3 Causes of Molded-Part Variation: Part Design

Part designiscritical for dimensional stability be-
cause warpage dueto inadequate part design isthe most
difficult to overcome. Wall thickness, ribs, and bosses
should be given particular attention. This chapter con-
sidersthese part design elementsin detail.

3.1 Wall Thickness

Figure 3.1 represents the general relationship be-
tween part-wall thickness and mold shrinkage. Increas-
ing the wall thickness of a part has much the same
effect asincreasing the mold temperature. More time
isrequired for cooling, so more stress relaxation oc-
curs, and, if the material is semicrystalline, more and
larger crystals develop, which also increases shrink-
age. If the part is designed with two or more walls of
different thickness, thewall with the greater thickness
will experience the greater shrinkage and will tend to
warp the part. Thisoccurs because of orientation phe-
nomena. Briefly, a thin, randomly oriented layer is
formed against the cavity wall. Below that is a layer
where molecular orientation occurs. Finally, in the cen-
ter of thethickness, thereisanother random layer. The
thicker wall may allow for greater shrinkage for the
reasons discussed in Ch. 2

Nonuniform wall thickness in the design of a
plastic part is probably the single largest cause of
warpage. Sectionsof the same part having varying wall
thicknesstend to shrink at different rates. The thicker
sectionstend to retain the heat from the molding pro-
cess longer than their thinner counterparts. As a re-
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Figure 3.1 Graph showing the relationship between
shrinkage and wall thickness.
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sult, the thicker sections continueto cool and contract
long after the thinner sections have attained their final
part dimensions. One or both of the following condi-
tionsresult:

 The part distorts dimensionally when it
is glected from the mold (to accommo-
date the nonuniform contraction taking
placewithinit).

* The part exhibits high levels of molded-
in stresswhich, when relieved, will also
lead to part warpage.

Uniformwall thickness consistent with the struc-
tural requirements of the part will minimize these ad-
verse effects. Figure 3.2 shows a typical method for
maintaining uniform wall thickness (top), and afunc-
tional design for screw-hole dimensioning to maintain
uniformwall thickness (bottom).!”]

Typical Method
for
Maintaining Uniform
Wall Thickness

Jin v
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Functional Design
for Maintaining Desired
Screw Hole Dimensioning

Figure 3.2 Wall and boss configurations to maintain more
uniform wall thickness.? (Courtesy of GE Plastics.)
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Often part designers add material wherethey think
it is needed for strength and rigidity, without under-
standing that additional thickness causes molded-in
stress and uneven shrinkage. In Fig. 3.2, the desired
part design is shown on the top right. The design on
theleft was probably based on aperceived need to have
arigid bottom and rimto resist an anticipated | oad. If,
in fact, more rigidity is needed in the flange, then a
“U”-shaped flange would provide additional stiffness
without increasing thewall thickness. A more uniform
wall will resist the forces without introducing shrink
and warp problems.

If additional strengthisneeded inthevicinity of a
screw hole, then aboss should be provided, as shown
ontheright in the bottom of Fig. 3.2, rather than mak-
ing thewholewall thicker.

Use of auniform wall thickness may be impracti-
cal, sometimes because of differing part requirements.
In such instances the designer should incorporate a
smooth transition between thick and thin sections, as
shownin Fig. 3.3.1 The transition region should span
adistanceof at least threetimesthe adjacent wall thick-
ness of the part. Parts designed in thismanner and gated
in the thickest section will exhibit uninterrupted flow
paths, and thereby achieve areduction in the stresses
induced during the mol ding process.
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Figure 3.3 Wall transition for solid injection molding.[
(Courtesy of GE Plastics.)
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An abrupt changein thickness, also showninFig.
3.3, can cause shrinkage stresses at the cross-section
change great enough, in some cases, to tear or break
the part at the minimum thickness at the cross-section
change. A more gradual change in thickness spreads
the variation in shrinkage over abroader area, so that
there is not so great a stress at a given point or along
the edge of the cross-section change.

3.2 Ribs

When designing in plastics, incorporating ribsinto
the part design can help achievetherequired structural
rigidity. Added rigidity doesnot comewithout cost how-
ever, and in many cases the ribbing can contribute to
warpage. Therefore, careful consideration should be
given to any design that incorporates any type of pro-
jection. Thefollowing aretwo potentia sourcesof prob-
lemswith ribbing.

» The contours of the cavity change
abruptly due to the ribs, disrupting the
flow pattern asthe plasticfillsthe cavity.

» The presence of theribs may create sig-
nificant variationsin the thickness of the
plastic part in the vicinity of therib.

Both of these circumstances can adversely affect
smooth filling of the mold. Rounding the cornersat the
base of the ribs to enhance smoother filling can help
minimize problems resulting from abruptly changing
contours. However, too large aradius at the intersec-
tion can cause problems of a different nature: sinks
oppositetherib or bending of the part asaresult of the
thick section, and greater shrink at the intersection of
the wall and therib. In generdl, it is best to maintain
the thickness at the base of the rib at not more than
50-70% of the intersecting wall. Ribs which are im-
properly located, or which violate this recommended
dimensioning, may display shrinkage patternsthat place
the dimensional stahility of the part in jeopardy.

Someplagtic part and mold design CAE (computer-
assi sted engineering) software can predict the severity
(depth) of sinkswith areasonabl e degree of accuracy.
See Fig. 3.4.8

Therelationship of pressure and rib width isshown
in the following six figures.® Figure 3.5 shows the
area analyzed. The abbreviation “nd” represents the
width of the areaanalyzed in diameters of aninscribed
circleat theintersection of therib and thewall. In Figs.
3.6 through 3.10, “num” standsfor numerical analysis
data. Theabbreviation “expt” standsfor experimental

© Plastics Design Library



data. The important thing to observe is that the sink
mark increasesin depth asthewidth of theribincreases
and as the packing pressure decreases.

Taking these results into consideration, Fig. 3.11
illustrates a recommended rib design.l”] The tapered
sidesof therib allow easy part removal. Thetip of the
rib may be radiused as shown or squared off. The
radius at the tip will, in most cases, provide a more
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esthetically pleasing part but islikely to be more diffi-
cult to manufacture. The small radius at the base of
the rib reduces the stress concentration at that inter-
section and will make the part more resistant to break-
age. However, any radius at all increases the section
thicknessat thewall-rib intersection, which aggravates
sinks and warpage.
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Figure 3.4 (a) The geometry of the part used in the analysis. (b) The dimensions of a cross-section near the rib. All the dimensions
shown in the figures are in millimeters. ® (Courtesy of SPE.)

Figure 3.5 This diagram shows the area analyzed. The results of these analyses are shown in Figs. 3.6 through 3.10.®

(Courtesy of SPE.)
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Figure 3.6 Sink-mark depth for a 1.000-mm thick rib.®
(Courtesy of SPE.)
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Figure 3.7 Sink-mark depth for a 1.524-mm thick rib.®
(Courtesy of SPE.)
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Figure 3.8 Sink-mark depth for a 2.286-mm thick rib.[ Figure 3.9 Sink-mark depth for a 2.946-mm thick rib.[
(Courtesy of SPE.) (Courtesy of SPE.)
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Figure 3.10 Sink-mark depth for 3.988-mm thick rib.[® Figure 3.11 Recommended rib design.[” (Courtesy of GE
(Courtesy of SPE.) Plastics.)
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3.3 Bosses

Designing bosses presents many of the same con-
cernsasdesigning ribs. A boss design with an outside
diameter that istwo or three timesthe inside diameter
issufficiently strong for most applications. However,
this may result in a boss-wall thickness equal to or
exceeding the wall thickness to which it is attached.
Thisincreased material masswill often result in high
molded-in stresses. Bosses connected directly to the
sidewall of apart usually will cause problems because
of the additional massof material at the juncture of the
boss and the wall. A better design separates the boss
from the wall and ties it to the wall with arelatively
thinrib, asshownin Fig. 3.12.["]

3.4 Example of Proper Part Design

Since molded-part shrinkage and warpage arefacts
of life, we must continueto learn new waysto counter-
act them, keeping in mind the established principles.
For example, consider therel atively common problem
encountered in molding snap-closure lids like those
showninFig. 3.13.

NOT Recommended

Figure 3.12 Recommended boss design shown at bottom.”
(Courtesy of GE Plastics.)
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When these parts arefilled from acenter gate, the
mold pressure varies. The greatest pressure is at the
center, near the gate. The least pressureis at the outer
diameter. As aresult, the shrinkage around the outer
perimeter isgreater than the shrinkage near the gate. If
the part were molded absolutely flat, in adisk shape, it
would shrink into a shape somewhat similar to a po-
tato chip. The outer perimeter shrinking more than the
center makes the disk ripple or fold to allow for the
shorter resultant perimeter, whilethe center, shrinking
less, triesto remain flat.

Thedesignsin Fig. 3.14,[3 showing two different
compensating shrink sections, addressthe differential
shrink problem. The offset surfaces of the circular rib
flex somewhat allowing the center and the outer rimto
shrink at dlightly different rates without objectionable
distortion. These maodifications also alow for greater
latitude in molding conditions and material selection.
Notethat since the open edge of thelid isfurthest from
the gate, that edge will exhibit the greatest shrink, and
the diameter at the open edge will shrink morethanthe
diameter at the intersection of the cylindrical and disk

portions of thelid.
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Figure 3.13 A typical polyethylene lid. A snap closure lid
with a depressed center to allow for variations in shrink
between the center and the outside portions of the lid.®!
(Reprinted with permission of Voridian, Division of Eastman
Chemical Company.)
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Figure 3.14 Two lids with different compensating shrink
sections.®! (Reprinted with permission of Voridian, Division
of Eastman Chemical Company.)
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3.5 Other Design Considerations

Product designs have become increasingly com-
plex, demanding closer part tolerances to ensure that
thefinished and assembl ed products function properly.
For example, critical dimensioning is necessary for a
part that supports internal electrical components be-
cause proper alignment is essential for the product’s
operation. Dimensional stability, an important aspect
of ensuring that part tolerances are maintained, isthere-
fore an important consideration when designing parts
in plastic. If a plastic part carrying a circuit board
changes size with age, the size change can cause one
or more circuits on the board to crack, causing inter-
mittent or completefailure.

Virtually all propertiesof plastics—electrical, me-
chanical, physical, and chemical—are temperature de-
pendent. For this reason, designers need to consider
the recommended processing temperature range, aswell
asthe continuous service and heat distortion tempera-
tures of plastic material to determineits suitability for
applications where elevated temperatures are a con-
cern. In many instances, heat stability (as related to
warpage) becomes the key design parameter when a
material must perform over awide temperaturerange.
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Also, and critically, the shape of the part can con-
tribute to warpage, in that extra or unnecessary detail
can contribute to nonuniform cooling or contraction of
the part. In processing, the concentration of fiber rein-
forcement can be reduced significantly asthe material
flows around relatively sharp corners. Thisreduction
in reinforcement can cause a significant increase in
shrinkage, requiring remanufacture of portions of the
mold.

Parts designed in reinforced thermoplastics ben-
efit greatly from the use of generousradii at intersect-
ing part surfaces. Extremely high stressloads may de-
velop at sharp part corners during part gjection, han-
dling, and/or application. Employing generousradii can
significantly reduce these loads. Another function of
part radii isto facilitate uniform material flow during
cavity filling. Propertiesand surfacefinish benefit from
uniform cavity filling. Inside radii should be aslarge
as appearance and part-function requirements permit.
A radius of at least 1.6 mm (0.0625 inch) is necessary
if part strength isto be maintained at surface intersec-
tions. Outside radii should be sized to maintain uni-
form part-wall thickness and minimize material stag-
nation during moldfill.
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