The tutorial contains educational materials intended for Master's students
majoring in metallurgy and PhD students enrolled in degree programmes
related to materials science and metallurgy. It comprises texts, exercises with
supporting data, and a Ukrainian-English dictionary of professional terms that
help to learn basic industry-specific terminology used in mechanical
engineering, material properties, metalforming processes, and rolling
technologies and machines.

@ oldiplus
oldiplus

62"838187 # oldiplus

IS‘B Ia?ls-%bza‘),sra.r oldiplus.va
LSSB

mp

metinvest

polytechnic

FOR METAL
FORMING
ENGINEERING
AND RESEARCH
IN METALLURGY
AND MATERIAL
SCIENCE

Iryna NIKITINA
Tamara KYRPYTA
Viacheslav BOIARKIN
Volodymyr KUKHAR
Khrystyna MALII
Olena KHOROSHAILO

Tutorial




TECHNICAL UNIVERSITY “METINVEST POLYTECHNIC”

ENGLISH

FOR METAL FORMING ENGINEERING
AND RESEARCH IN METALLURGY
AND MATERIAL SCIENCE

Tutorial

2" revised and expanded edition

Odesa ¢ 2024 « Oldi+



UDC 811.111:621.7(075.8)
E56

Authors:
Iryna NIKITINA, Tamara KYRPYTA, Viacheslav BOIARKIN,
Volodymyr KUKHAR, Khrystyna MALII, Olena KHOROSHAILO

Reviewers:
Oleksandr HRUSHKO DSc (Engineering), Prof., Danube University Krems,
Austria;
Nataliia PAZIURA DSc (Pedagogy), Prof., National Aviation University,
Kyiv, Ukraine;
Nadiia RAGULINA PhD (Economics), Associate Professor,

“TECHNICAL UNIVERSITY ‘METINVEST
POLYTECHNIC” LLC, Zaporizhzhia, Ukraine

Recommended for publishing by the Academic Council
of “TECHNICAL UNIVERSITY ‘METINVEST POLYTECHNIC™ LLC
(Minutes No. 2 as 0f 21.12.2023)

English for metal forming engineering and research in metallurgy and
E56 material science : a tutorial / L. Nikitina, T. Kyrpyta, V. Boiarkin, et al. ; edited
by prof. V. Kukhar. — 2nd revised and expanded edition. — Odesa : Oldi+,

2024. — 144 p.

ISBN 978-966-289-818-7

The tutorial contains educational materials intended for Master’s students majoring
in metallurgy and PhD students enrolled in degree programmes related to materials science
and metallurgy. It comprises texts, exercises with supporting data, and a Ukrainian-English
dictionary of professional terms that help to learn basic industry-specific terminology used
in mechanical engineering, material properties, metalforming processes, and rolling technologies
and machines.

Ilus. 60. References: 58 items.
Printed in author’s edition.

UDC 811.111:621.7(075.8)

© Iryna Nikitina, Tamara Kyrpyta, Viacheslav Boiarkin,
Volodymyr Kukhar, Khrystyna Malii, Olena Khoroshailo, 2024
ISBN 978-966-289-818-7 © “TECHNICAL UNIVERSITY ‘METINVEST POLYTECHNIC” LLC, 2024



TOB «TEXHIYHWUH YHIBEPCUTET “METIHBECT ITOJIITEXHIKA”»

AHIJIIMCBKA

A1 ®AXIBIIB Y T'AJIY31 ObPOBKH METAJIIB
TUCKOM I 1OC/III)KEHD Y METAJIYPTII
TA MATEPIAJIO3HABCTBI

HaBuya/IbHUI NOCIOHUK

BupgaHHsa 2-re,
nepepobJieHe Ta JOIOBHEHE

Opeca o 2024 o Onpgi+



YAK 811.111:621.7(075.8)
Ab4

ABTOpMU:
[. I1. HikiTina, T. B. Kupnura, B. B. Bospkin,
B. B. Kyxap, X. B. Maxni#, O. C. Xopowaiio

PenieH3eHTH:

Onekcangp 'PYIIKO  moxTop TexHiYHUX Hayk, mpodecop, Danube
University Krems, Austria;

Harasia [IA3IOPA JIOKTOP NeAaroriyHux HaykK, mpodecop, HarionansHun
aBlauiniHui yHiBepcuTeT, KuiB, YkpaiHa;

Hapisa PATYJIIHA KaHAUJAT eKOHOMIYHHUX HayK, OLeHT,
TY «METIHBECT I1OJIITEXHIKA», 3anopixoks, Ykpaina

PexomeHni0BaHO 10 JpyKy pilieHHAM ByeHoi pagu
TOB «TEXHIYHWH YHIBEPCUTET “METIHBECT IIOJIITEXHIKA”»
(mpotokos Ne 2 Bix 21.12.2023)

AHrnilicbka s daxiBuiB y ranysi o6po6KH MeTasliB THCKOM

A64 i pocnimxeHb y MeTaslyprili Ta MaTepiajJo3HaBCTBI : HaB4. mnoci6. /

.1l Hikitina, T B.Kupnuta, B.B.Bosipkin Ta iH. ; mniz pexa. npood.

B.B.Kyxapss. — 2-re Buj., mnepepo6s. i jgomoBH. — Opgeca : Ougi+,
2024. — 144 c.

ISBN 978-966-289-818-7

MMoci6HUK MicTUTh HaBYa/IbHI MaTepiaau AJs 3406yBaviB BUILOI OCBITH, IKi HABYAIOTbHCS
3a MaricTepcbKMMH OCBITHIMM MporpaMaMu MeTadyprifiHoro cnpsiMyBaHHs, Ta 3/00yBayiB
piBHA gokTop ¢isocodii, AKki HaBYAIOTBCA 3a OCBITHIMM mNporpamMamu, MNOB’sI3aHUMH
3 MaTepiaJJO3HaBCTBOM Ta MeTaJjyprieto. [IpescTaBiieHi TeKCTH, BOpaBU 3 1JI0CTPaTUBHUM
MaTepiasoM Ta YKpaiHCbKO-aHIIIHCbKU I CJIOBHUK npodeciiHux TepMiHiB,
10 J0MOMaralTh 3acBOITH 6a30By cCHeliaJbHy TepMiHoJsorito B o06JsacTi MexaHiyHOI
iHXKeHepii, BJacTUBOCTeH MaTepiasiB, npoueciB 06po6KH MaTepiasiB TUCKOM, TEXHOJIOTIH
Ta MallIWH NPOKATHOTO BUPOOHHUI[TBA.

L. 60. Bi6siorp.: 58 mxepest.
JIpYKY€ETBCS y aBTOPChKil pejakiiii.

YAK 811.111:621.7(075.8)

© L. II. HikiTina, T. B. Kupnura, B. B. BosipkiH,
B. B. Kyxap, X. B. Maui#, O. C. Xopouaitio, 2024
ISBN 978-966-289-818-7 © TOB «TY “METIHBECT ITOJIITEXHIKA”», 2024



3MICT

BCTYII /INTRODUCTION. . . . .. ... . 6
CHAPTER 1. ENGINEERING — WHAT'S IT ALLABOUT?. . . . ... ... .. ... ... 7
CHAPTER 2. FORMING, WORKING AND HEAT-TREATING METAL. . . . . ... .. 10
CHAPTER 3. LOAD, STRESSAND STRAIN. . . . . .. ... ... ... ... ... .... 14
CHAPTER 4. FORCE, DEFORMATION AND FAILURE. . . .. ... .. ... .. .... 22
CHAPTER 5. METAL FORMING PROCESSES. . . .. . ... ... ... .. .. .. .... 26
CHAPTER 6. CLASSIFICATION OF METAL FORMING OPERATIONS. . . . . ... .. 32
CHAPTER 7. BRIEF DESCRIPTION OF METAL FORMING OPERATIONS. . . . . .. 40
CHAPTER 8. TERMINOLOGY FOR BASIC CONCEPTS OF ROLLING. . . . . ... .. 49
CHAPTER 9. ROLLING PROCESSES TERMINOLOGY. . . . . ... ... ... .. .... 57
CHAPTER 10. ROLLING MILLS TERMINOLOGY. . . . .. ... ... ... ... ... ..... 63
CHAPTER 11. ROLLING PRACTICE. PART L . . . . . .. ... ... ... .. .. ... 70
CHAPTER 12. ROLLING PRACTICE. PARTIL . . . .. ... ... ... ... ... .. .. 86
CHAPTER 13. ROLLING PRACTICE. PARTIIL. . . . .. ... ............... 95
CHAPTER 14. UKRAINIAN-ENGLISH DICTIONARY. . . . .. ... ... ... ... 104
APPENDIX A . . . . 134
APPENDIXB. . . . ... . 135
APPENDIX C. . . . .. 136
JIUTEPATYPA / REFERENCES. . . . . ... ... . ... . .. . . ... .. ... 137




BCTYnN

HaBuanbuuit noci6uuk “English for Metal Forming Engineering
and Research in Metallurgy and Material Science” € gonoBHeHHUM
Ta pO3IIMpEeHUM BapiaHToM nomnepejfHboro BufaHHA “English for
Metal Forming Engineering” [1]. [locibHuUK ykJaJleHO 3 MeTOM
NOrJINOJIeHHs 3HaHb 37100yBayiB BUIOI OCBiITH 3 d¢axoBoi iHO-
3eMHOI (aHMVIIACbKOiI) MOBHW, a TaKOX i3 JIEKCMKHM Ta TI'paMaTHKHU.
HaB4yanbHi MaTepiasiu nmo6yJ0oBaHO HAa OCHOBI aBTEHTUYHHUX TeKC-
TiB i3 mpodeciiiHOI TeMaTUKH i3 MpoCTaBJEeHHSAM MOCUJIAaHb Ha Tep-
nlo/pkepesia. Po3po6JieHa MeETOJ0JIOTiSI BUKJAJAHHA CIPUSTUME
PO3BUTKY COIiOJIIHTBICTUYHOI Ta JIIHTBICTUYHOI KOMIIETEHIiH 37100y~
BayiB 3aKJIaJiB BUILOI OCBITH, NOKpAIYIO4YH JOCBiJ, 3aCBOEHHS HUMHU
HAyKOBUX 1 TeXHIYHUX TEKCTIB aHIVIINCbKOI, HAaBUYKU HAyKOBOI
KOMYHiKalii Ta npodeciiHUX J1iJIOBUX ITeperoBopiB.

HaByasibHUMHA NOCIOGHHUK CKJIaZIeHO 3 YOTHPHAJALATH 3MiCTOBHUX
YACTHH, Neplli TPUHAAIATD i3 IKUX MiCTATb HEOOXiAHUHN JIEKCUIHUI
MiHIMyM, JIEKCUKO-IpaMaTH4Hi BIpaBH, aBTEHTUYHI TEKCTU 3 npode-
CIHOI TeMaTHWKH, KOMYHIKaTUBHI BIIPaBH, COPSIMOBAaHI Ha PO3BUTOK
YCHOTO Ta NMUCEMHOTO MOBJIEHHS i 3aKpillJIeHHsI 3HaHb i3 JIEKCUKH
i, 4aCTKOBO, 3 rpaMaTHUKU. Y AKOCTI YOTUPHAAUATOI YaCTUHU MOLAHO
TeXHIYHWUU YKpalHO-aHIJIINCbKUIN CJIOBHUK CIeljiaJbHOI TEPMiHOJIOT1],
IO CTOCYETBhCSI MeXaHiuHOi iHkeHepil (MaTepiasio3HaBCTBa i MeTa-
JIyprii), a caMe NpoKaTHOTO BUPOOHHUIITBA.

MaTepias moci6HUKa /[03BOJISIE IMOCTYIOBO M IiiJleCIpsiMOBAaHO
dopMyBaTH MOBHI HaBH4YKU Ta BMiHHS CTYJEHTIB 3aBJASKU CHUCTEMI
3aB/IaHb i BIpaB AJ1s TpodeciiiHOro iHIIOMOBHOI0 YUTAHHA. /l0 KOX-
HOI TeMM BXOJATb 3aBJaHHs Ta BIpaBU Ha 0O3HAMOMJIEHHS Ta TPEeHY-
BaHHS aKTMBHOI'0 CJIOBHMKOBOTO 3amacy, a TaK0>X PO3MOBHI Ta MHCb-
MoBi BmpaBu. [locibnuk “English for Metal Forming Engineering
and Research in Metallurgy and Material Science” MicTUTb 3Ha4YHY
KIJIbKiCTB iJIFOCTpaliiid, TabJulpb i cxeM, IO MiABUINYE Mi3HABAJIbHY
JISJIBHICTD 1 AKICTh 3HAHb CTYJAEHTIB, COPUSE KPALOMY 3aCBOEHHIO
Ta 3aKpillJIeHHI0O BUBYEHOTO MaTepiaJy.

[Toci6HUK CKJIaZleHO Ha OCHOBi Cy4YacHUX NPUHLMUINIB BUBYEHHS
iHO3eMHOI MOBU Ta BpaxoBYe NOTpebu MalOyTHIX ¢paxiBLiB i npakTH-
KiB, AKi 62’Kal0Th YI0CKOHAJIMTH CBOI HABUYKH iHO3€MHOI MOBH.

C/10BHHKOBI BIpaBd No6yAOBaHi Tak, 106 CTYJEeHTU MOIJIM pO3-
LIMPUTH, a TAKOXK aKTHUBI3yBaTU CJIOBHUKOBUH 3anac /s N0J0/1aHHA
TPYAHOLLIB NlepeKJIaay.




CHAPTER 1
ENGINEERING — WHAT'S IT ALL ABOUT?

1.1 List the main branches of engineering

Combine your list with others in your group. Then read this text
to find out how many of the branches listed are mentioned.

Engineering is largely a practical activity. It is about putting ideas
into action. Civil engineering is concerned with making bridges,
roads, airports, etc. Mechanical engineering deals with the design
and manufacture of tools and machines. Electrical engineering
is about the generation and distribution of electricity and its many
applications. Electronic engineering is concerned with components
and equipment for communications, computing, and so on.

Mechanical engineering includes marine, automobile, aeronautical,
heating and ventilating, and others. Electrical engineering includes
electricity generating, electrical installation, lighting, etc. Mining
and medical engineering belong partly to mechanical and partly
to electrical [1, 2].

1.2 Study these illustrations (see Fig. 1.1, p. 8)

They show some of the areas in which engineers work. What kinds
of engineers are concerned with these areas?

Transport. Cars, trains, ships, and planes are all products
of mechanical engineering. Mechanical engineers are also involved
in support services such as roads, rail track, harbours, and bridges.

Food processing. Mechanical engineers design, develop and make
the machines and processing equipment for harvesting, preparing and
preserving the foods and drinks that fill the supermarkets.

Medical engineering. Body scanners, X-ray machines, life-support
systems, and other high-tech equipment result from mechanical and
electrical engineers combining with medical experts to convert ideas
into life-saving and preserving products.

Building services. Electrical engineers provide all the services we
need in our homes and places of work, including lighting, heating,
ventilation, air-conditioning, refrigeration, and lifts [1, 2].

Energy and power. Electrical engineers are concerned with
the production and distribution of electricity to homes, offices,
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industry, hospitals, colleges and schools, and the installation and

maintenance of the equipment involved in these processes.
&

Figure 1.1 — Illustrations to point 1.2 [1]

TASKS

1.3 Language study deals with/is concerned with
What is the link between columns (see Table 1.1)?

Table 1.1 — Task to point 1.3 [1, 2]

mechanical machines
electrical electricity

1.4 Matching

In the Table 1.2 (see p. 9) left column lists a branch of engineering
or a type of engineer. Right column lists things they are concerned
with. We can show the link between them in a number of ways [1, 2]:

8
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Mechanical engineering deals with machines.
Mechanical engineers deal with machines.
Mechanical engineering is concerned with machines.
Mechanical engineers are concerned with machines.
. Machines are concerned with mechanical engineers.

Match each item in left column with an appropriate item from right
column and link the two in a sentence.

Uik W

Table 1.2 — Task to point 1.4 [1, 2]

1) marine a) air-conditioning
2) aeronautical b) roads and bridges
3) heating and ventilating c) body scanners
4) electricity generating d) cables and switchgear
5) automobile e) communications and equipment
6) civil f) ships
7) electronic g) planes
8) electrical installation h) cars and trucks
9) medical i) power stations
Over to you

Fill in the gaps in the following description of the different
branches of engineering using information and language you have
studied in this chapter.

The main branches of engineering are civil, , and
electronic. Mechanical engineering is machinery of
all kinds. This ranch of engineering includes , automobile,

, and heating and ventilating. The first three are concerned
with transport: , , cars and planes. The last with air-
conditioning, refrigeration, etc. [1, 2].

Electrical engineering deals with from generation to use.
Electricity generating is concerned with stations. Electrical
installation deals cables, switchgear, and connecting up
electrical equipment.

Two branches of engineering include both and
engineers. These are mining and engineering. The former
deals with mines and mining equipment, the latter with
hospital of all kinds [1, 2].




CHAPTER 2
FORMING, WORKING AND HEAT-TREATING METAL

2.1 Casting, sintering and extruding metal

Metal can be formed into shapes using heat and pressure. Casting
involves heating metal until it becomes molten (liquid) and pouring it,
or forcing it under pressure, into a mould called a die. Instead of being
cast, metal components can be formed by sintering. This is done
by using metal powder instead of molten metal. The powder is placed
in a die and compressed into a solid mass. It is then heated (though
not melted) until it becomes sintered that is, the powder particles join
together structurally, due to the heat [1, 3-9].

Metal can also be shaped by extruding it into long lengths.
Extrusion involves heating metal until it is molten, then forcing
it at high pressure through a shaping tool also called a die to form bars
or tubes, for example. At the same time, the metal cools and becomes
solid [1, 3-9].

2.2 Working metal

Traditionally, many metal tools were made by heating iron bars
in a fire, called a forge, until they were red hot or (hotter still)
white hot. The metal was then worked — in other words, shaped
by hammering it. Working metal using pressure (for example,
hammering) is also called forging. The same basic technique
is still in use today, especially with steel. However, large, automated
machines are now used. Metal is often worked (or forged) when hot
(hot forged), but may also be worked when it is cold (cold forged).

A common forging technique is drop forging, where a heavy
hammer is dropped onto a piece of metal. A die fixed to the hammer
compresses the metal into the required shape (see Fig. 2.1). Rollers
can also be used to apply compression, with or without heat,
to produce hot rolled or cold rolled metal.

Figure 2.1 — Drop forged steel (to point 2.2) [1]

10
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Forging also increases the hardness of metal. This is called work
hardening. Metal becomes work hardened because its structure
is changed by compression. The same result can be achieved
without hammering or rolling and therefore without changing
the component’s shape — by shot-peening. This involves firing small
metal balls (metal shot) at the surface of components (when cold), at
high speed. After components have been shot-peened, their surface
is significantly harder [1, 3].

2.3 Heat treating metal

The properties of a metal can be changed by heat treating it -
that is, heating and cooling the metal. The table below (see Table 2.1),
from the technical information section of a steel supplier’s website,
summarizes the main types of heat treatment [1, 3].

Table 2.1 — The main types of heat treatment (to point 2.3) [1, 3]

Type of heat Description of process Properties of treated metal
treatment
Quenching Metal is heated, and then Quenched metal is harder, but
dipped in water or oil to cool |tends to be more brittle.
it rapidly.
Annealing Metal is heated, and then Annealed metal is generally
allowed to cool slowly. softer and more elastic.
Tempering Metal is heated and kept Tempered metal possesses
at a high temperature for a balance between hardness
a period of time. and elasticity.
Precipitation A process similar to Precipitation-hardened metal
hardening tempering, but heat is harder than tempered metal.
(also called age |is maintained for longer.
hardening)
Case hardening | Metal is heated in specific Only the outer surface of case-
(also called types of gas (not in air), hardened metal becomes
surface causing its surface to absorb |harder.
hardening) elements such as carbon.

11
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TASKS

2.4 Tick what is usually required in the metal forming

processes (1-3), Table 2.2. Look at point 2.1 to help you [1, 3]

Table 2.2 — Task to point 2.4 [1, 3]

Processes | Molten metal | Metal powder Heat |Pressure | A die
1. Casting O O m} O O

2. Sintering O O m} O O

3. Extrusion O O O O O

2.5 Decide whether the sentences below are true or false, and

correct the false sentences. Look at point 2.2 to help you [1, 3]

1.
2.

vl w

N

Metal must always be heated before it can be forged.

When referring to metals, the terms working and forging mean
the same.

A common reason for forging metal is to increase its hardness.

One way of forging metal is by heating it and then rolling it.

Metal can only be rolled after it has been heated to a high
temperature.

When metal is drop forged, it is subjected to compression.

Metal can only be work hardened by the process of hot forging.
Shot-peening is a hot forging technique used to work hardened
metal.

2.6 Make correct sentences using one part from each column

(see Table 2.3). Look at point 2.3 to help you [1, 3]

Table 2.3 — Task to point 2.6 [1, 3]

1 2 3
1. Ifametal itis held at a high making it harder,
is precipitation temperature for a time, but more brittle.
hardened,
2. When metal it is heated within a gas to improve its hardness
is annealed, without reducing its
elasticity too much.

12
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End of Table 2.3

1 2 3
3. If metal is quenched, |it can also be described as |to harden only the metal
this means age hardened, near the surface.
4. When a metal its temperature is allowed | because it is heated for
is tempered, to decrease gradually a long time.
5. Ifametal case its temperature is reduced | in order to make it more
is hardened, rapidly elastic and less brittle.

2.7 Replace the underlined expressions in the report extract
with alternative words and expressions from point 2.1, 2.2
and 2.3. Sometimes there is more than one possible answer [1, 3]

The first stage in manufacturing the blades for the cutting
tools is to form them into an approximate shape by (1) a process of
squeezing molten metal through a die. Before the blades have cooled,
they are then (2) hammered while still at a high temperature —
a process which not only flattens them into their final shape, but also
ensures the metal becomes (3) harder as a result of the hammering
action. The blades are then (4) cooled quickly in water. Finally, they
are (5) bombarded with small metal balls in order to further increase
their surface hardness [1, 3].

Over to you
Think of a type of steel component that needs to have specific
properties. Suggest different ways of obtaining these properties
by forging or heat treating the steel.

13



CHAPTER 3

LOAD, STRESS AND STRAIN

3.1 Load (Force)
When engineers design a machine or structure, they need to know
what forces will be exerted on it (put pressure on it). In engineering,
forces are called loads. Usually, several different loads (see Table 3.1)
will act on — apply force to — the components in a machine,
or the members (parts) of a structure [1, 3].

Table 3.1 — Types of load (to point 3.1) [1, 3]

Type of load

Description

Examples

dead load

a load that never changes, such
as the self-weight of a structure
(its own weight)

the weight of the concrete
from which a bridge
is built

live load

a load whose magnitude can be
different at different times — usually
imposed on (put on) a machine

or structure by something that is not
part of the machine or structure

cargo carried

by a truck — different
weights of cargo may be
carried on different trips

static load

a load that remains still (does not
move)

the dead load of

a building, or a live load
which remains still, such
as snow lying on a roof

dynamic load

a moving load, such as one which
produces a sudden shock but lasts
for only a brief moment (an impulse)

aircraft wheels hitting
the runway on landing

point load a load which is concentrated - that is, | the end of a set screw

one which acts on a small area pressing on a shaft
uniformly a load which is spread evenly over the weight of water
distributed areasonably large area acting on the bottom of
load (UDL) a swimming pool

A component or member which is designed to carry (or bear)
aload is called a load-bearing component or member.

To predict what will happen when components are loaded,
engineers calculate the magnitude (size) of each load, and also
work out the direction of the load — for example, vertically
downwards. Load is therefore a vector quantity (or vector) — that
is, a measurement with both a magnitude and a direction. This
is different to a scalar quantity, which has a magnitude only.

14
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3.2 Stress and strain

The information below is intended to give you an understanding
of the application of the terminology of “strength of materials”
in the English language. The information is taken mainly from
sources [10, 11].

Stress And Strain. You may have noticed that certain objects
stretch easily, but stretching objects such as an iron rod sounds
impossible, right? In this article, we will help you understand why
a few objects are more malleable than others. Mainly, we will discuss
Stress-Strain Curve because it helps us know the amount of load
or stress that a material can handle before it stretches and breaks.

What is Stress? Stress is defined as force per unit area within
materials that arises from externally applied forces, uneven heating,
or permanent deformation and that permits an accurate description
and prediction of elastic, plastic, and fluid behaviour.

Stress is given by the following formula [10, 11]:

Force F
= St = =,
c ress treq A

where o is the stress applied, F is the force applied and 4 is the area
of the force application (see Fig. 3.1).

The unit of stress is N/m?.

Types of Stress. Stress applied to a material can be of two types as
follows:

Tensile Stress. The external force per unit area of the material
resulting in the stretch of the material is known as tensile stress.

---,

:—b F
|

Figure 3.1 — Elongation of a sample under load
(to point 3.2) [11]

15
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Compressive Stress. Compressive stress is the force that
is responsible for the deformation of the material, such that
the volume of the material reduces.

What is Strain? Strain is the amount of deformation experienced
by the body in the direction of force applied, divided by the initial
dimensions of the body.

The following equation gives the relation for deformation in terms
of the length of a solid [10, 11]:

Change in Length _ AL
Original Length ~ L'
where ¢ is the strain due to the stress applied, AL is the change

in length and L is the original length of the material
(see Fig. 3.1).

e = Strain =

The strain is a dimensionless quantity as it just defines the relative
change in shape.

Types of Strain. Strain experienced by a body can be of two types
depending on stress application as follows:

Tensile Strain. The deformation or elongation of a solid body due
to applying a tensile force or stress is known as Tensile strain. In other
words, tensile strain is produced when a body increases in length as
applied forces try to stretch it.

Compressive Strain. Compressive strain is the deformation
in a solid due to the application of compressive stress. In other words,
compressive strain is produced when a body decreases in length when
equal and opposite forces try to compress it.

Stress-Strain Curve. When we study solids and their mechanical
properties, information regarding their elastic properties is most
important. We can learn about the elastic properties of materials
by studying the stress-strain relationships, under different loads,
in these materials.

The material’s stress-strain curve (see Fig. 3.2, p. 17) gives its
stress-strain relationship. In a stress-strain curve, the stress and its
corresponding strain values are plotted. An example of a stress-strain
curve is given below.

16
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Elastic limit /

Yield point
Lower-yield
point

Breaking
stress

Proportional
limit

Fracture
point

Stress —»

Plastic Region

Strain ——»

Permanent set < 1%

Figure 3.2 — Generalized view of the stress-strain curve
(to point 3.2) [10]

How is Stress-Strain Graph Plotted? We need to perform
material tensile testing on the standard specimen to plot
the Engineering and True Stress-Strain Curves using Universal Testing
Machine (see Fig. 3.3, p. 18).

Universal Testing Machine (UTM) consists of two claws. These
claws hold and pull the extreme ends of the test specimen at
a uniform rate.

During tensile testing, you need to record any change in the length
of the test specimen for applied load at various time stamps until
the test sample fractures. These values determine variation in stress
acting on the test sample for strain value.

Afterward, we can plot the stress-strain graph keeping
mechanical stress values on the vertical axis and strain
on the horizontal axis.

17
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Claws

Test specimen

Figure 3.3 — Universal Testing Machine (UTM) (to point 3.2) [11]

Explaining Stress-Strain Graph. The different regions
in the stress-strain diagram are [11]:

Proportional Limit. 1t is the region in the stress-strain curve
that obeys Hooke’s Law. In this limit, the stress-strain ratio gives us
a proportionality constant known as Young’s modulus. The point OA
in the graph represents the proportional limit.

Elastic Limit. It is the point in the graph up to which the material
returns to its original position when the load acting on it is completely
removed. Beyond this limit, the material doesn’t return to its original
position, and a plastic deformation starts to appear in it.

Yield Point. The yield point is defined as the point at which
the material starts to deform plastically. After the yield point
is passed, permanent plastic deformation occurs. There are two yield
points (i) upper yield point (ii) lower yield point.

Ultimate Stress Point. It is a point that represents the maximum
stress that a material can endure before failure. Beyond this point,
failure occurs.
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Fracture or Breaking Point. It is the point in the stress-strain
curve at which the failure of the material takes place.

3.3 Application

The extract below is from sources [1, 3].

In a test, a thick cable is used to pick up a heavy object. The cable
stretches slightly, but lifts the weight. A second test is done using
a thinner cable — one with only half the cross-sectional area
of the thick cable. This time, the cable stretches, and then breaks.

Why did the thinner cable fail? Not due to a higher load,
as the weight was the same. The failure was due to stress. Stress
is force per unit of area, and is measured in newtons per square metre,
or Pascals (1 N/m?=1 Pa). The thinner cable was therefore stressed
twice as much as the thick cable, as the same load was concentrated
into a cross-sectional area that was 50% smaller.

Why did the thick cable stretch but not break? When objects
are stressed, they deform — that is, they change size (if only
slightly). In the tests, the cable extended — it increased in length.
Extension can be measured as a change in an object's length
compared with its original length before stress was applied.
This measurement is called strain. According to a law called
Young's Modulus of Elasticity, stress is proportional to strain.
In other words, a percentage increase in stress will cause
the same percentage increase in strain. However, this is only true
up to a point called the limit of proportionality. If a material
is overstressed — beyond this limit — it will start to become
strained by a higher proportion. Stress and strain will therefore
become disproportional [1, 3].

TASKS

3.4 Replace the underlined words and expressions with
alternative words and expressions from point 3.1 and Table 3.1

If you look at the objects around you, it’s difficult to find something
that couldn’t be smashed with a hammer. But if you laid a hammer
down carefully on any of those objects, the (1) force which it (2) put
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on them wouldn’t be sufficient to cause even the slightest damage.
This comparison illustrates the difference between [1, 3]:

e a (3) moving force, which combines mass and movement

to apply (4) a shock;

e a (5) still force, which consists only of an object’s (6) own mass.

Between the two situations, the (7) size of the load (8) placed on
the surface is dramatically different.

The above comparison illustrates another difference in the way
surfaces are (9) pressured. When a hammer is laid horizontally
on a surface, its weight is spread over a relatively large area.
It therefore applies a (10) spread out force. By contrast, when
a hammer hits something, only the edge of the hammer head comes
into contact with the surface. The force is therefore (11) focused
in a small area, applying a (12) localized pressure [1, 3].

3.5 Complete the technical checklist (1-7) based on
the questions (A-G), using words from point 3.1 and 3.2 and
Table 3.1. The first one has been done for you
A. Which components need to carry load?

B. What types of load will be carried by each part? Which loads will
remain constant, and which will differ depending on use and
circumstances?

C. What amount of load will be exerted, in newtons?

In what directions will the loads act?

E. For the materials used, how concentrated can maximum loads be
without putting the component under too much pressure?

F. How much deformation can be expected?

G. If something breaks, will the assembly collapse dangerously,
or in a controlled, relatively safe way?

1. Determine which components are load-bearing.

©

2. Analyze the types of load that will on each part. Assess
loads and loads.

3. Calculate the of loads as quantities.

4. Evaluate loads as quantities.

5. Determine the maximum level of that can be carried

by materials without causing them to be
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6. Calculate percentages of
7. Assess the consequences if a component determining
the potential dangers of the

Over to you
Think about a machine or structure you're familiar with. Give
examples of types of load which act on specific components or members.
Say which components are stressed the most and explain why.
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CHAPTER 4

FORCE, DEFORMATION AND FAILURE

4.1 Types of force and deformation (see Table 4.1 and Fig. 4.1)
Basic information in this chapter is taken from the source [12].

Table 4.1 — Types of force and deformation (to point 4.1) [1, 3]

Non- Technical Adjective used with Initial deformation of
technical the nouns stress,
term (noun) component or member
word load and force
stretching tension tensile stress It will extend (lengthen).
squashing compression | compressive stress | It will compress (shorten).
bending bending bending stress It will bend — we can
also say it will deflect
or flex. Beams usually sag,
deflecting downwards.
In some cases, deflection
or flexure is upward —
the beam hogs.
scissoring shear or shear stress It will deform very little,
shearing failing suddenly.
twisting torsion or torsion al stress It will twist.
torque

—

Tension

Shear

Compression

= —

&=,

Bending

Torsion or torque

Figure 4.1 — Types of force deformation (to point 4.1) [1]

Bending

comprises

two opposite

stresses:

tension and

compression. This is shown in the diagram of a simply supported
beam (see Fig. 4.2, p. 23). As a result of the bending force, the lower
half of the beam is in tension and the upper half is in compression.
These opposite stresses reach their maximum at the upper and
lower surfaces of the beam, and progressively decrease to zero
at the neutral axis — an imaginary line along the centre of the beam
which is free from stress [1, 3].
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Compressive stress
Neutral axis — no stress

v

Tensile stress

Figure 4.2 — A simply supported beam — three-point bending

(to point 4.1) [1]

4.2 Types of failure
The ultimate failure of a component or structural member
depends on the type of force [1, 3]:

in tension — it will fracture;

in compression — if it is thick, it will crush (squash);
if it is slender (long and thin), it will buckle, bending out of
shape;

in bending — it will fracture on the side of the component
which is in tension, or «crush on the side which
is in compression — or fail due to a combination of both;

in shear — it will shear (break due to shear force);

in torsion — it will fracture or shear.

When vertical members can no longer resist a load they either
crush or buckle.
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TASKS

4.3 Complete the word puzzle and find the word going down
the page. Look at point 4.1 and 4.2 to help you [1, 3]

1) bend downwards
2) atwisting force
3) take a force without breaking |
4) increase in length, due to
tension
5) long and thin, likely to buckle
rather than crush |
6) ascissoring force

4.4 The question below, which was posted on a forum
on a construction website, contains a mistake about a technical
fact. Can you find the mistake? Look at point 4.1 opposite
to help you [1, 3]

Post 1:

I was under the impression that concrete and steel bars were
used together in reinforced concrete (RC) because concrete is good
at resisting compression and poor at resisting tension, whereas steel
is strong in tension. I also thought the steel always went at the bottom
of an RC beam because that's the part that’s in tension, whereas
the top of the beam is free from stress. But if that’s the case, when you
see reinforcement being fixed in big RC beams, why are there bars
both at the bottom and at the top?[1, 3]

4.5 Now complete a structural engineer’'s answer
to the question in point 4.4 using the words in the box
(see Table 4.2). Look at point 4.1 and 4.2 opposite and point 4.4
above to help you [1, 3]

Table 4.2 — Task to point 4.5 [1, 3]

bending compressive |deflect fracturing |neutral tensile
compression | crushing deflection |hog sag tension
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Replies to post 1 (see point 4.4) [1, 3]:

Let me start by clarifying something. When a beam is subjected to
[0 R~ stress, the bottom part is generally in tension, as you
rightly say. But the top part is not 'free from stress', as you suggest.
It's in (2) cocvnricriann. . Only the horizontal centerline of the beam —
a zone called the (3) ..cnerenn. axis — is not stressed. It’s also
important to be clear about the strengths of concrete and steel.
You're right that concrete is poor at resisting (4) ... stress
as it’s prone to failure by (5) ..crerenn. suddenly. It’s also true that
concrete is good at resisting (6) ... stress. But steel is much
stronger than concrete, not just in (7) ... as you point out, but
also when it’s compressed. So steel is often put in the tops of beams
in cases where the beam is subjected to high levels of compression,
meaning that the concrete requires reinforcing to prevent it from
() P and failing.

Another possible reason for a beam having steel in the top
is to take tension. Why would you get tension in the top of a beam?

It’s true that most beams want to (9) ... downwards because
gravity causes them to (10) ... , putting only the bottom
of the beam in tension. But in some structures, there are beams
or parts of beams that want to (11) ... — being forced into
upward (12) ..eereeennns .
Over to you
Think about the different forces acting on a machine or structure
you're familiar with.

How would the different components or members deform or fail
if they were not adequately designed, or if they were overstressed?
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CHAPTER 5
METAL FORMING PROCESSES

Basic information in this chapter is taken from the sources
[1,3,13-15].

5.1 Introduction

Metal forming is a very important manufacturing operation.
It enjoys industrial importance among various production operations
due to its advantages such as cost effectiveness, enhanced mechanical
properties, flexible operations, higher productivity, considerable
material saving.

The objects and articles that we use in our daily life are man-
made, engineered parts, which are obtained from some raw material
through some manufacturing process. All these objects are made
of a number of small components assembled into finished product.
The pen that we use for writing, for example is made of several
small parts, assembled together. An automobile is supposed to be
an assembly of more than 15 000 parts, produced through various
manufacturing operations.

Manufacturing of finished parts and components from raw
materials is one of the most important steps in production.

Production encompasses all types of manufacturing processes.
Manufacturing refers to the conversion of raw materials into finished
products employing suitable techniques.

There are several methods of manufacturing such as metal
casting, metal forming, metal machining, metal joining and
finishing. Some of the modern methods of manufacturing include
micromachining, nanofabrication, ultraprecision manufacturing etc.

In order to fulfill the requirements of the ever-increasing demands
of various types of industries, the manufacturing engineer has to
choose the right type of material and the right type of equipment
for manufacture so that the cost of production and the energy
consumption are minimal.

The selection of suitable manufacturing process should also
include concerns for environmental impacts such as air pollution,
waste disposal etc.
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Modern concepts such as lean manufacturing, adaptive control,
agile manufacturing, group technology etc. have considerable
influence on cost reduction and quality improvements of products.
Computers and robots play important role in modern manufacturing
techniques, today. Modeling and simulation of the process prior to
mass production helps the manufacturing engineer fix up the best
operating parameters and hence achieve the finished product to
the utmost level of quality and cost-effectiveness.

5.2 Metal forming — definition

Materials are converted into finished products though different
manufacturing processes. Manufacturing processes are classified
into shaping (casting), forming, joining, and coating, dividing,
machining and modifying material property (see Fig. 5.1).

T 1

Dividin
n vicing

<= Manufacturing

b 3
¥ X

Figure 5.1 — Various operations on materials (to point 5.2)

Coating

Of these manufacturing processes, forming is a widely used
process which finds applications in automotive, aerospace, defense
and other industries.

Wrought forms of materials are produced through bulk or sheet
forming operations. Cast products are made through shaping —
molding and casting.
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A typical automobile uses formed parts such as wheel rims, car
body, valves, rolled shapes for chassis, stamped oil pan, etc.

In our daily life we use innumerable formed products e.g. cooking
vessels, tooth paste containers, bicycle body, chains, tube fitting, fan
blades etc.

Forming is the process of obtaining the required shape and size
on the raw material by subjecting the material to plastic deformation
through the application of tensile force, compressive force, bending
or shear force or combinations of these forces.

TASKS

5.3 Answer the following questions
1. Why is metal forming important? What are its advantages?
2. What are the objects and articles that we use in our daily life
obtained from?
What does manufacturing refer to?
4. Who has to choose the right type of material and the right type of
equipment for manufacture?
Are computers and robots a part of modern manufacturing
techniques?
How are manufacturing processes classified?
In what industries does forming find application?
How are wrought forms of materials produced?
What formed products do we use in our everyday life?
10 How do you define forming?

w

ui

© N

5.4 Match words or word combinations with their definitions
(see Table 5.1)

Table 5.1 — Task to point 5.4 [1]

1) manufacturing |a) a strategy thatallows a company to be extremely
engineer flexible toward customers’ needs and demands

2) manufacturing |b) aperson who focuses on the design, development and
process operation of integrated systems of production to obtain
high quality & economically competitive products
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End of Table 5.1

3) article ¢) made or caused by human beings

4) finished d) the steps through which raw materials are transformed
product into a final product

5) man-made e) aparticular thing or item

6) agile f) the product that emerges at the end of a manufacturing
manufacturing process

5.5 Complete the following statements by choosing
the answer which you think fits best. Are the other answers
unsuitable? Why?

1. Manufacturing of finished parts and components from raw
materials is one of the most important steps in production
because:

a) the objects we use are obtained from some raw material;

b) all the articles we use in everyday life are made of a number

of small components assembled into finished product;

¢) itisvery hard to produce automobiles.

2. The selection of suitable manufacturing process should also
include:

a) the right type of material and right type of equipment for
manufacture, as well as concerns for environmental impacts
such as air pollution, waste disposal etc;

b) the requirements of the ever-increasing demands of various
types of industries;

c) the modern methods of manufacturing.

3. Wrought forms of materials are produced through:

a) shaping — molding and casting;

b) shaping (casting), forming, joining, and coating, dividing,
machining and modifying material property;

c) bulk or sheet forming operations.

4. Wheel rims, car body, valves, rolled shapes for chassis, stamped
oil pan, etc:

a) are formed parts used in a typical automobile;

b) are formed products we use in our daily life;

¢) are wrought forms of materials.
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5. According to point 5.1, modern concepts such as lean
manufacturing, adaptive control, agile manufacturing, group
technology etc:

a) have considerable influence on cost reduction and quality
improvements of products;

b) play important role in modern manufacturing techniques;

c) include micro machining, nano-fabrication, ultra precision
manufacturing etc.

5.6 Insert the missing words using the Table 5.2 below

Table 5.2 — Task to point 5.6 [1]
|a) engineer |b) efficiency | c) engineering | d) manufacture | e) forged parts

It cannot escape the attention of the cost and quality-conscious

manufacturing (1) that the number of forming processes
in the (2) of serial parts is increasing. Besides the classic
advantages — e.g. the extraordinary properties of (3) —

it is the thinking in manufacturing sequences and substitution
possibilities above all that reveals the chances within forming (4) ____
of accelerating or improving the (5) ____ of the finishing process and
of using forming for property improvement.

5.7 Change the underlined words using their equivalents
given in the Table 5.3

Table 5.3 — Task to point 5.7 [1]

| fatigue |development| accuracy | favorable | manifold |

Increasing (1) veracity of cold massive forming and forging
technology enables the production of ready-to-install parts. Such
a process substitution has often not only cost advantages, but also
leads to product advantages. The (2) acceptable structure alignment
and resultantly higher (3) weariness strength of the workpieces
permit smaller dimensioning without reducing the load capacity.
In automotive engineering, this (4) new method has found use
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in the lightweight construction of axes, gear shafts and hubs. Massive
forming offers (5) multiple possibilities of component formation for
a variety of applications.

Over to you
Think of one of manufacturing methods such as metal casting, metal
forming, metal machining, metal joining and finishing you are familiar
with. Describe specific aspects of it — the type of material and the type
of equipment they use.
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CHAPTER 6
CLASSIFICATION
OF METAL FORMING OPERATIONS

Basic information in this chapter is taken from the sources
[1,3,13-15].

6.1 Classification of forming (Fig. 6.1)
Typically, metal forming processes can be classified into two broad
groups.

Bulk forming Sheet forming Powder metal
forming
/\
Primary Secondary
operation operation
| |
Cast ingots Forging, Deep drawing, Powder forging,
to shapes extrusion, blanking, powder extrusion,
such as bars, drawing, punching, powder injection,
sheets, straightening, bending, molding
plates, tubes sizing spinning,
piercing,
shearing

Figure 6.1 — Classification of metal forming processes (to point 6.1)
One is bulk forming and the other is sheet metal forming.

6.2 Bulk forming processes

Bulk deformation (see Fig. 6.2, p. 33) refers to the use of raw
materials for forming which have low surface area to volume
ratio. Rolling, forging, extrusion and drawing are bulk forming
processes. In bulk deformation processing methods, the nature
of force applied may be compressive, compressive and tensile, shear
or a combination of these forces.

Bulk forming is accomplished in forming presses with the help
of a set of tool and die. Examples for products produced by bulk

32



English for metal forming engineering and research in metallurgy and material science

forming are: gears, bushed, valves, engine parts such as valves,
connecting rods, hydraulic valves, etc. Sheet metals forming involves
application of tensile or shear forces predominantly.

6.3 Sheet Metalworking Processes

Sheet metal forming (see Fig. 6.3, p. 34) involves the application
of tensile or shear forces predominantly. Working upon sheets, plates
and strips mainly constitutes sheet forming. Sheet metal operations
are mostly carried out in presses — hydraulic or pneumatic.
A set of tools called die and punch are used for the sheet working
operations. Bending, drawing, shearing, blanking, punching are some
of the sheet metal operations.

Ram
Work Work
v
— v >
— e T | ul F
F P 9 \ g ——
b AN
Die | ™ Die
) (d)

Figure 6.2 — Main bulk forming processes: rolling (a), forging (b),
extrusion (c), drawing (d); relative motion in the operations is indicated
by v; forces are indicated by F [14] (to point 6.2)
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6.4 Powder Metal Forming

A new class of forming process called powder forming is gaining
importance due to its unique capabilities. The manufacturing process
of iron and steel powders, as well as the forming of products from
them, is shown in Fig. 6.4 (see p. 35).

One of the important merits of powder forming is its ability
to produce parts very near to final dimensions with minimum
material wastage. It is called near-net-shape forming. Material
compositions can be adjusted to suit the desirable mechanical
properties. The formability of sintered metals is greater than
conventional wrought materials. However, the challenge in powder
forming continues to be the complete elimination or near-complete

|-
Ev
l Blanc

Punch holder Punch
Work ——= Work —»=
Die — -7 Die Pl
o ~ o 7,
Yl T P
(a) (b)
e I
Punch —f»
Shearing action
— ﬁ\ — 1 ————— ,
\--k Work
. . //Dle,» = s P
(1) (2)
(@

Figure 6.3 — Basic sheet metalworking operations: (a) bending,
(b) drawing, and (c) shearing: (1) as punch first contacts sheet,
and (2) after cutting; force and relative motion in these operations
are indicated by F and v [14] (to point 6.3)
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elimination of porosity. Porosity reduces the strength, ductility and
corrosion resistance and enhances the risk of premature failure
of components.

6.5 Based on the nature of deformation force applied
on the material, during forming, metal forming processes are
also classified into several types as shown in the Table 6.1 below.

Table 6.1 — Classification based on the deformation force
(to point 6.5) [1]

Forming Tensile and F . Bending and
b . . orming under heari
y compressive compressive . shearing
tensile stress
stress stresses stresses
e open die forging e deep drawing e stretch forming | e bending
e closed die forging | e spinning e stretching e shearing
e rolling e stripping e expanding e punching
e coining e wrinkle bulging e blanking
e extrusion

Forming is also classified as cold forming, hot forming or warm
forming. Hot forming is the deformation carried out at temperatures
above recrystallization temperatures.

Typically, recrystallization temperatures for materials range
from 0.5 Tm to 0.8 Tm, where Tm is melting temperature of material.

TASKS

6.6 Answer the following questions
1. Into how many broad groups can metal processes be classified?
Name these groups.
2. In what processing methods, the nature of force applied may be
compressive, compressive and tensile, shear or a combination
of these forces?
What is bulk forming in forming presses accomplished with?
What forces are involved in sheet metal forming?
Why is powder forming gaining importance?
What still prevents powder forming from being widely used?

o U1k W

36



English for metal forming engineering and research in metallurgy and material science

N

How does porosity affect metal properties?

8. What are types of metal forming processes based on the nature
of deformation force applied on the material during forming?

9. How can forming be classified according to the temperature
at what the process is carried out?

10. What is the typical recrystallization temperatures range?

6.7 Match words or word combinations with their definitions

(see Table 6.2)

Table 6.2 — Task to point 6.4 [1]

1) recrystallization
2) bulk forming

3) sheet metal forming
4) forming press

5) hydraulic press

6) pneumatic press
7) powder forming

8) porosity
9) sintered metal

a)
b)

<)
d)

e)
f)

g)
h)

i

a measure of the void (i.e. “empty”) spaces

in a material

a solid product made through the process of
powder metallurgy from different types of metals
and alloys

a punch press used for forming (as metal parts)
the process in which deformed grains of the crystal
structure are replaced by a new set of stress-free
grains that nucleate and grow until all the original
grains have been consumed

a press operated by air pressure

process in which force is applied to a piece of sheet
metal to modify its geometry rather than remove
any material

a press operated with the help of water or other
liquid

a process for forming metal parts by heating
compacted metal powders to just below their
melting points

forming of a bulk metal at room temperature
without initial or interstage heating

6.8 Complete the

following statements by choosing

the answer which you think fits best. Are the other answers

unsuitable? Why?

1. Bulk deformation refers to the use of:

a) sintered metal;
b) raw materials;
c) prepared metal.
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2. Working upon sheets, plates and strips mainly constitutes:
a) sheet forming;
b) powder forming;
¢) bulk forming.
3. Material compositions can be adjusted to suit the desirable:
a) recrystallization temperature;
b) hot and cold conditions;
¢) mechanical properties.
4. The complete elimination or near-complete elimination
of porosity:
a) continues to be the challenge in powder forming;
b) is sensitive to hydrostatic pressure;
c) leads to increased susceptibility to fatigue and stress-corrosion
cracking.
5. Hot forming is the deformation carried out at temperatures:
a) below recrystallization temperatures;
b) atrecrystallization temperatures;
c) above recrystallization temperatures.

6.9 Insert the missing words using the Table 6.3 below

Table 6.3 — Task to point 6.6 [1]

|a) presses | b) deep drawing | c) drawing | d) ingot steel | e) sheet forming |

The rolling of thin iron sheets in the 18 century formed the basis
for a broad application of (1) ____.

Hollow parts, which were already being manufactured
in the Middle Ages by “thimbles” and “bell makers”, were increasingly
produced by means of (2) ____ with the help of devices from which
the 19" century drawing (3) ____ originated.

This created, together with the development of (4) ,
the foundation for the major industrial use of the processes of sheet
forming, especially that of (5) , which in the 1920s obtained
a decisive impulse by the rising demands of the automobile industry.
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6.10 Change the underlined words using their equivalents
given in the Table 6.4

Table 6.4 — Task to point 6.7 [1]

| transformed | restored | misplacements | strain | faults |

The energy applied in plastic forming is (1) converted for the most
part into heat. The rest remains stored in the lattice as internal energy,
as potential energy of elastic deformation. Of interest for forming are
twins and (2) dislocations as well as lattice vacancies and interstitial
atoms. The largest amount of elastic (3) deformation energy can
be attributed to dislocations, the number of which is significantly
increased in the case of cold forming. When the activation energy
is exceeded, the lattice (4) defects are (5) recovered and rearranged.

Over to you
Think about the specific types of forming processes that are used
in your industry, or industry you're familiar with. How are they used?
Give examples of types of loads which act on specific components
or members. What forces are applied on the material used?
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CHAPTER 7
BRIEF DESCRIPTION
OF METAL FORMING OPERATIONS

7.1 Bulk forming processes

Rolling is a compressive deformation process (see Fig. 7.1), which
is used for producing semi-finished products such as bars, sheets,
plates and finished products such as angles, channels, sections.
Rolling can be carried out both in hot and cold conditions [1, 14, 17].

A

Radius of roll
Upper roll
Contact angle = PP
NS Rolled metal
v
h, _ Ihf

\j Lower roll
) @
Figure 7.1 — Rolling process (to point 7.1) [14, 17]

Forging is a bulk forming process in which the work
piece or billet is shaped into finished part by the application
of compressive and tensile forces with the help of a pair of tools
called die and punch. Forging can be done in open dies or closed
dies (see Fig. 7.2, p. 41). Open die forging is usually used for
preliminary shaping of raw materials into a form suitable for
subsequent forming or machining [14].

Open die forging is done using a pair of flat faced dies for
operations such as drawing out, thinning, etc.
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OPEN DIE FORGING

Ejector pin

Component _ l l
&

Forging large
turbine shaft

Figure 7.2 — Closed die and open die forging [14, 18] (to point 7.1)

Closed die forging is performed by squeezing the raw material
called billet inside the cavity formed between a pair of shaped dies.
Formed products attain the shape of the die cavity. Valve parts, pump
parts, small gears, connecting rods, spanners, etc. are produced
by closed die forming.

Coining is the process of applying compressive stress on surface
of the raw material in order to impart special shapes on to the surface
from the embossing punch — e.g. coins, medallions.

Extrusion involves forcing the raw material through a narrow
opening of constant cross-section or varying cross-section in order
to reduce the diameter and increase the length. Extrusion can be
done hot or cold. Extruded products include shafts, tubes, cans, cups,
gears [14].

Basically, there are two methods of extrusion, direct and indirect
extrusions (see Fig. 7.3, p. 42). In direct extrusion the work and
the extrusion punch move along the same direction. In indirect
extrusion the punch moves opposite to the direction of movement
of the work piece.

Wire drawing process is used for producing small diameter wires
from rods by reducing their diameter and stretching their length
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through the application of tensile force (see Fig. 7.4) [14]. Musical
strings are produced by wire drawing process. Seamless tubes can be
produced by tube drawing process.

DIRECT Die
EXTRUSION /
—=q_ [= =
extrusion |
Die  pijlet
INDIRECT Ram |
EXTRUSION
\I;%
~aem £ oy Sealing
T
plate
extrusion I—/
Die il
Billet

Figure 7.3 — Direct and indirect extrusion (to point 7.1) [14, 17]

‘ Wire or rod
7

4
A, Ap g—pod

‘ Die

{

—a/

Figure 7.4 — Wire drawing (to point 7.1) [14, 17]

7.2 Sheet metal operations

Deep drawing is a sheet metal process; the process in which
a sheet metal is forced into cup of hollow shape without altering its
thickness — using tensile and compressive forces. Complex shapes
can be produced by deep drawing of blanks in stages — redrawing,
multiple draw deep drawing etc. [14].
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Figure 7.5 — Deep drawing [1, 8] (to poi t72)

Flanges and collars are formed by flanging process (Fig. 7.6)

@

Hole-flan g ng
with ironing

Blank-holding

llll

=t

Figure 7.6 — Flanging process [19] (to point 7.2)
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Spinning (see Fig. 7.7) transforms a sheet metal into a hollow
shape by compressive and tensile stresses. Spinning mandrel of given
shape is used against a roll head.

DIRECTION ROLLER

OF ROTATION &TOLL

Head stock Mandrel

. Sheet metal
/ Spi ~ Clamp
/ Tall stock
[ \
I ‘ {

e

Mandrel Final spun  Roller

product Roller tool /

(b) (c)

Figure 7.7 — Spinning: by stages (a) [20], general diagram
with tool (b) [21], 3D visualization (c) [22] (to point 7.2)

Punch — Punch —L i
a ;
]
Workpiece - i
Ll Workpiece f L i T 1
Stopper/ i
Die —o 1
Die o b i
Hollow embossing tool
Punch e |
|
1
Die e 1
1
Open solid embossing tool

(a) (b)

Figure 7.8 — Embossing: types and die designs (a) [23]
and product (b) [24] (to point 7.2)
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Embossing (see Fig. 7.8, p. 44) imparts an impression on the work

piece by means of an embossing punch.

Bending of sheets includes rotary bending, swivel bending, roll

bending using rotary die (see Fig. 7.9).

BENDING SHEARING

l’ Workpiece %
4— Workpiece

7

SN f

Figure 7.9 — Bending and shearing [1] (to point 7.2)

Die bending using flat die or shaped die is used for bending of

sheets, or die coining of sheets.

Ui W e

No

8.

9

TASKS

7.3 Answer the following questions

How do you define rolling?

Can rolling be carried out in hot or cold conditions?

Is the work piece or billet shaped into finished part in forging?
What is the difference between rolling and forging?

What process uses a pair of flat faced dies for operations such
as drawing out, thinning, etc?

What articles are produced by closed die forming?

For what purpose is compressive stress on surface of the raw
material applied in coining?

What is the essence of extrusion?

What are the two methods of extrusion?

10. What happens while deep drawing?
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7.4 Match words or word combinations with their definitions

in the Table 7.1

Table 7.1 — Task to point 7.4 [1]

1 2
1) deep drawing a) forcing heated alloy billet through a die by pressure
2) rolling b) the process of applying compressive stress on surface
3) forging of the raw material
4) coining c¢) ametal block used in forming materials
5) die d) ametal forming process in which metal stock
6) workpiece is passed through one or more pairs of rolls to reduce
7) punch the thickness and to make the thickness uniform
8) extrusion e) the fabrication process of flat rolled steel to make
process drawn parts
9) wire drawing f) the moveable die in a press or forging machine
10) blank g) a piece of stock (also call a slug or multiple) from
which a forging is to be made
h) a piece of work in process of manufacture
i) producing wires from rods

7.5 Complete the following statements by choosing

the answer which you think fits best. Are the other answers
unsuitable? Why? [1]

1.

In forging the work piece or billet is shaped into:
a) finished part;

b) semi-finished part;

c) blank.

. Open die forging is usually used for:

a) producing parts very near to final dimensions with minimum
material wastage;

b) preliminary shaping of raw materials into a form suitable for
subsequent forming or machining;

¢) forming which have low surface area to volume ratio.

. Valve parts, pump parts, small gears etc. can be produced by:

a) closed die forging;
b) open die forging;
c) coining.
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4. The work and the extrusion punch move along the same
direction in:
a) wire drawing;
b) indirect extrusion;
¢) direct extrusion.
5. When we need complex shapes we use:
a) deep drawing;
b) direct extrusion;
c) open die forging.

7.6 Insert the missing words using the Table 7.2 below

Table 7.2 — Task to point 7.6 [1]

| forming | flow | drawing | blank | blank dimensions |

The essential prerequisites for achieving optimal work results
in deep (1) __ are the correct control of the material (2) ___,
the determination of the (3) ___, the knowledge of the limits to which
the (4) ____ can be driven within a single operation and the estimation
of the force required to shape the (5) ___.

7.7 Change the underlined words using their equivalents
given in the Table 7.3

Table 7.3 — Task to point 7.7 [1]

| induce | collapse | produced | coarseness | worked |

If the surface of the workpiece to be (1) processed exhibits marked
pores or high (2) roughness heights, such as those found in cast
iron, a lubricant may not be used, as the lubricant entering the pores
can (3) cause changes to the loading condition of the workpiece
possibly leading to (4) failure as a result of the hydrostatic pressure

(5) generated during rolling.
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7.8 Match words from two columns in the Table 7.4 to form
a term or word combination used in points 7.1 and 7.2

Table 7.4 — Task to point 7.8 [1]

1) sheet a) extrusion

2) deep b) drawing

3) indirect c) shape

4) tensile d) forging

5) hollow e) metal

6) open die f) force
Over to you

Think of an enterprise you are familiar with. Describe specific
aspects of it: the type of equipment it uses, the forming operations used
for producing specific shapes, the finished products it produces.
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CHAPTER 8
TERMINOLOGY
FOR BASIC CONCEPTS OF ROLLING

Basic information in this chapter is taken from the sources [25].

8.1 Rolling definition

Rolling (Fig. 8.1) is the process of plastically deforming metal
by passing it between the rolls. The rolling process is basically used
for reducing the cross-sectional area of the metal stock (the width
is the same but there is a significant reduction of thickness).
It is the most widely used forming process and it provides high
production with very close control of the final product. The squeezing
action between the rolls results in the metal is subjected to high
compressive stress. The frictional process is responsible for drawing
the metal into rolls. At the exit from the rolls, the speed of the metal
is higher than at the entrance to the rolls and higher than the linear
speed of the rolls.

Roll

Neutral plane

t, (initial thickness) ¢, (final thickness) V
i

Figure 8.1 — Diagram and terminology for the rolling process [25]
(to point 8.1)

For Fig. 8.1:

W,=W,, where W, — initial width, and W, — final width, width
is always constant when ever rolling is carried out but there is
a significant reduction of thickness;

l,<l;, where I, — initial length and I, — final length;

ty>t;, where t, — initial thickness and t;— final thickness;

V. is the initial force and the Vs the final force.
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8.2 Rolling ratios

Angle of bite. The angle of bite (see Fig. 8.1) determines the extent
of thickness reduction which will be taken place. The angle of the bite
also depends upon the condition in which the rolling is being
carried out, which means it is hot or cold or the surface roughness
or smoothness of the rollers. For the smoother surface low angle of
bite is used while for the rough surface high angle of bite is used.

The large diameter of the rollers is used for the low angle
of the bite while the small diameter rollers are used for the high angle
of bite. The cold-rolling angle of the bite is very low (like 3-4 degrees)
but for hot rolling, it is very high (like 24-32 degrees).

Draft (draught). The difference between the thickness of initial
and rolled metal piece is called draft (draught). Thus if ¢; is initial
thickness and ¢;is final thickness, then the draught d is given by:

d=t;-t,.
i~y
The maximum draft that can be achieved via rollers of radius R

with coefficient of static friction f between the roller and the metal
surface is given by:
Ao =f*R.

This is the case when the frictional force on the metal from inlet
contact matches the negative force from the exit contact.

The coefficient of the friction f between the metal and the roller
surface:

e for cold working condition f=0.1;

e for warm working condition f=0.2;

e for cold working condition f=0.4-1.0;

R is the radius of the roller.

If the surface roughness is more than more draft is possible and if
the roller diameter is more than more draft is possible.

Reduction. Reduction r is defined as the per-unit change
in thickness with respect to the entry thickness ¢;:

_L-t d

r= =7
t t

1 1

where ¢, is the exit thickness (see Fig. 8.1).
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As the material is reduced, its length becomes proportionately
longer.

Elongation. Elongation e is defined as the per-unit increase
in length due to a decrease in area with respect to the entry,
regardless of shape.

Given an entry length ¢, then:

e =

’

L-¢
L
where L is the final length (Fig. 8.2).

]
- L]

- -

'T' i =
7
t; t;
L ; -
| L +|
| L

Figure 8.2 — Changes in length during rolling (to point 8.2)

8.3 Rolling terminology for work pieces and products

Bloom — it is the product of the first breakdown of ingots,
generally hot working (the cross-sectional area is 150x150 cm).

Billet — product obtained from further reduction by hot rolling
(the cross-sectional area is 40x40 mm?).

Slab is any hot rolled ingot with a cross-sectional area is 100 cm?
and width is>or equal to 2 xthickness.

Plate is a product with a thickness >6 mm.

Sheet — product with thickness <6 mm and width >600 mm.

Strip is the product with thickness <6 mm and width <600 mm.

Blooms, billets, and slabs are also known as semi-finished
products. It may be further reduced.

The rolling sequence for the production of rods, profiles
and flat products from blooms, billets and slabs is shown
in Fig. 8.3 (see p. 52).
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Ingot
Bloom Bloom
Billet Billet = Slab
Bar Shape lll Plate  Sheet / Strip

Figure 8.3 — Flow diagram showing rolling of different products [26]
(to point 8.3)

8.4 Recrystallization. Hot rolling and cold rolling
There are two types of the rolling process: hot rolling and cold
rolling (see Fig. 8.4).

HOT ROLLING COLD ROLLING

Figure 8.4 — Difference in the formation of metal grains
during hot and cold rolling [27] (to point 8.4)

Recrystallization and the metal forming process.
Recrystallization is an important phenomenon in metallurgy.
It occurs when metal atoms are energized to a point at which new
crystals start to form. Just like water changes phases to steam and

ice, metal has its own phase changes. Every metal has a unique
recrystallization point.
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The technical definitions of both hot and cold work refer to
the recrystallization temperature of the metal. Hot working occurs
when metal is deformed above its recrystallization temperature.
In contrast, cold working occurs when metal is deformed below
the recrystallization temperature. A third metal forming process,
warm forming, sits between the two [27].

Hot rolling is a metalworking process that occurs above
the recrystallization temperature (bellow the melting temperature)
of the metal, see Fig. 8.5. It requires low pressure. The initial
breakdown of ingots in blooms and billets is generally done
by hot rolling. Further hot rolling is carried out to obtain products
in the form of plates, sheets, rods, bars, etc. It has a poor surface
finish [25].

Undeformed Beginning of recrystallization
metal
Recrystallization

completed

Grain growth
elongated (reheated)

4+— Hot formed b Reheated ——»

Figure 8.5 — Effect of hot working on the microstructure of metal [28]
(to point 8.4)

Specific features of hot rolling are:

e the first hot working operation is done using a roughing mill
(blooming, slabbing or cogging);

e these mills are designated based on the roll diameter;

e initially, scale removal is done;

e breakdown of cast ingots / blooms / slabs / for subsequent
reductions;
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e the ingots are turned 90° between subsequent passes;

e generally, they are two high reversing mills (24-54-inch
(610-1372 mm) diameter rolls);

e for high production rates, universal mills are used to take care
of edging (two vertical rolls to control the edge);

e high-pressure water jets remove scales;

e subsequent to the last finishing stand, strips are sheared to
the required size or coiled to obtain continuous sheets.

Cold rolling occurs with the metal below its recrystallization

temperature. It requires more pressure than a hot rolling mill

(Fig. 8.6). Cold rolling is carried out by industries to obtain sheets,

strips, foils, bars, etc. [25].

Elongated
grains

Beginning
of recrystallization

Recovery Recrystallization
completed

+—— Cold formed——— ¢ Low heat#»¢——— High heat ———»

Figure 8.6 — Effect of hot working on the microstructure of metal [28]
(to point 8.4)

Advantages of cold rolling mills are:

e good surface finish;

close control to product dimensions;

increase mechanical properties;

used to obtain high strength;

a large number of non-ferrous sheets are produced by cold
rolling;

e total reduction varies from about 50% to 90%;
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e the rolling is carried out using 3-6 strands;

e high speed for high mills is generally used;

e in the finishing strand, minimum reduction occurs so as to
obtain a good surface finish and uniform thickness;

e annealed steels are given skin pass or temper rolling to
eliminate the yield point phenomenon.

The actual process employed in the industry for the production

of small gauge material is hot rolling to slightly above the finished
size required, cleaning/removing the oxidised surface by machining
pickling or some other suitable process and finally using cold-rolling
of work material to finished sizes [28].

TASKS

8.5 Match the following terms with their definitions

in the Table 8.1

Table 8.1 — Task to point 8.5 [1]

1) angle of bite

2) recrystallization
3) draft

4) billet

5) elongation

a)
b)
)
d)

e)

the extent of thickness reduction determined

by the rolling process

the per-unit increase in length due to a decrease
in area with respect to the entry, regardless of shape
the process when new crystals start to form due to
energized metal atoms

product obtained from further reduction by hot
rolling

the angle that determines the thickness reduction
based on conditions like surface roughness and
temperature

8.6 Insert the appropriate term for each definition, look
at Chapter 8 to help you
1. The process of plastically deforming metal by passing it between

the rolls is known as

The angle of bite determines the extent of reduction.
Draft (d) is calculated as

Blooms are the product of the first breakdown of

Cold rolling occurs with the metal below its temperature.

Ul W
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8.7 Answer the following questions

What is the significance of the angle of bite in rolling?

Explain the concept of draft value in rolling.

Define “blooms”, “billets” and “slabs”.

What is the difference between hot rolling and cold rolling in terms
of recrystallization?

W e

8.8 By filling out the table, determine the word that combines
the meaning of a class of chemical elements or a chemically
simple substance with high strength, malleability (forgeability),
good thermal and electrical conductivity
1. Product of the first breakdown of ingots, generally hot worked.
Product obtained from further reduction by hot rolling.

Product with thickness <6 mm and width >600 mm.
Any hot rolled ingot with a cross-sectional area of 100 cm?
Product with a thickness >6 mm.

1.

Ul W

v s W

Over to you

Consider a situation in the metalworking industry where
achieving high mechanical properties in the final product is critical.
Give examples of single and combined processing operations aimed
at increasing the strength of rolled products. Discuss the steps involved
in the production processes for hot rolling and cold rolling. Compare
the advantages and disadvantages for cold and hot rolling in terms
of energy costs, surface cleanliness of rolled products, and product range
by thickness.
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CHAPTER 9
ROLLING PROCESSES TERMINOLOGY

9.1 Rolling processes

Rolling processes by intended purpose can be divided according
to Fig. 9.1.

Transverse rolling Thread rolling —

Type
Axial rolls Of
rolling

Drive roll ldler roll

~
Ring rolling

7~ Rolls
y

. ~
Starting __ —
cylinder 'y

;},_ A

~Mandrel

k@ Finished
tube
Tube piercing Skew rolling

Figure 9.1 — Types of rolling by intended purpose [29] (to point 9.1)

9.2 Powder rolling

Powder rolling — metal powder is introduced between
rolls and compacted into a green strip which is subsequently
sintered and subjected to hot or cold working followed
by annealing (see Fig. 9.2, p. 58).

Advantages of powder rolling:

e a high-density sheet can be obtained;

e elimination of initial hot-ingot breakdown process;

e minimum contaminants which otherwise would form during

hot working;
e reduction in initial huge capital investment;
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e very fine-grained material with a drastic reduction of preferred
orientation of grains.

9.3 Shaped rolling

Shaped rolling or section rolling:

e a special type of cold rolling in which a flat slab is progressively bent
into complex shapes by passing it through a series of driven rolls;

e no appreciable change in the thickness of the metal during
the process;

e suitable for producing molded sections such as irregularly
shaped channels.

Explanations for section (shape) rolling are given in Fig. 9.3.

Powder
feedstock

Hotrolling Cold rolling

_ Mill
rolling } anneal
ST 1 s
Green sheet : \%
“Controlled Semi-finished
atmosphere Consolidated emi- 11.’115 e
strip strip

Figure 9.2 — Schematic diagram of powder rolling (CSIRO process)
for producing strip from Ti-based metal powder [30, 31] (to point 9.2)

Intermediate

Horizontal roll Roughing rolling Finish rolling
Conventional
wide-flange Slab or
beam
(Synchronous bloom
Universal roll for rolling change of beam Breakdown Universal Edging  Universal
wide-flange beam depth and mill rolling mill ~ mill rolling mill
width)

Figure 9.3 — Stages in the H-section shape rolling [32] (to point 9.3)
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9.4 Ringrolling

Smaller diameter, thicker ring can be enlarged to larger diameter,
thinner section by ring rolling. In this process, two circular rolls,
one of which is idler roll and the other is driven roll are used. A pair
of edging rollers are used for maintaining the height constant.
The ring is rotated and the rings are moved closer to each other,
thereby reducing the thickness of ring and increasing its diameter.
Rings of different cross-sections can be produced. The major merits
of this process are high productivity, material saving, dimensional
accuracy and grain flow which is advantageous [26].

The inner and outer races of the ball and roller bearings, steel tires
for railway wheels, large rings for turbines, flanges and rings for pipes
are produced by the ring rolling process (Fig. 9.4).

Ring Rolling Procedure. The starting workpiece is a thick-
walled circular piece of metal in whose centre a hole has been made
by drifting and piercing. The workpiece is heated until it becomes
red hot and then placed between two rolls A and B (see Fig. 9.4)
which rotate in opposite directions. The arrangement of the rolls and

Driving roll (fixed), A

Guide
rolls

Pressure

roll, B
Ring Rolling from a manufacturing plant
Ring Rolling Scheme
(@) (b)
Figure 9.4 — Ring rolling scheme (a) and ring rolling mill (b) [28]
(to point 9.4)
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the ring is shown in the below schematic representation. The pressure
roll B exerts pressure on the material from inside. Caught between
rolls A and B, the ring rotates. At the same time, the inside and outside
diameter of the ring progressively increase and the wall thickness
keeps on reducing. In order to ensure that the ring is circular, two
guide rolls are suitably placed on the outer surface of the ring. When
the outer and inner diameter of the ring increase to the size required,
the rolling is stopped [28].

9.5 Tube piercing

Rotary tube piercing is used for producing long thick-walled tubes
(Fig. 9.5). Cavity forms at the center due to tensile stress, in a round
rod when subjected to external compressive stress — especially cyclic
compressive stress.

Figure 9.5 — Mannesmann process [26] (to point 9.5)

The Mannesmann process makes use of a tube piercing in rotary
mode. A pair of skewed rolls are used for drawing the work piece
inside the rolls. The roll axes are oriented at 6 degrees with reference
to axis of work piece. A mandrel is used for expanding the central hole,
and sizing the inner diameter. Pilger mill uses reciprocating motion of
both work and mandrel to produce tubes. Work is periodically rotated
additionally [26].
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TASKS

9.6 Read the text and fill in the gaps with missing words

One specialized rolling process is (1) where metal
powder is introduced between rolls and compacted into a green
strip. This strip is subsequently sintered and subjected to hot or cold
working followed by annealing. This process has several advantages,
including the ability to obtain a high-density sheet and the elimination
of the initial hot-ingot breakdown process.

Another important type is (2) or section rolling. This
involves passing a flat slab through a series of driven rolls to create
complex shapes. Interestingly, there is no appreciable change
in the thickness of the metal during this process. It is particularly
suitable for producing molded sections such as irregularly shaped
3) .

(4) is a process where a smaller diameter, thicker ring
is enlarged to a larger diameter, thinner section. This is achieved
using two circular rolls, one of which is an idler roll, and the other
is a driven roll. A pair of edging rollers are used to maintain the height
constant. Rings of different cross-sections can be produced. This
process is highly productive and ensures dimensional accuracy.

Finally, (5) is a technique used for producing long
thick-walled tubes. It involves the formation of a cavity at the center
of a round rod when subjected to external compressive stress.
The Mannesmann process employs a tube piercing in rotary mode,
using a pair of skewed rolls to draw the workpiece inside.

9.7 Critical analysis

The statement below, taken from a technical discussion
on a materials engineering forum, discusses a misconception about
a specific rolling process. Can you identify the mistake? Refer
to Chapter 9 for assistance.

Post 1:

“I heard that powder rolling is only used for small-scale
productions. The process is limited in terms of scale and can't be
applied to industrial-level manufacturing’. Is this true?
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9.8 Explanation

Describe under what circumstances it is advisable to use powder
rolling and provide examples of products that can be obtained using
this method.

9.9 Application scenario

Imagine you are a materials engineer working for a company that
specializes in the production of custom-shaped metal components.
A client approaches you with a project to create a unique metal
component with irregularly shaped channels for their machinery.
Based on your knowledge of rolling processes from Chapter 9, explain
which rolling process would be most suitable for this project and why:.
Provide details about the advantages and characteristics of the chosen
rolling process for producing these irregularly shaped channels.

Over to you
If you were to create a new rolling process for a unique material
or application, what would it be? Provide a brief overview of this novel
process and explain how it could revolutionize manufacturing.
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CHAPTER 10
ROLLING MILLS TERMINOLOGY

10.1 Types of rolling mills

Rolling mill consists of rolls, bearings, structure, or housing for
rigidly supporting these parts, power drive, power transmission
system, speed control, roll gap adjusting set up, etc. The force for
rolling generally is very high. The power requirements are very high.
Hence initial capital investment is high. Rolling mills are generally
classified with respect to the number and arrangement of the roll [25].

In the two high pull over rolling mill the stock is returned to
the entrance for further reduction (see Fig. 10.1). It consist of two
rollers. Both rollers are rotate in opposite direction.

In the two high reversing
rolling mills the work can
be passed back and forth
through the rolls by reversing
their direction of rotation
(see Fig. 10.2).

Three high rolling mills
consist of upper and lower
driven rolls and a middle
roll, which rotate by friction
(see Fig. 10.3, p. 64). Three
high rolling mills reduced
the material handling which
is needed for rolling.

—

Work piece

Upper roll

e
Direction
of feed
Lower roll
Two high rolling mill
Figure 10.1 —

The two high rolling mill [28]
(to point 10.1)

e

Figure 10.2 — The two high reversing rolling mill: forward (1)
and backward (2) feeds of the workpiece [28] (to point 10.1)
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It consists of three rollers. The first and third roller rotate
in the same direction while the mid roller rotates in opposite
direction. This requires less costly motive power. It has higher output.

In the four high rolling mills small diameter rolls (less
strength and rigidity) supported by larger diameter backup rolls
(see Fig. 10.4). It consists of four rollers. This process is used for
both cold and hot rolling [28].

In the cluster rolling mill or Sendzimir rolling mill each
of the working rolls is supported by two backing rolls (Fig. 10.5).
Here rigidity is well maintained. Cluster rolling mills are used for
the high draft.

Backup

§) 1l
pper ro roll

Working roll

-
Work Middle First pass

—
piece Reverse pass
Lower roll
Three high rolling mill
Four high rolling mill
Figure 10.3 — The three high Figure 10.4 — The four high

rolling mill [28] (to point 10.1) rolling mill [28] (to point 10.1)

Double AS-U device

Backing bearing
assembly

Work roll
Strip
——1st intermediate roll

2nd intermediate roll

Figure 10.5 — Sendzimir 20-high mill [33] (to point 10.1)
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10.2 Types of rolls for rolling

Different types of rolls and roll passes in rolling mills. There
are two types of rolls. One is the “plain roll” and the second one
is the “grooved roll” shown in the below Fig. 10.6. A plain roll used for
rolling slabs, plate and sheet. A grooved rolls used for rolling billets,
bars and sections.

Body Grooves

Plain roll Wabbles Collars

grooved roll
Figure 10.6 — Types of rolls [28] (to point 10.2)

The roll stand comprises two housings erected on the bed plates
and joined together by separators or tie-rods, chocks bearings
of the rolls and devices for adjusting the rolls.

Rolls do the most important work in a rolling mill. A roll failure
is a big catastrophe in rolling mill which not only leads to partial
or total loss of the rolls, also necessitates removal of resulting cobble
in the mill, causes mill stoppage and damage to rolling mill equipment.
All these affect the mill performance adversely [34].

Rolls have three main components (Fig. 10.7) namely (i) roll
body, (ii) roll necks, and (iii) wobblers. The wobblers are for driving
or rotating the rolls, the necks are to support the roll in the mill
housings and the barrel portion is the working portion of the roll
where actual rolling takes place. The body is the part which comes
into direct contact and deforms the metal of the work piece.

Roll properties. A good quality roll is required to have several
properties which include (i) high wear resistance for longer life and
economy, (ii) resistance to fracture to withstand increasing rolling
load, (iii) resistance to fire cracking to overcome the susceptibility
of rolls to fire cracking due to the steep temperature gradient between
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rolling temperature and the roll temperature, (iv) spalling resistance
to resist the premature failure of rolls due to very high thermal and
pressure gradients between the stock and rolls, (v) good surface finish
to produce high quality surface in the products, and (vi) good biting
properties [34].

The main parameters which control the properties of a roll are
(i) mono or compound roll (roll design), (ii) chemical composition
of the roll material, (iii) casting (mould design, temperatures, weights,
inoculation, and down cooling), and (iv) heat treatment.

Rolling mill roll

Wobbler
Neck
( Neck RO]}bOdY Wobbler

n I 1@

Principal parts of a roll

Figure 10.7 — Components of roll [34] (to point 10.2)

Classification of rolls. Based on applications, rolls can be
for (i) longitudinal rolling for the rolling of flats or sections,
(ii) transverse rolling, (iii) thread rolling, (iv) ring rolling, (v) tube
piercing for seamless pipe rolling, and (vi) skew rolling.

Based on the production method for the rolls, rolls are produced
by (i) casting, (ii) forging, (ii) sintering, and (iv) other methods. Cast
rolls are classified as (i) single pour rolls, (ii) double pour rolls, and
(iii) centrifugally cast rolls.

Based on the microstructure of the roll materials, the rolls are
classified as (i) hypo eutectoid steel rolls, (ii) hyper eutectoid steel
or Adamite rolls, (iii) graphitic hyper eutectoid steel rolls, (iv) high
alloyed steel rolls, (v) spheroidal graphite iron rolls, (vi) indefinite
chill cast iron rolls, and (vii) Special materials such as sintered carbide
and ceramic rolls [34].
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10.3 Arrangement of rollers for rolling mill

Continuous rolling mill (Fig. 10.8) uses a series of rolling mill
and each set is called a strand. The strip will be moving at different
velocities at each stage in the mills. The speed of each set of rolls
is synchronized so that the input speed of each stand is equal
to the output of preceding stand. The uncoiler and wind-up reel
facilitates feeding the stock in to the rolls and coiling of the final
product in addition of providing back tension and front tension to
the strip [25].

Planetary rolling mill consists of a pair of heavy backing rolls
surrounded by a large no of planetary rolls (see Fig. 10.9, p. 68).

Each planetary roll gives an almost constant reduction to the slab
as it sweeps out a circular path between the backing rolls and
the slab. As each pair of planetary roll ceases to have contact with
the workpiece, another pair of rolls makes contact and repeat that
reduction. The overall reduction is the summation of a series of small

Rolled

Unrolled material .
material
-

Stand 1 Stand 2 Stand 3 Stand 4 Wirklup

Uncoiler reel
(@)
Cooling
: Shear
equipment
k< \x%“-*\m
Roughing mill Coil box Coiler
Heating fumace o .
= o Finishing mill
NG S, oining
device
0y -
(b)

Figure 10.8 — The operating principle of a four-stand continuous
tandem mill (a) [35] and the layout of the continuous mill (b) [36]
(to point 10.3)
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reductions by each pair of rolls. Therefore, the planetary rolling
mill hot reduced a slab directly to strip in one pass through the mill
The operation requires feed rolls to introduce the slab into the rolling
mill, and a pair of planishing rolls on the exist to improve the surface
finish [25].

Backing mll})?

7,%,7!7,

Direction o |
of feed

_.—— Planetory
rolls

\ Rolled

material

Figure 10.9 — The planetary rolling mill [26, 35] (to point 10.3)
TASKS

10.4 Short answer questions

1. What are the main components of a roll and their respective
functions?

2. Explain the significance of wobblers in a roll's structure.

3. What are the properties a good quality roll should possess? Explain
their importance.

4. Describe the different methods by which rolls are produced.

5. What is the purpose of planetary rolling mills, and how do they
operate?

10.5 Fill in the blanks with the correct terms from the Chapter

10 to complete the sentences

1. A good quality roll should have high resistance for
longer life.

2. Rolls have three main components: roll body, roll necks,
and
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3. The body is the part of the roll that comes into direct contact and
deforms the metal of the piece.

4. The main parameters that control the properties of a roll are roll
design, chemical composition, casting, and treatment.

5. Based on the production method, rolls can be produced by casting,
forging, sintering, and methods.

10.6 Match the type of rolling mill on the left column with its
description on the right column (see Table 10.1)

Table 10.1 — Task to point 10.6

1) two high pull over a) consists of upper and lower driven rolls and
rolling mill a middle roll, reducing material handling

2) two high reversing |b) stockis returned to the entrance for further
rolling mill reduction

3) three high rolling c) work can be passed back and forth through
mill the rolls by reversing their direction

4) four high rolling mill | d) small diameter rolls supported by larger diameter

5) cluster rolling mill backup rolls

6) planetary rolling e) each working roll is supported by two backing
mill rolls

f) consists of a pair of heavy backing rolls
surrounded by a large number of planetary rolls

10.7 Scenarios

Provide specific scenarios or industries where each type of rolling
mill (two high pull over rolling mill, two high reversing rolling mill,
three high rolling mill, four high rolling mill, cluster rolling mill,
planetary rolling mill) would be most commonly used. Explain why
these particular rolling mills are suited for those applications.

For example:
Two high pull over rolling mill is suitable for... (name an industry),
because... (name a reason).

Over to you
Imagine you are tasked with selecting rolls for a new rolling mill
operation. What factors would you consider in choosing the type of rolls
and their characteristics? Provide a brief justification for your choices.
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CHAPTER 11
ROLLING PRACTICE. PART |

Basic text material in this chapter is taken from the sources [37].

11.1 History of rolling

The earliest rolling mills in crude form but the same basic
principles were found in Middle East and South Asia as early as
600 BCE. The invention of the rolling mill in Europe may be attributed
to Leonardo da Vinci in his drawings (see Fig. 11.1).

Earliest rolling mills were slitting mills, which were introduced
from what is now Belgium to England in 1590. These passed flat bars
between rolls to form a plate of iron, which was then passed between
grooved rolls (slitters) to produce rods of iron (see Fig. 11.2, p. 71).
The first experiments at rolling iron for tinplate took place
about 1670. In 1697, Major John Hanbury erected a mill at Pontypool
to roll “Pontypool plates” — blackplate. Later this began to be rerolled
and tinned to make tinplate. The earlier production of plate iron
in Europe had been in forges, not rolling mills.

Figure 11.1 — Sketch of a Rolling Mill, Leonardo da Vinci, 1485 (a) [38]
and mill built by Solomon Caus to roll sheets of lead (b) [39]
(to point 11.1)
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The slitting mill was O BuLermiINe ML g
adapted to producing hoops
(for barrels) and iron with
a half-round or other sections
by means that were the subject
of two patents in 1679.

Some of the earliest
literature on rolling mills can
be traced back to the Swedish
engineer Christopher Polhem
in his Patriotista Testamente
of 1761, where he mentions
rolling mills for both plate and
bar iron. He also explains how
rolling mills can save on time
and labor because a rolling mill
can produce 10 to 20 or more
bars at the same time.

A patent was granted to
Thomas Blockley of England
in 1759 for the polishing and
rolling of metals. Another
patent was granted in 1766 to Figure 11.2 — Slitting mill,
Richard Ford of England for 1813 [37] (to point 11.1)
the first tandem mill. A tandem
mill is one in which the metal is rolled in successive stands; Ford’s
tandem mill was for hot rolling of wire rods.

Until well into the eighteenth century, rolling mills derived their
power from water wheels. The first recorded use of a steam engine
directly driving a mill is attributed to John Wilkinson’s Bradley Works
where, in 1786, a Boulton and Watt engine was coupled to a slitting
and rolling mill. The use of steam engines considerably enhanced
the production capabilities of the mills, until this form of power was
displaced by electric motors soon after 1900.

Modern rolling practice can be attributed to the pioneering efforts
of Henry Cort of Funtley Iron Mills, near Fareham in Hampshire,

O vncteinn
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England. In 1783, a patent number was issued to Henry Cort for
his use of grooved rolls for rolling iron bars. With this new design,
mills were able to produce 15 times more output per day than with
a hammer. Although Cort was not the first to use grooved rolls, he was
the first to combine the use of many of the best features of various
ironmaking and shaping processes known at the time. Thus, modern
writers have called him “father of modern rolling”.

The first rail rolling mill was established by John Birkenshaw
at Bedlington Ironworks in Northumberland, England, in 1820,
where he produced fish-bellied wrought iron rails in lengths
of 15 to 18 feet.

With the advancement of technology in rolling mills, the size
of rolling mills grew rapidly along with the size of the products
being rolled. One example of this was at The Great Exhibition
in London in 1851, where a plate 20 feet long, 31/2 feet wide,
and 7/16 of an inch thick, and weighing 1,125 pounds, was exhibited
by the Consett Iron Company. Further evolution of the rolling mill
came with the introduction of three-high mills in 1853 used for rolling
heavy sections.

11.2 Hotrolling (in expansion to point 8.4)

Hot rolling is a metalworking process that occurs above
the recrystallization temperature of the material. After the grains
deform during processing, they recrystallize, which maintains
an equiaxed microstructure and prevents the metal from work
hardening. The starting material is usually large pieces of metal, like
semi-finished casting products, such as ingots, slabs, blooms, and
billets (see Fig. 11.3, p. 73).

If these products came from a continuous casting operation,
the products are usually fed directly into the rolling mills
at the proper temperature. In smaller operations, the material
starts at room temperature and must be heated. This is done
in a gas- or oil-fired soaking pit for larger workpieces; for smaller
workpieces, induction heating is used. As the material is worked,
the temperature must be monitored to make sure it remains above
the recrystallization temperature.
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To maintain a safety factor a finishing temperature is defined
above the recrystallization temperature; this is usually 50 to 100 °C
(90 to 180°F) above the recrystallization temperature.
If the temperature does drop below this temperature the material
must be re-heated prior to additional hot rolling.

Hot-rolled metals generally have little directionality in their
mechanical properties or deformation-induced residual stresses.
However, in certain instances non-metallic inclusions will impart some
directionality and workpieces less than 20 mm (0.79 in) thick often have
some directional properties. Non-uniform cooling will induce a lot of
residual stresses, which usually occurs in shapes that have a non-uniform
cross-section, such as I-beams. While the finished product is of good
quality, the surface is covered in mill scale, which is an oxide that forms
at high temperatures. It is usually removed via pickling or the smooth
clean surface (SCS) process, which reveals a smooth surface. Dimensional
tolerances are usually 2 to 5% of the overall dimension.

Steel blooms Billets on rail wagon

Figure 11.3 — Semi-finished casting products [37] (to point 11.2)
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Hot-rolled mild steel seems to have a wider tolerance for the level
of included carbon than does cold-rolled steel, and is, therefore, more
difficult for a blacksmith to use. Also, for similar metals, hot-rolled
products seem to be less costly than cold-rolled ones. Hot rolling
is used mainly to produce sheet metal or simple cross-sections,
such as rail tracks. Other typical uses for hot-rolled metal are listed
in Table 11.1.

Table 11.1 — Typical uses for hot-rolled metal (to point 11.2)

e truck frames e agricultural equipment | e railroad hopper cars and
e automotive clutch e strappings railcar components
plates, wheels and e stampings e doors and shelving
wheel rims e compressor shells e discs
e pipes and tubes e metal buildings e guard rails for streets and
e water heaters highways

11.3 Cold rolling (in expansion to point 8.4)

Cold rolling occurs with the metal below its recrystallization
temperature (usually at room temperature), which increases
the strength via strain hardening up to 20%. It also improves
the surface finish and holds tighter tolerances. Commonly cold-rolled
products include sheets, strips, bars, and rods; these products are
usually smaller than the same products that are hot rolled. Because
of the smaller size of the workpieces and their greater strength,
as compared to hot rolled stock, four-high or cluster mills are used.
Cold rolling cannot reduce the thickness of a workpiece as much
as hot rolling in a single pass.

Cold-rolled sheets and strips come in various conditions: full-hard,
half-hard, quarter-hard, and skin-rolled. Full-hard rolling reduces
the thickness by 50%, while the others involve less of a reduction.
Cold rolled steel is then annealed to induce ductility in the cold rolled
steel which is simply known as a Cold Rolled and Close Annealed.

Skin-rolling, also known as a skin-pass, involves the least amount
of reduction: 0.5-1%. It is used to produce a smooth surface,
a uniform thickness, and reduce the yield point phenomenon
(by preventing Liiders bands from forming in later processing).
It locks dislocations at the surface and thereby reduces the possibility

74



English for metal forming engineering and research in metallurgy and material science

of formation of Liiders bands. To avoid the formation of Liiders bands
it is necessary to create substantial density of unpinned dislocations
in ferrite matrix. It is also used to break up the spangles in galvanized
steel. Skin-rolled stock is usually used in subsequent cold-working
processes where good ductility is required.

Other shapes can be cold-rolled if the cross-section is relatively
uniform and the transverse dimension is relatively small. Cold
rolling shapes requires a series of shaping operations, usually along
the lines of sizing, breakdown, roughing, semi-roughing, semi-
finishing, and finishing.

If processed by a blacksmith, the smoother, more consistent, and
lower levels of carbon encapsulated in the steel makes it easier to
process, but at the cost of being more expensive.

Typical applications of cold-rolled steel are given in Table 11.2.

Table 11.2 — Typical uses for cold-rolled metal (to point 11.3)

e metal furniture e home appliances | e electronic cabinetry

e desks and components | e water heaters

e filing cabinets e shelving e metal containers

e tables e lighting fixtures | e fan blades

e chairs e hinges e frying pans

e motorcycle exhaust e tubing e wall and ceiling mount kits
pipes computer e steel drums e avariety of construction-
cabinets and hardware | e lawn mowers related products

11.4 Rolling processes (in expansion to point 9.1)

Roll bending. Roll bending produces a cylindrical shaped
product from plate or steel metals. A roll bender is a mechanical
jig having three rollers used to bend a metal bar into a circular arc
(see Fig. 11.4, p. 76). The rollers freely rotate about three parallel axes,
which are arranged with uniform horizontal spacing.

Two outer rollers, usually immobile, cradle the bottom
of the material while the inner roller, whose position is adjustable,
presses on the topside of the material.

Roll forming. Roll forming is a type of rolling involving
the continuous bending of a long strip of sheet metal (typically
coiled steel) into a desired cross-section. The strip passes through
sets of rolls mounted on consecutive stands, each set performing

75



English for metal forming engineering and research in metallurgy and material science

only an incremental part of the bend, until the desired cross-
section (profile) is obtained (see Fig. 11.5).

Roll forming is ideal for producing constant-profile parts with
long lengths and in large quantities. The geometric possibilities can
be very broad and even include enclosed shapes as long as the cross-
section is uniform.

Flat rolling. Flat rolling (see Fig. 11.6, p. 77) is the most basic form
of rolling with the starting and ending material having a rectangular
cross-section. The material is fed in between two rollers, called
working rolls, that rotate in opposite directions. The gap between
the two rolls is less than the thickness of the starting material,
which causes it to deform. The decrease in material thickness causes
the material to elongate.

Often the rolls are heated to assist in the workability of the metal.
Lubrication is often used to keep the workpiece from sticking to
the rolls (see Fig. 11.7, p. 78). To fine-tune the process, the speed
of the rolls and the temperature of the rollers are adjusted.

For thin sheet metal with a thickness less than 200 pm (0.0079 in),
the rolling is done in a cluster mill because the small thickness
requires a small diameter rolls. To reduce the need for small rolls
pack rolling is used, which rolls multiple sheets together to increase
the effective starting thickness. As the foil sheets come through
the rollers, they are trimmed and slitted with circular or razor-like

Figure 11.4 — Roll bending [37] Figure 11.5 — Roll forming [37]
(to point 11.4) (to point 11.4)
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knives. Trimming refers to the edges of the foil, while slitting involves
cutting it into several sheets. Aluminum foil is the most commonly
produced product via pack rolling. This is evident from the two
different surface finishes; the shiny side is on the roll side and the dull
side is against the other sheet of foil.

Ring rolling. Ring rolling is a specialized type of hot rolling that
increases the diameter of a ring. The starting material is a thick-
walled ring (see Fig. 11.8, p. 78). This workpiece is placed between
two rolls, an inner idler roll and a driven roll, which presses the ring

Roll force —,

|

..
Back-up roll »é}\() Work

\ =~ roll

\ Work
piece

(d)

Figure 11.6 — Different types of rolls: flat (a), round (b),
and non-symmetric (c) [40]; illustration of flat rolling operation (d) [41],
steel plates and cold rolled coils [42] (to point 11.4)
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from the outside. As the rolling occurs the wall thickness decreases as
the diameter increases.

The rolls may be shaped to form various cross-sectional shapes.
The resulting grain structure is circumferential, which gives better
mechanical properties. Diameters can be as large as 8 m (26 ft) and
face heights as tall as 2 m (79 in). Common applications include

Hybrid lubrication spray

Emulsion supply from re-circulation system

Remained oil on roll surface

Plate-out oil film formation _ . «

L

Inlet oil film

Dynamic concentration of oil droplet
Emulsion with low concentration & small oil droplet
Emulsion with high concentration & large oil droplet

Remained oil from previous stand

Figure 11.7 — Schematic illustration of hybrid lubrication system [43]
(to point 11.4)

~ 0.D. ROLL
1.D. ROLL
(DLER)  (DRIVEN)

Figure 11.8 — Ring rolling [37] (to point 11.4)

WORKPIECE
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railway tyres, bearings, gears, rockets, turbines, airplanes, pipes, and
pressure vessels.

Structural shape rolling. Structural shape rolling is the rolling
and roll forming of structural shapes by passing them through
a rolling mill to bend or deform the workpiece to a desired shape
while maintaining a constant cross-section. Structural shapes that
can be made with this metal forming process include I-beams,
H-beams, T-beams, U-beams, angle iron, channels, bar stock, and
railroad rails (see Fig. 11.9).

The most commonly rolled material is structural steel, including
carbon steel and stainless steel. Other metals, plastic, paper, and glass
can also be rolled. Common applications include railroads, bridges,
roller coasters, art, and architectural applications.

It is a cost-effective way of bending these materials because
the process requires less set-up time and uses pre-made dies that

Figure 11.9 — Cross-sections
of continuously rolled structural shapes [37] (to point 11.4)
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are changed according to the shape and dimension of the workpiece.
This process can roll workpieces into full circles.

Forge rolling. Forge rolling is a rolling (longitudinal, cross
or screw) process to reduce the cross-sectional area of heated
bars or billets by leading them between two contrary rotating
roll segments (Fig. 11.10). The process is mainly used to provide
optimized material distribution for subsequent die forging
processes. Owing to this a better material utilization, lower process
forces and better surface quality of parts can be achieved in die
forging processes.

Basically, any forgeable metal can also be forge-rolled. Forge rolling
is mainly used to preform long-scaled billets through targeted mass
distribution for parts such as crankshafts, connection rods, steering
knuckles and vehicle axles. Narrowest manufacturing tolerances can
only partially be achieved by forge rolling. This is the main reason why
forge rolling is rarely used for finishing, but mainly for preforming.

Characteristics of forge rolling:

high productivity and high material utilization;
good surface quality of forge-rolled workpieces;
extended tool life-time;

small tools and low tool costs;

(b)

Figure 11.10 — Methods of forge rolling: longitudinal (a), cross (b),
and skew (c) [44] (to point 11.4)
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vk

improved mechanical properties due to optimized grain flow
compared to exclusively die forged workpieces.

TASKS

11.5 Short answer questions

. What is the difference between hot rolling and cold rolling? Which

of these processes produces more tonnage?

. Who is called the “father of modern rolling”? How much did

the output of grooved rolls increase due to his inventions?
What semi-finished casting products do you know?

How many rollers does a typical roller bender have?

Is ring rolling a hot rolling process or a cold rolling one?

11.6 Match each type of rolling processes in the left column

with its description in the right column (see Table 11.3).

Table 11.3 — Task to point 11.6

1) Forge rolling a) produces a cylindrical shaped product from plate
or steel metals.

2) Ringrolling b) is the rolling and roll forming of structural shapes
by passing them through a rolling mill to bend
or deform the workpiece to a desired shape.

3) Structural shape |c) isalongitudinal rolling process to reduce the cross-

rolling sectional area of heated bars or billets by leading
them between two contrary rotating roll segments.

4) Roll bending d) is a specialized type of hot rolling that increases
the diameter of a ring.
5) Flatrolling e) isatype of rolling with continuous bending of a long
strip of sheet metal (typically coiled steel) into
a desired cross-section.
6) Roll forming f) is the most basic form of rolling with the starting and
ending material having a rectangular cross-section.
11.7 Evaluate each of the statements below as
e TRUE if the statement agrees with the information given
in the text;
e FALSE if the statement contradicts with the information;
e NOT GIVEN if there is no information on this.
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. If the temperature of the metal is below its recrystallization
temperature, the process is known as hot rolling.

. A patent was granted in 1766 to Richard Ford of England for
the first tandem mill.

. The yield strength or yield stress is a material property and
is the stress corresponding to the yield point at which the material
begins to deform plastically.

. The strength of a material is its ability to withstand an applied load
without failure or plastic deformation.

. Ingots, slabs, blooms, and billets are semi-finished casting
products.

. I-beams, H-beams, T-beams, U-beams, angle iron, channels, bar
stock, and railroad rails are semi-finished casting products.

11.8 Choose terms from the text to fill the gaps
. If the temperature of the metal is above its recrystallization
temperature, then the process is known as
. I-beams, angle stock, channel stock are types of .
. It locks dislocations at the surface and thereby reduces
the possibility of formation of ____.
is a longitudinal rolling process to reduce the cross-

sectional area of heated bars or billets by leading them between
two contrary rotating roll segments.
. A mechanical jig with three rollers used to bend a metal bar into
a circular arc is called

reduces the thickness by 50%, while the others involve
less of a reduction.

is used mainly to produce sheet metal or simple cross-
sections, such as rail tracks.

11.9 Put the following products into two columns: “Hot-rolled

metal”, “Cold-rolled metal”:

truck frames, home appliances and components, lighting fixtures,
automotive clutch plates, hinges, wheels and wheel rims, fan blades, pipes
and tubes, water heaters, frying pans, railroad hopper cars and railcar
components, doors and shelving, discs, wall and ceiling mount kits
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11.10 Vocabulary Practice. Replace the highlighted phrases
with suggested synonyms. Write the resulting sentences
Sample: Rolling is classified according to the temperature
of the metal rolled.
based on, depending on, with regard to
Rolling is classified based on the temperature of the metal rolled.
Rolling is classified depending on the temperature of the metal
rolled.
Rolling is classified with regard to the temperature of the metal
rolled.
1. Pairs of rolls are grouped together into rolling mills.
assembled into, combined into, brought together to form
2. Modern rolling practice can be attributed to the pioneering
efforts of Henry Cort.
credited to, ascribed to, associated with
3. Hot rolling is a metalworking process that occurs above
the recrystallization temperature of the material.
takes place, happens, transpires
4. While the finished product is of good quality, the surface
is covered in mill scale.
excellent, of superior quality, top-notch
5. The material is fed in between two rollers that rotate
in opposite directions.
placed, inserted, introduced
6. Ring rolling is a specialized type of hot rolling that increases
the diameter of a ring.
expands, enlarges, augments
7. ltis a cost-effective way of bending these materials.
an economical method, a budget-friendly approach,
a financially prudent way

11.11 Vocabulary Practice. Paraphrase, using the words and
phrases given below instead of the highlighted words

Hot-rolled metals generally have little directionality in their
mechanical properties or deformation-induced residual stresses.
However, in certain instances non-metallic inclusions will impart
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some directionality and workpieces less than 20 mm (0.79 in) thick
often have some directional properties. Non-uniform cooling will
induce a lot of residual stresses, which usually occurs in shapes that
have a non-uniform cross-section, such as I-beams.

particles, typically, introduce, nevertheless, generate,
a substantial amount of, uneven, characteristics, takes place,
minimal, exhibit

KEY (in order): typically, minimal, characteristics, nevertheless,
particles, introduce, exhibit, uneven, generate, a substantial amount of,
takes place

11.12 Modality. English uses modals to convey different
shades of meaning related to likelihood, possibility, necessity,
and more. In particular, the “seem + to V’ construction indicates
an inference or likelihood based on appearance

For example: Hot-rolled mild steel seems to have a wider tolerance
for the level of included carbon than does cold-rolled steel.

Translate into  Ukrainian, paying special attention to
the “seem + to V” construction

1. The efficiency of hot rolling in metalworking seems to rely

heavily on maintaining precise temperature control.

2. In the world of metalworking, cold rolling seems to be a more

cost-effective method for producing thinner sheets.

3. Rolling mills for different metals seem to share common

structural features, regardless of the material being processed.

4. The technique of ring rolling in metalworking seems to be

gaining popularity due to its ability to produce seamless and
strong rings.

5. In the production of steel, the use of advanced rolling

techniques seems to contribute significantly to product quality
and consistency.

84



English for metal forming engineering and research in metallurgy and material science

11.13 Phrasal verbs. Find the following phrasal verbs
in the text

e to attribute to, to trace back to, to derive from, to be fed into,
to be covered in,

e to reduce by, to break up, to bend into, to rotate about, to be
mounted on,

e to keep from, to be made with, to roll into

Translate the sentences where these phrasal verbs are used.
Make sentences of your own.

11.14 Writing practice

Write a brief explanation what is forge-rolling and why it provides
for better material utilization.

Over to you
Suppose you design a piece of metal furniture. Will you choose hot-
rolled or cold-rolled metal for this product? Justify your choice.
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CHAPTER 12
ROLLING PRACTICE. PART I

Basic text material in this chapter is taken from the sources [37].

12.1 Elements of rolling mills
A rolling mill, also known as a reduction mill or mill, has
a common construction independent of the specific type of rolling

(b)
Housing Backup roll .
Backup roll chock — AN — Housing liner N
‘a TS
Backup roll keepgr :\L o/ ul

Work roll chock \‘ﬁ ]
Ly . o
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Work roll keeper \ ‘
\
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liner " Work roll

Work roll chock liner !

Backup roll chock liner |
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Figure 12.1 — Mini rolling mill for cold rolling with rolled
brass sheet (a) [37], plate hot rolling mill 3000 (b) [45]
and perspective view of a mill stand (c) [46] (to point 12.1)
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being performed, which includes the following main elements
(see Fig. 12.1, p. 86):
e work rolls (see Fig. 12.1, Fig. 12.2);
e backup rolls — are intended to provide rigid support required
by the working rolls to prevent bending under the rolling load
(Fig. 12.1, Fig. 12.2);

Screw
Bearing
Back
Work roll r:l? up
Material - O O‘—»
Liner rm .
Filler(s) ousing

Figure 12.2 — Rolling mill stand [37] (to point 12.1)

e rolling balance system — to ensure that the upper work
and back up rolls are maintained in proper position relative
to lower rolls;

e roll changing devices — use of an overhead crane and a unit
designed to attach to the neck of the roll to be removed from
or inserted into the mill;

e mill protection devices — to ensure that forces applied
to the backup roll chocks are not of such a magnitude
to fracture the roll necks or damage the mill housing;

e roll cooling and lubrication systems (see Fig. 11.7);

e pinions — gears to divide power between the two spindles,
rotating them at the same speed but in different directions;

e gearing — to establish desired rolling speed;

e drive motors — rolling narrow foil product to thousands
of horsepower;
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e celectrical controls — constant and variable voltages applied to

the motors;

e coilers and uncoilers (Fig. 12.3) — to unroll and roll up coils

of metal.

Slabs are the feed material for hot strip mills or plate mills
and blooms are rolled to billets in a billet mill or large sections
in a structural mill. The output from a strip mill is coiled and,
subsequently, used as the feed for a cold rolling mill or used directly
by fabricators. Billets, for re-rolling, are subsequently rolled in either
a merchant, bar or rod mill. Merchant or bar mills produce a variety
of shaped products such as angles, channels, beams, rounds (long
or coiled) and hexagons.

12.2 Configurations of rolling mills (in addition to point 10.1)

Mills are designed in different types of configurations (see Fig. 12.4,
p. 89), with the most basic being a 2-high non-reversing, which means
there are two rolls that only turn in one direction.

The 2-high reversing mill has rolls that can rotate in both
directions, but the disadvantage is that the rolls must be stopped,
reversed, and then brought back up to rolling speed between each pass.

To resolve this, the 3-high mill was invented, which uses
three rolls that rotate in one direction; the metal is fed through
two of the rolls and then returned through the other pair
The disadvantage to this system is the workpiece must be lifted and
lowered using an elevator.

Thickness gauge

—

Guide roller

Shape Guide roller
roller
Main rolling

Uncoiler mill Coiler

Figure 12.3 — Reverse rolling mill with coiler and uncoiler [47]
(to point 12.1)
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O 9 Q QD D
388 P

Figure 12.4 — Various rolling configurations: 2-high (a); 3-high (b);
4-high (c); 6-high (d); 12-high cluster (e); 20-high (f) (to point 12.2)

All of these mills are usually used for primary rolling and the roll
diameters range from 60 to 140 cm (24 to 55 in).

To minimize the roll diameter a four-high or cluster mill is used.
A small roll diameter is advantageous because less roll is in contact
with the material, which results in a lower force and power
requirement. The problem with a small roll is a reduction of stiffness,
which is overcome using backup rolls. These backup rolls are larger
and contact the back side of the smaller rolls. A four-high mill has four
rolls, two small and two large. A cluster mill has more than four rolls,
usually in three tiers. These types of mills are commonly used to hot
roll wide plates, most cold rolling applications, and to roll foils.

12.3 Classification by products

By the products, rolling mills are historically classified as follows:

e Blooming, cogging and slabbing mills, being the preparatory
mills to rolling finished rails, shapes or plates, respectively.
If reversing, they are from 34 to 48 inches (864 to 1219 mm)
in diameter, and if three-high, from 28 to 42 inches
(711 to 1067 mm) in diameter.

e Billet mills, three-high, rolls from 24 to 32 inches
(610 to 812 mm) in diameter, used for the further reduction
of blooms down to 1.5x1.5-inch (38x38 mm) billets, being
the nubpreparatory mills for the bar and rod.

e Beam mills, three-high, rolls from 28 to 36 inches
(711 to 914 mm) in diameter, for the production of heavy
beams and channels 12 inches (304 mm) and over.
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Rail mills with rolls from 26 to 40 inches (660 to 1016 mm)
in diameter.

Shape mills with rolls from 20 to 26 inches (508 to 660 mm)
in diameter, for smaller sizes of beams and channels and other
structural shapes.

Merchant bar mills with rolls from 16 to 20 inches
(406 to 508 mm) in diameter.

Small merchant bar mills with finishing rolls from 8 to 16 inches
(203 to 406 mm) in diameter, generally arranged with a larger
size roughing stand.

Rod and wire mills with finishing rolls from 8 to 12 inches
(203 to 304 mm) in diameter, always arranged with larger size
roughing stands.

Hoop and cotton tie mills, similar to small merchant bar mills.
Armour plate mills with rolls from 44 to 50 inches
(1117 to 1270 mm) in diameter and 140 to 180-inch
(3556 to 4572 mm) body.

Plate mills with rolls from 28 to 44 inches (711 to 1117 mm)
in diameter.

Sheet mills with rolls from 20 to 32 inches (508 to 812 mm)
in diameter.

Universal mills for the production of square-edged or so-called
universal plates and various wide flanged shapes by a system of
vertical and horizontal rolls.

12.4 Tandem rolling mill

A tandem rolling mill (Fig. 12.5) is a rolling mill with two or more
close-coupled stands, where the reduction is achieved by the inter-
stand tension(s) and the compressive force between the work rolls
(see Fig. 10.8).

The first mention of a tandem rolling mill is Richard Ford’s 1766
English patent for the hot rolling of wire.

The main advantages of a tandem mill are:

e only one single pass is required which saves time and increases

production;
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e greater tensions are possible between the stands, and this
increases the reduction possible in the stands for the same roll
force.

One disadvantage of a tandem mill is the high capital cost

compared to that of a single stand reversing mill.

Tandem mills can be either of hot or cold rolling mill types.

Cold rolling mills may be further divided into continuous or batch
processing.

A continuous mill has a looping tower which allows the mill
to continue rolling slowly the strip in the tower, while a strip welder
joins the tail of the current coil to the head of the next coil. At the exit
end of the mill there is normally a flying shear (to cut the strip

=

O B

=
FG1

Mill Mill Mill Mill Mill Mill
stand 1 stand 2 stand 3 stand 4 stand 5 stand 6

Figure 12.5 — Voestalpine Stahl GmbH Photo (a) and schematic
overview (b) of the considered tandem hot strip finishing mill [48]
(to point 12.4)
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at or near the weld) followed by two coilers; one being unloaded
while the other winds on the current coil.

Looping towers are also used in other places; such as continuous

annealing lines and continuous electrolytic tinning and continuous
galvanising lines.

N

N WN- o oo

o

TASKS

12.5 Complete short answer questions

What are the main elements of a rolling mill?

What rolling mill configurations do you know?

Mention 4-5 types of rolling mills depending on the products they
produce.

What are advantages of a tandem rolling mill?

12.6 Evaluate each of the statements below as

TRUE if the statement agrees with the information given in the text
FALSE if the statement contradicts with the information

NOT GIVEN if there is no information on this

A four-high or cluster mill is used to maximize the roll diameter.

A four-high mill has four rolls, two small and two large.

Mill scale can be used as a raw material in granular refractory.

Slag is usually a mixture of metal oxides and silicon dioxide.

One advantage of a tandem mill is the low capital cost compared to
that of a single stand reversing mill.

The deflection of the rolls causes the workpiece to be thinner on
the edges and thicker in the middle.

12.7 Choose terms from the text to fill the gaps
with rolls from 20 to 26 inches in diameter are used for
smaller sizes of beams and channels and other structural shapes.
is the per-unit change in thickness with respect to
the entry thickness.
is a measure of the thickness at one edge as opposed to
the other edge.
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4. The difference between the thickness of initial and rolled metal
piece is called

5. If one edge is “wavy” due to the material at one side being longer
than the other side, this flatness defect is called

6. is the thickness in the center as compared to the average
thickness at the edges of the workpiece.
7. is the per-unit increase in length due to a decrease

in area with respect to the entry, regardless of shape.

12.8 Vocabulary Practice. Replace the highlighted phrases
with suggested synonyms. Write the resulting sentences
Sample: Rolling is classified according to the temperature
of the metal rolled.
based on, depending on, with regard to
Rolling is classified based on the temperature of the metal rolled.
Rolling is classified depending on the temperature of the metal
rolled.
Rolling is classified with regard to the temperature of the metal
rolled.
1. A rolling mill has a common construction independent
of the specific type of rolling being performed.
regardless of, irrespective of
2. A four-high or cluster mill is used to minimize the roll diameter.
is employed to reduce, is utilized to decrease, is employed to
diminish
3. Cold rolling mills may be further divided into continuous
or batch processing.
categorized as, classified into, separated as
4. Crown is the thickness in the center as compared to
the average thickness at the edges of the workpiece.
in contrast to, relative to, in comparison with
5. If the temperature difference is great enough cracking and
tearing can occur.
significant, substantial, considerable
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12.9 Vocabulary Practice. Paraphrase, using the words and
phrases given below instead of the highlighted words

A continuous mill has a looping tower which allows the mill
to continue rolling slowly the strip in the tower, while a strip welder
joins the tail of the current coil to the head of the next coil. At the exit
end of the mill there is normally a flying shear (to cut the strip
at or near the weld) followed by two coilers; one being unloaded
while the other winds on the current coil.

incorporates, enabling, to keep on, gently, connects, typically,
with, emptied, spools

KEY (in order): incorporates, enabling, to keep on, gently, connects,
typically, with, emptied, spools

12.10 Modality. English uses modals to convey different
shades of meaning related to likelihood, possibility, necessity,
and more. In particular, the “must + V”’ construction indicates
a strong degree of certainty

For example: The rolls must be stopped, reversed, and then
brought back up to rolling speed between each pass.

Translate into Ukrainian, paying special attention to the “must + V”
construction

To achieve precise thickness control in metal rolling, engineers
must carefully monitor the rolling process.

In hot rolling, the material must undergo significant heat
treatment to become malleable before rolling can occur.

For high-quality results in rolling aluminum sheets, the rollers
must be impeccably maintained and aligned.

To avoid imperfections in the final product, the rolling speed must
be controlled to prevent cracks and surface defects.

Engineers must consider the type of metal, temperature, and
rolling speed when determining the appropriate rolling method for
a specific application in metalworking.

Over to you
Suppose you should use lesser rolls to perform a task. What rolling
configuration is the most preferable in this case? Justify your choice.
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CHAPTER 13
ROLLING PRACTICE. PART Il

13.1 Thermomechanical processing parameters of rolling

Major parameters at the 3 stages of processing on a rolling mill are
as follows [1]:

Reheating — the input material usually billet is heated
in the reheating furnace to the rolling temperature. The important
parameters are heating rate, time of heating, and temperature
of reheating.

Rolling — the important parameters for rolling in the roughing,
intermediate, and finishing group of stands in the rolling mill are
temperature, percentage of reduction in area, inter-pass time and
strain rate.

Cooling — the major parameters after finish rolling during cooling
of the rolled product are start temperature, cooling rate and the final
temperature.

The Fig. 13.1 (see p. 96) shows the stages of thermomechanical
controlled process (TMCP) for hot rolling as an example.

13.2 Rolling stages and operations

The traditional rolling process consists of the following stages
(see Fig. 13.2, p. 97): rolling the ingot into the semi-finished products
(blooms, billets and slabs); rolling the semi-finished product into
the finished products as wire, rails, bars, sections (from the blooms
and billets), plate, sheet, coil (from the slabs) [49].

The primary object of rolling is the breakdown of a coarse
structure of the metal under operation, which makes it stronger.

The main requirements in rolling are: (1) to obtain a finished
product at the highest possible rate of production and the lowest
cost, (2) to obtain a finished product at the highest quality concerning
not only its physical and mechanical properties, but also its surface
condition. These requirements may be met only if the processing
schedule for all operations in producing the given rolled product
is strictly followed. These operations are (a) preparing the initial
material for rolling, which consists in the removal of various
surface defects, (b) heating the initial material before rolling either
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in the soaking pits (for ingots) or in the heating furnaces (for blooms
and slabs), (c) rolling, (d) finishing, including cutting, cooling, etc.

If it is not observed, the rolled product obtained may have defects
such as flakes or cracks or may have unsatisfactory properties.

13.3 Defects and how to combat them

Below are some of the common rolling defects.

Profile defects. Profile is made up of the measurements of crown
and wedge (Fig. 13.3).

Crown is the thickness in the center as compared to the average
thickness at the edges of the workpiece. Wedge is a measure
of the thickness at one edge as opposed to the other edge.

Both may be expressed as absolute measurements or as relative
measurements. For instance, one could have 2 mm of crown
(the center of the workpiece is 2 mm thicker than the edges),

Reheating

Rough
rolling

Finish Accelerated
rolling cooling

@

Grain growth  Recrystallization Work hardening Transformation

Temperature

Time ————p

Micro-structure
changes

Figure 13.1 — Time-temperature profile and microstructural evolution
in TMCP rolling [48] (to point 13.1)

96



English for metal forming engineering and research in metallurgy and material science

7 Z 7

Bloom

Structural

Slab Sheet

Large diameter pipe Tin ;;late Seamless pipe Cold drawn bars
(b)
Figure 13.2 — Rolling stages [35] (to point 13.2)
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or one could have 2% crown (the center of the workpiece is 2%
thicker than the edges). It is typically desirable to have some crown
in the workpiece as this will cause the workpiece to tend to pull to
the center of the mill, and thus will run with higher stability.

Thickness changes along length. In hot rolling, if the temperature
of the workpiece is not uniform the flow of the material will occur
more in the warmer parts and less in the cooler. If the temperature
difference is great enough cracking and tearing can occur.
The cooler sections are, among other things, a result of the supports
in the re-heat furnace.

Convex profile
(positive crown)

(a)

Concave profile &
(negative crown)

Wedge profile

()

Figure 13.3 — Basic types of imperfect strip profile [50]
(to point 13.3)

When cold rolling, virtually all of the strip thickness variation
is the result of the eccentricity and out-of-roundness of the back-up
rolls, which can be up to 100 um in magnitude per stack.

Flatness defects. Maintaining a uniform gap between the rolls
is difficult because the rolls deflect under the load required to deform
the workpiece. The deflection causes the workpiece to be thinner on
the edges and thicker in the middle. This can be overcome by using
a crowned roller (parabolic crown); however, the crowned roller will
only compensate for one set of conditions, specifically the material,
temperature, and amount of deformation.
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Flatness defects can be classified as follows:

e symmetrical edge — wave the edges on both sides
of the workpiece are “wavy” due to the material at the edges
being longer than the material in the center;

e asymmetrical edge wave — one edge is “wavy” due to
the material at one side being longer than the other side;

e center buckle — the center of the strip is “wavy” due to the strip
in the center being longer than the strip at the edges;

e quarter buckle — this is a rare defect where the fibers are
elongated in the quarter regions (the portion of the strip
between the center and the edge); this is normally attributed
to using excessive roll bending force since the bending force
may not compensate for the roll deflection across the entire
length of the roll.

Surface defects. There are six types of surface defects (see

Table 13.1).

Table 13.1 — Six types of surface defects
(to point 13.3)
Lap This type of defect occurs when a corner or fin is folded over

and rolled but not welded into the metal. They appear as
seams across the surface of the metal.

Mill-shearing These defects occur as a feather-like lap.

Rolled-in scale | This occurs when mill scale is rolled into metal.

Scabs These are long patches of loose metal that have been rolled
into the surface of the metal.

Seams They are open, broken lines that run along the length
of the metal and caused by the presence of scale as well as due
to pass roughness of Roughing mill.

Slivers Prominent surface ruptures.

Many surface defects can be scarfed off the surface of semi-
finished rolled products before further rolling. Methods of scarfing
have included hand-chipping with chisels (18th and 19th centuries);
powered chipping and grinding with air chisels and grinders; burning
with an oxy-fuel torch, whose gas pressure blows away the metal
or slag melted by the flame; and laser scarfing.
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Classification of defects (Fig. 13.4) according to source [51] and
their remedies.

Edge cracks. During both hot and cold rolling, the metal might
show some cracks on the edges. This phenomenon occurs from
secondary tensile stresses induced at the work piece surfaces. These
cracks result from factors such as uneven heating, uneven rolling,
or excess quenching.

What is the remedy for edge cracks? A trimming operation can
remove edge cracks. Also, stretch and roller leveling under tension
might work against edge cracks. Using edge rolls might help
in achieving uniform rolls without any cracks.

. e‘:{'\&\
&
S¥
Zipper cracks in the center
Wavy edges of the flat rolling
(a) (b)
Edge cracks Alligatoring
(c) (d)

Figure 13.4 — Sketches of some rolling defects [51] (to point 13.3)

Alligator cracks. During rolling, layers of the metal stock might
separate, leading to the opening of slabs resembling alligator cracks.
The sheet metal adheres to the rolled surface and follows the path
of respective rolls causing sheets to appear on the in the plane.
Alligator cracking is majorly due to the non-homogeneous flow
of materials across the sheet thickness. Greater spreading of materials
occurs at the center of the material, thus metallurgical weakness.
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How do you resolve alligator cracking? Cambering of rolls is one
of the most common solutions to alligator cracking. By applying
the camber on rolls in the opposite direction, the surface in contact
with the sheet becomes flat after a deflection.

Wavy edges. One of the most common rolling defects
is the occurrence of fibers at the edge, which are longer than those
at the center. This occurs when concave rolls bend leading to elastic
deformations. Thickness at the center implies that the edges are
more elongated.

How can you prevent wavy edges? The use of hydraulic jacks
works well in instances where wavy edges occur. These jacks control
the elastic deformation of rolls as per the requirements. Also, the use
of small diameter rolls works efficiently.

Zipper cracks. The occurrence of small cracks in the middle
of the metal sheet explains this phenomenon. Mostly, zipper
cracks occur due to the bending of rolls under the high rolling
pressure. It causes compressive stress in the edges and tensile
stress in the center. It’s these tensile stresses induced at the work
piece by homogeneous deformation that leads to the formation
of zipper cracks.

How can you deal with zipper cracks? Cambering of rolls has proven
effective when it comes to preventing zipper cracks. Camber provides
a slightly large diameter at the center than on the edges.

Center buckling. This defect occurs due to the self-equilibrating
residual stresses that result from the rolling process. During center
buckling, fibers at the center of the metal piece are longer than those
at the edges. In an event where hot or cold mills have too much crown,
mills roll out at the center. Sideways deflection of a structural member
perfectly explains center buckling.

Dealing with center buckling. Use crowned rolls is a solution
to center buckling. The roll’s parabolic curvature is sufficient to cover
the problems of material, temperature, and deformation.
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TASKS

13.4 Decide whether the sentences below are true or false,
and correct the false sentences. Look at point 13.2 to help you

1. The rolling process comprises rolling the ingot into the finished
products.

2. The blooming mill has two vertical rolls in addition
to its horizontal rolls.

3. During hot rolling, the coarse-grained, brittle, and porous structure
of the continuously cast steel is broken down into a wrought
structure having finer grain size and improved properties.

4. The stands are grouped into roughing, intermediate and finishing
stages.

5. Steel rolling consists of passing the material, usually termed
as rolling stock, between two rolls driven at the same peripheral
speed in opposite directions.

13.5 Complete a structural engineer’s description using
the words in the Table 13.2

Table 13.2 — Task to point 13.5
| final product | internal defects | edge cracks | rust | surface |

Defects in metal rolling

A wide variety of defects are possible in metal rolling manufacture.
(1) e defects commonly occur due to impurities in the material,
scale, (2) ........ , or dirt.

Adequate surface preparation prior to the metal rolling operation
can help avoid these.

Most serious (3) .ocereenen are caused by improper material
distribution in the (4) ....cccc.v.... .
Defects such as (5) ..ccoeervvenn. , center cracks (cracks through inner

region), and wavy edges, are all common with this method of metal
manufacturing.
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13.6 Give the grounds for these statements

1. The rolls are arranged so that the distance between them is less
than the thickness of the metal fed.

2. The primary object of rolling is the breakdown of a coarse
structure of a metal.

3. Strict observance of the prescribed conditions for heating
the metal before rolling and cooling it after rolling is very
significant.

13.7 Phrasal verbs. Find the following phrasal verbs
in the text

to attach to, to apply to, to divide between, to roll up, to bring
back to,

to be used for, to be shaped by, to compare to, to divide into,

to be followed by, to be up to, to attribute to, to compensate for,

to fold over, to roll into, to run along, to scarf off

Translate the sentences where these phrasal verbs are used.
Make sentences of your own.

13.8 Speaking practice
Using Fig. 13.2, a, describe rolling configurations and their usage
for different kind of products.

Over to you
Think about the specific types of rolling processes that are used
in your industry, or industry you're familiar with. How are they used?
Give examples of types of loads which act on specific components
or members. How would the different components or members deform
or fail if they were not adequately designed, or if they were overstressed?
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CHAPTER 14
UKRAINIAN-ENGLISH DICTIONARY

[Ipy yk/IaJaHHI CJIOBHMKA BUKOPUCTAHI MaTepiasid MoCiGHU-
KiB [55, 56]. Pocificbky MOBY 3 MaTepiaJiiB BUJIy4YEHO.

A
YkpaiHcbKo10 AHriCbKOIO Bu3HauyeHHs, NOSCHEHH, IPUKJIASHU
abpasus abrasive TBep/Ai 4acTKHU
abpasuBHUMI abrasive, abrasion | abpa3vuBHe 3HOILEHHS
wear
aBapis, breakdown HOILKOJPKEeHHS MeXaHi3My
TOIIKOKEHHA | fi]yre BUXiJ| 3 afy
emergency aBapiiliHa cuTyanis
arziomepart agglomerate OKYCKOBaHHWH pYAHUIN KOHLIEHTpaT,
SIKUH OTPUMYIOTH LIUIIXOM CITiKaHHS
JpibHOAMCIIEpCHUX YACTOK 3aJ1i3HOI pyu
(3baradyeHoro pyJHOT0 KOHIIEHTPATY)
Ta No/ipiGHeHHs [0 KYCKiB MOTPi6HUX
po3MipiB
arperar assembly
ajresis adhesion SIBUILEe 3'€lHAHHS (IPUIUIIAHHS)
NOBEPXOHb Pi3HOPIAHUX TBepAUX a60
PIAVHHUX TiJ
azcopois adsorption sIBUIIle BUGIPKOBOTO MOIVIMHAHHSA ra3y abo
piAMHU IOBEPXHEI TBEPAOro Tijsa
aHasi3 analysis metallographic analysis —
MeTasiorpadgiuHui aHai3
aHa/i3yBaTH analyse
review
aHizoTpomisa anisotropy HEOZIHAKOBICTb BJIACTUBOCTEN
cepeJloBUILA B PI3SHUX HANPSAMKaAxX
anpiopHui a priori TaKUH, 1110 He IPYHTYEThCS Ha JOCBiAl
anpokKcuMalis |approximation HabJIMKEeHHS
apMmarypa rolling guides MPUBAJIKOBA apMaTypa
roller guides POJINKOBi TPOBOJIKY;
entry guides — BBiAHI niHiNKY;
delivery guides — BuBizHi mpoBOgKH
apMaTypHUH rebar nepiofuIYHUN Mpoiab /151 apMyBaHHS
npoodinb 6EeTOHY

reinforcing rod

CTPWKHI AJ151 MiICHUJIeHHS 3aJ1i306€TOHY
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YkpaiHcbKko10 AHIIiHCBKOIO Bu3HauyeHHs, NOSACHEHH, IPUKJIASHU
ayCTeHIT austenite TBepJHUH PO3UMH BYIJIELIO B Y-3ai3i;
retained austenite — 3aJIMIIKOBUI
ayCTeHIT
b
YkpaiHCbKOI0 | AHIVIIHICBKOIO Bu3HayeHHs, N0SACHEHH, IPUKJIAAH

6abiT babbit AaHTUOPHUKILIMHUHN CIJIaB HA OCHOBI 0JIOB3,
110 MICTUTb CypMY, CBUHELb, Miib, KaZMiH,
HiKeJIb, MULI'AK

6aJka beam wide flanged beams — mupokononyHi

girder JIBOTaBPOBI 6ayKu;

paralell-flanges beam — 6anounuii npodiab
3 napaJjieJIbHUMU MOJULSMU

GEVhER sleeve, tyre, sleeve rolls — 6anzaxoBaHi (36ipHi) Basku

bandage

6apabaH, reel, drum reel block — 6apa6aH MoTaKy;

MOTaJIKa, reeler — MoTaska, po3MoTyBay

KOTYIIKa,

HaMOTYBaTH

6e3neka safety

6e3cTaHUHHA housingless

KJITh stand

6e3110BHa TPy6a

seamless tube

OelHiT bainite CTPYKTYpHa ¢asa cTaJii, 1[0 YTBOPIOETHCS
[IpY 3arapTyBaHHI (llepeTBOPeHHs ayCTeHITy
3a TeMnepaTypu Huxk4e Bif 450 °C), sABisie
co60r10 ApibHOANCIIEPCHY CyMilll GepUTY
Ta LleMEHTUTY, NpUYoMy GpepuT Mae
36isnbienuii 1o 0,2 % BMicT ByT/IeIo

6innii 4yaByH white cast

iron

OiyHUH lateral bow lateral — deviation from straight of
a longitudinal edge — 6iyHa KpuBU3HA —
BIZIXWJIEHH BiJi NPSAMOI OB3/J0BXHIX
KPOMOK (pO3KaTy)

604yKa barrel length barrel roll — foBxxrHa 604KH Basika

OpoH3a bronze CIJIaB Mifli 3 iIHIIKMMHU MeTaJlaMH,
3a BUHSTKOM LIMHKY;
wrough bronze — nedpopmiBHa 6poH3a;
stannous bronze — oJ10B’stHUCTa 6POH3a

OpyXT scrap, junk,

(MeTaneBul) waste
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YkpaiHCbKOI0 | AHIVIIHICBKOIO Bu3HayeHHs, NOSACHEHH, IPUKJIAAHA
OypiHHSA cobbles aBapiiiHa cUTyallisl Ha IPOKAaTHOMY CTaHi
yepes 3aCTPAraHHsA pO3KaTy B apMaTypi a6o
BaJIKax
oypT collar JiITHKYA OOYKH BaJIKa, SIKi po3TalloBaHi
10 KpasiX 60YKH U PO3Ai/IAI0Th Kalibpu
B
YKkpaiHCbKOI0 | AHIVIIFICbKOIO Bu3HayeHH:, NOSCHEeHHs, IPUK/IAJN
BaXisb lever
BaJI shaft driving shaft — Begyuuii Bas;
driven shaft — Begenuii Bas;
transmission shaft — nepegatounuii Basa
BaJIOK roll length of roll barrel — noBxxrHa 60YKU BaJIKiB;
length of neck — goBxuHa muKY;
tungsten carbide rolls — Basiku 3 TBepzOro
crJiaBy (Harp., kKap6izo-BosbdpamoBi);
breakdown roll — Basiky 06TUCKHOI KJIITi;
forming roll — popmyBanbHi Baaky;
double poured roll — gBoIIapOBUIi BasOK
BaJIbIIiBHUK mill roller
BBiJ{Ha entry (guide),
(apmaTypa) inlet
BUBiAHA exit (guide), |exit guide — apmaTypa Ha BUXOJ 3 KJIiTi;
(apmaTypa) outlet outlet roller table — BifBigHUI posibranr
BUTHH bend
BUTHMHAHHS, bending K BUJ Aedopmarnii
STUHAHHA buckling MOB3/[0BXHE BUKPUBJIEHHS
(ax oneparnis
06po6KH);
BUTHH, 3TMH
(sK BeJIM4MHA,
3aBeplIeHa Jiis)
BU/IOBXKEHHS elongation SIBUIL[E TIPOIlecy NPOKaTyBaHH:, KOJIH
B npoleci epopMyBaHHSA BaJIKaMH JOBXKHHA
pO3KaTy 36iJIbIIY€ETbCA
BHM3HAYaTH assign BCTAHOBJIIOBATH, IPU3HAYATH
define JlaBaTH BU3HaYEeHHS
designate NMpU3HAYATH, BKa3yBaTH
determine BM3HA4YaTH
evaluate OIiHIOBATH, BU3HAYATH KiJIbKICTh (3HaYEHHS)
quantify BH3HAYaTH KiJIbKICTb
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YkpaiHCbKOI0 | AHIVIiiCbKOIO BusHauyeHHs, NOSICHEHH, IPUKJIALU

BUKOHAHHS performance

BUMoOTra requirement

BunepemkeHHs |forward slip

BUINpaBJIeHHsd | straightening |TexHoJsioriuyHa oneparis, AKy BUKOHYIOTb,
MmiJJalouy NPOKaT 3HAKO3MiHHIN MPYKHO-
IJIAaCTUYHIHN fedopmanii, HarpuKIaz,
MPOMyCKalyYy NIPOKaT Mi>K pOJIMKaMH,
pO3TallOBAHUMH B IIAXOBOMY MOPAAKY, A
3abe3neyeHHsI IPSAMOJIiHIHHOCT] TpoKaTy
Ta 3HATTS 3a/IUILIKOBUX HANPY>KEHb;
straightening machine — npaBusibHa MalIMHa

BUNPOOYBaHHA |test tension testing — BUnpo6yBaHHSA
Ha pPO3TATyBaHHS

BUILYCK flare flare — a shape that spreads outward —

(kani6py) BUIYCK — $HOPMa, 1[0 PO3LINPIOETHCS HA30BHi;
to expand or open outward in shape: a skirt
that flares from the waist

BUITYCK output relace — Bunyck (odpopmsieHHs)

(mpoayxkuii) JIOKyMeHTaril

BUpi3 y BUursAi | dovetail slot

JIaCTiBYUHOTO

XBOCTa

BHCaJiKa upset omnepallis 06po6KU MeTasliB TUCKOM,
110 nepejbaya€ 0ca)KyBaHHA HA YaCTHH]
JIOBXKUHU 3arOTOBKHU /11 GOPMyBaHHSA
MOTOBIIEHb HA KiHIIi

BHUTpaTa consumption

BifmasoBaHHs, |annealing omepallisi TepMidyHOT 06POOKH, 1110 BKJIIOYAE

Bignan HarpiBaHHsI BUPOGY /10 MEBHOI TeMIlepaTypH,
BUTPHUMKY 3a ILli€l TeMIepaTypH Ta HACTyIHe
MOBiJIbHE OXOJIO/I)KEHHS, METOI0 IKOT
€ 3MeHLIeHHs] BHYTPILIHIX HAallpyXeHb,
3MeHIIeHHs MilIHOCTi Ta 36i/IbIlIeHHS
MJIaCTUYHUX BJIaCTUBOCTEH;
Harmp.: peKpucTatisamiiHui, Audy3inHui
(romorenizarnis), i3oTepMiuHUY;
HOpMaJlizauis

BifmoBigHicTh | conformity nonconformity — HeBiANOBiHICTb

Bi30K trolleys translating trolleys — nepesgaTouyHu# Bi3ok

BKJIQ M1 bearing shell, |BkiaguLIi BIiAKPUTHUX MiJUIUITHUKIB

inserts 3aCTOCOBYIOTb 3 MeTaJleBUX a00 HeMeTaIeBUX

MaTepiaJiB
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YkpaiHCbKOI0

AHIIiIHCBKOIO

Bﬂ3ﬂaquHﬂ,HOHCHeHHﬂ,HpHKﬂaAH

BOJIOKa

die

die bell — BxigHUI KOHYC BOJIOKY;

die approach angle — kyT po6odoro KoHyca
BOJIOKH;

die bearing — kani6pyBa/ibHUN NOSICOK
BOJIOKH;

die back — BuxijiHa 30Ha BOJIOKHU

BOJIOYiHHS

drawing

BU/J] 06POBKU MeTasiB THCKOM, 1[0 3BOJUTHCS
JI0 TIPOTATYBaHHSA 3arOTOBKH Yepe3 OTBIp
BOJIOKH, PO3MIip IKOI'0 MeHILEe 33 PO3Mip
3aroTOBKH;

wire drawing process consists of pointing

the rod, threading the pointed end through

a die, and attaching the end to a drawing
block;

the block, made to revolve by an electric
motor, pulls the lubricated rod through

the die, reducing it in diameter and increasing
its length;

fine wire is made by a multiple-block machine,
because the reduction cannot be performed
in a single draft [52]

Bpi3
(Ha moBepxHi
60YKH BaJIKa

groove, roll
pass groove

Ki/ZbIieBUH Bpi3 Ha NOBepXHi 60YKU
MPOKATHOI0 BaJIKa, IKUH pa3oM 3i BpizoM
iHIIOr0 BaJIKa yTBOPIOE Kali6p A1

MPOKaTHOIO dopMyBaHHSA NOTpi6GHOr0 Npodinto NpokaTy
CTaHy)
BTYJIKa, BCTaBKa | bush, bushing,
collar, hub
ByC ridge JnedeKT npoKaTy, SKUH sBJISE CO60I0

MO/IOBXKHIN BUCTYT 3 0/iHi€l a60 1BOX

JliaMeTpa/IbHO NPOTUJIEXKHUX CTOPIH NMPYTKa,

1110 YTBOPUBCS BHACJIZI0K HENPaBUJIBHOI

nojavi MeTany B Kasibp, nepernoBHEHHS

KaslibpiB a60 HENPAaBUJIbHOI'O HAJIALITYBAHHS

BaJIKiB | IPUBAJIKOBOI apMaTypH

B'IOCTUT wustite okcug 3ajisa FeO, o siBJisie co6oto ¢pazy
3MIHHOTO CKJIaZy, IKa MO>Ke iCHyBaTH

Yy BPIBHOBQXXEHOMY CTaHi JIM1LEe B Jiana3oHi

TeMmnepatyp 833 K<T<1644 K

B’s13KicTh viscosity ¢diznyHa BiacTUBICTDb piAnHU a60 rasy,

110 XapaKTepHU3ye 3JJaTHICTb ONMUpPATUCH Tedil
impact ¢dis3nyHa BJIaCTUBICTb MeTaly CpUiMaTH
viscosity, JIMHaMiuHi HaBaHTa)XeHHs (yjapHa B'sI3KiCTh)
toughness
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LT
YkpaiHCbKOI0 | AHVIIMCBHKOIO Bu3HayeHHs, NOACHEeHH, IPUKIagN

raiika nut

rajbMiBHUH apron inlet roller table with lifting aprons —

KJ1alaH NiJiBiAHUI posibraHr (XoJ104uJIbHUKA)
3 raJlbMiBHUMHU KJIallaHaMH,
IO MigHiMaThCs

I'BUHTOBUH screw jack screw jacks adjust the height of the entire

JIOMKpaT stand to the roller table height — reunTOBI
JIOMKpaTH PeryJilTb BUCOTY BCIEl KJITi
BiJIHOCHO BUCOTH pPOJIbTaHTa

reMaTUT hematite MiHepaJ1, pi3HOBU/L 3aJ1i3HOI pyJiH;
¢daza okcupy 3anisa Fe,0;, ckaafoBa
BTOPHMHHOI OKaJIMHHY, 1[0 YTBOPIOETHCSA NPH
HarpiBaHHI MarHETUTY B OKUCJIIOBAJIbHOMY
cepeloBUIL, Ma€E poM60eAPUUHY PelliTKy

THYYKiCTb flexible

rOJIOBHUU mechanical

MeXaHiK supervisor

rpaHULA ultimate MOKa3HUK MeXaHiYHHX BJIACTUBOCTeH

MilHOCT] strength MeTauly, IKUH BU3HAYAIOTh SIK YaCTKY Bif
JliJIeHHsI MaKCMMaJIbHOI CUJIY Ha JiiarpaMi
pO3TAryBaHHA (3a AKOI MOYUHAETHCSA
yTBOPEHHS LIMHKU Ha 3pa3Ky) Ha IJIOLLy
MONepeyHOro nepepisy 3paska

rpaHuIs yield strength | (ACTY 2825-94. Po3paxyHku

IJIMHHOCTI Ta BUIPOOYBAHHS Ha MillHICTb)

rpyouH, coarse, rough | hard powder consists coarse spherical

HeoNnpalboBaHUU granules carbide tungsten with dimensions

3.5-5.0 um used for manufacturing rolls —
TBEPJUH MOPOILOK, 110 CKJIAJJAEThCS

3 rpyoux CHepUIHHUX IpaHysI KapoiLy
BoJsib$pamy 3 po3Mipamu 3,5-5,0 MKM,
BUKOPHUCTOBYIOTb /111 BATOTOBJIEHHS
BaJIKiB

rpymna kiitei

train

psf, NOCTAIJOBHICTB;

roughing mill (roughing train) — yopnoBa
rpyna Kjiitei;

intermediate (prefinishing) train —
MpOMiXKHa (TepeYuCTOBA) rPyIa;
finishing train — 4yucToBa rpyna

r'yCTHHa

density

LIIJIBHICTB; IIJIBHICTb TaKyBaHHA aTOMIiB
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YkpaiHcbKO10 AHrificbko | BusHayeHHsA, NOSICHEHHS, IPUK/IA N
ABaJUATHBaANKOBUH | cluster mill
CTaH
JIBUTYH motor, engine direct current motor — JBUryH
nocTiiiHOTO CTPYyMY;
reversible motor — peBepcHUBHUI
JIBUTYH
JIBOBUMipHUHI two-dimensional
nedexT defect
pit BUIMKa, BJaBJIEHHS
flaws TpilllMHa, BAABJIEHHS
fault Ba/ia, MOLIKO/KEHHS
dent BUOOIHA, BMUHATH
valleys 3arIUGJIeHHSA
scratch noApsinuHa
nedbopmaris strain nominal stress — nominal strain curves —
(BesmMuMHa, KpHBa «HOMiHA/IbHI HANPY>KeHHA —
JIOKOHaHa [iisl) HOMiHa/IbHa AedopMalrisi»
nebopMyBaHHS deformation miactuuHa — plastic deformation;
(mporec, npyxHa — elastic deformation;
HeJIOKOHaHA Jis1) nonepeyHa — lateral deformation
JUCTETYEP dispatcher
JIOBXKMHA ocepesiKy |contact length
nedopMyBaHHS of deformation
zone
JIOTTOMIXKHUM auxiliary
JIOMYCK tolerance the difference between the upper and
lower limits between which a size
must be held — pisHuLsa Mixk BepxHiM
1 HU>KHIM 3HAYeHHSMHU, MiXK SKUMU
NOBHHEH 3HAXOJUTHUCh PO3MIp
JIOTyCTUMe deviation permit
BiIXUJIEHHS
Jlopobka finishing, finishing area — ginpHULA OPOOKY;
adjustage adjustage of finished products —
BiZIllJIKa TOTOBOTO NPOKATy
JOCHPKyBaTH explore po3rAAaTH, aHali3yBaTH
investigate OTPUMYBATH BilOMOCTI
research JLOCJIi/PKEHHS], BUBYEHHS
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YkpaiHCbKOI0

AHIIiIHCBKOIO

Bu3HayeHHs, NOsSICHEHHS, NpUKJIaAu

JipecupyBaHHS

skinpass

TEXHOJIOTi4Ha omnepallisi y BAPOOHUYHUX

(temper)

npolecax BUTOTOBJIEHHS TOHKUX
mTab 3i cTasi Ta KOJTbOPOBUX
MeTaJliB, siKa epez6ayae X0JA04HY
nedopmariito micss TepMidHOI
06pO6GKH 3 0OGTUCHEHHAMHU 710 5 % AJ1s1
36i/IbIIeHHS MIilHOCTI, IJIOIMHHOCTI,
nonepepKeHHs YTBOPEHHs JIiHIN
3CyBY IIpU LUITaMIyBaHHI, CTBOpEHHS
noTpi6bHOTO MiKpopebedy MOBepXHi

skinpass mill

JlpecypyBaJIbHUM CTaH

JApi6bHOCOPTHI
npodii

small section

JIOBTOMipHHUH MPOKAT MpPocToi abo
CKJIaZiHOT GOPMU 3 XapaKTepHUM
po3mipoM MeHIe Hix 80 MM

Apit

wire

Jyronofi6HiCTh

bow

BU/, fledeKTiB MpoKaTy, AKi
HPOSABJAAIOTBCA AK Jyrono/i6He
BUKPHBJIEHHS PO3KaTy B HAIIPSIMKY
nosxuHU (bow longitudial, coil set),

y HanpsIMKY IHUPHUHHU (cross bow) a6o
CKpy4YyBaHHs HaBKOJIO OB3/J0BKHbOI
oci (twist)

E

YkpaiHCbKOI0

AHIIiHCBKOIO

Bu3HavyeHHs, NOsSICHEHHS, NpUKJIagn

eBTEeKTOIAHUMN

eutectoid

Jipi6HOMCIepCHA CYMIlll TBEP/IUX PEUOBUH,
1110 OJHOYACHO BUKPHCTAJIi3yBaIUCS

3 pO3MJIaBy 3a TeMIepaTypH 6i/bIl
HU3BKOI, HDK TeMIlepaTypa MJaBJeHHs
OKpeMHX KOMIIOHEHTIB

eJpKep

edger

MpoKaTHa KJiTh a0 npUcTpiit
3 BEpTHKaJIbHUMH BaJIKAMU

eKCIlIyaTaLjis,
pobota

operating

operating duty — po6ouunii pexxum;
operation — po60Ta, Jiisi, BUPOGHUIITBO,
NpoLec eKcrayaTanii

eKCLLeHTpI/I‘IHiCTb

eccentricity

eccentric shaft — excueHTpHKOBUH BaJ

eMyJIbCid

emulsion

3MalllyBaJIbHO-0X0JI0/KyBaIbHa 260
TEeXHOJIOTIUHA piJJUHAa, 110 SIBJIsIE CO6010
JIOCTAaTHBO CTABIJIbHY CUCTEMY 3 JIBOX
pifivH, oAHa 3 AKUX (AucnepcHa dpasa)
po3nopouleHa y BUIJIAAL Api6GHUX
KpallJIMHOK B iHIIIH (gucnepciliHa ¢pa3a)
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€
YkpaiHcbKO10 AHrTiliICBKOI0 Bu3HayeHH, NOSCHEeHHS, IPUK/IAJN
EMHICTB, capacitance,
MIiCTKICTb capacity
XK
YKpaiHCbKOI0 AHrilicbKOI0 Bu3HauyeHHs, NOSICHEHH, IPUKJIAU
>KOBTIHHA sulling LITY4YHe ipXKaBiHHS MeTaJly nepej
BOJIOYIHHSAM, JIJIs] CTBOPEHHSA
niZI3MalyBabHOTO MPOLIAPKY
JKOPCTKICTD rigidity, stiffness
3
YkpaiHcbKO10 AHrniiicbkow | Bu3HaueHHs, NOsSICHEHH, NIPUKJIaAUA
3aBaHTAXKEHHS charging
3arapTyBaHHS quenching, onepaillisi TepMidyHOI 06POOKH,
hardening 110 nepej6ayae HarpiBaHHs
o TeMnepaTypu 940...960 °C
(moeBTekTOIAHI cTasi) abo
760...780 °C (3aeBTeKTOIHi cTai)
Ta IIBUJIKE OXOJIO/PKEHHS Y BOAi a60
MacCTUJII
3arocTpeHun pointed pointed end — 3arocTpeHuit
KiHenp (mpyTa abo CTPUKHS Mepes
BOJIOYiHHSIM)
3arocTpeHHd pointing TeXHOJIOTIYHa onepalis, AKy
BUKOHYIOTB Ilepe/] BOJIOYiHHAM
JU1s1 3a0e3MeyeHHs IPOXOAXKEHHS
nepeHbOrO KiHIsl 3aTOTOBKHU Yepe3
BOJIOKY
3aroToBKa billet, blank blank for section — 3aroToBka /s
npodisiB mpokarty
3aUp scoring ZIedeKT NOoBepXHi
scuffing 3aJjMpaHHsA
galling HaJIMNIAHHSI MeTaJly
scratching HKpsi6aHHSA, MOAPANUHA
3aJjupKa fin
3a3op (Mix Baskamu), | gap (roll gap),
IPOMIXKOK clearance
3aKarT, CKJIaiKa fold, rolling lap, | sedexT noBepxHi MpoKaTHOTO
slab MOXO/PKEHHS
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YkpaiHCbKOI0

AHmilicbKOI0

BH3HaquHﬂ,ﬂOHCHeHHﬂ,HpHKHaAH

3aKpUTHH KaJIiop

closed pass

closed groove — 3aKpuUTH Bpi3;
dead flange — 3akpuTuii pyaHenb
(kani6py)

3a/IMILKOBI residual stress | Hampy»keHHS$, siKi BAHUKAIOTh
HaIpyXeHHs y IpoKaTaHOMy MaTepiaJi yepe3
HepiBHOMIipHicTb Aedpopmanii
Ta 3a/IMIIAThCA Nicas gedopmanii
3aJi3o iron
ferrum
3aJ1i306eTOH reinforced
concrete
3aMOBJIEHHSA order
3aMOBHHUK customer

3amac MillHOCTi

factor of safety,
margin

3aTBep/KEeHHS validation 3asBa, TBEP/KEHHH,
(moxymeHTa) BUCJIOBJIIOBaHHS — statement,
assertion
3axBaT grabbing bite, | bite is necessary for grabbing
bite the metal and starting it through

the mill — 3axBaT (MeTasy Basikamu),
HeOOXiZAHUH /11 BTATYBaHHS METaJy
Y nepeMileHHs1 HOTo Yyepes3 CTaH

3BapHUH Mpodinb

welded section

JIOBrOMipHUU BUDi6, IKUH
BUTOTOBJISIOTh IIepeBaXKHO
$OopMyBaHHSAM 3 HACTYITHUM
MOB3/I0BXXHIM 3'€ITHAaHHAM eJIeMeHTIB
3BaplOBaHHAM

3BapIOBaHICTb weldability MMOKAa3HUK SIKOCTi IPOKaTYy,
1110 XapaKTepHU3ye Horo 34aTHICTb A0
YTBOPEHHS HEPO3'’EMHUX 3'€HAHD
IIJIIXOM 3BapIOBaHH:A

3rUHAHHSA bending

3J]aTHICTb capability

3JIaTHICTb 10 bendability BJIACTUBICTb MeTaJIeBUX BUPOOIB,

3rMHAaHHA

110 XapaKTepU3ye IXHIO 34aTHICTb
3rUHATHCS 6e3 pyHHYBaHHSA

3eHKepyBaHHS

reaming, core
drilling
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YkpaiHcbKoO10 AHrniiicbkow | Bu3HaueHHs, NOSICHEHH, NPUKJIaAHA
3'€/JHaHHA compound, threaded joint — pisb6oBe 3’eAHAHHS;
(3aBepiuena fisi); joint, detachable joint — pos’emHe
3'€/JHyBaHHA connecting 3’'€JHAHHS;

(mpouec) hinge joint — wapnipHe 3’efHaHHS;
splined joint — murinboBe 3’eAHAHHS;
chemical compound — ximiune
3’eiHaHHs (croJsyka)

3JIMBOK ingot

3MallyBaTH lubrication boundary lubrication — rpannyne
3MalllyBaHHS;
mixed lubrication — 3mimane
3MalllyBaHHS;
hydrodynamic lubrication —
riipoAvHaMivyHe 3MallyBaHHA

3MiHa (sIK nepiof shift shift foreman — HayaJIbHUK 3MiHY;

po6oTH) eight hours shift — BoceMmurogunna
3MiHa

3MillHEHHA strengthening

(onepauist, JOKOHaHA

nist);

3MiIHIOBaHHS

(nmpouec, HeJOKOHAHA

Ais)

3HAHHS knowledge

3HeByIJlelboByBaHHA | decarburization | HanpukJ/aj, BATOpaHHA BYTJIELI0
3 MOBEpPXHEBUX NPOIIAPKIB 3ar0TOBOK
BUCOKOBYTJIEl|eBUX CTaJlel NpU
HarpiBaHHI

3HOILYBaHHSA wear TPUOOJIOTIYHUH NpoIec 3MiHU MiKpo-

(ax mpouec); Ta MakporeoMmeTpii NOBepXOHb —

3HOC (BeJIMYMHA) AIK HaCJIiI0K IpoLecy TepTs, AKUK
MPU3BOJUTD /10 BiA/i/IeHHS YacTOK
MeTaJly 3 TOBEpPXHi

3CyB shear shear stress — Hanpy»keHHs 3CyBY

3YMOBHUTH, cause OyTH NIPUYHUHOIO YOTOCh, CTBOPIOBATH

3YMOBJIIOBATH YMOBH [IJIs] BAHUKHEHHS 40T 0Cb;
BUKJIMKATH LI0Ch, CIPUYUHSATH;
6yTH yMOBOIO icHyBaHHS a60
$opMyBaHHS YOTOCh, BU3HAYATH HOr0
SAKICTb, BIIMIHHOCTI

3yYMOBJIEHUH caused, due to | € TPUYNHOIO

114




English for metal forming engineering and research in metallurgy and material science

K
YkpaiHcbKO10 AHITiACBKOI0 Bu3HauyeHHs, NOSACHEHH, NIPUKIaAHA
KaJstiop gauge gauge — KaJi6p, yTBOpeHHH JIBOMa
(Ax iHCTpYMeHT) Bpi3aMU y BaJIKy;
groove — Bpi3 y BaJIKH, NPOTOYKa;
pass shape — popma kani6py;
caliber — okpema feTasib, HANPUKIIAS,
y MeTpoJiorii; ma6JioH
Kanibp «rmagka | gauge bullhead,
60o4Ka» bullhead groove
KasliOpyBaHHs grooving, roll HaCJiJI0K, pe3y/bTaT NpoLecy BUSHAYEHHS
(Ax HacaigoK, pass design ¢dopmu Ta po3MipiB Bpi3iB y BasiKy,
pe3ysbTar) 1110 YTBOPIOIOTH Kalibp;
roll pass designer — kani6pyBasbHUK —
PO3pO6GHUK KasibpyBaHHs BaJIKiB
KaJ1i6pyBaHHS sizing sizing block — 610k (kJtiTelt) aus
(six mpouec OMT) KaJibpyBaHHS
KaHTyBay4 edger, canting

machine

KUIlJIA4a CTa/lb

rimming steel
rimmed steel

KJ1allaH valve valve bench — kylanaHHUH cTeH/,

KJIMH wedge

KJITb stand shiftable stand — kJ1iTh 3 0cCbOBUM
rnepeMilieHHAM

KoedilieHT mill utilization BU3HAYAETHCA K BiJHOIIEHHS

BuKopuctaHHsa | factor (MUF) dakTHYHOrO Yacy po60TH CTaHy

CTaHy Jl0 HOMiHaJIbHOT'0 POH/Ly po60YOTO
yacy 3a pik (pi3HUILA MiXK [UMU
BeJINYMHAMU BKJIIOYAE POCTOI, MOB’A3aHi
3 IepeHaJIaro/PKeHHAM CTaHy [IpHY 3MiHi
npo¢isto, 4ac, Heob6XiAHUHN AJ11 YCYHEHHS
OpaKy, MOXJIMBI MpocToi Yepe3 BUXif
3 JIaJly eJIeKTPUYHOro abo MexaHiYHOTO
06J1aJHaHHS)

KO0Jieco wheel spur wheel — nuiiHIpUYHe KoJieco;
worm wheel — 4yepB’siuHe KoJieco

KOMipKa, cell pickling cell — BaHHa TpaBJ/ieHHS;

yapyHKa, BiuKo, screw down cell — meczo3a,

ocepeJioK 1110 BCTAHOBJIIOETHCS Miji HATUCKHUM

(opranizaniiina I'BUHT

rpymna)

115




English for metal forming engineering and research in metallurgy and material science

YkpaiHcbKo10 AHIIiHCBKOIO Bu3HayeHH:, NOSICHEHHS, IPUKJIaAA
KOHCOJIb console,
cantilever
KOHCOJIbHUH cantilever cantilever stand — npokaTHa KJIiTh
3 KOHCOJIbHUM PO3TalllyBaHHSIM BaJIKiB
KpecJIeHHsI drawing
KpHBa curve
KpUBHW3HA, BUTHH | curvature, camber or bow lateral — deviation

camber, bow

from straight of a longitudinal edge —
ceprnoBUAHICTb a60 6iuHa KpUBU3HA —
BiixMIeHHS BiJ NpsAMOoi 6i9HUX KPOMOK
(poskary);

cambered work roll — npoo¢isboBaHuH
po60YHii BaJIOK

KPUXKHU brittle KpHUXKicTb — brittleness;
fragile fragility, friability
KPOHIUTENH, hanger
migBicka
KpYIHOCOPTHI heavy section BUJ, IPOKATy MPOCTOi a6o cKJIaJHOI
npodii (dbaconHoi) popmMu 3 XapaKTepHUM
po3Mipom noxHaz, 80 Mm
KPYTHUH, torque po o6epTajJbHUNA MOMEHT
06epTaJbHUN
KYyBaHHs forging deformation process in which woks
is compressed between two dies —
npouec fedopmaril, kUi 3AiHCHIOETBCS
0OTHCHEHHSIM MiX ABOMa LITaMIaMu
(6otikamu), (1110 31IHCHIOETHCSA
MOCJIiJOBHUMH yilapaMU ab0 TUCKOM
3 BUKOPUCTAaHHAM MOJIOTIB, KyBaJIbHUX
NpeciB, BUCAZ0YHUX NPeCiB, BaJblliB)
KYT 3axBaTy bite angle the maximum angle, measured from

the center of a roll in a rolling mill,
between a perpendicular and a line to

the point of contact where a given object to
be rolled will enter between the rolls [53];
MaKCHUMaJIbHUH KYT, 1110 BUMIPIOIOTh

BiJ| LleHTpa BaJIKa IPOKATHOI'O CTaHy

MiX epreHAUKy/IsipoM (IpoBeJeHUM
Yyepes oci BaJIKiB) Ta JIiHi€l0 [10 TOYKHU
KOHTaKTyBaHHS, Y IKil 06’€KT,

1110 IPOKATYETHCH, 6y/ie BXOAUTH MK
BaJIKaMH
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YkpaiHCbKOI0

AHIIiHCBKOIO

Bu3HayeHHs, MOsSICHEHHS, NpUKJIaau

KyT
HeUTpasbHUI

neutral angle

KyT MiX pajjiycaMu, IpoBeJleHUMHU

3 LleHTpa BaJIKa yepes IJIOLUHY ocel
BaJIKiB Ta J|0 MJIOLUHY, y AKIA BUJKOCTI
[0BepXHi BaJIKiB Ta po3KaTy OJHaKOBI

KyTHK

angle

JIOBFOMipHHMH NMPOKAT 3 MJIaCKUMHU
eJleMeHTaMHU OJIHAaKOBOI a6o pi3HOI
JIOBXKMHHY, SIKi po3TalloBaHi NiJj IpAMUAM
KyTOM;

unequal-leg angle — HepiBHOTOIMYHU
KYTHK

JI

YkpaiHcbko10

AHrIiiCbKOI0

Bu3HauyeHHs, NOSICHEHHS, NpUuKJIagu

JIAHIIIOT

chain

JIQHIIIOT

JIaTyHb

brass

no/BifiHi a60 6araTOKOMIOHEHTHI
CIIJIaBHU MiJli, B IKHX OCHOBHUM
JIETYIOYMM eJIEMEHTOM € IUHK
(Biz 5 10 40 %)

JIeryBaHHA

alloying

alloyed — sieroBanuit

JNefebypuT

ledeburite

npoMixkHa ¢asa, 110 SABJISE 06010
eBTEKTUYHY CyMill ayCTeHITy
Ta IleMEHTHUTY

JioM (iHCTpyMeHT)

crow-bar

M

YkpaiHcbKO10

AHIIiHiICBKOIO

Bu3sHauyeHHA, NOsICHEHHS, NpUuKJIagu

MarHeTuT

magnetite

MiHepaJl, pi3HOBU/, 3a/1i3HOI pyay;
¢daza okcuay 3asnisza Fe;0,, ckiajoBa
BTOPHUHHOI OKaJIMHHY, 1[0 Ma€ Ky6iuHy
peLriTKy i 3HauHy a6pa3uBHICTb

MapKyBaHHs

labeling

onepalis 06pobKU NpoKaTy,

1110 3BOAUTLCS J10 HAHECEHHS
inpopmarii npo npokat Ha GUPKY, KA
HaBillyeETbCS HAa TAKeT

MapTEHCHUT

martensite

MeTacTabiJbHA CTPYKTYpHa dasa craJi,
1110 YTBOPIOETHCS B IEPEOXOJIOPKEHOMY
aycTeHiTi 3a Temnepatypu 230 °C, aBss€
c06010 IepeHacuYeHU PO3YHH BYTJIELIO
y depuTi Ta Ma€e TeTparoHaabHy GyZ0BY

MacCTHUJI0

lubricant

oil — osmBa (piznHHE MacTUIIO);
grease — MacJIO (IJIAaCTUYHE MAcTHJIO);

emulsion — emyJibcis
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YkpaiHcbKo10 AHrilicbKOI0 BusHauyeHHs, NOSCHEHH, IPUKJIALU
MaTO4YMHA hub gear
3y64aToro
KoJieca
MasiTHUK pendulum pendulum shear — MassTHUKOBI HOXKHUIT]
MeTa aim, goal
MeXaHi3M mechanism, screw-type mechanism — rBUHTOBHUI
device MexXaHi3M;
crank mechanism — KpuUBOLIUNHUN
MeXaHi3M
MiIHICTb strength,
toughness
MOTOK coil
MydTa coupling motor coupling — MoTopHa My$Ta;
gear coupling — 3y6uyaTa mydra
H
YkpaiHCBKOI0 AHrTiliICBKOIO Bu3HauyeHHs, NOSACHEHH, NPUKIaAHA
HaJliiHiCTbh reliability for a reliability factor higher than 90% —
safety IJIs1 MOKa3HWKa HafgiuHocTi moHazg 90 %
HaKaTyBaHHS tread rolling
pi3p6u
HasaroJpkeHHs, |adjustment, roll adjustment — perysiroBaHHS BaJIKiB;
HaslallTyBaHHA | regulation roll alignment — BupiBHIOBaHHS BaJIKiB
JI0 TOPU30HTAJIbHOT'O PO3TAIllyBaHHS;
roll arrangement — npuBe/ieHHS
J10 JIa/ly — HaJIaro/KeHHs IeBHOT0
B3aEMHOI'0 PO3TALIyBaHHS BaJIKiB
Ha/IMIIaHHA sticking ABUIE [IepeHeCceHHd MaTepiajly 3 po3KaTy
Ha MOBEPXHIO BaJIKA, 1110 B M0//IbLIOMY
NPU3BOAUTD JI0 yTBOPEHHSA IOBEPXHEBUX
nedekTiB mpokaty
HalJaBJIeHHs build-up welding
HaNpy>XeHHs, stress HOpMaJIbHi H. — normal stress;
Hamnpyra HaIlpy»KeHHs 3cyBy — tangential stress;
3aJIMIIKoBi H. — residual stress;
JponyctuMi H. — permissible stress
Haciuka (BaJikiB) | ragging SK npoluec GpopMyBaHHs Ipy60i MOBEpPXHi
JIIs1 361IbIEHHS 3aXBaTY, BKJIIOYA€E TAKOXK
HaBapKy
HaCTyMHUH subsequent
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YkpaiHCcbKO10 AHmIilicbKOI0 Bu3HayeHHs, NOSACHEHHA, NIPUKJIAAHA

HaTHUCKHUU screwdown JleTa/lb HATUCKHOT'0 MexaHi3My

I'BUHT MPOKATHOI'O CTaHY, 1[0 3a6e3Me4ye 3MiHy
[I0JIOXKEHHS BaJIKiB y BEpTUKaJ/IbHIN
IJIOIIMHI ¥ mepe/iae CHUJly NPOKATyBaHHs
BiZl NOAYIIKHY J10 FaliKH, pO3TaLIOBaHIN
y NOTlepeyrHi CTAaHUHU

HaxXUJI slope, tilt

Haxuise, akui | tilting noxusinii — tilting, oblique

HaxXwWJide

Ha4YaJIbHUK LeXy

plant manager

HelepepBHUN
CTaH, CTaH
HenepepBHOTo
POKaTyBaHHSA

tandem mill

CTaH 3 MOCJiJOBHUM PO3TallyBaHHIM
KJIiTeH, B IKUX 3AiHCHIOETHCS
HenepepBHUN (TOGTO OJHOYACHO

B KiJIbKOX KJIITSIX) MPOIleC MPOKATyBaHHS

HeCHiBBICHICTb
BaJIiB

misalignments

HOXHUIIL

shear
scissors

dividing shear — pinnibHi HOXMLL;

flying shear — sneTy4i HOXH1L;

crank-type shears — kpuBOLIXIIHI
HOXHUILi;

crop shears (for nose and tail cropping) —
HOXUL /151 BUJlaIeHHs 06pi3i
(BumaneHHs nepeJHix i 3aiHiX KiHLIiB
po3KaTty);

pendulum shears — MasiTHUKOBI HOXUIT

HOpMaJiizania

normalizing

ornepallisi TepMigYHOI 06PO6KH, PI3SHOBHU/
BiAmasy, o nepejbadyae HarpiBaHHS

o TeMnepaTtypu 960 °C, HeTpuBase
BUTPUMYBAHHA Ta OX0JIOKEeHHSA

Ha NOBITpi, 3a6e3Ieyye yCyHeHHs
KPYNHO3EpHUCTOI CTPYKTYPHU

Ta NiIBUILeHHS MeXaHiYHUX
BJIACTUBOCTEH BUPOGIB

0

YkpaiHCbKOI0

AHIIIHCBKOIO

Bu3HayeHHs, NOsSICHEHHS, NpUKJIaau

00B’s13Ka

bundle

TeXHOJIOTi4YHa onepanis A4
3a6e3nedyeHHs] pOpMyBaHHs MTAKETIiB
npyTiB a60 MOTKIB IPOKaTy Ta IXHE
TPaHCIOPTYBaHHS
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YkpaiHcbKO10 AHIIIHCBKOIO Bu3HayeHHs, NOSACHEHH, IPUKJIAAHA
00B’sI3yBaTH tie, tying TEXHOJIOTi4YHa omepalisi 06po6Ku
(06B’s13yBaHHs) MPOKAaTY, L0 3BOJJUTHCH 10

06B’s13yBaHHs cHOPMOBAHUX NMAKETIB
IPOBOJIOKOIO 260 CTPIYKOIO /1151 IXHBOTO
TPAHCMOPTYBAaHHA
OOI'pYHTYBAHHS validation
(mipTBEpAKEHHS
MPaBUJILHOCTI)
06i7 (xoseca) tire tire gear wheel — 06ij 3y64acToro
KoJsleca
o6JiaJHaHHSA equipment, highlights of equipment —
device XapaKTepPUCTUKU (OCHOBHI ITOKa3HUKH)
o6JialHaHHS
06J1a/IHyBaHHS, arranging,
yIOpsIAKOBYBaHHA | equip, fit, adjust
(nis1)
06po6Ka, working SIK TEXHOJIOTIYHUU Ipo1ec
00poGIAHHS treatment TepMidHe 06POGITHHS
forming 06po6Ka TUCKOM
06po6uttoBaHicTh | workability
06C/yroByBaHHs | maintenance HiZATpYMaHHs 06J1a/JHAaHHS B pO60YOMY
CTaHI
OOTHUCKHUMU cTaH | roughing
(obTuckHa Ka1iTh) | stand, roughers,
breakdown
06THCHEHHS draught, draft | the difference between the initial
reduction and final thickness of the strip being
rolled is called absolute draught —
Pi3HHULA MiXK IOYaTKOBOIO Ta KiHLIEBOIO
TOBIIMHOIO IITA6H, 110 TPOKATYETHCH,
Ha3MBa€ETHCS aOCOTIOTHUM
OOTUCHEHHSAM;
draught per pass — 06THCHEHHS
3a npoxiz;
relative draught — BigHOCHE
06 THCHEHHS
00YMOBUTH, condition 0OMEXUTHU SIKOICh YMOBOIO,
06YMOBJIIOBAaTH determine 3acTepeXKeHHsIM, CTAaBUTH B 3aJIEXKHICTh
give rise to BiJl IEBHUX YMOB
006yMOBJIEHUI agreed upon NPUUHATHN 3a JOMOBJIEHICTIO
OJIMHUIIS unit
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YkpaiHcbko10 AHIIiIHCBKOIO Bu3HayeHHs, NOSCHEHHA, IPUKJIAgHA
OJIMHUYHUHI singular
OZJHAaKOBUM uniform
OKaJIMHa, scale
>KapoOBHHA
OKaJIMHOJIaMay descaler water descaler — rizpo361B oKaJUHU
OKOBYBaHHH, collaring
06KOBYBaHHS
onepaTop 1nocra pulpit operator

KepyBaHHS

OIIOPHUH BaJIOK

supporting roll,
back-up roll

onpaBKa mandrel
ONYKJIUHI convex cambered work roll — onyxsini
camber po6ounii Basok (omyknii mpodinb
BaJIKa)
OmyKJIicThb (10 AHY | convexity
KaJiopy)
OCBiTa education
ocepesioK bite, cell roll bite inlet; entrance of the roll
deformation bite — BXiz B ocepefiok fedopmarii mpu
IIPOKaTyBaHHI
Il
YKpaiHCbKOI0 AHriliCBKOIO Bu3HauyeHHs, NOSACHEHH, IPUKJIAJU
nakeT NpyTiB stack bar
HaKeTyBaHHS stacking TeXHOJIOTiYHa oneparis 3 opMyBaHHSA
OKpeMUX IIPYTiB y NaKeT
packaging NaKyBaHHS1 CQOPMOBaHUX AKETIB
napHUi even
nepeBasika roll change 3aMiHa BaJIKiB y po60ouil KJIiTi, IKY
3/IiICHIOIOTH Ge3MocepeHbO HA CTaHi a6o
Ha CreliaJIbHUX CTeH/]aX 11033 CTAHOM
nepesipka verification
nepetodyyBaHHs | dressing roll
(BaskiB)
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YkpaiHcbKo10 AHIIiliCBKOIO Bu3HauyeHHs, NOSACHEHH, IPUKJIASHU
nepJiT pearlite eBTeKToiAHa cyMill pepUTy (a-po34uH)
Ta eMeHTHUTY;
fine pearlite — gpi6HOMIACTHHYACTUH
epJiT;
lamellar pearlite — nyiacTuHYacTui
nepJiT;
sorbitic pearlite — cop6iTononi6Huit
nepJiT
netyieyTBoproBay | looper
NUJIKa saw hot saw — nuka rapsyoro pisaHHs;
sled-type cold saws — nmuku XoJ10HOTO
pi3aHHS 10JI03KOBOT'O TUITY
NiJIIUIHUK, bearing plain bearing — myiocku# niAMNHUK
BaJIbLIiBHULA KOB3aHHS;
journal bearing — miAIMNHUK KOB3aHHSA
3 BKJIQJIMILIAMU;
thrust bearing — ynopHu# nmignmMnHuK;
ball bearing — Ky/1bKOBUH NMiIIIUITHUK
KOYeHHS;
roller bearing — po/iMkoBU# MiJUTUITHUK
KOYeHHSs
MiJIUITHUK enclosed oil film
KOB3aHHS bearing
3aKpUTHUN
NiAIIMITHUKOBUM | bearing unit CYKYTHICTBb JleTasieH, sKi 3a6e3Me4yoTh
BY30.J1 3aKpillJIeHHs MiJIIMITHUKA Ha [UALH
BaJIKa Ta HOTro poboTy
IJIAHOBUH scheduled
PEMOHT maintenance
IJIACTUYHICTh plasticity, BJIACTUBICTb MeTaJliB, 1110 XapaKTepU3y€E
ductility IXHIO 3IaTHICTb /0 IJIAaCTUYHOL
nedopmanii
IJIMTOBUHA baseplate JleTa/ib IPOKaTHOTO CTaHy, IKa
3aKpinoeThes Ha QYHAAMEHTI
Ta NpU3HaueHa /i1 po3MillleHHs po604ux
KJIiTen
[JIOIMHA plane
MJIOLMHHICTD flatness MMOKa3HUK AKOCTI [IJIOCKOTO NIPOKaTYy,

110 Bijjo6pakae BiaxuaeHHs (y MM) Bij
ilea/IbHO PiBHOI MJIOUUHU
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YkpaiHcbKo10 AHIIiHICBKOIO BusHauyeHHs, NOSICHEHH, IPUKJIALHU
IO L EHHS flattening, BU/J, 00PO6KHU MeTasliB TUCKOM,
spreading XapaKTepHUMH BiZMIHHOCTAMU
sKoro € AedpopmMariiss Kpyrjaoro ApoTy
B IIMJIIHAPUYHUX BaJIKax
MOB3/I0BXHE buckling
BUTMHAHHS
MOB3/0BXKHIM buckle buckle — a distortion of the surface
BUTUH of the metal — BukpuB/IeHHSA
(cmoTBOpEHHS) MOBEPXHi MeTaly — BUJ
JedeKTIB IIJIOCKOT0 NPOKaTy
noJiaBaslbHi feeding pinch
POJIMKY, pOTUKH | rolls
noaavi
HOAYIIKA chock KOHCTPYKTHBHMH eJleMeHT po604oi KJIiTi,
Jle PO3MIIYIOTh NiJAIUITHUKOBI By3JI1
noJipyBaHHs buffing BU/J] MeXaHIYHOI 06POOKHU MOBCTIHUM
IHCTPYMEHTOM
burnish noJsiipyBaHHs, 06ko4yBaHHs — roller
burnishing
polishing BU/J, MeXaHI4YHOI 06pO6KH a6pasuBHUMU
nacTaMu
nonepeyrHa cross-arm
MOPOXKHHUCTI hollow section |Buj npokaTy, SKUHA BUTOTOBJSAIOTh
npodii dbopMyBaHHSM i3 Tpy6 a60 3STHHAHHAM
Ta 3BapIOBaHHAM
IOCJIIIOBHICTb sequence
HOCTavyaJbHUK supplier
nocTayaHHs delivery technical delivery requirements —
(rotoBoi TeXHIYHI YMOBH M1OCTa4YaHHA
NpOAYKIiT)
NOYaTKOBUH initial
MOIIKO/KEHHS disturbance, spalling — nmomkokeHHS MOBepPXHi
spalling (BaskiB) Yyepes CKOJIFOBAHHS OBEPXHI,
1110 BUHUKAE BiJi BTOMJIIOBAaHOCTi MeTaJ1y
NPUBAJIKOBUHN rest bar the guides are locked on the rest bar
6pyc (onopHUi by means of two bolts — npoBogku
6pyc) 3akpinJieHi Ha onopHoMy 6pyci BoMa
60JITaMHU
NpuBiAHa AinsgHKa | wabbler JJISTHKA BaJIKa, 1110 3a6e31e4ye epeaady

(mpokaTHOTO
BaJIKa)

KpPYTHOTO MOMEHTY Ha BaJIOK Bi
MeXaHi3MiB IPUBOAY IPOKATHOI'O CTaHY
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YkpaiHcbKo10 AHIIiliCBKOIO Bu3HauyeHHs, NOSACHEHH, IPUKJIASHU
NpU3HAYEHHS duty, employ
npukpimaoBaty | attach attached — npukpinieHuit, npuesHaHUY;
attaching — 3akpinJieHHs, 3axBarT;
attachment — npukpinieHHs;
npuIaz device, measuring instrument —
instrument BUMipIOBa/JIbHUN NpUIa[;
precision instrument — KOHTPOJIbHUH
(3paskoBuil) npuaj
npucTpint device,
(MexaHi3M, arrangement,
NPUCTOCYBaHHsA) |equipment,
facility
NPUTHUPAHHS lapping BU/] MeXaHIYHOI 06POGKH,
1110 3BOAUTHCSA 10 aGpa3suBHOL
00pO6KU MOBEPXHI ClleliaIbHUM
iHCTpyM@HTOM — NPUTUPOM;
3a6e3meyye MOPCTKICTb MOBEePXHi
Ra=0,8-0,012 Mmxm
NPOTUH deflection the elastic roll deformation is determined
NpPOrHHAHHSA deflect, flex, sag by superimposition pf deflection due to
bending and deflection due to shear on
the roll — npy»xHa nedpopmaris BasnkiB
BU3HAYAEThCS HAKJIAJeHHSAM Ha BaJIKU
NpOTMHAaHHS, 3yMOBJIEHUM 3THHAHHAM
Ta NPOTMHAHHSAM, 3yMOBJIEHUM 3CYBOM
NPOAYKTUBHICTh | productivity, annual capacity — piuHa NpoAyKTHBHICTb
capacity
NPOEKTYBAaHHA design
NpOoKaTyBaHHSA rolling process consists of passing the metal

between pairs of rollers revolving

at the same speed but in opposite
directions and spaced so that the distance
between them is slightly less than

the thickness of the metal [54];

BU/J] 00PO6KHU MeTasliB TUCKOM, SIKUI
3BOAUTLCS J10 TPOXO/PKEHHS MeTaIy
MiX MapaMH BaJIKiB, 1[0 00ePTAKThCs

3 0O/IHAKOBOIO LIBU/IKICTIO, aJie

B IPOTUJIEXXHUX HAPSIMKaX,

Ta po3TallloBaHUX TaK, 1[0 Bi/[CTaHb
MK HUMHU MeHIIa HiXK TOBIIMHA MeTaly
(movaTkoBa)
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YkpaiHcbKo10 AHIIiHICBKOIO BusHauyeHHs, NOSICHEHH, IPUKJIALHU
npokaTyBaHHs- | slit rolling
po3iseHHs
npoMixkHa rpyna | intermediate
train
MpONYyCKHA capability,
3/1aTHICTh capacity, traffic
capacity
npoctoi (ctany), |downtime, delay
3aTpPUMKa
NPOTATYBaHHA pulling BUJ, 06PO6GKHU MeTaJsliB TUCKOM,
1110 3BOAUTLCS [0 AepOpMyBaHHSA
3aroTOBKM HiJ{ ZJi€X0 TATHYYOI CUJIH,
1110 IPUKJIAJAETHCS 10 TOTOBOTO BUPOGY,
yepes Kasibp, yTBOpEeHUH HENPUBIAHUMHU
BaJIKaMH (pOJIMKaMHu)
broaching BU/] MeXaHIYHOI 06POOKH, 1110 3BOJUTHCS
J10 IPOTATYBAaHHA CIleLliaJIbHOTO
pixydoro iHcTpyMeHTy (broach —
MPOTSKKHU) uepe3 OTBIp A/ 06po6KHU
MOBEPXHi [[bOI'0 OTBOPY
npodinb section heavy section — kpynHocopTHUI
npodib;
small section — fpi6GHOCOPTHUH MTPOdink;
special sections — cnenjianbHi npodii;
equal angle section — piBHOMmOTMYHUI
KyTOBHUH podinb;
mining frame sections — mwaxtHi npodii
npodisoBaHHA shape roll, the initially ground camber roll can
BaJIKiB ground camber |compensate for the combined effects
roll of bending and thermal expansion —
npodiJoBaHHS BaJIKiB MOXKe
KOMIIEHCYBATH KOMOiHOBaHU edeKT Bif,
MPOTHHAHHSA Ta TENJIOBOT0 PO3IINPEHHS;
cambered roll — npodinboBanuit
(/1ucTOBUI) BasOK
MpOXiz pass sIK TEXHOJIOT{4HA oTeparlis 06po6KU
(mpokaTyBaHHs), iKa 3 HCHIOETHCS
3a He3MiHHUX NTapaMeTpiB Ha OJHOMY
TexXHI{YHOMY 3aco6i (KaJi6pi, cTaHi)
NpYyKHUAMN elastic elasticity — npy»xHicTb
MPYTOK bar JIOBTOMipHUH BUPi6, AKUH MOCTAYaETHCS

B [IPAMUX BiJIpi3Kax, aJie He B MOTKaX,
Ha BiJMiHY BiJ CTPHKHIB
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P
YkpaiHcbKO10 AHrnilicbkow | Bu3HayeHH#, NOACHEHH:, IPUKIAgH
peayKTop gear box
pexum schedule schedule rolling — pexum
NpoKaTyBaHHs (OOTHUCHEHB);
pass schedules — pexxum (TexHoJsioriuHi
napaMeTpHy) NPOKaTyBaHHS 110 MPOX0/AX
pelika rail JIOBrOMipHUI NPOKAT cleliasbHOl
dopmu [ 3asi3HUL Ta iHIIOTrO
TPaHCIIOPTY
pPEMOHT repair AK BiJJHOBJIEHHS NpaLe34aTHOCTI
maintenance NOTOYHUH peMOHT (06CTyroByBaHHS)
overhaul KaniTaJbHUN PEMOHT
piAVMHHUI liquid
Pi3HOTOBIHUHHICTb | Crown Pi3HOTOBILMHHICTb BU3HAYAETHCS
(mpokaty) SIK Pi3HUISI M>K TOBIMHOIO IITA6H
TI0 Cepe/IMHi Ta cepeJHbOI0 TOBIUHOIO
KPOMOK LITabu
po6oya KJiTh stand pre-stressed stand — nonepesHbO
Halpy»KeHa KJIiTh;
shiftable stand — k/1iTh 3 MOXIMBiCTIO
0CbOBOT0 3MillleHHS;
housingless stand — 6e3cTaHMHHA KJIITh
pos3pi3 section, cross section — nonepe4yHuu pospis
sectional view
pPO3pOOGJISHHS, development
po3po6JiIeHHs,
ONpallOBaHHS
po3TalyBaHHS highlights,
06J1a/lHAaHHSA layout
pO3TOYyBaHHSA boring BU/| MeXaH{uHOI 06PO6KH, 1110 3BOJUTHCS
J10 30i/IbILIeHHS liaMeTpy OTBOPY
LIJIIXOM 3HATTSA CTPY>KKU 3 BHYTPILIHBOI
TOBEPXHI
pPO3y3TOo/PKEHHH, mismatch,
HeNoro/»KeHHs misalignment
pO34YMH solution rolling solution — po34yun
TEeXHOJIOTIYHOT0 MacTHJIa Ta 0X0JIOJHOI
piguHU
pO3LIMpPEHHS spread SIBUIL[e NPOIlecy NpoKaTyBaHHS, KOJIU

B npoueci epopMyBaHHS BaJKaMU
IMPHUHA PO3KATY 301/IbIIYETHCS
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YkpaiHCbKOI0

AHIIiHCBKOIO

Busﬂaqem-m, NOACHEHH:, NPUKJIaAN

POJIMKOBA BOJIOKA

die-roller

iHCTpyMEHT [1/1s1 BOJIOYiHHSA, SKUH
YTBOPIOIOTH HENPUBIJHI pOJIMKU

POJIbraHT, roller table by pass roller table — 06BigHUI

POJIMKOBUH pOJIbraHr

TpaHCIOpTep

C
YkpaiHCbKOI0 AHmilficbk010 | BusHaYeHHs, NOSICHEHHS], IPUKJIa AU
CBEpAJIEHHS drilling
CEepHOBUAHICTb camber, bow BifxuieHHs GOPMHU, IPU IKOMY
lateral Kpai (KpoMKH) JiucTa abo Tabu

B FOPU30HT. IJIOIIHMHI MalOTh GOpMY
AYyTH;
camber or bow lateral — deviation
from straight of a longitudinal edge —
CepnoBUAHICTb a60 6iuHa KpUBHU3HA —
BiZxueHHs Bif mpsAMoi GiYHUX
KpPOMOK (po3Kary)

cns16 slab HaNiBNPOAYKT i3 NPSAMOKYTHOIO
dbopMolo onepevHoro nepepisy;
slab ingot — siuTuii cn1s16

copbiTt sorbite CTPYKTYypa CTaJli, 1110 YTBOPIETHCA
npH ii 3arapTyBaHHi (po3naz
ayCTeHITy 3a TeMIepaTypu
500...600 °C), o sABJIsIE COO0I0 GiMbLI
JApi6HOAMCIEpCHY cyMill epuTy
Ta LEeMEeHTUTY, HDXK y NepJIiTi

CMOXXKMBaHa consumed

HOTY>KHICTB, power

BUTpaTa eHepril

CIOKilHa cTa/lb killed steel

cTasb steel Marepias, MacoBa 4acTKa 3asisa

B SIKOMY [lepeBHUILYE MACOBY YaCTKY
Oy/ib-IKOTO iHIIIOI'0 OKPEMOTO
€JIeMEeHTY, KOTPUH MICTUTB ByTJIEL}0
3arajioM MeHlIe Hix 2 %, a TaKoX
NesiKi iH1Ii eJleMeHTH

CTaJib ByrJjieneBa

carbon steel

medium-carbon
steel

cepeHbOBYyTIJIeleBa CTaJib

high-carbon
steel

BHCOKOBYyTIJIEli€Ba CTaJIb
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YkpaiHCcbKO10 AHrnilicbko | BusHaueHHs, NOSICHEHHS], NPUKJIaAU
CTaslb fine grain steel
Jpi6HO3epHUCTA

CTaJIb JIeroBaHa

alloy steel

JIETOBaHI CTaJi pO3AiJAI0Th Ha: AKICHI,
cneniaJbHi

CTaJb Heip)KaBHa

stainless steel

CTaJIb HeJIerOBaHa

non-alloy steel
unalloyed steel

HeJIerOBaHi cTaJjli pO3AIIAITE Ha:
0a30Bi, AKicHi, crienjiasbHi

CTaHHHA

housing

housingless stand — 6e3cTaHnHHa
KJIITh

CTHUKOBE
3BaploBajibHe
3'e/lHaHHSA

butt weld

flash butt weld — 3’egHanHs,
OTpUMaHe MPU CTUKOBOMY
3BaplOBaHHI OMJIaBJIEHHSIM;
flash upset welding — ctukoBe
3BaplOBaHHs OIJIaBJIEHHSIM

3 0Ca/PKYBaHHSAM

CTiIMKMH, CTATUHN

stable

constant — MOCTiMHUI;
stability — cTilikicTb, cTas1icTh

CTPpUIKEHDb

rod

rapsiyeKaTaHUH JOBroMipHUHN BUPIO,
AKWUWA Ma€ HOMIHaJIbHUH po3Mip

5 MM a60 6isbllle Ta 3MOTaHUU

y HellpaBWJIbHI BiJIbHI MOTKH (Ha
BigMiHy Big npyTa)

CTSDKKa, 3B’13Ka

tie rod

housingless stand have four tie rods —
6e3CTaHMHHA KJiThb Ma€ YOTUPU
CTSKKU (CTSKHI TBUHTH)

chepoigr3yBasbHUI

Biamasn

spheroidize
annealing

BU/| TEpPMiyHOI 06pPO6KHY,

1110 3BOJUTBLCS /10 HArpiBy,
BUTPHUMKH 32 TEMIIEPATYPH TPOXU
BHIIe 32 KDUTUYHY Ta MOBIJIBHOTO
OXOJIO/PKEHHS

cxXeMa

scheme

arrangment — cxemMa MexaHi3Mmy,
HIPUCTPOIO;

layout — cxema po3TauryBaHHS
06J1a/lHAaHHS;

rolling scheme — cxema
NPOKATYyBaHHs

CXOBaHMUH,
MPUXOBAHUH

hidden

hidden layer — npuxoBaHuii map
(mpomapok);
hidden unit — npuxoBaHuii eleMeHT
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T
YKpaiHCBKOI0 AHrIiICBKOIO Bu3HayeHHs, NOACHEHH, NPUK/JIa 1
TEeKy4iCTb, fluidity, yield, yield — minHHiCTE MeTay;
IJIMHHICTb flow yield stress — rpaHuls IJIMHHOCTI
MeTany
Telle warm-rolling
NpoKaTyBaHHSA process
TEeNJIOEMHICTh thermal capacity | ¢isuyHa B1acTUBICTb peYOBUHHY,
1110 BiJlo6paka€e KiJIbKiCTh TeIIa, IKe
NOTPi6HO BUTPATUTH HA HAarpiBaHHA
OJIMHUIIi Macu pe4OBUHU g
36isnbIIeHH 1 TeMIepaTypH Ha O UH
rpagyc, [bx/(kr - K)
TepMiuHa thermal TEeXHOJIOTIYHUH MPOIeC, 0 CKAaAAEThCSA
o6pobka treatment, heat |i3 cykynmHocTi onepariii HarpiBaHHs,
treatment BUTPUMYBaHHs 3a [IeBHOI TeMIepaTypH
Ta 0X0JIOJPKEHHS BUPOGiB 3 MeTaLy
abo cru1aBiB 3 METO0 3MiHHM IXHBOI
CTPYKTYpH Ta BJIaCTUBOCTEHN y 3aZJlaHOMY
HaIpsSMKY
TexXHiKa equipment, SIK CyKYIHICTh TeXHIYHUX 3ac06iB;
facilities, SIK raJly3b AisJIbHOCTI — engineering;
machinery K METO/MKa, crocio — technique,
method, procedure
TexHiuHi ymoBU | specification
THUCK pressure uniformly distributed pressure —
(Ax BesTMYMHA); yce6iYHUH piBHOMIpHUM THCK
TUCHEHHS
(ne3aBepuieHa
Jiis1, mpouec)
TJIyMayeHHs interpretation
TOBCTUH thick thickness — ToBIMHA
TOBCTHH JINCT heavy plate

Topelb end, face, butt end

TOYiHHA turning

TOYKOBE spot welding,

3BapIOBaHHA button welding

TOYHICTb accuracy,
precision

TpaBepca crossmember,
traverse
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YkpaiHcbKo10 AHrilicbKOI0 BusHauyeHHs, NOSCHEHH, IPUKJIALU
TpaBJIeHHS pickling pickling bath — TpaBusbHa BaHHA
TpuBajicTb nay3 |idle time

TpuMay, cTilika

holder, support

spindle holder — TpuMay mnuHAENBHUX
roJIOBOK

Tpyb6a tube, pipe
Tpy6ONpPOBiA pipe, pipe-line
y
YkpaiHCbKOI0 | AHIVIIFICbKOIO Bu3HayeHHs, NOSCHEeHH:, IPUKIaJN

YBIrHYTHH, concave concave barrel roll — yBiruyTa 6ouka Baska
YTHYTUH
ymop, lifting stop yHop, 1o nigHiMaeTbcs
110 MiHIMAETbCS
yCTaHOBKa plant, unit power plant — crJI0OBa yCTaHOBKa;
(3akiHueHa Aisi; installation of equipment —
PO NPUCTPIH, YCTAHOBJIIOBaHHSA 06J1aJHAaHHSA
KOMILJIEKC installation, yCTaHOB/IOBaHHA (He3akiHYeHa Jis;
MexaHi3MiB) mounting, PO HPOoIleC MOHTAXY 06./1aJHAHHS)

assembly

set-up, setting

YCTaHOBJIIOBAHHs (He3aKiHUeHa Aist;
PO PeryJaBaHHs NpUIaLy, BCTAHOBIEHHS
MPOrpaMHOro 3a6e3nev4eHHs)

directive HacTaHOBa, BKa3iBKa
ycTpilt (6yznoBa, | construction,
KOHCTPYKLis) design
yTBOpPEHHSA formation yTBOpPEHHSA
yTOMJIIOBaHIicThb, |fatigue fatigue strength — minHicTh yTOMIEHOCTI
BTOMJIEHICTb
()]
YKpaiHCbKOI0 | AHVIICHKOIO Bu3HauyeHHs, NOSACHEHH, NPUKIaAHA
¢dabpukatop |scheduler
depur ferrite TBepJ UM PO3UMH BYIJIELI0 B (-3aJ1i31
Ta 3-3asisi
dosbra foil used for wrapping candy, thickness of
0.008 mm — BUKOpPHUCTOBYETbCA AJA
06ropTaHHs LyKepoK, TOBLKHOIO Big 0,008 MM
¢dpesepyBaHHa | milling BU/| MeXaHI4YHOI 06pO6KHU 6araTo1e30BUM
IHCTPYMEHTOM
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X

YkpaiHcbKo10

AHrificbKOI0

Bu3HayeHHs, NOSICHEHHS, TPUKJIa 1

XapaKTepUuCTHUKa

characteristic

BJIACTUBICTh, 03HAKA;
volt-ampere characteristic — BoJbT-
aMIepHa XapaKTepUCTHKa

feature

puca, BiAMIHHICTb

performance

CYKYTHICTb MTOKa3HUKIB po60TH a60
byHKIiOHYBaHHS;

only perfect rolling conditions allow
excellent roll performance — Tinbku
6e3/j0raHHi YMOBH NIPOKAaTyBaHHS
JI03BOJISIIOTH (OTpUMATH) BiAMiHHI
XapaKTePHUCTHUKH BaJIKiB

XBUJISICTICTh

wavy

BU/J, 1ePEKTIB, 1110 NPOSABISAETHCS K
BIZIXWJIEHHA BiJ| IVIOLUHHOCTI, IpU
SIKOMY MeTaJIoNpoAyKLis abo ii okpemi
YAaCTUHU MalOTh BUIVIAJ, BUYKJIOCTeH
Ta YBIrHyTOCTeH, 1110 UepryIOThCs, He
nepez6adyeHux GOpMOIo TPOKATY

buckle

KPHUBOJIIHIHHO 06MeeHi XBUJIi a60
MicleBa KpUBU3HA, 1[0 YTBOPHOETHCA

B ocepefiKy Aedopmariii uepes
PO3Y3ro/>KEHHA MIXK [TONIEpeYHUM
npodiseM BXiHOTO MeTasly Ta 3a30poM,
KW YTBOPIOIOTh po60Yi BaJKK

waviness

MMOKa3HUK AKOCTI NOBEPXHI
MiKpoMacIuTaoy, 1110 3aCTOCOBYETHCS TaK
€aMo, fIK i MOKa3HUKHU MOPCTKOCTI

XOJIOAUJIBHUK

cooling bed

KOMIIJIEKC MeXaHi3MiB JJIs1 OXOJI0/PKEHHS
NpOKaTy y BUIVIAAAL Py TiB mic/s
rapA4oro NpoKaTyBaHHsA

I

YKpaiHCbKOI0

AHrIiliICBKOI0

Bu3sHauyeHH, NOSICHEHHS], NpUuKJIagu

nanda

pin, pivot,
trunnion

LIEMEHTUT

cementite

3'enHaHHA 3asi3a 3 ByrieneM — Fe,C;
annealing to granular cementite —
BiZias1 Ha 3ePHUCTUIN LIEMEHTUT —
chepoiausyBasbHUM Bifnan

1ex

shop
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9
YkpaiHcbKO10 AHrTiliICBKOI0 Bu3HayeHH, NOSCHEeHHS, IPUK/IAJN

4YaBYH castiron grey cast iron — cipuil YaByH;

cast-iron — 4aBYHHUH
yacTka (y/1aMok) | particle debris — ynamok

debris

YUCTOBUH finishing finishing train — yucroBa rpyna
YOPHOBUH roughing roughing train — yopHoBa rpyna
yoTupuBasikoBa |four-high stand

KJIITh (KBapTO)

11
YkpaiHcbKo10 AHmIilicCbKOIO Bu3HauyeHHs, NOSICHEHH, IPUKJIAJU
marnba washer eJIeMeHT pi3b60BOr0 3’€/THAHHS,
HalnpukJIaj, NigKaIazKa nifJ ramky
mapHip hinge
HIBeJiep channel
HIBU/KICTD velocity BEKTOP
speed CKaJIsIp
rate XapaKTepUCTUKa
IIeBPOHHE herringbone
3a4enJeHHs gearing, shevron
uiecTepeHHa pinion stand, CKJIa/I0Ba I'0JIOBHOI JIiHiI NPOKAaTHOTO
KJIiTh gearwheel cage CTaHy, IpU3HaveHa /il po3Mo/iJIeHHsA
KPYTHOTO MOMEHTY MiXK BaJIKaMU
LIECTUBAJIKOBA six-high stand
KJIITh
IeCTUKYTHUK hexagon BU/I IPOKATY 3 MECTUKYTHOIO GOPMOI0
NONepeyHoro nepepisy
ecTipHs pinion
muiika (Baska neck KOHCTPYKTHBHHUI eJleMeHT BaJiKa
POKaTHOI'O NPOKATHOI'O CTaHy, MIPU3HAYEeHUH 15
CTaHy) poO3MillleHHS NiJIUIUITHUKIB
mTipyBaHHSA grinding BU/I MeXaHi4HOI 06p0o6KH a6pa3uBHUM
IHCTPYMEHTOM
LLTILbOBUM slitted, splined
LIOPCTKICTh surface roughness
MOBEpXHI

132




English for metal forming engineering and research in metallurgy and material science

YkpaiHcbKo10 AHIIiHICBKOIO BusHauyeHHs, NOSICHEHH, IPUKJIALU
unaJsa sleeper cneniaJbHUN MPoQiab NPOKATY JJis
3aJ1i3HUIL
LWIUH/ENb spindle CKJIaZl0Ba rOJIOBHOI JIiHII IPOKAaTHOTO
CTaHy, IpU3Ha4YeHa JiJisd nepejadi
KPYTHOTO MOMEHTY BiJ LleCTepeHHOl
KJIITI 10 BaJIKiB, BiZICTaHb MK IKUMU
3MiHIOETbCA
INYHTOBI masti sheet piling
mra6a strip IJIOCKUH BUPI6, IKWI 6Ge3nocepeiHbo
Mic/I1 0OCTaTOYHOTO IPOKATYBaHHS,
a60 micJiAg TpaBJeHHS YU TPHUBAJIOTO
Bi/ila/Il0BaHHS 3MOTAHUH y PYJIOH
narrow strip By3bKa IITaba
mrabesb stack
HITOBXa4 pusher
A
YkpaiHCbKOI0 | AHIVIIFICBKOIO Bu3HauyeHHs, NOSICHEHHA, IPUKJIAJHU
A3UK uneven end fedekT mpokaTy y BUIIA/] HepiBHUX
horns TOPLB, 1[0 YTBOPIOETHCS Yepe3 HEOAHAKOBE
BU/IOBXXE€HHS MeTaJly 10 LIMPHHI pO3KaTy
AKICTb quality quality capability — 3paTHicTh 3a6e3neyuTn
AKICTh NPOAYKLII;
quality performance — nMokasHUK sIKOCTi;
quality rating — onjiHka sikocTi
AMAYHUI box box grooves — sALMYHUN KaJIi6p
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APPENDIX A

Table A.1 — Mathematical symbols [1]

Symbol Example Meaning in full
3.14 thee point one four
+ a+b aplusb
- c-d ¢ minus d
= T=24 T equals twenty four
x 3x10 three multiplied by ten / three times ten
: 16:8 sixteen divided by eight
% 10% ten per cent
° 20° twenty degrees
> >10 greater than ten
< <20 less than twenty
< <12 less than or equals to twelve
> 230 greater than or equals to thirty
vV V16 the square root of sixteen
n? 103 ten to the power of three
{} curly brackets
[] square brackets
) round brackets
e AooB A is proportional to B

Table A.2 — Conventional metric units

Name Multiplication Symbol
nano 10°° n
micro 10 o
milli 1073 m
kilo 10° k
mega 10°¢ M
giga 10° G
tera 1012 T
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APPENDIX B

METAL FORMING GENERAL TERMINOLOGY

Table B.1 — Common terms and their definitions [1]

Component

Function

manufacturing process in which a piece of (usually hot) metal

forging is formed into the desired shape by hammering, pressing in one
or more forging equipment
metal shaping process in which a billet is repeatedly passed
rolling between hard rolls to get a desired shape, thickness, and surface
finish
manufacturing process in which a billet is forced through
extrusion a shaped metal piece or die to produce a continuous ribbon
of the formed product
process of pulling a metal bar, rod, or wire through the hole
drawing of a die to alter its finish, shape, size, and/or mechanical
properties
load (force) per unit area that tends to deform the body on which
stress it acts; compressive stress tends to squeeze a body, tensile stress
to stretch (extend) it, and shear stress to cut it
strain measure of the extent to which a body deforms under stress
. characteristics that indicate the elastic or plastic behavior of
mechanical : : .
roperties a material under pressure (force), such as bending, brittleness,
prop elongation, hardness, and tensile strength
tensile resistance to elongation, the maximum longitudinal stress
strength a material can bear with fracture or permanent deformation
yield load at which a material deforms permanently without increase
strength in the load
tangible property (other than land or buildings) that is used
equipment |in the operations of a business; examples of equipment include
rolling mills, machines
an item or implement used for a specific purpose; a tool can be
tool a physical object such as mechanical tools including mill rolls and

hammers
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Table C.1 — SI* units for metal forming [1]

APPENDIX C

Name Unit Symbol
time second S
length metre m
mass kilogram kg
force newton N
pressure, stress pascal Pa
energy, work joule ]
power watt w
temperature degree Celsius °C
speed, velocity metre per second m/s
angular velocity radian per second rad/s
area square metre m?
volume cubic metre m?
moment of force newton metre N-m
density kilogram per cubic metre kg/m?
moment of inertia kilogram square metre kg-m?
* §SI — International System of Units [57, 58]
Table C.2 — Structural sections [1]
Symbol Meaning
| Universal beam (UB) an I-section with a depth greater than its width
L Rolled steel angle (RSA) an L-section
T Structural tee a T-section
0 Circular hollow section (CHS) a circular tube
[ Rolled steel channel (RSC) a C-section
IL[L, n Roll-formed U-channel
g i Rectangular hollow section (RHS)
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