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Lesson 1 Mold Design

Mold or die are the common terms used to describe the tooling used to produce plas-
tic parts in molding,

Traditionally, molds have been expensive to manufacture. They were usually only
used in mass production where thousands of parts were being produced. Molds are typi-
cally constructed from hardened steel, pre-hardened steel, aluminium, and/or beryllium-
copper alloy. The choice of material to build a mold is from primarily one of economics,

steel molds generally cost more to construct, but their longer lifespan will offset the

higher initial cost over a higher number of parts made before wearing out/,

Pre-hardened steel molds are less wear resistant and are used for lower volume require-
ments or larger components. The steel hardness is typically 38-45 on the Rockwell-C
scale. ‘Hardened steel molds are heat treated after machining, These are by far the supe-
rior in terms of wear resistance and lifespan, Typical hardness ranges between 50 and 60
Rockwell-C (HRC). Aluminium molds can cost substantially less, and when designed
and machined with modern computerized equipment, can be economical for molding tens
or even hundreds of thousands of parts. Beryllium copper is used in areas of the mold
which require fast heat removal or areas that see the most shear heat generated. The
"molds can be manufactured by either CNC machining or by using Electrical Discharge
Machining processes

Molds separate into two sides at a parting line, the A side, and the B side, to per-
mit the part to be extracted. Plastic resin enters the mold through a sprue in the A

plate, branches out between the two sides through channels called runners, and enters

each part cavity through one or more specialized gatest”. Inside each cavity, the resin

flows around protrusions (called cores) and conforms to the cavity geometry to form the
desired part. This is similar to someone squeezing clay between their hands so that when
it is removed, it matches the shape of the hollow of their cupped hands.

The amount of resin required to fill the sprue, runner and cavities of a mold. When
a core shuts off against an opposing mold cavity or core, a hole results in the part. Air
in the cavities when the mold closes escapes through very slight gaps between the plates
and pins, into shallow plenums called vents., To permit removal of the part, its features
must not overhang one another in the direction that the mold opens, unless parts of the
mold are designed to move from between such overhangs when the mold opens (utilizing
components called Lifters). ’

Sides of the part that appear parallel with the direction of draw (the direction in
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which the core and cavity separate from each other) are typically angled slightly with
(draft) to ease release of the part from the mold, and examination of most plastic house-
hold objects will reveal this'™. Parts with bucket-like features tend to shrink onto the
cores that form them while cooling, and cling to those cores when the cavity is pulled
away. The mold is usually designed so that the molded part reliably remains on the ejec-
tor (B) side of the mold when it opens, and draws the runner and the sprue out of the
(A) side along with the parts. The part then falls freely when ejected from the (B)
side. Tunnel gates tunnel sharply below the parting surface of the B side at the tip of
each runner so that the gate is sheared off of the part when both are ejected,

Ejector pins are the most popular method for removing the part from the B side
core(s) , but air ejection, and stripper plates can also be used depending on the applica-
tion. Most ejection plates are found on the moving half of the tool, but they can be
placed on the fixed half if spring loaded. For thermoplastics, coolant, usually water with
corrosion inhibitors, circulates through passageways bored through the main plates on
both sides of the mold to enable temperature control and rapid part solidification.

To ease maintenance and venting, cavities and cores are divided into pieces, called

inserts, and sub-assemblies, also called inserts, blocks, or chase blocks. By substitu-

ting interchangeable inserts, one mold may make several variations of the same part.
More complex parts are formed using more complex molds. These may have sec-
tions called slides, which move into a cavity perpendicular to the draw direction, to form
overhanging part features. Slides are then withdrawn to allow the part to be released
when the mold opens. Slides are typically guided and retained between rails called gibs,
and are moved when the mold opens and closes by angled rods called horn pins and
locked in place by locking blocks, both of which move cross the mold from the opposite

side!].

Some molds allow previously molded parts to be reinserted to allow a new plastic
layer to form around the first part. This is often referred to as overmolding. This sys-
tem can allow for production of one-piece tires and wheels. 2-shot or multi-shot molds
are designed to “overmold” within a single molding cycle and must be processed on spe-
cialized injection molding machines with two or more injection units, This can be
achieved by having pairs of identical cores and pairs of different cavities within the
mold. After injection of the first material, the component is rotated on the core from the
one cavity to another. The second cavity differs from the first in that the detail for the
second material is included. The second material is then injected into the additional cavi-
ty detail before the completed part is ejected from the mold, Common applications in-
clude “soft-grip” toothbrushes and free lander grab handles.

The core and cavity, along with injection and cooling heses form the mold tool.
While large tools are very heavy weighing hundreds and sometimes thousands of
pounds, with the aid of a forklift or overhead crane, they can be hoisted into molding
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machines for production and removed when molding is complete or the tool needs repai-
ring.

A mold can produce several copies of the same parts in a single “shot”. The number
of “impressions” in the mold of that part is often incorrectly referred to as cavitation. A
tool with one impression will often be called a single cavity (impression) tool. A mold
with 2 or more cavities of the same parts will likely be referred to as multiple cavity
tooling. Some extremely high production volume molds (like those for bottle caps) can
have over 128 cavities.

In some cases multiple cavity tooling will mold a series of different parts in the same

tool. Some toolmakers call these molds family molds as all the parts.

New words and expressions:

mold [mould] n. #E,v. &

die [dai ] n. AL, M

term [tom] 7. ARiE

tooling ['tuwlin] n. T

plastic parts #kH4

hardened steel 8 i

aluminium [ elju'minjom] n. 5
beryllium-copper alloy 8% & &
steel molds 44

Rockwell-C scale ¥ ECAERE

resin [ 'rezin] n. Big

sprife [spru:] n. WiH§

runner ['rano(r)] n. Wil

gate [geit] n. H&H

protrusion [pro'tru:zen] n. FEHY, MR -
core [ko:]n HLK

clay [klei] n. #+t

pin [pin] n. 8547

plenum ['pli:nem] n. HE

vent [vent]n EXO

overhang [ 'suva'heen] v. &
household. [ 'haushould] adj. ZKEEH
bucket ['bakit] n. Wi

cling to Bkt

stripper plate ZMEH:IENR
thermoplastics [ 80:ma'pleestiks] n. FIAHEATEL
solidification [ solidifi'keifon] n. R



chase [tfeis] vt. BESE

slide [slaid] n. ¥H

perpendicular [ ipo:pen'dikjule] adj. EEHK
gib [gib] n. BB

horn pin  #EFF

locking block 4Bk

tire ['taio] n. B8

lander ['leendo] adj. HEfl

hose [houz] n. &i&

forklift [ 'foklift] n. XRFTEEHL
overhead crane #HF=EENL

hoist [hoist] n. $#F

impressions [im'prefon] n. IR, B
cavitation [ keevi'teifon] n. K/NHR

Analysis for some complex sentences:

[1]The choice of material to build a mold is from primarily one of economics, steel mol-
ds generally cost more to construct, but their longer lifespan will offset the higher initial
cost over a higher number of parts made before wearing out.

LR AR, kS I EERETEE, MR REERA R . BEMNKER
RIS RS MRS .

[2]Plastic resin enters the mold through a sprue in the A plate, branches out between
the two sides through channels called runners, and enters each part cavity through one
or more specialized gates.

YRR A T 4 B AR e HE AR B WETE AJB B BOTR,. 38— E
EANETHROFASNERTBE,

[3]Sides of the part that appear parallel with the direction of draw (the direction in
which the core and cavity separate from each other) are typically angled slightly with
(draft) to ease release of the part from the mold, and examination of most plastic house-
hold objects will reveal this,

XU H 2 T 5 TP 1o CRUGBS RN B e 4 FE O 1)) AT » 3B A R e A B, AR ML LR
BEY, BRENEEDEREEZIX— K.

[4] Slides are typically guided and retained between rails called gibs, and are moved
when the mold opens and closes by angled rods called horn pins, and locked in place by
locking blocks, both of which move cross the mold from the opposite side.

W RIS 3h BRI R T, T B BRI R M B, MR 3, LU —E M BT (A
BME, RE BRI —E, W RRB T SRR & MER, EEME
Berg ghr AT .



Lesson 2 Injection Molding

With Injection Molding, granular plastic is fed by gravity {rom a hopper into a heat-
ed barrel. As the granules are slowly moved forward by a screw-type plunger, the plastic
is forced into a heated chamber, where it is melted. As the plunger advances, the melted
plastic is forced through a mozzle that rests against the mold, allowing it to enter the
mold cavity through a gate and runner system. The mold remains cold so the plastic
solidifies almost as soon as the mold is filled.

For the injection molding cycle to begin, four criteria must be met; mold open,
ejector pins retracted, shot built, and carriage forward. When these criteria are met, the
cycle begins with the mold closing. This is typically done as fast as possible with a slow
down near the end of travel. Mold safety is low speed and low pressure mold closing. It
usually begins just before the leader pins of the mold and must be set properly to prevent
accidental mold damage. When the mold halves touch clamp tonnage is built. Next,
molten plastic material is injected into the mold. The material travels into the mold via
the sprue bushing, and then the runner system delivers the material to the gate. The
gate directs the material into the mold cavity to form the desired part. This injection
usually occurs under velocity control.

When the part is nearly full, injection control is switched from velocity control to
pressure control. This is referred to as the pack hold phase of the cycle. Pressure must
be maintained on the material until the gate solidifies to prevent material from flowing
back out of the cavity. Cooling time is dependent primarily on the wall thickness of the
part but also depends on the material being molded. Production molding usually requires
faster cooling. Water is often channeled throughout the dies to produce faster cooling
times. During the cooling portion of the cycle after the gate has solidified, plastication
takes place.

Plastication is the process of melting material and preparing for the next shot. The
material begins in the hopper and enters the barrel through the feed throat. The feed
throat must be cooled to prevent plastic pellets from fusing together from the barrel
heat. The barrel contains a screw that primarily uses to shear the melt pellets and con-
sists of three sections. The first section is the feed section which conveys the pellets for-
ward and allows barrel heat to soften the pellets, The flight depth is uniform and dee-
pest in this section, The next section is the transition section and is responsible for melt-
ing the material through shear. The flight depth continuously decreases in this section,
compressing the material. The final section is the metering section which features a
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shallow flight depth, improves the melt quality and color dispersion. At the front of the
screw is the non-return valve which allows the screw to act as both an extruder and a
plunger. When the screw is moving backwards to build a shot, the non-return assembly
allows material to flow in front of the screw creating a melt pool or shot. During injec-
tion, the non-return assembly prevents the shot from flowing back into the screw sec-
tions.

Once the shot has been built and the cooling time has timed out, the mold opens.
Mold opening must occur slow-fast-slow. The mold must be opened slowly to release
the vacuum that is caused by the injection molding process and prevent the part from sta-
ying on the stationary mold half. This is undesirable because the ejection system is on
the moving mold half. Then the mold is opened as far as needed, if robots are not being
used, the mold only has to open far enough for the part to be removed. A slowdown
near the end of travel must be utilized to compensate for the momentum of the mold.
Without slowing down the machine cannot maintain accurate positions and may slam to a
stop damaging the machine. Once the mold is open, the ejector pins are moved forward,
ejecting the part. When the ejector pins retract, all criteria for a molding cycle have
been met and the next cycle can begin.

The basic injection cycle is as follows: Mold close-injection carriage forward-inject
plastic-metering-carriage retract-mold open-eject part(s). Some machines are run by
electric motors instead of hydraulics or a combination of both. The water-cooling chan-
nels that assist in cooling the mold and the heated plastic solidifies into the part. Im-
proper cooling can result in distorted molding. The cycle is completed when the mold
opens and the part is ejected with the assistance of ejector pins within the mold.

The resin, or raw material for injection molding, is most commonly supplied in pel-
let or granule form. Resin pellets are poured into the feed hopper, a large open bottomed
container, which is attached to the back end of a cylindrical, horizontal barrel. A screw
within this barrel is rotated by a motor, feeding pellets up the screw’s grooves. The
depth of the screw flights decreases toward the end of the screw nearest the mold, com-
pressing the heated plastic. As the screw rotates, the pellets are moved forward in the
screw and they undergo extreme pressure and friction which generates most of the heat
needed to melt the pellets. Electric heater bands attached to the outside of the barrel as-
sist in the heating and temperature control during the melting process.

The channels through which the plastic flows toward the chamber will also solidify,

forming an attached frame. This frame is composed of the sprue, which is the main

channel from the reservoir of molten resin, parallel with the direction of draw, and run-

ners, which are perpendicular to the direction of draw, are used to convey molten resin

to the gate(s), or point(s) of injection’), The sprue and runner system can be cut or

twisted off and recycled, sometimes being granulated next to the mold machine, Some
molds are designed so that the part is automatically stripped through action of the mold.
6



New words and expressions:
Injection Molding 41
gravity ['greeviti] n. EH
hopper ['hopo] n. $}3}
barrel ['beerol] n. g

screw [skru:] n. S8FF,BFL
plunger ['plandzs] n. ¥EZE
chamber ['tfeimbo] n.
melt [melt] v. ¥4k

nozzle ['nozl] n, BEBE
cavity [ 'keeviti] n. FIES
gate [geit]n FEO

runner system #IRHERS
solidify [ 'solidifai] v. {#¥EE
ejector pin TH4t

clamp [kleemp] n. Je#f
tonnage [ 'tanidz] n. Wifi;
molten ['moulten] adj. ¥E&5H
sprue bushing EHOE

mold cavity HIEEE
thickness [ '6iknis] n. JEJF
plastication [ pleesti'keifon] n. ¥84k
throat [@rout] n. FEL,ZA4b
non-return valve B[ &
extruder [eks'truda] n. HfJE
plunger ['plandze] n.. [HZE
melt pool ¥

vacuum [ 'veekjuem | n. E.ZS
hydraulics [ 'hai'droiliks] adj. WK
water-cooling 7K¥%

resin [ 'rezin] n. #jE

pellet ['pelit] n. /pER
granule ['greenjul] n. kI
poured into  FALTHA
screw flight B b HiE S
sprue [sprui] n. MO



Analysis for some complex sentences:
[1]This frame is composed of the sprue, which is the main channel from the reservoir of

molten resin, parallel with the direction of draw, and runners, which are perpendicular
to the direction of draw, are used to convey molten resin to the gate(s), or point(s) of
injection.

XA B R B BB B AR S , —AB AL B R MRS 2 R 0 3858, B SRS
75 AT s S IFE 7 MBEENSE, AP AREREEBIEO,



Lesson 3 Forming Processes

Forming can be defined as a process in which the desired size and shape are obtained
through the plastic deformations of a materialll. The stresses induced during the
process are greater than the yield strength, but less than the fracture strength of the ma-
terial. The type of loading may be tensile, compressive, bending, or shearing, or a com-
bination of these, This is a very economical process as the desired shape, size, and fin-

ish can be obtained without any significant loss of material. Moreover, a part of the in-
put energy is fruitfully utilized in improving the strength of the product through strain
hardening.

The forming processes can be grouped under two broad categories, namely, cold
forming, and hot forming. If the working temperature is higher than the recrystalliza-
tion temperature of the material, then the process is called hot forming. Otherwise the
process is termted as cold forming. The flow stress behavior of a material is entirely dif-
ferent above and below its recrystallization temperature. During hot working, a large
amount of plastic deformation can be imparted without significant strain hardening. This
is important because a large amount of strain hardening renders the material brittle. The
frictional characteristics of the two forming processes are also entirely different, For ex-
ample, the coefficient of friction in cold forming is generally of the order of 0. 1, where-
as that in hot forming can be as high as 0. 6. Further, hot forming lowers down the ma-
terial strength so that a machine with a reasonable capacity can be used even for a prod-
uct having large dimensions. _

- The typical forming processes are rolling, forging, drawing, deep drawing, bending,
and extrusion. For a better understanding of the mechanics of various forming opera-
tions, we shall briefly discuss each of these processes.

Rolling

In this process, the job is drawn by means of friction through a regulated opening
between two power-driven rolls, The shape and size of the product are decided by the
gap between the rolls and their contours, This is a very useful process for the production
of sheet metal and various common sections, e. g. , rail, channel, angle, and round?.
Forging

In forging, the material is squeezed between two or more dies to alter its shape and

size. Depending on the situation, the dies may be open or closed.

Drawing
In this process, the cross-section of a wire or that of a bar or tube is reduced by pul-
9



ling the workpiece through the conical orifice of a die represents the operation schemati-
cally. When high reduction is required, it may be necessary to perform the operation in
several passes.

Deep Drawing » . ,

In deep drawing, a cup-shaped product is obtained from a flat sheet metal with the
help of a punch and a die. The sheet metal is held over the die by means of a blank hold-
er to avoid defects in the product,

Bending '

As the name implies, this is a process of bending a metal sheet plastically to obtain
the desired shape and is achieved by a set of suitably designed punch and die,
Extrusion

This is a process basically similar to the closed die forging. But in this operation,
the workplace is compressed in a closed space, forcing the material to flow out through a
suitable opening, called a die. In this process, only the shapes with constant cross-sec-
tions (die outlet cross-section) can be produced.

Advantages and Disadvantages of Hot and Cold Forming

Now that we have introduced the various types of metal working operations, it
would not only be appropriate that we provide an overall evaluation of the hot and cold
working processes, such a discussion will also help in choosing the proper working con-
ditions for a given situation. ‘ ‘ ‘

During hot working, a proper control of the grain size is possible since active grain
growth takes place in the range of the working temperature, As a result, there is no
strain hardening, and therefore there is no need of expensive and time-consuming inter-
mediate annealing. Of course, strain hardening is advisable during some operations
(viz. , drawing) to achieve an improved strength, in such cases, hot working is less ad-
vantageous. Apart from this, strain hardening may be essential for a successful comple-
tion of some processes (e. g. , in deep drawing, strain hardening prevents the rupture of
the material around the bottom circumference where the stress is maximum). Large
products and high strength materials can be worked under hot conditions since the ele-
vated temperature lowers down the strength and, consequently, the work load. Moreo-
ver, for most materials, the ductility increases with temperature and, as a result, brittle
materials can also be worked upon by the hot working operation. It should, however,
be remembered that there are certain materials (viz. , steels containing sulphur) which
become more brittle at elevated temperatures, When a very accurate dimensional control
is required, hot working is not advised because of shrinkage and loss of surface metal
due to scaling. Moreover, surface finish quality is poor due to oxide formation and
scaling.

The major advantages of cold working are that it is economical, quicker, and easier
to handle because here no extra arrangements for heating and handling are necessary.
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Further, the mechanical properties normally get improved during the process due to
strain hardening. What is more, the control of grain flow directions adds to the strength
characteristics of the product. However, apart from other limitations of cold working
(viz. , difficulty with high strength and brittle materials and large product sizes), the
inability of the process to prevent the significant reduction brought about in cerrosion

resistance is an undesirable feature®!,

New words and expressions;
forming ['fomig] n. FRHE
deformation [ difo:'meifon] n. ZFFE
induce [in'djus] »t. B,
yield strength JHARIRE
fracture strength BERRE
tensile ['tensail] adj. HLEH
compressive [ kom'presiv| adj. JEHERY
bending [ 'bendin] n. R,
shearing [ 'fierin] n. BY4]
fruitfully ['frutfuli] adv. KER5-HL
hardening [ 'hadenip] v. #IK
category [ 'keetigeri] n. FfK, H3R
recrystallization [ri'kristalaizeifon] n. FR&EdH
render ['rends] vz. JHFH
brittle [ 'britl] adj. BHEH)
coefficient [koui'fifont ] n. B
capacity [ko'pessiti| n. BE,fES]
dimension [di'menfen] n. R}
rolling ['reulin] n. K
forging ['fodzin| n. W&
drawing ['droiig] n. B
deep drawing IFEhIfH
extrusion [eks'truen] n. HFH,#EH
gap [geep] n. [HJBH
contour [ 'kontus] n. ®HE
sheet metal 4REH
squeeze [skwiz] v. #F/E
cross-section [ kros-'sekfon] HEEH
schematically [ski'meetikli ]| adv. REMEH
punch [pant[] vt #fL,$THL
blank holder &3l
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