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Unit [

CUPOLAS
Step 1
Look at the drawing of the cupola, study the names of the parts and match the

names with the parts in the drawing.

Spark arrester

Stack

Charging door

Shell

Iron charge, metal charge
Lining

Coke charge

Cupola body, cupola shaft
Tuyere

Wind box

. Sand bottom

. Forehearth

. Spout

. Coke bed

. Door

Tap hole
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Step 2
Put the questions about construction of the cupola and ask your partner.
1. In what part of the cupola is a spark arrester?
2. Where are tuyeres?
3.
4.
5.



Step 3

Describe the construction of the cupola in the drawing.

Step 4
4.1. Read the text and find out :

1. How can the cupolas vary in size? 2. What are the main parts of a
conventional cupola? 3. What processes take part in the cupola? 4. In what way

is the cupola charged? 5. In what way is the metal drained out?

A Conventional Cupola

Cupolas can vary in size, from ones that melt 1 ton of cast iron per hour to
ones that melt 50 tons per hour. Conventional cupolas consist of a cupola shaft,
a stack with a spark arrester, a set of tuyres, a hearth and a forehearth.

The cupola shaft is the main part of the cupola. It is based on the sand
bottom plate and the props. The charging door for charging the cupola with the
mixture of raw materials is in the upper part of the shaft, the lower part of the
cupola shaft from the sand bottom to the first row of the tuyres is called a hearth.
The cupola shaft of the conventional cupolas from the sand bottom up to the
charging door is lined inside with two layers of fireclay bricks. At the top the
cupola shaft is lined with grey iron blocks that prevent it from damage with the
charge materials.

Two main processes take part in the cupola shaft: burning of the fuel and
melting of the cast iron. For better burning of the fuel and intensification of the
melting process several rows of tuyres are set. Air to the tuyres comes from
wind box. Cupola is operated by varying the air blast and the percentage of the
coke in the charge. Products of burning go outside through the cupola stack. The

stack is crowned with a spark arrester that catches burning hot dust and sparks.
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The hearth and some part of the cupola shaft are charged with a layer of
the burning hot coke. This layer of the coke is called the coke bed. Iron charge is
charged on it by small portions. The iron charge consists of cast iron, scrap,
scrap steel and the coke. The coke is called the fuel charge. Lime that is used as
flux 1s charged after each fuel charge of the coke. When the metal melts it flows
out of the cupola through the tap hole and intermixes in the forehearth. Metal in
the forehearth has the uniform temperature and chemical composition.

If the cupola is tapped continuously as most medium-size and large
cupolas are the cast iron and slag flow continuously through the same tap hole
and are separated in a small basin in a spout, the slag floating and being
discarded.

For intermittent tapping there are both a cast iron tap hole at the front of
the cupola and a slag tap hole at the rear some 12 to 24 in. higher. The cast iron
tap hole is closed with a fireclay plug so that cast iron and slag are accumulated
in the hearth. As the level rises the molten slag floating on the cast iron reaches
the slag hole and flows out. When the cast iron level is near or at the slag hole
the cast iron tap hole is opened by removing the fireclay plug and most of the
cast iron is drained out at a rate much higher that the melting rate.

The cast iron tap hole is then reclosed and the cycle is repeated. The
cupola walls may overheat, crack or even burn during operation. So it is better to
have them water-cooled. Modern cupolas have two types of water-cooling:
water wall or water flood. It greatly effects the cupola sevice life and
productivity.

6. spark arrester — UCKporacuTeilb

4.2. List of special terms 7. tuyre — dypma
1. castiron — uyryn 8. hearth — rops, Tonka ( pabouee
2. per hour — B uac MIPOCTPAHCTBO TIEYN)
3. conventional — 0OBIYHBII 9. forehearth — xkonuibHUK
4. shaft — maxra 10. sand bottom plate — miauTa moma
5. stack — Tpy0Oa I1. props — onopsel, CTOUKH



12.

13.
14.
15.
16.

17.
18.

19.
20.
21.
22.

23.
24.
25.

26.
217.
28.

mixture of raw materials —
IITXTa

charge material — muxTa
charge — mmxra

to charge — 3arpy»atb
charging door — 3arpy3ouHoe
OKHO

to line with — obnuioBKa
fireclay bricks — oraeynopHsiit
KAPITUY

damage — noBpexaeHue

fuel — TonuBo

melting — ru1aBka

molten metal — pacruiaBiaeHHbII
MeTauI

to set — ycrtaHaBIMBaTh

set — KOMIIJIEKT

wind box — Bo3aymiHas
KopoOKa

air blast — Bo3ymHbIi TOTOK
dust — bLIB

sparks — HCKpBI

Step 5

29.
30.

31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.

42.

43.
44.

45.

The chart contains some terms from the text.

coke bed — xonocras kosoma
fuel charge — TonnmBHas
KOJIOIIIa

lime — u3BecTh

scrap — METAJUIMYECKUN JIOM
fuel charge of coke —
TOTUTMBHAS KOJIOIIA U3 KOKCa
tap hole — yyrynnas nerka

to tap — mpoOUBaTh JIETKY
continuously — HempepbIBHO
spout — CIIMBHOM KeJI00

to float — BcibIBaTh, IIaBaTh
to discard — ynanste
intermittently — ¢ mepepbiBoM
tapping — BBIITYCK MeTajlia
U3 MeYn

at the rear — ¢ oOpatHoi
CTOPOHBI

plug — mpoOka

to drain out — OTBOOUTD,
BEITTYCKaTh

rate — CKOpOCTb

Study the other forms of the same words. Complete the chart with the missing

forms of Participle I and Participle I1.

Nouns Adjectives Verbs Participle I | Participle II
variability variable to vary Varying varied
variation various
charge - to charge charging charged
melt molten to melt
operator operational to operate
operation
blast - to blast
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Nouns Adjectives Verbs Participle I | Participle 11
product productive to produce
production
productivity
crown - to crown
fuel fuel to fuel
slag slaggy to slag
slagging
tap to tap
flow to flow
Step 6

Put these words in the correct places.
damage/stack / layers / wind box / coke / shaft / fireclay plug/
1. The charging door for charging the cupola is in the upper part of the .... .
2. The cupola shaft is lined inside with two ....... of fireclay bricks.
3. Iron blocks prevent the top of the cupola shaft from ....... :
4. Air to the tuyres comes from a ....... :
5. The ..... is crowned with a spark arrester.
6. ...... is called the fuel charge.

7. The cast iron tap hole is closed with a .....

Step 7

Brainstorm
Brainstorming is an activity when you give different answers, suggest different
ideas the more, the better but do not criticize the answers given by other
students.

1. How did people melt metal in old times ?

2. What is lime used for ?

3. How is the cupola fired ?

4. Is it possible to throw fume directly into the air ?

7



Step 8

You can find some terms and their explanation. Match the terms with the

explanation.

1. charge, 2. melt, 3. raw, 4. shaft, 5. mind box, 6. plug, 7. product.

a.
b.

@ o o

A material such as wood, coal, gas or oil burnt to produce heat.

In a natural condition; not subjected to manufacturing or refining.
To change or be changed from a solid to a liquid state by the
application of heat.

An object used to stop hole.

A result obtained by manufacturing.

The main part of the cupola.

An apparatus from which air to the tuyres comes.

Step 9

Case study:

Look at the pictures of cupolas! Find the difference between them.

Use the words given below.

CONVENTIONAL CUPOLA WAT_ER-COOLED-CUPOLA WATER-COOLED CUPOLA

(WATER-WALL) (FLOOD COOLED)
8



MAIN PARTS OF THE CUPOLA

Cupola — Barpanka

Spark arrester — uckporacurenb

Stack — npIMoBas TpyOa

Charging door — 3arpy304Hoe OKHO

Shell — koxyx

Iron charge, metal charge —
MeTaJlJIndeckast KoJjomia

Lining — pyrepoBka

Charge — komnoma

Coke charge — kokcoBas koJomia

Coke bed — xonocrast kosoma

Cupola shaft — maxTa

Tuyere — pypma

Slag hole — nutakoBoe oTBEpcTHE

Iron trough — xeno0 s uyryHa

Blast duct — Tpy6a m1s moaBoaa
BO3/yXa

Cast iron lining — pyrepoBka u3
qyryHa

Charging deck — 3arpy3ounas
TUTOIIA KA

Carbon blok — nepekpsiTe 13
yriaeponaa

Water-cooled tuyere —
BOJI0OXJIAXaeMast pypma

Steel inner shell — cTanpHO
BHYTPEHHUN KOXYX

Fireclay plug — mpo6xa u3
OTHEYIIOPHOM TIUHBI (IIIaMOTHAs)

Accumulate — HakanIMBaThH

Slag dam — neperopojka w3 1UIaKa

At the rear — ¢ oOpaTHOI1 CTOPOHBI

Wind box — Bo3aymiHas kopoOka

Sand botton — mox, Jemanb

Forehearth — konunbHUK

Spout — xkxeno6

Door — nBepua

Tap hole — netka

Blast — nyTbe

Mixture of raw materials — mmxra

Charge calculator — mmxToBka

Scrap — tom

Coke — kokc

Flux — ¢uroc

Prop — croiika, noanopka

Tap hole for cast iron — neTka,
BBIITYCKHOE OTBEPCTHE

Tuyere — pypma

Refractory lining — orneynopHas
dbyTepoBka

Brick lining — pyrepoBka u3
KApIuJa

Skip-hoist-rail — Tpoc ckumnoBoro
MOAbEMHHUKA

Well — meTamnonpueMHUK

Water outlet — BeimyckHOE
OTBEPCTHUE ISl BOABI

Water manifold — komnextop mis
BOJIBI

Tapping — BeIMyCK MeTaJljIa U3 Me4u

Drain out — 0TBOUTH, BBITYCKaTh



Step 10

Study the drawing. What are the main parts of the new cupola iron-melting

system?

1. Preheater - ycTanoBka
IUTSL TIOAI0TPEeBa

2. Quencher - racurens

3. Dust collector -
NBLIECOOPHUK

4. Air pollution control
equipment -
00opy0BaHKE 110
OYHUCTKE BO31IyXa OT
3arpsI3HCHUI

5. Supplemental
equipment -
JIOTIOTHATEIILHOE

CONTROL ROOM J ZMOLTEN IRON 060pyHOBaHI/Ie

The new cupola iron-melting system at the Michigan Casting Centerisone 6. Channel holding
ofthe largest in the country. Itincludes cupola and preheaters, right, and air i
pollut/on equipment including a quencher. Supplemental equipment furnace - kanaTBHBIA
includes a 100-ton channel holding furnace to receive molten metal. MUKCEP

Capacity is as much as 75 to 85 tons per hour

DUST COLLECTORS

Step 11
11.1. Read the text and answer the questions: 1. What is the capacity of a new
coke-burning cupola? 2. With what material is the cupola charged? 3. What is
"dry slagging technique"? 4. What does the parallel arrangement of the cupola
to electric arc melting ensure? 5. How much is the environmental control

investment of the company?

GIANT CUPOLA OPERATING AT MICHIGAN CASTING CENTER
A new coke-burning cupola went into operation at Ford Motor Co' s Michigan
Casting Center. The new cupola has a basic capacity of 20 tons per hour and a
maximum capacity of 85 tons per hour. The cupola uses two 1200- deg.
externally fired preheating units, supplied with blast air blowers driven by 800

hp motors.
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The emission control system consist of a giant "quencher" as tall as the
cupola, two exhaust fans and two dust collectors each containing 12 sections and
1.400 filter bags. In addition to the cupola the installation includes a 100-ton
capacity channel holding furnace.

The cupola i1s charged with blends of coal of different grades, foundry
coke, iron scrap and steel that can be recycled.

The new system uses a "dry slagging" technique. It doesn't need water to
cool the slag skimmed off before the molten iron is poured, avoiding potential
water pollution. The slag is recycled. It is pulverized and used for cinder blocks
and road surfaces. The parallel arragement of the cupola to electric arc melters
ensures continuous production even when electric supply is limited. The cupola
is installed at a foundry parallel to six operating electric arc melting furnaces.

Fifteen percent less coal is needed to produce the coke to melt a ton of
iron in the new cupola than it is required to generate the electricity to melt a ton
of iron in the arc furnace.

The company spent $ 4.8 million on air pollution control equipment for the new
cupola raising the Casting Center's total environmental control investment to

almost $ 29 million.

11.2. List of special terms:

basic capacity — 0a30Basi MOIIIHOCTb dust collector —

MbUIECOOPHUKHU
blower — BEeHTUIISATOP, BO3yXOyBKa

channel holding furnace —
KaHAJIbHBIC TICUH JJIST BBIICPKKA
MeTasia

to drive ( drove, driven ) —

MIPUBOUTH B JIBHOKCHUE

hp=horse power — jomaguuas cuia
p p blend — cmech

emission — BEIOPOC
grade — copt

exhaust fans — BBIXJIOITHBIE

scrap — METAJUTMYECKUN JIOM
BEHTWJISITOPHI (JIOMIACTH)

11



to recycle — moaBeprarbcs arrangement — pa3MeIeHIe

MOBTOPHOM 00paboTKe
to ensure - o0ecreYynBaTh

to skim off — ynanars : .
A arc furnace = electric arc melting

to pour — JINTh, 3aJIUBATH furnace — anexTpoxnyrosas

) [UIABUJIbHAS 1€Yb
to avoid — nzderarep

) to raise — YBEJIMYUBATh
cinder blocks — nmurakoBbIe 0J10KHA y

Step 12
You are a production manager of a plant.
Discuss with the sales manager the advantages of a new cupola installed at the

Michigan Casting Centre.

Step 13
The company wants to install a new cupola, write 5 — 6 requirements that should

be considered to make the final decision.

Step 14
In groups of 3 students compare your requirements.

Draw out the joint decision. Write a draft.

Step 15
You are a chief of a foundry workshop.
Write a short report to the chief engineer of the plant about the cupola operation

during a typical working day at your workshop.

Step 16
16.1. Let's talk shop. Dramatize the dialogue between two engineers:
A. - As, you know, coke is used in foundry practice as a melting fuel and as a

source of carbon as well.
12



B. - Yes, that’s right. Thus it greatly results the quality of the iron to be
produced. What are the main requirement, for the foundry coke, to your mind?
A. - First of all, it should avoid degradation and segregation during handling. It
is to be hard and fissure free hardness is important to support the weight of the
charge above it and not to splinter into smaller pieces.

B. - Right, right I fully agree with you. Especially when it is subjected to a
sudden impact.

A. - Yes, that’s it. One should also know the nature of the coke. It is such that
each piece has not the same size and shape. The main rule is the less handling
the better.

B. - Yes, and it is very important to observe special tips during handling the

coke.

16.2. Word-list

a source of carbon — uctounuk yriaepoza; degradation — yxyamienue (KauecTna);
segregation — mpeBpamaThcs B MblUib; handling — nepeBo3ka (TpaHCTIOPTUPOBKA);
fissure — Tpemmuna, uznom; to splinter — packansiBatbes; to subject to a sudden

Impac — HEOKUJAHHO MOJBEPIaThCs yaapy; tips — COBETBHI.

Step 17
17.1. TIPS FOR HANDLING FOUNDRY COKE
Read the text and translate it in written form.

Here are some tips on proper coke handling.

1. When transporting the coke by conveyors keep the drop hight as low as
possible to prevent segregation.

2. A feed hopper should be installed at the end of the conveyor-belt
because the larger pieces are thrown farther than the smaller ones when leaving
the conveyor. Large and hard pieces of coke are used for coke bed.

13



3. Pile coke in several smaller heaps rather than one large one due to the
tendency of larger pieces of coke to roll to the bottom of the heap.

4. Never run over coke with a truck to prevent degradation of coke into
coke fines.

5. Mind the less handling the less segregation there will be by size.

6. Coke should not be contaminated from dirt when it is stored. Cover it
with a layer of granular slag. Use paved storage area.

7. Prevent the coke from exposure to moisture when it is stored. Excessive
surface moisture of the coke will result in bad quality and even explosion.

8. Accurate weighing of coke, limestone and metallics will result in
producing iron with good chemical analysis and uniform nature.

9. Do not use coke from the previous day's heat for bed preparation.
Select new coke that is free of fines.

10. Thus, coke that is used in foundry practice requires proper care and

storage on the part of the cupola operator.

17.2. Word-list

drop hight — BeicoTa KOHBelepa; a feed hopper — nonaronuii 6ynkep;

to pile — coOupath B Kyuy; heaps — rpy/bl, Kyud; to run over — nepee3kathb;
truck — rpy3oBuk; coke fines — Menkuii yroyib, 4aCTHIIBL;

paved — acanbTHPOBAHHBIN; eXposure — BO3JeHCTBUE;

moisture — BJara; proper care — Xopoliiee ooparicHue.

Step 18

Draw in your copybook the scheme of a foundry section . In small groups
compare it with the scheme of other students and discuss advantages and
disadvantages. Make the alterations in your scheme.

14



Unit 11
FURNACE MELTING

Step 1

Look at the drawing of the electric arc furnace, study the names of the parts and

match with the parts in the drawing.

Llectric are furnace

L
=3
1. Charging door — 3arpy304HO€ OKHO
1
% % | 2. Spout - xen00
2 R N
N 3. Graphite electrode — I'paduToBsIit
‘ .
MUY TS JIIEKTPOJ
A
RN N\ 4. Molten metal — pacrinas
I G o //
v 7
Step 2

Put the questions about construction of the electric arc furnace and ask your
partner.

1. In what part of the electric arc furnace is the charging door?

2. What for is the spout used?

3.

4.

Step 3

Describe the construction of the electric arc furnace in the drawing.
15



Step 4
4.1. Read the text and find out:

1. What alloys are manufactured in electric arc furnaces? 2. What are the
basic parts of electric furnaces? 3.What is used as charge material for one slag

and two slag processes? 4. What is the purpose of refining?

ELECTRIC ARC FURNACE MELTING

Electric arc furnaces are used in manufacturing high-alloy steels,
including stainless steels, cast iron, modified cast iron and cast iron of high
strength.

The walls and the bottom of the basic electric arc furnace are covered
outside with a steel shell. Inside they are lined with basic refractory such as
magnesite bricks for basic melting or silica bricks for acid melting.

The roof of the furnace has holes for graphite electrodes that can be
transferred vertically by special mechanism with the speed of 0.8-1mpm. The
current to the electrodes is sent through the electrode holders. Clearance
between the electrodes and refractory lining in the roof is closed with the rings
that are cooled with water. Two processes can take part in the electric arc
furnace one slag and two slag.

For one slag process the mixture of raw materials 1s charged through the
charging door that is in the sidewall of the furnace.

About 40 % of the charge is usually made up of scrap and returns. First
the small pieces of scrap are added to form a compact mass in the furnace thus
aiding electrical conductivity. The heavy and lumpy portion of the charge is
placed over the smaller pieces followed by the lightest portion.

During melting small quantities of lime are added to form a protective
slag over the molten metal. Iron ore is added to the bath just as melting is

complete.
16



The slag i1s highly oxidizing and in the right condition to take up
phosphorus from the metal.

In a two slag process shortly after all of the steel has melted the first
littered slag is taken off and a new slag composed of lime, fluorspar and
sometimes a little sand, 1s added.

As soon as the second slag is melted the current is reduced and at intervals
pulverized coke, carbon or ferrosilicon or a combination of these is spread over
the surface of the bath. This period of furnace operation is known as the refining
period. The refining slag has approximately the following composition: 45 to
55 % CaO, 15 to 20 % Si0,, 0.50 to 1.5 % FeO, 5 to 15 % CaF.

After the proper bath temperature is obtained ferromanganese and
ferrosilicon are added into the ladle for modification. Aluminum generally is

added in the ladle as a final deoxidizer.

4.2. List of special terms.

cast iron of high strength —

. returns — BO3BpaThl COOCTBEHHOTO
BBICOKOITPOYHBIN 4yT'YH

MIPOU3BOJICTBA

bottom — oz is highly oxidizing — HaceieH

basic — 0ObIUHBII OOJIBIINM KOJIMYECTBOM OKHCJIOB
to line with — ¢yTeposats to take up — nornomars

basic melting — oObIyHas MIaBKa litter — mycop

acid melting — xucnas niaska fluorspar — 1IaBUKOBBIN ILIIAT
silica bricks — Kupn4M Ha OCHOBE to spread over — paBHOMEPHO
KpeMHe3eMa pacchlnarb

roof — ceox ( meun ) refining period —

BOCCTAHOBHUTEIIHHBIN TIEPHOT
electrode holders —

AIIEKTPOACPKATETN ferrosilicon — peppocunuimia
clearance — 3a30p bath temperature — Temneparypa
3aJIMBKH

scrap — JIMTEUHBIN CKpaIll
deoxidizer — packucnurens
17



Step 5

The chart contains some words from the text. Complete the chart with the
missing forms.

Nouns Adjectives Verbs Participle I | Participlell
lining to line
refrectory refractory
cool to cool
scrap
conductivity
to add
protective
oxidizing
refining
Step 6

Put these words in the correct places.

Refractory / lime / refining / steel shell / roof / carbon / clearance.

1. The walls and the bottom of the basic electric arc furnace are covered
outside with a ... .

2. Inside they are lined with basic ... .

3. The ... of the furnace has holes for graphite electrodes.

4. ... between the electrodes and refractory lining in the roof is closed with
the rings.

5. ... 1s added to form a protective slag.

6. During ... oxides in iron are reduced.

7. Pig iron reduces the ... content in the bath.

Step 7
You can find some terms and their explanation. Match the terms and the

explanation.
18



1. electric arc furnace 2. current 3. clearance 4. refractory

5. lining 6. refining 7. seag
a. A flow of electric charge
b. an apparatus in which heat is generated by electric arc
C. material left over or discarded as refuse
d. to free from coarse characteristics
€. material to withstand heat without breaking
f. A covering or a coating
g. some distance
Step 8
Brainstorming.

1. What principle of operation is used in this type of the furnace?
2. What chemical reactions take place during the process of melting?

3. What is to your oppinion the effect of aluminium added in the ladle?

Step 9
Case study.

Look at the picture of electric arc furnace. Study the construction and
compare it with the furnace in task 1. Discuss the process that can take place

there. Use the words given below.

ROOF CgScSAToF}qUCTION: SIDEWALL CONSTRUCTION
70% TO 90% ALUMINA FUSED CAST, BURNED, OR
OR MAGNE SITE-CHROME | 1 CHEMICALLY BONDED
BRICK ! MAGNESITE CHROME BRICK
il FOR BASIC SLAG PRACTICE

SILICA BRICK FOR
ACID SLAG PRACTICE

. InsnsamE ==
T ITITITITIN G

59111806 515 51 0 6 5 €5 e 0 0 00 15 120 60 10 6 10 OO 1 O D 8 6 0 &
= LT

BOTTOM
CONSTRUCTION

SILICA DOLOMITE
OR MAGNESIA

RAMMING REFRACTORY

Electric arc furnaces are used predominantly for steel n:&{ing, but also for iron melting and
holding. Courtesy Refractories Institute.
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Word-list

silica — cuIMKaTHBIN, KBapleBbIM; alumina — TJIWHO3EM, OKHCH ATIOMUHHS;
magnesite-chrome brick — xpoMmo-maruu3uansubeiii kupnuy; fused — criedeHslid;
cast — mutoi; burned — oOoxokeHHbld; chemically bonded — xumunuecku
CBSI3aHHBIN; basic slag practice — meperaBka MeTasmia moJi OObIYHBIM IILIAKOM;
silica brick for acid slag practice — cunukatHbIM KUpNU4Y JiS TEPEIIaBKU

MeTajula Moj KUCIbIM HUTaKoM; ramming refractory — HaOMBKa U3 orueymnopa.

Step 10

Brainstorm:
What materials are used for refractories?

What are the main qualities for refractories?

Step 11
Study the glossary of frequently used refractory terms. Cover the left column
and from description in the right column, name refractories and then cover the

right column and describe each refractory.

Alumina An oxide of aluminum

Bauxite A rock consisting of hydrous aluminum oxide with various
impurities. It is the principle ore of aluminum and raw material for
mullite and high alumina refractories

Ceramic A broad term for products such as pottery and bricks made from
heat-resistant, nonmetallic, inorganic materials (clay, bauxite,
alumina, silica, magnesia, silicon carbide and the like)
Dead-burned |A material heated to a temperature at which gases and other
volatile substances in it are driven off, producing a stable, granula

product

Dolomite A mineral consisting of calcium magnesium carbonate

Monolitic Made of a single piece or as a continuous structure without separate
sections

Refractoriness | The ability to retain physical shape and chemical identity in the
presence of high temperatures

Spalling Cracking or flaking of particles from a surface particularly when
subjected to rapid temperature change
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Word-list

glossary — rioccapuii; oxide — okuch, okucen; rock — ropHast nopoja, KaMeHb;
hydrous — BoaHbIi; impurity — npumecs, BkitoueHue; mullite — mynur;

ore of aluminum — pyjna amtomuHus; pottery — kepamuka; clay — rinuna;
dead-burned — 060x>KeHHBIN 10 criekanus; volatile — ObICTpO MCTAPSAIOMIUIACS;
carbonate — coib yrojibHOU KUCTOTHI; spalling — pacTpeckuBaHue, OTClIauBaHUE;

cracking — pactpeckuBanue; flaking — oTcnauBanue.

Step 12

12.1. Read the text and make up a chart of different types of refractories and
the types and parts of the furnaces they are used for and compare it in groups of

three students.
REFRACTORIES

All high-temperature units require a protective lining. A fundamental
characteristic of refractories used as protective lining in foundry processes is
that they can withstand higher than a dull red heat (1,100F ) and up to 3.200 F.

Depending on the application refractories must resist chemical attack and
withstand sudden changes in temperature, great pressure, abrasive forces, etc.

Most refractories are based on heterogeneous multicomponent materials
with variable chemical and physical characteristics. There are more than 4.000
brands of refractory products. They can consist of natural or manmade or
combination of other compounds and minerals such as alumina-silicate clays,
bauxite, chromite, dolomite, magnesite, silicon carbide, zirconia and many
others.

The primary types of refractories are: fireclay , semi-silica and high
alumina. The primary types of non refractories are silicon carbide, extra high

alumina, mullite, zircon and their fibers.
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Different types of furnaces use different refractories or combination of
them. Radiant tube furnaces for example are lined with a phosphate bonded high
alumina plastic ramming mix. Maintenance coating is applied too. Bonnets
carrying the heating elements are lined with materials having superior dielectric
and insulating properties. Well cover and charging door are fiberlined. In lift-
coil-induction furnaces bases are lined with extra-high alumina containing
stainless steel fibers added to extend life. In tilt furnaces walls are lined with
high alumina plastic refractory allowing rapid meltdown. Crucibles used with

the furnaces are made of silicon carbide.

12.2. Word-list

a dull red heat — Tyckublii kpacHbI Hakai;, heterogeneous — HEOJHOPOHBIN;
brand - mapka; radiant tube furnaces — TpyOuaTas neus ¢ U3Iy4yaTeIeM;
lift-coil-induction furnace - "HAYKIIMOHHAS NI€Yb C MPUIIOAHIATON KaTyLIKOM;

tilt furnace - kauatomasics meus; crucible - Turens; alumina - KOpyH/I;

life - cpok cmyxObI1; bonnets - xonmak kpeimiku; fibers - BOJOKHA, BOJIOCKH,
MPOXKUIIKY; maitenance coating - 3allUTHBINA CIIOH;

phospate bonded high alumina plastic ramming mix - BBICOKOTJIMHO3EMHasI

MJIacTUYHAsA Macca Ha (pochaTHOM CBSI3YIOIIEM.

Step 13

The company decides what refractory is the best for a new electric arc furnace.

Write down your preposals

Step 14

In a group of three students compare your requirements.

Step 15

You are a production engineer. Write a short report to a chief engineer of the

plant what charge you use during 5 days of electric furnace operation.
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Step 16

You are a chief engineer of the plant, ask a manufacturing engineer to give you a
report about electric arc furnace operation during a typical working day. Invite

them to the meeting and listen to their reports. Give new instructions.

Step 17
Let's talk shop. Dramatize the dialogue between engineers.

A. - Hi, glad to meet you. I'm ... . I work for a Thomson manufacturing foundry
department.

B. - I'm ... . I work for this company too in marketing dpt. I've heard you are

having some difficulties now.

A. - Hot at all. The problem is that we are under reconstruction and the output is

less than usual.

B. - Oh, I see. Recently some foundries have installed new equipment because of

significant changes in foundry processes and development of alternate methods.

A. - We are reconstructing but not that radically, we are repairing electric arc

furnace ... . (continue the dialogue)

Step 18

Read the text and translate it in written form. Give the title to the text.

Selecting a metal or a metal alloy for making castings depends on many

factors. Final cost of a casting always is in the centre of negotiations between a

customer and a producer.

Foundry alloys and metals can be classified as ferrous (iron-base) or

nonferrous. Ferrous category 1s divided into cast steel and cast iron.

Steel is basically an alloy of iron and carbon. There are three basic types

of steel: 1. Carbon steel; 2. Low alloy steel; 3. High alloy steel.
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Cast irons are classified into six groups: 1. White iron; 2. Malleable iron
(ferritic, pearlitic and martensitic); 3. Gray cast iron, plain; 4. Ductile cast iron;
5. Compacted graphite (CG); 6. Alloy cast iron.

Nonferrous metals and alloys can be classified as: 1. Aluminum - base;

2. Copper-base (brasses and bronzes); 3. Lead-base; 4. Magnesium-base.
5. Nickel-base; 6. Tin-base; 7. Zinc-base; 8. Titanium-base.

Another way of grouping nonferrous alloys is to divide them into heavy

metals: 1. Copper; 2. Zinc-base; 3. Lead; 4. Nickel and light metals.

l.Aluminum; 2. Magnesium-base; 3. Titanium.

Ferrous metallurgy

Iron and steel are the most common of the commercial metals. Iron melts

at 2.777 F and boils at 4.442 F Small additions of carbon reduce the melting

point. Manipulation between iron, carbon and alloying elements at the atom-to-

atom level transforms the crystal lattice from one form to another and changes
the properties of the ferrous alloys. The metallurgy of iron and steel studies how

these transformations take place. A metal undergoes "phase transformation"

when it changes from one crystal lattice to another. For iron-carbon alloy system

an important phase transformation takes place between 1.300 and 1.600 F. The

exact temperature is determined by the amount of carbon and other alloying

elements in the metal. Iron transforms from a face-centered cubic (FCC)

structure - called the gammor phase, or austenite-.at high temperature to a body-

centered cubic (BCC) structure - alpha phase, or ferrite- at a lower temperature.

In pure iron that transformation is longer as the metal cools below the critical
temperature because the body- centered lattice is less compact than the face-
centered lattice.
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Cast Steel Properties

The most common types of steel used in castings are carbon steels.

Carbon is the principal alloying element. Carbon steels are classified by the

carbon content in three basic groups: 1. Low carbon steel - -C< . 20 %;
2. Medium carbon steel - C = .20 - 50 %; 3. High carbon steel - C > .50 %.
Other alloying elements are present in small quantities.

By definition low alloy steels contain alloying elements in addition to carbon,

up to a total alloy content of 8 %.

Cast steel is classified as a low alloy type: 1. Manganese - 1.00 %;
2. Silicon -.80 %; 3. Nickel - .50 %; 4. Copper - .50 %; 5. Chromium - .25 %;
6. Molybdenum - .10 %; 7. Vanadium - .05 %; 8. Tungsten - .05 %.
For deoxidation of carbon and low alloy steels - that is for control of their

oxygen content - aluminum, silicon and manganese are used. Of these elements,

aluminum is added most frequently because of its effectiveness and low cost.
There are many types of cast low alloy steels that meet the specific requirements
(such as structural strength and resistance, wear, heat, corrosion).

High alloy steels contain alloys that total more than 8 %. Technically_tool

steels and_stainless steels are_high alloy steels. Tool steels usually are heat

treated to develop their best properties. They are classified according to their

composition and_hardenability and mechanical properties into 6 major groups:

1. Cold work; 2. Hot work; 3. High speed; 4. Shock resisting; 5. Water
hardening; 6. Special purpose.

Stainless steels are grouped into three classes: 1. Martensitic; 2. Ferritic;

3. Austenitic.
They are more resistant to corrosion than plain carbon and lower alloy

steel, and they contain either chromium or chromium and nickel. Cast stainless

steel grades are designated as heat- resistant or corrosion-resistant.
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Stainless steel castings should be specified by ACI designations, which are

established by the alloy casting Institute (ACI). The C series designates

corrosion - resistant steels. The H series designates heat — resistant steels, that
are suitable for service temperatures in the 1.200 - 2.200 range. C- series

castings used for valves, pumps, fitting. H-series are used for furnace parts,

turbine components and other high-temperature applications.

Unit III

CRUCIBLES
INDUCTION FURNACES
REVERBERATORY

Step 1

In the drawings you can see the crucibles. Before reading the text answer the

questions:

1. What types of crucibles are there in the drawings ?

2. What are their parts and functions ?

M yknnounan

] INSULATION
neYs 1. Turenp I
Induction lurnace
3 Crucible
, ¢ -~ SITEEL
4 - i SHELL
3 7. 2. Wnpyxrop
2 T _
S —2Yk 1 FRACTORY 7 B BASE BLOCK
Sl 2= : : . HIGH-QUALITY RE S
§4 Tk Induction coil
1 7, St 77, Liftout crucible (pot) is used widely,
,-7/»/ ; 3. 3anuBka, especially in nonferrous melting.
% 5 /

pas3nuBKa

26



Crucible Furnaces

Crucible or pot furnaces are the most typical of indirect fuel-fired
furnaces. The main features of the crucibles are: 1. in a crucible furnace there is
a wall of silicon carbide that protects the combustion gases from the material of
the charge; 2. crucible furnaces are used for melting or holding or both.

The simplest form of crucible is used for quick melting. The pot is
stationary and the molten metal is ladled from it. Lift-out crucibles are used for
slow melting and holding metal hot. In a lift - out crucible the pot is removed

from a steel shell by means of tongs and metal is ladled out of pouring spout.

Word-list
crucible, pot — Turens; a wall — neperoposka; to hold — BeiepxkuBath; indirect

fuel-fired furnaces — neun KocBEHHOr0 HarpeBa; tongs — UIUIILIBL.

Step 2
Use the above information for asking questions about the crucibles in the
drawings.

1. Is this crucible used for melting or holding?

2. Is the pot in this crucible stationary?

3.

4.

5.

Step 3
3.1. Read the text and answer the questions:
1. What principle is the work of induction furnace based on 2. What are the
main types of low-frequency induction furnaces? 3. In what way does the
melting and stirring action take place in the core type induction furnaces? What
is the induction furnace charged with?
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INDUCTION FURNACES

The work of induction furnaces is based on the principle when
electromagnetic alternating field induces Foucault currents in the metal and
electric energy in it is transformed into heat the quantity of which depends on
the electrical resistance of the charge. The less the size of the pieces in the
charge the more should be the current frequency feeding the inductor of the
furnace to speed the melting of the charge. Most electric furnace melting is done
in low-frequency induction furnace of the channel ( core ) and coreless types.

The powerful electromagnetic field formed in the channels of the core
type induction furnace causes the molten metal to flow from the sides to the
center of each channel from which it is forced in opposite directions out of the
ends of the channels. This flowing action stirs and mixes the molten metal so
that mechanical stirring is rarely needed; it also helps to maintain uniform
temperature of the molten metal.

A coreless induction furnace is a refractory crucible surrounded by a
copper coil connected to an ac power supply. The current passing through the
coil induces a secondary current in the metallic charge within the crucible. The
electrical resistance of the metallic bath generates the heat energy necessary to
heat the bath to its desired temperature. Of the energy delivered more than 75%
1s used for increasing the melting temperature while most of the remaining heat
is carried away by the water cooling system.

Coreless furnaces have the same melting and stirring action as channel or
core furnaces and there is little loss of metal by oxidation.

Electromagnetic forces in a coreless furnace produce intense stirring that
lifts the center of the surface of the molten metal to a higher level than the level
at the crucible wall. Non-metallics gather as a ring around the furnace walls. The
circulation washes fresh charge quickly into the molten bath resulting in high
recovery of metal.
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The initial charge should consist of large shapes to at list 15 % of furnace
capacity. After meltdown of the large shapes the furnace can be charged with

fines and turnings.

In practice several furnaces are generally used as one unit. Each furnace is
tapped up to 30 % of its capacity in rotation and then they are immediately

recharged.

3.2. List of special terms

1. alternating — nepemMeHHbI! 16. to surround — okpyxaTh

2. to induce — uHAYLHUPYET 17. a copper coil — MeHas KaTyluka,

3. Foucault currents — Toku ®Dyke HHAYKTOP

4. the current frequency — yacrora 18. a power supply — ronaya

TOKa DHEPTUU
5. electrical resistance — 19. a secondary current —

DJICKTPOCONPOTHUBIICHUE BTOPUYHBIA TOK

6. to feed — momaBarth 20. to generate — BrIpabaThIBAThH

7. to speed — yCKOPHTE 21. desired — HEOOXOAMMBII

8. channel type furnaces — kananpuple 22 to deliver — onaBartsb

ey 23. loss — moteps

9. to cause — BbI3BIBATH 24. the same — TOT ke camblit
10. the flow — noToxk 25. oxidation — okHCIIeHHE
11. to force out — BeITECHATH 26. to lift — moguumaTh
12. to stir — mepeMenMBaTh 27. plane — mI0CKOCTh
13. to remain — octaBaThCs 28. recovery — BOCCTaHOBIICHHE
14. rarely — peako 29. turnings — MOBTOPHO
15. to maintain — moaaep>KMUBaTh HCIIOJIB3y eMBIH
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Step 4

The chart contains some words from the text. Find the other forms of the same

words. Complete the chart with the missing forms.

Nouns Adjectives Verbs Participle I | Participle II

alternating to alter

heat to heat

frequency
powerful

to connect

resistance to resist

circulation

rotation

Step 5

Leave the correct word.

1. The work of induction furnaces is (bathed / balanced / based) on the
principle when electric energy is transformed into heat.

2. The quantity of heat depends on electrical (resistance/repair/resonance)
of the charge.

3. The less size of the charge pieces the more should be the (currency /
current / curtain) frequency.

4. The powerful electromagnetic field is present in the channels of the
core type induction (furniture / function / furnace).

5. A coreless induction furnace is a ( reference / refractory/ reflection)
crucible.

6. The current passing through the coil (indicates / initiate / induces) a
secondary current.

7. The initial charge should consists of large (shapes / shakes / shelve).
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Step 6

Read the explanation of some terms from the text. Find them in the text and read
the sentences with them.

1. A tubular passage.

2. A degree of hotness or coldness.

3. Reddish brown metal.

4. A vessel made of a refractory substance used for melting materials at

high temperatures.
5. The combination of a substance with oxygen.
6. Movement of electrons in a conductor.

7. Foucault currents induced in the metal.

Step 7
Brainstorm
1. What for is water forced through a copper coil?
2. What is forced in the direction from the bottom to the top and why?
3. What is the law according to which the metal rises from the bottom

along the central axis and goes down along the walls of the furnace?

Step 8
8.1. Read the text. Imagine that you are a production manager of a plant.
Discuss with the chief executive officer what furnace should be installed

in a new foundry department: induction or reverberatory?

REVERBERATORY FURNACES
Reverberatory or "air" furnaces are used to melt large amounts of metal or
to remelt scrap for production of malleable iron castings. They may hold up to

80 metric tones of molten metal.
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The larger furnaces are disproportionately wider and larger than smaller
furnaces because bath may have maximum depth of about 750 mm regardless of
the size of the furnace.

Roof height above the molten metal depends on the height of the charging
door and depends on the kind of the charge used. Roof height also depends on
the heat-release factor relating the furnace volume to the heat input. In general
furnace builders prefer not to exceed 1.12 kj/cu meter of space above the bath of
the molten metal.

Most reverberatory furnaces utilize a nozzle-mix burner that throw a long
flame making use of "double-pass firing". This begins with luminous or
semiluminous flame relatively high in the combustion chamber that radiates heat
to the refractory walls and roof. As the walls and roof became incandescent they
radiate the heat to the bath. On the return paht to the flue, which is in the same
wall as burners, convective heat is transferred from the gases. This provides a
double transfer of heat, radiation on the outgoing path and convection on the
return path.

The exhaust port of a reverberatory furnace should have a cross-sectional
pressure in the furnace during melting. Reverberatory of (air) furnaces are
predominatly fired with powdered coal, rarely with gas or oil. Ordinarily only
one heat per day is melted.

In an indirect fuel-fired furnace a barrier of some sort prevents contact of
the hot combustion gases with the metal to be melted. Thus there can be no pick

up of the products of combustion by the metal charge such as in direct fuel-fired

furnace.
A -y % —~ ‘
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Large reverberatory furnace is charged through a ramp.
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8.2. List of special terms

1. reverberatory furnace —

[S—
e

11.
12.
13.
14.
15.
16.
17.

18.

R N L IS

oTpakaTeJbHas MeYb
malleable — koBkuit

amount — KOJIMYECTBO

scrap — ckpan

to melt — mIaBuTH

to remelt — nepemIaBuThH

molten — pacrIaBICHHBIN KUIKHI
regardless — He3aBUCUMO

roof — cBoA

heat-release factor — TernoBoit
Kod(pdunreHT

heat input — moaBOI TemIa

volume — 06bemM

to prefer — npeanouuTarh

to exceed — mpeBbIIATH

space — mpOCTPaHCTBO

to utilize — ucmnonap30BaTh

a nozzle-mix burner — ropenku ¢
HACaJIKOM CMEIIaHHOTO THUIa

to throw — oTOpachIBaTh

Step 9

19.
20.

21.
22.

23.

24.
25.

26.
217.

28.

29.

30.

flame — mmams

double-pass firing — nByxsTanHoe
pa3KHraHue

luminous — cBeTANTHIACS
semiluminous —
CI1a00CBETAITUNCS

combustion chamber — kamepa
CrOpaHus

to radiate — u3yyaTh
incandescent — TOBOJAUTH J0
CBCUCHHMSI, HAKAJINBATh

flue — ra3oBbIif KaHAT
convective heat —
KOHBEKITMOHHOE TETLIO
outgoing path — 05100 BeIXOAA
MeTajlia

exhaust port — BeImycKHOMI
KJIaIlaH

ramp - YKJIOH

You are a chief engineer of a plant. You have decided to install a reverberatory

furnace.

Explain to the manager:

1. What maximum depth may have a reverberatory furnace and why?
2. What is the roof hight? 3. What "double pass firing" is? 4. Double transfer of
heat? 5. Difference from the direct fuel-fired furnace.
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Step 10
Draw out a project for a small foundry. Decide whether induction or

reverberatory furnaces should be installed.

Step 11

Let's talk shop. Dramatize the dialogue between a seller and a customer.

A. - What can I do for you?

B. - Be so kind as to tell me what filters can be ordered with you?

A. - Just a moment. Here's our new catalogue. You can look it through and place
your order with us.

B. - Oh, I see. What would you recommend?

A. - It depends. I can recommend honeycomb filters with straight pores and
constant cross section. They are the simplest. By the way the pore size can be
different.

B. - If I am not mistaken the pore size is the number of cells per square inch. Is
that so ?

A. - You are right. But different filters have different pore geometry.

B. - Yes, I see. Is pore geometry of foam filters more complex ?

A. - Much more. Foam filters have rounded cells that are interconnected by
several "windows".

B. - And what about funnel shaped filters.

A. - Funnel shaped filters have narrow slots in the funnel body

B. - I see. Do different types of filters influence the filling rates.

A. - Let me explain that to you. Filters with larger pore size are used for iron
and steel castings and filters with smaller pores can be used for alloys of very
high super heat and also in investment casting in which the filter is preheated

with the mold.
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B. - We are interested in filters because they minimize nonmetallic inclusions:
deoxidation products, slag, refractories that originate during melting.

A. - Oh, yes. Filtration is a very efficient method, especially if filtration is
coupled with the right placement of filters in the gating system. We produce
filters for industrial use for many years. When you decide what filters you need

we'll be glad to help you.

Step 12
You are a production engineer. Make the list of requirements to the filters after

studying these drawings

SLOW INITIAL POUR FAST CONTROLLED POUR

|

- Multiple Streams

In ves_tment casters frequently place a filter in the pouring cup. T=filter thickness;
H =distance between crucible lip and filter; H,, = metal head above filter.

Step 13

13.1. Read the text and translate it in written form.
HOW TO DESIGN A METAL FLOW SYSTEM.

1. Make a list of the basic metal flow system elements:
Number of molding lines; number of ladles required to pour each mold;
weight of metal required for one pour; time required to complete one pour;

frequency of pours both maximum and normal; starting pouring temperature.
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2. Information from the preceding factors will determine:
Size and number of pouring ladles required; size and number of distribution
ladles required, and nature of the distribution system ( truck, monorail, etc );

volume, rate and discrete increments of metal flow required.

3. From that data make a projection of:
What tap and melt temperatures are required to allow for loss in metal handling;
whether direct melt or duplexing system is indicated, size, number and type of
furnaces needed.
4. Now the point has been reached to test the plan. Imagine operations minute-
by-minute for a typical hour, a typical day, a typical Monday, a troublesome
Friday, a week, and a month. Make such changes to make the plan practical. Be
sure to include necessary safety factors. It is possible to estimate:
Conversion cost (to convert cold charge materials to 1 ton of molten metal in the
ladle); capital expenditure required; installation cost.

If the cost appears to be excessive make system design changes. Follow

through step by step until cost limits and system functions are satisfied.

13.2. Word-list

1. mold — popma 7. volume — ypoBeHb
2. typical hour — yac paboTsl B 8. capital expenditure required -
O0OBIYHOM PEKUME HEOOXOUMBbIE KalluTaIbHbIC
3. molding lines — popmoBoUHbBIE PacXobl
JIMHUA 9. rate — ckOpoCTh
4. to be sure — He 3a0yabpTe 10. to require — TpebOBaThH
5. frequency — vactora 11. to be excessive — ObITh
M30BITOYHBIM

6. to include — BKJIIOUUTH
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Step 14
Look at the drawing of a

crucible. Discuss the

construction of this model in

groups of three students.

Unit IV
LADLES
Step 1

Look at the drawings of the different kinds of ladles used for manual and

automatic pouring, study the terms and match them with the drawings.

Casting, pouring
1. Pa3znuBouHas TeleKKa
Ladle handler

2. MoHOPeNbCOBBIN KOBIII 4
Monorail ladle

3. 3aIMBOYHBII KOBIII,
Pa3IMBOYHBIN KOBII

Ladle

4. Py4Hol KOBII
Hand ladle
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Automatic Pouring System

SPRUE [~ SPRUE
cupP cuP
SPRUE T ~ SPRUE

Automatic pouring systems reduce costs by minimizing metal poured per mold. After fill, metal
should just cover the sprue post, right, instead of nearly filling the sprue cup, as is common in
manual pouring.

sprue — JIUTHUKOBAsE CHUCTEMa
sprue cup — JUTHUKOBAs dYaria

sprue post — CTOSIK (JIMATHUKOBOW CHCTEMBI)

Step 2
Put the questions about construction of the ladles and about pouring operation
and ask your partner.

1. What types of ladles do you know ?

2. Does pouring operation influence the quality of metal ?

3.

4.

5.

Step 3

Describe the construction of the ladles in the drawing.

Step 4
4.1. Read the text and find out:

1. What is the role of pouring in the foundry process? 2. What
requirements should a pourer meet? 3. On what problems should the pourer

concentrate most? 4. What are other terms for a pouring cup?
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SOME FACTS ABOUT POURING

Mastering proper pouring technique always has been a matter of great
pride among pourers. The pouring department is no place for workers who are
careless, clumsy or poorly trained. Pouring the mold is the culmination of a long
series of steps that lead to producing a final metal casting.

Pouring dynamics is the matter of great concern for production engineers. First
things they should concentrate on are fill rate and turbulence.

The correct fill rate should be properly regulated for filling the cup and
holding it full until mold filling is complete. In automatic pouring properly
poured mold becomes its own bottom pour system.

To minimize turbulence a pour stream should be smooth and even without
splashing and separated metal streams. Proper control of the molten metal
stream 1s important throughout the pour.

The pouring cup that is often called sprue cup or pouring basin plays an
important role. To avoid a vortex the proportional depth of metal in the pouring
cup should equal the diameter of the down sprue, particularly during the initial
stage of mold pouring when flow rates are the highest.

Accurate premeasuring can ensure that the quantity of metal poured in the
mold will fill it to a level at which the top of the sprue post is just covered. Most

today's computerized automatic pouring system can achieve it.

4.2. List of special terms
1. to master — oBnaxeBaTh 6. pourers — IUTECUILINKH

. proper — paBUJIbHBIN 7. pouring department — TUTEHHBIHA

. to pour — 3aIMBaTh yHactTox

8. a matter of great pride — moBoj AJist

2
3
4. pour, pouring — 3aJIMBKa
5 TOpPA0CTH

. pouring cup = pouring basin —

IATHIKOBAS YALLA 9. a matter of great concern — neino

OOJIBIION BAKHOCTH
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10.

11.

12.
13.

14.

15.

16.

17.

careless — HEOPEIKHBIN,
HEBHUMATENBHBINA

clumsy — HEeYKIIIOKHI,
HENIOBOPOTIIMBBIN

fill rate — ckopocTh HanOJIHEHUS

poorly trainer — mnoxo
00y4YeHHBII

throughout — B Teuenue (Bcero
BPEMEHH )

to hold it full — (3neck)
0OCTaBaThLCS HAIIOJHEHHOU

bottom pour system — cucrema
JIOHHOM Pa3iIuBKU

turbulence — TypOyneHTHOCTh

18.

19.
20.
21.

22.
23.
24.

25.
26.
217.

a pour stream — MOTOK
pa3IMBacMoro MeTaiia

smooth — mIaBHBIN
even — pOBHbBIN, PABHOMEPHBIN

splashing — nneckanue,
pa3OpBI3TUBaHUE

to avoid — m30erarn
vortex — 3aBUXpCHHUE

particularly — oco6enHo,
B 0COOCHHOCTH

flow — moTok, TeueHune
to ensure — 00eCIIeYNTh

to achieve — nocturarte

4.3. Look at the drawing of an automatic pouring system and say why the

quantity of the metal poured in the mold is important.

Step 5

The chart contains some words from the text. Complete the chart with the

missing forms.

Nouns Adjectives Verbs Participle I Participle 11
master
pour
pourer

to train
turbulence
system
splash to splash
vortex

to achieve

initial
to regulate
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Step 6
Put the words in the correct places.

sprue cup / fill rate and turbulance / dynamics / bottom pour system /
premeasuring / series / pour stream.

1. Pouring is the culmination of a long ..... of steps.

2. Pouring ..... 1s the matter of great concern.

3. and ..... are the first things to concentrate on.

4. In automatic pouring properly poured mold becomes its own .... .

5. To minimize turbulence .... should be smooth and even.

6. The pouring cup is often called ..... :

7. Accurate ..... can ensure filling the sprue cup to a level at which the top

of the sprue post is just covered.

Step 7
Case study.
Three types of ladles are used for pouring steel castings with capacities between
50 kg to 36 tons although ladles with greater capacity are also used.
Here you'll find the description of a bottom-pour ladle, a teapot ladle and a lip
pour ladle. Read the description and make notes about the advantages and
disadvantages of each. Discuss them in small groups.
7.1. Ladles

The bottom-pour ladle has an opening in the bottom that is fitted with a
refractory nozzle. A stopper rod inside the ladle pulls the stopper head up from
its seat in the nozzle and the molten steel flows from the ladle. When the stopper

head i1s returned to the seated position the flow is cut off.
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RACK-ADJUSTING NUT

Bottom-pour ladles are used commonly to
pour large steel and iron castings.

The teapot ladle has a ceramic wall
or baffle that separates the bowl of the
ladle from the spout. The baffle extends
almost 4/5 (four fifth ) of the distance to
the bottom of the ladle. As the ladle is
tipped hot metal flows from the bottom
of the ladle up the spout and over the lip.
Since the metal is taken from near the
bottom of the ladle it is free of slag and
pieces of eroded refractory although it
may pick up foreign materials in the

spout section or at the lip.

Lip pour ladles are similar in their

external form to the teapot type but they have
no baffle to hold back the slag. That is why

this type of ladles is not very often used in the

Typical teapot-type ladle is used to pour steel foundry except as a transfer ladle.

medium or smaller steel castings.

7.2.  Word-list
1. (Foundry) ladle — (;iutetinblif)

KOBIII

2.  Bottom pour ladle —
Pa3IMBOYHBIN KOBII C JJOHHBIM
CTaKaHOM

3. The teapot ladle — yalitHMKOBBIA
JIUTEUHBINA KOBIII

4. Lip — kpaii, BeICTYyTT

5. Lip pour ladle — paznuBouHbIit
KOBIII CO CJIUBHBIM HOCKOM

6. Refractory — orueynop,
OTHEYIIOPHBIN MaTepUal

7.  Opening — oTBepCcTUE

8. To fit with — cHa0Oxarth
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9. Seat —Mecto ( ycTaHOBKA ) 20. To tip — HaKJIOHSTH,

10. Refractory — oraeynopHslii, OIPOKU/ILIBATH
OTHECTOMKHUM, TYTOTIIABKHH 21. To erode — OCTENEHHO
11. Nozzle — Hacaaka pa3pyniaTb

12. Stopper rod — cTOMOpHBIH 22. To pick up — nonbupars,

CTCPKCHb 3aXBAaTbhIBATh

13. To pull up — BeITATKHBATE 23. Foreign materials — uHOpOIHBIN
Marepua, IOCTOPOHHUN

14. Stopper head — npoOka MaTepHa

Pa3IUBHOTO KOBIIIA
24. To extend — nmepekprIBaThH

15. Stopper — cronop, 3anuparoniee o

yYCTPOHCTBO 25. Similar to — moxoxuii

16. Seated position — mocamxa 26. To hold back — 3anepxuBath

17. Baffle — (otpakatenbHas) 27. Transfer ladle — xoBmI a4

MeperopoJIKa TPAHCHIOPTUPOBKHU METAJLIIA

18. Spout — HOCUK, TOPJIBIIKO (Y 28. Gooseneck — Hacazika

cocyia) JBOMHBIM KOJIEHOM

19. Tip — Hax1oH 29. Rack-adjusted nut — raiika,

perynupyemas perkou

Step 8
Demand in producing clean non-ferrous metals with fewer inclusions and
ferrous metals with lower sulphur and oxigen content led to the development of
processes that are carried out in the ladle. This family of procedures is called
"ladle metallurgy".

What conclusions can you draw out from the following information ?

For proper use of ladle metallurgy in practice it is important to know the
chemistry of the initial elements and to control the chemical composition
throughout the process. Knowledge and examination of the thermodynamics of
chemical reactions during the process can help to control the final chemistry of

melt in the ladle.
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Major purpose of ladle metallurgy for non-ferrous metals is to obtain
homogeneous temperature and composition of the molten metal to help float out
unwanted inclusions and to promote refining reactions. This can be achieved by
stirring metal in the bath.

For ferrous metals deoxidation is a key element in any ladle metallurgical
process and it is carried out with great care. The main element in deoxidation is
aluminium. The oxigen content is also very important especially at the end of

the process before tapping.

Microinclusions primarily sulphides can be decreased in the result of
desulphurization process. The main element that modifies suphide morphology
is calcium, It should be added to the melt and the process should be carried out

with great care.

As refractory materials used for ladle lining greatly affect the
metallurgical process, generally fireclay is not used in ladle metallurgy as the
basic top slag dissolves fireclay quickly. In Europe, dolomite is commonly used

and in the U.S. they use 70 % AL,O, , chrome-magnesite and MgO refractories.

Step 9
After reading the text in small groups act out the meeting of engineers and lead
the discussion about development, patenting and licensing a new automatic

rotary pouring system.

"ROTO-POUR" SYSTEM

An automatic rotary pouring system for pouring malleable iron has been
developed and installed at the Central Foundry Division of General Motors
Corp. General Motors has patented this system and licensed Roberts Corp. to

manufacture and sell it. Roberts has named this system "Roto-Pour".
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Drawing shows main features of

CFD's rotary pouring system. Metal is

brought from melters in a cab-operated

transfer ladle, top rear, on an overhead

monorail and is poured into a resistance

rod-type holding furnace, right. As the
circular track turns, empty ladle carriages

pass under a pour box on the furnace,

center, and are filled. Full ladle carriages
continue to rotate, and molds are poured as
the carriages pass by the continuously moving mold line.

The pouring ladle is a quarter-round section with the pouring spout about
8 in, in the front corner. The spout position is centered on the ladle shaft. When
the shaft rotates clockwise the ladle is elevated and pours iron out the spout.
After about 120° (degrees) of rotation the ladle is returned to the level position.
Sometimes with the help of pneumatic logic elements.

Empty ladle carriages travel to the ladle filling station beneath the pour
box on the holding furnace. When a signal is received that a ladle carriage is in
the fill position the pour box stopper rod raises and the ladle carriage is filled.

Full ladle carriages continue to rotate and pour molds as the carriages pass
the continuously moving mold line. The process of mold filling is the following.

As the ladle carriage enters the pouring area, it slows down and is
positioned by contacting the carriage ahead of it. That contact causes a
pneumatically operated locating arm to extend from the lower part of the ladle
carriage and engage the mold car, so that the ladle pouring spout is lined up with
the pouring basin.

When the ladle carriage is aligned with the mold car, iron pouring starts.

During pouring the ladle is rotated through 120 deg. of arc.
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When pouring has been completed the ladle returns to level position and
locating arm is retracted when the next ladle carriage is aligned with its
respective mold car. The carriage with the emply ladle then proceeds to the
ladle-filling station to receive a new charge.

The pouring operation is very accurate and the furnace-to-pour-time is about 6
seconds so the iron holds its heat. Pouring rate is constant, there is no splash, no

false starts or stops and no overpowers.

Word-list

[

. malleable — xoBkmii 7.holding furnace — neus s

2. to license — BbImaBaTh JULIEH3UIO BBIICPIKKH

3. licence — TMICHIAA 8. ladle carriages — KoBIIIOBas TeNEXKa

4. pour box — 3a7HBOUHAS KaMepa 9.locating arm — yCTaHOBOYHBIH pbIyar

5. clockwise — 1m0 4acoBOM CTpENKe 10. to engage — (Tex.) sauenats

6. to elevate — mogHuUMaTH

Step 10
Brainstorm.
1. What parts does the stopper rod of the bottom pour ladle consist of?
2. What for is the bottom pouring used?
3. What for is a teapot-type ladle used for?

4. Where else do you think roto-pour system can be used?

Step 11
You can find here some useful terms and their explanations. Match the terms
with the explanations.

1. fill rate 2. refractory 3. ladle metallurgy 4. turbulence 5. pouring cup.
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a. treatment of metal in the ladle; b. important factor for pouring metal of the

proper quality; c. vortexing mode of the metal flow; d. inner ladle lining;

e. a device for holding and regulating of pouring metal fill rate.

Step 12

Look at the drawings. Choose some to make up the dialogue between two

engineers.

© NNk =

Bepimimmnan saimska
Vertical casting Copusoniiinnan 3a.msra Foundry conveyer
Horizontl casting

LlenTpobéxnoe .1mTHE
Centrifugal casting

]
’
7
4
U
?

752

Mol,l(‘.u. W3 NOJARCTHPO.1
Polvstyrene pattern

[enTpobexHas uznoxxkuuua - Rotating mold

Pacnnas - Molten metal

3anuBouHas ABWXKYyIIascs miargopma - Moving platform for pouring
COopounslii ponbrasr - Assembly roller conveyer

OxnanurtenbHas BeTBb KoHBelepa - Cooling zone of the conveyer
[IpuBoaHas cranmus - Power-drive station

MomnopenbcoBslif koBII - Monorail ladle

Tenexeunslii koHBelep - Truck conveyer

Step13

You are a production manager. You are to decide what type of ladles should be

used in your bay. Write you proposals.
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Step 14

In a group of three students compare your proposals.

Step 15
You are a research engineer. You are writing instructions for production

engineers. What is a matter of great concern during pouring operation?

Step16

Translate the text in a written form.

FILTRATION OF MOLTEN METAL

All foundry processes are designed to minimize formation of nonmetallic
inclusions such as deoxidation products, slag, refractories, etc, that originated in
melting, refining or pouring. Filtration is a new method to prevent nonmetallic
inclusions to enter the mold cavity with the molten metal. Filters that are

produced for industrial use are known as:

1. honeycomb filters that have straight pores with a constant cross section;
2. foam filters that have interconnected pores with numerous changes in
direction and cross section; 3. funnel shaped filters with narrow slots in the
funnel body.

Honeycomb and foam filters are produced with pores of different sizes.
For honoycomb filters, pore size is expressed in the number of cells per square
inch. Pore sizes of extroded filters range from 64 to 121 pores per square inch.

For foams, pore size is expressed in the number of pores intersected by a
straight line, that is pores per inch (ppi).For foam filters the most common pore
sizes are 10, 20 and 30 ppi. The pore geometry of foam filters is much more
complex.The larger pore sizes are used for iron and steel castings to permit
satisfactory rates of mold filling. Smaller pores can be used when alloys are
pored with very high super heat and also in investment casting in which the filter

is preheated with the mold.
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Efficient filtration coupled with strategic placement of filters in the gating
system will help to receive inclusion free castings, a small gating system and

improved casting yield.

Word-list
honeycomb filters — cotoBsie QuabTpsl; foam filters — meHucTeie PUALTPHI;
investment casting — TOUHOE JIUTHE 10 BBHIIIABISIEMBIM MOJEIAM; gating system

— nuTHUKOBBIE cucTeMbl; funnel shaped filters — punbTpel ¢ pacTpyOom.

Unit V
FOUNDRY LAY OUT AND LABOUR PROTECTION

Step 1

Look at the drawings of the different placement of the furnace platform. In one
approach (right ) the furnace is installed at floor level and has a very low step-up
platform. In the other approach (left) the furnace needs a relatively large and
expensive deck with railings and chains around the perimeter of the furnace

area. Study both approaches, and compare them in small groups.
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Step 2
Put the questions about two different approaches of furnace platform placement.
1. Is placement of the furnace platform important?
2. Is furnace with a high platform convenient for work?
3.
4.
5.

Step 3

Describe the construction of a) low platform; b) high platform.

Step 4
4.1. Read the text and find out:

1. Why proper placement of the furnace is important? 2. What is the basic
advantage of a low platform placement? 3. What are two approaches to coil
protection? 4. What are additional advantages for desk-height-mounted

furnaces?

ADVANTAGES OF DESK-HEIGHT FURNACES

Backaches, problems with OSHA and installation expenses can be
reduced by proper placement of a small to medium capacity electric furnace.

Placement of the furnace platform may seem relatively unimportant at
first. Fig 1 compares two typical approaches to furnace platform placement.

In one approach, induction melting equipment is installed at floor level or
on a very low, step-up platform. Also eliminated are the railings and chains
around the perimeter of the furnace area. In the other, the furnace is installed
with a high platform, flush mounted at the top of the furnace.

The floor mounted furnace have the entire coil beneath the ground and the
furnaces installed on a raised deck and a flush-mounted platform sometimes
have an outer protective shell for the coil. Now, most furnace manufacturers

protect furnace coil with either transit boxes or steel shells.
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A furnace with protected coil can be mounted in a low-cost furnace pit.
There is no need for a relatively large and expensive deck, or protective railings
and chains around the perimeter of the furnace area.

There are additional advantages for desk-height mounted furnaces. The
operator of the flush-mounted furnace is exposed to the full force of the radiant
heat when he stands near the furnace. The operator of the desk-height furnace
works in a greater comfort.

In the case of furnace splatter, the operator of the desk-height furnace is
better protected. He can take cover below the top of the furnace at the first sign
of a splash. The desk height of the furnace reduces the possibility of the operator
stumbling toward the furnace with the supporting structure on which to catch
himself. The physical exertion required to slag a desk-height furnace is less
because the furnace frame can be used as a lever to easy slag removal. Once slag
is removed from the metal bath of the desk-height furnace, it can be easily
placed in a barrel or other receptacle. Charging a flush-mounted furnace with a
rake or push tool appears to be a single approach. This can be very hard and
inefficient work because material tends to fall through the opening between the
platform and the desk. Operators who charge flush-mounted furnace with tote
buckets for that they spend extra efforts for bending over to pour material into
the furnace with a minimum of splash. Use of the desk-height furnaces permits
use of labor-saving devices. It is easier to use a hoist-mounted trough or rakes

material from a charge chart mounted at desk height.

4.2. List of special terms

1. Backaches — 60o1u B crinne 4. installation expenses — 3aTpatbl

2. proper placement — npaBuIbHAS Ha yCTaHOBKY

yCTaHOBKa 5. to reduce — yMeHbIIATh
3. step-up platform — momocTt ¢ 6. small capacity — HeOonbIIas
MPUCTYIIOM MOIITHOCTh
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10.

11.
12.

13.
14.

15.

16.
17.

medium capacity — cpeaHss
MOIITHOCTh

typical approaches — 0ObIuHBIN
MOJIXOJ

to eliminate — ycTpaHsTh

railings — nepuia, Nopy4HH,
orpana

entire coil — Bcs KaTymika

raised desk— nmpumnoansTas
matdopma

beneath the ground — nox 3emneit

flush mounted — ycTanoBieHHBII

BPOBEHb

furnace pit — yrimyonenue s
neuu

relatively — oTHOCHUTENIBHO

to be exposed to — moaBepraTbes

Step 5

18.
19.
20.
21.

22.
23.
24.
25.
26.
217.
28.
29.

30.

splash — BeITIECK
stumble — cHOTKHYTbhCS
to catch himself — yxBaTutbcs

physical exertion — ¢pusznueckoe
yCcuime

furnace frame — kapkac neuu
lever — ppruar

barrel — Oouka

receptacle — eMKOCTh

rake — ckpeOoK, Kouepra
push tool — Tonkarens

to appear — oKa3aTbCs

tote buckets — (am) Beapa ais
MEPEHOCKHU

hoist-mounted trough — noTox
Ha MOJEMHUKE

The chart contains some words from the text. Complete the chart with the

missing forms.

Nouns

Adjectives

Verbs

Participle I Participle 11

installation

placement

approach

level

to mount

protective

operator

operation

splatter

to stumble

exertion
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Step 6
Choose the right word.
1. Proper platform placement (removes) reduces (remains) backaches.
2. Placement of the furnace platform may (shake / seek / seem) unimportant at
first.
3. The railings and chains around the platform are (elected / eliminated /
elongated).
4. Most furnace manufactures (promote/ protect / propose) furnace coil with
either transit boxes or steel shells.
5. There 1s no need for a relatively large and expensive (desk / deck / dice).
6. The furnace frame can be used as a (level / lever / label).

7. Slag can be easily placed in a (barrier / barrel / battle).

Step 7
Case study.

Two production engineers are discussing in what way to install the
furnace to provide better working conditions for a worker. Read the descriptions
under the drawings and make notes about the advantages and disadvantages of

both approaches.

o O!ANT}E“}

AL

Fig. 1. The operator of the flush-mounted furnace (left) is exposed to the full
force of the radiant heat when he stands near the furnace. The operator of the
desk-height furnace can assemble charge material, control and take analyses in

greater comfort.
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Fig. 2. In the case of furnace splatter, the operator of the desk-height furnace
is better protected. He can take cover below the top of the furnace at the first
sign of a splash. The desk height of the furnace at the right also reduced the
possibility of the operator stumbling toward the furnace with no supporting

structure on which to catch himself.
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Fig.3. The physical exertion required to slag a desk-height furnace is less

because the furnace frame can be used as lever for easy slag removal. Once slag
is removed from the metal bath of the desk-height furnace, it can be easily

placed in a barrel or other receptacle.
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Fig. 4. Charging a flush-mounted furnace
with a rake or push tool appears to be a
simple approach. This can be very hard
work and inefficient because material tends
to fall through the opening between the
platform and desk. Operators who charge

flush-mounted furnaces with tote buckets

must expend the extra effort of bending over

to pour material into the furnace with a minimum of splash.
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Fig. 5. Use of the desk-height furnace

permits use of labor-saving devices as shown.
Whether he uses a hoist-mounted trough or rakes material from a charge cart,
the operator will find it easier to charge the furnace if it is mounted at desk

height.

Step 8

8.1. The Georgia Iron Works (GIW) was founded in 1891. Since then several
foundries have been brought on line. A new foundry opened in Warrenton has
doubled the production. Read the text and find out what helped GIW to open a

new foundry in the hard times that led to closing of many foundries.
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NEW FOUNDARY in WARRENTON

A major producer of iron and steel castings Georgia Iron Works opens a
new foundry in Warrenton. Ironically but the hard times that led to closing of
many foundries made it possible to construct Warrenton plant. Much equipment
was bought from foundries that phased out some operations or closed down that
led to considerable savings. The GIW engineers did most of design and
construction work to use maximum efficiency of the production layout. As a
result of good planning in the design stage the Warrenton plant is very flexible.
The melting department is in the center of the plant so that other departments
can be expanded if needed.

Melting at Warrenton is performed in three 10ft electric arc furnaces; each
rated at 12.5 tons with a 6.500-kw transformer. There are two parallel 50-ton
craneways each with a 60-ft span. Total nine 30-ton cranes are in operation; two
in the charging and cleaning bay, three in the molding and pouring bay and four
in the machine shop. The Warrenton foundry uses 100 % chemically bonded no-
bake sand for molds and cores . Sand is combined with furan, alkyd, phenolic
urethane or chemical binder systems. Three 200-ton capacity sand silo feed a
1.500 ppm (pound per minute) sand blender and a 1.000 ppm core sand mixer.
The system was developed by GIW foundry engineers. The three-cell furnace
dust collector processes 150.000 cu ft of fume and dust-laden air per minute and
provides an unusually clean atmosphere. During production each melt is
analyzed with an optical emission spectrometer and test samples are taken. All
data are recorded. The liquid metal is tapped into a preheated pouring ladle in
which it is treated by a special process developed at GIW and then poured into
the prepared molds that are coated with zircon mold wash for the superior

casting finishes. After pouring and cooling the molds are shaken out.
57



A sound cooling system cools the sand to 95 F. The sand transportation
system then returns it to the silos. The system recycles up to 85-90 % of the
sand. Most of the alloys require complex multi-step treatment.

Heat treating, stress relieving and air-quenching are done in two 60.000 1b
gas-fired hydraulic tip-up furnaces that are the largest of their type.

The machine shop has unique combination of advanced tooling for super
hard white irons. Most of the machine tools are CNC machine tools for precision
operation. Machining equipment includes CNC horizontal mill and drill center, a
CNC vertical turning center, and a vertical boring mill. Many turning of the tool
holding and feed control systems were designed by GIW engineers for company
needs.

Completed orders, mostly large size pump shell castings are shipped via
rail or G1 W's truck fleet. Warrenton is located 125 km from two big sea ports
and is well positioned for export shipments.

GIW hopes to expand markets both domestically and abroad with their
new patented alloys, superior product design and low cost production. Despite
the stormy weather to which the foundry industry was subjected G1 W engineers
wait for tremendous growth but they also realize that nothing is guaranteed.

Building a new foundry during a recession was a risky proposition. Only

time could tell whether or not expanding was a good idea.

8.2. List of special terms.

1. to phase out — cHumMaTh 4. production layout —

C IPOU3BOJICTBA NPOMBIIIUICHHAS TIAHUPOBKA
2. considerable — 3HaUUTENbHBIN 5. to rate — U3MepATH
3. savings — SKOHOMHUSI 6. craneway — MOCTOBOW KpaH
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7. cell — cekmus, kamepa 21. date-(pl) datum (sin) — naHHBIC

8. fume — apIM 22. stress relieving — cHUMAaTh
9. charging bay — 3arpy3ouHnas HalpsDRCHIC
IJIOIIAIKA 23. air-quenching — Bo3qymIHas
10. cleaning bay — momaaka 3aKalika
OYKCTKH 24. tip-up furnace — BepTUKaJIbHas
11. molding bay — muiomanka et
hopMOBKH 25. advanced tooling — coBpeMeHHbBIE
12. pouring bay — pa3nuBo4HbBIN MHCTPYMCHTDI
MPOJIET LEXa 26. precision operation — CBEpXTOUHbIE
13. chemically bonded no-bake sand Omepau
— XUMHYECKH CBS3aHHBIN 27. turning center — TOKApHBIM HEHTP
HEOOOHOKEHHELH NIECOK 28. boring mill — pacTouHoli cTaHOK
14. furan=furfuran — gypan 29. large size pump shells casting —
15. alkyd — ankup OTJIMBKA JIJIs1 KOpITyca Hacoca

16. sand silo — necuanslii OyHKep Gopmioro pasmepa

17. dust collector — mpuIeyOBHUTEND 30.  to ship — nepeBO3MTE, OTIPABIATE

18. dust-laden air — Bo3ayx, 31. truck fleet — mapk rpy30BUKOB

HACBHIIEHHBIN TBUIBIO 32. domestically — Ha BHyTpeHHEM
19. test samples — KOHTPOJIbHBIE PBIHKC

o0pa3Isl 33. despite — He cMOTps Ha
20. to record — 3anuckIBaThH 34. recession — craj

Step 9

Analyse the flow design of a new iron and steel foundry and machine shop.

Redesign it in a group of 3 — 4 students.
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Step 10
10.1. Read the text, find out and make notes what is important for design

engineers and foundrymen in casting design.
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MAKING COST-EFFECTIVE CASTING DESIGN

In looking at the same design, engineers and foundrymen may see
differently important things. Design engineers focus their attention on loads,
mechanical and physical properties, automated secondary operations and
cosmetics. Foundry metallurgists see heavy hot metal flowing, heat transfer and
solidification patterns, great variability of shapes, shrinkage. For cost-effective
casting design it is important to tie design engineering together with
manufacturing engineering.

First, it 1s important to understand physical properties of the metals. They
are fluidity, solidification, shrinkage, slag, dross formation and temperature.

The fluidity of molten metal indicates how easily it flows through narrow
channels to form thin sections and how readily it conforms to fine surface details
like small lettering and trademarks. Fluidity does not necessarily increase with
temperature. It can be significantly differed between alloys. Some aluminum
alloys, for example, have excellent fluidity at 1.200 F whereas molten steel has
very poor fluidity at 3.000 F.

There are three stages of shrinkage: liquid shrinkage, liquid-to-solid
shrinkage and solid shrinkage. The first stage does not affect the casting design
while the second is very important. In some alloys if the liquid-to-solid
shrinkage is disregarded by the casting designer, voids can be produced in the
casting. Solid shrink known also as the patternmaker's shrink becomes an
important factor in secondary operations.

Slag usually 1s associated with high-melting-point metals and is composed
of liquid non-metallic compounds such as fluxed refractories and products of
alloying and oxidation.

Dross is produced by lower melting point metal, generally non-ferrous. It
is composed of non-metallic compounds produced by molten metal reaching

with air. Slag and dross can produce non-metallic inclusions in castings.
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Temperature is a very important factor. The material of the mold must
withstand the pouring temperature of the liquid metal.

Second, physical properties of the molten metal affect casting methods,
casting sections and junction design, internal integrity and net shape and
cosmetics.

Third, in making cost-effective casting design it is important to avoid
traditional concepts of conflicting methods, typical dos and don'ts and software

that cannot draw typical casting designs.

Word-list

solidification pattern — mozxens 3arBepaeBanus; shrinkage — ycanka; fluidity —
KUJKOTEeKydecTh; to conform to — cooTBeTcTBOBaTh; small lettering — Hagnucu
Menkumu OykBamu; trademarks — ToproBoiii 3HaK; to disregard — He mpUHUMATH
BO BHMMaHue; voids — myctoThl; Secondary operations — BCIIOMOTaTelbHBIC

onepanuu; whereas — pu 3Tom

Step 11

Brainstorm
1. Why temperature is a very important factor in foundry?
2. What physical properties of the metal do you know?

3. What is the main focus of attention for foundry metallurgists?

Step 12
You can find here some useful terms and their explanations. Match the terms
with the explanations.
l. fluidity 2. shrinkage 3.slag 4. dross 5. solidification 6.molten metal.
a. non-metallic compounds produced by molten metal reaching with air;
b. metal hardening;

c. metal 1n a fluid state;
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d. an important factor that should be regarded to avoid voids;

e. non-metallic compounds such as fluxed refractories and products of alloying
and oxidation;

f. ability to flow through narrow channels to form thin sections and readiness to

conform to fine surface details like small lettering and trademarks.

Step 13

The company decides about proper placement of the furnace platform. Draw out

your own project.

Step 14

In groups of three students compare your projects.

Step 15
Write a report about your idea of opening a new foundry in hard times. What

work can be done by the engineers of the company?

Step 16
Read the text and make the instruction for workers that they should sign before

they start working in the foundry.

PROTECTING THE FOUNDRY WORKER
No industry has so many potential hazards as foundry with its molten
metal, heat, dust, fumes, noise and vibration.
The Occupational Safety and Health Act (OSHA) mandates that employer
should use all possible engineering and administrative know-how to guarantee

safety at the workplace.
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Besides the foundry must provide the workers with protective personal
gear; hard hats and caps, eye and hearing protection, respirators, protective
clothing, and hand and foot protection. Protective gear must have trademarks to

identify the manufactures.

HEAD PROTECTION

Two kinds of safety helmets are used for head protection. Types 1 are hats
with continuous brims that shield the front, sides and back of the head. Types 2
are brimless caps but they have a peak extending from the crown over the face.

Both Type 1 and Type 2 are made of lightweight materials such as plastic,
glass or vulcanized fiber and protect against impact.

All safety helmets have a suspension system consisting of headband and
hemispherical crown straps to absorb a blow. That suspension system must
have a clearance of 1.25 in between the top of the head and hard shell to provide
a shock absorbing space and distribute the forces of any blow. Besides all safety
helmets have slots for attaching face- shields and earmuffs.

. Head band and crown straps, as

NYLON CROWN STRAPS

. drawing shows, provide protective
DELTAKEYS . .
suspension system for hard cap. This
design features a six-point suspension

with both sizing and verical adjustments.

7
VERTICAL
ADJUSTMENT DOUBLE POST SIZING

Eye and face protection
Eyes are protected by spectacles and goggles with clear hardened glass or
hard plastic against flying objects, glare, sparks, metal splash and intensive heat.
They must fit snugly and comfortably, easily cleaned and disinfected.
Face is protected by shields curved to surround the face. They can be clear

or tinted green to protect from glare.
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Hearing protection

When a worker is exposed to 8-hour time weighted average (TWA) noise
level of 85 dB or about the employer must provide hearing protectors such as ear
plugs and ear muffs.

Ear plugs can attenuate much of industrial noise, particularly high
frequency noise when they are fitted properly in the outer part at the ear canal.
They are made of rubber, silicon rubber, plastic or soft synthetic material and
may be of different designs and sizes. Disposable plugs are made of waxed
cotton, spun, acoustical mineral fibers or synthetics.

In the extreme situations ear plugs can be worn with acoustical ear muffs.
Ear muffs consist of ear caps that are made from plastic and fitted with ear
cushions. The ear caps are attached to a headband that is worn over the head,
under the chin or behind the head. Ear muffs attenuate unwanted noise but
magnifies the human voice. They have discriminating microphone that can be
turned on or off.

Respirators

Respiratory hazards

INHALATION  FILTER FILTER FLTER
NLVE CARTRIDGE CARTRIDG CARTRIDGE RETANER result either fI‘Ol’Il oxygen

HOLDER GASKET
f ',f:

deficiency or air

contamination by dust,

et o, G Hill I—— fumes, gases or vapours. If
VALVE SEAT “ _l;\;x
EXHALATION i i

ol L o — \ the air contains less than
EXHALATION =) =N > CARTRDGE  FWLTER 0 i i
VALVE COVER FOUR PIECE ELASTIC OR 19.5 % oxygen 1t s

RUBBER HEADBAND
_ recommended to  use

atmosphere-supplying respirators, on which an air compressor supplies air. Air-
purifying respirators use felt filters or filters with fine glass or other fibres and
have a pore structure, fine enough to stop passage of particles but first it is too
important to determine the air contaminants and their concentration that can be

gaseous as particulate immediately dangerous for life and health.
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Protective Clothing

A foundry contains many locations where temperature caused by radiant
heat are high enough to create heat stress.

Protective clothing for work in these locations can be made of asbestos,
aluminum-faced fabric, fire-resistant fabric, fire-resistant plastic-coated fabric,
and leather.

For extreme radiant heat special water cooled clothing with plastic tubes
for circulating water to transfer heat from the body or vortex tube jackets and

helmets with compressed air and a value to regulate temperature are available.

Hand Protection

Gloves and mittens for metal pourers are available in aluminized fabric
and asbestos suitable for direct heat or may be fabric lined for extra insulation.
The ymay be made of leather protecting against moderate heat as well as sparks,
molten metal splash, or terry cloth with additional insulating lining and
multilayered fabric.

Foot protection

In addition to protective clothing foot protection is used.

Leather safety toe shoes incorporate a steel safety toe to protect the
worker's foot from falling, rolling or moving objects. Foundry toe shoes class 75
can withstand at impact of 75ft-1b and compression of 2.500 Ib.

Various sole materials, including leather, synthetics and rubber, protect

against slipping, oil penetration and other hazards.

Word-list
1. hazard — onacHoCTb 4. to mandate — NOCTaHOBUTH
2. fume — npm 5. gear — oeXa, SKUIINPOBKA
3. occupational — 6. to identify — ycranaBnuBaTh
npodeccroHaIbHBIN
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7. helmet — kacka 18. to absorb — mornomars

8. brims — kpaii, moss 19. curve — 3akpyrnenue

9. head band — pememiok 20. plug — mpobxa
10. shield — mmTok 21. muff — mydra
11. crown — Bepx 22. attenuate — ociabeBaTh
12. brimless — 0e3 momen 23. to fit — coOOTBETCTBOBATH,
13. band — pemens, pemeniok cOBMaAatTh
14. straps — peMeHb, PeMeIoK 24. disposable — Moryiuii ObITh

_ HCIIOJIb30BAaHHBIM
15. sustention — moaBecHOU
25. discriminating — ymeromui
16. clearance — npomMexyTOK
pa3nuvaTh
17. shell — kopmyc
OI'JIABJIEHUE
UNIT L. CUPOLAS .. e 3
UNITII.  FURNACE MELTING .......cccooiiiiiiiiiiiiee e, 15
UNIT III. CRUCIBLES. CRUCIBLES INDUCTION FURNACES.
REVERBERATORY ..., 26

UNIT IV.  LADLES .. e 37
UNIT V. FOUNDRY LAY OUT AND LABOUR PROTECTION ........49
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