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Lesson 1 The Injection Molding and Machine

The injection molding

Injection molding is principally vsed for the production of the thermoplastic parts, although
somie progress has been made in developing a method for mjection molding some thermosetting
materials. The problem of injecting a melted plastic into a mold cavity from a reservoir of melted
material has been extremely difficult to solve for thermosetting plastics which cure and harden
under such conditions within a few minutes®, The principle of injection molding is quite similar to
that of die-casting. The process consists of feeding a plastic compound in powdered or granular
form from a hopper through metering and melting stages and then injecting it mto a mold®. After a
brief cooling period, the mold is opened and the solidified part ejected. Injection-molding machines
can be arranged for manual operation, automatic single-cycle operation, and full autowatic
operation. The advantage of mjection molding are:

(i) & high molding speed adapted for mass production is possible;

(ii) there is a wide choice of thermoplastic inaterials providing a variety of useful properties;

(iii) it is possible to mold threads, undercuts, side holes, and large thin sections.

The injection-molding machine

Several methods are used to force or inject the melted plastic into the mold. The most
commnonly used system in the larger machines is the in-line reciprocating screw, as shown in Figure
1-1. The screw acts as a combmation injection and plasticizing unit. As the plastic is fed to the
rotating screw, it passes through three zones as shown: feed, compression, and metering. After the
feed zone, the screw-flight depth is gradually reduced, forcing the plastic to compress. The work is
converted to heat by shearing the plastic, making it a semifluid mass. In the metering zone,
additional heat is applied by conduction froin the barrel surface. As the chamber i front of the
screw becomes filled, it forces the screw back, tripping a limit switch that activates a hydraulic
cylinder that forces the screw forward and injects the fluid plastic into the closed mold®. An
antiflowback valve prevents plastic under pressure from escaping back inte the screw flights,

The clamping force that a machine is capable of exerting is part of the size designation and is
measured in tous. A rule-of-thumb can be used to determine the tonnage required for a particular
job. 1t is based on two tons of clamp force per square inch of projected area. If the flow pattern is
difficult and the parts are thin, this may have to go to three or four tons.
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Figure 1-1 (a) The injection-moiding machine (b) The reciprocating-screw injection system
Many reciprocating-screw machines are capable of handing thermosetting plastic materials.

Previously these materials were handled by compression or transfer molding. Thermosetting
materials cure or polymerize in the mold and are ejected hot in the range of 375°C~410°C.

Thermoplastic parts must be allowed to cool in the mold in order to remove them without distortion.

Thus thermosetting cycles can be faster. Of course the mold nust be heated rather than chilled, as
with thermoplastics,

New Words and Expressions

injection molding 5114

principally { 'prinsipli] adi. £

thermoplastic [ Ba:me'pleestik] n. #384E, HIBPBR
thermosetting [ 8a:mau'setin] ». i

plastic [ 'pleestik, pla:stik] ». %, ¥l
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Lesson ! The Injection Molding and Machine

melted ve. (TEWELL, FE4L

cavity [ keeviti] n. BUfE

reservoir [ rezavwa:] n. Ba%, fETEE
extremely [ iks'tri:mli] adj. teuRih, E% M
principle { 'prinsepl] n. ¥£M, BN, R
die-casting & 1451

compound [ 'kompaund] »n. B&Y, E&H, BE
powdered [ ‘pauded] vr. TR, BHRE
granular [ 'greenjula] ady. H/MTRE, RORE
hopper [ 'hope] n. MI¥HEE

metering[ 'miztarin] v. ®EGE), AR, W
eject [ i'dzekt] vr. B, B4

solidify [ so'lidifai] vr. (fEVEEE, (1#)HLE
manual [ 'mzenjual] adj. F/H1, F3K, FLH
automatic [ o:te'meetik] adv. B ENH, PN
property [ 'propati] n. ¥4, Bk

thread [ Ored] n. #REL

undercut [ 'Andakat] r. MER, )
reciprocating screw 1E R AT

plasticize [ 'pleestisaiz] ve. ff gl &
compression [ kem'pref (a)n] vt. W45, E4F
screw-flight AT MR

convert [ kan'va:it] v. [¥53, ##

shear [ [ia} ve. BY, BIH)

semifluid [ semi‘flu:id, semai-] adi. XK, FRHEH
barrel [ 'baersl] n. H%

chamber [ tfeimbal n. =, 5l

trip { trip] ve. ¥ FFBURTIFF 50, {RBkiE; VI
switch [ switf]n. JF35 5%, H¥

hydraulic [ hai'dra:lik] adj. 7K 189, AR
cylinder vaive “5fiL IR

clamping force 88 71

exert [ ig'zo:t) ve. (I, Hilin(k )
rule-of-thumb BIELLE )k

transfer molding &ML, HIENTE
polymerize [ ‘polimaraiz] vt. ()&

distortion [ dis'to:fan]v. Fah, THE
plunger [ ‘pland3e] . 2

spurt [ spait] ve. () MRS, mEH
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sprue [ spru:] n. ¥E0, il
optimum [ "aptimem)] adj. & & M
foam [ faum] vz, EHLH

Notes

(U The problem of injecting a melted plastic into a mold cavity from a reservoir of melted
material has been extremely difficult to solve for thermosetting plastics which cure and harden
under such conditions within a few minutes.

P SR e R A TR P 2 BB Ak, 26 ALY B R B vk N B e e
AR, S HBLXMER, XA R HEE AR

A)H ) of injecting a melted plastic into a mold cavity from a reservoir of melted material /-
K1 G B 215 1511 the problem, which cure and harden under such conditions within a few
minutes 5 & M FJYEJE B € 1551 thermosetting plastics.

@ The process consists of feeding a plastic compound in powdered or granular form from a
hopper through metering and melting stages and then injecting it into a mold.

FRRA T 2ZEREHE: B prErRECRCR M B EHE S PR B E 21X
AREALES, 280 P B AR R .

) consist of FA: fH-e- AR, W and EEM A SR EEEE of MEIE.

@ As the chamber in front of the screw becomes filled, it forces the screw back, tripping a
limit switch that activates a hydraulic cylinder that forces the screw forward and injects the fluid
plastic mto the closed mold.

A EFTRRAT A X S, BT E DER T ER, AhEh BRATFF 6 R T
Y6, B DNE R T HESNIRAT M ATIZ S, 5 IRRERlT 5 R A KA B .

filgt as 1S HIEFIRPKIE A, that activates a hydraulic cylinder that forces the screw
forward and injects the fluid plastic into the closed mold 24 BB & & & M f) 415 a limit switch,
that forces the screw forward and injects the fluid plastic into the closed mold % a hydraulic
cylinder.

[ EXiEN ]
F 1R EYEEINEEEM

il

RE B R E MR ERA T -8, ERPREE GER) MR4rin
R, XN ) AP RUSEER BN W AR B REEL, EARSERER
R E ASE PR RUA TR, Mo mBLXMIEA, XANMRE-HIEERRR. E8R
R RERE T oAl RN TEEREARE. BAEh i REORR M BB A
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Lesson 1 The Injection Molding and Machine

PRI ERE ALK, AEFEHFIBARE S, LEMNARE, FE, B
R, B ATE). FAHRE AFRE. EEEAT TR A

G B R R R P S KAt B A 7 R VT

(i) A REEHAE AR R R RIBIE MR R G TR Bk,

Git) ] USRI ARSI A i I B IR A A 45 U FL RSB DL R B2 K S T

Vi ibi))

BRBERE AL PIEEF )R, AARESI LB TN TR AN,
W 1-1 PR, AT FEIN RA SRR TRE. WS EREA FE AT, B4 RS
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IR BTREANR, =815 008 HE Bk 8) R BY PR B T = AR O3B, ORI 2 P RS, &
BX, SR T I e B A s — b IR MR A R BT S, BB
AEUWERTT IR, MEhRAIT R MWL TE, TEMEE 1 MFE A T HEsIRATaTiEs), #i
RESBFHE S B PH-& AOBLR BB b . By (810 I B 6 BEL1E 5% FE RS AR G EAR AT IR AEX

EBY MR AR RGNS N D EHESRENEE) RRE. JHH ey
B, R RLBEAR TR ITE ENSE0) R, —REBHRERR ST
FVEFI PRGBS o GBS RS el PR, B ) B3R B = S DY

VEZARH AU RE A P B R R . LT, AR i R BB A R
METEREE A R WE SRR RE R, HARRE A 375 C~410CRBIREH. $#
PEIBRS AR O IRTE R L A AN, DUOREHE BT AR A 200 o SRR S BBEAL MR SR A R R
58, R, BULL I, TARAH.

Reading Material

A competent mould designer must have a thorough knowledge of the principles of mould
making as the design of the various parts of the mould depends on the technique adopted for its
manufacture.

This chapter is included primarily for the beginner who does mot have a background
knowledge of the various machining and other mould making techniques. To cover the topic of
mould making thoroughly would require a companion work equal in size to this monograph and
therefore this inroduction to the subject must, of necessity, be superficial. However, we hope that
very fact that it is included in a monograph on design, will emphasize the importance of mould
making as a subject and will also encourage the beginner to a further and more complete study in
this field.

The majority of moulds are manufactured by the use of conventional machine tools found in
most modern toolroons. From the manufacturing viewpoint we classify the mould into two parts:
(i) the cavity and core, and (ii) the remainder of the mould. The latter parts is commonly referred to
as bolster work.
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The work on the cavity and core is by far the most important as it is from these members that
the plastics moulding takes its form.,

The work on the cavity and core can further be classified depending upon whether the form is
of a simple or a complex nature. For example, the cavity and core for a circular or rectangular
box-tupe moulding is far simpler to make than a cavity and core to produce, say a telephone
handset moulding. The mould parts for the simple form are produced on such machine tools as the
lathe ang the milling machine, whereas the more complex form requires the use of some kind of
copying machine .

The bolster work is mot as critical as the manufacture of the cavity and core forms but,
nevertheless, accuracy in the manufacture of the various parts is necessary to ensure that the mold
can be assembled by the fitter without an undue amount of bench-work.

Now, while the bolster work is always produced on conventional machine tool , the cavity and
core, particularly the former , can be produced by one of a number of other techniques. These
include investment casting, electro-deposition, cold hobbing, pressure casting and spark machining.
Machine tools

The purpose of any machine tool is to remove metal .Each machine tool removes metal m a
different way. For example, in one type (the lathe) another type (the millmg machene ) a cutter is
rotated and metal is removed as the work is peogressed geneath it .

Which machine tool is to be used for a particular job depends to a large extent upon the type
of machining required. There is, however, a certain amount of overlapping and some machine tools
can be utilized for several different operations. In the iltustrations which follow, typical machining
operations are illusurated but it must mot be assumed that the particular machinetool is restricted to
the operation shown.

The machine tools which will be found in the modemn toolroom are as follows:

(i) Lathes for turning, boting and screwcutting, etc.

(i) Cylindrical grinding machines for the production of precision cylindrical surfaces.

(iii) Shaping and planning machines for the reduction of steel blocks and plates to the

required thickness and for ‘squauing up’ these plates.

(iv) Surface grinding machines for the production of precision flat surfaces .

(v) Milling machines for the rapid removal of metal, for machining slots , recesses , boring

holes machining splines , etc.

(vi) Tracer-controlled milling machines for the accurate reproduction of complex cavuty and

core forms ,

In addition to the above list of major machine tools there is, of course , ancillary equipment
without which no toolroom would be complete .This includes power saws , drilling machines ,
toolpost grinders , hardening and polishing facilities , etc.

Castings

The manufacture of cavities and cores in steel by the conventional casting method uding sand

moulds is mot satisfactory owing to the poor finish obtained and to the porosity which occurs on ,

_6_..




Lesson 1 The Injection Molding and Machine

or just below , the surface of the casting . The expenditure involved in plugging, machining and
finishing these concentional castings makes this method of mould making uneconomic .

The shaw investment casting pricess does mot , however , share the disadvantages associated
with sand casting and is therefore applicavle to the manufacture of cavities and cores . The process
is carried out by specialists and the mouldmaker supplies the company with a pattern of the
required mould part. As the final casting will be an accurate reproduction of the pattern supplied ,
this must be manufactured to close tolerances and have a good surface fmish . To allow for the
contraction of the steel on cooling the pattern is made approximately 0.020 mm/mm{in/in)
oversize .

Electro-deposition

Electro-deposition is an electrochemical process used to reproduce accurately a cavity or core
form fron a given pattern. The pattern can be made in an easily worked material and is the reverse
form to that required. That is a male pattern is required for a cavity and a feinale pattern for a core.
Normally it is much easier to machine a male pattern than the reverse cavity form and it is for this
reasen that most applications for this technique are for intricate cavity work.

Cold hobbing

Cold hobbing is a process in which a hardened sreel master hob is forced into a soft steel
blank under condiderable pressure.

Hobbing is used for the production of cavities which by virtue of their shape would be difficult
to die-sink on ¢onventional machine tools.

Pressure casting

Beryllium-copper is a material which is increasingly being used in mould construction
because it possesses several desirable characteristics. In particular it has a high thermal
conductivity combined with a reasonable hardness (Brinell Hardness Number of about 250)which
makes it suitable for certain types of cavity and core , and for other mould parts , such as hot-runner
unit secondary muzzles .

Its high thermal conductivity means that when beryllum-copper is used for a cavity or a core
the heat fron the melt will be transferred away from the impression faster than if a corresponding
steel cavity and cote are used, and this often results in a shorter moulding cycle.

Beryllium-copper can be machined , in which case the conventional machine tools are used ,
and it can be ceold-hobbed , hot-hobbed or pressure-cast . The last technique offers certain
advantages over the bobbing methods , in that cold or hot hobbing of beryllium-copper tends to
work harden the material which results in the development of siress concentrations .

Pressure casting (or liquid hobbing ) is used naubky for the productiob of cavities but it can be
used , where applicable , for the priduction of the cores as well . As the terms suggest , it is
basically a process which combines the casting and hobbing techniques .

Spark machining

This is one of more recent additions to moukd making methods and , strictly speaking , it

should come under the machine tool section . However , as the principle of operation is different

_7_
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fron that of all other basic machine tools it is prefersble to discuss this techmique separately .

Spack machining is a process in whichsteel , or other metals , can be machined by the
application of an electrical discharge spark . The apark is localized and metal is progressively
removed in small quantities over a period of time ,

Bench fitting

Irrespective of the machine tool or technique used to manufacture the various parts of the
mould, the final responsibility for the finishing of the individual parts and assembly ptocedure
adopted by the bench fitter varies from fool room to toolroom and quite often between individual
tool makers working in the same toolroom ; it is tberefore impossible to set down a standard
paocern for the work . In consequence , we intend only to indicate the general approach to this
problem without going into details . We will do this by considering the various stages in the bench
fitting involved in the manufacture of a simple mould .
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