sided (with waste),
Profiled material is usually cut by the two-sided method, .

The determination of the force required is, explained below, in the description
STAT
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Table 30

Values of a o and T y for Various Metals

2 .
Ovp m kg/mw~ Ty in kg,/1m12

Annealed’ | Hardened Annealed Hardened

Lead 2.5-4 2-3
fin 4-5 3-4
Zanc 15

Aluminun 8
% -

Copper 22

Juralumin

Brass 28
Dironze, rolled 10
German silver 35
Aelchoir
Sheet. steel:
with 0.1%
"oM2TC
Y0.3%
0.4% ¢
0.6%
0.8%
1.0%2 C
Sailicon steel
Stainless steel
200G (nornalazing at Q90°
anncaling at 600°)
-30XOC (normalizing at 900°,
annealing at 650°)
251i, hot rolled without ammealing

25013 (normalizing at 900°,
annealed at 650°)

65G

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

of the "Chopping-out Operation", and the force required when cuillotine shears are
used, was riven in the part dealing with "S1litting Operations".

Cutting Out is the method of obtaining from a sheet, -or from other stock, a

part with a closed or unclosed contour. This operation is performed by shears

(rounded, disk, ruillotine and vibration types) or by special dies in presses,
Chopping Out is used to obtain a piece with an outside contour from a ribbon,
strip, sheet, stock or from waste maferial. The work is performed on presses with

special dies,

The force P, in kg, required for chopping out by means of the flat butt ends

of the lower and upper dies is:
P=L’S’To

where L is the perimeter of the chopped-out piecé in mm; and T , is the resistance
to the cutting (see Tables 29 and 30).

The force P required for chopping out and also for piercing (see below) may be
made smaller by the following methods:

a) By heating the material, which lowers the value of T o The material is not
to be heated, when its thickness S < 2.5 - 3 mm; materials which cqnnot be stamped ‘
cold, such as textolite and getinax, are the exception.

b) Arranging the location of the plungers (when a mulfiplungér die is used) in
stages; so that the butt ends of the plungers will also be arranged in stages. A
two-stage or a three-stage'érrangement is récommended. Since the entire perimeter L
will be made up‘of two 11~and 1,, or of three ll,'lz, 13 perimeters, it- is necessary
to deterniine the force required for each stage and select the greatest,

¢) Using a plunger or matrix with sloping (wave-shaped) cutting edges; part of
the edge‘may remain parallel Fo the stand of the press. |

The force P in kg, required by ruﬂber diellockéd-in in & ring, may be deter-

mined by using the following equétion:

STAT
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where F is the lower plane of the rubber die in cm2; p is the specific pressure of
the rubber die in kg/cm2 the value of which is approximately the same as for chop-

ping out and piercing of materials with various thicknesses as shown in Table 3l.

Table 31
A Guide in Determining the Values of p Required in Chopping Out and

Piercing Operations

pv kg,’cm2

laght Nonferrous Soft Steel
Alloys

44

6()
o0
125

160

When the upper and lower dies (plunger and matrix) are made of steel, there
f
will be a clearance Zg between them. The optimum value of a two-sided clearance
(at which the cracks appearing on the blades of the plunger and of the matrix meet)

(Fig.125), is found by using the following equation:

where x is the coéfficient, whose value depends upon the material used. The values
of x are shown in Table 32.

A chopped~out "piece will have the dimensions of the matrix, and a’ punched-out
piece will have the dimensions of the plunger.

With the clearance between the two halves of the die at its optimum value Zg,

the surface of the -hole, or the controur of the chopped-out plece will consist of a
STAT

266

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

\

shiny belt and of a conical rough part (Fig.1l25). When the clearance is less than

the minimum allowed, the result will be a secondary cut with the formation of a

Table 32
The Values of the Coefficient x which Determines the Size of

Clearance in Chopping Off and Piercing Operations

Coeificient x at oum temperature

25°C 6eGoC

Material Cptimum Minimum | Maxumm | Optimum

(.04 0.25 0.04

Copper,” brass, zinc, aluminum 0.08
Steel, soft 0.1 - 0.29 C 0.1 (.05 0.35 0.05

Steel, wedium hardness 0.2 G 49 C o n.06 0.1 (.06

Steel, hard 0.5 - 0.8% C : 1 6,07 0.5 0.07

second shiny belt on the conical surface. This second belt will not be shiny all
over, but will be torn in places. A clearance greater than the maximum allowed,
also dull cutting edges of the die will produce a burr. A burr of less than 0.1 mm
is easily removed bv tumbling in a drum.

The sloping cuttin( edees of a die, in a chopping-out operation, are distributed

on the lower half (matrix) of the die, if the butt end of the upper half (plunger)

4s flat. .In a punching-out operation, the sloping cutting edges are distributed

on the plunrer (the mirrow surface of the matrix being flat). In a chopping-out
operation the sloping cutting edges Ean do the bending and shapiﬁg at the same time.
The border of a piece stamped out by a rubber die is inferior- to the border
of a piece when a steel die is'used.
Punching is the formation of an internal contour (hole) and is performed by a
press equipped with specially designed dies. - The values of the force required, o;

clearances and of other items is determined the same way as in chopping-out

STAT
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operations.

A Cutting Off operation is the removal of the surplus and waste material, the

shape and the dimensions of which have been formed by one of the complex, or form-

, —
a) ! ’ hi

i '-‘—‘—"'—'u]— TeERIee

——

e te——

A 2P,

i

Fig.1l25 - View of a Punched-Out Hole Fig,126 - Method of Cleaning
and the Contour of a Chopped-Out Piece a) Chopped-out stock; b) Finished
' a) Punched-out hole; b) Shiny belt; part after cleaning operation

c) Shiny belt; d) Chopped out

changing operations. This operation is performed in presses by universal type,

or specially designed dies, or by disk cutters on a lathe, or by other machine tools

used for pressing or rolling.

A Cleaning operation is the elimination of the roughness resulting from chop-
ping out orafrom punching the external or the- internal contour (phe entire contour,
or‘part.of it) of a piece. Also, to make the contour surface smooth, to obtain
precise dimensions and to make the contour perpendicular to the plane of the piece
(Fife126). The work is performed in presses by specially designed dies.

-The value of the surplus material addgd in anticipationof a cleaning opera-
tion, in the case of a single cleaning of surplus material added on one side only,:

is

STAT
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b, = 0¢5 25 - mS

where m ig the coefficient determining the amount of surplus material to be provi&ed
for a cleaning operation; it is equal from 0.10 - 0.40 depending upon the hardness
and thickness of the steel., Repeated cleaning operations are used for parts having
a thickness of S > 1.5 - 2.0 mm.

When preparing the stock for a chopping-out operation, the amount of surplus
material required for the subsequent cleaning operation should be anticipated
(Fig.126).

A Hewing operation is the formation of an external, or of an internal contour
in a nonmetalic material, such as leather, paper, rubber, cardboard, etc. The work
is performed in a press by hewing matrixes or plungers, or by striking the dies
with a hammer. The gutting edges of the die should cut at an angle equal to § =
= 20 - 30°.

A Splitting operation is either the splitting of the entire thickness or the
partial splitting of the thickness of
a piece., A partial splitting anticipates
other operations to fdllo&, such as

bending. The work is performed in a

press by a die with its working part
. shaped as chisel, The cutting edge of
the chisel must have the equired con-

, tour. The angle with which the chisel
Fig.127 - View of a Bent Strip

strikes the material is: for steel

B = 70°; for copper f = 60°; for zinc and aluminum g = 50°.

Shape-Changing Operations. Bending is used to insure the necessary disposition

of parts of a sheet or of a strip in two or more planes, at an angle rounded as a

rirsala ar as anv ather enrve. The work is performed in a press, or by a bendins
' STAT
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machine equipped with universal type, or specially designed dies.
The bending of a material results in elastic and plastic deformation§. The

lengthening of the outer fibers produces a stress causing the width to become

Table 33
Values of Coefficient k, which Determines the Minimum
Bending Radius, Depending upon the Material and the

Direction of the Bend

‘1he Axis of the The Axis of the

Material Hend across the’ Pend along the
[Fabers Fibers

Copper and zinc 0.25 0.4
Soft brass, aluminum 03 0.45
Brass, hardened 0.5 1.2
Soft steel for drawing in depth 0.5 1.2
Steel of medium hardness 0.8 1.5

Luralumin i (clean edges) 1.3

Buralumn L1 (cleaned edges) 2.5 -

smaller, while the pressure on the inner fibers produces a stress caus%ng the same
width to become larger. As a result of these two opposing stresses, the rectangu-
lar cross section becomes bent (Fig.127). With a thickness equal to S, and with a
width more than (20 - 30)S, this influence is shown only at the borders of the strip.

[

In the bending zone, the thickness of the material becomes somewhat smaller (St).

. S
Since the stresses on the outer fibers is o = féﬁ—é, where Rg is the radius of

]

bending, therefore, if the value. of RF is small, the value of the stress 5 on the

" fibers approaches the limit of strength, when the mateniél is stretched to Syvp (see
Table 30). The result in this case will be the crushing of the material (cracks).
The minimum radius suitable for bending may be determined (approximately) by

using the following equation:
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The values of the coefficient k depending on the material and the direction of
the bend, is shown in Tables 33 and 34. Trimming the edges before bending permits
a reduction of k to 1.5, or occasionally to 2. The elfect of the elastic deforma-.

tion is that the material becomes springy during the bending. Although the angles

Table 34
Value of Coefficient k, to Determine the Minimum Bending

Radius to Magnesium Alloys

Composition of the Alloy k
in % (Mb’ - the rest) Cold bending Hot bending

Al 7n Annealed hurdened 340°C 205°C

6.5 1 . " d 10 .17 2.3 6
3.0 1 . ¢ 6 - 10 1-2 -

- - e 12 1 2 -

‘ of the die are made smaller by a | (the angle of springness) it does not eliminate
to a certain extent the lack of precision in cold bending.
The length L of the material to be bent is the sum of all lengths of the
straight portions plus the lengths of the neutral axes of the bent portions. In

Fig.127, for example, L =1y +1 + l,. The length of a neutral axis is found by

using the following equation:

I = T2 (Ry+ x) = 00173 (R, + )

18y° q

. where ¢ is the aﬁgle of the arc 1, in degrees (o = 180° - B F); x is the distance

from the inner area to the neutral axis, in mm, equal to x = Sm; the value of m,

1

ft )
depending on the value of —an- is to be selected as follows:

D
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1 2 3 4
0,30 035 037 04 041
3 7 8 10 12
n4l 045 0,46 0,47 048

]

These values found by caleulation should be verified experimentally.
In a case of bending without roundness (Rg - 0), the length of the piece to

be bent is equal approximately to:

,.==I]+13 - e rln-r O,SS(H - l)

where 11, 1, eese 1, are the lengths of the straight portions in mm; and n is the
number of bends.

The unclosing in a ribbon or in a strip especially in cases of bending without
rounding (Rg - min), should be so performed that the direction of the rolling is
perpendicular to the axis of the bend. If more than one axis is present, the angles

formed by the direction of the rolling
and axes of the bends should be the
same,

Bending with Stretching. This oper-

atior will also bring the various por-
tions to theirQrequired places. How-
ever, with bending, and regardless
~ whether the stretching is made at the
same time or at some other time, the
Fig.128 - Method of Bending with Stretch-
material is stretched by 1-4% (Fig.128).

ing Broken Line - Beginning of Operation.
Due to this fact, there is. almost a

Solid lined - Iind of operation ‘ .
" total of springness in the parts (anA«O)
a) Part; b) Plunger; c) Stock ‘

which means a mich higher prec%fion.
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The work is performed in drawing presses equipped with special plungers (no mat-

rixes). Bending with stretching is used mostly for large or medium pieces.
Profilinr is used to obtain any profile required in a strip of a rectangular

shape. The profile is obtained with the outlines chanping rradually and in a con-

sccutive order. The work is more often performed with the aid of special rollers in

profile-berndins machines,

Fluting is an operation by means of which flutes are formed on flat or hollow
shapes to make them more ripid (ribs of ripidity). The work is performed by flute-
rolling machines or by disk shears with the aid of universal type or special roll-
ers,

Threadings is a special application of fluting and is used to thread hollow
sheet metal pieces, such as lamp sockets, The work is performed by specially de-
signed rollers,

>

3order Rounding is the operation which with the aid of a die, or rollers im-

parts to a straight or curved border the shape of a ring, or of any other closed
curve. The work is performed over the entire border at the same time, when presses
and dies are used, or sradually, when done with the rollers of a rolling machine.

Trueing is the straightening of flat or shaped pieces. The work ‘is performed
in presses by universal typé or special dies. This operation requires great pres-
sure, an exception is the trueing of flat material by the method of bending over.

Drawing out (stretching) is used to obtain from a flat or hollow material a
product having the required shape and dimensions, at the expense of the thickness
of the origiral material. The work is performed in presses by specially designed
dies,

The maximum force required to draw out a hollow specimen may be determined,

approximately,- by using-the following equation:
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where P is the force required for drawing out; F is the cross-sectional area of the
specimen wall in mm; (in the case of a flat bottom, the cross section is measured
‘ in the rounded zone, where the bottom meets the wall); o is the stress due to the

drawing out and 1is equal to noyp in kg/mmz. The coefficient n may be found in

Table 35. 1In the case of a cylinder, the above equation becomes:
P=nS (d - S)o

where dy is the outside diameter of the drawn-out cylinder in mm.

In the case of a relatively thin material, the compressing forces have a tend-
ency to bend the flange longitudinally which may result in formation of folds. To
avoid the formation of folds, a device (a foldholder) is used‘which holds the mater-
ial tight.

As a result of the compressing forces acting on the flange, its thickness will
be increased, but at the same time, the stretching-out forces acting lengthwise

‘ along the cylinder, will make the lower portion of its wall - thinner. The changes
in the oripinal thickness S and hardness Hp when a cylinder with a flat bottom is
stretched, are shown in Fig.129. The dotted line in Fig.129 represents' the changes
in thickness of a cylinder with a spherical bottom. The increase and the decrease
in thickness, as compared to the original thickness, depends on many technological
factors and on the design. In many products, the increase (+) may go up to 25-30%,
and the decrease (-) to 30-35%. As the radius of the upper die Rp increases, the
rate with which the material is becoming thinner decreases, but the thinness is
spread over a larger zone. Therefore, it may be assumed that in a stretch-out
‘opgration the average thickness of the finished product is very near the original,
also the average surface is very near the original.

Designating(xv as the coefficient of the change in the stretched surface, and

' designating B, as the coefficient of the change in its thickness, we get:

STA

2% ... ..

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

The value of(xvp and a,, deperding or thz basic lechnolorical requiremsnts is

shown in Table 34%.

Table 35

Tre Jalre of Coefficiert & Iised to Determire the Required 3tretchins Torce

’ my ¥ 57 S o

n.e
F

(.4

Lt L.

¢ -

o

The coefficient of the liest siret Din, operatior: | =--——

by

ihe coell1cinnt oi Lhe spuse aeal SLEPLG Gy GEe Dl tunst e = ;g s
- ]

, anu S0 on (see
L-I (]r)
iy 137)

Table 3A

Relatior bhetwser Coefficients n, ard >  and the Jasic Techrolorical

Requirenerts (Ribl.lh)

1103 1-n.97
103108 0.07-.93
1 o011l 0 0309

T Values: ;ovbere a3 ere Lhie dianeter Jeng th

of the upper and lower dies; U0 is ohe precsare on e Tolidbolder; voas the spred

of stretching

In rourn calculations, it is allowed to consider ty = 1.

In stretching, one of the results of the anistropy of the material is a wavy

v rnees

TAT

shape on the flanpe of the product,~or on the edre of a hollow vessel, Thiss3

‘
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uneven shape is shown in Fig.130. The number of waves is usually four: two of which
are parallel, and the other two are perpendicular to the direction of the rolling.
If the waves are formed on a rourd body ther are removed by turning the body

on a lathe, otherwise they are simpl; removed by cutting.

——

, \\.&_- I

1

N
N

B 1)
lll

Bl

d)

FifFl.129 - Fig.130 - Disposition of Unevenness
a) Change in hardness; b) Change in (Waves) after Stretching
thickness; c¢) Wall; d) Radius; e) Half a) Direction of rolling

of bottom

If the 'stock is flat, its dimensions depend on the area of its surface (F,)
after the stretching. If a smooth flapge, or a smooth edge are required, the calcu-
lation of the surface must take into account the corrésponding diameter of~the
flange d, =d. . + 2m, or the height after stretching H, = Hjzq + m; where m is the
allowance for cutting off, equal to 1.2 mm, up to 5% of led (see Fip.lBO) All
calculations. pertaining to a .stretching operation deal with average dimensions
(i.e., the value of S) must be taken into account). When S « 1, the use of the
largest dimensions (instead of the average) is permissible, since the difference
between the outer and inner dimensions is insignificant.

Generally, the relation between the surfaces may be expressed as: F, =

a
The in31pn1f1cant 1naccuracv which appears in calculating F can be correctedvdurlng :

STAT
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the operation. For example, if the value calculated for Fz turns out to he a bit
smaller than required, increasing the pressure P, of the foldholder, or reducing
the values of Rm and Zv’ or starting the stretching before the chopping out (in
combination dies), is sufficient to bring the necessary correction.

For round bodies, the relation between F, and D, may be expressed as follows:

D, 1/‘.’ 127 ‘/F'
wy, v

In stretching operations on cylinders, the surface area F, is calculated by
usine suitable geometrical equations. If the shape is complicated, it is divided
into sections with simple shape and F, is calculated as the sum of all areas.

If impossible to break up the complex shape into simple geometrical shapes,

then to find the value of F, the following equation is used:

>

2R = 2= (I'I/) - I"_)lg +...+ "nln).

where R is the distance from the axis of rotation to the center of rravity of the

complex body; L is its length; ry, ro, «.., r_ is the distance from the axis of
1s 12 n

rotation to the center of pravity of each section of which the complex shape is

composed; 17, 12, coey ln is the length of each section into which the length of
the complex body L is broken up and which may be assumed as straight lines. The
finding 6f the center of gravity for L, and consequently the finding of R, is pos-
sible by using a rope (force) polyron.

The diameter of the stock may be found by using the equations quoted previous-

8 3\
' n,_.-]/‘*"" ‘/ \ r- i

In rectangular hollow vessels, the stretching, or the drawing out occurs only

1y, it is:

in the angles, whereas the rectilineal sections of the wall experience mostly the

e ffect of bending. With this in view, a plan may be drawn up by which the dimension
STAT
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of the flat stock Lo be converted into a hollow vessel may be found. In this plan,

the wall is broken into rectilineal sections and into circle parts (Fir.131). The

Fig.131 - Method of "Unbending™ the Fig.132

Angle

rectilineal sections will have the length L and the circle parts will have the dia-

meter D (four angles of the vessel form a hollow cylinder with a diameter d). After
the rectilineal and curved sections are drawn, a streamlined contour is found which
will insure a gradual transition from the stretching (in the angle) to the bending
(in the rectilineal section). For that purpose, segments BA is cut in half and a
tangent is made to pass through point K to the part of the circle AA. After that,
with a radius equal to 0.5 Dz the angles are rounded between tangent MK and the
rectilineal parts of the contour BC.

In the case of complex shapes, the dimensions of the flat stock from which the
complex shape is to be made, should have the theoretically found value verified
experimentally. o

The drawing out of articles having large depth is usually effected in more than
one operation.

For the nth (the last) drawihg—out operation, the radius of the uppér die should

'STAT
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equal the internal radius of the article. Also, the radius of the lower die should
equal to the external radius of the cvlinder, if the article to be drawn out is a
cylinder with a flarge (see the dotﬁed line to the left and on top of Fip.132 which
illustrates the method of desipring the proper dimensions for « drawing—out opefa—
tion), i.e.,

Rp, = Riys Ra, = Riz -

The equation below may be used to determire the radii of the matrixes for the
intermediate ard last dravdng-out operatiors of .« soft steel product without a
flange, or for the last drawing-out operation of a product with a flanpe, it is

to undergo another different shaping operation thereafter.
Rl“" - (),8 ' (dn—l - d,,)s:-

In the above equatior, if n=1d, 1 =d, = D,. The radii of the upper dies used in
intermediate operations when desirned without slopes (see left half of fig.132)

are derived from the following equation:

lin_“ _dﬂ - QS
an—l= %) .

If the drawing-out operations (and therefore - the dies) are to be designed

with slopes (see right half of Fig,132), then

Rp n-1= RM,,~

With n =1 Rp is found not from the equation but is taken as the radius of the

* finished product, since

RP n—1 = Rpl = l?iid'

A-return drawinp-out operation differs from the usual kind in that, that the

outer surface of the stock (as the operation is proceediny from start to finish)

STAT
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becomes the inner surface. A return dfawing—out operation is used for the purpose
of obtanning‘a hollow double-walled finished product (Fig.133).
In drawing-out ope;ations done
hydraulically, the die may contain only
a matrix. Since the upper die is a
liquid, the cost of the die is lower.
Dies for hydraulic drawing-out operations
differ in design. One of them is shown
Fig.133 - A Return Drawing-Out . in Fig.134. As a rule, the application
Operation of the hydraulic method seems to be
1 - Stock; 2 - Finished product; Jjustified when handling moderate quanti-
3 - Upper die; 4 - Matrix ties of complex (in shape) medium and
large-sized products. Because the pro-
duction facilities of today make it possible to bring the liquid pressure to
100-500 kp/cm2 - the thickness of sheet metal stock may go up to 3-6 mm.

A drawinp-out operation using rubber as a matrix has the same application as
drawing hydraulically. In this case, of all the working parts of the die, only the
plunger is made of steel (Fig.135). The lower half (the matrix) is made of a plastic
mass - rubber. As this allows to do away with the making of an expensive and hard-

to-make steel die - the advantage in cost and time is obvious. Comparing the two

types of operation (drawing hydraulically and using rubber matrixes), the advantage

is on the side of rubber, both in cost and operationally; At the present time,
rubber dies operate under a pressure reaching up to 300-400 kg/cmz.

Drawing Forth 1is one of the varieties of drawing operations used to obtain

hollow products of a required thickness and different cross sections of the walls.
The work is effected in presses equipped with specially desipned dies.
The dimension of the flat stock to be fabricated is found by using the follow-

ing equation:

STAT

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

: - Ve VV izd+ Vap i
- 9 —a" s 7 e e !
D,‘ l.lu‘l/ S 1,‘2/ K3 ’ i

where V, is the volume of the stock drawn forth (of the vessel); V,q is the volume

of the finished product; Vnp is the volume of the added surplus material.
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Fig.134 - Section of a Die for Fig.135 - A Drawing Die with a Rubber

Drawing Out Hydraulically Matrix and Steel Plunger

Body of matrix; 2 ~ Base of matrix;
Foldholder; L - The-mgtrix;

Thrust plate; 6 — Foldholder spring;
Tight;ning; 8 - Squeeze; 9 ~ Sheet

metal stock

1 - Steel plunger; 2 - Rubber matrix;
3 = Sheet metal stock; 4 - Finished

product; 5 - Container; 6 - Lower plate;

7 - Foldholder; 8 - Tappet, actuated

* by a buffer

The working ‘parts of the upper (plunger) and of the lower (matrix) dies are

shown in Fig.l1l36.

The number of dréwing-forth operations and the dimensions (of the wall thick-

<

the coefficient

nesses Sl’ 82, eee, S , when several operations are used) may be determined by using
n’ ) ,
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which gives us

100 — & .
Sll=( -'!7—>Sn_]| f
i

100 !
Sp = (qo=gy) 5|

100

The value of the coefficient k, which

reflects the hardening resulting from’

the drawing-forth operation of different metals is as follows:

Material

kn

Soft steel (C = 0.15%)
Aluminum, zinc

Brass (cartridge)

30
Lo
50

The force required for a drawing-forth operation may be found from the follow-
{

ing equation:

P =3 (sn—l - Sn) [d.u + (Sn-—l - Sﬂ)]'

Shaping means to impart the required final shape to flat or hollow stock,.df

EY

to their parts, at the expense of extend-
ing them locally a;1d, at times subjecting
the material tg compression. The work
is performed in presses equipped with
specially designed dies.

Shaping may also be effected by usé
of rubber or liquid.

Edging is a special form ofgTaing
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and its purpose is to impart the required shape to open edges of, or to holes in a
flat or hollow stock with the object to shift the edge to another plane (surface).
The work is performed by dies in presses.

After completing the work, the edge

will have a thickness S° which will be

less than the original. Various methods

of edpging of openings in a drawn-out

material are shown in Fig.137 (Bibl.ik).
In Fig.137, a ;nd-b are obtained by edging
¢ by punching and d by cutting.
Compression is the method of obtain-
) ing a hollow round body from a flat or
Fig-137 hollow stock. The operation is performed

gradually on compressing lathes by means of universal squeezers and special chucks

made out of wood or cast iron.

The Technology of Sheet Metal Work

The Technological Process. Basically, the process is worked out in stages,

as follows: 1) the shape, the dimensions -of the material and the quality of the

surface of the finished product are first to be analyzed; 2) a preliminary study and

compilation of all data involved in the process is to be made; 3) the proper equip-

ment is to be-selected; L) the preliminarily compiled data to be corrected; 55 ex—
periments, or the making of a few samples to verify tge suitability of the process;
4) final corrections are to be made and the process is finally to be‘selected.‘ The
work on 5) and 6) is carried out when it is organized for tﬁé production of‘coﬁplex .

products.

The Analysis of the Shape, Dimensions, Materials and Surface Quality of the

Finished Product., The designer and the technician must make sure that the design

STAT

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R00190010003-3

and the technique will suit the purpose, The job of the designer is to select that
combination of shape, dimensions, kind of material and surface quality that will
insure the best performance in the kind of work, for whlch the finished product is
designed. The job of the technician is to work out methods for the production of
the finished product with a minimum expe;se in money and time. To accomplish this,
the tecﬁnician must take into consideration all of the above requirements, and also
the quantity to be produced. V
The Prelimi%arv Compilation of the Data. This work should take into consider-

ation the quantity to be produced and s;fety factors, Also economic factors, for
instance, the production of a die for a few pieces is unprofitable; but in mass
production, the cost of a die will quickly be repaid. The basic data here to be
considered are: 1) the consecutive order of the operations; 2) the material (the
shape or otherwise: whether it is a ribbon, strip, sheet, waste of a flat shape,

or waste made usable after the shaping is complete); 3) the type of dies to be used
(combination dies with automatic feeding attachments and of complex design for mass
production, and simplified universal-type dies for the production of small quanti-
ties); 4) the feeding of the material and the removal of the finished product and
waste; 5) basic figures, such as the percentage of waste and of usable material,

the tempo of the operation, the width of the ribbon, the diameter of the flat stock,
the dlameters when the operation proceeds in stages, the length of stroke of the
slide bar, the heights of the die when open or closed, the force required for the
press, the amount of surplus ma£erial required, etc; 6) sketches of each stage,

wheﬁ the operation proceeds in stages,

Selection of.the Equipment., The selection of the proper equipment is-also
closely tied up with the quantity to be produced. Irf equipment is avaiiable,‘the'
selection is made from those not loaded with work and which are best suited for the

purpose. If new equipment is to be used, its specifications should be in conformity

with the process.
STAT
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The selection is to be based on the following basic values: the technology of
the operation, the force and nature of work required, the length of stroke H,, the
dimensions and the shape of the stind and of the slide bar, the "iie space® Co
and Cz (the heights when the die is open and closed), the dimension of the roller

£3p, feeding attachments, whether present or absent, the number of strokes,  the

| /4:.—1-/4;.

Fig.138 - Sectional View of a Simple Fig.139 - Sectional View of a Combina-
Die. ) tion Die
1 - Plunger; 2 - Waste; 3 - Matrix; 1 - Punching plunger; 2 - Chopping
L - Finished product; 5 - Material to matrix; 3 - Finished product;
be stamped; 6 - Removing attachment 4 - Waste; 5 - Waste; 6 - Chopping
‘ plunger punching matrix; 7 - Remoiring.

attachment; 8 - Ejector

presence or absence of a cross piece on the slide bar, the presence or absence of
a buffer, the reliability in operation and, especially, the sturdiness of the frame
and the direction of the slide bar,and finally, the cost, if new equipment is

used,

Correcting the Data. Very often, after the pr;oper equipment is selected, the

preliminarily obtained data must be recalculated or changed and new and finalSTAT:
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must be worked out. . ) ﬂ_}
Types of Dies. Tﬁe'dies used in sheet metal work may be divided into three

groups: ‘
o Simplified dies performing one operation with a single stroke of the slide

bar of the press and within the limits of a single‘phase of the operation H,p
(Fig.138). Dies of this type are dis-

tinguished by the simplieity of their

design and low cost'of making them. The

productivity of these dies is directly

i

\ -7;q- related to the method of feeding the
I \ 7,

723 ' material or semi-finished product, and to
5

)

- : the method of removing the finished pro-

duet and the waste material.

10V
= /e Combination dies, performing simul-

&)””M c)

taneously several different operations

. (more often two or three and seldom four)
Fig.140 - Sectional View of a Consecu-
_ with a single stroke of the slide block

tive Type Die
of the press and within the limits of a
1 - Chopping plunger; 2 - Removing of
, single phase of the operation Hg (Pig.139), -
attachment; 3 - Waste; 4 - Matrix; ;
o ‘ Combination dies are more complex than
‘5 -~ Catching attachment; 6 -~ Finished '
. simplified dies, but they are more pro-
product; 7 - Waste; 8 - Punching
" . ductive and perform with great precision
plunger;
producing products with correct location-
a) Transition to punching; b) Non- ) .
of their component parts and good quality
operating transition; c¢) Transition
. of their surfaces,
to chopping
: The consecutive-type of dies accom-

plish their work in several different operations with several 3trokes=of the slide

block of the press and duriné several phases of the process HSh and with the number
| ' STAT
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of phases equal or greater than the number of operations (Fig.l.i0).

The consecutive type of dies may be just as complex as the combination type.
These dies are very productive and are even better than the coﬁbination type when
handling products of complex shape. Although the consecutive type is able to handle
products of greater complexity than could be handled by the combination-type dies,
the precision is not as good.

In dimensions, the consecutive type of dies are larger than the combination

type.

SHEET METAL PRODUCTS

General Considerations

To be sure that the products obtained will be correct technologically, it is
possible to produce only such changes in the shape, dimensions and material which:
1) do not change the principle under which the machine operates, do not change the
parts and the assembly of parts and, indirectly, do not change the dimensions of

parts joined together; 2) do not affect the replacement ability of the parts of a

finished product.

Basic Considerations

Selection of Material. For sheet metal work, the material used has mostly the

éhape of a ribbon; strip or sheet. OSheets are used in those cases when the width
of the ribbon or of the strip is unéufficient. If the widfh is sufficient, ribbons"
are to be preferred for thin articles (S = 2 -~ 2,5 mm) and strips - for thick pro-
ducts (S - 2 - 2.5 mm). '

Materials possessing high fluidity o 2 wheg used in operations of the sep~
arating type, are very good for cutting. For operations of the shape-changing type,
a low fluidit& op s desirable., For drawing-out and drawing-forth operations,

condii;onq are more favorable, the greater the difference between g vp and (éTVVFA
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fairly good ratio would be %?; < 0.065,

The material selected f;? drawing operations should ﬁossess the physical and
"mechanical properties and geometrical
requirements required_from the product; a
good amount of surplus materiél to take
care of the thickness and a good surface
quality are to be included in such a
material, The microgeometry of a cold-
rolled ribbon is in accordance with the

Figelll - Example of Ribs Imparting th
7°" class of cleanliness, as per specifi-

Rigidity
cations of GOST 2789-51; a polished rib-

a) Wrong; b) Correct
bon belongs to the 8-9th class.

The following materjals are used in
sheet metal stamping: low-carbon cold-
rolled steel ribbons (GOST 503-41); cold-
rolled structural steel ribbons.

(GOST 2284-143); hot-rolled steel ribbons
(GOST 6009-51); rolled-steel thin sheets
(GOST 3680-47); steel sheets

"Fig.142

" (GOST 1386-47); black polished tin-plate -

(GOST 1127-47); roofing steel syeets'(GOST 1393-&7): thin sheets of quality s£ruc—
tural carbon steel (GOST 914-47); common hot rolled carbon steel (GOST 380-50); hot
rolled structural quality carbon steel (GOST 1050-52); brass sheets and strips
(GOST 931-52); copper-zinc and brass alloys (GOST 1019-47); cold rolled ribbons
made from nonferrous metals and alloys (GOST 3718-47); hot rolled copper sheets

(GOST 495-50); copper ribbons for common use (GOST 1173-49); aluminum-bronze rib- -

bons for springs (GOST 1048-49); brass ribbons for common use (GOST 2208—&9);.

nickel and nickel-silicon ribbons (GOST 2170-49).

STAT
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9
t

The Configuration Thickness of the Original Stoeck and of the Finished Product.

The most strict and all-around economy in the use of metal is a necessity. The use
’ B

=7 ==

)

al.

Figelh3 - A Flanged Ring on a Solid Fig.lhk - a - Stock is solid, result
Sheet large triangular waste; b - Welded
a - Result-large waste; b - Ring from stock-no waste
cylindrical stock, result-no waste; 1) Waste; 2) Welded
1) Developed length; 2) Welded;

3) Waste

of edging, of ribs t& impart rigidity and of other methods used in sheet metal work,
will save metal and reduce the weight of the finished product. If the material
lacks the thickness required for the finished product, the latter is shaped as
shown- in Fig.ihz, when i£ is a drawing operation and the width is not to be changed.

In many cases,‘to reduce the waste of material it is advisable to use welding.

Examples 6f advantages of welding are shown in Figs.143 and 1A4k.

When a éheet is to be cut into strips, it is recommended to locate the strips
in such a manner as to be able to place a maximum number of strips. Minimum allow-
ances for’ény of the dimensions are advisable. There may be cases when the number
of strips on a sheet will not conncide with the number of phases of the operation.
In such a case, to save metal, a strip 1 (Fig.1l45) is cut off (waste of the end)

with a'width equal to b, after which the sheet is cut into strips having a STAT
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width By, ; the waste 2 will be a fraction|of a. strip.

The cutting up into ribbons or strips is done in one of the following manners:
either a single row or a multirow cut up. The percentage of usable material or of

a
¢

I
&

L

S
SO0
AT Z

5) ] [7 100
c)

5

Fig.145 - A Typical Cut Up of a Sheet Pig.146

into Strips a) Waste; b) Utilized; ¢) Cirele diame-
a) Sheet (stock); b) Width of finished ter

product

waste depends upon the diameter of the circle, row arrangement, thickness and shape

of material. In Fig.l46, the curves 1, 2, and 3 represent the utilization of a

g malll
o7
&
89

I 12

Fige147 _ Fig.l48

ribbon having corresponding thickness of 1, 2, and 3 mm in a single-row cut upe
Curve 1 shows the utilization of a wide ribbon (up to 300 mm5 1 mm thick with
shifted rows in a multirow cut-up. Curve 5 is drawn for a multirow cut-up of
circles from a standard sheet 1 mm thick. A two-row cut-up may be effe;ted with a

single plunger, simply by turning the strip over.

'STAT
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The Cut-up without "Dikes'" (Fig.147) is used for products requiring no great

precision, for example, a three-row sheet for square nuts.

\‘ Y foh—
t
i

R > 0 L
| Q.0 |

Fig.149 -~ Finished Products Fig.150

a) 15%; b) 2nd; c) grd

A Cut-up with Gaps (Fig.l48) is mostly used for products to be drawn~out

before being cut, or if the contour is such that removing a bit of metal makes no

great difference.

- . A Cut-up Combined Several Different
— ) Shapes (Fig.149) is advisable only if
/5 the variously shaped pieces belong to the
/> same product, or are parts of the same
- SE— assembly. '
a) 8)
- - ) A Cut-up in which the Waste and Not
- . the Product is Cut out (Fig.150) is used

Fig.151 - Tnasmuch as Possible the
. for long narrow strips.
T Contour of One Side should be the

An Example of a Cut-up'which Antici-
Mirror-Like Reflection of the Other . ’
- ) pates that Welding is to Follow is shown
) Side (see Ripght Half) .
- in Figs.1l43 and "144.
‘ a) Irrational; b) Rational : A
- ’ In a Cut-up Anticipating Group

. Cutting, -the parts composing the group should be of the same material and of the

STAT
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-same thickness.

When planning a cut-up it is necessary to coordinate the minimum consumption
of metal with the economics of the entire stamping process. The work should start
with the large parts the waste of which may be of such size as to be suitable for

, 1
L

parts of a smaller size.

)

Hp

Fig.152 — The Same Part but Shaped Figel53 ~ Two Variations in Shaping

and Laid-Out Differently Means Differ- the Same Part and Two Different Ways
ent Consumption of Metal of Cutting Up

a - Is not practical; b and ¢ - Are a) The part; b) Variation 1;

practical c) The cut-up; d) Variation 2

Examples of coordination and of lack of coordination of the configuration
with the cut-up'are shown in Figs.151-154.

Saving of nonferrous metal may be.obtained by segregating the product into
the elements composing it, especially when oniy a small part of it is made from
nonferrous metals. As an example, take a part of a watch made out.of steel into
which is pressed-in a brass insert with a hole drilled to hold a pin. |

When measures are taken to insure the best utilization of metal, it is neces-

sary, by all means and by all methods available (technological and design) to

STAT
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" solve the following probi;ﬁa:
1) Increasing the utilization of metal to a maximum;
2) Inasmuch as possible to utilize the metal for products of one kind

(in the case, for example of product A, it is desirable to use the

excess material for other pieces of the same product A).

Cross- Sectional View
Part)

I
Al

S AN Ty

N

——

ATANSANA AR 3,
At S o S

Fig.154 - The Configuration of the Parts Composing the Interrupter
is Closely Related to the Way the Parts are Cut up; Parts 2, 3,

and 4 Look as though They are Obtained from the Excess Material
(Waste) of Part 1. (The interrupter sectional view is drawn

to a larger scale than the sectional view of the cut-up)

A solution of both of these problems is acceptable only if there is no in-
crease in weight, even if the quality, productivity and cost remain unaffected.

Data for Designing the Separating Type of Operations. With the use of upper

and lower dies made of steel, the precision in stamping cold-rolled sheet metal is

normally not higher than the Bth class in chopping-out operations, and not higher

than the hth class of precision in punching operations.

By taking special measures (such as making the process more complex or using

dies of greater precision) the precision may be increased to the Lt class in

STAT
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;{ Ehoppin; out, and to the 3rd class in a punching oporation. In hot operations, tho]
|
|

precision is. lowered (7th-9th ciass)... Cleaning oporations_nornally_produce a.3rd

. class of precision, and if followed by calibrating, the procision may even reach- g

. s e —————
!
I
¢
I
H
f
i
:

i the 20d o1ags,

Table 37

Minimum Sizes of Holes Punched by Ordinary Dies#

Rectangular
with Ends on
a Circle

Round

Square Rectangular

Material
Side of ller
Square 1de

1 0.9 0.8
09 0.8 0.7
0.8 0.7 0.6
P.U 0.6 0.5
0.6 0.5 0.4

lxégesmdller holes may be punched, but the steadiness of the die will
* ‘The dimensions are in fractions of S

The precision for the relative locations of the chopped-out contour and of

Combination

0.7
0.6
0.5
0.4
0.3

Soft steel

Brass, copper
Aluminum, zinc
Bakelite, textolite

Cardboard, paper

Remarks: 511&

the punched-out hole depends mostly upon the selected type of die.

Table 38

Minimum Sizes of Holes Punched by Rubber Dies in Nonferrous Alloys

p = 170

kg/cm? p = 100 kg/ca?

Round

" Round

Square

Equilateral
triangle

Roundness
the angi

Dianeter

Diameter

Side of

Square

Smaller side

Radius

8.
10
12
14
16

13
19
24
38
48

32
38
51

- 74

34
" 38
51
76

3
4
6
7
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" type dies produce the best precision and the least precision is produced by the

simplified type of dies.

One of the results of cold chopping and punching operations is the damaging
of tﬂe surface to a depth of 0.15 - 1.0S. For each material, the depth of the
damaged layer is directl& proportional to the clearance Zg and to the resistance to
cutting in the dies T , and inversely proportional to thickness Se

When rubber dies are uséd, the contour of the product, or of the holes, is

Fig.156

a) t, or b b) Ry or Rg

considerably worse than with steel dies.

The minimum sizes of holes punched by steel plungers and steel matrixes for
various materials are shown in Table 37, for holes in nonferrous alloys punched by
a rubber die - in Table 38. The minimum size of holes punched by ; steel plunger
located in a special sliding tube is of the order'O.k = 0.6 S. When steel plungers
are used, tﬁe minimum radii of a contour consisting of curved and straight lines.
may be taken from Tablé 39.

The location of holes and the minimum widths of a product, or of its portionms,
in the case of soft steel, should follow the following ;alues: a> 0.8 S; b> 0.9 5;
c > 0,758 d>1.55 (Fig.155). The minimum width of the product is' B > 1.5 S.

In bent and drawn-out parts, the distances from the edges of the holes to

the walls must satisfy the following conditions (Fig.156):

295
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X3 RP + 005 S
t, 2 RM + 0.5 S

t »R +0.58
g7 g 2

The minimum dimensions for nonferrous alloys when chopped out by a rubber

die, and when S = 1.3 mm, should not be less than 150 mm.

Table 39
Minimum Radii of a Contour Consisting of Straight and Curved Lines

when' Punched or Chopped by Ordinary Dies

Angle « at the B , C , ft
Jc;%nt. of Lines 1n * Kiﬁ;mugpper ggeel Aﬁﬁ‘,’vﬁéﬁgéﬂ

Operation Minimum Radius of Contour, in Fractions of S

Chopping 0.18 0.25 0.35
0.35 0.5 0.7

Punching ; 02 0.3 0.45
04 0.6 0.9

Data for Designing Shape-Changing Operations. The mechanical properties of

the material in the bending zone undergo a change.
The nature of the change in the basic mechanical properties for Grade CT steel
and with S = 28 mm and Rg = 25 mm may be seen in Fig.1l57.
In a cold bending operation, the.zone of critical deformations for different
ratios of l¥1 is shown in Fig.158. A part subjected to cold bending first, and
to heating after, will age considerably in the bending zone, which results in
brittleness. Therefore, no welding should be done near the zone of cold bending.
Both'tﬁe cross section and the dimensions of the original stock undergo a
change in the bending zone. The nature of the change is shown above in Fig.127.
When using dies for shaping angles, braces, small and medium sized shelves,

the precision depending on the thickness of the material may reach the following
| ' STAT
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(]

) P’recision values <Aizd)

Sinmm ... up to 2 from 2 to L above /

i LN N ] L] [ ] i L ]
Aizdlnmm 1 0.15 1+ 0.3 0.4

a) Originally; b) Outer fibers;

. c) Inner fibers

When bending a brace, wrinkles will appear in that portion, where the round-
ness changes into a vertical line, also the thickness in that place will be 5, < S.
The wrinkles and-the decrease in thickness may be remedied only by additional oper-
ations, which may increase the thickness to S, > S.

The height H of the straight portion of the bent wall (shelf) should satisfy
the condition H > 2 S. If a lower height is necessary, provision should be made
fér impressing a groove (see right side of Fig.159), or an allowance should be
made (by means of surﬁlus material) for the mechanical treatment after the stamping.

When shapiné thé contour of a bent part, and if the axis of the bend is above
the shelf (Fig.159, left side), local cut-outs should be provided. The dimensions
of these cut-outs'shouid be a = S and b > S. ' If the axis of the bend is outside

the limits of the shelf, (Fig.159), in this case no cut-outs are needed.

STAT
297

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

The thickness of the shelf S of an open brace having an angle 8 o = 909, if
necessary, may be less than the thickness of the base (' < 8); for steel, in this
case, the decrease in wall thickness should not exceed 30%, i.e., S' > 0.7 S.

Complex shapes, which are not practical for drawing operations, should be,

* inasmuch as possible, simplified, or
separated into simple portions, to be

joined later by stamping, welding or

. riveting, so as to obtain the required

complex shape (see Fig.179, below).

The volumes of hollow vessels should

shaps themselves with their dimensions,

decreasing towards %he bottom. The

Figel59 - Location and Dimensions
draftsman  should indicate on the

of the Cut Outs and of the
drawing which of the dimensions are re-

Groove
quired - inner or outer.

For complex parts it is necessary to work out a technological basis for the
holes, external parts of the contour and other elements of the design.

In a drawing-out operation, the wall thickness is actually not equal to the
thickness of the original part. This thickness may be determined, approximately,
from the curves of Fig.l29.

when drawing out a part having a large surface, heaps (hillcocks) may be

formed. To avoid this, the flat surface may be made more rigid by means of long

and intersecting ribs, Closed and symmetrical ribs are better.

Butt welding should be widely used for ring-shaped parts, regardless of the
cross section of the ring, whether it is simple or complex.

In drawing out a rectangular-shaped vessel, the transition of the bottom to
the side wall may be shéped without using a single large radius, instead of that,

it may be done with a slope of 45° together with smaller radii for the transition
STAT
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of this slope to the walls and to the bottom.
If cracks are formed in the angles of a vessel being drawn out, parts of the

angles of the flat origiral stock should be cut off.

The radii of drawn-out parts should be in conformity with the equations

* quoted before, Decreasing the radii at the expense of a more complex process may

be done within the following limits:

Radius of the bottom R 5, 0.1 S

Radius of the flange R > 0.2 S

A further decrease of the radius

to R = O is also possible, but the decis-

ior is with the designer, as shown in

Fig.160 (left - typical shaping of a

thin material, right - of a thick mater-

ial). The relation between the values

Fig.160 Fig.161
are: bt = 2 = 5mm; ht = 0.1 - 0.3 S;

a) Contour of the
R> S (but not less than 1 mm); h > S

- stock
but not less than 1 mm); b > 2 S (but not

less than 2 R)s In drawiﬂg out of parts with a warped cross section and with
rounded ;nd st*aight portions (Fig.lél); the height h of the inner wallg in the
transition zone of two straight portions, should be such that-%% 2 0.6. The
height H of the straight portions, is~not limited in the outer wall, but in the -
inner wall it is limited by the amount of metal -in the middle portion of the pro-
duct, , ‘

In a drawn-out product, the contour of the flange (especially if its outlines

are complek) should be shaped by an equidistant curve. The width of the flange

should be small, but not less than Ry + (3 - 5) S.

Round bodies (medium and large), which are hard.for die dréwing should be
STAT .
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pressed out on a lathe, As a result of compression, the deviations in dimensions
for a diameter up to 500 mm will be in the order of 0.3 mm; with a diameter
above 500 mm the deviation may be from 0.3 to 0.5 mm. When the depth of the product
is large, the allowance may be increased by 0.2 - 0.3 mm.

The building in of rigidity in the ‘angles of a body being stamped is shown

in Fig.162. When R has its maximum value, the elongation of the material, in the

a) Section SS; b) Section BB

concave or convex portions, should not exceed l.2 - l.4 ¢ .

In drawing-out parts with edges of moderate helghts, but also with unfavorable
dimensions, folds will be formed on the edges. The formation of folds may be
avoided by removing.thg excess material in the cut up (cutting-out triangles -
Fig.163).

Ring-shaped hollow products, wﬁen designed may be shaped differently
‘(Fig.léh). From the standpoint of technology, the variation 1 is best. A ring
made up of two halves (variation 4) is easily produced, but, in this case, the
waste of metal will be great.

Methods of Assembly. The design and ease of operation of assembled parts

determine, to a great extent, the quality of performance and the cost of a machine.

The stahping process has great possibilities in this direction. As a rule, stamp-

ing is used for assemblies which are not to be taken apart. With its help,gTaAT+8
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" obtained bv different technolopical methods (sheet metal work, volume stamping,
cutting, ete) may be assembled.
Sketches of various assemblies are shown below, also shown are some of the
methods applied in stamping.

Figuré 165 shows the . method of pro-
ducing rectilineal and ring-shaped seams
(locks) used for joining parts. For some
of the joints (seams) point w?lding or
riveting is used. One group of seams is

concerned only with hermatically tight

Joints, others combine it with strength
Fig.163 - 1 - The Con- Fig.164

and rigidity of the joint.
tour of Flat Stock; .

Various joints used for joining

2 - Contour of the

sheet metal products are shown in
finished part;

Fig.166. The formation of the angle of a
3 - Metal portions

sheet metal box (obtained by bending -
to be removed

not by drawing out) is shown by

sketches a, b, c¢. The sketch d is shown as an assembly of three stamped parts.
The box shown by sketch e may be obtained by bending a cut-out sheeé.

- Figure 167 shéws a variety of sheet metal parts joined together. Shown are
designs combining several flat parts, round bodies wﬁth flat parts and, finally,

* combining round bodies with.round bodies. ‘

' Several methods of joining sheet metal parts are shown.in Fig.168. For these

methods, as a rule, are used bending, edging and shaping. . '
Figures 169 and 170 show examples of joining sheet metal parts with parts

obtained by cutting. In the main, such parts have been formed by bending‘and
shapinge.

~

. In Fig.171, a to c give an idea about desipning of an assembly of bushings
| ' STAT -
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Fig.166

1) Joining an angle; 2) The

cut-up
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Fig.171

1) Partial spreading of the ring;

2) Section AO5

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

I
(obtained by cutting) with -sheet metal parts. In sketches d and e, it is evident

that for an‘assembly the material may be deformed not aiong the continuous contour,

but only partially.
Figure 172 shows examples of designing an assembly of rod-shaped material

with sheet mcfal parts. .
WELDED STAMPED PARTS

Welded stamped parts, resulting froﬁ the application of two processes - welding
and stamping - have the following features: -

1) Sheet metal stamping reduces the number of parts going into a welded stamped
product (the method - bending);

2) Sheet metal stamping reduces the length of welding seams (the method -
bending); ‘

3) Technologically, welding raises the quality of sheet metal stampings.
General

The features of welded stamped parts and the problems to be solved when de-
s;gniné the parts are:

1: Imparting any complei shape (required by the designer) to the parts, or to
the finishéd.product, is, in majority of.cases,'easiéf to accomplish by welding -
of the component parts, the shape andhdimensions of which may be relied.upon.to
produce the reqpired configuration. More often, these products*are stampings (in
sheet form or voluminal bodies), but they may also be from castings or from rolled
material of certain grades. _

Welded stamped products.may be a combination of component parts produced by
different methods (stamping, casting and r;lling).

2. The technology of welding and of heat treatment is so perfected that most

of the grades of structural steel may be welded with confidence.
) STAT
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3. Welded st&ﬁped products are light in weight. This is effected by using
quality material instead of castings and rolled metal having a higher fluidity and,
also, by making the cross sections equal in strength. When changing from cast in-
gots to welded stampings, a reduction in weight is accomplished averaging 20 - 30%
Qhen changed from steel, and much more, compared with cast iron.

L. Welded stamped parts will insure stability of operation, though the machine
may be loaded to a maximum. To do this, the design of the parts should consider,
above all, ‘the requirements for rigidity.

5. The possibility to combine in one assembly raw and heat treated metals,
and also to combine in one assembly several different metals. Such possibilities
open a new field for designers and technicians.

6. Wéided stamped products are not limited because of dimensions.

7. The stamped components of a welded stamped product make it possible to
increase the strength by a favorable arrangement of the [ibers which, as a rule,
do not cross each other,

8. Welded stamped parts from thick sheets may have allowances in the form of

excess material, if necessary, and may have the same tolerance (for precision) as

have voluminal stampings.

Technelogical Classification of Stémbed and Welded Material., Stamped and
welded products‘areAdivided into the following groups:
1, Stamped-welded stock which is not subjected to cutting after the welding.
2. Stamped-welded stock which, after wélding, has papt of its surface, or its
entire surface subjected to a cleaning operation by cutting.
5. étamped-welded stock which after thding'has part of its surface, or the
entire sur{ace‘subjected to both, a rough and a final cleaning operation by the

method of cutting.

Stocks of: the first group, except in rare cases, should not be used if they

are to be made into parts requiring great precision.
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5 The: possibility to combine in one assembly raw and heat treated metals,
and also to combine in one assembly several different metals. Such possibilities
open a new field for designers and technicians.

6. Weided stamped products are not limited because of dimensions.

7. The stamped components of a welded stamped product make it possible to
increase the strength by a favorable arrangement of the fibers which, as a rule,
do not cross each other,

8. Welded stamped parts from thick sheets may have allowances in the form of
excess material, if necessary, and may have the same tolerance (for precision) as
have voluminal stampings.

Technological Classification of Stamped and Welded Material. Stamped and

welded pfoducts are divided into the following groups:

1. Stamped-welded stock which is not subjected to cutting after the welding.

2. Stamped-welded stock which, after weldiﬁg, has part of its surface, or its
entire surface subjected to a cleaning operaﬁion by cutting.

3.-Stamped—We1ded stock which after welding has part of its surface, or the
entife surface subjected to both, a rough and a final cleaning operation by the
method of cutting.

Stocks of the first group, except in rare cases, should not be used if they

are to be made into parts requiring great precision.
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Technological Requirements for Stamped-Welded ngis; When designing such parts,

the shape, dimensions and the materials of each component element and of the fin- i

ishéd product should be in conformity with the technological requirements .for

efficient stamping and welding.

Fig.1l73 ' Pig.1l7h
a) Welded

The technological requirements for stamping were described in the preceding

pages. Requirements for welding are described in Chapter IIT.
EXAMPLES OF STAMPED-WELDED PRODUCTS

.Below is shown a variety of stamped-welded parts made up mostly from sheet

metal,

Figure 173 shows two variations of the same part -~ of a limiter. The sketch

to the left is from a stock which has undergone volume stamping and had its surfaces

>:treated by cutting all around. The sketch to the right is an example of the ad;
vantage of combining stamping with welding. In this case, cutting is limited to
.drilling and broaching the hole, meaning a lower éost. o
‘The stamped-welded plate in Fig.l7L consists of three separate pérts‘l, 2, 3.
The welding seams are not continuous. After the welding and annealing; only the
butt ends and the holes of part 3 are treated by cutting.
In Fig.175 are shown two variants of the same devicg - fhe movable part of a

feeding mechanism. The device shown in Fig,175a was produced by volume stamping,

STAT .
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" 1.e., all of its surfaces have undergone an all-around finishing operation by cut- '

ting. The stamped-welded variant is shown

Fig/175
(1) Cut-up; (2) Excess material for

treating surface by cutting

in Fig.175b. It consists of a body (1)
and a supporting piece (2). The cut-up
of these two parts and the places finished
by cutting are shown in Fig.l75c. The
gulding projections a and the planes d,
serving as bases fof the pins and as sup~
ports, are alike for both variants of
the device.

Figure 1746 illustrates a practical
and an intractable (from the standpoint
of technology) design of the same device.
Variant a consists of part (1) having a
closed deep impression (hard to finish
by cutting), part (2), which is bent and
of part (3), also hard to finish by cut-
ting. In variant b, parts (1) and (3)

require no special effort for finishing;

and a pin is used~to‘prevent‘the displacement of the part located in the recess of

. portion‘(l). The  joined ﬁarts in both var
In Fig.177, to the left, is shown a c
wplded:to the cheek of the sheet metal'bas
shaft support made from welqu sheets cons
(for the purpose of rigidity) which is poi
to part (2), which in its turn is arc-weld
rigid bok.; In this case, the use of stamp

éssemﬂly and simplifies the production.

' Figure 178 shows a stampéd welded and

307

iants are replacable,

ast suppo}t for a shaft which is are-
e. The sketch to the right shows the
isting of a bent sheet metal box (1),
nt-welded to the cheek of the base and
ed to the cheek.of the basé and to the

ing-welding insures a better and stronger

soldered head of a gasoline engine
STAT
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cylinder block. Standard sheets having a thickness of 3, 5, and 10 mm. Even if

done by hand, welding of parts has more advantages than producing the entire part

a) Shaft support; b) Drilled holes;
c) Cheek of the base

by casting. The advantages are shown below (for a head of a cylinder block):

e

i
'

By casting By stamping Saving
Index the head and welding in €

Net weight 8.15 kg 5.75 kg 29.5
Time consumed 30.4 min 22,5 min 26
Cost, in rubles 13.5 10.3 23.7

. Figure 179 shows the design of an assembly subject to strenuous operations.

In this assembly, considerable stresses are tra.nsferro& from the tube to tho‘cup. .
To avoid the possibility of' the cup becoming wrinkled, it l;as a beiﬁ con.s'iati.ng of
two flanges welded to the bottom edge of the tube. To make the welding -easier,
the edge of the tube -is bent .aomeihat. The cup 1§ made of two halves, each of
which ma.‘y be produced by drawing it out not toc; deep. This enables the '.us'o of a
material that must not fulfill all the requirements of'a material used for deep

drawing.

An example of the full utilization of sta_mﬁing—wlding methods is the bodS 'I?,iT
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a lathe,

To design the bed, attention was paid to the requirements for the planes join-

ing each other and to the loads to be ox-

perienced by the bed. Technologically,

the design of the bed is very simple and

g

Q)
O3 - D -0 oY~ the bed itself is rigid and sturdy.
o It

The drawing of the lathe bed is

shown in Fig.180.
The bed is made up.of welded sheets,

with all sheets of the same grade, namely

steel Grade CT 2. The sheets joined

longitudinally have a thickness of 3 mm.
Fig.178

The transversely located baffles are 5 mm

NSt Tk

a) Section AA; b) View along B
in thickness. Because of the possibility

of using sheets of only a few thicknesses and due to the practical shapes and

dimensions, the coefficient of utilization of material may be raised by 20 - 30%,

[ et et e S S P

as compared with the coefficient of metal
utilization by ordinary stamping without
welding. . ‘

.The stamping-welding method in-
.ereased the rigidity of the bed. Bec-au'se

of this, only three supports were found

to be necessary. The feature of this
design is the almost complete lack-of
Fig.179 A
preparatory work to make the borders fit

for welding.’
Finally, the mechanical treatment is reduced to a mlnimum by fabriecating the

front guide from rolled sheet with one profile and the back guide from rolled sheets
o STAT
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"of a .d‘ifferent profile.
COLD UPSETTING OF PARTS BY AUTOMATIC PRESSES

A great variety of small parts used for joining or to strengthen other pa.rt:;

' may be produced by automatic presses designed for cold upsetting such as wheel

[ ——-——
v

e

e e
s s

-
.y -

Fig.180 - A Stamped-Welded Lathe Bed

a) Section along AA; b) Section along BB

spokes, cap nufs, sev;ral types of connecting pins, valve tappets and their
adjusting bolts, small rollers- and bails, star-shaped devices for controlling‘
brakes, special sﬁpports‘for containers used iﬁ the vegetable industry, onkes for
bicycles and motorcycles, caps and many others (Fig.181). Cold volume stamping
and upsetting will produce parts with a higher Hegree of precision and with better
" finished surfaces than is possible }n hot stamping. On the other end, cold upset-

ting requires a sturdier and more powerful equipment.

STAT

310

Declassified in Part - Sanitied Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

As a rule, cold upsetting is effected without producing extruding edges (so-
called: flash, fins or burrs). . '
The produetion of the above-named parts by .the automatic presses using pres-
sure on the unheated parts, instead of cutting out the shape, is reaultihg in
- great savings of metal, in a tenfold inerease of produetivity, and in improvements

of sueh properties as firmness and hardness.

Fig.18l - Samples of Parts Produced by Cold Upsetting in an

Automatie Press

In this cold process using ‘prqssuro, the fibers do not cross each other, but
are oriented along the contour. | o

The umdmm diameter of a rod which may be handled by this cold process in
automatic presses is 25 mm. As to the maxcismum length, it is not as yet possible to.
make :I:t higher than 200 mm for standard presses, but specially de‘signe.d presses are
able to handle lengths up to 400 mm. With semiautomatic and automatic stamping

serving as a preliminary operation, it is possible to do the heading (upsetting)

the heads), reducing and threading on pieces with a length up to 1800 mm.
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" Metals Used in Cold Upsetting

The metal used for cold upsetting of parts has, in most cases, a round cross

section with a diameter from a few tenths of a millimeter up to 25 mm with a toler-

- ance of 0,025 to 0.15 mm.

4

In isolated cases, the material nay have a la.rger diameter and be not only

round but have a different ahape, such as rectangular, aqua.re, trapezoidical or

‘ oval.

Mostly used are: Grade 08 to 45 quality carbon steel and Grades Ai2 to A35;
Grades of alloy steels used are: 35G2, 20X, LOX, LOXH, 15X, 25XHBA, LOXTIA, HOXHH,
30XGCA, SHX9 R 1.}C18H9T, Y10A, Y124, and others; alloy nonferrous metals such as
Duralumin D3P and DI; brass 1S59, 162, L68; red copper; Monel metal, etc.

The metal used for cold upsetting has a good plasticity if its hardness HB

- after annealing is: Hg = 120 - 207. PFor cold upsetting, usually, in use are steels

with relatively large grains corresponding mostly to grains No.3 and No.4 out of

.eight grade numbers,

CGrains of ‘such size are in conformity with the plasticity of the steel required
in upset operations, _

The relation betwaen the qh;nical composition and the properties of steel is
described in Table 4O. For the phyaical and nochanical properties of a ca.librated

wire, see Table L.

A characteristic graph of a-test with calibrated wire, stretched and cold-

~ drawn, is shown in Fig.l82, .

metal for cold upsetting having a diameter up to 16 mm 1s dolivorod in
; metal of a la.rger diameter is delivered in lengths up to 6 m,
) surface.-of the calibrated material must be smooth, ahiny, without shells,
cracks and. othor similar defects., .
The outside diameter of a bundle is D ., = 100~750 mm, while the inside diame-
= of the bundle, depending on the diameter STAT . \

312

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

Table 40
'I'he‘ Influence of the Chemical Composition on the Plastic Properties

of Steel in a Cold U.psetting Operation

Improves Makes
Worse | Additional Information

gIncrouing C_by 0.1% will increase o

by 6-8 kg/mm2., Cold upsetting of carbon
steel containing C > 0.2% requires anneal-
ing to a structure of greatest plasticity
~ grained perlite. ’

In a steel containing 0,45-0.5% carbon,
the 5i, if present, has very negative
results on cold upsetting. The presence
!of Si > 0.2% lowers to a great extent the
iplasticity, causes a considerable heating.
of the metal during the deformation, reduces
the firmness of the dies and requires a S
‘greater force for upsetting.

In carbon steel, the Mn contsnt should not
lexceed 0.65%, The presence of Mn is dic-
itated by the necessity the unfavorable
effect of S

The presence of Cr lowers the plasticity
of high carbon steels. Increasing Cr

by 0.1% in steel Grade 4O will increase
Oy by 2.5 kg/mm?., For steels containing
less than 0.3% carbon, the presence of Cr
has no great effect. :

‘The admixture of 0,15 - 0.2% improves the
cold upsetting and increases Op and Oys

at the same time, :

Improves the cold upset process and im-
proves o and o,

Steel, with 0.03 - 0.05% of Al added as a
deoxidizer, has high plastic qualities
and tends to become a grained pearlite.,
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' material, is G = 30 - 80 kg.
Steel for cold upsetting is -delivered in annealed. or_normalized condition,
etched by a weak acid solution and neutra-

o m o raat = .- e e e mates wew ———

.olized by lime milk.

~ METHODS FORF'ORHDIG HEADS -

The - uputting of pn.rta uud for

rutening or for jo:l.ning othe pa.r
gothor il portornpd 7-o-t1y by horizontal

. lecold upaotting autqutic_'pr‘

P R L

Fig.182 - Characteristic Graph of a . t
in both ha.lvu of tho a10 (ng.IB; a—l).
Test Performed by Stretching Two
The working spud of the plungor a.t |
‘ Calibrated Cold-Drawn Wires o

'‘the beginning of the upnt is v work -
1l - Steel wire with a diameter of JRERN B
= 0,14 1.4 m/sec. The speed of deforma-| - .

|
tion vt = = 100 equals 1300-20000%/sec: |’ "
= 152); 2 - Brass wire, 5.1 mm in t

' (aoe Table 142), where ¢ is the rate of .-

5.1 mm, with (gp = 64.8 kg/mZ, Hp =

L diameter, (5 g + 38.4 kg/m?, By = 126) . .,
_ - defomtion in uputting, t is the time
a) Load; b) Deformation Co i
period of dofomtion, 4in seconds.
i . AFs i
" THE PRECISION AND CI.EANLI;NESS OF STAMPED SURFACES

‘* Cold volume stamping and upsetting bfy cold upsetting automatic presses gnd

i by crankthrow (coining) presses will prbdjuco parts with a i:rocision aiong ‘the axis !

3

| equal to 0.03 - 0.05 mm. |

The procis:lon in the plane porpondicuh.r to the movement of the plungor dc-

: penda on the precision with which tho dies are ndo, hcw correctly is the plungor A

e e e e 1= el latay

STAT . ..
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l

. — R [y S

Bt pouitionod in relation to the matrix and on the ability of the die to withstand

Table 41

The Values of ¢ Oy and N of a Calibrated Wire in Cold Upsetting

T'
Process (Data Purnished by Author)

Op
or
v kg/1m12 . Oy

Diameter in mm N average

To obt&in a higher degree of precisi on, calibrating operations are used, auch
.as: reducing and volume and surface coining (Table 43).
Parts requiring threads of the 2nd and 3rd class of procision are uaua.uy ma.da'

R

sl s e -

‘ by a cold upset combined with reducing and threading.

i

STAT
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1
1

]
_. Table-42

1

at the Beginning of Deformation and Rate of Deformation

Types of Automatic Presses

: |
Minimum and |
Maximum Dimen-
sions of the
Automats in nm

-

Assumed
Value

by

d

Angle of *
Crank
Position
at the
ginning
of Stamp-
ing in
Degrees

Speed
of
Plunger v

Ywork

in w/sec

Rate of
Deforma-
tion v, in

%/sec

Single-strike, cold

upsetting

With a single
plece matrix

With a separ-
ating matrix

Two-astrike |
cold upsetting

With a single
piece matrix

With a separ-
ating matrix

0.25-0.4

4350-1800

0.7-n 8

9000.6000

0.7-1

60001300

0.75-1 3

6000-1300.

Nail forming

With a uni-
versal type
matrix

With hori-
zontally
positioned
squeezing
and

cutting
matrixes

1.25-1 4

7800-2300

20, 00012, 000

Cuttini (may
possibly be used
for repeated
stamping oper-
tions

With a
crank-
lever
drive for
the
slide
block

N 5-0 65

Nut stamping

Multi-

operational
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FORCE REQUIRED FOR.COLD UPSETTING_ ... i
The force required for cold upaottiﬁg is determined by the conditions affect=_ | .

. ing the deformation, by the properties o% the deformed metal, by the shape and

e 277

o - .

R

Pig.183

. dimensions of -the stampings and .a.llo by the degree of precision and cleanliness of

the surfaces, ‘
The specific’ pressures required to effect the shaping of steel are assumed to

be as follows:

Operation ) i - Specific Pressure
‘ T . : in kg/mm?

‘Upset of heads (heading) of round shape : 150-160
S STAT
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Operation

Upsetting hexagonal ‘heads
Volume stamping

Calibrating coining
Pressing-out hollow products

Electro Upsetting ‘
Reducing (squeesing.the rod)

To dotor-ino the foroce required ter
oquationa, although only app-onll.to nlm

Tabl

Accuracy and Smoothness of Surface, Obtained for Volu-e_ Sta-p:.ng-

i’reci.sion Class for
Operation ; Degree of Devia-
tion, [in mm

grd | 4th
i

ond . 3rd

Hot volume stamping
Cold volume stamping N

Stamping with electric heating © £(0 025-0 1)

- Die stamping | + (0.05-0.25)
Reduction : - ond
.ond L 4th
I ~
gnd 4th

Seh tiedipa 7
B

Impact extrusion

Static extrusion on complex

! for a cold uput of round parts \d.th, or without burrs (fins) iss
4«,-_4 . ! : ©.

i

S0 P s,a(l-{—OOa-Q-)F g

—

5]

S 4
Dt ad i e st e e e i - - e e e b ——— =

—! sistance to dcfomtion, in ltg/-2 D is the diameter and h is the hoight of tho

- e
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* upset head in mm; F is the projected area of the stamped-out head (including the '
- burr) in me2,
The force required for upsetting of round bodies (without producing a burr)
made of Grade 10-20 in mm steel is:

.

P~ ;'1-37'[)2.

where coefficient g = 0.5 - 0.6; o 18

the minimum value of the index of the
1limit of fluidity of the material, as

,shown by GOST in kg/mm?; D is the diameter

‘'of the stamped part in cm.
P il The value of the deforming force,

a b) ¢) when found for a new, complex and untested

- process, should be verified experimentally
1 2 3 6 5 6 7 8 9 0N
i . d)

o

'on a testing machine or by a hydraulic
‘press.

Pig.184 ~ Chart Showing Values of
Values of the force required for the

. Coefficient a in Swaging without a
i upsetting of different parts is shown in

Burr
Table 4L. The data was furnished by sev-

a) Operating nest not filled; b) Nor-

eral authors,
mal swaging, nest fully filled; ¢) Com~
In Fig.187 two curves (a and b) are

bined swaging, coining; d) Number of
drawn as an example of relation between

experiment
the force required for upsetting and the
. stroke of the plunger S. The material upset is: a) semiround head with formation

of a burr; b) hexagonal nut made from Grade 15 steel,
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|

I _Tablé 44

Force Required for Cold U[lmet;ting (Experimental Data)

Head and Rod . i .

Shape of Head Dimensions f Force Source
in mm required, Remarks D:
ta

D in tons

Cylindrical | i Steel 10
(O > 18)

Semiround, with ]

burr h = 0 22 wa A4Y— i Steel 15

thick; 8 = 0.1 mn (UT > 21) Work carried
wide 3 out om a

i testing
Semiround 3 Aluminum machine

Semiround Steel 20
©r > 21)

Countersunk . Steel 15 .8 By cold upset-
i ting in auto-
matic press

Countersunk
castellated Steel 15

Countersunk i
castellated Steel 25 Tested on
-(OT > 25) cold upset-

ting aute-

Countersunk Steel 15 matic and
vertical crank
Semir ound Steel 15 press

Barrel-shaped Steel 35 Tested om cold
i u tt
Hexagonal Steel 35 ls:’-:g

' press

Semiround with ) ‘
square under g .
head teel 35 Side of aquare
(G 2 30) 10 mm; height
' of square
4.8 wm

N -

! Side of :
teel 35 16 mm; hesght -

o

. Side of »
teel 35 16 mm; hm:‘
of square !

. 6.3 m .

Semiround with
square under-
head

v -—f

Semiround with
square under-
hea:

o |———tr- —

teel 15 . Tested. ona - |. .
Op 2 21) 60 hydraulic test- Data ‘by
ing: wachine . author

Hexagonal nut

— |

Remarks: Symbols in the Table are: d - diameter of upset part of product; D - diameter of. upbet
head, round without burr, or of the circle circumscribed around the square or hexagomal
shape; h - height of upset head or of producc;:Dl - diamster of upset head vi;h burr.

Py

-

\

e e e G TAT
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SELECTION OF THE NUMBER OF TRANSITORY OPERATIONS REQUIRED AND

CALCULATIONS FOR CONICAL PLUNGERS

o
X

Ve

/

4

e

LR /)

Fig.185 - Chart Showing Values of

Coefficient a in Swaging with
FPormation of a Burr hy Thick
and s Wide (Bibl.29)

sions (see Table 45).

Cold upsetting of parts may be offected in 1, 2, 3 and more transitions
.} (strikes), The number of strikes required depends on the configuration and dimen- |

OF hy/mm?

'20 N %
_a) v8

—.

100 Y12

— 45

.——J’i

80

60

w/ i

20

0 0! g2 03 04 05 06 ¢

Fig.186 - Chart Showing the True
Resistance to Deformation
(Data by L.A.Shofman)
a) Steel

The number of transitions, or the relative acceptable length of the upset

part % is determined by the quality of the material and its dh-.ter, i.0., it

is a function of the firmness of the stem from its longitudinal bend.

The maximum acceptable value ode" is shown in Table 46 (data by V.A.Popov

shows these values are applicable in upsetting by automatic presses).

A two-strike upsetting operation is the most widely used for a great variety

of parts used for fastening or for joining other parts together.

i

32

Products, if the length h, of their portion to be upset is less than 2.5 4,

as an exception, are upset not with one, but two strikes, if:

STAT
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<
-

a) The ratio 1}3., > Le5 (flat head);
_b)-..me__hggito_ be upset_is_to_have _
a shape and dimensions requiring

s b S T U

special treatment (rivets with

semielliptical heads uud :I.n

cases where tho jointl -ut be

be rolhblo)‘;

countersunk - ‘heads \d.th -qulro ‘

undorhuda, nqum oountcrnnk

heads.

i .:x fop, Tt
L { n"o.a- o

When the part to be cd.d-npnt is:.

of a new and untutod duign, the select

0

number of transitions roqul.rod nbould bo

-

verified experimentally.
Parts, especially complex technolog-|
i ically, may require four, and sometimes

. five transitory 'o'poi'atﬁ.onl. In many
cases, oaﬁociplly-in upsetting steel .

f parts coritaining more than O.z"c;i:-bon; .

an intermediate annealing and & ?oput -

, upoot; should be effected. .

Parts upset with two or three

| strikes and parts which have lﬁiidorgono "

annuling have thoi.r repeat upnt in
Fig.187 [ horizontal presses equipped with bunkor-

Los v e et s e . — SN S B .

a) I.ongth of plungor stroke type o;ding devices.

——— -
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A repeat or a secondary uial;t makes it pou‘iblo. to widen considerably the
,number of parts suitable for upsetting, including parts with inordinary configura-

tions and dimensions.

Table 45
Number of Transitions to be Selected in Upsetting Parts Having Stems

£ -
ggnﬁea lé!;é:hgves%gﬁsmi UgsﬂcaSQr
le List of

_I})_ .% Upseg Parts Remarks
h

< 4.5 <22 Rivets, screws, etc, y psetting 1n
with semiround counter- is usually,
sunk or semcounter - nns,nx I

sunk heads (F1g léaa
Stock for bolts, 2 PrepaEahg iggn}cal)

r1vet.s, screws ‘etc

w1t,h ca rﬁcal heads, D intemednbe) in 3-
t e strike operation

! ﬁerﬁe:()] squar :l'1n:|.sh:m§e 5 f 188%)

are set consecutively

before the strike

Screws with crosshead 3. lungers (1: sk1s
cut, bol ts exaggm slidi de
inside and outside verucal y or m an
other complex parts arc

The diameter of the base of the cone (of a conical plunger) Dy is: (specifica-

“tions of auto plant named after Stalin) (Fig.190).

}/r ——-‘fﬂ—d -—-2tg-§ n;

w.ﬂwhoro d.k 4is the diameter of the cylindrical hole of the conical plunéor or the
2 ~:'lll.llut. diameter of the stock; V is the volume of the deformed portion of the stock
1‘...-.-(fro- the plane of the larger base to the plane of the cone's smaller base; n is the

5 :-'diatanee from the plane of the large base not reached by the conical plunger
, .

n=ae=- b + 105

: . where_a is the distance crom the front butt end of the matrix to the plane of é“?Z\ T

323
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" ilarge base; b is the distance from the front butt end of the finishing plunger to

'
‘the plunger cone angle; The optimm anglc of the cone for the first upset operation:

!

;:the front butt end of the matrix. (thil_myl,.be taken as a s b + 1,5 = ; n); a_: ]’
I

I

I

. ..i1s equal to 6° i 15!, for the second upset;, (with a 3-strike uput) 18 12° ; 151,

n

1 2 V -
\\\)(\&\)(\Y&\ a 0/ .
//////V /// N %"

_F {//////// ;' -75‘\\\V

. aH

‘ " Pig.188 - Method of Pig.189 - Method iof Fig.190 - Longitudinal Section
) _ . Upsetting in One Op-  Upsetting in mfsc.p. of a Conical Plunger
® eration a - End of 18t step 1 - Conical plunger; 2 - Thrust
T e - Start of opera~- (upsetting of head) pin; 3 - Matrix; 4 - Pinishing |

tion; b - End of b - End of 2nd step plunger
a) Plane of tho base

:
|
i
:
|
|
|
s

operation

With @ = 6° D = (1.2 - 1.3) dy; with a,=12° D= (1.5 - 1.7)dk
Equations to determine D, without calcnhting the volume V are ginn in

g _Table 47 (datd by ZIS).

UPSETTING opm'riorfs WITH MATRIXES
| -

The type of matrix to be chosen for iups;t‘l:ing depends upon the length of the
stem of the upset part, on the nature of tho work and on the quality roquirod for i
* i
i

Ithe-£inished. product (Table 48)e. ... . _ .

reecem- Single-Piece.. T (rig.191). . A._wix:o..orNa...ruSTAT-:..‘i
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'is fed periodically by rotating channeled rollers (2) through the hole of the cutbing

matrix (3) until the wire or the rod reaches thrust stop (4). The forward movement

Table 46
Acceptable Values of -%9-

Upset Material
Diameter of Stock ' 0
o O Brea'J68° 10 | Sk ¥

37 1.7 2
7.1-10.5 2.3 2.45

10.6-16.5 2.5 2.65

of the cutter (5) cuts off a plece which, by means of a special holding device (6)

is transferred to the line of upsetting.

Table 47

o

3/ « .. 3
Dx_l/m-;iom+d;’,-2tg—;n:

with &= 6° D, e 17_ 034D™ + &5 — 0,18

3 .,
Dy wm l/ 6l¢—;— D'k 4 0,4A*K + d': —2tg -% n;
with A D> l.ld‘ H a=(°
D * e ly 0314D% + OAATK+ &3 — 0,1n

* D q 1s the diameter of the base of the plunger cone in a 2-strike upsetting.
a) Sketch of part; b) Equations

When the plunger (7) is moving towards the matrix (8) the cut-off piece is °
L] e ix until it is stopped by the stem of the aiac-
) STAT
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Selection of Type of Matrix f£

Table 48

or a Cold Upsetting Operation

trix
ype

tem
ngth

£ W
1% Baoree]

Quali of

f:.nu part

B‘r:kin

Single-piece
type

1<8d

Stamping and

- ff,:ﬁfi? Rt
t;r:u: prgpeF

the s [

fxn ihed part

E ;r the

:..P:':,g'ftwf :

- strongt“ pm.

. Stlmpmg and uJ—

. ﬁntgg ng, .
making deep, mé es
uons and similphr
or

. &ten be
éoi s s?dlﬂgfu%ht
to prevent par

Tom, moYing
ongitudinally

Tie gt in the
'E:ecbmg 1& the
glrt easy, A -l
spder e Tyed

die separauon.

tom redncm'g 18 not.
§

oane:in a: i:pnntuf

watrix 18 33:' 5
EI' ced trmvernhy.‘

Universal

(EIZﬁ‘eie -piece

or a separ -
ating type
matrix may be
laced in
e bed of
the matrax

. St:ampmg and up-
etting
§tem re&ucmg (if
the upsetting was
done 1n a single
piece matrix

'
\

’Ihe gual.xhy of

pr cduct;

mat‘.rlx pzegeg

oi‘nthe matrix

Special automgtic

px(;ores a e eg

upseit.mg u-ultln-
Durmg the upoet.tmg, ‘

tg:g}:e —trxx. pteu

To ease the ejection,
matrix parts

move apart.

The cutting and

Wéﬂs of the stock
one in automatic

presses with single-

plece matrixes.

In this case, .i par-

ating nntn:ez or

transverse orr

tion are not
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0 e o -
‘tor (9). The upsetting of the head takes place with the further movement of the

I‘\ - “plunger. As the plunger returns to its place, the upset piece is pushed out by the

L ejector (9) from the matrix.

’/

@ If the matrix is of the single-

i

\) ' pilece type, the length of the stamping
stem is determined by the position of the

ejector (9).
@ 1/ Upsetting with Matrixes of the

Separating Type (Fig.192). The wire or

\‘2 //// rod (1) is fed periodically by rotating
e //// ' channeled rollers(2) through the cutting

matrix (3) and through the open matrix

parts (4 and 5) until it reaches the
Fig.191

a) Line of feeding; b) Line of upset-

turning stop (6). The matrix part (4)

moving to the right cuts off a piece with

ting
its butt surface. The cut-off piece is

_then carried by matrix parts (4 and 5) to the upsetting line where it is squeesed

]
14

] ito keep it tight in place. For this purpose, the clearance between the matrixes

- :515 from 0,02 to 0,2 mm, The projected portion is swaged by the plunger into a head
- :"of required shape, Thereafter, matrixes (4 and 5) , with the aid of relieving

4

~:‘ism'ing (7), return back to the feeding line. During their return, the matrix parts
s i
separate with the aid of roller (8) descending by means of a sloped plane (9) (or
. ”dgo). The stamped part is ejected from the open matrixes by the material itself,

S t&t the next feeding cycle.
| The length of the 'soparating-typo matrix determines the length of the part to

~ ~'be upset.
- More often, the matrixes of the separating type have a square cross section;

§

. jfnltrin.a with a hexagonal cross section are also used.

327
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Upsetting with a Univo;'ul (Cdﬂ.mdl Type of Matrix. Uninrulptypo utrinl
which are single-piece matrixes divided in -half,-are-used-for--cold-upsetting.—— !

The principle is the same as in up-

setting with single-piece matrixes, the

C

- 1] ////I //// //7/ ejection, the pressure between the two
/
halves is somewhat weaker.

-only difference being, that to ease the

Upsett of Semispherical Heads

with Straight Notches. The upsetting is |
. porformed in a two-strike cold upsetting |

!
474444747742

automatic press with a single-piece mat- !

rix and is done in a two-stop operation
+ (Fig.193).
The plunger opsrating nest is made

| by deeply impressing it in a hydraulic or |
"acrouhn-iction type of press.

The curve in Fig.19L represents the

i force necessary for deeply impressing the
a) Line of feeding; b) Line of

nest in the plunger, made of UlOA steel.
Upsetting '

The force required to exert the
_ -pressure may be determined from the following oquation:

Pﬂ ~137~F

- -

';

i
- §
-y'm.r. Y = 3.5 = 3.75; 0' is the true ro.htmcc to the deformation of the mltru-o t .

—st«l in kg/-2 (may be dotorninod approxiutoly by using the curve in Fig.186,
uonning the condition of maximum dofomtion), F is the projected area of tho nest

dor prouun 1n m?

The forco roquirod to exsrt pressure necessary to -ha.po tho plungor nolt tor , ’

i
t
1
i
- STAT- ‘
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upsetting semiround heads with straight notches is shown in Table 49.

Stamping of Screws with TInside Hexagons. The material used is steel grade-10.

The operation is as follows: First, the upsetting of the head is performed on a
two-strike cold upset automatic press with

a single-piece matrix (Fig.195)., Next,

the upset pieces are annealed (t =

= 880 - 900°C) and, thereafter, a repeat
upset is performed in a crank-type or

043’«‘:%22_ S automatic press, where the inside hexa-

' '——"- : :‘{’. . ] ‘.’ g4

2525005 I gonal and the final shaping of the head
D8 Jor bt '

is accomplished with a single strike

Fig.193 - Transition Steps in Upset-
The head sizes of screws (the second
ting a Semiround Head with a Straight
and third steps of the operation) and of
Notch
plungers are shown in Tables 50 and 51,
1 - Cutting off; 2 - 1% step of up-
these being the specifications of the
swtting; 3 - Final upsetting of head
) plant "Stankonormal™.
with notch
Stamping of Screws with Cross-

Shaped Nests in the Head. The shaping of screws with cross-shaped nests in the head

may be performed by the open and closed methods (Figs.197 and 198).

Table 49

Force Required for Shaping the Nest

Diameter of Required
Nest D in mm? Force P in m

ML b5 11.2 - 145
M5 9.96 24,5 = 26.2

M8 12.94 35 - Lhe2

. The shaping by the open method is performed by cold upsetting in a three-

329
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strike automatic press, or in a two-strike automatic with a repeat operation in a

single~strike automatic press.,
With the open method, the head is upset first and the shaping follows after.

Y

o271
7

"/
4 //// O
’ 5'/7/ ,/;'".
-
%/ % //

.

7

Fig.194 Fig.196

a) Length of plunger stroke

‘When a repeat operation is required, there should be an intermediate annealing
before the part goes to the automatic press.

The closed method of shaping is accomplished in two operations; the head is
upset in two transitory operations, the nest is shaped simultaneously with the
head during the second operation.

8 fewer strikes required, truer shape and é‘-‘rmn-

330
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Table 50

Sizes of Screw Heads and of Plunger Operating Mests (see Fips.195 and 196)

<)

hy

l

| ' ,
7.04+0.04 : 5,6£0,2 7,0440,0¢

8,84+0.04 7.6+0,2 + 8,8140,02

10,67 +0.04] 17, 9,610,2 : 10,67 +0,02

14,68°+0.12 17+0,2 ' 14,5 | 14,6810.02

a) Screw; b) Heads obtained by cold upset in automatic presses; c) Heads

after final finishing operation; d) Size S (under key)

Table 51

Dimensions of Plungers in mm

b)

a) Screw; b) Plunger used in the 2nd transitory operation; c¢) Plunger used

inside hexagonal
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" sions are attained.

The force required to exert the necessary pressure for shaping the nest of the

b (*]8.5

)

Fig.197 - Cross Shaping by the Open Method the Nest of Already
Upset Head., Curves to left: 1 - Force required for
upsetting the cylindrical head; 2 - Force for
shaping nest; 3 - Ejecting force;

(a) Length of plunger stroke

head by the open method is:

P = A37F kg,

where A is coefficient equal to 5-6; F is the projected area of the cross-shaped
nest in mm2; o,}, is the true resistance to the deformation of the material in kg/unz,
corresponding to the threshold of strengthening (see Fig.186),

Upsetting Hollow Rivets. Two methods are available for the upsetting of hol-

low rivets., To upset by the first method, special automatic presses equipped with

two matrixes, are used (Fig.199).

STAT
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The head is upset in the first matrix (with one or two strikes). Thereafter,

the rivet is transferred by spring actuated pins to the axial line of the second

i,

( ‘\\\

) I i\\\ \\ N\\‘\

A,

Fig.198 - Cross Shaping the Nest by Fig.199
the Closed Method Simultaneously with a) Transition to the upsetting matrix;
the Upsetting the Countersunk Head. b) Transition to the punching matrix;

Method by A.N.Gladkikh c¢) Punching matrix

matrix where the rivet stem (1) is acted upon by the punching die (3) to produce
the initial hollowness. The punching die (3) also acts as an ejector.

The final shaping of the hollow stem takes place when the rivet is pushed out
from the punching matrix. The removal
of the rivet from the punching die is

- ] effected by grippers when the upsetting
)""4"'“(" die (2) returns to its original position.

1

1o Yy The second method of upsetting hol-

low rivets (Fig.200) is essentially as
follows: the cylindrical piece which is
Fig.200
cut off from the wire is transferred to
the line of upsetting by the first movement of the slide bar; there, the upsetting
die (1) places the rivet on the punching die (2) to make it hollow; the upsetting

of the head (formation of a cone) takes place with the further movement of the STAT
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Table 52

Reducing Methods

Reducing Methods Place to ' Squeeze'' Intensity
Install Purpose of heducing Required for the
the Eye Reducing
F, - F
=02 100% *

Pushing stock into Matrix 1 Squeezing an gnhbra- In a single-step
gtationary e t.mg, for threading operation, the
straight method); 2 Calib rat.ugg the smooth “squeeze™ inten-
a - before facets 3 gortmn bolt stem sity is

. Stem squeezing (a
are trimmed; ubstitute for, the 1St e < 40%

b - e fore upset,
- upsetting step); the
c s:ai;e of eye sbock 1555quegzéd to

Lhc pomt where_the
head 1s to be shaped.

.oz V77

- Io- —

[ G

Movmg, the eye on ; 1. Squeezing the erds of = 50 — 60% ma
|e 1mnovable stock ?qng stoek to prepare be obtained with
_the reversed them for threading. a doub Te or
method . Squeezing and calibrating triple squeeze
a portion of the ste
in a complex combine
operation.

* F, is the stem area before the reducing; F 1s tle area of the stem after reducing

**oyp~vyYy~25 -30° y=08 3 mm

Remarks: The squeezing may cause the part being reduced to bécome bent; to avoid it,
the eye is equipped with a guide when, Yo = 0, and y= the length of the guide
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\ " slide bar until a point is reached when the butt end of the rivet leans against the
\\ projecting end of the removing device (3) which is activated by spring (4), the
. final shaping of the head is effected
.. E with the next (second) strike; after this,
| / W __‘:f;vl l the finished rivet (still sitting on the
\\4 ' i.. l”-"—lr : l punch die) is moved out from the upsetting
\' T ! matrix by the ejector (5) and is taken
out by the remover (3), Certain special
Fig.201

types of automatic presses have another

additional remover having the shape of a hook.
The relative dimensions of hollow rivets (Fig.201) obtained by cold upsetting

! In .
- = a7 =051
d 0,8 =7, d )

;
!
dy |
Ln =05+07. I

d |

The predominant shape of hollow rivets is semispherical, elliptical and

. countersunke.
The most common diameter of the hollow rivets is from 2 to 6 mm.

Optimum utilization of headed hollow rivets is obtained with nonferrous metals

and alloys. The relative hollow depth obtained experimentally is:

lp= (1= l,2)d;—li <15
dp

The upsetting of steel holow rivets is still in the experimental stage.

Reducing (Squeezing) of Stems. The stem reducing process, in most cases, is

effected simultaneously with the cold upsetting or with the trimming, or as an

operation by itself. Various methods of the reducing process are shown in Table 52,
TRIMMING THE UPSET PARTS TO PRODUCE REQUIRED CONTOUR

,’. As a rule, hexagonal and square bolt-heads are upset cylindrically and the

STAT
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-

" trimming, to produce the needed contour, is done on automatic trimming presses.
There are two methods of trimming:
1) Pushing the stock into an immovable matrix with the stem in front.

2) Pushing the stock into an immovable matrix with the head in front.

The first method is more widely used.
This method is shown in Fig.,202. Here the part after the upset in a 'cold-
* upsetting automatic press and after its
delivery from the bunker to the trimming

axial line is, first, pushed by the butt

end of a movable matrix (1) into a im-

movable matrix (2) and the trimming is
then effected at the end of the slide
bar movement. After this, the part moves
from the immovable matrix through the hole

Fig.202 - Trimming Bolt Facets
of the movable matrix and through the

a - Facet trimming; b - Ejecting
hollow inside of the slide bar and is

the bolt and removing the crown
pushed out by rod (3) into a box for
finished parts. The portion of the metal squeezed between the two matrixes and
trimmed to the shape of a crown (4) falls down into another box. If reducing, in
addition to trimming, is required, it is effected by introducing an eye into
matrix (2).
The force required to trim cylindrical heads is:

P=xap-q,
where o ' is a coefficient equal to 0.035 - 0.045; ¢ v is the minimum tensile

strength of the material in kg/mz, taken from Tables prepared GOST; p is the peri-

meter of the trimmed part in cm.

The shearing force for bolts M6 is P, = (0.2 - 0.25)Pobr; and for bolts M12
i ' STAT
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it is Paay ® (0.3 - 0'35)Pobr' (Psdv is the shearing force and Popr is the trimming

force.)
SHAPING HEXAGONAL BOLT HEADS WITHOUT TRIMMING THE FACETS

The use of shape-changing only (in the production of hexagonal bolts) makes it
possible to reduce the time and efforts by 20-25%, to reduce metal consumption
by 3 - 7% and to improve the quality of

the finished product.

~

The technological process (worked

out by V.A.Popov) for shaping bolts in

two operations is effected in an ordinary

L & NV 2 W

two-strike cold-upsetting automatic ma-

chine with a plunger having a sliding

core (Fig.204).

QVQ ~ N W

The first strike gives the head the

shape of a cone, the final hexagonal

shape is produced in a closed space by

Fig.203 -~ The Plotted Curves Show the
the second strike, as follows: the

Changes in the Force Required to Trim
head (1) with its butt plane leans

and Shear the Crown and to Trim the
against the matrix and remains stationary

Facets of the Head of a Bolt M12, The
while the core (2) moving forward changes

bolt is made from Grade-15 steel
the cone into a hexagon.

1 - Trimming of the head; 2 - Shearing
A three-step method of producing

of the crown and ejecting the head
bolts (worked out by K.K.Preobrajenskiy

a) Length of stroke of the
of the '"Red Etna" plant) is effected in

matrix
a two-strike cold-upsetting automatic
machine. By this method, the cylindrical shape of the head is produced in ordinary

manner; the final shape is produéed as a repeat operation in an automatic press
STAT
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" (see Fig.205).
In this method, in case of necessity, the bolts are annealed before the
shape is changed into an hexagon. A repeat operation may be effected in an ordinary
automatic press which will trim the
" facets, after which all that is necessary

is to change the cam position of the

ejector.

The advantage of the first method
is that an automatic press for trimming

Fig.204 - Plunger with Sliding Core.
the facets and for the repeat operation

Designed by V.A. Popov
is not needed. The advantages of the
second method are: tools are held firmly in place, stability of the process and
ease with which it may be applied in any enterprise possessing trimming automatic
machines,

Hexagonal bolts with recessed heads

may be produced in a two-strike cold-

upsetting automatic press, as shown in

Fig.206.

VOLUME STAMPING OF COMPLEX PARTS

The stamping of technologically
complex parts is effected either in
. multioperational automatic presses with
the application of the principle of parallel-consecutive method of operation, or
by the method of stamping consecutively in several ordinary presses (using cold
or electrically heated parts), or by combining different stamping operations with
cutting or trimming operations,

A multioperational press is used for the production of such parts as hexagonal
STAT
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nuts, bolts, multistage pins and many others.

Cold shaping of nuts from a round rod is effected in five or six steps, in-

cluding the cutting off the part from the stock.
Dimensionally, nuts that may be produced by stamping

are limited to sizes M6 up to M27.

The productivity of automatic presses (theoretical

productivity) is 100 pieces per minute.

Steps in operation (Fig.207): 1 - cutting off from
stock; 2 - formation of a facet on one side; 3 - upsetting
(forming a barrel shape tapered at the ends); 4 - shaping
the hexagon with'élungers pressing from both sides; 5 -

punching out the hole.
Nuts produced by this method have facets on the inside

and on the outside with a 5 — 6 class of cleanliness,

After the shaping of the nut it is threaded, inspected,

and treated against corrosion.
Fig.207

Chill-castings from hollow bars, at present, are pre-
pared only as hexahedron nuts, with square notches in strips.
Multioperational stamping of bolts (Fig.208) may also be effected by a nut-

producing automatic machine with a few changes in its design (method by V.M.Miso-

ZhnikOV)o
The horizontal section of the tool

for the production of multistage cams

is shown in Fig.209 where the plungers

}- J portion of a multioperational automat

are drawn in their moving forward posi-
tion.,

The stock, cut off by cutter (1) and
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carried to the first stamping line, is pushed into eye (2) built-in matrix (3).
With the pushing also takes place the first reducing of the stock ends with a
pressure intensity equal to
9,23 —6,92 '
o 22— W7 e
908 100 = 43%. 3
- When the slide block with its plung-

ers move back, then at the right moment,

the part is pushed out from the eye, is

\ grabbed by the transporting devices and
\\ SNEY

//// ) transferred from the first line to the
8 B - -
ﬂ( N

second stamping line.

In the second line, the front end

SN \\\

/ e of the part is pushed into the eye (1)

NN\

z —

¢I\\\\\\ (with a diameter of 6% 0.012 mm) is

70

\\\\\\\\ subjected to the final reducing with a

zrz | %

WA
N

. pressure intensity e = 24% and the re-

/A

maining portion of the stem is upset to

/
§\

|
\

a diameter of 10 mm.

Next, the part is pushed out and

transported to the third stamping line,

which is the last stamping operation.

st Here, the hard-alloyed plunger (5)
a) Feeding line; b) 1°° stamping
with its eye (6) push the part into in-
line; ¢) 20d stamping line;
q sert (7) where the shaping of the tail-
- d) 3™ stamping line

facet (6 mm in diameter) takes place,

and at the same time is effected, the upsetting of the shoulder (12 mm in diameter)
and the reducing of the other end of the rod (to 9 mm in diameter) (& = 19%), Each
movement of the slide block produces one finished part.

For parts with a greater complexity in configuration and with a higher degree
STAT

340

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

of deformation and of relatively larger dimensions, the process of upsetting plus
electric preheating may be applied. In this process of stamping the length of the
precipitated particles of the bar h,, after one
stroke of the punch, is increased to 30 -~ 40

diameters.

The electro upsetting may be effected in
000" 110T°C

L vertical crank-type presses with turret stands

equipped with an electric heating device.

To make the electro upsetting more effect-
Fig.210 - Schematic Diagram .
ive, it is best to operate with a specific
of the Electric Heating
pressure k = 10 + 15 kg/mm? and make the de-
Method in the Upsetting
forming plunger move with a velocity v from
Operation and the Type of
2 to L mm/sec.
Temperature Distribution
Such parts as auto-steering wheel levers,
1 - Stock; 2 -~ Matrix;
the axis for bicycle pedals, valve-tappet bolts
. 3 - Plunper; L - Contacts

for the M-20 and GAZ-51 cars, etc., are produced
by the electro-upsetting method in the Molotov auto plant. In the Stalin auto
plant, tappets are also‘produced by the electro~upsetting method.

A schematic diagram of the electric heating for accurate upsetting and the

nature of the temperature distribution are shown in Fig.210.
THREAD ROLLING

Threading is effected by the use of flat threading dies and round rollers.

Threads resulting from the use of rollers have fibers which do not cross each
other but arrange themselves to follow the cutting profile and, in this case, there
is almost a two times increase in the microhardness of the material, a considerable
increas; in the yield point and in the resistance to fatigue by 20 - 25%.

. The average square height of thread uneveness is: Nok = Oek = 1 mk, when
STAT
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‘threaded with round threading dies, and N, = 1.5 ~ 4 mk, when treaded with flat
threading dies having the profile of a milling cutter.

The productivity, when threading to the 274 class of precision with roller
and flat dies, exceeds by 3 to 8 times the productiviity of ordinary bolt threading

machines,
BIBLIOGRAFHY

Bryukanov, A.MN.,, Rebelskiy, A.V. - Hot Stamping, Design of Dies and Calculations.
Mashgiz 1952.

Bykov, R.S. — The Technology of Forging and Stamping of Nonferrous Alloys.
Encyclopedian Handbook ™Machinostroenie", v.6, Mashgiz 19.8.

Gladkikh, A.N, - The Determination of the Stresses Effective in the Operation
of a Cold-Upsetting Automatic Press. Synopsis of reports submitted at
the Science and Production Conference M™Gonitmash™ at Gorky 1955.

Ginsburg, K.S. - Hot Forging of Black Metals. Mashgiz 1947.

Girsh, N.N. - Operations of Hot-Forging Machines. Encyclopedian Handbook
™ashinostroenie", v.6, Mashgiz, 1948.

Golikov, N.V. - Organizing the Mechanization of Work in the Smith-Porging
Industry. Encyclopedian Handbook 'Mashinostroenien, v.8, Mashgiz, 1948.

Golovneva, M.A. and Golovnev, I,F. - Precision Hot Forging of Small Parts.
Mashgiz, 1952.

Gostev, V.I. - The Quality of Forged Products. Mashgiz, 1947.

Dorokhov, N.N. and Zlatkin, M.G. - Technological Processes in Forging of Large
Parts. Mashgiz, 1950.

10.Gubkin, S.I. - The Theory of Treating Metals by Pressure. Metalurgizdat, 1947,
10a. Gumenyuk, E.A. - Calculation of Cone-Shaped Plunger Dimensions for Cold

Upsetting. MAutomobile and Tractor Industry", Mashgiz, 1954,

1l. - Time Standards in the Smith-Forging Industry. Ministry of Machine Tool
STAT

342

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

Building SSSR. Scientific Research Bureau on Technical Standards,
Mashgiz, 1952,

Davidov, V.P. - Semiautomatic Bending Machines. Gorky Industrial Institute,
Named after A.A.Zhadanov, 1948.

Zvorono, B.P. - Calculation and Design of Dies for Cold Stamping. Part 1,
Mashgiz, 1948.

Zotyev, A.N. - Ways of Raising the Quality of Metals before their Upsetting.
Synopsis of reports submitted to the Scientific Production Conference
Gonitmash, held at Gorky, 1955,

Korneev, N.I. — Deformation of Metals by Forging. Obornogiz, 1947,

Kamnev, P.V. - Hot Die-Rolling by Special Machines. Mashgiz, 1948.

Krechetova, T.I. - The Application of Pressure in the Production of Hollow
Steel Products by the Cold Method., Vestnik Mashinostroenia, No.8, 1950.

Kerekesh, V.V, — Heating Steel Blanks and Cooling Forgings. Encyclopedian
Handbook ™ashinostroenie®, v.6, Mashgiz, 1948.

Kogan, A.I. - Cold Upsetting of Notched Screws. '"Exchange of Experience in
the Electrical Industry®, No.22, 1954,

Lapshin, V.A. - The Application of the Contact Method Electroheating in
Forging, Stamping and Bending. Vestnik Mashinostroenia, No.ll, 1948.

Potekhin, I.V. - Combined Forging-Stamping in Crank-Type Presses. Mashgiz, 1950.

Mendlin, M.A. - Stamping by Rubber Dies. Oborongiz, 1954,

Meshcherin, V.T. - Sheet Metal Stamping Handbook. Gizmestprom, 1950.

Misoynikov, V.M. - Cold Upsetting of Nuts. '"Vestnik Metallopromishlenosti®,
No.1l7, 1938.

Misoynikov, V.M. - The Technology in Cold Upsetting. Mashgiz, 1950.

26, Misoynikov, V.M. - The Automatization of the Production of Products used for

Fastening One Part to Another. "Selskomashina®, No.2, 1947.

26a. Misoynikov, V.M. = Cold Upsetting of Shaped Parts and the Determination of
STAT

343

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

Stresses in Upsetting. Synopsis of reports submitted to the M™Science and
Production Conference Gonitmash%, Gorky, 1955.

Navrotskiy, G.A. - Upsetting and Trimming Automatic Presses. Mashgiz, 1949,

Navrotskiy, G.A. - The Automatization and Mehcniazation of Shops for Cold
Upsetting. Synopsis Monitomash, No.2, 1950.

Navrotskiy, G.A. - Problems in Determining Forces Required for Cold Upsetting.
"Vestnik Mashinostroenia™, No.6, 195.4.

Navrotskiy, GeA. — Universal-Type Automatic Bending Machines. Moscow Mechanical
Institute, 1952,

31. Natanzon, E.I. - The Application of Electroheating for Stamping and Upsetting
as Related to the Production of Automobiles. Synopsis of abriged texts
of basic reports submitted to the Gorky City Scientific and Technical
Conference, 1953,

~ Standards to Determine the Consumption of Metal in Forging in Smith Shops
of NKSS. Peoples Commissariat for Machine Tool Building SSSR, Bureau of
Technical Standards, 1942.

33. Popov, V.A. -~ Cold Upsetting of Hexagonal Bolt Heads without Trimming the
Facets on Cold-Upsetting Automatic Presses, Synopsis of reports submitted
to the Scientific Production Conference Gonitmash, Gorky, 1955

34. Okhrimenko, Ya.M. - Horizontal Forging Machines, Mashgiz, 1948.

35. Polyak, S.M. - Saving of Metal by the Adaption of Cold Volume Stamping.
ietal Economy in the Smith-Forging Industry. Mashgiz, 1953.

36. Rebelskiy, A.V. and Bryukhanov, A.N, - The Design and Calculations of Dies
in Hot Forging. Mashgiz, 1949,

37. Rozmakhov, G.F. - Copying Bending Machine. Round bending machine. Technical
information material of the Central Bureau for Heavy Machine Building
(TSBTM), 1939.

38, Romanovskiy, V.P. - Handbook on Cold Stamping. Mashgiz, 195i4,

T T e - e . Ll

344

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3

39. Sokolov, I.G. - Forging and Stamping of Products used in Transportation.

Transzheldorizdat, 1945.
0. Stepanov, V.N: - Coining of Stamped Parts. Oborongiz, 19L4.

l1. Sorokin, A.I. and Smirnov, V.N. —- Cooling Conditions for Small Parts after

Forging. 'Vestnik Mashinostroenia®, 1948.
42, Sorokin, B.V. and Polyak, S.M. - Modern Methods of Cold Stamping. Mashgiz, 1950.
L3. Tomlenov, A.D. - The Determination of the Dimensions of Cone-Shaped Plungers
when Designing Dies for Hot Upsetting. 'Vestnik Mashinostroenia®, No.7,
1950.
LL. Tomlenov, A.D. - The Theory of Plastic Deformation of Metals. Mashgiz, 1951.
Lha, Freidlin, A.Ya. - Smith-Forging Production, Cold stamping. Mashgiz, 1938.
L5. Khrzhanovskiy,S.Ne - Designing Smith-Forging Shops. Mashgiz, 1949.
L6. Tsukerman, M.T. - Stamping in Hydraulic Presses. Stamping in Friction-Type
Presses. Encyclopedian handbook M{ashinostroenie®, Mo.6, Mashgiz, 19.8.
L7. Shepelvakovskiy, K.Z. - Production Equipment for Induction-Type Heating in
Smith-Forging Shops. "Vestnik Mashinostroenia", MNo.3, 1949.
L8. Shofman, L.A. - Elements in Theory of Cold Stamping. Oborongiz, 1952.

19. - Encyclopedian Handbook ™ashinostroenia®, v.6 and v.8, Mashgiz, 19.8.

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100003-3



