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Polymers & Products

k_tr_periuan rekabentuk

Struktur, kekuatan mekanikal

Gear, sesondol, omboh, penggélek, injap, pendesak pam, bifah
| kipas

Asetal

Nilon
Fenolik
Polikarbonat
Poliester
Poliamida
Polietilena

Fungsi, perhiasa n

Tombol, hendal, bekas bateri, pengapit kabel, bekas kamera,
penyambung paip, bingkai cermin mata, stering kereta, hendal
_perkakas tangan

ABS

Akrilik
Selulosik
Fenolik
Polietilena
Polipropilena
Polistirena
PvC




Perumah dan bentuk gertrﬁggang

-Bekas talipon dan lampu, topi keledar, perumah untuk mesin
_pejabal, perkakas kuasa, pam dan peralatan kecil

ABS
Selulosik
Fenolik
Polikarbonat
Poliester
Polietilena
Polipropilena
Polisterina

Komponen optik atau lutsinar

1..|

Cermin mata keselamatan, kanta optik, para peti sejuk, peralatan
makmal, peralatan pemproses makanan

Akrilik
Polikarbonat
Polistirena
Polisulfona

Poliester (PET)

Merintangi haus

Gear, sesendal, galas, trak, pelapik pelongsor dan penggelek,
tayar

Asetal
Nilon
Fenolik
Poliester
Poliamida
Poliuritena




Polymer processing

Injection molding
Extrusion

Blow molding
Thermoforming
Compression molding
Transfer molding



Injection Molding




Injection Molding

N




Operation Procedures

Fill hooper with plastic material
(pallet/granular)

Plastic then heated In the barrel gradually to
the state that its’ able to flow sufficiently

Melt plastic is forced thru orifice to the
mold cavity

Open the mold when solidification
completed

Eject part and inspection



Injection Molding Machine

Feed hopper Heaters Barrel Stationary platen

Movable platen
Cylinder for screw-ram Reciprocating screw Mold

—

Tie rods {4) Clamping
Nozzle / cylinder
T —_ ,, 1[0 [ )
} : :—_} —]= T _: || |
l el == . =1 !
L1 ~ oy | ( (ol /
7 & Motor and gears Nolnretur 4 AN :JJHydrauIic
: valve |

] 7 for screw rotation ] ; cylinder

ITTTTTTTTT T T y o T TS

l—< Injection unit +— Clamping unit - >

The injection molding process depends on the injection
pressure, injection velocity, melt temperature, mold
temperature, and holding time.




Molding Cycle

IIIII AVIC

Cavity i‘ platen Polymer melt
; Nonreturn valve \

Solidification Molding

Fresh polymer oceurring
meit for next shot

N

(3) (4)
(1) Mold closing (2) Melt injection into cavity
(3) Screw retraction (4) Mold opening and part ejection



Injection Mold

Stationary platen Closed mold Opened mold

Water channels

Support plate

/ Movable platen Ejector pins Sprue puller
Ejector housing 7
Mol@ed part . r /
(S : gggiaﬁtaa;eknock-out plate) %
Runner NN
Nozzle — T | . ' K
Sprue __ . ? Sprue
Gate | | .J Ejector pin plate bushing
Parting Ii:e f L Ejector pins
(a) (b)
stationary platen and the moving platen of the molding
machine.
« The mold halves each contains the core and cavity to form

the part geometry.



Injection Mold

The mold has water channels to control the temperature of
the mold.

The cavity may have multi-cavities to improve the
efficiency of the production.

The core may consist of sliding cores to cater for intricate
geometry.

The sprue, runner and gate form the feeding system.

Hot runners are sometimes used to eliminate melt
solidification at the sprue and runner.

The ejector pins are used for part ejection.

The gate and ejector location should be chosen not to
affect the aesthetic design of the part.

Air venting should be provided for via the ejector pin
clearance or air vents.



Injection Mold

Stationary platen E Ejector pins

Moving mold plate
Intermediate mold plate

Stationary mold plate Movable platen
Gate Cavity |
[ i

Ejector housing

Runner 3 Ejector plate Sprue

bushing
Nozzle J
Sprue =

% 1 Ejector pin plate

i fo— ‘ \‘.,
l Y V)
i L Ejector pins Sprue and runner Molded parts

Intermediate mold plate

(a) (b)

5 of

Three-plate mold provides better automation and more room
for gate adjustment.



Injection Molding Machine

Feed hopper
Feed hopper

Molten plastic

Shut-off valve Heaters

SR {J ./'/'/'/ \t‘ I ;[I\\\;\\\\\\\
PSS S e ot S BE \‘
LU/ \\\\\\\\\\\ﬁ S / D Nozzle
>
e v ST \\\\‘t\\\“

Plunger
Torpedo

(a) (b)

Injection units: The two types being shown are the screw
preplasticizer and plunger type. The most common
Injection system Is to use the plasticizing screw to work
also as an plunger.



Injection Molding Machine

Crosshead

Open .

A

Actuating

Stationary platen

Crosshead links l

'/KMold

cylinder

Moving platen

@) :
Closed 3:“[11

(@)

Moving platen \

Stationary platen
Mold 7

Clamping
cylinder

(b)

Clamping units: The clamping unit could be mechanical or
hydraulic operated. The mechanical clamping system uses
toggle clamps while the hydraulic system uses a hydraulic

cylinder to provide the actuation.



Molding Defects

Shrinkage

warpage

short shots

Flashing

Sink marks and voids
Weld lines



Other Injection Molding

~ Processes |
e Thermoplastics foam injection molding

— Introducing gas into melt or mixing a gas-
producing ingredient with starting pellet.

— Producing part with high stiffness-to-weight ratio.
e Multi-injection molding process
— sandwich molding
— bi-injection molding
* Injection molding of thermosets
— mostly with high filler content



Other Injection Molding
Processes

e Reaction Injection Molding

— Mixing of two highly reactive liquid and
Injected 1t Immediately into the cavity to create
thermosets typically of large size.

— Low energy requirement.

— Equipment and mold cost are less than injection
molding.

— Good process reliability.
— Wide choice of chemical systems.



Other Injection Molding Processes

e Reaction Injection Molding

Holding tanks
Ingredient A /— _\ Ingredient B
{ | 7 f Injection piston | K |

=

Mixinghead —————




Design Considerations

e Production Cost:
— material cost
— mold cost

— operating cost
o cycle time
* labor cost
e QC cost
e finishing cost

The unit cost per part Is the most important item.



Design Considerations

o Part complexity

— The part complexity will increase the cost of
the mold, not only in terms of mold finishing,
but may incur sliding cores and other
mechanisms.

— The trade off 1s between mold cost and the
additional cost of having more parts.



. materdP&8ign Considerations

— Viscosity (at processing temperature and pressure)
— Coefficient of thermal expansion (shrinkage factor)
— Strength and stiffness

— Impact resistance

— Service temperature

— Degradation



Design Considerations

Wall and rib thickness - even thickness is
molded part is important.

Corner radii and fillets - avoid sharp corners
which leads to poor melt flow and stress
concentration.

Holes - Careful treatment in design to avoid
obstruction of mold opening.

Drafts - thermosets 1/2 ° to 1°
thermoplastics 1/8° to 1/2°



Design Considerations

Tolerances for: 2

Plastic 2.0-in. (50~mm) Dimension 3/8-1n. (10-mm) Hole
Thermoplastic:
ABS +0.007 in. (£0.2 mm) £0.003 in. (+0.08 mm)
Polyethylene 4+0.010 in. (£0.3 mm) +0.005 in. (£0.13 mm)
Polystyrene +0.006 in. (F0.15 mm) +0.004 in. (£0.1 mm)
Thermosetting:
Epoxies £0.006 in. (£0.15 mm) +0.002 in. (£0.05 mm)
Phenolics +0.008 in. (£0.2 mm) +0.003 in. (£0.08 mm)

Values represent typical commercial molding practice.
Compiled from [2], [6], [14], and [17].

2 For smaller sizes;.tolerances can be reduced. For larger sizes, more generous tolerances
are required.



Extrusion

A compression process in which the material is
forced to flow through a die orifice to provide
long, continuous product with regular shape
controlled by the orifice shape.

Hopper
Plastic pellets Polymer melt Breaker plate
Heaters / Screw
S 2 / / /—— Barrel Die
- 1 \ Extrudate
TR 3= SRR SNTRRRRRRN AT
SN -
\%§\\ Lé |74

}<‘ Feed section —»‘400mpressmn sectlon>}4 Metering section



Operation Procedures

 Fill hooper with plastic material
(pallet/granular)

 Plastic then heated in the barrel gradually to
the state that its’ able to flow sufficiently

e Melt plastic Is forced by screw press or
plunger thru die opening and convey on
conveyor or cooling bath/channel

e Letting the product cool and cut to length



Extrusion Machine




Extrusion in Progress




Extrusion in Progress




Sheet & Wire Coating Extrusion

. ADJUSTABLE
"UPPER DIE JAW

Sheet extrusion EXTRUDER

| \

i

WATER =n
COOLED
CHROME
PLATED
ROILLS

/ /

DIE
ANDS
ADJUSTABLE CHOKE n
OR RESTRICTOR BAR

RUBBER
COVERED
PULL-OFF
ROLLS

ire coating extrusion : R

; COATED WIRE -
GUIDER CROSSHEAD

Flg. 6-18. A cragshe ad holds the wire-

coatlng die and the
lapared gulder

o3 the soft plastic flows around Hu 10ving
wilia



Extrusion

. Die swell
![i Extrud

Flow of polymer

Breaker plate

Extruder barrel Converging die entrance

Die Extrusion die
Clamping ring

Extrudate
profile

Screen pack 1 b

Melt flow direction

Die opening size
(D, for round)

Die opening
length, L

Polymer melt

(a) (b)
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Extrusion

Direction of melt flow

i [
Screen pack r Vertical ex’;ruder barre

'I:l:lth
Breaker plate Polymer melt
Core tube Die sections
Bare wire i [ FHITITTTITTT TN Ty, Coated wire out

Vacuum seal .

l Partial vacuum drawn ere Coatlng




Extrusion Defects

- ?;
B ) r/i Extrudate

Direction of melt flow

Melt fracture

Direction of
melt flow

& | (b)

Sharkskin Bambooing



Sheet & Film Extrusion

Section A-A
Direction of melt f|ow$ h
._ / B Section B-8
Manifold —| _ _ -
S g w-waos S|t die
Extruded m i M )
film " iy L
Vl - i e
L I —»pB
F r * F
Extruder barrel Ch i I I rOI IS
Water Quenching
Extruder barrel
| | —— Slit die
- ‘ Slit die
Extruded film To drying and take-up
)\ // ; "—;—> To take-up
= /= - ’ y. * =
) hil Z /
Quenching bath - 3\ Chill rolls :
(a) (b)



Extrusion

Pinch rolls

l’ Feedstock

Collapsing rolls

Sheetstock
Guide rolls

Frost ling — ———-o

~——— Blown plastic film

rube die Calendering
Extruder Cg
i

[ Blown-film processing

Airin



Stages In Blow Moulding

===

extruder

??} i ; ’ ‘?" 2

mould —_ | / 1

[y ) M (/

. C @1 L.(_/;",: J!"j
IZ__}I_:I_-: RS ry!
nozzle [_”] 1

(i) Parison descends (1) Inflating (in) Cooling livl Ejecting



Operation procedures

Extruded parison is positioned in between
mold

Mold closure and tight

Hot air blowing expands parison and shapes
It to take the mold contour

Letting the product to cool down
Open mold and eject the product



Bottle Manufacturing

i F |

S . Y ¥

Lk 3

1) Extiusion i} Intlation of pretorm

(e} Manufacture of prefocm

-

li} Stretching fin] Inflation {nil Ejection
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Rotating Horizontal Table
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Thermoforming
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Thermoforming

£
A |
SRR et 4) e
% % .
b %
- —r
Female mold on platen—/{rames open—heaters idle. ”
= C
e
|
b) l - ; 5 J f Vacuum applied—stock cooling,
- ]

L [L \
________________ - e -
Cycle completed—equipment idle,
| I ot |
Fig. 13-1. Vacuum forming,
' iz A2
I gk B |

Heaters idle—{rames lowered, drawing stock
into contact with mold.



Thermoforming

wers ]
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Fig. 13-7. Martched mold formine. (Courress Do

COMPRESSED AIR OPEN

DY

LA, I
i

VENT HOLES

Heated sheet is clamped over cavity, and compressed air pressure lorce:

Fig. 13-2. Pressure forming into female cavity.
the sheet into the mold. (Courresy Dow)



Thermoforming

Air

[ -
[H

_]
L=

=
{
~ Seal
® I ‘
s | iy
N T T l.l\.-||_|j

Fig. 13-5. Plug-assist pressure forming. (Courresy MeGraw-Hill)
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Calendering

B e W 4 BN el -

HATERIAL FEED

HOLTEH
RESIN

wollh CALENDERING
b ; =" ROLLS
TAKE.OFF

: ROLL \\\
: .
 COOLING

ROLLS
EOGE

TRIMMIHG

Fig. 9-1. Schematic Hlusirailng the maln stoges In the colendating of polyvinyl chlorida film.



Calendering

HOT MATERIAL
FEED

CALEHDER

WIDER AND
THINHER . '
SHEET

TG TAKE.OFF

FULL wiDTH ROLL

BEFT

Flg. 9-2. Widening ond thlanlng of calendered sheet a3 it
passes through the rolls.
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Compression Moulding

Laluan air penyejuk
NN SN

e L o __
Penumbuk —:{:)J _ ij

Bahan

O |

, - . Terbuka
| =
=
Pin pelenting —i— qumm” “Land' + Bertindih
- ¥ f
. | ,.1 Ik
4% - i [ | Sirip Tertutup
j | i =
=

1 #
Komponen teracuan

Rajah 11 : Proses pengacuanan mampatan a) Jenis positif,

b) Jenis separa positif dan ¢) Jenis Sirip atau
lelebih



Transfer Moulding

s | | |
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(a) Preform in position (b] Material forced into cavilies

Fig 4.44 Transfer moulding of thermosetting materials



Filamen Winding

Rotating Traversing
mandr el resin bath
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Supply of
roving
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Fig. 4.52  Filament winding process



