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CHAPTER I

TECHNOLOGY OF FOUNDRY PRODUCTION

PHYSICAL NATURE OF THE FOUNDRY PROCESS AND ITS
INFLUENCE ON MANUFACTURE AND QUALITY
OF CASTINGS

Shrinkage of Metal and Formation of Shrinkage
efects 1n Castings

During cooling of metal in the mold its volume decreases., 1In

foundry production this decrease in volume is called shrinkage.
According to the state of matter of the cooling metal or alloy its
total shrinkage (the interval V3-VO in Fig. 1) 1is divided into
shrinkage in the 1liquid state (interval V3-V2), shrinkage of hardening
(interval V2-V1) and shrinkage in the solid state (interval Vl-Vo).
The amount of shrinkage of the solid metal is more conveniently
determined by the change in its linear dimensions in connection with

which we have the concept of linear shrinkage of metal.

Y Shrinkage of liquid metal depends on
Y the teeming temperature, and it is an
E indeterminant quantity. Therefore it
te T belongs to a definite temperature interval

e §

(1°c or 100°C) and usually is expressed in
Flg. 1, 1Increase in

volume of metal during percent. Shrinkage of hardening and
heating and melting.

-1-
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shrinkage of the solid metal (volumetric and linear) are also expressed
in percent,

5o that the dimensions of the cooled casting correspond to the
drawing, the corresponding dimensions of the model have to be increased
proportional’y with respect to the linear shrinkage of the given
metal or alloy. Linear shrinkage is determined by pouring a test
plece of the given metal, and calculating by the formula

lpes =1
e

S
where l.uon 1s the length of the test pilece pattern; loyy 1s the
length of the cooled casting.

It is assumed that the dimensions of the pattern, the form
prepared for it and the casting Just hardened in it are identical.

Volumetric shrinkage of the hard metal 1s calculated by the
well-known relationships for the coefficlients of thermal expansion
ot solid bodies to be 3 times greater than linear shrinkage.

The shrinkage process to an extraordinarily great extent hampers
obtaining of exact and high-quality castings. One of the complications
consists in the formation inside the hardening casting of shrinkage
faults in the form of all kinds of discontinuities (cavities, porosity,
cracks). Appearance of these defects 1s connected with non-simultaneous
hardening of metal in the casting. On giving otf heat to the
environment (material of the form), the casting starts to cool and to
harden t'rom the surface (Fig. 2a), at the same time as its internal
part 2 continues to remain liquid. During subsequent cooling and
hardening, the core of the casting endures more reclative compression
than the earlier hardening crust 1. Due to this, the continuity of

the metal is disturbed and inside the casting will be formed a

-

e A S5 - e



Fig. 2. Formation in a casting of a hidden
-4 shrinkage cavity: a) beginning of hardening;
b) end of hardening; 1 — hard crust of metal;
2 = liquid nucleus of casting; 3 — shrinkage
cavity.

vacuum vacancy 3 (Fig. 2b), called a shrinkage cavity.

The cavity shown in Fig. 2, 1is characteristic for section
castings and 1is called internal or hidden. In contrast to it in
ingots shrinkage of metal causes the formation of a funnel-shaped

cavity (Fig. 3), which 1s called an external or open shrinkage cavity.

Fig. 3. Formation of an open shrinkage cavity in the
casting.

The size, shape and location of shrinkage cavities are determined
by the natural properties of the alloy, and alsc by a large set of
factors affecting the process of formation of the casting. Of the
natural properties, the following are most significant: amount of
shrinkage of the alloy in the liquid state and during hardening the
size of the temperature interval of hardening, specific gravity of
the alloy and, in certain cases, the possibility of formation of
different structures during hardening of the alloy. Of the other
factors greatest attention is shown the following: pressure of the
atmosphere, gasses gilven off by the metal; geomefric shape and
dimensions of the casting and conditions its cooling.

Shrinkage of the alloy in the liquid state and during hardening

predetermines the size of the shrinkage cavity.

The size of the chrystallization temperature interval predetermines




8 _ Fig. 4. Alloys in the diagram of state which form

‘\\c different types of shrinkage defects: A) alloy
inclined to the formation of a concentrated

shrinkage cavity; B) alloy inclined to the

/ formation of scattered shrinkage porosity; C)

alloy, glving a shrinkage cavity of the intermedlate
type.

the nature of the shrinkage defects. During hardening of a casting
trom o« purce metal or alloy, crystallized at a constant temperature
(alloy A in Fig. U4), crystals inside the casting grow in a tight
dense formation (Fig 5a) and the frontal surface is continuously

in contact with the liquid nucleus of the casting. This type of
hardening ensures obtaining of a concentrated shrinkage cavity in the
core of the casting and a tight structure of the metal in its other
parts (Fig. bd). Hardening of a casting made from an alloy with a
wide temperature interval (alloy B on Fig. 4) is accompanied by the
appearance of an intermediate hard-liquid layer (Fig. 5b), caused by
the growth of dendritic crystals. Dendrites developed in this

layer divide the 1liquid into separate parts, insulating them from
each other and from the central, liquid nucleus of the castling.
Durinéhsubsequent hardening in each of these sections will be formed
its own minature shrinkage cavity, as a result of which the casting

turns out to be affected throughout by shrinkage porosity (Fig. 5Se).

Fig. 5. Crystallization diagram and
forms of shrinkage defects for alloys

of varled type: a, d are pure metals,
eutectlic alloys, chemical compound; b, e
are alloys which crystallize 1n a large
temperature interval; c, {f are alloys

of intermediate type.




Alloys with small crystallization temperature intervals, for
example, alloy C (Fig. 4), harden according to the intermediate
diagram (Fig. 5c); the distribution of the shrinkage defects in the
cavity (Fig. 5f) also turns out to be intermediate. During the
development of shrinkage porosity the volume of the concentrated
cavity decreases correspondingly; therefore, the porosity does not
increase the total volume of the shrinkage vacancies.

The specific gravity oi' the alloy exerts significant influence

on the procesns of forming of the casting. The greater the specific
gravity, the greater the hydrostatic pressure will be in the part of
the casting which is not hardening. This promotes penetration of
liquid into the intercrystalline pores. Thanks to this, the number
and volume of pores, especlally in the lower part of the casting,
decreases at the expense of an increase in the concentrated cavity,
Besides this, the temperature difference promotes the appearance
inside the cooling casting of convection currents, which concentrate
the hottest metal (having smaller specific gravity) in the upper
part ol the casting (displacing the thermal center of the casting
upwards), from which the shrinkage cavity is also displaced upward.
Both ot these phenomena are used during development of measures
to comb:t shrinkage defects in castings. Basic among them is
risering with the help of flow gates and risers of different con-
struction. Iy risering 1is understood compensation for the diminishing

volume of liquid metal in the hardening casting (Fig. ©).

"ig. 6. Risering by a gate and riscrs: 1 — casting;
2 — flow gate; 3 — riser; 4 — shrinkage cavitics at
the flow gate and riser,.




The possibility of formation of different structures depending

upon conditions of hardening 1s observed for many alloys. The most
characteristic of them is cast iron, the number and location of
shrinkage defects in which to a great degree depend on the structural
state of carbon. Inasmuch as the specific volume of cementite 1is

less than the sum of the volumes of the elements which make it up

(iron and carbon), during the formation of the structure of gray cast
iron the volume of the shrinkage vacancies in the casting turns out

to be smaller the more fully the graphitization of the carbon proceeds.
In particular, for this reason white cast iron during hardening

always gives greater shrinkage than gray.

For forming of shrinkage vacancies not only is the general
shrinkage of hardening of an alloy, characteristic for given structural
components important, but also the order, in which these components
are formed trom liquid phase. Thus, for instance, during hardening
of cast iron crystallizatlion of graphite and graphite eutectic occurs
with cxpansion of volume, If these structural components were gilven
uniformly during the entire process of hardening of cast iron, their
appearance would lead only to proportional decrease in the volume of
the shrinkage vacancies developed in the casting. 1In realily the
eutectic 1s crystallized at the end of hardening, when in the inter-
dendritic channels of the casting there remains only a small quantity
of 1liquid. Under these conditions the expanding eutectic creates
pressure in the interdendritic spaces under the et'fect of which the
1liquid may shif't via capillaries to significant distances and fill 1n
the shrinkaye pores in the casting. Frequently the volume of the
interdendritic pores in cast iron turns out to be insutficicnt for

distribution of the vxpanding eutectic und then the rest of the

e



I'ig., 7. Flow of expanding graphite cutectic into a
shrinkage cavity: 1 — casting; 2 — shrinkage cavity;
5 = inclusion of eutectic.

liquid 1is squeezed into the shrinkage cavity (Fig. 7). The capacity
of" gray cant iron for self-packing in the process of hardening signi-
ticantly facilitates the problem of obtaining high-quality castings
from it,

The pressure of the atmosphere plays a significant role 1in the

tformation of shrinksge faults. In all cases, when the mold is gas-
pcrmeable, a casting hardening in it is under atmogspheric pressure,
A casting, hardening in a chill mold at least partially, also turns
out. to be under atmospheric pressure, acting through a gap, formed
from shrinkage of the casting, and also from expansion and warping of
the chill mold. By acting on the hardening casting with vacuum
vacancies developed in it, atmospheric pressure can evoke a shift of
ligquid inside the hard crust and deform the latter,

On appcarance of a hard crust over the entire surface of the

casting, the metal iIn the cup of the flow gate system and in the

~a

riser continues to remain liquid. Atmospheric pressure PO, acting
on the surface of the liquid (Fig. 8), accerding to the law of Pascal
is transmitted to its entire volume and together with the pregssure
P o' the weight of the metal itself promotes penetration of Ilguid
into the interdendritic spaces, where rarefaction is created s a
recsult ot the shrinkage processes, The most importart rol- in this
process lmost always 1s played by the atmospherice pressure,

With hardening of the f{ree surface of the met:#@l in the riser

and ['ecder head direct contact of the liguild nuclcus ol the casting
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Fig. 8. Diagram of the effect of atmospheric
pressure and hydrostatic pressure of the metal
during risering of a hardening casting.

with the atmosphere ceases, However atmospheric pressure which deforms
the hardening crust having plastic properties, continues for some

time to press on the liquid core. If unqer the crust a shrinkage
vacancy 1s tformed, then the atmospheric pressure frequently breaks
through the crust (Fig. 9a, b) and agaln comes in contact with the

liquid, promoting airtightening of the casting.

Fig. 9. Work of atmospheric pressure in'
pouring basin; 1 — liquid metal; 2 -
hardening crust; 3 — rupture of crust
under effect of atmospheric pressure,

In those cases, when on some section of the surface of the
casting, the crust turns out to be weaker than in the riser cup,
atmospheric pressure deforms the casting at this place, leaving a
dent in its surface (Fig. 10), called in practice in foundry production
a graw, Draws in castings are formed also during premature hardening
of feeders and in those cases, where any part of the hardening
casting turns out to be disconnected.from the flow gate system and
riser by neighboring parts which have hardened earlier. Formation
of draws, naturally, promotes packing of the internal region of the
casting, preventing the appearance and development in it of' shrinkage
vacancies, At the same time, draws themselves are seriouvs defects

and very frequently are a cause of writing off the custings as rejects,




- Fig. 10. Formation of a draw: 1 — casting; 2 -

2 flow gate; 3 — draw,

Gases dissolved in a metal during weeping can in the process

of cooling of the metal in a mold separate from the solution and
influence the formation of shrinkage cavities. Solubility of gases
in a2 metal decreases with lowering of pressure; therefore, in the
zone of formation of a shrinkage cavity, the solution becomes
saturated, Gases in the atomic state are given off at the boundaries
of'" the shrinkage cavities and pores and occupy the space bounded by
them, Yor this reason the internal pressure in shrinkage cavities
practically always 1s greater than zero and in certaln cases may
cxceed the external pressure of the atmosphere, 1In the internal
pressure attains the sum of atmospheric pressure and the column of
liquid metal above the cavity, then the volume of the latter 1s
increased, Then the outline of the cavity becomes round which is
characteristic of gas pockets., 7The total volume of vacancies in the
metal increases, and the surplus metal 1s squeezed into the flow
pate system or riser,

The dimensions and shape of the casting have an influcnce both

on the size and the location of a cavity in the casting. The
theoretical size of the cavity turns out to be proportional to the
volume of the cacting., Therefore, small castings arce inclined to a
significantly lesser degree toward formation of shrinkage faults.
Conversely, in massive castings, shrinkage cavitics ond poroaity
appear very sharply, and coping with them i3 a very complicated

problem,



A cavity will be formed where hardening of the casting finishes.
As a rule, this place is the most massive part, If a casting has
several massive nodes, then after hardening of less massive Jjolnts
the ethick parts harden separately from each other and in each‘of
them will be formed a cavity (Fig. 11a). In the absence of massive
nodes, shrinkage vacancies are concentrated in the central zone of

the walls, located chiefly in the upper part of the casting (Fig. 11b).
Any distortion of the wall evokes

4 1 2
¢¥ 7 t{ 2 nonuniform cooling of it from one side or
L 1 another. The convex side is cooled more
= b) : intensely on the contrary, removal of heat

Fig, 11, Formation of
shrinkage cavities in a
casting; a) several
thermal nodes; b)
thickened part; 1 -
casting; 2 — shrinkage
cavity.

from the concave wall of the casting is
complicated. As a result, hardening of
the distorted wall 1s finished near the
concave surface; the shrinkage cavities
are also shifted there (Fig., 12). For the same causes, if the

walls of the casting are linked at a right angle, shrinkage cavities
are arranged near the internal angle (Fig, 13)., At internal angles
frequently are formed shrinkage cavities, at the same time as at

other places the casting hardens absolutely tight.

Fig. 12. Formation of shrinkage cavities in
the curved wall of a casting: 1 — casting;
2 — heat radiation from the convex side of
the wall; 3 — heat radiation from concuve
side of wall; 4 — shrinkage cavities.

It the radius of curvature of the concave wall is very small,
rfor instance, in obtaining of a casting with a hole of small diameter

(Fig. 14), then due to heating of' the core, heat locs from the inside
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[ 1 Fig. 13. Formatlion of a hidden shrinkage cavity near a
P sharp angle of the casting: 1 — casting; 2 — shrinkage
’ cavity.

can be completely stopped. Then the internal surface of the casting
hardens last and in 1t will be formed an open shrinkage cavity. 1In
this way the thermal center of the angle of a thick-walled casting
(I'ig. 14b) to the end of hardening shifts to the flange of the mold
adjacent to the casting (the casting material at the internal angle
is heated higher than the temperature of the solidus of the poured

alloy), and at this place will be formed an open shrinkage cavity.

Fig. 14, Formation of an open shrinkage
cavity: a) in a hole of a small diameter;

1 — casting; 2 — core; 3 — shrinkage cavity;
b) at the internal angle of a thick-walled
casting; 1-4 — isotherms in the body of the
casting and mold; 5 — shrinkage cavity.

The condition of cooling of a casting shows up first of all in

the nature of the shrinkage vacancies formed. The more intensely

the casting cools, the less the extent of dendritic crystallization
developed in it. The boundary between the solid and liquid phases
becomes sharper, and risering of the growing crystals becomes more
complete, In other words, intense cooling of a casting cun serve

w5 an artificial measure, with the help of which an alloy is inclined
to dendritic crystallization (Fig. 5b); it is possible to cause
hardening by the diagram characteristic for eutectic alloys (Fig. 5a).
Naturally, porosity of the casting turns out to be less, and the
concentrated cavity more well-developed., Namely for this rcason

castings, obtained in metallic molds, always turn out to be tighter

by comparison with poured 1n sand.
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The local variation in intensity of cooling of the casting plays
a stlll greater role in foundry production. With the help of this
method it 15 possible to regulate the process of hardening, trans-
fering a shrinkage cavity to another less responsible place in the
casting or carrying it out to the flow gate or riser, Thus, for
instance, in the casting (Fig. 15a) the vertical wall in the upper
part hardens earlier than the thick part located lower down, as a
result of which in the thick part will be formed a shrinkage cavity.
If however during molding a cast-iron refrigerator is put in the
thick part then it will harden simultaneously with the thinner parts
of the casting, and then the shrinkage cavity will shift to the upper

part of the flow gate (Fig. 15b),.

Fig. 15. Preventing of formation of a
* shrinkage cavity by means of installation of
a refrigerator in the thick part of the
casting; a) casting, hardened without

{\’ refrigerator; b) casting, hardened with
b refrigerator; 1 — casting; 2 — shrinkage
o cavity; 3 — refrigerator; 4 — shrinkage cavity,

transfered to the flow gate ladle,

Sometimes instead of cooling of thick parts it is morc profitable
to warm the thin ones which is done by using casting materials or
paints with low thermal conductivity, or by local preheating of the
mold before tilling. Finally, an effective means of controlling the
process of hardening 1s appropriate selection of place of feed of
metal to the casting (Fig. 16),

By the set of enumerated measures, it is possible to vary within
wide limits the condition of cooling of parts and nodes of the cacting

and to achieve simultaneous or controlled hardening of it as desired,

In the first case, independently of the thickness of the walls and

-12-
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Fig. 16. Change of character of hardening

of a casting depending on the place of
’ ! 3 L feed of the metal; a) simultaneous
) hardening; b) sequential hardening; 1 -
. ; casting; 2 — flow gate; 3 — layers of
b

consecutive hardening ot tlre casting.

the configuration, all parts of the casting harden simultaneously;

in the second case, hardening proceeds consecutively from onc part
o1’ the casting to another in a given direction. During directed
hardening best conditions are created for risering the casting and
therefore it is a reliable means of dealing with shrinkage cavities.
However a large difference of temperature occurs between scparate
parts of the hardening casting which predetermines formation in it of
large internal stresses.

Feeding the thin part 1s used for castings made of gray cast
iron which is inclined to a smaller extent to formation of shrinkage
cavities énd therefore does not need strong means of feeding. This
will agree also with the requirement of obtaining iron castings with
minimum stresses, inasmuch as they, as a rule, are put in operation
without preliminary heat treatment. Finally, for castings made of
rray cast iron feeding of metal to the thin part improves 1its
structure; during directed hardening they would be obtained with
clearly expressed anlsotropy of structure and mechanical properties,

For castings made of wrought iron and steel which are very
inclined formation of shrinkage faults, feeding of metal to the
thick part is optinal. 1Internal stresses generated in this process
arce of no slignificance inasmuch as castings made of' steel and wrought

iron are of necessity subjected to high-temperature annculing,

-13-
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Internal Stresses in Castings

General ideas about stresses. From the moment of formation of a

hard crust nonuniform cooling and shrinkage of the metal cause

stresses in the casting which are called temperature stresses,

In addition to temperature stresses, castings are very frequently
subjected to so-called mechanical stresses, which occur in those
cases, where the mold or cores put up resistance to shrinkage of the
casting (Fig. 17). Resistance of the core and mold, in Fig. 17
conditionally indicated by arrows, is all the more significant the
greater the shrinkage of the casting and the less ylelding the mold
anid core. These reslstances with respect to the casting are external
torces, the mechanism of effect of which in principle does not differ
from the ef'tfect of mechanical loads on machine and construction parts,
Practically, due to different, and variable with respect to time,
properties of materials of the mold, determination of the magnitude
of the mechanical stresses turns out to be very complicated.

Mechanical stresses very frequently
cause destruction of the casting in the
mold and significantly complicate the
technology of foundry production. At the

same time, they are removed at the time of

removal of the casting from the mold, and

Fig, 17. Permation the influence of them on the quality ot

in the casting of
mechanical stresses:
1 — mold; 2 - core;
3 — casting,

the finished product is limited to only
residual strains, lowering accuracy and
distorting the geometry of the castings,

Stresses in the casting ¢an arise also due to structural or

phase transitions in the alloy, taking place with a change in volume

=14~



(for instnunce, due to perlitic transtformation in cast iron). Such
stresses nre called phase stresses. Phase stresses by thelr nature
are analogous to temperature stresses lnasmuch as they occur in a
custing independently of the effect of external forces (mechanical
resistance of the mold to shrinkage of casting). They are added to
Lthe temperature strecses and also can remain in the finiched cnsting.
Tempe rature stresses are the most general case, inasmuch 3s
they oppear in every casting (for any manufacturing procedure) and
are the mont dangerous for poured parts working under load.

Temperature variation 1n cooling castings., The process of cooling

of" a casting, as of any heated body, possessec onc characteristic
pecullarity of fundamental value to the understanding of the mechanism
of the eftcct of temperature stresses. Let us consider a casting,
consisting ot three parallel rods Joined together by two cross

pleces (Fiy, 18). The thickness of the side rods 1 is less than

of" the middle one 2; therefore they start to cool before the middle
one, and the temperature of them in the process of cooling remains
lower the ¢ntire time (Fig. 19). By the extent of cooling of the
casting the cooling rate of this or that part of it decreases [ curves
(Fig. 19) become more sloping]. If the cooling rates of rods 1 and

2 (Fig. 18) are compared, then it turns out that at the beginning of

cooling, up to some point in time Ty s rod 1 is cooled faster than rod

2; from the time T4 and to the end of the process rod 2 cools faster.

Fig. 13, Three-1link lattice of stresses: 1 —
thin rods; 2 — thick rod,
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This is easy to determine by the difference
in the ordinates m - n (Flg. 19), which
up to the time 74 Increases, and then

decreases, The variation curve for the

difference in cooling rates of rods 1 and

2 1s given 1n the lower part of Fig. 19,

Non-uniform cooling of a casting can

ig. 19. Cooling in occur not only due to the difference in
time ot parts of a

sasting 8; different thickness of 1its parts. Thus, the external
thickness and formation

in them of temperature and internal parts of a round casting

stresses,
St (Fig. 20) are cooled nonuniformly, external

and internul angles (Fig. 13), parts of a casting which are remote
rom the t'low gate and those adjacent to it, etc. 1In all cases,
parts of a custing which harden earlier and are cooled more intensely
1t the beglnning of the process subsequently began to cool more

slowly than the hotter parts.,

Filg. 20. Nonuniform cooling of a casting;
a) cylindrical; b) elliptic: 1 — external,
colder layer; 2 — hot core of the casting.

Stresses in metal and formation in a

casting of hot cracks. One of the main

dangers determined by the state of strain of
¢ casting, 1s the appearance of cracks in it, Cracks depending on
the tempe roture of the metal at which they are formed are subdivided
into hot and c¢old cracks. Hot cracks appear chiefly at high

temperaturcs in the process of hardening or in a casting which has
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Just hardened, However, under conditions suitable ['or this they can
appear alose ot lower temperatures up to temperaturces correaponding to
transition of the metal into the «lastic state. Hot cracks are
characterired by uneven, '"ragged" breaks in *: metal rollowing along
the boundrries of crystals and the oxidized surface of the break,

All plastic bodies under the effect of forces =pplicd to them
are able to endure irreversible deformations, thanks to which stresses
caused in the body by applied loads, sharply decresce, In connrction
with this 2 plastic body can be for a prolonged time in < state
ol strain only during continucus renewal of the external or internal
fforces acting on it., In a cooling casting the cause for appeurance
and continuous renewal of such forces is the differont rate of coollng
and shrinkage of 1its parts., Since ruptures in the casting occur
only in the zones effect of tensile stresses, one should expect the
rormation of' hot cracks both in thin and in thick parts of the casting.
lHowever, a.: is shown in practice, hot cracks in thin places are
'ormed comparatively rarely., This is explalned by the fact that at
the beginning of cooling, when the thin part undergocs the fastest
shrinkage, the thick part is still in the liquid stuate and does not
of't'er 1t any resistance., At the time of hardening of the entire
csting, the temperature of the thin part turns out to be Tower, and
its durability higher by comparison with the thick part. Therecfore,
11" further shrinkage of the thin part leads to the appearance of a
crack, then already at the place of Jjuncture of it with the thick
part (Fig. 21a), where the temperature is the highcst, and the metal
is least durable. Formation of hot cracks in a rapidly cocling thin
purt 1s also prevented by plastic deformations occurring in the

hotter thick part, thanks to which the stresses in the cansting

-17-
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strongly decrease, Decrease of the stresses can occur also due to
distortion of the geometric shape of the casting (Fig. 21b), about

which more will be mentioned specifically below.

c—
‘ Fig. 21. Deformation and ruptures of a
! 1 casting under the effect of temperature
| , stresses; a) formation in the casting of a
hot crack; b) distortion of casting.
l <
a) b)

Formation ot residual stresses 1n castings. According to the

cxtent of cooling of a casting, the metal loses its plastic properties
and aquire:s elastic properties., Change of these properties occurs

tfor every alloy in its own temperature range, in particular, tor
terrous alloys in the interval 650-5500.

In contrast to stresses which are actlive in plastic metal the
mugnitude ot elastic stresses does not depend on the rate of shrinkage
ot diftf'erent parts of the casting. They are proportional to the
ditference 1n temperature between the thick and thin narts at the
time of the thick part to the elastic state.

Realdual stresses are practically not detested as a defect, 1In
the presence ot Internul stresses a casting in use can be ruptured
under loads, significantly smaller than the calculated load capacity.
Cases occur where the stressed castings rupture without applicuation
of external torces to them or under insignificant strains during
cleaning, transportation or machining.,

Much more frequent are cases of warping of stressed castings
during machining., Thus, for instance, in a cost plate (Fig. 22)

the external surtaces turn out to be compressed, and the internal
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region stretched. The stress field with

P A —eatth ')
h‘~<:::“~—*--*j;4:;»-£ . respect to the axis a — a 1s located
i, 20 Detormation of symmetrically, from which the geometric

4 platc in the process of

michining 1t shape of the casting is not distorted.

However, if by using a cutting tool we
remove the surface compressed layer along the line b — b the symmecry
of" the stress fleld will be disturbed the stretched central layers
will acquire the possibility of being reduced, and tne compressed
luwyers of the lower plane — to be extended, and the casting, having
the stresscs removed, will be bent as indicated by the fine line
in IFig. 22.

Temperature deformation of castings. It was noted above that

one of factors which lower the magnitude of effective stresses may be
det'ormation of the casting the possibility of which is determined by
its geometric shape and the nature of distribution of temperatures

in it. The clindrical shape of casting (Fig. 20a) is the most
rixid. This is explained by the fact that the temperature field,

1nd consequently also stresses in the volume of such a casting are
distributed symmetrically., Besldes, the cylindrical form of casting
prevents plastic deformation of its internal part. 1In contrast to
the lattice (Fig, 18), during intense shrinkage of the external part
1 (Fig. 20) of a cylindrical casting, the internal part 2 cannot

be plastically deformed, inasmuch as the metal is incompressible,

In the second period of cooling, when the internal part is compressed
more rapidly, deformation of the external part also practically is
impossible, since it has the most rigid form of a cylindrical arech;
moreover, due to the lower temperature its mechanical propertics are

oreater than those of the central part of the casting, Duce to this

-19-
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the big cylindrical castings are much disposed to formation ot

external and internal cracks and therefore, in splte of simplest

geometric shape they belong to the category of most difficult to
] produce.,

An ingot of any other geometric shape turns out to be less rigid,
Thus, for instance, if the cross section of an ingot is elliptical
(Fig. 20b), then the faster cooling external lajyer 1 deforms the
internal part 2, compressing it along the great axis of the ellipse.
The volume and area of the cross section of the internal part, of
course, will remain constant, however, the perimeter of the ellipse,
approaching a circle, will continuously be reduced., At the same
time the external stretched layer 1 will be shortened; thus, the
stresses are eliminated,

For scction castings due to more well-developed geometric form
the possibllities for temperature deformations are signitf'icantly
greater, Nonetheless 1n them nodes are encountered, dealing with the
cracks in which consvitutes one of the basic difficulties in the
technology of foundry production,

The casce ot temperature deformation of a casting of the bcam
type with asymmetric distribution of temperatures during cooling in
the mold, is interesting., The casting 1s irreversibly deformed (bent)
with convexity in the direction of intense cooling (Fig. 23). This
occeurs because the thick side of the casting is cooled more slowly
and hardens later than the thin side, in consequence of which at
the time of total hardening of the casting 1t 1s at the temperature
ot the solidus line, whereas the thin part by then has bcen cooled
to a somewhat lower temperature, During subsequent shrinkqge of the

casting the thicker (hotter) side of it, according to the lLaw of
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physics, 1s shortened more than the thin

Lo

side which leads to deformation.

| S

e
The physical problem which have been
tig. 25, Temperature

bend of a beam of considered are the basis of the majority of
nonuniform cross
£ ¢ tiions, the rules presented below for construction

ot" cost parts., It is characteristic that dealing with residual
stresses (which by nature are temperature stresses) is impossible by
me«ns of increasing the durabllity of the material of the casting.
Jince stresses of one sign 1n all cases are balanced by stresses

o' the other sign in the volume of the same casting, its resistance
to formation of cracks turns out to be independent of the durability
of the material and is determined exclusively by its plastic
properties. Increase in the durability of the metal for the purpose
of strengthening a section of the casting, under the effect of
stretching stresses calls for the same strer~thening as of 1ts
compressed parts, Theoretlically this will lead only to proportional
increase in the state of strain of system as a whole from which the
reserve of' durability of the weak place will not be changed.
Practically such a measure most frequently leads to increase in the
number ot c¢racks, since increase in the durability of the metal in

most cases 1is accompanied by a drop in its pléstic propertices,

BASIC PRINCIPLES OF CONSTRUCTION OF CAST PARTG
Cast parts must be designed in such a manner so that they are
tvchnologically feasible in production, ensure least expenditures
ol' labor and material, and also allow maxlmum mechanization and
automation ot their manufacturing process,

In construction of these parts we must also consider;

standardization, unification, normalization, convenience of opcration,

-21-




——

[ ¥
"
4

transportableness for the raillroad,

Design of the Outside Surface of a Casting

Surfaces of castings should come as close as possible to the
plane or surface c¢f a solid of revolution, Their external form
must be simplified as much as possible in order to ensure molding
and to ensure easy extraction of the model from the form. A model
is not required to have among its elements so-called shadow zones
(Fig. 24), removal of which excludes use on the models of removable
parts, additional cores, core prints, which lower the accugacy of
manufacture of casting. A casting should have as 1little as possible

curvilinesar shape (Fig. 25).

Fig. 24, Poured construction: 2)
shadow zones; b) without shadow zones.

Elements of construction with

respect to external shape must be
arrarged in one plane (Fig. 20).

Parts, having elements which protrude sharply, are fast worn
out, or are significantly complicated with regard to casting technology
must be dismembered and then joined by welding or bolts (Fig. 27).
Sometimes, conversely, it turns out to be expedlent to unite
separate nodes into a single cast part (Fig. 28a). Such variation
allows signiricant lowering of the labor-consumption of the processes

of manufacture and an increase in the operating characteristics of

construction.
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Fig. 25. Outlines of bracket pattern: a)
curvilinear; b) rectilinear (straight).

@ @ Fig. 20, Construction of a lever; a) with
o arms in different planes; b) modified with

Partin- line  Parting line; arms in one plane,

i laiin

a t)

The upper (on filling) extended plancs of the part must be
given certuain curvature to intersect the lower plane by ribs (Fig.
29b) or to make the upper surface rippled (Fig. 29d). Well-developed
planes serve as screens of radiant heat during pouring. Reefs, ribs
and slopes of the planes protect the cast part from formation of

rejects in the form of shrinkage cavities.

Partir.: 1ipe

- 370 1375

] Parting line L s
ol

Fig, 27. Cast construction: a) integral coasting;

b) dismembered into three parts 1, 2 and 3.
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o)

Fig., 20. Box: a) Fig. 29. Cast construc-
welded, united from tion: a and c) not
three parts 1, 2 and straight; b and d)

3; b) integral cast. stralghtened with ribs

and rippled surface.

In a cast part one must not permit bilateral machining, especially
of those surfaces on which the biggest power loads (Fig. 30a

sections A) will be applied.

{:E\ Fig. 30, Cast constructions: a) bilateral
4 ~ machining in the danger zone; b) one-sided
) treatment,

A
{%ﬁ ﬁ Among the basic requirements of con-
al l)

struction one should also have rational
arrangement (Fig., 31b) that lowers the dimension of flasks, the
expenditure of molding-core materials, capacity of the molding

& machires and expenditure of operating time.

Fig. 31. Grouping of a part: 1) lrrational;
b) rational,
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Fig. 32. Molding slopes; a) increase in

T : thickness of the wall (slope in the "plus"
- direction); b) decrease in thickness of
- wall (slope in the "minus" direction);
¢) simultaneous decrease and increase in
§ the thickness of the wall (average slope).

n | 6]

All surtaces of poured constructions which are arranged during
perpendicular molding of the parting line of the pattern, have to
have slopes (All-Union Government Standard 3212-57) for free
extraction of the model from the mold and of the core from the box.

Mold slopes can be made in three ways (Fig. 32). The magnitude of

the slope depends on the height (length) of the wall and is indicated |
in degrees (minutes). During selectlon of' the slope according to

the height of the wall it 1s necessary to take into account the method
of" molding (manual or machine), the material of the model (metallic

or wooden).

If the vertical walls of the casting are machined or its thickness
is less than 8 mm, the slope is anticipated, as a rule, "in the plus
direction;" for a wall thickness 8-12 mm. — "plus-minus," for
thickness grecater than 12 mm, and height of wall less than 100 mm, {
"in the minus direction" and for a height of wall greater than 100 mm
— "plus-minus,"”

Different methods of casting provide different surface finish

(All-Union uovernment Standard 2789-61) on the cast parts:

Accuracy Finish Casting procedure
class class
1 i, 2, 3 11, sand molds
EI 4, 5, € in cores and
metallic molds
I1I 7, 8, 9 by wax pattern
-25-
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During construction of the surface of castings one must pay
special attention to tne base planes {the conditional plane, from
which dimensions are measured during layout of the pattern and
casting, it is a support during machining). It is desirable that
the cast construction have the same base planes for manutfacture and
testing of .he models, for casting and machining. The base plane on
long castings should be formed at the expense of bosses, puying,
f'langes, which during warping of the casting will not cause great
distortion ot it, It is very important that the base pluanes have
minimum dimensions and be located at equal distance from all points
ot the surtace, This decreases the allowance on each dimension,
I'ring necessity the base plane must be purposely displaced, where
it 1s necessary to reach minimum allowances on dimensions., The
buse surtace does not have to be intersected by the parting lince of
the mold,

For proccssed cast parts one must foresee the allowances on
machining, In the ae lection of the allowance it 1s necessary to
consider the brand ot nlloy, the dimension of the castings, dic-
position in the mold o!" the processed planes. The mipnitudes of the
allowances on treatment and allowed deflections by welight for iron
caatings are shown in All-Union Government Standard 1855-5Y and for
steel castings in All-Union Government Standard 2009-55 (Tables
1 :nd 2).

Accuracy class I cxtends to castings made in mass production
during machine molding by metallic patterns;

Accurncy class I1 — to castings of serial production during
machine molding by wooden patterns;

Accuracy class IIT — to castings of individual production during
manual molding by wooden patterns,
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Table 1,

Deflections by Dimensions

of Castl
Castl Iro

(*)

Al lowed

ny's from Gray -

n oand Steel 1In mm

oL tiominal dimesion in mm.
@ .t .
0o ) ' | 2
see | |v'g's| 8|88
Sef o)l L] g
R s &;-g-['.-gc §18|8
I class of accuracy
ptol2Ciog 03—}~ - -] -
12020 03 o408 —| - —| —~
%0-800 [ 04 OS5 ]108) 10] - | — -
500—-12%0] 06 {10810 1.2 L4 ] 16] —
125031501 08 | 1012104 16 ] 30| 25
3150-8000] 10 { 1.2|1.5]1.8] 20{ 35| 30
1] class accurasy
I to 2001 08 [OR|10) —] ~=| -} -
%0-800 oA |10}12|1186] — ] ~ | -
800-1250| 1.0 | 1.2]115{320) 25380 | —
12503150 ] 1.2 | 1.5[20]25] 30| 40| 80
%0630 | 151 1,8122]30] 40|50 60
1il c¢lass accuracy
Up ‘o 5001 1.0 |1.5120]2% - | - -
500— 1250 1.2118]22]|30] 40| 50| ~
12%0-3150 115 [20125]35 150 ]| 60 ] 10
3150 —6300 18 ](22]30]40 ]| 55] 65| 89
RN —-1000n] 20 [2851385][45 | 60 ] 15| 90
Table 4, Allowed Dellec-
tions by Dimensions of
Castings l'rom Copper
Alloys in mm (%)
imercion ot ’lass of ac~uracy
astivg in =
mme 1 | 1]
181 —-250 05 1.5
251 -600 1.0 1.5

Table 2, Allowed Deflec-
tions by Welght of Casting
from Gray Cast Iron and
Steel in # (by All-Union
Government Standard 1859-
£5 and 2009-55)

Nominal weistit of ‘1158 of acurasy
casting in kg 1 I " | -
Up to 80 1. P
To #0 from 50C ; g 1
wver £0C

Table 3. Allowed Deflec-
flections by Dimensions of
Casting from Wrought Iron
in mm (¥)

Dimension of Class of Accuracy
cactine 3
nm, ot I | 1"
Up to 100 08 I8
101 -2%0 1.0 20
51 —-400 1.0 25
401 --650 1.5 30
851 —1000 1.5 s
1001 - 1600 1.5 40

Table 5, Allowed Devia-
tions by Weight of Castings
from Wrought Iron in %

Class of accwasy
1 (1]

+ |

Weight of
casting in

kg.

+
|

PASDO—

AN BWED

(-4

£

]

[

)
ALPPRR
XY -7

Atove 50

For cnstings from wrought iron and nonferrous alloys it 1s

reccommended to use standards developed TsNIITMASh* (Tables 3-0).

Dimensions of losses, plates steps and transition fnacces which

shepe externsl contour nre recommended to be selected depending upon

given dimensions of the cast construction, which arc found by

*Translation Editor Note:

IHUATMAIl: central '-icntit'ic kesearch

Institute of Technology and Machine Technology.
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Table 6. Allowed Deflec- Table 7. Recommended Di-
tions by Welght of mensions of Bosses, Plates
Castings f'rom Copper and Transition Faces
Alloys in %
0 ]
o ol
Clas T ] 0>‘z ! g’ oK |
Welght of S e ’3 ETEE 55 gg“gﬂ"'
casting in ! . § 1 T ‘h"boﬁg:’,
ke ~ Er |uigl|sdiylgasais
- + — 36 we TR ga |°8R ol
:: "8: #:«H 24 0§S-
'p to Ol P’ s " 10 ®E RULE|BSew ﬁ:gﬁ,v
01-02 8 | 8 [ w0 ’ ax |vBEcl¥sallsalts
02-04 ’ ‘ ’ 3 8- |2d5clTes=|205 080
E AR
1. 1
mae | 3 3|1 3 ib it :
Atove 3 3 2 [} [ ] 45 2 % 13
s » © 18
» © » n
4
the formuln
2048
N= _+3_ﬂ"

where ( 15 lenpth; b is width; h 1is helght of casting in meters,
Magnitudes of the elements shown are given in Table 7.
Between the diameter D of the bosses and diameter d of the core
hole there should be the followlng relationship:
! i< 40 wen D >2;
d < 50 480 when D > 1,54,
d < 80whenD 2d + (4-4+6)8 (whard >
>15mm) ¢ D > d4+(44-8) 8 (whond<<15mm);
h is the thickness of the wall of the cast construction,
It the bosses, plates and steps are in one plane and are smooth

out the massiveness located close together, then it follows to

unite them and created massiveness created (to decrease local

sccumulation of metal).

Construction of Walls

Selection of minimum thickness of wall. On selection of the

minimum thickness of walls of a cast construction it is mccssary to

consider their purpose and also dimenslion, welght and method of

_28-




manufacture of the part. On casting in

O

E . gu',.:]'_'”ﬂﬂ sand molds the thickness of the walls of
- [._.__ ‘_'...-"" ~ Pl

° N _'F"-"'"'- a o E I q oy e

ﬁ M ﬁéi i cast-iron, chiefly of big castings can
iz o be found by the diagram in Fig. 35

& Dimensions of tie part ' i T 1 .

i, 55. Cindition of depending on the given dimension of the
thtmum thicknens ot castings N.

The thickness of walls of small and average cactings made of
cqast iron, cteel and nonferrous metals can be determined by the
formula
0=k 44 un
[T} 4
where |, 1s the biggest dimension of the cast part in mm, or by Table &,

Construction of wall couplings.

Table 8. Minimum Thickness

of Walls for Different Alloys On Jjoining walls it 1is necessary
in mm
The biggest dimen to smooth out their thickneos, in
sion of the part
Material in mm

————— order to remove linternal stresses
15'8 1o Ug Yo Apove
582" 1800 | 1570

Cas drongraze o« o| ¢ | 10 ] s and shrinkage cavities. Untormity
lgtllzablr.- cast tron [ 8 -

€le o o 6 0 8 o o 1 12 2
BrONZE o o o o o o of @ ¢ = of thickness of walls and al lowed

accumulation of metal in their
linkages may be determined by rule
of" inscribed circumference, It 1is necessary to observe condition
d 1.5 b, where d 1s the diameter of the inscribed circumference,
t. 15 the minimum thickness of tihe wall (Fig. 34),
On Jjoining of walls, differing in thickness
by 2 times and more, one should use 2 cone
. linkage.

<) ) For cast iron and nonferrous metal.s one
i, 34, Applica-

t.ion ot method of
inscribed circum-
'erences.,

should observe the condition (Fig. ) ¢ = 4

-29-
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(a - b), and for steel 1 2 5 (a - b).

The thickness of walls, Llocated inside

the casting, in view of their delayed cooling

Fig. 35. Gradual one should select approximately 20% less than

change of sectlons. for the external walls. Allowed deviation in

thickness of walls and ribs have to correspond to All-Union Government
standard 1855-55 and 2009-55 (Table 9).

For wall joints it is necessary
Table 9. Allowed Devia-

tions in Thickness of Un- to avoid acute angles, in which 15 a
pxoceused Walls and Ribs
in mm (%) result of fast cooling stresses and
» "52 %o Class of accurecy
28cs |o® mircrocracks occur. Fillets must be
- o = % = T SR
:ng!j§~ ;ﬂ'%:g'g K] selected so that they ensure smooth
2582e|Es138 nl85 & |85 &
Up o 500| 6~10 |03|05/05(08] 10} 1.0 transition and remove local accumula-
i (83108051 8] 18] 12
| ] (il i) el i tion of metal. All-Union Government
$00—1250 8 o :
=l l03|10]13] 18 30| 30 Standard 2716-44 recommends the following
20-80|10]|1:2]18 20| 25
e w L nonloslixlvalasl el 25 series of radii of internal fillets:
-850 |08 .I.s 1.5]25] 20| 30
80--80)1.0/20|1.8[3.0]| 20| 35 1’ 2’ 5, 5’ 8’ 10, 15’ 20’ 25’ 50’ 40

mm. The radii of fillets should be
taken from 1/5 to 1/3 of the average-arithmetical thickness of the
joined walls. For alloys with increased shrinkage (nonferrous
alloys, malleable, gray steel, alloy manganous, chrome-nickel cast
iron) radii of fillets are recommended from Table 10.

In one casting it is necessary to have a minimum number of radii;
desirably to reduce them to one radius of all parts and in the
drawing to be limited by a note, for instance: "foundry radii of
internal angles R6."

For avoiding of local thickenings and creation of smooth

transitions the angular joints for the relationship of thicknesses

=30~
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Table 10. Radil of Internal of walls A/a'§ 2 are made with oxternal

Fillets, hetermined by

Thicknesses of Conjugate radius R equal to the thickness of
Walls, 1roomm
A wall, and with internal radius r of

a +d , a+d ,
& . | - curvature cqual to 1/0 to 1/3 average-
p o 12 6 60 P
12-16 8 60— &) ¥ ; 3 of S a
16-20 i A o arithmetical thickness of the walls,
SN S A
3%-45 » o - i.e., T =1/6 [(A+ a)/2] to
a and b e thicknesses f conlugate ; P2 2 5w 1o
wallsy r = radius of internal fillets, 1/5 [(A v d')/2] (Fig' )63) - To
|

) greater difference in thickneass of
walls construction of transitions

qecording to fig. 3b, where ¢ = VA - a; a 4+ C < A; b 2 4., Vor a

steel castings b - e

Fig. 36. Angular Jjoint of wills; a) for a
ratio of thicknesses less than two; b) for a
ratio of thicknesses of morc than Lwo.

a)

In Fip, 37 the following variants of permissible (on the right)

and recommended (on the left) joints of two walls (Table 11) wre given,

i
a)
-
L E
] f
% 5 p—e
lt]

Fig. 37. Construction of Jjoints of two walls: recom=-
mended — on the left, permissible — on the ripght.

Radius Kk in permicsible diagrams (Fig. 37a, ¢, d, e) i3 assumed

by constructive considerations; h for cast iron is chosen

-31-
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Table 11. Recommended Parameters of the Juncture
of Two Walls

Form of linkage (Fige 37,
Parametars of linkage n ] bl o} a-f s l r
Dimension of linkage

................ L} | 1 >1.25 .25 >ID
Amdr of intersection. .. .. 105 % 105 | 13—-105] T5-iv5 <7
TR T o oins av o mi e bt 4] & e c4+alr te + r+¢r+¢+¢r+m—r+¢]¢

approximately equal to 4o, for steel ~5c; the value of ¢ 1s chosen
by the relationships:

A:a > 125 1.8-25 12518 <12
[ 0l1A—-a 08A-—a A—a -

Linkage of three walls may be constructed according to the
diagrams of Figs. 38 or 39. The value of h (Fig. 39) 1is assumed for
cast iron h ~ 8c and for steel h = 10c. The value of ¢ is chosen by
the relationships:

A:a  >23 1.8-25 1B-18 1%

01A—a 08A-a A—a

o 2 2 2

In castings made from aluminum alloys at intersections of two

and three walls the relationships of construction elements, shown in

il

Fig. 40 arc recommended where h = 2 (A + a); (A+Dbd); c=

=0.75 A; d =r=05A+a; L =0.5(A+a).

t
< Fig. 38. Juncture of three walls: a)
'

for ¢ ~ 3/A - a; a+c s A; h = 4 for
cast iron and h 5¢ for steel; b) for
c ~1.5 /A - a; +:2¢ s Ay h 2 8¢ for
cast iron and h 10c for steel.

/752570

% A

a
b

v ® v

Rounding of walls at junctures of surfaces depends on the size
of the latter and the angles of Jjuncture (Table 12). For this
(Fig. 41) the initial size of the surface serves as the dimension P,

perpendicular to the generating cylindrical surface of rounding.

=T
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Table 12, Marnitudes of
Radiil of Rounding of
Linked Surf'aces

Oy Argle of linka~ a. a,. a}
A | n
- a
n A3 3 $
(%
e
ﬁ E B 3| g £1 8 ]
;"" lhdiiR,RlamRzof
- 3
ity K rounding of linked sur-
faces in mm
Up to 25 2] 2 2 4 6 8
N -5 ? 4 4 8 1 (i}
MN--150 4 1 [ R [ 4
151 — 250 1 [ L} 12 Ml wm
25— 4m [ 8 n 1o B
4| - 6 (] X 12 n KT L'
6| — hwwe R I | E XY 0w | e
1ong - Jeim Wy | % 3 LT R
t6h] - 250 12 ] M 5] 4 [FTI W ILT]
Abeve 2500 (6] 4 [ I | & LI RY.]]

I'ig., >J. Dbiagrams of

linkages cf three walls: 2

1) when A 12 a, a = i

= 75-105"; ©) ror A - .

= 1,25 a and a = 750; i

¢) tor A > 1.2 a and 1

- 7 5 9, TS

a o= 7H te 1057 g) A > Fig. 40, Construction of

Rl = Joints 1in aluminum alloy

1.2 a3 o =75
+

5
<4 mgom= A c cqstings,

intingms the radii given in Table 15 are used,

In stoerl

Table 13, Radiil of Rounding in Steel Castings

R-r+£—:l an: e23 un.

Radius r for minimum thiokness of wall a in mm
Ratio of thiecke] —
ness of linked [ . {CB 6|ca f0[cCa. 18| cCn. 20{Co. 25| Co. 35[Co &5{Cn | Cn m
walls Aja No 20 10 20185 | 2020 | 2025 ] 2035 J 20 45 [ A0 60 | a0 8 | 20 tim
Atove 1 up to 2| g s 10 12 15 2 » » M ¥
Alove 2 up to 3] & 10 12 15 N » » © & i
Above 3. ¢ o o 10 12 5 Y] 25 % s v i -

I np to: "B - above,
on corstruction ot cast-iron parts one should y¢ive cuch f'orm

to the ross cections that will ensure free shrinkage ol” the

=33~




casting (Fig. 42). Sections with mechanical
and thermal braking of shrinkage should not

be used, since In this case reJjects due to

ey S5 PR

warping and cracks are increased,

Fig. 41, Diagram In the construction of walls it 1s necessary
of rounding ot
surfaces o! wualls, to consider location of them during pouring

(I'ig. 49). It is necessary to avold large horizontal planes, turned
upwards durlng risering since in them gases, slag and other nonmetallic
impuritics can reside which are tormed in the mold and given off from
the metal, oDlagrams (Fig. 43b), furthermore, ensure localization of
internal stresses and remove rejects due to cracks as a result of

free det'ornetion of them during cooling.

oo )yae Figéih’a. Di?gritghog consrtlr;lciion né‘)
p = % castings: a) w ree shrinkage;
- (3128 = with mechanical ‘braking of shrinkage;
838 (28 7| E c) with thermal braking of shrinkage;
d) with mechanical and thermal braking
?)E 28 |Y8|&E ; of' shrinkage.
a ) ) d

Construction ol’ cuast parts should correspond with simultunecous
e tive (direcuod) hardening of the casting. In the first
case the preqatest unitormity of cross section is desirable, in the
¢ second, grodusl build-up of massiveness of walls in assumed direction

ol hardenbry (Figs. %4 and 45),

Mg, 45, Diagram of cast constructions a) none
straightened — not ensuring sucfacing of pruses and
nonmetallice impuritics; b) straight,

-34.
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Direcied Uniform
hardenirs hardening

Fig. 4. Con-
struction of walls;

Fig. 44, Cast con- a) with unimpreg-
struction; a) with nated zone I and
riscr and directed presence of poros-
hardening of metal ity in zone II; b)
from bottom to straight — with
top; b) with refrig- gradual thickening
eraters, uniform of wall upwards.,

hardening.

Yiewd View B
rg.ﬂ;;:-n;gE -
a) b)
Fig. 4. Cast construction; Fig. 47. Cast construction;
a) accumulation of metal a) accumulation of metal
in node B; b) protrusion at nodes A and B; b) ac-
removed, cumulation of metal removed,

In cast parts even with relatively equivalent cross scctions
o' walls usually there are knots of accumulation of metal (Fig. 46B),
or the latter are divided by thin crosspieces (Fig. 47B and A).
Insufficient risering of such nodes, especially during casting of
nlloys with heightened shrinkage, leads to formation of porosity of
shrinkage origin, One should not allow local accumulations in wall

Joints,

Construction of Ribs

The thickness of the ribs which shapes the external contour does

not have to exceed 0.8 of the least thickness of the wall they

_35-




adjoin; and the thickness of ribs of internal

a4 Bl 4 cavity, — 0.5-0.6 of the thickness of the
L-)
R wall, 'The weight ot the ribs need not be
more than 5 times the thickness of Lthe wall.,
I'ig. 48, Diagrams ot Is recommended to use crisscross or annular
forming of ribs and
partitions. crossing of ribs and partitions (Fig. 48).

In Table 14 are given diagrams of crosspileces with ribs and the

ratios of dimensions, which are used in practice.

Table 14, Recommended Ratios of Dimensions of
Castings with Ribs

Cross seotion Sketch M a [} c | Ry ’ ry s
= v 4

Cross=like . ? 06} —| -] 03 035 | 125
L]

Farked
Annular with
rits -] 08 -] -1~-1 05 023 1.15
- ]

|
(¥ )

“he same with

square seotion = -1 10 - 105 -1 03 | 02 L2
\

loter Dimensions are jiven in frections of the dimension A,

Dimencions R, 4 and b are selected from construct considerations.
3 The rib of rigidity must be situated verpendicular to the parting
Lline of the mold and core and rod box (for simplification of molding)
and symmetrically (for cqual distribution of internal stresnes);

tor decredse of warping in joints one should anticlyate core holegs,

=
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The outer edge of the ribs must be shaped in

a curve for easing of deformation during shrink.ge

of the metal (Fig. 49, right half with hole A),

Fig. 49, con- Conatruction cf Internsl Casting
struction of Planes and Holes

riba of ripgidity:

lef't half — not Formation of almost all varietics of casting
straight,

stralght outline porosity is connected with the use of sand core
of" rib; right -

ntraight, processes of manufacture of which is labor-

consuming, requires the use of expensive binders, prolonged drying,
cores which are difficult to remove from the casting. Therefore,
they must be replaced by protruding masses — from "blocks."

Replacement of the cores 1s possible for cavities located in
the lower half-mold when H = D, where H 1s depth, D is width of
cavity (Fig. 50); for cavities located in the upper half mold, when
h £ 0.3 d. Furthermore, it 1s recommended that one observe the
relationship H < N and h < n; i.e., not one of the "blocks" need
protrude beyond the parting line cavity.

An internal cavity must have outlets,

necessary for formation in the cores of support

marks. These holes must be made quite well-

developed, and as far as possible they have to

be a continuation of the cavity. With well-
iig, 50, Di-

mensions of developed sign holes or windows 1is ensured
internal cavi-

ties, formed reliable bracing of cores in the mold and

by the protruding

masses of the knockout of them from the casting is facilitated.
mold,

In the preserce in the cavity of only on¢ output
window (Fip. 5l1a) and one sign it is necessary for reliable support
ol the core to use metallic chaplets which worsen the quolity of the

-37=-
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L)
Flg, b1, Fig. 52.

Fig, 51. C(ast arm: a) with dismembered core and chaplet; b) without
dismemberment of core,

Fig. 2. Construction of internal cavity: a) is not technolopical;
b) is technologic with a well-developed straight line by plane A,
castings and disturb continuity of the walls. It 1s recommended that
under the chaplet one creates a local thickening of the wall (if the
thickness 1is insufficient), so that the 1liquid metal fuse the chaplet,
If the length of the core exceeds its diameter by nore than 2 times,
it 1s necessary to make the cavity with two outlets or windows. It
is necessary to remember that the upper core marks easily carry off
gases at the tlime of filling. For blind cavities it is necessary to
anticipate holes in the part whlch are closed subsequently by plugs.
During construction »f cavities it is necessary to observe the
technological condition., For a large quantity of rods one should
unify them, anticipate one flat side, so that one avoid deformation
of the core during drying. This will allow use of the machine method
tor manufacture (Fig. 52b) of them.

The cross section of cavity should be not less than one and a
half thicknesses of the wall, so that cores not be broken during
pressure on the liquid metal and 1t be allowed to strengthen their
quite rigid frames (Fig. 53b).

Holes in the casting need not be filled in, i1 the diametcrs of

them do not exceed (in mm):

for mass production . . . . . . . . WV

tor serial production . . . . . . . 3V

tfor individual production . . . . . H0
-38-
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In light weight parts with thin walls, like parts

WY
4 of agricultural and textile machine building, in
— individual cases it 1is possible to obtain holes
:] in the casting of significantly smaller diameters
b
i/ (Table 15).
a) 1

Windows and holes of increased dimensions one

fig, 53, Cast

cylinder; o) should be reinforced by flanging (Fig. 54), which

with narrow

cavity A; L) prevents occurence of hot and cold cracks.

with expanded

cavity B, Cast construction does not have to have thin

grooves and flanges, formed by thin flanges and

cross pileces of the mold. Thin protruding parts of the mold can be

washed by the metal in process of filling which will cause rejects

for sand cavitles and deposits.

Table 15, Holes Made in-
Casting During Manufacture
of Small Parts

NEE\!

a' d . d
4-6 [ ] 14—16 1]
6-8 [[] 1618 20
8—-10 12 18—-20 28
10-12 L]

12—-14

Pitoh of holes 1110,

A Allowance

a) b)

Fig. 5. Construction of
poured cavities: a)
untechnologlic construction;
b) technologic construc=-
tion,

Fig. 54, Diagrams of
flanging for cast
parts: a) double-
walled; b) monowall.

The presence of a narrow

recession A (Fig. 55a) may cause

reject of the part. If it i: not

possible to expand the groove, then

one must make the boss in the form

of Flg. 55b.

It is necessary to avoid

grooves for leaviny of the cutting

tool.

..39..
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l N to create free exit tor the tool leads

—
Uimension b should be larger sometimes to incorrect construction
than b »nd ot less than 6 nn,

&) t) with an untechnologic cast groove A

Flg. 0. Construction of (Fig. 56a). 1n this case it is more

u cast part: a) with

groove A, 15 not recom- profitable to avoid the groove, selecting

mended; b) recommended

construction shapings., one of the variants, shown on Fig. 50b.

CAST-IRON AND STEEL CASTING

Baslic Methods of Obtaining Castings

For the manufacture of castings different technological methods
(Tuble 160) are used during the selection of which it 1is possible to
be gulded by Table 17.

Depending upon the conditions or the casting housing and dimensions
ot' the casting the following methods of molding are used: 1in soll,
in two (Flg. 57c) and several flasks manually, in molding machines,
by metallic model plates (Fig. 57b). Flow gate system 1is brought 1in
from abovc, ti1om the side and from beneath (Fig, 57c and d).

Small and a-rerage mclds durii g packing on machines are prepared
damp. According to the extent of complication of the molds and
increase in their dimensions the use of green sand molding will be
Increased. 1In mass and large-scale serial prodiction half molds
and chill molds (Fig. 57d) are used.

It 1s necessary to conslilder that steel has heightened shrinkage —
linear 2.0% and volume 6%, and also less fluidity than cast iron,

During construction of a casting it 1s necessary to anticipate

position ot the part during filling (Table 18) and the parting Line

of the mold (Table 19),
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I'ig. 57. Methods of manufacture of mold:s: 1 -
casting; 2 — core; 3 — riser; 4 — flow gate; 5 —
air hole; O — trame; 7 — flues; 8 — refri,cratora;
9 — chaplets; 10 — ceramic tubes; 11 — chiltl mold.
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Table 16,

Mcthods ot Manufacture of Steel and Irpn Castings

Method of casting

of manu-
of casting

Process
t'acture

Additional
information

ir. san:yv-olay torus

By the uraving of the part a
pattern w.: core tlock 'we mide.
The pattern exteprnally corresponds
to the external ecnfijuration of
tr.e part wd the core tox, to the
irternal oavity of the part.
Dimensions of the pattern are
inoreased s compared to the
drawinys of the part ty the amount
of shrinkae ard allowance for
machining., In the pattern the
making of marks is anticipated.
With the hLelp of the pautterr. made
of the ocre sand mix a mold is
prepared, and with the help of the
oore tox, and core.

The core 1 18 put in the lower
half molue 2, which 18 closed by the
upper half mold 3, after whieh
the mold is flooded with mctale
After hardenin: of the met-l the
form 48 de:tr yed and the casting
removed.

Manufacture of forme in
sand, in puired flasks, on
moldin: machine and with the
help of drawing models by the
method of sundless molding,
The following type: of molding
are used; wet, dr. by the
method of oliemical hurdening
by liquid Y SI-T N

In forms, yre; red on diaphragm
miachines

Mr

Flask 1 is filled ty the oore
sand mixture 2, transferre!
together with the pa.tern plate 3
to the eompress:on mecharism 4,
whioh constitutes a cloueld air
reservoir hermetically sealed from
the lower side ty a thin rubber
(diaphrasm) 5« In the peservoir
compressed air is p .t under pres-
sure -7 kufen’, which transmits
pressure throush a flexitle
rutbepr diaphragm t- all parts of
the mold adjoining it.

Different construotions of
machines wre used. 'lhe pro-
ductivity of the machines for
the manufacture of © muld in
flasks 2000 X BE5 X 225 mm 10
forms per howr,

s forms, prerwad in core tlowers
ud sand tluasterss

In the reservolir 1 is put the
core sand mixture, which is
loosened bty 'he mixer 2. Come
pressed air proceeds throush the
hole 3, displaces sand through
Fole 7 imto flusk 4 and emerses
through 'ole €. The Table % rises
and is lowercd with the help of a
pneumatic oylinder,

Semiautomatic and 1 1tomatic
multiposition cure tlowers ire
uged.

In sanoet la:t machines the
oper-tin- ¢vlimer 's a' the
same time & receivins t unker,
which hermetically is covered
‘yom above ty - section :sAate.

n forms compr ss u guier lacse

specific jressure

A holdin mixture is poured
[ 1nto the fl.sk, installed in a
cdrawin model plute, and 1t 4=
cumpressed wisi:i the hilp of
hinsedeleverec mechanism or
hydraulic press.

Semiautom tic maglsre s e
usede

3 KA s
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Table 16 (continued)

Method of casting

Process of manu-
facture of casting

Additional
information

In oh1ll mold

NN
- ?‘S\\mﬁ\
=

Metal is poured into cast-iron
or steesl forms eonsisting more
frequently of two parts. Along the
parting line a castin, - nfiguration
impression is made along with a flow
gate uystems For obtaining an
internal impresglon and individual
external parts of the casting sand
oores are used which are put in the
half mold; the form is seoured and
rilled with metal, after golidia
fication of the casting ooours.

Forms nre used with horie
zontal, vertical and comt.ined
parting lines,  chill
castir,’ is proiured on
and vertical borin, and
turning machines.

nit

iIn shell molds

One=sided pattern plate 1 with
metallie patterns is heated to
270-260° On the hented pattern 2
18 poured a molding mixture, ocone
sisting of fine quartz sand and
therm reastive synthetie tar (10%).
For big molds instead of synthetic
tar a chemical hardening mixture
is used on liquid glass. The tap
in the layer adjacent to the plate
is melted and then solidifies
forming on the pattern plate a
und form sand-resinous shell 3,
After several minute- the molding
mixture which has not been pre-
heated out of the pattern is
removed, the shell is separated
from the plate and heated in an
oven up to 230-300% A hard,
durable shell, constituting e half
mold 48 ooupled with the other
shell of the half mold eorrespond-
ing to it. In addition the cores
are inserted as in the usual
molding precess. For larger
molds, the shell 1= placed in an
flask and it is eovered with a
ocast=iron fractione

For manufasture of shell
mulds semiautomatic instale
lations are used.

By wax patterns

T
H AR ﬁ

o —— e

Into the exaotly prepared
metal die pressure cast molds 1
melted alloy of paraffin and
stearin is poured under pressure,
After hardening, the pattern -
is removed from the metal die
pressure oast molds and attached
in the form of a blook to the
general flow gate system. The
block pattern 3 is dipped in a
facing liquid compound censisting
of hydrolyzed ethylsilicate with
quartz meal and fine quart:z sand
is poured over it. This is
repeatsd several times after which
the block pattern is esweated
several hours. The finished mold
is put in a furnace or water
heated to 100°; at this temperae
ture the fusible eompound melts
and flows through the flow gate
system. Then the mold is heated
at 800=850°, The durable crust of
the mold 18 formed imto a flusk 4
and filled with metal,

43

Molds oan without shell
in flasks ard without flasks;
shell molds with durable wet
ir dry filler in flasks. The
patterns melt from the shell
in liquid or gaseous medium,




Table 1, (continued)

Metnod ot castling

Process ol manu-
facture ot custling

ad ".L' . '”‘1'
intformovi

e 2

Centrifugal easting

c) d) e)

The metal poured in is thrown ty
osntrifugal foree to the peripheral
part of the mold and hardens in
this position. To form the :mternal
surfaoc of the casting, oores rre
rnot required, After hardening of
the metal the rotation of the mold
1 stopped and the finighed casting
1s extracted from it. By dia,Tam a)
any hollow casting may be madej Ly
diagram b) small ing ts and other
oastings, 'm of the surfaces cf
which has the form of & conoave
oylindrical ssotionj by diagram c;
dummies and hollerss by diagram d
gears, screw propellers, chain
whissls for chain transmissionsjy by
diagrem ¢ ) faced, chiefly small
castings.

The nulds wre rotated
around a vertical axisj around
s horizontal axisj around a
ghen axlsy arouad an avis of
variatle anvle of inclination
in the pricess of manufuc urins
a casting; simul'aneously
around two axes located at
right ancles to ensh othepr.

‘ndepr pre sure

liquid steel is powred imto
compression chamber 1! and using the
piston 2 wnuep 5 pressure of more
than 2u0t kgfomé it 4s put imto

a builteup mold 3. After solidi-
fioation of the csting the mold
19 unclasp and .he oastin, removed.
Metallic cores nre used,

Moo re cred wvizth
horizont1l ard vertical core
pression chanbers.s  vactinges
are ol ‘:aned .uywier la orutory
conditions.

Mctal i8 ;oured inte the heart:.
1ty the foundry extrusion
apparatus. Un approschins the
bolsters 2 aud 3 the metal is
squeezed from tre hearth and fills
te oavity of the mold tetween the
idiess To ~et the internal cavity
ot *he c.stinys a ocre is 1nstalleds

Qe 1ing ol t:rinewalled
castinFg witlcut :ores and
vit cor o

Vao:ugn oasting

The mold and ladle we placed in

the chamber, from which the air is
thdrawn, and filling 4s don: in a
a8 Uz .

drly the mold or the moll
and ladle are plaged in the
vacuun charber.

‘Miration eastile

Luring f11ling of the mulds
ihration of the metal i{s trought
vout o

Lo

Mechandcal viirotions ad
2ltresordo vibtratisns nre :ed.



Table 17,

Arca ot Appllication of Differcnt Methods of Casting

Method of
custing

Reglon of appllication

Briet characteristic

Sanuveclay
"0ldBe

For manufacture of castings, w ich during
molding require the use of a larve numter of
core: for individual and smalle-l-t productior.
and castins’ of biv partse In mass produstiorn
with a Ligh de. ree of mechanization.

Larye lator-eonsumin:mess and high
primec sts, (lass of Acg.ragy +ey by Alla
Union Government Stanunrd 278 /=1 and
purity v 1.9 3,

Complex thin=willed costin s re eng:ly

ottained} low aceurncy of castin,s.

in chill
roldae

Profita. ly in seriel and mass production}
with the same degres ¢f meohani . ation as on
casting in sand. For manufacture of thickewalled
parts simple ard average in complexity
welghing from a kilogram to several t:.ns. When
it 18 required that we obtain duratle metal in
a casting sub jeoted to hydraulic ‘ests.

The oastings are mcre acourcte with
smaller allowance or macrining .nd
heightened meclanioal “roperties. It is
diffioult to ottain th:n-wailed castin:cs
of comrlica‘ed econfirurttions ke olass
of acouracy is --7, purit: ¢z V<P,

It shell
firmse

Profitably in serial production and mass
production for cartings with metal content up to
?5=31 kgp with sutsequent use of them without
machining cr with insignificent machining,

Casting size up to 7CC X 5CC mme

Citaining of cxact cnstinvs; class of
acourasy 5-7, purity Vs- Vs,

The technological process is sapily
mecharized. - 1i:.h ralue f syn-hetie
resins,

dmensional
Sﬂrllﬂ.

Used for laryv oastings. The bi,-gest
dimension 18 2.9=11 m with a thickness ~f 60 mm,
The shells are dismemiered into several parts.

Small all:-wance on mashinin:. !nstead
of svathetic resins chemical h.rdening
mixtures are used.

1y wax
pntterns,

It 1s economically expedient t: pour parts by
velght up to 35 ., earlier prepared by rolling
or furding and subjeoted to mashining, parts
wl.ich require complicated mactining, and alsc
asetails, requirin,; complicated machining or
prepared from a:loys, which are poorly pro-
ovssed meehanically.

The production of costings is ‘onverient for
output of 1(0 m/year of simple castings 500
pitce, complicat.d - 5( piece,

Ottainin, of :astinss of ,r.at aceuracy.

Class of acowracy 2~5, parity ViV,

Large lator-consuminsness nd :i:h
primecost.

It is poss :le t~ poar prts vith
weisht up to 1' k., ir certain cases of
mass castings up to 50 kil grame
Dimensions up to 5. mm,

lInder pres-
suree.

Profitable in mass production. For manue
facture of thinewall.d castin's of ocomplicated
configuration, but n't havin: under..tiing of
the internal part of casting.

High produetivity with 1ent ac ey
and oleanness of surface of the cisting,
Class of aseuracy 3-5, oleannsss V5-¥s.
Low resistance if the metal die pressure
oast molds and hi h resistance.

Squeezinge

Lar.ve dimension details with thickness of
walls of 1 mm and area of several square meters.

The process of forming of the casting
may be governed durins approagh of the
bolsterse The casting oltained is dense.

Centpd fu,al
ca=tins.

lic 11w solids of revolution (pipes, shells,
rin’s) and shaped castinss with height.ned
density (r thin-walled.

45—

It 48 possitle to obttain the imternal
cavity of the c¢artin: without eores.
Hovever the exnct dimensions of the
opsring nre difficult to 2. ie e.
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R



|

Table 17 (continued)
Method of
casting Region of application Brief characterisuic
Pressing:, Thinewalled big ocusting with deep inmternal The yiecld of suitable eastings ir
cavitics, 90=9 Mo
In semie Yolds made of cement, asbestos graphite Several tens of oastings oan be obtained
permanemnt molds, Zlass molds, cermet, graphite, and without destruetion of the form; the
molds, stone molds are used for obtaining of big oastings are more exact than when using
and average oastings in serial production. sand molds,

Table 18,
Filling

Basic Condlitions of Selection of Position of 4 Part During

Conditions which should

determine the position Region of
of the parts Purpose application
Directed hardening of casting Prevention Small,
towards places of locatlion of of rejects as average and big
the most massive of its parts. a result of castings.
shrinkayge
cavities.
Location of basic processed Prevention The same
surf'aces chiefly from below of rejects as
on filling, but in the absence a result of
o1 such possibility — vertical sand holes
or slanted. and other
faults.
Location of well-developed The same The same

t'lat surfaces of castings as
ttar as possible from below on
'i1ling, either vertical or
slanted,

Location of the thinnest
walls in lower on filling
parts of the mold and as far
15 possible in vertical or
slanted position,

Location t'rom below on
'illing ot protruding parts
of the mold, if this will
a1llow avoiding the use of
cores,

Prevention
of rejects on
underfilling.

Lowering
of labor-
consumingness
of molding
and core
operations.,

Smalil und
average castings,

The same

L6



Table 19,
Mold

Bésic Conditions of Selection of the Parting Plane of a

~onditions, which
must be provided
for by the
parting plane

I

Purpose

Region of
application

Molding with
application of
the least number
of’ cores,

Molding in
f'lasks avalilable
in workshop.

Molding in
'1ausks of least
height,

Location of
basic surfaces
of' the part in
one (chiefly
the lower) half
mold, and in
the second,
less critical
parts,

Smooth
partirg plane
of' the mold
instead of
tf'igured one,

Reduction of labor-consum-
ingness of molding and core
operations; increase in
accuracy of dimensions of the
casting.

Reduction of period of pre=-
paration of production and

expenditures on manufacture
of equipment.

Reduction of expenditure
of molding materials, pos-
sibility of organization of
machine molding, lowering of
labor-consumingness.

Prevention of reJjects for
dimensions.,

Reduction of cost of
manufacture of pattern set,.

Small,
average and big
castings.

Small,
average and big
castings pre-
pared in small
batches,

Chiefly small
and average
castings.

Small,
average and big
castings pre-
pared in small
batches.,

Unit and
small-1lot
production,
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For removal of the possibility of formation of shrinkage cavities

in nodes and massive parts of casting during preparation of the mold

-installation of risers 5, 6 (Fig. 58), is anticipated which serve

also as collections of surfacing nonmetallic inclusions or possible
other separations.

The weight of the riser for steel
parts constitutes 30-50% of the weight

of the casting.

200 RefMgermtop

It 1is recommended that for selection
Fig. 58. Place of instal-

lation of riser on crank- of the place of installation and designa-
shaft: 1-4 — parts of the '

mold; 5 - closed risers; tion of the quantity, dimensions and form
6 — open riser; 7 — chuck

for gas pressure; 8 — of the risers for a steel casting the fol-
flow gate; 9 — shrinkage

cavity. lowing circumstances must be considered.

1. A shrinkage cavity will be formed in places of the casting,
cooled by the latter; among them are all the most massive parts, local
thickenings, Jjunctures of separate elements of the plece and also
the places of hampered heat radiation.

2. The shrinkage cavity strives to occupy the highest position
in the casting,

5. Open risers are installed on the upper parts of the casting;
closed ones, on the massive partc of the casting located inside the
mold.

4, Putting risers in the massive parts of the casting slows
the rate of cooling of the latter making possible an increase in
residual tensions in it.

5. Placing ot risers at places of concentration of stretching
stresses developed in the casting at high temperature, promotes

formation ot hot cracks at these places aduring hardening of' thce casting.

_48-
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sleeve
flange

6 b . Fig. 60. Place

of installation '

Fig. 59. Model diagram of of refrigera-
location of risers: a) during tors: 1 - ‘
filling horizontally; b) casting; 2 —
during filling vertically. refrigerator.

6. Placing of risers on unprocessed part of casting leads to
increase of expenditures on its machining.

Model diagrams of location of risers on different nodes of the
castings are given in Fig. 59.

For cooling of local nodes and mainly thickened plgces of the
casting, if the latter are not provided for by feeding from a riser,
during manufacture of the mold refrigerators are installed — metallic

inserts (Fig. €0).

Pecullarities in the Manufacture of Cores

In the construction of the internal part of a casting one cshould !

~49-
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consider the technology of preparation of the cores, fastening of

them in the mold and removal from the casting.

In the determination of the boundary of the core it 1is possible

to tollow Table 20,

Classification of cores by weight 1s given in

Table 21, and by complexity of configuration, in Table 22,

Table 20, bBasic Condition

s for Selection of Core Boundaries

Conditions for selection
of core boundaries

Purpose

Region of
application

Separation of cores
into separate parts (with-
out lowering of 1its
durability).

Simplification of
manuf'acture,

When impos-
sible to prepare
cores without
separation,

The cor¢ must have
plane on the side of which
it is convenient to carry
out filling and instal-
lation of a frame,

The same

In all cases.

Provision for a simple
surface, on which the
core will be dried,

Prevention of break-
ing of cores during
drying and transporta-
tion,

The same

Minimum gquantity of
removable parts,

Prevention of varia-
tion in dimensions and
breaking of cores,

The came

Creation ot sutficient
stability in the mold,

Prevention of dis-
placement of cores.

The same

Preventing of pos-
sibllity of displacement
ol' core during assembly
and filling.

Prevention of rejects
for dimensions.

The same

Guarantee of sufficient
durability ot' the core,

Prevention of break-
ing of cores during
manufacture, transport
and installation of them
in the mold.

The s-me

Preventling ot pos=-
aibility ot surfacing of
the core,

The same

The oame
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Table 20 (continued)

Conditions for selection
of core boundariles

Purpose

Reglion of
application

Limitation of the core
in height.

Prevention of defor-
mation of the wet core
under effect of gravity.

Average and
big castings

Guarantce of reliable
expulsion of gases
formed during filling of
the mold.

Prevention of rejects
of castings as a result
of gas pockets,

In all cases,

Guarantee of pos-
sibility of manufacture
of' cores on core machines.

Lowering of labor-
consumingness of manu-
facture and increase in
quality of cores,

Small-serial,
big-serial and
mass production,

Table 21. Classification of Cores by Weight
Jize Weight in Method of manufacture
kilogram
Small To 6 Manually or on core machines with edging
and removal of boxes manually.
Average To 100 Manually by core boxes or on core machines
with edging and drawing after filling.
Big Over 100 Manually by core box, on core machines or a
sand slinger,.
Manufacture in operating position (without
subsequent edging).
Table 22, Classification of Cores by Complexity of Configuration [1]
Class Characteristic
I Cores of complicated configuration with thin sections from

all sides, washed by metal; in the casting are formed un-
processed internal surfaces, on the cleanness of which are
imposed heightened requirements.

II Cores of complex configurations, having, along with the

basic compact part, very thin flanges; like cores of Class I

in the castings completely or partlally unprocessed internal

surfaces are formed on the cleanness of which are imposed
heightened requirements.

-51-
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Table 22 (continued)
Class Characteristic

III Cores of simple configurations, forming in the castings
open holes, on the cleanness of surface of which are imposed

helghtened requirements.

v Cores of average and simple configurations, forming in the
castings unprocessed surfaces, on the cleanness of which no
special requirments are 1imposed.

f
f
! vV Massive cores, forming large internal cavities in big thin-
{ walled castings.

Dependling upon the binding materials and initial components of
the core mixtures, cores of each class may be subdivided into sand-
clay, sandy-butyric and cores made of special mixtures‘(in liquid
glass, thermoreactive resin, cement and others). 1In addition, cores
can be subdivided into volume and hollow (thin-walled) obtained by
different methods.

The durability and rigidity of a core is ensured with the help of

a metallic tr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>