g

Injection Molding

This is one of the leading processes used for manufacturing

plastic products, and is ideal for high volume production of

identical products. Variations on conventionat injection moiding

include gas assisted, multishot and in-motd decoration.

. Costs . o0

* Very high tooling costs but dapands an
comnplexity and number of cavities

* Automolive

* Varey low unit costs

. _Typiéal App[i.c'a'tions_.'_

+ Consumer electronics snd appliances
+ Industrisl ang househald products

Suitability

*» High volurne mass praduction

Gua_[it')"__ e

* Vary high surface finish
* Highly repeatabls process * Thermeforming

* Vacuum casting

- Related '?rbc"e'sseé

+ Reaction injection malding

Speed

+ Injection cycie iime is generally
Letwean 30 anc 60 seconds.

INTRODUCTION

Injection molding is a widely used and
well-developed process that is excellent
for rapid production of identical parts
with tight tolerances. It is used to create
a huge diversity of our day-to-day plastic
products. Accurately engineered tools
and high injection pressures are essential
for achieving excellent surface finish and
repreduction of detail. Consequently, this
process is suitable only for high volume
production runs.

There are many different variations
on injection molding technology. Some
af the most popular include gas-assisted
injection molding {page 58), multishot
injectieri molding {page 60) and in-mald
(/iet'aration {page 62).

/

TYPICAL APPLICATIONS
Injection-molded parts can be found

n every market sector,in particularin
automotive, industrial and househeld
products. They include shopping baskets,
stationery, garden furniture, keypads, the

housing of consumer electronics, plastic
cookware handles and buttons.

RELATED PROCESSES
The relative suitability of related
processes depends on facters such as
part size and configuration, materials
being used, functional and aesthetic
requirements, and budget.

Although injection molding is
very often the most desirable process
due to its repeatability and speed,
thermoforming (page 30) is a suitable
alternative for certain sheet geometries,
and extrusion is more cost-effective
for the production of continuous
profiles.

Parts that will ultimately be made
by injection molding can be prototyped
and produced in Tow volumes by vacuum
casting (page 40} and reaction injection
molding (page 64).Both of these
processes are used to form polyurethane
resin (PUR).This is a thermosetting
plastic thatis available in a wide range

of grades, colours and hardnesses. It can
be solid or foamed. Reaction injection
molding is used for a diverse range of
products, including foam moldings for
upholstering furniture and car seats, and
low volume production of car bumpers
and dashboards.

QUALITY
The high pressures used during iniection
molding ensure good surface finish,
fine reproduction of detail and, most
importantly, excellent repeatability.
The downside of the high pressure
is that the resolidified polymer has a
tendency to shrink and warp. These
defects can be designed out using rib
details and careful flow analysis.
Surface defects can include sink
marks, weld lines and streaks of
pigment.Sink marks occur on the
surface opposite arib detail, and
weld lines appear where the material
is forced to flow around ohstacles, such
as holes and recesses.
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DESIGN CPPORTUNITIES

Somuch is practically possible with
injectioﬁ molding that restrictions
generally come down tc economics, The
process is least expensive when using

a simple split mold. Most expensive

are very complex shapes, which are
achievable in arange of sizes, from 1arge
car bumpers to the tiniest widgets.
Retractable cores controlled by cams or
hydraulics can make undercuts from
the sides, top or bottom of the tool
simultaneously and will not affect the
cost significantly, depending on the
complexity of the action.

In-mold and insert film decoration
are often integrated inte the molding
cycle, so eliminating finishing processes
such as printing. There is also a range of
pigments available to produce metaliic,
pearlescent, thermochromatic and
photochromatic effects, as well as vibrant
fluorescent and regular colour ranges.
nserts and snap-fits can be molded into
the product to assist assembly.

Multishot injecticn molding can
combine up to 6 materials in one
product. The combination possibilities
include density, rigidity, colour, texture
and varying levels of transparency.
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DESIGN CONSIDERATIONS

Designing for injection maoldingisa
complex and demanding task that
involves designers, polyrner specialists,
engineers, toolmakers and moiders, Fuli
collaboration by these experts will help
realize the many berefits of this process.

Injection molding operates at high
temperatures and injects plasticized
material into the die cavity at high
pressure.This means that problems
can occur as aresult of shrinkage and
stress build-up. Shrinkage can result in
warpage, distortion, cracking and sink
marks. Stress can build up in areas with
sharp corners and draft angles that are
teo small. Draft angles should be at least
0.5° to avoid stressing the part during
ejection from the tool.

The injected plastic will follow the
path of least resistance as it enters the
die cavity and so the material must be
fed into the thickest wall section and
finish in the areas with the thinnest
wall sections. For best results wall
thickness should be uniform, or at least
within 10%. Uneven wall sections will
produce different rates of cooling, which
cause the part to warp. The factors
that determine optimal wall thickness
include cost, functional requirements
and melding consideration.

Ribs serve a dual function in part
design: firstly, they increase the strength
of the part, while decreasing wall
thickness; and secondly, they aid the
flow of material during molding. Ribs
should not exceed 5 times the height of
the wall thickness. Therefore, it is often
recommended to use lots of shallow ribs,
as opposed to fewer deep ribs.

All protruding features are treated as
¥ibs and must be tied-in’ (connected) to
the walls of the part to reduce air traps
and possible stress concentration points.
Holes and recesses are often integrated
in part design in order to avoid costly
secondary operations.

Injection molded parts are often
fimished with a fine texture, which
disguises surface imperfections. Large

gloss areas are more expensive to
produce than matt or textured ones.

COMPATIBLE MATERIALS

Almost all thermoplastic materials can
be injection melded. It is also possible to
mold certain thermosetting plastics and
metal powders in a polymer matrix.

COSTS
Tooling costs are very high and depend
on the number of cavities and cores and
the complexity of design.

Injection molding can produce small
parts very rapidly, especially because
multicavity tools can be used to increase
production rates drarnatically. Cycle time
is between 30 and 60 seconds, even for
multiple cavity tools. Larger parts have
longer cycle times, especially because the
polymer will take lenger to resolidify and
so will need to be held in the tool while
it cools,

Lahour costs are relatively low.
However, manual operations, such

as mold preparation and demolding,
ncrease the costs significantly.

ENVIRONMENTAL IMPACTS
Thermonplastic scrap can be directly
recycled in this process. Some
applications, such as medical and food
packaging, require a high level of virgin
material, whereas garden furniture may
require only 50% virgin material for
adequate structural integrity, hygiene
and colouring capability.

Injection melded plasticis commaenly
associated with mass produced short
term products, such as disposables.
However, it is possible to design products
so that they can be disassembled
easily, whichis advantagecus for both
maintenance and recycling. If different
types of materials are used, then snap
fits and other mechanical fasteners
make it more convenient to disassemble
and dispose of the parts with minimal
environmental impact.

The cutaway drawing (below} shows the

“anatomy of the injection-molded parts as
“well as the internal vhechanisms and parts.
. mjection-molded casings very often have to

accommodate a fixed-space package. In this
case, specific spindle bearings have been used

- to satisfy legisiations and the gear syster is

designed for optimum energy generation,

. MOLDFLOW ANALYSIS
_Palymer distributor Distrupol was consulted

about materials selection and moldflow
analysis. Feedback on the developing
design led to the modification of the
cp’mp'onehts. in CADto reduce potential
' problems of sinkage, flow marks, weld
lines and 56 forth.
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. Case Study
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Gas-Assisted Injection Molding Process

Fartially filled :
die cavity

Madified injectian #
molding equiprnant

Stage 1: Conventional
injection molding

Ajr pocket

Injection continues T

Gas injected C»

Stage 2: Gas injected

Finished part ‘

Stage 3: Finished product

Gas injection molding the Magis Air Chair

“The Air 'Ch'air'w.a's designed by Jagper

Mortrison and produchon began in 2000
(rmage 1. The gas m;ec’non ‘moidmg sequence

takes approx;mateTy 3 minutes (fmages 2-5).-

The sample cut from the leg of the Air
Table shows 2 techﬂ_ologies {fimage &). The’ .’

first'is gas injection, which creates the ho_ll'cw. .
profife. The second technology fs the thin skin -

clear ch\nsmn betiveer: the outer unfilled PP
and the glass ﬁi]ed stru-:tural mtemal PP

Two matenals are used because the outer; -
; skm is aesthetic and thetefore shotld not
'_ ‘be filled. However, unfilied PPis not s‘trong
E 'enough to make the éntire structure. T

The 2 ayers of materfal in this samp%e are o
' produced in&'similar way to gas mjec‘no'n

The outer skinis m]ected ﬁrst The glass

: known as_‘eackiﬂg:out’: The second material [ L
-~ acts like 2 bubble of air and pushes the first 7.+ -
- material further into the die cavity without

. :b're'eic'hiﬁgzi"t Finally, the 'cj.a:s:isi'njectcd'to
. .but lghthght

. produces a plastic chair withi a very good
: 'surface finish. it we1ghs onlyz; skg{9.92 1b)
' ':and s capab gof wnths‘(andmg heavy use,
“filled PF 5 injected behind it in ate_ch_mque_' L :
arourid the Sutside’of the material: thereisa

produce a hotlow SECtIOﬂ and make it rigid

The gas m;ectlon moldmg techmque
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Featured Company

Magis
www, magisdesicn.com




Multishot Injection Molding Process

Multishot injection molding a handheld gas detector -~

Polymer B grarules

This product is molded by Hyrid for Croweor. molded over it. The TPE provides integral .~ - - ate inserted into the motd by hand prior to

It s & handheld gas detection unit (image - features with hermetic seals, such as flexible - each injection cycle. ' I o

7). Multishot injection molding has very “ " buttons and a seal between the 2 halves. - R “The finished moldl'n'g.s aré stack_éd A _

Statc platen Roteling — important benefits that are essential for. -~ The mold haif with the moldings rqtafes: o "~ (image 7) ready for as_sem.b}y..ffh'e. inte'gr.a_l'. and.
platen 180° the effectiveness of this device, whichis. " " " - throughi8o® {images 3 and 4). ndoing so, it flexible button detailis shown in the final
Palymer & granles ':éf;’:ngga;éten | ﬁg‘ﬁ'ﬁ;ifﬁed i ;zriﬁ,@tf;:i?;i potentially lifesaving. The part is madé up of brings the solidified PC into alignment with - product (image8). .. - L
: injection ot polymer B | a water clear polycarbonate (PC) body and the second injection cavity. Then the finished.. o :
: thermoplastic electromietric (TPE) covering. . . molding is ejected (image 5) ready for the -
The features of these materials are combined:, - next injection cycle to commence:: ._
by multishot fnjection malding. B . The knurled Tetalinserts {image 6] are
This is a tricky combination because tﬁe S _ incorporated in the PC by bve’rmc_ﬂding.These

materials operate at different temperatures,
Therefore, the runner system for the PCis

heated with oft, whereas the TPE runmer is

cooled with water.

| Injection .
Mnlreq polymer Ainjected | Molten poalymar 8 injection sprue Selidified Of the 2 die cavities (image 2), the
into lower die cavity ‘ molded over solidified poiymer A detached part A Empty dis cavity )

closest has just been injected with water

Stage 1: Enjection Stage 2: Ejection Stage 2: Rotatian clear PC. This gives the product rigidity,
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toughness and impact resistance. The
farthest die cavity.is the PCwith a TPE

Featured Manufaciurer

Hymid Multi-Shot
wewent hymid.co.uk




In-Mold Decoration Process

: Prirted PC fitm loaded

: Th1s case study demonstrates the product:cm'?.
‘of the Luceplan L1ghtdisc (mlage 1). it was _
'.-des Qned by Al berto Meda’ and Pacﬂo Rlzzatto" S

i 2002. By mcorporatmg mv*mon decoratlon L

the d\ffuser acts as shade 'too Graphics a‘nd ;
_m s‘truc‘cions are mcluded on the m—mold ﬁ]m. 2
and thls ehmmates all secondary prmtmg

Stage 1: Film inseried The process is: sn'mlar to conventmﬂal

injection mo1dmg except that a prmted ﬁlm B

1 Plastic injecled behind film

is placed into the die cawty
The Al is prepared and placed mto the

mold by hand (1mages 2 and 3) The oppos1te

Conventional injection TR
maoiding equipment ==
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Stage 2: Conventienal
injection molding

Finished partwith
‘ printed surface

Stage 3: Finished product




