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Part I Die & Mold Materials

Unit 1

Text
Properties of Metals

The properties of metals are the characteristics that determine how the metal will react under va-
rying conditions. ') The two principal types of properties are physical and mechanical. Physical
properties are those fixed properties that are determined naturally and cannot be changer, such as
weight, mass, color, and specific gravity. Mechanical properties, on the other hand, are those
properties of metal that can be changed or modified to meet a particular need, such as strength,
hardness, wear resistance, toughness, plasticity, and ductility.

Strength

Strength is a property of metal that allows it to resist permanent change in shape when loads are
applied. Four types, or forms, of strength you should know are: tensile strength, shear strength,
compressive strength, and ultimate strength. The value used to express these relative strengths is
pounds per square inch, or psi, which is the force in pounds required to fracture, deform, or break
a sample piece that is 1 in. wide and 1 in. thick.

Tensile Strength——The ability of a metal to resist being pulled apart by force acting in a
straight line is tensile strength. Tensile strength is the value most commonly used for indicating the
strength of a metal.

Shear Strength——The ability of a metal to resist being broken by forces acting in opposite di-
rections is shear strength.

Compressive Strength——The ability of a metal to resist forces and pressure acting on a single

plane is compressive strength.

Ultimate Strength The maximum strength of the material before fracture, rupture, or de-
formation is the ultimate strength.

Hardness

Hardness is the ability of a metal to resist indentation or penetration. Several different methods
are used to measure the hardness of a metal; however, the two primary methods, or test, used by in-
dustry are the Brinell and Rockwell hardness tests. A comparison of the values used in each of these

tests is shown in Figure 1-1.
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Figure 1-1 Comparison of Brinell and Rockwell Hardness Values

Rockwell Brinell Rockwell Brinell

(HRC) (HB) (HRC) (HB)
64 722 42 390
62 688 40 371
60 654 38 353
58 615 36 336
56 577 34 319
54 543 32 301
52 512 30 286
50 481 28 271
48 455 26 258
46 432 24 247
44 409 22 237

Wear Resistance

Wear resistance is the ability of a metal to resist abrasion. In most cases, the harder the metal,
the better it resists wear.

Toughness

Toughness is the ability of a metal to resist, or absorb, sudden shocks of loads without break-
ing.

Plasticity

Plasticity is the ability of a metal to be extensively deformed without fracture or rupture.

Ductility

Ductility is the ability of a metal to be stretched, or drawn, without fracture. Ductility can also
be described as the plasticity shown by a metal under a pulling, or tensional, load.

Malleability

Malleability is the ability of a metal to be flattened, hammered, or rolled without fracture. Mal-
leability is also the plasticity shown by a metal under a compressive load.

Brittleness

Brittleness is the property of a metal that causes it to fracture rather than deform when loads are

applied'”

. Brittleness is the opposite of plasticity.

Machinability and Weldability

Although machinability and weldability are not true mechanical properties, they are measures of
a metal’s ability to be machined or welded easily.

Knowledge of these mechanical properties will help you select the proper metal to meet any re-
quirement. In addition to knowing mechanical properties, you must also be familiar with the various

metals commonly used in the machine shop.
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New Words and Phrases

characteristic [ karikto'ristik]  n. $HF, 4k
strength ~ [stren®] n. GREF

hardness  ['haidnis] n. #FERE

toughness ['tafnis] n. $P

ductility [dak'tiliti]  n. ZEEMH

plasticity [ plees'tisiti] n. ¥

indentation [ inden'teifon] n. EJJE, [MIJE
abrasion [o'breizon] n. B

fracture [ 'frektfo] o /n. BER, BEEE
rupture [ 'raptfo] v /n. BB, Wiz
deformation [ difor'meifon] n. AJE

shock  [[ok] w/n whds, B

brittleness [ 'britlnis]  n. B¢t

malleability [ melio'biliti] n. HIEEM, AIEMH
compressive strength i 5% &

tensile strength  HLHr5E F

shear strength /{5y 58 &

mechanical property JjZEfHfE

wear resistance i BB

ultimate strength 4% fR 55 3

Rockwell hardness & [ BF

Brinell hardness 7 FQHE

physical property #JH:fE

Notes

[ 1] The properties of metals are the characteristics that determine how the metal will react un-
der varying conditions.

] the properties of metals J& Fi%&, are /Zi§i%, characteristics JE2E 15, that B S E{EM
AJf&Hfi characteristics

SR B PERE R 18 & B EEA R &M T B9 R

[2] Brittleness is the property of a metal that causes it to fracture rather than deform when
loads are applied.

AJH rather than ¥4 “ARR”, HEFAIHIIRSY, when 5| FRIE M AT 24 44 B9 IR
o ’

R PE AR bR BT AT A7 A= B B AR T T B4 R A WO A e
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Exercises

I. Answer the following questions briefly according to the text.
1. What are the two principal types of properties of metals?
2. What are the four types of strength a machinist should be familiar with?
3. What are the two primary hardness tests used by industry?
II. Choose the best answer.
1. Hardness is the ability of a metal to
a. resist shocks . b. resist indentation
c. resist being flattened d. resist abrasion

2. What is the ability of a metal to be extensively deformed called?

a. Plasticity b. Duectility

c. Malleability d. Brittleness
3. What property of a metal is the opposite of brittleness?

a. Toughness b. Hardness

c. Duetility d. Plasticity

Translating Skills

FHEORIERIR L S —Hmg %
B TOUEMSGEES WAL EFEER, AEFREXERRRERE, RiFNN %
SRR SRR AR, XFOTERRN CEEET
1. Hugial, Filin.
Wear resistance is the ability of a metal to resist abrasion.
it BV AT RHRTTBE I RE ST . (& H% T 71 the 7l a)
2. AR RN Bl

Nonferrous metals are those metals whose major element is not iron.

RSB EE S SRR S B (4# TG those A5 R UiA whose)

i €

By the word “alloy” we mean “mixture of metals”.

A A8 XMARER “SRMESY” . (BT we)

3. HERESH AR, .

These alloys generally contain more carbon, tungsten, and cobalt than do the standard alloy
steels.

XMHEE R ESESTEZNK, B, (BT FARFANS B do)

4. B X EESEAEE. Hla.

When designing a bending die, it is necessary to consider springback that occurs after unloa-
ding.

Wt e, TEESEBEBEREERR. (A TERXERE i)
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Reading Material
Die Life and Die Failure

Proper selection of die material and of the die manufacturing technique determines, to a large
extent, the useful life of forming dies. Dies may have to be replaced for a number of reasons, such
as changes in dimensions due to wear or plastic deformation, deterioration of the surface finish, and
cracking or breakage. In hot impression die forging, the principal modes of die failure are erosion,
thermal fatigue, mechanical fatigue and plastic deformation.

In erosion, also commonly called die wear, material is actually removed from the die surface by
pressure and sliding of the deformed material, wear resistance of the die material, die surface tem-
perature, relative sliding speed at the die/material interface and the nature of the interface layer are
the most significant factors influencing abrasive die wear. Thermal fatigue occurs on the surface of
the die impression in hot forming and results in “heat checking”. Thermal fatigue results from cyclic
yielding of the die surface due to contact with the hot forming material. This contact causes the sur-
face layers to expand, and, because of the very steep temperature gradients, the surface layers are
subject to compressive stressed. At sufficiently high temperatures, these compressive stressed may
cause the surface layers to deform. When the die surface cools, a stress reversal may occur and the
surface layers will then be in tension. After repeated cycling in this manner, fatigue will cause for-
mation of a crack pattern that is recognized as heat checking. Die breakage or cracking is due to me-
chanical fatigue and occurs in cases where the dies are overloaded and local stresses are high. The
dies are subjected to alternating stresses due to loading and unloading during the deformation
process, and this cause crack initiation and eventual failure.

Die life and die failure are greatly affected by the mechanical properties of the die materials un-
der the conditions that exist in a given deformation process. Generally, the properties that are most
significant depend on the process temperature. Thus, die materials used in cold forming processes
are quite different from those used in hot forming.

The design and manufacture of dies and the selection of die materials are very important in the
production of discrete parts by use of metal forming process. The dies must be made by modern man-
ufacturing methods from appropriate die materials in order to provide acceptable die life at a reasona-
ble cost. Often the economic success of a forming process depends on die life and die costs per piece
produced. For a given application, selection of the appropriate die material depends on three types
of variables

(a) Variables related to the process itself, including factors such as size of the die cavity, type
of machine used and deformation speed, initial stock size and temperature, die temperature to be
used, lubrication, production rate and number of parts to be produced.

(b) Variables related to the type of die loading, including speed of loading, i. e. , impact or
gradual contact time between dies and deforming metal (this contact time is especially important in

hot forming) , maximum load and pressure on the dies, maximum and minimum die temperatures ,
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and number of loading cycles to which the die will be subjected.
(c¢) Mechanical properties of the die material, including hardenability, impact strength, hot

strength and resistance to thermal and mechanical fatigue.

New Words and Phrases

deterioration [ di tioria'reifon] n. IR, Bk, fHFE
lubrication [ ,lusbri'keifon] n. ¥H¥E
impression  [im'prefon] n. &, FEIR
discrete [ dis'kriit]  adj. K

layer [ 'leia] n 2

cavity ['keeviti] n. BIE

interface  ['into(:) feis] n. #Efhmm, Hm
stock [ stok] n. BB, JEAE

abrasive [ o'breisiv ] n. /adj. BEH (H)
die life HLEF Ay

die failure & ELJ%K

surface finish 3% [EHLRE

thermal fatigue #WJ% 55

mechanical fatigue ML 57

heat checking #ZiLL



Unit 2

Text
Ferrous Metals

Metals are divided into two general groups: ferrous metals and nonferrous metals. Ferrous met-
als are those metals whose major element is iron. The major types of ferrous metals are irons, carbon
steels, alloy steels and tool steels.

Iron

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 furnace with coke
and limestone, and reducing it to metal. Blasts of hot air enter the furnace from the bottom and pro-
vide the oxygen which is necessary for the reduction of the ore. "'’ The ore becomes molten, and its
oxide combines 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, and consists of approximately 93 percent iron, 5
percent carbon, and 2 percent impurities.

Remelting pig iron and scrap iron in a furnace to remove some of the impurities produces cast i-
ron. ">} The type, or grade, of cast iron is determined by the extent of refining, the amounts of pig i-
ron and scrap iron, and the methods used to cast and cool the metal.

The three primary types of cast iron are gray cast iron, white cast iron, and malleable iron.
Gray cast iron is primarily used for cast frames, automobile engine blocks, handwheel, and cast
housings. White cast iron is hard and wear resistant and is used for parts such as train wheels. Mal-
leable cast iron is a tough material used for tools such as pipes and wrenches. Generally, cast irons
have very good compressive strength, corrosion resistance, and good machinability. The main disad-
vantage of cast iron is its natural brittleness.

Carbon Steel

Carbon steel is made from pig iron that has been refined and cleaned of most impurities. Most
of the original carbon in the metal is burned out during the refining process. Measured amounts of
carbon are then added to the molten metal to produce the exact grade of carbon steel desired. After
the steel is poured into ingots and allowed to cool, it is usually sent to a rolling mill to be rolled and
formed into specific shapes. "’

The three principal types of carbon steel used in industry are low, medium, and high carbon
steel. The percentage of carbon is the most important factor in determining the mechanical properties
of each type of carbon steel.

Low carbon contains between 0. 05% and 0. 30% carbon and is primarily used for parts that do
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not require great strength. Typical uses of low carbon steel include chains, bolts, screws, washers,
nuts, pins, wire, shafting, and pipes. This metal is also known as machine steel, mild steel, and
cold-rolled steel. Low carbon steel is tough, ductile material that is easily machined and welded. It
is useful for parts that must be stamped or formed.

Containing between 0. 30 and 0. 50% carbon, medium carbon steel is used for parts that re-
quired great strength than is possible with low carbon steel, such as gears, crankshafts, machine
parts and axles. Because this steel has higher carbon content, it can be heat-treated to increase both
hardness and wear resistance. Medium carbon steel is a tough, hardenable metal that has good ma-
chinability and is easily welded.

Containing between 0. 50 and 1. 70% carbon, high carbon steel is used for parts that require
hardness and strength, such as files, knives, drills, razors, and woodworking tools. Due to their in-
creased carbon content, high carbon steels can be heat-treated to make them harder and more wear
resistant than low or medium carbon steels. Due to their great hardness, high carbon steels are often
brittle.

Alloy Steels

Alloy steels are basically carbon steels with elements added to modify of change the mechanical
properties of the steel. All steels are alloy steels because each is a combination of elements, inclu-
ding carbon steel, a mixture of iron and carbon. To identify the two groups, one is called carbon or
plain steel and the other is referred to as alloy steel.

Alloying elements are added to the molten steel in measured amounts. The desired end product
determines the elements and amounts added. The primary alloying elements and their effect on the

steel are as follows:

Boron The hardenability of an alloy is increased by boron. Only very small amounts of bo-

ron are needed to increase the hardenability characteristics of the other elements in the alloy.

Chromium When used in small amount, chromium increases the depth hardness of the met-
al. The more chromium used, the better the alloy resists corrosion. Chromium is a principal element
in stainless steels.

Cobalt

which is the ability of a metal to maintain a cutting edge at elevated temperature. Cobalt is a valua-

Cobalt is added to an alloy to increase wear resistance and increase red hardness,

ble addition to some high-speed tool steels.
Lead
good weldability and formability.

By reducing the cutting friction, lead improves machinability. Leaded steels also have

Manganese Impurities in alloy steels are controlled by using manganese as a purifier and
scavenger. When added in larger amount (1 to 15 percent) , manganese produces good hardness
and wear resistance.

Molybdenum
denum steel permits good depth hardness and strength at elevated temperatures.

Nickel
duced by nickel. When alloyed with molybdenum, nickel steel becomes a very tough alloy, which is

A tough alloy suitable for a wide range of high-strength applications, molyb-

High-strength alloys resistant to both elevated temperatures and corrosion are pro-
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often used for many aircraft parts. Larger amounts of nickel greatly add to the corrosion resistance of

stainless steels.

Phosphorus and Sulfur Free-machining carbon steels are produced with phosphorus and sul-
fur. When alloyed with carbon steels, phosphorus and sulfur produce alloys with excellent machining

characteristics.

Tungsten When alloyed with steel, tungsten produces a variety of high-speed tool steels and

adds hardenability and strength at elevated temperatures as well as high resistance to wear.

Vanadium A tough, fine-grained steel that acts as a cleanser and purifier to eliminate many
of the impurities of steel is produced by vanadium.

Tool Steels _

Tool steels are a special grade of alloy steels used for making a wide variety of tools. Depending
on their composition, tool steels are highly resistant to wear, shocks, and heat. These alloys gener-
ally contain more carbon, tungsten, and cobalt than do the standard alloy steels. "’ Another princi-
pal difference between most alloy steels and tool steels is the control with which elements are added.

Tool steels are made with much closer quality controls than are other alloy steels.
New Words and Phrases

coke [kouk] n. WK

smelt [smelt] o ¥54&, 164%
limestone [ 'laim stoun] n. AKA
housing  ['hauzin] n. #1ZE
ingot [ 'iggot ] n. BREE, %M
roll  [roul] v %L, B

bolt [boult] n R, H24T

nut  [nat] n. EEE

shafting  ['fa:ftin] n. #HFE
washer ['wofa] n. #HJH

file [fail] n. #J]

boron ['bomrron] n. ffff

cobalt ['koubo:lt] n. %%

lead [led] n. 4%

chromium [ 'kroumjom] n. %%
manganese [ 'm&pgeni:z] n. 4f
molybdenum [ mo'libdinom] n. 4H
nickel ['nikal] n. 4
phosphorus [ 'fosfores]  n. %
sulfur  ['salfa] n B

tungsten  ['tapston] n. £
vanadium [ vo'neidiom] n. 4



