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OBIIUE METOANYECKHUE YKA3ZAHUA

[TocoOue OCHOBaHO Ha OpPUTHMHAIBHBIX TEKCTaX [0 MAaTEPUAIOBEJICHUIO Ha
AHTJIMACKOM $I3bIKE, cojaepxalux (aKTUUYECKUH IO3HABaTEeIbHBIA MaTepHasl IIO0
yKazaHHOW nucuuiuinHe. OCHOBHAA 11eJlb MOCOOMS — OKa3aTh MOMOIIb CTYJIEHTaM B
YCBOCHUH 0a30BOM JIEKCUKHU aHTJIMUCKOTO SI3bIKa B 00JIACTU MaTepUaIOBEICHHUS.

Meroanueckoe mocodbue MOCTPOEHO TaK, YTO OT/AENbHAas TeMa MOXET ObITh
3aJlaHa CTyJeHTaM Ui MpOpabOTKM M TMOATOTOBKA K OYEpPEIHOMY 3aHSATHIO.
[IpenonaBarens MOXET OTOOpaTh HECKOJBKO TeM Ui H3Y4YeHUsS B paMKax
ayJUTOPHBIX 3aHATUHA, Jpyrue >K€ TEMbl MOTYT OBITh MPEAJIOKEHbl JJis
CaMOCTOATEJILHOTO U3YUYEHUS CTYIEHTaMH.

Pexomenayercs cneayromasi mnpoienypa padoTbl ¢ METOJIMYECKUM IOCOOMEM
IPU CaMOCTOSITEILHOM paboTe CTYIEHTOB:

1) ‘KenmarenpbHO mNpeaBapUTENbHO H3YYUTh (IIOBTOPUTH) COOTBETCTBYIOIIMIA
pazzien IMCUMIUTMHBI «MaTepuanoBeIeHHe» Ha PYyCCKOM SI3bIKE.

2) OtpaboTraTh YTEHUE TEPMUHOB U3 IJI0CCAPUS U3YUAEMOU TEMBI.

3) Ilpounrtarh BHUMAaTeIbHO ab3all, OTMEYash He3HaKoMble cioBa™. OTbICKATH
HE3HAKOMBIE CJIOBA MO CJIOBAPI0, OTPA0OTATh UX YTEHHUE, UCIIONb3Ys TPAHCKPUIILHUIO,
BBIIIACATh UX 3HAYEHUS.

4) CoOmromass mpaBwia (OHETHKH, OTpaboTaTh YTeHWE ad3ama J0 Oerjoro
YTEHUS.

5) OtpaboTaTs ocneayromne adb3aisl CoriacHo mm. 3, 4.

6) [lepeBecTu TEKCT HA PYCCKUU A3bIK MUCHbMEHHO.

7) BeimotHUTh 0OpaTHBIN TUCEMEHHBIN TIEPEBO]T C PYCCKOTO HA aHTJITMHCKUN.

8) BbINOTHUTH MPOBEPKY MEPEBOAA.

9) IIpouenypy NpOBEPKH CIEAYET MOBTOPSITH /10 OJHOIO YCTPAHEHUS OLIMOOK.

10) HacrosATenbHO PEKOMEHAYETCS BBIMOJIHATh YCTHBIM MEPEBOJ PYCCKOIro
TEKCTa C JINCTA HA aHTJIMMCKHAM SI3BIK.

11) «Ynopsmbie» K 3allOMUHAaHUIO TEPMUHBI U CJIOBAa ClEAyeT HalKucaTh
HECKOJIBKO pa3 HOJps.

12) IIpoBepuTh 3HaAHKE TEPMUHOIOTUU TIO III0CCAPUIO K TEME.

13) Ilpu 3aTpyHEHUSX, CBA3AHHBIX C MPUMEHEHHEM I'PaMMaTUYECKUX IMpaBui,
CJIeIyeT aipecoBaThCS K CIIPABOYHUKAM 10 TPAMMATHUKE WJIM YYeOHUKAM.

14) BbINOJHUTH MTUCHMEHHO YIPAXKHEHHUS B KOHIIE KaXI0W U3 TEM.

Br16op u metoauueckas pazpaboTka TeM AJisl IPOBEIEHUS ay IMTOPHBIX 3aHATUN
OCYLIECTBJISIETCS IPENOJABATENEM B 3aBUCUMOCTH OT CIELHAIU3ALMMU CTYIEHTOB,
METOJMYECKUX MPEANOYTEHUN NPEnoJaBareiass ¢ COIYTCTBYIOLIErO0 IpaMMaTH-
YECKOI0 MaTepHualla K U3y4YEHHUIO.

* — Hesnakomoe cnoBo: 1) HeyBepenHocTs B mnpouteHuu. 2) HeusBecTHO
KOHTEKCTyajbHOe 3HaueHue. 3) HeyBepeHHOCTh B opdorpaduu npu HanmucaHuu.



MATERIAL SCIENCE:
PROPERTIES OF MATERIALS
g

Topic 1. General Overview of Materials and their Structure

The properties of materials are sometimes referred to as structure-sensitive, as
compared to structure-insensitive properties. In this case structure-insensitive
properties include the traditional physical properties: electrical and thermal
conductivity, specific heat, density, and magnetic and optical properties. The
structure-sensitive properties include the tensile and yield strength, hardness, and
impact, creep, and fatigue resistance. It is recognized that some sources maintain
that hardness is not a true mechanical property, because it varies somewhat with the
characteristics of the indentor and therefore is a technological test. It is well known
that other mechanical properties vary significantly with rate of loading, temperature,
geometry of notch in impact testing, and the size and geometry of the test specimen.
In that sense all mechanical tests of material properties are technological tests.
Furthermore, since reported test values of materials properties are statistical
averages, a commercial material frequently has a tolerance band of +5 percent or
more deviation from a given published value.

In the solid state, materials can be classified as metals, polymers, ceramics, and
composites. Any particular material can be described by its behavior when subjected
to external conditions. Thus, when it 1s loaded under known conditions of direction,
magnitude, rate, and environment, the resulting responses are called mechanical
properties. There are many possible complex interrelationships among the internal
structure of a material and its service performance. Mechanical properties such as
yield strength, impact strength, hardness, creep, and fatigue resistance are strongly
structure-sensitive, i.e., they depend upon the arrangement of the atoms in the
crystal lattice and on any imperfections in that arrangement, whereas the physical
properties are less strucure-sensitive. These include electrical, thermal, magnetic, and
optical properties and do depend in part upon structure; for example, the resistivity
of a metal increases with the amount of cold work. Physical properties depend
primarily upon the relative excess or deficiency of the electrons that establish
structural bonds and upon their availability and mobility. Between the conductors
with high electron mobility and the insulators with no free electrons, precise control
of the atomic architecture has created semiconductors that can have a planned
modification of their electron mobility. Similarly, advances in solid-state optics have
led to the development of the stimulated emission of electromagnetic energy in the
microwave spectrum (masers) and in the visible spectrum (lasers).



Glossary

Ne English word Translation
1. | structure CTPYKTypa

2. | sensitive qyBCTBHUTEIIHHBIN

3. | electrical ANEKTPUYECKUHI

4. | thermal TEIJIOBOM, TEPMUYECKUN
5. | conductivity POBOJAMMOCTb

6. | specific heat yJeJIbHAsI TEINIOEMKOCTh
7. | density MJIOTHOCTh

8. | tensile PaCTSKUMBIN

9. | yield strength npenes TEKy4eCTH

10. | hardness TBEPJIOCTh

11. | impact yzaap

12. | creep MIOJI3Y4ECTh

13. | fatigue yCTaJNIOCTh

14. | resistance CONPOTHUBJIEHUE, CTOUKOCTh
15. | indentor WHJICHTOD

16. | technological TEXHOJIOTUYECKUU

17. | test WCIBITAHUE

18. | rate CKOPOCTh

19. | loading HarpyxeHue

20. | notch BBITOUKA, BEIECMKA

21. | specimen oOpasery

22. | statistical CTaTUCTUYECKUU

23. | average CpeIHUI

24. | tolerance JOIYCK

25. | band auana3zoH

26. | deviation OTKJIOHEHHUE

27. | solid state TBEPJI0€ COCTOSTHUE

28. | metal METall, METAJNIMYECKUI
29. | polymer MOJIUMED

30. | ceramic KepaMHKa

31. | composites KOMIO3UTHI

32. | interrelationship B3aUMOCBSI3b

33. | service performance CITy>KeOHBIC XapaKTePUCTUKHU
34. | impact strength yaapHasi IPOYHOCTb

35. | arrangement PaCIOJIOKEHHE

36. | crystal lattice KPUCTAJUTMYECKAsl pEeIIeTKa
37. | imperfections HECOBEPILECHCTBA

38. | resistivity YAEIbHOE CONPOTUBJIEHUE
39. | amount 00BEM, KOJIMYECTBO

40. | cold work X0J10/THast 00paboTKa
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Ne English word Translation

41. | relative OTHOCHUTEJIbHBIN

42. | excess 130BITOK

43. | deficiency HEJIOCTATOK

44. | electron AIEKTPOH

45. | structural CTPYKTYPHBIN

46. | bond CBSI3b

47. | availability HaJu4yue

48. | mobility MIOJIBUKHOCTD

49. | conductor POBOJIHUK

50. | insulator U30JIATOP

51. | semiconductor MTOJIYTTPOBOJTHUK

52. | solid-state TBEPAOTEJIbHBIH

53. | optics ONTHKA

54. | stimulated BBIHY>KJICHHBII

55. | emission U3JTyYeHUE

56. | microwave MMKPOBOJHOBOM

57. | maser Masep

58. | visible BHIUMBII

59. | laser Jazep
Questions:

1. 3aBuCAT 1M MEXaHUYECKUE CBOMCTBA MATEpPUAIOB OT UX CTPYKTYpbl? 2.
KakoBbl OCHOBHBIE TpaJUIMOHHBbIE (pu3nyeckue cBoilicTBa BemecTtB? 3. B kakoil
CTENEHU (PU3NUECKHE CBOWCTBA 3aBUCAT OT CTPYKTYpbl MaTepuana? 4. YTo BiMseT Ha
OTHOCUTEJNILHOCTh TOHSTUSI «MEXaHU4eckue cBoicTtBan? 5. KakoB ypoBeHb
CTaTUCTUYECKOTrO OTKJIOHEHMS JUIsl IPOMBINUIEHHbIX Marepuanos? 6. Kak
KJacCu(UIIMPYIOTCA BEIIECTBA, HaXOJsIIuecss B TBEpAOM coctosiHuu? 7. Jlaiite
ONPENIECIICHNE MEXaHNYECKUX CBOMCTB MaTepuainoB. 8. Kakue cBOMCTBa MATEPUAIIOB B
OoJbIIIel CTENEHU 3aBUCAT OT CTPYKTYpPHI: ¢usndeckue uian Mmexanumdeckue? 9. Ot
yero 3aBucAT (usnueckue cpoiictBa marepuanoB? 10. Kak 3aBucur ynenabHOe
conpoTuBieHue oT 00paboTku nasienuem? 11. Kak monpaznenstor matepualibl B
3aBUCUMOCTH OT HaJM4YMsl B HUX CBOOOJHBIX 3JeKTpoHOB? 12. JlaliTe Ha3BaHMs
YCTPOWCTB, H3IYYAIOIIUX MPUHYAUTEIBHO JJEKTPOMArHUTHYIK) DJHEPrUI0 B
MUKPOBOJIHOBOM U BUJIMMOM JHana3oHe.

Topic 2. Physical Properties of Materials

In studying the general structure of materials, one may consider three
groupings: first, atomic structure, electronic configuration, bonding forces, and the
arrangement of the aggregations of atoms; second, the physical aspect of materials,
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including properties such as electrical and thermal conductivity, specific heat, and
magnetism; and third, their macroscopic properties, such as their mechanical
behavior under load, which can be explained in terms of impurities and
imperfections in the lattice structure and the procedures used to modify that
behavior.

In the selection of materials for industrial applications, many engineers
normally refer to their average macroscopic properties, as determined by engineering
tests, and are seldom concerned with microscopic considerations.

Others, because of their specialty or the nature of their positions, have to deal
with microscopic properties.

The average properties of materials are those involving matter in bulk with its
flaws, variations in composition, and variations in density that are caused by
manufacturing fluctuations. Microscopic properties pertain to atoms, molecules,
and their interactions. These aspects of materials are studied for their direct
applicability to industrial problems and also so that possible properties in the
development of new materials can be estimated.

In order not to become confused by apparently contradictory concepts when
dealing with the relationships between the microscopic aspects of matter and the
average properties of materials, it is wise to consider the principles that account for
the nature of matter at the different levels of our awareness. These levels are the
commonplace, the extremely small, and the extremely large. The commonplace level
deals with the average properties already mentioned, and the principles involved are
those set forth by classical physics. The realm of the extremely small is largely
explained by means of quantum mechanics, whereas that of the extremely large is
dealt with by relativity.

Relativity is concerned with very large masses, such as planets or stars, and
large velocities that may approach the velocity of light. It is also applicable to
smaller masses, ranging down to subatomic particles, when they move at high
velocities. Relativity has a definite place in the tool boxes of nuclear engineers and
electrical engineers who deal with particle accelerators. For production engineers,
relativity is of only academic interest and is mentioned here for the sake of
completeness.

Glossary
Ne English word Translation
1. | bonding CBSI3BIBAIOTITUI
2. | force cuia
3. | arrangement pacmooXKeHNe
4. | aggregation CKOIUICHHE, KOHIICHTPALIHS
5. | conductivity IPOBOJAUMOCTD
6. | specific yAEIbHBIN, CIeTU(UIHBINA
7. | heat TEII0
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Ne English word Translation
8. | magnetism MarHeTu3M
9. | impurities IpuMecH
10. | imperfections HECOBEPIIECHCTBA
11. | lattice perieTka
12. | macroscopic MaKpOCKOITUYECKUI
13. | microscopic MUKPOCKOITUYECKUN
14. | matter BEILIECTBO; MaTEpUAIL
15. | bulk 00BEM, 00OBEMHBIH
16. | flaw TpeIINHA, LIENb
17. | variation U3MEHEHHE
18. | density IJIOTHOCTD
19. | manufacturing U3TOTOBJICHUE
20. | fluctuation GaykTyauus
21. | to pertain to IIPUHAJIEKATH, OTHOCUTHCS
22. | applicability IPUIOKUMOCTD
23. | contradictory IPOTHUBOPECUUBBI
24. | concept KOHIEIILIMS
25. | relationship OTHOIIIEHUE, 3aBUCUMOCTb
26. | average CpeaHui
27. | property CBOMCTBO
28. | awareness 3HAHUE, OCBEIOMJICHHOCTD
29. | commonplace 0O0IIen3BECTHBIN (HaKT
30. | realm obnactp, cdepa
31. | quantum KBAHTOBBIHN
32. | mechanics MEeXaHHUKa
33. | relativity TEOpHUSI OTHOCUTEIbHOCTH
34. | velocity CKOPOCTh
35. | light CBET, JIETKHU
36. | subatomic cy0aTOMHBI
37. | tool box UHCTPyMEHTapui
38. | accelerator YCKOPUTETD
Questions:

1. Kakue rpynmbl MOHATAA MOXHO BBIJICJIUTh MPU H3yYCHUH OOIIEH
CTPYKTYpbl MaTepuanoB? 2. YKaKHUT€ YETbIpe KOMIIOHEHTa B IIEPBOM TpyMIe
noustuil. 3. Kakue cBoiicTBa MarepuaioB MOXKHO OTHECTH K (PU3UYECKUM
cBorictBaM? 4. UTO mMOHMMAETCS MOJ MAaKpPOCKONMUYECKUMHU cBorctBaMu? 5. Kakum



o0pa3oM OOBIYHO OMPENENAIOT MAaKPOCKOMMYECKUE MmapamMeTpbl Marepuana? 6. Uem
ONPENEIAOTCA MHUKPOCKONIMYECKUE CBOMCTBA MarepuanoB? 7. Kakume ypoBHH
MIO3HAHUS MOYKHO BBIJICJIUTH C LIEJIBI0 COOTHECEHUSI MUKPO- U MakpornapaMeTpos? 8.
Kakass aucnunnunHa oObsicHseT mnoBeaeHue mukpoyactun? 9. I[loBemeHue kakux
00BEKTOB omuchIBaeT Teopust oTHocutenbHocTu? 10. Ilpunoxkuma nu  Teopus
OTHOCHUTEJIBHOCTH K MaJIBIM YaCTHUIIAM M IpU Kakux ycinoBusax? 11. Kakoe 3HaueHue
UMEET TEOpHsl OTHOCHUTEIBHOCTH JUIsI WHXKEHEPA-MEXaHWKa B YacTU W3yYCHHs
CBOMCTB MaTepHajoB?

Topic 3. Mechanical Properties of Materials

Designers and engineers are usually more interested in the behavior of
materials under load or when in a magnetic field than in why they behave as they do.
Yet the better one understands the nature of materials and the reasons for their
physical and mechanical properties the more quickly and wisely will he/she be able to
choose the proper material for a given design. Generally, a material property is the
measured magnitude of its response to a standard test performed according to a
standard procedure in a given environment. In engineering materials the loads are
mechanical or physical in nature and the properties are recorded in handbooks or, for
new materials, are made available by the supplier. Frequently such information is
tabulated for room-temperature conditions only, so when the actual service conditions
are at subfreezing or elevated temperatures, more information is needed.

All materials have properties that designers must use to their best advantage.
The following terms describe these properties:

Ductility is a softness present in some materials, such as copper and
aluminum, that permits them to be formed by stretching (drawing) or hammering
without breaking. Wire is made of ductile materials that can be drawn through a die.

Brittleness is a characteristic of metals that will not stretch without breaking,
such as cast irons and hardened steels.

Malleability is the ability of a metal to be rolled or hammered without
breaking.

Hardness is the ability of a metal to resist being dented when it receives a
blow.

Toughness is the property of being resistant to cracking and breaking while
remaining malleable.

Elasticity is the ability of a metal to return to its original shape after being
bent or stretched.
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Glossary

Ne English word Translation
1. |load Harpyska
2. | design KOHCTPYKIIHS
3. | magnitude BEJIMYMHA
4. | environment BHEIIIHUE YCJIOBHS
5. | handbook CIPaBOYHHK
6. |available JIOCTYITHBIN
7. | supplier MOCTABIIUK
8. | subfreezing HIDKE TOYKU 3aMep3aHus
9. |elevated MOBBINICHHBIN
10. | ductility KOBKOCTb, TATYYECTh
11. | softness MSTKOCTh
12. | stretching pacTsKeHue
13. | drawing BBITSDKKA
14. | hammering KOBKa
15. | breaking pa3phiB, OOPHIB
16. | wire IIPOBOJIOKA, MPOBOJI
17. | die MaTpuLa
18. | brittleness XpYIKOCTh
19. | brittle XPYIKHM, TOMKUN
20. | cast iron qyTyH
21. | harden YIPOUHSITh
22. | steel CTaJlb
23. | malleability KOBKOCTb, IJIACTUYHOCTh
24. | rolled KaTaHbIH
25. | hardness TBEPJOCTh
26. | dent 3y0, 3y0el
27. | dented 3y0YaThIii
28. | toughness yaapHasi BI3KOCTb
29. | resistant CTOUMKHUI
30. | cracking pa3pylieHue, paCTPECKUBAHNE
31. | malleable KOBKUH, TATYYUI
32. | elasticity YIPYrocTh
33. | shape dbopma
34. | bent W30THYTBIN, THYTHIN
35. | stretched pPaCTAHYTHIN
Questions:

1. Yro B marepumanax HMHTEPECYET KOHCTPYKTOPOB M HMH)KEHEPOB B IEPBYIO
ouepenp? 2. BaxHO 1M U1 HHKEHEPOB 3HAHHWE NMPUPOBI MATEPUAIOB U NMPUYHUH HUX
noBeAeHus, noyemy? 3. UTo B CYIIHOCTH IPEJICTABIISAET COOON TO MIJIKM MHOE CBOMCTBO
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matepuasnia? 4. W3 KakuX MCTOYHUKOB MOJKHO IIOJYYUTh TE€ WM HUHBIE
XapaKTepUCTUKN MaTepuanoB? 5. SIBIAIOTCA 1M CIIPaBOYHBIE CBOMCTBA MaTEPHUAIIOB
aOCOJIOTHBIMU WJIM OTHOCUTENbHBIMM, moyemy? 6. JlaliTe ompeneneHue yaapHOM
Ba3kocTH. 7. Kak momywaror npoBosoky? 8. JlaiiTe omnpeneneHue XpynkOCTH M
HA30BUTE MaTepHaJibl, KOTOPbIE MOTYT OBITh OTHECEHBI K XPYNKUM Marepuaiam. 9.
Uto takoe koBkocTh? 10. Kak M0XHO naTh ompeaeneHue TBEpAOCTH Metaiuia? 11.
Yro Takoe miactuaHocTs? 12. JlaiiTe onpeneseHne ynpyrocTd Marepuania.

Topic 4. Application of Concepts from Quantum Mechanics

Quantum mechanics, once restricted to the academic halls, has now become a
bread-and-butter topic. It generally deals with particles of atomic or subatomic sizes.
But from the understanding of the behavior of these particles comes a better
understanding of such phenomena as thermal conductivity, heat capacity, electric
conductivity and the very existence of transistors and thermistors.

Quantum mechanics is a complex subject, largely outside the scope of this text,
yet a brief mention of two of its most important concepts may aid the production-
design engineer in the study of the basic characteristics of materials. One of these is
Planck's quantum hypothesis, later extended by Einstein and others. The other is
Pauli's exclusion principle.

The quantum hypothesis postulates that the bound energy state of particles of
very small size cannot be represented by a continuous function but is discrete in
nature. Thus, between any two permissible energy states of a bound particle there
exists a region of states that are forbidden.

Each of the electrons of any atom has a particular energy level E,, E,, E;, etc.
For an electron to go from one energy state to a higher one, it must receive sufficient
energy to jump through the forbidden-energy regions. Thus if an electron at energy
level E, is to go to the higher-energy level E3, it must receive an energy AE,.

All matter has a spontaneous tendency to be in the lowest possible energy
state. Consequently, the electrons of any atom fill the lowest permissible energy
levels and are only excited to upper empty levels when they are given energy by
means of interaction with electromagnetic radiation, particle bombardment, or an
electric field, or by thermal excitation (collision with neighbouring atoms brought
about be an increased amplitude of atomic vibration caused by an increase in
temperature).

Thus, if an electron is dislodged from its initial energy level, it can only go to
a higher unoccupied level or entirely out of the atom. It may be recalled that the
number of electrons in any atom is equal to the number of protons in the nucleus. If
for any reson an atom is stripped of some or all of its electrons, free electrons in the
vicinity of the ion will rapidly fall into the empty energy levels, emitting their excess
energy in the form of radiation. Many of physical properties of materials are
understud through this behavior of electrons.
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Glossary

Ne | English word Translation

1. | subatomic cy0aTOMHBII

2. |size pasmep

3. particle yacTuia

4. | phenomenon SIBIICHUE

5. | heat capacity TEIIOEMKOCTh

6. | transistor TPaH3UCTOP

7. | thermistor TEPMUCTOP

8. | scope JMana3oH, o0beM
9. | hypothesis TUII0TE3a

10. | exclusion HCKJIFOUCHUE

11. | principle MIPUHITUII

12. | postulate MOCTYJIUPOBATH
13. | bound CBSI3aHHBIN

14. | forbidden 3anpenieHHbIN
15. | matter BEILECTBE, CyOCTaHIIMS
16. | spontaneous CIIOHTAHHBIN

17. | consequently CJICIOBATEIIHHO
18. | permissible pa3pelIeHHbIN
19. | excite BO30YK/1aTh

20. | empty MyCTOU

21. | interaction B3aUMOJICHCTBUE
22. | radiation W3JIyYEHUE

23. | collision CTOJIKHOBEHHE
24. | neighbouring COCEJTHUM

25. | amplitude aMIUTATY 1A

26. | vibration BUOpaIus

27. | caused BBI3BAHHBIN

28. | dislodged CMEILIEHHBIN

29. | initial HavyaJbHbIN

30. | entirely MOJIHOCTBIO

31. |recall BO3BpaT

32. | equal paBHBIN

33. | proton IIPOTOH

34. | nucleus SJIPO

35. | stripped JIUIIEHHBIN (JICKTPOHOB)
36. | vicinity COCEJICTBO, OJIM30CTh
37. |ion HMOH

38. | excess 130BITOK
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Questions:

1. C oObekTaMH Kakoro pa3Mmepa MMeeT Jelo KBaHToBas MexaHuka? 2. Urto
MIOMOTaeT MOHATh M3YYEHUE MOBEACHUSI MOJICKYJISPHBIX YaCTHUI] C TOYKH 3pEHUSA
KBAaHTOBOM MexaHuku? 3. KakoBbl JBa OCHOBHBIX IOHSTHUS JI€XKAaT B OCHOBE
KBAHTOBOM MexaHuku? 4. B yeM cCyThb KBaHTOBOW rumnore3bl? 5. Moryr i
HSHEPreTUYECKUE YPOBHU DJIEKTPOHOB OBITH MPOU3BOJIbHBIMU? 6. CripaBeyIuB U IS
MaTepUH TPUHIMI MUHUMYyMa sHeprun? 7. KakoBbl criocoObl Hakauku 3Hepruu? §.
Kak mnpoucxogutr cnoHtanHoe wusnyudeHue? 9. Kak COOTHOCHUTCS KOJUYECTBO
3IEKTPOHOB U MpoToHOB B aroMe. 10. Kakue cBolicTBa MaTepuasoB MOXKHO MOHSTb,
OCHOBBIBAsCh HA TOBEJICHUH 3JIEKTPOHOB?

Topic S. Impact Properties

In some designs, dynamic forces are likely to cause failure. For example an
alloy may be hard and have high compressive strength and yet be unable to
withstand a sharp blow. In particular, low-carbon steels are susceptible to brittle
failure at certain temperatures. Most impact tests use a calibrated hammer to strike a
notched or unnotched test specimen. In the former, the test result is strongly
dependent on the base of the notch, where there is a large concentration of triaxial
stresses that produce a fracture with little plastic flow. The impact test is particularly
sensitive to internal stress producers such as inclusions, flake graphite, second
phases, and internal cracks.

The results from an impact test are not easily expressed in terms of design
requirements because it is not possible to determine the triaxial stress conditions at
the notch. There also seems to be no general agreement of the interpretation or
significance of the result. Nonetheless the impact test has proved especially useful in
defining the temperature at which steel changes from brittle to ductile behavior.
Low-carbon steels are particularly susceptible to brittle failure in a cold environment
such as the North Atlantic. There were cases of Liberty ships of World War 11
vintage splitting in two as a result of brittle behavior when traveling in heavy seas
during the winter.

In a particular design having a notch or any abrupt change in cross section,
the maximum stress occurs at this location and may exceed the stress computed by
typical formulas based upon simplified assumptions in connection with stress
distribution. The ratio of this maximum stress to the nominal stress is known as a
stress concentration factor, usually denoted by K. Stress concentration factors may
be determined experimentally or by calculations based on the theory of elasticity.
Figure 5.1 illustrates stress concentration factors K for fillets of various radius
divided by the thickness of castings subjected to torsion, tension, and bending
stresses.
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Fig. 5.1. K as a function of r/d:
r — fillet radius; d — wall thickness
Glossary
Ne English word Translation
1. | failure OTKa3, pa3pylLICHHE
2. | alloy CIUJIaB
3. | compressive CKMMAIOIIU T
4. | strength MIPOYHOCTb, CHJIA
5. | withstand BBIJICP)KUBAThH
6. | sharp OCTpBIi
7. | blow yaap, NOpbIB
8. | low-carbon HU3KOYTJIEPOAUCTBIN
9. | steel CTaJb
10.| susceptible MO/IBEP>KEHHBIN
11.| brittle XPYINKUNA, TJOMKHM
12.| impact yaap
13.| calibrated KaJIMOpOBaHHBIN
14.| notch BBIEMKA, BLITOUKA
15.] specimen obpasery
16.| triaxial 00BEMHBIH, TPEXMEPHBIN
17.] stress HaIpsKEHHE
18.| fracture paspylieHue
19.| flow TEUCHUE
20.| inclusion BKJIFOUEHUE
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Ne English word Translation
21.| flake XJIOITbsI, BOJIOKHA
22.| graphite rpadur
23.| crack TpEIIMHA
24.| requirements TpeOOBaHUs
25.| significance 3HAYCHHUE
26.| ductile KOBKHH, IIJIACTHYHBIH
27.| environment BHEIIIHUE YCIIOBHSI
28.| vintage pas3ius,
29.| splitting CKAJIBIBAIOIIUNA, OCTPBIN
30.| abrupt pE3KUil, OOpPBHIBUCTHIN
31.| cross section NONEePEYHOE CEYEHUE
32.| occur CIIy4aThCsi
33.| location MTOJIOKEHHE
34.| exceed MPEBHIIIATH
35.| computed pacCUMTAHHBIN
36.| simplified YOPOUIEHHBIN
37.| assumption IPEINOJIOKEHUE
38.| distribution pacrpesiesieHue
39.| ratio OTHOILICHHE
40.] stress HaIpsKCHUE
41.| concentration KOHIICHTpaus
42.| factor bakTop
43.| denoted 0003HaYEHHbIN
44.| elasticity yOPYrocTh
45.| fillet raJiTellb
46.| various pa3IUYHbINA
47.| radius paauyc
48.| divided by JICJICHHBIN Ha
49.| thickness TOJIII[AHA
50.| casting JIUTHE
51.] subjected MO/IBEP>KEHHBIN
52.| torsion Kpy4eHue
53.| tension pacTsHKEHUE
54.| bending ruoka
Questions:

1. YTo MOXKeET BBI3BIBATH NOJIOMKY J€Tajell B HEKOTOPBIX KOHCTPYKLIMSAX. 2.
Kak 3aBuCUT moBeJieHHE CIUIABOB IPU YJIApHOW Harpy3ke ot temmnepaTrypsi? 3. Kak
BEIyT ce0s HU3KOYIVIEPOAMCThIE CTald NpU HU3KUX Temmeparypax? 4. KakoBel
YCJIOBHUSL NPOBEACHUS TECTAa HA YAAPHYH NPOYHOCTH? 5. OT 4ero CyuiecTBEHHO
3aBUCHUT pe3ynbTar Takoro tecra? 6. Kakue ¢(axkTopsl MOryT OBITH OTHECEHBI K
(akTopaM, MOPOKAAIOIIMM BHYTPEHHUE HaIpspKeHUA? 7. B uem cocTouT TpyaHOCTH
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COOTHECEHMS pe3yibTaTa WCIBITAHUA C TPEOOBAaHUAMU K KOHCTpyKuuu? 8.
CymectByeT nu OOHIMI MOIXOJ K OICHKE pe3ylbTaToB HcHbITaHui? 9. B duem
COCTOMT 0co00€ 3HauYeHHE HCHBbITaHHUs Ha yaapHyto npodHocts? 10. Ilpuegurte
OpUMEpP XPYNKOIO pa3pylIeHUss B IMPAKTHUKE OJKCIUIyaTallMM KOHCTPYKIMH W3
HU3KOyTIIepoaucToi cramu. 11. I'me nokanu3yroTcss KOHIEHTPATOPbl HANPSHKEHUN B
ucnbITyeMblX oOpasuax? 12. Jlalite onpeneneHue kod3(p@uuMeHTa KOHLEHTpALUU
HanpspbkeHuil. 13. Ykaxure crnocoObl omnpeneiaeHuss Ko3(QQPUIMeHTa KOHLEHTPALUN
HanpsokeHuil. 14, Onummre cooTHOIIEHHE KOA((UIMEHTOB KOHLIEHTPALUU
HaNpsHOKEHUH U1 KpYUYEeHMs, pacTsKEHUs U u3ruoa.

Topic 6. Fatigue Properties and Endurance Limit

Although yield strength is a suitable criterion for designing components that
are to be subjected to static loads, for cyclic loading the behavior of a material must
be evaluated under dynamic conditions. The fatigue strength or endurance limit of
a material should be used for the design of parts subjected to repeated alternating
stresses over an extended period of time. As would be expected, the strength of a
material under cyclic loading is considerably less than it would be under a static load
(Fig. 6.1). The plot of stress as a function of the number of cycles to failure is
commonly called an S-N curve. It is interesting to note that for specimens of SAE*
1047 steel there is a stress called the endurance or fatigue limit below which the
material has an infinite life (>10° cycles), i.e., the steel would not fail regardless of
exposure time (Fig. 6.2). In contrast, the 2014-T6 aluminum alloy has no limiting
stress value.

Fatigue data are inherently more variable than tensile test data. In part the
scatter is caused by variation in surface finish and environment. Polished
specimens of the same material give significantly better life than machined or scaly
surfaces. Since most fatigue failures initiate at surface notches, fatigue behavior and
notch sensitivity are closely related. Thus mechanical or other treatments that
improve the integrity of the surface, or add residual compressive stresses to it,
improve the endurance limit of the specimen.

Overstressing above the fatigue limit for cycles fewer than necessary to
produce failure at that stress reduces the fatigue limit. Also, understressing below
the fatigue limit may increase the fatigue limit. Thus, cold working and shot peening
usually improve fatigue properties.

Several standard types of fatigue-testing machines are commercially
available. The results of extensive fatigue-life testing programs are now available in
the form of S-N curves that are invaluable for comparing the performance of a
material that is expected to be subjected to dynamic loads.

* - Society of American Engineers
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Glossary
Ne | English word Translation
1. | yield strength peaes TeKy4eCTH
2. | criterion KpUTEpHUl
3. | subjected 10JIBEP KCHHBII
4. | load Harpyska
5. | fatigue strength BBIHOCJIUBOCTD
6. | endurance limit peeN YCTaJlOCTH
7. | repeated MTOBTOPHBIN
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Ne |  English word Translation

8. | alternating NepeMEHHBIH

9. | stress HanpsDKESHUE

10.| extended yTIIyOJICHHBIN, pacIIUPEHHBIN

11.] cyclic UKITNYECKUN

12.| plot rpaduk

13.] failure MOJIOMKA, pa3pylieHue

14.] curve KpHBas

15.] specimen oOpasery

16.| infinite OeCKOHEUHBIN

17.| fail MOAAThCs, Pa3pyIIUThCS

18.| regardless of HE3aBUCUMO OT

19.| exposure time BpeMs1 BO3/IEUCTBUS

20.| inherently 110 CYTH

21.| variable W3MEHYUBBIN

22.| tensile PACTSKUMBIN

23.| scatter pazbpoc

24.| finish oT/ieJIKa (HIOBEPXHOCTH)

25.| environment BHEIIIHUE YCJIOBUS

26.| polished MOJINPOBAHHBIN

27.| significantly CYHIECTBEHHO

28.| machined 00paboTaHHBIN pe3aHrEM

29.| scaly qyenrynyaThii

30.| initiate Ha4yMHAThH(Cs1)

31.| notch BBICMKa, BHITOUKA

32.| sensitivity YYBCTBUTEIBHOCTb

33.| related OTHOCSIIITUMCS K, CBI3aHHBIN

34.| treatment 00paboTka

35.| improve yJIy4dllaTh

36.| integrity HETPOHYTOCTb; LIEIOCTHOCTH;
MOJTHOTA

37.| add CKJIaJIbIBaTh, 100aBJISITh

38.| residual OCTaTOYHBIN

39.| compressive CKUMAIOTINI

40.| overstressing neperpyska

41.| understressing HEJIOTpy3Ka

42.| cold working X0JI0/THast 00paboTKa

43.| shot peening apobecTpyiiHas o0paboTKa

44.| fatigue-testing HCIIBITAHUE HAa YCTAJIOCTh

45.| available JOCTYIHBIN, HATMYHBIN

46.| extensive OOIIUPHBIN, YTITyOJICHHBIN

47.| fatigue-life AKCILTYaTalMOHHAS JOJITOBEYHOCTh
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Ne |  English word Translation

48.| invaluable OeCleHHbIN
49.| comparing CpaBHUBAHUE
Questions:

1. Kakasg xapakTepucTuka SBJISETCS HNOAXOMSIIUM KPUTEpPUEM  JUIS
OPOEKTUPOBAHUSA M3JeNni, paboTalolmMX NpU CTaTHYeCKUX Harpys3kax? 2. s
KaKUX YCJIOBHI pabOThl MPUMEHUMO MOHSITHE «IIPEAEI BBIHOCIUBOCTU»? 3. 3HAUCHUE
KAKOM XapaKTEPUCTUKH BBIIIE: MPEesa IPOYHOCTH WU IPEAEIa BBIHOCIUBOCTH? 4.
JlaiiTe omnpeneneHne KpUBOW BBIHOCIMBOCTH. 5. Kak Ha3wIBaloT Harpysky, Ipu
KOTOpPOM CpOK CHY>KObl CTaJIbHOM J€Tald MOKHO CYUTaTh MPAKTUYECKH
O6eckoHeunbIM? 6. CyliecTByeT JIM Mpeles BbIHOCIMBOCTH IS aJTIOMUHHUEBOTO
ciaBa 2014-E6? 7. Uem o00ycioBiieHbl OOJIbIIME OTKJIOHEHUS JaHHBIX I10
UCIIBITAHUSM Ha YCTaJOCTh IO CPAaBHEHUIO C MUCIBITAHUSIMHU Ha pacTskeHue? 8.
Oka3blBaeT M BIWSHUE HAJWYUE BBITOYEK B JI€Talld HA NPEAEN BBIHOCIHBOCTH,
KaKoB XapakTtep OJToil 3aBucuMoctu? 9. VYKaxuTe JABa croco0a MOBBIIICHUS
ycTasiocTHOM npoyHocTu neraneit. 10. Kakue Buabl 00pabOTKM METAIOB 1aBICHUEM
MOBBIIAIOT Tpeaen BoiHOCHMBOCTH? 11. Ha xakom o000pynoBaHMM TNPOBOMST
UCIIBITAHMS Ha YCTAJOCTHYIO MPOYHOCTH? 12. B kako#t hopme 0OBIYHO MPECTABISIOT
JAHHBIE UCIIBITAHUI HA YCTAJIOCTHYIO MPOYHOCTH? /{1151 uero ciy»kart 3Tu gaHHbIe?

Topic 7. Creep, Stress Rupture and Strain Hardening

As metals are exposed to temperatures within 40 percent of their absolute
melting point, they begin to elongate continuously at low constant load (stresses
beyond the proportional limit). A typical creep curve is a plot of the elongation
against time of a wire subjected to a tensile load at a given temperature (Fig. 2.25).
Creep is explained in terms of the interplay between range from 20,000 Ib/in.”> for
certain gray irons to 280,000 1b/in.” or more for particular alloy steels.

The usable range of temperature for steel ranges from —460°F to almost
2000°F for specific stainless steels. Aluminum alloys can withstand temperatures
from 300 to 500°F, and some titanium-reinforced polymers are useful up to 400 to
900°F, but the vast majority are good only to 200°F. Hardness is the most difficult
property to use for making valid comparisons, because the deformation of plastics
and elastomers under an indentor is different from that of metals. As a group,
polymers are far softer than metals. Ferrous and nickel-base alloys range from 100
to 600 Brn, which is a tremendous range of values.

The strain-hardening behavior of a metal depends on its lattice structure. In
face-centered cubic crystallographic structures, the rate of strain-hardening is
affected by the stacking fault energy through its influence on mechanical properties.
Copper, nickel, and austenitic stainless steel strain-harden more rapidly than
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aluminum. Hexagonal close-packed metals are subject to twinning and strain-
harden at a much higher rate than do other metals because there is only one plane of
easy glide available in the close-packed hexagonal structure. Strain-hardening is also
effected by grain size, impurity atoms, and the presence of a second phase. The
strain-hardening rate increases with the complexity of the structure of the alloy.
Severely strained metals may have elongated grains with distorted and
twisted lattices and a strong anisotropy that can be used by an astute designer if he
takes advantage of directional strength in his design. On the other hand, because of
the increased strength and hardness brought about by strain-hardening, the number of
reductions in a forming sequence will be limited before annealing is required.

Glossary
Ne English word Translation
1. | rupture pa3pbIB, pa3pyuIeHUE
2. | exposed 10JIBEPTHY ThIH
3. | absolute a0COJIOTHBIN
4. | melting point TOYKA TJIaBJICHUS
5. | elongate pacTaruBaTh(cs)
6. | stress HaIpsDKEHHE
7. | beyond 3a (mpeeaaMn)
8. | proportional limit peies MPONOPIMOHATBHOCTH
9. | creep M0JI3y4eCTh
10.] curve KpUBas
11.| plot rpadux
12.| wire IIPOBOJIOKA
13.| subjected MOJIBEPTHY ThIN
14.] tensile load pacTsAruBaroias Harpyska
15.] interplay B3aUMOJICHCTBUE
16.| range JIHAIa30H
17.| gray iron CEpbIi UyT'yH
18.] alloy steel JIETUPOBAHHAS CTaJIb
19.| stainless HEPKaBEIOUIUI
20.| withstand BbIJICPKUBATh
21.| titanium TUTaH
22.| reinforced apMUPOBAHHBIN, YCUJICHHBIH
23.| polymer MIOJIUMED
24.| vast majority NoAaBJISIOIIEe OOJIBITUHCTBO
25.| hardness TBEPAOCTb
26.| valid 3aKOHHBIN
27.| comparison CpaBHEHHE
28.| plastics TJIACTUKHU
29.| elastomers AIIACTOMEPHI




Ne English word Translation
30.| indentor UHIEHTOP
31.| soft MSTKUH
32.| ferrous KEJIC3UCTBIN («IEPHBIN)
33.| nickel-base Ha OCHOBE HHUKEJS
34.| tremendous OTPOMHBIN
35.| strain-hardening nehopMaIllmOHHOE YIIPOYHEHHE
36.| lattice peméTka
37.| face-centered I'paHELIEHTPUPOBAHHBIN
38.| crystallographic KpUCTALTOTpapUIECKHUI
39.| rate CKOpPOCTH
40.| stacking HaKaIUIMBAIOIIUICS
41.| copper Me€/lb
42.| nickel HUKEIb
43.| austenitic ayCTEHUTHBIN
44.| aluminum QTFOMUHUI
45.| hexagonal close-packed reKcaroHajabHas IJI0OTHO yIaKOBaHHAs
46.| twinning JIBOMHUKOBAHHUE
47.| glide CKOJIb3UTH
48.| grain size pa3mep 3epHa
49.| impurity atom MIPUMECHBIN aTOM
50.| severely CHJIBHO
51.| distorted HCKa)KECHHBIN
52.| twisted MCKaKEHHBIN, CKPYYEHHBII
53.| anisotropy aHU30TPOIHUS
54.| astute XUTPBIN, MPOHULIATEIIbHBIN
55.| advantage IPEUMYILECTBO
56.| directional strength HaIpaBJICHHAs! TPOYHOCTh
57.| reduction CHIIKCHHE
58.| forming sequence MOCJICI0BATEIFHOCTh
hopM0o0Opas3yIOIIMX ONepaIHii
59.| annealing OTXKHUT
60.| required TpeOyeMblil
Questions:

l. Ilpm kakoi TeMIepaType MpPOSBIAECTCS IMOJA3YYECTh NOJA ACHCTBHEM
MOCTOSTHHOM Harpy3ku? 2. Uto npeacrtaBiser cobor kpuBas noysydectu? 3. Kakoit
oOpa3ell UCTIOIB3YETCsl B UCIIBITAHUIX HA Noh3ydecTh? 4. KakoB ypoBeHb Harpy3Ku B
UCTIIBITAHUH TIOJ3YYECTH Ceporo uyryHa? 5. YKakurte quana3oH pabouux TeMIeparyp
JUIsl HepyKaBerommx craneil. 6. KakoB pabouunii TeMmmepaTypHbId Juana3oH JUis
aMlOMUHUEBBIX cIuiaBoB? 7. Ilouemy wu3MepeHHe TBEPAOCTH ISl IJIACTUKOB U
snactomepoB 3aTpyaHeno? 8. Kakoil mMarepuan siBisieTcss 0oJjiee MSTKUM: IUIACTUK
unu mertami? 9. B kakoM Juana3zoHe HaXOJUTCS TBEPAOCTh UYEPHBIX METAJLUIOB U
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cruiaBoB Ha ocHoBe Hukena? 10. 3aBucut nu aedopMalnvOHHOE YHPOYHEHHE OT
CTPYKTYpHl ~KpucTauindeckoil pemetrku? 11. Yem oOycrnoBieHa CKOpPOCTb
nedopManoHHoro ymnpouHeHuss B wmarepuanax ¢ [T[K-pemerkoit? 12. aiite
CPaBHEHHME CKOPOCTH YIPOYHEHUS Meau U amoMuHus. 13. B kakoil pemrerke
peanu3yeTcs MeXaHu3M IJIaCTHUeCcKoi nedopmanuu qBoiiHuKoBanueM? 14. Ykaxure
(akTophl, BIUAIOLIME Ha AePOPMALMOHHOE YIPOYHEHHE MeTayioB. 15. Ykaxwure
PEUMYILECTBA U HELOCTATKH J1e()OPMALIMOHHOTO YIIPOUYHEHUS.

Topic 8. Relative cost of engineering materials

The design engineer is responsible for the initial specification of a material,
yet in many cases he spends little time checking alternatives. Many designers feel
that their obligation ends with the functional design, so they tend to minimize the
importance of material selection. The reasons are many, but two are likely to be (1)
lack of proper education in their engineering courses and (2) inadequate time
because of the need to meet a deadline.

In over 90 percent of all designs a material is selected primarily on the basis of
yield strength and ability to fill space
at the lowest cost. In some cases, other
criteria, depending primarily on
physical properties such as electrical
conductivity or chemical properties Wrought
such as corrosion resistance, are steel
dictated by the end-use of the design (forgings)
and form the basis for the material
specification.

It is the designer's responsibility
to match the functional and esthetic Sheet
requirements of his design with the
behavior of a particular material so
that the total cost after manufacture is
minimized. In a large organization,
this undertaking is a team effort in
which design engineers, production
engineers, and materials specialists all play an important role. In a small company,
the designer may handle the entire assignment.

The costs of engineering materials are in a constant state of flux. Three
components may be recognized: first, the general price changes that follow the ebb
and flow of the national economy; second, the supply-and-demand effect on the
price of some metals, specifically copper and nickel; and finally, the effect of rising
production capacity and strong competition, as found in the polymer industry since

Plastics

Non ferrous castings

Pond/lihra

Steel castings

Cast irons

Per pound

Fig. 8.1. Comparative cost/unit
volume for several materials
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the 1950s. In general the polymers have dropped in price in the past decade, whereas
the cost of all metals but aluminum has increased. Inflation had led to increasing
prices.

Materials cannot be compared on the basis of cost alone because they have
widely varying densities and strengths. If the cost per pound is converted to cost per
unit volume, a more meaningful comparison can be made. When the same
materials are compared on the basis of cost per unit of strength per unit of volume it
is evident that not only do most materials become strongly competitive, but that in the
future, if stronger polymers are created, the 4000-year dominance of metals may be
severely challenged (Fig. 8.1).

Glossary
Ne | English word Translation
1. | design engineer KOHCTPYKTOP
2. | initial HaYaJIbHBIN
3. | specification crienuduKanms
4. | functional design (GYHKIIMOHATBHOE KOHCTPYHPOBAHHUE
5. | selection BBIOOD
6. | lack HEJ0CTaTOK, mpoden
7. | proper HaJIC)KAIUN
8. | deadline CPOK
9. | yield strength peaes TeKy4eCTH
10.| ability CITOCOOHOCTH
11.| criterion KpUTEpUN
12.| primarily B [IEPBYIO OUYEPED
13.| propertiy CBOMCTBO
14.| electrical AJIEKTPUYECKUH
15.| conductivity AJIIEKTPOIPOBOIHOCTh
16.| corrosion resistance COMPOTHUBJICHUE KOPPO3UHU
17.| end-use KOHEUHBIN MOTPEeOUTENh
18.| match co00pa30BbIBaTh
19.| esthetic ACTETUYECKUI
20.| requirement TpeOOBaHUE
21.| behavior MIOBEJICHHE
22.| production engineer TE€XHOJIOT
23.| materials specialist METAJIOBE]]
24.| handle oOpamarbcs
25.| entire I[CJIBIM, TTOJTHBIN
26.| assignment npenucanme, 3ajgada
27.| flux MOTOK
28.| recognized PU3HAHHBIN
29.| ebb OTJIUB, YHaJ0K
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Ne | English word Translation

30.| flow TEUCHHUE, ITOTOK

31.| supply MIPEJIJI0KEHNE

32.| demand CIIpOC

33.| copper MeJlb

34.| nickel HUKEJIb

35.| production capacity IPOU3BOIUTEILHOCTh

36.| competition KOHKYPEHULUS

37.| polymer OJIUMED

38.| aluminum ATIOMUHU T

39.| density IJIOTHOCTH

40.| strength IPOYHOCTh, CHUJIA

41.| converted IpEBpAIICHHBII

42.| unit volume €IMHUYHBIN 00BbEM

43.| meaningful 3HAYaIlUN

44.| comparison CpaBHEHHUE

45.| dominance npeoOiaIanme

46.| severely CHJIbHO, 3HAYNUTEIIHHO

47.| challenged KOHKYpHUPOBATh
Questions:

1. Kakoil cnenuaiaucT OCYIIECTBISET NEPBUYHBIA BBIOOp MaTepuaia s
NpOM3BOJACTBA TOW WM wuWHOM getanu? 2. Yem 00ycioOBICeHO HeOpeKEeHHE
IPOEKTUPOBIIMKA BBIOOPOM Marepuaisa U MPEANOYTeHHE (PYHKUHOHAIBHOTO
npoektupoBanus? 3. Kakue cBoiicTBa MaTepualia NPUHUMAIOTCS B pacyeT MpH
MPOCKTUPOBAHUM B MeEpByr0 odepenn? 4. Kakue nomoimHUTEIbHbIE TpeOOBaHUS B
OTHOLIEHUU BbIOOpa Marepuanga MOTYT MPEAbSBISTHCS KOHEYHBIM IMOJIb30BATEIEM?
5. B uem 3akitouaercss KOMIIPOMHCC, KOTOPBIM OOBIYHO BO3HUKAET Tepe]
IPOEKTUPOBIIMKOM? 6. B 4yeM oTiauume paspelieHue KOMIPOMHCCA MEXIY
oOecrieueHueM (YHKIIMOHAJIBHOCTH, JCTETUYHOCTH U HHU3KOM ce0ecTOMMOCTH B
OOJBIINX U MAJIBIX MPOEKTHBIX Oopranu3anusax? 7. UTo MOXKHO cka3aTh 00 U3BMEHEHUH
[IEH Ha KOHCTPYKIMOHHbIE MaTepraiibl? 8. Kakue Tpu OCHOBHBIX (haKTOpa BIUSIOT Ha
Kosie0aHMs 1IeH Ha KOHCTPYKIIMOHHBIE MaTtepuaiibl? 9. KakoBa TeHACHIINS U3MEHEHUS
LIEH Ha MOJMMEPHI, aJlOMUHUNA U JApyrue Metaiuibl B nociennee necsrtuierue? 10.
SBasieTcs MM LleHa MeTajula €IMHCTBEHHBIM KpUTEpPUEM [UIsl BbIOOpa MaTepuasna
m3nemus? 11. Kakume marepmansl B OyAylmieM MOTYT COCTaBUTh KOHKYPEHIIMIO
TpaJAULIMOHHBIM MeTajiam?

Topic 9. Enhancement of the proprties of materials

Heat treatment is commonly used to enhance the mechanical properties of
materials in the solid state. Although the process is usually thermal and modifies
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only the structure, there are thermomechanical treatments that also alter both the
structure and shape, and thermochemical treatments that may modify both the
structure and the surface chemistry. All three of these processes for the enhancement
of properties can be classified as heat treating. Many alloys are heat-treated, the more
important being ferrous and aluminum alloys. The mechanical properties of
metallic materials can be increased by strain-hardening.

When a metallic alloy is plastically deformed, its yield strength increases
with increase in strain as long as the recrystallization temperature is not exceeded.
Thus, controlled amounts of cold working may be used to increase the mechanical
properties of a metallic material (Fig. 9.1). The true stress-true strain curves show
that on a log-log plot, the strain-hardening equation is indeed a straight line and its
slope is denned as the coefficient of strain-hardening. Through the strain-hardening
equation, an engineer can izl
predict the improvement in 204 Stainiess
properties that a given
operation will impart to a 300
material.

In polycrystalline alloys,
the mutual interference of
adjacent grains causes slip
to occur on many
intersecting slip planes with
accompanying strain- 0 [
hardening. This progressive
strengthening with Cold reduction (percent)
increasing deformation Fig. 9.1. The rate of strain-hardening
stems from the interaction in three metallic materials

of dislocations on

intersecting slip planes.

The ultimate tensile strength of metals far exceeds that of polymers — by a
factor of 25 for unreinforced materials and a facor of 8 for the woven glass-
reinforced resins. In the case of the modulus of elasticity, the best thermosets are
below the lowest nonferrous materials (fig. 9.2).
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Fig. 9.2. Comparison of the elastic moduli of materials

Glossary
Ne | English word Translation
1. | heat treatment TepMooOpaboTKa
2. | enhance MOBBINIATH, YCHINBATh
3. | property CBOMCTBO
4. | solid state TBEPJI0€ COCTOSTHUE
5. | thermal TEIUIOBOM, TEPMUUYECKUIN
6. | modify MU3MEHSITh, MOJIM(DHUITMPOBATH
7. | structure CTPYKTYypa
8. | alter U3MEHSTH, HCKAXKaTh
9. | shape dbopma
10.| surface chemistry XUM. COCTOSTHUE TTOBEPXHOCTH
11.| alloy CIJIaB
12.| ferrous «UCPHBII
13.| aluminum ATIOMUHUI
14.| metallic METAJITNYECKUI
15.| strain-hardening nehOopMaIlMOHHOE YIIPOYHEHHE
16.| plastically deformed MJIACTUYECKH 1€()OPMUPOBAHHBIM
17.] yield strength npeea TeKy4eCTH
18.| strain nedbopmanus
19.| recrystallization pPEKpHUCTAILIA3ALUS
20.| amount 00BEeM, KOJIMYECTBO
21.| working o0paboTka
22.| true stress VMCTHUHHOE HANPSIKEHUE
23.| curve KpuBasi (JIMHUS)
24.| log-log plot rpaduk B JorapuMUYECKUX OCSIX
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Ne | English word Translation
25.| equation ypaBHEHUE
26.| denned yeAUHEHHBIN, OTACIIbHBIN
27.| predict peAcKa3aTh
28.| improvement YIY4YlIEHUE
29.| impart co0011aTh, IEpEAABAThH
30.| polycrystalline MOJIMKPUCTATITUICCKUN
31.| mutual 00010 THBIN, B3AaUMHBIN
32.| interference MOMEXa, BIUSHUC
33.| adjacent CMEXKHBIH, COCETHUI
34.| grain 3€pHO
35.] slip CKOJIbYKEHHE
36.| intersect/ing nepeceKaTh, MEPEKPEIIUBATh
37.| strengthening YKPEIUISIIOIU I
38.| stem ABJISITECS PE3YJIbTATOM
39.| interaction B3aUMOJIENCTBHE
40.| dislocation IUCIIOKAIIUS
41.| ultimate peAeIbHbII
42.| tensile pacTArMBaOIUN
43.| strength CUJIa, TPOYHOCTh
44.| exceed IIPEBBIIATH, IPEBOCXOAUTh
45.| polymer OJIUMED
46.| unreinforced HEapMHUPOBAHHBIN
47.| woven BUTOM
48.| resin cMoJIa
49.| modulus of elasticity MOJIyJIb YIPYTOCTH
50.] thermoset peakTomIacT
51.| nonferrous IIBETHOM (MeTaJLN)
Questions:
1. C xakoii 1enp0 MpuUMEHsAeTcs TepMudeckas oopadoTka matepuanon? 2. C

IOMOILBIO KAKUX ITPOLIECCOB YJIYYIIAOTCS MEXAaHWYECKHE CBOMCTBA METAJIOB? 3.
Bnusier nmu Ttepmomexanuyeckas oOpaboTka Ha M3MEHEHHE CTPYKTYPHl U (HOPMBI
matepuasna? 4. Kakue BHJBI METAUIOB LEJIECOOOPa3HO MOJBEpPraTh TEPMHUUECKOM
oOpaboTke? 5. 3a cueT Kakoro mporecca, KpoMe TepMooOpaboTKH, MOKHO TTOBBICUTH
MEXaHn4YecKkue cBoiicTBa MetaimioB? 6. Kak wH3MeHseTcs mpenen TEKydecTH B
npolecce IIaCTUYECKOM Jaedopmanuu Mpu TeMIlepaTypax HHUXKE TeMIlepaTyphbl
pexkpuctainzanuu? 7. Kak MoxHO ompenenuth KodQuiueHt aedhopmManyuoHHOTO
YIOPOYHEHUS! IO KPUBBIM «Jehopmanusi-TBepAoCTb»? 8. UTO MOXKHO MpeACKa3bIBAThH
0 ypaBHEHMIO JedopmanmoHHOro ympouyHenus? 9. Kakoe B3aumojeiicTBue Ha
36pEHHOM YpOBHE HUMEET MeCTO Npu JedopManmoHHOM ynpouHeHuu? 10. Uem
OOBSICHSIETCSI YHPOYHEHME NpH pa3BUTOM miactuueckodl nedopmaunu? 11. Bo
CKOJIBKO pa3 IMpeAesl MPOYHOCTH METAJUIOB IMPEBBINAET 3TOT MOKa3areiab Ui
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HEApMHUPOBAHHBIX MATE€pUAJIOB W  APMHUPOBAHHBIX CTEKJIOBOJIOKHOM  CMOJ?
12. KakoBO COOTHOLIEHHWE MOAYJEH YIPYrOCTH PEAKTOILIACTOB M IBETHBIX
METaJIOB?

Topic 10. Recovery and Recrystallization

Recovery. During a cold-working process most of the energy used is
dissipated as heat but a small percentage is stored within the distorted lattice
structure of the alloy. That energy is the thermodynamic driving force that tends to
return the metal to its original state provided there is sufficient thermal energy to
enable the reactions to occur. Cold forming is done above the yield point in the
work-hardening range, so internal stresses can be built up easily. Evidence of this
is the springback as the work leaves the forming operation, and the warpage in any
subsequent heat treatment. Even a simple washer might, by virtue of the internal
stresses resulting from punching and them flattenening, warp severely during heat
treating.

Recovery is a gradual change in the mechanical properties of an alloy, i.e.,
loss in brittleness, or marked increase in toughness brought about by controlling the
heat-treating times and temperatures so that there are no appreciable changes in the
microstructure. However, recovery does significantly reduce the residual stresses
within the distorted lattice structure.

When doubt exists as to whether internal stresses will cause warpage, a piece
can be checked by heating it to about 1100 deg. F and then letting it cool. If there are
internal stersses, the piece is likely to deform. Pieces that will warp sererely while
being heated have been seen, yet the heat-treater was expected to put them through
and bring them out better than they were in the first place.

Recrystallization. All the properties of a cold-worked metal are affected to
some degree by a yield behavior heat treatment, but the yield strength and ductility
can only be restored by recrystallization. This may be defined as the nucleation and
growth of strain-free grains out of the matrix of cold-worked metal. In general the
properties of the recrystallized alloy are those of the metal before the cold-working
operation. This is of commercial importance because if an alloy has become work-
hardened in a drawing operation, it can be recrystallized and the drawing operation
can be continued. Nucleation is encouraged by a highly cold-worked initial structure
and a high annealing temperature. The presence of alloying elements in solid
solution decreases the rate of nucleation.
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Glossary

Ne English word Translation
1. |recovery BOCCTaHOBJICHHE

2. | cold-working XoJiofHas 00paboTKa
3. | dissipate pacceuBath

4. store HAKaIUINBAaTh

5. | distort WCKQ)KaTh, UCKPUBIIATH
6. |lattice peméTka

7. | alloy CIUIaB

8. | thermodynamic TEPMOJIMHAMHYECCKUM
9. |yield point npees TEKy4eCTH

10. | work-hardening nedopManoHHOE YIIPOYHEHUE
11. | range JIAIa30H

12. | internal BHYTPEHHHUMU

13. | stress HaIpsDKEHHE

14. | built up HapaniuBaTh

15. | springback pY>KUHEHUE

16. | warpage MOBOJIKA

17. | subsequent MOCTIEAY IO

18. | heat treatment TepM00OpadoTKa

19. | washer maiida

20. | punching IITaMITOBKa

21. | flattenening npaBKa

22. | gradual MOCJIC/IOBATEIbHbBIN
23. | brittle/ness XPYIKUH, TOMKUH

24. | toughness IIPOYHOCTH, YAApHAs BSI3KOCTh
25. | appreciable 3aMETHBIN

26. | microstructure MHUKPOCTPYKTYpa

27. | residual OCTAaTOYHBIN

28. | heat-treater TEPMUCT

29. | recrystallization pPEKpUCTAIIA3ALMS

30. | ductility KOBKOCTb, IJIACTUYHOCTh
31. | restore BOCCTAHABJIMBATH

32. | nucleate 00pa3oBBIBATH SJIPO
33. | strain-free HesehopMUpOBaHHBIM
34. | grain 3€pHO

35. | matrix MaTtpuiia, popma

36. | drawing operation oTiepanus BBITSKKH
37. | anneal/ing OTXKHUI'aTh

38. | solid TBEPJbIii

39. | solution pacTBop
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Questions:

I. Yro mpoucxoauT B NPOCTPAHCTBEHHOM PEIIETKE B IMPOLECCE XOJOTHON
o0paboTkn Marepuana? 2. Ilpu Kakux yCIOBUAX JIETKO BO3HHUKAIOT BHYTPEHHHE
HanpspkeHus B metawie? 3. Kakue nedekTsl MpocTpaHCTBEHHON (DOPMBI BOZHUKAIOT
B KPYIHBIX JeTalsiX mocie TtepMooOpadboTku? 4. M3-3a 4yero MoKeT BO3HUKHYTb
UCKPHUBJICHHE NPOCTON IIai0bl mpu TepmMooOpaboTku? 5. UeM Xapakrepusyercs
IPOLECC BOCCTAaHOBJIICHMs? 6. DBO3HMKAOT JIM CYIIECTBEHHBIE HW3MEHEHMSI
MUKPOCTPYKTYpBl ~Marepuana npu Boccra”HoBieHuun? 7. Kakas omnepanus
3HAYUTENIbHO YMEHbIIAET OCTaTOouHble HampsbkeHus? 8. Kak mMoxkHO yOenuThes B
HAJIMYMK OCTAaTOYHBIX HANPsKEHUH B aetanu? 9. UTo NOMKEH IenaTh TEPMUCT IPU
HaJIM4uM 1oBoIoK B fetaisix? 10. Kakas onepaiiyst mo3BojisieT BOCCTAHOBUTH MPEJIe
TeKyuecT U minactudHocTh? 11. Kak ocyiiectBisiercs npouecc peKpucTaian3anuu’?
12. Kak MOXHO TIOBBICHTH IIIACTHYHOCTH HArapTOBaHHOIO MaTepuana Ipu
peanuzanuu npouecca BHITSDKKU? 13. Kakue nBa gaxTopa CyleCTBEHHO BIUSIOT Ha
oOpazoBanue 3apopsiiieii 3epen? 14. Kak Bausier JieTMpoBaHHE Ha CKOPOCTh
oOpa3oBaHuUs 3apObIlIei 3epeH?

Topic 11. Solid-state Reactions that Improve Mechanical Properties

Strain hardening (Fig. 9.1) and alloy hardening (Fig. 11.1) are widely used
in industry, especially in aluminum- and copper-based alloys. It is possible to
augment the mechanical properties of certain alloys by other solid-state reactions
that can produce much greater hardness than is possible by alloying alone, and
plastic deformation is not required. However, solid-state reactions are usually
limited to certain alloys for several reasons. Relatively few alloys can be affected by
a given solid-state reaction. Eutectoid decomposition, for instance, is rare in alloy
systems other than the iron-carbon system.

To achieve significant hardening, a solid-state reaction must form a
nonequilibrium or metastable structure such as martensite. Even though an
energetically favorable solid-state reaction is possible according to the equilibrium
phase diagram, it may produce little or no hardening. Therefore the occurrence of a
given reaction is a necessary, but not a sufficient, condition for strengthening.
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Fig. 11.1. Alloy hardening in copper-nickel alloy

Several solid-state reactions produce gains in mechanical properties that are
important to engineers. Typical phase diagrams indicate the combination of phases
that is needed before a solid-state reaction can occur, but that alone does not mean
that a significant improvement will occur. A typical eutectoid reaction is a
prerequisite to eutectoid decomposition (fig. 11.2-a). However the iron-carbon
system is the only one of commercial value. When the solvus line which separates
one- and two-phase regions slopes to indicate decreasing solid solubility of B in A,
there is a chance that precipitation hardening may occur (fig. 11.2-b). Several
aluminum alloys have this type of phase diagram. Although many binary alloys have
similar solvus lines, aluminum alloys are the best example of precipitation hardening.
The requirements of the diffusion reaction are indicated in fig. 11.2-c. In this case the
diffusion of metal C into the alloy causes the composition of the hardenable alloy
(metal B in metal A) to shift from a single-phase region to a two-phase region. As
metal C diffuses into the solid solution, the overall composition gradually shifts into
the o+P region, so that the B-phase (BxCy) begins to precipitate. The nitriding
process works according to this reaction because aluminum, chromium, and
vanadium form nitrides. Thus, when nitrogen gas diffuses into the steel surface that
contains those elements, their nitrides form within the surface of the metal to produce
an extremely hard surface. The unusual surface hardness is thought to be a result of
the fine dispersion of nitride particles rather than of the inherent hardness of the
nitrides alone.
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Fig. 11.2. The form of equilibrium diagram required for three solid-state reactions:
(a) eutectoid decomposition; (b) precipitation from the solid; (c¢) diffusion reaction

Glossary
No English word Translation
1. | strain hardening 1e)OpPMAIMOHHOE YIPOYHEHHE
2. | alloy hardening JIETMPOBAHHE
3. aluminum-based Ha OCHOBE aJIIOMHUHUS
4. copper-based Ha OCHOBE Mean
5. | augment YBEINYHBATH
6. | property CBOICTBO
7. | hardness TBEPIOCTh
8. |require TpeboBaTh
9. solid-state TBEPAOTEIBHBIN
10. | eutectoid SBTEKTOM]L
11. | decomposition PasOKEHHE
12. | iron-carbon KEJIE30-YIIIEpO]
13. | nonequilibrium HEypPaBHOBEUIEHHOCTh
14. | metastable MeTacTaOUIIbHBIN
15. | martensite MapTEHCHT
16. | occurrence pacnpocTpaHeHHe, MOJI0KEHUE
17. | strengthening YIPOYHEHHE, YCUICHHUE
18. | gain yCHJIEHHE
19. | phase diagram (aszosas auarpamma
20. | improvement yIlyullleHHE
21. | prerequisite IIpeaNoChUIKA
22. | solvus line JIUHUS PaCTBOPEHUS
23. | slope HAKJIOH
24. | solid solubility PacTBOPUMOCTb B TBEPJIOM pacTBOPE
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No English word Translation

25. precipitation hardening YIPOUHEHHE BBINIAJICHUEM TBEPAOU (a3bl

26. | diffusion muddyzus

27. | shift CIBUT

28. | overall HOJIHBI, 00IIHi

29. nitriding A30TUPOBAHUE

30. | chromium XpoMm

31. | vanadium BaHa Ui

32. | nitrogen asor

33. | surface MIOBEPXHOCTh

34. | hardness TBEPAOCTh

35. | dispersion AUCTIepCHs]

36. particle JacTUIa

37. | inherent MPUCYLLIHN, HEOTHEMIIEMBII
Questions:

1. Jlns Kakux CIUTaBOB XapakTepHO Je()OpMalMOHHOE YNPOYHEHUE U
ynpouHenue JerupoBaHueMm? 2. CyIIECTBYIOT JM PEAKUUHU TBEPAOTO COCTOSIHUSA,
MOBBIIIAIONINE MEXaHWYECKHEe CBOMCTBa 0e€3 rmactuueckoit aedopmanuu? 3.
NmeroTcss 7m0 orpaHMyeHust Uil TaKUMX pEaKIUid W KAaKOB XapakTep JTUX
orpannueHuii? 4. B kakux cucremMax HamOOJee 4acTO BCTPEUETCS IBTEKTOUIHBIN
pacnan? 5. Kakast cTpykTypa J0JKHA 00pa30BaThes Ui JOCTUKEHUS! 3HAUUTEIBHOTO
ynpouyHenus? 6. Becerna au quarpaMMa paBHOBECHOTO COCTOSIHMSI C DHEPIETHUYECKU
OJIarONpPUSTHBIMU pEaKUUsIMU NMPUBOAUT K YHpPOUHEHHIO? 7. SIBiseTCs JIM Haaudue
YKa3aHHOW peaKUUu JOCTATOYHBIM YCJIOBUEM IOBBINIEHUS MEXAHUYECKHX CBOWMCTB?
8. Uto sBisieTcs MpeaBapUTEIbHBIM YCIOBHEM 3BTEKTOMJHOro pacmnaaa? 9. Korma
MPOUCXOMUT YNPOYHEHUE BhIMaJeHUeM TBepaoil ¢aspi? 10. XapakTepeHo iu
yIPOYHEHHUE BBIMAICHUEM TBepA0H (Pa3bl 1ist amoMuHueBbIX ciiaBoB? 11. K kakomy
caBury npuBoauT auddysus meramia B cruiaB? 12,  Kakwme meramnsl o6pasyror
autpuasl? 13. Kak mpomcxomut mpouecc asotupoBanusa? 14. Uem oOycrnoBiena
HEOObIYHAs! TBEPIOCTh NOBEPXHOCTHU MPHU a30TUPOBAHUU?

Topic 12. Solid-state Transformations in Ferrous Alloys

Steel is unique in its ability to exist as a soft ductile material that can easily be
formed or machined and then, as a result of a heat treatment, assume the role of a
hard, tough material that resists changing shape. There are two reasons for this
behavior. The first is the fact that iron undergoes an allotropic change at 1330°F.
Carbon has little solubility in the body-centered cubic lattice that is characteristic
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of iron at room temperature, but up to 2 percent carbon is soluble in the face-
centered cubic lattice which is stable above 1330°F. The second is the solid-state
eutectoid reaction in which a solid solution at a certain temperature can react to form
two new solid phases. In the case of carbon steels, the y-phase, austenite, transforms
to a-iron (ferrite) and cementite, (Fe3C) by the eutectoid reaction. The eutectoid
reaction is common in many materials, but only steel exhibits such a marked change
in properties.

Thus, when iron with 0.8 percent carbon is heated above 1330°F, the carbon
dissolves and the resulting solid solution is called austenite or y-iron. If the austenite
is suddenly quenched in water, the carbon cannot escape and thus is trapped within
the lattice structure as an interstitial atom that strains the lattice because of the
increased volume it must occupy in the new body-centered tetragonal structure
called martensite, which is characterized by a needlelike microstructure (Fig. 3.5).
Martensite is a hard, brittle, metastable structure, i.e., a nonequilibrium structure,
that is a supersaturated solid solution of cementite, Fe;C, in a body-centered
tetragonal iron. In the presence of a moderate temperature rise (300 to 400°F),
tempering or recovery occurs and the brittle structure becomes tougher, while still
retaining its strength and hardness.

Glossary
Ne English word Translation
1. | ferrous «YEPHBIID)
2. | alloy CIJIaB
3. |steel CTaJb
4. | soft MSATKHH
5. | ductile KOBKHUH
6. | machine o0palaThIBaTh pe3aHuEM
7. | heat treatment TepMo0oOpaboTKa
8. hard/ness TBEPJIOCTh
9. |tough IIPOYHBIN, IJIOTHBIN
10. | shape dbopma
11. |iron KEJIe30
12. | undergo MOJIBEpPraTh
13. | allotropic AJUTOTPOITHBII
14. | carbon YIJIEPOJT
15. | solubility PacTBOPHUMOCTD
16. | body-centered 00BEMHOIIEHTPUPOBAHHBIN
17. | cubic KyOu4ecKkui
18. | lattice peméTka
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Ne English word Translation

19. | face-centered I'PaHELICHTPUPOBAHHBIH

20. | stable CTaOMJIBLHBIN

21. | solid-state TBEPIOTETBHBIN

22. | eutectoid HBTEKTOUTHBIN

23. | solution pacTBop

24. | austenite ayCTEHUT

25. | ferrite beppur

26. | cementite IIEMEHTHUT

27. | dissolve pPacTBOPSATH

28. | quench 3aKAJIMBATh

29. | escape n3oerartp

30. | trap yJ1aBIUBaTh

31. | interstitial MIETUCTBIN

32. | strain nedopmanus

33. | volume 00beM

34. | tetragonal YETHIPEXYTOJbHBIN

35. | martensite MapTEHCHUT

36. | needlelike UTOJIbYATHIN

37. | brittle XPYIKHAH

38. | metastable METacTaOMIbHBIN

39. | nonequilibrium HEPaBHOBECHBIM

40. | supersaturate nepeHachaTh (pacTBop)

41. | moderate YMEpPEHHbIN

42. | tempering OTIYCK

43. | recovery BOCCTAaHOBJICHUE

44. | retain YAEPKUBATH

45. | strength cuJia, IPOYHOCTh
Questions:

1. B uem npeumMyIiecTBO CTaiu nepea aApyrumu marepuanamu? 2. [Ipu kakoi
TEMIIEpaType MPOUCXOJAT AJUIOTPONHBbIE M3MeHeHHss B craiu? 3. Kakosa
pacTBOpUMOCTh yriiepoaa B Marepuanie c pemerkod OLK? 4. Ilpu kakux
temrepatypax pemerka ['IIK ocraercs crabwibnoi? 5. Ilpm kakoil peakiuu
00pa3yroTcs IBe HOBBIX TBepaAbIX (pa3pl? 6. B xakue ¢a3pl mpeBpamiaeTcs ayCTeHUT B
yraepoaucteix craisx? 7. Ilpu kakux temmepaTypax HarpeBa uyryHa c 0,8-
IPOLIEHTHBIM COJIEpKaHUEM YyTiiepoja NPOUCXOIUT pacTBopeHue nocieanero? 8. Yro
IPOUCXOAUT TPHU PE3KOM OxJaxaeHuu aycrenurta? 9. Jlaiite onpeneneHue
mapreHcura. 10. KakoBa cTpykTypa M MUKpoOCTpykTypa mapreHcurta? 11. Yro
IPOUCXOJUT CO CTPYKTYpOHl Npu yMeEpeHHOM HarpeBe MmaprteHcuta? 12. Kak
U3MEHSIOTCSA NIPOYHOCTHBIE XapAaKTEPUCTUKU U TBEPJAOCTh MPH YMEPEHHOM HarpeBe
MapTeHCUTa?

36



Topic 13. Grain Size and Austenitizing

An important factor in the heat treatment of steel is the grain size, by which
is meant the size of the microscopic grains that are established at the last temperature
above the critical range to which the piece of steel has been treated. Fine-grained
steels show better toughness at high hardness. Grain-size-controlled steels will show
less warpage. Coarse-grained steels harden better.

Grain-size-controlled steel can be secured from the steel mill within certain
limits. If a given grain size is specified, it must be obtained by suitable control of the
recrystallization process and by prevention of excessive grain growth.

A relatively large dendrite grain size may be developed in the process of
solidification as a result of the freezing rate or section size of casting. Large castings
and ingots freeze with coarse grains. Thin-sectioned castings develop a fine grain
size owing to rapid freezing. Normally, a fine grain size is desirable, since higher
ductility and impact strength values are obtained at a given tensile strengths level
with fine grain size.
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Fig. 13.1. The relation between temperature vs. soak time
and the amount of stress relief

Most ferrous heat treatments require that austenite be produced as the first
step in a heat-treating operation. The iron-carbon phase diagram (fig. 13.2) shows
the minimum temperature at which austenite can form. Austenitizing is a function of
both time and temperature. In practice, a soaking time of 1 hour/in, of cross section
i1s considered to be adequate for austenitizing a carbon steel, although temperature
and initial carbide particle size are both important factors.

Steels and cast irons contain, in addition to iron and carbon, other elements
that shift the boundaries of the phase fields in the Fe-C diagram. Some alloying
elements such as manganese and nickel are austenite stabilizers and extend the

temperature range over which austenite is stable, while elements such as chromium
and molybdenum are ferritic stabilizers and restrict the range of austenitic
stability.

37



1800 :
Austenite ()
l.—Nor.mr-:i]?ingl /
1600 |G F— A,
= |
Y x5 y A, ' lf - E— :l ":Crn ling
. 1400 Ay ling| : st :
2 1200 ( : / p— ]
o A, temperature Antealingand:=
| | hardening
1000 - :
Ferrite and Fe,C
800
0 02 04 06 08 10 1.2 1.4
Secarbon composition
Fig. 13.2. Reduced iron-carbon equilibrium diagram
Glossary
Ne | English word Translation
1. | heat treatment TepM0o0oOpabOTKa
2. | steel CTaJlb
3. | grain 3€pHO
4. | critical range KPUTHUYECKUN TUara3oH
5. | fine-grained MEJIKO3EPHUCTBII
6. | toughness MIPOYHOCTb, YAApHAsI BI3KOCTh
7. | hardness TBEPAOCTb
8. | warpage MOBO/JIKA
9. | coarse-grained KPYITHO3EPHUCTHIN
10. | mill MIPOKATHBIN (CTaH)
11. | specify Ha3HayaTh, YKa3bIBaTh
12. | recrystallization pPEKpUCTAILIA3ALMS
13. | dendrite JCHAPUT
14. | solidification 3aTBEpJICBAHKE
15. | casting JIUTHE
16. | ingot CIIUTOK
17. | ductility KOBKOCTb, IIJIACTUYHOCTD
18. | impact strength yaapHasi IPOYHOCTb
19. | tensile strength peses IPOYHOCTH
20. | ferrous YKEJIE3UCTBIN («UEPHBIN)
21. | austenite ayCTEHUT
22. | iron-carbon KEJIE30—yTIePO]I
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Ne | English word Translation

23. | soaking BBLICPKKA

24. | carbide KapOu

25. | particle yacTuia

26. | cast iron YyT'yH

27. | shift CIBUT

28. | boundaries I'PaHHULIbl, TPAHUYHBIE YCIOBHUS

29. | alloying JETUPYIOIIUI

30. | manganese Maprasen

31. | nickel HUKEJIb

32. | stabilizer cTabuinzaTop

33. | chromium XpoM

34. | molybdenum MOJIHOICH

35. | ferritic beppUTHBII

36. | restrict OrpaHU4MBaTh
Questions:

1. SBnsercs nM pasmep 3epHAa BaXHBIM (AKTOPOM TIPU TEPMUUYECKOUN
oOpabotke cranmu? 2. Yto monmmaercs moa pasmepom 3epHa? 3. Kak siumser
MEJKO3EPHUCTAsl CTPYKTypa Ha BA3KOCTh U TBEpAOCTh cTanu? 4. Kak Biouser pa3mep
3epHa Ha noBoAku Jetaneil? 5. Kak pazmep 3epHa Biuser Ha ynpouHeHue? 6. Kak
MOKHO TOJIYYUTh MaTepHall ¢ KOHTPOJIUPYEMbIM pa3MepoMm 3epHa? 7. Ha kakoii
CTaJuy MOXKHO YHIPAaBJIATH pa3sMepoM 3€pHaA, orpanuuuBas ero poct? 8. Kakas
3epeHHas CTPYKTypa pa3BUBaeTcsi B pe3yJsibrare oTBepxkiaeHus? 9. Kak ckopocTb
oXJaxaeHus BiuseT Ha ¢popmupoBanue 3epHa? 10. Kak BiusieT pa3mep CIMTKOB Ha
dbopmupoBanue 3epHa? 11. Kakoe 3epHO mpeAnouTUTENIbHEE: MEIIKOE WIIH KPYITHOE, U
noueMy? 12. Kakoil KOMIOHEHT J[OJKEH OOpa30BBIBaTHCS Ha NEPBBIX ATamax
TepMOo0oOpadOTKH uepHbIX MeTamno? 13. OT kakux JByX (DaKTOpPOB 3aBUCHUT
obpazoBanue aycrenuta? 14. Kakoe BpeMsi BBIICPKKH HEOOXOIUMO JIs
oOpa3zoBanust aycrenuta? 15. Kak BIMAIOT JErupyronige »3JIEMEHTbl Ha BUJ
IMarpaMMbl «xkene30-yriepoa»? 16. Kakue sneMeHThl SBISIOTCS CTaOWUIN3aTOpaMHU
oOpazoBanust Gpeppura?

Topic 14. Heat Treatment of Ferrous Materials

The properties of metals can be changed by various forms of heat treating.
Steels are affected to a greater extent by heat treating than are other materials. All
heat treatments either soften or harden a metal. The most common treatments for
softening are stress relieving, annealing, and normalizing; while the major
hardening processes are case-hardening or surface-hardening, and through-
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hardening.

Hardening is performed by heating steel to a prescribed temperature and then
quenching it in oil or water.

Quenching is the process of rapidly heated metal by immersing it in
liquids, gases or solids (such as sand, limestone, or asbestos).

Tempering is the process of reheating previously hardened steel and then
cooling it, usual by air. This increases the steel's toughness.

Annealing is the process of heating and coolling metals to soften them, release
their internal stresses, and make them easier to machine.

Normalizing is achieved by heating metals and letting them cool in air to
relieve their internal stresses.

Case Hardening is the process of hardening thin outside layer of a metal. The
outer layer placed in contact with carbon or nitrogen compounds that are absorbed
by the metal as it is heated; afterward, the metal is quenched.

Flame Hardening is the method of harden by heating a metal to within a
prescribed temperature range with a flame and then quenching metal.

Stress relieving is used to relieve stresses that remain locked in a structure,
usually as a consequence of some manufacturing process. It involves heating to a
temperature below the critical temperature and cooling slowly. This process is
particularly applicable after straightening and cold-working operations and either
prior to or after heat treatments to reduce distortion. In stress relieving, no change in
microstructure is involved, but residual stresses are markedly reduced and
toughness is improved. The relief of locked-in stresses is a time-temperature
phenomenon.

When consideration is given to the simplicity of the stress-relieving operation
and the equipment required, this important process, which can save considerable
amounts of straightening and reworking time, cannot be overlooked. It may be
applied to relieve stresses induced by casting, quenching, normalizing, machining,
cold working, or welding.

Glossary
Ne English word Translation
1. | ferrous KEJIE3UCTHIN («IEPHBIIN)
2. | property CBOWCTBO
3. | affect BIIUSITH
4. | heat treatment TepM00OpadoTKa
5. | soften pa3MsiryaTh
6. | harden YIPOUHSITh
7. | stress relieving CHSITUE HANPSDKCHUM
8. | annealing OTKHT
9. | normalizing HOpMaJIM3alLMs
10. | case-hardening MEeCTHasl 3aKajKa
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Ne English word

Translation

11. | surface-hardening

IMMOBCPXHOCTHAA 3aKaJIKa

12. | through-hardening

o0beMHAas 3aKanKa

13. | quenching 3aKajKa

14. | immerse MOrpy>KaTh, OKYHATh
15. | liquid KUJIKUT

16. | gas ras

17. | solid TBEpJbIi

18. | limestone U3BECTHSIK

19. | asbestos acoect

20. | tempering OTIYCK

21. | toughness MIPOYHOCTb, YAApHAasi BI3KOCTh
22. | release OTITyCK

23. | internal BHYTPEHHUI

24. | to machine 00paboTaTh pe3aHueM
25. | normalizing HOPMaJIU3aIHs

26. | relieve

CHUMATh (HANpsHKEHUs)

27. | layer

cJIOU

28. | carbon YIJIepO

29. | nitrogen a3oT

30. | compound CMECh

31. | flame hardening TJITAMEHHAs 3aKajKa
32. | consequence MIOCJIEICTBUE

33. | manufacturing U3rOTOBJICHUE

34. | applicable MTPYIIOKUMBIH

35. | straightening npaBKa

36. | cold-working

X0J10/1Hast 00padoTKa

37. | distortion

HNCKAXXCHUC, UCKPUBJICHUC

38. | microstructure MUKPOCTPYKTYpa

39. | residual OCTAaTOYHBIN

40. | phenomenon SIBIICHUC

41. | reworking nepepadoTKa

42. | overlooked BBICTYMAIOIIHA

43. | induced BbI3BaHHbBIN

44, | casting JIUTHE

45. | welding CBapkKa
Questions:

1. Kakue wmeTamuibl

HanOoJjiee TIOJIBEPKEHBbl JEHCTBUIO TEPMUUYECKOH

00pabOTKM B 4YacCTH W3MEHEHHUA UX CBOMCTB? 2. UTO MpPOMCXOIUT C METAJIOM B
pe3yiibTare TepMudeckor 0opadotku? 3. Ilepeuncnure Hanbosee U3BECTHHIE BUJIbI
TEPMUYECKON 00pabOTKH, YMEHBIIAOLINE MPOYHOCTHBIE XapaKTEPUCTUKHA METAILIOB.
4. VYkaxure BHIbBl TEPMHUUYECKOW OOpabOTKM, MNPUBOJAUIME K MOBBILICHUIO
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MIPOYHOCTHBIX CBOMCTB MeTayuia. 5. [laiite ompexaenenHue ynpouyHeHws. 6. Jlairte
ompenesieHue omnepauuy 3akanku. /. Kakue cpenpl MOTYyT HMCHOJIB30BAaTBCS IS
oXJaXaeHus: Harperoro metamia? 8. B yem cocTouT CyTh omnepauuu OTIycKa U
KaKOBO M3MEHEHHUE CBOMCTB oOpadarbiBaeMoro matepuana? 9. KakoBo Ha3HaueHue
onepaunu omxkura? 10. Kak oxmaxmaroT Metaiul B mpouecce Hopmanuzanuu? 11.
Kakne wyactu peranm yHnpoyHSIOTCS MPEUMYILIECTBEHHO IIPU LEMEHTAluu U
azotupoBanuu? 12. Onumure omneparuu IuiameHHoW 3akanku. 13. Kak o0wuHO
CHUMAIOT OCTAaTO4YHbIe HampspkeHusi? 14. Ykaxure cepy NpUIIOKEHHsS ONeparuii
CHATHS OCTAaTOYHBIX HanpsbkeHui. 15. Kak uameHnsiercss MUKpOCTPYKTypa BCIIEICTBUE
omnepaluil CHATHS OCTATOYHBIX HAIIPSIKEHUN?

Topic 15. Annealing

Annealing involves heating to and holding at a suitable temperature, followed
by cooling at an appropriate rate, primarily for softening of metals. When annealing
iron-based alloys, the work is 50 to 100°F above the critical temperature range. The
alloy is held for a period of time to insure uniform temperature throughout the part,
and then allowed to cool slowly by keeping the parts in the furnace and allowing
both to cool (see fig. 9.1). The cooling method should not permit one portion of the
part to cool more rapidly than another portion. Its purpose is to remove stresses;
induce softness; alter ductility, toughness, and magnetic properties; change grain
size; remove gases; and produce a definitie microstructure.

Steel is annealed for one or more of the following reasons:
e To soften it for machining or fabrication operations;
e To relieve stresses in the material (often necessary after casting or welding
operations);
e To alter its properties;
e To condition the steel for subsequent heat treatments or cold work;
e To refine grain size, improve ductility and promote dimensional stability.

Perhaps the principal reason for annealing is to improve machinability
characteristics of the steel. It is not possible to present a general rule for annealing
that can be used on all types of steel subjected to diversified metal-removal
operations. For heavy roughing cuts, the material should be as soft as possible
(Rockwell B80). This is especially true when accuracy and finish are not important;
however, if a close tolerance is required, as on a broaching operation, then a finer
lamellar microstructure with a hardness of approximately Rockwell B100 is more
desirable. The principal point for the engineer to keep in mind when using medium-
carbon steel is to specify the condition of the steel as purchased.

As the hardness of steel increases during cold working, ductility decreases and
additional cold working becomes so difficult that the steel must be annealed to
restore its ductility.
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Localized or spot annealing can be accomplished with an oxyacetylene torch
and is a valuable technique when salvaging scrap work, but tool steels should not be
torch-annealed—they will crack.

Glossary
Ne English word Translation
1. annealing OTKHT
2. heating HarpeB
3. cooling OXJIQKJICHUE
4. softening pa3MsAryeHue
5. iron-based Ha OCHOBE JKeJie3a
6. alloy CIJIaB
7. range JMana3oH
8. furnace 1eyb
9. remove stresses CHUMATh HAIPSIKEHUS
10. | induce BBI3BIBATH
11. | softness MSITKOCTD
12. | alter U3MEHSITh
13. | ductility KOBKOCTb, IJIACTUYHOCTh
14. | toughness MPOYHOCTH
15. | magnetic MAarHUTHBIN
16. | property CBOWCTBO
17. | grain 3€pHO
18. | microstructure MUKPOCTPYKTYpa
19. | steel CTaJIb
20. | machining 00paboTKa pe3aHuem
21. | casting JIUTHE
22. | welding CBapka
23. | condition YIIyYIlIEHUE, YCIOBHE
24. | refine MOBBIIIATh KAYE€CTBO, OYHUIIATH
25. | promote POJIBUTaTh
26. | dimensional pa3MEpPHBIi
27. | stability CTAOMIILHOCTD
28. | machinability 00pabaThIBAEMOCTh
29. | subjected to 110/IBEP>KEHHbIN
30. | diversify pa3Ho00pa3UTh
31. | metal-removal CHSITUE METajlia
32. | roughing cuts yepHoBasi 00paboTKa
33. | accuracy TOYHOCTD
34. | finish OTJIeNIKa
35. | tolerance JIOITYCK
36. | broaching IPOTSKKA
37. | lamellar CJIOUCTBIN
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Ne English word Translation

38. | hardness TBEPIOCTb

39. | medium-carbon CPEJIHEYTIACPOIUCTHIN

40. | cold working XoJiofHass 00paboTKa

41. | additional JIOTIOJIHUTEJIbHBIN

42. | restore BOCCTaHABJIMBATh

43. | spot IIATHO

44. | oxyacetylene KHCJIOPOIHO-aII€THJICHOBBIN
45. |torch ropenka

46. | salvaging cOOp W MCIOJIB30BaHUE JIOMA
47. | scrap METAJJIMYECKU JIOM, CKpan
48. | tool steel MHCTPYMEHTAJIbHAS CTallb
49. | torch-annealed TJIAMEHHBIA OTKUT

50. | crack TpEIIMHA, IIENb

Questions:

1. Kakue craguu npeaycMarpuBaeT oneparius oTxura? 2. Kakoit g1omxHa ObITh
Temriepatypa HarpeBa npu omxure? 3. KakoBbl TpeOGoBaHMsT K HarpeBy H
oxJlaxJaeHuto npu omxkure? 4. Kak 10IKHBI OXJIaXKIAThCsl PA3JIMYHbIEC YaCTH JeTanu?
5. Uto pocrturaercsi coOnrojieHueM TpeboBaHUM K omeparuu oTxkura? 6. KakoBwl
IPUYUHBI, BBI3BIBAIONINE  HEOOXOAUMOCTh  OoTxura? 7. VYioydmaercs
o0pabaThiBaeMOCTh CTanu pe3aHueM Tmocie omkura? 8. MoxHO 1M JaTh
YHUBEpPCAIbHBIE PEKOMEHJALMM [0 OTXKHUIY CTajJled MOoJ  MOCIEAYIOIIYIO
MeXaHU4YecKyr o0pabotky? 9. KakoBbl TpeOoBaHMs Marepualia MOJ YEPHOBYIO
00paboTKy B Ccilydae HU3KHX TPEOOBaHWIN K TOYHOCTH W YMUCTOTE moBepxHOCTH? 10.
KaxoBbl TpeboBaHuUsI K 4epHOBOM 00pabOTKe B Ciyyae MOBBIIMICHHBIX TPEOOBAHUN K
TOYHOCTH M 4YUCTOTE MoBepxXHOCTU? 11. KakoBbl MyTH MOBBIIIEHHUS KOBKOCTH IpHU
XoJogHOM 00pabotke? 12. MOXHO JM NOPOU3BOAUTH IJIAMEHHBIA  OTXKUT
MHCTPYMEHTAJIbHBIX CTaJEH U ouemy?

Topic 16. Normalizing and Spheroidizing

Normalizing is heating iron-based alloys to 100 to 200°F above the upper
critical line of the iron-carbon phase diagram, and then cooling in still air at
ordinary temperatures. Normalizing is performed in order to relieve internal
stresses resulting from previous operations and to improve the mechanical
properties of the steel. For example, the hammer stresses developed in a forging
need to be relieved prior to machining.
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Normalizing may be done to improve machinability, to refine the grain
structure, and to homogenize the part. For example, homogenization of steel
castings may be done in order to break up or refine the dendritic cast structure and
facilitate a more uniform response to subsequent heat treatment. In the case of
wrought products, normalization can reduce large grain size where large and small
grains exist, thus developing a more uniform grain structure. Toughness can be
increased. This is frequently desirable in the use of "as-rolled" medium carbon
steels.

A broad range of ferrous products can be
normalized. All of the standard, low-, medium-, and
high-carbon wrought steels can be normalized. :
Stainless steels, austenitic, and maraging steels are %,
not usually normalized. The normalizing may increase =+ '
or decrease the strength and hardness of a given steel
depending on the carbon content and the thermal and
mechanical history of the part.

Gears, bolts, nuts, washers, and other parts in
which low distortion is an important criterion should
be made in the following general operation sequence:
rough machine, normalize, finish machine,
carburize, heat treat, grind.

Spheroidizing produces globular carbides in a ferritic matrix. The iron-base
alloy is held for a prolonged period of time (10 to 12 hours) at a temperature near but
slightly below the A, temperature, and then slowly cooled (furnace-cooled). A
spheroidized steel (fig. 16.1.) has minimum hardness and maximum ductility. The
structure improves machinability markedly. Normalized steels are one of the better
starting spheroidized materials because their fine initial carbide size accelerates
spheroidization.

Fig. 16.1. The microscopic
structure called spheroidite

Glossary
Ne English word Translation
1. normalizing HOpMaJIU3aIMs
2. heating HarpeB
3. iron-based Ha OCHOBE JKene3a
4. alloy CILIaB
3. upper BEPXHUU
6. iron-carbon KEJIE30-yTIIePOT
7. phase diagram dazoBas quarpamma
8. cooling OXJIAKJICHUE
0. still CITOKOMHBIN
10. | ordinary OOBIYHBIN
11. |relieve CHUMATh
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Ne English word Translation

12. | internal BHYTPEHHHUI

13. | stress HaIpsHKEHUE

14. | property CBOMCTBO

15. | steel CTaJb

16. | hammer MOJIOT, KOBAaTh

17. | forging KOBKa

18. | machining MexaHoo0paboTKa

19. | machinability 00pabaTbhIBAEMOCTh

20. |refine U3MENbYaTh

21. | grain 3€pHO

22. | homogenize TOMOT€HU3UPOBATH

23. |part JE€TAJIb

24. | casting JIUTHE, OTJIMBKA

25. | dendritic JEHIPUTHBIN

26. | wrought nedopMupyemMbIit

27. | toughness BA3KOCTHAsI TPOYHOCTh
28. | "as-rolled" KAaTaHbII

29. | medium CpeIHuil, cpeHe-. ..

30. | carbon yTJIepos

31. | range JMana3oH

32. | ferrous YKEJIC3UCTBIN, «YCPHBII
33. | high-carbon BBICOKOYTJIEPOUCTHIN
34. | stainless HEep>KaBeOUIUI

35. | austenitic ayCTEHUTHBIN

36. | maraging MapTEHCUTHOCTAPEIOIUI
37. | strength IPOYHOCTh

38. | hardness TBEPJIOCTh

39. | thermal TEIJIOBOM, TEPMUUYECKUHN
40. | gear 3y04aroe Kojeco

41. | bolt oonT

42. | nut ramka

43. | washer maiida

44. | distortion UCKQKEHUE

45. | criterion KpUTEpUi

46. | sequence MOCJIEC/IOBATEILHOCTD

47. | rough machine yepHOBasi Mex00paboTKa
48. | normalize HOPMAaJIM30BAaTh

49. | finish machine yuCTOBasi MeX00paboTKa
50. | carburize LIEMEHTUPOBATh

51. | heat treat JaBaTh TEPMOOOPAOOTKY
52. | grind nuQoBarth
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Ne English word Translation
53. | spheroidizing chepouiuzanus
54. | globular IIaPOBUIHBIN
55. | carbide KapOu1
56. | ferritic dbepputHbIi
57. | matrix MarTpuiia
58. | ductility TSTY4eCTh, KOBKOCTh
59. | markedly 3aMEeTHO
60. | spheroidite chepoun
Questions:

1. B uem cocrour cyth omnepauuu HopMmanuzauuu? 2. C Kakoil LeJbio
npoBoASIT HopMmain3auuio? 3. KakoBbl TP OCHOBHBIX XapaKTEPHUCTHUKH, KOTOPHIE
yIAy4dllIatoTcsl  BeieAcTBUe Hopmanuzanuu? 4. C  Kakod 1elbl0  MPOBOJST
roMorenmsanuio otauBok? 5. KakoBa mnens Hopmanmuzauuu JaeGopMHpyeMbIX
matepuasioB? 6. Kakoil  mapamerp — ydy4ymiaeTcss ~OpU  HOPMaJM3aLMH
CPEAHEYTNEPOAUCTHIX CTajie, TmoiyyaeMblx mpokarkoi? 7. Kakue Buabl
nedopMUpyEMBIX CTallel MOTYT mojBepratbcsi HopMmanuzauuu? 8. Kakue cramu He
noABepraroT HopMmanuzauuu? 9. OT 4ero 3aBUCHUT TMOBBIINIEHWE WU CHUXEHHE
IPOYHOCTH M TBEPAOCTH npu HopManmszauumu? 10. Ha3oBuTe OCHOBHBIE AeTanu
MAaIlMHOCTPOEHUS U MOCIEA0BATEIBHOCTD ONEPALN MEXAHUYECKOW U TEPMHYECKOMN
00paboTku nipu ux uzrorosiaeHun? 11. KakoBel mocnencteust chepouauzanuu’? 12.
KakoBbl Bpemsi BBIAEpKKM M TEMIIEpaTypa HarpeBa g pealu3aluy Ipolecca
chepounuzaruu’? 13. JlaiiTe xapakTepUCTHKy C(EpOUIM3UPOBAHHON CTaiul B
OTHOIIIEHUM TBEPJAOCTH U KOBKOCTH. 14. brarojmaps demy yCKOpsieTCs Ipolecc
cheponuzaii HOpMaJTU30BaHHBIX CTaJICH?

Topic 17. Hardness and Hardenability

The maximum hardness of a steel is a function of its carbon content (fig.
17.1). Although alloying elements such as chromium increase the rate at which the
martensite transformation occurs and thus the depth to which full hardness can be
achieved, no alloy steel can exceed the hardness of SAE 1055 steel.
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Fig. 17.1. Maximum hardness versus carbon content

Hardenability refers to the distance within a specimen normal to its surface
that appreciable hardness can be developed. Since the quenching rate of a steel is
limited by its heat diffusivity and the rate at which austenite can transform, the
hardenability of steels depends on the alloy content and the grain size of the original
austenite. Hot-work steel die blocks, which must be hardened throughout their mass,
are alloyed to such an extent that they can transform to a bainitic structure with an air
quench. The hardenability of a typical alloy steel and a plain carbon steel are
compared in fig. 17.2. Note that for all sections above 1/2-in. diameter the plain
carbon steel could not be quenched sufficiently rapidly to achieve full hardness even
at the outside diameter.

A standard test for checking 4140 steel 1040 steel
hardenability is the Jominy test. It 1 T
consists of heating in a 1-in. diameter
bar to its austenitizing temperature
and then setting it over a jet of water
that hits only the bottom face.
Consequently, there are various
cooling rates along the length of the
specimen; later, hardness values can
be measured along the side of the
bar, representing cooling rates that
vary from that of a full water spray
down to an air cool. This is a wide-
range test, yet its results can be
correlated with tests on fully
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on actual parts.

Fig. 17.2. Comparison of the hardenabilities
of 4140 and 1040 steels
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Another useful fact may be mentioned. A gear or a shaft made from a
particular steel may be found to have at some point a Rockwell hardness of C50. A
Jominy hardenability test is then run, and it is found that C50 is 19/16 in. from the
water-cooled end. Any other steel that will show C50 at 19/16 in. from the quenched
end will produce a similar hardness distribution when it is used to make the same
part.

It is known from various sources, that the sizes of bars that are fully
hardenable, that is, that will develop a hardness of at least Rockwell C50 at the center
when quenched, are different. These are interesting figures, particularly when
correlated with steel prices. The 1300 steels are practically as good as 2300 (3.5
percent nickel) or as 5100 chromium steels in the matter of depth of hardening; they
are almost as good as nickel-chromium steels.

Glossary
Ne English word Translation
1. | hardenability CIOCOOHOCTh K YIPOUHECHHIO
2. | specimen obpasery
3. | surface MOBEPXHOCTh
4. | quenching 3aKajKa
5. |rate CKOpPOCThb
6. | diffusivity Cc0COOHOCTh K ANG O YHIMPOBAHUIO
7. | austenite ayCTEHUT
8. | grain 3€pHO
9. | hot-work 00paboTKa Bropsiayro
10. | die ITaMII
11. | bainitic OCHHUTHBIN
12. | plain OOBIYHBIN
13. | outside BHEIIIHUI
14. | diameter JMaMeTp
15. | test VICTIBITAHUE
16. | bar CTEpKEHb
17. | jet CTpys
18. | bottom face TOpel
19. | cooling OXJIQXKJICHUE
20. | length JUTAHA
21. | spray pacnbUICHUE, CTPYS
22. | correlate KOppEIupyeT
23. | gear 3y04aroe KOoJeco, HIECTEPHSI
24. | shaft BaJl, OCh, IITUH/CIb
25. | similar CXOXKHH, TTOJOOHBIHN
26. | distribution pacrpesiereHue
27. | various pa3JIUYHBIN
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Ne English word Translation

28. | nickel HUKEJIb

29. | chromium XpPOM

30. | depth rryOrHa
Questions:

1. Ot yero 3aBUCHT MakCHUMallbHas TBepAOoCTh cTtasnu? 2. Kak Biusier
JIETUPOBAHUE XPOMOM Ha CKOPOCTb MapTEHCUTHBIX IpeBpauieHud B cramu? 3. Ilo
OTHOUIEHUIO K KakoOMy JIMHEMHOMY MapaMeTpy ONpeNesieTcss CHOCOOHOCTh K
ynpounenuto? 4. Uem orpaHuymBaetrcsi CKopocTh 3akainku? 5. OT Kakux JBYX
napamMeTpoB 3aBUCUT CIOCOOHOCTH CTajdu K ynpouHeHuto? 6. Jlo kakoil creneHu
Jgerupyrorcss crainu ang  mramnoB? 7. KakoBa CHOCOOHOCTh K 3aKajike JJis
JOCTHXKEHUSI MAKCUMAJIbHOM TBEPIOCTH Y OOBIYHBIX YTIEepoaucThIX craneil? 8. Kakoe
UCIIBITAHKE SIBJISIETCS CTAHJAPTHBIM JIJIS1 BBISIBIICHUS CTIOCOOHOCTHU K YIIPOUYHEHHIO? 9.
Jalite onucanue npoueaypsl nposeacHus uctbpitanud JKomunu. 10. I'ne uzmepstor
3HAUEHHUS TBEPJOCTH Ha 3aKkajieHHOM oOpasue B ucnbitanuu Komuuu? 11. C gem
MOYHO COINOCTaBJIATh pe3yibTarhl ucnbiTanus 1o Komuuu? 12. ITo kakoil mikane
U3MEPSAIOT TBEPAOCTh B UCHBITAHUAX? YKaXUTE aJIbTEPHATUBHBIE METOJIbI
VCTIBITAHUU.

Topic 18. Microstructure of Heat-treated Steel

Today there is a broad variety of heat-treating equipment providing various
ways of heating the steel, quenching it, and tempering it. Temperature control of the
various stages can be assured; thus, the production engineer can depend upon
accurate and reproducible control of heat-treated parts after he has established a
sound heat-treating cycle.

The purpose of heat treatment is to change the form in which the carbon is
distributed in the steel. Alloying elements present in a steel will affect the rate at
which the reactions of heat treatment occur, but have little effect on the tensile
properties of the steel. In ordinary carbon steel that is not hardened, the carbon is
present (as carbides) in either globules or rodlike particles that can be readily
discerned with the microscope. The structure having the parallel-plate appearance is
known as pearlite (Fig. 18-left), while the globular structure is referred to as
spheroidite. When steel such as this is heated to a relatively high temperature
(1500°F), the carbide particles become dissolved in the surrounding ferrous structure
and a solution of carbon in iron known as austenite is formed (Fig. 18-right).
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As austenite is cooled, the carbon tends to separate from the solution and return
to its original form. However, by controlling the rate of cooling, the return to pearlite
or spheroidite may be avoided. For example, if the austenite of a 0.80 percent carbon
steel is cooled from 1500°F down to 1200°F and is then allowed to remain at 1200°F
until it transforms, it will take the form of pearlite. This steel would be quite soft,
having a Brinell hardness
of about 200. However, if
the austenite is cooled
quickly to a lower
temperature, say 600°F, it
will escape the 1200°F
transformation stage, and
will change to a structure
known as bainite, which
has a hardness of about
550 Brinell. If the
austenite is cooled to a
still lower temperature,
for example 250°F,
before transformation takes place, the very hard structure known as martesite will be
formed. Martensite gives a Brinell of about 650.

An important rule that the production engineer should keep in mind is that,
when forming any particular transformation product, the steel must escape
transformation at a higher temperature. If this is not observed, then the desired
transformation product will not be achieved. From the foregoing, it can be seen that a
hardened piece of steel takes the form of martensite or bainite. The formation of
pearlite must be avoided. Thus, the process of heat treating involves first heating and
soaking at the correct temperature, then cooling the steel rapidly enough to avoid the
formation of pearlite, and finally holding at the desired temperature to form either
bainite or martensite.

Fig. 18.1. The microistructure of pearlite (left) and austenite

Glossary
Ne English word Translation
1. microstructure MHUKPOCTPYKTYypa
2. | heat-treating TepMHUUECKOE (-Hi1)
3. | equipment o0opy0BaHUE
4. | heating HarpeB
5. | steel CTaJIh
6. | quenching 3aKalika
7. | tempering OTIYCK
8. | production engineer TEXHOJIOT
9. |accurate TOYHBII
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10. | reproducible BOCITPOU3BOAMMBIN

11. | sound YETKUM

12. | carbon yTIIepos

13. | alloying JETUPYIOIIUI

14. | rate CKOpOCTb

15. | tensile PaCTSIKUMBII, OTHOCSIIITUICS
PaCTSHKEHUIO

16. | property CBOWMCTBO

17. | carbide KapOu1

18. | globule IITUPUK

19. | rodlike CTOJIOYATHIN

20. | particle JacTHIlA

21. | readily JIErKO, XOPOILIO

22. | discerned pPa3IMYUMBIi

23. | parallel-plate MJI0CKO-TIapaJIeIbHBIN

24, | pearlite EPJIUT

25. | spheroidite chepon

26. | dissolve pacTBOPSITh

27. | ferrous KEJIC3UCTHIN

28. | austenite ayCTEHUT

29. |avoid n30erathb

30. | remain OCTaBaThCS

31. | soft MSITKHAN

32. | hardness TBEPJIOCTh

33. | bainite OcHHUT

34. | martesite MapTEHCUT

35. | escape n30erarthb

36. | soaking BBIJICPIKKA

Questions:

1. s peann3zanuu Kakux OomMepanuii mpeHa3HaueHo 0oJbioe pazHoooOpasue
TEPMHUUYECKOTO 000pyaoBaHuA? 2. MOXHO JIM OCYLIECTBIIATh KOHTPOJIb TEMIIEPATyPhI
Ha Pa3NUYHBIX cTaausx oopabotku? 3. [loueMy BakeH TOYHBIA U BOCIIPOU3BOIUMBIIA
KOHTPOJIb TIpH TepMooOpaboTke aeraneii? 4. B deM COCTOMT LeIb TEPMUYECKON
00paboTku? 5. Ha 4ro CylIeCTBEHHO BIIMSET HAJIWYUE JIETHMPYIOLIUX 3JIEMEHTOB B
ctanu? KakoBOo MX BIIMSIHME Ha MexaHU4eckue cBoiucTBa? 6. B kakoil ¢dopme
HAXOJUTCS YIJIEpoJl B OOBIUHBIX CTANIAX, HE MojaBepraromuxcs 3akanke? 7. Kaxoii
BHEIIIHWM BUJ MMEET NEPIUTHAs CTpyKTypa? 8. [laiite onpeneneHue aycreHura. 9.
Kak Bener cedst aycreHut npu oxnaxjaeHuu craiu? 10. Kak MOXHO NpenoTBpaTUTh
[peBpalleHUe ayCTeHUTa B nepiut win chepouant? 11. O kakux NnpeBpaleHUsIX
yriaepoaa Heo0XOJUMO UMETh MIPEICTAaBICHUE TEXHOJIOTY /IS MOIYYEHUsI KeJlaeMoil
TBepaocTd  craym? 12, Onumure mnpoueaypy TepMHYECKOW  0O0paboOTKH,
peayCMaTpPUBAIOLIYIO PEAOTBpallieHue 00pa30BaHMsl IEPIINTA.
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Topic 19. TTT diagrams of Heat-treated Steel

Figure 19.1 shows the My temperature as a function of carbon content and
illustrates the transformation time in seconds required by austenite at different
temperatures. This chart is known as a TTT curve (time, temperature,
transformation). This isothermal transformation diagram is very useful as it shows
the various structures formed by a steel during its cooling period or formed while
the steel is held at a temperature to which it was cooled.

A study of this diagram will indicate the importance of cooling time in order to
avoid the formation of the soft pearlite. Small parts that cool rapidly (i.e., dwell in
the 1000°F zone for less than 1 to 3 s) are readily transformed to either bainite or
martensite and escape the pearlite formation. However, in large sections, where the
cooling period is longer, it would be necessary to use a steel that had the nose of its
TTT curve moved to the right so there would be a longer period of cooling time in
order to avoid the formation of pearlite. When steel is alloyed with certain element
such as chromium or molybdenum, thick sections can be hardened even in the
center. Such steels are referred to as having greater hardenability.

From this, it can be seen that the effect of reducing the carbon content is to
induce more rapid transformation rates. The effect of alloying is to shift the entire
isothermal transformation diagram to the right; that is, transformation at all
temperature levels starts later and is slower to go to completion. It should be
recognized that although this is a general characteristic of alloying, various alloys
differ substantially in both the magnitude and the nature of their effect. That is, the
shape of the isothermal curve will vary considerably as well as its location with
respect to the time-temperature axes. Several heat treatments are shown
schematically on TTT diagrams.

There are two forms of martensite in carbon steels: lath and plate. These forms
are based on the morphology and microstructural characteristics of the martensite.
The lath morphology forms in low- and medium-carbon steels and consists of
regions or packets where many fine laths or board-shape crystals are arranged
parallel to one another. The plate morphology forms in high-carbon steels and
consists of martensite plates that form at angles with respect to each other.

As-quenched martensite is supersaturated with carbon; it has a very high
interfacial energy per unit volume associated with the fine laths and/or plates.

Glossary
Ne English word Translation
1. | carbon YTIIEPOT
2. | content COACPKAHUE
3. | austenite ayCTEHUT
4. | chart nuarpamma, rpaduk
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Ne English word Translation
5. |curve KpUBas

6. | isothermal HN30TEPMHUYCCKUN
7. | transformation MIpEBpAIlCHHE

8. | diagram JarpaMmma

9. | various pa3IuYHbIN

10. | structure CTPYKTYypa

11. | steel CTaJlb

12. | cooling OXJIAKJICHUE

13. | period MIePUOJI

14. | soft MSTKUN

15. | pearlite MEPIUT

16. | dwell HAXOJIUTHCS

17. | bainite OCHUT

18. | martensite MapTEHCUT

19. | alloyed JISTUPOBAHHBIN
20. | chromium XpOM

21. | molybdenum MOJIHOICH

22. | harden YOPOYHSITh

23. | reduce yMEHbLIATh

24. | induce BBI3bIBATh

25. | rate CKOpPOCTh

26. | shift CIIBUT

27. | level YPOBEHb

28. | completion 3aBepUICHUE

29. | differ pa3nuyarbCs

30. | substantially CYILLIECTBEHHO

31. | magnitude BEJIMYMHA

32. | shape dbopma

33. | considerably 3HAYUTEJIBHO

34. | location (MeCTO)mOIOKEHNE
35. | axis 0Ch

36. | treatment o0paboTka

37. | schematically CXEMaTUYHO

38. | lath peeuHbIl (TaKeTHBIN )
39. | plate MJIACTUHYATHIN
40. | morphology MopdoJtorus

41. | microstructural MHKPOCTPYKTYPHBIN
42. | medium-carbon CPEIHEYTJIEPOIUCThIN
43. | packet MAaKET, NaKeTHBIN
44. | board-shape TJIACTUHYATHIN
45. | crystal KpHUCTAILI
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Ne English word Translation

46. | arrange YIOPSIAOYUTD, PACIIOIOKHUTh

47. | angle yToJ

48. | As-quenched 3aKaJICHHbBIN

49. | supersaturated MEePECHIEHHBIN

50. | interfacial I'PaHUYHBIN, CONPSHKEHHBIN

51. | unit CJIMHUYHBIN

52. | volume o0BpeM

53. | associate acCOLIMMPOBATH, CBSI3bIBATh
Questions:

1. UYro mnokaseiBaeT rpaduk BTII (Bpems-temmneparypa-npeBpaiieHue)?
2. B ueM AOCTOMHCTBO JuarpamMMbl n3oTepMudeckoro npespamieHusa? 3. [lokaspiBaer
M aMarpaMma Kak MOXXHO H30ekaTh oOpasoBaHusi msrkoro mnepiuta? 4. Kaxoit
PEXKUM OXJIAKICHUS HEOOXOOUM [UJIi MENKUX JeTalled Il MpefoTBpalleHus
oOpazoBanust nepiuta? 5. Kyna poikHa cMematbcsi HOCOBas 4dacTh rpaduka B
clly4yae OXJIaXACHHUs OOJIbIIMX IO pazMepaM Jertaneil? 6. Kak Biuser JierupoBaHue
XpOMOM WJIM MOJHMOJEHOM Ha YIPOUYHEHHE KpymHbIX Aetaneit? 7. Kak Bnuser
COJEpKaHWE YyIiepoJa Ha CKOpPOCTh IpeBpameHnii? 8. B  kakyro CTOpOHY
MPOUCXOJUT CABUT JAMArpaMMbl MU30TEPMHUYECKOTIO MPEBPAILCHUS MPU YMEHbIIICHUU
coaepxkanus yriuepoga B cranu? 9. KakoB xapakrep npeBpalleHUd Ha BCEX
TemriepaTypHbix ypoBHsax? 10. Kak u3MeHser nerupoBaHue MOJOXKEHHE U POpMy
muarpammbl - BTII? 11. B kakux aByx ¢QopMax HaxoauTcss MapTEHCUT B
yraepoaucTeix craisx? 12. B kakux cransx oOpa3yeTcsi peeuHbldi MapTeHCHUT?
13. B kakux cransx oOpasyercsi miacTUHYAThii MapTeHcuT? 14. Uem mepechiiieH
3aKQJICHHBIA MAPTEHCUT, YTO MOKHO CKa3aTh O I'PAHUYHOU SHEPTUU, PUXOISIICHC
Ha €IUHUYHBIN 00BbeM?

Topic 20. Production and Design Characteristics of Cast Iron

Castability. To the engineer, castability refers to the ease with which the
material can be cast in thin and compelx sections. Cast iron is a fluid casting alloy
and can be considered as having good castability characteristics. Its castability is
better than that of steel or aluminum. For example, automobile engine blocks and
heads are produced readily in cast iron and would be difficult to cast with other
ferrous materials.

Machinability. Machinability refers to the ease of cutting material with due
regard to surface finish and tool life as well as rate of metal removal. Cast irons
generally are machined easily and good finishes at low total costs are obtained.
Those cast irons having higher strengths and higher hardness values are obviously
not as easily machined as those with lower hardness/strength values.
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Corrosion resistance. Cast irons will corrode readily under atmospheric
conditions. This corrosion, however, forms a protective surface that offers resistance
to firther atmospheric corrosion as well as soil corrosion. Widespread use of cast iron
for water-main and soil pipe is a good indication of its generally favorable corrosion
resistance. Gray-cast-iron water mains and gas lines have been in service in some
areas for more than 100 years.

Vibration damping. Damping capacity is an inverse finction of the modulus
of elasticity. Gray cast iron has good damping qualities, making it a valuable
engineering material in the design of parts subject to vibration due to dynamic
forces.

One way of demonstrating damping capacity is to strike the casitng: steel will
ring, while cast iron will thud. The energy absorbed per cycle in gray iron is about
10 times that of steel, but damping capacity decreases with applied load.

Wear resistance. In sliding friction, gray iron is outstanding in its wear
resistance. This is amply demonstrated by the fact that practically all engine
cylinders or liners are made of gray iron. The ways of many machine tools are made
of gray iron for the same reason.

Weldability. Two methods lend themserves most readily to the welding of
gray-iron castings. These are oxyacetylene welding with cast-iron filler and metal
arc with nickel or copper-nickel welding electrodes. Oxiacetylene welding is the
fastest method of depositing metal and offers sound deposits and identical color
match. When properly executed, the welds are readily machinable and free from
defects. The items to be joined must be preheated.

Shinkage rules and machining allowances. Unlike most metals, gray iron
shrinks very little when it solidifies. The amount of material necessary to provide for
machine finish will vary with the casting size and the materials’ tendency to warp, as
well as the analysis of cast iron itself.

Glossary
Ne English word Translation
1. | castability KUJKOTCKY4ECTh
2. | castiron qyTyH
3. | fluid TeKyd4as cpena
4. | alloy CIUIaB
5. | steel CTajlb
6. | aluminum ATIOMUHUN
7. | automobile aBTOMOOUJIIb
8. | engine JIBUTATEIIb
9. | block 0JI0K
10.| head rOJIOBKA
11.] ferrous «UEPHBIN
12.| machinability 00pabaTbIBAEMOCTh
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13.] cutting pe3aHue

14.| surface finish MMOBEPXHOCTHAS OTJCIIKA
15.] tool life CTOMKOCTh MHCTPYMEHTA
16.| removal CHATHE, yAaJICHUE

17.| machine 00pabaThIBaTh pe3aHUEM
18.] strength IIPOYHOCTb

19.] hardness TBEPJOCTh

20.| corrosion KOPpPO3HsI

21.| resistance COIIPOTHUBIICHUE

22.| corrode KOPPOJIUPOBATH

23.| protective 3alIUTHBIN

24.| soil MOYBEHHbIN

25.| water-main BOJOINPOBOJIHASI MATUCTPAJIb
26.] soil pipe KaHAJIM3allMOHHas TpyOa
27.| vibration BHOpaIysi, BUOPAIMOHHBIN
28.| damping nemidupoBaHue

29.| modulus of elasticity MOJIyJIb YIIPYTOCTH

30.| dynamic JTUHAMUYECKUAN

31.| force cuIIa

32.| strike yAapATh, OUTh

33.| ring 3BEHETH

34.| thud T'yJICTh

35.| wear U3HOC

36.| sliding friction TPEHUE CKOJIbKECHUS

37.| cylinder 10070)0%030100)

38.| liner BTYJIKA

39.| weldability CBapHUBAEMOCTh

40.| welding CBapKa

41.| oxyacetylene KU CJIOPOJTHO-AIETUJIICHOBBIN
42.] filler 3aM0JIHUTEIb, TPUION
43.| copper-nickel MeTb-HUKEITh

44.| electrode AIIEKTPOJT

45.| depositing OTJIOXKEHUE

46.| defect nedexT

47.| item U3JIeNINE

48.| join COCJIUHSTH

49.| preheat peIBapUTEIbHO HArPETh
50.] shinkage ycajaka

51.] allowance PUITYCK

52.| solidify 3aTBEPEBAThH

53.| amount Macca, KOJIMYeCTBO
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54.] size pa3mep

55.| warp BbI3BaTh MTOBOJIKY

56.| analysis aHaJIu3
Questions:

1. ManiTe onpeneneHue KUIKOTeKydecTd. 2. KakoBa )KHIKOTEKy4ECTh 4yryHa
B CpPaBHEHUU CO cTainplo U amoMuHueM? 3. Kakue »31eMeHThl aBTOMOOMIIBHBIX
JBUTATENCH M3roTaBnMBaoT U3 uyryna? 4. Jlaiite onpenenenne o0padaThIBAEMOCTH.
5. KakoBa obOpabatsiBaeMoCcTh uyryHa? 6. Kak BAIHMSIIOT TBEpIOCTh M MPOYHOCTH
yyryHa Ha ero ooOpaOateiBaeMocTh? 7. IlogBep:keHbl U YyryHbl KOPpPO3UM Ha
OTKPBITOM BO3ayXe? 8. 3a CyUeT 4Yero 3aMeIsIeTCd KOOpO3Msl YyryHa Ha BO3ayxe?
9. KakoBo mnpuMeHEeHHE 4YyryHa, CBSI3aHHOE C €ro XOPOLIMMHU KOPPO3MOHHBIMU
ceorictBaMu? 10. Kakyro MapKy 4yryHa NPUMEHSIOT NPEUMYIIECTBEHHO H3-3a €€
xopomux AeMndupyromux cBoictB? 11. MoXHO 1M pa3ivyuuTh CTajdb U Yyr'yH Ha
cnyx? 12. Kak COOTHOCATCS DHEPrHuM BUOPOMOTJOIMICHUS B CTAIM W YyryHe?
13. KakoBbl Tpubojormyeckue cBoicTBa 4yryHa? Kakue siaemMeHTHI gBUTATENCH
U3rOTaBIMBAIOT M3 CEPOro 4YyryHa B CBSI3M C MajbiM KO3(PHUIMEHTOM TpeHUs?
14. HazoBute nBa crocoba cBapku. 15. TpeOyercs nu mpenBapuTeIbHBIM HArpeB
nepes CBapkoW KpymHbIX gertanen? 16. Benmwka nm  ycaaka 4YyryHa Ipu
3aTBEPAECBAHUM B CPABHEHHM C ApyruMH Metammamu? 17. Ui Kakux onepauuiu
00s3aTeNbHBI IPUITYCKU 1101 00pabOTKY?
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