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8 _ __ _ 

Design Features That 
Influence Product 

Performance 

Overview 

Different techniques or methodologies are 
used to analyze premature molded prod­
uct failures. Throughout this book the de­
sign problems (with solutions) that could 
cause failures are discussed. This chapter con­
centrates on this subject by providing more 
details. A variety of auditing methods and 
computer software programs are used or de­
veloped by molders to provide an analysis of 
potential problems. Although the actual time 
and cost to design a product may represent 
less than 5% of the total time and cost, the 
influence on the performance and cost of the 
final fabricated molded product is enormous. 

Avoiding product failures can depend, 
in part, on the ability to predict the per­
formance of all types of plastic materials 
and their shapes. With available time, the 
usual approach of product laboratory and/or 
field testing provides useful and reliable per­
formance data. Engineers and designers con­
tinue to develop sophisticated computer 
methods for calculating stresses in complex 
structures while using different materials (18, 
126,416). 

Computational methods have replaced the 
oversimplified models of material behavior 
formerly relied on. However, for new and 
very complex product structures that are be­
ing designed to significantly reduce the vol­
ume of materials used and, in turn the prod­
uct cost, computer analysis is conducted on 
prototypes already fabricated and undergo­
ing testing. This computer approach can re­
sult in early and comprehensive analysis of 
the effects of conditions such as temperature, 
loading rate, environment, and material de­
fects on nonstructural and/or structural relia­
bility. The information is supported by stress­
strain behavior collected in actual material 
evaluations (Chap. 12). 

When required, the finite element analy­
sis (FEA) method has greatly enhanced the 
capability of the structural analyst to cal­
culate displacement and strain-stress values 
in complicated structures subjected to arbi­
trary loading conditions. In its fundamen­
tal form, the FEA technique is limited to 
static, linear elastic analysis. However, there 
are advanced FEA computer programs that 
can treat highly nonlinear dynamic prob­
lems efficiently. Important features of these 

716 
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8 Design Features That Influence Product Performance 717 

programs include their ability to handle slid­
ing interfaces between contacting bodies and 
to model elastic-plastic material properties. 
These program features have made possible 
the analysis of impact problems that in the 
past had to be handled with very approxi­
mate techniques. The improved precision of 
FEA methods have provided better direc­
tion in locating high stress areas. Nonethe­
less, final verification of load-carrying capa­
bility may still require actual testing of the 
fabricated product. (Chap. 9, Finite Element 
Techniques). 

Audits 

Many companies periodically, usually on a 
specific schedule, perform an internal audit 
of their operations. The purpose is to verify 
system conformance of the complete opera­
tionfor producing products that meet molded 
product performance and cost requirements. 
One of the goals is to ensure that no product 
failures occur at the end of the fabricating line 
or in service. Different guidelines are used to 
conduct these audits. 

Unlike traditional internal auditing, audit­
ing in the plastics industry might use a vari­
able analysis flowchart. The analysis focuses 
on narrow or small segments of an operation 
and identifies as many variables as possible 
that could influence the accuracy or repro­
ducibility of the product. It then explores how 
each variable can be controlled. Finally, it de­
cides if the variables will be controlled and 
targets people (designer, moldmaker, etc.) 
who will implement the solution. 

Quality system regulation A popular au­
diting technique is called the quality sys­
tem regulation (QSR). In the past it was 
called good manufacturing practice (GMP) 
and process validation (PV). It is of partic­
ular importance for the medical device in­
dustry (which uses an extensive amount of 
plastics) and also in other product industries 
where strict processing procedures must be 
followed to eliminate failures. It sets up an 
important procedure to ensure meeting zero 
defects. 

The originator of QSR, the U.S. FDA 
(Food & Drug Administration), defined this 
program as one providing a very high de­
gree of assurance that a specific process will 
consistently produce a product meeting its 
predetermined specifications and quality at­
tributes. Elements of validation are product 
specification, processing equipment, and pro­
cess revalidation and documentation. QSR 
focuses almost exclusively on production 
practices and requires very detailed manu­
facturing procedures and extremely detailed 
documentation. The major requirements of 
QSR are in the areas of design, manage­
ment responsibility, purchasing, and servic­
ing. QSR encompasses quality system re­
quirements that apply to the entire life cycle 
of a product or device. 

The methods for performing the internal 
audit generally mimic those of an FDA in­
spection concerning the QRS. The company 
auditor examines its different operations be­
ginning with the design group and proceed­
ing through the plant's facility (equipment, 
material quality assurance, storage for ma­
terials and equipment, inspectors, etc.). The 
audits includes observing the employees per­
forming all the operations, compares their 
performance to the written requirements and 
responsibilities, and reviews other condi­
tions such as reviewing batch and production 
records for errors. A thorough audit could 
take hours to over a week to complete. When 
an audit is complete, the findings are sum­
marized in a written report and circulated 
to the appropriate people (management of 
those departments where corrective actions 
are required). 

Computer Approaches 

Design methodologies are used via com­
puter-aided design (CAD) approaches. They 
involve factors such as mold filling simulation 
and stress analysis to illustrate the design for 
manufacture considerations. Critical perfor­
mance requirements such as exposure to ser­
vice temperatures and dimensional stability 
can be studied. With the molding of the pop­
ular short fiber (predominantly glass fibers) 
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molding compounds, variations in fiber ori­
entations close to and away from the gate, 
as well as those resulting from mold design 
changes, can be evaluated (Chap. 9). 

For example, varying molecular orienta­
tion can lead to undesirable anisotropy and 
nonuniformity in the part. The moduli along 
the flow and cross-flow directions as well as 
other relevant properties can be studied. Fac­
tors such as those reviewed are interrelated 
(Chap. 5). They must be considered in the de­
sign stage to eliminate or at least significantly 
reduce failures (1, 13, 18, 199). 

Design Features That Influence Performance 

Sound judgement and experience are basic 
requirements. Experience can be gained by 
working with someone that has experience 
and keeping up to date on the complete tech­
nology of injection molding (which includes 
reading and understanding all that is in this 
book, particularly this chapter). Familiarity 
with plastic behavior and processing meth­
ods are necessary. One of the earliest steps 
in product design is establishing the config­
uration of the part that will form the basis 
on which performance ( dimensions, strength, 
etc.) calculations will be made and select­
ing a suitable material to meet the perfor­
mance requirements. During this phase cer­
tain design features have to be keep in mind 
to avoid problems such as degradation of 
material properties. Such features, called de­
tractors or constrains, are primarily respon­
sible for the unwanted internal stresses that 
can reduce the available stress level for load 
bearing purposes (120). 

Other features, classified as precautionary 
measures, may influence the favorable per­
formance of a part if they are properly incor­
porated. For example, something as simple 
as a stiffening rib is different for an in­
jection molded or structural foamed part 
even when both parts use the same material. 
Familiarizing oneself with design constraints 
is a critical first step in eliminating product 
problems. Product failures can range from 
simply not meeting aesthetic appearance to 
incompatible assembled products not prop-

erly attached (such as a molded part attached 
to a metal with a different thermal expansion 
coefficients). 

This book contains information that can be 
used to set up a checklist of plastic capabil­
ities and constraints based on performance 
requirements. Although it may not be the de­
signer's job (in certain plants), that person 
should have some idea where problems can 
develop ( Chap. 4, Correcting Mold Filling 
Imbalances in Geometrically Balanced Run­
ner Systems; Chap. 11, Plastic Material and 
Equipment Variables) (7). 

Another important consideration con­
cerns tolerances and shrinkages (Chap. 4, 
Mold Shrinkages and Tolerances; Chap. 5, 
Molding Tolerances; and Chap. 9; Tolerances 
and Dimensional Controls). Plastic shrinkage 
is often reported as numbers that account for 
variations in processing conditions and wall 
thicknesses. Simple material and solidifica­
tion models using PVT diagrams can be used 
as guides to define an effective molding pres­
sure that characterizes the shrinkage that oc­
curs during solidification under time-varying 
mold cavity pressures (Chap. 7). This effec­
tive pressure combines the thermal diffusiv­
ity of the material, the wall thickness, and the 
time-varying cavity pressure into a single pa­
rameter that is related to shrinkage (Chap. 5, 
Molding Tolerances; Chap. 9, Tolerances and 
Dimensional Controls) (l, 13, 18, 135, 302, 
305,390,614). 

Plastic Product Failures 

The outstanding performance of plastics 
over long periods of time have been demon­
strated in innumerable applications in all 
markets since 1886. Yet some users of plas­
tic products continue to encounter disap­
pointing results when using these materials. 
Practically all incidences of malfunctions are 
caused by a lack of knowledge of the char­
acteristics and potentials of the plastics, with 
a resultant misapplication, rather than from 
any shortcomings in the material or pro­
cessing itself. In other words, one must use 
the correct design, the correct material, and 
the proper fabrication technique to meet 
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cost-property efficiency. For example, an 
analysis of long-term loading requires one 
to evaluate the plastic's creep behavior at 
the temperatures the plastic will be subjected 
to in service. Creep data analyses have been 
used extensively since at least 1940 with ex­
cellent results (Chap. 5, Long-Term Behavior 
of Plastics: Creep) (13, 18, 390). 

Unfortunately many lower cost materials 
and processing techniques are available and 
the general public might assume these to be 
equal to the more expensive parts that will 
not fail. Industry standards and specifications 
are constantly being developed and used for 
public awareness of inferior products. Un­
fortunately, they are usually issued after the 
problem or failure develops in service, 

Design Failure Theory 

In many cases, a product fails when the ma­
terial begins to yield "plastically." In a few 
cases, one may tolerate a small dimensional 
change and permit a static load that exceeds 
the yield strength. Actual fracture at the ulti­
mate strength of the material would then con­
stitute failure. The criterion for failure may be 
based on normal or shear stress in either case. 
Fatigue failure is the most common mode of 
failure. Other modes of failure include exces­
sive elastic deflection or buckling. The actual 
failure mechanism may be quite complicated; 
each failure theory is only an attempt to ex­
plain the failure mechanism for a given class 
of materials. In each case a safety factor is 
employed. However, with proper part design, 
these failures can be eliminated or can be per­
mitted if part performance is met (18). 

Basic Detractors and Constraints 

The successful design and fabrication of 
good plastic products require a combination 
of sound judgment and experience. Design­
ing good products requires a knowledge of 
plastics that includes their advantages and 
disadvantages as well as some familiarity with 
processing methods. Until the designer be­
comes familiar with processing, a fabrica-

tor must be taken into the designer's con­
fidence early in development and consulted 
frequently during those early days. The fab­
ricator and mold or die designer should ad­
vise the product designer on materials be­
havior and how to simplify processing. The 
designer should not become restricted by un­
derstanding only one process or method and 
in particular should avoid focusing on just a 
certain narrow aspect of a design or process. 
(Chap. 15). 

Although there is no limit theoretically to 
the shapes that can be created, practical con­
siderations must be met. These relate not only 
to part design but also to mold or die de­
sign, since these must be considered one en­
tity in the total creation of a usuable, eco­
nomically feasible part. In the sections that 
follow, various phases considered important 
in the creation of such parts are examined for 
their contribution to and effect on design and 
function. 

Prior to designing a part, the designer 
should understand such basic factors as those 
summarized in Fig. 8-1. Success with plastics, 
or any other material, for that matter, is di­
rectly related to observing design details. For 
example, something as simple as a stiffen­
ing rib is different for an injection molded or 
structural foam part, even though both parts 
may be molded from the same plastic (see 
Fig. 8-1). And a stiffening rib that is to be 
molded in a low-mold-shrink, amorphous TP 
will differ from a high-mold-shrinkage, crys­
talline TP rib, even though both plastics are 
just injection-molded (see Chaps. 4 and 6). 
Ribs molded in RP/composite plastics have 
their own distinct requirements: 

The important factors to consider in de­
signing can be categorized as follows: part 
thickness, tolerance, ribs, bosses and studs, 
radii and fillets, draft or taper, holes, threads, 
color, surface finish and gloss level, deco­
rating operations, the parting line, gate lo­
cations, molded part shrinkage, assembly 
techniques, mold or die design, production 
volume, the tooling and other equipment 
amortization period, as well as the plastic and 
machine selected. The order of importance 
that these factors follow can vary, depend­
ing on the product to be designed and the 

 
-29-

Spectrum Ex. 1014 
IPR Petition - USP 11,536,632



720 8 Design Features That Influence Product Performance 

injection molded 
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Fig. 8-1 Example of how different plastics and molding processes can affect the design details of a 
stiffening rib. 

designer's familiarity with particular materi­
als and processes (Table 8-1). 

Preparing a complete list of design con­
straints is a crucial first step in plastic part 
design; failure to take this step can lead to 
costly errors. For example, a designer might 
have an expensive injection mold prepared, 

designed for a specific material's shrink value, 
only to discover belatedly that the initial ma­
terial chosen did not meet some overlooked 
design constraint. Flammability, glass-fiber 
fillers to provide a higher modulus, and other 
requirements are best considered before a 
tool is made. Otherwise, the designer may 

Table 8-1 Simplified example of the effect of rib and cross-section changes 

Cross-Sectional Area Maximum Stress, Maximum Deflection, 
Geometry sq. in. (mm2) psi (MPa) in. (mm) 

(19.1 mm) 

r----o rs---j , 
0.0600 6,800 0.694 j_ 

~ (38.7) ( 46.9) (17.6) 

ORIGINAL SECTION T 
0.080 

(2.0) 

~ 0 
0.0615 2,258 0.026 - (39.7) (15.6) (0.66) 

ORIGINAL SECTION 
WITH RIB 

1-- o. 75 ---11 
~ 0.1793 2,258 0.026 

THICK SECTION 
(115.7) (15.6) (0.66) 

0.23i 
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have the difficult if not impossible task of 
finding a plastic that does meet all the de­
sign constraints, including the important ap­
propriate shrink value for the existing mold. 
Such desperation in the last stages of a de­
sign project can and should be avoided. As 
emphasized from one end of this book to the 
other, it is vital to set up a complete check­
list of product requirements, to preclude the 
possibility that a critical requirement may be 
overlooked initially. Recognize that the "im­
possible" as well as the "approaches" to be 
avoided can in most cases still produce ex­
cellent products; however, it is easier to fol­
low the direction with the least number of 
problems. 

Tolerance and Shrinkage 

Two different forms of shrinkage must be 
considered when designing to meet toler­
ances: the initial shrinkage that occurs while a 
part is cooling, called the mold or die shrink­
age, and that which occurs after as many 
as 24 hr, called the after-shrinkage or after­
swell. Some plastics are more stable than 
others after aging, regardless of their initial 
shrinkage. In many cases, low shrinkage may 
indicate greater stability. Some plastics have 
zero shrinkage, with others exhibiting little or 
a high degree of shrinkage. 

Large, unpredictable shrinkages can make 
close-tolerance designing almost impossible, 
so these must be indicated on the drawings. If 
it has been determined in advance that a part 
must be postcured, stress-relieved, or baked, 
allowance must be made for probable addi­
tional shrinkage. These requirements must be 
specified on the drawings. 

Especially for long runs, mold or die de­
sign is an important factor. lbe metals that 
will be used, particularly in mold cavities, and 
the forces required will largely be determined 
by the complexity of the product design. This 
complexity will, of course, dictate in turn the 
intricacy of the tool design that will eventu­
ally be used. In general, pack hardening, oil 
hardening, and prehardened steels are used, 
with materials such as beryllium copper and 
electroformed cavities finding use in applica-

tions for specialized purposes. Chrome plat­
ing is frequently used to protect parts from 
the corrosive effect of volatiles present in 
some materials. Plating not only produces 
higher luster and prevents tool staining but 
also eliminates the sticking of parts on re­
moval from a mold or die. However, plat­
ing will only duplicate an existing surface, so 
the tool itself must be highly polished before 
being plated. The intricacy required in tool 
design, and the commensurate costs, may be 
leading factors when choosing a plastic. 

If the material must flow around pins, 
spiders, and projections, it must have suitable 
flow properties and weld properly, leaving 
only minimal flow marks (see Chap. 4). 
Thus, the availability of the proper mate­
rial becomes an important consideration 
(Table 8-2). 

Once shrinkage and postmolding shrink­
age phenomena are known, the dimensional 
changes occurring in parts molded from a 
given plastic during the initial shrinkage 
(which takes place in the mold cavity as the 
melt solidifies) can be anticipated with rea­
sonable accuracy. As previously explained, 
further contraction (postmolding shrinkage) 
may still occur in molded parts as internal 
stresses are relieved. Other opposite changes 
(expansions) can be caused by humidity ab­
sorbed after molding. 

The molding shrinkage of thermosets 
(TSs) and amorphous thermoplastics (TPs) 
such as PS, CA, PMMA, PC, etc. is gener­
ally below 1 % and no appreciable postmold­
ing shrinkage occurs. With partly crystalline 
structure TPs such as PE, PP, PA, POM, etc., 
molding shrinkage may range from 1 to 4 % 
depending on the type of plastic and pres­
ence of inert fillers (glass, mica, CaC03 , etc.). 
Such plastics also exhibit varying degrees of 
postmolding shrinkage, with TSs usually hav­
ing the least. These types of considerations 
show that accurately determining the ex­
tent to which mold cavity dimensions should 
be increased to compensate for shrinkage is 
not an easy task when one has no experi­
ence in this area of technology. As reviewed 
throughout this book, molding shrinkage de­
pends not only on the plastic's intrinsic prop­
erties but also on many variables such as 
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Table 8-2 Guidelines for nominal TP mold-shrinkage rates using 
ASTM ¼- and i-in.-thick test specimens 

Average Rate• per ASTM D 955 

0.125 in. 0.250 in. 
Material (3 .18 mm) (6.35 mm) 

ABS 
Unreinforced 0.004 0.007 
30% glass fiber 0.001 0.0015 

Acetal, copolymer 
Unreinforced 0.017 0.021 
30% glass fiber 0.003 NA 

HDPE,homo 
Unreinforced 0.015 0.030 
30% glass fiber 0.003 0.004 

Nylon 6 
Unreinforced 0.013 0.016 
30% glass fiber 0.0035 0.0045 

Nylon 6/6 
l Jnreinforced 0.016 0.022 
15% glass fiber+ 25% mineral 0.006 0.008 
15% glass fiber+ 25% beads 0.006 0.008 
30% glass fiber 0.005 0.0055 

PBT polyester 
Unreinforced 0.012 0.018 
30% glass fiber 0.003 0.0045 

Polycarbonate 
Unreinforced 0.005 0.007 
10% glass fiber 0.003 0.004 
30% glass fiber 0.001 0.002 

Polyether sulfone 
Unreinforced 0.006 0.007 
30% glass fiber 0.002 0.003 

Polyether-etherketone 
Unreinforced 0.011 0.013 
30% glass fiber 0.002 0.003 

Polyetherimide 
Unreinforced 0.005 0.007 
30% glass fiber 0.002 0.004 

Polyphenylene oxide/PS alloy 
Unreinforced 0.005 0.008 
30% glass fiber 0.001 0.002 

Polyphenylene sulfide 
Unreinforced 0.011 0.004 
40% glass fiber 0.002 NA 

Polypropylene, homo 
Unreinforced 0.015 0.025 
30% glass fiber 0.0035 0.004 

Polystyrene 
Unreinforced 0.004 0.006 
30% glass fiber 0.0005 0.001 

• Rates in in.fin. (Courtesy of ICI-LNP.) 
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part shape, mold design, and molding process 
(7.18). 

From a knowledge of these factors affect­
ing mold shrinkage, a mold designer should 
be able to anticipate fairly accurately the 
shrinkage a given part will undergo and to 
avoid major miscalculations that would en­
tail costly mold remakes or alterations. This 
is a highly demanding task that moldmakers 
have been consistently performing. 

There is an SPI standard that specifies 
guide limits for certain dimensions, and each 
material supplier converts the data to suit a 
specific plastic. In Chap. 4, Tables. 4-13 and 
4-14 give examples of such information. This 
type of information is intended to give the 
designer a guide for tolerances that are to be 
shown on drawings; these tolerances include 
variation in part manufacture and some vari­
ation in tooling. 

Tolerances on dimensions should be spec­
ified only where absolutely necessary. Too 
many drawings show limits of sizes when 
other means of attaining desired results 
would be more constructive. For example, 
if the outside dimensions of drill housing 
halves were to have a tolerance of ±0.003 in. 
(0.0076 cm), this would be a tight limit. Yet 
if half of the housing were to be on the mini­
mum side and the other on the maximum side, 
there would be a resulting step that would 
be uncomfortabl.e to the feel of the hand 
while gripping the drill. A realistic specifica­
tion would call for matching of halves that 
would provide a smooth joint between them, 
with the highest step not to exceed 0.002 in. 
(0.0051 cm). The point is that limits should be 
specified in such a way that those responsible 
for the manufacture of a product will under­
stand the goal that is to be attained. Thus, 
we may indicate "dimensions for gear cen­
ters," "holes as bearing openings for shafts," 
"guides for cams," etc. This type of designa­
tion would alert a moldmaker as well as a 
molder to the significance of the tolerances in 
some areas and the need for matching parts 
in other places and clearance for assembly in 
still other locations. 

Most of the engineering plastics faithfully 
reproduce the mold configuration, and when 
processing parameters are appropriately 

controlled, they will repeat with excellent 
accuracy. 

Plastic gears and other precision parts 
made of acetal, nylon, polycarbonate, etc. 
have tooth contour and other precision areas 
made with a limit of0.002 in. (0.0051 cm), and 
the spacing of the teeth is uniform to meet the 
most exacting requirements. 

The problem with any precise part is to 
recognize what steps are needed to reach 
the objective and to follow through every 
phase of the process in a thorough manner to 
safeguard the end-product. Throughout this 
book "shrinkage" is reviewed based on ma­
terial and processing characteristics. Differ­
ent factors can cause variation in shrinkage; 
indeed, the way processing parameters can 
influence dimensional variation is very im­
portant. Some materials perform better than 
others in that respect. 

Generally, if we approach tolerances ac­
cording to their purposes [(1) functional re­
quirements, such as running it, sliding fit, 
gear tooth contour, etc.; (2) assembly require­
ments-that is, to accommodate parts with 
their own tolerances; and (3) matching parts 
for appearance or utility], we should come up 
with feasible tolerances that will be reason­
able and useful. This will be more productive 
than trying to apply tolerances strictly on a 
dimensional basis. 

Tolerances should be indicated only when 
they are needed, carefully analyzed for their 
magnitude, and of proven usefulness. 

The adaption of metal tolerances to plas­
tics is not advisable. The reaction of plastics 
to moisture and heat, for example, is dras­
tically different from that of metals, so that 
pilot testing under extreme use conditions is 
almost mandatory for establishing adequate 
tolerance requirements. 

Using these types of calculated shrinkage, 
theory can dictate how oversized to cut the 
tool (the mold or die) if a part has a rela­
tively simple shape. For other shapes some 
critical key dimensions of the part will, more 
often than not, not be as predicted from the 
shrink allowance, particularly if the item is 
long, complex, or tightly toleranced. Theim­
portant factors that influence the shrinkage of 
a specific plastic in usi.ng a specific machine, 
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Table 8-3 Functions of an injection mold 

Mold Component Function Performed 

Mold base 

Guide pins 

Hold cavity (cavities) in fixed, correct position relative 
to machine nozzle. 

Sprue bushing (sprue) 
Runners 

Maintain proper alignment of the two halves of a mold. 
Provide means of entry into mold interior. 
Convey molten plastic from sprue to cavities. 

Gates Control flow into cavities. 
Cavity (female) and force (male) 
Water channels 

Control size, shape, and surface texture of molded article. 
Control temperature of mold surfaces, to chill plastic 

to rigid state. 
Side (actuated by cams, gears, or 

hydraulic cylinders) 
Form side holes, slots, undercuts, threaded sections. 

Vents Allow escape of trapped air and gas. 
Ejector mechanism (pins, blades, 

stripper plate) 
Eject rigid molded article from cavity or force. 

Ejector return pins Return ejector pins to retraced position as mold closes 
for next cycle. 

such as injection molding, by causing it to vary 
and not follow the expected values are flow 
direction, wall thickness, flow distance, and 
the presence of reinforcing fibers. 

Determining shrinkage involves more than 
just applying the appropriate correction fac­
tor from a material's data sheet. Shrinkage is 
caused by a volumetric change in a plastic as 
it cools from a molten to solid form. As dis­
cussed in Chaps. 4 and 6, shrinkage is not a 
single event. Additional shrinkage can occur 
when frozen-in stress is relieved by annealing 
or exposure to high service temperatures. 

The main considerations in mold design 
affecting part shrinkage are to provide ade­
quate cooling, proper gate size and location, 
and structural rigidity. Of the three, cooling 
conditions is the most critical, especially for 
crystalline resins (see Chap. 6). The cooling 
system must be adequate for the heat load. 
Slow cooling increases shrinkage by giving 
resin molecules more time to reach a re­
laxed state. In crystalline types, longer cool­
ing times lead to a higher level of crystallinity, 
which in turn accentuates shrinkage. Proper 
cooling, along with having an overall melt­
flow analysis of how the material will react 
in the mold, prepared by the mold designer, 
will eliminate or at least be capable of con­
trolling the potential problems of shrinkage 

and warpage. This analysis can also include 
the best gate locations. Table 8-3 summarizes 
functions of an injection mold. 

Several computer-aided flow-simulation 
programs now off er modules designed to 
forecast part shrinkage-and, to a limited de­
gree, warpage-from the interplay of resin 
and mold temperatures, cavity pressures, 
stress, and other variables in mold-fill anal­
ysis. The predicted shrinkage values in vari­
ous areas of the part should be used as the 
basis for sizing the mold cavity, either by 
manual input or feed-through to the mold­
dimensioning program. All the programs 
can successfully predict a certain amount of 
shrinkage under specific conditions. 

Shrinkage and warpage Potential warp­
ing of a part is always a major concern in 
mold design. Warping is caused by differen­
tial shrinkage, that is, if one area of the mold­
ing has a different level of shrinkage from 
another area, the part will warp. Another 
cause is if one area is overpacked, while an­
other area of the mold has much less melt 
pack. The classic example of warpage due to 
orientation occurs with centrally gated parts 
(Fig. 8-2). 

If the cooling around the sprue takes 
longer than around the edge, then differential 
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Fig. 8-2 Shrinkage across the diagonal is higher than along the edges, so there is tension force along 
the diagonal causing the corners to curl up or down. 

cooling will cause the part to warp. This varia­
tion in cooling times could be caused either by 
frictional heating directly or improper cool­
ing design. There is much more heat to be 
extracted from the gate area than the edge; 
therefore, cooling channels must be designed 
to extract more heat from the gate. Twin cool­
ing circuits could be used for better local tem­
perature control. 

The cooling of both the core and cavity 
must be carefully planned. It is very easy to 
cool the cavity, but it is quite difficult to ob­
tain good cooling of the core, particularly in 
the corners. If the corners of the core are hot­
ter than the cavity, then differential cooling 
will result, deflecting the side inward. 

If the material is crystalline, the thickness 
around the rim can be increased, thus increas­
ing the shrinkage on the edge. This will offset 
the difficulty of cooling around the gate. Al­
though this is very workable, a check must be 
made to ensure that a racetrack effect has not 
been created. 

A clear understanding of the cause of 
warpage of injection-molded parts has led 
to practical shrinkage and warpage software. 
Warpage is caused by variations in shrink­
age throughout the part ( a few examples have 
been discussed). These variations may appear 
from region to region, through the thickness, 
and as different shrinkages in directions par­
allel and perpendicular to the plastic orienta­
tion direction. 

Flow and cooling analysis results are used 
to predict shrinkage strains, taking the above 
variations into account. These strains are 
then input to a structural analysis program 

to find the deformation of the component. 
The software may be used to indicate which 
of the three variations has the most effect on 
warpage, which is very useful information for 
a product designer. 

The traditional approach to shrinkage pre­
diction is to correlate against molding vari­
ables such as thickness, mold temperature, 
etc. This approach is tied to a particular mold 
geometry. For a general shrinkage predic­
tion, it is important to correlate shrinkage 
against more fundamental variables (152). 
These variables are volumetric shrinkage 
(from PVT data, Chap. 7), crystalline content, 
mold restraint effects, and orientation effects. 
These variables are derived from a finite­
element/finite-difference filling and packing 
analysis, using PVT data to model compress­
ibility and thermal contraction effects. 

The flow analysis uses mold temperature as 
a boundary condition, so initially a constant 
value is set. The plastic temperature results 
from the flow analysis are then used in a cool­
ing analysis to compute the end-of-cycle mold 
temperature at each finite element. This de­
tailed mold temperature information is then 
used in a second flow analysis, to produce the 
final grid-point results that are used in shrink­
age calculations. A careful account of these 
variations leads to a practical tool for the pre­
diction and minimization of warpage. 

Residual Stress 

Residual stresses can cause warpage. 
Processing-induced stresses that influence 
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properties such as mechanical, physical, envi­
ronmental, and aesthetic factors (which also 
exist in metals and ceramics) can have fa­
vorable or unfavorable effects, depending on 
the application of the load with respect to 
the direction of the stresses or orientation. 
For example, at room temperature an unori­
ented PS is a brittle, glassy, amorphous poly­
mer, whereas a uniaxial oriented PS is highly 
anisotropic. High tensile strength, elonga­
tion, and resistance to environmental stress 
crazing and cracking are achieved in the di­
rection of orientation. However, an oriented 
PS is weaker and more susceptible to stress 
crazing in its transverse direction than an un­
oriented PS. A biaxially oriented PS is strong 
and tough in all directions (7, 18). 

Residual stresses and molecular orienta­
tion play an important role in the tough­
ness enhancement of cold-worked plastics, 
because toughness is primarily based on 
the mechanics of craze formation and shear 
band (crazes and flaws) formation. The shear 
bands determine the fracture mode and 
toughness of a polymer when subjected to 
impact loads. The amount of energy dissi­
pated will depend on whether the material 
surrounding the flaws deforms plastically. For 
toughness enhancement the residual stresses 
play an important role in the suppression of 
craze formation, by avoiding the stress state 
that promotes brittle fracture. 

1be term residual stresses identifies the sys­
tem of stresses that are, in effect, locked into a 
part, even without external forces acting on it. 
For instance, minute stresses may be induced 
in a material by nonuniform heating and cool­
ing. 1be production of residual stresses is usu­
ally the result of non-homogeneous plastic 
deformation occurring during thermal and 
mechanical actions, arising from changes in 
either volume or shape. 1bermal treatments 
such as quenching (rapid cooling) and an­
nealing (slow cooling) introduce changes in 
physical and mechanical properties. For ex­
ample, with sheet plastic the stresses cre­
ated by quenching are the result of uneven 
cooling, when the surfaces cool faster than 
the core. This produces nonuniform volume 
changes and properties throughout the thick- · 
ness. The compressive stresses on the sur-

face of the quenched plastic produce tensile 
stresses in the core, which maintain the equi­
librium of the forces. 

Stress Concentration 

Sharp corners should always be avoided in 
designing, particularly when working with TP 
injection-molded parts. Although sharp­
cornered designs are common with certain 
sheet metal and machined parts, good de­
sign practice in any material dictates the use 
of generous radii, to reduce stress concen­
trations. Reinforced plastics and composites 
and metal parts will often tolerate sharp cor­
ners, because the stresses at their corners are 
low compared to the strength of the material 
or localized yielding redistributes the load. 
However, neither of these factors should be 
relied on in TP-molded parts. Sharp corners, 
particularly the inside corners, can cause se­
vere molded-in stresses as a material shrinks 
onto the corner, as well as poor flow pat­
terns, reduced mechanical properties, and in­
creased tool wear. 

The elementary formulas used in design 
are based on structural members having a 
more or less constant cross section, or at 
least only a gradual change of contour, but 
these conditions are seldom found in practice. 
The presence of shoulders, bosses, grooves, 
holes, threads, and corners results in mod­
ifying the simple stress distribution and in 
localized, higher stresses. This localization, 
known as the stress concentration factor, is 
defined as K = maximum stress divided by 
nominal stress. Localized high stresses must 
in most cases be determined experimentally 
rather than theoretically. The photoelastic 
technique is one of the more effective meth­
ods used to do this. To interpret a photoe­
lastic diagram qualitatively, it is sufficient to 
know that the number of fringes (the den­
sity of lines) is proportional to the absolute 
stress level. 

In the vicinity of a sharp corner all 
fringes converge toward the apex. Having 
a high density of lines at this point indi­
cates the presence of a high stress level. At 
a rounded comer, there will be considerably 
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less concentration. Besides moldinr prob­
lems, sharp corners often cause pren.1.ture 
failure because of the stress concentration. 
To avoid these problems, inside corner radii 
should be equal to one-half the nominal wall 
thickness, with a 0.020-in. radius considered 
a minimum for parts subjected to stress and a 
0.005-in. minimum for the stress-free regions 
of a part. Having inside radii less than 0.005 
in. is not recommended for most materials. 
Outside corners should have a radius equal 
to the inside corner plus the wall's thickness. 

Figure 8-3 illustrates quantitatively the ef­
fect of fillet radius ( R) on stress concentration 
factor K. Assume that a force or load is being 
exerted on the cantilevered section shown. 
As the radius is increased, with all other di­
mensions remaining constant, Rf T increases 
proportionally and the stress-concentration 
factor decreases, as shown by the curve. The 
K factor can be reduced by 50%, from 3.0 to 
1.5, by increasing the R/ T fivefold, from 
0.1 to 0.5. This curve shows how readily the 
K factor can be reduced by using a large fil­
let radius. A fillet with an optimal design is 
obtained with an R / T of 0.5. A further in-
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Fig. 8-3 Effect of the fillet radius on the stress 
concentration factor. To find the stress associated 
with having a small radius, multiply the calculated 
bending stress by K. 

crease in the radius reduces the stress con­
centration by only a marginal amount. Stress 
concentration factors on the same order of 
magnitude have also been determined for 
grooves, notches, holes, screw threads, bosses, 
and ribs. 

Sink Mark 

Sink marks are indentations on the surface 
of a molded part that can occur usually when 
there is a significant local change in wall thick­
ness. Examples include ribs, bosses, and un­
dercuts. They are caused by thermal contrac­
tion of the melt during cooling in the mold. 
Since the volumetric change of plastic from 
melt to the solid could be about 25% and the 
compressibility of plastics occurs at a lower 
amount such as 15%, it is possible to pack out 
a mold. This action could produce sink marks 
in the pressurization phase. Some compen­
sating flow is necessary to eliminate the sink 
marks. It is impossible to eliminate or min­
imize sink marks by adjusting holding pres­
sure from high to low as a rule of thumb. 

Analyzing flow as a combination of viscous 
fluid fl.ow and heat transfer can aid in un­
derstanding what is happening in the mold 
( Chap. 7). The object is to flow plastic through 
the thin section and into the thick sections. 
With a very slow rate, the pressure drop will 
be high because of the high heat Joss. In the 
extreme situation the plastic could freeze off. 
With a high holding pressure, there would be 
a high flow in the pressurization phase and 
a low flow in the compensating phase. This 
low compensating phase flow means that the 
thin section would not remain molten long 
enough for the thick section such as a boss to 
be adequately packed out. 

Design Concept 

In designing a totally new product or re­
designing an existing one to improve the 
product, bring about cost savings, or some 
combination of these or other reasons, con­
sideration should be given to the key ad­
vantages of injection molding. These advan­
tages include the ability to produce finished, 
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multifunctional, or complex molded parts ac­
curately and repeatedly in a single, highly au­
tomated operation (Chaps. 2, 5, and 7). While 
keeping this in mind during the initial plan­
ning stage, one should also be aware of the 
general design considerations presented in 
this section. 

Many parts of an injection mold will influ­
ence the final product's performance, dimen­
sions, and other characteristics. These mold 
parts include the cavity shape, gating, part­
ing line, vents, undercuts, ribs, hinges, etc. 
The mold designer must take all these fac­
tors into account. At times, to provide the 
best design the product designer, processor, 
and mold designer may want to jointly review 
where compromises can be made to simplify 
meeting product requirements. With all this 
interaction, it should be clear why it takes a 
certain amount of time to ready a mold for 
production (7, 18). 

Thus, in the design of any injection-molded 
part, there are certain desirable goals that the 
designer should use. In meeting them, prob­
lems can unfortunately develop. For exam­
ple, the most common mold design errors of 
a sort that can be eliminated usually occur in 
the following areas: 

Thick or thin sections, transitions, warp, 
and stress 

Multiple gates and weld lines 

Wrong gate locations 

Inadequate provision for cavity air venting 

Parts too thin (such as diaphragms) to mold 
properly, 

Parts too thick to mold properly 

Plastic flow path too long and tortuous 

Runners too small 

Gates too small 

Poor temperature control 

Runner too long 

Part symmetry vs. gate symmetry 

Orientation of polymer melt in flow direc-
tion 

Hiding gate stubs 

Stress relief for interference fits 

Living hinges 

Slender handles and bails 

Th read inserts 

Creep or fatigue over long-time stress ( ex­
tremely important) 

As seen in previous chapters, different 
plastics have different melt and flow charac­
teristics. What is used in a mold design for 
a specific material may thus require a com­
pletely different type of mold for another 
material. These two materials might, for in­
stance, have the same polymer but use differ­
ent proportions of additives and reinforce­
ments. This situation is no different than that 
of other materials such as steel, wood, ceram­
ics, and aluminum. 

It is important to recognize that the draw­
ing of a plastic product will not specifically 
spell out the way many of its details will be 
carried out in the mold design. Some fea­
tures adversely affect the strength and quality 
of the molded product. In most cases, these 
problem details can be modified by the de­
signer to minimize their adverse effects on 
the properties of the part. What follows is a 
general summary of how to reduce problems 
to tolerable limits. 

First, inside sharp corners should normally 
be shown as two intersecting straight lines, 
without specific indication as to the func­
tional requirement or degree of sharpness. 
Inside square corners are areas of stress con­
centration, quite similar to a notch in a test 
bar. The Izod impact strength of notched and 
unnotched test bars shows the relative impact 
strength of each material at the two condi­
tions. 

Thus, for example, polycarbonate has an 
impact strength of the notched ½-in. test 
bar of 12 to 16 ft-lb/in. of notch, whereas 
the same bar unnotched does not fail the 
test. Polypropylene has an impact strength 30 
times greater in the unnotched than notched 
bar. Nylon shows a drastic increase in impact 
strength as the radius increases from sharp­
ness to ti R. A similar trend exists for most 
other materials. These examples point out 
that brittleness increases with the decreas­
ing of a radius in a corner. Visually, a radius 
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of 0.020 in. on a plastic part may be con­
sidered sharp, with an influence on strength 
that is much more favorable than a radius of 
0.004 in. To the moldmaker, a sharp corner 
is usually easier to produce, but in the plastic 
part it is a source of brittleness and, in most 
cases, highly undesirable. Inside sharp cor­
ners frequently appear on plastic-part draw­
ings. It is the mold designer's responsibility 
to call attention to such strength degradation 
and invite appropriate corrective measures. 

Second, varying wall thicknesses from 
thick and thin sections in a part will lead to 
problems in molding. Having a uniform wall 
throughout a part gives it good strength and 
appearance. Thick and thin sections will have 
molded-in stresses, different rates of shrink­
age ( causing warpage ), and possibly void for­
mation in the thick portion. Since the parts in 
a mold solidify from their outer surfaces to­
ward the center, sinks will tend to form on the 
surface of a thick portion. When thick ( ti, in. 
and over) and thin ( ! in. or less) portions are 
unavoidable, the transition should be grad­
ual and coring should be utilized whenever 
possible. 

Third, sinks are not only the result of the 
causes listed above; they also occur when­
ever supporting or reinforcing ribs, flanges, 
or similar features are used in an attempt to 
provide functional service without changing 
the basic wall thickness of a product. If the 
appearance of a sink on the surface is objec­
tionable, the ribs and transition radius should 
be proportioned so that their contribution to 
the sink is minimal. Figure 8-4 is a guide to 
the dimensioning of ribs. 

T 

R = .025-0.45 

Fig. 8-4 Rib and wall dimensioning. 

Fourth, molded-in metal parts should be 
avoided whenever alternate methods will ac­
complish the desired objectives. If incorpo­
rating such inserts is essential, they should 
be shaped so that they will present no sharp 
inside corners to the plastic. The effect of the 
sharp edges of a metal insert would be the 
same as explained in the first point above, 
namely, brittleness and stress concentration. 
The cross section that surrounds a metal in­
sert should be heavy enough to avoid crack­
ing upon cooling. A method of minimizing 
cracking around the insert is to heat the metal 
insert prior to mold insertion to a tempera­
ture of 250 to 300°F so that it will tend to 
thermoform the plastic into its finished shape. 
The thickness of the plastic enclosure will 
vary from material to material. A reasonable 
guide is to have the thickness 1.75 to 2 times 
the size of the insert diameter (Table 8-4). 

Fifth, most plastic parts are used in con­
junction with other materials. If the in service 
temperature is other than room temperature, 
certain compensatory steps must be taken to 
avoid problems arising from the difference 
in the thermal coefficients of expansion of 
the different materials. Many plastic mate­
rials expand about 10 times as much as steel. 
1bus, careful analysis of the conditions un­
der which the metallic materials are coem­
ployed for functional uses is called for. In the 
automotive industry, many long plastic parts 
are used in conjunction with metal frames. If 
proper compensation is not made for the dif­
ference in thermal coefficients of the materi­
als, buckling or looseness may result, causing 
noise or a poor appearance. 

Finally, plastic threads have a very lim­
ited strength and may be further degraded 
if the thread form is not properly shaped. 
The V-shaped portion at the outside of a fe­
male thread will present a sharp inside cor­
ner that will act as a stress concentrator and 
thereby weaken the threaded cross section. 
A rounded form that can be readily incor­
porated in a molding insert will appreciably 
improve the strength over a V-shaped form. 
When self-tapping, thread-cutting, or thread­
form screws are used, their holding power 
can be increased if either the screws or plastic 
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Table 8-4 Suggested minimum wall thicknesses for inserts of various diameters 

Diameter of Inserts, in. (mm) 

0.125 0.250 0.375 0.500 0.750 1.00 
Plastic Material (3.17) (6.35) (9.52) (12.7) (19.0) (25.4) 

ABS 0.125 (3.17) 0.250 (6.35) 0.375 (9.52) 0.500 (12.7) 0.750 (19.0) 1.00 (25.4) 
Acetal 0.062 (1.57) 0.125 (3.17) 0.187 (4.75) 0.250 (6.35) 0.375 (9.52) 0.500 (12.7) 
Acrylics 0.093 (2.36) 0.125 (3.17) 0.187 (4.75) 0.250 (6.35) 0.375 (9.52) 0.500 (12.7) 
Cellulosics 0.125 (3.17) 0.250 (6.35) 0.375 (9.52) 0.500 (12.7) 0.750 (19.0) 1.00 {25.4) 
Ethylene vinyl acetate 0.040 (1.02) 0.085 (2.16) N.R. N.R. N.R. N.R. 
FEP (fluorocarbon) 0.025 (0.64) 0.060 (1.52) N.R. N.R. N.R. N.R. 
Nylon 0.125 (3.17) 0.250 {6.35) 0.375 (9.52) 0.500 (12.7) 0.750 (19.0) 1.00 (25.4) 
Noryl (modified PPO) 0.062 (1.57) 0.125 (3.17) 0.187 ( 4. 75) 0.250 (6.35) 0.375 (9.52) 0.500 (12. 7) 
Polyallomers 0.125 (3.17) 0.250 (6.35) 0.375 (9.52) 0.500 (12.7) 0.750 (I 9.0) 1.00 (25.4) 
Polycarbonate 0.062 (1.57) 0.125 (3.17) 0.187 (4.75) 0.250 (6.35) 0.375 (9.52) 0.500 (12.7) 
Polyethylene {HD) 0.125 (3.17) 0.250 (6.35) 0.375 (9.52) 0.500 (12.7) 0.750 (19.0) 1.00 (25.4) 
Polypropylene 0.125 (3.17) 0.250 (6.35) 0.375 (9 .52) 0.500 (12.7) 0.750 (19.0) 1.00 (25.4) 
Polystyrene Not recommended 
l'olysulfone Not recommended 
Surlyn (ionomer) 0.062 (1 .57) 0.093 (2.36) 0.125 (3.17) 0.187 (4.75) 0.250 (6.35) 0.312 (7.92) 
Phenolic GP 0.093 (2.36) 0.156 (3.96) 0.187 (4.75) 0.218 (5.53) 0.312 (7.92) 0.343 (8.71) 
Phenolic 

(medium-impact) 0.078 (1.98) 0.140 (3.56) 0.156 (3.96) 0.203 (5 .16) 0.281 (7.14) 0.312 (7.92) 
Phenolic 

(high-impact) 0 .062 ( 1.57) 0.125 (3.17) 0.140 (3.56) 0.187 (4.75) 0.250 (6.35) 0.281 (7.13) 
Urea 0.093 (2.36) 0.156 (3.96) 0.187 (4.75) 0.218 (5.53) 0.312 (7.92) 0.343 (8. 71} 
Melamine 0.125 (3.17) 0.187 (4.75) 0.218 (5.53) 0.312 (7.92} 0.343 (8.71) 0.375 (9.52) 
Epoxy 0.020 (0.51) 0.030 (0.76) 0.040 (1.02) 0.050 (1.27) 0.060 (1.52) 0.070(1.78) 
Alkyd 0.125 (3.17) 0.187 (4.75) 0.187 (4. 75) 0.312 (7.92) 0.343 (8. 71) 0.375 (952) 
Diallyl phthalate 0.125 (3.17) 0.187 (4.75) 0.250 (6.35) 0.312 (7.92) 0.343 (8.71) 0.375 (952) 
Polyester (premix) 0.093 (2.36) 0.125 (3.17) 0.140 (3.56) 0.187 (4.75) 0.250 (6.35) 0.281 (7.14) 
Polyester TP 0.062 (1.57) 0.125 (3.17) 0.187 (4.75) 0.250 (6.35) 0.375 (9.52) 0.375 (952) 

parts are heated to a temperature of 180 to 
220°F at joining time. This will provide ther­
moforming action to some degree and keep 
the stress level caused by the joining action 
at a low point. 

These possible sources of problems in a 
molded part should be marked on the part 
drawing and explained to the product design­
er for corrective action or creating an aware­
ness of possible product defects from design 
limitations. This is a necessary step in the 
chain of events in which the aim is to produce 
a tool that will provide parts for a good work· 
ing product. Even if the mold 's design, work-

Poor Good 

R2 

manship, and operation are carried out to the 
highest degree of quality, they cannot over­
come a built-in weakness of product design. 

Terminology 

Sharp Corners 

When a part drawing does not show a ra­
dius, the tendency is for the toolmaker (while 
making a mold) to leave the intersecting ma­
chined or ground surfaces as they are gen­
erated by the machine tool. The result is a 
sharp corner on the molded part. Such sharp 

R1 (min) = 0.020 in. 

Fig. 8-5 An inside corner. 
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Fig. 8-6 Radius of notched lzod impact strength for nylon. 

comers on the insides of parts are the most 
frequent property detractors. 

The material data sheet should show 
the difference in impact strength between 
notched and unnotched test bars. In some ma­
terials this ratio is 1 to 30, but in others there is 
also a decided reduction in the strength of the 
notched bars. Some show no strength reduc­
tion, however. In a shaped product, an inside 
sharp corner is an indication that a certain 
specified tough material acts in a brittle man­
ner. Sharp corners become stress concen­
trators. 

The stress concentration factor increases 
as the ratio of the radius R to the part thick­
ness T decreases. An R/ T of 0.6 is favorable, 
and an increase in this value will be of some 
limited benefit. Properly counteracting cer­
tain other details in this problem will help in 
reducing stress concentration. In Fig. 8-5, we 
can see that a concentric radius, in addition 
to eliminating the outside sharp corner, can 
play an important part in holding down the 
value of the stress concentration. 

The ASTM Izod impact strength of ny­
lon with various notch radii is shown in 
Fig. 8-6. We see that with a radius of 0.005 in., 
the impact strength is about 1.3 ft-lb/in., with 
an R of 0.020 in., it is 4.5 ft-lb/in., and with 

an R of 0.040 in., it is 12 ft-lb/in. In most 
cases, a radius of0.020 in. can be considered a 
sharp corner as far as end use is concerned, a 
size that is a decided improvement over 0- to 
5-mil radius; therefore, it should be consid­
ered a minimum requirement and be so spec­
ified. If this radius of 0.020 in. causes interfer­
ence, a corner such as that shown in Fig. 8-7 
should be considered. 

The recommended radius not only reduces 
the brittleness effect but also provides a 
streamlined flow path for the plastic in the 
mold. The radiused corner of the metal in the 
mold reduces the possibility of its breakdown 
and thus eliminates a potential repair need. 

Radius just large enough 
to provide clearance over 
s:harp corner. 

Fig. 8-7 Clearance radius for a sharp corner. 
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Too large a radius is also undesirable because 
it wastes material, may cause sink marks, and 
may even contribute to stresses from having 
excessive variations in thickness. 

Uniform Wall Thickness 

Wall requirements are usually governed by 
the load, the support needs for other compo­
nents, attachment bosses, and other protrud­
ing sections. 

Designing a part to meet all these require­
ments while still producing a reasonably uni­
form wall will greatly benefit its durability. A 
uniform wall thickness will minimize stresses, 
differences in shrinkage, possible void forma­
tion, and sinks on the surface; it also usually 
contributes to material savings and economy 
in production. 

Most of the features for which heavy sec­
tions are intended can be modified by means 
of ribbing, coring, and shaping of the cross 
section to provide equivalent strength, rigid­
ity, and performance. Figure 8-8 shows a small 
gear manufactured from metal bar stock. 
The same gear converted to a molded plas­
tic would be designed as shown in Fig. 8-9. 
This plastic gear design, compared to copying 
the metal gear, saves material; eliminates 
stresses from having thick and thin sections; 
provides uniform shrinkage in teeth and the 
remainder of the gear; avoids the danger of 
warpage, prevents bubble formation and po­
tential weak spots with its thin web and tooth 
base; and having no sink in the middle of the 
thickness, provides full load-carrying capac­
ity for the teeth. 

1-1 /2 t 

Fig. 8-8 Solid-steel gear. 

t == Thickness through 
pitch line 

I 

Root 
diameter 

Fig. 8-9 Plastic design of the steel gear shown in 
Fig. 8-8. 

Figure 8-10 illustrates both well- and 
poorly designed cross sections. If a case ex­
ists where some thickness variation is un­
avoidable, the transition should be gradual, to 
prevent sharp changes in temperature during 
solidification. 

Wall Thickness Tolerance 

When relatively deep parts are being de­
signed, a tolerance for the wall thickness on 
the order of ±0.005 in. is usually given. This 
tolerance means that a product will be accept­
able when made with this tolerance but that 
the wall thickness must be uniform through­
out the circumference. 

If we analyze the molding condition of such 
a part and assume that one side is made to 
minimum specifications and the opposite to 
maximum specifications, we find the follow­
ing taking place: The resistance to plastic flow 
decreases to the third power of the thick­
ness, which means that the thick side will be 
filled first, whereas the thin side will fill from 
all sides, instead of the gate side alone. This 
type of filling creates a pocket on the thin 
side and compresses the air and gases to such 
a point that the rising temperature resulting 
from compression causes the material to be 
charred while the pocket is filling up. 

The charred material will create porosity, 
a weak area, and an electrically defective sur­
face. Furthermore, the filling of the thick side 
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Fig. 8-10 Poor and better design features. 

ahead of the thin side creates a pressure im­
balance generated by the 5 to 10 tons/sq in. in­
jection pressure that can cause the core to de­
flect toward the thin side, further aggravating 
the difference in wall thickness. This pressure 
imbalance will contribute to mold damage 
and make part production difficult if not im­
possible. We may conclude that the wall uni­
formity throughout the circumference must 
be within narrow limits, such as ±0.002 in., 
whereas the thickness, in general, may vary 
from the specified value by ±0.005 in. 

Flow Pattern 

Ultimately, part quality can be considered 
a direct outcome of a plastic melt's flow be­
havior in its mold cavity or cavities. Exces­
sive restrictions and obstructions to the flow 
of material spell trouble in injection molding. 

Some examples of reduced-flow problems are 
illustrated in Figs. 8-11 through 8-19 

Parting Lines 

Parting lines (PLs) on the surface of a 
molded product, which are produced by the 
parting line of the mold, can often be con­
cealed on a thin, inconspicuous edge of the 
part. Doing so preserves the good appear­
ance of the molding and, in most cases, elimi­
nates the need for any finishing. Figures 8-20 
through 8-28 show parting line locations on 
various part configurations. 

Gate Size and Location 

Because of high melt pressure, the area 
near a gate is highly stressed, by both the 
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DESIGN 

GOOD DESIGN 

on • Fig. 8-11 Nominal thickness maintained throughout a part can simplify its melt flow. A good design 
has a minimum exterior radius of 1 ½ times the wall thickness and a minimum of ½ its thickness, which 
maintains uniform section thickness. 

Poor 
Design 

Sharp angle increases stress, inhibits 
material flow 

Generous radius relieves stress, promotes 
-............_material flow 

'Poor Flow 

Material must be forced to smaller area 

~Good Flow 

• I Good 
Design 

Material flows smoothly to larger area 

Fig. 8-12 Approaches to consider when making changes in wall thicknesses. 

~PL 

Heavy port cross section 
( Undesirable) 

Ports cored, cross section 
(Preferred) 

Fig. 8-13 Parts having heavy cross sections are subject to longer cycles and cures, laminations or skins, 
blisters, warpage, and increased fabricating costs. 

Fig. 8-14 When molding a reinforced plastic, thin 
sections sometimes lose strength, because fibers 
do not flow into a narrow space unless a suitable 
moldable material is used. 

--i!~--~-
Worpoge ---

Fig. 8-15 Avoid having uneven sections, whic.h 
cause distortion, warpage, cracks, sinks, and strains 
because of differences in shrinkage from one sec­
tion to another. When this situation exists, the 
problem is normally eliminated by changing the 
process controls, which in turn usually requires a 
longer cycle time. 
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Is 
t 

Crt 1COI 

Correct Center gote preferred 

Fig. 8-16 Design of wall sections contributes to flow patterns and can be controlled to obtain the best 
end-product results. 

I -r.lOOin. 

~~,, .d::" 
! 

O.IOOin. 

Fig. 8-17 Thicknesses of adjacent walls and ribs 
should be about 60% of the thickness of the main 
bodies to reduce the possibility of sink marks and 
promote better flow. 

Radii 

PL-~~.G.;:.."'-"'""c.....::.~~~""-"'"'-"-"'-"--"-''--'"-->" 

Fig. 8-18 Sharp corners, straight sides, and im­
proper venting impede flow, resulting in strains 
and possible cracks. Optimum flow requires us­
ing maximum radii at corners, reasonable inside 
and outside tapers, as well as proper vents at mold 
parting lines, pockets, and blind holes. 

Sinks 

Stock 0< 
wall thickness 

Fig. 8-19 Crude but effective method for locat­
ing sink marks and designing them "out" of plas­
tics parts is, in effect, to "roll a ball" down the 
wall's thickness; if it permits a sink, the part will 
be marked. 

frictional heat generated at the gate and 
high velocities of the flowing material. Us­
ing a small gate is desirable for separating 
the part from the feed line, but not for a 
part with low stresses. Gates are usually two 
thirds of a part's thickness. If they are that 
large or larger, they will reduce frictional 
heat, permit lower velocities, and allow the 
application of higher pressures for increas­
ing the density of the material in the cavity. 
The product designer should caution the tool 
designer to keep the gate area away from 
the load-bearing surfaces and to make the 
gate size such that it will improve the qual­
ity of the product. Some examples regard­
ing the design of gates are given in Figs. 8-29 
through 8-34. 

Taper or Draft Angle 

It is desirable for any vertical wall of a 
molded product to have an amount of draft 
that will permit its easy removal from a mold. 
Figures 8-35 and 8-36 show two basic condi­
tions in which draft is a consideration. The 
first example is the most desirable applica­
tion of the draft angle. The amount of draft 
may vary from ! deg up to several degrees, 
depending on what the circumstances permit. 
A fair average may be from ½ to 1 deg. When 
a small angle such as k deg is used, the outside 
surface- the mold surface producing it-will 
require a high directional finish, to facilitate 
removal from the mold. 

In the other example, as shown in Fig. 8-36, 
there is a separating inside wall that should 
generally be perpendicular to the base. The 
draft in this case would be on the low side 
( l deg) so that additional material usage is 
small, the possibility of having voids close to 
the base is avoided, and increased cycle time 
in manufacturing is minimized. Here again, 
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Fig. 8-20 Examples of parting line locations. The extreme right diagram shows that having sharp 
corners could cause poor dimensional control or possibly nonflat surfaces with inadequate mold cooling. 

Flot porting preferred 
Fig. 8-21 Consider the parting lines when designing parts that may require odd or different radii, 
contours, and stepped parting lines. 

~ ) 

Porting line mis;otch 

Sobbing cross sections 

Fig. 8-22 Excessive wear on mold parting lines can create a mismatch on a molded part that will 
appear greatly exaggerated [a 0.0003-in. (0.0008-cm) mismatch can appear to be 0.020 in. (0.05 cm)] or 
can create burrs from 0.001 to as much as 0.010 in. (0.003 to 0.025 cm). 

~r 

~x [ [[ [ [ 
Fig. 8-23 Example of a series of possibilities for designed mismatches. 
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Cover 
box 

Imperfect alignment Designed mismatch Designed beod mismatch 

737 

Fig. 8-24 Mismatch in alignment of two molded parts (such as a box and cover) usually is traceable to 
part warpage or difference in shrinkage; the misalignment at the parting line appears to be improved 
when a bead or designed mismatch is utilized. 

Solid bond Knurl 

Fig. 8-25 Allowing a parting line flash in gear teeth and on knurled parts requires expensive deflashing 
operations. To prevent flash, add a shroud to the gear or solid band or bead to the knurl at the mold 
parting line. 

'}l 

Fig. 8-26 Four possibilities for locating parting lines on assembly parts, boxes, and covers while main­
taining good aesthetics. 

~koge PL ~~ -PL 
r ·~ O+Shri kag -

AtShrin ~hr1nka9e 

'!&]' :hPL ET TA 
_J_ u 
,---
c Plastic port 

Mold cavity and pin Mold force 
Fig. 8-27 Dimensions and tolerances given for parting lines should include allowances for potential 
flashing conditions. All molds for TPs or TSs can open and flash to some extent, depending on the mold 
design and construction, melt pressure, mold-clamping force, and type of material. For example, if the 
flash is 0.003 in. (0.008 cm) at the mold parting lines, part dimensions A, B, C, D, and E will increase 
0.003 in. (left diagram). The drawing at the right shows how to estimate mold components. 
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(a) 

(c) 

rotatable ,.._.., 
insert ~ ........._. 
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L mold~ 

Centerline Porolfel 
to Mold Movement 

Centerline Perpendicular 
to Mold Movement 

Fig. 8-28 Parting lines and molded threads in various positions. 

the vertical molding surfaces will demand 
a much higher surface finish, with polishing 
lines in the direction of part withdrawal. On 
shallow walls, the draft angle can be con­
siderably larger, since the influence of the 
enumerated drawbacks will be minor. The 
designer should be cognizant of the need 
for drafts in vertical walls. If problems are 
encountered during the removal of parts, 
stresses can result, the shape of the product 
can be distorted, and surface imperfections 
introduced. 

Some examples of different approaches to 
the design of drafts are shown in Figs. 8-37 
through 8-40. One of the difficulties when ap­
plying draft to a part is the creation of heavy 
walls. The potential problem of removal can 
be remedied by using parallel drafts on walls, 
as shown in Fig. 8-40, where the walls are kept 

uniform. A guide to determining the amount 
of dimensional change required due to the 
draft angle is given in Fig. 8-41. 

Weld Lines 

With molded parts that include openings 
(holes), problems develop. In the process 
of filling a cavity, the flowing plastic is ob­
structed by the core, splits its stream, and 
surrounds the core. The split stream then re­
unites and continues flowing until the cavity is 
filled. The rejoining of the split streams forms 
a weld line that lacks the strength properties 
that exist in an area without a weld line be­
cause the flowing material tends to bring air, 
moisture, and lubricant into the area where 
the joining of the stream takes place and 

Cylinder 

Three -plote mold 
(center gate) 

Edge gote Center gate 

Fig. 8-29 Injection molds are especially suitable for producing parts to meet different mold styles, as 
shown in these three examples. 
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Fig. 8-30 Examples of some melt flows using too 
small a gate. The melt should fill the cavity uni­
formly. 

U° V n Edge gote 

Ring gate 
Center gate 

o= 6 ffl 
Disk gate Leg gale 

Tunnel g11tt 

Fig, 8-31 Among the various methods available 
for gating are edge, ring, center, tunnel, disk, and 
leg gates. Consider the material and design factors 
before selecting the type of gate. 

Broken 9ote 

Fig. 8-32 Gate breaking and clipping are low­
cost removal methods when the part design per­
mits locating a recessed gate in a hidden area, as 
in this handle. This type of problem is eliminated 
by using hot-runner molds for TPs or cold-runner 
molds for TSs. 

Hot runner gates 

Top view 

Fig. 8-33 In molding a large, flat TP surface us­
ing hot or insulated runners, having one or more 
small gates can he lp reduce warpages. One way to 
camouflage the resulting gate scars is to use the 
bull's-eye design shown (with hot runners no gate 
problem develops). 

aooo 
Gate qround Broken Gore cut or broken Sheared qote 

Fig. 8-34 Some gates must simply be cut, sheared 
with fixtures, ground, or finished, but those broken 
off from the parts to save finishing costs could re­
tain their recesses or protrusions. 

,090" 

Angle not limited -

Fig. 8-35 External wall taper. 

Angle less than 1° 

Fig. 8-36 Internal wall taper. 

T 
~ 

.070" .100" 

T 
a 

.080" 

Correct Incorrect 

Fig. 8-37 Example of side-wall taper for Jong­
draw products. 

.100· .100' .070 

Fig. 8-38 Example of designs for long-draw prod­
ucts. The left view has little clearance, but the right 
side is simplified by the clearance allowed by the 
walls' taper. 
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DRAFT }-

Fig. 8-39 Example of using multiple drafts to per­
mit ease of part removal. 

introduces foreign substances into the weld­
ing surface. Furthermore, since the plastic 
material has lost some of its heat, the tem­
perature for self-welding is not conducive to 
the most favorable results. A surface that is 
to be subjected to load-bearing should not 
contain weld lines. If this is not possible, the 
allowable working stress should be reduced 
by at least 15%. Some examples of different 
aspects pertaining to weld lines are shown in 
Figs. 8-42 and 8-43. 

Meld Lines 

A meld line is similar to a weld line except 
that the flow fronts move in parallel rather 
than meet head on (Fig. 8-44). 

Vent, Trapped Air, and Ejector 

Vents can be used to release air entrapped 
in cavities as well as moisture and gases 

\

\..,._. PARALLEL 

1 

\ DRAFT ,~FTANGLE 

,.......--uzz-azz-zza-zza~~~CDRAw 
_J DIMENSION 

DIFFERENCE 

Fig. 8-40 Using parallel drafts with heavy walls. 

formed from melts that were not previously 
removed during processing (Chap. 4). Vents 
and ejectors may be considered when design­
ing such parts, as shown in Figs. 8-45 through 
8-51. 

Undercuts 

Undercuts, whether external or internal, 
should be avoided if possible. In cases where 
it is essential to incorporate them in part de­
sign, a great many can be fashioned by ap­
propriate mold design in which either sliding 
components on tapered surfaces or split cav­
ity cam actions will produce the needed un­
dercut. This obviously means increased tool 
cost, in the neighborhood of some 15 to 30%. 

Some conditions will, however, permit 
incorporating undercuts with conventional 
stripping of the part from the mold. Certain 
precautions are necessary to attain satisfac­
tory results. First, the protruding depth of 
the undercut should be two-thirds of the wall 
thickness or less. Second, the edge of the mold 
against which the part is ejected should be 
radiused to prevent shearing action. Finally, 
the part being removed should be hot enough 
to permit easy stretching and return to its 
original shape after removal from the mold 
(Figs. 8-52 through 8-61). 

How easily the task can be accomplished 
depends on the material's elasticity and 
springback. Many threaded plastic caps are 
stripped from the cores instead of being un­
screwed. Coarse threads with the crest of 
the core thread rounded and a material with 
good elongation and the ability to spring 
back make it feasible to apply conventional 
part stripping. The undercut problem can be 
solved by the cooperation of the designer, 
moldmaker, and processor, since each prod­
uct configuration presents different possibil­
ities. 

Blind Holes 

When molding products that include holes, 
it is important to ensure that sufficient 
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0.0524 0.0699 

0.1048 o.139& 

0.1572 0.2097 

o.2096 0.2796 

0.2020 .0.3495 

0.3144 0.4194 

0.3668 0.4893 

0.4192 0.5592 

0.4716 0.6291 

0.5240 0.6990 

-

~ 

~ 

-

40 

80 

(I) 

a: 
120 ~ 

160 

"' 2 
..J 
..J 

-200 

-240 

Fig. 8-41 Relation of the degree of taper per side to the dimension in in./in. 

material surrounds the holes and that the 
melt flows properly. Some examples of ap­
proaches and problems that can develop are 
shown in Figs. 8-62 through 8-69. 

A core pin forming blind holes is subjected 
to the bending forces that exist in the cav­
ity, owing to the high melt p ressures. Cal-

culations can be made for each case by es­
tablishing the core pin diameter, its length, 
and the anticipated pressure conditions in the 
cavity. From technical handbooks, we know 
that a pin supported on one end only will 
deflect 48 times as much as one supported 
on both ends. This suggests that to obtain a 
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/ I 

( ~'> ---~-
_--.,.', 

ffi- -­~-
L ,,.--•------, I / I 

-11 ~-==--- ) ~eld 
\ ... , ..... _ ' 

' I \ , .. _____ .. 1 

Flow around ribs Flow around holes Flow atgole 

Not this This 

·( I )" 
't___ Weldline 

Opposite flow fronts produce a weld line 
that could also contain entrapped air. 

--~/f:1'9,~..a_lnside or 
outside 
cen ler 
gate 

Direct flow In one direction to avoid undesirable welds. 

Fig. 8-42 Some examples of flow patterns to consider during the design state to eliminate or at least 
minimize weld lines to obtain maximum strength. 

straight hole the depth of hole in relation to 
diameter should be small. Sometimes a deep, 
small-diameter hole is needed, as in pen and 
pencil bodies. In this case, the plastic flow 
is arranged to hit the free end of the core 

Fig. 8-43 Different flow patterns develop differ­
ent weld lines. 

from four to six evenly spaced gates. This will 
cause a centering action, and the plastic will 
continue flowing over the diameter in an 
umbrellalike pattern to balance the pressure 
forces on the core. When this type of flow 

Fig. 8-44 Meld line. 
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Vents required 

Vent 

Vents 

,Plastic 

Kick-out and/ 

or vent / 
slr1pper sleeve 

Fig. 8-45 Parting lines can provide venting, but in deep pockets kick-out pins or vent pins incorporated 
into a mold can vent or remove air or gas. 

pattern is impractical, an alternative may be 
a through hole or tube formation combined 
with a postmolding sealing or closing opera­
tion by spinning or ultrasonic welding. 

At the other extreme, consider a ¼-in.­
diameter core exposed to a pressure of 
4,000 psi with an allowance for deflection of 
0.0001 in. and see how deep a blind hole can 
be molded under these conditions. 

According to engineering handbooks, the 
deflection a may be used to calculate this 
depth I as follows: 

a 
W/3 

8£1 
1,000/4 

8 X 3 X 107 X 0.049 X 0.0039 

I = :!4 

= 0.049d4 

d4 = 0.0625 x 0.0625 = 0.0039 

where W = total band 
= psi x d x l (projected area of 

pin) 
= 4,000 x ¼ x l = l,000[ 

l = length of pin 
d = diameter of pin 

Trapped gos causes 
burn spot in center 

Thin top 

Heavy 
wall 

Fig. 8-47 Here the melt flow passes through 
heavy sections first, pushing air and gases into 
the topmost thin sections, where they become 
trapped. This design should either be center-gated 
at its top or use thinner walls, if possible. 

a = deflection= 1/10,000 
1 

- --= a 
10,000 

1,000/4 

= ------------
(8 X 3 X 107 X 0.049 X 0.0039) 

= deflection 
/
4 = 0.0045864 
l = 0.26in. 

or slightly over diameter size 

If a hole deeper than 0.26 in. is needed, we 
can calculate the amount of deflection that 
will be present and whether the calculated 
deflection will produce an opening of the 

Knockout on~ 
,Mt blo" ~ 

Plastic 

Ei.lge/ Port 
gate section 

Fig. 8-46 Center-gate this type of part, if possible. If aesthetics prevent this approach and edge gating 
is requested, the material will flow around the edge and to the thin top section last. Thus, air- and any 
gas that may be present because of melt-will be trapped in the top, which may not be acceptable. 

 
-53-

Spectrum Ex. 1014 
IPR Petition - USP 11,536,632



744 8 Design Features That Influence Product Performance 

Correcl 

POINT OF 
WOLD WEAR 

/ncorrecl 

GAS POCKETS BI.ISTERS 8£ TTER OE SIGN 

UnevrnWall 
Section 

Fig. 8-48 These cross-sectional views show the results of uniform and nonuniform wall thicknesses in 
eliminating air and gas entrapment. 

Fig. 8-49 To aid in eliminating air and gas entrapment, aim to reduce heavy or thick sections like those 
on the left of each pair. 

Fig. 8-50 Gates and ejector pins create marks and blemishes. To aid in properly locating gates and 
ejector pins, parts drawings should indicate surfaces that can be marred without creating problems. 

Gate/ 
Runner 

Runner 
Gate/ 
Runner 

Fig. 8-51 Schematics of mold vent designs. 
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ndercut~ 

Seam ¥ 
Port cross section Cam cross 

section 

PL-

Molded port 

745 

Fig. 8-52 Split mold with mold sliding-cam actions for outside undercuts will show seams in the molded 
part that may be objectionable. These can be partially hidden by locating them in the least conspicuous 
areas when designing the molds. 

, 1: ~der cu I formed 

A BEby~:,:~n rff/7-PL 
· ond 

-PL cavity 
PL_ eoms cutoff..,.....,.,, 

Porl cross secliof\S 

Fig. 8-53 Inside undercuts can be made with removable wedges or ejector pins and ejector wedges, 
but seams will still show. The left view shows undercuts molded with removable- wedges; the right view 
shows the mold knock-out pin positioned through the permissible opening in the part and cavity cutoff 
approaches. 

Fig. 8-54 Mold for externaJ undercuts to retain 
part in the required female cavity prior to ejection. 
When the part must be retained on a male cavity, 
undercuts are on the male plug. 

Fig. 8-55 Example of an undercut made possible 
by using an ejector pin. 
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Molded 
port • \ Part cross 

section 

Fig. 8-56 The goal should be to avoid undercuts wherever possible, especially in small holes and on 
projections. With rigid plastics, undercuts usually require complex, more expensive molds and molding 
operations. However, with flexible types of plastics, stripping the mold will permit ease of removal from 
the mold. This action can be used with rigid plastics when it is practical to remove a part while the 
plastic is still soft, just prior to removing the entire part. 

... 
:>--Ext,r/1111 

- und1rcu!J 

Split pin Internal 
undercut Fig. 8-57 External undercuts with this split-mold 

design eliminate the undercut problem but the 
part develops a parting line. 

Fig. 8-59 
cuts. 

Split-pin molding for internal under-

CORE & CAVITY "KISS-OFF" 
CREATING OPENING IN SIDE WALL 

DIRECTION OF MOLD TRAVEL 

INJECTION MOLDED 
PLASTIC PART 

USUALLY REQUIRES 
s• DRAFT MINIMUM 

SIDE WALL OPENING UNDERCUT 

CORE AND CAVITY 
CORE EXTENDS KISS·OFF 
THROUGH OPENING 
IN PART ----l'--<i'li!c'Sl~;..<;.-4-LOCKING TAB 

DIRECTION OF MOLD TRAVEL 

LOCKING TAB UNDERCUT 

HINGED DOOR 
WITH MOLDED-IN 
"THRU-HOLE" UNDERCUT 

AL TERNA TE CORING 
FROM BOTH SIDES 
CREATED THRU 
HOLE FOR HINGE PIN 

! DIRECTION OF MOLD TRAVEL 

Fig. 8-58 Creating undercuts with simple tooling. 
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r-
1 

I 

Internal 
undercuts 

Fig. 8-60 Internal undercuts, as shown, can be 
provided and it may be possible to snap or strip 
the part from the mold. Otherwise, a core pulling 
device is required. 

necessary tolerance, as well as the kind of 
stress that will be generated in the pin, along 
with its corresponding life expectancy. Let us 
now assume that the desired depth of hole is 
3 . sm. 

The deflection is then calculated as follows: 

wz3 
a 

8EI 

= 
1,000{4 

8 X 3 X 107 X 0.049 X 0.0039 
t4 = 0.0198 

0.0198 
a=--

45,864 
= 0.00043 in. deflection 

The maximum stress S is found by 

S = Wl 
2Z 

1,000[2 

= 2 X 0.006125 
1,000 X 0.1406 

= 2 X 0.006125 

Z = 0.098d2 = 0.006125 

S = 11,480 psi 

These results indicate that a hole with a 
0.0004-in. variation may be satisfactory, and 
if the pin is made of a springlike material and 
properly heat-treated, it should last a long 
time. 

Bosses 

Bosses and other projections from the no­
minal wall are commonly found in injection­
molded plastic parts. These often serve as 
mounting or fastening points. Figure 8-70 
shows some typical boss designs, along with 
common problems. As with rib design, avoid­
ing overly thick wall sections is important, to 
minimize the chance of appearance or mold­
ing problems. When bosses are designed to 
accommodate self-trapping screws, the inside 
diameter and wall thickness must be con­
trolled to avoid excessive buildup of hoop 
stresses in the boss. Ribs are frequently used 
in conjunction with bosses when lateral forces 
are expected. Special care must be used with 
tapered pipe threads, since they can create 

Fig. 8-61 Avoiding an undercut. 
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Mold port woy ond 
complete with drill 

Mold 

Fig. 8-62 Holes impractical to mold must be drilled, but they must not be so close to edges or comers 
that cracks result. A small-diameter hole is difficult to drill along its intended direction to any great 
depth, so the most practical approach in many products is to mold it part way and then drill it the 
remainder of the distance . 

..!.."-1 r-16 . 
I 

..t__ 
I" 

4 

Fig. 8-63 Basic guide for good blind-hole design. 

Port cross secrion 
Mold cross section 

~1a] w~ 
Port cross section Mold pin cou Id bP.nd 

Fig. 8-64 When holes are too near an edge or corner, material may not "weld" properly around mold 
pins. Also, the flow of the melt can bend mold pins for blind holes when their length exceeds a diameter 
of2½ times and when holes are to be long with small diameters, even if these are anchored at both ends. 

Suitable hole 
location 

Fig. 8-65 When delicate parts are molded, mold designs should provide for proper hole locations and 
replaceable blades and members in wall sections. 
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SQuore holes where possible 
CJCJCJCJD 

DDDDD 

Molded port 

Mold 

749 

Fig. 8-66 Whenever possible with close-tolerance parts, consider the potential of using a laminated 
type of mold. 

A 

L 

A-A A-A 
NOT THIS THIS 

Fig. 8-67 Methods for molding holes or openings in side walls without undercutting mold movement. 

NOT THIS THIS NOT THIS THIS 

Fig. 8-68 Whenever possible, chamfering should be used on open holes, because it reduces or eliminates 
the potential for rough molded comers, cracks, and the like. 

Pl-

PL-"-_ _. 

neor 
edge 

Fig. 8-69 Avoid part cross sections that are so thin that they will be prone to cracking, sharp edges 
that will chip or break, and holes near enough the edges to cause them to chip. Sections should also 
not be so thin that melt will flow and weld in their thin edges. Certain plastics are prone to this type of 
action. 
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POOR BETTER BETTER 

,...\}---V7°MIN V,0 Ml:\r-\r::. MIN 

HEAVY 
SECTION 

0.005 MIN 
CORE FROM 
BELOW­
(PARALLEL 
DRAFT} 

POOR BETTER BETTER 

CONNECTING BOSSES TO 
OUTS/OE WALLS WITH RIBS 

V,/ 

USE GUSSETS RATHER THAN 
VERY THICK BOSSES WHEN 
RESISTANCE TO LOADING 
IS REQUIRED 

Fig. 8-70 Design guides for molding bosses. 

a wedging action on the boss. If there is a 
choice, the male rather than the female pipe 
thread should be the one molded into the 
plastic. 

Coring 

The term coring in injection molding refers 
to the addition of steel to the mold for the 
purpose of eliminating plastic material in that 
area. Usually, coring is necessary to create a 
pocket or opening in the part, or simply for 
the purpose of reducing an overly heavy wall 
section (Fig. 8-71). For simplicity and econ­
omy in injection molds, cores should be par­
allel to the line of draw in the mold. Cores 
placed in any other direction usually create 
the need for some type of side action ( ei­
ther a cam or hydraulic cylinder) or manually 
loaded and unloaded loose cores. 

Blind holes in molded plastic parts are cre­
ated by a core supported by only one side of 
the mold. The length of the core and depth 
of the hole are limited by the ability of the 
core to withstand the bending forces pro­
duced by the flowing plastic without exces­
sive deflection. For this reason, the depth of 
a blind hole should not exceed three times its 
diameter or minimum cross-sectional dimen­
sion. For small blind holes with a minimum 
dimension below ¼ in., the L/ D ratio should 
be kept to 2. With through holes the cores can 
be longer, since they are supported by the op­
posite side of the mold cavity. Sometimes, the 
cores can be split between the two sides and 
interlocked when the mold is closed, allowing 
for the creation of long through holes. With 
through holes, the overall length of a given­
size core can generally be twice as long as that 
of a blind hole. In some instances, even longer 
cores are necessary. The tool can be designed 
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POOR DESIGN 

POOR RECTANGULAR 
PART WITH ROUND HOLES 

CORE FROM 
BOTH SIDES 
IF POSSIBLE 

SUGGESTED ALTERNATIVES 

C) 

MATCH OUTSIDE 
CONFIGURATION TO INSIDE 
CORES 

Fig. 8-71 Examples of coring in injection molds. 

to balance the hydraulic pressure on the core 
pin, thus limiting the deflection. 

Press Fits 

Press fits, which depend on having a me­
chanical interface, provide a fast, clean, eco­
nomical assembly. A common usage is to have 
a plastic hub or boss that accepts either a plas­
tic or metal shaft or pin. The press-fit proce­
dure tends to expand the hub, creating ten­
sile or hoop stress. If the interference is too 
great, high strain and stress will develop. The 
plastic part will do one of several things. It 
may fail immediately, by developing a crack 
parallel to the axis of the bulb to relieve the 
stress, which is a typical hoop-stress failure. 
It could survive the assembly process, but fail 
prematurely in use, for a variety of reasons 
related to its high induced-stress levels. Or it 
might undergo stress relaxation sufficient to 
reduce the stress to a lower level that can be 
maintained. 

Hoop-stress equations for two typical 
press-fit situations are shown in Fig. 8-72. 
The allowable design stress will depend on 
the particular plastic, temperature, and other 
environmental considerations. A simpler, 
though less accurate, method of evaluating 
press fits is to assume that the shaft will not 

deform when pressed into the bub. This is rea­
sonably accurate when a metal shaft is used 
in a plastic hub. The hoop strain developed 
in the hub is then given by 

i 
£ = -

d; 

The hoop stress can then be obtained by mul­
tiplying by the appropriate modulus. For high 
strains, the second modulus will give the ini­
tial stress; the apparent or creep modulus 
should be used for longer-term stresses. The 
main point is that the maximum strain or 
stress must be below the value that will pro­
duce creep rupture in the material. There is 
usually a weld line in the hub that can signif­
icantly affect the creep-rupture strength of 
most plastics. 

An additional frequent complication with 
press fits is that a round hub or boss is often 
difficult to mold, if strict processing controls 
are not used to eliminate potential problems. 
There is a tendency for a round hub to be 
slightly elliptical in cross section, increasing 
the stresses on the part. For critical part per­
formance and in view of what could occur, 
life testing should be conducted under actual 
conditions. 

The consequences of stress occurring will 
depend on many factors, such as the temper­
ature during and after assembly of the press 
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E,, = MODULUS OF ELASTICITY OF PLASTIC 

Em = MODULUS OF ELASTICITY OF METAL 
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CASE A 
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HOOP STRESS GIVEN "i" IS 

a=.!... Ep _r_ 
d, r + 1 

OR, THE ALLOWABLE INTERFERENCE IS 
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r 
CASE B 
SHAFT IS METAL, HUB IS PLASTIC 
HOOP STRESS GIVEN "i" IS 

o =-'-· Eo r 
d, r + vp 

OR, THE ALLOWABLE INTERFERENCE IS 

;. = d, _.:!;,_ r + vp 

Eµ r 

Fig. 8-72 Press-fit conditions for two typical situations. 

fit, modulus of the mating material, type of 
stress, service environment, and-probably 
most important-type of material being used. 
Some substances will creep or stress relax, but 
others will fracture or craze if the strain is 
too high. Except for light press fits, this type 
of assembly design can be risky enough for 
the novice, because the boss might already be 
weakened by a knit line. Figure 8-73 presents 
alternative methods for using press fits that 
present a lower risk of failure. 

Internal Plastic Threads 

The strength of plastic threads is limited, 
and when molded in a part involving either 
an unscrewing device or a rounded shape of 
thread-similar to bottle-cap threads-they 
can be stripped from the core. Screw threads, 
when needed, should be of the coarse type 
and have the outside of the thread rounded 
so as not to present a sharp V to the plastic, 
which can produce a notch effect. 

If a self-threading screw can be substituted, 
it will not only appreciably decrease mold 
maintenance and mold cost but most likely, 
with proper type selection, also give better 
holding power. A screw that has a thin thread 
with relatively deep flights can give high hold­
ing power. If the screw or plastic is pre­
heated to about 121 °C (250°F), a condition 
of thermoforming in combination with mate­
rial displacement will exist, thereby improv­
ing holding power. When male plastic threads 
are being considered the coarser threads are 
again preferred, and the root of the thread 
should be rounded to prevent the notch effect 
(Figs. 8-74 and 8-75). 

External Plastic Threads 

Threads can be molded or tapped into a 
plastic (Fig. 8-76). Molded internal threads 
usually require some type of unscrewing 
or collapsing mechanism. External threads 
can be molded by either splitting the mold 
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n_ METAL u PIN 

STRAIGHT (INTERFERENCE) D PRESS"'"'" PRODUCE HIGH STRAINS 

/ll71T~ >iRAW, '~::::::: 

ALTERNATIVE PRESS FIT 
DESIGNS FOR LOWER STRESS. 

,__ ___ ___.,c--' .ADD METAL 

0 

"HOOP"R/NG 
PREVENTING 
EXPANSION 
OF PLASTIC 
BOSS. 

USE BARBS OR SPLINES 
ON THE METAL 
PIN TO CREATE 
INTERFERENCE 
FITAND 
RETENTION 

CREATE 
INTERFERENCE 
PRESS FIT BY 
ADDING "CRUSH RIBS" 
TO THE INSIDE ~v~77~z~z~z~ZVZ6 ~::EM:J~;oF 

Fig. 8-73 Alternate press-fit designs for metal 
pins in a plastic hub. 

Countersink 

Topped 

halves or parting the line across the thread 
(Fig. 8-76), if parting the line on the threads 
is permitted. With a split mold, it is easier 
to design the mold and remove the threaded 
part from the mold during processing. The 
design of the threads requires control, to pre­
vent excessive shear, resulting in stripping 
the threads when torqued, and also to limit 
hoop stresses, which can result in tensile fail­
ure. Although the mechanics of stress anal­
ysis for screw threads are readily available, 
the equations for them can be rather compli­
cated. A simplified approximate diagram is 
presented here (Fig. 8-77). 

Molded-In Inserts 

If metal inserts are to be molded into a 
plastic product, their shape should present 
no sharp edges to the plastic, since the ef­
fect of the edges would be similar to that of a 
notch. A knurled insert should have the sharp 
point smoothed, again to avoid the notch ef­
fect. The practice of molding inserts in place 
is usually employed to provide good hold­
ing power for plastic products, but there are 
drawbacks to this method: It is dangerous to 
have an operator place an arm between the 
mold halves while the electrical power to the 
machine is turned on. It normally takes a pin 
to support the insert and since this pin is small 
in relation to the cored hole for the insert, 
it is easily bent or sheared under the influ­
ence of injection pressure. Should the insert 
fall out of position, there is danger of mold 
damage. Also, the hand placement of inserts 
contributes to cycle variation and with it po­
tentially product quality degradation. Some 

""""'C'<"<'"'<"'<"":-=~~ 

Molded threads 

Mold or mac h1ne 
countersink 

Fig. 8-74 Holes having molded-in threads or ones that are to receive tapped threads should have 
molded-in countersinks to avoid chipping and burrs. If a threaded pin is being used to mold threads in 
a through hole, the lead thread on the mold pin should have a pilot thread for support. 
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Requires special 
maid design 

Threads 

T 
X 

l 
Preferred des1gn(X=X) 

Fig. 8-75 Automatic unscrewing is expensive when molding, unless the plastic part is designed to 
prevent turning during the unscrewing cycle. When thread strength is a requirement, fine threads 
should not be molded, particularly in RPs where the threads could be mainly resin and thus very brittle. 
However, with proper molding procedures, based on type of compound or composite used and the 
design of the mold being gained through experience, no problem should develop. 

of these problems can be overcome by higher 
mold expenditures, as, for example, shuttling 
cavities (see Figs. 8-78 through 8-91 and 
Table 8-4). 

However, the desired results in fastening 
can be attained by other means, for example, 
by coring holes in the part to permit ultra­
sonic welding of inserts in place, by coring a 
hole in the part that will be of a size when 
the part is removed from the mold to per­
mit a slight press fit plus a gain in the holding 
power from postmolding shrinkage, or by cor­
ing a hole in the part to permit dropping the 
insert and providing a retaining shoulder by 
spinning or ultrasonic forming. 

All these assembly methods require the 
same time to perform as placing inserts in 
the mold, but they also lower machine time. 
There are probably several other means of 
accomplishing the desired result that depend 
on the circumstances at hand. In any event, 
molded-in inserts, in the long run, usually 
prove costlier and so should be avoided. 

THREADED CORE PIN IN 
TOOL MUST UNSCREW 
BEFORE MOLD OPENS. 

Screws for Mechanical Assembly 

For mechanical assemblies using screws 
(Figs. 8-92 through 8-94), the screws can 
be detached indefinitely, with the exception 
of self-tapping screws, which can be loos­
ened and retightened only a limited num­
ber of times. The best guideline for the de­
signer is to prefer any assembly design that 
converts eventual tensile loads to compres­
sion loads. For those plastics that are sub­
ject to crazing or stress cracking, compression 
loads tend to reduce this problem. When fea­
sible, use metal-to-metal force-locking con­
nections, particularly with many of the TPs, 
to reduce stress on the plastic. The forces that 
can be applied with a single small screw can 
be surprisingly high. As in metals, consider 
the use of torque-limiting wrenches in designs 
where the degree of loading is critical. 

External and internal threads can be 
molded economically in plastic parts (Fig. 
8-92). Screw threads produced by the mold 

Fig. 8-76 Examples of internal and external threads. 
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.. h T TIGHTENING TORQUE 

I F AXIAL FORCE CREA TED 
BY TORQUE 

+ 
L 

t 

EFFECTIVE 
THREAD 
ENGAGEMENT 
LENGTH 

d NOMINAL THREAD OD 

PITCH DIA. OF THREAD 

Fig. 8-77 The torque- force relationships of screw threads. 

PUSH-IN TYPE INSERTS 
ADVANTAGES - SPEED AND LOW EQUIPMENT COST. 

DISADVANTAGES - HIGH INDUCED STRESS AND ONLY 
FAIR HOLDING POWER. 

I 
SELF-THREADING INSERTS 
ADVANTAGE - INSTALLED WITH MINIMAL EQUIPMENT. 

DISADVANTAGES - SLOW AND THEY CAN CREATE HIGH 
STRESSES. 

I I 
EXPANSION TYPE INSERTS 
"DVANTAGE - NO INSTALLATION EQUIPMENT. 

DISADVANTAGES - LOWER PERFORMANCE AND 
MODERATELY HIGH INDUCED 
STRESS. 

i 
Fig. 8-78 Examples of common threads' metal inserts. 
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Before . After 
Fig. 8-79 The technique of using hot-roll plastic over inserts to obtain strengthened anchorages. 

_k1risert hole fi. UR.0.0031n. 
I riser I Mold pin 

t0.001 in. Mold 

Fig. 8-80 Either inside or outside diameters can be used to hold inserts in place during molding. Tight 
tolerance [±0.001 in. (0.0025 cm) with a maximum TIR of 0.003 in. (0.0076 cm)] is required. 

lnserrs 

Insert assembly Insert assembly 

Fig. 8-81 Assembling inserts after molding prevents problems such as potential melt flow over metal 
surfaces during molding and the scratching of plated inserts during any required deft.ashing. Pressed-in 
inserts require holes sized for proper fits. 

Supported of 0 .0. 

Insert 
Plastic 

-

•ooorn. -•O.OOlin. 
lnserl 

1 

Plastic ' 

Supported of 0.0. Supported ol 1.0. 
Fig. 8-82 Generally, through inserts must be molded ±0.001 in. (0.0025 cm) of length to ensure their 
making contact with both mold surfaces. 

-Should:;§r 
Knurl 

Groove 

Assembly 

u 
l...1ncorrecr4 

Fig. 8-83 Knurls and grooves can serve to anchor inserts in molded products. They should be flush 
with the top surface or in contact with an assembling member to prevent their jacking out. 
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Blind,,....,.. 
hole 
insert 

Recessed shoulder 

757 

Fig. 8-84 During molding, any loose steel inserts falling into the molds will damage their cavities, but 
brass or soft metals such as aluminum will usually be crushed, with minimal or no damage to the mold. 
The flow of plastic into the interior of an insert is impeded by using a blind-hole insert and shoulder 
[about -lz x -Jz in. (0.08 x 0.08 cm)] around the insert opening. 

Molded in place Hole molded or drilled 

Fig. 8-85 Some of the methods of assembling inserts include mechanical pushing and sonic pushing, 
or allowing hot plastic to shrink around the insert. 

Plastic material 

Normal shrinkage Low shrinkage 

Some molerials 
moy craze 
with lhis type 
insert 

Fig. 8-86 Plastic generally shrinks away from metal when it is molded inside a metal insert. Both the 
insert's structure and type of plastic used will determine the amount of shrinkage. 

~Plo,tk t:, 

Insert~ 

) ~::-~ tparls 

Fig. 8-87 Metal stamping and inserts of various shapes are usuable in many ways. To prevent cracking 
and crazing during aging under use, surround all inserts with reasonably thick plastic walls. 'Thin walls 
can crack and too-thin walls can also show sink marks. 

Irregularly shaped inserts 

Plastic Plastic 

Fig. 8-88 Irregularly shaped inserts protruding from the plastic complicate mold construction, adding 
costly deflashing operations to the product. 
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i------, ~-----.., 
I I I I. 
IL------' ~--- _ -1 I 

Ir --- -- - - - - - - - -•1 I , ._ _____________ .,,, 

--------------. 

Low shrinkage 
possible crocks 
ond worpoge 

Medium shrinkage 

Full shrinkage 
desirable 
conditions 

Fig. 8-89 When using metal embedments, the dimensions and tolerances of the plastic parts will 
be difficult to estimate, because metal tends to prevent plastic from shrinkage. Tue insert structure 
influences the final dimensions by controlling the movement of the plastic during aging, setting up 
stresses that can cause cracks and warpage. 

itself using rotating cores, split inserts, or 
collapsible cores will eliminate the normally 
expensive postmolding threading operations. 
Because coarse threads are more easily 
molded than fine ones, threads less than 
32-pitch should be avoided. American Stan­
dard screw threads should be designed and 
molded carefully. If the threads end up form­
ing notches, a reduction in impact strength 
and ultimate elongation under tensile stress 
can be significant, depending on the type of 
plastic used. With certain applications and 
materials, trapezoidal and knuckle threads 
are better. 

Generally, the length of thread used should 
be more than 1.5 times the diameter, with the 
section thickness around the hole more than 
0.6 times the diameter. Avoid having feather 
edges and limit tightening with the bolt 
shoulder. 

Bottle caps made from different plastics 
are extensively used. Some closures are of 
the simple cork type, but most are of the 
screw type. Strong, accurate threads can be 
molded, which represent undercuts. Simple 
designs, such as wide-pitch threads, should 
be used when permitted. The thread should 
be designed to start about -dz in. from the end 

During molding After shrink.no 

Fig. 8-90 Molded materials with high shrinkage 
values during cooling will shrink below the metal 
inserts, allowing the insert ends to extend beyond 
the part. 

of the face perpendicular to the axis of the 
thread. It is usually practical to mold up to 
32 threads per inch; more than this number 
can give certain molders trouble. 

Self-threading screws are an economical 
means of securing separable plastic joints. 
They can be either thread-cutting or thread­
forming (Fig. 8-93). To select the correct self­
threading screw, the designer should know 
which plastic will be used and its mechanical 
properties, particularly its modulus of elas­
ticity. These self-threading screws are driven 
into the molded part, eliminating the need 
for a molded-in thread or secondary tapping 
operation. They differ in their thread spac­
ing and body design. Thread-forming screws, 
which provide the highest stripping torques, 
have less tendency to damage threads in re­
peated assembly operations than do other 
types. The thread-forming screw displaces 
material as it is being installed in the re­
ceiving hole. This type of screw induces high 
stress levels in the plastic part, so it is not 
recommended for use with certain plastics 

I 
ULTRASONIC 
TYPE 
INSERTS 

STUD TYPE 
ULTRASONIC 
INSERT 

Fig. 8-91 These examples of ultrasonic inserts, 
designed for excellent performance, result in fast 
action with very little induced stress. 
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1/32"{0.Bmml 
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lnco,rl!cf 

1/32"{0.Bmm) 

Edge 
Eostly 

,.Broken 

Fig. 8-92 Thread design guides. 

such as those with a low modulus, unless 
careful procedures are used in forming the 
threads. 

Screws or threaded bolts with nuts require 
through-going holes but provide an easy as­
sembly system. As shown in Fig. 8-94, washers 
are recommended to distribute the load on a 
larger area, wherever feasible or required. If 
a screw is tightened too far, excessive bend­
ing or tensile stresses will easily be created, 
possibly causing cracking based on stress-to­
failure data curves. A change in design or the 
use of a spacer can convert tensile into com­
pressive stresses. Different screw-and bolt­
heads can be used, but flat-underside types 
of heads are best. 

Gears 

Gear design is one of the more complicated 
areas for designing with plastics, because the 

Type 23 
(ANSIT) 

Type 25 
(ANSI BT) 

Type with cutting 
edge on point 

(Hi-Lo) 

Fig. 8-93 Examples of self-threading screws. 

bending, shear, rolling, and sliding stresses 
all act on a mechanism whose purpose is to 
transmit uniform motion and power. In this 
age of light weight and quieter operation, 
plastic gears have become increasingly im­
portant as a means of cutting cosl, weight, 
and noise without significantly reducing per­
formance. Because plastics are not as strong 
as steel, they must perform far closer to their 
design limits than do metal gears. Although 
many plastic gear designs are derived from 
metal-gear technology, plastics demand spe­
cial consideration, for instance, to deal with 
heat buildup from hysteresis. 

The basic difference between metal and 
plastic in gear design is that designs for metal 
are based on the strength of a single tooth, 
whereas plastic shares the load among the 
various gear teeth to spread it out. Thus, 
in plastics the allowable stress for a specific 

Fig. 8-94 Examples of screw and bolt assemblies 
with the better designs on the right side. 
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number of cycles to failure increases as the 
tooth size decreases, to a pitch of about 
48. Very little increase is seen above a 48 
pitch, because of the effects of size and other 
considerations. The following guidelines for 
good gear design with TPs should be ob­
served: (1) Determine the gears' conditions 
of service, such as temperature, load, veloc­
ity, space, and environment; (2) establish the 
short-term plastic properties as against the 
initial performance requirements; (3) com­
pare the long-term property retention factor 
as opposed to the life of the gear; ( 4) using 
physical property data, calculate the stress 
levels caused by the various loads and speeds; 
and (5) then compare these calculated values 
with the allowable stress levels and redesign 
as needed to provide an adequate safety fac­
tor (Figs 8-8 and 8-9). 

Ribs 

If there is sufficient space, the use of ribs 
is a practical, economic means of increas­
ing the structural integrity of plastic parts 
without creating thick walls (see Chap. 5). 
Ribs are provided for spacing purposes, to 
support components, and for other uses. 
Table 8-1 gives a summary of the results of 
using a rib design. 

Although the use of ribs gives the designer 
great latitude in efficiently tailoring the struc­
tural response of a plastic part, ribbing can re­
sult in warping and appearance problems. In 
general, experienced design engineers do not 
use ribs if there is doubt as to whether they 
are structurally necessary. Adding ribs after 
the tool is built is usually simple and relatively 
inexpensive since it involves removing steel. 

There are certain basic rib-design guide­
lines that should be followed (Figs. 8-95 and 
8-96). The most general is to make the rib 
thickness at its base equal to one-half the ad­
jacent wall 's thickness. With the ribs' oppo­
site appearance areas, the width should be 
kept as thin as possible. In areas where struc­
ture is more important than appearance or 
with very low-shrinkage materials, ribs are 
often 75 or even 100% of the outside wall's 
thickness. As can be seen in Fig. 8-96, a goal 

I 

EBBB 
~ggg 
BBB8 

Fig. 8-95 Example of a guideline in ribbing: Bidi­
rectional ribbing (right) can reduce or eliminate 
sagging or bending; circular or diagonal ribbing 
(left) reduces or eliminates twisting. 

in rib design is to prevent the formation of 
a heavy mass of material that can result in a 
sink, void, distortion, long cycle time, or any 
combination of these problems. 

All ribs should have a minimum of½ deg of 
draft per side and minimum radius of 0.005 in. 
at the base. Generally, the draft and thickness 
requirements will limit the height of the rib. 
Therefore, multiple, evenly spaced ribs are 
preferred to single, large ribs. Whenever pos­
sible, ribs should be smoothly connected to 
other structural features such as bosses, side 
walls, and component-mounting pads. Ribs 
need not be constant in height or width and 
are often matched to the stress distribution 
in the part. 

The first step in designing a rib is to de­
termine the dimensional limitations, followed 
by establishing what shape the rib will have 
to be to realize a part with good strength 
and satisfactory appearance that can be pro­
duced economically. Figure 8-97 shows the 
proportional dimensions of rib versus thick­
ness. This arrangement will minimize voids 
(sinks), stresses, and shrinkage variations and 
lends itself to trouble-free molding. 

Poor heat conductivity during molding cre­
ates temperature gradients throughout the 
cross section, with resultant stresses. Thus 
heavy walls will have inferior properties. Cy­
cle times are usually exceptionally long, an­
other cause of stress. Also, close-tolerance di­
mensions are difficult to maintain, material is 
wasted, quality degraded, and cost increased. 
If performance calculations indicate wall 
thicknesses well above those recommended 
for a particular material, one solution is to 
achieve equivalent cross-sectional properties 
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Fig. 8-9' Examples of rib design characteristics. 

by ribbing. Solid plastic wall thicknesses for 
most materia Is should be below 0.2 in., prefer­
ably around 0.125 in. , in the interest of avoid­
ing these pi tfalls. In most cases, ribbing will 
provide a satisfactory solution; in o thers, 
reinforced material may have to be con­
sidered. 

An example of how ribbing can provide the 
necessary equivalent moment of inertia and 
section modulus follows. 

A flat plastic ba r l ½ in. wide, ~ in. thick, 
and 10 in. long, supported at both ends and 
loaded at the center. was calculated to pro­
vide a specified deflection and stress level 
under a given load. The favorable material 
thickness of th is plastic is 0.150 in., a nd its rib 
proportions would be as in Fig. 8-97. 

If we use judgement as a guide, it would 
appear that the 1 ½-in. width would require 
about two ribs. So, as a starting point, let 
us calculate the equivalent cross-sectional 

data as if we were dealing with two T sec­
tions. 

According to standard engineering hand­
books (under "Stress and Deflection in 
Beams," "Moments of Inertia," etc.), resis­
tance to stress is expressed by the moment of 
ine rtia and the resistance to deflection by the 
section modulus. By finding a cross section 
with the two factors equivalent, we can assure 
equal o r bette r pe rform a nee in the ribbed de­
sign compared to the thick wall without ribs. 

Rib 

A 

2/3 t 

3 t + 0.85 

t 

• 
Fig. 8-97 Rib proportion versus thickness. 
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The stress= Wl/4Z and deflection= 
Wl2/48EI 

where W = load 
l = length of beam 

Z = section modulus 
E = modulus of elasticity 

and J = moment of inertia 

For the flat bar I = bd3 / 12, b = 1½, d = 
~; or I = (1.5 x 0.3753)/12 = 0.0066 for the 
rectangular bar. The section modulus is 

z = !::_ = 0.0066 
Y 0.1875 

= 0.0352 

The moment of inertia of a T section is 

I = ~(4bs3 +h3 (3t + T)] 

-A(d - y - s)2 

where b = 0.75 
s = 0.15 
h =0.6 
t = 0.8 
T=0.1 
d = 0.75 
A= area= bs + h(T + t)/2 

Therefore, 

y = d - [3bs2 + 3ht(d + s ) 

+ l(T - t)(h + 3s)]/6A 

Force 

t 
0.375 in. 

where y is the distance from the neutral point 
to the extreme fiber. Substituting the values 
in the formulas, we have 

A = (0.75 x 0.15) + 0·6(0.l / 0·08) 

= 0.1665 

y = 0.75 - {(3 X 0.75 X 0.152
) 

+ [3 X 0.6 X 0.08(0.75 + 0.15)] 

+ 0.6(0.10 - 0.08) 

X (0.6 + 0.45))/(6 X 0.1665) 

= 0.75 
0.0506 + 0.1296 + 0.0126 

0.999 
= 0.75 - 0.193 = 0.557 

J = ~{(4 X 0.75 X 0.153
) 

+0.63 [(3 X 0.08) + 0.1]) 

- 0.1665(0.75 - 0.557 - 0.15)2 

iI(0.0102 + 0.073) 

- 0.1665 X 0.00185 

= 0.00693 - 0.00031 = 0.00662 

= 0.00662 = 0.0119 
z 0.557 

Two of the T sections would provide a 
higher moment of inertia and decreased 
section modulus than a sandwich structure. 
When placed on the end, the two ribs would 

Rectangular bar, 0.375 in. X 1.5 in. 

•-----10in.-------

1.5 in. 

0.1 in. 

1 
0.15 in. 

0.75 in. 0.6 in. 

l V 

0.08 in. 

Fig. 8-98 Single-rib shape with good moldability that gives a section modulus and moment of inertia 
equivalent to a rectangular bar (3, 4). 
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0.15 in. 

y 

0.14 in. 
._. ___ 1.22 in. __ __, 

-----1.5 in.-----.,. 

Fig. 8-99 1\vo-rib shape with good moldability 
that gives a section modulus and moment of inertia 
equivalent to a rectangular bar. 

make a channel that would give a moment of 
inertia of 0.018 and section modulus of 0.035, 
values that are more than adequate for the 
purpose (Fig. 8-98). It should be noted that 
the two-rib construction forming a channel 
would require only 70% of the material used 
in a solid bar (Fig. 8-99). 

Other means of stiffening surfaces can also 
be used, if appearance permits, where areas 
can be domed and corrugated. The basic goal 
in any action that leads to greater rigidity is to 
specify a practical wall thickness that will op­
timize strength and processing and thus result 
in high-quality products. In addition to ribs, 
other features protruding from a wall, such as 
bosses or tabular shapes, should be treated 
similarly as far as transition radius, taper, 

HAT SECTION 

and minimal material usage are concerned. 
The same principles are involved. Identical 
ill effects can be expected unless the recom­
mended practices are incorporated. 

Geometric Structural Reinforcement 

Besides ribs, there are other methods of 
improving section properties. Many of these 
can often be designed into functional or ap­
pearance features for the product. Basically, 
to increase load-carrying ability or stiffness, 
it is necessary to increase either the proper­
ties of the plastic material or section proper­
ties of the structure. Beneficial improvements 
in the material can made in certain cases by 
changing the grade or type, compounding or 
alloying, and incorporating fillers or fiber re­
inforcements (Chap. 6). As far as structure is 
concerned, thickening wall sections will often 
prove a practical means of increasing section 
properties, but there can certainly be eco­
nomic limitations in terms of material usage 
and molding cycles. Some typical examples 
of these structures and potential problems 
to consider are shown in Figs. 8-100 through 
8-102. 

Some geometric shapes that provide the 
designer with alternate methods of increasing 

CROWNING 

CORRUGATION 

METAL Bl-DIRECTIONAL DOMING 
REINFORCEMENT CORRUGATION 

Fig. 8-100 Examples of geometric structural reinforcement techniques. 
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GATE )~ 

[ ~'£ J I r I (a) I 
' 
I 

j,. ., Dia 

(b) 

Fig. 8-101 Examples of potential problems with different shapes. (a) Oil canning effect; left view is 
with even wall; right shows redesigned double-tapered wall. (b) Long, flat part (top) could tend to 
warp; add ribs to correct problem. ( c) Warpage allowance and direction should be shown on the design 
drawing so that cooling fixtures, type of plastic, and molding techniques may be determined to achieve 
optimum performance in the molded part. 

part supports include gussets, corrugating, 
and doming. Gussets are supporting struc­
tures for either the edge of a part or bosses. 
The design guidelines for gusset thicknesses, 
spacing, and taper or draft are the same as for 
ribs. The dimensions given in Fig. 8-102 for 
height, length, and spacing are the lowest ac­
ceptable dimensions for good gusset design. 

A . 75 lo IT 
B Not less than 2T 
C Dictated by 

Structural Requirements 
T Wall Thickness 

Fig. 8-102 Guidelines for designing a gusset. 

Corrugating and doming provide the de­
signer increased part performance without 
having to add ribs. Of these two methods, cor­
rugating is the more effective. The alternative 
to corrugating is doming (Fig. 8-100). When 
a part is domed, its wall is molded in a con­
vex shape. In some cases, this method may 
be preferred to corrugating for aesthetic pur­
poses. From a structural stand-point, though, 
doming does not offer the same reinforce­
ment rigidity of corrugating. 

Snap Joints 

A snap joint is economical in two respects: 
It allows the structural member to be molded 
simultaneously with the molded part, and it 
allows rationalizing the assembly, compared 
with such other joining processes as screws. 
Table 8-5 provides a comparison of its advan­
tages and disadvantages. The design guide­
lines that should be taken into consideration 
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Table 8-5 Advantages and disadvantages of snap joints 

765 

Advantages Disadvantages 

Can be easily integrated into the structural 
member. 

The fixing of the joined parts is weaker than in 
welding, bonding, and screw joining. 

Compact, space-saving form. The conduct of force at the joining place is less 
than in a real joining (bonding, welding). 

Takes over other functions like bearing, 
spring cushioning, fixing. 

Effects of processing on the properties of the 
snap joints (orientation of the molecules and 
filler, distribution of the filler, binding seams, 
shrinkage, surface roughness and structure). 

Higher forces can also be transmitted with 
proper designing. 

Narrow tolerances are required in complicated 
applications (in plastics, this is associated in 
some cases with considerable expenditure). 

Small number of individual parts. Influence of environmental effects (e.g., distortion 
due to temperature differences) on the functioning. 

Assembly of a construction system with little 
expenditure of production facilities 

Difficulties with a continuous loading of the 
snap joint. 

and time. 

for obtaining the desired functions are de­
scribed in Chap. 5. Some examples of the var­
ious types and their design considerations are 
shown in Figs. 8-103 through 8-105. 

The geometry for snap joints should be 
chosen in such a manner that excessive in­
creases in stress do not occur (see Chap. 5). 
The arrangement of the undercut should be 
chosen in such a manner that deformations 
of the molded part from shrinkage, distor­
tion, unilateral heating, and loading do not 
disturb its functioning. The following guide­
lines are recommended regarding the posi­
tion of the snap joint to the gate and choice of 
the wall thicknesses in the area of flow to the 
place of joining: (1) There should be no bind­
ing seams at critical points; (2) avoid binding 
seams created by stagnation of the melt dur­
ing filling; (3) the molecules and filler should 
be oriented in the direction of stress; and ( 4) 
any uneven distribution of the filler should 
not occur at high-stress points. 

The stressing and joining forces should not 
act in the same direction if the joint has to ab­
sorb larger forces. Arm brackets should pos­
sibly be used to prevent the hook from es­
caping after joining. When there is a fracture 
of the snap hook as a result of overloading 
during the joining operation, the cross sec­
tion should not be increased, but the hook 
should be designed to be more flexible. On 
account of the frictional forces and stresses 

that appear at the point of joining, the angle 
of joining should be chosen to be not larger 
than 60 deg. 

Integral Hinges 

Hinge dimensions for lids, boxes, caps, and 
many other products have by now been well 
established (see Chap. 5). Figure 8-106 shows 
the successful dimensions of a living hinge. 
Not only are the dimensions dictated by the 
design shape, they must also ensure that dur­
ing the molding operation melt flow through 
the hinge is perpendicular to the hinge's 
bending action so that the plastic molecules 
stretch to give a strong, pliable hinging sec­
tion. Generally, to ensure proper hinge ac­
tion, the hinge is flexed immediately after the 
part is molded while it is still hot, using me­
chanical action in the mold or flexing it man­
ually. It is important to locate gates in the 
proper position in relationship to the thick­
ness and flow pattern of the melt so that the 
melt flows properly through the hinge. For 
example, a poor flow condition would ex­
ist if the gates were on opposite sides of a 
hinge. This would form a weld line within the 
hinge, causing it to fail upon its first being 
bent. 

Some examples of a few of the thousands of 
successful living hinge applications are shown 
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(a) Snap-in fit (b) Snap-on fit 

(cl Separable snap joints for box cover 

(d) Cap with two cantilever and two rigid lugs 

(e) Discontinuous annular snap joint (f) Delachable and non-detachable snaps 

1 h = 000 75d if(~!:: 1.2) 

2. h = d (0.0024 i + 0 0051 if(~ ~1 21 

I D d 

--:1- -
/ ...... /_ I -::-, 

I / I \ \ ' \ 
\ I 
'- / -_;_ _,,. detachable non-detachable 

Fig. 8-103 Examples of different snap-fit designs. (a) Snap-in fit. (b) Snap-on fit. (c) Separable snap 
joints for box cover. (d) Cap with two cantilever and two rigid lugs. (e) Discontinuous annular snap 
joint. (f) Detachable and nondetachable snaps. 

in Fig. 8-107. Others include dual-flap cap 
closures, lifting cap tabs, and diaphragm valve 
flex hinges. 

MoldAdion 

Molds can be designed to produce products 
that permit molding from very simple shapes 
to extremely complex ones. 'The complex 

shapes can include practically all those ac­
tions reviewed in this section that have been 
classified as being poor or difficult to mold. 
In a simple mold design, which is defined as 
when the mold separates into two or more 
sections, the part can be removed. For this 
to be done, certain geometric considerations 
must be met. First, the part should have no 
undercut sections that will lock if it is pulled 
from the mold. 
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Sealing rib 
Linerless cap 

I 

Bottle 
Tamper seal 

Fig. 8-104 Section of a linerless cap with a 
tamper-proof seal. 

ive 
_J 

Cases in which shape is essential to func­
tion, require a more elaborate mold, where 
a portion is retracted to permit the undercut 
to be removed. This complicates the mold­
ing procedure and mold, which may result 
in higher costs as well as a poorer-quality 
part. The part will usually have some surfaces 
that are nearly parallel and perpendicular to 
the opening surface of the mold (the part­
ing line), and pulling the part against these 
parallel surfaces could result in sticking and 
drag, which would make removal difficult and 
damage the product. 

The product designer should restrict the 
number of undercuts to a minimum and con­
sider carefully whether any undercuts in the 
design will present major problems in mold 

/
:rhreads 
disengage when 
Sn 
th 

Standard 
threads dr 
Snap Cap 
into place 

' 
~ I 

,,,, nap rrn g' -
ap Cap seals. 
en re-engage 
drive cap to 

do wn tighter 
I I I 

/ / ' 

A 

V V 

Fig. 8-105 This nonbackoff cap, or NBO, goes on like a screw cap and seals like a snap cap to provide 
a liquid-tight closure. 

StifferunQ 
shoulder 0.060 

Web land 

Thickness opproidmotel) 
equal to sidewalls 

0.030 t 

0.005 to O.OIS os 
necessary for stiffness 
of hinQe action or ·for 
mold-fill requirements 

All dimensions ore in inches 

Fig. 8-106 Example of basic polypropylene integral hinge design where the plastic melt flow in a one­
way direction is from the thick section through the thin section of the hinge. This melt flow through 
the thin section causes a degree of molecular orientation that is directly related to its performance as a 
hinge. (All dimensions are in inches.) 
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(1) Self-hinged spray closure (2) Box lid hinge (3) Single flap cal hinge closure 
with snap spud 

~&!~ Orifice 

Finger recess 

Land Length 

Land Length Lower hinge 
To ThlcknBSS Ratio 

Atleast 3 To 1 

Fig. 8-107 Some examples of living hinges. 

design. Moldings made from flexible plastic 
with small undercuts often allow forced mold 
release; that is, during the mold opening, the 
molding distorts sufficiently, because of its 
flexibility, to jump free of the undercut. This 
method is not recommended for the novice. 
In such cases, a certain degree of deforma­
tion may have to be accepted. Generously 
rounded corners are a must if this method 
of mold release is to be used. 

For rigid plastics and large undercuts, use 
must be made of movable or rotating side 

cores, which then obviously influence mold 
constructions. Screw threads are an example 
of an undercut frequently met. To eliminate 
undercuts, consider tapering a wall so that a 
sliding shutoff can be used (Fig. 8-108). 

Molded parts with undercuts (i.e., articles 
that cannot be released in the direction of the 
mold opening) require molds with more than 
one parting line. For such articles, various 
methods have been developed that may be 
operated manually, mechanically, hydrauli­
cally, peumatically, or electromechanically: 

Sliding Shutoff 

Opening 

Side View of Part 

Fig. 8-108 Eliminate an undercut, requiring side cores, by using a sliding shutoff system. 

 
-78-

Spectrum Ex. 1014 
IPR Petition - USP 11,536,632



8 Design Features That lnfiuence Product Performance 769 

Molds with side cores (Figs 4-118 through 
4-120) 

Molds with wedges (Figs. 4-120 and 4-121) 
Molds with rotating cores (Figs. 4-121 and 

4-122) 
Molds with loose cores or inserts (Fig. 4-83) 

The choice of method, or a combination 
of these methods, is governed by not only 
the shape of the article and properties of 

the polymer (its flexibility, rigidity, shrinkage, 
etc.) but also the standards of quality to be 
met by the article. For articles with an ex­
ternal screw thread, for instance, either the 
first or third method can be used. However, 
if the first is used, the mold parting line shows, 
which may be undesirable for aesthetic or 
design reasons. The method used should de­
pend entirely on the circumstances of the 
article. 
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