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CHAP?IR I
!
i
TECHNOLOGY OF CASTING. :
““hiold Materials.

i
20 |
. Mold materials are used for making tmpo‘[ rary molds in the foundry industry.

Mold materdals are characterized by t;hoir thermophysical properties (thermal I
—conductivity, specific heat) and by their plasticity, strength, pliability, permea-

bility to gas, and thermmochemical stability.
t
We distinguish raw molding materials, mold and core mixes, and awdliary mold

30
. —materials,
32
34—_Raw Molding Materials.
’ §
36 In most cases natural mixtures of sand and clay are used as the raw materials i

38—for molds. Natural materials containing up to 50% of clay are classified as molding

b

40_sands, and those containing more than 50% of clay as molding loams. Sometimes spe-

' -42—cial mold materials are also used. '
. 4] Mold sands are charactsrized by t:heixf content of clay, the size and unifdmity%
.4,5:0!.1310 vg‘xgmﬂ.cs' composing them, their hhuziica.l composition, permeability to gas, and‘

ree

. 8inds are divided into the following(classes (by GOST 2138-51) according to

. \

- o |

B /;;_

e . e R L
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20_12, 20, 30, 40, 50, 70, 100, 150, 200, 270). The grains passin

32_acrecns No. 50, 70, and 100.

38—(c20 + Mg0), 0.75% Feg0s.

42_and not more than 1.5% (K30 + Nag0 + Cal + H,gO), 1.5% Fex03,

2_

— e G R o~ FR o - - ¥

lsjscredning a sample of sand washed free of clay through 11 standard screens (No. 6, .

36_grade contains not less than 974 Si0z and not more than 0.5% (K20 + Naz0), 1%

40, Sulfide sulfur is not allowed, The second grade contains not less than 96% Si0,

0.025% S (as sulfide).

44.The thixd grade contains not less than 9&%1 $10, and not more than 2% (Ky0 + Nay0 +

464 CaO * HgO), 1.5% F6203, 0.025¢ 8 (as sulfide). The fourth grade contains not

"B—leau ‘than 0% 8i0,, and the remaining impurities are not mentioned in the’ sta.ndard. .

- ery quartz mold sand meeting the requirements of GOST 2138-51 is designated by the

) etter K, the number of the grade and the symbol of the group, for example 1K 50/100~ .

: : ';IOOfMOrFOI'“mbmrk—of—suﬁ*r—lower ~1imit-of-gas- pemonbility—is-presoribod. 0

6~ ior~‘bhe~i‘inea’c~saxﬁu-(K~270/ll;0) 4t-is-25-units, for-the coarse-sands- (K*ZO/I;O) =it~ ;
‘ |
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e Clay (the clay component) is defined as particles up %o 0,022 m in diameter.
’ 16— Quartz sands are divided into groups by grain size. Grain size is determined by

g all the screens go
22 _into the pan (fraction No. 270). The largeat sieve (No. 6) has square openings
24:3.36 m on a side, while the finest (tio. 270) has openings 0.055 == on a side. Not
26 _less than 70% by weight of all the grains 91‘ sand must remain on three adjoining
28_screens, and the number of the extrcmes of these three screens serves to denote the

" 30_sand group, For example, the grains of K 5:0/100 sand are concentrated mainly on

34 Quartz sands are divided into four grades by chemical composition. The first

3

STAT

{

[ N JS——_
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ecified-by-standard.-The.minerological—.—

Ls optional; “unglesirable impurities are X

s for castix{g all alloys, and are used in ;
= »,.-h‘f t’ .

:{ml m:lxtum primarily for making steel ahd large iron castings. Thp c.oa.rse sands
—!lre used for large castings, the fine sandp for small castings. 1K sands can be

6 ~recormended for steel casting, 2K and 3K for large and small iron castings respec—
la--t’.ive:!.y, and LK for casting nonferrous alloys.

Lean sands like quartz sand are divided into groups n.ccoxding to grain struec-

20
22 —lmre. Their chemical composition and strength is not prescribed by standard and they

~are not divided into grades. The lower limit of gas permeability varies according to

24

26—their coarseness from 15 units for T 270/200 to 450 units for T 30/50. In cases

zu-—vhere excess clay content has no i1l effects on the properties of the mold or core
39-_-_—_-imms' they are used instead of quartz sands.
Semi-fat, fat, and soapy sands are characterized by their grain structure and
—strength Their chemical composition and gas permeability are not prescribed by

34__*

"strength under optimum moisture conditionsiand standard compression varies for semi-

They are not divided into gradcs’. The lowest value for the compressive
3
so Jat saids from 0.2 kg/em® (P 30/50) to O.4' kg/cm (P 200/270; for fat sands from
—Qu45 kg/cm? (for Zh 40/70) to O kg/cm? (for Zh’ 200/-270); for soapy sands from
6 kg/cn? (for 0Zh 50/100) to 0.75 kg/cm?! for (0Zh 200/-270).
mi-fat sands are used in the composition of mold mixtures and sometimes o-f !

core mixtures for iron a.nd nonfemus casting to give these mixtures the néceasary

AT b L as wdd b

gtrcx}g_'qh. Fat-and soapy sands are used forjthe same purposes in making large iron

farE LN

" fl Aﬁ,ir)gs‘. In steel foundries) fat and soapy sands are seldom used, since the clay °

héy contain usually has ihldoqunte thermochemical stability.’

Holding loams contain not less than 55% of clayey substances (particlés not
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crpn - A O e m—

-o|divided into I moldinx bentonite loams (B)-

bing mainly of crystals of montmorillonite

I.SiOp_ H0 ¢ nllzo). Nontmorillo Lite not only holds water on the crystal

aurnce but is distinguiahed by the capacity to absorb water insi.de the crystalline
(2 :
“llattice. This is responsible for the cons%demble swelling of bentonite loams in

14 - .
,..{nter, and for their high binding a.c}'.ion.‘l% of bentonite replaces up to 3% of ordi-

16wt
‘mry Joam in the composition of a moist mlold mixture. It is advisable to use benton=

ite for making molds for green sand casti}xg.
10
For making dry molds(with mixtures in which other binding additives are not

12
qsimltaneously introduced), bentonite is unsuitable.
24

_.% Bentonites of marks B-I and B-II are}distinguished, for which the colloidal

6 —
‘content is respectively not less than 95% for B-I and, not less than 90% for B-II.
283

The compressive strength of sand ben‘bonito specimens is not less than 0.3 kg/mz
m.AIor B-I and 0.2-0.3 xg/em? for B-II. Ondixlmry polding loams (F) consists mainly of
3] ystals of kaolinite (K103 * 2510 * 2H0) or of related minerals, which do not
“: exhibit intracrystalline wetting. These loams swell in water owing to surface hydra-
:;tion, but to a lesser extent than bentonite loams.

Ordinary mold loams are classified accoxding to their degree of leanness, ac-
coxdi.ng to _their binding power, and according to their thermochemical stability.

" According to degres of leanness, we Aistinguish fat loams (FZh) with a lean—

2

ness factor K = 8105/A1203 ¢ 2465, and mn Joams (FO) with K = 5102/u203 > 2465
(whare 8102 and A1203 sre sxpressed in pel-cent by weight, by chemical analysis).
FZh 1om are used in making molds for casti.ng in the moist state, and FO claya

v

o for molds to be cast after drying. The unsuitability of fat loams for dry

molds is due bo their great shrinkage and the danger of forming cracks on the sur- l ST AT

_' fu.ce of the molds duri.ns heating in the drier, and especially during the subsoqumt

P

.
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o -shitig: oass.

are.divided_adcording. to_their binding power_into_the.

26
20
30

32

< W O x

Ta

el
©oams According to Binding Power.

Compressive istrensth of Sand-Loam Specimens in l-:g/cn2

Name of Loan  In Moist State¥  In Dry State, Not Less Thame
. oo i

Modiun binding 043-0,5 | 1.0

Strong binding 0.3-0.5 ' 2.0

High strength > 045 2,0

stability (Table 2).

# According to GOST 3594-47, specimens tested in the moist condition are pre-

1

—pared from a mixture containing 90 parts h.y weight of K 50/100 sand, 10 parts by
weight of the test loam, and 3 parts by weight of water,

#% Specimens to be dried are prepared from a mixture of X 50/100 sand, 95 parts
by weight, test loam 5 parts by weight, water 6 parts by weight.

Drying at 180-200°C for 1} hrs.

Ordinary mold loams are divided into three sorts according to thermochemical

Table 2

Classification of Ordinary Mold Loams by Thermochemical St.nbility.

Content of harmful impurities in % not

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

<a

- . more than .
Grade Thermochemical Fire resist- - .
- stability .ance in °C not  Sulfide Ca0 + Mg0. K0 + Nay0
C less than sulfur <7 .
1580 io.z 2 3
- 1350 0.3 3 i -Not
Limited
Not Limited _ . _ . ___ tothis
L v
L A
73

§ STAT
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stesl castings, of the second sort |

: B i
,-uhilo-lom of»t.!ho thixdroon-m-luiublmroncuting al- |

'tf-""""""“’ e —

Mol ‘lon is urkod by tho lotters F, Zh or O indieatmg the degree ot leannesa,

b graie, and a letter characterizing the bi_ndi.ng power of the loam,
10 <]

-Hw -The strength of sand-loam mixtures increases irregularly on heating. A sharp

]

6---lincrene in strength is obgerved on removal of the hygroscopic and hydrate water
16 — .

o (evaporation). A further increase 4n strength takes place when the loam gives up its
10-—nter of crystallization (bentonite loams at 120-200°C, ordinary loams at 350-600°C ),
u—j'me following period of increase in strength is in the temperature range of decompo-

~-{sition of the argillaceous substances (750-850°C ).

, — On cooling, the strength of dried molds and cores decreases. The reduction in
° ~-1

’ —at.rength is slight if only the hydroscopic and hydration water was removed in dry-

-—-ing, but it is great if the water of crystallization was also reroved from the loam
-"-in drying. In this case the reduction in the strength of the surface layers of the

—molds or cores is greatest, and they crumble strongly. The reduction in strength 1is

--ahu'por, the less lean the loam, and the more intense the cooling of the molds and

‘ores after drying. For this reason the drying must be conducted at tempsratures

"‘that do not cause the elimination of the water of crystallization, and the dried

‘,,:sno].dt and cores must not be cooled too rapidly. It is advisable to knock out the dry
e molds and coros only after codling. )
46'. The loul xay be added to the mold or core mixtures in the dry ground .state or”

‘_iin thc form of & water suspension prepu'od in admce. In t.he htter case the best -

ati.on ‘of tho lon is reached, but in uling green -ol.d ntoriala, the a.dditional !

\:tninod in the nupdmion Yy uko the -:b:tnros too moist,
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LTa materfals with slevated Chemaai- condustivity are used in
rhls likewise allows conoiderable reduction

ot ueh nto
ace of the casting. In uld.na castings of chrome and

carbon steel, ground " chromonagnes-|

l o well as iarge cutingo of

270 and. in bottom pan amounting

rdinary molding sandse
must be heated vefore

uon ore (residue on screens No. 200,

smple) is used instead of ©
ut of doors,

30-1003 by wlight of whole 8
Modst. chiromopagnesite, if stored for a long time ©

TTuse to at least 700°C.
Chrome iron ore must contain not less than 32% of Cry0q and not more than 1% of

t be ground, and if there is
ted at 700°C.

3
—Ca0. Before use it mus a parked amount of carbonate
20

_j(™oiling" under HCL test) it oust be roas

224
- For a more detailed discussion of these materials, see V
into the composition of dry-core

2‘:_;1

| Binding Materisls (binders) are introduced

29

Axixturoa, and less often, of mold mixtures, to give them high strength. Organic and
als are distinguished

ﬂinorgmic binders are distinguished. The organic binding materi:
and decompose at high temperatures, and in this connection to

olume 6, Chapter vilili.

39
,.by their power to burn

‘gm the cores high plisbilitye
Binders are added to mold (facing) mixtures painly to obtain a firm, noncrun-

In the USSR methods have been developed, allowing
en molds with a bound (dried) surface
consisting only of a strong thin
are added to the compos'ition

364
—bling surface layer of the molde

, when such a layer is employed, to use gre

ead of dry molds. Shell molds are also used,

utlines of the pattern. Binders

) ‘_jl.mr duplicating the o
"_lof core mixtures, t.ald.ng into consideration the peculiarities of the cores for which

mixtures are intended.

ry thin cross sections,

1 ot Mtricato con.figuz“ation with ve
for-dns in_castings

_NATTOM. COT'® pri.nto,

dagficul 'Ly—;cconiblo and umtchinod inner cavities.

{1mnortant

e "l
3«1
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ﬁrintl_t.hm cores of Class I, and forming ;\umchine‘; inner cavities-of vital impor- .

t.m o 1n the’ cnt.:l.ngl. ) ’ i .

clua III - Center cores of udiun couplecd.ty not having particularly thin parts,
Jforming unmachined cavities in the castings, whose surfaces must be very clean., The

—lcores ‘rest on massive core prints.

Class IV - Cores that are not of complex configuration, which form machined

b I
_.inner cavities in the castings: cores forming unmachined cavities, where no special
___"requirelnents are made for the quality of the surface of such cavity, and also out-

i _j,side-dinension cores of medium and low complexity.

Class V - Massive cores forming large inner cavities in a heavy casting.

Classificatjon of B Materjals (Bibl.20).

The classification of binding materials is based on two main criteria (cf.

~Table 3):

a) the nature of the material (organic or inorganic, nonaqueous binding mater-

b) character of hardening (irreversible, intermediate, reversible).

3u~ The non-aquecus materials include materials insoluble in water, and not wetted

¢ _by it (for instance oils); and aqueous materials which are soluble in water or wetted

~-~by water (for example,’ sulfite-alcohol vinasse). The irreversibly hardening mater- -
_?
. A4ials incluie those which as a result of a single heating during core drying, under-

45jgo irreversible chemical changes leading to the formation of a strong film.

433 The roversihly hardening materials j.nclude substances which under repeated

50— tod md cooling still maintain their principal initial properties. Rosin, for ex-

52 uple melts in the core drier) coating th}e sand grains, and again hardens on cool— - STAT

KL _‘f.nert—»is -well- lmown that- cores- nldc with rosin are phltie at 160-200%C-and- ac-—-»—-
56, ~gquire- -strength only- after solidifying. -
-t
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|1
i

¢

' mtemcaiuto character of hardening include those of complex
v jth reversibly and irreversibly hardening materials.

Iy

characteristic of the binding action of various binders is their specific

5 R i
e.; the magnitude of the total: strength imparted by a binding material
dry specimen of the mixture, divided by the percentage of this binding agent

2:1\1ud in the mixture.
In calculating the épeci.fic strength only the quantity of the binding material

—itself , without the solvent, is taken into account. This calculation uses the fol-
’-‘: N
Sjléwixig formula

—_—

Minas ]
20
2, Rppy - 00
- spec " TTT00 - v)
24

[2- 3.
J—-uhero R”“- specific strength in _kgl;i; Ry = tensile strength of dry specimens,

i ::in kg/cm?; p = percent of binding material used in mixture; v = content of solvent
‘3:1:1 binding material, in ¥ by weight.

e The evaluation of binding materials by their nature and by the specific strength
hj—iﬂ.lows their classification by the scheme given in Table 3.

18-.‘ Binding materials in one and the same group have related properties, and there-
m“}'ore iimpart closely related technological properties to the core mixtures (Table 4 ).

-

’2"] Binding materials in one and the same group can replace each other.
o, -
] .
‘5" eld of A lication of Bind: terials and Their Compo sjtion and Properties.

T Group A-1 - The binding materials of this group are used in making Class I and

50_“;['1 éoges:.

: i -V: cf:t.ablosgils‘ used in the food industry should not be consumed in core ma.ld.ng.,
5 @e bhﬂing materials in poug A-1 wha‘ve t:hé fol}ow@ng com’position and properties.
- éinde_r P- _mdd’iud Baku petrolatum, dissolved in white spirit. \
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Tab'lo 3
Classification of; .Binding Materials

Class A Class B Class C

Croup of materials
ad

sfic Crganic nonaqueous Crganic aqueous Inorganic aqueous
'Pc‘hc strength materials miterinls materials

Charac- Charac- Charac-
us:“;f Name of er off N of ter of | N of

harden- binding mater- | harden- binding mater- |paprden- binding meter-
ing ial ing ial ing isl

.‘ of first group A-1 linseed B-1, W-1T;
ail, boiled e 18

oil, P; powdered
hakelite 4 GU(v)

A-z. 4GU (P). B.‘Z’ sP, B, Irrever-

GIF, ZIS, SIK, i KV, Dextrin, sible
i 8 Pectin mucilage

B-3, Molasses, V-3, Cement,
sulfite-alcohol | si Molding loam

vinasse

Th proport.iu of binder P are also i-proved by adding 20% of tall oil. In this
bindtr {s called PT (pet.mm.u-un oil)e

;':';I§|~pmportios~(accoxdin¢~ to-008T 55q6-5h) are as follows:- appearance and -

) 9r;~m1_?9rroﬂyﬂuquid~o£~u@t brown to dark brown color; viscosity at 50°C,

1043R00120010000
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specific g'ravit.y Y? = 0,820-0.880; saponification

Table 4

Basic Technological Properties of Core Mixtures

Class Class
“Technological indices B A B
18t 2™ oroup

kG/c-2
_ R,pec =34 S_IT_
£ .
n” i Strength of green
< D"i _ mixtures
2~ Fluidity of mixture

24— p14ability

¢+ - Strength of dry cores

23 . game after adding loam

LT to mixture
30

t
3 ~— Hygroscopicity of cores

~ Gore drying temperature

&

7%~ % Under condition of simultaneous introduction-of loam into mixture.

#% In cement mixtures, excellent; in loam mixtures, weak.

##% In sand-loam mixtures, considerable. In sand-cement mixtures, the moisture,
oming to the formation of hydrated compounds, helps to strengthen the mix-
ture. N : :

] %% Rosin, as’ a’reversibly hardening material, requires a low drying temperature.

Notation: 1 low; ex excellent; w weak; h high; dim diminishes; sl slight;

g good; av average; mod moderate; c considerable; in increases.

*_uluo _>_.57: tensile .strength of dry specimens not less than 8 kg/cmz.
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. = pmarntinaiy < oren o e = -

4 ‘(_)‘_i?-pouf.ion of T}:éhnolqgién Sample
. 100 parts by.weight
2 parts by weight
2.53.0 parts by weight o

arts sand - -

The specimens are dried for 1 hr 30 min, at 220-240°C.

'.Blu.kdlito powder is a ground mixture of phenolformaldehyde resin with urotropine.

4. Its properties (according to-GOST 3552-47) ure as follows: tensile strength

16 ;’not less than 130 kg/mz; in screening, not more than 2% remains on sieve with mesh
Ie-.jaide 0.095 om (mark A); not more than 2f on seive with mesh side 0,63 ma (mark B);
i on storage in hermetically sealed container, must not lose free flowing quality or
L form lumps within one month from day of shipment from suppliers factory. The method
i of making control specimens and testing them differs from that usually employed in
I che foundry industry and are described in detail in the above mentioned GOST.
Powdered bakelite is used in making shell molds. For this purpose, 6 to 8 parts

" by weight of powdered bakelite is added to every 100 parts by weight of fine dry
. quartz sand. (See below for further details on shell molds).

) Group A-2 - The binding materials of this group are used in making Class II and
III cores. In isolated cases they are also suitable for Class I cores.
it GTF binder is the heavy fraction of generator shale tar which is a byproduct of
"'“therlal refining of Estonian shales. This binder must satisfy the following specifi- .
wh‘cations (by GOST 5339-50): appearance and color, uniform oily liquid dark brown to
“":bhck in color, specific gravity 1.10-1.03; (Engler) viscosity at 50°C, 10 to 20°;
"5jc9ntcnt. 91: mechanical impurities not over 2.5%; sulfur not over 1.5%; water not over
43ﬁ3.5?; reaction of agueous extract, neutral; tensile strength of dry specimens not

I8 than 5.6 kdﬂzo

STAT '»

U
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e — o #

", Composition ‘of Technological Sample
96,1 . hpm.s by weight
1.95 parts by weight
1.95 parts by weight

The specimens are dried for 1 hr 30 min, at 180-200°C.
218 Binder. Z2IS-2 and ZIS-3 binders hiave found practical use. They consist of
'nbcture of Estonian shale tar (GTF) and petroleum bitumen, both dissolved in white

The following is the percentage compoaibion of these binders:

Z15-2
Petroleum bitumen No.k L0
GTF binder 25
White spirit 35
21s-3

Petroleunm bitumen No.h 25
CTF binder 55
White spirit 20

Properties: appearance, black liquid; specific gravity 0.950-0.965; content

0 of solvent 19-?1_;‘,!; tensile strength of dry specimens > 15 kg/cmz.

Composition of Technological Sample in b4
X 70/100 quartz sand ’ 93.5
Ha‘.rshallite : . 40
21S-3 binder . ' 2.5

The specimens are dried at 250 °C for 1 hr 45 min.

A chu‘actoristic feature i3 the use of 2IS bin:ler in the conpoaition of mix~ _STAT
!

stgturu not cont;inm; _\!ﬁgr. In anhydrous mixtures, 2IS binder develops consideubly

13
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treigth than in mixtures of the usual type.
i
SLK binder contains 50% of GTF binder and 5G% of polyvinyl-alcohol

| .
specific gravity 0.98-0.'99; viscosity at 5o°c, 2,5-3.3; acid value

Composition of Technological Sample in %
K 70/100 quartez’ sand 98.0
SLK binder 2,0

The specimens are dried at 180-200°C for 1 hour.
BK Binder. Bmulsion of sulfite-alcohol-vinasse and polyvinyl alcohol. For
stabilization, shale tar (GIF binder) is added.

Composition of Binder in %

Sulfite-alcohol vinasse

Vinyl alcohol

FTF binder g8-12
) Properties: appearance, uniform liquid of light brown color; specific gravity
“at 20°C 1.15-1.16; viscosity, determined at 20°C on BZ-4 apparatus 1.5-2 min; ten-

“sile strength of dry specimens over 12 kdcmz.

Composition of Technological Sample
K 50/100 quartz sand . 100 parts by weight
BK binder 5.0 parts by weight
Water . . ’ 1 part by weight -
Drying temperature for the specimens: 200-220°C, drying time 1 hour.
Group A-3 - Binding materials of this group u'eJ used in preparing Class III and

ﬁ éoroa and also in the ggggobnj_.tti,@yqf r'a?cing -j:':tures for molds on surface dry_ixgg. .

STAT

"] Wood pitch is the residusl product after distilling off the oils from the tars

b7
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G e o <

u»obt.n.inod on the low-tnponture carbonir.at.ion of wood, It is delivered in lumps. It
od in. powder.tom and.is ground at t.ho foundrios themselves.
Pmpcrtiel- sortoning temperatures 80-110° C; moisture not over 3%; tensile

ae
.,uutrcngth h of dry speoimens not less than 3 ke/ca?.

Composition of Technological Sample

K 50/100 quartz sand 97 parts by weight
Ground pitch 3 parts by weight
water parts by weight

Samples dried at 220-240°C for 1 hour.

KT binder is a suspension of peat pitch in an aqueous solution of sulfite-al-~
cohol vinasse in the presence of loam.

Composition: peat pitch 50-55%, sulfite-alcohol vinasse (sp. gr. 1.27-1.3)
28-30%, molding loam 15-22%.

Properties (by GOST 5270-50): appearance, uniform hard mass of dark color; on
dilution with water in any proportion it should form a uniform suspension; on the

7 surface of the binder a film of thickness up to 2 mm is allowed; tensile strength

. of dry specimens not less than 9 k&/cmz.

Composition of Technological Sample

K 50/100 quartz sand 100 parts by weight

KT binder 6 parts by weight

'date}r 3 parts by weight
46 ' '

'zi

-

\cores, and to some extent also Class III. In the USSR, urea-formaldehyde (carbamide)

Specimens dried for 1 hour at 220-230°C.
Grot;p B-1 - Binding materials of this group are used in making Class I and II

lthcrlo setting resins are \ued to prepare cores. Three binding nteriale based on

5 6“':thﬂ have been developed, the MF-17, MSB and M binders (Bibl.28), (7h).

15
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A

condensation ﬁrohué{. of

urea

i

e mmibr—— A
L

g
3

xm’ 2538-51): -ppuﬂn“ co,

in bt;igl‘; dr;r?"ut}t.orm;c;t:“ Tess

;tﬁa; 65%;
of the resin with one

'd_tco:ity of nah ‘on

30 )
—be within range of 20-15° Bugler at instant of preparation.

s viscoeity must not exceed 600° Englere

Composition of
X 50/100 quartz sand

MP-17 binder

Before charging into crusher mill 253 by weight

1

e S e Ui 8 AR

and _fonuldth)’do

in presencé of

uniform viscous mass, white to
'GH) 6.5-8; on mixing two parts
part by wo;j.;ht of water,

FE-36 apparatus and with riozzle dismeter of 5 om, should

the resin must not coagu-

After L months of stor-

f

Technological Sample

100 parts by weight

2.5 parts by weight

of a 10f oxalic acid solution

T1s sdded as
- tensile
—

an

R -ence of sulfite-alcohol vinasse
.

a catalyst. The specimens are dried for 10 minutes at 200-220°C. The

strength of dry specimens is not less than 25 kg/unz.

il

MSB binder is a condensation product of the urea and formaldehyde. In the pres=
ard a plasticizer.

Properties (TUM 538-5h )2 (pH) 7-8; viscosity by VZ-4 {nstrument 15-60 sec;

o -
RN

R —-gpocific gravity 1.

O —

18-1.22; free formaldehyde not over 1.5%.

Tensile strength of dry specimens over 15 kg/cmz.

Composition of Technological Sample
X 50/106 qus;"t;z sand 100 parts by weight
2..5‘parta by weight

0.6 part by weight

MSB binder
108 oxalic acid solution
r *

<
.

"m- 5pggi:nens are dried for 10 min at! 80-20000. .

Mixtures with the

inders are distinguished by rapid &qins, and |

!
16
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c«:nposit.ion of Tochnolog.cul Sample
1 4 50/100 quarts sand ’ . 97
M-binder

parts by weight

3 parts by weight
The specimens are dried for 1 hour at 160-170°C.

'Groups B-2 and B-3 - The binding materials of these groups are used mainly in

Dnconbimtion with binding materials of Class A in
20,4

_‘ape used as the main binders in combina

2:

«iand sometimes for Class II cores as well,
p L -

— In addition SP, 3B and KV binders are used in the composition of facing sands
26 gy

- -—for surface dried molds.

I y.\..—‘

making Class II and IIT cores. They

tion with loam in making Class IV and V cores,

XV binder is obtained by evaporating down acid water, not detarred, of wood gas
0.

--%cnerator stations.

Properties (TU MBDP217-52): specific gravity at 20°C, 1.22-1.25; dry matter

-}not less than 65%; insoluble tar not more than 13%; ash not over 5%; tensile strength

Sc—-pf dry specimens not less than 7 kg/cm.
._v! .

40,

Pt

Composition of Technological Sample

K 50/100 quartz sand 100 parts by weight

Detarred KV binder L parts by weight

o | _
Jatum (P binder v \d.thout. addition of eamy-t), 5%.

se' Bindor. Sulﬁto-l.lcohol vinasse (-p.cmc gravity 1.22-1,23) 80%; GTF bind-

2

-17-
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St o - A = = e m A E————

!

Jﬁéoﬁl‘umﬂpm,liquid of dark color (formation of film

vhich film on nbd.ng‘ must dissolve in general mass of liquid,
N g i e e . R .
ape?:imns, not less than 5 kg/cm? for SP and .

Composition of Technological Sample

X 50/100 quartz sand 100  parts by weight
'SP or SB binder 5.6 parts by weight :
\B:l‘ * Water 1 part by weight

The specimens are dried for 1 hour at 200-220°C.

Dextrine is obtained by heating starch with dilute acids. Potatoes or corn,

cts, are used as raw materials for the manufacture of starch.

26

—The use of dextrin as a binding material for cores must therefore be restricted as
20
—-"luch as possible.

30—
White dextrin dissolves in water to th

—

32
. sample, straw-colored dextrin 93.5%, and yellow dextrin 95%.

extrin is about 25% lower

Dextrin is white, yellow, or straw-colored.
e extent of more than 61.5% of the entire

- B

34
36—: The strength imparted to a dry specimen by white d

—than that obtained by using yellow or straw-colored dextrin.

The following specifications are recommended :

) _ Straw-colored or
- . Indexes White dextrin yellow dextrin
" Percentage of molsture not
- "7 more than 10 : 10
Ash, % of l‘lfy matter, not
more than 1 1
Solubility at 17,5°C in percent
of ‘dry matter, not less than 60 - 92
~-m%ii;p—-hu~pmperjtieu~clo;scly resembling the best grades of dextrin, N
} X )

!
!

m ~
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anacin e N ves and - e s e

"Jind il thoroforo a sub-tituto of oqul vu.—]?uo for dextrin,.

LS

oy ~*-Acoord:ln; to-specifications- (No.795h) 14quid pectin mucilage contains-not-less
' ‘“ithm 48% dry uttor, and the poudorod nmcilage not less than 88% The latter is usu-
) "“al]: evaluated by the tensile atron;th of apecimens (not losa than 10 k.g/

!

-|

10— Composition of Technological Sample
K 50/100 quartz sand 100 parts by weight
Pectin mucilage 2.5 parts by weight
\ki.er L parts by weight

The specimens are dried at 160-180 C for 1 hour.
Sulfite-alcohol vinasse: Sulfite liquor, a by-product. of cellulose production,

yo Y be processed by fement.ation of the sugars it contains, yielding alcohol. The

~pesidue from this process is sulfite-alcohol vinasse. It is delivered in three forms:

[

“‘LIBZh, foundry concentrates of liquid vinasse; LXBT, foundry concentrates of solid

P

w vj.muo, and KBP, concentrates of powdered vinasse. The specifications are given in

33 "'l'able 5

.

Composition of Technological Sample
Dry KX 50/100 quartz sax;d 97 parts by weight
Molding loam . 3 parts by weight
Sulfite-alcohol vinasse (sp. gre 1.275) 5 parts by weight

Water . ) 1 parts by weight

. The specimens are dried for 1 Four at 160-180°C

Group V-1. The binding material of this group (water glass) is used in the
co-pooition ‘of fvin; sands, for molds and 1n uldns III and IV class cores.
Untor glus consist.a of block silicato dissolv-d in water.

(

¢

U o L % :
'l'ho most hpor'unt for foundry work is the modulus "M ® 'i:'-%x; = 1,032 the
N )

19
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" Indexes

Appearance
Color

Specific gravity
not less than (v %)
Dry matter, in %, not less than

Substances insoluble in water, %,
not less than

Ash in € of total dry matter,
not less than

Reducing substances in ¢ by weight
of dry matter, not more than

Active acidity, pH, in range

h of dry specimens

Tensile str
in not less than

sition of rapid drying mixtures

2

-
16”'"962_-401 or W419-48. The epecifications

rpup V-3.

uned as the

-',“

JG,,._.:,...... ! e s ~
',.J

ot whlch is !‘rol 2.1 to 2.
' Mod‘ranp 18-1.48-1,52 For 8

1 to 1.5% of a 10-20% caustic soda solution is added to the water glass in the

Cement 1s uaod in the. composition of facing sands
_Lom‘ is, uud in the composition of molding mixtures and core
) principal binding material in making Class V cores.
“""Portland cement, of mark

3, and the specific gravity, of which

olf—drying molds, the modulus ranges frorm

Table 5

Specifications for Sulfite-Alcohol Vinasse

GOST 6632-53

LKBZh LXBT

Thick liquid Mass
park brown Dark brown

not
prescribed

76

1.275
50

L L

(Bibl.28). Water glass is delivered by GOST
by GOST 962-41 are given in Table 6.
for molds.

mixtures. The loam

1000 or higher (GOST 970-41) is used in

[PPSR L
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u_..--u_..‘s.-m—m»u.‘- L B

ltin; tho mk of a cqnent shows the co-presaivc

f-‘onn of water glass
Index
. Soda-sulfate Sulfate

1. Chemical composition, 1%

a) silica (anhydride of silicic
acid) 8105 32-34.5

b) Iron oxides and aluminum oxide
(Pez03 + Al203) not more than 0.25

¢) Calcium oxide (CaO) not
more than 0.2

d) Sulfuric anhydride (503)
not more than 0.18

e) Sodium Oxide (Nag0) 11-13.5

f) Water (Hzo) not more than 57 60 60
2, Modulus 2.6-3 2,563 2,56-3
3. Specific gravity 1.5-1.55 1.43-1.5 l.43-1.5

A characteristic feature of cement is its ability, after mixing with water,
in air. For this reason molds made of sand-cement mixtures, after making,
42"1::1_1;0!‘61:0 pouring, are left in air at a temperature not lower than 12-15°C for
‘?‘f:’zz.-qz hours. . . ’ . . ‘ -’

1

wa e e~ - [

cuti.n; into green nolds, foundries with a uchanizod mold mterial de—_

A wa - e onnd

2 ) STAT

pogp= eSSV, | SO — Loy .. ~ —

-
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jpartmnt mosthr use only a aingle mlding mi.x
" '-$—--~—~In .casting-in dry or drying molds, md slso in foundries where the process of

. 4
L *l ard t.ransportins the mixtures is not mechanized, facing and backing sands are

-y .\__- A a4 RS =S AR T

i\muall:r used, the fomcr sond.ns to form the layer of the mold in contact with the

aating metal; and the second for making the rest of the mold.

Tablos 6-8 give the typical compositions of molding sands, worked out by the

. —~authors, .for cast iron-steel and nonferrous foundry worke

- The quantity of loam or, as the case may be, of loamy (T, P, Zh, 0Zh) and

\) -
1
i

‘quartz sands added to the mix, varies considerably according to the loam content of

b
.

o the burned (floor) sand. For this reason it must be detemined froz = calculation of

.\.._,..‘

—the total loam content of the mixture, as shown in the tables.

_.......a

o As a rule, green molds are used for casting cast-iron and steel articles weigh-

S

ing up to 500 kg. Heavier articles are cast into green molds only where the config-

. "-uration is simple and the function is not of vital importance.

o &

34]“ Casting in partly dried molds is done mainly as a substitute for casting in dry

m—-;nolds. It is done instead of casting in green molds only on those cases where there

A-is danger of getting & defective casting due to dirt, washes, and other defects due

-..;

- to the molds.

.\Z‘:

3&:7 As a result of the fuel econcwy and shortening the drying tice, casting in

4 o partially dried molds is more economical than casting in dry molds.

Casting of cast iron in partially dried molds is still limited to castings up

i . s
. 4__‘;,*"’ 3-5 tons in weight, .
Steel casting in partially’ dried molds with water glass has given a good ac-

count. of 1tse].f with castings up to 4O tons. To avoid scabbing with heavy carbon

) stoel cast.inga, it is expedient to use chrome iron ore or chromomagnesite for the

:“5?ano1ds ‘instead of sand, Chromomagnesite should 1ikewise be used for castings of vari-

ous woights of. special steels (_izpr inutanoe, chromim—nickel ateel).

To eliwinate the danger of cracking owing to parts of the mold preventing the

'
1

22
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Table 7
for Iron Founding

Tﬁi‘é’nl"canpositiona of Molding Sahds

b ¢

LR 45 |9-98| 0%
o] s-¢ || o8
-7 |od-|- &7
u| 1-8 |9t j0.8-1
n-| -1,

o088 [1,2-1,

- - - ME— -3

- - - | &= -\o-a

- - - |- - 1-¢

el Itﬂt_“ﬂ:k:;sl-.-’a.-léﬁl':’l"'-‘"'l o had =R
Y

TR Eaton e i o Bt Ml b

[REN)
[(ERA
t1t
(RN

i
o

[
|
]
1
]
]

v (3-1 61 | @00 1 0.5-07

- - ﬁ - -8 |0 08-08)} 11

| -1-] - | - 0108 a2
E

s (|

0,180 1
0.\6-0)‘ >>'

1

ll .l.‘.—!‘ -3 l L l..\l-.)l -

4

48

.+ a) Characteristic of cas

1¢ _ :binders; m) Sulfitc-alcohol vinasse
Ti1,48-1.50; o §
_40_'s) Gas’ perme
_ . compressive strength;
4?_?. nolds; x) Kolds with dried.surface; y)

pose molding sand, parts by
d) Characteristic of sand

tings; b) Composition of all-pur
g) Fresh sand;h) Floor

¢) Composition of tacing sand, parts by weight:

_welght;
3. (single and facing); e) Weight in kg; {) #all thickness in nom;
“isand; 1) Coal (pzh) (Semibituminous); §) Fresh paterials; k) Sawdust; 1) Group A-3
sp.gr.1.27-1.28; n) Water glass, Sp.&r-
Moisture, %;

Grain composition; ) Laom &; T
ss) Strength in k lem2; t) Green specimens,
s, tensile strength; v) Green molds; w) Dry

Self-drying molds; z) up to; ~aa) over.

sand and loam, ‘are taken in quantities corresponding
t of the mixture, given in the corre-

) NaOH, 10% solution; p
ability in wet condition;
u) Dry specimen

1) The_,-fresh materials, i.e.,

_1to the Zalculation of the total loanm conten

sponding colum. In sands for green molds the use of argillaceous sands (P, Zh) is

recomended, for dry molds, with castings up to 5 tons, argillaceous sands tP, Zh,
0zh) or loam, and for castings heavier than 5 tons, or when using self molds
or molds with dried surface, quartz sand and loam.

2




Table 8

Typical 0mo§itiona of Molding Sands

for Steel Casting.
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0,15~-8,3 -
010 sace

R e L

i #% On compression 2, hours after preparation.

1. a) Characteristics of castings; b) Composition

RS

% aa) Self-drying molds.

16

-
—

R BIUS R

5

L TR
Dat
'

a—ed

H
¢
54

i i b A bt o

(-]

5

# Checked by residue on lower sieves 200 + 270 ¢ pan 30-L0%.

« not less than; w) Green molds; x) Dry molds; y) Molds with dried surface;

facing sand, parts by weight;
¢) Characteristics of sand; d) Strength in kg/cm®; e) Weight in kg; £) wall thick-
pess in rm; g) Fresh materials (quartz sand and loam
1ite; j) Chrome iron ore; k) Chrozomagnesite; 1) Sulfite-alcohol vinasse, sp.gr.
17 1.27-1.28; m) SB binder; n) Water glass; o) NaOH, 10% solution;
composition; r) Loam, %; s) Moisture, €: t) Gas permeability,
41 u) Green specimens, compressive strength; v) Tensile

); h) Floor sand; i) Harshal-

p) Cement; q) Grain
not less than;
strength of dry specimens,

z) up to;
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0 e

]meta.l tron ahrinld.ng, sawdust is added to the camposition of the tacing sand
X Co { - For casting magnesium alloys, a fluoride additive (a mixture of a fluoride amd
4 ! !

¢ a borido) ia uned in the molding sand,

."". When backing sand 1s reused, 3 to 10f of fresh sand is added to it.
" fCoro ures.
Tables 10-13 give typical compositions of core sands developed by the present

authors. The compositions of sands with M binder have been developed by B.A.Arbuzov.

In making cores from sands containing water glass, the lower limit of moisture

R
0 v, N
3

indicated in Table 13 should be maintained to facilitate core removal.

In Tables 10-12 the loam content is given allowing for the quantity of argil-

‘"; laceous component contained in the quartz sand. The quantities of binding materials

“ are indicated calculated on the base content (without the solvent content ).

HERIRETAT

To avoid gas holes in steel castings, MP-17 binder should be used for castings

. -

4

- " with a wall thickness over 35 mm, and MSB binder for castings with a wall thickness

ok

: over 10 m thickness. For iron castings and castings of copper alloys, no limitation

kR)

’A‘ﬂ[.ﬁ}'ﬁicu..

By

_is prescribed,

E Y
3.

3| ‘Awdliary Molding Materisls.

ol

-,{_: Anti-scabbing means. Measures to eliminate scabbing are as follows:

.r,(.j:a) addition of coal or other organic additives to the molding sands, in order to
4g:§"produce a reducing atmosphere in the mold (in casting iron and bronze);

44jb) introduction of an anti-scabbing coating on the surface of the mold in the form
/,(,: ol; parting powder, paint or rub-mixes;

48_jc) use of sand compositions which give an easily removable crust of the scab, under
50—{which a clean casting surface is found.
'52-‘ Anti-scabbing mold coatings may consist of reducing substances, preventing ox-

54 .{idation.of the castings (in casting iron, bronze, and magnesium alloys) or of inert.

' 56_{materials which do not interact with the axides of the cast metal (in casting stcel

26
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fable 12

Typical Compositions of Core Sands for Nonferrous Casting.

1-%

31
9, 8-4.0]
-3
r.‘—l.l

- - 80/100 0,00-0,08
M

- 183 o100 0,080, 1
0

- 2 100 0,1-0,1¢
1,3-2,81 2-3 %‘“

- hes "1 0,150,
' W0

}

i

g

# In casting magnesium alloys, 0.25-0.5% boric acid and 0.25-1.07 flowers of sul-
fur are added to the composition of the sands.

tion of sand; b) Characteristics of sand; ¢) Granular part of sand, in %
;))* 5:?;::% d) Binding mtzrials, 4 of weight of granular part of sand; e) Strength
in kg/ce?; ) Core class; g) Floor sand or core face; h) Gas permeability in wet
condition; i) Loam; J) Arg:.llaceoua sand; k) Fresh materials; 1} Nonaqueous mater-
ials (in % of binder base); m) Sulfite-alcohol vinasse (sp.gr.1.27); n) Special
additives; o) Group A-3 or SP and SB; p) Grain composition; q) Loam, %; r) Gas
. permeability, not less than; 8) Moisture, %; t) Green specimens, compregaive
‘ .. 'strength; u) Tensile strength of dry specimens; v) Drying temperature, °C; ) Por
‘ copper alloys; x) For alumimm and magnesiun alloys.
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Table 13
Typical Cozpositions of Rapid-Drying Core Sands.

.
g

$ v .
SR
N
o
S

bl .4
v

# 10% oxalic acid solution, equal in quantity to 25% the weight of the binder is
added.

#* In casting magnesium alloys, 0.25-0.5% of boric acid and 0,25-1% of flowers of
sulfur are added.

«>" a) Composition of sand; b) Characteristics of sand; c) Core class; d) Granular part
.'of sand, in % by wisht; e) Binding materials, % of weight of granular part of sand;
:+__f) Strength in kg/cm®; g) Drying temperature, °C; h) Floor sand; i) Quartz sand;
_13) Semi-oily sand; k) Loam; 1) MP-17 or MSB; m) M; n) Water glass, sp.gr.l.48-1.52;
2+_!{ o) Caustic soda, 10%¥ in solution; p) Sulfite-alcohol vinasse (spegr.l.27);
71q) Pectin glue, by weight 1.20-1.25; r) Mazut; s) Grain composition; t) Argilla-
4%..| ceous mixture in X; u) Gas permeability, not less than; v) Moisture, %; w) Green
- specimens, in compressive strength; x) Tensile strength of dry specimens, not less
! than; y) Por cast iron, steel and copper alloys; z) For alumimm and magnesium

50.
=

EIRT Y
AT -~
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zqmd aluminum ‘alloys). In either case, theimold coating must form a dense crust pre-

";’-vont.ing the penetration of the crust into the interior of the mold,
j The addition of carbonaceous anti-scabbing agents to the composition of molding

6
e ;
-4 sands is practiced in casting iron and copper alloys. In casting steel, this method

3

0 Jia of limited use, owing to the danger of carbonization of the casting surface, In

7-!‘ casting magnesium alloys, fluorides and borides are added to the molding sands, and

-

, -Jboric anhydride and sulfur to the core sand.

R

- In casting copper alloys, the carbon in the composition of the sand may be re-
l 4

Py
(3

3

placed by mazut. To obtain an easily removable crust, sands containing water glass

SRR

or cement are used.

)

v

Parting powders (coal, preferably semibituminous, graphite, or cement ) are used

to cover green molds. They are mainly employed in casting iron (cement is also used

=

9
g

N

-in casting various alloys).

Mold coatings. Table 1L gives the compositions of mold coatings.

Before use, the paste is diluted with water to the specific gravity indicated
in the table.

Mo mold wash is used on molds of rapid-drying sand with water glass or steel

casting, nor for bronze casting (except for phosphor bronzes). It is obligatory to

UL

mse a mold wash on molds for iron casting. Composition: amorphous (black) graphite,

v

60--;30.0-33.5 parts by weight; flake (silvery) graphite, 25.0-28.0 parts by weight;
F*‘Dmtonite, 3.5 parts by weight; sulfitc-alcohol vinasse (sp.gr.1.30), 10,0 parts

(4

Q:be weight; water, 28.0 parts by woight. The paste so obtained is diluted in water to

specific gravity 1.25-1.30. No mold wash is applied to molds and cores made of
chromonagnesiie sands.

To increase the density of the metal at individual points of iron castings, or
to obtain a local whitening, a mold wash ciontaining up to 5% of tellurite powder

may be used, :

Rub mixes are used on cores that form inner cavities with a very clean surface i

31
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~{in castings. They arec used ;nninly in iron founding.

f— e

4.-{Restoration {Regg- neration) of Molding Materiels.

.6 .1 ...The repsated use of spent coro sands considerably roduces the consumption of

(u.l fresh sands.

10~
- Table 1L
By
- Typical ¥old Coating Compositions. ’
1
A < ‘
to .
e ) |
1o ;
- b c d [ 4 ' q " m n [J
15
9. Y
- 1
B -l =]1-1- - 3 - | 3 j135=-1.4
so ::; g.s -l =1- - 3'2 3 10| 28 [135-14 } [ 4
-3 |BS| -] - - - - 35| - 10 | 8 [1.35—-14
e |3 | =l =] | -]asjas] -2 - q
kgl 9 | - | - | W7 sl ns |3as) - | wi» - r
v sral |8l -1 -] - - 3 151 = | 5 [1.4-18 s
- -1 - 3 - 10 | 17 | 1.4=1.5 ¢
30 gg - 77: -} =-1- - 3 -] 10} 17 J1.4-15 “
| ~-| ~|6a} - [ - | -1 3 prs-1a3 v
o T | » -} -1~ - 3 - 3 | 3 h3s-1.4 w

a) Composition of paste, parts by weight; b) Symbol; ¢) Amorphous graphite; d) Quartz

., ~dust; e) Talc; f) Coke; g) Forge charcoal; h) Marshallite; i) Bentonite; j) Binders;

Vi

e k) Group B-2; 1) Group B-3; m) Water; n) Specific gravity of coating before use;

w“"o) Castings for which used; p) Small, medium and heavy iron castings; q) Medium

—

'"}iron castings; r) Small iron castings; s) Steel castings; t) Steel castings; u) Steel

46
—icastings; v) Bronze castings; w) Aluminum castings.
0. Spent core sards may be reworked with the object of restoring (regenerating)
?2: the original composition and properties, or may be used without restoration of the
74— cmpositton;~for- joint- introduction with fresh sand.

S 1T S

32
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Reworking sands to restore (regsnerate) tholr composition and properties. Spent

sards-imay be regenerated by air separation, electro separation, hydro separation,

Electro separation is offected by the following scheme: crusher rollers or

mills magnetic separator - screen - olectro separator. The ylcld of suitzble sands

after separation is as high as 90%. The consumption of electric power is 2,0-2.5 KdH

- per ton of floor sand.

Hydroseparation. In modern pechanized foundries, the csstings zre cleaned

-~hydraulically and by the sand-hydraulic method, with which the hydroseparation of
- spent molding sends can be conveniently combined.

In this case hydroseparation may be effectod ty various schemes, analogous to

-- the existing schemes of wet concentration of minerals.

Declassified in Part - Sanitized Cop roved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4
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CASTING-BOXES AND PATTERNS

4 '
':11 Casting Boxes
[ ° '

o Casting boxes must be as 1light as possible, sufficiently strong, rigid, eact, .

o

""" interchangeable, and also convenient in operation.

Standard casting box dimensions. Pursuant to GOST to 2133-L3, the standard

” ) " dimensions of casting boxes are regulated by the normal size interval in length

) ) (diameter), width and height. The size intervals of standard casting boxes is

’ ) given below. For large series and mass casting work, the manufacture of special

casting boxes with different dimensions is allowed. The sizes of removable

flasks are L00 x 250, 40O x 300, 450 x 250, L50 x 300 mm, with a height ranging

from 75 to 150 m.

Size Interval of Casting Boxes in rm

. Length width of Height of
S _ (diameter) Size Interval casting Size Interval casting  Size interval
Do t of casting boxes boxes
R 300-500 50 250-400 50 50-200 25
S -
‘ o 500-1200 100 1L00-1000 100 50-200 25
: i " 1200-24,00 200 1000-1200 200 over 200 50

- 2500-3000 250 1250-3000 250

. 3000-5000 500 > 3000 500

casting boxes should, it is recommended,

The structural elements of integral-

" follow GOST 2529-Lke

¢
Ve

* Materials for casting boxes. Depending on the dimensions and conditions of

TP
! utilization, casting boxes are made of gray cast iron, cast steel, rolled steel,

no s
o T

- { aluminum allofa, or lumber. From gray cast iron of marks SCh 15-32 and SCh 18-36,

e e e e e

*, cast and buslt-up casting boxes of any dimensions are made. The disadvantages of

[/} P R,

‘ cast iron "cuting boxes are their great weight and their liability to breakage from

RN

\' 31‘

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4



Integrally cast stesl casting boxes are considerably

Of_’{blbi“a ‘during cors extraction.

boxes and give good results in large series and mass

-4

_,more expensive than cast iron
4

ﬁ,produotion. They are from 20 to 254 lighter than cast iron casting boxes and are
o ! :

7" geveral times more durable. Steel ol any mark according to GOST 977-53 is suitable

.

g boxes are seidom used, since a special

" for cast casting boxes; welded steel castin
77 profile of the rolled product is required.
. In machine casting, hand casting boxes of alumdnum alloys have given a good

account of themselves. It is expedient to make permanent casting boxes out of

wood (spruce, pine) only for Joam casting and in case of urgent need.
sks for cast oolding are rade of oak, beech or larch wood. In

Removable fla

this case the connecting frame is made of metal.

Storage of casting boxes. Casting boxes are stored in special casting box

! ) warehouses located next to the foundries and equipped with cranes.

' Casting Patterns and Pattern Equipment
pattern itself, which reflects rainly

i
! A pattern set may include the +he ex-

{ ternal outlines of the object being cast; core boxes, reflecting the inner out-

vities, openings, depressions); rolding and

lines of the object being cast (ca

core patterms, vwhich entirely or partly replace the patterns or core boxes; the
molding board and other plates necessary for use of the pattern on the molding

rachine; patterns and conductors for control and assembly of molds and cores.

Table 15 gives a class: fication of patterns.

Characteristics of wooden patterns by class
_which are the most important,
e

' uBGe
4u- :

--! boxes, are made of high grade hardwood;
50 .
»} used

The operating parts of the pattern, or the whole pattern, as well as the

after careful veneéring. All no

5 §%—

c [T screwe. )
'6—-‘ The removable parts in hand molding patterns are installed on metal wedges
4 - .. - - P -

35

LN
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es of strength. Class 1 patterns,

serve for manual and rachine molding with prolonged

the thin parts, of aluxdnum. The wood is

n-moving joints are made with glue and wood

e e e e
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Table 15 Classification or Patterns

Hard molding patterns Kachine molding patterns

. . Metal - thin-walled, decorative (sic) Metal, for large series and mass pro-
) o curvilinear for series production; duction; "

.. combination wooden and metal parts combination - metal patterns with
’ ror series production wooden boxes for large series produc-
tion

By materials

\ wooden, for individual and series wooden, for small series production
. production
|
i_ D . plaster, wax, skeleton-loam and othe:s plaster and cezent for series pro-
¢ for individual castings duction
!

o large, over 1500 = large, over 500 mm
5‘3 medium, from 500 to 1500 mm medium, froz 150 to 500 mm
L ® srall, up to 500 mm small, up to 150 mm
[
° Kondemountable sirple l.ondemountable one-sided;
E"'_Z" nondemountable for rolding with nondemountable two-sided with "block®
. -g g recess or "counterfeits";
i bo, dezountable and with removable parts derountable, two-sided
* @ o
Pl - on entire outline of casting Fassive metul, for srall castings;
§ Incomplete, with patterns and pieces hollow metal, for mecium and large
. . 7 for large casting; castings;
L ‘3 o
&> e
A : E Skeletons, outline, for loar patterts; integrally-cas: pattern plates
“ - o
1 - I
BT Ty 8 =old and core strickles broaching and
P ‘-:;:1 & grinding
IR : Intricate-curvilinear outline with a Intricate-hollow, large with hand
R o » large number of core boxes finishing or machine finishing, and
i Y ,*g‘ with a large number of core boxes;
'é‘_ cedium complexity - simple outline medium complexity - small, hand and
6 ¥ith large number of core boxes; rachine finishing, with boxes;
(3]
& simple - rectilinear outline with simple ~ machined for the most part
“, . simple boxes on universal machines

Yo,

. 'Mdovetails®. The parts of the patterns and boxes subject to impacts are bound with
i

Y
hAY

:-fmetal. The bases of the patterns are attached by bolts. Core boxes are made so

i

6

—ithey can be shaken out entirely, or built up, but cannot be taken apart. Patterns
i ‘

of thin and weak 'conat.ruction are attached to wooden molding boards. In patterns

7
Y

af

i
. %and boxes, 'Ehe ”filluets along the parting must be notched in. Demountable i

; 36 {
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A
e

OZszgﬁﬁeééiono are maée on strong pins of metal or hardwood. Class I patterns can
2:! stand hundreds and even thousands of mold strippings. The surface of the pattern
b is carefully finished and is coated with varnish not less than 3 times.

The letter and figure rarkers must be metal.

Class II patterns, used periodically, are employed for handmolding. These

‘;A ! patterns are made of the usual woods (pine, alder, linden) with veneering and use
of nails and screws. The pattern is usuwally all wood, without metal binding and

bolt tie bolts. The removable parts are rade of wooden wedges. The individual

parts are attached by glue and screws without rotching. The fillets are likewlse
glued on without notching in. The boxes are removable, For thin patterns, wooden
panels under ithe models ("counterfeits") are cade, and the patterns are rade with-
out demountable joints. The surface of the pattern is well finished and is coated

_ with varnish not less than 2 or 3 times. Class II patterns can withstand tnes o’
mold strippings.

Class III patterns, used a single time, are erployed for hand molding. They
are made of inexpensive species and grades of wood. Whole patterns are rot infre-
quently replaced by incozplete, skeleton and outline patterns. The rerovable
parts are installed on pegs. The core boxes are made as stall as possible, and are

rade in the simplest structure. Such patterns ray be painted once. Class III rmodels

5

. are good only for a few castings.

For wooden patterns luzber (boards and beams) of evergreens - pine, larch,

e

. spruce - and deciduous species, birch, beech, maple, alder, linden, etc. are used.

~-:Pine is suitable for medium and large patterns of any class, especially in binding

A6
.aibaaea (plates, boxes, frames). Larch is heavier and stronger than pine, and it is
L3

u%expedient to use it instead of pine in Class I patterns. Spruce is suitable for
$0-.

o~ |untswortant parts of Class II and III patterns. Birch is suitable for small
D

—{patterns and parts, especially if it is finished on the lathe. A birch facing is

24 S

sﬁtjused for wearing parts on class I patterns made of pine. Beech is expediently

37
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Y . {sed for small class I patterns and for facing medium class I patterns. Maple

shows a good resistance to wear in machine patterns. It is expedient to use alder

lex outline and

“ 4n small and medium class I and II patterns with an intricate comp

which are notched in by chisel. Li

nden has an analogous function for class III

- patterns.

des 1 and 2

W The quality of evergreen jumber should correspond to selected gra

L by GOST 3008-45, that of hard decidious species, to grades 1 and 2 by GOST 2655-4k.

For szall rachine patterns it is expedient to

Alder and linden should be grade 1.

a, . )
use improved pressboard, delta and balinjte. The moisture in pattern wood rust be

sture content is unsuitable for the

! between 10 and 12%. Pattern wood of high =oi

ions of the pattern change on drying.

work, since the form and dimens

tterns depends on the amourt of use they get,

The consumption of wood for pa

which corresponds to the degree of series production of the casting. With an in-

rimental casting, the patterns d> not per

forr. long service,

[
5, dividuval repair, or expe

per ton of castirg. In srall ser.es

ot ! and the consumption of wood runs up to 0.1 3

. ) - )
consumption of wood runs up to 0.05 m3, while in series production

T T production the
i ..-_‘;" it is not over 0.02 3 per ton of castirng.
: .':--_ ) i Alloys for metal patierns. For thin-walled ranual and rachine patterns gray
'_; cast iron of mark SCh 15-32 by GOST 1L12-54 is vsed. The chemical cormposition of

3.5-3.8; silicon 2.4,-2.6; manganese

the cast iron, (in %), is as follows: carbon,

rus 0.3-0.6; sulfur, up to 0.1. For high patterns

for machine

0.7-0.9; phospho

e aluminun-copper alloy mark AL-12, by

_ molding, subject to strong wear, th
The melting point of this alloy is 640°C, its

" COST 2685-53, is recommended.

1

" igpecific gravity is 2.9, and its s
Al-13 alloy by GOST 2685-53 is suitable. Melting point 630°¢,

hrinkage 1.2%. For manual and machine patterns

4 LR A
IR ~ .lof 811 sizes,
Wt

:ilzp.gr. 2.8, shrinkage 1¢. For casting patterns in accordance with the workpiece,
Vit

-a ponshrinking and low melting patte
_jlslis'G.‘a“.” oo

m alloy composed of L45% lead and 55% bismuth,
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o Ace'ixrdcy of patternmaking., In accordance with the class of accuracy of the
c&atinss, wooden pattema are made in three classos of accuracy with maximum devia-

tions from the dimcmions according to table 16. For metal patterns the accuracy

of manufacture must not be less than that of class I.

Table 16

Class of accuracy »f pattern

-
111

Measured dimenslon on pattermn,
in mm large series series individual
laxirur deviatisns in rm (1)
Up to 50 0.2 0.7
50-10C 0.3

100-200
200-300
300-500
500-800

800-1200
1200-1800
1800-2600

Over 2600

Painting of wooden patterns. A red color is recormended as the basic color

for painting wooden pattern sets by GOST 2l13-44, for patterns used for castirg
'.{,.
-fferrous alloys, and yellow for patterns and for casting nonferrous alloys.
4
- - The individual parts and surfaces of the pattern must be painted as follows:
560

4“& The surfaces of the castings to be machined, black round spots on a background of

N
4e

R

red or yellow' core markers, solid black paint; points of installation of removabie

X S R

lpa.rts, bordered with black band- strength ribs to be machined in the mold or core,

e

39
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Y Tby black oblique bands; risers, inlets for laboratory tests are separated from the

»

" .main body of the casting by a black band.
1

4.0
7 The pattern markers. Patterns and every individual or removable part of a

_;ﬁattern ast must have the following markers: mumber of detail to which pattern be-

'i_"longs, on all parts of the set, serial number of model set with letter K on all
i

| EL-

. :parts of set; number of core boxes in set, with letter Ya on pattern; nucber of
1.,

_+core box according to sequence of insertion of given core in mold with letter Ya on

core box; number of removable or insertable parts in pattern or core box with

_letters OV respectively on pattern or on box.

BExarple of rarking of a pattern of a deta!l B2L1C1? of Sirst set, with ore bory
and two rerovable parts: for model - 33,1013 - Kl-Yal-.V2; for box - E3LICI? -
- Ki-Yal.

The rarking is effected by stamping or punching the marker signs or. the non-
working surfaces of the pattern. In large wooder. patterns, rarking with pairt is
allowed.

Allowance on patterns for shrinkage of castings. The shrinkage ol the zast-
ings taking place in connection with the decrease in the volure of the cocled metal

is taken into account in giving the patterns « percentage allowance by the formula

aj - s
k~ 100

_where a; = initial size of casting on solidification, correspording to the size of

the podel; a the final size of the cooled casting. The following is the shrinka,e
) ‘allowance k for various cast alloys:
¥aterials kinZ
Gray case iron
¥hite cast iron
- -.--Pearlite wrought iron

Ferrite -wrought iron

»
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T ‘Kuistenite (nonragnetic) cast iron

High-silics cast iron

High chromium cast iron

Chugal (iron-aluminum alloy)

Carbon steel
Manganese steel
Tin bronze

Aluninum bronze

Zinc brass
Copper alloys of aluminum 1.5-2.0
Silumin 1-1.2°

Yagnesiuz alloys 1l.1-1.L

Castings of simple form without thick walls show the greatest shrinrage;

castings of intricate box-like form, ribbed and heavy, show the least shrirkage.
. 1 The amount of shrinkage is determined more exactly in practice, on sarplie castings.
pattern draft. When the details have design tapers, no pattern draft is re-
quired. Pattern draft pursuant to GOST 3212-46 is given either by the size ol a
in m, or in degrees, by the angle « (Table 17, Fig.1).
Pattern drafts are made by one of the schemes shown in Fig.l, depending on
the character of the surfaces of the casting (machined or unrachined), the condi-
_ tions of operation (conjunction with other details), and the value of the allow-
17 able taper, according to the dimensions of the casting.

AL On unmachined surfaces, the pattern drafts are taken as plus with a side-wall

4t—‘ thickpeu to 8 &m; as plus or minus with side-wall thickness from 8 to 12 mm; as

50 minus with a side-wall thickness over 12 mm. For machined surfaces, the pattern

Szj drafts are taken as plus. For surfaces of patterns forming "blocks" in the casting

54.! molds, as well as in making molds of loam, an increase of 50-100% in the pattern
| molds, :

SGj drafts but not above 3°, is recomscnded.

5

<
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Table 17
Pattern Draft (not more than)

Wooden patterns

Y

Metal patterns Machine molding Hand molding

R

""" Height of pattern

5y

30
19301

N T

19151
CoL5t
Pz0r
0°30!

0%301

s Lt

re

- .
L
¢
&

T,

conee

FYfrress AT

RS B SR A

o°20t

0°301

Fillets and rourdings. Fillets p:e-
e,

d s
! vent the formation of cracks and scab at
%7 e
& Junction points between the casting walls
: and also facilitate moldmaking.
- o ’ ; [ [ Fillets in wooden patterns are made
) ¢)

by the following methods: application of

. a filler on the undemountable corners of
.: Fig.1l. Pattern drafts in patterns: a - on

a Durability class at r< 5 mm, and of a
increasing thickness of wall; b - draft '

pattern of Durability class III at
+ ~i.of..casting.on.increase and decrease; c - .

ol r < 8 mn; by gluing wooden cleats (Fig.2)
56 _draft on.docrease

{

L2
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‘ _jon the undemountable corners in patterns of Durability class II for all radii, in
class II patterns .ror radii more than 8 mm, and in class III models for radii of

by 10 mm and more; by notching wooden cleats

¥ ) B into the corners of patterns of Dur- X
'"; % ’ RAR " ability classes I, II, and III. In metal
. $ ' patterns, the fillets are made in the '
e b

metal, and in most cases by milling. The

¢)

outer corners are rounded by reroving the

material of the pattern Irom the corner.

Fig.2. Make-up of fillets: a - gluing
Principles of patiern desigring., In
fillets along wood fibers; b - gluing

developing the design of patterns and the
fillets transverse to wood fibers; c -

procedure o raking them, a number of
notching fillets into demountable corner
factors affecting the wear ol the pattern
must be taken into account.
These factors include:
a) the surface wear in the working part of the patterr., owing to the abrasive
action of the molding sand when the pattern is pressed home;
b) the wear of the working surface of the pattern due to the use of a working
instrument in pressing it home (blows of the rar=er, pricks of the vent, wear fro=
the skimming rule at the boxes);

c) wear and failure due to stresses arising in the pattern under the action of

" forces vhen the pattern is pressed home into the molding sand (sagging of the

/- ‘walls, destruction of the corners in boxes, etc.);
l‘bi: d) wear and destruction by the action of the forces and impacts in work on
r ,‘\:f Jolting and squeezing;
*T o) wear and destruction fron pricking the patterns in releasing the patterns
, 52--

{

mi and cores;
t
€

:t‘.)mdeé't”.;ﬁéytion of the pattern owing to swelling and drying out of the wood.

43
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:l" * The action of these factors differs under various conditions of production.

- 1 Measures to prevent their action on the patterns should be taken in such a way as

‘; to have the wear of the pattern proceed uniformly, and the durabllity of the

pattdrns should assure the assigned number of strippings of the molds and cores.

The general durability of a pattern depends mainly on ths structural founda-

(=3
i e e B Vi)

‘ N tion, i.e., the baso, on which it is built. The base is the principal part of the

pattern which determines its dimensions and shape. It depends on the first place

on the configuration of the casting. All additions to the base in the form of

core prints, tie plates, ribs, bulbs, and other design elements, do not play as

great a role in determining the life of a pattern as the base itself does. In

designing the pattern, the base is selected as the principal part of thne casting.

It must be made as durable as possible in the form of a block, box, ring, disk,

or frame. But not every casting has such a base. Sometimes a casting has an inr-

tricate configuration, and all its elements are not {irm enough to attach thez to

the base. In these cases it is necessary, for the durability of the pattern, o

rake an artificial base in the form of a molding board, strength rib, etc. For

wooden core boxes, the base consists of a foundation connected “rom the board in

the form of & box or obtained by veneering together pieces of wood. The life of
a pattern depends on the design development of the pattern tase and the durabilitly

with which it is made. The maintenance of the pattern dimensions depends on the -

durability of the base.

Cost of patterns. The average cost of patterns amounts to 3 to 10% of the

. total cost of the castings, and depends on the metal being cast and the degree of

_<-§utilizatipn of the pattorns. In iron founding, the cost of the patterns is 20-25%

L
LR,

)

—- higher than in steel founding, and 50-60% higher than in founding nonferrous

3. ,..J

- alloys. The shop cost of patterns is made up of the cost of the basic materials

~
1]

o Eem

‘! (10-15%), the patternmakers' pay (4O to 50%), and overhead expenses (40-50%).
-; The labor consumed on metal patterns amounts to 2-3 hours in mass founding

,
WA

L
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-and 10-15 hours in large-series founding per ton of castings, in either case.

t Pattorns are stored in a pattern store, in intermediate stores, and in the
molding department of the shop. Patterns belonging to one rachine are stored
.according to specifications in a separate area of the store. Small patterns with
which the molding is systematically repez;ted, are kept in the intermediate stores

‘ of foundries. The shelves and scaffolding are removed for storing in the inter-
mediate stores and immediately at the working place.

B Every pattern must have a rating card in two copies. Cne copy accompanies

the pattern when it is issued from the store, and the second is kept in the
pattern store. The card contains inforrmation on the time of making and the com-
position of the model set, the cost of the todel, the dates ard extent of the
repairs, the movement of the pattern in the production, and Its use. The cari

also indicates the place of storage of the pattern in the store: departmert,

section, shelf.

THE MOLDING PROCESS
The process of producing castings consists of the following operations:
ot making the mold (molding), making the cores, illing the zold with liquid metal,
Seames &

knocking out the solidilied castings “ro= the =cld, cleaning and rachiring tne

castings.

g The principal operation determining the quality of the casting is molding,

! the process of making the mold.

‘ The following forms of molds are distinguished in foundry practice.

L Permansnt molds, mostly rade of cast iron or stecl, which take hundreds or

“C-! thousands of castings; permanent molds are termed ingot molds, chill molds, and
50 stamp molds, depending on their purpose.

Semi-permanent molds, made of highly refractory molding cixes ard taking a
%% . .few tens of castings, are only slightly repaired after each casting.

Pemporaxry molds are used only for a single casting, after which they are

4

5

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4




Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

4 T[scxapped; they are made of a sand-loam mix, or of a mixture of sand with various
9]
_, other binders (water glass, binder emulsions, artificial resins). The term molding

&"{ is usually understood to mean the px’occss of making temporary molds.

&M‘;@Pn of Nolding Methods

The following methoas of mold making are distinguished: nand wolding; @achins
‘ __'- molding, in which some of the molding operations are performed by the aid of ]
" ' rechanisms; core molding, meaning the assembly of the molds from individual cores

- . ' pade by hand or machine; shell rolding, in which the molds are built up out of

! ‘ thin-walled shells. The selection of the rethod of molding depends on the out-

lines and dimensions of the detail, the required accuracy, the character and

amount of the subsequent rachining, and the degree of repetition of the casting.

Table 18 gives a classification of the methods of moldmaking and their ralin fields

of application.
Hand molding. Table 19 gives the methods of hand molding.

Table 18

Classification of Molding Methods

P T Principal method of molding Methods of molding Typical casting

Hand (in small-series and Froz patterns on
series production) floor and in boxes Various

On sweep templete Solids of revolution

On skeleton patterns Very large

1
'h~§ Machine (in series and mass On molding machines: Vostly small
4 i production) hand: Mostly small
(-
50_,% pneutmatic: Various
<, 52! a) squeeze Various
) - ‘
54.“" . ) b) Jolt and Special
{
56 1 combination Various

L6

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4



eclassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

.;

By aid of stationary

and portable sand-

slingers
On sand-blast

- 4L 3 - ~ - . -
GCiiaieh wpoLicL

Building up of mold Complex configuration

In cores (in series and mass

" production) without jacket and

. with jacket Various gizes

On installations with Srall and medium

Making shell molds
manual control castings of elevated

accuracy
On single-position
seri-automatic
rachines

On rulti-position

The sare

autoratic machines

3 ;‘:
_l
.- ‘1"‘;; Machine molding. In molding on machines the packing of the molding mix in
o A 4 the flask or the stripping of the pattern from the mold, or both operatlons to- .
I

4" gether, are pechanized. In individual cases, the charging of the molding mix into

“ the flask is also mechanized.

The methods of squeezing the molding mix in machine molding are given in

g ) 4. Table 20, and the methods of stripping the_mold from the pattern in Table 2.

"'”—E Folding machines. There are hand, pneumatic, hydraulic, mechanical and

it ; electromagnetic molding machines.
loy preumatic rolding machines almost exclusively, as

——

' r‘)’ Yodern foundries emp

1ds by centrifugal force (sand

ey )
"1'“1 well-as-mechanical molding machines that pack the mo

1
o 50.1w14ngers)s -
ING

D rre—— -
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e s o et R S
. |
9 )
O I . Table 19
‘: T Methods of |+|d Forming
6_: -y, Foriing of Pattern T “‘ ) Flask Molding
8] * Floor Forming \ Molding in Paired Flasks W
] Opon Floor Forming | R
10— . 13, Drag 3 on lower half of pattern,placed
! '
12: : i on match-plate 1. Rotation of drag to-
14:‘ gether w.th
16:{ ratch-plate by
li!j,l. Placing of pattern 1 on "bed"# of old 18C° and posi-

20__lwith leveiled upper surface, made in floor

22

26 ..

20 upper surface of pattern checked by means

tioning it n

level ar<a on

iaying o7 upper

tire height. Horizontal position oI

_ﬁof shop, and driven home by light blows 5 5
M-—%with a hamrmer into the earth over the en- ﬂ ‘“ \ Tloor of shop.
T

hall of pattern

I, or. lower hall

30:"ol’ the level 4. Packing of earth around

1

4 with top o pat- 2 according to centering pins or dowels.

o

34 dreceiver 7 in pattern. Stripping of

46—Jual production (uswally not requiring
48—tmachining) with flat vpper surface

50— (plates, gratings, disks, core frames, ’,
- {
(2 etce. ).

et pemmmqu—————

/2_lsertion of pouring cup 5.

1 Used for simple castings in individ-

+2_lpattern and evening it
“itern. Boring of air passages by vert 7. Strewing surface of separatior of zold

N with parting sand. Filling cope forzirg

Cutting of runner passage 6 and over{low
the riser 5 and the sprue 6. Separation

pattern by aid of 1ifting hook 2 and in- of mold into two halves, Stripping of pat- ! R
tern, tinishing of working surfaces of
' mold, setting of cores, and firal assezbly.

Used for various castings on whole pat-

terns or patterns in parts, having flat

surface of separation, in individual and

i small-series production. .

* The kintus of 'bed®, soft and hard, a.nclﬁfffé method of preparing them, are

“Jdescribed in courses on foundry ~__p_x:g:duct.:to:‘:._
i

-

l
L8
i
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_Closed Pit Forming

a. Smoothing of upper surface of mold

. . %

s6_ formed around a special pattern. The
2, u

- . }d-.‘
—

+0_!and the flask is removed to draw the

3

:zm: pattern from the pit, followed by

+4_; stripping of the mold. The cores are

-—

A6y set by setting pins and the flask is

finally positioned.

with a flat or figured upper surface
+ 54 Ladth.whole patterns_or patterns.in. .
.parts_in individval production..

formed by preceding method, sprinkling

Used for castings of various weights

Recess Molding

: : ; 1p_1 of dry parting sand, and coverirg with
" m:‘i flask. The flask is filled with the
i ;_Jq molding sand, and in this way, a riser,
:i ‘Ff,‘ ;f,:'i a riser neck, and a pouring cup are

position of the flask is fixed by pegs,

a) Casting; b) Filling drag; c) Recess- -

1
ing operation; d) Assezbled mold i

L. Recessing, with a scalpel, the part
of the sand at the joint surface that

prevents the stripping of the pattern.

Used for casting with whole patterns !
with_a. curved surface of separation, _ . !
in individual production. ..

, STAT

ot

IR

-
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Molding with Gauge Board Three-Box Molding

The third

- VT 3
. “-:3 7. See schene 7 of molding.
! \J—_ operation is performed in seguence on
X - the cheek and the cope.
i :C; Used for castings on pattemms that
‘ : require parting of two surfaces, in
: ) ;“; {ndividual and series production.
.
' 2 11. Strickle loldirg
N ’?3: Folding with strickle rotating on nori-
' ,, 30: 1 - Gauge Board; 2 - Pattern zontal spingle
) :‘ ) 345 Special jnsertion of molding sard
e, "““;' B(jithen packed with particular care (some-

3L tizes thickened with cement or plaster)
1

-‘»()juith gaugeboard playing the role of a
42jahaping molding board, allowing the g. Finishing of cavity of roid by rotat-
i 44jpr~oceaa of preparing a mold with a ing strickle about horizontal axis lying
’oG: curvilinear surface of separation to in parting plane of mold (the strickle

' corresponding to a radial section of the

48_{proceed as in molding with a flat surface

50-Jof separation by scheme 2. casting).
o - ‘

52— Used for castings with patterns having, Used for molding rollers, pipes and
_ other_solids of revolution of elongated_ '

«5': cale productione - ——- - shape in individual productdion. STAT )

54 -n—eurvod-aurfaoo—of'-sepantion <in small

-
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|

2‘—'-1‘.)£01d:lng on Patterns with Removable
T ‘
4,.“ l
. ;' 9.

2
1

Do

bo

Parts | Molding with Strickle on Vo

\ gtrickle rotatl

: The out

¥olding on

1

‘rtical _Spindle
I

i

outlines of mold in drag with .
e FatudetiauaN o .

v

Insorting
ing on vartical spindle.

lines of the mold are also insert-

in the cope by the aid of a strickle,

Used for casting cylinders, covers,

{lers, tanks, and other solids of revo-

jution of cylindrical or conical shape.

Broaching Stri ckle Insertirg

B p

pIU
~ ¢ - Removable block; d - Rexovable ring

sses on the outside

_16. when there are bo

56:}0:»{ the casting,
!

which prevent stripping
3{‘:]."&]18 pattern from the mold, the parts of

ﬁﬁjthe patt}ern corresponding to these bosses

are made removable and are attached to

42
+4_|the body of the pattern on cotters or

46_Jpins. On stripping the pattern from the !
i

48] mold, the recovable parts remain in the

50.lmo1ding sand and are removed separately.

. mt—b“nkuhapwt-ovontho—ontire -
56, rétgy_gmmg_imgal..pwduc&iom

59 Used for castings with patterns that ’i
4]
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10. Inserting outlines of
by moving a

1ine (the shape of

profile, elbows, and ducts.

-y

51 \

rold and core
rlat strickle along a guide

the strickle corres-

onding to the cross section of the cast-

) a - Filling the drag; b - Asserbled mold;
g g ing).

Used in casting types of curvilinear

}olding on Skeleton Pattern H
11. Pattern preparec {rox separate ribs 1,
1
]

whose thickness corresponds to the thick-

ness of the casting walls. In molding

the sand is swept up from the windows be-
tween the ribs by means of a sweep, the

advancing working part of which has the

same height as the rib, and has the same
length as the width of the window.

- Uncd,ron.large.,cantinga_of _various.com GTAT
am or in brick.

figurat?ons molded in lo

i
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Table 20
Mothods of Machine Molding

Field or

Molding Method
; Application

R

Characteristics and
sequence of opera-f
tions

Advantages and
disadvantages

1. Squeeze Packing Filling of molding Simplicity of Relatively

mix into box 3 and
the backing frame L
installed on it.
Squeezing molding

1 platform of mach-

method and of
design of mold-
ing wachine and
match-plate;
high productiv-
ity

simple
casting in
low molds
(150-250 =
nigh)

! mix into box; table
I
i

ine 1 with match-
plate 2 mounted on
it is raised during
L”""_g.’fi’é.lf squeezing, pressing
73 the cheek 6 attached
J to the fixed traverse
Jwan) 5 entering inside the
T 2 backing frame, and
squeezes the mix.

Vertical
ron-uniforwity
in packing of
mold

77
L Limited to

isolated
cases when
special
molding
rachines
are used

On motion of the match
plate upwards, squeez-
ing out the excess mix
under the molding box 1
in the space between the
rovable ratch plate 2
and the fixed platforn
of the nachine 3, into
the rolding box 1,
pressed against the
squeezing traverse L

Packing of mold is
most intense at
surface adjoining
the pattern

Vertical
non-uniforzity in
packing mold.
Corplex design of
rachire and zatch-
board

_j2. Jolt packing Packing mixture by kin-
etic energy of impact
at each drop from
height of 25-80 mm of
table of machino (with High productiv-
match-plate and flask ity, universal-
with molding mix ity.

attached to it). On
repeated jolting (for
4,0-80 impacts) the de-
gree of packing in-
creases with each lim- Weak packing of
pact. The numbor df im upper part of
pacts-given-by-the machine .mold.. -
*—up to 12-140 per min.

¥olds in
flasks of
all sizes.
VWhen the
flask is
higher than
10 tm, a
supplement~
ary pacing!
of the top
of the mold
by hand
ramming or
-~ ~Dy-8quUeeZ——

ing is com-|

STAT pulsory- -

The mold packed
more strongly
at the surface
of the pattern.

Vertical
non-uniformity
of packing mold.

€2

Declassified in Part - Sanitized Copy roved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4



D

eclassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-0104

3R001900100002-4
P

T2y

Al

Field of
Application

Advantages and

Characteriatics aﬁd
! disadvantages

sequence of opera-
tions

Molding Method

e o e

Seizure of the m].'ding
mix arriving on the

-3.~Packing-by
centrifugal

Uniform vertical

In individual
packing of mold.

and series

force

- :h- Compressed air
32-1 " packing (sand
blast process)

.

Ouve b Tt

€, ut
v

(’?
44

7R

[
RS

\§ &
NANNIAN

NSNS
E |
P ——

AR
S o )
SRCR
T
AN

N Rw
v s
SSSNNN

N
-

conveyer through the
opening 1 by the
bucket 2 of the sling-
er head 3, which makes
about 1500 revolutions
per min, and throws it
at high speed into the
flask. Packing by
rzeans of the kinetic
energy of the impact
of the mix against

the pattern, the
flask walls, or the
lower layers of the
rold. The degree of
packing depends on the
rotary speed of the
bucket and the speed of
displacement of the
head on the surface of
the molding box

The molding mix carried
by compressed air from
the reservoir 1 is
blasted into molding
box 3 through the open-
ing 2 in the bottom
plate. The air passes
through the opening L
in the molding box,
thus packing the mold.
Uniformity and degree
of packing are regulat-
ed by the location and
dimensions of the blast
openings 2 and the fan
openings 4

Declassified in Part - Sanitized Cop

Mechanization
of screwing of
molding mix

into flask. High

productivity.
Universality
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production.
Fills mold-
ing boxes of'
large dimen-'
sions. In
large series
and mass pro-
duction
£ills mold-
ing boxes of
large and
medium di-
mensions;
sand slinger
operates in
combination
with broach-
ing rachines
installed on
carousels

¥ay be used
for £illing
molding
boxes in
rass pro-
duction (in
practice, is
used almost ~
exclusively
for £illing

cores




ified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

rom Patterns after Packing

°3‘"‘ - 7gble 21 Methods of Stripping Folds I
). : pin Lift of Flasks
“:J{ 1. The flask 1 with the ratch-plate 2 is raised by the ald of
6;‘ ' " the four pins 3. Injsoxme cases the 1irting pins are cornected
u_:i ‘ ' in pairs, or may alli form a lifting cleat or a 1ifting frame.

- !
10.: Used in molding on sirple patterns of low height (without steep walls) which part

{2 —
z . easily from the molding sand.

b - Broaching the Fattern
1 - 2. Lowering the pattern 1 across the co-respording secticns f
!B:_ the broaching board 2 correspording ¢ ¢+g outli:es.
20_; Lifting Flask with Broacn
2 __ 2, Combination of method 1 and 2. Litting flask on broacalry
H:._ board 1, thereby broaching the pattern 2 acrcss the correspord-
% - irg segzents ir the broaching plate.
7 _ Used in molding with high patterns parting with aifficulty Jrom the moliing
o= eross the piate tnc ertire pattern

' pand, especially when the walls are steep. af

37 .
__may be broached, or only irdividual parts of It.

14
! fotation of Flask

o,
L. a) The table of the molding machine is rotated, together

+h the catchplate rolds that are rounted on it about a hor-

izortal axis. The recedving device is brought under the flask

and the molding table with the pattern Is raised.
b) Turning the table of the molding machine by 180° (tip

over) about axis Jocated outside it. The rmold is stripped

irmobile patiern on Jowering the receiving table.

- from the
"3'(): Used in molding with high patterns difficult to part from
:2: the sand, when the mold has massive sand blocks or deep
" cavities. o T T

Declassified i - iti
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i A olassiTication of the types of’ml?in'g rachines is given in Table 22.

In modern machine building, machine tj:echanized molding is beginning to be

more and more widely used in small series|production of large castings. In partic- :
’ ~Wlar;in~heavy machine building, pnouratic molding-jolting machines-are used, with
tip-over and with'dm\dng tables of load cgpacity 5, 10, and 17 tons, as well as

large jolting tables of load capacity 40 tons.

Sand slingors are universal machines| for filling molding boxes with the mold-
' ing sand and packing it at the same time. In the stationary designs, sand slingers

!
are used in assembly line production in combination with hand broaching machines,
installed on carousels.

On such installations, which are distinguished by high productivity, cores

may also be made. Notive sand slingers, which are portable and move on rails, or
2"::are pounted on a monorail crane, are used in foundries of individual and srall
Qéjaer:les production for filling large casting boxes. The characteristics of the
?S’j sand slingers doveloped by TSKELO are given in Table 23.
Core Molding. Molds of dry cores {without the use ol a pattern) are built up

1 for casting important and vital articles with intricate external and internal
outlines (for eample cylinders for air-cooled engines).

In paking small and medium details, the assembly is done in machined aluminum
_lor cast iron boxes of special construction called jackets.

¥olds can be built up out of cores without using jackets, by binding the

: cores together with bolts or screw-clamps, In the production of a large casting,
__tthe molds are built up of cores in specially prepared, water-impermeable pits.
The one-sided metal matchboard heated to 200-250°C, with the metal patterns,
is covered by a molding mix of sand and a! thermosetting plastic (usually a phenol-
f‘omldehyde‘ plastic), under the action of heat of the plate, the plastic in the

STAT

_|layer of the mixture next to the plate 15 melted, and a uniform sand-plastic

!
A B

-4

-

O

¢
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. Table 22 )
4= Classification of Types of Nolding Machines
Y
(30 S i e R
- ! ;
. |By method of By method of i By method of stripping
- t
10: packing mold actuating ; mold from pattern
- 1
12 !
14 _IHand Hand# 1) with pin lift for flasks
lG:‘ 2) broaching
w"__;Squeezing 1. Hand# 1) flasks removed by hand
20
Oq 2) flasks raised by pins
22
. 2. Pneuratic
24}
_] 3. Hydraulic#
26 —
4. Electro-
26
] zagnetic®
39,
32_1Jolting 1. Hand®
24 2. Pneumatic 1) hand lifting of flasks. 2) pin lifting
36 of flasks. 3) with frame 1ifting of flasks.
38 L) with rotary table. 5) with tipping table.
£0_
_lJo1t-squeeze 1. Pneumatic 1) with hand lifting of flasks. 2) with
42 ]
g pin lifting of flask. 3) broaching.
44 ;
] L) with rotary table.
46.-] i '
48—|Sand S].ingera 1. Mechanical ‘ ;
5] { '
- liote. 'rypas of machines marked by # are seldom used in modern foundries. ,
52— !
54—. shell, 3-10 mc thick, is formed on the m.tchboard. After ranoving the_excess E
56_ molding mix, the matchboard, with the sani—hard 'shell fonned on it, enters the oven§
3 z
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Here the process ol “hardening the’ plaatic and baking the shell is completeds The ‘5

| hard shell shell, representing a half, mold, iul removed from the ratchboard by means of

I
Tipins and is paired with another shell—halt mold, the necessary cores being inserted!

Tin the mold. ™ The shell mold so obtained’ ;lo ‘poured In the usual way. The half

_| molds are attached to each othar by screv clamps, or bolts, or are glued together. %
, | |

i i

Table 23

1
Characteristics of Sand Slingers Designed by TsKBLO

i

Type of sand slinger

Index Stationary fotive on rail- Yotive of mono-
road ring rail type
_1Productivity in m/hr 16 wp to 25
25__“ Area served by slinger

% | head, in m 28 (without 20 (without
I movement ) covezent)

23
jumm £i1ling radius in m . 4.0 6.8
30

_IMdnimum fi11ing radius inm . 1.83

32
_lHeight of inlet opening in

34: head above floor level, in m:

maxci murm

mindmum

" Ivolume of replaceable

_] bunker in ™

Consumption of electric

power pe;' w or’sand filled,

,in KwH ‘ . 1.0

2 Control of head From working

place on
s‘.\inger head \

Dipoﬁsiom of sand

slinger in mn 9765n95w§0 970021950x4350 96&0::&070::5300
- 51

i

¥
_i
]
|
|
i

Declassified i - iti
assified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

The dimensional accuracy of castings|made in shell molds is 0.3-0.7 mm per = .
i

[}
§

100 tm, and is occasionally 0.2 mm fqr.‘loé_m in directions not intersecting the i

N !
4.:'mo1d parting. The surface is cleaner thn.{x in the ordinary casting in sand and in .
6t S . ) !
_lcores. t . { i .:‘
a ' § a4
7 The field of application of this method of molding is in mass and series pro- . :

] duction of small and medium castings of ferrous and ronferrous alloys.

12 |
_{Drying the Molds :

ot

As a result of drying, the molds, like the cores, become impermeable to fas
16 )

:land acquire strength in connection with the presence in the molding sards of bind-
lt!:f ers, such as loam, oils, pitches, etc., which are adhesive in the wet state and are
0:' strong in the dry state. Dry molds are ueed only ir individual and s=rall series
2:; production of large and intricate castings. The molds are also superficially

“:5 dried in large-series production. Chamber and portable driers, as well as continu-

26
_.ous driers are used to dry molds. The superficial drying of rolds is done in

281
:lportable driers or in continuous driers. Gas burmers and stationary or portable

'U { ]

]reflector driers with infrared radiation are also used for drying the rolds.
s2 1

_lassembly of a Mold

3t

1

| The assexbly of a mold consists in core setting, matchirg the halves of the

de_d
:3 flasks, installing pouring and overflow cups, and welghting the molds. In green
38—

QOj

molding, the process of assembly directly follows the stripping of the molds. In

_ldry molding the mold defects discovered after drying must unconditionally be cor-

12__
_ rected before assexbly.

‘L_: The main operation of mold assembly is setting the cores in most cases, in
46: the lower part of the mold. To assure correct setiing of the cores, speci&l‘

48: core stricklee are used.

z;; The most accurate ’mathod of assembling intricate forms is the unit assembly.
“"‘- In con;trast to t‘he usual method of suqceﬁfxive setting of the cores, most of the ‘}

—1 cores, in unit assembly, are lowered ein:;éltaneously in a special conductor.
: T A STAT

56 e e s e

|
8

3
i
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‘t

-

B N ol 3 < e

IT"tHe cora points ds niot assure the [statle position of the core in the mold,

, additionn]'._‘metal‘a‘u‘pporta » ur chaplets, are used, which are made of mild steel (for

TJiron and steel castings). Welded to the rzletal, the chaplets remain in the body of

s:the ¢Astifng. For better weldability with Jthe casting, the chaplets are protected '.‘
8: from oxidation by tinning or copper plati ig.

10— In small-series and individual pmduﬁtion, after setting the cores in particu- '
12

larly intricate molds, a control opening of the {lask is performed, after which the

14
' _Jpouring cups and overflow cups are installed.
16 -

_ To avoid the lifting of the cope during pouring under metaliostatic action,

jthe parts of the molds must be tightly connected to each other., For this purpose,
§

t

:waight.s, scréw clamps, shackles, and bolta are used.
':"Jtt'eczl'molom7 of Core Production

24

j Coremaking., Cores are wostly made of core mixes (see above).
2

__4‘ To increase the permeability to gas, the cores are provided w:

3
o S

n vent passages,

v

_¥hich it is usually attempted to introduce at core points not in contact with the
i
[ -

—

__Retal during pouring. To increase core life, the cores are provided with a frare

1
A e

_(ama.tu'e) of steel wire or rods, and large core frares are sometizes of

e

cast iron.

The cores reach the mold assezbly room in either the green or the dry form.

de

..Dry cores are most widely used. Cores arc rade by hand or by rachire. In hand

se_ s
My
mking of cores representing solids of revolutions, strickles are used. Srall cores

el

of uniform cross section (circular or polygoral) are nade on speclal rachines by
5:’

fox'cing the mix t.hrough a nozzle corresponding to the inside profile.

Larpe

- ‘ <
“_y
gt m
I .
ot
A4, ;
. , | 2 2

Fig.3
B The cores prepared are stored for drying on metal drying plates or shaped pans

56 _;(g_rjyergl provided in either case with vent openings. STA

39
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j Piguro 3 shovs & aéi)a;hble core box ’2or making the core 2, of simplest con-
2! ﬁgunt.ion. The core lu.ld is filled into the assembly box 1 through the upper face.
"In cases where it is impossible to £411 the core box through the face (the
‘ figured core of Fig.4) each half
of it is filled separately. At
the partings of each of the half
cores a wire frame is inserted,
and air passages are cut.

The two halves of the box

are then tightly connected with

I

each other by blows of a hammer

P
T

(Fig.5).

For convenience in making

and drying figured cores, they

are sometimes rade in halves. The

ratching of these halves may be

done by gluing them, after drying,

with dextrin glue. Another method

ARG

Fig.5

oy

of comparing them consists in

laying the second half, made and dried in advance, on the first half of the core

. after filling it, then rotating the box by 180°, and lowering the core onto the

(TP

~__drying plate, dry half downwards.

: Cores are often assembled from parts: the parts are joined by nrivets" by

4 \

. - ! pouring a loﬁ-mlting alloy into openings of the core parts prepared in advance for
\.,_1

'-a joixﬁng
o r-i COrmldng uses machines of the same types as mold making. The squeeze mach-

-§ ines ‘are used less ottm than the others. Jolting machines with a perpendicular

K T S PN

. ‘—% table are nry uid-ly used in core making. The £illing of the box with the core

1
H
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R
mix,
of the core from the box is do

the tipping of the’ Table and the stripping

the

“packing of the mix by lolting,

ne by machine or manually. For raking large cores,
|

ver tables of various sizes are used.

4
—lpneumatic Jolt molding machines with tip-4
6.t =
“Tuniversal jolting tablos, beginning with he very ama.lleat si..ea, ‘are also used. .
fa ' ’
ro
10 Table 24 ' .
12 Characteristics of Sandblast Corl Machines Designed by TaXBLO :
‘.4_§. 1’.&chine designed for cores weighing
— Index i
16 ,.1
6 Madrur. yaxdrmum 1, 50x24 X210 .
! _JDinensions of core box in m 2501 50200 500x300x310 '
! 204 ;
! —i{Volume of portion of core rdx
4 2]
: ~{ in liters 0.6 3.6 12.0
¢ 24
¥ —iCapacity of sand charber in
2y
——-'i liters 1.2 60
2
—Capacity of bunker in liters 3.86 -- 150
KT3I
-—Quantity of sand blast per hour 360 360 240
SL_!
.. ponsuxmt.ion of free air for one
~‘ sandblast, in o 0.015 0.05 0.1
' 2200x1035x1515  1600x1130x2500

. h_
-4
Ab

48

A n.saembly line is used,

stripping the cor

the sand slinger in conjunction with a carousel or an

In mass production,

r assembly line organization of the work of

in siripping or
em for illing.

es from the boxes and preparing th
Core raking on sandblast machines is a high-productivity process. Cores of

even the most intricate, may be made

varied dimensions and configurations,

mix is blown by corpressed air into t
The operation of £i11ing the

the most
he core box having

by this method. The core
lating onen:lngs ("vents") for the escape of air.
A good organization of the work

rom them is required if machine time i

venti
of feeding the core boxes

core'borlaats 5-7 sec.
s to be

and-stripping the finished cores

‘61 ‘
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|
-
l
|
_
|

'
'

“Tadequately Utilized, o T T e T
37 __Table 2/ sivea tho characteristics of sandblast coremaking machines.
": Core drying. The hardening of the b‘.nding material, depending on its nature,
G:WJAM as’a resilt of the removal of}moisture or solvent, of ‘axddation, or of
Bq fusion. Depending on the type of core mix, the following lirits for the drying
10: temperature have been established:
l’.’.: Core mixep Taizﬁerggure
4.2

) 1

16— Sand-oil ' 220-230
‘83 Sand on rexatol ' 220-250
20 Sand on oxddized pctrolzatum 220-240
223 Sand on shale tar I 220-21,0
24j_ Sand on biphthal 20C-220
25j Sand on synthetic resins 15C-200
23:‘ Sand-loam on water-soluble binders 1€6-180
30;1 Sand-loam on combination pitch binders 220-2.0
3&: Water-free sand on pitch binders 230-250
14 __; Loamy mixes 325

]

!
sg::évolume (cf.Table 25), and also on the nature of the binders. With organic binders,
“__}the drying time varies f{rom 1-4 hours; cores in which loam is used as a binder,
42:}‘ require longer drying, from 6 to 16 hours (at a temperature of up to 300-350°C).
:.: From 2-3 to 30-40 minutes is required for drying cores of mixes using s}nthetic

|

62
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. iresins, depending on their volume and the type of drying equipment.
48. ‘

- molds, with hand loading or wheeled trolley.

The drying period depends on the cross section of the cores and on their

In series production foundries,

For drying
—{cores, chamber dryers (batch type) and continuous dryers are used. For drying

- hrge cores, drying chambers of large caphcity are used, analogous to those for

e ehmbor dryers are often uud for me&im and ar.a.li cores, with the cores loaded by

oved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4
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&

“Jtricks onto the racks.” For drying small pores, drying Facks v Wwith movable or sector ‘
2—- ]
_lshelves are very convenignt. |
4_ - ‘
|

Table 25

Length of Coye Drying '

'

Length of drying in hours
Volume of cores

i sl T

in oo Cores using prganic binders loamy cores
wp to 1 1-2 2-3 ;
1-15 2-3 -5 ‘
16-25 3:—1; 617 f
26-50 45 8-9

51-100 5-6 10-111

over 100 6-7 12-16

Continuous ac-

tion or conveyor dry-
ers are used in mass
production and in

large series produc-

tion. The cores are -

dried in these con-

veyors on racks of

bookcase type, and

suspended on a chain

conveyor passing in-

side the dryer. In

the vertical continu-’

ous dryers, the rack

, STAT
63
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wota_of combuition_Crom_the. furnage losat

" The prod- |

Trames are’ suspended Lrom & vertically clgsed two-1ine conveyor (Fig.6).

.above _the charging port, recycled, are
distributed in such a way that in the upper part of the dryer, at about 2/3 its

1

i

s

C‘a

l__l

36_

6.

‘

44

46 ]

—gauges, and, in rass production, by gauges and more complex control devices.

t
——

height, the drying temperature is producef. Below this level, on the side of the
charging, the zone of heating is located,|and on the other side, the cooling zone.

In horizontal continuous driers, the|shelves are suspended from a single-line

‘horizontal closed conveyor, the path of which also allows bends in the vertical

plane. The drier furnace is located outside its working space, and is connected

6 e
‘with that space by branching ducts for reéirculn.tins the products of combustion.

'l'he 2nd, 3rd and 4th branches of the convayor pass inside the furnace, which, along
_ithe path of the conveyor, is divided intojthree zones, heating, dryirg, and cooling,
iseparated from each other by partitions.
The quality of the drying in continuous furnaces is higher, and the fuel con-

mm:pt.:lon lower, than in chacber furnaces, and they are preferred in all cases

..!where the core assortment in mass production permits.

Asserbly of Core Sets. After drying; the cores are finished to give them

Before the molds are assexbled, the

._4!cores are n'andatorily subjected to dirmensional control, performed in individual and

«{amll-series production by a universal measuring instrucent, or by the simplest

The cores (1ike the working surfaces of the mold caviiies) are in some cases
—given a wash to obtain a smoother casting surface. In small-series production,
refractories, graphite, marshallite, or tale, suspended in water or another liquid,

are used as the wash. Sometimes clayey or organic binders are added to this wash.

Cating Systems
The purpoie of a gating system is toi'assure the ‘smooth and shockless feeding

of the metal into the xnold, to regulate the themophysical phenomena in the mlﬂ. 50

as to obtain a sound caating, zmd to prevent the entry of slaggy inclusions and

STAT
bh
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,,_-

—7aixt from the sand into tho “#01d.” The el ments of ‘the orsal eat ins’“éﬁ'ﬁ?ﬁ?{?‘

dl
i( 5.7) the pﬂxﬁxg cup 1, the riser 2, the skimmer 3. the ingates 4y condgg}_i:gg__.
the metal rectly to the casting. The whole gating \
" gybtem s " Yo £4116d AurAng ';553?1}35“\'.0 “avoid aspir——“!‘
!
|

ation of 830 and atmospheric air into the mold.

~he selection of the cross section of the ele-

ments in ET&Y jron casting should be governed by the i

rule that ",he cross section of the downsprue rust

be larger QYhan +hat ol the skirmer, ard the cross

gection of the skirmer rust be larger than the total

“‘::cross section of the jngates, 1.¢<)
Fq > Fak O2Fin
Gating systecs with a delay screen are widely used in rass production iron

. foundries. Such screens consist of £lat core, uswally sand-o0il, with openings

\
For gate systems yith filter screens' the ratio

Fd H Fsc "ipsk : Fin

7: 12-1tol.2'1:l.2:l. Thesysteminthisc&se

is taken from 0.8 : O. H

e S
will still alwnye remni.n a blocking one.

i

e e
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ing oysten

T1a11 other elements, depending on the rate

The gating ayatéx;- f;; steel founding|
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1
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and time of filling the mold with metal.

Telonga to the category of ;"undeluyed“_-

on which the determination of the dimen-
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_MODERN HE‘I‘HODS OF FEEDDB_SI’EEL CASTINGS (Bivl.58, 25)

)

____'The process of solidification of the liquid metal in the foundry mold and in

’

gu_ithe formation of & shaped casbing 16 szpenicd by line w1k Were,

The solidification of the metal, taking place from the periphery towards the center,

. ‘leads to the formation of shrinkage cavities. Steel is distinguished by 2 higher
v amunt of shrinkage than other alloys. As a result, the formation of shrinkage cavi-
ties in steel castings, and of the accompanying defects, is met more often than in
T t_'casting jron and certain other alloys.
zo:i The volume of shrinkage cavities formed in steel castings and ingots, ranges
2 _\Jfron 3 to 6%, depending on tho chemical composition of the steel, the welight and
configurttion of the casting, and on the conditions of pouring and solidification.
LI Shrinkage flaws appear in those places where the steel hardens last. Below the
,phrinkage cavity is a zone of shrinkage prittleness, which likewise lowers the
,,Fstrength of the casting. The places with the greatest danger of shrinkage cavities
-‘_',;lre the units where the metal accumlates and the outflow of heat is slowed.
The improvement in the design of castings is one of the effective methods of
miuproving their quality. In many cases, however, these improvements do not fully
3. »--protect the castings from the formation of shrinkage cavities.
vl The total bulk shrinkage is made up of the shrinkage of the metal in the liquid

"‘f—jstate, in the temperature range from the beginning to the end of solidification, and

+3 ~;rm the end of solidification to the temperature of the surrounding medium.

A6 ‘§ To prevent the formation of shrinkage cavities in castings, so-called risers
3—-’1:'0 widely used. They are artificial reservoirs of 1iquid metal fed by it to the

J°—~cuti.n¢' during the entire period of its solidification. The metal arriving from the

—~riser continuously cocpenutu the bulk shrinkage of the solidifying casting.

-
5“~§-~—~«-;!4noivo .open Tisers were until recently used for feeding steel castings. As &

-id .
ﬁ:?,%r_uult- of- the great consumption-of steel on the riser, the yield of finished steel
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::alting amounted to only 30-50%, and even with this, casting defects due to shrinkage

were_of frequent occurence.

The modern methods of feeding steel castings have been based on the indication
¢- ot the great Russian motallurgical scicntist D.K.Chernov, who established the fact,
n—._ps early as the end of the last Century, that the most rational method of obtaining
- n dense casting is the mothod of gas pressure from all sides during the time of
. "*crystallization.

In 1935 the Chernov method for producing alumimz alloy castings was success-
_fully applied by Academiclans A.A.Bochvar and A.G.Spasskiy.
‘ The ordinary open or closed riser can operate only where it is placed above the
‘:-cast.ing.
) vhen the metallostatic pressure of the metal in the casting and in the riser is
.in equilibrium, no movement of the liquid steel froz the riser in the casting will
take place, and the casting, not being fed, will solidify with shrinkage cavities.
. i'men risers having liquid metal are made in the cavity, then, during the solidifica-
tion of the casting, the additional pressure of the liquid metal, added to the force
-of the ferrostatic pressure, will provide the optirum feed conditions.
Closed risers in a low position, acting under gressure, can feed a casting
" whose height is greater than that of the riser.
There are a number of methods of producing pressure in risers. They include:
1) Use of atmospheric pressure;
2) producing elevated pressure in the riser and at the same time carbonizing
:the 1liquid steel and in this way lengthening the interval between the beginning and
~end of the solidification of the metal in the riser;

izt

- 3) the pressure produced in the riser as a result of the intense formation of

36. -'

"gu by some gas-forming substance specially introduced, accompanying the exothermic

3./-~

procus of heating the metal in the riserj

P N

4) pressure. produced in the riser as a result of gas formation by a gas-forming

68

t
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_l heat of the riser;
5) production of exc

_; of tho rod submerge

‘ In this case the crystallization of

lf; ....x

rod will sarve as a conductor of the

18 o
liquid metal in the risor as long as

20
Excess

LJ.. -‘

LA

the metal on the rod will be provented,

pressure of uore than atsmopheric may be

o batance introduced, nccompanied by an efxdothormic process of absorption of the

1
1
H

|

oss pressurc in the riser at the instant of cryutallization'

5F The metal in the mold, by ald of comprpssed air.
For the utilization of atmospheric presaure in the riser cavity, a caramic nen-

gas-forming rod with a small center opening 1s {ntroduced into the riser. That par'r.
d in the riser is brought down to the thermal center of the riser.

and the

atmospheric pressuro, which will act on the

any rarefraction still remains there.

obtained by using graphite or

-
gca.rbon rods. This gives a combination of three factors: a) increased pressure,

n and partial compensation of the

:_ib) exothernic reaction of cozbustion of the carbo

3

_heat losses of the metal in the riser, due to cozbustion;

?L..J

' consumption in the riser, due to carbonization of

g
\. An unfavorable factor

—|carburizing the motal of the casting and obtaini
—
Ezones close to the riser.

-]
Jﬂj
lproduci.ng an elevated pr

l

The use of a special gas-forming exothermic

10

6.ge, chalk may be used, or a mixture of s8lag,

ity of the riser

yarying the ccmposition and quantity of tho gas-forming

or" pressure may be produoed in tho riser..

R e . - e

ditives, the qumtity of heat mparted to the riser

69

1

' S

in the use of graphite or carbon rods is

lwise a very effective means of improving the feed of the castings.
graphite, and thermite with water-

glass. The cha.rge, propared in a grog or metal cartridge,
and vhen. the riser is filled with metal,

heat for heating the metal of the riser and the gases, thus producing pressure.

and c) reduction of netal

the motal in the riser.

the danger of

ng an elevated carbon content in the

fcharge®, which gives off gases

essure in the riser without carburizing the steel, is like-

serves as a source of

By

my be regulated.
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is suspended in the cav-’

For this purpose,

substances, a higher or low-

By varying the qulmtity of exotharmic ad-

e
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17 " The use of gas-exothermic charges requires the creation of conditions under
“hich intense gas formation begin only after the mold is filled with metal and a
solidified crust of metal is formed on the periphery of the riser.

—— i o w065 ool

“The increase of the gas pressure dovelopod in the riser must be held within
ertain 1imits, If the pressure 1s too high, thuy liquid metal of the riser may flow

AL -L* j

!

<4

“Jout of the mold, breaking through the cruut of solidifying metal. Such discharges
17—

1

ot metal from the mold likewise take place when the charge acts prematurely. In this

;_case the metal is ejected through the down-sprue of the gating system.

The purpose of the grog cartridge is essentially to prevent the premature forma-

—"tion of gas by the charge when it decomposes under the action of the heat of the

aa«q-.vl

_liquid metal. The heating of the material of the cartridge requires a certain quan-

."’41‘;‘%%"% < ". 7 %5}

mf.ity of heat withdrawn from the metal of the riser, and, as a result, increases the

-

i,

dinensions of the riser.

r..
W
A

P

- A gas-producing rod or cartridge is inserted in such a way that its lower end

s
i

i

reaches the thermal center of the riser.

=1y
b3
l‘i‘

»

SRR

Inside the rod (Fig.9) there is a small

transverse channel, through which, at the

2

1:Fig 9 - 1 - Runner; 2 - Riser; 3 - Gas- moment of pouring, and at the mament of

N

A

-Forming Rod; 4 - Fed Unit of Casting. solidification 8f the casting, the excess

‘s

-
R ‘_\.
@

o gases leave the riser.

&1y

G

The use of this mcthod to assure the feed of liquid steel to the castings dur-

Tl

“_f.ng their solidification has proved most expedient under industrial conditlons. The
h:iresme, of the order of 1.3-2.0 atmospheres, so developed in the risers, is suffi-
:Z_.cicnt to obtain a dense casting at a high yield of finished casting, running up to
e

SH The effectiveness of the action of open risers may be increased by providing

54 ~excess preum'e over them, by the aid of compressed air (Pig.10).

] - This mthod of feeding castings may bo used only on a large casting of rela- ;

70
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A
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i

L.

Operation

\ 1
Pt Ry
— Extraction of

N T A e e

¥

RS BRALIT

— Removal of gates
A%

._:and risers

i

- Cleaning the

LI

A NGNS U P R gty

_7_1;?

surface of the

castings

_|{ beaten-off - runners and risers

ls
_.“. hand and pneumatic chipping tools.

“~ e dledning of the castings, and the removal of the fins and remnants of the -
is portornei_i on various types of universal snagging

; !
“machines: two-sided stationary, suspended
 1ighthouse type, portable with flexible

: shaft, etcs

The grinding wheels used are mostly

of carborundum and alundum.

The chipping of the castings, their sawing and cleaning, is done by hand, using

Table 26

Method of Performing
Hand ¥nockout
Mechanized knockout

Hand knockout

Mechanized knockout

Hand knockout
Oxygen frame cutting
Machine cutting

Cleaning with jack
stars and burnishing
Cleaning with free-
flowing abrasives:
a.g quartzite sand;
b) cast iron

=4

:
Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-

Process Scheme of Working Castings after Pouring Molds

Equipment and Devices

Pneumatic tool
Suspended vibrators:
ing frame
Knockout screen: a) pneumatic vibrating;
b) pneumatic jolting; ¢) mechanical vibra-
ting

Squeezing mechanisms.

a) jaw; b) on hang-

Pneumatic tool
Jaw vibrators. Vibrating machines.
Hydraulic chambers.

Burner cutter. Gasoline cutter.
Eccentric press. Disc saw. Band saw.

Drums: a) batch type; b) non-periodic
action.

Sand-blast machines, pneumatic: a) drum;
b) 'universal chambers; ¢) special cham-
bers.

Sand slingers, centrifugal: a) drum;
b) universal chambers; c) special cham-
bers.

Sand-hydraulic chambers.
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2.4 :
_1__Operation = .. Method of Performing Equipment and Devices
Y- :
6 ] Chipping the Hand chipping and Pneumatic tool
_Tcastings 'Grinders: a) stationary; b) tower;
a_J (removal of fins mechanical chipping ¢) portable
1 and edges, snag- Grinding and polishing machines; a) uni-
o ging of surface, versal; b) special
_1cleaning and Metal-cutting machines: a) boring;
12| sieing of b) milling
B openings)
R
ts ~. Inspection Instrumentation. Instruments for deter-
2y _% mining hardness. Defectoscopes.
f‘; ts_of castings Devices for hydraulic testing.
‘*;g\_ . LT
s R
?:gﬁ‘ - __f In spite of the simplicity of the work of chipping and polishing the castings,
l ' a —__‘ the voluse of this work becomes 50 great, with the increasing scale of foundry
i35 p -
ks A .~‘ production, that it becomes timely to build specialized milling and snagging ma-
- chines to perform these operations on certain castings. In the largest plants, this

o ‘ type of specialized machines is already in mass production (GAZ imeni Molotov).

[ Table 27

Mechanisms for Knockout and Cleaning of Castings

T
—~! Mechanism Purpose and Characteristics Field of Application
Jd—y
10 ) Jaw vibrator Knocking sand out of flasks and cores Individual and small-
- out of castings. The jaw of the vibra- series production of
o tor, attached to the body, is applied light and medium
— during knockout to wall of suspended castings.
141 flask or casting.
46 -
—1i Suspended Xnocking sand out of flasks. The vi- All forms of foundry
18 {vibrating brators, suspended from a frame, are work, from individual
—1 frame provided with hooks, by which the to mass production, for
50— flasks are seized by the lugs. The molds within the carry-
Lo knockout is caused by gravity. Capacity ing capacity of the
$2~ . of frame: 1 to 3 tons frame
>3 34 et St o i =
73
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Purpose and Chars cteristics

i
Knocking sand out of the flasks, which
are placed on a beam resting on the
vibrator heads. The sand;runs through
a suspended screen, while the casting
remain on the screen. Mechanisms re-
sexbling the jolting mechanisms of
molding machines are used instead of
vibrators for knocking out heavy
flasks. Capacity of knockout screens:
1 to 10 tons or more.

An eccentric or disbalance mechanism
produces the vibration. Horizontal or
inclined screens are used. With in-
clined screens, the sand sifts through
the screens and at the samo Lime the
castings descend along the screen in
the direction of the slope. Capacity:
0.25 to 10 tons or more.

Consists of a mechanical vibrating
screen, onto which the contents of the
(lasks - the castings and molding
sand — are forced out by means of a

tic ¥nockout. The sand is sieved
dowmsard through the screen, while the
castings go to one side along the slope
of the screen. The molds for ¥knockout
are pushed off the foundry conveyor un—

der the push-rod by means of a pneumatic

¥nockout. The two pneumatic mechanisms
are successively put into operation

}

Pield of Application

0

Foundry work with
mechanized continuous
transport of the mold-
ing sand

Foundries with convey-
orized transport of the
molding sand. Powerful
mechanical knockout

screens of capacity up
to 4O tons are used in
heavy machine-building

Foundries pouring molds
on conveyor with flasks
of standard dimensions
and absence of
cross-pieces in lower
flasks

automatically by means of an electric limiter

of the rlask travel.

1ifting of the cores remaining after the Series and mass produc-

knockout, from the mold into the casting

cavity. The casting is pressed in the

machine between the support and the pneu-
matic chuck. The vibrator for knocking out

the core is then turned on.

The cores are crushed and removed from
the castings by a stream of water play-
-4ng on them under.pressure of up to

125 atmospherés. Advantages: absence of

- dust and possibility of using the water

.

tion

Large castings with
massive cores in indivi-
dual and series produc—
tion.
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_.Pneumatic two
.-.|chai:er con-
»e —tinuous-acting
‘sand-and-shot
i, blast apparatus

Purpose and Characteristics

for removing and washing the sand,
which, after settling can be reused.
when a jet of water mixed with sand
is used, effective cleaning of the
surface of the castings is achieved
simultaneously with the core removal
(sand-hydraulic cleaning). Tho cast-
ings enter the chamber on trolleys
or are placed on a rotating circle.

The surfaces of the castings are
cleaned as a result of the friction
between the castings when the drum
revolves, and of the abrasive action
of the white iron jack stars placed
in the drum. The cleaning takes
0.5-2 hours (depen on the char-
acter of the castings). Aspiration
of the dust given off during clean-
ing is mandatory. Drums of circular
and square cross section are used.

Cl surface of castings with a
jet of free-flowing abrasive mater-
321 — sand

pressure of compress

or shot is entrained fro= the lower
chamber through the opening of the
cock by compressed air in a tube, and
passes through a hose into a nozzle
for cleaning the castings. The proper
reserve of sand coming from the upper
charber is always assured by means of
a system of valves in the lower cham-
ber. Dry quartzite sand with sharp
grains 0.75 to 1.5 mm in size, or iron
shot, 0.5 to 1.5 ma in size, is used
as the abrasive.

The castings to be cleaned are placed
{n the chamber on 2 trolley or a ro-
volving table, and are cleaned by 2
blast of sard (or shot) from a sand-

us. The chamber is

mechanisms to return the

shot) to the sand-or-shot
blast apparatus,’and with ventilation
devices.

75

Pield of Application

Cleaning castings of all
types and dimensions
within the limits set
by the size of the
drum®*

Cleaning castings of all
types and dimensions¥¥*
The apparatus is used

in conjunction with
chambers and drums of
various types, in which
the castings to be
cleaned are placed.

Individual and small-
series production of
medium and large cast-
ings.
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Purpose and Chluct;‘rintics Field of Application
|

The castings to be cleqn;q_ are placed Series production of
in the drum, and are tumbled when it small castings
revolves, being subjected at the same

time to the action of a sandblast

from several nozszles, connected by

hose to the sandblast machine.

G

13 _ Centrifugal The principal mechanism for centrifugal Cleaning castings of
. shot slinger shot-slinging cleaning consists of two small and medium size
; parallel discs with radial blades be- in chambers and drums
tween them. Tho shot enters at the cen- of various designs
ter of the wheel. When thc wheel re-
volves at 2000-2500 rpm, the shot is
hurled by the blades, at high speed,
into the working chamber, against the
surface of the castings being cleaned.

PO e/ S TA R
v

b

(it

PR Ty

*s

The cavity of the drum is formed by a Series and mass produc-
curved plate conveyor, the front of tion of light and
which is covered by a removable cover. medium castings(up to
¥when the conveyor moves, the castings 250 kg)

in the drum are tumbled, and their en-

tire surface becomes accessible to the

action of a contimuous blast of shot,

coming from above out af a shot slinger.

The duration of a cleaning cycle is

10-15 min.

po-

ke,

4

BN

*

rd

¥

3
3,
W
i
»

e
b

ST iy WS o S A

The castings are placed on a revolving Individual and small
table and enter the chamber on it. There series production of
they are subjected to the action of a castings weighing up
blast of shot from one or two shot sling- to 2000 kg

ers. After the castings have been cleaned

on one side, exposed to the shot, they are

inverted and then cleaned again.

Continuous- - The castings are hung on hooks from a Mass-production
‘action shot horizontal endless belt suspension foundries
slinging conveyor passing through the chamber.
chamber Within the chamber the castings are

given a slow rotary motion and offer

their entire surface to the action of

the shot-blast from a row of shot

slingers installed along the chamber

- ~- walls.-The -number of- shot slingers
ranges from 2 to 8.

76
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R ern g

“{ #(Table cont'd) Cleaning in ordinary deuns is a difficult and time-consuming
P operation, and has been displaced by cleaning in sand slinging equipment (drums,
: chambers) which throw the abrasive by zentrifugal force.

6 .t . .
Jiwe Sand-shot jet cleaning of Gastings consumes very much power, and 18 also harm-
23 Diom Lhe viewpolib of iidustrial Gygasnc. Tt ie gradually being displaced

_,} by other mathods of cleaning - shot-slinging, with centrifugal application of
19+ ‘the abrasive, and by the hydraulic method.

(SR S

v THE MELTING OF CAST IRON (Bibl.14,25,61,40)

o e LT
SRS
!

pyemmgre
STl

N
.. Purnaces for Melting Cast Iron

N: The selection of the type of melting unit to obtain liquid iron depends on the

3

A I
__following main factors:

SRR ENE
13 HE

5t

T 1) Chemical composition, superheat temperature, and purpose of the metal;
2) Conditions of operations of the shop;

3) Volume of output;

‘.t,'q:jm-,,ﬂr&a;;.t_,;fi;mygﬂi
A

L) Weight of castings;
5) Source of thermal energy, etc.

W TS

.'-

Modern foundries use the following types of furnaces for melting iron: cupola

_ furnaces, reverberatory furnaces, electric furnaces, mainly arc and induction,

?
o

S SRR

o cupola furnaces in conjunction with a reverberatory or electric furnace (the so-
__called dual or duplex process).

0 .

— The principal melting unit everywhere used in jron founding, is the cupola, &

£

: Russian irvention of the 18 Contury.

,:)\ 4

]
16—iPrincipal Raw Materials Used in Helting Cast_Iron

-3 '
48~ The charge materials. The metallic charge consists of pig iron (sometimes
50_1also remelt) (GOST 4832-h9, 4833-49, L8349, B05-49, LB3L-h9; ChMTU 3433-53;

’?:‘CMU 34,32~53; ChMTU 31,31-53), iron and steel scrap (GOST 2787-54), various ferro-

L

34! alloys,-foundry returns (risers, gates, spoiled castings, shavings) observing the

|

56 ) pollowing-approximate-ratio of the individual components: pig iron 20-40%; iron

L

7

STAT]

*
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scrap and féundry returns, L40-60%; steel scup up to LO%, and ferro-alloys according.
to .gdgg}gpion. The metallic charge must be properly prepared before melting.
Fuel. The fuel used for cupola mrmcea is foundry coke, (GOST 3340-49),

T Ttoundry ‘anthracite (OOST 18-49) and heath?g anthracite,

These types of fuels may be replaced\by the following substitutes: Blast-
—|furnace coke (COST 513-54; 2014-53; 3132—1;6) , peat coke, charcoal.
The fuel for reverberatory furnaces ¢onsists of various kinds of brown coal
’ ~ and coal, as well as mazut (GOST 1501-52). Various fuel gases may be utilized as a
‘Q: source of heat in melting in the cupola or reverberatory furnace. The principal

properties of fuel are given in Volume I, page 529.

0
[

' Fluxes. Limestone, dolomite, fluorspar, apatite, open-hearth slag, are used

i
s

Y

=

“'as fluxes in smelting iron. The oost widely used and cheapest f{luxes are limestone

Nand open-hearth slag.

AT

,_
F -

g

The primary function of fluxes is to convert into slag the ash of the fuvel and

3y

T non-metallic materials jncluded in the charge, as well as the products of oxidation

T of the melt and of the melted lining of the furnace.

(ot
g

mﬂj&;ﬁ’s!‘ ;:

1,
gl

Refractories. For lining the working space of cupolas and reverberatory fur-
_ naces, grog brick of refractoriness not less than 1670°C (GOST 390-54 and 3272-16)

iw._

__4s mainly used. For cupolas and furnaces with a basic lining, magnesite brick or

stabilized doloaite brick is used.

_Helti_g_g Iron in Cupolas
“.—; The design of cupolas. The cupols is an ordinary shaft countercurrent furnace.

tv:j The molten iron and the slag that is formed, pass between lumps of fuel in the

coke bed, and accmllte, until tapped, in the well or the breast.

03 . The cupola is the only melting unit that allows the continuous melting of

metal for many hours of foundry production.
"~§~w~«~»'rh0~hour].yﬂproduotivity .of cupola furnaces varies widely according to their

"ﬁqdinnlions,- the character of the raw materials, the quantity of air supplied, and

78
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:thc design. Table 28 gives the characteristics of cupola furnaces.

Main indexes of iron melting in cupola. Coke bed height, 600-1000 mm above the
" bottom row of tuyeres; coke charge height, 130-150 rm; consumption of coke per ton
of metallic charge, from 10 to 14%; consumption of flux, from 25 to 35¢ the weight
of coke; air blast pressure from 400 to 1000 mm of water; quantity of air per square

_ meter of cupola cross section in base belt 100-150 m3/min, temperature of superheat

" of iron 1350-1440°C. With a blast containing added oxygen, the temperature reaches
1500°c; the temperature of the stack gases over the coke bed is 400-500°C; ratio of
CO5 to CO in exhaust gases from 50-50 to 70-30; time spent by metallic charge in
cupola furnace from moment of charging to melting, 25-45 min.

Physico-chemical features of the process of melting iron in the cupola furnace.
The main source of heat for melting and superheating the iron in the cupola furnace

_is the combustion of the oxygen of the fuel, which follows the following reactions:

C + 405 = CO;
C + 02 = COp;

CO"'iOz"COz.

Together with the reactions of oxidation of the carbon of the fuel, which takes
place with the liberation of hecat, the reaction of reduction of the carbon dioxide
gas by carbon, with the formation of carbon monoxide, also takes place in the cupola.

The cupola may be divided arbitrarily into four zones, according to the char-

‘)
(X

acter of the process of interaction betweon the carbon of the fuel and the oxygen

of the blast. The following processes take place in the several zones of the cupola.
N
. 3 1) vell zone. There are practically no processes of oxidation. The gas phase
Oued
vow;comiats mainly of carbon monoxide. The liquid phase consists of metal and slag,

W

!thc solid phase, of incandescent coke.

. 2) 'rho o:qgen zone (located above the tuyeres). Intense combustion of fuel.

The gas phase consists of carbon dioxide, carbon monoxids, oxygen, and nitrogen.

i
t
s

79
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: The smaller values relate to cupo
the larger values to such furnace

e is operating with a b
oductivity reaches 11 tons/hour
is dotermined by the fo
furnace are built with a capac

*

Mote. When the cupola furnac
of oxygen, the relative pr

section areas o

The wells for a cupola
one hour of its productivity.

.a~ Index; b- Cupola No.;
4 “ B o
. __shaft in plane of tuyeres, in m; e-

of air in n}/min; g- Power of fan motor, in HP; h-

iy Total welght of charge, in tons; J- a) without well; k- b) with well.

The iron is molten.
3) The reducing

with formation of carbon monoxide,

=) The-zone of preparation and preheating of the
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zone.

%4 pourth-zone, here-melts. -

o~ * Hourly productivity in tons;

The reaction of reduction o

becomes widespread. The ironm, heated in the

T Table 28
prineipsl Characteristics of Cupolss (Bibl.3)
4) For
o I P I BT B H L L
1-8.8 | 8.3- W-13 13-4 “-“ »- ‘-. %-28 | -3
Wl | W 1™ 190 | =9

e | 1

©03

a.8

charge.
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la furnaces with a single row of tuyeres,
s with a multi-row system of tuyeres.

roula Ftuy
ity of half an hour to

Jast enriched by up to 30%

- m<. The cross
= 0.3 Feype

d- Inside diameter of

Outside dismeter of shell, in mm; f- Consump~
Diameter of air duct in mm;

£ carbon dioxide by carbon,

Praheating of fuel
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and metal 'E:lii'r"go. Chemical interaction bstween ‘products and ‘combustion, solid metal °
charge, and fuel. Dissociation of the limestone. )

Together with ‘the melting of iron in cupoha, a high superheat of the iron nmst:"
Tjalso be attained. The principal factors a.asuring the production of a high ‘degres of |
_‘aupcrhat, are the increaso {up to certain 1.‘.-..:‘. s) of the guentity of air forced into

" |the cupola, and the increased consumption 'of fuel; the increase in the strength and

B combustibility of the fuel; the utilization of coke of optimm size; the preparation

|“ i
: of the coke for the heat and its classification (in this way an iron tapping temper-

16
_f;ltu:e of over 1420°C may be obtained); superheating the blast air; conditioning the

e
) _blast air; proper preparation of the metal charge, and a literal conduct of the

W)
__melting process; melting with the blast air containing added oxygen.

i
'__ During the process of melting the iron in the cupola, its chemical composition

14

cha.ngea. As a result of this, some of the elements of the iron are burned out, while
—Tthe content of others is jncreased. As a rule, the content of iron, silicon, and

mgmese in the metal are reduced during the process of melting.

The most unfavorable factors are-a considerable increase in the sulfur content

_:of the metal, and a certain relatively small increase in phosphorus.

.
- L

It is only in cupolas with a basic lining that the sulfur and phosphorus con-

je __g
“tent can be reduced under certain conditions of melting.

17
3o

The variation in the carbon content depends on a number of factors.

-
i

The .factors favoring the inereased carbon content during the process of cupola

4
lmlting are as follows: increase in melting temperature, fnereased consumption of

'coke, increased manganese content, high well, low content of carbon in the metal

sc;i

_J‘charge, and basic furnace lining.

46—
§ The factors tending to reduce the carbon content in the remelted iron are as

50

-follovs: addition of steel scrap to the charge, increased silicon content, high

mithl carbon content.

1ot e -

The oxidation loasea of suicon, and ;mnganese will be the greater, the hiéher

 emonin e gt A S i a7 -~

STAT

ol

eclassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4




| - p pp

===
{

"Zlthe concentration of ‘these elements in the metal charge. The value of the relative

o:d.dl.uon Josses of iron, silicon,. and mganeao. depending on the conditions of

L
.Jult. , the furnace lining, the quality ot the fuel, and the other condition, is as

[ J00 EO—
—lfollows: “{ron, 0.2-1%; silicon, " 10-30%; mnganeae, 15-40%.

° The primary factors leading to elevntod losses of these elements are a low
molting temperature, decreased fuol consuﬁption, presence of a considerable quantity
3 Tlot iron oxides in the metal chargo.

‘j Depending cn the sulfur content of the fuel during cupola melting, the sulfur

ib—
j,content in the iron may increase by 50-100%.

[
‘ij The factors leading to increased sulfur content in the iron include working
;:‘i?dth high-sulfur fuel, using fine sizes of fuel, low melting temperature, high
’::lwena, and excessive height of the coke bed.
: :5 The saturation of the jron by sulfur is counteracted by the high melting tem-

LU -

, ——perature (operation on an oXyge
Jam

mnganese content in the iron, as well as by increase of carbon and silicon, in-

n enriched or pre-heated blast), increase of the

)

0

‘:!}

i 'erease of manganese dioxide in the slag, operations with basic furnace lining and
i‘:‘baeic slags, increased lump-sizo of coke, forced operation of cupola.

3D:i In the ordinary cupolas, the phosphorus of the metal charge passes completely
. :tover into the metal. If If phosphorus anhydride is present in the fluxes and slag,

S

RS

A

M:about 50% of it is reduced and likewise passes into the metal.

o] The phosphorus content can be reduced only in cupolas with a basic lining with
1‘::;& cold run of the melting and a low silicon content in the peakj such melting con—
—laittons are inexpedient.

e

o Slag is a by-product of the cupola. The weight of slag amounts to about 6-10%

of the weight of the petal to be remelted. Cupola slag is formed as a result of the

mt:orlctibn of the fluxes \d.th the oxides and the jmpurities: oxides of iron, sili-
lcon and manganese tor-ed as 8 rozmlt of the burn-off of the corresponding elements .

(about 2% the weight of the meta.l), the oxides from the disintegrated lining (2-1%),
STAT
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the impurities ﬁﬁ&méﬁ'ﬂiﬁ'thh'mﬁ"ﬁﬁégb (iip to 2€), ‘and the fuel ash (up to f
2 : ;
.._g)_s..._-;--. e m - . .k -

A cupola acid slag usually contains afbout 50% of silica, 25% of calcium oxide,

TIT5% of alumina, anid 7% of iron oxides. The basic slag contains about 35% of silica, v
TI45% of calcium oxides, 10% of magnesia, 7% of alumina, and other substances. .
10 ' |

-

Design features of special cupola furnaces. Cupolas with preheated well. Cupolas

a

124
_iwith a well usually yield iron at a temperature 50 to 100°C lower than the same

ﬂ :‘fcupohs without a well under similar conditions. In order to compensate for the low-

’xféé?:'é‘.p 7

E‘? 16.—!’e‘ring of the iron temperature, wells heated by mazut, pulverized coal, or gas, or
% , :i:‘;heated by an electric current, may be used.
%’,f ! ) 'ﬂ__:t One.variet.y of the ordinary cupola furnaces is a combination of the cupola with
(m : ' g _Ja hearth, heated by high frequency currents.
ZE{’,, SN ,,"‘i Cupolas with scveral rows of tuyeres. Cupolas with two or three rows of tu-
%‘_5’ ‘ ) :vd:;yeres operate more economically than those with only a single row.
:? . '::’4‘ ‘_ ::; Cupolas operating under a blast with added oxygen. Such cupolas differ little
g-%‘ :‘.. ,.; J“.jin design from the normal types. Thoy are equipped with apparatus for supplying
& }' * *"‘:‘?. ”-..ioxygen, the source of which may bo the gasification of licuid oxygen, oxygen gas ob—
% ‘ 1;;';’; ‘:‘_»‘ta.ined directly from an oxygen plant, or axygen from cylinders. Oxygen may be intro- ‘
"z. ::‘ducod into the cupola together with the air or separately, by means of pipes in-
‘ 4:3301%9(1 in the tuyere openings. -

- 3

“'.-.i Iron at a temperature of about 1500°C may be produced in cupolas with oxygen
2}

“-»added to the blast air, which is very important for turning out malleable, modified,
4é~«;synthetic, and other special types of cast iron. Such cupolas were first introduced

™
48—-‘into founding on a large scale in the USSR industry.

oo If a high degree of superheat is requ:irod in a certain part of the metal melted
¢ Qby the cupola, oxygen may be used for blowing through the iron in the breast or the
“Iwell. .In this case, owing to the reactions of axidation of the silicon, manganese

. 94 — .

—and in part the carbon, a very high metal temperature can be obtained. Such metal

56 e bt o tenrarret et bt
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“_ Cupolas with _preheated blast air. Cupolas operating on a preheated blast, may
bo divided into three groups: ‘
. ¢ 1) Cupolas in which the physical heah of the cupola gases is utilized to pre-

’__“hnt the blast air. In such met.amuons,
10.. : ;
. 2) Cupolas in which the physical and ‘chemical heat of the cupola

" 1ized to preheat the blast air.

Principal Characteristics of Roverberatory Furnaces

~1In this case & bhst ai.r tnperature of up to 350~

Table 29

Capacity of furnace in tons

i m m————————— kL

the blast air is preheated to 100-150°C.

gases is uti-

10 20 30

0 x 2.2 9.5 x 2.3 x 2.5 10.0 x 2.6 x 2.7 11.0 x 2.8 x 2.8

) 8 10
1.66 2.5 3
100 120 170
38 35 30
23.5 22 .

z.oo°c is obtained. The metal tem—

STAT
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arature with such proheating reaches 14,20-2},509C.
.23 ﬁwhe in which separate furnaces are utilized for proheating the blast ai.r,‘
“hwithout utilising the heat of the cupola Q\Mes. tihen separate furnaces are used, :Lt'

1s ponsiblo to heat the blast air to over ' °c, with a correapondi.ng increase in
superheat temperature of the metal (td about 1480 °C).
The operation of cupolas with preheated blast air is more complex than that of
cupohs with ordinary or oxygen blast. It is possible to combine the preheating of

'*  ihe blast air with a small enrichment in cxygen.

Cupolas using liquid, gaseous, OF pulverized fuel. To economize coke and in-

) _ crease the superheat temperature of the metal, liquid or pulverized fuel may be

supplied through nozzles introduced into the tuyeres or somewhat above them.

PR !}{elt Iron in Reverberatory Furnaces

24 ‘ Desi&a.nd function. Reverberatory furnaces for melting iron have a limited

2. application and are used mainly in those cases where at the same time a large quan-
tity of iron (iron with a very high degree of superheat) is desired, with low carbon
3 and sulfur (malleable cast iron) or in the production of rolled iron beams. Reverber-
3: -datory furnaces are divided, according to their construction, into stationary and
mrotary Their capacity ranges froa 5 to LO tons. Furnaces of 7-15 and 25 tons are
i 'used more frequently than other sizes. The process of melting and the care of the
1. furnace are simple. The costs of the i{nstallation of such a furnace are low.

(AN Table 29 gives the principal data on furnaces of capacity 5 to 30 tons.

&4:::,

. sico-Chemical Features of the Melt Process

- Melting in reverbsratory furnaces may be run both either on solid or on liquid

50 jchargu.

s In operation on 2 1iquid charge, the jron is first melted in a cupola.
e |- As & romlt of the physico-chenical proceases taking place in the furnace, the

~Jn1—nntn in the iron undergo the following oxidation losaes. carbon, 10-30%,

STAT
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st

25-65%; sulfur, 0-50%. The content of iron in the metal

[} i o
siiicon, 20-50%; mangnese,
furnaces are usod the o

? .
_}incretses_}:y,}:?ﬁ. Vhen rotary reverberatory

xidation losseo

at lower.

6. - T, total loss of material in oxidation during a heat
; yields the following oxidat

5-10%. The siliconm, phosphorus,

LY
-:"o!‘ the elements are somewh
in reverberatory furnaces

jon losses of

- 1
T 1,~T¢. A heat on 8 1iquid charge

_iuount.s to
19— .
__the elements of the iron: carbon, 15-20%; manganeso,

t2.
_and sulfur are practically unchanged.

n and

Melting in Electric Furnaces
l: Electric furnaces are used
sulfur iron with a high supe
in an electric furnace can u
o oconomical and is more O
electric arc furnaces with
the type DMK furnaces,

1

in cases where a high grade alloyed, 1ow-carbo!

rheat temperature is required.

15 dow
go either 2 solid or a 1iquid charge. The

e A heat
melted ir

ften used (the iron is first
an acid lining and capacity
of capacity from

24 :.nlatter method is moT

""a cupola). For melting iron,

“.,jiup to 10 tons are mostly used. Less often,

which are usually used

naces with a motor generator,

for producing nonferrous castings, and

T0.25 to 0.5 and 1 ton,
of capacity up to 4.0

5:_'hish frequency jnduction fur
are less often used

of capacity up to 60 kg,

3‘.-:?,0115 s OF with a vacuum-tube generator,

- _for melting iron.
Features of the heat.

ss. of metal. The quality o

cc gives the swallest oxida-

A heat in an oloctric furna!
r than with any other

k1
3o

£ the metal produced is highe

s0._tion o
when melting on 2 1icuid charge in a tri-

sumption of electric power
when a solid charge is

’:2-:99“1. The con
s to 130-180 KwH per ton of metal.

-
45_phase arc furnace amount

-1
45used, the consumption of electric power is as follows:
- .
48| ‘
s Type of furnace Capacity of Consumption of
50 . furnace electric power
521 Triphase arc 0.5 ton 550-600 ¥w-hr/ton
, 94 ,.,..“..,.m_.'“._...,..:.,wm-, .- 1,5 ton 525-575 "
3 ton 500-550 "
STAT
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e e Y LT T
N . . . l
i L e e e '
A et e e e e ..
2] =
- é::u .. ! '
L Type of furnacs = . * Capacity of . . . ._. Consumption of
F . furnace electric power
6 ..,.w..—__._‘.____ J N —— e o n im e e At AN e i T e 4 S e e = . .' ? ‘ ) ]
< 71" Triphase arc 5 | ton 1,50-500 " kw-hr/ton | 1
8. .
_l DMK type furnace 0.25-1 | ton 600-650 " '
.10
C— High frequency with
12 vacuum~-tube generator 10-30 kg 900-1200 "
! .
1¢_. High frequency, with
.. motor generator 60 kg 700-800 "
16 —
*i The same 100 kg 600-T00 "
182

201 In furnaces with a basic lining, the consumption of electric power, is 30-50
-..,_.tKHH higher than in furnaces with an acid lining. The oxidation loss in heats in arc
té_li\xrmccs with an acid lining is 5-10% for carbon and 15-20% for manganese. In fur-
:‘_C:naces with a basic lining 5-10% of silicon and 10-15¢ of the manganese is lost by
:‘::joxidation.

'“.7 In high-frequency furnaces, up to 5¢ of the carbon is lost by oxidation, up to

AR
i

A
3

12_10% of the silicon, and up to 10% of the manganese. The total oxidation loss does
-
34—not exceed 2-3%. With a 1iquid charge, the oxidation loss is practically unnotice-

7 PR

S an! The duration of a heat in basic furnaces 1is 30-40 minutes longer than acid fur-
10 _naces.

i2_Melting of Malleable Cast Iron

“-—! The process of melting in the production of ferrite malleable cast iron is de-

46—termined by the content of the principal elements, carbon, silicon, and manganese.

optimum cc-positi.on of the iron used :Ln USSR industry is as follows: carbon,
‘.2-3 pr 43 silicon, 0.9-1.45%; manganese, 0 35-0.6%.

The content of sulfur and phoaphorus i:I.es held within minimum and practically '

5“";m1mb1e—nnta-« 5-0,08-0.15%; phosphorus, 0.06=0.15%.
5 —wm-mm elenonts - chromium and nickel, are present in the malleable cast -
STAT
S
s
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TAron as unavoidable associates in q‘uantities not ox;:eedihg 0.1% for nickel and

9. 06-0,0T% for chromium.

. -Irons with a higher chroaium content than those indicated above are unsuitable
¢ _ for the production of forrite malleable caat iron by the usually adopted procoss.

. The irons usually contain traces of nlunimm and titaneum. The inircducticn of

‘:_'titanimn in quantities up to 0.1% to accolerate the process of its heat treatment

finds limited application.

For melting these irons, practically any melting unit can be used.

In modern industrial practice, the production of malleable cast iron most often
‘' - pakes use of the duplex process.
In the machine-building industry, the foundries turn out malleable cast iron
~ of mark KCh 35-10 only by the duplex process, vhich is most improved and answers
w:‘bost to the conditions of assenbly~line mass production.
The malleable cast irons of marks KCh 30-3, XCh 35-4, KCh 30-6 and KCh 33-8 are

" also turned out in cupola furnaces. Flectric furnaces, converters, with lateral air-

3

“blast, "Mechta" type furnaces, and coreless {nduction furnaces are used only occa-

fiv

’

" pionally, but the importance of these processes in tho industrial production of

.« ¥
"o &
rd
>

1Y
.

":__,mlleable cast iron is negligible.

’4-‘.5:3"
A A
.

Irons of marks KCh 30-3 and KCh 35-4 are used only for decarburized white-heart

’ r:iron mainly in the production of fittings. The principal marks of ferrite malleable

g2, i
Yo

_“cast iron are KCh 33-8, melted in cupolas, and KCh 35-10, melted by a duplex process,
W_“'or, only as an exception, in electric furnaces.
h:; Malleabie cast iron of mark KCh 37-12 has no established application and is ob-
aéqta.ined as a byproduct in the production of mark KCh 35-10 iron.
] " Mark KCh 30-6 is used as an oxcept:ion, since tho improvement of t.he process of

cupola melting assures the prqduction of a higher grade iron of mark XKCh 33-8.
In USSR industry, malleable cast iron has the widest use in automobile building’

Jnnd agricultural xuchine ‘building. Its usc is more 1i.mit.cd in machine-tool building
56 s
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[+ . .
-.and the construction of oxpensive machines. The usc of malleable cast iron in the
;:bghggnygggk;gg of machine building is negligible.

4
| A tendency to the replacement of malleable cast iron by high-grade modified

o 4

THdrons in tractor building, has been noted.

_?F_i\}tures of Process of Cupola Melting in Production of Malleable Cast Iron
) The optimum compositions of the cupola iron used, (in %), are as follows:

<

For cupola For duplex process of producing KCh 35-10
process of

Components producing Cupola and electric Cupola and reverbera-
Xch 38-8 furnaces tory furnaces

Carbon 2.9-3.1 2.5-2.9 3.2-3.4
Silicon 008‘1.1 0-7—102 1 —102

o

" __ Manganese 0.3-0.5 0.3-0.4 0.4-0.5

o

Phosphorus 0.1-0.15 0.12-0.15 0.12-0.15
© Sulfur to - 0.15 0.1-1.2 0.10-0.12

" Chromium to - 0.05 to - 0.07 to - 0.07

i The features of the process of melting in the cupola furnace are determined by

2 _the task of obtaining a low carbon and low silicon iron. The allowable content of

2¢__impurities, phosphorus and sulfur, as well as chromium, are assured by the careful
',‘.':T..J?selection of the charge materials. There are practically no special processes for
6’.-?:%educing the contont of the impurities phosphorus and sulfur in the production of
M:inalleable cast iron. Typical selections of the charge materials are the following:
A6 For the cupola procez.;s:
46:4 Foundry iron of marks from IX-0 to LK-4 25-32%

Steel scrap 45-18%
© Foundry returns 22-25%

~~Spiegeleisen-of-mark-Z-3 - . 0.5%

e gn et e a e N -
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-t Fi:_x"du!;]:ex process:
Foundry iron, marks 1X-O and K-l 17-23%

Steel scrap 33-43%

Foundry returns ' 36-41%

Rlast-furnace cerrosilicon marks FS-1 and FS-2 2,5-4,,0%

The most important condition for obtaining low carbon iron from the cupola is

the selection of & design and operating conditions that will assure the assigned

carbon content of the iron, jntense melting and superheat of the iron.

Intense melting is assured by increasing the content of air supplicd to the
cupola. This also reduces the carbon content of the metal, and consequently also re-
duces metal penetration by carbone

At a constant air consumption, the intensity of melting increascs, with de-
creasing coke consunmption, while the carbon content of the metal is also lowered.

The design of the cupola, to prehecat the air and enrich it with oxygen, allows
cutting the fue)l consumption and increasing the intensity of melting.

At constant consuaption of coke and air, the carbon content of the petal varies
»uniquely with the carbon content of the charge. The relative metal penetration

. . caused by carbon increases with the reduction of tho carbon content in the charge.

ki

AL In order to turn out lowu carbon irons, any of the existing cupola designs may

49 _pe used, modifying only 4ts hearth part to diminish the carburization of the liquid

ol
Al metalc
i

b4t The modification of the crown part of the cupola for turning out low carbon
46_lipon consists of the follovwing steps: a) in the complete elimination of the hearth,
48-41acing the tuyeres at the level of the solej b) in the considerable reduction of

S0—the height of the hearth; and c¢) in the replacement of part of the coke in the

S?eurth by 8 refractory pluge In gaa—heated cupolas, the complete replacement of the

54_Jocxe-bed-4n the-hearth by the refractory materisl is possible.

56...} —~——The methods most ywidely used are the reduction in the height of the hearth and
STAT
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| IO .
-the replacoment of the coke bed by a refractory plug.

The Process of Cupola Smelting in the Production of Malleable Cast Iron of Mark

i .

'Ch_33-8

The iron is turned out in ordinary cupolas of a productivity of 2 to 10 tons an

hour, coke-fired, using 380-530 Kg of coke per ton of finished casting, figured on

conventional fuel, with the yleld of 32-55% of finished casting.

A feature of the designs of these cupolas is the reduction in the height of the
hearth, which does not exceod 100-180 ma above the lower edge of the main row of
tuyeres. The composition of the charge materials and the optimum analysis of the

iron produced by the cupola are given above. The stecel scrap should make up not less

than 35-40% of the charge. The sum of the carbon and silicon must not excced
3.8-3.9%.

For the best separation of the slag, its fluidity is increased by adding flour-
spar or dolomite in addition to limestone and open-hearth slag.

The addition of alumina within the range of 0.02-0.05¢ as a deoxidizer, and in
part, a modifier, is an absolute condition for making KCh 33-8 iron. The temperature

.of the iron at the taphole of the cupola is held between 1400-1420°C. The metal is

3 . drawn contimously from the cupola into ladles or into the mixer.

36

mm‘l'he Duplex Process of Melting Kalleable Cast Iron of Mark KCh 35-10

4"——: The duplex process with cupola (with lowered hearth) and an electric furnace
“——(in automobile building). A cupola of productivity 20 tons/hour has the following
——-.,

yﬁ-—r:ppecificatior?a:

—|  Productivity, tons/hour 20
‘moﬁl

Dismeter of \cupol.a in throat; mm

Cross sectional area of cupola, n?

- Useful height, mm
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“Nusber of tuyeres in first row

Nuxber of tuyeres in second row

Cross section of tuyeres in first row, mm

~~Cross section of tuyeres in second row -

Total cross section of tuyeres, m?

Ratio of cross section of cupola to cross section of tuyeres

Blast air consumption in tuyeres, m/hour

Pressure of blast air at tuycres, mm vater 700

Coke consumption per ton of iron, in kg 130-140
Temperature of metal at taphole, in °C 1390-1410

. The cupola is equipped with a rotary mixer of 7-8 tons capacity. The charge
s.. consists of 20% of foundry iron LE-00 ##; 40-45% of carbon and low-alloy steel scrap;
:;.j“and 40-35% of foundry returns. The cupola iron product contains 2.8-2.97 carbon;

1. 0.7-0.9% silicon; 0.35-0.4% canganese; 0.1-0.12% sulfur; 0.15-0.2% phosphorus; up to

0,07 chromium.

o 3.7% of blast-furnace ferrosilicon, and apatite-nepheline ore as recuired, is

1. added to the cupola.

O The cupola operates with an open slag hole. A typical slag composition is:
1i.-50% 5105; 0% A103; 5% Cal; 1% Hg0; 20% Foz03; and 1% P203.
IO The cupola is operated in two shifts of continuous operation.

—

L i The iron is uniformly collected from the cupola with a ladle of 1.25 tor capac-

]
M:‘—Jii’.:,r and is routed to the electric furnace, in which it is usually superheated to
46Q.5_520-1560°C and brought up to 2.5-2.7% carbon, to 0.9-1.1% silicon, with the other
48_hlements held at the level already given for cupola iron. For this purpose up to
T

52— # The maximm flow of the airblast is 20,000 m3/hour, pressure 1600 mm of water.
-1 ]
- Tt-i8-useful-to-add pig of marks 1K-0 to IX-/ with an appropriate addition of

blub-fmco--.ferroailiconr .

5
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T T0 2% of 458 farrosilicon, up to 0.25% of 75% forromanganese, and low carbon steel
.L_\crﬁap is added to the electric furnace. '
The specifications of the oloctric furnaces are as follows:
" Capacity of furnace in tons 10 10
Productivity of furnace in tons/hour 15 15

Transformer power in KV 2000 2000

Yorking voltage 120
Diameter of shell in mm 3060 3200 3300

Diameter of electrodes, in mm 350 350 350

Consumption of electric power in
KWH/ton 120 175% 120

The furnaces are lined with an acid refractory, dinas, with repair of the slope
. once a day. A typical composition of the slag is as follown: % S105; 108 A1x03;

’ " 10.0% Pex03; 3.0% Ca0; MgO, traces.

. The 1ife of the furnace lining is about 100 days of continuous operation. The

o

“hetal is tapped uniformly from the furnace in l-ton jadles. The metal in the ladle

..wis deoxidized by adding 0.02% of alumina. From the tapping ladle the iron is repour-

_ V»ed into casting ladles of 100-250 kg capacity, and is then poured into the molds.
; This process assures stable production of nalleable cast iron of tensile

’d— strength not less than 35 kg/m? and elongation not less than 10% with a heat-treat-
;ﬁ -‘nent cycle of 72 hows for castings of cross sectional diameter up to 4O r.

‘w‘ The duplex process using a cupola with silicate bed and an electric furnace, in

Q;:‘—”mto:nnob!Llc building. A cupola of productivity 10-12 tons/hour has the following

. S—Jcpe cifications:

50! Productivity, tons/hour

$ Fuel

S4od. e ram e -

¥
~
56._.§__ %.At high supcrheat of metal for thin-walled castings.
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451

48

S

)_-nlta.l and to prevent the cooling of the liquid iron.

L) e

54

—«oution.
5611' : . BN :

I Diameter of cupola at throat, in me

| Cross sectionsl area of cupola,
Useful height, in mm

: of first row tuyeres
Number of second row tuyeres
Cross section of first row tuyeres, in mm
Cross- section of second row tuyeres, in mm

Ratio of cupola cross section to cross section
of tuyeres

Blast air to tuyeres in m3/hour
Pressure of blast air at tuyeres in mm of water
Level of silicate bed from lower edge of tuyeres in mm

Height of bed from lower edge of first row of
tuyeres, in mm

Weight of bed in kg

Weight of metallic bed, in kg

Weight of coke charge in kg 90
Weight of limestone in kg 30
Metal temperature at taphole in o 1365-1390

The arrangement of the silicate bed is dictated by the necessity of maintaining

’ ":

-

a snfticiont layer of coke on its surface to assure the melting of the residues of

_? The charge consists of 23% of foundry iron of mark LK-0, 13-35% of carbon and

- lcnballoy stesl scrap, and I.O-L5ﬁ of foundry returns. The cupola iron contains

- .5-2.6$ carbon; 0.9-1.2¢ silicon; 0.3-0.4% manganese; O. 12-0.15% phosphorus; and

~-not. noro than 0.06-0.1% of chromium. 2. I.BS of blast-furnace ferrosilicon and ferro-
mphorul are added, if necessary, to the cupoh. The cupola operates with an open

~~slag hole. The rogin- of operation of the cupola is in two shifts of continuous op-
...!..._.........._..~

e At e e A e A S et s

e s
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0‘:—'{— " “the iron is uniformly collected from the cupola with a 1 ton ladle and is routed

" iinto an electric furnace, in which it is superheated to 1515-1525°C, and the composi-
' 4:it»i.cm of the elements in it is brought up to 2.4-2.5% of carbon; to 1.2-1.35% silicon;

°,,::£8 0.35—0.&” manganese, maintaining the remaining elements at the same level as in

_the cupola iron. For this purpose, up to O«TF of 458 ferrosilicon, and up to 0.3% of

" 75% ferromanganese and low-carbon steel scrap is added to the furnace.

The specifications of the electric furnace are as follows:
Capacity of furnace in tons 10

Productivity of furnace in tons

Transformer power in KW 2500
Working voltage 130
Diameter of shell in mm 3000
Diameter of electrodes in mm 300
Consumption of electric power in KW/ton 110
The furnace is lined with an acid refractory, dinase, with repair of the slope
once a day. The metal is poured from the furnace uniformly in 1 ton ladles, from
which, by means of pouring ladles of 200-100 kg capacity, the metal is poured into
the molds. On removal from the electric furnace, the metal is deoxidized in the
ladle by adding 0.02f of alumina.
This process assures the production of iron of considerably higher quality,
with a tensile strength of 37.4 kdmz, with an average elongation of 15.6%, and a

heat-treatment cycle of 55-60 hours.

- The duplex process using a cupola and reverberatory furnace (in agricultural
9.
n——hchi.nc building). The melting of the iron by the duplex process is done in a cupola

. 3

e

R J"ot' productivity 5-6 tons/hour, followed by transferring the metal directly into a

20 DR,

~ghortened reverberatory furnace with lowered arch, with a bath of capacity 10-14

29,4
1

,_."‘"'itonl. The composition of the cupola iron is distinguished by an elevated content of

L st o et s e e e e

G_,_*-:urbon and silicon, as is given above. In the reverberatory furnace, the iron is

H
.
i 3

95
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@

“wpu‘holhd to 1500°C and is brought to a contcnt of up to 2.45-2.65% carbon; up to

2-1.2%_silicon; up to O.4~0. 5¢ manganese; up to 0.12% phosphorus, and up to 0.1%
“lpilfur.
6. s i o . .
. The, oxidation loss of carbon in the furnace increases with the superheat temper-

“Jature and with the iron oxide content of the slag. The cupola burns 8.9-10.6% of coke
10

~—per ton of metal charge. The consumption of fuel oil in the furnace is 9.5 to 10%,
12~
. it‘lopondi.ng on the volume of production.

!

) - Before the iron is charged, the furnace is heated to 1300-1400°C (in 40-60 min-

ﬁutes) after which the metal is jntroduced under the taphole. The hourly productivity
18 _
of the unit is 6-6.5 tons of liquid iron. The heat in the cupola is completed first,
md in the following hours the metal remaining in the furnace is poured.

- The iron is tapped from the cupola at 1340-1365°C. It is discharged from the

A

s

rurmco at 1390-1415°C. During the process of superheating the iron in the reverber-

3 "

atory furnace a thin surface layer of metal is oxidized, and as a result the carbon

,-content in the following portions of iron discharged from the furnace is sharply

Ii_\_;
_lowered.

N
2

pep—

3 ::.‘Smchl Processes in Melting Malleable Cast Iron.

o
i

! Boron-Modified White Iron

Boron-Modified White ‘YOT
3 et
— white iron, with a slight increase of the chromium content above the optimum

Hod

_value (0.05—0 O07%) is entirely unsuitable for the production of ferrite malleable

12t

) A.ust iron. The chromium retards particularly strongly the process of graphitization

i

4

' -in both stages of annealing, and the complete dissociation of both the structurally
~5:t‘x'eo a.nd the eutectoid cementite is not accomplished.

It has been txperinnt&lly fully established that a slight addition of boron to
hromdum iron assures its gr;phitintion during annealing cycles of the usual

—duration. The smounts of boron uddod dlp.ndl on the chromium content of the iron and

nngc rro- 0.(!)1;-0.0035 of tbo vcight of the liquid metal.

b oo i s ¢ ey = e € R e
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Table 30 gives the compositions of white cast iron and the additions of boron

ssary to produce black-heart malleable cast iron from it.

Table 30
Chemical Analysis of White Iron, in <
Addition of
boron,
Mn P S Cr B in
0.35 0.l 0.12 0.08 0.001 0.002

1.12 0.3h 0.09 0.12 0.12 0.002 0.004

1.08 0.34 0.09 0.12 0.15 0.003 0.006

Ferrobaron in the crushed form (granule size 1-3 mm) is added by throwing a

- package on the bottom of the Jadle before filling it from the electric furnace. The

.

:torroboron is added at the same time as the alumina.

- The use of a gate made of castings with an elevated chromium content, modified

3
'

by boron, does not give unfavorable results for the following heats.

)!lngmao-nodifiod white iron is used in the process of producing ferrite
.u.llublo cast iron to prevent the segregation of graphite in the cross sections of
thin-wlled castings. Under the condition of large-series and assembly line produc-
t.ion, this measure allows pouring the rolds with iron melted in a single melting

-unit.

> Under the conditions of melting iron by the duplex process given above, the
product:lon of high-grade white cast iron for castings 30-40 m in sectional thick-

-»Pus is made possible by jncreasing the manganese content to 0.5-0.6%.

i%

N—i For modification, 75% ferromanganese of mark Mn-1 or Mn-2 is used. Its assimi-

‘lu'ity depends on the mass of metal in the ladle and is taken on the average at 75%.

. zj'mo tmmamu is added to the 1adle before filling it with metal, in the form

; of 1-3m grumlu. Tbo -odification with manganess to increase the nngamu

qitont. i.n \M.tc cut iron to 0.8—1.2$ is also peacticed in the production of pearlite

e STAT
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“Raileanle cast iron with granular pearlite.
N E 5

L_%!t_;unrg Outside the Purnace (Ladle Metallurgy)

JREPSORNSIY

ji of Iiquid Iron After Tapping from the Furnace (Bibl.l4,61) "
f- ,
__} Various methods of treating the liquid iron at the time of tapping or there-

10.;.1

er, (in the well of the cupola, in the taphole, while filling the ladle, and in
N _J‘_t.he Jadle itself) have become widespread in the industry.

In this way the outside furnace processes of desulfurizing, alloying, and mod-
:'im.ng, which substantially change the composition and physico-mechanical properties
“of the iron, are performed.

ERY g

Desulfurizing iron. Treatment of iron in the ladle, before it is poured into

_—,:tho molds can effect a considerable reduction of the sulfur content. Special desul-

;Mim agents are used for this purpose.

" fThe desulfurizing agents most widely used is calcined soda. When soda is added

- in quantities of 0.3-1% of the metal weight, the sulfur content of the iron can be
cut. by 50%.

-

'“i Magnesia, a mixture of soda and calcium carbide, a mixture of calcium carbide

‘]And sodimm chloride, etc., can also bo used for this purpose of desulfurizing iron.

u;: Alloying of iron. By adding various elements or ferro-alloys to the ladle, well
Vq ;suporhnted cupola iron may be alloyed. :
i::i The following elements may be utilized for alloying iron in the ladle.
: , Manganess is introduced in the form of a high-content ferromanganese. Silico-
M-Jhmgmu may dso be used.
jw-, Chromium is introduced in the form of ferrochromium. In this case the chromium
szgcontcnt of the iron may be brought up to 0.5% and over.
‘5?: Nickel is introduced in the form of an alloy containing 90% of nickel, or in
54‘.“" form of pure y:mﬁxht:d nickel.
56: ' ml{o}ybﬁom is 1ntroducod in the form of ferromolybdenum. Mo in the iron may be
STAT
98 \
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brovght up to 1% and over.

v
-_

9

o
s

. _ Phoaphorus is introduced in the form of high-content ferrophosphorus. By addi-

:;tioii to the ladle, the phosphorus content of the iron may be brought up to 1Z or
o

a .
:j A1l the above enumerated elements, in melting large quantities of alloyed iron,

12
‘lpy be expediently added directly to the charge. To produce relatively small quanti-

i:t.iu of alloyed cast iron, it is expedient to add these elements to the ladle, or,
" Tstill better, to the taphole of the cupola when ladling the iron.

!
Modification of cast iron. Modification is one of the most widely used metals

“of cbtaining high-strength iron (cf Vol.6, Chapter V).

It is an obligatory condition of the effective action of modifiers and the
- _production of high-grade castings that the metal shall be at a sufficiently high
“{.-, temperature whon the modifiers are introduced.
i The best effect of any modification is obtained when the metal is melted in

ES

cupolas operating on a blast with added oxygen, or on a hot blast. The modification
‘ _4s also successful when the iron is directly treated with oxygen (in the well or
ladle) or when it is reheated in the eolectric furnace.

- In producing the usual modified gray cast iron, ferrosilicon or silicocalcium
" is added to ths liquid metal.
e
The quantity of modifier added is generally determined by the mark of the cast

2
K

--iron being produced, and ranges from 0.4 to 1.2% of the weight of the iron (in cal-
f"-cuhting for ferrosilicon of mark Si 75). Smaller amounts of additive used in
'{... ;n'odncing lower grade cast iron and larger amounts are used in producing higher
AV:gradc cast iron. With large additions of modifiers, the superheat of the iron must
40jhe higher.

_In order to reduce the heat losses of the liquid metal, preheating of the mod-

:thro to z.oo-6oo°c is recommended.

Dopondin; on tho capacity of the casting ladle in which the modification takes

9 STAT
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'ph«, tho dopn of grinding of the modifier yaries. For small ladles of 30 kg ca-

»

:ptcity, e grain size of the modifying additions must range from 2 to 5 mm; for
:100 kg h.dlu, 5 to 10 mm, and for sti1l larger ladles, from 10-20 mm. '

1 The best structure and mechanical properties of the iron are obtained when it ’ W
ﬂ:“ pound within two to five minutes after the end of the interaction between the

__|modifying additions and the liquid iron.

t_! . High-strength cast iron may be obtained by mixing ordinary liquid gray iron

‘_zwlth 1iquid low-silicon jron. Modification, either by low-silicon iron or by molten

16 --

}ferroalloya, very effectively improves the mechanical properties of cast iron.

\S.,i
. Together with the use of modifiers causing the graphitization of iron, it is

204

o

i)
ipouible to use stabilizing modifiers, which are added to strengthen mild gray cast
I

_ ‘:Lron. In this case elements inhibiting graphitization are used as modifiers. Good
2%

--"runlts are obtained from stabilizing podifiers such as ferrosiliconm, ferrochromium,
.) J

_‘or copper containing 15% silicon, 25% chromium and 30% of copper in the mixture.

f}q ‘

a——

-—This modifier is used in an amount of about 1% of the metal.

High-strength cast jron with rounded graphite is produced by modification of
_cut iron with magnesium or its alloys, with subsequent or simultaneous modifica-
-~tion by silicon (ferroaﬂ.icon) or silicocalcium. A feature of this process is like-
- ~\d.se the necessity for having a sufficient superheat of the iron (14,00-1450°C) . The

Je

wmjnlgnuiun remaining in the cast iron (0.04-0,1%) assures the formation of graphite !

”w’ot rounded form, and yields cast iron of high strength and plasticity.
— The pcrcont of absorption of magnesiun, depending on the method of its intro-

ha

66—ﬂdnetion, mgos from 5 to 4O. The smallest absorption is cbserved on utilization of

48- pnro ugnuim and the largest when it is used in the form of a rich alloy (with

~~lcopper, ulicon, nickel, ete).
This method of treating iron not only improves the mechanical properties but
nloo .hn'ply reduces the -ulmr content (to 0.01-0.02%).

54 i o s it

e An excess of mgnuiun in cut jron leads to cementite formation on part or all

STAT
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of t.hc lurtlco, ‘casting cavities, and brittleness.
| _Iron modified with magnesium must be poured without delay, since the effect of
the modification decreases with the passage of time, and then disappears entirely.

aerasss ot son s pane e i

The maximm time that the metal remains in the ladle should not exceed:

With ladles of up to 100 kg capacity 3 minutes
_ With ladles of 100 to 500 kg capicity 5 minutes

With ladles of 500 to 3000 kg capacity 10 minutes
With ladles of 3000 to 6000 kg capacity 15 minutes

With ladles over 6000 kg capacity 20 minutes

STEEL MELTING

Charge Materials.
The charge materials in melting steel are coke steelmakert?s plg iron (cosT

P

""305-1.9), charcoal steelmaker?s plg iron (COST 4831-49), high grade coke and charcoal

3.
3

‘iron (GOST 805-49 and 4831-49), secondary ferrous metals (GOST 2787-54), and var-

o

LTSN

_ﬂtious blast furnace, electrothermal and metallothermal ferroalloys.

——
i

- The composition of the most widely used ferroalloys is prescribed by (cosT

‘7 3

”~ 1145-1»9)-

i}

i Oxidizers. In the production of steel, iron ore, rust, manganese ore, air, and
4k

,..‘pure oxygen, are used as oxidizers.
43,

) Iron ore must contain not less than 80% of iron oxide, with a minimm content
,6-.~ ’

of silicon, phosphorus, and sulfur. Its lump size must be 50-200 mm, its dust con-
tent not over 10%, and the ore must be dry.

Rust., Rxx;t ny be used as an inferior substitute for iron ore. The weight of
rust required is several ti-u mors than that of the ore it replaces, and the pro-

eou of oad.dltion 1s dchyod.

Ny ey s

e S
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¢ :{ -ﬁ;r';g-anoio ore is used when the cementation process must be conducted and man-
a_

_iganese in the steel held high. When it is used, the carbon cannot be rapidly burned

4
iouﬁ. Owing to the high percentage of gangue in manganese ore, it must be concentra-

_'ted before use in steel founding.

Fluxes. For the formation of slag both in acid and in basic processes of melt-

) ing, fluxes necessary for the formation of a slag of the assigned composition are

—
i

i~

. used. Limestone, lime, fluorspar, bauxite, chamotte scrap and cuartz sand are used.

" The Melting Processes
- Steel for figured casting is melted in converters, open-hearth, electric arc,
_.and induction furnaces, by the acid or the basic process. At the same time, in steel
. w‘foundries with mass production, where an uninterrupted supply of liquid steel is
‘. required, a duplex or triple process of stcel making is used (cupola, converter,
. Moloctric furnace).

Table 31 gives a short characterization of the processes of melting steel for
shaped founding.
The reaction of the basic process of melting steel is shown under numbers 4,
- 6-14, 18-26., The reactions of the acid process of melting steel are shown by mmber

’ . ln 6) 8"13) 15‘17’ 26“29'

The Physicochemical Feature of the Process of Steel Making

1 -
i Oxidation of the impurities. The task of any process of steel production is

. %o convert the metal charged into the furnace into steel of an assigned mark. The

l:w---jconpoaition of the charge, depending on the type of melting unit, the character of
‘:;*;the process, .and on the local conditions, may be varied, within the widest limits,

% L

.. "ifrom 100% of iron to 100% of steel foundry returns.

] ‘J--‘*

M“‘f After melting the metal charge, and after the formation of slag, the character

1
. *";of the processes are determined by the features of the physicochemical interactions

D anls o s rman i s p e b 7

s 6“21:@:1:15 pflzf:c bttwon these liquid phases in the high-temperature region. The o:d.té&_l-_-AT

102
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|

lel'-31) .

1

3

Process

=
TN 0 B

ie

i -..a) Basic
_(seldom used)

10 e,

A

TTp) Actd (small
Bessemer

" _II Open-hearth
11.-'s) Basic

_- scrap process
0T
_ —Db) Basic
34 'serap-ore
,’—-"proccss

i

.

=) Acid scrap

'*"M! process

4 .

—III Electro-

t4matallurgical

—!a) Basic

46.-lelectric-arc
“)‘ furnace

50-p) Acid
so slectric-arc

furnace

$4nle

e

£

Tiom of the impuritiss of the

Main source
of heat

Physical heat
of molten iron
Oxddation of
phosphorus and
carbon

Physical heat
of molten iron
Oxidation of
silicon and
carbon

Combustion of

gaseous or
liquid fuel

The same

Heat of
electric arc

Table 31

Main source
of oxygen

Oxygen of
air

Oxygen of
air

Products of
combustion
and iron ore

Products of
combustion
and iron ore

Iron ore

103

Short Characterization of Various Processes of Helting Steel for

Hain raw
materials

Thomas pig

Converter
iron

Steel scrap
and solid
iron

Steel scrap
and liquid
iron

Steel scrap

Steel scrap
and iron

Steel scrap

1iquid metal takes place according to reactions 11-13

Shaped Castings

Function and
applications

Unimportant cast-
ings of mild
carbon steel

Castings of aver-
age importance,
mostly with low
carbon content

Heavy castings of

carbon and alloy

steel with low

phosphorus con-
tent

Heavy castings of

carbon and alloy

steel with low

phosphorus con-
tent

Large castings of
carbon and
low-alloy steel

Thin-walled cast-
ings of important
function out of
carbon and alloy
steel with low
sulfur content

Thin-walled cast-
ings of important
function out of
carbon and
low-alloy steel

Declassified | . -
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Hain tion and
Main ravw Func
£ ;omt"co u:jf‘nog:::. materials applications
of hea

: Production of
Induction Iron ore Stesl scrap P and
electric o Pwith apo-
current cial physical
properties

The same
‘ ‘4nduction
_.'furnace

Re-
(Thermal Effects of
Reactions of Stecl Making

Principal Metallurgical

t Pressure).
tions Per Mole of Substance at t = 20 - 25°C and Constan
ac

t @ at on an(l (Ix ldatlon Reac bio“ I i I ities by
& O 0 30 3 O Oxid&t on o Inwr

. C(an+°w)°°°su)+“”':“‘-
2. Cieom) + 02 (1) - COy () + %6 W-

L. Clanpgert 5 O30 = O+
1. CO + 4 Op = COL HET MO 2 108

L an.
& Hagn+ gy O2in = WO+
z

Fec
2
O}!

SFPr ‘F':;
§32e 33
4+t

. P(epocny +F 0141 = MOBm IO
< 38,

P+ p O - PO UL .
% '00‘-' + ro.O,(.) - flp‘(-) 4 4808 £ 300,

10, m,q--}o,m-‘w-g.umgm

pEs BUB BF

¢
Ay

'gpn @

l
i
|

ot

~—d

rmed the
‘ : ; 1ting process, is te

th n-hearth and electric me

48_monoxide bubbles in the ope

ot

1 no’ m ﬂ-, 0
’

o

vt

¢ conditions and tem-
metal, the equalization o
52—{assures the energetic ni;d.nc of the s

peratmr*and-thi removal ;:f the dissolved hydrogen.
add

- mmose’ i‘nd phOB-S A
] ecedes the rw.l of silicon, I
i “‘“'The"p'oc.ls of bom P C I
1
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s S e 7 8 4T !

’ ‘ﬂﬁlm.. S )

. O
I S Dophosphoutioa of. ltnl. The most complets purification of steel from phos-

4“
~Iphorus 1s achieved under the following principal conditions: high content of fer-
6] .
low silica and phosphoric anhydride in the L

w??u'i"&ii’d&' and calcium oxide in the slag,

‘ v.—J slag, low carbon and manganese in the stesl, and reduced temperature.

L 1c -
o e — To avoid the reduction of phosphorus from the slag and its passage into the
% . .
. ;utl.l, oxidiwing slag containing phosphates must be removed as completely as pos-

' lible from the furnace before the beginning of the reducing period of the heat. The
l"
arth furnaces.

performed after

3

,_Ebost dephosphoration conditions are assured by basic open-he

el
! Desulfuration of the steel. The desulfuration of the steel is

-

& ¢
“lthe completion of the boiling period of the steel. The successful progress of the

following conditions:

2%

5 L "““Q
. --'dosulhn‘ation process is assured by the cbservation of the
pinimum; the alag must be actlve,

N
=

- o the ferrous oxide in the metal and slag must be

c . .
y —vith a high content of free calcium oxide; the temperature of the metal and slag

o I nust. be high enough to assure the progress of the desulfuration reaction; the slag

v . 330,
) mmt have a low viscosity, and its quantity must be sufficiently great.

Steel with the lowest sulfur content
The metal is freed of sulfur during the r

i

may be produced in basic electric-arc

[
!

0

Muacos. educing period. The quantity of

~
Sl

A et shg in this period mu

-

..L,
-~transfer of the sulfur from the metal to the slag as complete as possible,
the reaction of combin-

10_1
s?-—:or pwdcrod coke is added to the slag mixture. In this case,
—'ation of the sulfur in the slag into calcium sulfide,

st not be lower than 1% by weight of the metal. To make the

charcoal

’ ?os+cao+c-Cas+re+co-31,53oca1

~{1s rendered irreversible, since one of the reaction products, the CO gas, is removed

~{from the clag. The increass in the fluidity of the slag is effected by adding a

/\4

. ~lcertain quantity of fluorspar.

St

steal, a certain reduction in the sulfur is effected
STAT

- In ulti.n; acid Bcumr
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i

:]by treating the iron; ‘pefore pouring into the converter, with active desulfurizers
1

“__L;‘;*:l_.g_ly__c_gg;gpd soda or a mixture of calci.nod soda and calcium carbide).
Deaxddation of steel. The primary mnetion of deoxidation is to free the steel’

t oxygen. The process of decxidation conll_ists of two stages:
a) Reduction of the ferric oxide’ diasolvad in the stoel by the aid of a deoxi-
1 __*diur shich under the given conditions has 3 higher affinity for oxygen than iron
jhta.
b) Removal from the steel of the oxides formed as & result of deoxidation.

N In basic furnaces, the process of deoxidation 1s porformed after the removal

12 :*_E :
_of the slag of the first oxidation period. The deoxidation may be performed either

*9—y the divect interaction of the sooxidants with the liquid mstal (the so-called

nn"'settling" deoxldation) or by interaction of the deoxidant with the slag, by re-

N

,_,‘,ducing the concentration of ferric oxide in the slag, on account of which a trans-

=
'tor of the ferric oxide from the metal into the slag takes place (diffusion deoxida~

ti.on) Ferrosilicon, ferromanganese, carbon, carbon-containing substances (for ex-

‘lunle coke), alumina, and varlous compounded deoxidants, are used as deoxidizers.

:.._~.‘

. Liquid iron may be used for the preliminary deoxidation in certain processes.
\‘_- 1

:3 Order of introducing the ferro-alloys in the deoxidation of steel. Ferroman-

3%

r’._’ganese i{s added soon after the beginning of the refining in order to utilize the
“;_.’deo:d.dant properties of panganesos ferrochromium is added to well deaxidized hot

‘ ‘steela' nickel 45 added to steel during the boiling period. Nickel is not oxidized
zg:ifm the liquid metal. The ator addition of nickel, especially of electrolytic nickel,

ll)’ increass the saturstion of steel with gas. Perrotungsten is added to the hot

46 j
@ Jstul at the beginning of the refining. The steel with the added ferrotungsten must
'be added well mixed and held- in the furnace. Before melting high-tungsten steel, a

—{mmshing® hcit, cont;a.ini.ng, a small percentage of tungsten, is recosmended. In turn-

ing out chromotungsten stul, the forrotmgsun js first added, and then, after

et <o e AP £ ! 18 ST

15-20 minutes, the fmoehrcd,m. Ferr lybdenun is added to the steel at the be-

STA
106 T
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jod. Ferrotitanium is addsd to well de-
of the

giming Thine of refining or during the boiling per
oxidind steel 15-20 minutes before tapping. With a good nixing, up to 70%
Ferrosilicon, in producing silicon steel, is added to the

(34

e e e oy o

ferrotitanium is taken up.

4.
6‘—’:—.—:&-«—.———.._
“Isteel at the end of deoxidation.
8.

10~

12 -4

Ferrovanadeum is added to carefully deoxidized

steel 20 to 30 minutes before tapping it.

Oxygen in the metallurgy of stesl. Oxygen is a powerful agent for intensifying

‘the processes of steel making.

M
n allows a considerable

The enrichment of the converter blast air with oxyge

15
"_acceleration of the process of blowing through, the utilization of chemically cold

1yt

“‘iron for reworking, and the additional reprocessing of steel scrap, and it improves

the quality of the steel.

— The use of oxygen in the production of open-hearth steel for spraying th

T oil, for enriching the air, for premelting the scrap, and for blowing into the bath

allows a considerable saving of fuel and shortening of

e fuel

’ during the refining process,

‘the heat.
-

in the bath of electric steel melting fur-

The utilization of oxygen as blast
celeration of the processes of dephosphorizing and decarburiz-

:.m.cea leads to an ac

ﬁ:ing, and also facilitates the production of mild special types of steel.

Fumcos for the Production of Steel in the Steel Poundry.

e Acid Bessemer converters. Table 32 gives the principal data characterizing

Il
ot
1

v

acid Bessemer converters.

Table 32

Characteristics of Converters

i
-
s Capacity in tons
30 Index
g 1 1.5 2 2.5
s¢_|Diamster of working space in m 700 800 900 1000
Outside diameter of cylindrical part in mm 1250 1460 1570 1670
107 STAT
Wb
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Capacity in tons
1.5 2
TIzotal hetght, 4ri 2900 300 330
Alr consumption in m3/min 60 75 100
Blast pressure in atmospheres 0.2 0.3

Total weight of shell and lining in tons 3.7 6.1

Open-hearth furnaces. Table 33 gives the principal measurements of open-hearth

4:mmacos of 5 to 40 tons capacity in operation on the basic process.

Table 33
Principal Dimensions of Open-llearth Furnaces

At level of si11 of working windows

width Length Sole area Depth of
inm inm in m? bath inm

1.5 4 6 0.35
2 5 . 0.4
2.1 5 0.42
5.6 . 0.45
6.3 15 0.48
T 2 0.54
40 8.3 25 0.57

}
=

48- ' Electric a&eol melting furnaces, High-grade steel for thin-walled shaped cast-

so. ings is most easily produced by the electric melting process.

< ; Table 34 ‘givu the specifications of three-phase electric-arc furnaces.

-1 In turning out high-&lloy atul for l‘!.ght cutings, in steel—ahape foundries,

54.4. e e e e

g6 _higb-n'oqucncy furmu are uud. ‘rhay are also nployed for melting the special

The scheme of construction of a gas-fired furnace is given in Pig.ls.

STAT
168

I V&éi.q’?ﬁ?g?:‘u‘e RS Ry
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alloy additives added in 1iquid forn to the ladlo containing liquid metal obtained
&Q«op_qn—hoyrth or arc furnaces.

2u./Figslh - Scheme of Open-Hearth Purnace: 1) Air Duct; 2) Gas Duct; 3) Air Regenera-
J_tor; 4) Gas Regenerator; 5) Vertical Ducts; 6) Head; 7) Working Space; 8) Head;

-3
‘w_,i9) Vertical Ducts; 10) Gas Regenerator; 11) Air Regenerator; 12) Gas Duct; 13) Air
3. :Duct; 1) Flue; 15) Smoke Stack; 16) Gas Valve; 17) Air Valve; 18) Slag Wells

oy

. ‘Ea) Cross section; b) Pure gas; ¢) Air; d) Working gas; e) Spent gas; f) Level of

«-‘vurld.ng hearth: g) Level of sub-hearth; h) Supply of gas from gas main.
1wl

-} Table 34

Tt

Specifications of Arc Steel Melting Electric Furnaces, Type DC and DChM

DS-0.5 Ds-1.5 Ds-3 Ds-5 DChM-3A DChM-10-A

#—Capacity of furnace 0.5 1.5 3 5 3 5
| in tons

48 .

50 Allowable overload in
~ 4 20 20 20 20 20 .o}

. S2:Trmtomr‘ power
54 in XVA 400 1100 1500 2250 800 2000

e £

:5 ﬁ:?ﬁ‘f ;7_4&\1‘73?34:19;«; 190/110  200/116  210/121 220/127 210/12 zzo/i.z'f

109
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Diameter_of carbon
Lt _Jolpctrodo in mm
8.
:|Diameter of melting
10—ispace in mm 1100 1600 2000 24,00 2000 2400
l'.‘....xbopth of bath to
. . sl inwm 25 275 340 430 L50 500
' " _iDiration of melt-
13 —-% in‘ in hours 1.5 1.5 1075 1.75 - -
12 :.Pauor consumed for
- & _melting 1 ton of
. 20..ls014d charge in XwH 650 625 600 575 160 uwo
. -
'...____}}
2t Table 35
-’ - Characteristics of High-Frequency Furnaces of Type FO
N @ J*' Furnace type
AN - Index PO-75 PO-100 PO-300 PO-600
s | i
:..: ) 2 Capacity in kg 100 250 500 2000
% i
R 2¢_Power of generator in K¥ 75 U0 300 600
A 33-Yoltage 1400 1400 1900 1900
|¥~.* r___l
e 40 Frequency of supply
gy —gurrent in cycles 2000 2000 500 500
«—':",Dm'ution of heat
: 4 4n min. 30-40 35-h5 60-75 70-85
1 _loonsumption of electric
16 for melting 1-ton
8jof solid charge in KWH  $00-1000 700-900 800-850 600-700 STAT
50§ -
uency furnaces are built with a capacity ranging from fractions of &

o] e
" ~Ikilogram to 10-12 tons.

58 s

;1.7 S

- Table 35 gives the princ

Declassified in Part - Sanitized Co
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ipal characteristics of type PO high-frequency furnaces.
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NONFERROUS CASTING

0 Charge Materisls. The principal nonferrous charge metals, according to the
esponding GOST in the

mark of the alloys, are
. !‘on of pure metals orf ready alloys.

: - ferrous casting: primary aluminm, by GOST 35

by GOST 804-49; copper, by

. ' Motals used in non
and 1583-533 magnesium,
by GOST 3778-4T3
by GOST 2581-LL

i

A
1w %grado and used pursuant to the corr
49-47; second-

\,*a.ry aluminum, by GOST 295-47
nickel, by GOST 8L9-493 tin, by GOST g60-41; lead,

INES silumin, by GOST 1521-
secondary, bY GOST 613-50

.. .. GOST 859-413
+: " gine, by GOST 3640-
—:and 2856-45; tin bronzes,

: by GOST 1020-48; vrasses,
production of nonferro

50; magnesium alloys,

and 614-50% secondary brasses,

by GOST 1019-47; various alloys.
st frequently

zinc, and

Fluxes. In the ous castings, the fluxes mo

barium, potassium, calcium magnesium, ranganese,

'l
!
3 ‘ . uad are the chlorides of
:j' - —sodiun. The fluorides of potassium, sodium, and calcium, cryolite, etc, are also
,.&: . \ - used. The fluxes find their greatest use in the production of alloys of aluminum
.- 2-"“:‘ b anduagnosi\m.
) %{‘; - 3 j{ Master alloys and their use. Master alloys are used to jntroduce, into in-
“ J ”'—idustria.l alluys, elements having melting points far above that of the main component
. - of the alloy.
N f””* Master alloys are widely used in the production of aluminum and magnesium al-
4 :—«'i_‘loya, as well as in the production of special bronzes and brasses.
l ements that master alloys must meet are as follows: low melting
1ting components, and brittle-

“'fi—-‘i The main requir

-45.-lpotnt, uniformity of alloy, high content of high-me

Double master alloys contain one high-nelting cons

tituent, ‘triple master al-

h-{requency furnacese |

50—iness.
ften prepared in hig

, \ 5211oys contain two. Master alloys are most o
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~f Nonferrous Metals and Alloy

| - ! {ous nonferrous alloys.
T ints of vario
i ; the melting and pouring point |
’ Table 35 glves |
1 " ‘ \'c
- Table 36 :
D 5 ous Alloys
o Helting and Pouring Poinlta of Nonferr
m% Temporature in %
10
. Pouring
12-.] Aoy H;J;:-nix;s o
s 1250-1300 1170-1200
- Copper
- 1100-1150
1 1200-1300
1"~~i Tin bronzes e
T —
‘2"— Aluminum bronzes 1150-1200 o
o 1150-1200
s Zinc brasses o
Slen -
2 Special brasses 1300~ 1000
S e powo S0
ra a1l 500-570 1,30-500
oz Zine alloys
‘: The oxidation loss

Oﬂdﬂbion 1035 Of Mb&l wd the abmosphel (] OI the !ux'xl&ce .
of !\OIIIOI TOus t'al md» BJ-loy S d\n'i!lg tho proce 8s O the eme thls epe
? ne 8 { ir r 3% d nds on bhe
- cwos on Of e moy e a swe! (-4 Of he furnace,
L3 i % i th , % h tmo t

the character ©

the temperature, the dura-

{ the furnace.
n and a low

¢ the charge, and the type ©

so— heat
e o o , gh chemical affinity for oXyge

ontaining elements with 2 hi

w Aloys

- jon loss.
2 oint have high oxidat:
t*—botlding PO

ough calculations.
3 4..% The data geaented in

Table 37 may be used for r

- Table 37

- TAT
18- ‘ oxidation Loss of Metal S
S ‘ Percentage oxidation loss

| ’ Scrap amd

2 et mﬁn shavings

finy T 0.5-1.5 1.5-2

SG'T“"""" ...... Copper.-—— e -

112
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Technology of production of nonferrous alloys.

Lol

Table 39 gives the characteristics of the furnaces for melting nonferrous

“'netals.

Aoy

Bronze

:

=

_,—Zine

-~brasses
i

+ B‘top.chl
v rasses

g

LT 2500 S

Hetal

Aluninum
Bronge

Brass

" ‘on the technology of production of the

R <z

T
"S’éff

Percentage oxidation loss

Virgin Scrap and
metal shavings
1.5-2.5 3-5

2-3 5-6
2.5-345 5-12

Table 38

Technology of Production of Nonferrous Alloys.

Principal
Raw
Materials

Secondary

bronze and
scrap (less
often clean
materials)

Secondary
brass (less
often clean
materials)

Brass with
analysis
certificate
(less often

clean mater-

_ias)

T i

Furnaces
Used

Crucible,
reverberatory,
electric-arc
and induction
furnaces

Same

Same

Principal Data on
Technology of Melt-

ing

¥hen clean materials are
used, copper is melted,
then deoxidized with cop-
per phosphide, after which
zine, aluminum, and other
elements are added in the
pure state, or as master
alloys. Tin is added last.

then clean materials are
used, the copper is melt-
ed, then the zinc is added.

When clean materials are
used, the copper is melt-
ed, then the master alloy
is added. In producing
brasses containing iron,
manganese or alumirum, the
alwmimm is added last of
all to the melt,

13
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Table 38 gives the main data

frequently used nonferrous alloys.

Protective
Cover

Quartzite

sand, broken

glass, char-

coal, borax,

soda, potash
etc

Charcoal

STAT]

Not compul-
sory
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56_)
1

- Nickel and Nickel and

1. ..'copper-
nickel.

2% alloys

P o

Crucible,
induction
furnaces with
iron care, and
without iron
core, some-
times high-
frequency
vacuun fur-
naces

copper in
master alloy

Aluminum, Crucible,
master al- reverberatory,
loys, alloys and induction
with analysis furnaces; re-
certificate sistance fur-
naces

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

Principal Data on
Technology of Melt-
ing

In melting silicious
and silicoplumbous brasses,
copper, in which small por-
tions of a copper-silicon
rich alloy have been added,
is melted. The zinc and
lead are added before

tapping.

In melting nickel, half the
motal is first melted un-
der the flux, then the rest
of the metal is added in
several portions.

In melting copper-nickel
alloys, the cogper is
heated to 1300°C, and
the nickel is then added.

In melting an alloy with
equal quantities of Cu and
Ni, both metals are thrown
in simultaneously (the Ni
on bottom). In melting com-

Protective
Cover

Glass, {fluor-
spar, borax,
calcined
soda, mix-
ture of
potash (25%)
and ground
glass (75%)

plex alloys, the FPe is intro-

duced together with the
charge or in the form of a
master alloy. ¥n is added
in part to the charge and
the remainder after the
principal components have
been melted. Zn is added
after deoxidation. Second-
ary charge materials are in
all cases put in first. De-
oxidation is effected by a
mixture of aluminmum and
magnesium, each 1% of metal
weight

Aluminum is melted first
and the master alloy is
then added

If high-grade castings are
required, the following-
methods are used: 1) melt-

ing under flux; 2) refining

1y,

Declassified in Part - Sanitized Cop
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(1) STATog
CaCly, 50%

(2)cacly,15%
spar,
85%

e *

S U
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ey 4 i -
-j—Aloy-— . Principal Furnaces ' Principal. Data on Protective
‘ Raw Used , Technology of Melt- Cover I
: ‘Materials ' ing S
ot s o . B " - SR, - A
P H LIN
" | by gas (C1 and N); refin-
- ing with heavy substances
10 (2nCl2); 4) freezing out;
- 5) crystallization under
12— 4=5 atmospheres pressure;
o 6) refining (sodium, etcs.
T
. Magnesium  Magnesium Crucibles (1) Flux (40-50% of metal (1)Anhydrous
15 . alloys and master  (steel) and weight) is melted in cru-  MgClp, 8%
— alloys crucible re-  cible; then Mg, master al- KClo, 37%
8. sistance fur- loys and other additives, HgCly, 85
— naces. Melting all heated to 120°C, are
20 may be in fur- added.
- nace or in
20 portable or (2) Small quantity of flux (2) Anhydrous
-~ stationary first added, then 50% of MgCly, 6%
24 crucible. metal and flux again. After KClp, 35%
i melting, Mg with flux is NaF v+
2 added in several portions. CaFy,
Ao Care must be taken to have
- the Mg covered by the flux
30 at all times. Easily fusible
- metals (Zn and Cd) are added
32 at the end. After the whole
- charge is melted, the metal
4 in the crucible is well mix-
— ed, Consumption of flux with
I6 former method of melting is
— 3-4%, with latter, 6-8%.
38 Oxidation loss of metal
"*: 105"2.5%0 -
40
— In remelting foundry returns (3) MgClo;
42 up to 30% of flux is con- 60%
— sumed. NaCl 40%
$4
~—1Zine Zinc and Iron or steel Crucible is heated. Zn is
4611078 master crucibles. In- added. Cu added in form of
- alloys duction fur-  fire brass scraps. Pb, cd, STAT
A3 naces with  ° Sn added in pure form. Cu
s iron core - and Al added in form of
50 . 308 Cu-Al master alloy.
o] 1
52-dipiet ©  Babbitt with Steel and iron; Technology of molting de-  Charcoal
Timetal analysis cer-  crucibles ° pends on composition of
s ~—~girycate(as - T Babbitts and character of -
; G"‘,' N an exception, charge
30 Gt pure~metals) " o

Declassified in Part - Sanitized Cop

y App roved for Release 2013/04/16

: CIA-RDP81-01043R001

900100002-4



bt

:}

oad
- “ef Purpese
Crucible Melting
Nearth breares
wd
brasass
Crecible Same
Nearth
ibl PGP: llh‘
PGP-0.18  RTS: distrib.
PTR-0.25 . fer -Idl’
RTS-0. ud
RTS-0.15 Al aad h llloyl
Reverbera- Melting
Purnaces breases
ot ta™ oad
“Chorgedse” brasees
“Bhenenplar” Sens
= Purnaces for Melting
seltiag variens
Al alleys aleninem
NOP-1 alleys
NOP-2
NOP-3
NOP-T
NOP-12
Electric arc Melting
. DM-8.25 breases
; DN-9.50 and brosess
Pesistance- Melting
chamber slunisen
olu-ui.:y
{urnsces
PK -8
PK-00
' PMasistence-
; chanber
olu:nc
:  fersaces Same
;o A%
. A1
: A-300
RAT el
Ereeiale Rng
!furssces: . pnhniu
PR . Al
o €
SA-0.15A slleys
SA-0.25A
A-O SA
8-0.5A
SAI-I.“
SET-0. U8
SBT-0.15
< ll'l'l
2..Rles. ind.furn.’ Melting brsases
§ vhbluluru hfr
Rotary Melting
9. fird *-ruh-
-1 flamefoss - slloys
conbustion

e e -

Table 39

Chu'utoriatica of Furnaces Used for Melting Nonferrous Alloys

Principal Charactaristice and Techaical Indexes

Capacity, Heated
kg by
100-500 Fuel Oil
100-500 Coke
180250  Fuel Oil
150-300  sad gas

300 Fuel 0il
$00-2000 -
120-800 -

1, -

2, -

3,000 -

7,000 -
12,000 hd

250 Electric
00 power
150 Same
280 Seme
300 -

$00 -

7,000 -

150 -
250 -
150 »
250 »
$00 -
500 ot
1,000 -
100 ot
150 ”
1,000 o
600 "
10002000 Gas

Declassified in Part - Sanitized Cop

Consuaption
* Rated El. Power
Feel % K¥H/ton
10-14 -
15-20 -
30-40 kg/hr -
15-20 hg/hr -
20-0 B
15-20 -
20 .
- 328
- 300
- 650
- 00
- 600
- (3 ]
- 58
- 41
. M
- 1,000
- 15
- kt
- 0
450 w3/hr -
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Hourl

Puh:'.ru. %“:T‘;
100-300 5-8
100-300 5-8
120-150 S

150-170 Up to 10
250-500

300- 400

60
100

v

.

buo G L ol s ot Pt et e et 0
-
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4 ,:l"'» LT :
»}w __The specisl methods of casting include casting in permanent metal molds, pres-

) .
—Jsuse casting, centrifugal casting, and casting in cast molds (precision casting).

& S e min ”
o fastine in Matal Molda ‘

aolds is used in series and mass production of castings of

m;“ Casting in metal

13-_'11\:-1.\:\:-, copper, and :'ngnesi\m alloys, and also of jron and steel.
Casting in metal molds considerably improves the economic indexss of production,

i RIS T_by comparison with those of ordinary casting. The production of finished castings

' "_rron 1l n? of mold area is increased by a factor of 4 to 5; the output per production

fz
5-3; the consumption of mold materials (with com-

worker increases by a factor of 2.

¥ pECI

" i. '2,::bimtion molds) decreases by a factor of 8 to 10; the mpachining allowances are de-
Gp. -t

K 2‘,..-5:roued and the appearance of the casting is improved. The production cost of the

s articles is lowered by about 25%.
petal molds with haorizontal and vertical joints;

20 Por casting in permanent molds,
folding (Fig.15) and shake-out molds, ‘ro-

tating and mounted on pins (Figs.16 and 17)

Fig.16 - Shake-out Hold: 1) Lower Hetal

4651
48 Part of Mold; 2
~-2; Folds; 3 and 4 Halves of Mold; 5, Cast-
50 - . 3) and L) Gate and Riser; 5) Pins for Ro-
m Cup.
tation.

Y 6""&!’0 used. The httnr are ususlly use

d for medium and large size det.ails; gpecial

e et a2 e et

17

Declassified i - iti
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3 | .
—~Fig.15 ~ Metal Mold of Folding Type: 1 and .
) Upper Part, Sand Core;STAT
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uchinea with var

The principal e elemants of
. In designing the molda Ahe minimm

4] R
A Jarge nusber of

N dinnsioml accuracy of the cast

gt

7

. TPig.17 - Motal Turning Mold for Large

: ““size Detail: 1) Core of Downsprue; 2)
jv._2) Casting Cup; 3
“of Mold; 5) Second Half of Form;

) Central Core; }) Body
6) Core

Se o

14 _of Ingates; 7) Risers.

)
PR

-.castings, up to 3000 pieces;

..castings 100-250 pieces and for larg
from low-pelting all:

10
M

A

&
. udium complexity,
2

--15, 000-20,000 pieces.

?NA

—i To increase the 14fe of metal mo
a6t
o 'cemntite castinga,
SO" m.-mmumg refractory

—-cont.a:lhhlg,
ace nodiﬁera.

M o s i e

Examples of the compou

R

56 et

=

number of joints should be aimed at.

“joints canplic&toa the ‘work, 1o

ing and gives it &

for light stecl castings,
e castings 20-25 pieces.

1ds and to prevent the superficial

the working surfaces of the
materials, and with mold washes.

for example, aluninum, ferrosi]icon,

ition of coatings are gi

/04/16 : CIA—RDP81-O1043ROO1900100002-4

ying degroes of mechanization "of the procoss are 8180 “used.
metal molds include matrices and cores.

wers the productivity, reduces

, Dut at the same

mave AmmasnANSS

PoST Sppee

time it also makes it easier to eliminate

the air from the mold.
To prevent the puckling of long ma-
taking ac-

trices, they are made in parts,

count of the thermal oxpansion on heating.

The iron, steel, copper and aluminum

are used as materials for making permanent

metal molds (cf Table 10).

The 1ife of metal molds, when the

correct operating regime is followed, in

casting iron articles of small weight and

simple configuration amounts to

£000-10,000 picces, and with medium sized

500-700 pieces, for medium
In casting articles of

oys, the life of the molds runs up to

formation of

molds are periodically covered with
Individual coatings,STAT

or graphite, may also serve as sur—

iyen 4n Table Ll.

18
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Table 4O

Materials for Making Metal Molds (Bibl.11,61,62,71)

Chonical Composition in X or Mark

< s - r 5 e
$.4-3.7 1822 0.4-L1 0.1-0.2 0.05.0.1 -
3.43.6 225 0607 0202 <01 M
2.8:3.6 16:2.2 0.4.0.8 0,1.0.2 0.06-0.1 .
3.3-3.6 1.7-2.1§ 1-1.05 0.1-0.2 0.07-0.1 1 G,

0.5-0.6 Cr
3.1-3.4 P69 0.8:.2 €035 <012 0.1.0.25Cr
0.35 N1

wyS, NV, SNV, Xave

S, 4, %5, &VS

Se. 3, R4

| )}

® Silicen centeat indicated for medified cast ires.

19

Purnase af Wald

Small irea and steel castings
Small sad medium irem castings

Castings of sisple cemfiguration of
nluh-': hlln;l'-l eopp:' alloys

Same, of large dimeasien and
cqln configuratien

Same, of particularly complex coa-
figeration with sharp tramsitions

For thin, cemplex profiles and in-
sertions requiring msch laber te
mabhe, in casting of alwmisum alloys
and copper alleys

Metal cores of mold ia casting
seaferrous alleys

Small details of meld (heoks,
handles, etc.)

Inserts for carryiang off heat is
casting noaferress alleys

For small batches (50-200 pieces)
of small uncosplicated castings
of low-melting alleys

Declassified in Part - Sanitized Cop
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P ) \ T&b]‘.ﬂnl;i-
[T Compositions of Coatings for Metal Molds (Bihl.ll,68,7l) .

S . ‘ ‘
6.0 . . Cospositim | ' . Compesition ) S
ot Ingredieats C 2 3 45 & | Dgedes 1023 4 56 ",

[ R, For Irea Castings in Grems *** For Coppar-Alley Castings **** in % :
. Alesisen in powder - - 9 - = - Beiled oil 9 - - . . .
T - Chasatte inpesder - o C 50 75 Zinc oxide .« - - 80 - -
. N ) R Refrectery cley 10 - . - 20020 Powdered graphite 4 - - - - .
’ R 175,.. Marshallite . 100-150 - - 300 300 Kealin - - - 158 - -
- Vatar gles ©4S 3050 15100 - - Nephthess sesp . 3 2185 - -
5 | T 7 Sediwm chleride 15 - - « « +  Kerosese . 6 6 45 - -
: i i +... Datch sest - - e« « 250 |Masst . 81 61 SLS - -
L . FeSi (15%) inpester - - - S00 - - Beas leal - 118 - -
_:' L3 e h _ Vater, in liters 1 1 os - ° * For Lew-Meltiag Alusinum and Magnesium
“ e N Alloys °°"*® in Grems

3 1’ ) - Boric acid . - - - 60-

rsx,? Yy . - ‘ For Stesl Castings (parts by volume) Zinc emide s - 280 - 100 -

A ‘ " Vater gless 200 500 290 60 30 30

]

R o Witiag 220 300 110 140 - 80
5 2 2T~ Marshallite % - - - -
2% A - . Titenium diexide 180 - 120 - - -
G e Alkali salfite 2.5 - - - - - X
L == Black grophite - 50 - - - -
I . Fodder melasses 3 e e e e .
KT 5. Calcined asbestos
I }u- Mefractery clay 2 - -+« +  {in pewder) - - 8 8 - -
> . ——
W -7 Water glass 0.5 - - - - - Vatarialiters (het) 4 2.5 4181 1
2 PP b
g $or -
Y ,3% - 36— ¢ To a cresmy mass.
“}—" *¢ To required consisteacy.
. __t %% Compesition 1 and 2 are used for ssall and medius castings; cosposition 3 aad ¢ for thin-walled castings. '
* 425 Compoaition 5 is used as the grousd paste ia castiag particslarly fine valled articles; after the growad
el i coat, a meld vash of conposition 6 is spplied. Better results ia prevesting the fermstion of cemeatite
. i o the surface of the castings is givea by costing the mold, after each pouring, vith scetylese soot.
=" — "".C‘b‘i}iu 1 ie used in tin breases; coupositions 2 ead 3 fer brasses; compesition 4 for brasses and
46 aluninem brease. '

A M,\W es000 Conposition 1 is used for surfeces forming the mest cosplex aad taim cross sectioas (1-3 sm) in the
oo . ] nnhg;_coqu‘itlu 2 for coveriag verking surfeces on the melds; cempesition 3, fer cross sectiems

50“— ,in costings larger. than.3 sm; compesition 4, for the surfoces of matrices, formed by the gates ad
' : ) risers; eempeaition S, for manganess alleys (ufih. serfaces sad cores); cospesitios 6, the same
" parsing meld wash, ia used for the surfaces’ forming getes snd risers.

—] Mots. Liquid water gloss of modulus of 2.5-3 and -pgt" 1.45 is ueed in the abeva compesitisas.
vt i A .

73 R R e

D . . . '
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i Nonferrous alloys for casting in metal molds must have high fluidity at only a
-jslight superheat, adequate strengt

% e

ipoint, and minimm shrinkage.
The chemical composition of the iron being poured has a great influence on 5

]

h at a temperature close to the crystallization

i

super{icial cementite formation on castings. |

Table 42 givés the compositions of iron (in C and Si) that are least subject to

cementite formation on the surface.
For data on the compositions, properties, and regions of application of the

nonferrous alloys cast in metal molds, see Volume 6, Chapter VI.

Table 42

Recommended Compositions of Iron for Casting in Metal Molds (Bibl.68)

Thickness of Content in %
Character of castings casting walls
in m v Si
Without sand molds 3-5 3.4-3.8 3.2-3.4
6-10 3.4-3.8 3-3.3
11-20 3.3-3.7 2.8-3
- 21-40 3.2-3.6 2.6-2.8
. L1-80 3.2-3.5 2.4-2.6
¥ith sand molds 3-5 3eb=3.8 3-3.2
B 6-10 3.4~3.8 2.8-3
11-20 3.3=3.7 2,4~2.7
- 2-40 3.2-3.6 2.2-2.4
‘. n 14180 3.2-3.5 2-2.4
;:E} The technological principles of designing details to be cast in metal molds.

»-"iDOtails 4o be cast in metal molds must be designed with an eye to the following
- . --’L--‘A ramiramanta.

STAT
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[ T

" retard the shrinkage of the metal.

Loy

.and t;nding to destroy the mold,

L) The castings must not have sharp transiti

peci

3) Castings must not contain depreasions preve
It must likewise be free of projecting parts that K ‘

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

" 771} The length of the Joint of the mold must assure free removal

_ .2) The surface of separation mot be, as far as posaible, flat.
nting their removal from the mold

a.uy' true of iron castings in which cementite on the surface is forme

. thin places of the walls under rapid solidification.

Parameters

" _ Radii of external

and internal angles
of pouring in mm

i Thickness of un-
machined walls in mm

2 Tneclination on verti-

-.cal walls, counting

{-..from plane of separa-

~tion of mold, in %
--Angle of metal cores
%" forming the inner
_—surface, in %

-.*  #When combination

Iron

1.75

10

e taken as 8-10 mm.

Table 43

Material of casting

Steel

15#

1'75"2.5

Al

0.5-1

1.5-3

molds are used (metal and sand core) the wall thickness is

45— % In pouring stesl, sand cores are mostly used.

-~ 5) The design o
5 .
7’:]'1(!. ‘contours over the surface of the mold,

Declassified in Part - Sanitized Cop)

122

f a casting should as far as possible assure the obtaining out—

i.e., without use of a core.

'r;bi. 43 gives a few parameters used in designing article

Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

of the casting.

ons in wall thickness. This is es-

d at the

Design Parameters of Articles Cast in Metal Molds (Bibl.11,61,62)

¥g Cu alloys
3-8 1.5
3 2
i
1° 0.75-1.75
2°301 1.5-3

s to be cast in metal

STAT
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The allowancs for machining dopends to a considerable extent on the accuracy of

. 'manufacture of the mold.
Table 4 gives rough values of the allowances for machining. "

In fixing the tolerances for machining and the tolerances for inaccuracy of

" ‘dimensions in casting nonferrous alloys into motal molds and under pressure, we may

guide ourselves by the data in Table 45 and 46.

Table L4

om the Measurements

Allowances for Machining and Allowable Deviations fr
of Iron Castings, Placed in Hetal Molds (Bibl.61), in mm.

mxrma = -

v . i " Dimensions of article Tolerance per side
v : Length Width or Low or in- Inner  Upper With machined With cast
: diameter ner later- lateral surfaces smrld.n% sur- unmachined
i, al surface surface faces (%) workin% sur-
e races (¥)
. " 1025 To 20 0.7 0.8 1 0.3 0.5
Is "~£ .
Fres 25-10 15-40 1 1.2 1.5 0.4 0.6
¥ oa, 2. .
e ] 1,160 25-60 1.2 Lok 1.7 0.5 0.8
& © 6100 30-100 1.4 1.6 2 0.5 1
BT . 101-160  50-160 1.6 1.8 2.2 0.6 1 b
] 6250 100-250 2 2.2 2.5 0.8 1.2
o Tl 251400 100-400 2.2 2.4 2.7 1 1.2
"{ ‘ 4,01-600 150-600 2.6 2.8 3 1.2 1.4
, { 601-1000  200-1000 3 3.2 3.5 1.2 1.5
M—{ 1001-1600  200-1600 3.2 3.4 A 1.2 1.5
WL
3 . ?
" a:% !
8 Eosmo Cutm

e it g RS

£
N
-...z =

making castings of alloys of magnesiwm, aluminum,
STAT
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:s'ﬂ‘: !
o
T .

€%
.

e,

i, " =
s
*

oy ”,
o
-

sinc, ‘uif coppir, and in isolated cases, of lead-tin alloys as well,
.-..The pouring of the metal (tiuid or semi-fluid) into the metal mold is effocted

4

L Y . Table /45

ﬂ-«; Allowances for Machining of Casti:iga of Pure Alloys in mm (Bibl.63)

1o

ﬁ—-f Allowances per side

f~:i Classes of accuracy

C ‘Dimensions of (casting under ard  ,th sth

Qe . casting in mm pressure) (casting into
U 18t and 2nd metal molds)

j” To 40 0.3 1

~ 10-100 0.5 1.5

) 100-250 0.7 2

o 250-400 1 2

oo 400-630 - 3

o 630-1000 - 3

o 10001250 - 4

i 1250-1600 - 4

3

a :‘ttmdnr a pressure of several hundred atmospheres. The method of pressure casting may
1
1: ‘also combine details of materials of high strength, insulating materials, or those

‘.i‘:.—:operating under friction and subject to wear (metallic, ebonite, porcelain, etc)
- {

42 with low-melting foundry alloys.
a4 Pig.18 and 19 show examples of inserts (armatures) cast in a casting.

46! To manufacture the working parts of molds coming in contact with the poured

. ‘;8-—1.&11, alloy high-grade fireproof steel is used, for example 3Kh2V8, SKhIM.

80~ Table 47 gives data on the service life of molds of 3XKh2V8 steel with castings
52— wiéung about 0.5 kg. The 1ife of the mold is shortened with a higher weight of
“:-mﬁn"-lhdda-longuj with-a smaller weight.

§6 . . —-Details-to be pressure-cast should be designed taking the following require-STAT
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—jmwents into account.’ ) i
i .._1) The qut.t.r outlines of the casting, and the outlines of its inner cavities,

1

leie_ L6
Allowances for Dimensions of Caat.ing:a of Nonferrous Alloys Cast Under

Pressure (Classes 1 and 2) and Into Metal Molds (Classes 3,4, and 5) (Bibl.63)

{ ‘ )

c) d)
§ §
it &

g

ey
i

#.
1.cons
2-Ceass,
2-Q853.

.(E;'.

RS

Py
Sapy
8 | 2am®

00
282
oposco

-

a g g 5-Cregs,
[-X- J

o
o
'

s¥=53

. e
P
0o

7
opocoe
PP TY ]
Soeo00

T gaginy

[RRRY
whhoes
BuLkb®
NN
et
Lhebob

D o o o

by
e

12

e : - l

* In case of necessity, the accuracy classes may be assigned by the OST system
for machined castings: class 3a for linear dimensions up to 50 mm, class 4 for
dimensions up to 120 mm, and class 5 for dimensions over 120 mm.

3¢_ia) Deviation from dimensions in mm (¥); b) Dimension of casting in mm; c¢) A1l lin-
un—ica.r dimensions of castings; d) Thickness of walls, ribs, flanges, etc, not subject
3E—to0 machining; e) Linear dimensions of unmachined surfaces, of partly machined sur-

~ —faces, and dimensions in joints.
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Fig.18 - Pouring Anti;l";rict:”lon Bronze In- Fig.1l9 - Casting a Bushing Into a Cylin-
e serts. Into.a Silumin Detail. der: 1) Gate; 2) Casting;.3) Bushing; ..

4) Core Cutter.
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o) . Service Life of Molds for Pressure

~jmst favor the unhindured Temoval of the 'cfxat.:l.ﬁs fros the mold and the core from the

¢
i

li 2) The casting walls must be as thin

~+ - ~grq”und form iR cross section as possible,

Lithout Jocal accumulations of metale

30—

10 Casting (Bibl.35,64,71) |
- 3) The angles must be smoothly round-
ol !
) l " a) ad with a radius not loss than 0.3-1 mm.
e /]
] % c) d) L) Strength ribs and channel sections
U. bt '
’ — @ ...} 1900 300 080 must be used to strengthen the details.
wo | B AR s
o ’3 et 5000 10000 Table 48 gives the main paramsters
20.. ! ;
ot which must be used in designing details to
22
JB BT —a) Service life of mold (mumber of cast- be pressure-cast.
T e 24_ings); b) Alloy cast; ¢) Hean; d) Maxd-
. ] _mm; e) Zinc; f) Manganese; g Aluminum; Figures 20-22 gives examples of the
SO S ' 26 h) Copper.
s i’ LI — reconstruction of details in going over to
- 26
. 4. . pressure casting.
iy !

le; h) Outside; 1) Inside; §
£_dimmeter.

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16

sz:g) 1imiting sizes of cuts in mm; o;

_ Table 48
322
- Design Parameters for Details to be Cast Under Pressure
— a c) o
36 ) 4 ’) 1
— b o=
38— e) n |
o plojipia|n|dim
] o) | #
42 )
44: Q)..} 1-5] o8 0,2 08 {1 5 10 0,8 s ‘ 1 §
-] m. j1s-48] 12| 08} 07 | 1S ‘ ] 1 64w
464 8- -|13-48| 1 o8| 07 | 15 3 H 1 10 i 2
© ] . L a-ss| 18] 07| 2.8 3 4 sl 12 |«
s0.d . - |
___Ln) Wall thickness in sm; b) Minimm taper in ¢ of height; c) Limiting openings;
Hame of alloys; f Normal; g) Technically at-

Minimum diameter, in mm; k) Not passing thru,
Mindmum

.9 0t .!:.1)-,13%,'_!1,!1811!{“5’.,QQ“CI_MADQo,,.medim!'!?ﬁ;..ﬁ)- _
Minimm dismeter; o) Outside; p) Inside; q) Zinc; r) Magnesium; s) Alum-
r; u) not obtained. . . .
: ! STAT
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The cleanness of the cast surface corresponds on the average to the 1-6th

% .
_ ' classes bY GOST,_ZI893-51; as the molds wear down, the cleanness of the surface is

4
[
8

H

reduced.

1
1 Alloys for pressure casting must have

E

(8 ‘t.he annllest possible shrinkage in the

!0:—‘

12 ..

' :iliquid and solid states, and sufficient

\ : strength at high temperatures, a narrow

13
119

T :
-1 . temperature range of crystallization, and
. i

- 1 o high fluidity at low superheat.
8. 1

- : Table 6, Chapter VI, gives a charac-
10 Fig.20 - T-plece a) Before Going Over to
terization and properties

- of alloys used
s _ Pressure Casting; the Detail had Cuts at

for pressure casting.

24:' the Fillets, Preventing the Rapid Extrac-
Pressure casting machines are built

». " tion of the Core; b) After Going Over to
with pressure

—_ chambers of piston-action
23_. Pressure Casting, the Cores are Tapered.
’ and of compréessor action.

n
A

The main parts of the machine are the compression chamber (cold or hot) and

-:the mechanisms to control the mold and the compression chamber.

$)

ing Over 1?1922 — Flbow: a) Before Changeover;

to Presmirs Casting: a) Before Change- Eb) After Changeover to Pressure Casting.

over; b) After Changeovers.

g e e P

——The-sompressor- machines-in-which the metal is cast into the mold under the
= a STAT

127
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|} S ——— ;
pronuro of co-;nsnd air directly onto he mirror of the ‘melt, placed in a closed
'boﬁler or bucket, are used only for casting unimportant details of low-melting al-

=
lon, ninly household artiocless \

61 - \ .
‘

-* . ‘8

[

:Fig 23 - Hachine with Horizontal Cold Compression Chambers: 1) Hydraulic Cylinder

.-for Shifting Molds; 2) Hydraulic Cylinder for Pressing; 3) Pressing Piston; 4) Com-
:}Fl.'oasion Chamber; 5) Movable Table (Mold Holder), 6) Guide Rods; 7) Control of
Machine; 8) Accummlaters; 9) Base.

3

: :_% The most widely used are the hydraulic machines with cold compression chamber,

36_] ' of the horizontal type (Fig.23) and verti-
— .

3] 2 cal type (scheme on Fig.2k). In these ma-
~ 5

40 ~ chines there is a separate melting unit,

installed by the side of the machine.

N\l Machines with vertical compression

\: * chambers operate on the scheme shown in

| Fig.2h. Into the steel cylinder (the cyl-

or the compression chamber), the metal 1

—1pig.2l - Schems of Operation of Machine
§2— - ) - ‘13 poured in the semi-fluid state, and ia!
~+ with Vertical Cold Compression Chamber.

' > s i e preaaod by-the-piston-2 into the. mold.-3, -

56..1 yhich-during-the-time-of -casting adjoins the runner. On the backstroke of the piz- STAT

1
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O.thn‘2, iho count.ﬁr'-_fafu'f:_ﬁ_lr is ikewise raised, thus removing ‘the ‘excess metal 5 from
_cylinder, The mold is then uncovered, and the casting 6 is pushed out.
. i .
____ Characteristics ;)t,)!achi!neu_(gr‘g;gqmg_ggj@ing‘ L
Machine type
Maximum weight of casting in kg;
_of light alloys
otl copper alloys and zinc alloys

Maximm surface of casting in
plane of separation of mold
in cm2:

of copper alloys
of light alloys
Maximm distance between

fixed and moving halves
of mold in mm

>3
ro

REREEERN

1o
Padl

*2

%S
A

Maximm travel of halves of
molds, in mm

t
by

!

Number of castings per
minute®*

INEN

—Centrifugal Castings
q According to the configuration of the casting, hollow and solid castings with

‘—j'::

3
..Tﬁ'ee shrinkage, and hollow and solid castings with shaped configuration of castings
40

“land inhibited shrinkage are distinguished.

-l Any alloys may be used for castings, including alloys possessing low fluidity,
as well as various combinations of alloys isuch as, for example, bronze and copper

on iron and stesl, etc. |

The molds into which the metal is cas’t pay be either whole or in parts, sand
or metal (using various pethods and degreas of cooling).

To increase the service life of the metal mold, to improve the casting surface,

: —W-Mnlﬁu-nhto to.the.zinc.alloyse . - comoumm—:

229
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;{mdto regulate the rate of cooling (preventing the formation of cementite on the’

o et 8.

" ..|surface in casting iron), the inner surface of the mold is coated with various therm-

6_:a1 insulating powders and mold washes (Table 49). ,

8] Table 49 B

] li‘
10 ] Coatings for Molds (Bib1.65,67,73)
12.-] '
— Compositions
LR Ingredients
6' . 1 2 3 4 5
16
15 Refractory clay - - - 2 13
20_.  Alkali sulfite - 0 - 205 -
! 32:1 Water glass 1 20 - 0.5 -
‘* 2 :- Black for silvery
o, i graphite 2 . o) - - -
B '*. . b - i
b — Molasses - - - 3 - !
. - 25
R ' . Salt - 1 - - -
. e W_e
4 37—-\: Drying oil or oxol 3 - - - -
w2, . R
coaf . 'f Powdered chalk - 20 - - -
s . —  Zinc oxide 3 - - - -
SR i
: *,“_1‘«:, .~ Crushed window glass
SR Ir 32~ or aluminum powder 1 - - - -
- iy
e *Y—  Solar ofl - - - - 55
- 2. Rosin - 20 - - 12 ’
. i1 Bentonite - - 1 - -
,}‘: ® —
15— Marshallite - - 2 y/A -
46 Water - 10 6 - -
S0
T Note: Composition 1, in parts by volume, is in the farm of a ground paste for
32— rough application; Composition 2 in parts by weight; used in casting hollow iron
CoT articles, bushings, shells, etc; Composition 3, parts by volume, used in casting ' :
34 i .thin-walled plumbing pipe.in.a double coating, .followed by. application of acety- ]
. =i lens soot; Composition 4, in parts by volume, used in steel castings Composition
56.4..-5,-in parts by volume,.used in casting alloys. . .
i

130 STAT
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t§_{1ectric Motor.

.When the ratio of the lcngth o

unity, it is axpodicnt to ca.nt.

: !
. "In mting dirootly into a metal nold (without a lining or lining powder appli—
.0
1on)_the following ratios of the thicknaau of its walls to the diameter snd thick-
4
“Iness of the cuung is taken (B1b1.65) \ 1
6 e e e it . i e et - '
H i .
8 Outside dismeter of camng inm |  Upto100 100-200 200-300 o
| ’ "
13 Thickness of casting in mm ! 10-20 20-25 25-30 :
12% Thickness of mold wall in mn 30-35 35-40 LO-45
14, :
16 _..;, Configuration
12
i Outside diameter of casting in mm 300-400 400-500 > 500
204
‘_3-’ Thickness of casting in mm 30-40 1,0-50 50-100
22 )
- Thickness of mold wall in rm 4,5-50 50-60 60-80
28 e
Ze:!_ The molds may be rotated about their vertical or horizontal axis, and accord-
i
95.4ngly two types of pachines are used, vertical and horizontal.
-
3t
i
341
38 3
0 i
3 !
’ ‘3-«1?13 25 - Schemc of Centrihxgal Casting Fig.26 - Scheme of Centrifugal Casting of
*4-with a Vertical Axis of Rotation of the Wheels; the Axis of Rotation Coincides
old: 1) Ladle; 2) Rotating Mold; 3) E- with the Axis of Symmetry of the Casting:

1) Rotating Table; 2) Flask; 3) Sand Mold;!

il.) Cavity Forming Casting.

fg caatings to thei.r diameter is not more than
a:d.a of

rotati..c—»;\ ;)f the ‘
- STAT

on mchinen vith a vertical

3L
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¥ ~Gids (Fig. 55). S po e

{ )
S - ) ;
- __On_machines with vertical axis of rotation of the mold, details of shaped con-
4 i

_ifigurations such as flanges, gear wheels, pulleys, locomotive tires, wheels, etc.,
6_.]_____..,-.0,_._‘ T )
are also cast (Fig.26). ¢

8
3 In casting shaped details not having ‘an axis of symmetry (brake bands, levers, :

v

w:jyokoa, etc) the vertical axis of rotation usually lies outside the casting (Fig.27).:
._\ On horirzontal centrifugal machines, hollow articles having a cylindrical inside
) :mface, as well as solid articles (water and sewer pips, gun-barrels, motor shells,
14 i

--bushings, ingots, wagon axles, etc) can be cast.

16

= In rare cases, mainly for casting pipes, ingots, gun-barrels, and similar de-
20

..tails, an axis of rotation with an angle of inclination to the horizon of 3-6° is
o _used to assure sufficiently rapid runoff of the metal from the spout to the casting
LR -

~-boxe
T The rotary speed of the mold in RPM may be determined by the formla
)-_‘ ——
"o L ——L—__..— .

- YVi(R—a)
5o . T

—~where K = constant equal to 5520; R = outside radius of casting in cm; a = thickness
3’..:_:
e
ot

_
$2_

$6—pig,27 ~ Scheme of Centrifugal Casting of Shaped Articles - Vertical Axis of Rota-

"48_t10n Lies Outside the Casting: 1) Pouring Cup; 2) Dowmsprue; 3) Closed Ring Runner;

L) Cavities of Castings a) On circumference of 12 details.

of casting in cm; = specific gravity of alloy cast in &/cm?.

54 ISR

-1 The RPM calculated by this formula allows the production of the high-grade

12 .
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on iron “and nonrerrous alloys vm\ a ratio between the outer and inner

- x.ld.ﬂ. of tho casting K/r = 1-3. o
o upper limit of the ratio of the radii is below 3, and

Yor steel. castings, th

is dot.‘oni.n'cd in pnctice.
'Io assure the proper {ssures on

with a hi

quality of the casting (without Jongitudinal f

mst, for example, have re-=

gh ratio of the radii, we
jon of the RPM during the

the outor surface),

12
eourao to a smooth or stepwise variat

. S 14
: . ._iaa the layer of 1liquid metal increascs.
" 16
The RPY for a yertical mold in casting hollow articles must be higher than that

m’\
calculated, and js taken with the

20
‘ﬂ The {ree surface of hollow articles
in which the thickness

rotation of the mold,

factor 1.18.

cast on & vertical machine represents 2

of the wall of the casting varies

2‘......:

lparaboloid of revolution,

in the thickness of the walls must not exceed that

B 24
- _with height. This difference

”6,.:
——«\estsb]iahed by the apeciricabions for
28y
I It at an BPM calculated by the formula given above,
the rate of the rotary speed is correc

the mothod.

the difference in wvall

ted

30__.

—'thickness exceeds the assigned difference,

2

——’by the formula
n=KYH.

H = height of casting in cm

s0d
42% . K - MV D’ D’I
Here Dy and Dy are respectively the upper and lower diame
) !
putboloid in cm. |
of a casting or excopt
26 and 27), the speed nmsb

ters of the free in-

gide surface of the
In forming the outline

{onal form with a vertical axis

'thrnold'md"mcﬂy reproduce v the outlines’ of the castings ™
of-casting; the rotary speed of the mold is QT ATw

selected

;Jciﬂgyfof
56 _}.—yi1th-this method 0

M.\S'j.‘

Declassified in Part iti
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e e -

4 - ot oo - - - “ eame e - R -
El;t a ci.rc\-tcrontill apud v® n&/w of the point. of the casting most remote from ' |

e e L — mrmee e - - -

e

'*:thc axis of rotation., This speed usually ra.ngen from 3 to 5 nq/sec, and in cceasional ;
ﬁzcuos WAy reach as wuch as 8 n/sec. 3 o T T ) o
8: The rotary speed may likewise be corr:'ected according to the pressure exerted by %
loitho l;lquid metal on the wall of the mold, ;by the formula '

12

e %’-7(*'*'7.;”)‘

l&

-—-l
_here p = relative pressure in g/cm?; ¢ = specific weight in g/cm’; w = angular
J
__¥elocity in 1/sec; g = acceleration of gravity (981 cn/aec2); R = distance {rom axs
0.
_of rotation to the point at which the pressure is measured, in cm; h = hydrostatic

S 22 )
- ____head, in cm.
T . 251
f " ¥
26 Table 50
¥
AL\: Composition and Properties of Details Cast by the Centrifugal Kethod
30_] (Bib1.65,66,12,67,73)
2 | Mechanical Properties of Casting
Position
Material Name of £ Teasile . <
~ Coating o . Mold Elongat Beinell
3470 (Compoaitiom in ®)  Costing  Axis of stramgthy U™ Hardasss
354 ¢ ires 3.6-3.65C:  Pipes, Herisental Metal chill 175-200
1 1752 81:0.5-0.55 Ma;  diametar to 200°C, 24-26 - (after heat
@] ©0.55-0.6 P; 0.07-0.08'S 100-250 coated treataeat)
an
"7 Cast irem 3.3-3.6C;  Pipes, The Metal chi}l .
T 7§ S iy i o a0 500l . . X .
| w0.2Ce 0.15-0.27i; 100 = with
42_ 1 0_.0(-0.0. s wold vash
? (’AIQ:P {r‘rsz 5&’3‘15..‘:; The same The same | P ml‘d 175-200
. . H . . f 1% - -
44 s.57, b.ois e
46—"“ f:-; il: ’021,1 hlm The seme l‘tﬂ. with
- -2. r
o n.z-o.:fi < 2. n i -nunu- Shiec .7-22.1 - 212260
48 -
e cig-u:c, The sans  The same in-walled
50, Ll-! 0.5-0.7 Is; m?hou
- erbahcoirs 2-¢ sm), dey - - 190-210
' e . send. facing
T , . insert
) -4 Caat " The . The Metel meld in
REREt :':i iR, T TN R |
L 8:0: “‘ et s s - grgd €OA -d 90.6-31.6 e 18 7) LR
i medified aeld wesh |
T84 e !06’0 ) {
: { i '
i . STAT
A34 '
|
b
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H
Pesiti Mechanical Properties of Castisg
ositiem
Neme of of Teasile  ploagetion  Beisell
Caating Axis of Yold ::". 2 i: < liurdl:u
Rotation
frem Bushings Upte  Matal mald, !
Tu SR agplh abgoe - -
Dr dtails  verticl oo S00bc, 45-55 2-3 200-240 ) o
. for smal "
dotails - core .
o Bushings Herizeatal  Matal, with dry Nitrided
. sand ceatiag, layer
3.8 G atiaoie 29.4.31.3 . 500-700 H,
P
te Bushings, The sans The same
9 .:6‘(:; shells
R 0.97.0; 1,71- ”i Cr; 21-29 2-3.5 135-175
. 15.3-10.2 Ni; 6.8 Cup
18 . 0.11.0.32 P; 0.1-0.018 S
. Brense,Br. Ofs S 4-4-17 Bushinge Horisental Metal 20.9-21.4 20 $6-62
- The sase The same The same €0 18 119
Vorm gesrs Yertical Metal with losa
cere inserts . . .
Bushings Herizeatal Metal, with t:u- §8-62 in
ing iatc te cast state
ated ia R .
850-900
Brake drems The same Metal, with 20 -
G“‘lla‘-
steel disc 190-230
Bashings The same Metal
The sane The same The seme
Thick walled Vertical Metal chill,
rings (thick- with §5.56.3 15-16 -
ness 70-100mm) refractery clay
Gaar wheels The same Iiul. with
oalm core ]
inperts 150 - 190°
Tubes, diem- Horisental Metal chill
- oter 300 m; ' $6.6 22.3 -
0. wall thick-
ness 80 ==
" 52— 4 -
R ‘EM.I£P0’54-AITU 50.
54,1 el mithent oopper) 1-1:3-8du o -
vesiAftor hoat traatmeat. STAT
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h In casting into green wolds, the vnlue of p is taken up to kg/em?, while in

. c.m,ing into_dry _sand or metal molds it u taken in the range of 3-5 ke/cm?.

1

'rablo 50 gives the conpositione and uchanical propertien of the castings that

14_| the following principle:

-

lelevated accuracy (by GOST 2689-54) and cleanness (by GOST 2789-51 to Lthogth class-

Fo—f
t

Y-

—

are nont t.yp.lal for contrimgal caati.ng.;

) -tm and uotion-pictm'c cameras, u\d.ng n.nd textile machines, and also art cast-

c;:t. with Nelt-A Patterns Preciai?m Cast

The n.wthod of exact (precision) casting with melt-away patterns is based on
by the aid of a single-piece flask made of a refractory
substance, a pattern is formed out of a low melting mass with a paraffin-stearine
base, and is subsequently removed without residue by melting off, leaving a cavity
into which liquid metal of the required composition is cast.

Details may be cast from any desired alloys, ferrous and nonferrous, by the
method of precision casting. Such may include high-alloy fire-resistant alloys and
super-hard alloys, which are poorly amenable, or not at all, to forging, stamping,

rolling, and machining.
Precision casting allows the production of castings of any configuration, of

es), which require hardly any machining, or none at all.
The methods of casting used, favor the production of castings of very thin

- eross sections (thickness 0.3-0.4 mm), of minimm cross section of walls of hollow

—-1
castings (0.6-0.8 m), and openings of 2-2.5 m in diameter, with a height of

4=5 e
Details weighing from 1 to 50 kg may be produced by the method of precision

1 cutin; (body and details of instruments, small gear wheels, blades of gas turbines

and turbocompressors, armatures of bronze and rustless steel, cutting tools and
surgical instruments, small automobile deLa.ila, details of cameras and details of

R
“[igs)s
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The. process or precision cuti.r.g conaiat of the following bpoi-atibnii; 'Pi'"eidi-é; :

cast metal), master patterns are usually made of steel,

and are machined on metal-cutting machines,

}
“lof castings with low accuracy requirements,

_ipattern, in

Pb and 13% Sb. The surface cleanness of the

t‘."vlith deta.ila of thin cross uction and i.ntricato configuration,

..,.Ié-m .........
_lof the pa.tterns {by melting avay); bakins ‘the mold; "

Tiwold; Jnocking out, cutting away the ¢

malting the metal; poux,'ing the

~1them.

The patterns are made by pouring a special pattern composition into dies, which,

1in turn, are made either from a master pattern or from a special drawing.

Allowing for the two types of shrinkage (by the pattern composition and the
bronze, or alumimm alloys,

and are then hand finished ard polished.

The dies are made of steel, bronze, or duralumin. Por producing small numbers

the dies may be made, from a master

plaster, cement, rubber, or plastics.

The simplest method is to cast the dies, from a master pattern, in easily

'machined and low-melting alloys. The cheapest of such alloys is one containing 87%

dies should not be lower than the 6th

jcla.ss.

A die can be used for numerous castings of the mold composition in its cavity.

Steel dies take 60,000-80,000 castings of the mold composition before being worn

oute.
Table 51 gives the most widely used pattern compositions.
The pattern mixture 33 usually injected into the cavity of the die in a thick,

pasty state, under a pressure of 3-5 atmospheres by the aid of a simple metal syr-

inge. .In large-scale production, where the required strength of the patterns is

high, this oporation is mechanized by uaing special prosses, including equipment

melting the pattern mixture and holding it at constant temperature (Fig.28).
the mold mixture is“

!.or

—{introduced in the liquid st.ate by the method of free pouring.

137
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; Qj The patternc so prepared, after careful ¢leaning off the fins, are acoembled in-
- : _
i :ﬁ,bl%k&,ﬂt.‘lﬂl treas" by melting away the patterns, using heated knives or an

: ...1 i oetric soldering iron, with the gating system usually made separately.

P IR . - . - .
8] Table 51
. 10:. Compositions for Precision Casting Patterns (Bib1.68,69,70,72,45)

12

- Compositions, in % by weight
V4. t

_Ingredients of mixture 1l 2 3 I 5
16 .

“Stearin - 27-30 50 50 -

_Paraffin 18 70-65 50 50
20!

_Ethylcellulose - 3-5 - - -

221

—~Rosin 50 - - - 50
244

—Polystyrene 30 - - - 30
26 1 "

__VFeresina - - - -

" Dibutyl Phthalate 2 - - - -
30

J?:% Physical-t{echanical Properties

34i14nm shrinkage in y 4 1.2 1.6 2.3-2.6 1-1.2 0.65-0.75

_J
36,_&emperatm'e of composi-

j tion in casting, gg 140-150 90 9 42 175
k}:¢

—Bending strength, kgfem? - 38 31.2 20 .,

40_J .
. —Sag, inmm - 0.8 0.88 0.66 0.53
42 ).
a‘l‘,ensile strength, kg/ca? - 13.5 7.8 - 53
4

—Flongation, in % - 0.75 0.6 - 1.4
46 . .

—~Hethod of filling dies Under Free pauring Free By syringe un- Under i
48 ' pressure and under pouring’ der pressure pressure
. pressure of 3-4 kg/cm? of 60
50 ' kg/cm?

] ‘ i
o P : . ;

-4 Note:; Compositions 1, 2 and 5 are for intricate castings with rigid tolerances; ;
55—-~c6’ipqs£tions—3—and~ly«£or casting-with relatively low accuracy requirements,. ~----
56 | -
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P
T T After natural dry'.lns, the ntir t.roes*' are covered with a special ‘ceramic in-

[ J70 SN

7
24 _:iFig .28 - Pouring the Dies with the Wax Mixture:

1-'

vestmant_in two layers.. _ . N e
4. : !
- The coated and dri,ed' ufir treeft (Pig.z‘)) is plnced in a single-pieco flask or

- - T

!

s ITN" 4 3 ?

ylllllllh W LLLLLLLLA
4 ... SN /.

Fig.29 - Scheme of Setting Up

w.-l) Yax Mixture; 2) Air Duct; 3) Electric Heater; the Wax Patterns on the Plate

Under the Flask: 1) Patterns;

.’B...‘h) Thermometer; 5) Die; 6) Needle; 7) Mechanism

30:;1‘& Inserting and Withdrawing the Needle. 2) Flask; 3) Plate; 4) Pin

.
‘sﬁ-_ﬂ Holding Pattern Block;

a) P = 3 + 6 Atmospheres.
5) Downsprue.

-—:!.ron pipe of dimemsions depénding on the castings to be made, and the space between

,_,_
’-—-the walls of the flask and the nfipr tree™ are filled with a dry or liquid molding

“M:Lﬂxture, or filler. The lower and upper parts of the flask are filled with a mix-
. ature of refractory clay and sand {in a lay;er 25 mm thick) to prevent the sand from |
. G—jflmd.ng out of the flask, or iron covers are made, one of which is provided with an ;
—opening for the pouring cupe ' . i

3

1. The molding mixture is packed into the flask by light hémexjing on the flask

~lor by vibrating the. mold on special jolting tables, mocha’nical or pneumatic. The.

f the 1’.&;!)10i ia 1.5-3 m and their rate ia

e e s 3y Wb i o S s

_ ~lamplitude of the oscillations o

;
\
[}

psouoofatn (F1g20) Tl e

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4




[

Declassified i - iti
ied in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

jtions of molding mixtures

Tibie 52 gives a few of tho most widely used compos

pL_fillers.. . . -
The molds are exposed to the air for 2-3 hours,
' moved. For this purpose the molds are T

after which the patterns are re-

“placed upside down in a dryer, where the

. pattern mixture is molted away, usually

at temperature 120-150°C, in 3-4 hours, or

S s ST

on tables heated by steam or hot air. The

pattern mixture colted away is repeatedly

used.

20 ’
i ; For the final removal of the residues
¢; _Fig.30 - Jolting Table for Filling Molds
oy _4 of the pattern mixture, as well as to
\d.th Hixture: 1) Vibrating Table;

strengthen the refractory film, the molds

% _2) Flask; 3) Molding Mixture; 4) Wax Pat-
are baked at constant elevated tempera-

. 3,\,_, tern; 5) Porous Bottom.

ture, up to 800-900°C, in electric, oil

O L

,.U__.J
_or gas ovens for 3-4 hours.

k]
»

o

1

To shorten the production cycle, shell molds are used, in which the melting
34

) _away of the pattern pixture from the coated urir treos®, and the baking to form a
" 36

_.strong refractory surface film on them, are done before molding. MFir trees" in the

ey o o g =

3ot
—J‘.'om of shells are strong enough to be stored and transported, and their molding is
10} -
.jlone irmediately before the pouring.
42
mst be of a design meeting the require-

-{ . The furnace used for melting the motal

4 .
—gpents of precision casting.

A6

‘8-—' Purnaces of two types are used: indirect-heating arc furnaces, and high- ,

Sozrroquoncy furnaces. The {ndirect-heating mrnacos are simple in design, operate on .
formers at current strength

~-50-60 volts, obtained from one or two sr-zu welding trans

50-500 AHP The power consunption is abou’b 1 KwH kg of metal; it takes ]2-15 min- |

hcmever, does not aesure a

- STAT

s to ult 10-12 kg of xnetal. This bvpe of furnaco s

e g
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3 riuiently “clean metu.l, “owing to the ditriculty of removing the slag from it dur-
,.and owing to the on.rb\n'imtion from graphite dust and small_pieces of

: the electrodes that got into the metal. 1!

e BE SRR e s e e e AR e et R T = e e Smmeoes

i
Table 52

"|compositions of Holding Hixtures or Fillo:s for Precision Casting (B4b1.69,70,72)

Compositions, in %
Ingredients of the
mixture 2u% JR

20 “Iechnical borax, or
. boric acid

2%}
:Grotmd chamotte

‘ ]Quartz sand 9 90

10

To required
consistency

% Por details of particularly hizh sccuracy and very jntricate configuration.

## Por detalls with high accuracy with intricate configuration and with large
surfaces.

s Por details of medium complexity and accuracy.

Note: The dry compositions 1, 2 and 3 are for smaller details, composition 4
is for larger details in flasks of diameter 500 =z and height over 500 ma.

High frequency furnaces may be used with motor or vacuum-tube generators.

Tables 53 and 54 give their characteristica.

!

i

For melting nonferrous alloys \dth lou-melting points, crucible furnaces, 1
: R

i

i

sither oil or gas fired, may also be uaed..

1 The metal is cast mto the mold eithsr by {ree pouring or under compressed a:l.r‘

o e e vy g s

pnuura ot -5 a.tnosphores on the mn'taco of the metal (in electric-arc rote.ry

]

e e e e i |
: i

|

t

: TSTAT
RIAN

[
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‘?!
o ;
jmches)'. In this.case, stecl is cast into hot molds, while nonferrous metals are ‘
a ... N
—jcast_into_cold molds. "
4 i
6 e — Table 53 L
t
8l Characteristics of High-Frequency Furnaces with Motor Generator W
10 - '
— Main parameters PO-T75 PO-100 PO-300 PO-1,00
12
.4 :Capacity of furnace
- in kg 100 250 300 1000
15 -
:‘Power of generator
18 _: in KW 75 u0 300 600
t
13_Noltage of furnace 1400 1400 1900 1900
-
{! _Frequency of cwrrent,
~ cycles 2000 2000 500 500
24
:Duration of melting in
2 _.. minutes 30-40 35-45 60-~75 60-75
’:*..-;Pmr consumption in
— KWH 900-1000 700-950 £00-850 600-700
39
—-Service 1life of crucible
321 (mumber of melts) 60-70 70-80 £0-90 8C-90

- After solidification, the castings are removed from the mold and are then
—carefully cleaned and inspected.
38 pe
‘0:] In the design of details to be cast by the precision method, the following
rase; Ryt rules, in addition to the genoral rules, rmst also be

=N EW baken into account. |
4 Z ;

1) Requirements for the cleanness of surface and

f’-

:(;E mechanical strength should be specified only for those:
sl I ) parts of the ;deta:l_l vhere this is necessary.

52:1’13.31" ~ Junctions of Vialls 2) The castings must have no isolated massive
'5.4'"'01' Different Thickness. _ units. '

g B

56*—”-*3‘)~A£“~junctiona between walls of not more than a fourfold ratio between tSTAT

i

UR ‘ ‘ !

L]

e I Tty B o = RS
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2. . :
+ "] tnickness to the smaller should be suooth, with the radius R=1.

\ - S e W . - e . _

q different oross sections should be allowed ,vhile the transitions from the greater
5t or tapered at

the ratio L 1 & 2 t (Fig.31) t : ;

1

T A) Hhen walls locatod at different’ nnsles xneet, aharp anglea, “and’ eapecially
: ]sharp interior anglos, must be avoided;

& % at the points of transition it is necess-

ary to provide the minimm radii and

tapers at the angles, avoiding crossed

, 8
Y
x ribs (Fig.32, a-d).
’ 5) The castings must have the small-

20!
: l ‘JM'AM est possible mumbers of blind openings
i

and of cavities of small transverse di-

i
2.4
1
--§Fig.32 - Heeting of Walls at Various
— ponsions, while the height of bores open

ﬂ.,,..:Anglea. a) a; b) b; ¢) c; d) e f) In-

— at both ends, if of small diameter, must
28.jcorrect; g) Correct.
be limited to 1.5-2 diameters.

0
‘ —1 6) The minimm thickness of the wall of the detail must be considered to be

-11.5 mm, and corresponding to this thickness, the diameter of a given opening is
35_] Table 54
36—q. Characteristics of High-Frequency Furnaces with Vacuum-Tube Generator

——d

* —i Type of generator Rated power Neminal output Operating fre- Capacity of
42_] in KW power in KW  quency of cur- crucible in kg
; rent, in cycles

44 _
e i 100 60 (242.5)+10° Up to 15
. 16P2-60 160 100 (141.5)*10° Up to 30

o B |
50— taken as 1.5 ma; the radiua at acute anglea mst not Be less tlian 0.25 mm.
e t
52~ 7) To assure the m.udmum uniformity of the cross sectiona of the walls, it is \;

: 4°~*ncmﬂod-that*the~openmge -and- lightoning -holes-made-in the- castings- ehall—vé-_ﬁ&_»l_
ight ru.tios indicated-in Figs.33,-a-€¢—— - ]

:
i
1

nin-'within thc-rangrof -diameters- to he

~3. .
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§) Targe ‘swoolh areas must be aveided by corrugating or by providing dopression

i
'
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]
2 : !
of various forms (Figedh)e .. .. . o R
4 : !
- ‘:{ . ) . 9) It is recommended that the lugs 1{
6.1 ‘: — ——
= % ~iror drilling of "openings chould have cast ™
g e ;
- ;\\\\ centers. é
w'j 10) The ribs and lugs should be made ;
t
121
o on the outer surfaces of the casting
oz  {(Pig.35).
1&g — , i
o N i 11) Cuts should be made in the cast-
fo: 3 {
i hd |1ngs only where such cuts are special and
10!
o o ’are widely spaced.
2-,_.
~Fige33 - Providing Uniformity of Wall Failure to observe these requirements
24—
— Thickness. results in hot cracks, porosity, blow
3 3
o,_ql holes and shrinkage cavities in the cast-
JLa| -
W
__..2 According to the specifications, the
2.
| castings are heat-treated under the as-
34
. gigned conditions.
J6__
— Steel details, as a rule, are anneal-
38—
— ed to eliminate the stresses and improve
10
TFig.34 - Method of Eliminating Large Flat the machinability.
42 1
1+ Areas. a) Incorrect; b) Correct I The peculijarities of precision cast~
R4 DN . : |
- ings of carbon and low-alloy steel, es- i
i X Epecially those containing more than 0.3% i
] ) lC, include the formation, on the surface !
50
-~ AN : . lof the casting, of a layer 0.1-0.4 mm
52— , —— e e BT e W e - ‘ |
-1 - ’ ) . thick with a reduced carbon content. \
54 {pig 35-—Looation-of-Lugs-on-Castinge i B
5 6— ‘ ‘I‘abler 55 gives the mechanical p'ropex'-l .
i 2)-INCOTTect §-b)-COrTOC e . i oo e imi | ricmscmme o S QTAT T
T
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0 e e Ty e e
. " kies of datails of carbon steel cast by thb precision method, H
2] ~~ :
S “Table 55 ) j
6] _Mechantcal Propertiss of Details of Carpon Stoel, Cast by the Precision Hethod g
B:.. > - - S R . ' "
- . 8) c) ) ‘ ‘
10— |
m: ®) i . ) . o | X
i olp|O|H I D oD |m
4.0 .
6 - -
- ) I P ®© s ™ 4 18 |s2-86 | & s 82
¥ X Teuueut T BRI B B B Lol Mot s | -
20 AN . ..... | ® o | o | u || s | 3| »
l - L
— L U R -

?.Q_,:B) Mark of steel; b) After casting; ¢) After normalizing; d) After temper-hardening;
—b) Tensile strength in kg/m?; ) Elongation in %; g) Srinnell hardness; h) Tensile
2 _strength_in kg/mz; i) Elongation in %; 3) Brinnell hax)'dness; k) Tensile strength

n) Steel.

_ink 2. 1) Klongation in %; @) Brinnell hardness;

"

3o !
- TECHI'OLOGICAL PRINCIFLES OF T DESIGE OF CAST MACHINE DZTAILS i
32 !

{
b The casting must have the sinplest possible geometrical figure or must consist g,
36501‘ a combination of simple figures, assuring the minimum consumption of metal for

38-the given design.

40 In designing castings, every effort must be made to achieve maximum simplifica-

42_tion of the pattorns and core boxes; the form of the individual surfaces of the cast-
44 _ing must approach as closely as possible t? a plane, or to the surface of a solid of

46.-.-ovolutioi1. |

In the design of a casting provision ;'Inust be made for the unhindered drawing of
50the pattern from the mold. The pattern shp'uld be without removable parts and have
52-ho complex surfaces of separation. It is particularly important to avoid removable

5,4—pcrta~in—pabt¢rm-of—dqtaﬂs~-to~bowaho.pcd -on machine-tools and intended for machin-
!

564 ng-without-1ayout s oo = . STAT

-
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[+ P
] The absence of ‘shoded areas in the ﬁifctorn on its illumination by parallol beans‘

2 )
“in_a direction perpendicular to the m‘f‘aq}Lo&,gop%t@ti.ou@th the mold may serve as

L .
\ general criterion for this requirement (Pig.36).

)

 J00 S — e gt g g —
For the free extraction of the patterrs from tho molds, design Rapers of the

8 —d
rertical surfaces of the castings must be nrovided.

|
|
i
)
0
!
!
|
!

GOST 26'70-M recommends the followingitapers for casting in sand molds, depend-

12.

ing on the height (length) “of the design elemont h:

h in m < 25 25-500 > 500
l/? /10 /20 1/50

11030t 50301 3° 1°

With machine pattern—drawing, the tap&rs pay be taken within the limits of

_1/20 to 1/100.

24
3 For the inside surfaces of the castings a taper of 1/20 is usually taken. large
26
-1 _tastings with massive cross sections may have tapers of 1/100, and, in individual
cases, 1/150.

In casting in metal molds (chills) the

taper of the outside walls of the casting

ghotld be between 1/70 and 1/100, and that
of the inside walls, formed by metal cores,
from 1/10 to 1/30%.

The tapers for the surfaces of the

‘ , | L : main part of the castings or of individual

- . elemonts thereof (lugs, ribs, side bulges,.
pig.36 - a) Caati.ng of Correct Design !
openings for bushings, etc) should be taken

-rithout Shaded Areas; b) Casting of ‘.\fm:or--g-h :
accordance with the character of the |

~cct Design, chuiring Removable Parts of !

‘g tail and its possible position in the
bhc Pattern or Additionnl Cores. ‘

— L e e g

—————

L #-C¢-also-above ;~Tables-41- and- h2e-ne =t

|
|
g .
s

¢
H
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!
i
. !
',

Erold (Fig.37). |
-2
. large hor origzontal planes, turned upward during casting, should be avoided, aince
AL
o ! the gases formod in the mold and liberated
- 6_p R P ) .
- by the metal can be 56 retained on these : .‘.'
8 ' ;
- , planes. :
10 H
| Co The design of the casting must ansure
12
R _ the possibility of unhindered £illing of .
i 18
- ] _ its mold by the liquid metal. Sharp
164 ¢
__ changes in the direction or rate of flow
1g _Fig.37 - Relation Betwoen the Diroction of
of the metal in the mold are not recoc-
20_the Taper and the Character of the Casting
nended.
22_ond Method of Holding: a) with Horizontal
The design of cast details must cor-

25_Position in Mold; b) with Vertical Position
respond either to the simultaneous or the

. 2% Mold; ¢) with Thin Walls; d) with Thick
successive solidification of the casting.

25_¥ms- e) with Formation of an Inner Cavi-
In the former case the maximun possible

on by a Block in the Mold. a- a; f- Core;
! uniformity of the cross sections is de-

32:-{3- Core; h- Coro; i~ Block.
_i sirable, while in the latter case it is
3‘:‘ﬁesirable to have a gradual increase in the massiveness of the walls in the presused {
iﬁj i ‘ direction of solidification (Fig.38). ;
" . The design of a casting must allow ‘ .

40

for shrinkage and the jphibition of that

shrinkage - mechanical inhibition - by

the mold and core, and thermal, as a re- .

~Fig.38 - Gonstruction of the Design of a .sult of the varying rate of solidifica-

¢8..
--{asting Corresponding: a- to Sinmltaneous' tion of the different parts of the cast- :

S0

Szzsolidification' b~ to Succeasive Solidifi— ing (Fig.39).

54’ution. S ’-. To avoid the production of internal “
cracks, otc, the design ol‘ tite S'IlAT

tresses, resulting in buckling of the cashings,

LY e e v

K

w7 .
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should provide for the moot “uniform ﬁé}‘aib’ie “eooling of all cross sections and
i

ould allow {coe shrinksge. . . .. . -
4 - . . .

Y A

N o .. ’ Tables 56-58 give the values of the
6 K . & i ! . S
QE o .@ ) D : | maximum deviations in dinensions and

|

}\might for an iron or steel casting in }
' i

_i
1

b

!
e e = ___i ‘

|

§

L

, sand molds, as prescribed by GOST 1855-55

"and 2009-55. The 15t class of accuracy, |
i

1 : - . corresponds, as a rule, to mass productiox}

16 — !
i[-‘ig.B‘) — Schemes of Design of Castings: (rachine molding on metal patterns); the @
18

. 20
_cally Inhibited Shrinkage; c- with Ther- molding with wooden patterns); and the

. 22

< _ally Inhibited Shrinkage; d- with Mechan- 9td class to individual production (hand
24 —

._“kcally and Thermally Inhibited Shrinkage. molding on wooden patterns).

b- with Free Shrinkage; b- with Mechani- o 3ags to series production (machine

Al hd . 26
‘,j 2[]3 Table 56 Table 56a
-3 _
Ly g 47- N 30__J11owable Deviations in Dimensions of Cray:Allowable Deviations in Dimensions of Cray

<. fron and Steel Castings of Accuracy Class Cast Iron and Steel Castings of Accuracy

32 I in mn (3) Class II, in ma ()
34_
36_| &) L 8 ]
_ e '
3 MELL g_ﬁ}?‘ “ a|8|5|8|E|8
] o | & g sle 3 Tlaldldid g
40_] . = L2 olz|2|&|&|8|2
- Q% 18300 ad =1 =1=] = ) 0 .
12 == 2] =, c) M0 Hoslid -l -1-1-
42_J -t W41 0,61 0.8 1.0) = | == | | 200-8500 3.: ?.3 5.9 15 = =1~
_ -1 0.6 0.8 .04 12 LS 7 $00-12%0 | 1.} 1:2] 1.5} 2.0f 2.5] 3.0 — '
o SR [EENEEE | Ees
46—

p—:

|
48— l; Maximm dimension of casting in mm; Eag Maximun dimension of casting in mn;
b

Nominal dimension in mm; c) Up to.

54 AP
4 "-Q;ueable cast iron and nonferrous motal ci‘astmga by TsNIITHASh. These tolerances

—b) Nominal dimension in mm; c) Up to;
§04 . d) Over. °
52— . o
“I Tables 59-62 give the standard dimensional and woight tolerances developed for |-

e
us

et AEY
i

AT

|
w
.

>
S
ps
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= .fable 57 Table 58 '

i i
of Gray: Allowsble Doyiation in Woight of Gray Cast

t

owable Deviations in Dimonsions
\Iron and Steel Castings in % (By GOST |

-
o
W .

__Fast Iron and Steol Castings of Accuracy !
8 Class III, inm (%) 1855-55 and 2009-55) ,
o S D ) ] .
‘. -] .
2 @) «||8|s|8|8 4

] LR
14 81311 | g a)

- . lola|8| #8882 i " m
16 — Oetew |10l 182028 =1 —]— <) H : H

- 01250 | 1:2] 1.8 2.2] 3.6f 4.0 5.0 - d . H H 4
18._| 1%0-a150° | 1.5] 2.0 2.5 3.81 5.0 £.9 .

3to-e00 | 1:8] 2:3] 3.0 4,0 5.5 6.5) 8.

— o100 | 2:0] 2.5} 3.81 4.51 6.0} 7.81 9.0 .
20—
22

) ¥ dizenpion of casting in m=3; ag nominal weight of casting in kg;
24-b) Nominal dimension in m=:; ¢) Up to. b) iccuracy; ¢) Up to; d) Over.

26 —
1

Table 59

U9
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26: Allowable Deviations from Dimensions of Malleable Cast Iron Castings, in m %) ‘
30: i.
32 Accuracy Class !
— Dimension of
3¢ Casting, in mm 18t 2nd
36_ To 100 0.5 1.5
35 101-250 1 2
40_] 251-4,00 1 2.5 C
42 101650 1.5 3
44 ] 651-1000 1.5 3.5
46 1001-1600 1.5 4
48 }, ' Lo
5'0: The dimensions of castings for the ca%m of machine molding, must take account '
g 2‘::: the corresponding dimensions of .t.he fia%sks.
e} In designing cactines, proviston must|bo made for the “"*‘?“""?‘.’i’.ﬁ‘.‘f_‘_‘fi.‘.’ff,_m}“
_.~the gates, runners, gtc., and also for knogkout of the cores and removal of the 'i
e . PVITRRRE
STAT' i
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uqumwork'.wfmw - e - .- . e e e 3
Z:__,___J_’ho design of, castings must take int.oA consideration the conditions under which |
- i ,
P I U — Table 60 s e x
8] Allowable Deviations from Dimensions pf Copper Alloy Castings, in m (¥) ‘
loE Dimension of Aceuracy Clase :
12 .4 Casting, in m , 18t and
14 To 150 0.5 1
16 151-250 0.5 1.5
18_ 251-600 1 1.5
20.1h
22j e dotails are to be operated. Thus, for instence, if a cast detail is designed to
24 Tablo 61
261 Allowable Deviations from Weight of Malleable Cast Iron Castings, in %
28—
- Accuracy Class
30: ‘i‘:gh;:n o‘l('gCa.st- © et nd
32 + - + -
4] To 0.1 6 5 n 10
36_ 0.2-0.5 6 5 9 9
36 0.6-3 5 5 g g
40 _ 3.1-12 5 A 7 7
42 12.1-50 L . 4 6 6
. - Over 50 4 3 5 5
6] ; l
46;opcrate under pressure, its design should prowide means for attaching the core by i
’ means of core prints, without having recoul'se to chaplets. ‘
52:‘ The drawinga for castings must show t.he base aurfacea for machining of the de- \
? 5 ;‘t-.il, which are the starting points in mikifi aﬁnﬂd _tfsjing_ t_lze pattex:r}?—a‘ni’ iasf_if.‘is_.”
3 6“' The base surfaces must, ixji?f_e_r_?s ma‘y be possiblo, form a patt'.ern and be coSn_T_AT
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Q0 —

EE;\:&.M a oingle !’luak, “to
2

- d_cores. .

L -

ot e tn e e

Weight of Cast-

A8—2ig, w Minimum Thickness of Casting
50—Walls as a Function of the Dimensions

% 1) Steel; 2) Cast Iron

exclude the influence

l

Table B2 e e e

uu:—&*\n\nm

- ing, in kg
1
:{
16 To 0.1
] .
uaJl 0.1-0.2
~ 0.2-0.4
_
PR 0.4-0.8
1
b 3
‘-—1 008-1.5
26— 1.5-3
za..i:[ Over 3
30—
— There should be only & single base surface along
l'} 1
24
. —spatial coordinates,
put
36
) T
_ : '\u =
w1l 2 b
'&‘2: . 1 1T 12
Tl g
Wy == .
S T
46_i [ .4 E 4 [ ] ]

l
|

Declassified in Part - Sanitized Cop

T

Allowable Deviations from Height of Copper Alloy Castings, in ¢
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e curvature of the flasks

’

o = :

Accuracy Class

18t ond

- + - ,
5 1 10

5 10 9

4 9

N 8 €

3 8 7

3 7 6

2 6 5

each of the three axes of .

and only in exceptional cases should there be two more such

surfaces.

In view of the possibility of a cer-
tain buckling of the castings, it is rec-
ommended that the minimum dimension of
and that

the base surfaces be taken,

i
their position be so selected as to yield!

' the shortest distance to all the surfacoé;

to be machined. l
Selection of the wall thickness of
castings. The choice of the minimum \
LR }
|

Jn.llwable wall thicknesa ot the ca.stinga should consider the dimanaions 01' the de-

151 ?
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S

i 1

-] Dimension
. ) in m

14 9
' :_\ 100-200
16
. 201-400
18
3 4,01-600
20
501-1000
22

24 _Yron and steel castings,

— Nonferrous alloys
844

46—b¢ Pig.40 according to the cast

FOF‘N'?.'B'

56.]

Declassified in Part - Saniti
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“Ttails, the mighﬁ“&'&:asmg; the function of the wall,

- Thickness of Walls for

especially large ones,

ing dimension N,

5‘<thrrmrtxa-1eﬁg‘thg—-b ~the-width;- h;--the
i
m;-the -ghickness: of. the-walls

Declassified in Part - Sanitized Cop

~ihe kind of metal, and

the thickness 6 of the walls of

2
;Mthod-or_mnuraetum.ﬂm pand mold castinge,.
P . ~ ‘ |
= ' IR > Y D '

and Medium Iron Castings

Thickness of

Weight
¥alls in r=

in kg

To 5
6-10 7
11-50 9
51-100 12

nay be determined from the diagram

* 26
4 Table 64
28+
— Minimum (usual) Wall Thickness in Sand lold Castings
30
_
3‘21‘ Hinimum thickness of walls of details, in mm
344 ¥aterial Small Mediwn large
36
- Gray cast iron 6 10 15
3 . N
j Malleable cast iron 5 g -
40,
- Steel 8 12 20
42_]
3 6 -

which value is deternined by the

'l

~'*3——fomh
50 K= 204 b+h _oters
- 3 !

height- of the -casting -‘in-me——

}
52,

P e
-

»

n .
pproved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

e

is taken at not leas than-40 and 30~m~‘
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Mﬁl

X APl TR H
- . PR - O

4

s

Y_Pig.l - Dimnsions of Wall Flanges,

Ty

g

.L..__The.‘mn.kthiclmeaa _of . small and mediun_iron castings may-be taken, on.the aver-.

age, from the data of Table 63. The wall

for ateel and ir;nwcaatinga, reapective]:f
- ot - -
i
| AT
'! <
| 4 2
H 1
. ) i
oo beds kol s L..c.-‘
I [ 3 H 1 3 r ‘-|. A
s|lnjw|®
HEIEIE IR LE
sl stulsxs
sjluimlojo|is]o
7| w|@ ] ®@|10fm]o
7l | @0 |10]w]ds
sluu|m|wj0|22]4s
sluj®|o|i1s|n|sw
9|20 0|0 |i15]%]|®

-1 |
I
i

—yith each other, must be mado as small as

—pnce in cross-section is unavoidsble, the
ple, the guides of machine tools,
The thickness of the inside walls of

jons of solidification,

thicknesa for the corresponding steel ca.ab-l
:Lnss may be taken by the formula

1
‘ ‘—m-}-‘“.

P

{where L = maximum dimension of casting
:Ln mme

Taking the thickness of cast walls
less than those given in Table 61, is not
recommended. In high castings it is recom-
mended that the thickness of the walls be
i{ncrecased in the direction towards the
‘.feed source.
i

In walls requiring flanging, the

constructions of the flanges shown in

in mme

Pig.ll is recormended.

The difference in the thickness of walls, especially when they make contact

possible, In cases vhere a great differ-

.massive parts should be built up, for ex-

which, it is recommended, should be screwed on.

a casting, in view of the inferior condi-

i
should be about 80% that of the outside walls. !
|

The allowable deviations in the thicknesa of the walls and ribs of iron and

teel castings, as related to the maximm

Table 65.

253,

Declassified in Part - Snitized Cop
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To a.voi,d defects a.t the prresumed places of mstallation of chaplots, thin cast~;

{imensions of the castings, are given in

|

!
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ing walls “should have local Sﬂges, 80 thﬁ‘t tho mass of the metal will be suficient
_jto.melt _away. the chaplots. Ll
A S i
6. 1 ... - . Tabllo..65 .. K
81 .Allowable Deviations in the Thickness of Unmachined Walls and Ribs, in mm (¥) "
N (by GOST 1855-55 and GOST 2009-55)
10 — L.
ot c)
12
] a) ‘) 1 " 1]
14 - . . d | e) d) e) d) | e)
wJ g [eml oulul ulul oy
— at 18-30 0.8 1.0 1.0 1.0 1.5 1.8
18 118 5] K] o2 1.5 1.5 2.0
$00-—-1250 1830 0.8 1.0 l -3 ' 1.8 2.0 I 2,0
20 3-30 1.0 1.2 A 2.0 2.0 2.8
- 18- 0,5 1.5 o2 2.0 1.5 2.5
—d 12502500 100 I 0.8 1.8 l 5 2.8 | 2.0 ‘ 3,0
22 50-30 1.0 2.0 - 8 3.0 2.0 3.5
24

2¢ _a) Createst dimension of casting, in mm; b) Thickness of wall or rib, in mm; c) Ac-
' curacy class; d) Iron; e) Steel; f) To.

Y .

LS PR

Mo a g e
-
(%)
<>

i

|
—1' Design of Angles, Transitions, Contacts. The primary condition for the produc- i
ot H

t

31’:% : tion of castings free of casting deflects
-

T
< and stresses is the smooth transition of
Y W07

' cross sections and the absence of acute

>,
L S e

1]

. angles. Sharp transitions from one wall

Fig.42 - Cradual Change of Cross Sections
thickness to another are not allowed. IZ

at A:a> 2.

the ratio between the thicknesses of the

walls is within the range of 1:2, the

_transition may be formulated in the shape

jof fillets; with a greater difference

i

]
’ . . ) ~ . than this, the transition must be
Fig.43 - Corner Junction of Walls: a) with
) i

. wedge-shaped.
b Ratio of Thickness Loss Than 2; b) with |

Pillet radii from 1/6 to 1/8 the—

2 Ratio of Thickness More than 2.
e ammn w toe arithmetic mean of the cross ‘sections be-

i

154
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~ing connocted are recommended. Groator fillot. radii are not recoznnended, since they !
2 pu i

—lcan..cause local bulges. COST 2716-4; recom’nendn the following sories of radii for '
4 i
cast fillets: r = 1; 2; 3; 5; 8; 10; 15; 20; 25; 30; 40 rm. 1

1
—— - = N
3

et RSP SO

T The mmber of different fillet radii |hsed 1in the same “casting should be a nini-;
—~mmm. As far as possible, all the fillets should have the same radius, ' '
1

- The gradual change of cross sections fahould not exceed 1:4 in iron castings, !

- A-a 1
4..d.e, Y 57, vhere A - a = difforonce of cross sections and h = segment of

16 —

¢ ength over which this difference is formed (Pig.42). For steol, this ratio should,
18

~dt is recommended, be reduced to 1/5.

20
& ) To avoid local bulges and obtain smooth transitions, the corner junctions, at
)
u: ,‘.:' —a ratio of wall thickness A/a ¢ 2, are made with an outside radius r equal to the
by 24 —r
- :rall thickness A, and with an inside radius of rounding r, equal to 1/6 to 1/3 of !
- 26— H
vt , 1/A+a 1/A+ a
VU--—ithe nean arithmetical thickness of the walls, i.e., r = s\ to 3\
,’:{.‘&' i 50-
‘:: . 12 -—(Fig.hB,a)
.:?_“ , -{ When the difference in the wall thickness is great, the construction of transi-'
A t.:;'é’g e
“a F 15..4 VA= s
4 ;;i'}_‘r) —tions according to Fig.43,b, where ¢ = 3 VA - a;a *+ ¢ < A;h > 4c, is recommended.
A% se]
- ‘O‘—*For a steel casting, h 2 5c. Figure 4 gives the following variations of the allow-
. ‘z—able (right) and the recommended (left) junctions of two walls:

R The radius R in the allow-

! ‘ . . .
4: Aily AR ik able sch d, d d
:M,_’, 1";. ,3,7‘ > s e schemes a, d, d, e are used .
i ! o /)+. ’f*" for reasons of design; h for cast'
- 8. . >!.I >1% ' iron is tak '
sgll“..v'{- ! on is en as approximately
- Revooss '+l+¢ f+l"+l+c equal to 4c, for steel, approx-

- i

:Lmtaly equ&l to 5c; the value

“of c 18 selected according to the following rutioa' ; STA

255
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I e e

Ate. .. >28 18-2,5 1,21-1.8 <13 .
07A —-a O0SA—a A=—a .o S --
.) o

€ oo 5 3

61 Junctions of three walls may bo_designed by the ocheme o _Pig.45 vhere: .

8]
JL)c.'eBVA-a.;a-*csA;hzl.cmr t iron and h 2 5c for steel;
10

l2:b) ¢ & 1.5Vh = a; a + 2¢< A; h 2 8¢ for cast iron and h 2 10c for steel casting,
14 !

_lor by the schemes of Fig.46, where: a) A ¥ l.25a;a = 75-105% b) A X 1.25a and !
l6:¢< 75% c) A> 1.25a,¢ = 75-105% d) A > 1.253,8< 75% R=r+m, m=a+c. The{
:z:valuos of h are taken for cast iron as hm:l 8c and for steel as h ® 10c. The values

t

_'of ¢ are selected according to the following ratios: -

22

T
- | Azel . >05 1L8-25  1,25-18
€ee..07A-a 08A—~a A-=&a

24
26
In aluminum alloy weldings the ratios} of the design elements given in Fig.47 at
: the intersection of two or
three casting walls are recom-
mended. In this diagram, '

h=2(A+a)ih) = 2.5 (A +b);!

t

c=0.,754; d =r =0.5A +a;

l -0.5 (A"' a)l

The correctness of the _
i

proportions of adjoining cross i

sections may be verified by the

method of inscribed circles
—¥ig.4ly - Design of Junctions of Two Walls:
50 (Fig.h8). With this method a
52: Recommended, Left; Allowable, Right : )
large diameter of the inscribed

—t

5"'cireh—chl‘rtctlriua1nd.-~cmcentration{' of -metal-plus ‘slowest-coolings—————

o]

56— rne-dismeters-of-the-tangents to the-circle should;-if- possible;—differ-by-not-|

158
o _STAT

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4




Declassified in Part - Sanitized C

orp than 20-25%.

1¢..! Fig.45 - Junction of Three Walls

16 —

31 e
39—~ -~
4 c)

59-\% Pig.L6 - Design of Various Junc-

e2_] tions of Three ¥Walls
4

opy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

i

i

<t _Gradual_transitions are particularly :important. in designs subjocted to fatigue.

Ih these designs acute interior angles,
\bich are a focus for the accumilation of
local stresses, should bo avoided as much
as possible.

The number cf elements making a junc-

tion at a single point must be reduced to

—a minimm, thus x-shaped cross sections should if possible be changed into Y-shaped

sections, in which only three walls come
together. In this case the acute angle
should be rounded by fillets in such a way
+hat the cross section at the point of con-
tact is somewhat less than each of the cross
sections of the slements connected. Tig-
ure 49 gives schezes of intersections. In
a nucber of cases, to avoid the accumula-
tion of metal at the points of intersection
of the walls, special openings are zade
(Fig.49,1).

%o local accumulations of metal should

be allowed at the junction points of the

asting walls, where it is not possible to assure an uninterrupted feed of liquid

(4

~pietal during solidification. Thus, in malleable iron castings, depending on the

8.

—purpose of tha casting and the conditions of feeding the points of wall junctions,

pre recomendqd.

54 T
In designing casting corners it ia necessary to take into consideration that

T2 o -

the ratios of dimensions given in Tableb, lChapter V, Section "{alleable cast iron",

f
\

STAT
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Declassified in Part - Sanitized Cop

Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4



Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

0.._“~ -
~Ithe rate of solidification of the outside ‘corners is higher than that of the inside i

corners. The heat fluxes, moving perpondicular]y to the casting walls, intersect
. gt the outside corners and form a kind of
B S o e e

h:ot spot, which retards solidification. At

the vertex of the corner, the thickness

should be 20-25¢ less than in the side walls

Fig.47 - Design of Junctions in Alun- (Fig.50).

inum Alloy Castings The rounding of the walls at the points

of contact between the surfaces depends on

the size of these surfaces and on the angles

of contact (Table 45). In this case

(Pig.51) the basic dimension of the surface
is the dimension P perpendicular to the
genartrix of the cylindrical surface of the
rounding. 1In steel castings the radii
Fig.48 - Application of the Method given in Table 67 are used.
of Inscribed Circles: Construction of inside cavities and
3) Dy = Dy= D33 i b) Dy = Dy < D3 openings. In the design of cast details

3
e) Dy < 02 < DB; d) Dy < D, < D3 we rust avoid as much as possible internal

5

10
tion, roquirec the use of cores. The

—@ Dh <D cavities which, owing to their configura-
"
]

-

42
~ratioe in the dimensions of the inner cavities formed without the use of cores de-

441

46—4pends on the position of these cavities in the mold (Fig.52). The cavities formed

ts-m y parts of the mold located in the drag nnd standing on its base may have the

eight H, reaching to the dimensions of the base, the diameter d, i.e., H < D; the

cavities formed by parts of the mold located in the copes and suspended downwards,
t
st have the dimensions h < 0.3d#, : !

. _—i#* These standards of allowable ratioa have been eetabliehed uith reference to STV\T
Ss_qmachine~molding,~for hand molding they should be about halved. - e - -

L]
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-

Il Ha
v §-

Y

R

E 2l
e

Co
a4

b

e 8 e
w38y By

Hhon there are a

laxample_in the cyliriders of air-cooled enginoa, provision. should be made for their
|

1

large number of cavitios formed by cores in castinga, for

Scheme of Lightened Inter- Fig.50 - Design of Cornmer Casting

sections

’unificat.ion. The design of cavities zust allow for the possibility of molding the

3?_4
- i cores on machines.

34

The inner cavities of castings must

6| 4
s be such that the configurations and the

core prints shall assure reliable rein-

forcement and accuracy of installation.

N ) The exit openings for the core prints must
Pig.51 - Scheme of Roundings of Walls
be, as far as possible, continuations of

the casting cavity. If the length of the Ecore is twice its diameter, or more, the
1
form of the cavity should provide the stn{ctural means for attaching the core at

i

both ends. i
- The thicknesa of the cavitios formod {by the cores must be such that the cores

?

uh&ll allow the use of cast or wiro fraxﬁes fof their reinforcement, that they shall

i

!
159 STAT

|
N
|
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'l‘ablle 66

i . - .
t
the Heeting Surfaces, in mm
Radius R of the Rounding of «!

Angle 4 Gontaet —-=—= = =" ~7 "7

' - over 165
Dimension P Up to 50  50-75 75-195  105-135 135-165
in m

2
2
L
L
6
6
8

Table 67

Radii of Roundings in Steel Castings

—g
ATICIEIEIE IR 1k T\
ARHEHEEHE

0
12151!25.3)0_
AR HEE
121520259040
At

s .
Rmr+—5— . 1H>3

NiEEEREE

1

e v e e S

A=)

il

e

L Fi

g
o

L

>
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|

(523

RERE

imension a in mm 3 A in m
; b) Dimension r ‘N TR . ...
a) D “’.’:..,..'.‘TW_,._L_.‘ :

il
-

60
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--;ot break during transportation,

RS

:’;‘ln‘l o‘\
3.
&ﬁ

_,‘ 2/. //I oo '1)

l
i

16 — Fig.52 - Dimensions of Inner

H

~i Cavities Formed by the "Blocks"
0

o

wthe walls.
24

of the Hold

Table 68

in m

R

Minimum Dianeters of Cast Openings

and ahnlli also withstand the prcsaui‘e head of the

1

quid-metal when the mold is poured. }

The design of the details must as far as
-;;msib?.o provido-‘forwt_!ﬁ't; “escape of gases from
the co?'c to the top of the casting.

'1‘:ho decision whether the opening shall be
cast o!r not must be taken in accordance with the
character of the detall and of the technology of
its production. Table 68 gives the vecommended
minimum diameters of the cast openings formed

by the cores, as related to the thickness of

Table 69
Dimensions of Openings Formed by Creen

Parts of Mold, inm

=

S51—80
0128
1%-1%

-3

cgerzesai
.2ZREBBEEUR

1. BAIRERE

11111 SHER
1111 E8aESR | %-5

SESBRSBALR | M-

S

BA8S8E

o

) Thickness of wall surrounding opening |

e st s e %

!
ca————

wTaper of walls of openings 1:10.

4n mm;-b) Length or Height of opening in
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In ]m‘go castinga, co.ot. openinga ar

0
50.mm, under. the.condition that the thickness of the walls shall be not more than

5 times the diamecter of the opening.
6 P e .-
— Table 70

.} Machining Allowances of Adjoining

10—
: Openings (oy GOST 1855-45)
B
o a) _ﬁ) ‘
16 . : v |2 | s
IR ._‘ w0 1 3 4 s
20 101200 ‘ s
s 201-300 . 5 ¢ 7
20} 301300 6 7 ]
ae - 501 —900 7 s 9
T 01-120 s | 2|
K 12011800 10 10 13
W 18013600 - |
“ “‘: 24013000 - 14 16
RILJ 39015100 - 16 18
.1—“- sm - ‘8 m

-

Mot

i
yo_| * With openings longer than 5 diameters,

30_the allowances for Groups 1-2 are taken

r,zﬁccording to the next group (2-3), while

4 accordance with the casting process.

) Greatest Diameter of Casting, in mm;

~Group*

5% e e eamti e i

- ' Reinforcing the walls of castings by crimps at the places of cast openings 18

56 e reeterere e

+4_the allowances for Group 9 are increased
6

Declassified i - iti
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o ',mn.dc when their dinmetar is not losa than !

" fn the case vhers the opening is

\ formed in the wall of the casting by
| means of a green part of the mold, the
'.
l

ratio of the diameter to the thickness

. are recommended according to the data

of Table 69.

he machining allowances for the
openings directly affect the question of
openings in castings. Table 70 gives the
machining allowances for meeting walls.
The zllowances Ior rmachiring roncontaguous
openings, whose position on the casting
js determined by the free dimensions,
will be found in Chapter vi.

A casting design should provide for
the removal of the core cix, frames, etc.
from the inner cavitles, and for the
careful cleaning of the cavities left by
the cores. If, owing to its function, an
inner cavity of a detail is to be a blind
I’ closed passage, then special openings

‘nmst be provided during cas-ting for the

") Maximm Machining Allowance in mm, for i removal of the core mix, frames, etc.,

! i‘ollmd by complete closure.

l
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‘—cross-section of the main body of the casting,

. .ribs, must not cause local accumlations of metal.

Recesses and grooves are cast if thei;r width is over 25 mm and their depth over

0\
'é

Fig.53 - Dasign of Edges of Un-

machined openings:
a) Two-wall; b) One-wall; ry = 0.25a:

r, = 0.75a

9 '//'j ,
7/// ~]

7 |

o
‘ > &
7/ 3

é)

Fig.54 - Design of Beads in Machined

Openings.

¢ m= {on small and medium castings).

f Design of ribs, flanges, lugs and

bosses. The dosign of ribs should not

cause dangerous local stresses at the outer

edges and corners, which could lead to

breakage of the metal (cracks). The thick-

Declassified in Part - Sanitized Copy Approved for Release 2013/04/16 : CIA-RDP81-01043R001900100002-4

ccmondod ratios of the dimenoions Vc;r“ﬁiei

ness of the ribs is usually 0.7-0.9 the

wall thickress, while their height should

not, it is reconmended, be more than {

tices the wall thickness.

7he contact between ribs and the

Figure 55 shows the design of a wall
with a rib located in its central portion.

The recommended dimensional ratios are as

follows:

H a S r ry R
<54 0.8F 1.25A O.5A 0.25A 1.5

Figure 56 gives the design of a

casting with ribs located along the edges

ive

and the intersections between the

of the wall. The following dimensional

ratios are observed in this case:

a) Two-walled castings (recommended de~

sign); b) single-walled: r; = 0.25a;

B = = Taas ™~ mams . 3 i - N 2 LY O

Declassified in Part - Sanitized Copy A

< 5A A 0.3A 0.25A
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COns—i&o—;@lweﬁnc:cm‘u.ih}.-i;m; of
Accordingly, -
small and medium castings,

.a. c!leckerbonrd design or rib networks for

section_of the xribse
and a ring design of i

“is tocomnended, i

1g.5T0)«
at thoseii

" such T nc\tworxs tor 19.!'5- cautma,

with ci<c 2a (Fig.57a) and d > 4a (F
e accumlation of metal

10 )
. Ta reduce th
- 12| FigesT - Metting or ribs: |
. _j| cox'nera whero & perpondiculm' strength rib makes
_ta) Checkerboard; b) Ring
.J conta.ct with two walls, jt is desirable to pro-
16
i
. ,‘vide a cast opening in that strength rib, ymich, without weakening the structure,
18 4
w:.ll still ravor the production of a sounq casting.
10.,1 '
'_4 i
2.4 :
u_:
T
26 ) |
3 \.
20— \
30:
324
| 1
34,{ Figure 48 shows the joint between a massive pin and thin walls. In this case: 1
364
H D R r r
. 3:':1 1
) —1 < bA < 1.5A 1.5A 0.5A 0.25A |
40_¢ . i
42 With pins of larger size, they are made hollow (Fig.59). For D = 34, d = 1.5A,
44_po that (d-d)/2 2 6 mme ';
46 Figures 60-62 show the construction of various types of bushings. Figure 60
4g_ghows & flanged bushing, where 1i and d e.ro\i selocted for designs considerations; |
50..p = 0. 5A; 79 ™ 0.250; S £ 1.4Ae }
ing with unmachined opening The ribs are symetricany \

Figure 61 shows 2 bush:

<a_Nocated,-and- _recess0s-are.

tal;Rm-1e5k;-v-=-0e 254;.

local accumlations- of..

w

_provided. oppoait"p them_to prevent

§.m.La25Ae--
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ymetrically located ribs, the dc;ignf

] For buohings with machined -oécni:;lg-a;ﬁd as
T2 |
_Ishown on.Fig.62 1s recocmended, with the following dimonsional ratio: 1 = 1.24; | i
4. . ' 1
wily = 034 R = 0.54; T = 0.254; S = L.25A)
[J0 SRS e e . ; .
’ -1 . { ‘ .
. u'j. . . i .h . I ” l I P .
10 v Z2 0 Z1¢. =
- { s 7) \
1o i :’/ I %“ 75K | }//A.'E
_ R I A A =
14 ' —d ) i
—
16 —|
18 _|
20| When the thickness of the beads differs greatly from that of the main body
. : - J 2‘2:1of>the casting, a smooth tronsition with a taper of 1l:4 or 1:5 is necessary.
" 241 :
: “sn P el
+ 26 — D
S O 7R L rda s
N - 73Rz
Tl “‘]} 447, Hral 7072 Sl - ‘
30—} ! 7y = <
- 1
32| . 2
) jcj Fig.62 Fig.63 :l
» —
H 163 When two beads meet, one of them must be wider than the other by 6-8 m= at the .
N 3g.—plane of contact.
A0_] ‘ ' ‘ -
] ! U r
42| fa “:1 i Py %”:
: A } 7 <
A } Z '«l'"//: :.:21 '
! M B
A6 :
48] Pig.6h ‘ Fig.65
50 f -
1 . Bosses, lugs,-brackets and' other projlucting elements of .ast details should
5%~ . : ‘
be designed for the unhindered removal of the casting from the casting mold. ‘;
The thickness of 1\;{;8 and bos‘sﬂc‘s:hould not. ditfor consibdexlz;ﬁ}“&;;.él‘\“; thic;c:«
i STAT .
.. 166. ,
i
¢ *\,ﬂ, z’ >
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[ s

ness of the mi.nbodyuo—f';ho cn;s{.ing;.zié “l rule, the height of bosaos should not

mud..Ol?E to. 1.vall=-thickness. !‘ JE - - |

In ocoasional casas lugs may be lightened by foming openings or recessos in j

Bl

- Figure 63 shows such a design of a ai‘ingle-aidad lug, whers d is not less than !
10— |
—I8 rm. "For d < 8 m, the opening is replnéed by recesses with R = 0.15 D; r = 4; |
12 ‘
— ™ 0.254; h is chosen on the basis of design considerations. The following ratios
14 ]

-—iare recommended for D; d; D = 25; 35; 80; 170; 260 mm; d = 10; 20; 50; 120; 200 rm.
16

e 6L shows the analogous lightenirg of a two-sided lug with the same dimensional
18

—ratio.
20
22-—% A lug of the same cross section as the wall is shown on Pig.65, where h has
een selected on the basis of design considerations; r = h; R = & + h; ry = 0.254.

The following minimum heights are recozmended for lugs:

Dimension of detail in Up to 0.5 0.6 -2

3

pe
i

bar

Height in = 6 0 -15

.
v

3 ¢
T s 4y
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