2 Shrinkage and Warpage

Mold shrinkage (in-mold shrinkage or molded-
part shrinkage are more accurate terms), although a
volume phenomenon, usually refersto the difference
between thelinear dimension of the mold at room tem-
perature and that of the molded part at room tempera-
turewithin forty-eight hoursfollowing gjection.

Warpage, adistortion of the shape of the final in-
jection-molded item, is caused by differential shrink-
age; that is, if one area or direction of the article un-
dergoes a different degree of shrinkage than another
areaor direction, the part will warp.

Post-mold shrinkage is another common shrink-
ageterm. It refersto any additional shrinkage that oc-
curs after theinitial 48-hour period.

Shrinkage and warpage tendenciesin molded parts
are influenced by actions taken in each and all of the
manufacturing stages of part design, material selec-
tion, tool design, and processing. Subsequent chapters
examine particular causes of shrinkage and warpage
arising in each of these stages. This chapter presents
anoverview of shrinkage and warpage phenomena, with
emphasisgiven toidentifying conditionswhere shrink-
age and warpage behavein aregular manner, allowing
for prediction and corrective action.

2.1 In-Mold Shrinkage

In-mold shrinkage tends to respond to changesin
molding conditions as shown bel ow.

Anincreasein: Effect on shrinkage:
Decreases (usually)

Injection pressure

Injectionrate May be either (minor
effect)
Holding pressure Decreases

Holding-pressuretime  Decreasesuntil gate

freeze

Melt temperature May be either

Mold temperature Increases

Clamping pressure Usually none; may
decrease

Wall thickness May be either; usually
increases

Melt flow rate Decreases

Ejection temperature Increases
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Decreases
Gateminimum dimension Decreases

Coolingtime

Number of gates Decreases
Amount of filler Decreases
Kind of filler May beeither
Mold-opentime May beeither
(operator break)

Environmental factors may have subtle effects on ac-
tual mold or melt temperature:

Anincreasein: Effect on shrinkage:

Room temperature Increases

Humidity Increases

Air movement May beeither; usually
decreases

Noteaprevaenceof processing factorsinthe above
list. Other predictable molding process conditionsthat
affect shrinkage can be observed on the shop floor. In
particular, use of amolding machine that istoo small
may contribute to shrinkage variation through inad-
eguate clamping pressure or plasticizing capacity. A
machine which is too large can cause excessive heat
history and resultant degradation of the material. There
is aso an unfortunate tendency of setup workers to
use the maximum avail able clamping tonnage, even on
small molds. Platens are sometimes bent because high
clamping tonnageisapplied to amold that isvery small
compared to the size of the platens. Molds can be dam-
aged by this practice. Variationsin the molding cycle
affect the shrinkage. When the molding machine gate
isleft open for any reason (while the operator goesto
the lavatory) the next plastic injected into the mold is
hotter and the mold temperatureisusually cooler than
the previous shot.

In general, during processing, at theinstant amold
cavity fills, the pressure differential from the gate to
the furthest extremities is at its lowest level. As the
material coals, it typically solidifies first at the far-
thest point from the gate. This allows the pressure
nearer the gate to be maintained at ahigher level until
the gatefreezes. Thisfinal differential pressure can be
significantly greater than the differential pressureright
after the cavity fills. Gating into the thickest part of
the molding tendsto minimizethe effects of thisdiffer-
ential pressure.

Ch. 2: Shrinkage and Warpage
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Theway inwhichthemoldisfilled influencesthe
direction, degree, and type of molecular orientationin
the molding, especially near the surface. Asthe mate-
rial flowsinto the mold, a spherical volume of mate-
rial inthemelt front is stretched asit advancesinto an
ellipsoidal shape, asshownin Fig. 2.1.14 Theellipsoid
formed can be many times greater in length than in
width resulting in almost total straightening of molecu-
lar strands and reinforcing fibersin theflow direction.
Dramatic evidence of this shape change can be found
in foamed injection-molded parts. The silvery streak-
ing on the surface is actually a multitude of formerly
spherical bubbles that have elongated (stretched) as
they approach the wall of the mold. An inspection of
thistypeof part indicatesthat any single streak ismany
timeslonger thanitiswide.

Theflowing, stretched plasticiscooled rapidly by
contact with or proximity to the mold wall; the fiber
and molecular orientations are retained. While thisis
happening, fresh material flowsbetween thefrozen sur-
face layers to create a new melt front. This process
continues until the mold is full. Relaxation and ran-
domization take placerapidly inthemeltif it hasalow
viscosity, and orientation istherefore highest when the
melt temperatureisrelatively low. On the other hand,
high melt and mold temperatures give more time for
randomization and can reduce the tendency to warp. A
compromise may be necessary between product qual-
ity and production economics because low melt tem-
peraturesreduce cycletimes.

2.1.1 Determination of Shrinkage

ASTM D955-00 is the American document (re-
lated document: European Standard 1SO 294-4) that

Cold Wall

specifiesthe standardsthat are to be used to determine
shrinkage of plastics.[®! It states that the differencein
size of themolded part and themoldis“shrink” andis
affected by avariety of factors. Among thefactors caus-
ing variation in the actual shrinkage are:

» The size and shape of the part

» Thesizeand length of therunners, gates
and machinenozzle

» Thewall thickness of the part

» How the mold works and the effective-
ness of the cooling channelsin the mold

» Theflow patternswithin the mold

» The molding machine settingsincluding
holding times and pressures

Minimum shrink will occur when a maximum
amount of material isforced into the mold cavity for
thelongest possibletime asaresult of adequately sized
flow channels, and when pressure is maintained at an
adequately high level until the plastic is thoroughly
hardened. High shrinkage will occur when an inad-
equate amount of plastic is forced into the mold and
the pressure on the plastic is maintained for too short
an interval of time. High viscosity materials make it
more difficult to maintain adequate mold pressure,
thereforetend to shrink more.

The plastic whose shrinkage is to be determined
may require some special preparation before it is
molded. For example, some thermoplastics absorb
moisture, even from the air, and must be dried before
they areintroduced into amolding machine. Thesample
should be prepared according to the material
manufacturer’srecommendations, and arecord of those
preparations should be included as part of the shrink-

age report.

~— — __Solidified

Flow

~ ™ Solidified _

Cold Wall

Figure 2.1 The diagram shows how a spherical volume of plastic changes shape as it flows into a mold. This is one of the
mechanisms that cause fiber and molecular orientation.” (Reproduced by permission of Oxford Science.)
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The cavity size for measuring shrink parallel to
the flow of the material will normally be 12.7 by 127
mm (1/2 x 5in.) with athickness of 3.2 mm (1/8in.).
The gate will be at one end and normally be 6.4 mm
(/4 in.) in width by 3.2 mm (1/8 in.) in depth. If the
test mold and gate vary from the above for any
reason, the variance must be included in the test re-
port. When shrinkagein both directions, parallel toand
perpendicular to the flow, are to be determined, the
mold will normally have a cavity 102 mm (4 in.) in
diameter by 3.2 mm (1/8 in.) in thickness, edge-gated
12.7mm (Y/2in.) inwidth by 3.2 mm (1/8in.) in depth.

These molds produce test specimens that can be
measured to determine the appropriate shrink. For
shrinkage parallel to theflow, thelong bar will be used
and its length measured and compared to the mold.
For diametral shrinkage, across and along the flow,
the disk produced by the mold will be measured and
compared to the mold both from the gate to the oppo-
site side and in a direction perpendicular to the first
measurement.

The proper procedure to determine the shrink of
the plastic sample isto mold at least five good parts
under proper molding conditions as agreed upon by
the plastic supplier and end user. In the absence of
recommended or agreed molding conditions, ASTM
D955-00 recommends a procedure to achieve good
molding conditions. ASTM Practice D1897 should be
used as a guide for molding conditions. The molding
machine should be of such asizethat the sample parts
being molded use about one-half to three-quarters of
the capacity of theinjection unit. (Too large amachine
will develop excessive heat history and too small ama-
chine will not produce consistent results.) After the
samplesare molded, the length of the bar cavity or the
diameter of the disk cavity is measured to the nearest
0.001in. (0.02 mm).

The shrink factor is determined by measuring the
test cavity and the piece molded therein, subtracting
thelength of the part from the length of the cavity, and
dividing that result by the length of the cavity. The
measurements should be made as soon as the sample
part has cooled to laboratory temperature and again
after forty-eight hours. M easurements of five (or more)
samples should be averaged. The shrinkage should be
expressed in inches per inch of length or millimeters
per millimeter of length (the values should be identi-
cal). Any material preparations made before molding
and all molding conditions should be included in the
report.
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2.1.2 Molded-in Stress

Changesin molding conditionsthat reduce shrink-
ageusualy increase molded-in stress. Mechanical prop-
erties depend directly upon the relationship between
the axis of orientation of the plastic moleculesand the
axis of mechanical stress upon these molecules. Re-
versible properties, such asmodulus and stiffness, in-
crease in the direction of orientation because stress
along the axis of the moleculesis applied against the
strong covalent bonds within the molecules, whereas
perpendicular stressis applied only against the weak
secondary forces between the molecules. Therefore, in
the direction perpendicular to the axis of orientation,
modulus decreases and flexibility increases. These ef-
fects are important to the toughness and flexibility of
most filmsand all fibers.

Ultimate tensile strength generally increasesin the
direction of flow or stretch and decreases in the per-
pendicular direction. Changesin strength aso relateto
possible existing stress concentrations (such as micro-
scopic or submicroscopic flaws) that may develop par-
alel to the axis of orientation. When stressis applied
perpendicularly to the axis of orientation, it tends to
pull the flaws open, but when stressis applied along
the orientation axis, it does not. Moderate orientation,
particularly in rigid amorphous plastics like polysty-
rene (PS), increases ductility and ultimate elongation
in the orientation direction and decreases them in the
transverse direction. High degrees of orientation of
ductile plastics can have the opposite effect by using
up most of aplastic’sinherent extensibility.

Biaxial orientation (BO) increasesimpact strength
significantly, making BO very desirablein most pack-
aging films. With monoaxial (uniaxial) orientation, im-
pact strength increases in the direction of stretch; the
material’sability to withstand transverseimpact isvery
weak and it usually breaksinto bundles of fiberswhen
theimpact strength istested. Theseimpact results can
be related to the area under the tensile stress-strain
curves; the BO film has a much larger area under the
curve that can be used as a measure of toughness.

The mechanical properties of reinforced plastic
(RP) are even more affected by fiber orientation. A
major advantage of using RPsisthedesign engineer’s
ability to maximizedirectional properties; they can be
isotropic, orthotropic, anisotropic, etc. Basic design
theories of combining actions of plastic and reinforce-
ments have been devel oped and used successfully since
the 1940s, based originally on work with wood-fiber
structures.
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As an example, woven fabrics that are generally
bidirectional at 0° and 90° angles contribute to the
mechanical strength at those angles. The rotation of
alternate layers of fabric to alay-up of 0°, +45°, 90°,
and -45° alignments reduces maximum propertiesin
the primary directions, but increasesthem in the +45°
and -45° directions. Different fabric patternsare used
to develop different property performances.

I njection molding of RPs causes some inherent
orientation of the reinforcing fibers. The orientation
increases the difference in strength and shrinkage be-
tween the flow and transverse directions. As melted,
the molecul es of apolymer arerandomly oriented and
intermixed so that strands of one molecule cross and
intermix with the strands of many other molecules. As
the material flowsunder theinfluence of theinjection
molding machine, the high viscosity of the polymer
causes laminar flow to develop and, asaresult, tends
to disentangle the molecules and orient themin the di-
rection of flow. The greatest amount of this type of
orientation takes placein restricted areas such asgates
where very high shear ratesarefound. Asthe material
spreads into the mold from the gate, some additional
reorientation takes place. Turbulence and Brownian
randomi zation can reduce this orientation somewhat,
although some of the extreme orientation triggered by
the gate will beretained in the direction of flow.

When the material contains short glass fibers or
other reinforcements, their orientation will also be de-
termined by the flow pattern. Figure 2.2 shows a sec-

tion through an injection-molded part madefrom glass-
reinforced polypropylene. Near the surface, thefibers
areoriented predominantly in theflow direction, while
in the central region they are randomly oriented.?

2.2 Warpage

Warpage causesapart to bend or twist out of shape
and alters not only the dimensions but also the con-
tours and angles of the part. Thisis more readily no-
ticed in large- and flat-molded articles and, though
undesirablein any molding, is particularly objection-
ableinsuchitemsascontainer covers, closures, or drain
boards. Warpageisrelated to the phenomenon of ma-
terial shrinkage. It resultswhen differential or nonuni-
form shrinkage occurs within apart.

Some nonuniform shrinkage results from poor part
or tool design. Part wall-thickness and geometry are
major design factors. Some causes of warpage aredis-
similar wall sections, gating in athin section of apart,
placing the sprueincorrectly (especialy in sprue-gated
parts), or coresthat cause weld lines. Computer-aided
process simulation software packages can be used by
the part designer to optimizethe part and tool designs,
and minimizethe potential for shrinkage and warpage
long before the mold is built or the part is processed.
Such software tools are examined in Ch. 9. However,
it cannot be overemphasi zed that an experienced mold
designer and builder will recognize potential hazards

Figure 2.2 Section parallel to the flow direction through a glass-reinforced polypropylene injection molding shows that the short
fibers near the surface are oriented parallel to the flow direction while those in the central region tend to be transverse to flow.?

(Reprinted by permission of Oxford Science.)
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in apart or mold design and do everything possibleto
avoid molding problems. Computer-aided process
simulation results can be worse than those of guesses
made by experienced mold builders. Aninexperienced
software user can use the simulation program inap-
propriately and produce misleading results. In other
words, it isamistake to rely on computer-aided pro-
cesssimulationsunlessthe operator isvery experienced
and has good references. The human factor isamajor
phenomenological e ement influencing part shrinkage
and tool design.

Some nonuniform shrinkage is a result of the
choiceof material. Someplastics, particularly the semi-
crystalline ones , have anisotropic shrinkage charac-
teristics. Amorphous thermoplastics are | ess prone
to warpage than crystalline resins. Semicrystalline
materialsnaturally shrink more than amorphous mate-
rials because the crystals formed during cooling take
up less volume than the unoriented (amorphous) mol-
eculesthat exist during the melted phase. While high
shrinkage alone does not cause warpage, it increases
the probability that warpage will occur. All plastic
molecules tend to orient in the direction of flow, but
the orientation of semicrystalline materials leads to
anisotropic shrinking. When the molecul es are oriented
inthedirection of flow, they tend to stack into the crystal
form with the molecular fibers parallel to the direction
of flow. There is little change in length along the fi-
bers, but the fibers nestle together and shrink more
across the direction of flow. This usually results in
greater shrinkage across the flow direction. However
there is a greater tendency in some materials, espe-
cially acetal and nylon 66, for the fibers to fold back
onthemselvesasthey crystallize, which increasesthe
shrink in the flow direction. Flow/cross-flow shrink-
age differencestend to become more significant asthe
average molecular weight of the polymer increases.

Some nonuniformin-mold shrinkage isdueto pack-
ing-rate differences and other processing factors. If a
part has molded-in stresses, the stresses force the part
to try to assumeits natural or relaxed state. One chal-
lengefor the molder, and it is often asignificant prob-
lem, is to mold the part in such a manner that the
molded-in stresses are minimized. The common causes
of molded-in stresses are uneven cooling, amelt tem-
perature that istoo low, and excessive injection pres-
sure. Orientation isincreased with increasing fill rates,
decreasing mold or melt temperature, decreasing wall
sections, and converging (asopposed to diverging) flow.
Diverging flow can be represented by adisk gated in
the center. Converging flow would occur in atapered
rod or wedge shape that is gated on the large end.
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Nonuniform mold shrinkage behavior isan unde-
sirable phenomenon in injection molding sinceit can
lead to thefollowing:

* Distortionsof thefinished part (warpage)

» Difficulties in hitting the target dimen-
sions
* Higherinternal stresslevels

2.2.1 Common Causesof Nonuniform Shrinkage

Shrinkage differentials may be due to any of the
following conditions.

Differential Orientation. Ingeneral, oriented ma-
terial withmoleculesor fibersaligned or parallel shrinks
in a more anisotropic manner than unoriented mate-
rial. The degree of orientation imparted to the melt dur-
ing themold filling process hasalargeinfluence onthe
shrinkage exhibited by the plastic material. During mold
filling, the polymer moleculesundergo astretching that
resultsin molecular orientation and anisotropic shrink-
age behavior. Natural, unfilled plastic materials tend
to shrink more along the direction of flow (in-flow
shrinkage) compared to the direction perpendicular to
flow (cross-flow shrinkage), while the shrinkage be-
havior of reinforced materials is restricted along the
direction of fiber orientation. In general, mold shrink-
agewill tend to be moreisotropic when the degree of
orientation imparted to the melt during moldfillingis
minimized, and when favorabl e conditions for molecu-
lar relaxation exist.

Differential Crystallinity. For semicrystalline ma-
terials, if some part of the mold cools at aslower rate,
that areawill have higher crystalline content and, hence,
higher shrinkage. Thisisthe casefor partswith differ-
ent thicknesses, and for hot spots such aswhere mate-
rial isin contact with outside corners of acore or with
corepins.

Differential Cooling. This can occur when the
mold surfaces are at different temperatures, as they
frequently arearound core pins, insideand outsidemold
corners, near gates, and where there are section thick-
nessvariations. Hot spots cause problemsin two ways:
with added crystallinity, and with alonger/later cool-
ingtime. (Thelast areato cool actsasif it were shrink-
ing more.)

Material Characteristics. Copolymers are better
than homopolymers at resisting warpage. Certain
types of fillers reduce overall shrinkage and increase
stiffness.
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Differential Thermal Strain. Thismay beduetogeo-
metric effects, that is, where there are section thick-
ness changes, sharp inside corners, or other geometric
conditions that cause variable cooling or unusual ori-
entation. The more abrupt the change, or the greater
the differential cooling rate, the more severe the ther-
mal strain.

Molding Conditions. These can lead to excessive
stresses caused by unusually high or low melt tem-
perature or pressure, or unusually long injection time
or short cycles.

Mold Constraints. Mold constraints can contrib-
ute to nonuniform shrinkage. Usually the part is free
toshrink inthickness. Itisusually lessfreeto shrink in
length and width due to the geometry of the part. There
may be cores, ribs, or edges that are firmly anchored
so that the part cannot move until it isout of the mold.

2.2.2 Principlesof Minimizing War page

Thedifficulty intrying to minimizewarping isthat
the conditions necessary to do so are sometimes the
opposite of those conditions needed to obtain minimal
shrinkage. For example, highly cooled molds cause
lower averagelinear shrinkage but encourage warpage,
especially in pieceswith high surface/thicknessratios.

Often the methods used to minimize molded-in
stressresult in unacceptably high shrink rates. The
best resistance to warpage calls for warm molds, high
material temperatures, low injection pressures, and
short injection/hold times. Minimum shrinkage outside
of the mold requires just the opposite. Therefore the
molder isusually faced with difficult compromisesto
minimize both warpage and shrinkage. Warm molds
and high melt temperatures alow more time for the
molded part to “relax” beforeit solidifies. Low injec-
tion pressures minimize the stress caused by high-ve-
locity flow through the gate. Short injection and hold
times minimize packing stress.

Unreinforced material sespecially require uniform
wall sections. Sectionsthat vary in thicknessresult in
nonuniform flow and cooling. Multiple gates can help
maintain uniform cavity pressure which leadsto more
uniform shrinkage. As always, the temperature con-
trol system must maintain a uniform cooling rate
throughout the part.

When molding with fiber-reinforced materials, the
symmetry of themolded partisof supremeimportance.
If the part is not symmetrical, then the flow through
the mold also will not be symmetrical. Consequently,
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the fiber orientation will be irregular which leads to
uneven shrink and resulting warpage. Each weld line
isapotential cause of warping. Therefore, the place-
ment of coresand gatesisimportant. If thereare cores
on one side of amolded part that cause weld lines, it
may be necessary to place blind cores on the opposite
side of the part to balance the warp tendency caused
by the required coresand weld lines.

Cooling-related shrinkage differences exist for all
polymers, but are a particular concern for semicrys-
talline polymers. Asthenameimplies, semicrystalline
polymersareonly partially crystalline, with theremain-
der of the matrix being amorphous. The ability of a
semicrystalline polymer to pack neatly into acrystal-
linelatticeisimproved whenthe polymer iscooled more
dowly. Themold shrinkagethat asemicrystalline poly-
mer exhibitswill therefore beinfluenced by therate of
cooling due to its effect on percent crystallinity (see
also Sec. 6.3). This cooling-rate/percent-crystallinity
relationship also accountsfor variationsin thecrystal-
line morphology of the material through the thickness
of aninjection molded part.

The shrinkage behavior of asemicrystalline poly-
mer is therefore far more complicated than that of an
amorphous polymer. The effect of part thickness on
mold shrinkageisvery significant with semicrystalline
polymers. The genera type of behavior that can be
expected isshowninFig. 2.3.

Higher mold shrinkage values can be expected for
semicrystalline polymerswhen thicker wall sectionsare
used due to theincrease in cooling time (and time for
crystallization to occur) associated with the thicker wall.

Mold Shrinkage (%) —>»

Part Thickness ————

Figure 2.3. Relationship of part thickness to shrinkage for
semicrystalline polymers.
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This can be a particular concern when molding parts
with variablewall thicknesses. For example, in appli-
cations where reinforcing ribs are used to stiffen flat
parts, the ribs are typically thinner than the nominal
wall thickness from which they extend. This practice
limits the size of the sink opposite therib that isare-
sult of the unavoidably thicker section at the juncture.
However, the slower cooling rate for the nominal wall
and juncture (thicker sections) will lead to anincrease
in shrinkage, and the potential for concavewarpagein
adirection away fromtheribs. Crystal orientation and
shear-induced crystallization also complicate the
shrinkage behavior of semicrystalline polymer.

For example, suppose the outer 1 mm of a5-mm
thick part tendsto shrink by 1% becausethe outer layer
coolsfaster, under higher pressure, with lesscrystalli-
zation than the center of the part. Cooling and shrink-
age after the gate freezes causes the center of the part
to experience alower pressure than the walls, which
solidify while the gate is still open and maximum in-
jection pressure exists. The center of the part, cooling
dower and under lower pressurewith aresulting greater
percentage of crystallization, triesto shrink by 2%. In
this case, the actual measured shrink would be

2+ 3 =1.6%
5 5

Theouter skin compressesdlightly asthe core stretches
dightly.

In practice, thereisno sharp dividing line between
one shrink rate and another. Rather there is a gradual
changeinthe®natural” shrink rate from the surface of
the part to the core, and the average shrink for the total
thickness is the result of each infinitesimal layer af-
fecting the layerson either side of it.

Taking this example a step further, if one side of
the mold is cooler than the other side, then the layers
onthe cooler sidewill bethicker than thelayerson the
warmer side, and will resist shrink morethan the thin-
ner layers. The end result will be that the part will tend
to shrink more on the warmer side. If the part isflat,
thiswill cause the part to warp with a concave curve
onthewarmer side.

Even when the mold cavity walls are uniformin
temperature, asymmetry can cause differential cooling
problems. Consider Fig. 2.4. Any variation in wall
thicknesswill cause differential cooling ratesand aten-
dency for the part to warp so that the heaviest wall will
be somewhat concave.
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When a part warps after being ejected from the
mold, it assumes its “natural” form by relieving the
unnatural stressesforced upon it while being shapedin
the mold in a viscous state. The problem for the
molder—and it isoften adifficult one—isto minimize
the“locked-in” stresseswhichtheitem might later “re-
member,” and relieve them when cooling to room tem-
perature or on later exposure to higher than normal
heat. Thelocked-in stresses are generated in the mold
by such operating conditionsas excessive molding pres-
sures, uneven cooling, or amelt temperaturethat istoo
low, to mention only afew causes.

Usually, a number of plastics can be used to sat-
isfy aparticular purpose. Many of the semicrystalline
materials have good lubricity; however, their greater
shrink rate and tendency toward warpage may suggest
that the designer consider using alower shrink, amor-
phous material with alubricant filler. Thisisespecialy
important if tight tolerancesare areguirement. In some
cases, a change in material may be possible to mini-
mi ze shrinkage or warpage problems provided that the
material change does not cause the size of the molded
part to be out of tolerance as aresult of the changein
shrinkage. Glass-filled polypropyleneisincreasingly
used tofill requirementsformerly filled with so-called
“engineering” gradesof plastic. Thiscan be an attrac-
tive option if the higher shrink rate of the polypropy-
lene (especially acrossthe direction of flow) does not
cause unacceptabl e warpage or size problems.

Figure 2.4 In asymmetric parts like these, there will be a
cooling rate differential between thick and thin areas.
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2.3 Post-Mold Shrinkage

Cold moldsand rapid cyclestend to freeze stresses
in a molded part while reducing its apparent shrink-
age. Later, with exposure to time and/or temperature
and moisture, additional shrinkage can occur. Shrink-
agethat occurs morethan forty-eight hours after mold-
ing isconsidered to be post-mold shrinkage. In higher
shrink materials such as acetal and nylon, the post-
mold shrinkage can be significant. While higher mold
temperaturesrequirelonger cycles, cost more, and pro-
duce parts with more apparent shrinkage, the total
shrinkage and post-mold shrinkage arel ess.

Parts molded in theinjection molding processare
molded dry. They initially contain virtually no water.
Somematerias, especialy nylon, absorb moisturefrom
the environment. Nylon needswater to develop itsbest
physical characteristics. Dry, it is brittle. Moisture
absorptionand size changefor severa resinsare shown
in the appendix entitled “Data,” of this book (and in
reference books such as Modern Plastics Encyclope-
dial® and in literature available from plastics suppli-
ers).

Nylon is an excellent material, but consideration
should be given to any size change when hygroscopic
materials are exposed to moaisture in product-service
use. Hygroscopic materials have an affinity for water
to such an extent that they will absorb a significant
percentage of their weight in water. Nylon and the
cellulosics are most vulnerable to size change due to
moisture. If only one side of ahygroscopic material is
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exposed to water, that one side may grow in length to
such an extent that the part warps (bows convex to-
ward the moaisture) to asignificant degree on the wet
side. Various plastics often absorb water or other lig-
uidsto adegree that makesthe plastic unsuitablefor a
particular application. Even though the moisture ab-
sorption of polycarbonate is quite small compared to
nylon, CD discs, which aremetallized ononly oneside,
can bow beyond their tight tolerances. The chemical
resistance of aplastic needsto be matched to whatever
environmental fluiditislikely to encounter. If the sup-
plier statesthat aplastic iscompatible or resistant to a
fluid, that usually means that it absorbs less than 1%
of the fluid. On the other hand, some plastics contain
fluids such as plasticizersthat tend to migrate or “ boil
off” withtime. Thelossof fluidsusually causes shrink-
age and increased brittleness.

Chapter 7 of this volume contains additional in-
formation and adiscussion in greater depth of the ab-
sorption of variousliquids. Theeffect of elevated tem-
perature and its tendency to encourage annealing of
thermoplastic parts and how that affectssize changeis
presented there. And finally, plastics creep. Thismeans
that if asignificant load is placed on a plastic part, it
will move or sag. The longer the load is applied, the
more the plastic part will deflect. This characteristic
of plastics is often overlooked and has been a major
cause of component failure. More often than not, when
a plastic part fails, creep is directly or indirectly in-
volved in thefailure, and the failureis aresult of bad
design. Unfortunately, the plastic gets the blame and
not the deficient design.
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