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SECTION 1 Mechanical Engineering

UNIT 1

Text

Heat Treatment of Steels

Heat treating refers to the heating and cooling operations performed on a metal for the
purpose of altering such characteristics as hardness, strength, or ductility. A tool steel in-
tended to be machined into a punch may first be softened so that it can be machined. After
being machined to shape, it must be hardened so that it can sustain the punishment that pun-
ches receive. Most heating operations for hardening leave a scale on the surface, or contribute
other surface defects. The final operation must, therefore, be grinding to remove surface de-
fects and provide a suitable surface finish.

When a steel part is to be either hardened or softened, its temperature must be taken a-
bove the critical temperature line; that is, the steel must be austenitized. Usually a tempera-
ture of 50 to 100 degree above the critical temperature is selected, to ensure that the steel
part reaches a high enough temperature to be completely austenitized, and also because fur-
nace temperature control is always a little uncertain.

The steel must be held at furnace temperature for sufficient time to dissolve the carbides
in the austenite, after which the steel can be cooled. How much residence time in the furnace
is required is to some degree a matter of experience with any particular steel.

Usually, for a 3/4 in. bar (1in=0.0254m), 20 minutes or slightly more will do. Doub-
le the time for twice the diameter. Alloy steels may require a longer furnace time; many of
these steels are best preheated in a lower-temperature furnace before being charged into the
hardening furnace.

When the heating time is completed, the steel must be cooled down to room tempera-
ture. The cooling method determines whether the steel will be hardened or softened. If the
steel is quickly removed from the furnace and quenched into cold water, it will be hardened.
If it is left in the furnace to cool slowly with the heat turned off, or cooled in air (small
pieces of plain carbon steel cannot be air-softened, however), it will be softened. High-alloy
steels may be hardened by air-cooling , but plain carbon steels must have a more severe

quench, almost always water.



There are several softening methods for steels , and the word softening therefore does
not indicate what softening process or purpose was used. The method of softening by slow
cooling from austenite is called annealing, not softening, Annealing leaves the steel in the
softest possible condition (dead soft) .

To conclude, the difference between hardening and annealing is not in the heating

process but in the cooling process.

New Words

1. treatment [‘tritment] n. ¥, ML ; XT#F

9. refer (to) [rife:] v. IWR, B R, &EH, &%

3. cool [kul] a. & v. ¥ iy, HE; BH

4. ductility [daktiliti] ». A ZEH:, )

5. machine [mafin] v. ¥ T, ¥IEIIML

6. punch [pantf] n. & v. w3k, WK, WfLEE; HE
7. soften ['so(Dfn] w. ik, TK

8. harden ['haidn] v. #84{k, ZE6E; B

9. sustain [sostein] v. RSB M; X#; 4#F; HX
10. punishment ['panifment] n. KfFfr; Hi45; &5
11. scale [skeil] n & v. E4biz, ZE; BEALK

12. contribute [ken'tribjuit] ». F=4, R, B4, TM
13. defect [difekt] ». #RfE, R

14. grind [graind] v B, BEHl, B

15. suitable ['sjuitabl] a. EEAK, HEM K

16. finish [finif] v & n. 55, T, HKEE

17. austenitize [‘o:stonotaiz] v. {H B KIAK, BREKEL
18. select [silekt] ». %#E, Pkik

19. ensure [in'fua] v. B}, FIEHH

20. uncertain [an'seitn] a. AEWN; AAFEH; BEHN
21. carbide [katbaid] n. Bk{b¥y: WHRE &

22. austenite n. BGHK

23. residence ['rezidens] n. &

24. bar [ba: ()] n %, #BE, F, &

25. slight (~ly) [slait] a. & ad. B B, Bt
26. double (~ly) ['dabl] a. & ad. & v. & n. FER; NEH; NE; FAE
27. twice [twais] ad. Bif%; WK

28. diameter [daizemite] n. B

29. preheat [pri‘hiit] ». F#k

30. method ['me6ad] n. F ik, F=R

31. quench [kwentf] v. & n. Bk



32. plain [plein] a. EEH, FER; GRZE:D)

33. severe (~ly) [sivio] a. & ad. EIFIAY; T2
34. indicate ['indikeit] v. &8, ¥R~

35. anneal [onil] . Bk

36. soft [soft] a. B

37. conclude [konklud] ». ZE; Wi

38. difference ['diferens] n. 2%, X%, AH

Phrases and Expressions

1. heat treatment #ub

2. for the purpose of KT, LIE

3. critical temperature e AR

4. to some degree EEMBEEL

5. room temperature iR, ER

6. dead soft L

7. to conclude BfE (—aH
Notes

1. A tool steel intended to be machined into a punch may first be softened so that it can
be machined.

B ERE-RTAERNTR—Rohk, AeERER, DUEEHTIEMT.

ErMENESH ., so that 5| SR HARIBEMNA, A9 intended to be machined into
a punch & V-ed; &1&, #24 T which is intended to be machined into a punch, FREHi a
tool steel, intend ¥ g SVOC A&, F to V VEXMEIE, Rk BESH BN SV (be+
V-ed;) C A&, Hin.

We intended a tool steel to be machined into a punch.

BX: RIVTEHE - TEMM TR — Rk,

A tool steel was intended to be machined into a punch.

B TREE—RTAERMTE— Rk,

2. Usually a temperature of 50 to 100 degree above the critical temperature is selected,
to ensure that the steel part reaches a high enough temperature to be completely austen-
itized, and also because furnace temperature control is always a little uncertain.

By B, FEBENBEELBEFRERH 50~100C, UHANGXDEEHHE
B, ATitEREEAL, FAfdahTFrREEEHESE RMWE.

EHRFEMNE A A, that 5| F MR EIEMNA, because 5| FHRFEEREFEMNF. A+
high enough . . . to be completel austenitized B — P E ML KW EiE, FAXKMBMH tempera-

ture. &A) A B R ...a temperature high enough to be copletely austenitized . . .



Reading Material

Iron and Steel

The earth contains a large number of metals which are useful to man. One of the most
important of these is iron. Modern industry needs considerable quantities of this metal, either
in the form of iron or in the form of steel. A certain number of non-ferrous metals, including
aluminum and zinc, are also important, but even today the majority of our engineering prod-
ucts are of iron or steel. Moreover, iron possesses magnetic properties, which have made the
development of electrical power possible.

The iron ore which we find in the earth is not pure. It contains some impurities which we
must remove by smelting. The process of smelting consists of heating the ore in a blast fur-
nace with coke and limestone, and reducing it to metal. Blasts of hot air enter the furnace
from the bottom and provide the oxygen which is necessary for the reduction of the ore. The
ore becomes molten, and its oxides combine with carbon from the coke. The non-metallic
constituents of the ore combine with the limestone to form a liquid slag. This floats on top of
the molten iron, and passes out of the furnace through a tap. The metal which remains is pig-

iron.

We can melt this down again in another furnace a cupola with more coke and
limestone, and tap it out into a ladle or directly into mouds. This is cast-iron. Cast-iron does
not have the strength of steel. It is brittle and may fracture under tension. But it possesses
certain properties which make it very useful in the manufacture of machinery. In the molten
state it is very fluid, and therefore it is easy to cast it into complicated shapes. Also it is easy
to machine it. Cast-iron contains small proportions of other substances. These non-metallic
constituents of cast-iron include carbon, silicon and sulphur, and the presence of these sub-
stances affects the behaviour of the metal. Iron which contains a small quantity of carbon, for
example wrought-iron, behaves differently from iron which contains a lot of carbon.

The carbon in cast-iron is present partly as free graphite and partly as a chemical combi-
nation of iron and carbon which we call cementite. This is a very hard substance, and it
makes the iron hard too. However, iron can only hold about 1. 5% of cementite. Any carbon
content above that percentage is present in the form of free graphite. Steel contains no free
graphite, and its carbon content ranges from almost nothing to 1.5%. We make wire and
tubing from mild steel with a very low carbon content, and drills and cutting tools from high

carbon steel.
Exercises

1. True and false statements

(1) Heat treatment is a process of heating metals to alter their mechanical properties.



(2) Usually a steel part intended to be machined into a punch undergoes heat treatment
both before and after being machined.

(3) A steel part must be heated to the critical temperature in order to be completely
austenitized.

(4) The larger the piece to be hardened, the longer it must be held at furnace tempera-
ture.

(5) Annealing is not a method of softening.

(6) All methods of heat treatment differ in the cooling process.

2. Rephrasing

(1) (After it is machined to shape) the punch must be hardened.

(2) Generally, heating operations (cause) scaling or other surface defects.

(3) When a steel part is heated in a hardening furnace, a temperature (50 to 100 degree
higher than the critical temperature) is usually selected.

(4) For a 3/4 in. bar, a residence time of 20 minutes or slightly more (will be suitable).

(5) (After) the heating (process) is completed, the steel part may be quenched into cold
water.

(6) The steel part may be left in the furnace to cool slowly (when the heat is turned off. )

3. Complete the following abstract of the text.

Heat treatment refers to the process of heating and cooling a metal to its me-
chanical properties. After being heat treated a metal part must be ground to and
provide

In order to be either hardened or softened, the steel must be , that is, its tem-
perature must be taken the critical temperature line. Also, it must be held at

temperature for sufficient time. The residence time in the furnace depends on the

operator’s with any particular steel.

The determines whether the steel will be hardened or softened. A steel part
will be hardened when quenched into » and softened when cooledin . There
are several softening methods. Annealing leaves the steel in the condition.



UNIT 2

Text

Forming and Machining

The initial step in the manufacture of a product is, of course, to produce the required
shape. There are two basic processes used for this purpose: forming and machining.

Forming, by far the more important shaping operation in terms of tonnage of ceramics,
plastics, rubbers, and metals brought to final shape, includes all those methods that use a
combination of force and tooling to change material into the shape required. In extrusion the
press supplies the required force, the dies are the tooling. Again, a sand casting is produced
by using the force of gravity to fill a sand mold with molten metal.

Forming operations may be done cold, as in the bending of sheet metal, or hot, as in
forging or casting. Extrusion of metals may be done hot or cold. Thermoplastics are hot-ex-
truded.

The alternative to forming methods is machining. In machining, a sharpened tool of suit-
able shape removes material in the form of chips until the desired shape is produced. The use
of computer and punched-tape control of machine tools makes it possible for the machining
tool to follow any complex three-dimensional path.

Machining is suited to either brittle or ductile materials, preferably the former, but not
to materials too hard or too soft. Soft materials deform under tool pressure with a conse-
quent loss of cutting action. Hard materials destroy the tool point. Inasmuch as abrasive
grinding, electric discharge machining, and electrochemical machining methods extend the
range of possible hardness in both directions. It is slightly difficult to define what is too hard
or too soft to machine. It depends on the machining method selected.

Machining is not an economical method of producing a shape, because good raw material
is converted into scrap chips. As the quality and cost of materials increase in the future and
more basic knowledge about the forming methods is developed, perhaps machining methods
may decline in importance. Machining has the further limitation that it is slow. Only so many
cubic inches of volume can be shaped per unit time by the machining tool. Shapes that can be
produced in seconds by forming methods may require minutes to produce by machining.

However, machining can be done to standards of accuracy that are currently impossible to
meet in forming methods. Few forgings can be produced to final dimensions, and they must
be given a machining operation to obtain the exact dimensions required. Accuracy of 0.001
in. is possible in machining with cutter bits on metal stock. Greater accuracy is possible by

6



grinding methods, some of which are capable of accuracy approaching a millionth of an inch.
Best surface finish is provided by machining methods, especially by grinding. Sand cast-
ings, for example, have a rough surface usually containing some sand. Such a surface must be

removed in a final machining or grinding operation.
New Words

1. tonnage ['tanid3] n. BE{L, & 0EE

2. tooling [twlig] =. TE (BF), B AR

3. extrusion [ekstruon] n. ¥ F, HH

4. press [pres] n. & v. EHL, EK, HIK; K, Kl

5. die [dai] n. #H, i, B®E

6. sand [sand] = ¥, B

7. casting [kastin] n. FiE; #HH

8. fill [fil] » My, FH, KH

9. mold [mould] n. & ». i, &, #H,; HA, HE

10. bend [bend] ». ik, ffHER

11. sheet [Jizt] n. W, K, EFE

12. thermoplastic [Gormoplastik] n. & a. HIBHMR; HIEHER
13. extrude [ekstrud] v FHHE, HH

14. alternative (~ly) [ol'tamativ] n. & a. & ad. ¥l ; EHEHN; —HFBR—H
15. sharpen [faipen] v. BEEHL, JIB&

16. chip [tfip] n. VIJB, %/B

17. desire [dizaio] v. & n. B3R, BHE

18. tape [teip, tep] n. 4K, BEHF; #BR

19. dimensional [dimenfonal] a. —#E#), R~

20. ductile ['daktail] a. RJZERG, FHER

21. preferable (~ly) ['preforobl] a. & ad. BIFH; EiFH#, 5EH#H
22. deform [difom] v. &

23. consequent (~ly) ['konsikwant] a. & ad. BEZ KK ; Bk
24. inasmuch (as) [[inezmatf] conj. BH, HTF

25. abrasive [obreisiv] n. & a. R, EN; HEK

26. discharge [distfa:xdz] ». & ». ¥, BT, HH

27. electrochemical [ilektroukemiksl] a. H{L2EH)

28. extend [ikstend] ». IEAfH, §'B, Wk, #S

29. raw [ror] a. RIMITH., FIHEMW

30. scrap [skraep] n. & a. H1fKL, t1E; FHH, KW

31. decline [diklain] v. />, Tk

32. limitation [ limi'teifon] n. FREE, FREl, BE ()

33. cubic ['kju:bik] a. LM, EHH



34.
35.
36.
37.
38.
39.
40.
41.
42.

© PN oo wo e

10.
11.
12.
13.
14.

1. forming R PA#E “REEIMIT”. “MTEE”., “fRIMT”, @3 “EAHmT”.
2. Forming, by far the more important shaping operation in terms of tonnage of ceram-

ics, plastics, rubbers, and metals brought to final shape, includes all those methods that use

accuracy [‘aekjurssi] n. Y&, HHHE

current (~ly) ['karent] a. & ad. BLEM, BAK;: BRl, BFEH

dimension [dimenfon] n. & v. R-F; #HHB RS

cutter ['kato] n. JJ1 B
stock [stok] n. B

capable ['keipsbl] a. HEESIHY

approach [oproutf] v. & n. L, #it; Fi&

especially [ispefali] ad. %753

rough (~ly) [raf] a. & v. & ad. HMTH; HinT; Bk

Phrases and Expressions

by far

sand casting

fill , , . with

sand mold

sheet metal

punched tape

machine tool

tool point

abrasive grinding
electric discharge machining
electrochemieal machining
raw material
cutter bit

capable of

5% 71 B Wl

B KB T
AL T
B’ K
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Notes

a combination of force and tooling to change material into the shape required.
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