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Basic Knowledge of Die or Mold
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Lesson 1 What Is Die or Mold?

[Text

Die is a device used for cutting out, forming, or stamping material (Fig. 1-1),® especially:

(1) An engraved metal piece used for impressing a design onto a softer metal, as in coining
money.

(2) A part on a machine that punches shaped holes in, cuts, or forms sheet metal,
cardboard, or other stock.

(3) A metal block containing small conical
holes through which plastic, metal, or other ductile

material is extruded or drawn.

Mold is a shaped hollow container into which a
liquid material is poured so that it can set in a | Petweena die anda mold?
particular shape when it hardens (Fig. 1-2).%

What are the main differences |

Fig. 1-1 A progressive die with scrap strip and stampings
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Fig. 1-2 A casting mold

Die is used for drawing wire, and for blanking, bending, cutting, machine forging, and
embossing. Dies used for striking, or stamping, coins and medals are cut in intaglie, one for
the front, another for the back, of the coin. Diemaking, formerly entirely a hand process in
which the graver (a cutting tool), riffler (a file), and chisel were employed, has been
accelerated in modern times by the use of diemaking machines supplemented by hand
finishing.® Sheet metal or other material is blanked out, shaped, or embossed between the
dies by power-operated levers or drop hammers, ot by die-casting. The die used for drawing
wire or extruding rods is made of hard metal with a hole or a series of progressively smaller
holes through which the metal is forced. For making screws or threading pipe, a hollow hard
metal die with internal threading is used. , '

Today the demand for dies used in metal forming, die casting, and plastic molding is filled

by tool- and die-making shops.

[jNew Words |

die [dai] n. 4%, NE, B

stamp fsteemp]v. EHI, EfE, Wk
n. (pl.) HREME, WA

engrave [in'greiv] v. BEZ]

coin [koin] v ], BH, HEIEL
punch {pantf]v. #¥L, T

sheet metal £EIKR (H), WEMH
cardboard ZE#

stock [stok] n. JRE}, Kl

conical [konikal] adj. BN, FEEEFK
ductile ['daktail] adj. FTEEER, WK
extrude [eks'tru:d] v. HfH, HERK
draw [dro:]v. fI8, W

mold [mauld] n. #H

hollow ['holou] adj. M), 2
container [kan'teina] n. 8%, 5

pour [po:] v. W, B3

drawing wire B

blank [bleenk] v. ¥k, Tk, w1l
bend [bend] v. Z i

forge [fo:d3] v 4B, Mk

emboss [im'bos] v. 4, #LiE, VERE
intaglio [in'teeliau] v. IRk, FAME
graver ['greive] n. BEZIJT, REZIJ]
riffler (riflo] n. 8 CFRAEAED

“file [fail] n. 7]

chisel ['tfizl] n. &T

accelerate [eek'seloreit] v. fHaE, (it
supplement ['saplimant] v. & n. # 75, #2
power-operated AL (H8/ ) 31, 30 IEEHH
lever [li:ve ,'leval n. ¥, #HIFF, FLFF
drop hammer %4, 4, T4
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die-casting [ (80 %%, | (B0 &4 thread [Bred] n. $8%E v. BUIRLL, BB
rod [rod] n. #F, # internal [in'ta:nl] adi. WTER, HEBH
progressively [pra'gresivli] adv. Bt progressive die 2R 3FHE

screw [skru:] n. $RET, SBNE, WBAT, HRFL | scrap strip BEEMR

[Notes |

(@ Die is a device used for cutting out, forming, or stamping material (Fig. 1-1).

BAERE—MA TSI, SR BB EMRIEE, WK 1-1 frog.

“die” BHEIEMEERL, RERR. FEERMEHER . XEEATHEN, 24
S IR R TR - | | |

@ Mold is a shaped hollow container into which a liquid material is poured so that it can
set in a particular shape when it hardens (Fig. 1-2).

BAR M EARERRO PR, BASMEREIA LR N, B
TS, RIS T HIMNABR, WA 1-2 FiR.

“mold” EFTEEM B R MBEERLR, B TR rURITRRLIN R Bl5 M AR

® Diemaking, formerly entirely a hand process in which the graver (a cutting tool), riffler
(a file), and chisel were employed, has been accelerated in modern times by the use of
diemaking machines supplemented by hand finishing.

&Y, BAFHESERNTIE, MTIEP &L (TIBITIA) | Eﬁﬂﬁié (—
WD MEFZAEN TR, B, & Hﬂ*ﬁﬂﬁiﬂfﬁﬂbﬂi#ﬁ EBEMFIRINLT, AR
PEREAR TR

“formerly entirely a hand process...were employed” & “diemaking” [IFE7iE, A4 “in
which the graver...were employed” X & “a hand process” F]® & M), WBHAEM T ¢ H
M T EAWE,

ﬂGIossary of Terms 7

forming die B ' injection mold JEATHE, JFEAR
blanking die MHEHE transfer mold fREEAR, HiFHd
piercing die L : compression mold  Ji 454
compound die E & ) blow molding ¥k 38 B %!
drawing die I die-casting die FE45H

bending die & . forging die H3EHE, B

U Reading Materials |

(1) The Definition of a Die

A die is a specialized tool used in manufacturing industries to cut, shape and form a wide
variety of products and components. Like molds and templates, dies are generally customized
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and uniquely matched to the product they are used to create. Products made with dies range from
simple paper clips to complex pieces used in advanced technology.

(2) Blanking Die

A blanking die produces a flat piece of material by cutting the desired shape in one
operation. The finish part is referred to as a blank. Generally, a blanking die may only cut the
outside contour of a part, often used for parts with no internal features.

Three benefits to die blanking are:

(1) Accuracy. A properly sharpened die, with the correct amount of clearance between the
punch and die, will produce a part that holds close dimensional tolerances in relationship to the
parts edges.

(2) Appearance. Since the part is blanked in one operation, the finish edges of the part
produces a uniform appearance as opposed to varying degrees of burnishing from multiple
operations.

(3) Flatness. Due to the even compression of the blanking process, the end result is a flat
part that may retain a specific level of flatness for additional manufacturing operations.

Lesson 2 Die and Mold Steels

-

[Text

A set of die may contain 10 or more different steels plus several non-ferrous metals and
special hkeat resisting alloys.® The specific material selected for a particular die or mold is
normally determined by the mechanical properties necessary for the proper operation of the dies
and molds.® These materials should be selected only after a careful study and evaluation of the
functions and requirements of the propesed tool. In most applications, more than one type of
material will be satisfactory, and a final choice will normally be governed by the requirements
from customers, such as performance and economic considerations.

» The principal materials used for dies and molds can be divided into two major categories:
cold work tool (die) steel and hot work tool (mold) steel.” For example, carbide steel, alloy
tool steel, carbon tool steel, high-speed steel, high alloy steel, high carbon steel, low carbon
steel, shock resistance tool steel and so on.

Parts of the die which merely act as bearings can be made of non-ferrous metals such as

phosphor bronze, or medium carbon steel. The - ~
mechanisms for moving the ejectors and cores ke i —it '
must work smoothly in the comstantly changing

temperature of a die. The box sections, ejector Can you translate the materials

plates and sprue puller are made of mild steel, | n this paragraph into Chinese?
with about 0.15% carbon. The guide pillars and \______ :
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ejector stops, which is to support and guide the die, and endure shock loading, are made of case
hardened mild steel; occasionally case hardened mickel steels are used for increased strength.@
Bolsters undergo mechanical impact and stress but not a great deal of thermal shock and are
often made of medium carbon steel; alternatively these parts are steel castings or they may be of
a spheroidal graphite cast iron. Normally the bushes are made of carburized steel.

The die inserts, the cores and the cavities, which have to withstand the impact and high
temperature of the molten material, are made of alloy steel given a nitride or other treatment to
resist wear and heat,

[Elew Word;i]

non-ferrous metal # 248 mild steel {iAx4N (low carbon steel)

heat resisting alloy TH#-& 4 pillar ['pile] n. £+, %

mechanical properties 772 fE guide pillar T4

propose [pre'pauz] v. &, T8, 2L | ejector stop IEHERS (F44R)

performance [pa'foimans] n. 18, 4t | case hardened FMEELL

category [keetigeri] n. Fi3E, JuB% nickel ['nikl] z. £

carbide steel 18 (& &) 8 bolster ['boulsta] n. #4K, FHEIR
bearing ['beorin] n. HliA&, HE alternatively [0:1'ta:nativli] adv. FJ¥EFEHh
phosphor ['fosfe] n. B ( P) spheroidal ['sfiaroidal] adj. JSUBRIER]
bronze [bronz] n. FH4H graphite ['greefait] n. 158

medium carbon steel H k4N spheroidal graphite cast iron BR324k
mechanism ['mekanizem] n. Hl#J, HLE| | bush [buf]n £

ejector [i'd3ekta] n. THKI SRRl % % carburize ['ka:bjuraiz] v. 85k

core [ko: 1. B insert [in'sa:t | n #k1F, M4 v A, A
constantly [ konstantli] adv. &% cavity ['keeviti] n. Rz

sprue [spru: ]n. ¥, HEEIE, EHIE | molten [moulton] adj. #FILI, HEIN
sprue puller $7EHF nitride ['naitraid] n. &Y

TNotes |

@ A set of die may contain 10 or more different steels plus several non-ferrous metals and
special heat resisting alloys.

—RIERTREEH T HEES LN, UA—SHEERIEMERE 4.

@ The specific material selected for a particular die or mold is normally determined by the
mechanical properties necessary for the proper operation of the dies and molds.

TEFEATFA R TR E b ESCERHE R, 8% 2t b R SRR E# TAER BT
BH S FERER R E R .

e A]ETF A “The specific material is normally determined by the mechanical properties.”.

“selected for a particular die or mold” &itE AN EN S B EIE, B4 “the specific



R ERtYEE

material”; “necessary for the proper operation of the dies and molds” RIEA A HIEIEEEE
7%, &M “the mechanical properties”.

. (® The principal materials used for dies and molds can be divided into two major
categories: cold work tool (die) steel and hot work tool (mold) steel.

AT ES SRR EEMBIA L TR RRE. WEREMN (HTHEER)
MAMEREMN (HTERER) .

@ The guide pillars and ejector stops, which is to support and guide the die, and endure
shock loading, are made of case hardened mild steel; occasionally case hardened nickel steels
are used for increased strength.

XAMG| FEA, HHAZPGEFANSEME#EY BCRNEREE LR, A
Ay 2R B K Y 9 BE T AR AN 42 2 ThT R AL 1 B

Glossary of Termsj

non-ferrous metal A4/ (5. #%¥) | medium/ high carbon steel /=B
cold/hot work tool steel ¥ /HERHE 4N high/low alloy steel /K& &

carbon steel B% 4N cast steel 4N

alloy steel & &4 cast iron %%k

carbide (tool)steel B /&% (T.B) 41 | white iron H A%k

free cutting $teel 5 ] HI4X gray iron K%k

high speed steel =iE4 - ductile iron (spheroidal/nodular graphite iron)
shock resisting steel Tif 4N , BREE

mild steel (low carbon steel) &340 malleable iron FJ 448k

Reading Ma'rerialsj

Engineering Materials’ Categories and Properties

The principal engineering materials can be divided into three major categories: ferrous
materials, non-ferrous materials and non-metallic materials. Ferrous materials have iron as a
base metal and include tool steel, alloy steel, carbon steel and cast iron. Non-ferrous materials
have a base metal other than iron and include aluminum, magnesium, zinc, lead, bismuth, copper
and a variety of alloys. Non-metallic materials are those materials such as woods, plastic,
rubbers; €poxy resins, ceramics and diamonds that do not have a metallic base.

To properly select a material, there are several physical and mechanical properties you should
understand to determine how the material you select will affect the function and operation.

Physical and mechanical properties are those characteristics of a material which control how the
material will react under certain condition. 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
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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, ductility,
wear resistance, toughness, brittleness, plasticity, malleability and modulus of elasticity. In most
applications, more than one type of material will be satisfactory and a final choice will normally be
governed by material availability and economic considerations.

ﬂNew Wordsj

aluminum [8'lju:minem] . A (Al | strength [stren®] n. 3&E: 1, &

magnesium [meeg'ni:zjem] n .£& (Mg) thermal ['Ba:moel] adj. #M, #EK

zinc [zink] n. £ (Zn) . conductivity [kandak'tiviti] n. %5
lead [li:d] n. 44 (Pb) expansion [iks'peenfen] n. ¥ 7, IZAK
bismuth ['bizma0] n. %% (Bi) melting point ¥4 &3

copper [kopa] n. 4 (Cu) hardness ['ha:dnis] n. B8

rubber ['rAbs] n. B, BE ductility [dak'tiliti] n. 2B, #IM, T
epoxy resin PR I wear resistance i 5P

ceramics [siTeemiks] n. Fg2%; WM& HISh | toughness ['tafnis) n. NiItE, Bk
mechanical [mi'keenikl] adj. LK brittleness ['britinis] . Mitt, FEEE: MagstE
function [fank[en] n. ZhEE, &3, BT | plasticity [plees'tisiti] n. mig, wEEE
characteristic [ keerikto'ristik] n. %5, #FE | malleability [meelia'biliti] . (&) Al
permanently ['pa:manantli] adv. 7K A modulus ['modjulas] n. #, FRI

alter ['0:lte] v. (& elasticity [ilees'tisiti] n. B1E, #7)

heat treatment n. H b availability [a.veila'biliti] ». "] F|H t

Lesson 3 Heat Treatment of Steel

| Text

The role of heat treatment in modern mechanical engineering cannot be overestimated.
The purpose of heat treatment is to control the properties of a metal through the alteration
of the structure of the metal 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.®The changes in the properties of metals
due to heat treatment are of extremely great
significance.

Heat treating should improve the alloy or

Which is the key factor in heat

treating: healing temperature, heating

metal for the service intended. Some of the various (ate, or cooling rate? )




T EEE

X ORI

purposes of heat treating are follows:

(1) To remove strains after cold working such as forging, rolling.

(2) To remove internal stresses such as those produced by drawing, bending, or welding.

(3) To improve or change properties of a material, such as the hardness, wearing resistance,

corrosion resistance, lieat resistance, or others as required.

(4) To improve machinability and the comprehensive performance of a material on

purpose, such as normalizing.®

(5) To soften the material, such as annealing.

Heat treatment conditions’ characteristics parameters are: heating temperature, time of

holding at the heating temperature, heating rate, and cooling rate. In general, the rate of

cooling is the controlling factor, rapid cooling from

above the critical range results in hard structure,
whereas very slow cooling produces the opposite
effect. Heat treatment of ferrous materials involves
several important operations which are customarily
referred to under various names, such as normalizing,

What methods are there in

4/

heat treating?

annealing, hardening, tempering, case hardening,

spheroidizing, and stress relieving.

m\lew Words |

overestimate ['suva'estimeit] v. it ZiFAH
alteration [\9:lta'reifan] n. KA, &H
distribution [ distri'bju:fen] n. 2%, K
constituent [ken'stitjuent] n. &, H5
microconstituent S ZH 2R, WAL EL 4

grain [grein] n. &RL, BY, 4R
significance [sig'nifikens] n. B X, FEEM
strain [strein] n. N3, TR, NS
rolling ['reulin] n. ¥4, %84

stress [stres]n. N /)

welding ['weldin] n. /28

corrosion resistance i & 4

[Notes

machinability [ma[i:na'biliti] n. 7T
comprehensive [ kompri'hensiv] adj. 456/
normalizing ['n9:malaizin] n. IEK
annealing [ee'ni:lin] n. &K

parameter [pa'reemite] n. %, B &
critical ['kritikal] adj. 155/, #EHK
customarily ['kastemeri] adv. &%
hardening ['ha:denin] n. #X

tempering ['temparin] n. [8]:k

case hardening R AELL

spheroidize ['sfiaroidaiz] v. ER4L4b#
stress relieving hY 17 (b H

@ 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.
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f)hiEEBhiA “ determines” ) E & H1 “not only...but also” #E#E, —~J2& “the nature and
distribution of the microconstituents”, 53 —~2 “the grain size”. ‘

7F 58 — A~ 3hiA 3€E “the nature and distribution of the microconstituents” J&7 , f& B “which”
SIS W B EIEAA, BB WAL YRR X T AR HERE 7.

@ To improve machinability and the comprehensive performance of a material on purpose,
such as normalizing.

WIEFIRER, SEHR I TR A HERE, WIEK.

HGIossar‘y of Terms |

heat treatment/treating £\ bH isothermal annealing Z¥IRIB K
normalizing 1F:K partial annealing 5548 K
annealing 1B ‘K overheated structure 1R
hardening ¥ 'K (quenching) spheroidized structure ER{b 21 £
tempering 7K (drawing) cementite JBHRIE

case hardening R HTFELL pearlite Y14

stress relieving 25N /7 ferrite £k &1k

critical range It (&) VEH austenite 58 (G {4

hardenability #iE % martensite 5 [G1&

hardness profile & & 447, 8 &I &

BReading Materials |

Common Methods in Heat Treatment

The primary purpose of annealing is to soften hard steel so that it maybe machined or cold
worked. Full annealing is usually accomplished by heating the steel to slightly above the critical
temperature, holding it there until the temperature of the piece is uniform throughout, and then
cooling at a slowly controlled rate so that the temperature of the surface and that of the center
are approximately the same. This process is known as full annealing because it wipes out all
trace of previous structure, refines the crystalline structure, and softens the metal. Annealing
also relieves internal stresses previously set up in the metal.

Annealing may not be the most suitable treatment for low carbon steels, which after
fully annealed are too soft and relatively weak, offering little resistance to cutting, but
usually having sufficient ductility and toughness that a cut chip tends to pull and tear the
finished surface, leaving a comparatively poor surface quality that results in a poor
machinability. However, the machinability of most of high carbon steels and alloy steels can
usually be greatly improved by annealing, as they are often too hard and strong to be easily
cut at any but their softest condition. 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 maximum softness and ductility the cooling rate should be as
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slow as allowing the parts to cool down with the furnace. The higher the ca.rbonAcont_ent, the
slower cooling rate must be.

Spheroidizing is a form of annealing, which in the process of heating and cooling steels
produces a rounded or globular form of carbide-the hard constitute in steel, in which the
cementite is in a spheroidal distribution. If a steel is heated slowly to a temperature just below
the critical range and held there for a prolonged period of time, then cooling slowly in the
furnace, this structure will be obtained, which gives improved machinability to the steel,
especially to tool steels. v ‘

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 machinability. Most commercial steels are normalized
after rolled and cast. But high alloy air-hardened steels are never normalized, since to do so
would cause them to harden and defeat the primary purpose. Normalizing involves heating the
metal to a temperature of about 55-100°C above the critical range and cooling in still air.

Hardening, also called quenching, is the oldest and most effective process to hardening
metals, whose purpose is to produce martensite. The four common -cooling mediums, arranged in
order of decreasing cooling ability, are the following: brine, water, light and heavy oil, and air.
High temperature gradients contribute to high stresses that cause distortion and cracking, so the
quench only produces the necessary desired structure. Care must be exercised in quenching that
heat is removed uniformly to minimize thermal stresses. Two special types of quenching are
conducted to minimize quenching stresses and decrease the tendency for distortion and cracking.
In both, the steel is quenched in a salt bath held at a selected lower temperature before being
allowed to cool. These processes, known as austempering and martempering, result in the
products having certain desired physical properties.

Steel that has been hardened by rapid quenching is brittle and not suitable for most use. By
tempering, the hardness and brittleness may be reduced to the desired point for service
conditions. As these properties are reduced, there is also a decrease in tensile strength and an
increase in the ductility and toughness of the steel. Although this process softens steel, it differs
considerably from annealing in that the process lends itself to close control of the physical
properties and in most cases dose not soften the steel to the extent that annealing would. The
final structure obtained from tempering a fully hardened steel is called tempered martensite. The
magnitude of the structural changes and the change of properties caused by tempering depend
upon the temperature to which the steel is reheated. The higher the temperature, the greater the
effect, so the choice of temperature will generally depend on willingness to sacrifice hardness
and strength to gain ductility and toughness.

The addition of carbon to the surface of steel parts and the subsequent hardening operations
are important processes in heat treating, called case hardening. The process may involve the
use of molten sodium cyanide mixture, pack carburizing with activated solid materials such as
charcoal or coke, gas or oil carburizing, and dry cyaniding.
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E[New Wor'dsj

primary ['praimaril adj. EEK, BYIH
accomplish [8'kompli[]v. 588k, L%, I
approximately [a'proksimitli] adv. K%
refine [ri'fain] v. g%, 481k

purchase ['pa:tfas]v. %

coarsen [ko:sn] v. ZEFAKE

recommend [reka'mend] v. #ZE
homogeneous [[homau'dzi:njas] adj. 3511
still [stil] adj. %11

martensite [ma:tanzait] n. & K4k
medium{'mi:diem] n. A adj. PRI
brine[brain] n. h#H

gradient ['greidient] n. L&, B
distortion [dis'to:fan] n. HH, 2, MR

cracking [kreekin] n. JF3, 4, FR
tendency ['tendansi] n. ffi[1, [

salt bath ¥ (4, #)

austempering [0:s'temparin] n. 2 &k
martempering [ ma:temparin] n. ERHE K
tensile ['tensail] adj. A KM, 21
tensile strength FLH758F

sacrifice ['saekrifais] ». Hi%k v. Wik, BRI
subsequent ['sabsikwant] adj. BEJG I, J5 M
sodium ['saudjem] n. &4 ‘
cyanide ['saionaid] n. ALY, ﬁ}'ﬁﬁ#/ﬁ
dry cyaniding TiEBKEILE

carburizing ['ka:bjuraizin] n. &4
activated ['sektiveitid] adj. HiEER)




