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PREFACE

The present study quide is intended for students of a specialty
7.030507 “Translation”, and also for students of other specialties studying
technical disciplines in English. The laboratory works, submitted in the
textbook, cover the basic sections of the discipline “Material Science and
Technology of Structural Materials”: material science of steels and cast
irons, ferrous and nonferrous metallurgy, foundry practice, metal forming,
welding, machining of workpieces. The English — Russian — Ukrainian
Dictionary is presented in the study quide.

The description of laboratory works can be divided into two parts.
In the first part the brief theoretical data necessary for preparation for
independent performance of a laboratory work are given; in the second one
methodical instructions on performance of works and drawing up of written
reports are presented.

With the purpose of more complete mastering of the discipline and
acquisition of practical skills, elements of primitive research are
incorporated in the majority of laboratory works. Thus an academic group
is divided into 5...6 subgroups, and each of them receives an individual
task. Results of calculations and the tests, obtained by each subgroup, are
generalized as a graph or a table being analyzed by the whole group and
recorder down in wriiten reports.

Students have to be instructed on the safety precautions at the
beginning of each laboratory work. With the aim of time savings the
monitoring of students’ knowledge is carried out by means of tickets with
special tests or by automated facilities.



1 INVESTIGATION OF STRUCTURE AND
MECHANICAL PROPERTIES OF METALS AND
ALLOYS

1.1. INVESTIGATION OF MACRO- AND MICROSTRUCTURE OF
ALLOYS

Purpose of the work: to acquire skills at macrostructural analysis of
ferrous and non-ferrous alloys, both on fractures and special macroetched
sections; to study the microstructure of hypoeutectoid, eutectoid and
hypereutectoid carbon steels, grey, malleable and nodular cast irons; to
investigate the influence of graphite inclusions’ shape on mechanical
properties of cast iron.

Theory. Crystal is formed during the solidification process in castings
and ingots may be of various shapes, arrangement and orientation primarily
because of cooling nonuniformity. Due to the selective crystallization
detrimental impurities (sulphur, phosphorus, etc) are displaced to the grain
boundaries. This process is usually called the dendrite liquation. In case of
protracted crystallization impurities with low density migrate into the upper
part of the ingot. Thus, so-called zone liquation is developed. Liquid metal
has a higher unit volume than a solid one and does not solidify
simultaneously throughout the ingot. Therefore, a cavity, called a pipe, is
formed in the part of the ingot that freezes last. Shrinkage porosity is also
the result of the nonuniform volume decrease. Besides, blowholes and gas
porosity are formed in consequence of the decreasing gas abilities to be
dissolved in solid metal in comparison with the molten one. Further
treatment of metal products: hot and cold working, welding, heat-treatment
or chemical heat-treatment, — also influences greatly upon metal structure
and, correspondently, its mechanical and service properties. Thus, macro-
and microstructural analysis is considered to be among the main quality
control methods in metallurgy and machine-industry. Macrostructure is the
constitution of a metal or an alloy investigated by the naked eyes (visually)
or by low-power magnification (not more than 50x). Macrostructural
analysis is employed to disclose surface defects (cracks, porosity,
inclusions). It also enables a general picture of the crystalline structure of a
metal to be obtained for the large volumes. It may be performed either by
external examination and control or on special macroetched sections
(specimens, cut of large billets or parts, ground on one surface and then
etched with special reagents), called templets. The visual inspection can



disclose surface cracks, gas and shrinkage porosity, slag inclusions and
other defects. Fracture examination gives an idea of fracture pattern. Brittle
materials are characterized by crystalline fracture. In this case fragments of
cleavage plains with specific luster occur on fracture surfaces. Brittle
fracture, in turn, is divided into intercrystalline (crack passes trough the
grain body) and interfacial (crack travels along the grain boundaries)
fracture. Investigating brittle fracture it's possible to make a general
conclusion concerning the grain size and shape. Another type of fracture is
the tough one (the result of a tough failure). It is usually characterized by
fiber (fibrous) fracture surface. Because of the significant strain it is almost
impossible to assess the grain size and shape on such fracture.

One can frequently come across intermediate fracture when brittle and
tough regions are mixed up on the same fracture.

Fatigue fracture is typical to the parts and components exposed to
alternate repeated load (shafts, axles, gears, etc). It consists of the crack
initiation zone, the slow fracture propagation zone and the ruptured zone.

Special macroetched sections are prepared for the internal structural
analysis and disclosing internal defects. They are etched with special
reagents (etchants). The action of these etchants is based on their ability to
dissolve and colour differently various structural components of an alloy.
Examination of a macroetched section enables to assess the shape, size and
arrangement of crystals in "as cast" structure; the direction of grain flow
lines (deformed crystallites in, for instance, smith of closed-die forgings
(Fig. 1.1), chilled zone in cast iron and hardened layer in steel; chemical
nonhomogeneity of an alloy caused by solidification process or resulting
from heat-treatment or chemical heat-treatment; shrinkage porosity,
blowholes, cracks etc.

Carbon, phosphorus and sulphur are the most nonhomogeneously
distributed elements in steels. To reveal the distribution of sulphur in steel
the Baumann's method is commonly used. A sheet of glossy bromide
photographic paper, wetted in a 5% aqueous solution of sulphuric acid, is
applied to the section. As a result of the reaction between sulphurous
compounds on the steel surface and sulphuric acid the hydrogen sulphide is
obtained:

FeS(MnS) + H,SO,= Fe(Mn)SO, + H,S
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Fig. 1.1. Macrostructure of a steel: a — “as cast”; b — forged; ¢ — rolled

The hydrogen sulphide reacts with the silver bromide of the
photographic emultions:

H,S + 2AgBr = Ag, S + 2HBr

After being fixed with hyposulphite, the paper will darken in sulphur-
rich areas owing to the formation of silver sulphide (Fig. 1.2).

Fig. 1.2. Chemical nonhomogeneity (liquation) of sulphur in steel

Microstructural analysis (micrography) is the investigation of metal
structure with an optical metallurgical microscope in which a specimen is
observed in reflected light and magnification ranges from 50X to 2000X.
The electron microscope with magnification up to 1000000X and over is
also extensively used to study the structure of metals. Microscopic
structural analysis enables the number, size, shape of the grains to be
determined, as well as the arrangement and mutual ratio of phases that



make up the alloy. It also makes possible to detect very fine defects (flows)
in the metal (nonmetallic inclusions, microcracks, etc).

To conduct a microscopic investigations a microsection of the metal to
be analyzed is prepared. At first the microsection is investigated without
preliminary etching to reveal porosity, microcracks, nonmetallic and
graphite inclusions.

Microstructure of a metal is revealed by etching the specimen
(microsection). The most commonly used etchant is an alcoholic solution of
nitric acid (5 ml HNO; per 100 ml of alcohol). The etchant causes selective
dissolution of grains and their boundary regions in homogeneous alloys, as
well as metallic or other phases in heterogeneous alloys. The main
structural components of the iron-carbon alloys are following: ferrite,
austenite, cementite, ledeburite and graphite (Fig. 1.3, 1.4, 1.5).
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Fig.1.3. Microstructure of a steel: a — ferrite, 100x; b — ferrite +
pearlite, 1000x; ¢ — pearlite, 500x; d — pearlite + cementite (white), 1000x;
e — austenite, 100x

The solid solution of carbon in alpha-iron is called ferrite. Depending
upon the temperature the carbon content in ferrite ranges from 0.006% at
room temperature to 0.02% at 727°C. It possesses high plasticity and rather
low hardness (HB 800...1000 MPa).

Austenite is the carbon solid solution in gamma-iron. It contains 0.8%
of carbon at 727°C and 2.14% at 1147°C. Austenite has rather high
plasticity and hardness (HB 1700...2200 MPa).



Fig. 1.4. Microstructure of chilled cast irons: a — hypoeutectic: pearlite
(dark) + ledeburite; b — eutectic: ledeburite; ¢ — hypereutectic: ledeburite +
cementite (white). 100x

Fig. 1.5. Graphite in cast irons: a — lamellar, b — flaky, ¢ — vermicular,
d — speroidal (globular); structure of grey (e) and high strength (f) cast
irons. 100x

Iron and carbon also form a chemical compound, iron carbide Fe;C,
which has been named cementite. It is characterized by low plasticity and
high hardness (HB 7000...8000 MPa).

Pearlite is a mechanical (phase) mixture (euctectoid). It is obtained by
simultaneous precipitation of ferrite and cementite particles from the
austenite. Perlite contains 0.8% of carbon and possesses hardness number
of HB 1600...2000 MPa.
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Ledeburite (eutectic) is a mechanical (phase) mixture formed in either
austenite and cementite simultaneous precipitation from the liquid metal at
the temperature range from 727 to 1147°C, or pearlite and cementite
simultaneous precipitation at the temperature below 727°C. It contains
4.3% of carbon and is known to be the main structural component of white
(chilled) cast iron. The hardness of this mixture is approximately HB 6000
MPa at room temperature.

Graphite is a free carbon possessed low plasticity and tensile strength.
The typical feature of grey cast iron is that in its structure the graphite is in
the form of lammelas. Grey cast iron has been named so because its
fracture appearance is dark grey or almost black. In malleable cast iron the
graphite separates out in form of flakes (called temper graphite). The
graphite in microstructure of high-strength (nodular) cast iron is of globular
(spheroidal, nodular) shape. In the recent time vermicular graphite cast iron
(intermediate form between lamellar and globular graphite) has been
widely applied in industry (Fig. 1.5). The graphite inclusions may be
regarded as internal notches which violate the continuity of the metal. Thus,
they reduce the resistance to fracture, the tensile strength and, especially,
the plasticity of the cast iron. Average mechanical properties of the steel
45]J1 with ferrite-pearlite structure and cast iron with the same structure but
different types of graphite inclusions are represented in the table 1.1. From
the table it's possible to make the inference that globular graphite provides
the highest cast iron mechanical properties to be obtained.

1.1. Comparative properties of steel grade 45J1 and cast irons

. . Percent
Alloy Sha|_oe of graphlte Tensile elongation,

inclusions strength, MPa %
Steel, grade 45J1 — 620 15
Nodular (high
strength) cast iron Globular 550 12
Malleable cast iron Flaky 400 10
Verm.lcular . Vermicular 250 1.5
graphite cast iron
Grey cast iron Lamellar 150 0.2
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Equipment, materials and pictorial means

Optical metallurgical microscope 5.6
Templets with pipe, porosity, cracks and other defects 1...2 (with
the each defect)
Specimens with fatigue, tough and brittle fractures 2 (of the
each type)
Macrosections after cold or hot working 3.4

Macroetched sections of steels

(grades 10, 25, 45, V7, Y10, V13),

chilled, malleable and grey cast irons 1.2 (of
the each alloy)

Macro- and microstructures of steels

and cast irons (photographs) 1.2 (of
the each alloy)

The work must be executed as follows. Investigate surface defects on
parts and specimens, external appearance of various fractures and become
skilful at their classification. Examine templets of cast steel and steel after
cold or hot working; defects in metals, disclosed by means of
microanalysis.

Develop skills in distinguishing the components that constitute steel
and cast iron structure. Analyse the influence of carbon on quantity and
mutual ratio of structural components in steel. Estimate the graphite shape
parameter (index) — ratio of the maximal dimension of graphite inclusions
to the minimal one, — in grey, malleable and nodular cast irons. Plot the
graph of the tensile strength and the relative elongation as a function of the
graphite shape parameter (apply the data from the table 1.1). Make a
conclusion how the shape of graphite inclusions influences the cast iron
strength and plasticity.

Contents of the report. Characterize briefly fatigue, intermediate,
tough and brittle fractures, as well as steels’ microstructure; exhibit
microstructures of hypoeutectoid, eutectoid and hypereutectoid steels, grey,
malleable and nodular cast irons (scketches). Make brief inference about
carbon effect on the mutual ratio of structural components in steel and the
influence of graphite shape on strength and plasticity of cast iron.
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1.2 DETERMINATION OF STRENGTH AND PLASTICITY OF
ALLOYS

Purpose of the work: to develop practical skills at tensile strength test
technique; to study the determination of strength and plasticity indices by
means of stress-strain diagrams and by measurement of specimens; to plot
graphic dependences of tensile strength and plasticity upon carbon content
in steel and analyze them.

Theory. Strength is the resistance of a material to deformation and
failure. Plasticity is its ability to withstand a permanent deformation
(remaining after the removal of the deforming load) without failure.

Tension tests determine the strength properties; proportional limit,
yield point (physical or conventional), ultimate or tensile strength and true
strength, as well as the plasticity (ductility) indices: percent or relative
elongation and reduction in area.

Tension tests are conducted on standard specimens mainly of round or
square cross section with the initial gage length I, of 50 mm and 10 mm in
diameter (Fig. 1.6a). It is possible to use specimens of other dimensions.
Shape and dimentions of the specimens are determined by GOST 1497-84.

Testing machines have an instrument that records the stress-strain
diagram, i.e. the change in length of a specimen versus the applied load
(Fig. 1.6b). Characteristic points are obtained from the stress-strain
diagram, that enable to determine indices of mechanical properties. At the
beginning of the test the elongation is proportional to the applied load (the
portion from the point 0 to the point A). The law of proportionality is valid
up to a certain load that corresponds to the point A. The stress calculated
for this load is called the proportional limit:

op = Pp/Fo, MPa

where P, is ultimate load the law of proportionality is valid up to;

Fo is initial cross-sectional area of the specimen.

When the load exceeds the proportional Ilimit the law of
proportionality is violated. But the strain still remains elastic, i.e. strain that
disappears when the load is removed. The elastic limit is frequently defined
as the stress at which the residual strain reaches a certain value, such as
0.005% of the initial length of the specimen. This limit is obtained at the
point B of the diagram that corresponds to the load P,. The elastic limit is
calculated for this load on the basis of the initial cross-sectional area of the
specimen:

c. = PJ/Fo, MPa
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At an increase in load above P, the relationship between the load and
the elongation deviates and will no longer be linear. The straight line of the
diagram becomes a curve and, at a certain load, a horizontal step is
sometimes observed. This step (portion CD) indicates that the metal is
elongated (yields) without any increase in the load. The stress
corresponding to the load Py (point C) is called the yield point (physical):

o, = P,/Fy, MPa

The most materials (especially brittle) do not have a clear-cut yield
step. For such diagrams the conventional yield point is defined as the stress
at which the specimen acquires a permanent elongation equal to 0.2% of
the initial gage length (Fig. 1.6¢). It is denoted by g ,:

Co2 = Po_z/Fo, MPa

The stress corresponding to the maximal load preceding failure of the
specimen (point E) is called the ultimate strength or tensile strength:
o, = Py/Fo, MPa

gl

]
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a b c
Fig. 1.6. Specimen for tests (a); stress-strain diagram obtained after
tension test on a ductile metal (b); principle of a conventional yield point
determination (c)

Load decrease after the point D relates to localized reduction of the
cross-sectional area, called necking, appeared on specimens of ductile
materials. The load drops (portion EF), but the stress increases. The true or
instantaneous stress Sz is found by division the load at the failure instant P
by the cross-sectional area of the specimen at the same instant F:

St = PdF., MPa
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According to the measurements of the specimens before and after tests
plasticity (ductility) indices are determined. The percent elongation is
defined as the following ratio:

0= (Il - lo)lOO/Io, %,

where o is initial gage length, mm;
I, is gage length of the speciment after fracture, mm.
The reduction in area o is determined by the formula:
¢=(Fo—F) 100/ Fy, %,

where Fy and F; are the initial cross-sectional area and the cross
sectional area of the specimen after fracture, correspondently.

Equipment, instrument and materials

Testing machine with the capacity exceeding 100000 N 1
Jig (device) for marking out the specimens 6
Dimension gauge with the least division of

0.05 mm and the upper limit of the range run to 125 mm 6
Micrometer with the limits of the range 0...25 mm 6

Specimens for tensile strength tests of normalized steels,
grades 10, 25, 45, Y7, V10, V13 2...3
(of the each grade)

The work must be executed as follows. Study the design of testing
machine and the principle it works by. Make acquaintance with safety
precautions. Mark-out and measure the specimens. Test the specimens,
conduct measurements both on the specimens and on the diagram and fill
the results in the form (Table 1.2). Calculate the indices of the mechanical
properties and average them for the each steel grade. Plot the graph of a
relationship between carbon content in steel and its mechanical properties.
Make a conclusion about the influence of carbon on strength and plasticity
indices.

Contents of the report. Plot the stress-strain diagram; sketch the
specimens before and after tests showing their dimensions; present the
calculating formulas and calculation procedure of the mechanical
properties, table with the results of calculations and plot the graph of
mechanical properties as a function of carbon content in steel.
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1.2. The testing form
Dimensions of the

Mechanical properties

specimen, mm Load, N
before test after test op Joe oy lou | St [8] 0
lp | do Fo |l | di | Fy | Py | Pe | Py | Py| Ps MPa %

1.3 DETERMINATION OF HARDNESS OF METALS AND ALLOYS

Purpose of the work: to develop practical skills at Brinell, Vickers and
Rockwell hardness determination; to analyze the relationship between
normalized steel hardness and its tensile strength; to investigate the carbon
content influence on steel hardness.

Theory. Hardness is the property of external layers of a material to
resist plastic deformation (less frequently, brittle fracture) upon penetration
from side of harder body called an "indentor". Indentor, however, has to
remain without residual strain. In many cases a definite relationship exists
between the hardness of a metal and its mechanical, service and
technological properties (yield point or tensile strength, wear resistance,
machinability, workability, etc). Therefore hardness determination tests
have found exceptionally wide application in the quality control of metals
and metal components. The main standard hardness determination methods
are following: Brinell, Vickers (diamond pyramid) and Rockwell hardness
tests. The testing conditions for these methods are regulated by GOST
9012-59, GOST 2999-75, GOST 9013-59 correspondently.

The principle of the Brinell hardness test is shown in Fig. 1.7 a. This
method consists in forcing the hardened steel ball 2.5, 5 or 10 mm in
diameter D at a constant load P into a flat surface of a metal. When the load
is removed, an impression (indentation) remains on the surface of the
metal. Its diameter d is measured by optical magnifying device with a scale
marked every 0.05 mm. The Brinell hardness number (HB) is the ratio of
the load, applied to the ball in the test P (N), to the surface area of the
impression obtained, F (m?):

HB = P/F = 2P[rD(D - vD?* —d?)].

Special standard table is used in practice to avoid the prolonged
calculations. The diameter of the impression is measured and is used to find
the HB number directly from the table. The ball diameter (2.5, 5 or 10
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mm), the load P (from 156 to 30000 N) and the pressure holding (10, 30 or
60 sec) are selected to suit the expected hardness and the thickness of the
test specimen (Table 1.3).

The simplicity of the test and the accuracy of measurements are among
the advantages of the method. Besides, the definite relationships in the form
of o, = kHB are known for several ductile alloys. The k is the coefficient
equal to 0.35 for steel and duralumin; 0.55 — for copper and its alloys after
annealing; 0.4 — for copper and its alloys after strain-hardening.

Nevertheless, it is not recommended to employ the Brinell tests for
metals of a hardness exceeding HB 4500 MPa as the ball may be deformed,
thereby introducing errors into the test results. It is also impossible to
testify thin components (with the thickness less than 2...3 mm) and thin
surface layers (less than 1 mm). Sometimes the impression of 2...6 mm in
diameter may be regarded as a demerit of the method.
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Fig. 1.7. Principle of hardness tests: a — Brinell test; b — diamond
pyramid (Vickers) test; ¢ — Rockwell test

Vickers (diamond pyramid) method enables to avoid the drawbacks
mentioned above. It consists in forcing a square-based diamond pyramid
(with an angle of 136 degrees between opposite faces) into ground, or even
polished, surface being tested (Fig. 1.7b). The Vickers hardness number
(HV) is the ratio of the load P (N) applied to the diamond pyramid to the
area of the permanent indentation F:

HV =2Psin(a./2)/d* =1.8544P/d?,

where d — arithmetic average of the two diagonals of the indentation
after removing of the load. The average diagonal d is usually converted to
the Vickers hardness number by the use of tables supplied with a testing
machine.



The applied load changes to suit the thickness of a specimen or
surface layers and their hardness. The load may be equal to 10, 20, 50, 100,
200, 300, 500, 1000 N. Such variety of loads as well as the extreme
hardness of the diamond pyramid enables to determine a hardness of almost
any material. It is possible to measure the Vickers hardness on specimens
with the minimal total thickness of 0.03...0.05 mm.

1.3. Table for selection of the Brinell hardness test parameters

Brinell Minimal Diamete |Ratio Time
hardness  |thickness |r of the|between Load pres-
number of the|ball, the load sure
Allo |range, MPa [specimen, |mm P, kof, hol-
y mm and the ding,
ball kgf N [sec
diameter,
mm
From6to 3| 10.0 3000 | 29430
Fer- [1400...1500 [From4to 2| 5.0 P=30D* | 750 | 7357 | 10
rous <2 2.5 187.5 | 1839
alloy >6 10.0 1000 | 9810
S <1400 |From6to3| 5.0 P=10D% | 250 | 2452 | 10
<3 2.5 62.5 | 613
From6to 3| 10.0 3000 | 29430
>1300 |From4to2| 5.0 P=30D? | 750 | 7357 | 30
Non <2 2.5 187.5 | 1839
ferro From9to 6| 10.0 1000 | 9810
us 350...1300 [From6to 3| 5.0 P=10D* | 250 | 2452 | 30
alloy <3 2.5 62.5 | 613
S >6 10.0 250 | 2452 | 60
80...350 |From6to3| 5.0 P=2.5D% | 62.5 | 613
<3 2.5 15.6 | 153

According to the GOST 9012-59 and GOST 2999-75 hardness
obtained by Brinell and Vickers methods have the same dimensions and
coincide (approximately) for materials with hardness up to about 4500
MPa. They are denoted as follows: HB 230, HV 200 if the measurements
are conducted in kgf/mmz, and HB 2300 MPa, HV 2000 MPa if the
measurements are conducted in MPa.
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In Rockwell test the hardness is determined by the depth of an
indentation remained after the removal of a load. The indentor or penetrator
is a diamond cone (called a brale) with an apex angle of 120 degrees and
radius of 0.2 mm, or a hardened steel ball 1.588 mm in diameter. The brale
or ball are indented by two consecutive loads: the minor (preliminary load
P, equal to 100 N and the main (additional) load P, (Fig. 1.7c). The sum of
the mentioned loads represents the total load P, which is chosen in
accordance with the type of indentor and expected hardness (Table 1.4).

1.4. The Rockwell test conditions

Permissible
Expected Vickers Rockwell
hardness, MPa Scale Indentor type Load, N hardness

number ranges
6000...2400 B | Hardened steel ball 1000 25...100

2400...9000 C Diamond cone 1500 20...67
3900...9000 A The same 600 70...85

The hardness number is read directly on the dial of an instrument.
Rockwell hardness is determined in conventional units. If the brale is
employed, with the total loads of 1500,or 600 N, the hardness number is
read on the black scale of the instrument and is denoted by HRC and HRA
correspondently. The Rockwell hardness number is conventionally
calculated by the formula:

HRC(HRA)=100-¢
where e is found by the formula:

e=(h, —h,)/0.002

ho is depth of penetration of the indentor when preliminary P is
applied, mm;

h, is depth of penetration of the indentor due to the total load P, mm.

When the hardened steel ball is employed, the hardness number is
depicted on the red scale shifted (displaced) from the initial point of the
black one by 30 units. The formula, therefore modifies:

HRB =130—-¢
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Thus, in a Rockwell test the hardness is determined by the depth of the
indentation (after application of the two consecutive loads Py and P,), but
not by its diameter or diagonals. The indicator's pointer marks not the
depth, but the value of (100-e) on the black scale and (130-e) on the red
one. It is necessary to take into account that Rockwell hardness numbers
determined by different scales do not coincide. Scales A and C are used for
testing rather hard materials and scale B for softer ones. The specimen
thickness for Rockwell tests has to exceed 0.5...1 mm (8 depths of an
indentation).

The correspondence between hardness numbers determined by
different methods is shown in Fig. 1.8. The Vickers hardness scale is
recognized to be the basic standard for comparison in this case.

600 HRC.  HRA

800

600

5001450
400| %0

=
(*)

3001300
2001200
100400

()

AN

Fig.1.8. Relationship between hardness numbers determined by
different methods.

Equipment, instrument, materials
Brinell, Vickers and Rockwell hardness testing machines;
Specimens - 15x50x100 mm of steels, grades 10, 25,
45,7, Y10, Y13 after normalizing, grades Y10 and
V13 after hardening and low-temperature tempering;
srecimens of copper, aluminium, brass and bronze.

The work must be executed as follows. Study the design and working

principle of Brinell, Vickers and Rockwell hardness testing machines.
Make acquaintance with safety precautions. Master the test technique.
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Determine the hardness number of the materials (each subgroup
investigates 1...2 alloys according to the task). Compare the hardness
numbers determined by Brinell and Vickers methods for the steels after
normalizing. Calculate the tensile strength for carbon steels from the
dependences between hardness and strength. Compare the calculated data
with the experimental one, obtained during the 1.2 work execution.

Plot the graphical dependences of normalized steel hardness upon
carbon content using the tables.

Establish a relationship between the tensile strength and the hardness
for carbon steel. Compare the coefficient value known from literature and
obtained experimentally.

Contents of the report. The report must contain the following: the
calculating formulas for hardness number determination by 3 methods; the
hardness numbers of investigated alloys; the calculating procedure for
tensile strength determination as a function of Brinell hardness number;
graph of the dependence between hardness and carbon content in steel.

1.4 DETERMINATION OF IMPACT STRENGTH OF METALS

Purpose of the work: to study the design and operation of a
pendulum-type impact testing machine; to master the impact strength
determination technique; to investigate the influence of carbon content on
strain (reduction in area) of impact specimens and impact strength of
carbon steel.

Theory. Many parts and structures in normal operational conditions
undergo impact loading that promotes brittle fracture. Susceptibility to
brittle fracture is enhanced by increase in loading rate and grain size,
decrease in temperature, and presence of notches. Chemical content also
influences the impact strength: it is reduced with the increase in content of
carbon and detrimental impurities, such as sulphur, phosphorus, hydrogen,
nitrogen and oxygen. Static tests do not reveal the resistance of materials to
brittle fracture. Therefore the dynamic tests are used.

The dynamic impact bending tests (GOST 9454-78) are the most wide
spread. They are of the most severe type and promote brittle fracture.
Notched-bar test specimens are commonly used in these tests. The impact
strength KC is determined as a ratio of the work required to fracture the
specimen to its cross-sectional area and, hence, represents the specific work
required to fracture. The area is gauged (at the notched section before
fracture (specimens of brittle materials do not require notches). The impact
strength is normally denoted (signed) in accordance with the form of the
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notch (U-notched specimen with the notch radius of 1 mm; V-notched, with
the radius of 0.25 mm (Charpy) and crack-notched): KCU, KCV and KCT
correspondently. The work required to fracture decreases with the decrease
in notch radius.

The initial angle through which the pendulum of mass P (Fig. 1.9) is
raised corresponds to the potential energy level of PH. After the test
(impact) and fracturing of the specimen the pendulum raises up to the
height of h and possesses the energy level Ph. The work required to fracture
is equal to the loss of potential energy:

K=PH —Ph, or
K =Pt (cosa, —cosa.,) ,
where t is length of the pendulum, m;

oy is angle to which the pendulum is raised before the impact;
o, is angle to which the pendulum raises after fracturing the specimen.

Fig. 1.9. Pendulum-type impact testing machine (a); notched-bar test
specimen (b); principle of the impact test (c)

The initial angle oy is a constant value and the angle o, is measured on
a dial gage of the machine. Special tables are available for determining the
work K, J. These tables list the work of impact for each value of the angle
o . Next, the impact strength may be found by the formulas
KC = K/F,
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where F is the cross-sectional area of the specimen at the notch before
fracture (normally 80 mm?).

The impact strength mainly depends on work consumed in deforming
the specimen before rupture, i.e. on plasticity of a material. Reduction in
width of the specimen after fracture may be regarded as one of the
plasticity characteristics. According to this index the reduction in area of
the specimen may be determined as follows:

v =(b,-b,)-100%!/b,
where b, and by, is width of the specimen before and after the test
correspondently, mm.

Equipment, instrument and materials

Pendulum-type testing machine 1
Dimension gauge 6
Specimen set device 1
U-notched specimens of steels, grades 10, 25, 45,

V7, Y10, Y13 after normalizing 3 (of the

each grade)

The work must be executed as follows. Make acquaintance with safety
precautions for the impact tests. Study design and operation of the
pendulum-type impact-testing machine. Gauge the specimens, test them,
determine the impact strength and reduction in area for each steel grade,
and fill the results in the form (Table 1.5). Plot the graphical of
dependences between impact strength and carbon content in steel and also
between impact strength and reduction in the area.

Make a conclusion about the influence of carbon content and plasticity
on impact fracture resistance of steel.

Contents of the report. Depict the sketch of the impact specimen; the
principal testing scheme; testing form; graphical dependences between the
impact strength and such characteristics of a material as carbon content and
reduction in area of specimens. Make inference about carbon content
influence on impact strength and plasticity and characterize the dependence
between impact strength (toughness) and plasticity in accordance with the
data obtained.
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1.5. The form for impact strength tests

Steel
grade

Number of
the
specimen

Dimensions of the

specimen , mm
F,
by | by | h mm?

A,

deg

2,

deg

KCU,
Jim?

v,
%
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2 METALLURGY

2.1 MANUFACTURE OF PRODUCTS BY POWDER
METALLURGY PROCESS

Purpose of the work. To make acquaintance with powder metallurgy
process; to get experience in burden calculation procedure and in assessing
the molding pressure required.

Theory. Powder metallurgy is known to be a field of engineering that
covers such processes as powder (of metals, chemical compounds or
ceramics) production and molding the articles of the mentioned powders
without melting those. A powder metallurgy process comprises the
following stages: powder production and sorting, a hecessary mixture of the
powders (burden) preparation, molding of a powder article, sintering that
renders an article proper strength and finishing (impregnation, machining,
sizing, etc).

The main advantage of a powder metallurgy process is considered to
be the manufacture of materials that are impossible to produce by any other
method: porous articles (filters); self — lubricating bearings (porous metal
base impregnated with mineral oil, sulphur, sulphides and other
substances); metal-ceramic composites (bronze-graphite, for instance);
wear- and heat-resistant materials of high-melting carbides, nitrides,
borides, silicides, phosphides; materials with specified electrical, magnetic
and other properties.

Conventional manufacture processes in industry are inseparately
linked with the significant losses of metal: 15...25% during riser and
bottom ingot parts removal (2...5% in case of continuous pouring); 2...5%
while rolling and forging as a result of oxidation, cutting, dimension
defects; 20...50% during machining. Powder metallurgy process provides
the total loss value not exceeding 3...5%. Therefore, it is available to
employ powder metallurgy methods, besides mentioned cases, also in mass
production of simple articles such as washers, spacers, levers, gears,
bushings etc. Flash absence and machining exception gives the main
contribution to substantial saving in starting materials and expenses. It has
been estimated that 1000 tons of iron powder articles facilitate saving in
rolled products or castings of 2000...2500 tons, enables up to 80 units of
machining equipment and approximately 200 skilled workers to be
available for another occupation.
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The most commonly used process is the cold molding (Fig. 2.1) with

one-sided or double-sided pressing. One can also enumerate other powder
molding methods: extrusion, rolling and hydraulic press molding.

Properties of powder articles are primarily determined by their

porosity PR (percentage of pors in total article volume) and density y,.
Certain relationship exists between the mentioned values:

PR =(1—-1v./7s)-100%,
where v, is density of an article after sintering, g/cm® ;
vs is density of an article without pors, g/cm®.
Density of mixtures is usually determined by the additive rule:

Y =@y, +a,7, +a,7, +...,7,)/100%

where y1, 2, v3. . Ya IS density of separate mixture components, g/cm3;
ai, a, as,....a; IS Mass content of separate components in
mixture, %.
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Fig.2.1. Draught of the bushing (a) and its manufacture scheme (b): 1

— bed mould; 2 — top mould; 3 — core; 4 — article (bushing); 5 — base

Porosity and density of sintered materials are determined by molding

pressure. Hence, assuming the porosity or density of a finished article,
molding pressure, P, (Fig. 2.2) and, next, manometer pressure P are
determined:

P=P, S./Sy, MPa

where P is monometer pressure in the hydraulic press, MPa.
P is molding pressure (pressure per cross-sectional unit of an
article), MPa;

Scs is cross-sectional area of an article, m?;
Spy is cross-sectional area of a press plunger, m?.
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Fig.2.2. Dependence of porosity PR and density y, of iron powder
article upon molding pressure P,

The necessary powder quantity Q, g, for manufacture of an article is
calculated by the formula:

Q =7.V(1-PR/100) K,

where V is volume of a sintered article, cm®;
K is coefficient, that corrects for mass losses while molding and
sintering, equal to 1.01...1.03.

Equipment, instrument, materials.

Hydraulic press 1
Mould 5...6
Mixer 1
Sintering furnace with argon atmosphere 1
Technical balance (scales) 5..6
Dimension gauge 5.6
Iron powder, kg 3
Copper powder, kg 0.3
Graphite powder, kg 0.3
Oil for mould lubrication, kg 0.5

The work must be executed as follows. Study the drawings of the
articles and the mould design. Weigh the mixture components according to
the given mass percentage: iron powder — 95.5, copper powder — 2.5,
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graphite — 2. Mix the components by the mixer. Calculate and weigh the
necessary amount of the powder mixture Q.

According to the article's density, given by an instructor, determine the
molding pressure (Fig. 2.2). Calculate the manometer pressure in
correspondence with the dimensions of article. Mould the article by the
hydraulic press.

Sinter the powder article. Gauge its dimensions and estimate volume.
Determine its real density and porosity. Compare the given and real data.

Contents of the report. Describe briefly the essence of powder
metallurgy. Present the sketches of the article, calculations for the sample
amount, manometer pressure, density and porosity after sintering.

2.2 CALCULATION OF HARMFUL EMISSIONS FROM A
BLAST FURNACE

Purpose of the work: to become acquainted with influence of blast-
furnace process on ecological conditions of the environment; to practice
making calculations of harmful gases emissions at selection of blast-
furnace technology.

Theory. A blast furnace is intended to manufacture cast iron
(steelmaking, foundry and mirror cast iron) and ferroalloys
(ferromanganese and ferrosilicon). Coke is used both as a fuel and as a
reducer of iron, manganese, silicon, etc. elements in the blast furnace. Coke
has the following composition: 80...88% of carbon, 0.5...1.8% of sulphur,
0.02...0.2% of phosphorus, 8...12% of ashes, 2...5% of a moisture. The coke
consumption for production of the basic blast furnace product —
steelmaking cast iron — varies from 400 up to 550 kg/ton of cast iron
depending on temperature of blasting, quantity of additional kinds of fuel
(coal dust, natural gas) and other factors.

Blast furnace gas is a result of coke combustion and oxidation-
reduction reactions occurring in the furnace. It has the following
composition (mass%): 12...20 C0,, 20...30 CO, 1...8 Hy, to 0.5 CH,, to 0.8
NO,, 50...58 N,. Physical and chemical heat of blast furnace gas is used in
air preheaters (stoves) where it is reburned together with natural or coke
gas and then exhausted out to atmosphere. In general, practically all carbon
of coke is released in atmosphere as carbonic gas CO,, as well as 10...20%
of sulphur entered the furnace with coke and ore is exhausted as sulphur
dioxide (the rest of sulphur is distributed between metal and slag).
Moreover, about 10 kg of nitrogen dioxide is formed while burning 1 ton of
coke.
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On the difference to sulphur and nitrogen oxides, carbonic gas CO; is
not referred to toxic chemical compounds. Its content in atmosphere
normally makes 0.03%. Carbonic gas lets in visible sunlight from the Sun
to the Earth and detains a part of the infra-red radiation reflected from the
Earth. Due to so-called "hotbed effect" created by this gas, the stable
climate on the Earth is maintained. During the last 25 years (as a result of
operation of heat power stations, automobile transport, metallurgical plants,
etc.) CO, content in an atmosphere has been increased by 10%. As
calculations showed, further increase in CO, concentration will lead to rise
in average annual temperatures (i.e. to warming of climate), melting of
glaciers in Antarctica and Greenland, rise in world ocean level by 6...8 m
and flooding of a significant part of the land.

Nitrogen and sulphur oxides emitted out in atmosphere react with
water and form nitric and sulphuric acids, which in form of "acid rains"
drop out on the Earth. Nitrogen and sulphur oxides are toxic gases, their
maximum permissible concentration (MPC) in air should not exceed 0.085
and 0.05 mg/m? correspondently. "Acid rains" result in souring of soils and
appropriate decrease in their productivity, in death of plants and animals in
water basins, in the accelerated destruction of buildings, architectural
monuments, technical constructions, etc.

In recent years especially high attention is paid to environmental
problems while designing and putting into operation of modern
manufactures, and, in particular, metallurgical plants. There are two ways
for reduction of highly toxic emissions from blast-furnace process: (1)
development and installation of clearing facilities and (2) transition to
direct production of iron (to eliminate blast-furnace process). Clearing
facilities in turn demand the significant power expenses. Therefore, direct
production (reduction) of iron is preferable among modern trends in
development of metallurgy.

The order of performance of the work
1. Every group of students has to receive the individual task from the
table 2.1 and fulfill them under the instruction of their teacher.
2. Determine quantity (mass) of carbonic gas, sulphur and nitrogen
dioxides, formed within a day, m;, ton/day:
Mco2=0.0312QPC;
m502=0.02QPST]3;
Mno2=QPN,
where Q is daily productivity of the blast furnace, ton/day; P is the
consumption of coke on 1 ton of melted cast iron , ton/ton (in the given
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laboratory work P=0.5 ton/ton is accepted); C is carbon content in coke, %
(C=85% is accepted); S is sulphur content in coke, %; ns is the share of
sulphur which is burning down in the blast furnace (ns=0.15 is accepted); N
is the quantity of nitrogen dioxide produced at combustion of 1 ton of coke
(N=0.01 is accepted).

Table 2.1. Individual tasks

No | Blast furnace Sulphur No Blast Furnace Sulphur
of the | Productivity, | “°T®M | ofthe | Productivity, | SOMteM
Task | Q, ton/day in Coke, Task Q, ton/day in Coke,

’ S,% ’ S,%
1 2000 0.4 16 2000 1.6
2 4000 0.4 17 4000 1.6
3 6000 0.4 18 6000 1.6
4 8000 0.4 19 8000 1.6
5 10000 0.4 20 10000 1.6
6 2000 0.8 21 2000 2.0
7 4000 0.8 22 4000 2.0
8 6000 0.8 23 6000 2.0
9 8000 0.8 23 8000 2.0

10 10000 0.8 25 10000 2.0

11 2000 1.2

12 4000 1.2

13 6000 1.2

14 8000 1.2

15 10000 1.2

In formulas for determination of carbonic gas and sulphur dioxide
guantities nuclear weights of corresponding elements and their ratio have
been already taken into account.

3. Determine volume of the carbonic gas formed within a day:
Veor=10°Mcor/peos, m*day,
where pco,_ density of carbonic gas, kg/m® (pco,=1.98 kg/m®).

4. Calculate the daily volume of air polluted by sulphur and nitrogen
acids up to maximum permissible concentration (MPC):
V=10°my/I1, m%day,
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where m; — weight of dioxides (sulphur or nitrogen), produced within a
day, ton/day; IT — maximum permissible concentration of corresponding
gas, mg/m® (ITso,=0.05 mg/m® and Iyo,=0.85 mg/m? are accepted).

5. Compare results by emission of the harmful gases, received by
various subgroups, and propose corresponding conclusions.

The contents of the report

1. Specify the harmful gases which are included in emissions of a
blast furnace, and the reasons of their formation.

2. Write down the initial data of the individual task.

3. Perform calculations on definition of weight of emissions and
the volumes of air, polluted by them.

4. According to the data obtained by several groups of students
plot the graphs of influence of harmful gases emissions on productivity
of the blast furnace and content of sulphur in coke.

5. Make conclusions based on analysis of the graphs featured the
influence of productivity of blast furnaces upon amount of harmful
emissions and propose recommendations on their decrease.

2.3 ANALYSIS OF ENERGY CONSUMPTION OF DIFFERENT
STEEL PRODUCTION TECHNOLOGICAL PROCESSES

Purpose of the work: to analyze energy consumption of steel
production methods, depending on type of technological process and
composition of initial charging materials.

Theory. Metallurgy is one of the most energy-intensive processes.
Therefore total expenses of energy and a degree of its consumption for a
unit of production may be used as an index of the basic economic expenses
for manufacturing cast iron, steel and other metals.

Total expenses of energy are the integrated parameter displaying
energy expenses both in technological process of metal obtaining, and at all
stages of manufacture previous to this technological process, including
extraction (mining), processing and transportation of power resources
(natural gas, coal, etc.) and raw materials (ore, fluxes, liquid cast iron ,
refractory materials, etc.).

The basic methods of steel production: in oxygen converters, in open-
hearth and electric arc furnaces, - differ both in power consumption (i.e. on
production expenses) and in quality of finished goods. At the same time
even within the limits of one steel production method, change in structure
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of initial charge allows changing essentially both expenses for finished
goods, and quality of produced steel. The opportunity to reveal the most
modern and economically effective process to produce steel of necessary
quality is offered in this laboratory work.

Oxygen - converter process is a method of steel melting from liquid
steelmaking iron in a converter with the basic lining by blowing through
the liquid of pure oxygen. Oxygen is submitted from above through water-
cooled lance. This method has a number of advantages:

e High productivityJ(up to 400...500 ton per hour);
e Low capital expenses for construction of converter departments;
e Process is convenient for automation of melting.

It is possible to process liquid steelmaking-iron of any content in
oxygen converters. Due to use of pure oxygen, heat of oxidation of carbon,
silicon, manganese and phosphorus contained in cast iron is more than
sufficient for heating of steel to the temperature necessary for passing of
the basic physical and chemical melting processes. Surplus of heat allows
to convert a significant amount of metal scrap (up to 25...30 % of weight
of cast iron).

Low-carbon structural quality steels are normally produced in oxygen
converters. Introduction of alloying elements during converter melting is
hindered by an oxidizing atmosphere and, therefore, by rather fast
oxidation of alloying elements in volume of liquid metal. Thus, the content
of alloying elements in steels does not exceed 2...3%.

Increase up to 100 % of scrap share in converter charge has proved to
be a perspective technological solution. Oxygen-converter process with the
increased share of scrap in charge (so-called oxygen - fuel process) is
carried out in converters with combined blasting. Intensive heating (and
fusion if necessary) of solid metal charge is carried out due to natural gas
being submitted into the unit through lateral torches. Gas combustion and
partial reburning of carbon oxide in the converter also produce necessary
additional amount of heat.

Open-hearth process is carried out on a hearth of a flame
reverberatory furnace with regenerators. Charging materials (liquid iron,
scrap, ore, ferroalloys, etc.) are loaded into the furnace and are melted
gradually under the effect of flame created by burning fuel. Various
additives are given into the furnace bath after fusion to receive metal of the
necessary chemical composition and temperature.

The process is carried out during 5...8 hours. This time is sufficient to
modify the chemical composition of melted steel. Therefore it is possible to
produce steel of any chemical composition (including alloyed steels) in
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open-hearth furnaces. But productivity of furnaces attains 70...80 ton per
hour that is lower (in 6...10 times) than productivity of oxygen converters.
Their construction and operation require significant capital expenses.
Therefore new open-hearth furnaces are not under construction now.

Pig-and-ore as well as scrap-and-ore processes are distinguished
depending on a ratio of initial components in charge of the open-hearth
furnace.

Pig-and-ore process is used when blast furnace, open-hearth and
rolling shops are included into structure of a production plant. It allows
delivering pig-iron (steelmaking-iron) to open-hearth shop in liquid state.
Charging materials in cast-and-ore process consist of liquid iron (50...70
%) and waste products of own metallurgical manufacture as well as
purchased scrap (the rest). Carbon content in metal is adjusted by variation
of iron ore quantity in the charge. Normally iron ore consumption
constitutes 12...16 % of metal charge weight. With increase in ore content
in the charge the carbon content in melt decreases. Open-hearth cast-and-
ore process is carried out in big furnaces (up to 300 tons) with application
of oxygen for intensification of physical and chemical processes of melting.

Scrap prevails in structure of charge for scrap-and-ore process. The
small amount of cast iron is given into charge in solid state. The ratio
between scrap and cast iron quantities charged into the furnace is
determined by scrap and cast iron composition, oxidizing ability of the
furnace and grade of steel to be melted. Carbon content in steel depends on
guantity of cast iron in charge. If there is no cast iron in charge, or charge
contains insufficient amount of cast iron, the deficiency of carbon is filled
up by carburizers (coal, coke, electrode breakage, etc.). Scrap-and-ore
process is realized in furnaces of the middle tonnage (150...200 ton)
without application of oxygen.

In electric-arc furnaces a source of heat is the arc burning between
electrodes and metal charge or between electrodes. By adjusting electric
parameters of an arc, it is possible to influence carrying out of steel-
smelting process essentially. Metal scrap, including alloyed waste products,
is used as charging materials. If it is necessary to oxidize excessive carbon
and other impurities, iron ore or oxygen are submitted into a furnace. At the
same time it is possible to create an inert or reduction atmosphere in the
furnace for melting of high-alloy steels. Productivity of electric arc
furnaces ranges from 80 to 120 ton per hour.

In electric furnaces it is possible to produce steel and alloys of any
composition with the minimum content of harmful impurities, nonmetallic
inclusions. Therefore high-alloy, tool, corrosion-resistant, heat-resistant and
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high-temperature steels as well as alloys of crucial assignment are smelted
only in electric furnaces.

Now in steel manufacturing in connection with wide use of
insufficiently well-sorted scrap there is a problem of contamination of
metal by undesirable alloying elements (in particular copper). Up to 80 %
of metallized pellets, obtained by direct reduction of iron ore, are included
in charging materials of electric arc furnaces for high purity steel
production.

Seven technological processes are analyzed within the framework of
the present laboratory work:

1.

2.

3.

o

Oxygen-converter process with 100% of liquid steelmaking iron
as charging materials;

Oxygen-fuel process, in which charging materials consist of
50% of liquid iron and 50% of solid steel and cast iron scrap;
Oxygen-fuel process, in which all charging materials consist of
solid scrap;

Open-hearth cast-and-ore process with metal scrap share of
45%;

Open-hearth scrap-and-ore process, in which 100% of scrap is
used;

Electric-arc process in which 100% of scrap is used;

Electric-arc process with 25% of scrap and 75% of metallized
pellets in charge.

Charge composition, consumption of electric energy and other
auxiliary materials for each technological process, as well as specific
energy consumption for production of each charging component are given
in the table 2.2.
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2.2. Charge composition for production of 1 ton of carbon steel and
specific energy consumption for charge components

Components | Specific Consumption of materials, m;, units,
of charge and | energy depending on variant of technological
materialsto | consum process
be consumed | ption E;,

MJ per 1 2 3 4 5 6 7

unit
Cast iron, kg 23.8 1280 | 605 - 597 | - — —
%Etal crap. 1 0.2 — | 495 | 1093 | 489 1080 {1064 | 300
Metallized 14.0 3 3 B 3 - _ {900
pellets, kg
Eg”oa”oys’ 62.7 15 [ 15| 15 | 15 | 15 | 15 | 15
Coke, kg 40.4 — — — — 30 6 —
Anthracite
(hard coal), 31.0 - 14 85 - - - -
kg
Black
mineral
(furnace) oil, 410 B B B 20 150 1 =) -
kg
Nawralges: | g76 | - |11 | 87 |50 130 - | -
clectrodes, | gge0 |~ | — | - | - | - |47 |70
g
Oxygen, m® 5.8 52 |82 ] 115 |40 ] - | 25| 12
Refractory 12. | 16.
materials, kg 16.5 5 6 10 11 | 15 3 5
Lime, kg 5.4 80 70 70 10 | 10 | 70 | 70
Electric
energy, KW-h 11.25 - — - — — | 540 | 665

The order of performance of the work

1. An academic group should be divided into subgroups of 3...4
students. Each subgroup should analyze (under the instruction of the
teacher) one of the technological processes of steel production described

above.
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2. After reception of the task on the technological process, the
following data should be written out of the table 2.2: (1) quantity m; of
charge components and other consumable materials, necessary for 1 ton of
carbon steel production; (2) specific energy consumption, necessary for
production of each component of charging materials E;.

3. Amount of primary energy consumed in production of 1 ton of
carbon steel for the selected technology should be calculated summarizing
power expenses on each component:

E=X(E; m,)

4. Consumption of primary energy for production of 1 ton of carbon
steel by various technological processes should be compared on the basis of
data obtained by various subgroups.

The contents of the report

1. Describe briefly the basic methods of steel production: oxygen-
converter, open-hearth and electric-arc; their peculiarities, merits and
demerits, fields of application.

2. Describe in details technological features of the analyzed
(according to instruction of a teacher) technological process of steel
production.

3. For investigated technological process write down in tabular form
guantity of each component consumed in melting m; and specific energy
consumption necessary for production of each component E;. Write down
calculations of power consumption for manufacture of 1 ton of steel for
selected technological process.

4. According to the data obtained by various subgroups compare
energy consumption for manufacture of 1 ton of steel in all surveyed
technological processes of steel production.

5. Make conclusions on the work performed, having defined the best
and the worse among the considered methods of steel production by the
following parameters: energy consumption (manufacture expenses);
productivity; quality of obtained steel.

6. Note merits and demerits of the technologies in which significant
amount of steel scrap is provided to be utilized.
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3 FOUNDRY PRACTICE

3.1 SAND MOULD CASTING

Purpose of the work: to study the sand mould -foundry practice; to
assess the metal utilization coefficient and quality of castings.

Theory. Foundry is one of the main preparatory bases of modern
industry. Intricate castings (blanks or finished products) are the usual
foundry products manufactured by pouring molten metal into moulds.

Foundry accounts for almost 66.7% of total blank production in
machinery-building, 49% — in tractor and agricultural machine-building,
40% — in chemical and oil machine-building, 33.7% — in automobile-
producing, 32.6% — in instrument-producing, 32.5% — in civil and road
engineering machine-building industries (for 1987). Such extent may be
attributed to possibility of castings 0.5...500 mm and over in width, from a
few grams to hundreds of tons in mass, of intricate shape and wide alloy
range to be manufactured. Casting frequently occurs the only (unique)
process to obtain a proper shape.

The world overall foundry production nowadays exceeds 80 min tons
annually. Approximately 70% of them are manufactured in sand moulds,
because of simplicity and universality of the process.

For expendable mould manufacturing, besides molding materials, the
following set is needed (Fig. 3.1): pattern of a future casting; core boxes in
case if there are openings or cavity in the casting; gating system patterns;
pattern board (hand molding) or pattern plate (machine molding), etc.

Fig. 3.1. Casting and set of patterns and molding accessories: | —
casting; 2 — pattern; 3 — molding board; 4 — core box with core; 5 — gating
system pattern
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Pattern's dimensions are in excess of casting's ones by shrinkage value.
Split structure of a pattern and tapers promote its easy withdrawal from a
mould. Wooden patterns are usually employed in hand (manual) molding.
Aluminium or steel half-patterns and gating system patterns are disposed
on a metal pattern plate in machine molding. Core boxes of wood or metal
are intended to manufacture cores used for cavity (openings) formation.

Metal frames (flasks) promote sand containment in molding,
transportation and pouring.

Molding materials include molding and core sands. Molding sand
consists of used sand and fresh materials: sand (fireproof base), fireproof
clay (binder) and water (service ingredients). Three kinds of molding sands
are distinguished: facing, backing (hand molding) and unified (machine
molding) sands.

So far as cores (except core prints) are surrounded while pouring by
molten metal, core sand should exhibit higher strength, gas permeability
and compliance in comparison with molding one. It contains, besides clay
bond, or instead of it, other binders (pitch, oil), sawdust and peat (for
proper compliance during crystallization).

Hand molding in two mould sections over split pattern has found the
wid est use. Pattern drag (bottom half) is disposed on a pattern board with
its joint face abut on the board (Fig. 3.2) and a drag flask is mounted next.
The flask is filled at first with facing and then with backing sand and
rammed. The flask has to be turned over. The upper (cope) half-pattern is
joined to the drag one and, next, the upper flask has to be set up. After
setting up of the gating system pattern, filling the flask with sand, the last
must be rammed in much the same way. Then the upper half-mould is
removed and the patterns are withdrawn.

a b ¢
Fig. 3.2. Hand two-part molding: bottom half-mould (a) and top half-
mould (b) molding; ¢ — assembled mould: 1 — molding board; 2 — bottom
flask; 3 — bottom half-pattern; 4 — top half-pattern; 5 — top flask; 6 — gas
relief sprue pattern; 7 — core; 8 — gating system
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Hand molding is employed in individual and batch-production.
Nevertheless, low productivity and high manual labour consumption are the
demerits peculiar to this process. The main drawbacks of castings produced
in hand-manufactured moulds are following: rough surface and inaccuracy
of dimensions.

Equipment and materials

Crucible furnace

Pouring ladle

Pattern

Core box

Flasks, as a set

Gating system pattern, as a set
Molding accessories, kit

Zinc alloy ITAM 10-4, kg

Molding sand, kg

Article manufactured of the casting
Set of surface roughness basic standards
Dimension gage

P OB RO ooREE
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The work must be executed as follows. Make acquaintance with
molding equipment, accessories and materials.

Manufacture drag and cope half-moulds, as well as cores for 5...6
types of castings. Assemble the moulds. Pour the molten metal into the
moulds. After crystallization and cooling shake out the castings. Give them
a close visual inspection to make sure that no defects occured. Assess the
surface roughness by means of the basic standards. Gage the main casting
dimensions. Compare them with the dimensions of finished article and
determine stocks allowed for machining. Calculate the coefficient of metal
utilization after weighing the casting and the finished article:

K = (Q1/Q>) 100%,

where Q; is mass of the finished article, kg;

Q. is mass of the casting with gating system, kg.

Content of the report. Outline the stages of molding process. Draw the
assembled mould and specify its components. Present the surface
roughness data, stacks allowed for machining and metal utilization
coefficient value.
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3.2 CASTING IN METAL MOULDS

Purpose of the work: to study the metal mould casting technology; to
assess casting’s quality and metal utilization coefficient; to compare the
obtained data with the same indices for castings manufactured in sand
moulds; to study the temperature effect on quality of castings.

Theory. Metal mould casting process has several obvious merits over
sand mould casting practice: repeated many times utilization of a mould
(up to a few of tens thousands); fine-grained, dense metal structure and
high mechanical properties of castings; accuracy and stability of
dimensions; small stocks allowed for machining; comparatively high
productivity and low manufacturing cost.

The technology distinctions are attributed to high cooling rate, the lack
of gas permeability and compliance of metal moulds. To reduce chill
(cooling) rate metal moulds are coated with a fireproof cladding and paste
and heated up to 100...450°C before pouring (Fig.3.3).

Fig. 3.3. Metal (chill) mould:

1 — half-moulds; 2 — dowels for high-rate heat removal; 3 — runner
(ingate); 4 — sprue (downgate); 5 — pouring basin; 6 — gas relief sprue; 7 —
metallic core.

The drawbacks of metal mould casting are the following: significant
cost of metal mould; difficulties with intricate shape castings manufacture
(especially in case of thin-walled castings); possibility to chill cast iron
products.
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Equipment and materials
Crucible furnace
Pouring ladle
Metal mould
Thermocouple (group XA)
Article manufactured of casting
Set of surface roughness basic standards
Technical scales
Dimension gage
Zinc alloy LIAM 10-4, kg

.6
0
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The work must be executed as follows. Heat the moulds up to
150...200°C and coat their internal surface with the refractory paste.

Melt the alloy IIAM 10-4. Pour the alloy into metal moulds with
surface temperature of 20, 100, 150, 200, 250, 300°C (the pouring
temperature must be equal to 420°C).

Withdraw the castings from the moulds. Make their close visual
inspection to reveal surface cast defects. Assess the surface roughness by
means of the basic standards. Determine stocks allowed for machining and
metal utilization coefficient. Make a conclusion about metal mould
temperature effect on surface quality of castings and filling up of moulds.

Contents of the report.. Describe the essence of metal mould casting
process, its merits and demerits. Characterize the manufactured casting’s
quality, record stocks allowed for machining and metal utilization
coefficient.

Present data about metal mould temperature effect on quality of
castings.

3.3 CENTRIFUGAL CASTING

The purpose of the work: to become acquainted with the technology
of centrifugal casting; to study influence of frequency of rotation of a
mould on quality of casting.

Brief theoretical data. Centrifugal casting holds the lead among the
special casting processes by the volume of production of cast items. The
method involves pouring of liquid metal into a revolving mould, which
continues to rotate at a definite speed during the entire period of metal
crystallization. The metal is held against the wall of the metal mould by
centrifugal force, so the casting acquires a dense structure of increased
strength because segregated gases and slag move to the center of the
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casting under pressure applied to the metal. Impurities on the inner surface
of the casting may be removed afterwards by boring operations.

Any symmetrical object may be cast by rotating the mould around its
horizontal or vertical axis. In both cases the axis of rotation coincides with
the axis of the casting, the wall thickness being determined by the amount
of the metal poured. In casting of small shaped pieces the axis of rotation
may not coincide with the axis of the piece. This method is known as
centrifuge casting.

Centrifugal casting is used for individual, batch and mass production
of items of various alloys in metal and shell moulds. The range of cast
products includes pipes, bushings, sleeves, liners, piston rings, wheels,
pulleys, barrels and two-layer (bimetallic) objects. Centrifugal casting is the
most widely used for production of iron pipes.

The frequency of rotation affects significantly the quality of castings.
Too low frequency prevents from obtaining the exact cylindrical shape.
Too high frequency results in formation of hot cracks. The optimum
frequency for devices with horizontal axis may be calculated by

Konstantinov’s formula:
n=17456//yr .

where n is frequency of rotation, rpm; » is density of cast alloy,

kg/m?; r is radius of the inner surface of a casting, m.

Design of the laboratory unit. The laboratory unit with a horizontal
axis of rotation (Fig. 3.4) consists of a direct current electric motor 1, a
laboratory autotransformer 7 for regulation of frequency of rotation of cast
iron mould 4, an AC rectifier (it is not shown in the scheme), a voltmeter 8,
a scale and a pointer of which show frequency of mould rotation. With the
help of the autotransformer, frequency of rotation of the electric motor is
changed from 200 up to 3000 rpm.

Equipment and materials, pcs
Crucible furnace
Pouring ladle
Laboratory unit for centrifugal casting
Technical scales
Zink alloy IIAM 10-4, kg
Dimension gage

O S N
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Fig. 3.4. Design of the laboratory unit for centrifugal casting:
1 — electric motor; 2 — coupling; 3 — bearing parts; 4 — mould; 5 —
cover; 6 — pouring spout; 7 — rotation frequency regulator; 8 — rotation
frequency indicator

The order of performance of the work. Become acquainted with the
device and working principle of the laboratory unit for centrifugal casting.

According to a drawing of a workpiece, determine optimum frequency
of rotation of the mould by Konstantinov’s formula.

Heat the mould up to 100...150 °C and paint it as well as a pouring
ladle.

Switch the unit on, with the help of the regulator establish frequency
of rotation equal to 15; 20; 40; 70; 100 and 150% of design (calculated)
value.

Pour liquid metal in the rotating mould.

Weigh the casting after cooling, weigh the workpiece and determine
the coefficient of metal utilization. Compare the coefficient with the similar
indices for casting in sand and metal moulds.

Estimate quality; make a conclusion on influence of frequency of
rotation of the mould on this parameter.

The contents of the report. Describe briefly the essence and depict
schemes of centrifugal casting. Give calculation of frequency of rotation of
the mould and the data on the coefficient of metal utilization for the
method. Describe influence of frequency of mould’s rotation on quality of
casting.
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4 METAL FORMING

4.1 DETERMINATION OF DEFORMING FORCES AND
DEFORMATION DEGREE DURING METAL FORMING

Purpose of the work:to study the methods of deforming force and
deformation degree determination for several kinds of metal forming; to
understand the essence of drawing and pressing processes; to become
acquainted with the equipment and tools employed; to establish a
relationship between deforming force and deformation degree.

Theory. The necessary condition for metal forming process is the
proper plasticity possessed by a material, i.e. the ability to be deformed
under an external load without failure. Plasticity of any material is limited
and primarily depends upon the deforming scheme (scheme of stress
condition, at first), chemical content and structure of a deformed metal,
temperature and deforming rate.

The term "deformation degree” has been introduced into metal
forming practice; it represents relative change in cross-sectional area or
linear dimensions of a billet. Before deformation degree determination one
must proceed from the volume constancy law. The condition of volume
constancy applied to a prism with 90-degree angles and dimensions before
deforming H, B, L and after it, correspondently, — h, b, 1 may be expressed
as follows:

HBL = hbl.

Hence, the deformation degree (coefficient of decrease in height):

v=H/h = bl/BL.

Each forming method is characterized by the peculiar loading scheme
and billet deforming scheme. Therefore the calculating dependences for
deformation degree and deforming force determination are quite different.

Pressing. During pressing (Fig 4.1), metal is extruded from a container
through a die orifice which is so shaped as to impart the required form to
the product. Essentially the process is one by which a block of solid metal
is converted into a continuous length of uniform cross-section by forcing it
to flow under high pressure. Metal undergoes uniform squeezing and,
therefore, acquires high plasticity. Hence, pressing is available for alloys of
low plasticity. Deformation degree in pressing is measured by reduction
and extension coefficients (percentage), based on the cross-sectional areas
of the container (F¢) and the die aperture (Fg):
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g=(F,—F,)100%/F,, A=F/F,.
Direct pressing-force is determined by the Unksovs formula:
P = F.6, (2L/D +In(F,/F, )+ 4fl/d),

where L is length of a billet at the instant of its egress from die orifice,
m;
D is container diameter, m;
d is diameter of cylindric part of die orifice, m;

o is apex angle of die cone, rad;

1 is length of cylindric part of die orifice, m;
f is friction coefficient;
oy is yield point of a material, MPa.

Drawing (Fig. 4.2) is the process in which a billet is pulled through a
reducing die to be decreased in cross-sectional area. Procedure is usually
executed without heating, providing, therefore, high surface quality and
dimensional accuracy to be obtained. Drawing is the unique process to
produce thin (capillary) pipes and a wire of at least 0.002 mm in diameter.
Deformation degree after drawing is also measured by extension and
reduction coefficients:

A=UL=F/F; e=(F, -F,)100%F,
where L, | is length of a billet and a product correspondent;

Fo , Fp is cross-sectional area of a billet and a product
correspondently.

Z N\\\\\:\\w >
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Fig. 4.1. Principle of direct pressing: Fig. 4.2. Principle of drawing
1 — container; 2 — ram; 3 — press-spacer;
4 —die
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Drawing force for continuous rod may be determined by Perlin's
formula:

P=FIn(FR,/F)(c, +f(c, —o,)(ctga, +o,)),
where oy is yield point average value in nucleation site of deformation,

MPa;

oy IS inverted-stretch stress, MPa;

f is friction coefficient;

oy is transformed angle of deformation cone,

oy is arctg((D-d)/2ls)=arctg ((D-d)tgo/(21,tga+D+d)),

Is=l1+1,; 11, 1, — length of deformation zone in cone part of reducing
die and length of calibrative belt respectively, m (Fig. 4.3);

o is angle between the axis of a rod and formative line of reducing
die cone deforming zone, rad (Fig. 4.3).

h
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Fig. 4.3. Dimensions of reducing die

Forging. During forging, a billet is deformed by block heads (or other
tools) impacting its different parts. The method is characterized by low
productivity and rather low dimensional accuracy of products.
Nevertheless, it offers shaped -forgings of various mass (from hundreds of
grams to 250 tons) to be manufactured. Flow of metal has some
peculiarities in each forging operation, so the dependences for deformation
degree determination is different in each case. Deformation in upsetting is
determined by the formula:

U=F,/Fy,

where F,, F, — cross-sectional area of a billet before and after

deformation correspondently.
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Equipment, instrument, materials
Hydraulic press with the nominal force of 0.62 MN 1
Laboratory drawing mill with the

pulling force of 4000 N 1
Pneumatic hammer with the mass of
falling parts of 50 kg 1

Technological equipment for direct pressing of
lead cylindric rods 5 mm in diameter

(container's diameter is 26 mm) 1
Set of reducing dies with the calibrative

orifice diameter of 3.1; 3.2; 3.3 mm 1
Dimension gage 5.6
Aluminium wire 3.5 mm in diameter,

10 min length 5..6
Specimens of lead 25 mm in diameter

50 mm in length 5.6
Specimens of lead 30 mm in diameter

50 mm in length 5..6

The work must be executed as follows: Make acquaintance with the
design and operational principle of equipment employed in pressing,
drawing and forging.

Determine technological pressing force and deformation degree as a
function of container, die and product (rod) diameter.

Press the round product of a given diameter.

Draw the aluminium wire through orifice (3.1...3.3 mm in diameter).
Drawing force must be measured according to disposed on the mill
indicator's readings and calibrative graph. Gage wire dimensions before and
after deformation.

Determine deformation degree for each test and compare the values
obtained with the permissible values for correspondent kind of metal
forming. Plot the graphical dependences of drawing force upon
deformation degree.

Fill the results in the form (table 4.1).
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4.1 Results of the tests

Metal Material | Dimensions of a Extension Redu- Force of

forming | ofa billet, mm coefficient, ction deformation, kN

kind billet before after upsetting,% | coef- Calcu- | Deter-
defor- defor- ficient, lated mined
mation mation % by test

Pressing

Drawing

Forging

Contents of the report. Describe briefly the essence of pressing,
drawing and forging processes (accompany the descriptions with required
skethes), equipment employed. Characterize external appearance and
quality of finished products. Present the formulas for deformation degree
and technological forces determination in pressing, drawing and forging.

Present the filled testing form (table 4.1). Depict the effect of
deformation degree on drawing forces and give necessary explanations.

4.2 DIE FORGING OF METALS

Purpose of the work. To study a die forging process, a procedure of
forging's draught development; make acquaintance with design and
operation of crank press.

Theory. Die forging process has found a wide use in custom-made
production of half-finished articles and provides forgings of high quality,
favorable microstructure and minimal stocks allowed for machining to be
manufactured. Die forging is a technological process of metal working, in
which deforming and flow of a metal is carried out in special tools called
dies.

Working surfaces of a die form close cavity which conforms in shape
and sizes to the desired forging. The cavity is called an impression. Open
and close impressions are distinguished in accordance with the character of
metal flow during forging. In open impressions a clearance between die
parts (top and drag) allows a metal to flow through it, facilitating, therefore,
filling up of the impression and withdrawal of surplus metal (fin). In close
impression, on the contrary, small clearance doesn't permit metal outflow
from a die and, consequently, fin formation.

Forgings of a simple shape are usually stamped in dies with a single
impression. Manufacture of intricate forgings in such dies is considered to
be injudicious, because a lot of metal is wasted for fins and impression
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wears out rapidly. Intricate forgings are manufactured by sequential
deforming of a billet in several impressions, thus, gradually approaching
the required shape. Preliminary forming is carried out in preparatory
impressions (upsetting, extending, bending etc). Finishing forming,
correspondently, — in blacking and finishing impressions.

All the impressions are usually disposed in one die (Fig. 4.5).
Application of preparatory impressions and sequence of their employment
is determined during the design of forging technological process and based
on forging's shape and sizes. Draught of a forging is developed in
accordance with draught of an article (finished product), accounting stocks
allowed for machining, technological biases, curvature radiuses, imprints of
openings etc. It is for a designer to pick out a joint plane (face) of a die; to
set up the stocks allowed for machining, technological biases, curvature
radiuses and, if necessary, to provide imprints of orifices for subsequent
piercing; to introduce corrections for machining convenience. The draught
development procedure is presented in Fig. 4.6.

Forging Billet

@::;i@ === 2
31
©—C S
—=
&=9:

Fig. 4.5. Draught of a forging, die, multiple-impression die and
sequence of operations, carried out in the die (2-1-5-4-3). Impressions: 1 —
rolling; 2 — extending (fuller); 3 — finishing; 4 — blacking; 5 — bending

Volume of a billet is determined by dimensions of a forging:
Vi = Vi +Vi5intVi+V,,
where V¢ is volume of a forging;
Viin is volume of fins, equals (0.05...0.25)-Vy,
V, is metal losses while heating, equals (0.5...0.8)% V; for
electric heating; (1.6...2.0)% Vi for flame heating;
V,, is wastes of metal.
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Fig. 4.6. Draught of the article (a) and the forging (b); S — stock,

allowed for machining; L — overlap; o and 3 — stamping biases; JL-joint

line; R; r — curvature radiuses; A, B- dimensions of the article; C —
dimension of the forging

There are several types of equipment used for die forging,
distinguished by the design and operational principle. Option is determined
by sizes and shape of forgings, total output, technological and mechanical
properties of working metal, automation requirements, convenience of
operation, quality of finished products etc.

Steam-air hammers with the mass of fallen parts of 630...25000 kg are
used for stamping of rather shaped forgings (0.5...200 kg).

Crank hot-forging press with the nominal force of 6.3...160 MN is the
most advanced forging machine, differed favorably with high productivity,
guality of forgings, small stocks allowed for machining and other
advantages. The main units of this machine are following (Fig. 4.7): drive,
principal executive mechanism and control system. Principal executive
mechanism (crank mechanism) consists of crankshaft 9, coupler 10 and
slider 1. Drive consists of electric motor 4, belt transmission 3, idler shaft 5
and gears 6, 7. The electric motor is turned on and shut down by means of
clutch 8 and brake 2. Wedge 12 enables table 11 of the press to move
vertically, providing adjustment of a clearance between top and bottom
(drag) dies.

Dimensions of die forging equipment are selected to meet the
deforming force (presses) or the work required for deformation (hammers).
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Fig. 4.7. Kinematics scheme of a crank hot-forging press: 1- plunger; 2
— brake; 3 — belt transmission; 4 — electric motor; 5 — shaft; 6 — gear; 7 —
gear; 8 — mufticoupling; 9 — crank-shaft; 10 — lever; 11 — table of variable
height; 12 — bas of the table

Equipment, tools, materials
Crank press with the nominal force of 630 kN 1
Die for die forging of gear billet 1
5.

Dimension gage 6

Lead billets (11 mm in diameter and

15; 16.5; 17 mm in height 5...6 (of the each
type)

The work must be executed as follows: Make acquaintance with
design and operation of crank press and die. Study the safety precautions.

Develop draughts of the forgings. The articles to be manufactured of
them are represented in Fig. 4.8. Stocks allowed for machining, biases and
curvature radiuses would be given by an instructor.
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Fig. 4.8. Draughts of the articles: a — gear; b — half-clench: ¢ — lid; d —
neck support; e — bushing

Determine volumes of the forgings and billets. Stamp 2...3 billets of
calculated, lesser and greater volume.

Assess the character of filling up the finishing impression, surface
quality of the forging and fin size. Make inferences.

Contents of the report. Describe briefly the essence of die forging
process and forging's draught development procedure. Present the draught
of finished product (article) and forging with all the necessary calculations.

Depict the kinematic scheme of crank press and explain its design.

Outline quality of the forging, degree of impression's filling up, fin
size.

Make inferences.
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5 WELDING OF METALS

5.1 MANUAL ELECTRIC ARC WELDING

Purpose of the work: to become acquainted with electric arc welding
processes, welding arc properties, design and operation of welding
equipment, to become skilful at welding regimes determination and
adjustment.

Theory. Welding is a process of permanent joints manufacture by
setting up atomic bonds between working pieces while heating, deforming
or heating and simultaneous deforming them. Local or general heating may
be employed. Electric arc welding has found the most wide use due to its
advantages over other welding processes: both high heat concentration and
productivity, relative universality, various weld position in space, simple
and inexpensive equipment, possibility to obtain stable and relatively high
properties of weld metal.

The following kinds of electric arc welding are distinguished:
alternating-current (a-c) and direct-current (d-c) welding; manual and
automatic (machine) welding; unshielded arc, submerged arc and gas-
shielded arc welding.

Electric arc with the temperature of 6000...8000 °C in its core is the
heating source in arc welding. Electric arc is a powerful stable arc
discharge in ionized atmosphere of gases and metallic vapors. Arc distance
ionization occurs at the instant of arc initiation and is sustained while
arcing as a result of collisions between moving electrons (towards a
cathode) and either gas molecules or metal vapor atoms. Electric properties
of the arc are described by the static voltage-current characteristic,
representing the dependence between voltage and current intensity
(strength) at stable arcing instant. The main power source characteristic is
considered to be its external characteristic — the relationship between output
terminal voltage and current intensity in welding circuit. The intersection
point of these two characteristics is supposed to accommodate the stable
arcing (welding) (Fig. 5.1).

In arc welding transformers of T/, TC, CTLL, TCK types may be
employed as a power source; in d-c welding — welding generators of I1CO,
ACB, ACHI, CAM types and also rectifiers of B/, BKC, BCC, BAVY etc
types. Welding current is adjusted by means of supply chokes (a-c welding)
or variable resistances (d-c welding).
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Manual arc welding is performed by an arc arcing between an
electrode and working pieces. It is possible to use either non-consumable
(of tungsten or graphite) or consumable electrodes — metallic rods (1.6...12
mm in diameter) coated with luting. Luting serves for stabilization of
arcing, protecting of molten metal, deoxidizing an alloying it. Chemical
content of electrode material has to match the content of a metal, which
undergoes welding.

U

Usc \ W A L/
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Fig. 5.1. Static voltage-current characteristic of a power source (1) and
an arc (2) with different arc length |

Electrodes of 3...6 mm in diameter are mainly used in manual arc
welding. Voltage is sustained within the range from 16 to 30 V, welding
current intensity — 120...350 A.

Welding regime is completely characterized by welding current
intensity ly and electrode diameter d.. The thickness of welding pieces
determines the electrode diameter, the last determines the welding current
intensity (approximately Iy, = (40...60) d.). Quantity of surfacing metal in
welding is independent upon arc voltage. Therefore, voltage is not
considered as welding characteristic.

Useful power N, W, released while arcing is determined by the
formula:

Ny=1wU,

where 1, is welding current intensity, A;

U,, is arc voltage, V.

Efficiency of welding transformer n is usually equal to 0.84...0.87.
Hence, consumed power should be determined as follows:

N: = Nu/m
Equipment and materials
Power source for a-c (d-c) welding 1
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Ammeter for welding current

intensity determination
Voltmeters for tapping off voltage at the

power source output terminals and on the arc
Welding electrodes of 338, 340 types
Welding pieces — plates of various

(4; 5; 6; 8 and 10 mm) thickness

1

2
2..

4

2...4 (of the each

dimension).

The work must be executed as follows. The electrode diameter,
welding current intensity and welding rate should be determined as the
function of the thickness of plates which undergo welding. Tap off the arc
voltage U,, welding current intensity |,, voltage during open-circuit test
and, finally, current intensity in short circuit test. Refer presented above
formulas to calculate useful power N, and consumed power N.
Plot the external voltage-current characteristic of the power source
according to the available data.
Contents of the report. Characterize the arc welding process, its
peculiarities and fields of application. Characterize the welding arc as a
heating source.
Quote technical characteristic of the welding power source, plot its
external voltage-current characteristic.
Calculate the consumed power and fill the following table 5.1.

5.1. Power calculations in welding

NO
of
the
test

Voltage at
input
terminals
of power
source Uy,
\Y

Input
current
of
power
source
I, A

Consu-
med
power
Ne, W

Power
source
coef-
ficient,
n

Voltage
in open
circuit
test Ugc,
\Y

Current
density
in short
circuit
test Isc,
A

Voltage
on the
arc U,
\

Welding
current
intensity,
U, A

Useful
power
Ny, W

dependence between consumed power and thickness of welding plates.

In accordance with the data obtained in different tests plot the
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5.2 GAS WELDING

Purpose of the work: to study the design and action principle of gas
welding equipments, to master the adjustment of welding flame and
welding regimes selection.

Theory. Gas welding is one of the chemical welding processes in
which the necessary heat energy is produced as a result of oxidation
(combustion) of a gas. The main substances available for gas welding are
known to be the acetylene or another gas (hydrogen, natural gas) and
oxygen used as an oxidizer.

Acetylene, possessing the high heat-producing ability, provides the
highest flame temperature to be achieved (3100...3200°C) in combustion.
The gas is usually produced in special installations — acetylene generators
or taken from cylinders charged at special stations. Acetylene is explosive
and requires careful treatment.

Oxygen is obtained from the air using selective evaporation at special
shops and conveyed in cylinders.

Equipment necessary for gas welding is as follows: acetylene
generators, water protective seals, oxygen cylinders, pressure regulators,
welding torches.

Calcium carbide CaC, interacts with water to produce acetylene C,H,
in acetylene generators with a given productivity. Three types of generators
are distinguished: contact-type (water recession), water-to-carbide and
carbide-to-water.

In contact-type generators at the beginning the whole carbide amount
interacts with water. As far as the gas is produced, water has to be removed
from the work chamber. Thus, the interaction surface reduces and
generator's productivity decreases. These generators provide the lowest
acsetylene yield to be obtained. Their productivity ranges from 0.8 to 1.25
m>/h.

In water-to-carbide generators water periodically drops on calcium
carbide pieces. Such generators possess a simply design, relatively high
acetylene yield (80...90%) and productivity (1.25...3 m%h). They have
obtained the most widespread.

Carbide-to-water generators (carbide in portions is fed into water)
provide the highest acetylene yield (almost 95%) and productivity (10...35
m*/h) to be obtained. Simultaneously they are of the most complicated
design.

Protective seal is used to prevent an explosion in case of so-called
"reverse impact of the flame™ occurred when the oxygen-acetylene mixture
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inflames within the torch and the flame spreads towards the generator. Such
phenomenon happens if the torch is heated over the temperature of 500°C.

Oxygen and acetylene cylinders have spherical bottoms and necks at
the top. Special pad at the bottom permits to set the cylinder upright.
Normal capacity of the cylinder is 40 litres(liters). Oxygen is kept under the
pressure of 15 MPa (6 m® of the gas within the cylinder).

Acetylene is transported in the cylinders under the pressure no more
than 1.6 MPa, because explosion may happen if the pressure exeeds this
value. The gas should be dissolved in acetone and the cylinder's cavity
should be filled with porous carbon mass (sizes of carbon grains range from
1to 3.5 mm).

Pressure regulators are employed to reduce the gas pressure to the
working value and to maintain the value at a constant level automatically.
The thread of oxygen and acetylene regulators nuts differs that excludes the
possibility to mount the regulators vice versa.

Welding torches are used to produce acetylene-oxygen mixture in
subsequent combustion of which the welding -flame is obtained. Welding
torches of injector type (Fig. 5.2) are normally employed nowadays. The
oxygen pressure before the injector is about 0.3...0.4 MPa. Running out
with the high speed into the mixture chamber it produces significant
vacuum. Hence, acetylene is also sucked into the chamber (its pressure
within the pipeline may be rather low — up to 0.001 MPa).

The flame power is determined by gas flow adjusted by replacement of
tips. The torches of injector type are delivered as a set of a trunk and
several tips. Technical data of the welding torches is given in the table 5.2.

The welding flame has three peculiar zones: core, welding zone and
tongue (Fig. 5.3). The highest temperature is achieved in the welding
(middle) zone. Hence, it is used in welding process.

' '
' Fig. 5.2. Gas welding torch: 1 —fuel mixture; 2 tip -; 3 — injector; 4 —
valves
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5.2. Technical data of the welding torchs

Gas consumption, 1/h Oxvaen

T N° of | Thickness | Acetylene Y9
ype of P K der th working
the torch the orwor under the Oxygen pressure
tip | piece, mm | pressure of MPa

0.001 MPa

0 0.3...0.6 25...60 28...70 0.8...0.4
rc-2 1 0.5...1.5 50...125 55...135 0.1...04
2 1.0...2.5 120...240 130...260 0.15...0.4
3 2.5..4.0 230...400 260...440 0.2...04
1 0.5...1.5 50...125 55...135 0.1...04
2 1.0...2.5 120...240 130...260 0.15...0.4
3 2.5...4.0 230...400 260...440 0.15...04
rc-3 4 4.0...7.0 400...700 430...750 02...04
5 7.0...11.0 | 660...1100 740...1200 0.2...04
6 10...18 1050...1750 | 1150...1950 | 0.2...04
7 17...30 1700...2800 | 1900...3100 | 0.2...04

1 2 \'5
Sl N

Fig. 5.3. Welding flame: 1 — tongue; 2 — welding (middle) zone; 3 —
core

Three types of the flame are distinguished according to the ratio
between oxygen and acetylene in the mixture: balanced (normal), oxidizing
and reducing (carbonizing) flame. Different flame types are employed in
welding various alloys. In welding, for instance, of high-carbon steels the
reducing flame is needed, in welding of brasses — the oxidizing one. In the
majority of cases the balanced flame is employed. The ratio between
acetylene and oxygen is adjusted by respective valves on the torch.

Gas welding provides fluent (smooth) and slow heating to be achieved.
It is the main peculiarity of the process. That is why gas welding is used for
thin steel parts (0.2...0.5 mm in thickness), non-ferrous metals, cast iron
and a number of alloy steels inclined to crackness. If the thickness of
welding parts rises, the heating time increases, but productivity falls
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abruptly. More than that slow heating causes deformation and strain that
reduces the field of gas welding application.

Equipment and materials

Acetylene generator AGM-1-66 1

Water seal 3CII-7-67 1

Oxygen pressure regulator 1

I'C-type welding torch with the set of tips 1

Calcium carbide, kg 10

Specimens: steel plates of

1; 2; 3; 4 and 5 mm in thickness 2 (of the each
dimension)

Timer 5

The work must be executed as follows. Study the design and operation
of acetylene generator, water protective seal, injector type welding torch.

Prepare the equipment; make the necessary setups following the safety
precautions.

Referring the table 5.2 opt the required tip and assemble the torch.

Inflame the torch and adjust different types of flame. Master to
differentiate the flame type by its appearance.

Weld the specimens. Accounting the welding time determine the
consumption of acetylene and oxygen (table 5.2).

Contents of the report. Characterize the gas welding process and
materials used.

Name the equipment employed in gas welding; present scheme of the
welding torch. Specify the application field of gas welding.

Record the data which characterize the welding process: the material,
thickness of the specimens, number of the tip, working gas pressure and gas
consumption.

According to the data obtained by different subgroups plot the
dependence between thickness of the welding specimens and gas
consumption (per 1 m of the seam).

5.3 ELECTRIC RESISTANCE WELDING

Purpose of the work: to study design and operation of resistance
welding machines, to become acquainted with resistance welding
procedure, to become skilful at welding current intensity determination and
adjustment while welding specimens of various materials.
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Theory. Resistance welding comprises a group of welding processes
wherein coalescence is produced by the heat obtained by resistance of the
work parts to the flow of electric current in welding circuit and by the
application of pressure. The heating may be accompanied by local melting
of the metal. Three main groups are distinguished in accordance with the
size and shape of formed welds: spot, seam an upset welding.

Spot welding coalescence is used, as a rule, while welding overlapped
sheet pieces (Fig. 5.4). The size and shape of individually formed welds are
limited primarily by the size and contour of electrodes (spots of 3...12 mm
in diameter). The resulting weld in seam welding is a series of overlapping
spot welds made progressively along a joint by rotating circular electrodes
(welding wheels) (Fig. 5.5). Flash welding is a process wherein coalescence
is produced simultaneously over the entire area of abutting surfaces (Fig.
5.6). Pressure is applied before welding is started and maintained
throughout the heating period.

Fig. 5.4- Scheme of Fig. 5.5. Scheme of Fig.5.6. Scheme of

spot welding: seam  welding:  1- flash welding:
1-workpieces; workpieces: 1-workpieces,
2-electrodes; 2-welding wheels; 2-movable clamp,
3-transforrner 3-transformer 3-stationary clamp,

4-transformer

The welding regime is determined by welding current intensity,
squeeze force, time that welding current flows and hold (upset) time, as
well as by mutual ratio between heat and upset time. To decrease the work
temperature and wear of electrodes they are manufactured of cadmium
(bpKnl) or chromium (bpX) bronzes and cooled by passing water.

Electric equipment of resistance welding machines consists of
transformer, contactor and heat (or current) control circuits. The power of
welding transformers ranges from 1 to 600 kVA. The secondary winding
usually has only one turn. The output voltage does not exceed 12 V. The
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current intensity is from 100 to 100000 A and should be adjusted either by
switching into or out of the primary circuit a given number of turns. Thus,
4...16 sets of adjustment are available for current control. The secondary
circuit composed of various elements (up to the electrodes) is sometimes
called the welding loop. Total resistance of the welding loop, if it has been
designed correctly, should not axed 60...100 pQ.

The contactor is a device for repeatedly establishing and interrupting
the electric power circuit. It works in step with squeezing (upsetting)
mechanism. There are three basic types of welding contactors: mechanical,
magnetic and electronic.

Drive mechanism provides transport of electrodes or welding pieces
with simultaneous squeeze of the last ones.

Powerful welding machines are air or hydraulically operated (squeeze
force up to 200 kN). In other types, cam or lever-spring drives are
employed.

Spot welding is available for sheets of the same or different thickness,
intersected rods or shaped sheets coalescence. The sheet thickness may be
up to 30 mm.

By means of seam machines the pieces of steel or non-ferrous alloys
(4...5 mm in thickness) may be joined with rate of 12...18 m/min.

Flash welding provides coalescence of various articles: from the wire
0.4 mm in diameter to the rods, pipes etc with face area up to 2500 mm?Z.

Determination of welding current intensity. A current transformer is
hooked up to the primary winding of the machine transformer. An ammeter
incorporated by the mentioned circuit provides the current impulse
measurements. As the voltage at input U; and output U, transformer
terminals is known, the welding current intensity 1, may be determined as
follows:

|2 = |1U1/U2 ,
where |y is current intensity in primary circuit, A.
Equipment and materials

Machines for spot and upset welding 2

Current transformer 2
Ammeter for current impulse in primary

circuit measurements 2
Specimens: steel sheets of 1; 1.5; 2 mm

in thickness; steel rods of 8; 10; 12 mm in diameter 2 (of the

each type)

Timer 2
Dimension gage 6
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The work must be executed as follow:. Study the construction of the
welding machine (electric circuits, drive mechanism, cooling and heat
control systems) and their assignment. Make setups for welding of given
articles and carry out the welding procedure. Determine the welding current
intensity and welding time. Calculate the welding current density (current
intensity per weld area).

Fill in the following table 5.3.

Plot the dependences of welding current intensity and density upon
thickness (diameter) of welding specimens.

Contents of the report. Characterize the electric resistance welding, its
variants and fields of application.

5.3. Resistance welding regimes
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Characterize the welding machine employed; present the schematic
diagram of its electrical circuits.

Present the current intensity value measured while welding and current
density calculations for specimens different in thickness or diameter.

Analyze the relationship between welding current intensity and density
on the one hand and thickness of specimen on another hand.
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6 MACHINING OF STRUCTURAL MATERIALS

6.1 LATHE OPERATIONS

Purpose of the work. To study the basic principles of lathe operations,
design and working principles of a screw-cutting lathe and a single-spindle
semi-automatic lathe, to make acquaintance with lathe cutting tools and
basic operations involved, to study the effect of cutting regime upon quality
of finished products, to determine the automation level influence on
machining productivity.

Theory. Lathe cutting is the most widespread among metal machining
operations. The lathe is an important machine shop tool. Its share in the
total machine-tool stock runs into 30...40%.

Lathe machining is characterized by rotational movement (the main
movement) and feed movement: longitudinal and transverse (cross).
Operations performed on a piece of work in the lathe fall into two general
classifications: external (turning, facing, knurling, external thread cutting,
etc) and internal operations (drilling, reaming, boring, internal threading,
etc). A work surface should form a rot table body shape while, for instance,
turning, or plane while facing.

Engine lathes are classified as the first group according to SHHUMC's
classification. The group is subdivided into turning, screw-cutting, turning
and boring, multiple-tool, turret, automatic and semi-automatic, special and
specialized lathes, etc.

Cutting regime in lathe machining is primarily defined by the
following values: cutting speed V, feed S, S. and cutting depth. Cutting
speed is determined as a speed of a work surface dot removed to the utmost
from the rotation axis. The distance a cutting edge will advance along a
work piece (into it) per unit time or in one complete revolution is called the
feed and labeled by S, mm/min or mm/r. The feed may be either
longitudinal S, or cross (transverse) S.. The cutting depth t, mm, is the
distance between a work surface and already machined surface measured in
perpendicular to the last. In lathe machining the cutting depth is
determined by the formula:

t=0.5(D -d),
where D is work piece diameter;
d is machined diameter.

The parameters of cutting regime influence significantly on cutting

performance and finished product’s quality. Cutting speeds, for instance,
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determine the heat quantity, released in machining, chip built-up intensity,
strain hardening of a work surface, chip formation character, wear of
cutting tools and other phenomena. Feed and cutting depth affect on force
system, work, consumed in machining, heat phenomena, etc.

The quality of finished products is primarily determined by cutting
regime (especially by cutting speed and feed) and cutting tool geometry.
Two consequent positions of a tool, which is advanced past a workpiece in
one complete revolution, are depicted in Fig. 6.1. Turning is afforded by
the combination of several movements (V and S,). Hence, the true value of
a cut layer f is smaller than the nominal one (f; = ab) by f, — factor of fins
cross-sectional area. Fins’ height mainly determines finished roughness and
accuracy rating. The height may be decreased by reducing the side cutting-
edge and the end cutting-edge angles ¢; (Fig. 6.1), increasing the nose
radius, reducing the longitudinal feed, application of additional cutting
edges, as well as special finish-machining tools (Fig. 6.2).

Fig. 6.1. The cutting edge angles and cross-section of cutting layers:
o~ clearance angle; B - wedge angle; y - top rake angle; & - cutting angle;
@ - main angle; @," — auxiliary angle
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a b
Fig.6.2. Cutting tools: a — with additional cutting edge; b — finishing

The chip built-up formation (especially in cutting of plastic materials)
and its periodical spalling (spelling) also deteriorate the surface quality.
The intensity of the process rises as the cutting speed increases up to
18...30 m/min (depending upon other conditions). In further cutting speed
increase (above 40...50 m/min) the built-up formation is interrupted and
surface quality improves.

Besides mentioned factors the surface quality is also affected by
physical and mechanical properties of a work material, wear of a tool,
cutting fluid type, stiffness of a technological circuit.

Automatic and semi-automatic lathes are usually employed in mass-
production for reducing the manual share in labor input. A lathe, which
provides all operations, except mounting of a workpiece and removal of a
finished article, to be carried out automatically, is called semi-automatic
lathe. An automatic lathe performs all the operations exclusively without
human intervention.

The most wide spread single-spindle semi-automatic lathe has
predominantly horizontal spindle axis and at least two carriages —
longitudinal and transverse (Fig 6.3, a). The lathes facilitate working of, for
instance, step shafts. The semi-automatic lathes are divided into multiple-
tool and profile-turning machines. In the first machines every work surface
is machined by a special tool. In the second case, machining is carried out
by a single cutting tool, advancing along a given trajectory (Fig. 6.3, b).
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Fig. 6.3. Machining of step shafts in multiple-tool (a) and profile-
turning (b) semi-automatic lathes

Horizontal single-spindle bar machines are the most widely used
automatic lathes (bar is the workpiece). They may be as follows cutting off,
longitudinal turning and turret lathes.

In the cutting off automatic lathes cutting operations are performed
while tools are involved in transverse movement (Fig. 6.4, a). The absence
of longitudinal feed limits the field of their application.

In case of the longitudinal-turning, automatic machines the main
movement (rotation) and longitudinal feed of the workpiece 5 are provided
by the spindle 7. The tool carriages 4, supported by the pillar 3 with the
bushing 6, move as a unit along the bedways (Fig. 6.4, b). More intricate
and long parts may be produced in such lathes.

Fig. 6.4. Machining in single-spindle automatic lathes: a — cutting off,
b — longitudinal turning

The most intricate parts are machined in the turret automatic lathes

with a hexagon turret, mounted on longitudinal carriage. The hexagon
turret has several built-in transverse carriages and, different cutting tools.
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Automatic and semi-automatic lathes of other designs, for example,
multiple-spindle, are also employed in mass production.

Equipment, tools, materials
Screw-cutting lathe
Single-spindle automatic lathe
Set of cutting tools
Dimension gage
Timer
Bar of low-carbon steel
20 mm in diameter, 500 mm in length 4

OO NPRF PR

The work should be executed as follow:. Study the design and action
principle of the screw-cutting laths; make acquaintance with tools, lathe
accessories and main technological operations employed.

Study the design, action principle and setups of the semi-automatic
lathe. Study the draught of the part (Fig. 6.5) and determine the sequence in
which machining operations should be performed to manufacture the part
in screw-cutting lathe and semi-automatic machine. Gage the workpiece
diameter D,, and determine machining allowance (stock):

Z,=0.5(Dy - D),
where D is external diameter of the finished part.
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Fig. 6.5. Draught of the part
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It is for an instructor to specify the cutting regime giving the V, S, Sc
values for all the operations performed in screw-cutting lathe. The depth of
cut should be adopted as (0.7...0.8) Z, in rough and (0.2...0.3) Z, in finish
machining while turning, 0.2...0.3 mm while facing or tapering.

The formula for spindle revolutions per minute in determination is
following:

1000V
n= .

nD
Enter the cutting regime parameters in the setup table (table 6.1).

6.1.Screw-cutting lathe setup table

Cutting Spindle
_ ) Feed | Depth of
Operation| Tool | speed revolutions per | cut, mm
m/min minute

Mount and lock the workplace and proper tools for machining in
screw-cutting lathe. Make setups according to the table 6.1 and machine the
workpiece in a given sequence. Manufacture 5...6 parts. The same parts
should be manufactured in semi-automatic lathe. Note machining time in
these two cases.

Turn the workpiece with roughing tool, then with finishing one.
Investigate the influence of cutting tool geometry on surface quality,
comparing the surface roughness Rz, obtained in mentioned cases (use
surface roughness standards).

Study the cutting speed effect on surface quality after turning with
speeds slower (by 30...50%) and higher (by 60...70%) than the
recommended one. Determine the Rz value of finished surface and plot the
dependence between cutting speed and Ry.

Turn the workipece with feeds slower (by 30...40%) and higher (by
30...50%,) than the recommended one and determine Rz value. Plot the
dependence between feeds S and roughness Rz

Gage the parts manufactured on screw-cutting and semi-automatic
lathes and determine accuracy in the two cases.

Determine the average time for manufacture in the two types of lathes.

Make inferences.

Contents of the report. Present the draught of the part. Depict the
machining operations in screw-cutting and semi-automatic lathes.
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Present the setup table with necessary explanations and calculations.
Plot and explain the dependences between surface roughness Rz on the one
hand and cutting speeds as well as feeds on the other hand (2 graphs).

Present the turning productivity data (for two lathe types employed).

Explain the tool geometry effect on surface roughness.

Present the inferences.

6.2 MILLING OPERATIONS

Purpose of the work. To study the construction of milling machine-
tools with horizontal and vertical spindles; to make acquaintance with the
types of milling cutters; to master the necessary setups according to a given
milling conditions; to determine the main (machine) time in milling.

Theory. Milling is the process of producing machined surfaces by
progressively removing a predetermined amount of material from a
workpiece which is fed to a rotating milling cutter. Milling cutters are often
referred to as multitooth tool. The main movement in this case is the
rotation of the milling cutter. Feed (longitudinal, transverse (cross) and
vertical) is imparted to the workpiece, mounted on the table. Milling is a
high-productive process to machine flat (horizontal, vertical and inclined),
shaped surfaces, grooves, shoulders etc.

There is a number of different milling cutters, each one designed for a
certain purpose (Fig. 6.6): plain or slab cutters (a), face mills (b), side
milling cutters (c), end mills (d), angle (e), keyway (f) and form mills (g, h)
are some of the more common ones. By the teeth contour and girding
method the milled (sharp-cut) and form-relieved milling cutters are
distinguished (Fig. 6.6 i, j). Teeth of a form-relieved cutter retain their
cutting edge contour in radial section while sharpening along the front
plane.

The milling cutters may be either solid (single-piece) mainly of high-
speed steel or with inserted teeth. The last cutters are often made of carbon
steel. Inserted teeth of high-speed steel, tungsten or titanium carbides and
ceramic may be fastened in special holders, brazed or screwed down to the
cutter.
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Fig. 6.6. Milling cutters

Horizontal and vertical knee-and-column milling machines are
depicted in Fig. 6.7. They have a base 1, a column 2, an electric motor,
equipped with a belt transmission 3, a spindle speed gear box 4, a
horizontal or vertical spindle 5, an overarm 6, an outer arbor support 7, a
table for the workpiece mounting 8, a slide 9, a knee 10 and a feed gear box
11.

Fig. 6.7. Horizontal (a) and vertical (b) knee and column milling
machines

A cutting regime is determined by cutting speed V, m/min, feed and

depth of cut t, mm. The feed may be determined as: feed per minute S, —
surface mm per minute, traveled by the cutting edge of a cutter; feed per
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revolution S, — travel of a workpiece per one revolution of a spindle, mm,
and feed per tooth Sz, mm. The feeds are mutually related to each other:
Sm:Sr ‘n= SZ 'Zn

where n is revolutions per minute of a spindle;
Z is teeth number of a cutter.

Feed per minute determines the machining productivity, while feed per
tooth characterizes tooth loading and, thus, durability of a milling cutter.

The milling productivity is estimated by a number of articles Q,
machined per certain period of time T (month, shift, hour);

Q=T/Tk
where Ty is time, required to machine one article, min.

The machine (technological) time T,,, mm, (the direct manufacturing
time, spent in the process of machining) is the main component of the total
time, required to manufacture an article:

Tm=L-1/Sn
where L is calculated length of a workpiece, mm
i is number of passes.

The calculated length (Fig. 6.8)
L:|1+|+|2

where 1 is cutting-in distance of a milling cutter, mm;
1 is true length of the workpiece, mm;
1, is overtravel of the milling cutter, mm (is taken as 2...5 mm).
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Fig. 6.8. Determination of calculated length of a workpiece in plane
(a) and face (b) milling
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The cutting-in distance 1;, mm, is determined in plain milling as

follows:
I, = Jt(D-1),

in symmetric face milling respectively:

|, =0,5(D—+/(D? - B?),

where D is diameter of the milling cutter, mm;
t is depth of cut, mm;
B is width of work surface, mm.

Equipment, tools, materials
Steel plates, less than 60 mm wide
Horizontal knee-and-column milling machine
Milling cutters of various types
Face cutter more than 60 mm in diameter
Machine vise
Dimension gage
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The work must be executed as follows: Study the design of the
milling machine, its main units and their operation. Make acquaintance
with the basic types of milling cutters, setups and operations for a variety of
milling jobs.

Make proper setups and adjustments in accordance with the individual
tasks. It is necessary to determine the spindle rotational speed n, min™
(rpm) by a given cutting speed V, m/min, and cutter's diameter D, mm:

= 1000V

nD

select the speed (closely spaced to the calculated value) on the face of
the dial and turn the crank until the indicator points to the chosen speed.

Machine the workpiece in chosen milling conditions.

Gage the milling cutter and the work surface (D and B, mm,
respectively). Determine the machine time T, Assuming that the time,
required to machine one article T is (conventionally) equal to machine
time T, determine the productivity per hour Q in the given milling
conditions.

Compare the data, obtained by different subgroups and determine the
effect of speed, feed and depth of cut on productivity and surface
roughness.

72



Contents of the report. Characterize briefly milling as a machining
method.

Present scheme of the universal knee-and-column milling machine
(vertical or horizontal), name its main units, describe their function and
basic milling operations.

Record the given milling regime. Depict the work scheme in
accordance with Fig. 6.8, specify the necessary dimensions. Present the
calculations in respect to spindle revolutions per minute, machine time and
productivity in the given milling conditions.

Make inference about speeds, feeds and depths of cut effect on
machining productivity and quality of machined surface.
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7.ENGLISH — RUSSION —-UKRAINIAN DICTIONARY

abrasive

absorb

absorber

abut

acetone

acetylene (C,H,)
acetylene generator

acid

acid refractory
materiall

acid slag
actual grain
actual size

actuator
adjust
admixture
aerator
affinity
ageing
agglomerate
alignment
alkali
allotropy
alloy steel
alloyed cementite

alloying element
alpha iron
alpha-stabilizing
agent (element)
alternate motion

alternating current
alternating tests

abpa3uBHEIN MaTepra

MOTJI0MIATh
aMOPTU3aTOP
IPUMBIKAaTh
aleToOH

areTUIeH
aLETUIICHOBBIN
reHepaTop
KHCIIOTa

KUCJIBII OTHEYTIOP

KHCJIBIH IIIJIaK

JIEUCTBUTETLHOE 3€PHO

NEeHCTBUTENbHBINA

pasmep

TIPUBOJ

peryaupoBaTh

no0aBKa, IpUMeCh

a’parop

CPOACTBO

CTapeHue

ariiomepar

COOCHOCTb

IETI0Yb

JITOTPOTINS

JIETUPOBAHHAs CTaJb

JIErUPOBaHHBIN

HEMEHTHUT
JETUPYIOLIUN 3JIEMEHT

anbda xKere3o

anbda-cradbunmszarop

BO3BpaTHO-
MOCTyNaTEIbHOE
JIBUKEHUE
MEepEMEHHBIN TOK
LHUKINYECKHE
HCTIBITAHUS

abpa3uBHUN
Matepiai
MOTJIMHATH
aMOpTHU3aTOP
MPUMHKATH
aleToH
areTuieH
alEeTUICHOBUI
reHepaTop
KHCII0Ta
KHUCJIUHA BOTHETPUB

KUCJIMH [UTAK
JificHE 3epHO
TACHUI po3Mip

MPUBOJT
perymoBaru
nmobaBKa, JOMIIIIKA
aepaTop
CIIOPITHEHICTh
CTapiHHA
arimomMepar
CITiBBICHICTh

IyT

aJI0TpOIIis
JIeroBaHa CTallb
JIErOBaHU
[EMEHTHT
JIETYIOUUNA €IEMEHT
anbda 3aIiz0
anb(da-crabdimizaTop

3BOPOTHO-
MOCTYNAIBHUH PyX

3MIHHHUHA CTPYyM

LUKJIIYHL
BUTIPOOYBaHHS
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alumina (Al,Os)
aluminium

aluminium hydroxide

amenable
ammonia
amorphous body
angle cutter

Angstrom unit
anion
anisotropic
anisotropy
annealing
annihilation
anode
anthracite
antimony
anvil

anvil block
apex

apron

arc discharge
arc rays

arc torch

arc-erosion machining

arsenic
artificial ageing

ash
atomic half plane

austenite

austenite
transformation
diagram, C-curves

TJINHO3EM
AJTOMHUHUNA
THJIPAT OKHUCH
AFOMUHUS
MOAJar0IIUKCS
aMMHaK
amop(HOe Teno
rioBas ¢gpesa
aurcrpem (10™° M)

aHWOH
HEOJTHOPOIHBIN
AHU30TPOIIHS
OTXKHUT

AHHHUT UL
aHo

AHTpaLUT
cypbMa
HaKOBaJIbHS
maboT
BEpLINHA
bapTyk
JlyTOBOH pa3psn
U3IIy4eHUEe OyTU

CBapOYHasl rOJIOBKa
(ipm
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CBapKe)
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obpaboTka
MBIIIBSIK
UCKYCCTBEHHOE
cTapeHue

30112
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HOJIYTUIOCKOCTh
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ayCTCHUTA,
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aHioOH
HEOHOPITHHH
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BiOITan
AHITLTALIA

aHox

AHTpPALHT

cypbMa

KOBAaJJIO

mraboT

BEpIINHA

dapryx

JlyTOBUI PO3ps
BUIIPOMIHIOBaHHS
IyT!
3BaproBalibHA
roJioBKa (Ipu
ra30eJIeKTpUI-HOMY
3BapIOBaHHI)
eJIEKTPOIMITYJIbCHA
00poOka

MU SIK

HITyYHE CTapiHHS

30112
aToMHa
MOJTYTUIOCKOCTb
ayCTEHIT
Jiarpama po3many
ayCTEHITYy
C-o0pazHa KpuBa
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austenitic steel
austenitic-carbide
steel

austenitic-
intermetallic steel

autoclave

automatic arc
welding

automatic bare-wire
submerged arc
welding

auxiliary

axe

axial tension

babbitt
back rake

back rake angle
backing sand

bainite

bakelite

balanced flame
balanced pressure
torch

bank of condensers

bar

barb
bare-electrode
welding

basic refractory
material
basic slag

ayCTEHUTHASI CTaJIb
ayCTEHUTHAS CTaJb C
KapOWIHBIM
YIPOYHECHUEM
ayCTEHUTHAS CTaJb C
MHTEPMETAIITUIHBIM
YIPOYHECHUEM
aBTOKJIaB
aBTOMAaTHYECKas
JTyToBas CBapka
aBTOMaTUYeCKas
JTyTOBasi CBapKa Mo/
(rocoM
BCIIOMOTaTEJIbHbBIN
TOTIOP

0CEBOE PaCTsHKEHIE

0a00uT

TIepeIHsSS TIOBEPXHOCTh
(pe3ua)

MEPEAHUN Yo
obopoTHas
(HATIOJTHUTEITbHAS )
(hopMOBOYHAsI CMECh
OeHHUT

OakemuT

HOpPMAaJIBHOE IIJIaMsI
ropesika
0E3BIHKEKTOPHOTO THIIA

Oarapest KOHJICHCATOPOB
HPYTOK

3ayceHel, 0010
CBapKa AIEKTPoIOM 0e3
HOKPBITHS

OCHOBHOW OTHEYIIOp

OCHOBHOM IIIJIAK

ayCTEHITHA CTallb
ayCTEeHITHA CTab 3
KapOiTHUM
3MIIHEHHAM
ayCTEeHITHA CTab 3
IHTepMETai THAM
3MIIHEHHAM
aBTOKJIaB
aBTOMATHYHE JAyTOBE
3BapIOBAaHHS
aBTOMAaTUYHE JTyTOBE
3BapIOBAHHSA i
¢rocoM
JOTIOMDKHUI
COKHpa

OCBOBE
PO3TATryBaHHS

0a0iT

TIePEIHS TIOBEPXHS
(pi3iyi)

nepeaHii KyT
obopoTHa
(HaTIOBHIOBAJIHLHA)
(opMyBaIbHA CyMiIll
OeifHIT

Oakemit

HOpMaJIbHE TIOJIYM ST
MaJTbHUK
0€31HKEKTOPHOTO
THITY

Barapes
KOHJICHCATOPIB
MPYTOK

3aaupka, 0610
3BapIOBaHHS
EJIEKTPOJIOM 0e3
MTOKPUTTS

OCHOBHHI
BOTHETPUB.
OCHOBHMH I1LJIaK
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bauxites
beam
bearing steel

bed die

belbor

bell

belt transmission
bench-type drilling
machine

bending

bentonite
(Al,03*4Si0,*H,0)
beryllium

beta iron
beta-stabilizing agent
(element)

beveling

billet

bimetallic

binder

black oil

black smithing
blacksmith welding

blade

blanking

blast purnace
blast furnace shop
blind hole

block head

bloom

blooming

blowing

blunt

Body of drill

OOKCUTBI
7y, My4Y0K
MOIIIUITHUKOBAS CTAJIb

MaTpHIa
6enbop

KOJIOKOJI

peMeHHas Tepeaada
HACTOJILHBIN
CBEPJIMIBHBINA CTAHOK

n3rud, rudka
OEHTOHUT

Oepriuit
Oera xene3o
Oera-crabunmuzarop

norydeHue (pacok
3aroTOBKa
JIBYXCJIOMHBIH,
OMMeTaITMYeCKHit
CBA3YIOLIEE, KPEUTEIh
Ma3yT

KOBKa

Ky3HeuHasl CBapKa

peKyIas 4acTh
(BeprmHa pesia)
BBIpyOKa

JIOMEHHAs T1eYb
JMOMEHHBIN [EX
TIIyX0€ OTBEPCTHE
0oek

O1r0M

OJIIOMHUHT

IYThE

Tynowu

pabouas yacTh cBepiia

OOKCUTH
MPOMIiHB, ITy9IOK
MAIIHITHIKOBA
cTallb

MaTpPHILI

6ebop

I3BIH

rmacoBa Iepemaya
HACTIJIbHUN
CBEPIJIUIIBHUI
BepcTar
3TUHAHHS, THYTTS
OEHTOHIT

Oeputiit
Oera 3ami30
Oera-crabinizarop

oTpuMaHHS (pacok
3aroTiBKa
JIBOILIAPOBHIA,
OiMeTaniyHui
3B’sI3y104e
Ma3yT

KyBaHHS
3BapIOBaHHS
KyBaHHSIM
pikyua yacTrHa
(BeprnHa pi3is)
BUPYOyBaHHS
JIOMEHHA T4
JNOMEHHUH 1IEX
TITyXHH OTBIp
600K

Omom

OmoMiHr

JYTTS

TYNUn

poOoua yacTuHa
cBepaia
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body-centered crystal
lattice (bcc)

boiler steel
boiling
bolting
bonding

bore
boring
boring

boring mill

boron

bott

bottom hole
brass
break-blowing gauge
briquette
brittleness
broaching mill
bronze

buffer

bumper
Burgers’ vector
burning
bushing

butt weld

butt welding

cable sheating
calcium
calcium carbide
(CaCy)
calibration

cam drive

00BeMHO-
EHTPUPOBaHHAS
KyOndeckas pemeTka
(ouk)

KOTEJIbHAS CTAJIb
KHTICHHE

COeMHEHHE 0OITaMU
cBapka (Ky3HeuHasl)

3EHKED
pacTtaunBaHue
3€HKEpPOBAaHHUE,
pacTauuBaHue
pacTOYHOM CTaHOK

oop

npoOka (JIETKH)
TIIyX0€ OTBEPCTUE
JaTyHb

YEepPHOBOW Kanuop
Opuker
XPYMKOCTh
MPOTSHKHON CTAHOK
Oponsa
aMOpPTHU3aTOP
aMOpPTHU3aTOP
BekTop broprepca
Mepexor

BTYJIKA, THIIbh3a
CBapHOe coeTMHEHUE
BCTBIK

CTBIKOBAsI CBapKa
OTUIABJICHHEM
000109Ka Kabems
KaJIbILIAHN

KapOwJ| KalbIus

KaJIMOpOBKa
KYJIAYKOBBIH MTPHBO]]

00’eMHO-TICHTpOBaHa
KyOidHa perriTka
(oK)

KOTEJIbHA CTaJIb
KHITIHHS
3’€IHaHHA OONTAMH
3BapIOBaHHSA
(KOBaJIBCHKE)
3eHKep
PO3TOUYBaHHS
3€HKEpYBaHH,
PO3TOUyBaHHS
pO3TOUYyBaIbHUN
BepcTaT

6op

npoOka (JILOTKN)
TITYXWH OTBIp
JaTyHb
YOPHOBHI Kaniop
Opuker
KPHUXKICTh
MNPOTSKHUM B.
OpoH3a
aMOPTU3aTOP
aMOPTHU3aTOP
BekTop broprepca
nepenan

BTYJIKa, T1Tb3a
CTHKOBE 3BapHE
3’€IHaHHA
CTHKOBE 3BapIOBAHHS
OIJIaBJICHHAM
00ot0HKa Kaberto
KaJIbIIN

KapOiJ KaJbIIi0

KaJliOpyBaHHS
KyJIAYUKOBUH MPUBOJ
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caolinite
(Al,03*2Si0,*2H,0)
cap
capacitor-stored
energy welding
Carbide-forming
elements
carbide-to-water
carbon

carbon steel
carbonate
carbonitriding
carbonizing flame

carburizer
carburizing
carnallite
(MgCI,*KCI*6H,0)
carriage
casehardening

casehardening steel

case-reducing

cast alloy

cast iron

casting

cathode

cation

cavity
CCT-diagram
(continuous cooling
transformation
diagram)
C-curves, austenite
transformation
diagram

cemented carbides
cemented oxides
cementite

OTHCYIIOpHas IJInHa

KpBbIIIKa

KOHJACHCATOpHAs CBapKa

KapOumooOpasyrome
AIIEMEHTHI

KapOu Ha BOAY
yrIaepos
yIIIepoaucTas CTalb
KapOoHaT
HUTPOIIEMCHTAIIHS
BOCCTaHOBHUTEJIHHOEC
TTamst
KapOropu3aTop
[EMCHTAIIHS
KapHaJUTUT

KapeTKa
XMMHKO-TEPMHUYECKAsT
o0paboTka
[IeMEHTyeMast CTajlb

00KHAM

JINTEHHEIN CITJIaB
YyT'yH

JINThE, OTJIUBKA
KaToJI

KaTHOH

IOJIOCTh
TePMOKHUHETHYECKAS
Juarpamma

C-o0pazHas kpuBas,
JMarpaMma pacraza
ayCTeHUTa

TBEP/IbIe CILIABbI
KEPMETBI

[EMEHTUT

BOTHCTPUBKA I''TMHA

KpHILKa
KOHJIEHCATOpHE
3BapIOBAHHS
Kap0110yTBOPIOIOUi
eJIeMEHTH

KapOix Ha BOIY
BYTJICTIb

ByTJICLIEBa CTallb
KapOoHaT
HITPOIIEMEHTAITi s
MOJTyM 1, 1110
BiJTHOBIIIOE
KapOropu3aTop
[eMEHTAIlis
KapHaJiT

KapeTka
XIMiKO-TepMiYHa
00poOKa

CTalb, M0
IEMEHTYEThCS
00THCK
JIMBapHUH CIUIaB
YaBYH

JIUTBO, BUITMBOK
KaTo/|

KaTioH
MOPOXKHHUHA
TEPMOKIHETUYHA
niarpama

C-o0pazHa KpuBa,
JiarpaMa posmagy
ayCTEHITYy

TBEP/i CIUIaBH
KEepMeTH
[EMEHTHT
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cementite carcass
(shell)

center of gravity
centerless grinding
machine

centrifugal casting
ceramic

ceramics

cerium

cermets

chain mill

chalk

chamber furnace
Chamotte
charcoal

charge

charge, burden
checkerwork of brick

chemical compound

chemical heat-
treatment
chilled cast iron
chilling

chip
chisel

chloride

chlorine

choke

chopping

chrome- magnesite
chromite (Cr,05)
chromium

chuck

chute

circular shears

OEMCHTUTHAA CCTKaA

HEHTP THKECTH
OeCIIeHTPOBO-

MUTH(OBATBHBIN CTAHOK

LEHTPOOEKHOE JINTHE
KepaMuKa

KEepPMEThI

uepui

KEPMETBI

LEMHOM CTaH

Mel

KaMepHas I1e4ub
IaMOT

JIPEBECHBIN yTrojib
3aBaJiKa, IINXTa
KOJIOIIA, [IIMXTa
KJeTyaras Kiajaka u3
Kupnuya
XUMHNYECKOC
COCIMHEHHE
XHUMUKO-TEPMUYCCKAs
o0OpaboTka
OTOCIICHHBINH YyTYH
oroen (uyryHa)

CTpYXKa

peserr; 3yOnIno; 1010To

XJIOPUJ
XJIOp

Jpocceb

pyOKa, oTpe3ka
XPOMOMAarHe3uT
XPOMHUT

XpoM

MaTpoH

Kenoo

JUCKOBBIC HOXXHUIIbI

LIEMEHTITHA CITKA

LEHTp Baru
OE3IICHTPOBO-

i yBanbHAN
BEpCTaT
BiJILICHTPOBE JIUTTS
KepaMika

KepMeTH

uepin

KepMeTH
JIAHLIOTOBUH CTaH
Kpenja

KaMepHa II.

MIaMOT

JIEPEBHE BYTLILIA
3aBajiKa, INXTa
KOJIOIIIA, IINXTa
KITIiT4aTa KiIaaKa 3
HETIH

XIMiYHE CHOTyYeHHS

XiMiKO-TepMiuHa
00poOKa
BiJIO1IEHNH YaByH
BIIOUTFOBAHHSA
(1aByHy)
CTpYKKa

pizelp; 3yonIo;
JIOJIOTO

XJIOPHTL

XJI0P

JIpoceb

pyOKa, Bigpizka
XPOMOMArHe3uT
XpOMIT

XpoM

MaTpoH

KOJI00

JIUCKOBI HOXKULI
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circumference
cladding
clamp

clamp

clay

cleaning

climb milling

closed die
closed gauge (pass)
cluster mill

clutch
coalescence

coated electrode

cobalt

coherence

coil spring

coining

coke

coke-chemical plant

coking coal
cold deformation

cold die forging

cold extrusion
cold heading

cold pressing
chamber

cold resistance
cold treatment
cold upset forging

OKPYKHOCTh
TUTAKUPOBaHHE
32KUM

CcK00a, 3aKUM

TJIMHA

OYHCTKa (OT IpUTapa)

MOy THOE
dbpesepoBanue
3aKpBITHIA MITAMI
3aKPBITHIH KAJIUOP
MHOT'OKJICTHEBOM CTaH

Mmyra

KOAJIECIICHIIHS,
COe/IMHEHNe

AIIEKTPOJL C MOKPHITHEM

KOOaIbT
KOT€PEHTHOCTb
Npy>KUHA

KaTnOpOBKa

KOKC
KOKCOXUMHUYECKUH
3aBOJ

KOKCYIOILIHICS YT OJIb
XOJoAHas e opMarist

XOJIOIHAst OO beMHast
HITAMITOBKA
BBIIaBJIMBAaHHE
XOJIO/IHAsI BHICAJIKA
(onepaums OM/)

XOJIOJHas Kamepa
MPECCOBAHUS
XJ1aJJ0CTOMKOCTh
00paboTKa X0JI070M
BEICaJIKa (XOJIOHAS)

OKpYKHICTB
TUTAKyBaHHS
3aTHUCKa4

CcKo00a, 3aTHCKa4
TJIMHA

OuHIIeHHS (BifT
npurapy)

MOy THE
(bpe3epyBaHHS
3aKPUTUH LITAMIT
3aKpUTUH Kaiop
0araToKIIiTKOBUI
cTaH

Mydra
KOaJIeCLeHIIs,
3’3 OHaHHA
eJIEKTPOJI 3
MTOKPUTTSAM
KOOaIbT
KOTE€PEHTHICTh
MPYXHHA
KaliOpyBaHHS
KOKC
KOKCOXIMIUHUH
3aBOJT

KOKCIBHE BYT1JUIA
XOJIO/THA
nedopmariis
XoJIogHE 00’ eMHE
IITaMITyBaHHS
BUJIABITFOBAHHS
XOJIOJTHE
BUCAKyBaHHS
(omeparmis OMT)
XO0JIOJTHAa Kamepa
MpecyBaHHS
XOJIOIOCTIHKICTD
00pobKa xX0mo10M
BHCaJKa (XOJI0HA)
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cold welding

cold work hardening

collective
recrystallization
column

combustion

common steel,
ordinary quality steel
compliance

component
composite material

compound die
compression
condensate
coned cutter
conform
congregation
connecting rod
conoda
Constitutional
diagram
consumable electrode

contact type
contact-initiated
discharge machining
contactor

container
contamination
continuous casting
continuous chip
continuous furnace
continuous hardening

XO0JIogHad CBapkKa

HaKJIeT,
ne(hOpMaITMOHHOE
YIIPOYHEHUE
cobmparenpHas
peKpHUCTaTU3AIIL
KOJIOHKA

ropeHue

CTaJIb OOBIKHOBEHHOTO
KauyecTBa
MTOAATIINBOCTE (CMECH )

KOMITIOHCHT
KOMITO3HUIIMOHHBIH
Marepuall
COBMENICHHBIN IITaMIT
c)KaThe

KOHJIEHCAT
KOHU4ecKas (pesa
COOTBETCTBOBATH
COCPEOTOYECHUE
maTyH

KOHOJIa

JlarpaMma COCTOSIHUS,
(azoBas ruarpamma
pacxoayeMblil 3JIEKTPO/T

KOHTAKTHOTO THITa
JIEKTPOKOHTAKTHAS
o0OpaboTka
MpephIBaTENh TOKA
KOHTEUHEp
3arpsi3HEHHE
HENPEPHIBHOE JTUTHE
CIIMBHAS CTPYKKa
METOIUYeCKast MeYb
HEnpepbIBHAS 3aKaJKa

XOJIOJTHE
3BapIOBaHHS
HaKJIe,
nedopMmartiiine
3MIITHEHHSA
30upaiapHa
peKpHCTaTi3aIis
KOJIOHKA

TOpIHHSA

CTaJlb 3BUYaWHOL
SIKOCTI
MIATINBICTD
(cymimri)
KOMITOHEHT
KOMTIO3HIIHHAN
Marepiai
CIIOJIYYEHU IITaMII
CTUCHCHHS
KOHJICHCAT
KOHIYHa (hpe3a
BiAIIOBigaTH
30CepeIKCHHS
HIATyH

KOHOZa

Jliarpama cTaHy
(hazoBa miarpama
€JIEKTPOI, 110
BUTPAYAETHCS
KOHTAKTHOTO TUITY
€JICKTPOKOHTAKTHA
00poOKa
nepepuBay CTpyMy
KOHTEHHEp
3a0pyIHEHHS
Oe3nepepBHE JIUTTS
3IIUBHA CTPYXKKa
METOIWYHA IT14.
Oe3rnepepBHE
rapTyBaHHS
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continuous teeming

contour
contour of Burgers
contraction

controlled
(protective)
atmosphere
convection
conventional milling

conversion iron
convex
coolant

coordination number
cope

cope and drag
pattern
copper
copper glance
copper pyrite
core box

core of flame
core print

corner cutter
corner weld
corrodent

corrosion-resistant
steel

counterbore
counterboring

HCIIPCPLIBHASA pa3/IMBKa

KOHTYp
KOHTYp broprepca
YMEHBLIEHUE Pa3MEPOB,
ycaaka

KOHTpOJIHpyeMast
(3amuTHAs) aTMocdepa

KOHBEKIIHS
BCTPEYHOE
(dpe3epoBanue
NepEACIbHbBIN YyTYH
BBITYKJIBIA
CmasouHo-
oXJaXKIaromas
skuakocts (COXK)
KOOPAMHALMOHHOE
YHCIIO

BEPXHsISI YaCTh
(Mmonenu, popmal)
pasbeMHasi MOJIeNb

Meb
MEIHBIN OJIeCK
MEIHBIN KOJTUe JaH
CTEPKHEBOM SIIIHK
SIIPO TUTAMEHU

3HAK (3HAKOBAas 4aCTh
CTEPIKHS)

yrioBas (pesa
YTIIOBOE COEMHEHUE
BEIIECTBO,
CIOCOOCTBYIOIIIEE
KOppO3uu
HEepIKaBeroIas CTajb

3CHKOBKA, IICKOBKa
3CHKOBaHHC

Oe3nepepBHE
PO3TMBaHHS
KOHTYP

KOHTYp broprepca
3MEHIIICHHS
pO3MIipiB,

ycaaka
KOHTPOJIbOBaHA
(3axmucHa)
atMocdepa
KOHBEKIIIA
3yCTpiuHe
¢bpesepyBaHHs
nepepoOHuil YaByH
ONYKJIHI
MaCTHJIBHO-
OXOJIOJKyBaJIbHA
pinuna (MOP)
KOOpJMHAIIHHE
YHCII0

BCPXHA YaCTUHA
(Mopeni, popmu)
PO3HIMHA MOJIEJTh

MiIb

MIITHAI OTUCK
MIIHUN KOJIUeaaH
CTPYO>KHEBUH SIIUK
SIIPO TONYM’ 51
3HaK (3HAKOBa
YacTHHA CTPHXKHA)
KyTOBa (hpesa
KYTOBE 3’ €IHAHHS
pedoBUHA, 110
crpusie Koposii

HeprkaBitoUua CTallb

3€HKIBKa, [ICKOBKa
3CHKYBaHHS
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countersink
countersinking
coupler
coupling
crack

crank press
crank shaft
crater

creep

creep limit
critical castings

critical cooling rate

critical diameter
critical radius
cross rolling
cross section
crossgate
crucible

crucible (coreless)
induction furnace

cryolite (NazAlF)
crystal lattice

crystal structure

crystalline body
crystallite

crystallization

cupola

curing

current cut-off switch
current lead

current strength
cut-off valve

cutter

3€HKOBKa
36HKOBaHUE

XaMyT, CLEeIKa

mydra

TpeIInHa
KPUBOIIMITHBIN TIpecc
KpPUBOILIHUIT

KpaTep

MOJI3y4ECTh

TIpeJien MoJI3y4ecTH
OTBETCTBEHHBIE
OTIIUBKH

KpUTHUYECKasi CKOPOCTh
OXJIKICHUS
KPUTUYECKUHA JTUaAMETP
KPUTUYECKUNA panyc
ToriepeyHas mpoKaTka
MOTIEpEYHOE CeYeHHE
[IAKOYJIOBHUTENb
TUTEITh

TUTeNbHAs
WHAYKLIMOHHAA MEYb
0e3 cepaeyHNKa
KPUOJUT
KpUCTAJUITHYECKast
perieTka
KpUCTaJUITNYecKast
CTpYKTypa
KPUCTAJUTMYECKOE TEJIO0
KPUCTAJUIUT, MEJIKUI
KpUCTaJLI
3aTBEpACBaHuE,
KpUCTAJUTM3aLHs
BarpaHka
OTBEPXKICHUE
IIpepBIBATENb TOKA
TOKOTIOABO/]

CHJIa TOKa

OTCEYHOH KJanaH

¢bpe3a

3€HKiBKa
3€HKYBaHHS

XOMYT, 34ilKa
Mydra

TpiITuHA
KPUBOIIUITHUN Mpec
KPHUBOIIIHIT

Kparep

MTOB3y4iCTh

TpaHML TOB3y4YOCTI
BIAITOBigaIbHI
BUJIMBKH

KPUTHUYHA IIBUAKICTh
OXOJIOJPKEHHSI
KPUTHYHUH JTiaMeTp
KPUTHYHUH pajiyc
norepeyHa MpoKaTkKa
MOTIePEYHUI TIepepi3
IJJAKOBJIOBJIIOBAY
TUTETIb

TUTEJbHA
IHyKIiiHA Tid 0e3
cepleyHNKa

KpiojiT
KpHUCTalliYHa
pernriTka
KpHUCTaNiyHa
CTpYyKTypa
KpHUCTAIlIYHE TiJ0
KPHUCTAIT, IpiOHMH
KpHUCTaNI
3aTBEP/iHHS,
KpHCTaNi3awis
BarpaHka
OTBEpIiHHS
nepepruBay CTpyMmy
CTYMOITiIBEICHHS
CHUJIA CTPYMY
BIJICIYHMI KJIalaH

¢dpe3a
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cutting angle
cutting face

cutting fluid

cutting of

cutting stroke
cutting tool
cutting, machining
cutting-off
cutting-off mill
cutting-out

cut-up milling

cyaniding
cyclic tests

cylinder

cylindrical grinding
mill

damage

dead center
decarburization
deep vacuum

defect

deficit solid solution

deformability

deformation
degassing

degree of
supercooling
degree of
tetragonality
degrees of freedom
delta iron

yroJ pe3aHus
MepeIHsS TTIOBEPXHOCTh
(pesua)

CMa304HO-

OXJTaXK IArOIIIAst
)kuakoctsb (COX)
00pyOKa (oTaencHue
JUTHUKOBOH CUCTEMBI U
MIPUOBLICH)

pabounii Xox

pesen

00paboTka pezaHueM
pyOKka, oTpe3ka
OTPE3HOU CTAHOK
BEIpyOKa

BCTPEYHOE
(dpe3epoBanue
MUaHupPOBaHUC
UKITNICSCKUC
HUCIIbITAHUA

LWIUHIP
KpyTJIONUTH(OBATEHBINA
CTaHOK

MOBPEXK/ICHUE
HETOABHXHBIH [IEHTP
00e3yriepokuBaHue
TTTUOOKHI BaKyyM
nedext

TBEP/IBIA PACTBOP
BbIYUTAHUSA
MOAATIUBOCTE (CMECH)

nedopmanus
Jerasaius
CTENEHb
MePEeOXIIKICHUSL
CTCIICHb
TeTpaI'OHaJ'IBHOCTI/I
CTEMEeHU CBOOOIBI
JIETILTA JKEIE30

KYT pi3aHHs

nepeTHs HOBePXHS
(pi3iyi)

MaCTHJIBHO-
OXOJIOJDKYBaJIbHA
pimuaa (MOP)
00pyOKa (BiaiIcHHS
JIMBHUKOBOI CHCTEMU
Ta JOATKIB)
pobounii xif

pizenb

00po0OKa pizaHHIM
pyOKa, Bigpizka
BiJ[pi3HUI BepcTaT
BAPYOYBaHHS
3yCTpiuHe
¢bpesepyBaHHs
1iaHyBaHHS
LUKJIIYHL
BUNIPOOYBaHHS
HUTIH]IP
KpyTiIonutiyBarbHA
i BepcTaT
MOIITKO/KEHHS
HEPYXOMHUI1 LICHTP
3HEBYTJICI[LOBYBAHHS
TTTUOOKUI BaKyyM
nedext

TBEpAUHN PO3UYUH
BUPaxyBaHHS
MiAAATINBICTE
(cymimri)
nedopmartis
Jierasartis

CTYIiHb
MEPEOXOI0IKEHHS
CTYIIHb
TETParoHaaIbHOCTI
cTerneHi ceoboan
JIeNbTa 3aJ1130
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dendrite
dendrite segregation

deoxidation
deoxidize
deoxidizer
dephosphorization
depth of cut

design engineer
design size
designation
desulphurization
desulphurize
detaching
deviation
device

dew point
dextrin

dial

diamond

die

Die

die forging

die steel
diffusion
diffusion annealing

diffusion coating
diffusion welding

diffusionless
transformation
dilution

dimension
dimension accuracy
dinas brick

JICHIPUT

JIEHIPUTHAS CeTperamys

pacKuCIeHUe
PacKUCITh
PacKUCIHUTENb
nedocdoparus
TOJIIINHA CPEe3aeMOro
cos,

ryOuHa pe3aHus
KOHCTPYKTOP
HOMUHAJbHBIA pazMep
o0o3HavYeHNE
Jecyabhyparus
YIAIATh Cepy
yIaneHue
OTKJIOHEHHE

npudop, yCTPOUCTBO
TOYKA POCHI

JEKCTPUH

nikana (mpudopa)
anMas

MaTpHIIA, ITaMIT
mramMIt

00beMHas MTAMITOBKA

HITaMIIOBasi CTAIb

T y3us
rOMOTEHH3ALIHS,
JUPPY3NOHHBINA OTKUT
T Py3noHHAs
MeTaJUTH3aIHs
IuQy3noHHas cBapKa

oe3auddy3rnonHOE
npeBpaleHne
pacTBopeHHe
pa3MepHOCTb
pasMepHas TOYHOCTb
JIMHACOBBIN KUPIUY

JOEHIIPUT
JCHIPUTHA
cerperartis
PO3KHCIICHHS
PO3KUCITIOBATH
PO3KHUCITIOBAY
nedocdoparrist
TOBIIMHA IIApY, 10
3pi3y€EThCA,
rIuOvHa pi3aHHA
KOHCTPYKTOP
HOMIHAJEHUHN pO3Mip
MO3HAYEHHS
Jecynbhyparus
BUJAIATH CipKY
BUJIAJICHHS
BIAXUJIEHHS
npuiaj, IpUcTpin
TOYKA POCH
JEKCTPUH

mKana (mpuiazy)
anmas

MaTpHUIL, INTaMI
ITamI

00’emHe
IITaMITyBaHHS
[ITaMIIOBa CTaNb
TQy3is
roMoreHi3arfis,
JUQY3iIHHIHA Biman
TudysiliHa
MeTaji3alis
nudysiliHe
3BapIOBaHHS
oe3nudysitine
MIEPETBOPEHHS
PO3YMHEHHSI
PO3MIpHICTh
pO3MipHa TOYHICTH
JIMHACOBA 1IerJ1a
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dipping

direct (forward)
pressing

direct current
direct polarity
direct pouring
direct reduction

directional
solidification

dirt (slag) trap
discontinuous chip

disk cutter
dislocation
dislocation density

dispersity
displacement
dissipate
distillation
distilling
distortion

divider
dolomite
double tee
double-housing
planer

down weld

down-cut milling

downgate (sprue)

downhand (flat) weld

drag

MOTpy>KEeHHE
NPSIMOE TIPECCOBaHHE

MOCTOSIHHBIN TOK
MpsiMast TOJIIPHOCTh
pa3JBKa CBEPXY
npsMoe
BOCCTaHOBIJICHHE
HampaBlIeHHAS
KpHCTAILTH3aLUs
[UTAKOYJIOBUTENb
CTPY’XKKa CKaIILIBAaHUS

JUCKOBas pesa
JIUCIIOKALTUS
IUIOTHOCTBH JUCIOKAITUN

JIACIIEPCHOCTH
nepeMelICHHE
pacceuBarb
JUCTUILTALIUS
JTUACTUIIISILIMS
nedopmarus,
HCKa)XCHHE

LUPKYJIb

JIOJIOMUT

JIBYTaBp
JIBYXCTOEYHBII
MPOJIOJIBHO-
CTPOTAJIbHBIN CTAHOK

HIDKHUH (HAIOJIBHBIH )
IOB

MOITyTHOE
(dpe3epoBaHue

CTOSIK

HWOKHHAN (HAITOJBHBIH)
I0B

HWOKHSISL 4acTh (MOJIENH,

(dhopMbI)

3aHYpEHHS
MpsiIMe TIpeCcyBaHHS

MOCTIHHUN CTPYM
psiMa TOJIAPHICTh
PO3JIMBaHHS 3BEPXY
npsMe BiIHOBJICHHS

CIpsIMOBaHa
KpHUCTaNi3awis
[IJaKOBJIOBIIIOBAY
CTpYKKa
CKOJTFOBAHHS
JIMCKOBA (ppe3a
HMCIOKALS
LIJIBHICTE
HUCIIOKAIH
JUCTICPCHICTD
TepeMiIeHHS
po3citoBaTu
JIUCTHIIALIS
JTACTAIALS
nedopMartis,
BUKPHUBJICHHS
UPKYITh
JTOJIOMIT
JIBOTaBp
MM03I0BKHELO-
CTpYranbHUI
BEpCTaT 3 JBOMa
cTifikaMu
HIDKHIH I10B

MOy THE
¢bpe3epyBaHHs
CTOSIK

HIDKHIH I10B

HYDKHS 4aCTHHA
(Mozeni, popmu)
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draw
drawhole
drawing
drawing

drawing capacity

drawing coefficient

dressing
drill
drilling mill

drop
drop-bottom bucket

droplet segregation

dropping
drum mill
dry sand

duct

duo mill
duplex process
durability
duralumin
duration
dynamic tests

eddy currents
edge

edge dislocations
edge weld
edge-runner mills

TSHYTh, BOJIOYUTD
BOJIOKA

YepTEX

BOJIOYEHUE, TIPOTSIKKA,
BBITSKKA

CHOCOOHOCTD K
BBITSKKE
(TexXHOIOTHYeCKast
IUIACTUYHOCTB)

KOA(P(UITUECHT BHITKKA

oOoramenue (pyasl)
CBEpII0
CBEPJIMIBbHBINA CTAHOK

Karnis

KOp3HHA C
PaCKPBIBAIOIITUMCS
JTHOM

JIEHPUTHASI cerperauus

najaronas
OapabaHHEIN cTaH
cyxas (hopMOBOYHAs
cMech

KaHaJ

JIyO-CTaH
JYTUTEKC-TIPOIIECC
JIOJITOBEYHOCTh
JIIOPaTIOMUHHMA
JUTATENILHOCTD
JMHAMUYECKUE
WCTIBITaHUS
BUXPEBBIE TOKU
KpPOMKa, OCTpHe
KpaeBast JINCIOKAIIHS
TOPLIEBOE COETMHEHUE
OeryHbI

TATHYTH, BOJIOYHTH
BOJIOKA

KPECJICHHS
BOJIOYIHHS,
BUTATYBaHHS,
MPOTATYBAaHHS
3010HICTE 10
TIIMOOKOTO
BUTATYBaHHS
(TexHoMOT4HA
IUIACTUYHICTB)
KoeQilieHT
BUTATYBaHHS
30arauyBaHHs (pyAn)
CBEpAJIO
CBEpUIHIIBHUNA
BepcTar

Kparuist

KOIIIMK 13 THOM, 1110
PO3KPHUBAETHCS

JCHIPUTHA
cerperartis

10 Tajae
OapabaHHUH cTaH
cyxa opMyBajIbHa
CyMiI

KaHaI

JyO-CTaH
JyTUTEKC-TIPOIIeC
JIOBI'OBIYHICTH
JTFOPAITFOMiHI i
TPHUBATICTh
IMHaAMIYHI
BUNIPOOYBaHHS
BUXPOBI TOKU
KpPOMKa, BicTps
KpaioBa JMCIIOKaIlis
TOpLEBE 3’ €AHAHHS
Oirynu
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elastic limit

elastic strain
elasticity

elbor (cubic borous
nitride)

electric arc welding

electric resistance arc
machining

electric resistance
welding

electrical
conductivity
electrical discharge
machining

electrical sheet steel

electrical steel

electrical-pulse
discharge machining
electric-arc furnace
electro slag remelting

electrochemical
grinding
electrochemical
machining
electrode
electrolysis
electrolyte
electrolytic etching

electrolytic grinding

electrolytic polishing

MpeJeN yIpyrocTu
ynpyras aegopmanus
YIPYTOCTh

) 1X0)]

AIIEKTPOJIYTrOBast CBapKa

AIIEKTPOKOHTAKTHAS
00paboTka
KOHTaKTHasl CBapKa

3JIEKTPOIPOBOAHOCTh

AIIEKTPOUCKPOBAst
obpaboTka

JHUCTOBAS
AIIEKTPOTEXHUIECKast
CTalb
ANEKTPOTEXHUIECKAS
CTalb
AIIEKTPOUMITYILCHAS
obpaboTka
AIIEKTPOAYTOBas MeYb
3JIEKTPOLUIAKOBBIN
neperias (L)
ANEKTPOXUMHYECKOE
nuTndoBaHue
AIIEKTPOIUTHYECKAS
pa3mepHas 00paboTka
AIIEKTPOJT
AIIEKTPOIIN3
ANEKTPOIIUT
3IIEKTPOJINTHYECKOE
TpaBJIeHHE
AIIEKTPOXUMHUYECKOE
g oBaHue
AIIEKTPOJIUTHYECKOE
(3TEKTPOXUMHUIECKOE )
MOJIMPOBaHUE

TPaHUII TPYKHOCTI
pyxHa aedopmartis
NPY>KHICTb

enpoop

CJICKTPOIYTOBE
3BapIOBaHHS
CJICKTPOKOHTAKTHA
00pobKa

KOHTaKTHE
3BapIOBaHHS
€JIeKTPOTIPOBITHICTH

€JIEKTPOICKpOBa
00poOka

JHUCTOBA
CJICKTPOTEXHIYHA
CTalb
eJIeKTPOTEXHIYHA
CTalb
eJIEKTPOIMITYJIbCHA
00poOka
CJIEKTPOAYTOBA Ty
€JICKTPOIIJIAKOBE
nepersiaB
EJIeKTPOXIMiUHe
nuTipyBaHHS
€JICKTPOJII THYHA
po3mipHa 00poOKa
eJIeKTPOJI
eJIEKTPOTi3
€JIeKTPOJIIIT
€JIEKTPOIITUIHE
TpaBICHHS
EJIeKTPOXIMiUHE
nutiyBaHHS
€JICKTPOJII THYHE
(enmexkTpoximiuHe)
NOJIipyBaHHs
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electrolytic refining

electrolytically
assisted cutting-off
machine
electrolytically
assisted discharge
machining
electromachining

electromagnetic
work-holding fixture
(table)

electron gun
electron microscope

electron-beam
machining
electron-beam
welding

electrophysical and
electrochemical
machining

electroslag welding

electrospark
machining
elevated temperature

elongation
embrittle

emit

end cutter, shank
cutter

end quench test
end, face

ANEKTPOIUTHIECKOE
padbuHEpOBaHNE
AHOJHO-MEXAaHUYECKUI
OTPE3HOU CTAHOK

AHOJIHO-MEXaHHIECKas
o0OpaboTka

00paboTKa C
HCIIOJIb30BaHUEM
ANEKTPUIECKOTO TOKA

3JIEKTPOMATrHUTHBIN
CTOJI

3IIEKTPOHHAS MYIIKA
3JIEKTPOHHBIN
MHKPOCKOIT
AIIEKTPOHHO-Ty4eBast
o0paboTka
NIEKTPOHHO-ITyYeBast
CBapka

o00paboTKa ¢
HCIIOJIb30BaHUEM
AIIEKTPHYECKOTO TOKA

AIIEKTPOIILITAKOBAs
cBapka
AIIEKTPOUCKPOBAst
o0OpaboTka
MOBBIIICHHAS
Temreparypa
YAJIIUHCHUC

JIeNaTh XPYIMKAM
UCIyCKaTh, U3JTy4aTh
KoHIIeBas ¢pesa

TopLeBas npoda
TOper

€JIEKTPOIITHIHE
padinyBaHHS
aHOJHO-MeXaHIYHU
BiJpi3HUI BepcTaT

aHOJIHO-MEXaHIYHa
00poOKa

00poOKa 3
BUKOPUCTAHHSAM
CICKTPUIHOTO
CTpyMy o
CIICKTPOMAaruiTHUU
CTiN

CJIEKTPOHHA ITyIIIKa
€JIEKTPOHHUU
MiKPOCKOII
CJIEKTPOHHO-
poMeHeBa 00poOKa
€JIEKTPOHHO-
pOMEHEBE
3BapIOBaHHS
00poOKka 3
BUKOPHUCTAHHIM
CJIEKTPUYHOTO
cTpymy
€JIEKTPOIIIJIAKOBE
3BapIOBaHHS
eJIEKTPOICKPOBa
00poOKa
MiIBUAIIEHA
TeMIieparypa
37I0BKEHHS
POOHTH KPUXKUM
BUIIPOMIiHIOBATH
KiHIeBa pesa

TopueBa nmpoda
TOpEIb
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endothermic
atmosphere
engineering material

engineering steel

engineering strength
enlarging

enthalpy

entropy

equiaxed grain
equilibrium diagram

etchant
etching
ethyl silicate
eutectic

eutectoid

evolve

exhaust pipe
expendable
explosion welding
explosive gas
extension coefficient
external terminals
extra plane
extrusion
extrusion ram

eye shield

face
face cutter

SHAOTEPMUYECKas
atMocdepa
KOHCTPYKITMOHHBIN
Marepual
MAaIIMHOCTPOUTETbHAS
CTalb

peanbpHasi IPOYHOCTh
paccBepiIrBaHNe
SHTAIBITUS

SHTPOMUSA

PaBHOOCHOE 3€pHO
JrarpamMma COCTOSTHUS,
(azoBas auarpaMmma
TpaBUTEIb

TpaBIICeHUE
STHII-CHITUKAT
OBTEKTHKA,
3BTEKTUYECKUU
ABTEKTOM]I,
OBTEKTOUIHBIN
BBIICIIATH

JIBIMOXOJT
pacxoryembli

CBapKa B3PHIBOM

B3pBIBOOHaCHLIﬁ ra3

KO3 (UITUECHT BHITSIKKA

BBIXOJTHBIE KJIEMMBI
IKCTPAIIOCKOCTh
9KCTPY3H,
IIPECCOBaHUE
TUTYH)Kep

3alIUTHOE CTEKJIO JUIS
a3

rpaHb
TopueBas ¢ppesa

EHI0TepMiuHa
atMocdepa
KOHCTPYKLiHHHH
Marepiai
MaImmHOOyiBHA
CTalb

pealibHa MIIHICTh
PO3CBEPUTIOBAHHS
CHTAJIBITIS
SHTpOMIis
PIBHOOCHE 3epHO
Jiarpama cTaHy
¢azoBa miarpama
TPaBHUK
TpaBIICHHS
eTLT-CUITIKaT
€BTEKTHKA,
€BTEKTUYHHI
€BTEKTOI/I,
€BTEKTOITHUM
BUILIATH
TAMOXIJ

0 BUTPAYa€ETHCS
3BapIOBaHHS
BHOYXOM
BUOYXOHEOe3NeuHn
ra3

KoedimieHT
BUTATYBaHHS
BUXIJIHI KJIEMHU
eKCTpa IJIONIUHA
eKCTpY3is,
MpecyBaHHS
TUTYHKEP
3aXUCHE CKJIO IS
ouei

rpaHb
TopueBa ¢pes3a
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face-centered cubic
lattice (fcc)

facing
facing sand

facing tool
failure

fasten

fatigue strength
feed gear

feed motion
feed value

ferrite
ferrite-cementite
aggregate
ferritic steel
ferroalloys plant

ferromanganese
ferrosilicon

ferrous alloy
fettling

fettling

fibrous

fibrous structure
filament-like crystal

filler rod

filler wire
fillister-nhead screw

film boiling
fin

rpaHeleHTPUPOBaHHAS
KyOmdeckasi perieTka
(ruk)

TOpLICBaHUE
00IMIIOBOYHAS
(dhopMoOBOUYHAS CMECh
TOPLIEBOU pe3elt
MOJIOMKA

KpEIHUTh

YCTaIOCTHAS! POYHOCTD
KOpoOKa mojay
JBIDKCHUE TIOAa4YH
TOJIIIMHA CPEe3aeMOro
cIos,

rTyOWHA pe3aHus
eppuT
(beppuTO-IIeMEeHTHTHAS
cMech

(heppuTHas CTAIb
(heppocIIaBHbIN 3aBOJT

(heppomapraneit
(heppocumuImii
CIIaB HA OCHOBE
xKeresa

OYHMCTKA (OT MpHUTapa)

3arpaBKa (Te4n)
BOJIOKHUCTBIN
BOJIOKHUCTAs CTPYKTypa

HUTEBUHBIN KPUCTAIII
[IPUCAJ0YHBINA IIPYTOK

CBapOYHasl MPOBOJIOKA
BUHT C ITOTaMHOMI
TOJIOBKOM

IUICHOYHOC KUIICHHE
3ayceHel, 000

rpaHeIeHTPOBaHA
KyOidHa perriTka
(ru)

TOPIIOBAHHS
JUITFOBATbHA
(hopMyBaspHa CyMiI
TOPLEBUM pe3eLb
MTOJIOMKA

KPIIATH

BTOMHA MIITHICTb
KOpOOKa mojay

pyx momadi
TOBIL[HA IIAPY, IO
3pi3y€eThCs,
TIIMOMHA pi3aHHS
¢depur
(bepuTOo-IIeMEHTUTHA
CyMiI

(epuTHa cTamb
(depociuiaBHUH
3aBOJI
(hepomapranenp
(depocuinin

CIJIaB Ha OCHOBI
3amiza

OUHIIEeHHS (BifT
npurapy)

3arnpaBKa (mmedi)
BOJIOKHUCTHUI
BOJIOKHHCTA
CTPYKTypa
HUTKOBUIHUMN
KpuCTal
MPUCAIKYBaJIbHUI
MPYTOK
3BapIOBAILHUM JIPIT
TBUHT 31 CXOBaHOIO
TOJTIBKOIO

TUTIBKOBE KUTTHHS
3aJIupKa, 00JI0M
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fine boring mill

fine grain
fine structure

finish cutting
finish grinding

finished article
finishing

finishing gauge
finishing mechanical
treatment

fire refining

fireproof clay,
fireclay, caolinite
(Al,03*2Si0,*2H,0)
fireproof material

first-type annealing
fit

fitting

flake

flaked graphite, flaky
flanging

flank

flash

flash welding

flask, moulding box
flexible cable

KOOPJIUHATHO-
pPacTOYHOM CTAaHOK

MEJIKOE 3ePHO
MEJIKO3EpHUCTAS
CTPYKTypa

YICTOBasi 00paboTKa
pe3aHueM

YHUCTOBOE MUIH(OBAHNE

JeTanb (ToToBast)
YUCTOBast 00paboTKa
YHCTOBOM KaJIuop
OKOHYaTCJIbHAasA
00paboTka pezaHueM
OTHEBOE
paduHHUpOBaHHE
OTrHEYIOpHAs ITIUHA

OTHEYIIOPHBII
MaTepuan (OTHEeyIop)

OTKHUT TIEPBOTO poja

HPUTOHKA
IIPUTOHKA

(i1okeH
XJIOTTBEBUIHBIN TpauT

0TOOpPTOBKA
Topel, OOKoBas
CTOpOHA

3ayceHell, 000k

CTBIKOBast CBapKa
OILIABJICHUEM
OIIOKa

ruOKuii Kabelb

KOp/AMHATHO-
pO3TOUyBaNIbHUI
BEpCTaT

IpiOHE 3epHO
IpiOHO3EpHHCTA
CTPYKTYypa

4KICcTOBa 00pOOKa
pizaHHIM

YHCTOBE
nutipyBaHHS
JeTanb (ToToBa)
YUCTOBa 00pOOKa
YUCTOBUH KaIiOp
ocraTo4yHa 00poOKa
pizaHHSIM

BOTHEBE
padinyBaHHs
BOIrHCTPUBKA I''TMHA

BOTHETPUBKUI
Marepiai
(BOTHETpUB)
BiJIIAJI TIEPIIOTO
pony
MIPHUITACOBYBaHHS
MIPUITACOBYBaHHS
(iokeH
TIaCTiBYACTHH
rpadit
BiIOOPTYBaHHS
TOpelb, Oik

3aIupKa, 000
CTHKOBE 3BapIOBaHHS
OTUIABJICHHSIM

OroKa
THYYKHUil Kabepb

93



floor sand

flotation

flow off

flowing chip
fluctuation

flue

fluidity

fluidized bed furnace
fluidized sand
fluoride (CaF,),
fluorspar (CaF2)
flute

flux

fly wheel

follow die

foreign impurities
forge (fire) welding

forge hammer

forge pitch

forging

form cutter
form-cutting method
forming

forming (cold)

forming (shaping)
operation
forming tool
foundry

foundry alloy

obopoTHast
(HaIOJIHHUTEIHHAS)
(hopMOBOYHAsI CMECh
¢noTauus

BBITIOP

CJIMBHAS CTPYKKa
¢bykTyanus

ra3oBbII KaHa
KUJTKOTEKYIECTh
MeYb KUIISAIIETO CIIOS
CKUTISIIANRY TeCOK
IUTAaBUKOBBIM IIITIAT,
bTopun

a3, BhIeMKa, KaHaBKa
¢aroc

MaXOBHK

IITaMII TIOCTICIOBA-
TEJILHOTO JeNCTBUSI
MOCTOPOHHHE TIPUMECH
Ky3HEYHas CBapKa

KY3HEUHBII MOJIOT
Ky3HEUHBIH YKJIOH
MOKOBKa, KOBKa
(aconHas ¢pesa
METOJ KOIHPOBAHUS
nojy4ueHue (hacoHHBIX
IIOBEPXHOCTEN

o0beMHasi popMOBKa
(xomomHas)

(hopMOHM3MEHSFOIIAS
orepanus
(acoHHBI pesen
IuTEHHOE
MIPOU3BOJICTBO
JUraTypa, CIuIaB Jiis
JICTUPOBAHUS

obopoTHa
(HaTmOBHIOBAJIHHA)
(opMyBasIbHA CyMiI
¢noTauis

BHTIOP

37TUBHA CTPYXKKa
¢byKTyauis
ra3oBUI KaHAJ
PIOKOTEKYJiCTh

M4 KATUITYOTO 1apy
CKUTUISTYUID TICOK
IUTAaBUKOBHI IITIAT,
¢bTopun

a3, BUiMKa, KaHaBKa
(roc

MaXOBHUK

LITAMII [TOCJII JOBHOT
bisti

CTOPOHHI JOMIIIIKH
3BapIOBaHHS
KyBaHHSIM
KOBJIbCHKUI MOJIOT
KOBAJIbCHKUH YXUII
MOKOBKa, KyBaHHS
(aconHa ¢pe3a
METO/T KOTIFOBaHHS
OTpPUMaHHS
(hacoHHUX
MTOBEPXOHb

00’eMHe
(dbopmyBaHHs
(xomomHe)
(dhopMo3mMiHHA
ormepartis
(acoHHMH pesenpb
JMBapHe
BUPOOHHIITBO
jirarypa,

CIUTaB IS
JIeTyBaHHS

94



foundry iron
foundry practice

foundry properties
foundry slope
four-high mill
fracture

free cutting steel
free energy
free-cutting brass
Frenkel defect

friction

friction welding
fringe crystal

front clearance angle
fuel

full annealing

full heating
fumigating chamber
fundament

furnace

fusion

fusion welding

gang cutter

gap

gas carburizing
gas permeability
gas welding
gating system
gauge, gage

gear (tooth) cutter
gear- and thread-
cutting machines

JUTEWHBIN YyTyH
JIUTEWHOE
MIPOU3BOCTBO
JIUTEHHBIE CBOKCTBA
JIUTEHHBIN YKIIOH
KBapTO-CTaH

U3JI0M (CIJIaBa)
aBTOMAaTHas CTallb
CBOOOTHAS SHEPTUS
aBTOMAaTHas JIaTyHb
aTOM BHEJPEHUS,
nedext OpeHkens
TpeHue

CBapKa TpeHHEM
BBITSIHYTBIH KPUCTAILI
3aAHUM yroa
TOIUINBO

TOJIHBIN OTKUT
MOJIHAS 3aKaJIKa
pacnap

¢byHaaMeHT
HarpeBaresibHas I1e4b
IUIaBJICHUE, [UIABKa
CBapKa IJIaBJICHUEM

HabopHas (pes3a

3a30p

ra3oBasi IEMEHTALHS
ra30MpOHUIIAEMOCTh
ra3oBasi cCBapKa
JIUTHUKOBAs CUCTEMa
KaJiop,
HU3MEPUTENbHBIN
npudop

MoIyJbHas ppe3a
3y00- 1
pe3pboHape3HbIe
CTaHKU

JIMBapHUH YaBYH
JMBapHe
BUPOOHUIITBO
JMBapHi BIACTUBOCTI
JIMBapHUH XU
KBapTO-CTaH

371aM

ABTOMAaTHA CTaJIb
BUJTbHA EHEPTis
aBTOMaTHA JIATYHb
aTOM MPOHUKHEHHS,
nedext OpeHkens
TepTS

3BapIOBAHHS TEPTIM
BUTSTHYTHH KpHCTaJ
3aHIN KyT

MaJIMBO

[IOBHUH Blama
MOBHE TapTyBaHHS
posmnap

¢byHaaMeHT
HarpiBajbHa MY
IUIaBJICHHS, IIJ1aBKa
3BapIOBaHHS
TUIaBJICHHSAM

¢bpesa, o
HaOMPAETHCS

3a30p

ra3oBa IIeMEHTaLlis
ra30NnpOHUKHICTh
ra3oBe 3BapIOBaHHs
JMBHUKOBA CUCTEMA
KaJiop,
BUMIPIOBaTIbHHAN
npuaz

MonynbHa ¢pesa
3y00- 1 pi3eHapi3Hi
BEpCTaTH
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gear box
gear cutting

gear rack
gearcase

gelatin

generating process

generator
germanium

glass

globular graphite

globular structure

glue

grade

grade steel,
good quality s.
gradual, smooth

gradually dropping
grain

grain boundary
granular pearlite
graphite
graphite-chamotte

graphitized cast iron
graphitizing elements
grate

gravel

gravity segregation

green sand

grey cast iron

KOpoOKa cKopocTeit

W3rOTOBJIEHUE
3y04aThIX KoJec
3yOuaTas peika
KOPITyC peayKTopa
JKEJIATHH

MeTOoA 00KaTK!
(oruGanmMs)

reHepaTop

repMaHUN

CTEKJIO

IAPOBUIHBIMN,
rIoOYISpHBIN rpaduT
PaBHOOCHAsI CTPYKTYpa

KJIEH
Mapka (CTaJn)
Ka4eCTBEHHas CTallb

MMOCTEICHHBIH,
PaBHOMEpPHBIN
TIOJIOTO TAArOIIAst
3€pHO (KPHUCTAJUIHT)
rpaHuIla 3epHa
3epHUCTBHIN TEPIHT
rpadur
rpadUTO-1IaMOT
(orueymop)
rpadUTU3UPOBAHHBIN
9yT'yH
rpadUTU3HPYIOIIIE
3IIEMEHTHI

pelieTka
rpaBuit

JIUKBALUS

ceipasi popMOBOYHAS
CMECh

CephIi YyI'yH

KopoOka
HIBUJKOCTEHN
BUTOTOBJICHHS
3y0UYacTHX KOJIiC
3yOuacTa peiika
KOPITyC peayKTopa
JKEJIATHH

METO]T OOKaTKH
(oruHAHHS)
TeHepaTop
repMaHii

CKIIO

KYJISICTUH,
rIoOyJsIpHUA Tpadit
POBHOOCHA
CTpYKTypa

KJIEH

Mapka (crai)
SKiCHA CTalb

IIOCTYIIOBUH,
piBHOMIipHUH

110 MJIABHO MaJa€
3epHO (KPHCTAIIIT)
rpaHMLs 3epHa
3€PHUCTHH NEPIIT
rpadit
rpadiTo-mamMor
(BOTHETpUB)
rpadiTu3oBaHui
YaByH

€JIEMEHTH, 110
CHPUSIOThH
rpadiTazaiii
rpaTu

rpaBiid

JIKBALs

BOTKa (popmyBanbpHa
cyMimn

cipuii YaByH
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grind
grinding
grinding mill

grip
groove
guide cylinder

guillotine shears
Guinier-Preston zone

half-finished article
hammer
hammer welding

hammering

hand (machine)
forging

hard alloys,
cemented carbides
hard drawn wire

hardenability
hardened steel
hardening

hardening capacity
hard-facing alloy
hardness

harmful

heading

headstock

hearth

hearth bottom
heat conductivity
heat erosion

heat treatment

heater

g oBaTh
¢ oBaHUE
NUTH(OBANBHBINA CTAHOK

3aXBaThIBATh

a3

HaIIpaBJISAOMUN
HWIHHID

THWIbOTHUHHBIE HOKHHULIBI
30Ha 'unbe-IIpecrona

3aroTOBKa
MOJIOT
Ky3HEYHasi CBapKa

KOBKa

pyuHas (MalIMHHAs)
KOBKa

TBEp/bIE CIUIABBI

XOJIOJHOTSAHYTas
IIPOBOJIOKA
MPOKAJINBAEMOCTh
3aKajieHHas CTallb
YIPOYHEHHE, 3aKajIKa

3aKaJInBaeMOCTh
TBEP/BI CILIAB
TBEPIOCTH

BpPEJIHbBIN

BBICaJIKa

nepeHss 0abka

TOpH

JTHUIIIE TIeYH
TETUIONPOBOIHOCTh
BBICOKOTEMIIEpaTypHAs
3po3us

TEPMHUECKas
obpaboTka
HarpeBaTelibHas IIeuUb

nutigyBaTu
nutipyBaHHS
nutipyBanbHUN
BepcTaT
3aXOILTIOBATH

nas
HaIpaBJISIIOYNN
ATHAD
TUIBHOTHHHI HOXUII
3oHa ['inbe-
IIpecTona
3aroTOBKa

MOJIOT
3BapIOBaHHS
KyBaHHSIM
KyBaHHS

pyuHe (MalIlHHE)
KyBaHHS

TBEP/i CIUIaBH

XOJIOJTHOTIPOTSHOTA
MPOBOJIOKA
MPOTrapTOBYBaHICTh
3arapToBaHa CTaJlb
3MII[HEHHS,
rapTyBaHHA
3arapTOBYBaHICTh
TBEpAUH CIUIAB
TBEPAICTh
MIKIUTABUH
BUCA[KEHHS
nepeaHs 6adbka

TOpH

JTHUILE T1eYl
TEIUIONPOBITHICTH
BHUCOKOTEMITIEPATypH
a epo3sis

TepMmidHa 00pobka

HarpiBajbHa MY
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heat-insulting coat

heat-producing
ability
heat-resistant steel
helical rolling

helmet shield
hematite (Fe,O3)
heterogeneous

hexagonal close
packed lattice (hcp)

high-frequency
induction quenehing
high-precision mill

High-speed steel

high-strength cast
iron

high-strength steel
high-temperature
tempering

hob cutter
holding furnace
holding time

hollow casting
homogeneous
homogenization
honing

hopper
horizontal forging

TEILJIOU30JIAIIOHHOC
TOKPBITHE
TEIJIOTBOPHAS
CIIOCOOHOCTH
TEIIOCTOMKAS CTalb
MOIEePEYHO-BUHTOBAS
MPOKaTKa

[IJIEM C TTPO3pPaYHBIM
3KpaHOM

reMaTuT,

KPAaCHBIH JKeTe3HIK
reTepOreHHbIH,
HEOJITHOPOIHbIN
reKkcaroHajbHas
IJIOTHOYTAKOBAHHAS
pemrerka (TIry)

3aKajKka TOKaMH
BBICOKOM YaCTOTHI
MPEUU3UOHHBIN CTaHOK

OBICTPOpPEIKYIIAs CTATh
BBICOKOTIPOYHBIN YyTyH

BBICOKOIIPpOYHAA CTaJIb
BBICOKHI OTITYCK

4yepBsuHas ppesa
MUKCEp

BpeMsI BBIIAEPKKH (TIPH
3aJIaHHON TEMIIEPAType)

MyCTOTEeNas OTJIMBKA
TOMOT€HHBIH,
OJIHOPOJIHBIN
TOMOTCHU3AIINSA,

1 Hy3UOHHBIH OTHKUT
XOHHUHTOBaHHUE

OyHKep
TOPHU30HTAIBHO-

TEII0130JIALIHHE
TTOKPHUTTS
TEIJIOTBOPHA
CIIPOMOKHICTh
TEIJIOCTIMKA CTalb
MTOTIEPEYHO-
TBUHTOBA MPOKATKa
III0JIOM 13 TIPO30PUM
eKpaHOM

reMaTHuT,

YEPBOHMIA 3aJTi3HSIK
TeTEPOreHHUM,
HEOTHOPITHHH
rekcaroHajbHa
IIUTBHO YIaKOBaHa
pernriTka
rapTyBaHHS TOKaMH
BHCOKOI 9YaCTOTH
Mpenn3iHnN
BepcTar
HIBHKOpi3abHa
cTalb
BHUCOKOMIITHUN
YaBYH
BHCOKOMIIIHA CTaJIb
BHCOKHH BiIITyCK

4yepB’siuHa (pesa
MiKcep

Yac BUTPUMKH (TIpH
3aaHii
TeMIeparypi)
MYCTOTUINH BUIIMBOK
FOMOI'€HHUI

rOMOT€HI3allis,
JTUQY3IHHIA Bimai
XOHIHTYBaHHS
OyHKep
TOPHU30HTAIBHO-
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machine
horizontal weld

hot deformation
hot die forging

hot pressing chamber

hot resistance
hot spot

hot strength
hot top

hot-shortness
housing
hydraulic press
hydroblasting

hydrocarbon
hydrogen
hydrostatic pressure
pipe

hypereutectic
hypereutectoid
hypoeutectic
hypoeutectoid
ilmenite

immerse

impact force

impact strength
impact tests

impact toughness
impede

impracticable
impregnation

KOBOYHas MallluHA
(TKM)
FOpPI3OHTaIII:HI:II>i 111(0)3)

ropstaast 1ehopMaIus
ropsiaast 00beMHast
HITAMIIOBKa

ropsiyasi Kamepa
MIPECCOBAHUS
JKapOCTOMKOCTD
TEPMUYECKUH y3eI
JKapOIIPOYHOCTH
BepXx (HaJaCTaBKa)
HN3JI0KHULIBI
KpPacHOJIOMKOCTb
KOPIIyC
TUAPABINYECKUAN IIPECC
TUAPABIINYCCKAA
OYHNCTKA
YTIIE€BOJOPOJT
BOJOPOJ

HamopHasi Tpyoa

3a3BTEKTHUYECKUI
3a3BTEKTOMIHBIN
JIO3BTEKTHUECKHUH
JODBTEKTOUIHBIN
WIBMEHUT
MOTPYKATh

y/AapHas Harpy3ka

yAapHas BI3KOCThb
JTUHAMHUYECKHUE
HUCIBITAaHUS
yAapHas BI3KOCThb
MPEMNSITCTBOBATD,
3aMeIITh
HEBBIITOTHUMBIN
HaCBIILEHUE

KyBaJIbHa MaIllliHa
(I'KM)
TOPU30HTAIbHUN
1IOB

rapsiaa aedopmMaris
rapsiae 00’ eMHe
HITaMITyBaHHS
rapsiia Kamepa
IIPeCyBaHHs
JKAPOCTIHKICTh
TEPMIYHHN BY30J1
JKapOMIITHICTB
BepX (HaJCTaBKa)
BUJIMBHUILIL
YePBOHOJIAMKICTh
KOpITyC
TiIpaBIivHU Mpec
rizpaBiivyHe
OYUILEHHS
BYTJIEBOJICHB
BOJICHb

HaripHa Tpyba

3aCBTCKTUUHHUU
3a€BTEKTOITHUN
NOEBTEKTUYHUI
JNOEBTEKTOIIHUI
1JIBMEHIT
3arIM0II0BaTH,
3aHYPIOBATH
yaapHe
HaBaHTaXEHHS
yaapHa B’ S3KiCTh
IMHaAMIYHI
BUNIPOOYBaHHS
yaapHa B’ S3KiCTh
MIePEIIKOJKATH,
CIOBIIBLHIOBATH
HE31HCHEHHU I
HACUYEHHS
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impression
impression, gauge
inclination
inclined
incubation period

indentation
indentor

index

indices of atomic
planes

indices of directions
indirect (reverse)
pressing

indirect reduction

induction furnace
with core
induction heating

inductor

inert refractory
material
inflection
ingate

ingot

ingot mould
ingredient

inherently coarse-
grained steel

inherently fine-
grained steel

initiate discharge
injector

inoculant
inoculation

OTIICYATOK
pyuen

CKJIOHHOCTB

CKJIOHHBIN
WHKYOAIlMOHHBIH
MIEPHO.

OTIICYATOK

HHAEHTOP

II0Ka3aTellb

HMHJIEKCHI aTOMHBIX
ILIOCKOCTEH

WHJICKChI HAMPaBICHUN
o0paTHOE MPECCOBaHUE

KOCBEHHOEC
BOCCTaHOBJICHHE
WHIYKITMOHHAS TI€Yb C
CepACUYHUKOM
WHIYKUUOHHBIN HArpeB

HHOYKTOP
WHEPTHBIA OTHEYIIOP

OTKJIOHEHHE

IMUTATEIb

CIIMTOK

H3JI05KHHULIA
WHTPEIUCHT,
KOMITOHEHT
HACJIEJCTBEHHO
KPYITHO3EPHUCTASI CTAIb

HaCJICACTBCHHO
MCJIKO3€pHUCTAsA CTallb

MHHULIMUPOBATH Pa3psil
(3axuraTh Iyry)
WHIKEKTOP
MOJIU(PHUKATOP
MOUPHUIIMPOBAHNE

B1IOUTOK

piBUak
CXHWJIBHICTH
CXUJILHUM
IHKyOamiifHuH
mepion

B1IOUTOK
IHIIEHTOP
IMOKa3HUK
IHIEKCH aTOMHHX
IUIOILIHUH

IHJIEKCH HAIIPSIMKIiB
3BOPOTHE
MpeCyBaHHS
HemnpsMe
BITHOBJICHHS
IHIYKIIHHA Y 13
CEPICYHUKOM
IHYKIiiHEe
HarpiBaHHs
IHAYKTOD
IHepTHUI BOTHETPUB

BIAXUJIEHHS
YKUBUITBHUK
3JMTOK

BUJIMBHUIIS
IHTpEeIiEHT,
KOMITOHEHT
CHaJIKOBO
KpYITHO3EPHHUCTA
cTaib

CHaJKOBO
IpiOHO3epHHCTA
cTab

iHIL{IOBaTH PO3pAL
(3anasoBaTy AyTYy)
1HXXEKTOP
MoudikaTop
MOJTU(IKyBaHHS
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input terminals
insert
integrally cast hole

interaction
intercryslalline
corrosion
intercrystallyne
interface

intergranular
intermediate (bainite)
transformation

intermittent welding
internal grinding mill

intersect
interstitial atom

interstitial compound
interstitial solid
solution

inverted weld
investment

investment casting

iron

irremediable
irremediable
irreversible temper
brittleness

isomorphic impurity
isothermal annealing

BXOZHBIC KJIEMMBI
BCTaBKa

OTBEpCTHUE, IOIYYEHHOE
B OTJIMBKE
B3aMMOJCHCTBHE
ME)XKPHUCTAIIUTHAS
kopposust (MKK)
BHYTPHU3EPECHHBIN
TpaHuLa, IOBEPXHOCTh
pazaena
BHYTPHU3EPCHHBIN
MIPOMEKYTOYHOE
(GeitHUTHOE)
npeBpaleHne

LIOBHAsI CBapKa
BHYTPHUILTNU(OBATHHBIH
CTaHOK

nepeceKaTbest

aTOM BHEJPEHUS,
nedext OpeHkens
(haza BHEApEHUS
TBEPIBIH pacTBOp
BHEPEHUS
MOTOJIOYHBIH 1IOB
OrHeyHopHasi 000JI04Ka
(B TUTHE TIO
BBITIABIISIEMBIM
MOJICIISIM)

JIUTHE T10
BBITIABIISIEMBIM
MOJIEJISIM

JKene30
HEHCIIPaBUMBII
HEUCTPaBUMBIH
HeoOpaTuMas
OTITyCKHAs! XPYIKOCTh
(mepBoro poja)
n30Mop(dHas MPUMECh
HU30TEPMUYECKHUI OTKUT

BX1AHI KIIEMH
BCTaBKa
OTBip, OTPUMAaHUH y
BUJIMBKY
B3a€MOJIis

T. ¢epurHa
koposist (MKK)
IHTePKPHUCTATI THHIHA
I'paHMLs, TOBEPXHS
pozainy
IHTEpKPUCTATITHAN
MPOMIXKHE
(CeitniTHE)
MEPETBOPEHHS
LIOBHE 3BAPIOBAHHS
BHYTPIIIHBO-
nutidpyBanbHUH
BepcTaT
NePeTHHATHUCS
aTOM MPOHUKHEHHS,
nedexT OpeHkens
(haza MpOHUKHEHHS
TBEpAUHN PO3UUH
MPOHUKHEHHS
CTEIbOBUH 1IOB
BOTHETPHUBKA
000J10HKa (TIPH JIUTTI
3a BUTOIUTIOBAHUMH
MOJICIISIMH )
JIUTTS 32 MOJICJISIMH,
SK1 BUTUTaBIISIFOTBCS

3aI1i30

HENONPABHUI
HEBUIIPaBHUHI
HE3BOpPOTHA
BIJIITyCKHA XPYTKICTh
(mep1oro poxy)
i3oMop(Ha ToMilIKa
130TepMiuHHI Bijman
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isothermal austenite
transformation
diagram,
TTT-diagram
isothermal quenching

isotropic
item
jet

jet

joint line

jolting knock-out
grid

Joule
kerosene
knee
knocking out

knurling
lamellar graphite

lamellar pearlite

lance
lanthanum

lap

lapping

laser material
processing
laser welding
latent heat of
solidification
lathe

lattice constant
lattice points (sites)
Laves phase

Juarpamma
HM30TEePMUIECKOTO
MpeBpaIICHUS
ayCTeHHTa
M30TepMUIECKast
3aKalka

OJTHOPOTHBIH
u3zienue, 1eTajb
ropeska, GopcyHka,
CTpyA

tbaken

JMHUS pazbeMa
BUOpaIOHHAS
BEIOWBHAS peIleTKa

Jxoynb

KEepOCHH

KOHCOJTh (CTaHKa)
BBIOMBKA (OTIIMBOK,
CTEepIKHEN)

HaKaTka
TUTACTUHYATHINA Tpadut

HHaCTHanTLﬁiHepHHT

dypma
JIAaHTAH

HaITyCK
MPUTHPKA
na3epHas o0paboTka

Ja3epHas CBapKa
CKpBITas TEmIoTa
KpUCTAJUIM3aLNH
TOKAPHBII CTAHOK
MOCTOSTHHAS PEIIETKH
Y3716l PELIETKH

¢aza JlaBeca

niarpama
130TepMITHOTO
MEPETBOPEHHS
ayCTEeHITy
130TepMidHe
rapTyBaHHS

OTHOPITHIH

BHpIO, meTaih
NaJIbHUK, (OPCYHKa,
CTpYMiHB

(baken

JHIs pO3HIMaHHS
BiOpariiina BHOMBHA
pernriTka

Jxoynb

rac

KOHCOJIb (BepcTara)
BUOUBaHHS
(BHITHBKIB,
CTPHXKHIB)
HaKaTKa
[JIACTUHYACTUI
rpadit
MJIACTUHYACTUN
nepiiT

dbypma

JaHTaH

HaIyCK
MPUTHPKA
nma3zepHa o0poOKa

NazepHe 3BapIOBaHHS
MPUXOBaHa TEIJIOTa
KpHUCTaITi3aIii
TOKApHUI BepCTaT
MOCTiiHA PeIiTKA
BY3JIM PELIiTKU

¢aza JlaBeca
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leaching, lixiviation
lead

leather

ledeburite
ledeburitic steel
left-hand tool
lengthwise rolling

lever-spring drive

lime (CaO)
limestone (CaCQO:s,)
limit

limit of
proportionality
limited solid solution

limonite
(2F6203*3H20)
linear defect
linear motion

linear shrinkage
liner

lining

linkage

lip

liquation

liquid solution
liquidus line
lithium
longitudinal motion
long-range order
long-term strength
loop

loose abrasive

lower bainite

BBIII[E/IAYMBAHHE
CBUHEI]

KOXa

nene0ypur
nene0ypuTHAS CTallb
JIEBBIN peselt
MPOJOJIbHAS IPOKATKA

PBIYaKHO-TIPYKHUHHBII
MIPUBOJ

U3BECTh

W3BECTHSK

npeae

npeae
MIPOMOPIUOHAIBHOCTH
OTpaHUYECHHBIN
TBEP/bI pacTBOP
OypBIi JKEIe3HSIK

JTUHEHHBIN nedeKT
MIPSIMOJINHEHHOE
JBIDKEHHUE

JMHEHHas ycaaka
BKJIAJIBIIII

(dyTepoBka

LIAPHUD

pexyIas KpoMKa
(cepia)

JIMKBaLUs

JKUJIKMH pacTBOp
JIUHUS TUKBUyCa
JTUTUR

MPOOIBHOE IBHIKEHUE
JIAJIbHUI TIOPSIIOK
JUITMTEIbHAsI TPOYHOCTh
eI
HE3aKpEeIJICHHBIN
abpa3uBHBIHN MTOPOIIOK

HIDKHUN OCHHAT

BUITY>KEHHS
CBHHEIIb

mIKipa

nenedyput
nene0ypuTHA CTaTb
JIBHHA pi3elb
MO3JIOBKHS
IpOKaTKa

BaXX1JIbHO-
NPY>KUHHUNA TPUBOJ
BaItHO

BaITHSK

TpaHULs

TpaHULs
MPOTIOPIIiITHOCTI
0oOMeXeHHid TBEPIUit
pacTBop

Oypuii 3a1i3HK

TMHIMHUHT nedeKT
NPSAMOJIIHIMHUK pyx

TiHilHA ycanka
BKJIQ I
(dyTepoBka
IapHip

pi3aibHa KPOMKa
(cBepamna)
JIKBaLA

piakuii po3unH
JiHIs TKBiIYCY
TTiH
MO3IOBXKHIH pyx
JAITBHIH TOPSIOK
TpHUBaJIa MIIHICTh
NEeTIsS
HE3aKPITUICHUHA
abpa3uBHEII
MOPOLIOK
HWOKHIA OCHHIT
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low-temperature
tempering
lubricant

luting
machinability

machine arc welding

machine steel
machine surface

machine tool
machine tool
operations
machine-building
plant

machinery allowance
machine-tool,
machine

machining

machining allowance

macrostructure
magnesite
magnesium
magnetic flux
magnetic
permeability
magnetic saturation
magnetic steel

magnetically hard
materials
magnetically soft
materials

HU3KUHN OTITYCK

cMaska
MOKPBITHE AJIEKTPOJIa
00pabaTeIBaEMOCTh
pe3aHueM
aBTOMaTUYCeCKas
JIyroBasi CBapKa

MAaIIMHOCTPOUTENbHAS
CTaJlb

obpaboTanHas
MTOBEPXHOCTh

CTaHOK

00paboTKa MeTaioB
pe3aHueM
MaIlMHOCTPOUTENIbHBIN
3aBOJL

MPUITYCK

CTaHOK

00paboTKa MeTaIoB
pe3aHueM

MIPUITYCK Ha
MEXaHUYECKYIO
00paboTKy
MaKpOCTPYKTypa
Mar"e3uT

MarHui

MarduTHBIN TOTOK
MarHuTHas
MIPOHULIAEMOCTh
MarHuTHOE HACHIIICHHE
CTaJlb C OCOOBIMHU
MarHUTHBIMHA
CBOMCTBaMH
MarHUTOTBEP/IbIC
MaTepHaIbl
MarHUTOMSITKHUE
MaTepHaIbl

HHU3bKHI BBIAIYCK

MacCTHIIO
MOKPUTTS €JIEKTPOIa
00poOKa pizaHHIM

ABTOMATHYHE AyTOBE
3BapIOBaHHS

MAalIMHOOYIiBHA
cTalb
00pobneHa
MOBEPXHS
BepcTar

00poOka meTaniB
pizaHHSIM
MaIIWHOOYAiBHUH
3aBOJI

HPUITYCK
BepcTar

00poOka meTaniB
pizaHHSM

MPUIYCK Ha
MeXaHiuHy 00poOKy

MaKpOCTPYKTypa
MarHes3uT

Marfiu

MAar"iTHUH ITOTIK
MardiTHa
MPOHUKHICTh
Mar"iTHE HaCHYEHHS
CTajb 3 0COOJMBUMU
Mar"iTHUMH
BIIACTUBOCTSIMHU
MarHiTOTBEP/i
Marepianu
Mar”iToM’ siki
Marepianu
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magnetite (Fe;0,)
magnetostriction
magnification
major cutting edge

malleability
malleable cast iron
mandrel
manganese
manual (hand) arc
welding
marageing steel

marble

martensite
martensite
decomposition
martensite
transformation
mass density

mass of falling parts

master die
mating
matte

medium-temperature

tempering
melting
melting
melting point
temperature
meshing
metal cutting

metal forming

metal forming

MAarHUTHBIH JKCJIC3HIK

MarHMTOCTPUKIIUS
YBEIIUYCHUE

[JIABHOE PEXKyILEe
JIe3BUE

KOBKOCTh

KOBKUH 4yTI'yH
MIPOIINBEHB, ONPaBKa
Mapraser

py4Has TyroBas cBapKa

CTaJb MapTEHCUTHO-
cTaperoIas

Mpamop

MapTEHCHT

pacmaj MapTeHCHTa

MapTEHCUTHOE
IpeBpalieHIe
TJIOTHOCTh

Macca najaroiux
qacTen
npecc-popma
COTIpSKEHNE
LITEHH

CpPEIHMM OTIYCK

TUIaBJICHHE
IUTIaBJICHHE, TUTABKa
TemIiepaTypa
TUTaBJICHUS
3aleIyIeHHe
00paboTKa MeTaIoB
pe3aHuemM
00paboTKa MeTalIoB
nmasienneM (OMI)

00paboTKa MeTaIJIOB
JTaBJICHUEM

MAarHiTHUH 3a113HIK
MarHiTOCTPUKIIis
301IbIIEHHS
TOJIOBHE pi3alibHE
JIE30

KOBKICTb

KOBKUI 4aBYH
OIIpaBKa

MapraHerpb

py4HE TyroBe
3BapIOBAaHHS

CTaJlb MAPTEHCUTHO-
cTapiroua

MapMmyp

MapTEHCUT

po3nax MapTEHCUTY

MapTEHCUTHE
TIEPETBOPEHHS
LIJIBHICTH

Maca 4acTHH, 1110
magaTh
mpec-hopma
CIIOJTyYCHHS
IITESHH

CepenHiii BiIITycK

TUTaBJICHHS
TUTABJICHHS, TJIaBKa
Temreparypa
TUTaBJICHHS

3adgin

00poOka meTaiB
pizaHHIM

00poOka meTaiB
trckoM (OMT)

00pobKa mMeTaltiB
THUCKOM
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metal mould

metal mould casting

metallic compound

metallurgy
microfinishing mill
Microirregularity
microstructure
microstructure
mill

milling

milling cutter
milling mill, machine
mine

mine-dressing plant

minor cutting edge

mixer
modification
modifying mix

modulus of elasticity
monocrystal
monovariant

mosaic structure
mottled cast iron

mould
moulding
multiroll mill

multi-spindle
machine

KOKHJTb,
MeTaudeckast popma,
nocTosiHHas hopma
JUTHE B METAJUINYECKUE
(hOpPMBI, KOKHITEHOE
JUTHE

METaJNTNIeCcKOe
COCJIHEHHE
METaJITyprus
loBomOUHBIIT cCTaHOK
MHUKPOHEPOBHOCTh
MUKPOCTPYKTypa
MHUKPOCTPYKTYypa
3aBOJI, IPOKATHBIN
CTaH, CTAaHOK, MEIIbHHIIA
(dpesepoBaHme

¢bpe3a

(pe3epHbIii CTAaHOK
IaxTa
TOPHO-000raTUTEIbHBIN
KOMOHMHAT

BCIIOMOTaTeIbHOE
pexyIiee Je3Bre
MUKCEp
Moau(UIIMpOBaHUE
CMECH ISl
MOIU(DUITUPOBAHUS
MOJIyJb YIIPYTOCTH
MOHOKPHUCTAJLI
MOHOBApHAHTHBIN
MO3aW4YHasi CTPYKTypa
MOJIOBUHYATHIA 4yTYH

dopma
¢dopmoBKa
MHOTI'OBAJIKOBBIN CTaH

MHOFOHIHHH,HCHBHBIﬁ
CTaHOK

KOKIJIb,

MeTajena Gpopma,
nocriiiHa popma
JIUTTS B METaJICBI
dhopmu, KOKiTHHE
JATTS

MeTajiuHe
3’€IHaHHA
MeTaITypris
JIOBOJIOUHUI BepcTaT
MiKpPOHEPiBHICTb
MIKpOCTPYKTYypa
MIiKpOCTPYKTYypa
3aBOJI, IPOKATHHUH
CTaH, BEpCTAT, MJIMH
(bpe3epyBaHHS
¢pe3a

(dpe3epHuil BepcTaT
nIaxTa

TipHUYO-
30arauyBaJibHUH
KoMOiHaT
JIOTIOM1KHE pi3aibHe
ne30

MiKcep
Monn(iKyBaHHS
CyMiNI Juist
MOTU(IKyBaHHS
MOJTYJIb IPY>KHOCTI
MOHOKPHUCTA
MOHOBAapiaHTHUH
Mo3aiuHa CTPyKTypa
MOJIOBUHYATHUI
YaByH

dopma

¢dopmyBaHHS
0araToBaIKOBUIl
CTaH
OaraTolMNUHACTIbHA
i BepcTaT
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Multiturn coil

natural ageing
natural gas (CHp)
necking

necking

neutral strengthening
agent (element)

nickel

niobium

nitride

nitriding
nitrogen

nodular cast iron

nodular graphite
nominal size

non- ferrous alloy
non heat-treatable

alloy

nonconsumable

electrode
nonequilibrium
phase
non-metallic
inclusion

nonoxidation heating

nonvariant
normal flame
normal stress

normalizing
notation
notch

MHOTOBHUTKOBas
KaTyIlKa

€CTECTBEHHOE CTapeHue
IIPUPOIHBIN I'a3
Cy)KeHHe

Mpope3Ka KOIbIEBOU
KaHaBKHU

HEUTpaJIbHBIN, HE
YIOPOYHSIOLIUIN JJIEMEHT

HUKEIb
HUOOU

HUTPHT

a30THPOBAHUE

a3or

BBICOKOTIPOYHBINA 4yTyH

LIapOBU/IHBIM,
TIOOYISIpHBINA TpaduT

HOMUHAJIBHBIN pa3Mep
[BETHOM CILIaB

CIUIaB, HE
YIIPOUYHSEMBII
TepMo0OpaboTKOM
MTOCTOSTHHBIN 3IIEKTPOJ

HepaBHOBecHas (aza

HEMETAJUIMYECKOE
BKJIFOUEHHE
0E30KHCINTENbHBIN
Harpes
HOHBapUaHTHBIN
HOpPMAaJIBHOE IIamMst
HOpMAaJbHOE
HanpsoKEHUE
HOpMaIH3anus
o0o3Ha4YeHne
HaJpe3

0araToBUTKOBA
KOTYIITKa
MIPUPOJTHE CTAPIHHS
MPUPOIHUI ra3
3BYKECHHS
MIPOpi3aHHs
KIUTBLIEBOT KaHABKH
Heittpanbauii ne
3MIIHIOIOYHN
€JIEMEHT

HIKEJh

Hi001H

HITpU]

a30TyBaHHS

azoT
BHACOKOMIITHAN
YaBYH

KYJISICTUH,
rIIo0yIapHUi rpadit

HOMIHAJILHUH PO3MIip
KOJIbOPOBUU CIUIaB
CIUIaB, IO HE
3MILHIOETHCS
TepMOOOPOOKOIO
MTOCTIHHUHN €IIeKTPO]]

HepiBHOBaXKHA (aza

HEMeTaleBe
BKITIOUEHHS
Oe30KucHe
HarpiBaHHS
HOHBapiaHTHHUH
HOpMaJIbHE TIOIYyM 51
HOpMaJIbHE
HaTpyKEeHHS
HOpMaJTi3allis
MO3HAYEHHS
HaIpi3
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notched bar

notching

nozzle

nozzle

nucleus

numeral control mill

nut

odorless

Ohm

oil coke

open die
Open-circuit run
open-hearth furnace
optical microscope

ordered solid solution

ore deposit

ore process

orifice

origin of coordinates
oscillator

output

output terminals
overall length
overarm
overflow
overflow pipe
overheating
overlap
overlaying metal

oxidation resistance

oxide

MpU3MaTHYECKUI

obpaser ¢ Hagpe30oM

Hajape3Ka

BBIITYCKHOE OTBEPCTHE

COIUIO

PO, 3apOIBILLI

CTaHOK C YHCIIOBBIM

IPOrPaMMHBIM

yIpaBlieHHEM

raiika

0e3 3amaxa

OMm

HEPTEKOKC

OTKPBITHIH IITaMII

XOJIOCTOM X011

MapTEHOBCKas MeYb

ONTHUYECKUI

MHUKPOCKOIT

YIOPSAIOYEHHBII

TBEP/BI pacTBOP
MECTOPOXIECHUE Py IbI

PYZIHBII Opouecc

OTBEpCTHE

Ha4ajo KOOPAUHAT

OCLIWIIIISITOP

BBIITYCK,

MPOU3BOAUTEIHHOCTD

BBIXO/IHBIE KJIIEMMBI

TIOJIHAS AJIMHA

X000T (cTaHKa)

BBITIOP

cluBHAs TPyOa

Meperpes

HaITyCK

HaIUTaBJISIEMBIA METAIT

COTIPOTHUBIICHUE
OKHCIICHUIO
OKCHUJT

MpU3MaTHYHUH
3pa3oK 3 HaAPi3oM
HaJpi3aHHS
BUITYCKHUH OTBip
COILIO

AP0, 3aPOAOK
Bepcrar 3 yucnoBum
[IPOTPaMHUM
KepyBaHHSIM
raiika

0e3 3amaxy

OMm

Ha(TOKOKC
BIIKPUTHUH [ITAMIT
XOJIOCTUH pyX
MapTeHiBChKa MY
ONTUYHUN
MiKPOCKOII
YIOPSAIKOBAHUIMA
TBEpAUHN PO3UYUH
POIOBUIIIE PyIU
pyIHUH mpolec
OTBIp

MOYaToOK KOOPMHAT
OCLIWJIATOP
BUITYCK,
MPOJTYKTHBHICTb
BUXIJIHI KJIEMHU
MIOBHA JIOBKUHA
x000T (BepcTaTa)
BUTIOP

3NUBANbHA TPyOa
neperpis

HaIyCK

MeTal, 1o
HaIJIaBJISETHCSA
OTIp OKHCIIEHHIO

OKCH]T
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oxidizing flame
oxidizing melting

oxidizing roasting
oxygen
pack carburizing

paraffin

part

partial annealing
partial quenehing
parting

parting line
parting tool
pattern

pattern making

fireproof base
pattern taper

paying out mill

paying-out
peak
pear-like tank

pearlite
pearlite
transformation
peat coke
peening

pendulum testing
machine
penetration

OKHCIIHUTCIIbHOC ITJIaMsL

IJIaBKa ¢ OKHCJICHUEM

OKHCIIMTEIBHBIN 00KUT

KHCJIOPOJT

neMeHTalusA B TBEPAOM

KapOropu3arope

napapuH

JeTanb (ToToBast)
HEIOJIHBIN OTXKUT
HETIOJTHAS 3aKallka
oTpe3Ka

JIMHUS pazbeMa
OTpE3HOU pe3en
MOJIENb

MOJIENTEHOE
MIPOU3BOCTBO
OTHEYNOpHasi OCHOBA
JUTEHHBIN YKIIOH (Ha
MOJICITH)
MWIUTPUMOBBIN CTaH,
packaTHOM CTaH
packarka

BBICTYII

coCy/ IpylIEBUTHOM
bopm

HEePINUT

MEPIUTHOE
npeBpaleHne
Top(sTHOM KOKC
HaKJIeTl,
Je(hOpMaIHOHHOE
yIpOYHEHHUE

MasiTHUKOBBIN KOTIEP

MIPOHUKHOBEHHE,
BHEJpEeHNE

MOJIyM’s1, 1110
OKHCITIOE

TUIaBKa 3
OKHUCIICHHSAM
OKWCHH BHITAI
KHCEHb

LEMEHTALlisl y
TBEpPIOMY
KapOropu3aTopi
napadin

JieTalb (roToBa)
HEIOBHUI BiITan
HETIOBHE TapTyBaHHS
BiJpi3aHHs

JiHiSA PO3HIMaHHS
BiJIpi3HUI pillerb
MOJIEINb
BUPOOHHUIITBO
Mozenen
BOTHETPHBKA OCHOBA
JUBapHUHN yXUJI (Ha
MOJIEI)

MUTITPUMIB CTaH,
pO3KaTHUI cTaH
PO3KOUYBaHHS
BUCTYI

MoCyTMHA
rpyLIeBUIHOT POpMHU
TIePIIIT

nepIiTHE
MEPETBOPEHHS
Top(’ THUH KOKC
HaKJIeTI,
nedopmartiiine
3MiLHEHHS

MAasiTHUKOBUH KoMep

MMPOHUKHCHHA
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penetrator
percent elongation

percent reduction in
area

periods of lattice
peritectic

permalloy
permanent
deformation
permanent joint

permanent load

permanent magnet
permanent mould

permissible
variations
persistent
phase

phase diagram

phase mixture
phase rule
phase transformation

phenol-formaldehyde
resin

phosphorus

physical metallurgy
piercing

piercing mill

pig iron

pig-and-ore process

pig-and-scrap
process

WHJICHTOP
OTHOCHUTEIFHOE
YAJTUHCHHE
OTHOCUTEIBHOE
Cy)KeHHe

TIEPHUO/BI PEIIETKH
MEPUTEKTHKA
MepMaJliol cruiaB
ocTaTtoYHas
nedopMarus
HEpa3beMHOE
COETMHEHHE
CTaTUYeCKasl Harpy3Ka

MIOCTOSIHHBIA MAarHUT
KOKWJIb,
MeTaJaeckas GhopMma,
MocTosiHHast popma
JIOTTyCTUMBIC
OTKJIOHEHHUSI
MOCTOSIHHBIN

¢aza

JUarpaMmma COCTOSHUS,
(azoBas auarpaMmma
¢azoBas cmech
npaswiio a3

(hazoBoe mpeBpalicHue

¢denon-popmansie-
THJIHAs cMoJja

bocdop
METaJIJIOBEICHUE
MIPOIIMBKA

MIPOLLMBHOM CTaH
NepeeNIbHBIN YyTyH
CKpan-pyJHbIi IpoIiecc

CKpan-mpoiecc

IHJICHTOP
BITHOCHE 3I0BXKEHHS

BiILHOCHC 3BYKCHHSA

MIePiOIN PEIIiTKH
MEPUTEKTHKA
TepMaJion CIijiaB
3aJINIIKOBA
nedopmartis
HEepo3’eMHE
3’€IHaHHSA
CTaTU4HE
HaBaHTAKEHHS
MOCTIHHUHN MarHiT
KOK1JIb,

MeTaJieBa opma,
MmocTiliHa opma
MIPHUITYCTAMI
BIAXUJIEHHS
MOCTIHHUN

¢aza

Jliarpama cTaHy
¢a3oBa miarpama
¢azoBa cymimr
mpasmiio a3
(dazose
MEPETBOPEHHS
(denon-popmansie-
rijJHa cMoJa
hocop
METaJI03HABCTBO
MPOILMBAHHS
MPOIIMBHUNA CTaH
nepepoOHuil YaByH
CKpan-pyJHHUH
nporiec
CKpar-Tporec
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pilger mill

pine
pinning

pipe

piston

piston ring

piston rod

piston stroke travel
pit furnace

pitch (fossil) resin
plain milling cutter
plain roll

plane

plane defect
planer, planing
machine

planning

plasma arc remelting
plasma furnace
plasma jet
plasma-arc welding

plastic
plastic metal working

plastic strain
plastic metal working

plasticity
plot

MWIATPUMOBBIN CTaH,
packaTHOM cTaH
COCHa

COeZIMHEHHE
MITITEKaMA

TpyOa

MOPIICHb
MTOPIITHEBOE KOIBIIO
IITOK MOPIITHS

XOJI TIOPIITHS
KOJIOZe1l
(HarpeBaTeIHHBIN)

KaMEHHOYTOJIbHAs
cMoJa
HUIMHIpHYecKas ¢ppesa
TJIaKWAM BaJIOK
pyOaHOK

TUIOCKHUN AePeKT
MPOJOIBHO-
CTPOTAJIbHBIN CTAHOK

CTpOTaHHE Ha
HPOJIOIBHO-
CTPOTATLHOM CTaHKE
TUTa3MEHHO-TyTOBOM
neperiaB
MTa3MeHHas 1eYb
TUIa3MEHHAs CTPYS
TUIa3MEHHask CBapKa

acrmacca
00paboTKa MeTaIoB
JIaBJICHHEM
TUTacTHYeCKast
nedopmanus
00paboTKa MeTaIJIOB
nasieaneM (OM/I)
TUIaCTUYHOCTb
CTPOUTH (AMArpaMMy)

MUTICPUMIB CTaH,
pPO3KaTHUM CTaH
cocHa
3’€IHaHHA
NIMATEKAMHA
TpyOa

MOpPILEHb
MTOPIITHEBE KiTBIIE
IITOK ITOPIITHS
X1J1 HOPLIHS
KOJIOZIS3b
(HarpiBasbHUIL)

KaM’ STHOBYT1JIbHA
cMmora
muTiHIprIHA ppesa
TJIaJKAH BaJIOK
pyOaHOK

TUIOCKUN 1epeKT
MO3/I0BKHBO-
CTpYraJbHHUI
BEpCTaT

CTpYTaHHS Ha
MO3JI0BXKHBO-CTPY-
raJbHUX BepcTaTax
TUIa3MOBO-TyTOBE
neperuiaBiIeHHs
TUTa3MOBa MY
TUIa3MOBHI CTPYMiHBb
TIa3MOBe
3BapIOBaHHS
lacrmaca

00poOka meTaiB
THUCKOM

TUIacTHYHA
nedopmartis
00poOKa MeTaiB
trckoM (OMT)
TJIACTUYHICTD
OymyBatu (miarpamy)
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plunger machine
pneumatic

point

polish

polished
polycrystal
polyhedral

polymorphic
porosity
portable
pouring basin (cup)
pouring weight
precipitate
precipitation
precipitation
hardening
precise
precision
predominantly
press mould
pressing

pressing rest
pressing stress

pressing washer
pressure casting die
pressure diecasting
pressure reducing
regulator

pressure welding
pressure-gas welding

primary (cutting)
motion
primary aluminum

primary
recrystallization

TUTYH)KepHAas MalTuHa
MMHEBMATHYECKUI
BepIlIKHA (pe3La)
MOJINPOBATh
MOJUPOBAHHBIN
MTOJTMKPUCTAILIT
MOJIUDIPUICCKHIA,
MHOT'OTPaHHbBIN
TTOJTMMOP (O HBIIA
MOPUCTOCTh
MIEPEHOCHOU
JUTHUKOBAS Yaria
JINTEUHBIN TPy3
BbIACTIATHCS
BEIJICTICHHE
JIUCTIEPCUOHHOE
TBEpJICHUC

TOYHBIN

TOYHOCTB
MIPEUMYIIIECTBEHHO
npecc-hopma
IKCTPY3HS,
MpeccoBaHMe
MPECcc-0CTaTOK
CXKUMAIOIIee
HanpsDKEHUE
npecc-iaida
npecc-hopma

JUTHE IO AABIICHUEM
peaykrop (Ju1s ra3a)

CBapKa JaBJICHUCM
ra3omnpeccoBasd CBapKa

TJ1aBHOE [IBHYKEHUE
MIEPBUYHBIA aJTIOMUHHI

nepBUYHAS
pEKpHUCTaAIITN3ANS

TUTYH)KepHa MalliHa
MMHEBMATHYHUI
BepIINHA (Pi3Ls)
NoJIipyBaTn
MTOJTipOBaHUH
MTOTIKPUCTAIT
OaratorpaHHHIA

moriMophHUN
MOPHCTICTb

IO TIEPEHOCUTHCS
JMBHUKOBA Yalla
JIMBapHUI BaHTaX
BUIIIATHCSA
BUIUJICHHSA
JcTiepciiine
TBEPIiHHS
TOYHUN

TOYHICTb
MEePEBaXKHO
npec-hopma
eKCTpY3is,
pecyBaHHs;
Mpec-3aIuIIoK
CTHCKao4e
HanpyXeHHS
npec-maida
npec-hopma
JIMTTS 1]l THCKOM
peaykrop (s razy)

3BapIOBaHHS THCKOM
ra3oIpecoBe
3BapIOBAaHHS
TOJIOBHHH PyX

MIEPBUHHUI
aJTFOMIHIT
MEpPBUHHA
peKpHCTaTi3aIis
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principial stress

process engineer
profile cutter
protective water seal

pulley
pulse welding

pulver-bakelite
punching
pusher

quartz
quartzite
qguenching

radial drilling mill

radius forming
ram
ramming-up board

rapid tool steel

rare earths

rate of growth of
nuclei

rate of nucleation

rate of production
ratio of excess air

reamer
reaming

rearrange

receiver
reciprocating motion

TJIaBHOC HAINIPSI’)KCHUC

TEXHOJIOT
(aconHnas ¢pesa
3AILUTHBII BOISHON
3aTBOP

IIKHB, POJIUK

IIOBHAsI CBapKa
MyIbBEepOaKeTuT
npoOuBKa

TOJIKATEIh

KBapII

KBapLuUT

OBICTPOE OXJIAXKICHUE

paguanbHO-
CBEPJIMJIBHBIA CTAHOK

3aKpyricHue
TpaMOOBaTh, YIUIOTHATH
HOJIMOJENBHBIN IIIUTOK

OBICTPOpPEIKYIIAs CTATb

peIKue 3eMITH
CKOPOCTB pOCTa
3apoJIbIIeit

CKOPOCTB 3apOKJICHUS
IICHTPOB
KpHUCTALTH3aluT
MPOU3BOJUTENBHOCTh
KO3 UITUEHT N30BITKA
BO3/IyXa

pasBepTKa
pasBepTHIBAaHHE
NepecTpanBaThCs
KOTIHJIbHUK

BO3BpPATHO-
MOCTyMNaTeIbHOe
JIBIDKEHUE

TOJIOBHE
HaTPY>KeHHS
TEXHOJIOT

(daconHa ¢pesa
3aXUCHUN BOASTHUI
3aTBOP

IIKiB, POJIUK
IIIOBHE 3BapIOBAaHHS
mynsBepOaKeriT
npoOrBaHHS
ITOBXa4

KBapIl

KBapIUT

IIBUJIKE
OXOJIOKEHHS
paaiaabHO-
CBEPIJIUIIbHUI
BepcTar
320KPYTJICHHS
TpaMOyBaTH
MAMOEILHUI
IIUTOK
HIBHKOpI3aIbHA
CTalb

piakicHi 3emui
MIBUJIKICTH POCTY
3apOJIKiB
LIBUIKICTH
3apOJIKCHHS [IEHTPIB
KpHUCTaTi3aIii
MPOJTYKTHBHICTb
KoeQiieHT
HAUTUIIKY TIOBITPS
po3BepTKa
PO3BEpTaHHS
MEPEITUKOBYBATUCS
KOIUJIBHUK
3BOPOTHO-
MOCTYMALHUN PyX
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recovery
recrystallization
rectification

rectifier
red-hard steel

red-hardness

reducing die
reducing flame

reduction gear

reel

refining process
refractory material

regenerator
reinforcing
relative elongation

relative reduction in
area

reliability

relief

relief-slotting
machine

relieve
remelting
residual deformation

residual stresses

resistance furnace
resistance welding

responsible castings

BO3BpAT
PEKPUCTATITU3AIIHS
pekTuduKanus
(meperoHka)
BBINIPSIMUTEITh
OBICTpOpEKYIIAs CTaIh

KPacHOCTOMKOCTb,
TEIJIOCTOUKOCTh
BOJIOKA
BOCCTaHOBHUTEJIBHOE
TTaMs

peILyKTOp

0001Ha (TTPOBOJIOKH)
MpoIIecC 00oTaIEHIS
OTHEYIOPHBII
MaTepua (OrHEeyIop)

pereHeparop
apMHUpPOBaHUE
OTHOCHUTEJIBHOC
YAJIMHEHHE
OTHOCHTEIBHOE
CyXKEHUE

HaJe)KHOCTH

CHATHUE, yCTPAaHEHUE
JOI0EKHO-
3aTHIJIOBOYHBIN CTAaHOK

0CBO00XKIATh
neperian
ocTaToyHas
nedopmanus
0CTaTOYHLIE
HaMPSHKCHUS
neYb COMPOTUBIICHUS
cBapka
COINPOTHUBJICHUEM
OTBETCTBEHHbBIE
OTJINBKH

3BOPOT
peKpHrcTai3aris
pexTudikaris

BHTIPSIMIITY
MIBUIKOPi3aabHA
CTalb
YEePBOHOCTIHKICTB,
TEIUIOCTINKICTh
BOJIOKA

MOJIyM’s1, 1110
BiJTHOBITIOE
PEeILyKTOp

60o6uHa (apoTy)
mportiec 30aradeHHs
BOTHETPUBKUH
MaTepiai
(BOTHETpUB)
pereneparop
apMyBaHHS

BIJTHOCHE 3/10B)KEHHS

Bi):[HOCHe 3BY’KCHHS

HAJIWHICTH
3HATTSI, YCYHCHHSI
IOBOAJILHO-
3aTWJIOBYBAJIbHUM
BepCTaT
3BUIBHATH
MeperIaBIeHHs
3QJIMIIKOBA
nedopmartis
3QJIMIIKOBI
HaTPYKCHHS

niv ornopy
3BapIOBAaHHS OMIOPOM

BIIOBIAAIbHI
BUJIUBKU
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retained austenite

retort

return stroke
reveal

revealing
reverberatory
furnace

reverse (inverted)
impact

reverse polarity

reversible temper

ridge

right-hand tool
rigid

rimming steel

ring rolling

riser

rivet

riveting

roll formed section
roll formed shape
roll pass

roll spot welding
rolled steel sections
rolled stock

roller

rolling

rolling mill
rolling shop
root gap
rosin

rotary gear cutter

OCTATOYHBIHN ayCTCHUT

peropra
XO0JIOCTOM X0,
BBISIBIISITE
BBISIBJICHHE

OTpaxaTejibHasd 1e4ub

oOpatHsIil yaap

oOpatHasi MOJISPHOCTh

oOpatumas OTITyCKHas

XPYNKOCTh (BTOPOTO
pona)

rpe0eHb, BEICTYT
IIpaBbIil pe3ert
JKECTKUM
KHUIISIILAs CTaNlb
packaTka
npuObLTH
3aKJIeTKa

KJIeTIKa

THYTBIA TPOQHITH
THYTBIA TIPOHITH
Kamop

HIOBHAsI CBapKa
CTaJIbHOM IpOKaT
poKaT

POIMK

MpOKaTKa

MIPOKATHBIN CTaH
MIPOKATHBIN LEX
3a30p (TIpu cBapKe)

KaHU(OIb

JIOJIOSIK

OCTaTOYHHUH
ayCTEeHIT
peTopTa
HEPOOOYMIA XijT
BUSIBIISATH
BUSIBJICHHSI
BiaOMBHA MY

3BOPOTHHU yaap

3BOPOTHA
MOJISIPHICTH
3BOPOTHA Bi/ITyCKHA
KPHUXKICTh (ApYyroro
poxy)

rpebiHb, BUCTYTI
npaBuii pizenb
JKOPCTKUI

KUIUIYA CTallb
PO3KOYYBaHHS
JIOaTOK

3aKJIenKa
KJIETIaHHSI, KJIeTIKa
THYTHH Tpodib
THYTHH Tpodise
KaJiop

HIOBHE 3BapIOBAHHS
CTaJIeBUI IIPOKAT
pOKaT

poJsuK

MpOKaTKa

MIPOKaTHUM CTaH
MIPOKATHUH 1eX
3a30p (pu
3BapIOBaHHI)
KaHi(oJb

JIOBOAITBHIH
IHCTpYMEHT
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rotary motion

rough aluminum
roughing
roughing

roughness
rubber

rule of segments
ruler

rumbling

runner
rustless steel
rutile

sample

sand

sawdust

scale

scheme of
deformation
scrap

screw dislocation

Screw press
seal

seam welding
seamed tube
seamless tube
secondary
(proeutectoid)
cementite
secondary hardness
second-type
annealing
section mill
segregation
selenium

BpaliaTeinbHOe
JIBUKCHUE

YEPHOBOM aOMUHUI
gepHOBas 00padoTKa
obnupka,

rpy0ast 06paboTka
IePOXOBATOCTh

pe3uHa, KayIyK
MPaBUIIO OTPE3KOB
JIMHEWKa

OYHUCTKA B TAITOBOYHBIX
Oapabanax

HHUTaTeNb
HeprKaBerolIasl CTallb
pyTHhI

oOpasery

HECOK

JPEBECHBIC OMMJIIKH
OKaJTMHa

cxema aedopmaruu

CKpaIl, JIOM
BUHTOBAS TUCIOKAIIUS

BUHTOBOM Tpecc
3aTBOP

IIOBHAsI CBapKa
IIIOBHAs TPpyOa
OeciioBHast TpyoOa
BTOPUYHBIN [IEMEHTUT

BTOPUYHAS TBEPIOCTh
OTKUT BTOPOTO pojia

COPTOBOM CTaH
cerperauus
CeleH

o0epTambHUIA pyX

YOPHOBUY AJTFOMiHIH
JopHOBa 00poOKa
obaupka, rpyoe
00po0IeHHS
MIOPCTKICTh

ryma, Kaydyk
MPaBUIIO BiPi3KiB
JiHilKa
OYUINCHHS B
ranTyBaJIbHUX
OapabaHax
JKUBHITLHUK
HepJKaBiloya cTajhb
PyTHIT

3pas3ok

TMiCOK

THpCa

OKaJlMHa

cxema aedopmarii

ckpart, OpyxT
TBUHTOBA
JTUCIIOKALIS
TBUHTOBUH IIpeC
3aTBOP

IIIOBHE 3BapIOBaHHS
III0BHA Tpy0a
Oe3ioBHa TpyOa
BTOPUHHUI
EMEHTHT

BTOpUHHA TBEPAICTh
BiJilIAJI JPYTOTO
pony

COpPTOBUH CTaH
cerperartis

cejeH
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self-tempering
semiautomatic gas
arc welding
semiferritic steel
semikilled steel
semimartensite zone
separating operation

service life
setup motion

shaft

shaking out
shank

shape rolled stock
shaper

shaper

shaping

shaping machine

sharpened tool
shear deformation
shear modulus
shear stress

shearing chip

CaMOOTITYCK
MOJTyaBTOMAaTHYECKast
ra303JeKTpUIecKas
CBapKa
nosrypeppuTHAs CTaTb
MIOJIyCIIOKOITHAas! CTallb
MOJTyMapTeHCUTHAS
30Ha

paszenuTenbHas
orepanus

CPOK dKCIUTyaTaluu
YCTaHOBOYHOE
JBUKECHUE

nraxTa

BBEIOMBKA (OTIINBOK,
CTEpIKHEH)

CTep>KEHb (XBOCTOBHK)
pesna
COPTOBOM MPOKAT, COPT

TOIOSIK

HOIIEPEYHO-
CTpOTAJIbHBIN CTAaHOK

npuaanue Gopmei,
CTpOraHue Ha
HONEPEYHO-
CTpOTAIILHOM CTaHKE
HONEPEeYHO-
CTPOTAIBHBIN CTAHOK

3aTOYEHHBIN
WHCTPYMEHT
nedopMarius Ha cpes
MOJTyJIb CABHIa
KacaTebHOE
HanpsDKEHUE
CTpY’KKa HajioMa

CaMOBIAITyCK
HaIiBaBTOMAaTHYHE
ra3oeNeKTpuyHe
3BapIOBaHHS
HaIiBQEepHUTHA CTaTh
HaIBCIOKiiTHa CTaNb
HaliBMapTeHCUTHA
30Ha
pOo3IiTIOBaIbHA
omepartis

TEpMiH eKcIlTyaTamii
YCTAaHOBUHH PYyX

nraxTa
BUOMBaHHS
(BUIIHMBKIB,
CTPUKHIB)
CTpHKEHB
(XBOCTOBUK) i3It
COPTOBHH ITPOKAT,
copT

JOBOANBHIH
IHCTPYMEHT
MOIIEPEYHO-
CTpYranbHUI
BepcTaT

JoJIaHHs GOopMH,
CTpyTaHHS Ha
MOIIEPEYHO-CTPY-
raJbHUX BepcTaTax
MOIIEPEYHO-
CTpYranbHUI
BepcTaT
3aTOYEHUI
IHCTPYMEHT
nedopmartis Ha 3pi3
MOJTYJb 3pYIICHHS
JIOTUYHE
HanpyXeHHs
CTpYKKa HaJUIOMY
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sheet rolled stock
sheet stamping

shell
shell-and-mill cutter
shell-mould casting

shielding-gas arc
welding, welding in
shielding gases

shipment

shock absorber
short circuit
short-range order
shot

shot blasting

shot peening

Shottky defect,
vacancy
shoulders
shrinkage
shrinkage cavity,
pipe

siderite (FeCOy)
silchrome

silica carbide (SiC)
silica floor

silica sand (SiO,)
silicate

silicon

silumin

simple multiple
single-spindle
machine.
singular point
sintered alloy

JINCTOBOH npoKar
JIUCTOBAsA IITaMIIOBKA

KopITyc, 000JI04Ka
nmuInHApUYIecKasdpesa
JUTHE B 000JI0YKOBEIE
(hopmbI

JyroBasi CBapKa B cpeie
3allIUTHBIX T'a30B,
ra303J1eKTpU-YecKas
cBapka

OTrpy3Ka
aMOPTHU3aTOP
KOPOTKOE 3aMbIKaHHE
OJIYKHUH TTOPSIOK
IpoOb
JIpobecTpyiiHas
OYHUCTKA
IpobecTpyiiHas
o0paboTka
BaKaHCHsA, e(PeKT
[lotTKM

3aIICYUKH

ycajka

yca0YHas PAKOBUHA

IITIATOBBIN JKEJIE3HIK
CUJIBXPOM

KapOuJ KpeMHHUS
MapIajuT
KBapLIEBBINA MIECOK
CHUJIMKAT

KPEMHHI

CHJIYyMUH

MIPOCTOE KpaTHOE
OJHOIIIUHAEILHBIN
CTaHOK
CHHI'YJISIpHAs TOYKa
CITEYEHHBIH CIIJIaB

JIUCTOBHH TIPOKAT
JIACTOBE
[ITaMITyBaHHS
KOpITyC, 000JI0HKa
OUIiHApUIHA dpe3a
JIATTS B 000JIOHKOBI
bopmu

JIyTOBE 3BapIOBaHHS
B CEpPEIOBHIIII
3aXMCHUX Tas3iB,
ra30eJICKTPUYHE
3BapIOBaHHS
BlABaHTaKEHHS
aMOPTHU3aTOP
KOPOTKE 3aMHUKAHHS
ONMVOKHIN TTOPSTOK
Jpi6
JIPOOOCTPYMUHHE
OUMIIEHHS
npobocTpyMiHHA
00poOKa

BaKaHCid, Ae(eKT
IloTTki

3aIuTYKU

ycaaka

yca0YHa PaKOBHHA

LIITATOBHAM 3aJII3HIK
CHITBXPOM

KapOig KpeMHit0
MapuiaiT
KBapIIOBHH IMiCOK
CHITIKAT

KpeMmHii

CHITyMiH

MPOCTE KpaTHE
OJHOIIIUHAEIEHUNA
BepcTar
CUHTYIIIpHA TOYKa
CIICUCHUM CILIaB
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sintered aluminium
powder

sintering

size roll

size tolerance
sizing

skelp

skim off

skin effect

skin on castings
slab

slabing

slag

slag basicity
slag hole

sleeve

slider

slime

slip

slip plane

slope

slotted pattern key

slotter

slotting

slotting machine
sludge

slurry

smelting

smith

soda (Na,COy)

sodium aluminate
(Na2A|O3)
soldering

solid solution
solidification

CTICUYCHHAS
ATIOMHUHHEBAS ITyIpa
CIICKaHHe

PY4bEBOM BAJIOK
Pa3MepHBI 10ImycK
KaJIMOpOBKa

HITPUIIC

CKauMBaTh (IUIAK)
MOBEPXHOCTHBIN
ekt

KOpKa Ha OTJIMBKaX
cisio

CIISIOUHT

UIaK

OCHOBHOCTb IIJTaKa
[IJTAKOBAs JIETKA
BTYJIKA

MOJI3yH

amM

CKOJILKCHHE
IJIOCKOCTh CKOJIBKEHUS
HaKJIOH

IIWIT JUTS COeTUHEHHS
BEpXHEW U HIDKHEN
qyacTed MOJEIN
JTOJIOEKHBINA CTAHOK
JI0JI0JIeHue
JTOJIOCIKHBIN CTAaHOK
amM

CyCTEH3HS, TIIaM
IJIaBJICHUE, IIaBKa
KOBKa

coja, KapOOHAT HATPUs

AJIFOMUHAT HATpUsd

namka

TBEP/BII pacTBOp
3aTBEPAEBAHMUE,
KpUCTaJUIA3aLUs

CTICYCHA AJTFOMiHi€Ba
nyzapa

CITiKaHHS
piBYAKOBHIA BaJIOK
PO3MIipHHUI TOITyCK
KaJliOpyBaHHS
HITPUIIC

CKadyBaTH (IILIAK)
ITOBEPXHEBHUH €PEKT

KipKa Ha BUJIMBKaX
cis10

CIA0IHT

[uIaK

OCHOBHICTb IIITAKY
[IJIAKOBA JIbOTKA
BTYJIKa

MOB3YH

Iam

KOB3aHHS

TUTOIMHA KOB3aHHS
Haxwul

LINII 47151 3’ € THAHHS
BEPXHBOI Ta HUKHBOI
YaCcTHH MOJel
JoBOAJILHUM BepcTat
JIOBOAHHS
JIOBOAJILHUIA BepCTat
1Iam

CYCIICH31s1, IIJIaM
TUTaBJICHHS, TIJIaBKa
KyBaHHS

cona, kapOoHat
HaTPIIO

AIIOMIHAT HATPilo

MasHHS
TBEPAUI pO3UUH
3aTBEPiHHS,
KpHCTaJTi3aIis
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solidus line
solute

solvent

solvus line
sorbite

sound casting
source of welding
current

space factor
space lattice

spark
spark erosion

spark gap

spear

special electric
metallurgy
specific strength
specimen
spherical graphite

spike

spindle
spinning
spiral flute
splashing
split pattern
sponge

spot welding
spot-facing
spout

spring
spring-loaded ejector
pin
square-based

JIUHUS CONIUTyCa
pacTBOPEHHBIN
KOMITOHEHT
pPacTBOPUTEIH
COIIBBYC

copOuT

IJIOTHAS OTJIMBKA
WCTOYHHK CBAPOYHOTO
TOKa

ko3 uLment
KOMITaKTHOCTH
KpHUCTaJTYeCKast
pereTka

HCKpa
AIIEKTPOUCKPOBAs
o0paboTka

HCKPOBOI POMEKYTOK

KOIIbE

crienyanbHas
AIIEKTPOMETAILTYPIHS
yIenbHas IPOYHOCTh
obpaserg
LIapPOBH/IHBIH,
TIIOOYIApHBIN TpaduT

TIHTT
HITUHJENb
LHEHTPOOEKHOE JIUTHE
CriupajbHas KaHaBKa
pa30phI3rMBaHKe
pa3beMHasi MOJIeNb
ryoxa

TOYEYHAsI CBapKa
LIEKOBaHUE

Ke00

Mpy’KHHA
MOANPY>KUHEHHBIN
BBITAJIKUBATENb
YeThIpEeXTPaHHAS

JHIS cComimycy
PO3UYUHEHU I
KOMITOHEHT
PO3YMHHUK
COJIBBYC

copOiT

LIIJIBHUHA BUJIUBOK
JOKepeIo
3BapIOBATLHOTO
CTpyMy

Koe(ilieHT
KOMITaKTHOCTI
KpHUCTaNiyHa
perriTka

ickpa
€JIeKTPOiCKpOBa
00poOKa

ICKpOBUH MPOMIKOK
crmc

cremianbHa
€JIEKTPOMETATYPTis
IMATOMA MIIHICTh
3pa3ok

KYJISICTUH,
rIo0yapHUii rpadit

U
MIMAHACTH
BiJIIIEHTPOBE JTUTTS
criipajibHa KaHaBKa
PO30pHU3KyBaHHS
pO3HIMHA MOJIETTh
ryoka

TOYKOBE 3BAPIOBAHHS
LEKyBaHHS

KOJI00

MpyXKHUHA
MiANpY>KUHEHU T
BUIIITOBXYBa4
YOTHPUTPAHHA
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pyramid

squeezing
squeezing pressure
stable (rigid)
stable arcing

stainless steel
stamp
stamping

stampings
standard of surface
finish

starch

static tests

static voltage current
characteristic

stearin

steel

steel cylinder

steel for structural
improvement

steel tapping

steel-making shop
step-down
transformer
stepped quenching
stock,stock removal
stony fracture

stool

stopper

stove
straight flute

nupaMuia
cKaTHe

C)KMMaloIIee YCHITUe
cTaOuibHast (>kecTKasl)
CTa0MIIBHOE TOPEHUE
JyTH

Hep KaBeroLlas CTajb
IITaMIT

JMCTOBAsS IITAMITOBKA

BBICCUKA (OTXO/IbI)
CTaHJapT Ka4yecTBa
MOBEPXHOCTH
Kpaxmal
CTATHYECKUEC
UCIIBITAaHUS
(craTHyeckast) BOJIBT-
amriepHast
XapaKTepPUCTUKA
CTeapuH

cTanb

CTaJbHOM OaJIJIOH
yJydiiaemas CTaib

BBITYCK cTanu (13
TTeYH )
CTaJIETIaBUJILHBIN 11€X

HOHWKATOIINI
Tpanchopmarop
CTyIIEHYAaTas 3aKajIKa

MPUIYCK HA MEXaHHU-
YECKYI0 00paboTKy
KaMHEBHTHBIH M3JI0M

ITOJICTaBKa
CTOITIOP

CyIIWIbHAA KaMepa
npsiMasi KaHaBKa

mipamina
CTUCHEHHS
CTHCKal04e 3yCHIIS
cTabiuTpHa (KOPCTKA)
cTabiTbHE TOPIHHS
IIyTH

HEpJKaBiloua CTajlb
IITaMIT

JIUCTOBE
IITaMITyBaHHS
BUCIYKa (B1IXO0/IH)
CTaHAapT AKOCTI
MOBEPXHi
KpOXMaJb
CTaTHYHI
BUTIPOOYBaHHS
(cTaTu4Ha) BOJIBT-
amrepHa
XapaKTepUCTHKA
CTeapyH

CTalb

cTayeBuii 6aJoH
CTalb, Ky
MOKPAIyIOTh
BHUITYCK cTadi (3
meyi)
CTaJIeIUIaBUIBHUM
ex

MOHWKYIOUUN
TpaHchopmarop
CTymiHUacTe
rapTyBaHHA
MIPHUITYCK Ha
MexaHigHy 00poOKy
KaMeHeIoaioHnii
3710M

miacTaBKa

CTOTIOP

CyIIWIbHA KaMepa
npsiMa KaHaBKa
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straight shank

strain hardening

stream

strength

stress

stress-relief
annealing
stretched crystal
striker

strip

strip

structural material

structural steel
stud bolt

subgrain
sublimation
substitution solid
solution

sub-zero treatment
sulfide

sulphur
superalloys

superconductivity
supercooling
superfinishing
superfluous
super-grade steel

super-quality steel
supersaturated

superstructure
support

HWITHHIPHYECKHAN
XBOCTOBUK

HaKJIeTl,
ne(hOpMaAITUOHHOE
YIPOYHEHHE

CTpyA

MPOYHOCTH
HanpsDKEHUE

OTXHI JUIS CHATHUS
HaIpsHKECHUN
BBITSIHYTBIH KPUCTAILT
HOX (KoTIpa)
CHHMATh

nojoca
KOHCTPYKLIUOHHBIN
MaTepHuai
KOHCTPYKIIHOHHAS
CTalb

mrrudT, namnda,

0Cbh KauaHus
cy03epHO

BO3TOHKA

TBEPIBIH pacTBOp
3aMeIeHHS
00paboTKa X0II010M
cynmshug

cepa

JKAPOTIPOYHBIE CTIABBI
(cynepcruiaBbl)
CBEPXIPOBOIUMOCTD
NEePeoxIaKICHHE

cynephUHUIINPOBAHUE

W3JIUIIHA]
BBICOKOKAUCCTBCHHAS
CcTajb
BBICOKOKAU€CTBCHHASA
CcTallh
MepeChIEHHbBIN
CBEPXCTPYKTYpa
oropa

MW HIPUIHUT
XBOCTOBUK
HaKJIeTI,
nedopmariiine
3MIITHEHHSA
CTpyMiHB

MILHICTD
HaTIpPY>KeHHS
BIOIAd I 3HATTS
Hanpy>XeHb
BUTATHYTHH KPUCTAIT
HiX (KOTIpa)
3HIMATH

cMmyra
KOHCTPYKITTHIHA
Marepiai
KOHCTpPYKIIiiiHa
CTalb

mrudt, namnda,
BiCh XUTaHHS
cy03epHO
cyOmimartis
TBEpAUHN PO3UUH
3aMillIeHHs
00po0Oka xomogomM
cynbdin

cipka

KapOMII[HI CIUIaBU
(cynepcriaBm)
HaJMPOBIIHICTh
MEPEOXOJIOIKEHHS
cynepdiHinryBaHHSI
HaUTUIIKOBUI
BUCOKOSIKICHA CTallb

BHCOKOSIKICHA CTaJIb
NepecuueHU

Ha/ICTPYKTypa
oropa
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support
suppress
surface energy

surface grinding mill
surface hardening

surface strain
hardening
surface tension

surface-active

susceptibility
suspension
sustain arcing

synthetic slag
tailstock
tang

tap

tap hole
tape

taper

taper shank
tapering

tapping throat

tap-to-tap time
tearing chip

technical diamond
technological
plasticity

tee butt weld
teeming ladle

CYTIIOPT
MMOJIaBIISATh
MMOBEPXHOCTHAS
SHEPrus
TIOCKONIIN(OBATBHBIN
CTaHOK

MOBEPXHOCTHOE
YIpOYHEHUE
MTOBEPXHOCTHOE
YIpPOYHEHUE
MOBEPXHOCTHOE
HaTSDKEHUE
MOBEPXHOCTHO-
AKTUBHBIN
YyBCTBUTEIHHOCTD
CyCITeH3Us
MOAIEPKUBATE TOPEHUE
JyTH

CHUHTETHYECKUH IIIIaK
3aauss 6abka

nanka (cBepia)

KpaH, BEHTWJIb, METINK

JIETKA JUTS 9yTyHa
JIEHTa

KOHYC

KOHUYECKUN XBOCTOBHUK
00paboTKa KOHUYECKOM
MIOBEPXHOCTHU
TOPJIOBHUHA IS
BBITTyCKa METajlia
BpeMs I[LJIaBKU

CTPYKKa CKaJIbIBAHUSA

TEXHUYCCKHUM anma3
TCXHOJIOTHYCCKasa
IIACTUYHOCTD
TaBpOBOC COCTUHCHUC
pa3JIPIBO‘{HLII>'I KOBIII

CyIopT
MIPUTHITYBaTH
MOBEPXHEBA EHEPTis

TUIOCKONLTi(hyBaTbHU
i Bepcrat
MMOBEPXHEBE
3MIITHEHHSA
MTOBEPXHEBE
3MIIHEHHS
MMOBEPXHEBHIA HATST

MMOBEPXHEBO-
AKTUBHUM

Yy TIUBICTH
CyCIIeH3is
MiATPUMYBATH
TOPiHHS IyTH
CUHTCTHYHUH IIIJIaK
3aaHs 0abKa
Janka (cBepsa)
KpaH, BEHTWJIb,
MITYHK

JILOTKA JUIS YaByHa
CTpiuka

KOHYC

KOHIYHUI XBOCTOBUK
00poOKa KOHIUYHOT
MOBEPXHI
TOPJIOBUHA TSI
BHUITyCKY MeTajia
yac IUIaBKU
CTpYXKa
CKOJTFOBAHHS
TEXHIYHMI aaMa3
TEXHOJIOT1UYHA
IUIACTUYHICTh
TaBpOBE 3’ €THAHHSI
PO3IMBHUMN KiBII
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teeming, pouring

tellurium

temper

temper brittleness
temper brittleness of
the second type

temper brittleness of
the first type

temperature
coefficient of
electrical resistance

tempered carbon
tempered martensite
tempered troostite
tempering

tensile modulus
tensile strength
tensile stress

tertiary cementite

tests
tetrahedral pyramid

texture
theoretical strength

thermal conductivity
thermal expansion

thermal fatigue
strength

thermit
(aluminothermit)
welding
thermo-couple

pasnuBKa (MeTasuia)

TEeJTYp
OTITYCK

OTITyCKHasl XPYIKOCTh
oOpaTrMas OTITyCKHAs
XPYNKOCTh (BTOPOTO
pona)

HeoOpaTuMast
OTITyCKHAsl XPYIKOCTh
(mepBoro pojia)
TEeMIIepaTypPHBII

ko3 umeHt
AIIEKTPUIECKOTO
COIIPOTHUBIICHUS
YIIIepoa OTKHUra
MapTEHCHUT OTITyCKa
TPOOCTHT OTITyCKa
OTITYCK

MOZYJIb YIIPYTOCTH
npezen NPOYHOCTH
pacTsarusaroniee
HanpspKEHUe
TpeTH‘IHBIﬁ HEMECHTUT

WCIIBITAaHUS
YeThIpeXTpaHHas
nupaMuza

TEKCTypa
TEOPETHUYECKAS]
MPOYHOCTh
TEIUIONPOBOIHOCTD
TEIIOBOE pacIIUpEHUe

TEPMOCTOMKOCTh

TEpMUTHAs
(amoMoTEepMUTHAS)
CBapka

TepMoInapa

PO3TMBaHHS
(meTaia)

Tenyp

BIJIITyCK

BiJITyCKHA KPUXKICTh
3BOPOTHA Bi/IITyCKHA
KPHUXKICTh (ApYyroro
poxy)

HE3BOPOTHA
BIJIIIyCKHA XPYTKICTh
(nmeprroro poxy)
TeMIlepaTypHUr
KoedimieHT
EJIEKTPHYHOTO OTIOPY

BYTJIEIlb BiATIamy
MapTEHCHUT BIJIITYCKY
TPOCTHT BiAITyCKY
BiJIITyCK

MOJYJIb IIPY>KHOCTI
TPaHUI MIITHOCTI
pO3TSTyBalIbHE
HaTpYy>KeHHS
TPETUHHUI
[EMEHTHT
BUTIPOOYBaHHS
YOTUPUTPAHHA
mipamizna

TEeKCTypa
TEOpETHUYHA
MIIHICTb
TETUIONPOBITHICTH
TETUIOBE
PO3IIUPECHHS
TEPMOCTIHKICTh

TEepMiTHE
(amomMoTepMiTHE)
3BapIOBaHHSA
TepMonapa
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thermokinetic
diagram,
CCT-diagram
(continuous cooling
transformation
diagram)
thermomechanical
treatment

thickness of removal
metal

threading die
threading tool
three-high mill
threshold
through hole
tilting mechanism

tin
tip

tolerance
tongue
tool point

tool steel

top
top pouring

top rake angle,
torsion

trailing cutting edge

transcrystalline
segregation
transcrystallyne
transference
transformer
transient surface
transverse motion

TEPMOKHUHETHYECKAS
IarpamMma

TepPMOMEXaHUUYECKas
00paboTka

TOJIIIIHA CPE3aEMOT0
crosl,

riryOuHa pe3aHus
TUTaInKa

pe3b00BOI peselr
TPUO-CTaH

opor

CKBO3HOE OTBEPCTHE
MMOBOPOTHBIN MEXaHU3M

0JIOBO

HaKOHEYHUK,
MYHJIIITYK

JIOIYCK

(aken

pexyIas 4actb
(BeprmHa pesia)
UHCTPYMEHTAIIbHAS
CTalb

KOJIOIITHUK

pasnuBKa CBEPXY
MepeIHAN yroJl pe3ia
Kpy4ueHHe
BCIIOMOTaTEIbHOE
pexyliee Je3BHue
TPaHCKPHUCTAIUTHTHAS
cerperamus
MEKKPUCTAILTHTHBIH
nepeMeIreHmne
Tpanchopmarop
MOBEPXHOCTh PE3aHMs
TIOTIEPEYHOE JIBIKEHHE

TEPMOKIHETUYHA
niarpama

TEpMOMEXaHIYHa
00pobKa

TOBILMHA IIAPY, 110
3pi3y€eThCs,
rIuOvHa pi3aHHA
IUTalIKa
pi3eHapi3HUil pi3elnb
Tpio-cTaH

mopir

HACKpI3HUI OTBIp
[IOBOPOTHBIN
MeXaHi3M

0JIOBO
HaKOHEYHUK,
MYHAIITYK

JIOITyCK

(daken

pikyua yacTrHa
(BeprmHa pi3Is)
IHCTpYMEHTaJIbHA
cTalb

KOJIOIITHUK
PO3IMBAHHS 3BEPXY
NepeHii KyT pizua
CKPYYyBaHHS
JIOTIOM1KHE pi3abHe
1e30
TPaHCKPUCTATITHA
cerperartis
MDKKPUCTATITHUH
nepeMileHHs
Tpanchopmarop
MOBEPXHS pi3aHHA
MIONEPEYHUI PYX
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traverse
troostite
true rake

true stress
trunnion

TTT-diagram

tube furnace
tumbling

tungsten
turn
turning
turning tool
turret lathe

tuyere
T-weld
twist drill
twisting
two-layer

ultimate strength
ultrasonic machining

ultrasonic welding
numeral control mill

undergo
unit sand

TpaBepca
TPOOCTHUT

MepeHss TOBEPXHOCTh
(pesua)
JIEUCTBUTEIILHOE
HarnpsHKEHUE

wtudT, nanda,

0Ch KayaHust
Jrarpamma
MN30TEPMUYECKOTO
peBpalicHUs
ayCTCHUTA

TpyOUaras neub
OYMCTKA B IraJITOBOYHBIX
Oapabanax

BOJIb(pamM

BUTOK (OOMOTKH)
TOYEHHUE

IIPOXOHOM pe3er]
TOKapHO-PEBOJILBEPHBIN
CTaHOK

dypma
TaBpOBOG COCIMHCHUC

JIBYXTIEPOBOE CBEPIIO
CKpy4YHBaHUE
JIBYXCJIOMHBIH,
OMMeETAITINYECKHI
peJies MPOYHOCTH
YJIbTPa3ByKOBas
obpaboTka
YJIBTPa3ByKOBasi CBapKa

CTaHOK C YHCIIOBBIM
MIPOrpaMMHBIM
yHpaBiIeHHEM
MOJIBEPTaThCs

eanHas opMOBOYHAS
CMECh

TpaBepca
TPOCTHT

NepeHs TOBEPXHS
(pi3us)

NiicCHe HaIPYKSHHS

wtudT, nanda,
BiCh XUTaHHS
niarpama
130TepMIdHOTO
MEPETBOPEHHS
ayCTEHITy
TpyOuacra miu
OUUILCHHS B
rajNTyBaJIbHUX
Oapabanax
BOJIbGpaM

BUTOK 0OMOTKH
TOYiHHS
MPOXiTHHUHN pizelb
TOKapHO-
PEBOIBBEPHUI
BepcTaT

dbypma

TaBPOBE 3 €IHAHHS
JIBOXIIEPOBE CBEPAJIO
CKPYYyBaHHS
JIBOILIAPOBHUIA,
OimMeTanigHUH
IPaHUI MIITHOCTI
YIIbTPa3ByKOBa
00poOka
YIIBTPa3ByKOBE
3BapIOBaHHS
BEpCTaT 3 YMCIOBUM
IPOTPaMHUM
KepyBaHHSIM

M IaBaTUCS
enuHa (opMmyBabHa
CyMiI
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universal mill
unlimited solid
solution

unsplit (solid) pattern

uphill teeming

upper bainite
upper die
upright drilling mill

upset welding

upsetting
utilization factor

vacancy,
Shottky defect
vacuum arc
remelting

valency

valley

valve

vanadium

vapour blanket
variable resistance

V-belts
versus (vs)
vertical weld
violate

viscosity

voltage
volume energy

YHHUBEpCAIbHBIN CTaH
HEOrpaHWYEHHBIN
TBEP/BI pacTBOP
Hepa3beMHas MOJIENb
pas3yInBKa CHU3Y
(cudonHas)

BEpXHHI OCHHUT
IIyaHCOH
BEPTUKAJIBHO-
CBEPJIMJIBHBIN CTAaHOK

CTBIKOBasI CBapKa
COTIPOTHBIICHUEM
ocajka

KO3 UITHEHT
UCTIOJIb30BaHUS
(MeTama)
BakaHCHsI, 1eeKT
IoTTKHN
BAaKyyMHO-IyTOBOI
neperias (B/IIT)

BaJICHTHOCTb
BITaJIMHA

KJIamaH

BaHAIUN

napoBasi pyoarka
MEPEMEHHOE
COIPOTHBIICHUE
(peocrar)
KJIIMHOPEMEHHAs
nepenaya

B 3aBHCHUMOCTH OT,
MIPOTHB
BEPTHKAIBHBIN I10B
Hapymarh

BSI3KOCTB (JKHJIK.),
BHYTpPEHHEE TPEHUE
HanpspKeHUe (JIIEKTP.)
oObeMHast Heprus

YHIBEpCaTbHUI CTaH
HeoOMeKeHH I
TBEpAUN pacTBOp
HEPO3HIMHA MOJICITh
PO3IMBAHHS 3HU3Y
(cudonne)

BEPXHIl OCHHIT
MyaHCOH
BEPTUKAIBHO -
CBEpUIMJIBHUN
BepcTaT

CTHKOBE 3BapIOBAHHS
0TopOM

0CaJKEHHSI
KoeQilieHT
BUKOPUCTAHHS
(metaiy)

BaKaHCisl, edexT
[HoTTki
BaKyyMHO-IIyTOBE
neperuIaBiIeHHs
(BAII)

BaJICHTHICTh
3arnuOIeHHS
KJIamaH

BaHaAIIN

napoBsa 000JIOHKa
nepeMiHHHHN OTTip
(peocrar)

KIIMHYAaCTO-TIacoBa
nepezaaya

B 3aJIC)KHOCTI BiJI,
npoTu
BEPTUKAIbHUI 1IOB
MOPYLIyBaTH
B’SI3KiCTh (PiJH.),
BHYTpIIITHE TePTA
Hanpyra (enexTp.)
00’eMHa eHepris
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volumetric shrinkage
warping

waste gas

water glass
(Nazo*mSiOQ)
water recession
generator
water-to-carbideg
wax

wear

wear resistance
wear-resistant steel

wedge

wedge angle, lip
angle

weld
weldability
weldable steel
welded-cast
welded-forged
welder

welding

welding flame
welding head
welding loop

welding rod holder
welding torch

welding tractor

welding zone
weldment
wetability
whiskers
white cast iron

o0BbeMHas ycaaka
KopoOJjeHne
OTXOJISIIMHN ra3
JKUJIKOE CTEKJIO,
TUAPOCHITNKAT HATPHS

reHepaTop KOHTAKTHOTO

THIIA
BOJIa Ha KapOu

BOCK

HU3HOC
H3HOCOCTONKOCTh
W3HOCOCTOMKAs CTallh
KJIINH

YIroJl 3a0CTPEHUs

CBApHOI1 1LIOB,
CBAPHOE COEUHEHUE
CBApUBAEMOCTh
CBapuBaeMasl CTajlb
CBapHO-JIUTOMN
CBapHO-KOBaHbBII
CBApUIUK, UCTOYHUK
TOKa

CBapKa

CBApPOYHOE TLIaMs

CBapo4YHas rojioBKa
CBapoOvHas 1enb

JIeprKaTeNb 3JIEKTPoIa
CBapOYHasl ropeska

CBAPOYHBIN TPAKTOP

CBapoYHas 30Ha
CBapHOE COeIMHEHHE
CMauuBacMOCTh
«YCBI»

OenbIif uyryH

00’eMHa ycaaka
YKOJIOOJICHHS

ras, 1o BIIXOIHUTh
piake ckIio,
TIAPOCHITIKAT HATPIFO
reHepaTop
KOHTAKTHOTO THITY
BOJIa Ha KapOin
BiCK

3HOIIYBaHHS
3HOCOCTIHKICTh
3HOCOCTIIiKa cTallb
KJINH

KYT 3arOCTPEHHS

3BapHUI 1I0B,
3BapHE 3’ €THAHHSA
3BapIOBaHICTh
3BaproBaJibHA CTAJb
3BapHO-JIUTUN
3BapHO-KOBaHMI
3BapIOBAJIbHUK,
JDKEPETIO CTPYMY
3BapIOBAHHS
3BaprOBaJIbHE
MoJIyM’ st
3BapIOBaJIbHA
rOJIOBKa
3BaprOBaJIbHUI
JIAHITIOT

TpUMady eJIeKTpoa
3BaprOBaJIbHUI
MaJILHUK
3BapIOBaJIbHUN
TPaKTop
3BapIOBaJIbHA 30HA
3BapHE 3’ €THAHHS
3MOYYBaJbHICTh
,,Byca”

Oinuii yaByH
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Widmanstatten
structure
winding

wire

work surface

working motion
workpiece
worm

worm gear hob
wrought alloy

yield limit, yield
point

yoke

yttrium

zinc

zirconium
zirconium sand
zone segregation

BuamanmreroBa
CTpyKTypa
o0MoOTKa (37IeKTp.)
MPOBOJIOKA
obpabaTsiBacMast
MOBEPXHOCTH
pabouee ABMKEHUE
3aroTOBKa

YepBSK

yepBsuHas ppesa
nehOpMUPYEMBIH CIIIaB

npeJiel TeKy4ecTH

KOPOMBICIIO

UTTpUI

LUHK

LUPKOHUI
LHUPKOHOBBIN MECOK
30HaJIbHAS CETperanus

BigManmrreroBa
CTPYKTYypa
00MOTKa (eJeKTp.)
MPOBOJIOKA
MIOBEPXHS, 110
00po0IIIETHCS
pobounii pyx
3aroTOBKa
qepB’ K
4yepB’ssuHa (pesa
CIUIaB, IO
nehopMy€eThCs
TpaHML TEKY4OCTi

KOPOMHUCIIO
ITpiit

TUHK

IUPKOHIN
IIUPKOHOBUH MiCOK
30HaJIbHA cerperaiis
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