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Module 5
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a Trpes
- Extrusion
- Blow Moldiag

: Injection Molrring
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Thermoplastic Pellets

Thermoplastics are manufactured and sold
in pellet form.
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Introduction

Thermoplastics are

typically manufacture d

and sold in pellet and

sheet form using the
conversion process of
extrusion.

Conuasiott Processes

Modules I through 4 dealt primarily with thermoplastic materials:

thermoplastic families, thermoplastic structure, thermoplastic
modification, and thermoplastic properties. Throughout these mod-

ules, we learned that one of the greatest attributes that thermoplas-

tics can offer the converter is foimability. This module is devoted

entirely to the foriiring of thermoplastic pa.rts. STK 50f

Objectiues:

At ttre end of this module, participant should be able to:

. Define conversion processes.

. Describe the major t)?es of conversion processes:

extrusion, injection molding and blow molding.

o Describe the advantages and disadvantages of each type

ofconversion process.

o Determine which type of conversion Process is used for

various applications.

* trdentify the qrpes oflconversion processes used in your

c0rd?pacrY.

Thtrmoplastic Pellcx
In prwious modules, we learned ttrat plastic materials are made by

isolating certain molecules and polymerizing them to form long,

chain-like molecules. These thermoplastics are sold in the form of
tiny pellets or sheet. It is *re responsibility of the converter to convert

these raw thermoplastic shapes into thermoplastic parts. STK 502
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Soften & Form

l;ul I
PartResin Heat Melt Tbol

Therooplastics arefh]ilEiluntil thcy flow thcn
forced Uy.@lto form a finishcd part.

5
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.lffii54i*r
ffi
w9 GE Plastlcs

Heat & Pressure

Conversion processes vary by the
combination of method.s used to:

. Raise the temperature of the material

5

Participant's Notes:
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to make it flow and to apply pressure.

. Apply pressure to the flow to make it
form a parL
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Y
Conversion refers to the
act of converting the
plastic pellets into fmal
part shape.

Each convqsion requires
the application of heat
and pressrne.

Sofren and Fmm
There are many methods of converting thermoplastics into usable

parts. In each conversion method, the thermoplastic must first be

softened, then formed. The ability of thermoplastics to soften when
heated, form into a shape when molded, and solidifi into a part when
cooled is what makes them unique. Conversion processes vary only
bythe combination ofmethodsused to soften the material and form
itinto a finished part. STK503

&{ew& wepd fuesswe
To soften a therrnopiastic material, heat energy rnust be appiied to
raise its temperature. This heat energy is usually generated either
electrically or mechanically, or by a combination of the nro. The
method used to raise the temperature of the material to malce itflow
depends on the process of conversion. Once the material is flowing,
pressure can be applied to make it form into apart. Pressure can be
applied in a variety of ways - by squeezing, by pressing, by clamping,
by injecting, by extruding, or even by inflating the thermoplastic so

it fornis to the contours of the mold. The method used to mold the
material depends on the process of conversion. STK 504
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Conversion Processes

fEffiIonl4 +

ffi
Blow Molding

+
IuJectlon Moldiag

+
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Extrusion

Extnrsioa is tlre act of squeezing, pressing, or pushing
oaterial tnrough a die in order to make a shapc.

5
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Extrusion
Three -ajortnles of
primary conversion

pro cesses : extru.sion,

blow 66lrting, and

injection moldi.B.

F,xtnrsion is the act of
sgueezing, pressing, or
pushing material through
a die to make a shape.

Conuasion hocesses

The manypellet conversion Processes available today can be broken

down into three general categories: extrusion, blow molding, and

injection molding. Most other conversion Processes stem from one

or more of these technologies. STK 505

&Eap'ad,si#Btt

Extrusion was tirs[ rised'by the nuhber iraeiustry durring the tr930s. Xn

general, it is the act of pushing or pressing a material through an

opening. For example, toothpaste is extruded from its tub'e, and

Playdoh* is extruded through an opening in the Playdoh Fun Fac-

tory". Thermoplastic extrusion involves the pushing of a thermo'

plastic melt through a die to form a shape. STK 506
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Thermoplastic Extrusion

External

Die

Screw
Rotation

Heater bands provide electrical heat energy and sctrw
rotatios provides mechanical heat

soften tie pellets
5
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Profile Pipe / Tlrbing

Compression Thermoforning

GE Phsttcs

Extrusion

@

Extrusion

Sheet
t

I

I

5

t--
Vacuum
Forming

I

Pressure
Forming

Participantfs Notes:
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In extnrsion, electrical
and mechanical heat

soften the pellets.

Once softened, the
plastic can be eurtruded

into mary diffetent
shapes orproducts.

' Themtoplastic Ertnsion
Thermoplastic extrusion uses a combination of electrical and me-

chanical heat energy to soften the pellets until ttrey flow. Heater

bands provide the electrical energy and scrswrotation provides the

mechanical energy that, together, serye to raise the temperature of
ttre materid so it softens and flows. STK 507

Exwztszwe

Once flowing, the rnateriatr can he extruded isrto avarietyofdifferenc
shapes and products such as profiles, pipe, and sheet. The extrusion

ofsheetis the firststep in compression moldingand thermoforming"

F,xtnrsion is also an integral part of processes involving either blow
mol.Iing or injection molding. STK508
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Uniform Profiles and Indefinite Length

<-
<-
<- ta;--ll-al

lo ol

+
+
+

Thc plastic flow is extruded tbmugh a dic using mechanical
back pressure to forn a part with a uniform profile that

can be cut to any desired length.
5

@
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Engineering Extrusion Line
Caterpillar fuUcr ft Siziog Th.nk or Cooltng na* (=- txtruder

A ttrermoplastic profilc is extnrded, thea its shapc is bdd
tllt ssoled bdow its glass traasitioo tenperature.

5

Participant's Notes:
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Many different profiles
(shapes) ca" be
qtruded.

Once a thermoplastic
profiIe is errtruded, its

shape must be held until
it is cooled and

solidifies.

Unjform hofi.les and hdeftnitc l-engtlt
The thermoplastic material is first softened, then forrned. In'extru-

sion, the plastic flow is formed by extruding it through a die using

mechanical back pressure. The melt takes the shape of the die and

emerges as a uniform profile that can be cut to any desired length.

Prolile extrusions are uniform cross sections of inFrnite length.

Pipe and tubing are bo th profrle extrusion s. They are often called o u t

as a separate product category due to the uemendous quantity of
pipe and tubing that is extruded in ayear. Profile extrusions can take

many shapes and can be cut to any length. Products such as lighting
fixtures, window blinds, and display frames are ali orofile extrusions.

' srK509

ffiiagdreeerdvegEEfrcesid@ea E icae

Af,ten ehre therrnoplastic rnelt is extruded througEa the die, its shape

must be held until it cools. The melt is above its glass transition

temperature so it is able to flow and form. It must then be cooled

below its glass transition temperature so it can solidi$ into a part. The

er(tnrsion is pulled by a caterpillar puller through a vztcuum sizing

tank which cools the material while still maintaining its extruded

shape. Once solidified, the extrusion is cut and trimmed.

Because an extrusion must be able to support its own weight after

emerging from the die, special resin grades are used that provide
greater melt strength. Polymers are often branched to make them
flow more stiffly. When polymer molecules contain branches, they

tend to provide greater melt suength. STK 510

l---
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Extrusion
Advantages:

. Continuous Process

. LonS Simple Shapes
' . Low Tooling / Die Costs

Disadvantages:
. Limited Part Complexity
. Constant Cross Section

Participant's Notes:

STEL SEg

@ GE Pbstlcs

Extrusion
Extnrsiou

Profile Pipe / Tlrbing

Compression Thermoforming
I

Vacuum
Forming

I

Pressure
Forming

5

Sheet

Participant's Notes:
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Extrusion has advantages

and disadvantages

depending on the
ss'nplexity of the shepe

required.

E:<truded sheet

Extrusion
Extrusion poses mary adlantages to the manufacturer" It is a con-

tinuous process capable of molding long, constant cross section

without incurring high tool and die costs. Still, it offers limited part

complexity and is typically used to manufacture Parts with constant

cross sections. STK 511

Emiraasaw,

Ttleruroplascic sneeu rnust. rinsr oe e:<.EnllGecl, Lnen l1 can oe convertect

into a rrariety of products by such methods as compression or

thermoforming. The material can be used as aflat sheet or formed

into other shapes. STK 512
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Plastlcized
Materld

GE Pbstlca

Extruded Sheet

Rigid sheet

Cutauray viemr of shect cxtnrsiou

@

5

srK513

Participant's Notes:
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@ GE Plasties

Glass Impregnated Sheet
(= "r"*rtcturt

++
Glass

lDprcgnated
Shcct tt

ft orar"rtcsust

Glass inpreguated sheet ls a combiaatloa of gla*s mat ard
tJrermoplastic resin - it bas both higb stiffiess 8!d

good imPa.ct strcrgt!.
5

Participant's Notes:
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H Rolls are used to snpport
and polish/te<ture the
sheeL

Glrss mat can be
incoqporated in the
thermoplastic sheet to
increase its stiffness and

strength.

bctuded Sheet
This is a cutaway of the sheet extrusion process. The plastic is still

extruded through a die but instead of being supported and cooled

downstream, the wide piece of sheet is nipped by a stack of polishing

rolls. It is dragged through these rolls which support its shape as it
begins to cool. It is still cooling as it passes through the next set of
horizontal draw'rolls. Eventually it cools below its glass transition

temperature and can be cut and trimmed. STK 513

#fzzss Xruffiryreated ffnee{

Gtrass filat cam he incorporated into che therrnoplastic sheet ro

increase its stiffness and strength. Glassimpregnated sheetis manu-

facnrred by extruding thermoplastic sheet ben^reen layers of glass

fiber mat. The glass and the resin mesh together and form glass im-

pregnated sheet- This new material offers stiffness and impact strength.

AZDEL0, AZI\,IEP, and AZLOF are three oramples of glass impreg-

nated sheet currently being used, in applications requiring a combi-

O Gcncrd Elcctric Conpoy l9t9 ra-PL^Jlu-sTf,PtoD tsu,/a-er5
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Heating Sheet

Sheet Sheet abovq T6

Oven

+

Sheet Eust be beated abovc T6to softca iL

5

sTK 515

Participantfs Notes:

STK 546

Participantrs Notes:

@ GE Fbstlas

Glass Tfansition TEmperature
fo
I

// /

? ,

T6 is the tenPeraturc bdow whiclr tbe material is glassy
asd aborrc whic.b ttre material is rubbcry" Sheet le heated

just above its T6 but not eoougb to be very flui&
5
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I

Sheet mtrst be heated

above its T" in order to
be formed.

Thermoforming sheet

should be done above
E.lG'

Heathry fireet
Once extruded, sheet is sold. for conversion the sami way thelmoplas"

tic pellets are sold for conversion. In fact, after polymerization,

thermoplastic pelles axe extruded and then cut into tiny pellets-

Both pellets and sheet must then be softened again before being

converted into a part. Therefore, thermoplastic sheetis placed in an

oven and heated abbve its glass transition temPerature so it softens,

sTK 5r5

Gfess Wsnsi,tiwa Vemp eratzre
.{ rnaterial's glass transition temperarure (T") is ttre temperature aE

which a material turns from a "glasty'state to a "rubbery" state.

€ Gcncrel Elccrric Goopany l9t9 IrFPLeJlt t7-STrF'tOD Lr2,/S.+r7

Below T", the thermoplastic sheet is hard and rigid and would

require an er(traordi.-y amount of pressure and energy to make it
form into a part Too far above T., the sheetwould soften into its melt

sulte, rendering ttre entire process of extnrding it into sheet useless.

Just above T., the sheet is soft and pliable, but not fluid. It still will
suppoft its own weight, but it is supple and can be easily formed into
a part. STK 5f G
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Compression

GE Plastlcs

Pipe / Ttrbing

@

Extrusion

Profile Sheet

Thermoforming

5

Extrusion

I

Pressure
Forming

Vacuum
Forming

sTK 517

Participant's Notes:

S"FBT EHF,

Compression Molding / Stamping

Tbc softcncd sbect is placcd in tlrc mold then Prcssed into shapc
by comprcssive forcc.

GE Plasttcs@

5

Forcc

+ffi
Softcned Sheet

A Comprcssion
Moldcd Part

Participant's Notes:
t--

M.AiA.OULSTf,-MOD Lr!/T;L{'GI8 G Gcncrd Elccric Conpany 1989



Compression moldi.g

In compressisll 6s[ding
conpressive forces are

trsed to shape a softened
thermoplastic sheet.

Extttsion
Sheet can be formed into a part by either compression molding or

thermoforming. STIi 5f 7

ff ornprasioratuEofding/Stnmpimg
Compression r:nolding, or starnPing as it is commoni.y ca-lIed', is

similar to the process used to mold thermoplastic parts and stamp

sheet metal. Itpresses *re softened sheet into a part using comPres-

sirre force. This cutaway depicts the process. The softene d sheet is first

placed in the mold. The mold is then clamped closed and this

clamping force presses the sheet, causing it to form to the contours

of the mold. Once cooled, ttre part is removed from the mold and

trimmed.

Compression molding grves ttre converter the ability to mold a deep

draw partwith interior detail. Compression molding is often used in
the fabrication of glass impregnated street because of its ability to

mold rather complex parts without damaging the rnaterial's long

glass reinforcement fibers. Marry other processes, such as injection

molding, involve screwrotationwhich tends tobrcak these reinforce-

ment fibers and render the material less useful in terms of rigidity-
sTK518t-
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"STK 519

@ GE Plastlcs

Compression Molding / Stamping
Advantages:

o Long Glass Fiber Capability
. Low TEndency Tbwards Warpage aad

Distortion
o LarEie Variation iB wall Thickness

Disadvantages:
. Secondary Tfimming
. Lon8er Cycle Tlme

5

Participant's Notes:

.:ry"T' :ldDdl,J rlfa;Jei

@ GE Plasttcs

Extmsion
Extnrsion

Profile Sheet Pipe / llrbing

QsmFr€ssion

5

Thermoforming

Pressure
Forming

Vacuum
Forming

Participantts Notes:

M.PtIJl r7.SIX TOD LTL/ALG?O O Gcnerel Elcctric Corapany 1989



The advantages and

disadvantages of
compression molding.

Thennoforming

Cornprasim MoWing /Stampiry
Compression molding provides a rzriety of adrrantages to the con-

verter. It is considered a good alternative to injection molding, esPe-

ciallywhen molding glass impregnated sheet. Compression molding
is also capable of producing para that have large variations in wall

thickness with little or no warpage, distortion, or voids. Compression

molding also requires longer cycle times and secondarv trimming
srK 519

Hxk'p,ssii,swu

T*here are t'wo Efpes of, tlaerrnoflor, iliiag: 'uacu&urri forining and pres-

sure forming. STK 520

i--
I
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srK521

UI
n

The prcdried heated shcet is placcd over thc mold and the
sheet ls cvacuatcd. Atmospheric pressurc forces thc shcet to

forsrtffiold.

GE Plastlcs

Vacuum Forming
Softeneal Sbcct

A Vacuurn Formed Part

@

+

+

5

Ib Vacuum Thnk

Atmospheric
Pressurc (f4.7 Psi)

Participantfs Notes:

lr-:- 5?:l

@ GE Pbstlcs

Pressure Forming
Softened Sheet

Fluid

+

Tbe predried heated sheet is placed over thc mold and
ttre edges sealed- Fluid pressutc forces tJre
sheet to fora to tbe cootours of tbc mold"

5

Participant's Notes:

i/
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A Pressurc Ebrmed Part



Amospheric pressure

forces the sheet to form
to the contours of the
mold.

Fluids are used to apply

Pressure.

Yaatum Fonrfug
Of all *re sheet fabrication processes, vacuum forrning uses the least

amount of pressure.It relies on atmosPheric Pressure and therefore

can exert no more than 14.7 psi. This cutaway depicts the process-

Softened sheet is first placed in the mold. Ttre mold is then closed

and the air underneath the sheet evacuated. Atrnospheric pressure

then forces the sheet to form to the contours of the mold.

Vacuum forming is a low pressure process and is therefore less

capable of molding sharp corners, deep draws, or interior detail.

Because itis alowpressure process, inexpensive tooling can be used.

Vacuum forming is often used in prototFPing. STK 52f

fuwsEwe F{vw:{wvg

Fressure forrning utilizes rnore pressure than qacuum forming htlt
less pressure than compression molding. This cutaway depicts the

process. The softened sheet is first placed in ttre mold and the mold

is then closed and the edges sealed. Fluid pressure is then exerted

onto the sheet forcing it to form to the contours of the mold.

The pressure formed part may have more detail than the racutun

formed part, but less detail than the compression molded part.
sTK522
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sTK 523
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Thermoforming
Advantages:

o Low Pressure Process
. Automation
. Low T[sling Cost

Disadvantages:

o Longer Cycle Times
o Lower Part Complerity

5

I

Participant's Notes:
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@ GE Pbstlcs

Conversion Processes

Extruslou lE o-wfrffiin-gl--rr InJectloa Moldlng

++

5

Participarrtrs Notes:
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The advantages and
disadvantages of
thernaoforming.

ffiiimwr rM*Eidisqg

Blow molding.

Thermoforming
Thermoforming is alow pressure process that can be automated and

incurs relatively low tooling costs. For example, large quantities of
plastic coffee cup lids can be vacuum formed all at once, then

stamped out. Thermoforming calls for longer cycle times than even

compression molding and offers limited part complexity.
srK 523

lesvawgreaw -Prscess*
Elow rclotrd.ing is one of ehnee conversron procasses. There are srrany

types of blow molding; however, in this module we will discuss

extrusion blow molding. STK 524

O Gcncrel Elccuic Conpany l9t9 [a-PLA.0r l7.sTr-raoD L12,/894(L25
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Blow Molding
Mandrcl

Thc matcrial is softcncd and pushcd thtough
a die hcad to form alEiffill

5

sTK 525

Participant's Notes:

sTEa Sg,f

@ GE Plastl*

Parison
IIollor

A partson is a hollow tube of softcBcd plastlc.
Its shapc is detcrmhed by screr speed andbr t{re

die opeoing.
5
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Participantrs Notes:
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1-
A parison is extnrded
through a die head.

Aparison is a hollow
ttrbe of softened plastic.

Blaw Molding
In blow mold.ing, the thermoplastic is first softened by electrical and

mechanical heating in the extrusion barrel. The resulting melt is

then extruded through a die head to form a hollow tube of molten

plastic called. a parison. STK 525

Pordsarl.

As the parison is exmuded, it rnust be capable of supporting its own

weight for several seconds. Therefore, blow molding calls for resins

with flow characteristics similar to resins that are used in proEle

extnrsion. Blow molding resins are typically polymers that provide

superior melt strengttt. As we'Il see later, the size and shape of *re
parison is determined by the shape of the die opening and the speed

of e:rtnrsion. STK526

6 Gcncnl Elecuic Compony 1989 r-PLAFor r,-STFLCTD >t2 /W/t
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srK 527
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The Process of Blow Molding

Closcd Uotd Comprcsscd Alr
Perlroo Blovpln

r> +
Opcn Mold Plnch off

flrc parlson ls lct down (dropped) into aa open mold.
Thc mold thcn closes, pinchcs off tbc parisou, which is tben

inflatcd rith air until it takcs the shapc of ttre mold.
5

gffil5g"'l
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Controlling Wall Thickness
nabed Mandrcl lpwcred Mandrcl

TDIDDCT
wdt

Thlcler
chll

Thc mandrcl in tils pnogrammablc dic can bc movcd to clthcr
lncrcasc or decrease wall thickncss of thc parison.

5

t
$

Participant's Notes:
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I

Blowmolding uses

compresed airto form a
shape.

WaIl thiclmess can be

controlled bythe di. g"p
and,/or the screrc speed.

Th,e Procus of Blow Molding
This cutaway depicts the process of blow molding. First the hollow

parison is extruded. Then the mold closes, pinching offthe extruded

parison which surrounds the blow pin. The blow pin provides the

opening for compressed air to enter the parison, and inflate the

thermoplastic sp it forms to the contours of the mold. STK 527

trwnwathing WaF.E TFzd &rues s

Ttre thickness oflthe wali of the biow rnolded part is deterrnined hy

the thickness of the parison. Aswe stated earlier, the size and shape

ofthe parison is determined by ttre shape of the die opening and the

speed of extrusion. The thickness of the wall is determined by the

programmable die opening. Raising and lowering the mandrel

decreases and increases the die opening for thinner and thicker
parts. Raising the mandrel, for example, narrows the die opening,

making the parison rvall thinner and therefore the part wall thinner.
Lowering the mandrel widens the opening, making the parison wall

thicker and therefore the part wall thickcr. STK 528

G Cen€rrl Elccuic Corpelry 1989 rrHtlr{ I 1 T-STIGI{OD FI2l'tFaO-2!}
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Why Blow Molding?
Mold

Blow Motdiag is aa dfective way to prrocessl bollow parts.
5

STK529

Participant's Notes:

:!ffi( S3{)

Blow Molding
Advartages:

o Double Wall Geometry (Hollow)
. Good Stiffness-to-'W'eight Ratio
o Low Cost Tboling

Disadvantages:
e Longer Cycle Times
. SecondarJr Tlimming
. High Start-up Cost

GE Plastics@

5

Participant's Notes:
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BIow 6s[ding is an

effective nmy to processi

hollowparts.

The advantages and

disadvantages of
ortrusion blow nslding.

wtY Blout Moldbtg? 
ItarsoletsusBlowmoldingis ?rn effective wayto Processhollow parts.

mold hollow parts without seams. Imagine tryrng to injection mold a

hollow part. The moldwould be like a ship in a bottle. Once the part

was molded, itwould be impossible to remove the mold from the part

without splitting the part and creating a seam. STK 529

BECIw fuflolddreg

Biow rnolding is an effective way tc produce hoilow parts. It also

molds paxts with good stiffness-to-weight ratios while incurring rela-

tively low tooling costs. Still, it requires longer cycle times, secondary

trimming, and high start-up costs. STK530
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Conversion Processes

GE Plastlcs@

Extrusion

+
lEccilotr ffiiffiAl--s-

5

llqs lflelding.

+

STK 53!:

@
GE Plastlcs

Injection Molding

Iojection Dol,ling ma.kcs possible ttre mass prodirctioa
of iatricate higb perforaancq high tolemnce parts

ritb llttle secoadar5r labor aad minlmrl waste 5

Participant's Notes:
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Injection
Molding

Injection mtllding can

produce intricate, rtigt

performancer higt
tolerance parti.

STK 53I

kajectdwra fuEoffidrry

{ar.jection moi<ling cnakes possible &iee niass pa"oducciora of intricata,

high perfornance, high tolerance parts with little secondary labor

and minimal waste. It is ttre function of the injection molding
machine to heatand soften the thermoplasticpellets, and*ren inject
the flowing material into a mold, where it cools and freezes into a
part. ' STK532

G C-cnetzl Elcctric Corapany l9t9 H-Pt &.{ru7-sTHloD Lt2./e}+rr

C.onztqsion hpcsr',su
The last process to be discussed is injection molding.

{
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@ GE Plastlcs

Injection Molding Machine

An injection molding machine
consists of two systems:

o An injection system is used to plasticizrc
the material and force it into a mold.

. A clamping system is used to hold tJre
trno halves of ttre mold together as
plastic is forced into it to form tJre
parL

5

Participant's Notes:

$T3{.5Sa.

@ GE Pbstlcs

Developmen tof eetion S

Pluugcr

Plungcr Fot

Injectlon Forcc

Flxcd
Scrcs Fot

Injcction Forcc

5

G

(:=

Participantrs Notes:
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An injection molding
naehins consists of an

injection srEtem and a

clarnFing systetn.

The injection srctem

evolved from a plunger
to a reciprocating screw

62ching.

Inj eaion Molding Ma&ine
The injection molding machine first plasticizes the material and
injects-it into a part" This constitutes the injection system. The
machine maintains pressure on the closed mold while the material
cools and hardens into the part. This function is carried out by the
clamping qystem. Together, these systems make possible the high
volume production of sophisticated, close tolerance r*o.rO,U*

B eu ef*pmere* *f Ewj e atioae,S3rsfenrcs'

nt is the speed anel efficiency ofl che in"iecaiom molding pnocess rhat
makes it so suitable for high volume part production. It is the
consistency of the injection system *rat makes possible the produc-
tion of close tolerance parts.
The inj ection q6tem is responsible for fi rst plasticizin g material, then
rqiecting it into the mold. The fi.rst injection molding machine
plasticized the thermoplastic pellets using electrical heat. Electrical
heater bands on the side of the machine barrel transferred enough
heatto the pellets to causethem to soften and flow. Once the materid
was flowing, a plunger system was used to force it into the mold. Not
all the pellets were getting su{Eciently heated before injection. So a
pot was added. Instead of forcing the material into the mold, the
plunger now forced the material into a plunger po t. The plunger pot
was also electrically heated and allowed the material more time to
soften thoroughly Lefore final injection.
Eventually it was learned that an extruder provided a more consistent
plasticized melt. So theplungerportion of the systemwai completely
replaced by a rotating screw. With this system, the material is plasti-
cized by both the mechanicd heat generated by the rotating screw
and the electrical heat generatedby the electrical heater bands. The
therm oplastic mel t is eitruded in to a fixed screw pot which serves the
same purpose as the plunger pou to allow the material further time
to soften before injection. Then, the material is injected from the
fixed screw pot into the mold. STK 534
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The Reciprocating Scre\f,r

A reciprocating screw is a combination plasticlzlng
aud injection unit.

5

srK535

sT,'Klj:,3rr

@
GE Ptastlcs

Plasti cizing the Pellets

a$d

Hcatcr BaDds

Nozzlc

Scres
Rotation

The pcllcts arc plasticlzcd using botb clcctrlcal cncrgf
from tbc hcatiag bands and mechanical cocrgy from the

rotation of thc screw.
5

Participant's Notes:
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A reciprocating screru is

a combination melting,

"of1eningr 
and injection

lrnit.

?'lae pellets are soitened
and melted *irg
electrical energy from
heater bands and
laschanical energlr from
the rotation of the screw.

The Rscipmmting Suau
As each injection system dweloped, the injection molding Process
became increasingly more accurate and productive. The reciprocat-

irg *r.t" is the latest injection method to have evolved.It is a com-

bination plasticizing and injection unit. Ttre screw first acts as a

rotating screw to plasticize *re pellets and conveythe plastic melt to

the front of the barrel. As *re material accumulates, it forces the

screw back. Once the shot size is accumulated, the screw is pushed

forr,nard, to inject the material into the mold. STK 535

Pflnsticizdry t#e,e PeI,Eets

Today, the plasticizing process in injection molding is the same as the

plasticizing process in extrusion: a combination of electrical and

mechanical heat energy softens ttre pellets until ttrey flow. Heater

bands provide the elecuical energy and screw rotation provides the

mechanic-al energy that, together, serve to raise the temperature of
the material so it flows. STK 536
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Screw Description
Metering Transition Feedr-i-

Lnitial portion of scres which picks up
pellets aad caries tbem forward.

Central portion of scrgw'wlth reduced
chaaoel deptb wbich eompresses the
plastic, eliminatiug ttre air betwectr tlre
pellets and heatiag & mdtlllg theE-
Shallow end of scrcw which does fi.ud
plasticizing of mdL

GE Plastlcs

Meteriag Section:

@

5

rlEhtl
Feed Section:

llaasition Secdosl

affi? a&r
'. fi |F .n,hr

GE Plastlcs

Screw Configuration TErminology
Metering Ilansitioa Fced

F

D

L

Terminology
L: Leotth of Scrsw

D: Diaoeter of Scrcw

F: Fl.iglht Dcptlr

Design
L€EgthlDiameter (UD)

Fecd Deptb/Meter Depttr
(Compression Ratio)

5

Participantrs Notes:

I
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A scren, consists of the
feed section, the
transition section, and

the metering section"

Tfre cornrtron

terminologyused to
describe injection
mslding screws.

Sqau Dadption
The screw is crucial to ttre plasticizing process. It is the design of the

screw that determines how well the material is plasticized. The core

of the screwis tapered.It starts outnarrow, then becomeswider asit

nears the nozzle. Screw design qan be broken down into three

sections: feed, transition, and metering. The feed section is the initial
portion of the screwwhich picks up the pellets as they enter the barrel

and carries them along to the uansition section. The transition

section does most of the plasticizing. In this central portion of the

screw, the core begins to widen thus reducing the channel depth.

Ttre reduction in channel depth serves to compress the plastic,

eliminating the air benueen the pellets and encouraging them to
flow. The transition section then conveys the plasticized material to

*re metering section.In the metering section, the screw core is atis
widest which further compresses the material arid completes the

plasticizing of the melt. STK537

Sers{A, #wffigztratdsre TffistdnotCIg
EIee specific dimensions ofla screw can greatly affect the processing
of a material. A screw has several critical dimensions: length (L), di-
ameter (D), and flight depth (F). It is important to understand these
critical dimensions and the alfect they have on the plasticizing of a
material.
(L) is the length of the screw, from the first flight to the last. (D) is
the diameter of the flights of the screw. The screhr's tapered core has

nothing to do with i ts diameter. ( F) is the flight depth, or the distance
from the edge of a flight to the core of the screw. The flight depth is

therefore greater at the narrower feed section than at the wider
metering section of the screw.

Screw designs rary by these dimensions. The important design ratios
to understand are L,/D and the compression ratio. L,/D describes the
relationship betrreen ttre lengttr of the screlv and its diameter. L,/D
is an important indication of a material's residence time. The com-
pression ratio describes the relationship benreen the feed depth and
the meter depth of the screw.Itindicates towhat degree the core of
the screw is tapered. The compression ratio is an important indica-
tion of the degree to which the plastic will be compressed as it is
conveyed from the feed to the metering section of the screw.

sTK538
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@ GE Plastlcs

Screw Design

Excessive Mechanical Heat
Can Be Caused bY:

o Low L / D's and Sharp Transition
Zotes

o HiEIh Compression Ratios
(ie. 3:1 or 4:1)

5

Participant's Notes:

sTs" 5.4{.

@ GE Plastlcs

Check Ring Function
Cbeck SeaI trbracd Hcre

During tujectiou

The cbeclr ring must be forward to eatnrdc tbe plastic aad
must slide back iato a sealed position to iaject thc Part.

5

Participant's Notes:
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Small L/D atd/or sharp

transition zones can

create orcessive

mechanical heat.

High ss'npression ratios
can 6eate excessive

mechanical heat.

The check ring slides
fonmrd for extrusion
and badnyard for
injection.

Ssau Dqig
The higher the L/D, the longer the screw is in relation to its diameter-
Ahigh L/D means less mechanical energy, butlongerresidence time"
A very long residence tirne or excessive mechanical heating could
cause the material to degrade. An L/D of 20:1 is suggested to ensure
enough residence time for thorough mixing without adding excesr

sive mechanical energy.

The compression ratio describes the volumetric transition of the
screw. A high compression ratio such as 3:1 or 4:1, may create exce$
sive mechanical energy which could cause the materi, ," 

$ffil;

{he&eerg {'amc€iwa

T-he diff,erentiating f,acton hehveen rhe reciprocating screw used in

injection molding and the rotating screl used in extrusion is the

check ring. The check ring is a floating ring that encircles the screw

at iu tip. This floating ring slides back and forth to convert the screw

from 'plasticizer' to 'injector.'As we've seen, the reciprocating

screw first acts as a rotating screw to plasticize the pelles and convey

the melt to ttre front of the barrel.

As more and more of the melt accumulates in the metering section,

it begins displacing the screw and forcing it to retract to a predeter-

mined position equal to thevolume of material needed for the shot.

At this time, the screw stops rotating, and on the proper signal, will
move forward to inject the material into the mold. Itis this forward

movement ofthe screw that causes the ring to retract into the sealing

position. The check ring must be forward to plasticize and extrude

the plastic, xnd must slide back into a sealed position to inject the

plastic into the mold. STK*10
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@ GE Plastlcs

Clanrping System
Closed Unit Opea Unit

N*lc

rlovable Stattonary ll@ablc Stsuoaary
Plati:o Pletao Platco Ptatl'r

The mold is mounted on the clamping uait whic,b provldes tJre
motion asd forcc to open aad close ttre mold. and to bold

tle mold dosed durhg injection
5

Participant's Notes:

S"1I?L rS4::

Machine Clamping Capacity

Clamping Capacity is the maximum
Holding Force (expressed in tons)
tJrat a machine is capable of
maintaining.

@

5

Participant's Notes:

l--
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The cla-piog.-it
provides the capability to
open and close the mold
and to hold the mold
closed during injection.

&{achine sl:*"r.lping

capacity is the holding
force that a machine is
capable sf rnaintaining.

Clamphry Sstm
As stated earlier, the injection molding machine consists of nvo sys-

tems: the injection system and the clamping system. The clamping

system is responsible for clamping the mold shut in order for
injection, holding it shut so the part can be sufficiently cooled below

its T", and opening the mold so as to release the frnished part, After

the part is removed, the mold clamps shut again and the process is

repeated. The clamping unit consists of a stationary and a molable

platen. The movable platcn provides the motion for opening and

closing the mold, and for clamping the mold closed during injection-
sTK54t

',il{werapdrag #wpwadry

The rnaxirnurn hoiding florce that a naachina is capabie of maintain-

ing is called the clamping force. This madrnum clamping force is

expressedin tons and itcan indicate the size of theinjection molding
machine and,/or its clamping capabitity. For example, a 500 ton

machine is capable of exerting 500 tons (one million pounds) of
force. STK 542
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The Injection Moldin$ Process
Requirements:

. Sophisticated Tboling

. Good Tboling and Part Design to

Beuefits:
. HiEh Tblerance Repeatabilit5r
o plitnination of Scrap
e Elimination of Secondary Operations
o Reduced Labor for Long Runs

GE Plastlcs@

5

Participant's Notes;

,SHi;$e*i

@ GE Plastics

Foam Mol
or

Blorlng Agcnt
and R6ln

Foam moldlng ls an alternative method of inJectlon molding
uslng foamable resins, then blendlng them with lnert

gas or a blowing agent to mold low stress parts-
5

Participant's Notes:
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Reguirements and

benefits of injection
mqlding.

A foam molded part is
often as muctr ash07o

lighto than an injection
molded part.

The l$ectiur Molding hocess
Injection molding is a sophisticated process that requires good tool

design and. good part d,esign to minimize stress during processing. It
is the only process that can deliver high tolerance rePeatability, with

the elimination of scrap andnumerous secondary operations. tn ad-

dition, injection molding is often the most productive processing

method for very long runs STK 543

Forc;na fuflo$dirng

F"oarra rnold,ing is an extension of injection moiding that uses foam-

able thermoplastic resins. The resins are mixed with a blowing agent

as theyenter ttre hopper, or they enter the hopperwittrout a blowing
agent and are then mixed with inert gas while in the barrel. This

mixture of resin and gas is shot under pressure into a cavity. As the

mixnrre fills the mold, the gas expands and forms tiny bubbtes within
the plastic. Foam molding requires less clamping tonnage because

the cavity is actually filled with Iess resin, due to the presence of the

gas. The resulting part has an internd cellular strlrcrure and a tough

enternal skin. A foam molded, part is often as much as20Vo lighter
than an injection molded part. STK544

f-
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Foam Molding
Advantages:

. Low Pressure Process

. High Stiffness-to-Weight Ratios
o Enhantced Chemical Resistance

(vs. Injection Molding)
Disadvantagfes:

o Poor Surface Appearance
. Longer Cycle Time (vs. Iujection Molding)
o Blsading Required

5

Participantrs Notes:

@

Understa,nding
Conversion Processes

5

t-. tL-4. 3{tr

Participantrs Notes:
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The advantages and

disadvantages of foam
moldi.g.

Saxamsmary ffiBd
Ferflormance
Feedback

Fm,m Molding :

Foam molding is a low pressure process capable ofmolding partswith

higher stiffnesrto-weight ratios and greater chemical resistance than

their injection molded counterParts. But foam molding requires

longer cycle time than injection molding, can incur added labor costs

due the process ofblending and secondaryoperations- Foam molded

parts do not have a smooth surface aPPearance unless counter

pressure is applied. STK 545

Wtdwsta,rdi;ng #orw wsimva &oeesses

Tleere are rnany methods used to Elrocess ttrrermopiastrc materials,

each posing its own set of advantages and limitations. This module

covered the most basic and most proalent methods of conversion,

though each of these methods can be expanded in ways not even

touched upon. Having laid down the basics, you can see the value of
having many different processes from which to choose. The conver-

sion process is determined by a rrariety of selection criteria set forth

by the application itself. Nevertheless, injection molding quite obvi-

ously holds a position of importance in the evolution of conversion

techniques. STK546
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What Process Wsuld You Use to Make...

Skylights

and whf ,

STK 547

Participant's Notes:

i!

STT{ S4E

@
GE Pbstlcs

Thermoforming

Thenrroforming is a low
pressure process for
production of largg
relatively simple shapes.

5

Participant's Notes:
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What Process Would You Use to Mahe...

Water Bottle

and whY? 5

Participantfs Notes:

.Bffir EPrlj-\ 't .B- nsi

@ GE Plastics

Blow Molding

Blow molding is often the
most econornical process
for high volume production
of hollow parts.

5

Participant's Notes:
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What Process Would You Use to Make...

GE Plastics

and whlr?

@

Connector

5

Participantrs Notes:

)-ffi7 v id i: ,

tl ll- ,{r-.'35 '

Injection Eolding is the most cost
effective process for high volume
production of precise parts with
exceUent repeatability.

GE Plastlcs

Injection Molding

@

I
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Module 6
Dryrng Polymers

o R,easons for Drying

. Critical Aspects
- Moisture
- Drying Rates
- Drying Efficiencies

5

Participantrs Notes:
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Module 5

Performclnce Feedback

1. Describe five major tyPes of conversion processes and the advantages and disadvantages of

each.

?" Deterrnine which ryPe of conversiore Prccess is most suitable for various prod'ucts: a iarge

snqr:" : srrlall IcrI : :"du:

3" ioenrif| '*!ne Ewles mf eonvension processes used in -vr:ur coxxnparny"
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