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Unit One

Lesson 1 Tool Materials

Text

The specific material selected for a particular tool is normally determined by the mechanical
properties necessary for the proper operation of the tool. These materials should be selected only
after a careful study and evaluation of the function and requirements of the proposed tool. In most
applications, more than one type of material will be safisfactory, and a final choice will normally
be governed by material availability and economic considerations.

The principal materials used for tools can be divided into three major categories: ferrous
materials, nonferrous materials, and nonmetallic materials. Ferrous tool materials have iron as a
base metal and include tool steel, alloy steel, carbon steel, and cast iron. Nonferrous materials
have a base metal other than iron and include aluminum, magnesium, zinc, lead, bismuth,
copper, and a variety of alloys. Nonmetallic materials are those materials such as woods, plastics,
rubbers, epoxy resins, ceramics, and diamonds that do not have a metallic base. To properly
select a tool material, there are several physical and mechanical properties you should understand
to determine how the materials you select will affect the function and operation of the tool'''.

Physical and mechanical properties are those characteristics of a material which control how
the material will react under certain conditions. Physical properties are those properties which are
natural in the material and cannot be permanently altered without changing the material itself.
These properties include; weight, color, thermal and electrical conductivity, rate of thermal
expansion, and melting point. The mechanical properties of a material are those properties which
can be permanently altered by thermal or mechanical treatment. These properties include strength,
hardness, wear resistance, toughness , brittleness , plasticity , ductility, malleability , and modulus
of elasticity.

From a use standpoint , tool steels are utilized in working and shaping basic materials such as
metals, plastics, and wood into desired forms. From a composition standpoint, tool steels are
carbon alloy steels which are capable of being hardened and tempered. Some desirable properties
of tool steels are high wear resistance and hardness, good heat resistance, and sufficient strength
to work the materials. In some cases, dimensional stability may be very important. Tool steels
also must be economical to use and be capable of being formed or machined into the desired shape
for the tool.

Since the property requirements are so special, tool steels are usually melted in electric




furnaces using careful metallurgical quality control. A great effort is made to keep porosity,
segregation , impurities , and nonmetallic inclusions to as low a level as possible”‘. Tool steels
are subjected to careful macroscopic and microscopic inspections to ensure that they meet strict
“tool steel” specifications.

Although tool steels are a relatively small percentage of total steel production, they have a
strategic position in that they are used in the production of other steel products and engineering
materials. Some applications of tool steels include drills, deepdrawing dies, shear blades,
punches, extrusion dies, and cutting tools.

For some applications, especially where extremely high-speed cutting is important, other tool
materials such as sintered carbide products are a more economical alternative to tool steels. The
exceptional tool performance of sintered carbides results from their very high hardness and high

compressive strength. Other tool materials are being used more and more often industrially.

Questions
1. What is meant by the term physmal properties of a matenal”
2. What are the mechamca} properties of a matenal'? :
3 .What makes a matenal either ferrous or nonfcrmus‘?
4. What are some apphcatlons of tool steels‘7 |

New Words and Expressions

1. evaluation/iyvelju'eifon/n. PFAMr, fhi#r, 12. sufficient/so'fifont/a. o4, EUER)
WE, TR 13. strength/stren®/n. 1 (&), SRJE

2. satisfactory/setis'fektari/a. B M, £F 14. dimensional/di'menfonl/a. Uy, Ht
BECRI M '

3. availability/aiveila'biliti/n. fF7E, Hf&, 15. stability/sta'biliti/n.  £2 & (),
ARk, A JE JiE

4. category/'kaetigori/n. FhE, JubE, AU 16. metallurgical/meta'la:dzikol/a.  1H 4

5. epoxy/e'poksi/a. HEH (%) Wy

6. thermal/'@aimal/a. M (&) 1Y, 17. porosity/pai'rositi/n. £ L (#), L
W ne ETFBERR BREE, #ifn (JE)

7. toughness/'tafnis/n. ¥ PE, ¥ &, ¥ 18. segregation/segri'geifon/n. 7+ B, 4
ic P 153 I, bEE, Wb

8. brittleness/'britlnis/n. W e, M, M 19. impurity/im'pjuariti/n. A2
g9 v 20. macroscopic/makra (u) 'skopik/a. %

9. malleability/malia'biliti/n. ] {1, #E S, PRI A] LAY
FErE, R 21. microscopic/maikra'skopik/a. * i fif 5%

10. modulus/'modjules/n.  #ifk, K%, ZH L OE, ey

11. standpoint/'stendpoint/n. Wi, .3 22. inspection/in'spekfon/n. Ki#r, i 4r,




S, g 47 16

23. bladé/bleid/n. JIE ., JIH. J1% 26. epoxy resins FREMI R
24. carbide/'katbaid/n. WALY, WA, B | 27. (be) subjected to WGEF|, {HiaZF
b4 28. in some cases 30, FEALEREM T

25. compressive/kom'presiv/a. B4, fi

Notes

[1] To properly select a tool material, there are several physical and mechanical
properties you should understand to determine how the materials you select will affect the

function and operation of the tool.

NTEFETHAE, IRE S ’ISPB@—-““%E‘&%*MJ#‘HS&E A 2 i 6 44 6
TR A B BEAERAE £ TR e

AE to properly select a tool material Iiﬂl&"]‘ﬁ'ﬁfmi HifeRiE s you select K& il M
BRI ) the materials,,

[2] A great effort is made to keep porosity, segregatxon impurities, and uonmetalhc
inclusions to as low a level as possible.

(P TEARAIAYE, ) 55 55 A PR JE e (R4 v MSAL, T, s B LA K 4 R e g
LIRS ‘

XY a great effort is made J& make a great effort U SIIER, BHh “R—PIHhE",

Glossary of Terms

1. carbide tool MG 4 ] E 14, low carbon steel {4

2. alloy tool steel 4 T HAH 15. shock resistant tool steel i il T H4H
3. alloy cast iron {34k 16. cold work tool (die) steel ¥ET.H
4. carbon steel Bk FE M (BEH) W

5. carbon tool steel & T H4 17. hot work tool (die) steel #4E T. B
6. cast iron FFEL (BEH) W

7. cast steel F5H 18. nodular graphite iron ERSFEL

8. die block steel FH.44 19. malleable cast iron 7] #¢#5 8k

9. die material FE LR} 20. mottled cast iron  JFR I #54k

10. free cutting steel & YIHIHH 21. high-speed steel 44

I1. high alloy steel &% 4 22. white cast iron [ H#Ek

12. high carbon steel 4 23. compacted graphite cast iron i85 FFEk
13. low alloy steel K& 4 24. powder metallurgy (P/M) HrKIG4%




Reading Materials

Carbon Steels

Carbon steels are used extensively in tool construction. Carbon steels are those steels which
only contain iron and carbon, and small amounts of other alloying elements. Carbon steels are the
most common and least expensive type of steel used for tools. The three principal types of carbon
steels used for tooling are low carbon, medium carbon, and high carbon steels. Low carbon steel
contains carbon between 0. 05% and 0. 3% . Medium carbon steel contains carbon between 0. 3%
and 0. 7% . And high carbon steel contains carbon between 0.7% and 1.5% . As the carbon
content is increased in carbon steel, the'strength, toughness, and hardness are also increased when
the metal is heat treated.

Low carbon steels are soft, tough steels that are easily machined and welded. Due to their
low carbon content, these steels cannot be hardened except by case hardening. Low carbon steels
are well suited for the following applications: tool bodies, handles, die shoes, and similar
situations where strength and wear resistance are not required.

Medium carbon steels are used where greater strength and toughness is required. Since
medium carbon steels have a higher carbon content, they can be heat treated to make parts such as
studs, pins, axles, and nuts. Steels in this group are more expensive as well as more difficult to
machine and weld than low carbon steels.

High carbon steels are the most hardenable type of carbon steel and are used frequently for
parts where wear resistance is an important factor. Other applications where high carbon steels are
well suited include drill bushings, locators, and wear pads. Since the carbon content of these

steels is so high, parts made from high carbon steel are normally difficult to machine and weld.

Alloy Steels

Alloy steels are basically carbon steels with additional elements added to alter the characteris-tics
and bring about a predictable change in the mechanical properties of the alloyed metal. Alloy
steels are not normally used for most tools due to their increased cost, but some have been found
favor for special applications. The alloying elements used most often in steels are manganese,
nickel, molybdenum and chromium.

Another type of alloy steel frequently used for tooling applications is stainless steel.” Stainless
steel is a term used to describe high chromium and nickel-chromium steels. These steels are used
for tools which must resist high temperatures and corrosive atmospheres. Some high chromium




steels can be hardened by heat treatment and are used where resistance to wear, abrasion, and
corrosion” are required. Typical applications where a hardenable stainless steel is sometimes
preferred are plastic injection molds. Here the high chromium content allows the steel to be highly

polished and prevents deterioration of the cavity from heat and corrosion.

Die Steels

The die material is relevant directly to the die life as well as die cost. Recently, the commonly
used die steel for cold blanking is as follows:

The carbon tool steel TSA, TIOA, TI2A are the cheapest and the most widely used. Its
hardness after annealing is lower than that of the alloy steel. It has good machining property, and
the process of forging, annealing and quenching is easy to be mastered. It is suitable to
manufacture the working parts of the blanking die with small size and simple shape. But its
hardenability and abrasion-resistant are bad, its quench distortion is large and its working life is
short.

The low alloy tool steel, such as CrWMn, 9CrSi, 9Mn2V etc, can be quenched by oil,
therefore it has a good hardenability and a small quench distortion. Comparing with T10A,
9Mn2V has a higher hardness and abrasion-resistance, and also has a good machining property.

High-carbon high-chrome die steel, such as Crl12, Crl2Mo, Crl2MoV etc, has a high
strength, good hardenability and abrasion-resistance and small quench distortion. The carbon
content of Crl2 is a bit higher. The distribution of carbide is nonuniform severely, which results
in a decrease in the strength as well as hardness.

High-carbon medium-chrome die steel includes CroWV, CrdW2MoV etc. CroWV is
advantageous in small chrome content, better strength and impact toughness as compared with
Crl12. Due to the small content of carbon and chrome, its abrasion-resistance and hardenability is
not as good as Crl2, but its quench distortion is small. Its life expectancy is almost the same as
Cr12. Cr4W2MoV is a new brand of die steel for cold forming to substitute Crl2. As compared
with Crl2, it i1s characterized in finer size and more uniform distribution of eutectic carbide,
therefore its hardenability, hardening-quenching capacity, mechanical property and abrasion-resistance
are a bit higher. The alloy elements, such as W, Mo and V etc, improve the stability of the steel
and make the die undergoing possible, chemical heat treatment possible.




Lesson 2 Heat Treating of Tool Steels

Text

The purpose of heat treatment is to control the properties of a metal or alloy through the
alteration of the structure of the metal or alloy by heating it to definite temperatures and cooling at
various rates. This combination of heating and controlled cooling determines not only the nature and
distribution of the microconstituents, which in turn determine the properties, but also the
grain size '

Heat treating should improve the alloy or metal for the service intended. Some of the various
purposes of heat treating are as follows:

1. To remove strains after cold working.

To remove internal stresses such as those produced by drawing, bending, or welding.
To increase the hardness of the material.

To improve machinability.

To improve the cutting capabilities of tools.

To increase wear-resisting properties.

~N N B W N

To soften the material, as in annealing.

8. To improve or change properties of a material, such as corrosion resistance, heat
resistance, magnetic properties, or others as required.

Treatment of Ferrous Materials. Iron is the major constituent in the steels used in tooling,
to which carbon is added in order that the steel may harden. Alloys are put into steel to enable it to
develop properties not possessed by plain carbon steel, such as the ability to harden in oil or air,
increased wear resistance, higher toughness, and greater safety in hardening.

Heat treatment of ferrous materials involves several important operations which are customarily
referred to under various headings, such as normalizing, spheroidizing, stress relieving,
annealing, hardening, tempering, and case hardening.

Normalizing involves heating the material to a temperature of about 100 ~200°F (55 ~
100°C ) above the critical range and cooling in still air. This is about 100°F (55°C) over the reg-
ular hardening temperature.

The purpose of normalizing is usually to refine grain structures that have been coarsened in
forging. With most of the medium-carbon forging steels, alloyed and unalloyed, normalizing is
highly recommended after forging and before machining to produce more homogeneous structures,
and in most cases, improved méchinability‘-“.

High-alloy air-hardened steels are never normalized, since to do so would cause them to
harden and defeat the primary purpose.

Spheroidizing is a form of annealing which, in the process of heating and cooling steel,

produces a rounded or glebular form of carbide—the hard constituent in steel.




Tool steels are normally spheroidized to improve machinability. This is accomplished by
heating t6 a temperature to 1380 ~ 1400°F (749 ~760°C ) for carbon steels and higher for many
alloy tool steels, holding at heat one to four hours, and cooling slowly in the furnace.

Stress Relieving. This is a method of relieving the internal stresses set up in steel during
forming, cold working, and cooling after welding or machining. It is the simplest heat treatment
and is accomplished merely by heating to 1200 ~ 1350°F (649 ~7327C) followed by air or furnace
cooling.

Large dies are usually roughed out, then stress-relieved and finish-machined. This will
minimize change of shape not only during machining but during subsequent heat treating as well.
Welded sections will also have locked-in stresses owing to a combination of differential heating
and cooling cycles as well as to changes in cross section. Such stresses will cause considerable
movement in machining operations.

Annealing. The process of annealing consists of heating the steel to an elevated temperature
for a definite period of time and, usually, cooling it slowly. Annealing is done to produce
homogenization and to establish normal equilibrium conditions, with corresponding characteristic
properties.

Tool steel is generally purchased in the annealed condition. Sometimes it is necessary to
rework a tool that has been hardened, and the tool must then be annealed. For this type of anneal,
the steel is heated slightly above its critical range and then cooled very slowly.

Hardening. This is the process of heating to a temperature above the critical range, and
cooling rapidly enough through the critical range to appreciably harden the steel.

Tempering. This is the process of heating quenched and hardened steels and alloys to some
temperature below the lower critical temperature to reduce internal stresses set up in hardening.

Case Hardening. The addition of carbon to the surface of steel parts and the subsequent
hardening operations are important phases in heat treating. The process may involve the use of
molten sodium cyanide mixtures, pack carburizing with activated solid material such as charcoal

or coke, gas or oil carburizing, and dry cyaniding.

Questions

1. What Tpmcess is used to remove the mtemal stresses created durmg a hardening operation?
20 What heat treatmg pmcess makes tha mcta]lm ﬂarbndes in a metal ferm into small

rounded giﬁulas‘? ‘ - P i . i
Ty “‘Whatare the main purposes of heat tmaun" c T
4. How many ‘heat treating processes are mvolved in ferrous matena}s?‘ -

New Words and Expressions

1. alteration/o:lto'reifon/n. M7Z, ZFHT 3. distribution/distri'bjuzfon/n.  43MHC, 234
2. nature/'neitfo/n. APk, P, BRA 4. constituent/kon'stitjuont/n. 5>, 43,




R, o HEW 14. globular/'globjula/a.  ERARAY, A /NEK
5. grain/grein/n.  fRRL, KERE; v 4 i, tHAE R
fh, RNk, vio  JERURDIR 15. elevate/'eliveit/ve. 4f #, 2k, fif
6. strain/strein/vt. n. WAE, k11, B, e
2 il 16. appreciable/a'prizfiobl/a.  A] fii 1 [,
7. annealing/o'nizlin/n. Bk, Wk, S5 M A, AT
8. corrosion/ka'rouzon/n.  JEH, {RiH, 5, 17. cyanide/'saionaid/n. FALY)
7355 18. carburize/'ka:bjuraiz/vt. Bk
9. magnetic/mag'netik/a. LI, WEILI, 19. grain size fRRI
HW5] 1) 20. cold working ¥ T
10. customarily/'kastomoarili/ad. %, ~J 21. internal stress ANV /]
15 22. corrosion resistance [ &k
11. spheroidizing/sfio'roidaizin/n.  BRILALHR 23. heat resistance i #4
12. coarsen/'korsn/vt.  f# M, 1L, vi 24. magnetic property Mg
25 : 25. (be) referred to {4+ HHATF, &
13. homogeneous/hama'd3imjas/a. [@] Ff Z ke T
m, AR, AR 26. critical range Iffi F-30
Notes

[1 } Thxs combination of heatmg aud cuntralled coohng dﬁtenmnes not only thc namre and

m%,;jﬁm %ﬁﬁﬁgﬁ@&?wm@ﬁﬂwwmmz

ﬁﬁ%#ﬁMmM%ﬁﬁ“ﬁu~%%”hmwmmw?ﬁﬁ“&k%&ﬁm?"

Glossary of Terms

1. hardenability 1 3. hardening capacity VEREME (BEILHE )
2. hardenability curve AP Hh 2k 4. case hardening (L, Bk




5. hardness profile BHEESPA (THEERLREE) 17. isothermal annealing Z7iiE ‘X

6. heat treatment procedure FAMHERHLTE 18. interrupted ageing treatment 43 2% B %¢
7. heat treatment installation FRAbHHIF 2% Qb ¥

8. heat treatment furnace FAAb B Y 19. local heat treatment JajFRFAAb B

9. heat treatment cycle FALFE T 7 JFHA 20. overheated structure 1 #ZH 4

10. heat time I #AHT[A] 21. pack carburizing [E KBk
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Reading Materials

Heat Treatment of Die Steels

Although alloy steels contain elements such as chromium, molybdenum and vanadium, two
constituents are essential for heat treatment; iron, termed ferrite in metallography, and carbon,
which combines with iron to form cementite, the hard intermetallic compound Fe,C. These two
constituents form a eutectoid structure known as pearlite when the steel is cooled slowly enough to
reach equilibrium, but by rapid cooling the steel is hardened. When such a quenched steel is
tempered, structures with mechanical properties intermediate between those of the slowly cooled
and the quenched conditions are formed.

In recent years there has been a greater understanding of the complex structural changes taking
place during heat treatment, with the help of phase transformation diagrams. Use of these
diagrams can lead to better control of the heat treatment cycle which in turn will ensure that

optimum properties and maximum die life are achieved.

Surface Treatments for Steels

During the past 20 years, several processes have been introduced to obtain enhanced surface
hardness of steels. Some of them have developed from case carburizing and nitriding, to obtain
shorter processing times with better environmental control and improved properties. Various salt
bath processes have been used and now a wide range of new methods is available.

In the die casting industry surface treatments are applied to steels to improve the properties of




