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Preface

ABOUT THE BOOK

We feel great pleasure to bringing out the book, Fundamentals of Plastics Mould Design, for
the benefit of the students’ community. This book has been written explicitly to meet the
requirements of B.E./B.Tech./M.E./M.Tech. courses of Plastics/PolymerTechnology branches
and also with the perspective of enlightening students about the plastics’ mould design.
Fundamentals of Plastics Mould Design also meets the requirements of Diploma/ Post-diploma
| Postgraduate diploma courses of Plastics Mould Technology and Plastics Technology/
Plastics Mould Design/Plastics Processing and Testing, respectively.

Allthe mould designers should know about Plastics Product Design, Mould Design, Plastic
materials, its processing and testing. This book covers the design aspects of the plastics such
as product design and mould design. Being a book on mould design, Fundamentals of Plastics
Mould Design covers the design aspects of Injection Mould, Compression Mould, Transfer
Mould, Blow Mould and Extrusion.

In addition to the fundamental design concepts such as Basic Mould Construction,
Ejection Systems, Feed Systems and Cooling Systems, this book also covers the calculation
aspects, the recent technologies like CAD/CAM applications in the field of product and
mould design, Prototype Development Methods, Reverse Engineering, Role of Mould flow
software for analysing the Plastics Injection Moulded Products, etc.

SALIENT FEATURES

e Through out the book the same system of SI units are adopted

¢ Also provided with equivalent fps system of unit in required areas
¢ Easy communication between the book and the readers

e In depth discussion in all chapters

o Total of 550 Questions covering all chapters have been included

¢ Solved examples for design calculations

CHAPTER ORGANISATION

The book contains 8 chapters. Chapter 1 covers plastics product design, Chapter 2 discusses
injection mould design, compression mould design, transfer mould design are dealt in
Chapter 3 and 4 respectively. Chapter 5 covers advanced injection mould design, while
Chapter 6 covers blow mould design. Chapters 7 and 8 cover extrusion dies and CAD/CAM
applications in mould design.
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All chapters of this book consist of simplified explanation in the introduction, relevant
illustrations and figures wherever required for the better understanding of students and
solved examples of numerical problems. Moreover, important questions at the end of each
chapter are given for the awareness of the students to face their exams confidently. The
fashion of presentation remains the same for all the eight chapters, for better communication
between the book and the readers.
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Product Design

.. GENERAL PRODUCT DESIGN CONCEPT

I.1.1 Introduction

Design is the universal term being used everywhere; it is the art of giving shape to the ideas
and defined as the product of creative thinking. It actually gives a complete description of an
object and prescription for its production. Hence, a product design deals with conversion of
ideas into reality and aims at fulfilling human needs.

1.1.2 Basic Concepts of Design

Any product design should have a definite shape, proportionate size with good appearance
and reveal the function of the product. Hence, the primary concept involved in design is shape,
size, aesthetics and function.

Shape is defined as the geometry and topology of a feature. All the parameters and their
values that fully define a feature are called size or size of a feature. If we combine shape
and size with suitable colours for the specific purpose of the product, it has to give attractive
appearance or good eye appeal, which is called aesthetics.

Appearance determines the whole ‘character’ of the product. It should reflect pride of
ownership, the function served, high product quality and value and the reputation of the
maker.

Analysis of product aesthetics The appearance of a product is the total visual effect produced
by structure, form, material, dimension and surface finish including colour. In composite prod-
ucts, structure implies combined effect produced by positioning of adjacent forms in deriving
the final product.

The visual appeal of objects like jewellery is very important. On the other hand, items such
as screws, nails, and ferrules have sheer functional value and negligible aesthetic value. An
attractive appearance alone is not only the deciding factor for a good design but the product
which is designed should fulfill the functional requirements of the consumer with reasonable
cost.
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The concept involved in design of a product is its quality and economy. The term quality
means fitness for use. If a designer wants to produce a good quality product, then the cost of
the product will come into picture.

Hence, the product must be designed in such a way that without sacrificing the quality of
the product, the cost of the product should be brought down to an optimum level. Accordingly,
the product configuration / geometry, type of finish, accuracy, material selection, processing
methods and post-moulding procedures, etc., are to be selected.

1.1.3 Essential Factors of Product Design

1. Need: A design must be in response to individual or social needs, which can be satis-
tied by the technological status of the times when the design is to be prepared.

2. Physical Reliability: A design should be convertible into material goods or services,
i.e., it must be physically reliable and should last long.

3. Economic Worthiness: The goods or services, described by a design, must be useful to
the consumer which equals or exceeds the sum of the total costs of making it available
to him.

4. Financial Feasibility: The operations of designing, producing and distributing the
goods must be financially supportable, i.e., a design project should be capable for
being funded by suitable agencies. The method for assessment of financial feasibility
could be ‘net present value” which states that the present worth of cash flows in the
project when added up during the useful life of the product should be greater than the
initial investment for the product.

5. Optimality: The choice of a design concept must be optimal amongst the available
alternatives. The selection of the chosen design concept must be optimal among all
possible design proposals. Optimal design, in theory, strives to achieve the best or
singular point derived by calculus methods. In the context of optimisation under con-
straints for mechanical strength, better quality, minimum weight, minimum cost, etc.,
are the criteria for optimisation.

6. Design Criterion: Optimality must be established relative to a design criterion which
represents the designer’s compromise among possibly conflicting value judgments,
which include those of the consumer, the producer, the distributor and his own.

7. Morphology: Design is progression from the abstract to the concrete. The morphology
of design refers to the study of the chronological horizontal structure of the design
projects. It is defined by the phases shown in Fig. 1.1 and their constituent steps of the
seven phases; the first three phases belong to design such as feasibility study phase,
preliminary design phase, detailed design phase; and the remaining four phases belong
to production, distribution, consumption and retirement.

8. Design Process: Design is an iterative problem-solving process. This gives a vertical
structure to each design phase. The iterative nature of design is owing to feedback
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9.

10.

11.

from existing design and improvement with further information in the form of techno-
logical, financial and creativity inputs.

[ Phase — I: Feasibility Study
¥

[ Phase — II: Preliminary Design
i

[ Phase - IlI: Detailed Design

Primary
Design

)

)

: )
Phase - IV: Planning for Production |
)

)

)

1
Phase — V: Planning for Distribution

[]

[ Phase — VI: Planning for Consumption
]

[ Phase — VII: Planning for Retirement

Production

Consumption Cycle
Phase Related to

Fig. 1.1 Morphology of design process.

Subproblems: During the process of solution of the design problem, a sublayer of sub-
problems appears; the solution of the original problem is dependent on the solution of the
subproblems. The ‘Design Tree” of Fig.1.2 reveals the concept of subproblems.

General
principle

Course
of action

Evaluative
function

Discipline
of design

Information
about a
particular
design

Feedback

< A particular design >

Fig. 1.2 Iterative nature of design process.

Reduction of Uncertainty: Design is derived after processing information that
results in a transition for uncertainty, about the success or failure of a design towards
certainty. Each step in design morphology from step (1) to step (7) enhances the level
of confidence of the designer.

Economic Worth of Evidence: Information gathering and processing have a cost that
must be balanced by the worth of the evidence, which affects the success or failure of
the design. Authentic information should be gathered to make the design project a
success. Today, information is regarded as a resource which is as valuable as money,
manpower and material.
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Bases for Decision: A design project is terminated when it is obvious that its failure calls
for its abandonment. It is continued when confidence in an available design solution is
high enough to indicate the commitment of resources necessary for the next phase.

Minimum Commitment: In the solution of a design problem at any stage of the process,
commitments which will fix future design decisions must not be made beyond what
is necessary to execute the immediate solution. This will allow maximum freedom in
finding solutions to subproblems at the lower levels of design.

Communication: A design is a description of an object and prescription for its
production. It will exist to the extent it is expressed in the available modes of
communication. The best way to communicate a design is through drawings, which
is the universal language of designers. Three-dimensional renderings or sectional
views help explain the design to the user of the design. The present day impact of
computer aided modelling and drafting has resulted in very effective communica-
tion between the designer and the user.

DESIGNING FOR PLASTICS

1.2.1

Introduction

In the present day the application of plastics is wide as compared to traditional material such
as metal. Plastics offer impressive advantages over metals. They are listed below:

1.

NG N

8.

They are not subjected to corrosion.

Light in weight with good strength to weight ratio.
Cost effective.

Less cycle time for production.

Unique design freedom.

Good mechanical, electrical and chemical properties.
They are available in wide range of colours.
Reduced assembly time.

In addition to it, each plastic material offers some special property which serves a particular
application or can be made to do so by the incorporation of suitable additives with the plastic
materials.

1.2.2

Advantages of Plastics

The successful use of plastics usually derives from a combination of cost savings and
improvement in performance or appearance, but often the cost saving alone is sufficient to
justify the choice of plastic material. Plastics can offer the following technical advantages:
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(@)

(b)

(c)

(d)
(e)

®

(g

(h)

@)

§)

(k)

Light Weight: All plastics have low densities, generally in the range 830 to 2500 kg /m?.
These figures can be extended upward or downward. For example, foamed materials
can have densities as low as 10 kg/m? and filled plastics as high as 3500 kg/m3. In
comparison, the density of aluminium is about 2700 kg/m? and that of stainless steel
about 7900 kg/m?3. It is evident that large volume of plastic material for unit weight can
be obtained than with metals.

Toughness: Some plastics are very tough, and objects made from them are difficult
to destroy by mechanical treatment. Some plastics are less tough, and some others are
fragile.

Resilience: Plastics show some of the behaviour associated with rubbers in accommo-
dating relatively large strains without fracture and in recovering their original shape
and dimensions when the stress is removed.

Vibration Damping: The quietness in use of plastics gear trains and bottle crates
depends on the inherently high degradation of mechanical energy to heat.

Resistance to Fatigue: In general plastics perform remarkably satisfactorily in situa-
tions involving dynamic stresses or strains.

Low Coefficient of Friction: Plastics to plastics and plastics to metals combination
have low coefficient of friction and can often perform unlubricated without fear of
seizing.

Thermal Insulation: Plastics are good insulators, their thermal conductivities
being many orders of magnitude lower than those of metals. This low conductivity

may be exploited in handles for utensils and in the design of pipes for carrying hot
fluids.

Corrosion Resistance: In general, plastics are resistant to corrosion. They are resistant
to weak acids, weak bases and aqueous salt solutions, although strong oxidising acids
may cause some attack, leading to discolouration and possible embrittlement. On the
other hand, organic solvents, on which metals are generally inert, may cause swelling,
deterioration of properties and eventual dissolution.

Colour Possibilities: Some plastics are transparent, some are translucent and a few
are opaque. Acrylics, polystyrenes, methylpentene polymers, polycarbonates and
certain grades of PVC can be very transparent indeed to visible light. All plastics can
be coloured by incorporating a wide range of dyes or pigments, thus avoiding the
need for painting. However, subsequent painting or plating is possible with some, if
required.

Manufacturing Methods: A variety of automatic and semi-automatic techniques
allows easy, economical and reproducible fabrication of articles and components.
Further finishing operations are easy to carry out on most plastics.

Integrated Design: The favourable processing characteristics and the properties
offered, allow the design and manufacture of polyfunctional shapes without the need
for assembly.
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(1) Price: On a volume basis, raw materials of plastics are considerably less expensive than
many metals and in spite of inflationary pressures their prices have tended to fall relatively
to those of other materials.

1.2.3 Limitations of Plastic
The disadvantages frequently turn out to be not so much limitations as challenges for the
designer to think of plastics as materials in their own right rather than as substitutes.
(a) Strength, surface hardness and abrasion resistance
(b) Modulus
(c) Temperature resistance
(d) UV Resistance and outdoor weathering
(e) Flammability
(f) Thermal expansion
(g) Electrostatic charges
(h) Orientation

The designer should therefore, bear this in mind and take appropriate steps to overcome the
same, in order to meet the specified requirements of application.

1.2.4 The Material Selection and Its Characteristics

The technical and cost considerations would influence selection of a particular material for
a particular product. Selection of materials is a highly complex process. In order to arrive
at the optimum materials for a given use with some degree of efficiency and reliability, a
systematic approach should be adopted to outline the proper approach to material selection
and to compare plastics both with other engineering materials and among themselves in terms
commonly used in material selection.

There are two criteria in the selection of materials, i.e., function and cost. How a material
will perform in a given use and the cost of the material are two of the primary considerations
in selecting a material.

The following criteria are required for selecting the plastic material:

1. Mechanical properties such as strength, toughness, rigidity, resistance to creep and
fatigue, abrasion and wear resistance, resilience and hardness.

2. Thermal properties which include the effect of temperature (particularly that of
maximum and minimum anticipated service temperature on engineering properties)
thermal conductivity, expandability, etc.

3. Electrical properties such as conductive or insulating qualities.
4. Resistance to chemicals or other environments.

The structural machine parts, products or devices are subject to loading conditions or
other external environments which produce internal stresses and strains. Knowledge of
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stress, strain or mechanical behaviour of materials is important for a number of reasons.
In order to develop a safe and economical design with the minimum weight and cost, the
mechanical or stress strain properties of materials are to be considered. To achieve the above
requirements, part design becomes an integrative process, with many experiments and
false starts along the way. Although sheer creativity is essential to good design, engineers
also tend to go through a methodical series of steps in their quest for an optional design
solution.

The accurate geometry, i.e., shape and size of a component made in plastics is not its
functional guarantee, even if it is found fulfilling the immediate functional requirements. This
is arrived at by evaluating the long-term characteristics such as

1. Creep/flexural modulus

Resistance to electrical /potential discharge

Rate of imbrittlement

Environmental stress cracking/crazing

High temperature (continuous) with standability

SANECLEE SN

Tribological properties

1.2.5 Methodical Approach in Plastics Product Design

The design of a good plastics product requires enough information about plastics and their
properties, different moulding methods, post-moulding procedures and information in
key design areas. Several factors have to be considered, which may lead to a wide choice in
ultimate design features of a product. To ensure proper design, close cooperation is required
between the industrial designer, the engineer, the draughtsman, the tool builder, the moulder,
and the raw material supplier. Preferably, each must become involved to some extent at the
very beginning of the design process.
The step-wise procedure for the development of a plastic part is detailed below:

1. Define the function of the part with life requirement.

2. Define shape and size based on space and capacity.

3. Assess loading conditions, stresses and deformation.

4. Define all environmental conditions.

5. Select several materials to satisfy the above conditions and other relevant properties.

6. Do several trial designs using different materials and geometries to perform the
required function.

7. Define the manufacturing process for each design.

8. Evaluate the trial designs on a cost effective basis. Determine several levels of perfor-
mance and the specific costs associated with each to the extent that it could be done
with available data.

9. Based on the above detailed study, select the best apparent choice and do a detailed
design of the part.
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10. Based on the detailed design, select the probable part design, material and process.
11. Make a model, if necessary to test the effectiveness of the part.

12.  Build prototype tooling, if necessary.

13. Make prototype parts to determine if they meet the required function.

14. Redesign the part if necessary based on the prototype testing.

15. Retest.

16. Make field tests.

17.  Add instructions for use.

1.2.6 Design Theory

Design concept

1. What are the end use requirements for the part or product (aesthetic, structural,
mechanical)?

2. How many functional items can be designed into the part for cost effectiveness?
3. Can multiple parts be combined into one large part?

Engineering consideration
1. What are the structural requirements?
Are the load static, dynamic, cycling? What are the stress levels?
What deflection can be tolerated?
Is the part subject to impact loads?
What tolerances are required for proper functioning and assembly?
What kind of environment will the part see?
What operating temperature will it have?
What will its chemical exposure be?
What is the expected life of the product?
How will the product be assembled?
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What kind of finish will be required on the parts?
Are agency requirements or codes involved?
13. Can the proposed product be moulded and finished economically?

Once the above questions have been considered, the next step is usually to consult data
property sheets to compare material. Properties presented in these sheets are for comparative
purposes and not generally for design. Seldom will a part’s design conditions match the
conditions used for generating the data on the poperty sheets, but the standardised tests are a
valuable tool. Without standardised data properties, fair comparisons could not be made. The
standardised information on mechanical strength, impact, chemical resistance, etc., must be
adjusted for the end-use environments and life of the product.
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After one selects the proper material for the part, calculations of wall thicknesses and part
geometry are made, followed by the next design step, which is to improve the effectiveness of
the design. In the case of injection moulded parts, the design should be reviewed in terms of
the following questions:

1. Can a tool be built and the part moulded?

Are the wall thicknesses adequate for the flow of the material to fill the part?
Have all internal corners been ‘radiused’ to reduce all high localised stress points?
Do all changes in wall thicknesses have smooth transitions?

Are heavy wall sections cored out to give a uniform wall where possible?

Is the ratio of rib or boss thickness to adjacent wall thickness proper?

Is it possible to gate into the thicker wall sections and flow to the thinner sections?
Are weld lines going to present strength or appearance problems?

R S U T

Have adequate draft angles been included on all surfaces?
10. Have reasonable tolerances been selected for all parts?

If you have properly evaluated the needs of the product, chosen the proper material,
optimised the design for that material, and, finally, carefully considered proper manufacturing
practices, you will be on the way to having a part that works.

1.2.7 Quality and Economy

In product design the quality and economy are the most important requirements from raw
material selection to finished product and finally reach the customer.
To ensure the product quality the following factors must be considered:

1. Methodical approach in product design.

Selection of suitable processing machine.

Efficient and economy mould design.

Trouble free mould construction (minimum mould cost).
Adopt quality control methods.

SANRCLNE N A

Suitable correction and modification based on feedback from customers.

Economy Cost effectiveness is an important factor in product design. This can be achieved by
involving effective method of product design only. Economic success essentially depends upon
external influences such as market situation and competition and ecological considerations,
management attention must also be directed toward the possibilities existing inside its own
factory.

Product manufacturer will have to consider the following factors as most important to
achieve the economy in their product:

1. Selection of raw material (least in cost, but best in product required properties like
aesthetic, strength, etc.).
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2. Product design concept like minimum / maximum wall thickness to meet out eco-
nomic product (the optimum wall thickness as to design without loss of its strength).

3. The prototype mould are rapid prototype product before regular mould to reduce the
initial mould development cost.

4. Selection of suitable processing machines to avoid wastage of raw material and time.

5. Best mould design to minimise the tooling cost and processing cost (reducing cycle
time).

6. Introduce modern technology method like hot runner / flash free quality moulds using
special grade of mould steels and surface treatments.

7. Engage minimum labour to minimise cost. Introduce modernised methods (like auto-
mation) if more labour is necessary.

1.2.8 Product Design Appraisal

Product design has to fulfil the essential qualities like shape, strength, aesthetic, shrinkage
and tolerance, etc. These qualities can be achieved by better methodical approach in product
design, good mould design concept, adopt modernised tool manufacturing methods, engaging
suitable processing machineries and adopt good quality assurance methods.

Check list has to be prepared to evaluate the product in order to evaluate the product design:

Check over all shape.

Functional aspect.

Size with recommended tolerance.

Aesthetic without any processing defects.
Without any defect in mould design concept.
Free from warpage, sink mark, burn mark.
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Ensure selection of raw material, processing machines, recommended concept of
mould design and mould manufacturing methods.
With all above factors, quality products with cost effectiveness can be maintained.

1.2.9 Emphasis on Designing with Engineering Plastics

Successful manufacture of good plastic products requires a combination of sound judgments
and experience. It also requires knowledge on plastic materials, their properties and
applications, various moulding methods, post-moulding procedures and information of key
design areas such as

1. Wall thickness

2. Parting line

3. Ribs, bosses and gussets
4. Radii and fillets
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Taper / draft

Holes

Coring

Undercuts

Threads

10. Inserts

11. Gate size and location
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12 Location of ejector pins
13. Tolerances

14. Fastening

15. Shrinkage

16. Surface finish

1.3 WALL THICKNESS

In plastic product design, selecting the correct nominal wall thickness is the most important
factor. Choosing proper wall sections sometimes determine the ultimate success or demise
of the product. While an inadequate wall section can lead to poor performance or structural
failure, a section thatis too heavy, eveninjust certain regions, can make the product unattractive,
overweight, or too expensive. The following discussion on determining wall section thickness
should help the design or production engineer to eliminate potential problems on paper (or
computer screen) rather than in tool steel. In many parts, only some of the guidelines can be
followed due to geometric, structural, or functional requirements, but at least the potential
existence of a particular problem is known in advance and remedial action can be planned.
For example, if a surface defect is discovered to be likely to appear in a visible area during
moulding texture, logo or label can be planned for that region.

1.3.1 Nominal Wall Thickness

In product design, section thickness is usually governed by load requirements. But other
considerations such as moulded in stress, part geometry, uniformity of appearance, resin flow
or mouldability and economy are equally important. The design of wall thickness normally
depends upon the selection of the material for particular application.

Just as metals plastics also have normal working ranges of wall thickness. The vast majority
of injection moulded plastic parts probably range from 0.80 mm to 4.8 mm with the thickness
within that range generally related to the total size of the part. That does not mean those parts
cannot be moulded to be thinner or thicker or that a big part cannot be thin or a tiny part can
not be thick. However, these norms can act as a starting point for the design. Tables 1.1 and 1.2
show the guidelines for wall thickness of various classes of thermoplastics and thermosetting
plastics used in various applications.
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Table I.1 Suggested wall thickness for thermoplastic moulding material.

Minimum thickness  Average thickness = Maximum thickness

Thermoplastics materials

(mm) (mm) (mm)
Acetal 0.4 1.6 32
ABS 0.8 2.3 32
Acrylic 0.6 2.1 6.1
Cellulosics 0.7 1.9 4.8
FEP fluoroplastic 0.3 9.0 12.7
Nylon 0.4 1.6 32
Polycarbonate 1.0 24 10.0
Polyethylene (L.D) 0.5 1.6 6.4
Polyethylene (H.D) 0.9 1.6 6.4
Ethylene vinyl acetate 0.5 1.6 3.2
Polypropylene 0.6 2.0 7.6
Polysulfone 1.0 2.6 9.5
Noryl (modified PPO) 0.8 2.0 9.5
Polystyrene 0.8 1.6 6.4
SAN 0.8 1.6 6.4
PVC- rigid 1.0 24 9.5
Polyurethane 0.7 12.7 38.0
Surlyn (ionomer) 0.7 1.6 19.0

Table 1.2 Suggested wall thickness for thermosetting moulding material.

sl e Minimum thickness Average thickness Maximum thickness
(mm) (mm) (mm)
Alkyd - glass filled 1.0 3.2 12.7
Alkyd - mineral filled 1.0 4.8 9.5
Diallyl phthalate 1.0 4.8 9.5
Epoxy glass 0.8 32 254
Melamine-cellulose filled 0.9 25 4.8
Urea-cellulose filled 0.9 2.5 4.8
Phenolic-generakl purpose 1.3 3.2 25.4
Phenolic-flock filled 1.3 32 25.4
Phenolic-glass filled 0.8 24 19.0
Phenolic-fabric filled 1.6 4.8 9.5
Phenolic-mineral filled 3.2 4.8 25.4
Silicon glass 1.3 32 6.4
Polyester premix 1.0 1.8 25.4
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The design engineer should also refer to data related to the ability of a plastic resin to flow into
the mould cavity. This information, usually shown in the form of spiral flow curves, gives a
relative measure of how far one can expect the plastic resin to flow from the gate (Fig. 1.3).

Flow length

Injection pressure

Fig. 1.3 Some typical spiral flow curves; 1. Nylon 6/6, 2. Thermoplastic polyester, PBT liquid crystal -glass
reinforced, polyphenylene sulfide-glass reinforced, 3. Acetal copolymer, 4. PBT-glass reinforced.

A non-uniform wall thickness will cause more trouble than any other problem in part
design. A thick section will cool last and sink away from the mould, causing a ‘sink mark.’
Heavy sections mean long cycle times. Fundamentals of design with any material require that

the wall sections are of adequate thickness for the application of the part and be shaped for
adequate strength.

Poor design

g/ Warpage

Better design

Fig. 1.4 Possibility of defects in poor design.

Wall thickness should be as uniform as possible to eliminate internal stresses, part distortion,
cracking, warpage and sink marks (Fig. 1.4).
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As per thumb rule, thicker the wall, the longer the part will have to stay in the mould
in order to cure or cool properly. This rule is important while moulding by compression or
injection. If different wall thickness in a part cannot be eliminated they should be blended
gradually (Fig. 1.5).

Not good

Wall blended
- / gradually

—

Better

Fig. 1.5 Variable wall section on the part.

1.3.2 Variance in Wall Thickness

Wall thickness should neither be too heavy nor
it should vary greatly. It should not vary more
than a ratio of three to one. This is true of the fact
that the part is moulded either by compression or
injection methods. If parts are designed with thick
and thin sections, sink marks will be evident on the Not good
thick sections. If translucent or transparent colour
materials are used, a variance in depth of colour will
be observed. Thick, heavy solid sections such as are
found in knobs and handles should be redesigned
into two individual mouldings (Fig. 1.6).

If a plastic part is designed with uneven wall thickness, it should be redesigned as shown
in Fig. 1.7.

Better

Fig. 1.6 Redesigned thick
and heavy solid sections.

Not this

This

Fig. 1.7 Redesigned plastic product design for uniform wall thickness.
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& &

) Extra thickness of material (a) Different methods of avoiding
is very undersirable such extra thickness

Fig.1.8 Compensating for different wall thickness.

L &%

Hat section Corrugation Crowing
e

Metal Bidirectional Doming
reinforcement corrugation

Fig.1.9 Modifications to nominal wall to improve structural response.

1.3.3 Determining the Wall Thickness

The determination of wall thickness should be the result of an analysis of the following
requirements:

Functional requirements

1. Structure
2. Strength
3. Dimensional stability
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4. Weight
5. Insulation

Manufacturing requirements

1. Moulding

2. Flow, setting and ejection
3. Assembly

4. Strength and precision

1.3.4 Structural Requirements of the Nominal Wall

If a part is subjected to any significant loading, the load bearing areas should be analysed for
stress and deflection. If the stress or deflection is too high, the following alternatives should
be considered:

1. Useribs or contours to increase the section modulus. This is often the most economical
solution and is discussed in detail under the heading ‘Ribs and Bosses’.

2. Use a higher strength, higher modulus material.
3. Increase the wall section if it is not already too thick.

1.3.5 Insulation Characteristics of the Nominal Wall

Plastic materials are good insulators for electrical and heat energy. They can also serve as
barriers and filters for sound and light. In general, insulating ability is directly related to the
thickness of the plastic. In the case of sound transmission, change in thickness may be needed
to change the resonant frequency of a plastic housing.

1.3.6 Impact Response of the Nominal Wall

The impact resistance of a particular part is directly related to its ability to absorb mechanical
energy without fracture or plastic deformation. This, in turn, depends on the properties of
the plastic resin and the geometry of the part. Increasing wall thickness generally improves
the impact resistance of moulded parts. However, increased, wall thickness could hurt
impact resistance by making the part overly stiff, unable to deflect and distribute impact.
Both of these methods of absorbing impact energy should be examined when the nominal
wall thickness is being selected.

1.4 PARTING LINE

The parting lines may be described as those lines made by the juncture of the male and female
die and loose mould sections. It should be around the section of the part having the largest
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cross-sectional area. A beaded parting line helps in disguising mould misalignment. In case of
peaked parting line, the flash can be cleaned without marring the surfaces. A stepped parting
line will also allow clean and easy finishing of the component: the flash will be horizontal and
easy to remove mechanically. In the event of bead is not permissible, a flush parting line may be
necessary. The flash may be removed by adding a decorative effect made by grooving the part at
the parting line. This method is possible only on round articles as shown in Fig.1.10 below.

Mould’s Parting Surface

J/ Moulding’s
Parting Line

| N
Cavity //

Moulding

)

Fig. 1.10 Parting line of moulding
and parting surface of mould.

S
s S

Component
Mould
(@) (b) © . . . .
Fig. 1.12 Typical moulding which
Fig. 1.1l Practicable and impracticable permit flat parting surface to be
choice of parting surface. adopted.
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Beaded Stepped

Groove After

Peaked Flush

N i\,

—P/L

0.25 mm — 0.375 mm

-

Fig. 1.13 Compression moulded parts that have parting lines on rounded
sections may use any of the above designs.

Whenever possible, parting line should be located at the
top of the part to facilitate finishing operations. See Fig. 1.14.

Avoid designing a parthavinga thinsharp wall at the parting
line; it will break very easily during finishing operations.

The tool design software identifies the parting line through
the draw direction. It identifies the extreme outer edge as a
parting line. If there are any holes or pockets on the part it
identifies the inner most edge for the inner openings.

Designing the parting line is an important factor in mould
design, to the ease of mould ejection in line of draw without
any hindrance of moulding cycle. The product designer
should have to fulfil these conditions without sacrificing
its aesthetic and functional part. The parting line may be
simple flat or stepped or profile or angled.

In compression-moulded parts such as knobs, bottle caps,
handles, and any other part with a rounded section where
the parting line of the die must be placed, it is advisable to
use one of the designs illustrated in Fig. 1.13. The standard
type parting line that is flat and square at the top of a part
is most often designed. If strength is needed, a slight edge
may be added. If a drinking-glass or cup-type is desired, this
design may be used. The parting of a die on a radius is not
recommended.

The cost of finishing or removing the flash from a
compression moulded part is generally a large percentage
of the direct labour cost of the moulded piece. Simple
straight parting lines should be designed into the part if at
all possible.

Not this

Parting
line

This

% A Parting
2 line

Fig. 1.14 Parting line at top of
the part.

Not this

WA

Fig. 1.15 Avoiding thin sharp
wall at parting line.
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1.4.1 Designed Mismatch

A mismatch is the alignment of two moulded parts (e.g., a box and a cover) usually is traceable
to part warp age or differences in shrinkages or misalignment between the core and cavity part
of the mould. The misalignment appears to be improved when a bead or designed mismatch
is utilised, (Fig. 1.17). Different possibilities for designed mismatch are shown in Fig.1.16
varieties of products such as telephone handset, telephone base, computer mouse, etc., have
been adopted this type of concept to overcome this mismatch problem.

y
Y Cover
box
AN

Fig. 1.16 A series of possibilities for designed mismatches.

Imperfect Designed Designed bead
alignment mismatch mismatch

Fig. 1.17 A mismatch is the alignment of two moulded parts (box and cover) usually is traceable to part
warpage or differences in shrinkages. The misalignment appears to be improved when a bead or designed
mismatch is utilised.

In compression-moulded parts such as knobs, bottle caps, handles, and parts with a
rounded section where the parting line of the die must be placed, it is advisable to use one
of the designs illustrated in Fig. 1.16. A beaded parting line is used where the appearance is
important and the adjoining surface should be protected during the finishing operation. A
beaded parting line also helps in disguising mould misalignment. This is sometimes known as
placing a parting line on a ridge. A peaked parting line is located above the surrounding surfaces
of the part, and the flash can be cleaned without marring the surfaces. A stepped parting line
will also allow clean and easy finishing of the moulded part; the flash will be horizontal and
easy to remove mechanically. In the event that a bead is not permissible, a flash parting line
may be necessary. The flash may be removed by adding a decorative effect made by grooving
the part at the parting line. This method is practical only on round parts that may be spindled
by turning the part rapidly on the end of a motor shaft and holding a cutting tool against it.

The cost of finishing or removing the flash from a compression moulded part is generally
a large percentage of the direct labour cost of the moulded piece. Simple straight parting lines
should be designed into the part if at all possible. The designer of a plastic part will have no
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difficulty with flash lines if they are located where they may be removed easily and where they
are inexpensive and where they may be disguised or at least unobjectionable.

Parting lines for injection moulds are shown in (Fig.1.18). The standard type parting line
that is flat and square at the top of a part is most often designed. If strength is needed, a slight
edge may be added. If a drinking-glass or cup-type is desired, this may be used. The parting
of a die on a radius is not recommended.

Standard Strength Cup or glass Not recommended

Fig. 1.18 Recommended parting line designs for injection moulding.

In order to increase the rigidity of such items as food containers moulded from the less rigid
thermoplastics, e.g., polyethylene, polypropylene, EVA, polyvinyl chloride, etc., it is necessary
to design the lip of the container to make it stiff.

1.4.2 Parting Line Mismatch I T i Moulded

Repeated opening and closing of moulds will cause knob

them to wear. Wear between the plunger and cavity |
pins and guide pin bushing causes the misalignment.

NI

The excessive wear at mould parting lines can create a Mould

mismatch, on a moulded part. Amismatch at a parting L [ units

line of a few thousandths of an inch may appear to -

look many times larger. Tolerances for misalignment

of cavity and plunger should total 0.15 mm for the ~

average mould expected during the normal life of  —

mould. When parts are first produced from the mould, H

the tolerance due to misalignment will be much less. \/Parting ine mismatch
< 7]

1.5 RIBS, BOSSES AND GUSSETS Fig. 1.19 Parting line mismatch.

1.5.1 Ribs

Ribs may be defined as long protrusions on the part which may be used to decorate or
strengthen the part and to prevent it from warping. The function of ribs is to increase the
strength and rigidity of a moulded piece without increasing wall thickness. Proper design of
ribs will usually prevent warpage during cooling, and in some cases, they facilitate smooth
flow during moulding. Several features in the design of a rib must be carefully considered in
order to minimise the internal stresses associated with irregularity in wall thickness.
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Fillet

Width, length, etc., must be analysed. For example, in
some applications, thick heavy ribs can cause vacuum
bubbles or sink marks at the intersection of mating
surfaces and will result in appearance problems,
structural discontinuity, high thermal stresses and Hole
stress concentration. To eliminate these problems, long, Pad
thin ribs should be used. It is also possible to core ribs

from the underside to maintain uniform wall thickness Fig. 1.20 Plastic part with ribs and bosses.
(Fig. 1.21). A large rib placed on a part should result in a

non-uniform wall thickness and cause a sink mark area. It is better to make many smaller narrow
ribs instead of one large heavy rib or even better one long narrow rib (Figs. 1.22 and 1.23).

Sink mark area /
Poor design

Boss

Ribs

Plastic part

Ribbed part

Hollowed better design

or cored out

Fig. 1.22 Many small rib instead of a
heavy rib.

Fig. 1.21 Large rib cored out from
back side.

(a) Heavy rib (b) Two small ribs (c) One longer deeper rib.
Not a good design Better design Best design

Fig. 1.23 Good rib design calls for narrow ribs instead of one large heavy rib.

The use of two or more ribs is better than to increase the height of a single rib and the
distance between them should be greater than the thickness of the wall to which they are
attached. Sides and front of ribs should be tapered 12° to 5°, depending on length and width,
to facilitate ejection. A fillet should be used where the rib joins the wall to minimise stress
concentration and provide additional strength. Fig. 1.24 illustrates the proportions of ribs used
in most of the thermoplastics.
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Fig. 1.24 Rib design where A = Wall thickness, B=0.8 x A,C=3x B, D =2 x B, E = 0.125 mm radius,
F=11/2°to 2°.1f more strength is required, add additional ribs.

A rib should be located in the corner or side of a moulded part. This will lower the mould
cost and allow easier filling of the plastic part (Fig. 1.25). Bosses and fillets will help to fill out
ribs (Fig. 1.26).

Fig. 1.25 Rib located in corner. Fig. 1.26 Bosses and fillets in rib.

\
Increased area
Slot Rib
Fig. 1.27 Increasing the area of slot at Fig. 1.28 Ribs on the side of long
intervals. bosses.

Increasing the area of slots at intervals in the moulded parts will add strength to the mould
(Fig. 1.27). Rib on the side of long bosses will aid in filling them (Fig. 1.28).



» Product Design <4 [EEPX]

(a) (b) (c)

Fig. 1.29 Distortion resulting from ribs present on one side of a plate; a) Distortion from thin ribs on a thick
plate, b) Distortion from thick ribs on a thin plate, c) Distortion from thick cross ribs on a thin plate.

3 mm
ﬁLSmm

Lz 1 ]

3 mm Sink mark 3mm Sink mark

Fig. 1.30 Thickness of adjacent walls and ribs in thermoplastic parts should be about 60% of thicknesses of
main bodies to reduce the possibility that sink marks will develop.

Poor

Sink —__ Void

{/,Tyﬂ

Rib too thick

Fig. 1.31 Sink marks and voids developed due To thicker rib.

[ K [
T e

Poor Better Better

i\

Fig.1.32 Rib design for reinforcing thermoplastic parts.
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Fig. 1.33 Rib design for thermosetting materials where A = Width of rib at base, B=A / 2, C=3 x A,
D=A/4,E=A/4,F=10%and G = 5°.

1.5.2 Bosses

Bosses may be defined as protruding studs on a part that assist in the assembling of a plastic
part with another part. Because they are frequently the anchoring members between both
part, they are subjected to strain and stresses not found in any other areas of the part. Bosses
with outside diameter equal to twice the whole diameter are sufficiently strong. Also they
can be used for pressed-in assembly, self-tapped screw assembly or tapped for a standard
machine screw. Special attention should be paid to the design of bosses, in contrast with
exterior surfaces, avoid any heavy sections to prevent voids or external sink marks. Avoid, if
possible, bosses too near an outside wall, because this will cause weak sections in the mould.
Sharp edges on bosses will cause more expense for the mould, hence it should be avoided. The
edges of the boss should be blended with 0.5 mm radius (1/64 inch). Square or oval holes are
difficult to machine in to mould steel and will result in a more expensive mould. It should be
avoided. To design a square or rectangular boss, the corners should have a radius of at least 0.4
mm (0.15 in). Any attached member to the wall should not be over 80% of the wall thickness.

Fig. 1.34 This drawing illustrates design and proportions of a boss at a wall used for most thermoplastic
materials where A = Wall thickness, B = Diameter of boss over radii, C=0.8x A, D=2xB,E=1°t02°,
F=0.125mm (0.005”) radius, G=D,H=08xA,I=A/4,]=2x B, K=]Max. or 0.3 x JMin. and L = 0.8 x A.
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Fig. 1.35 This drawing illustrates design and proportions of a boss away from wall used in most thermo-
plastics materials where A = Wall thickness, B = Diameter of boss over radii, C=0.8 x A, D=2xB,E=1°to
2°, F = 0.125 mm (0.005”) radius, G = 0.95 x D Max., H = G (Max.) and 0.3 x G (Min.) and I = 0.8 x A.

7 *“\1/20 Min V7520 Min

1/2° Min

g Core from
Heavy below
section 0.125 mm Min (Parallel draft)
= )
\ o 1/2° Min
Load S
t / A\
Connecting bosses with outside walls Use gussets rather than very thick bosses
with ribs when resistance to loading is required

Fig. 1.36 Design of bosses.

Bosses can also be designed on the outside of the moulded part. An outside boss is used in
attaching a part to an assembly. Figure 1.37 shows the recommended proportions for a boss on
the outside of the moulded part.

A (Diameter)

SECTION A-A
B=A. B=2x AMax

Fig. 1.37 Recommended proportions for a boss on the outside of the moulded part.
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1.5.3 Gussets

Gussets are supporting arrangements for edge. All dimensions of the gussets are a function of

the wall thickness (Fig. 1.38).

B=A
C=B

A =Wall thickness

D=2xB
E=08xA
F=2xE

Fig.1.38 This drawing illustrates design and proportions of gussets used in most thermoplastic materials.

1.6 RADII AND FILLETS

Fillets and radii are used at the ribs or bosses
to facilitate the flow of plastic material and to
eliminate sharp corners, thus, reducing stress
concentration in the moulded article. The radius
shouldbeatleast0.25 mmand preferably 0.75mm.
All corners of mouldings should be filleted
(rounded) to improve the flow of the material.
Corner radii should be minimum % of the part
thickness. Figure 1.39 shows the radius/thickness
ratio to avoid stress concentration.

The overall advantages of fillets and radii are:

(a) Improves flow of plastics material.

(b) Eliminates cracking and increase impact
strength.

(c) Better structure with more rigidity and
better stress distribution.

(d) Reduction in cycle time.
(e) Uniform density of the moulded article.

A = Part thickness
B=A/4 Min

Fig. 1.39 Corner radii should be a minimum of
1/4 of the part thickness for most thermoplastic
materials.
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(f) Ensures more economical and long life of mould.
(g) Prevent cracking of mould parts during heat treatment.
Flow of a material at a corner presents no problem if the corner is rounded as shown in Fig. 1.40.

Not recommended
Recommended

Fig. 1.40 Plastic corner flow should present no problem if the corner is rounded.

Fillets or radii are used at the base of ribs or bosses to facilitate the flow of plastic material
and to eliminate sharp corners, thus, reducing stress concentrations in the moulded part.
Figure 1.41 shows the stress concentration factor. All plastic parts requiring bosses should be
provided with fillets at the junction of the boss with the main body of the plastic part. Radii
of these fillets should be at least 0.25 mm (0.01 inch) and preferably 0.75 mm (0.03 inch). The
addition of a fillet increases the strength of the mould and the moulded part. Fillets generally
reduce the cost of the mould, the moulded part is more streamlined, and the corners of the
moulded part are easier to keep clean of dust. All fillets should be placed at the junction of
bosses and ribs with the main body of the part.

Not this

Stress Fillet
point

! |

Fig. 1.41 Fillets placed at the junction of bosses and ribs with the main body of the part.
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Curves and fillets in a moulded part prevent stress
concentrations, add strength, and help eliminate
warpage. Figure 1.42 shows redesigned part with
fillet.

Streamlining of the plastic part will help to Fig. 1.42 Part with and without fillet.
prevent gas pockets. When the material is being
moulded, it should sweep across the confined areas of the mould. Otherwise, gas pockets
may develop. This results in blisters or sink marks on the surface near the pockets. In the case
of thermosetting materials, gas pockets may be caused by trapped gas. Good design calls for
consideration of the flow route in the part. When plastics materials flow around protruding
sections they knit or weld on the other side. With thermosetting materials, knit or weld line
may be a weak point due to the fact that the plastic materials has approached the last stages of
polymerisation before the two streams (flow fronts) meet on the opposite side. Hence, they do
not bond well. As a result, weld line will be weaker than the adjoining material.

Poor design Good design
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1.7 TAPER OR DRAFT

A taper is a slight draft angle in a mould wall designed to facilitate the removal of the moulded
part from the mould. Plastic parts designed to be produced by the moulding process must have
taper or draft on all surfaces perpendicular to the parting lines of the mould. Draft should be
provided, both inside and outside as shown in Fig. 1.44. Plastic materials tend to shrink tightly
around cores. In order to remove the moulded part, adequate taper must be provided. The
degree of taper will vary according to the moulding process, wall thickness and the moulding
material. There are no precise calculations or formulae for taper. A minimum of ¥ degree taper
per side is generally adequate. Most phenolic materials can be moulded with minimum taper
of ¥2 degree but mould for thermoplastics require taper ranging from % to 3 degrees. Ribs and
bosses should have a taper of %4° to 5° per side.

If the taper or draft is on the inside of the part only the part may stay in the cavity as the
mould opens. Knockout pins will then be required in the cavity side. If the moulded part
has draft on the outside, this will cause the part to stay on the plunger as the mould opens.
Knockout pins in the plunger will be required to remove the part.

3.0

To find stress due to small
radius, multiply calculated

25 bending stress by K

2.0

r=%t

Good design standard

Stress concentration fact