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mixing devices becomses mone apparent as the
mixing requirement becomes more difficult.
For example. when bovwer amounis of additives
are i0 be blended into a base material, the mix-
ing requircments are ougher, Also, when the
hlended ingredients are more dissimlar, the
mixing chore is harder o0 accomplish. A sys-
fem that uses an anjecton echmgue along the
barrel to add ingredients can present compli
cations because the length of screw o accom-
plish the mixing 15 shodened, as companesd 1o
Blending in the extruder fecd hopper, and the
mdditives (sometimes liguids) can diseupt the
screw s meltiing and pumping functions, also
adding 1o homogeneity problems,

Devilatilizing (Venting)

Some matcrials will produce & melt thar be-
IR FH.IITI_II..I.'E HiLY :il cui!.'-. [hl.: I:.'I.h:lk'r'l..'l!li.ll ||:'|:.1| CEIL-
der, for several reasons. Lsually this phemom-
enon is unacceplable except where a foamed
prosduct s desired. The porosity can be caused
by moisture that has been absorbed by the ma-
terial, or collected on s surfie, which ex-
pands into steam as the hot melted maienal ex-
its the extruder and drops 1o wtmosphenc
pressure. The material enclosed in the extruder
and dic system is vsually under sufficicnt pres-
sume to keep the modisture in the melt amd nel
expanded. Other causes for porosity in the mel
may include trapped air (typical of powder ma-
terials) and certuin volatiles, which escape Trom
the mutenial and expand at atmospheric pres-
sures, Depending upon the cause of the pomos-
ity the approach to eliminating the bubbles can
be vamed. Placing an openmg (venl) through
the extruder barmel wall is the typical method
o remove volatiles belore they can reach 1he
die system. Use of a vented extruder requines
that the matcrial in the screw flighis be at at-
mospheric pressure (parbially emply Mights) un
der the vend opening 1o keep material froan
flowing out of the vent opening and defeating
the degassing function by blocking the escape
path for the volatiles. The open vent hole is
fitedd with an insert (vent stack) that ands in
sircamlining the material’s flow as it passes the
barrel opening, o prevent mstenal from get
ting caught on any blumt edges. which would

lead 10 a blocked opening and cause venting
problems. This reguirement complicates screw
efficiency and leads o long extruder harmel
lengihs in rmoost cases (3001, 34 1, up to 40:1
extruder £L/03 ),

There arc sometimes ways o gyoid venimg
thromgh the extruder barrel, depending wpon the
cause of the porosity . Trapping air with powder
fecd maierials can be avokded by using pelle-
tieed materials instead of the powsbers, or by
using s wacuuwm on an enclosed hopper system
1 remeswe The air Belome 1 becomes 1I‘:|||:||’H:1:| in
the carly part of the serew. The pellet approach
ackils the R ol am additional extmision -
erutisn butl is sometiowes the more eflicien
echoice versus the venting approach, The vac-
uurm hopper method includes some difficuliees,
such as the need 1o load the hopper—which is
now g closed system—umder vacuom, Als,
there are seals on the screw shank sl the rear o
ihe feed section that must be maintained or air
will be drawn indo the feed throat (along the
serew shank), and feeding will be disrupted o
this pir “hbubbles™ up through the leed throal,
Air removal wtilizing an extruder vent system
wsaknlly can be pccomplished by a simple open
vent hole. buat removal of modsture and mosg)
volatales meguires having a vent vacuum systen
tor aidl in boiling off the trapped gas. Maoisue
can be remaoved through the use of dessecin
drying swvstems, which can operate in the exin-
der hopper ar in a femole unil. Sodime malerals
thant absorh pwoesture from the atmosphene (ae
hygroscopic) must be dricd cven of venting is
ehosen, o avoud foanng st the vent opening,
whiich blocks the volatile's escape and defeats
venting, The lewel of meoistire in the matenal
entenng the extruder thus must be reduced
wlloow proper and continuous venting with some
highly hygrscopic materuls. The choice of the
miethod 1o prevent porosity is driven by the pro-
cessing dificulies of the available choees ver
sus the cconomics of materials end/or produc-
Lo methods.

Effects of Extroder Accessorics

Mell Pumps, Mol pumps altach o the exal
end of an extruder and are mude up of two i
ermeshing gears that are dnven, (See P,
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Fig. 4-5. Extrusion line with melt pump. (Courtesy Davis-Standard )

4-5.) The melt from the extruder enters the gear
mesh and is pumped into the die system with
very accurate flow consistency. Typically. the
pressure on the extruder side of the gears (suc-
tion pressure) is lower than the exit pressure
(die system pressure), with the gears develop-
ing the pressure rise. The gear pump thus can
reduce the pressure required at the end of the
extruder dramatically, a most important effect
in vented extrusion. These devices have been
on the extrusion scene for many years but have
only recently found increased favor in general
extrusion systems.

There are many published reports on the
benefits of the use of melt pumps on the ends
of extruders. Many of these claims are very de-
pendent upon operational specifics (polymer
material viscosities, die pressures, ctc.), but the
principal strength of a melt pump is its ability
to ensure extrusion output consistency (pump-
ing stability) where the screw design cannot.

Most single stage (nonvented) screw designs
using today’s technology can ensure excellent
output stability and thus make economic justi-
fication of the melt pump very questionable.
However, in some cases even a good screw de-
sign’s ability to ensure stability is problematic,
as with varying feed densities when there is
random regrind addition to the main feed ma-
terial. These cases sometimes can be shown to
benefit from a melt pump. Some products de-

mand ultimate precision in their final dimen-
sions, which may also justify use of a melt
pump if the screw cannot be proved to process
the material with the required stability. An ob-
vious application for melt pumps is with vented
extruders, where the screws cannot be designed
with the versatility or excellent output stability
of nonvented designs; then the melt pump can
restore stability to the extrusion system. The
vented screw design also is limited by die pres-
sure, which must be overcome to maintain an
open vent; so the melt pump’s ability to re-
move much of the pressure from the screw is a
major advantage. There are limitations to the
pressure differential across the gear mesh; very
high die pressure applications (5000 psi and
greater) should be carefully evaluated with the
melt pump supplier.

The fiber industry has used melt pumps for
years to split the melt stream of a large extruder
into multiple paths that each have a pump. This
setup allows consistent flow into the separate
die systems, which each require only a small
percentage of the extruder’s output. The alter-
native to this system is to use many small ex-
truders to fill each small die system individ-
ually, which would be much less efficient and
prohibitive in cost, with added operational dif-
ficulties.

Coextrusion system users have shown added
interest in and use of melt pumps. The use of
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multiple extruders feeding o single die 10 pro-
duce o mulilyyeresd product has added com-
plexity due o the need 1w ¢losely control the
layers' consistencies and relative thicknesses,
The output of a melt pump is ot perfectly lin-
gar with respect to the pear’s rotational speeds,
but Bt is beter than the extruder’s linearity.
There are usually a few extruders inoa large
coextrusion system (four to scven extruders)
that are the most likely candidates for melt
pump wbdition, These include the extruders uti-
lizing larpe percentages of regrimd and any
venied cxtruders. Those extruders processing
mastly virgin polymers without the need for
venting typically can product acceptable prod-
uet comsiztency without melt pumps, as long as
the screw design is properly selected,

Melt Filters.  There typically is a filtration of
the melt after it exits the extruder barrel 10 trap
any confaminanis or impuritics before they en-
ter thie die system. Large contaminants that en-
ter the exteuder with the matenal by mistake
wan be damaging 1o dies, melt pumps, and so
on; so they are best caught ar the end of the
extrader, Muany extruders are equipped with o
tramp metal removal system in the feed throat
o catch the most destnictive Contaminints be-
fore they reach the screw because the serew and
barrel also can be damaped by metal pieces,
These metal systems usually are magnets o
catch the carbon steel pieces, which are mwst
tvpacul; but other systems are available that de-
tect and remove all metals as the material drops
through the feed throat.

The simplest meeln filter 15 a screen pack held
at the end of the extruder barrel by a perforated
disc called a breaker plate. {See Fig. 4-6.) The

Fig. 46, Bresker plate and screens. |Cowrrery Davis-
Sraanadard |

breaker plate also forms the seal between the I
extruder bamrel and the die svsiem adaptor, The

breaker plate can have a circular pattern of

holes from & inch to § inch in dismeter, de-

pending on the extruder size and screen pack

support required. Some materials exhibit visi-

bl streaks caused by the flow through the many

habes as the extrudae exits the die system; slat-

ted openings sometimes can be used o mink

mize this guality deterrent. The screen puck
typically is specified by the mesh of the screens
selected (which s a measune of the number of
openings per mch) and the number of each
miesh sereen used, The number of screens and
their restrictiveness are determined by the pro-
duction operators as the need for more or less
filtering 15 realized from the extrusion opera-
tion, usually based on melt gquality resquire-
ments, A modest scneen pack would be defined
as having oo 14 mesh, ope 40 mesh and one
& mesh screen. A fairly mestnetive screen
pack. as may be used with some low viscoosity
Aexible vinyl applications, would include these
sereens: one I4 mesh (placed first against the
breaker plate), one 40 mesh, ane B} mesh, ope
[ 20 mesh, two 200 mesh, and one 14 mesh
(placed mearest the end of the screw), The
coarse 14 mesh screen placed afier the tight 208
mesh sereens helps hald the fine screens in
place as the breaker plute 15 being installed amd
the extrisder is started up. The normal approach
o sereen pack sclection is o choose the mini-
mum sereen pack 1o perform the job. The
tighter the screen pack restriction, the sooner
the pack will become plugged with contam-
naini=,

When the pressure at the screw Up reaches o
designited level above that of a clean and non-
restrictive screen pack, the extruder is stopped,
umad the breaker plate is removed for screen re-
placement. Should the extrusion line be diffi-
cult to tear down to gain access (o the breaker
plate, an awtomatic soreen changer can be in-
stalled: this allows removal of the breaker plate
vig a sliding mechanism with o replacement
moving nto place as the plugged screen pack
15 being moved oul, affording minimum dows
fme. Scaree s¥sLEMs can femain unning as the
change is made. These screen changers can be
supplicd for manusl or hydraulic powered op-




erition. There are also systeims that unilize a
screen carridge in a roll which can be contin-
uously fed over a stationary breaker plate o
avid any stoppage difficulties, Scals at eiher
end of the screen sirip passing through the mel
stream are [vrmied by sl cooling passages
that freeze the melt. As the screen is moved.,
the sealing areas ane allowed 1o heat up enough
t allow movement of the screens. Materials
that are wery sensitive 1o heat amd are casily
degraded over shor penods of time (such as
same polyvinyl chiorides) cause concem with
misl screen changers due to the areas of ma-
terinl stagnution around the breaker plate and
in the melt sealing regions around the shide
plale.

When a very fine Rlision 1= desired, as with
some very low viscosity melis, a canister-type
filler is wtilized. This type of deviee can filter
particles at beast down to 1060 to 200 microns
in size. The need for this type of filltration is
rare in the vast mapority of extrusion applic-
tions.

Material Driers or Prebeaters.  Matenals
that wre hygroscopic (e.g.. sorvlics, polvear
bonates. ABS, nylons, polyesters. cic.) typi-
cally are predried before extrusion, even when
harrel vents are used 1o remove volatiles, Driers
are usually of the desiccant type; air i heated
ond errculated through desiceant beds where ns
msiure  lewel i5s reduced before traveling
throwgh the plastic in the hopper, These driers
can be mounted directly on the extruder as long
as adeguate volume is provided 1o allow the de-
sired drying residence time, Some diers have
mivisture  level indication becauwse there are
cases where the moisture level in the material
st be held guite low, such as for polyvester,
where the materal’s properies ane reduced 7
modsiune is present in cven samall guantitics.
Somee mutenals require moisture levels o be
reduced to the 0.01% mnge in the drier, which
is within the capacity of woday s desiccant umins,
The air temperature must be kepd below the
soficning point of the matenal o avoid pre-
melting, bradging, or stcking.

This drying situation preheats the material
and increases the oulpur rate of the extruder,
The energy impaned before extrusion maduces
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the amount of ewergy regquired for meliing; owt-
put gains of 10 o 2% typically ane seen with
preheated material as compared to fosom em-
perature (or coldery feed matenal. Some or all
of the encrgy required to operale the drier or
for preheming can be recoupsed from the exim

sion ouiput gains., The wse of dricrs is well
ko, bait the use of preheaters for enhancing
extrusion outpul is nod typecal, This method of
performance improvement would only aid in
extrusion cases whene the system s opemting
umder some extmeder limitation such as ouatpat
ride wndfor melt temperature, The cost and
mainienance of preheaters is hand to justify in
the majonty of cases.

TWIN SCREW VS, SINGLE SCREW
OPERATION

Thiz discussion 15 centered on single screw ex-
truders, hut a brief discussion of twin screw cx-
truders may help the reader 10 schieve a fuller
understanding of the equipment used in the in-
dustry o process palymers, Twin screw exin-
ders for mome-than-one-screw extruders) have
muliiple screws within the same barrel that may
have fully intermeshing. partially inicrmesh-
ing, or toally nonintermeshing fAights. The
seTews cian rotate in the same direction {co-m-
tating) or apposite 1o cach other (counter-rotat-
ingl.

The use of twin screw extrsders to form most
thermoplastic materials into final - products
(film, profiles, wire coatings, ctc, ) typically s
niot ccomnmically justifisble compared with the
simpler single screw extruder, Single screw
machines continue o greatly outnumber the
muliscrew machings in general extruder sales
vilume, but compounding applications usually
use twin screws for their dispersive mixing
abilitys twin screws also are favored for ngid
PYC powder applications because of their low
shear processing amad venting capakbilines,

Co-motating screws (intemmicshing or nod) are
primanly wsed for compounding and mixng,
because of their ability to disperse additives of
very small paricle size (e.g., carbon black ag-
glomerates). Counter-miating and fully inter-
meshing fAight extreders are used primarily for
the fow-shear extrusion of rigkd PYC into pipe



HL AP FLAD NG ENLINEEHINL HANLELUE

and profiles, typically from powder feed, This
setup creates the lowest-shear extrusion sitwa-
ticd,

The maost numensus mulliscrew  extruders
presently in operation are, by far, the rwin
screw Iype. The screw (U005 may be con-
stant, as in single screw extruders, or conical,
where the feed end of the screw has a larger
dinmeter than the exit end. The conical design
allows for more feeding area for powder entry
tor the screw and reduces the thrust due to die
pressure al the smaller screw tip. The conical
twin screw s used mostly for rigid PVC pow.
der cxtrusion &t rales up 1o 700 o 1000
pounds /hour, Above those output rates, a par-
allel twin screw is used. The twins used in pro-
file and pipe extrusion are almost exclusively
for processing rigid PYC powder, because of
the low-shear fusing characteristics of this
l..ll1il:||l¢ matenal und the need for venting 1o re-
miove trupped air. The dic pressires encoun-
tered in profile extrusion (3000-TO00 psi) arne
difficult 1o handle on single screw eguipment,
whereas the fully iMermeshing iwin screw ¢ne-
ates eniugh pumiping cfficiency 1o allow an
open vent situation st moderate o high output
filles.

High ouput  compounding  applications.
whwere various materials are mixed in the extm
der and formed info pellers for subseguent
product extrusion, often are performed  with
large twin screw machines. This application re-
guires very high output rates § 3000- 20,000 +
pounds /hour), probably has a venting requine
et amd does ot need o deliver a melt with
high product quality in terms of  suface
smoothness, output consistency, final mucrial
properics, and so on. Twin scew extruders
with special dispersive mixing sections anc typ-
ical in these compounding operations, with very
large costs involved., (See Fig, 4-7.)

SINGLE SCREW EXTRUDER
FHYSICAL DESCRIPTION
Ruarrels

The extruwder barrel not only housis the screw,
bt serves s the primary heat transfer mediam
in the process. It must be designed o nesia

Fig. 47. Conical
Stmelurid' |

rain  serews,  (Cmreesy  daias-

wear, contain ihe process pressures, and op-
pose serew tongue. (See Fig. 4-8 for cutiway
view of an exiruder.

Materials of Construction.  Bamels nommally
are steel cylinders with o Aange at the feed end
foor mounting to the machine and another at the
discharge end for mounting the die system, The
fanges are threaded on or welded, Alloy sieel
typically 15 wsed because of fis strength, high-
temperature performance. and economy.

Liner Materials for Wear Resistance. Ni-
irided barrels werne once common in the Unied
States and sl are used Frequently in Evrope,
They offer moberate wear lile for a reasonahle
cost, but the hard surface is very thin, and once
it is pencirstcd, wear progresses rapidly . Most
extruders now have a cast-in bimetallic liner
that provides superior wear nesistance at a masd-
erate cost and lasis two or three times as long
as mitnided barrels, Genenil-purpsese liner al-
loys are imsi-hased and ane adequate for most
apphcations. Nickel-hased allovs are avaitable
for highly cormogive mutenals, and alloy ma-
Inxes containing wwngsien and other carbades
can be supplicd for extrens wear and abrasive
L'E:llfldl[lllll'\-\.

Barrel Strength,  An cxtreder barme] must be
designed to withstand the imemal pressures
generated in the provess. The indusiry standard
1= a design limit of 10000 psi (70 MPa), bt
onc should always confirm an individual ma-
chine’s limit before operating at high pres-
sures. Under nommal circumstances, an outside
diameter of 1,5 1o 2 times the inside barrel di-
WIS i necessany.
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Fig. 48, Cutaway view of cxtruder. (Cmenters Davis-Saandierd |

Heating/Cooling Systems

Extruder barrel heating and cooling 15 neces-
sary both for the addition and removal of heat
and for the maimenance of the desired inner
hamel surfuce temperature. The heating/cool-
ing design must provide the required guantity
of heat munagement as well as controflahility.
A typical extruder barrel is divided into control
zones, each of which can be individually con-
trodled to a desined setpoint.

Heating Designs.  Many different heater de-
signs have been used for barrel heating al-
though, presently, electrical resistance heaters
ame usesd almost exclusively throughout the ex-
iusion industry. Mica, ceramic, and other
fxrms of strapped-on band heaters are common
and economical, and are found on many low-
posl and small-size extreders, but they suffer
from poor life and performance. Cast alumi-

num heaters with electrical elements intcgrally
cast inside now are accepted as the best design
andd are found on most modemn extruders. These
heaters are machine-bored in matched halves to
fit closely 1o the barrel outside diameter when
bolied or strapped on. The aluminum acts to
eliminate temperamre differentials and “hit
spots™ within the heater, gives eucellent con-
duction to the bamel if properly mounted, and
generally provides long service life.

Air Cooling.  Air is an obvious choice for
harrel cooling due to 1ts simplicity, cleankiness,
and economy. Air cooling can ramge from
nothing more than convection for low-demand
applications to forced air blower designs for
mors demanding processes. (See Fig, 4-9.)
Ineflicicncics in heating designs can be com-
pensuted for fairly casily by increased power
levels, but air cooling designs, which must
work with the available ambient air, arc much
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less toderunt than heating designs. Finned cast
aluminum designs offer the best cooling effi-
ciency, especially when properly ducted and
supplicd with high capacity blowers. Fins
drastically increase the surface area exposad 1o
the fAow of air, the limiting factor for cooling
efficiency. Sophisticated designs compensate
for the cooler air at the entrance by increasing
velocity ot the exit. The better air-cooled de-
signs can acoommedate most exirusion pro-
CEHRCS.

\

Apr Haw diggram, {Covertery Daviy-Samakard §

Water Conling. Waler cooling provides for
the sizable hest removal demand of high-load
processcs. offering as much as twice the effi-
clency of ar conling, (See Fig. 4-10.7 Modem
water-cooled extrsders are usually eguipped
with cast aluminum heaters that include cast-in
cooling tubes of stainless steel or Incoloy.
Mder designs wtilized swaged-in tubing in a
sparal groceve on the barrel’s outer diameter,
over which bamd heaters were mounted, bt
these designs were plagued with poor hea
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Fig. 4-10. Closed loop cooling system. (Courtesy Davis-Standard)

transfer and maintenance problems. Water
cooling efficiency depends upon the total sur-
face area or length of the cooling tube and on
water velocity. High-temperature processes re-
quire sophisticated controls to accommodate the
tremendous heat removal resulting from vapor-
ization of the cooling water.

Water-cooled extruders are usually equipped
with a self-contained closed-loop water supply
system so that distilled or treated water can be
circulated through the heaters to avoid scale
buildup. The system consists of a tank, pump,

heat exchanger, and distribution manifolds.
Better systems include pressure regulation,
temperature regulation, flow control, and flow
indication. Water cooling is modulated by ac-
tivating solenoids in response to temperature
controller timed outputs.

Other Cooling Systems. Oil or other heat
transfer fluids sometimes are used for barrel
cooling. These fluids used to be more popular
for stability reasons, prior to the advent of
modern temperature controls, which can suc-
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cessfully maintain control of water-cooled svs
tems despite the severe shock effect of water
ftashing to steam during a cooling cycle. A few
designs usc a temperature-controdled liguid in
circulation through a barrel jacket, onginally
utilized in rubber extrsders, and used often for
controlling melt pipes and in explosive envi-
ronnenls.

Serews

The screw is arguably the single most impaor-
tand component of an extruder, and certwinly
the focus of the process engineer's attention,
The screw's construction, wesr resistance, and
atrength should be considered, as well as s
performaence,

Materials of Construction.  Extruder screws
are eomstructed of muterials that are selected on
the basis of strength, wear resistance, corrosion
resistunce, manufacturability. and cost, The
most common material s AISL 4140 medium
carbon alloy steel, which can be readily ma-
chined, has excellent strength, and i adaplable
o variows flight weatments, Stainless steels
often are used for comosive applications, and
Hastalloy 15 common for Quorocarbons. Nitm-
oy cun be wsed for nitrded screws, and low
carbon steels such as AIST 9310 or 3620 are
wsed for carburizing,

Flight Treatments for Wear Hesistance.
Screws can be expensive to replace, require
substantial down time to change, and involve
comsiderable lead time 1o onder: so flight wear
5 0 majer consideration. Wear contributes

:{[Diu. — | Channel depth = 2

Colmonoy 56, Stellite 6, or Xaloy 830, are
welded onto the flight tip to provide a greater
degree of wear resistance on mew screws as well
s om rebuilds. Nitralloy serews offer good wear
resistance at o reasonable price, but have o rel-
atively thin case depth and cannot be easily re-
built. Extreme cases of wear can be addressed
by applications of wngsien carbide or similar
coatings. which are spruyed on with detonarion
puns of high-velocity pluosma welders, Screws
often are chrome-plated for mild comosion re-
sistance, for rust prevention, to help ease
cleanup, and 10 offer some degree of wear re-
sistunce in the chanmel sren. A good mle of
thumb 5 to Mame-harden smaller and simple
screws, which are easy and inexpensive to re-
place, and hardfoce larger-size, barrier, diffi-
culi-to-repluce, amd expensive screws,

Screw Strength.  An imponant concem to the
screw designer is the strength of the screw as
it relates W torgque capacity, especially in
simaller sizes of 3 inches (75 mm) or les,
Torgque limils are determined by ihe maximum
torsionil stress allowsble by the material and
the physical dimensions and configuration of
the screw. Strength-in-torsion calculations re-
guire computation of the polar moment of in-
criia of the screw’s cross section: bul this is
difficult because of the armangement of the hel-
wal Mlight, which has properties that depend on
its hardness or composition, Extrsder and screw
manulacturers ofien have computer programs
or calculations that can determine the strength
faifly accurately based on models und experi-
ence. An adequate approsimation can be made
From the following formula:

”4 = | Cone dia_]‘l

Torgue = -
k. 16 % Dia.

drastically to decreases in performance, qual-
ity, and productivity. Flights penerally ane
manufactured for maximum wear by handen
ing, special coatings, or the welding of a hard
layer on the surface. The most common config-
uration is flame-hardened 4140, which gives
moderate life at reasonable cost, can be rebuil
when womn. and is suitable for most nonabr-
sive materials, Wenr-resistant alloys, such as

— ® Permissible stress

This formula ignores any strength contribu-
tion of the flight. but then does not include any
safety factor. If the screw is of normal propor-
tions, the formula should prove adequate for
estinslions of strengih.

Screw Healing and Cooling. Most screws
benefit from a core al least as deep as the feed
arca so that bridging or compound sticking



problems can be avoided by couling. Screw
tlemperaure control of the first stage of a vented
screw can help to balance the pumping char-
acteristics of the two stages. Tip cooling can
help prevent material from burning at the screw
tip. Screw heating and cooling wsoally are ac-
complished through water or oil circulation,
The Auid is supplied w0 @ small-diameter coax-
ial tubve insice the core hole and returns through
a romry wnion with inler and oatlet connec-
tions. Temperature control is especially impaor-
tant becuuse the screw surface temperature con
significantly affect the extruder flow rate and
mell temperature,

Thrust Bearings

Extruder Screw Thrusi. The cxtrusion pro-
cess generates a tremendoos amaount of axial
load or thrust directed ioward the rear of the
screw, The major component of thrust is caused
by the head pressure acting upon the fromtal
arca of the screw, which s like o hydraulic cyl-
imler, A Beinch (132 mm) screw at 5000 psi
(345 MPa) generpies ihrest in excess of
140,00 pounds (620 kM. Another contributor
tir the total force is the pressure dilerentinl act-
ing abong the eotire length of the fight, which
can be as high as the head pressune component

Extruders must be designed 10 reliably accom-
modite this thrust,

Bearings. Modem extruders commonly ac-
commodute  thrust with o thrust  bearing
mounted integrally o the gear reducer’s outpul
shuft where the screw engages, usually of cv-
lindrical or tapered roller design. Thrust bear-
ings vpically are long-lasting and trouble-free,
but. in demanding applications of high head
pressunes oF speeds, they reguire aitention o
their selection and, most important, o their lu-
brication. Adequute oil flow s necessury for
bearng cooling as well as lubrication, the lack
of which is the leading couse of problems and
Failune.

By Life Calculations and Comparisons.
Extruder manulacturers normally list the thrust
beaning rating in ferms of 8 B, o £, life,
which is the time in owurs tha 90% of @ con-
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trolled test sample of bearings would exceed
without failure at similar conditions of load and
speed, This figure also implies that V0% of the
bearings fail during this tme, In onder 10 com-
pare the capacity of different machines, the B,
lives must be rated at the same speed amd load,
The following formula can be used o caloulate
the adjusted 8, life from speed 5, to 5, and
trom lowd L to La:

5, Y
(Bio), = (Bo), = (E) % (i;)

The formula shows the lincar relationship
with speed and the exponential relationship
with load. Most manufacturers list the B, life
m the literature and in manuals at 50000 psi
(34,5 MPa) and 100 mpm, but occasionally the
average life is listed—which is five times the
B-m. lifee.

Ceenr Cose

Gear Case Designs. A single-serew extruder
is u very simple machine with only one func-
tional moving par, the screw, Mormal serew
speeds in the range of 100 mm wsually ane
achieved by reducing typical motor speeds of
750 rpm through o gear cose with an sppro-
priate ratic. 'Worm gear reducers once were the
norm amd still are wsed extensively for small
machines, but their low elficiency and today's
increased power demamnds have led o the al-
most universal use of belical gearnng, Helical
genrs are availuble in o vanety of hardness and
precision levels e accommodate the varos
speeds and loads found in extrusion. The gear
case should always be supplied with a safety
factor of 1,25 for smaller machines and 1,50
for large extruders.

Lubrication. The gear case lubrication sys-
tem must provide proger lubncanon for the gear
meshes und, perhaps more important . the bear-
ings. Chl supplies are wsed for cooling the bear-
ings and gears, and on large machines and in
demanding applications, a forced lubnication
system should be employed 10 ensure an ade-
quate supply to cach bearing. All pear reducers
have a thermal limit bevond which some son
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of cooling 15 necessary. A heat exchanger in
the vil circulation system of high load ma-
chines ix the nommal means for providing cool-
ing and maintaining proper temperamres.

Power-Speed-Torgue Relationships. Ex-
truder timing involves careful consideration of
several factors in onder 1o sccommodate o par-
ticutar application. Timing refers to the speed
at which the full motor horsepower is applicd
i the extruder screw, It involves the reduction
ratiy of the pearbox combincd with the rtio of
the belts and pulleys {(when used) thal connect
the motor o the extruder. Motors are rated an
full horsepower at a base speed, usually 1750
pm. A DC molor's power output is propior-
tional to speed; so it is rated at § power at |
speid, and 50 on. An extruder imed i 75 rpm,
for instance, has a total reduction ratio of
23.3:1 between a 1750 rpm motor and (he
serew, More imponant, the motor torgue s
multiplied 23.3 times to the screw, Torque is
the guantity that best describes the force or
perwer applied 10 tum the screw, and i is di-
rectly related to motor load or amps, Torgue 15
best umderstood f expressed in terms  of
horsepower per rpm rather than as foot-pounds
of inch-poumds,

Any particular extruder screw and mutenal
combination has a specific tongue requinement.
The drive initlally is timed a1 a speed that pro-
vides the best compromise between torgue
available 1o the process and spead reguired. A
processor who tnes 1o rn a new material on an
extruder and experiences high motor loads ac-
tually is experiencing high torgue demands.
The torgue (hp /rpm) available to the process
can be increased either by increasing horse-
power or by decreasing the timing (maximum
screw specd). Belt drives are used on most ex-
truders a0 that the iming can be changed casily
by changing the pulley reduction ratio. Simi-
larly, when higher speeds are reguired. and
motor bowd is low, the extruder can be timed
higher by changing pulleys—baui one should be
aware that this also reduces the available
tongue.

In changing timing, the gearbox capacity
must always be considered. Gears have a tongue
limit that restricts the low end of the timing

range and sometimes a thermal capacity tha
limits the upper end. One should always check
the gear rating nameplate or consult with the
manufacturer before retiming an extrsder,

Dirive Motor

The drive motor provides power for the con-
veving, melting, and pumping processes amd
establishes extreder output by maintaining a
desired speed. DO electric motors are by far the
st popular drive type because of therr econ-
omy, serviceability, and accuracy. A DiC drive
15 a codistand torgue device, which meels mos
processing requirements quite well and mstches
the capabilities of a typical helical gear case.
AC wvanable frequency drives are gaining in
popularity as their cost comes down but offer
lile advamage for most extrusion applica-
tions. Hydraulic drives are seen in som ma-
chines, but are much more complex and costly
than the typical DC drive; and even though they
allow for the climination of the gear case, they
offer no advantage in most applications.

Dirive Coupling

The drive motor can be connected to the gear
case directly by a coupling ar by an arrange-
ment of pulleys and belts, Direct coupling is
necessary in large machines over 300 hp (223
kW) but it requires precision motor alignment
and a specific gear ratio for each application,
Belis and pulleys. the better system for smaller
machines, are much more Aexible as far as tim-
ing changes are concermed and give many mo-
tor mounting options. Modem designs operute
with wvery licthe mamntenance and high effi-
CIENCY .

EXTRUSION CONTROLS AND
INSTRUMENTATION

Basic Control Requircments

Extruders require some level of control of basic
functions and can benefit from enhanced con-
trol of other functions. Mimimum requircments
include some form of barmel temperiture con-
i, drive speed contml, and drive loed indi-



cation. Head. or breaker plaic, pressure andi-
cation also i typically ncluded in the most
hasic systems. The demands of moderm manu-
facturing methods, quality issues, and process
comral have dictwed much momn: extensive
cond systems and instrumentation on many
of today’s extrusion lines, Extrmswon controls
have benefited from the overall rapid technol-
pgy gprowth in the electronics, controls, com-
pater, and instramentation industries.

sepsors and Monitors

Barrel Temperature Measurement. Barrel
Temperaiure comtrel 15 one of the most critical
fumctions, =0 temperature sensing is cxtremely
important, A sensor (ypically 15 located in the
center of each barrel zone. traditionully at the
bottom. Extruder barmrels have substantially
thick walls in onder 1o withstand intemal pres-
sures, but the crtical control surface is at the
inside. The ideal sensor would be mounted w
the inside surface, but this is penemlly imprac-
tical; s0 a desp hole normally is drilled 1o
within § inch or less of the inside, usually
againsd the hard barrel lining. Thermocouples
are the most commonly used sensor becaose of
thewr dursbility, simplicity., and  accuracy.
Thermescouples also are the most accurate and
best-auited sensor for the application because
they sense the temperature at their tip, which is
in comtact with the bottom of the drlled hole
and wery close to the control surface. RTDs
(Resistive Temperaure Detectors), are oflen
specified in zophisticated contr systems, and
&5 1 BENSOT, &re more accurate: but they are nid
well suited 1o this appliation because of the
length of their sensing clement, which mea-
sures a temperature soame distunce from the de-
sired inner surfuce. The most advanced barrel
contredl systems wse a second thermocouple in
the heater s pant of their contr scheme.

Melt Temperature Measurement.  The poly-
mer meli temperaiure ofien is a limiting param-
eter in the process, 20 ils accurale mMeasirement
i extremely mmporiant to the serous processaor,
Measurements typically are made by unlizing
a melt thermocouple installed in a hole that ex-
puses the sensor direcily e the polymer. Pro-
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duction lines often use flush designs, combi-
mation pressure mansducer/thermocouples, or
probes with only a small projection into the
el stream because these designs are fairly du-
mahle. Conduction effects from the die body and
the relative slow velocity layer of melt near the
witll may render these sensors incffective, how-
ever.* Accurate melt temperaiune mseasurensent
requires a thermocouple, ideally extended into
the center of the flow channel but at least § inch
imtey the stream: for maximuwm accurmicy, an ex-
posed-junction low-mass thermocouple is used.
Fiber-optic intrared probes recently have been
developed. but becavse of limited oplical pen-
etration e the melt they also must be mounted
on a prodruding  probe,  Adjustable-depth
probes, either munual or putomated, allow for
optimum pesitioning but provide for retraction
to protect the element dunng cleaning and start-
up.

Pressure Measurement. Pressune mcasune-
ment is of critical imporance o the extrusion
proscess as a window nte the operation. Eary
designs utilized a high-temperiture grease in a
tube connecting a hole 1n the barrel to a Bour-
don tube type mechanical pauge, bur wers
pligued with maintenance and durabaliny prob-
lems. Modemn gauges all use a disphragm that
isolates the hat polymer from the sensing de-
vice and either directly actustes a mechanicul
gauge or utilizes a strain gauge transducer. Two
basic conceps dominate the indusiry: push rod
tvpes, which mechanically connect the dia-
phragm o the gauge or transdecer, and liquid
(usually mercuryi-filled capillary 1ypes, which
transmit pressure hydraulically from the dia-
phiragm. The push rod has the repatation of
being more durable and less costly, whensas the
capillary type is generally thought of as mone
seourule and much less temperature-sensitive.
These reputations are well deserved, but recent
designs have resulted in improvements in both
Iypes.

Ar a minimum, exineders should have one
pressume transducer located before the breaker

*hee B L. Seewand, ' Moking the Mosi of Melt Temper
atuge Measereimwal, " Plasvics  Engpineernage, Socwy ol
Plastics Engmeers, July 1985,



