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4

Molds to Products

Overview

In the manufacture of molded products
there is always a challenge to utilize advanced
techniques such as monitoring and control
systems (Chap. 7), statistical analysis, and so
on. However, these techniques are only help-
ful if the basic operations of molding are
understood and characterized to ensure the
elimination or significant reduction of po-
tential problems. This understanding encom-
passes factors such as mold design and op-
eration, plastic performance during melting
(Table 4-1), and the operation of the injection
molding machine (IMM) to produce cost—
performance-effective products at a profit
(Chaps. 8 and 14).

Interrelation of Plastic, Process, and Product

In order to fabricate a cost—performance-
effective molded product and understand po-
tential problems and their solutions, it is
helpful to consider the relationships of ma-
chine and mold capabilities, plastics pro-
cessing variables, and product performance.
A distinction has to be made between ma-
chine conditions and processing variables.
Machine conditions include operating tem-
perature and pressure, mold and/or die tem-
perature, machine output rate, etc. Process-
ing variables are more specific, such as the

melt condition in the mold, flow rate vs. tem-
perature, etc.

Molding Process Windows

Process windows are the ranges of pro-
cessing conditions, such as melt temperature,
pressure, and shear rate, within which a spe-
cific plastic can be fabricated with acceptable
or optimum properties by a particular fab-
ricating process (1, 7, 515). A window is a
defined “area” or “volume” in the space of
a processing system’s process control vari-
ables. The window for a specific plastic part
can vary significantly if changes are made in
its design and the fabricating equipment used
(Chap. 8). Also important is the uniformity of
the plastic material (pellets, flakes, etc.). The
greater the uniformity, the easier it is to con-
trol the process and improve product qual-
ity (see the section on Plastic Material and
Equipment Variables in Chap. 11).

By plotting injection pressure (ram pres-
sure) vs. mold temperature, a molding area
diagram (MAD) is developed that shows the
best combinations of pressure and tempera-
ture to produce quality parts. The size of the
diagram (Fig. 4-1) shows the molder’s lati-
tude in producing good parts. To mold parts at
the lowest cycle time, the molding machine
would be set at the lowest temperature and
highest pressure location on this diagram.

221
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Table 4-1 Examples of plasticizing processing temperatures®

Processing
T,, Temperature,
Polymer Type °F (°C) °F (°C)
Polyetheretherketone (PEEK)  Semicrystalline 290 (143) 650 (343)
Polyphenylene sulfide (PPS) Semicrystalline 185 (85) 630 (332)
Polyaryleneketone Semicrystalline 400 (204)  700-780 (371-416)
Polyarylene sulfide Amorphous 410 (210) 625-650 (329-343)
Polyetherimide (PEI) Amorphous Varies: Varies:
450 (232)  575-650 (302-343)
to 545 (285)  to 650-700 (343-371)
Polyarylether Amorphous 476 (247) 650 (343)
Polyethersulfone (PES) Amorphous 510 (266) 575 (302)
Polyamide-imide (PAI) Amorphous 470 (243) 650 (343)
Polyimide Pseudothermoplastic 470 (249) 680 (360)
482 (250) 660 (349)
536 (280) 660 (349)
536 (280) 660 (349)

@ Typical commodity TPs use about 400 to 550°F (204 to 288°C).

If due to machine and plastic variables
rejects develop, then one moves the ma-
chine controls to achieve higher tempera-
tures and/or lower pressures and thus restore
quality. This is a simplified approach to pro-
ducing quality parts, since only two variables
are being controlled. (This example uses a
thermoplastic; with a thermoset, to reduce
cycle time the highest temperature and pres-
sure would be used, etc.)

The next step in the molding-area tech-
nique is to use a three-dimensional diagram
(Fig. 4-2). By plotting melt temperature vs.

Flash area

e RAMN pressure

Short shot area

——— Mold temperature

Fig. 4-1 Molding area diagram.

DNA Genotek Inc.
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injection pressure vs. mold temperature, one
obtains a molding volume diagram (MVD),
providing more precision control in setting
the machine.

Developing the actual data involves slowly
increasing the ram (injection) pressure until
a value is obtained at which the mold is just
filled out. This is referred to as the minimum
fill pressure for that combination of mate-
rial, mold temperature, and melt tempera-
ture. The ram pressure is then increased until
the mold flashes. This is logged as the maxi-
mum flash pressure. These two pressure val-
ues then represent a set of data points for one
combination of melt and mold temperatures.

Next, the melt temperature is changed
(leaving the mold temperature constant), and
a new set of minimum and maximum pres-
sures determined. This is continued until the
maximum and minimum melt temperatures
are found.

Then the mold temperature is changed,
and all the above repeated until the maxi-
mum and minimum mold temperatures are
found. Once the data are obtained, three-
dimensional MVDs are constructed.

MVDs show that the melt temperature
for injection molding plastic is an important
variable that was not evident in two-
dimensional MADs. MVDs are used with all
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Ram pressure psi

1000
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Ram pressure psi

400

200

Ram pressure psi

Fig.4-2 Molding volume diagram showing three
steps.
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thermosets and thermoplastics. The signifi-
cance of the MVD approach lies in the fact
that one ends up with a dramatic and easily
comprehended visual aid to analyzing three
of the most important variables for injection
molding—namely, injection pressure, mold
(or barrel for thermoplastics) temperature,
and melt temperature (1, 7, 283).

Using this two- and three-dimensional ap-
proach for making molding diagrams, you can
analyze injection rate, cavity pressure, etc.,
and also consider whether to use manual or
automatic process controls. As discussed in
this chapter and Chap. 9, the use of automatic
controls makes it easier to set controls and en-
sure quality. Of course, some molds produce
quality parts just with manual controls; most
of the 80,000 injection molding machines in
the United States use only manual controls.
However, major changes are occurring be-
cause the automatic controls can significantly
reduce cost and provide zero (or practically
zero) defects.

Cycle Times

A cycle is the complete repeating sequence
of operations in a process or part of a process.
One cycle time is the time period, or elapsed
time, between a certain point in one cycle and
the same point in the next cycle; it is the time
to mold a part. As a general guide, regard-
less of the plastic processed, the average wall
thickness (in thousandths of inches) multi-
plied by 250 equals the cycle time in seconds.

The problem of shortening the cycle time
lies principally in assessing all the difficulties
of the injection molding process during the
design of the part and the mold. Thus what is
needed is a device for achieving optimum de-
signs of part and mold. Program systems that
provide for computer simulation of the injec-
tion molding process are used for this pur-
pose. One should keep abreast of the avail-
ability and performance of relevant software
so that one can gain in experience. Most im-
portant are programs to reduce the cycle time
by evaluating the actual process operational
settings (see the section on Molding Simula-
tion Programs in Chap. 9).
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Molding Pressure Required

The molding pressure is the pressure ap-
plied to the molding material in the mold
cavity or cavities during injection of the melt
from the plasticator. The pressure required is
based on the projected area taken at right
angles to the applied force (clamp closing
direction) plus the cross-sectional areas of
those runners that solidify on the mold part-
ing line. The melt pressure required for a spe-
cific material is determined from past experi-
ence and/or from the material supplier’s data
sheets.

The force required is calculated by multi-
plying the projected area by the melt pres-
sure. It is expressed in psi or MPa. The result
is the total clamping force required (usually
converted to tons). To ensure sufficient pres-
sure in practice, consider multiplying by a
processing safety factor (SF) of 1.1. With ex-
perience, however, this SF can be reduced or
even eliminated (see the section on Molding
Thin Walls in Chap. 7).

Products

Plastic products are used in all industries
(Chap. 17). They can range from parts weigh-
ing an ounce (indeed, grams) to hundreds
of pounds. Typical products are reviewed
throughout this book. Figure 4-3 is an ex-
ample of diverse molded and other products
used in an electric pressing iron.

PBT SPRAY HEAD I

4 Molds to Products

Shapes Both shape geometry and design
are heavily process-related. As an example,
the ability to mold ribs may depend on the
thickness and length of the rib, the ability
of the melt to flow adequately during pro-
cessing, the flowability of a plastic reinforced
with glass fiber or other reinforcements or
fillers, and so on. The ability to produce hol-
low shapes may depend on the ability to use
removable cores or inserts or techniques that
include air, fusible, or soluble solids, and even
sand (Chap. 15). Hollow parts can be pro-
duced using cores that remain in the part,
such as foam inserts.

Product obsolescence Tradeoffs exist be-
tween coming up with a new design and pro-
viding incremental improvements to an ex-
isting product. A new design usually avoids
constraints imposed by the incremental ap-
proach, but it can be costly in time and re-
sources. If one continues the incremental ap-
proach too long, the entire concept runs the
risk of becoming obsolete.

Processing Plastics

Injection molding machinery provides the
capability to process different plastics that re-
quire different methods of operation. There
are other specifications for IMMs than meet-
ing product size requirements. Machines
must also be designed to meet the process

IOPYLENE

p
H

NITRIL
CORD BUSHING

PROPRIETARY FILLE
3]

FILLED-PHENOLIC SKIRT

)-POLYPROPYLENE

Fig. 4-3 Molded products in an electric pressing iron.
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control requirements of the plastic melts. The
variables in the machine, plastic melt, and
process control must all be managed.

Some information on melt behavior is pre-
sented here. See also Chapters 2, 5, 6, and 7
for more processing details.

Basics of Melt Flow

There are variable conditions during mold-
ing that influence part performance. Of para-
mount importance are gate location(s) and
controlling the cavity fill rate or pattern.
The proper fill helps eliminate part warpage,
shrinkage, weld line(s), and other prob-
lems or defects (Chap. 8). In the practical
world of mold design, there are many in-
stances where tradeoffs must be made in
order to achieve a successful overall de-
sign. As an example, while a naturally bal-
anced runner system is certainly desirable,
it may lead to problems in mold cooling or
increased cost due to excessive runner-to-
part weight ratios, depending on the produc-
tion quantity. Software flow analysis guides
are available that allow successful designs
of runners in which pressure, temperature,
rate of flow, etc. are chosen consistently
(Chap. 9).

In a typical IMM, the flow of melted
plastic into its mold is basically controlled
by the injection unit’s plasticizing capabil-
ity and uniformity, control of melt pres-
sure, and screw position. When hot runners
are used, their valve gates are involved. Se-
quential valve gating has become important
in some multigate applications. Thus these
gates can be opened at different times dur-
ing injection, increasing control over weld-
line location and fill balancing. With an open-
loop process, the injection unit is tied to
the valve gates from the start of the injec-
tion by either the time or the screw po-
sition. Once the valve is opened, the flow
rate is completely controlled by the injec-
tion unit. The so-called dynamic-feed closed-
loop system uses variable flow valves. Each
valve’s position is controlled in response to
the pressure requirement downstream of the
valves.
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Mold Fiiling Hesitation

Here is one of many examples of meth-
ods of operating an IMM. To understand the
hesitation effect, consider the flow patterns
throughout injection mold filling. The melt
first enters the cavity from the gate, and the
flow front reaches the first thin wall section.
There is insufficient pressure to fill this thin
section, as the melt has an alternative route
along the thick section. Melt that just entered
the thin section sits there losing heat, until
the rest of the mold is filled. When the mold
is almost completely filled, the full injection
pressure is available to try to fill the thin sec-
tion. However, the melt in the thin section
has frozen, and the thin section is not filled.
This problem is caused by the fast-slow—fast
(hesitation) filling sequence used. If the melt
continues to flow at a nearly steady (uniform)
rate, there is no difficulty in filling the thin sec-
tion. To do so only requires the melt entering
the cavity to have the proper temperature,
pressure, and rate of injection.

Melt Cushioning

Cushioning the melt means continuing to
inject it into the mold cavity under pressure
during its shrinkage and until solidification
occurs. The purpose is to ensure that, as the
stroke is completed and the mold fills, a cush-
ion of melt exists. Usually just a few milli-
meters (0.04 in.) distance is maintained be-
tween the screw or ram tip and the nozzle,
which in turn feeds into the cavity or cavities.
This action will result in greater compactness
and will eliminate or significantly lower the
shrinkage of molded products.

Mold Filling Monitoring

Flow-front speed during filling is com-
monly inferred either from screw position or
cavity pressure sensors. The quality of the fi-
nal molded part, however, is determined by
the actual flows of molten plastic into the
cavity to pack the melt. The ultrasonic tech-
nique is one way of monitoring the filling
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action. This technology involves the use of
ultrasonic transducers and software to ver-
ify mold filling patterns and measure flow-
front speeds. It permits identifying exactly
when mold cavities are filled and switching
immediately from injection pressure to pack-
ing pressure, saving energy. Ultrasonic beams
are emitted from transducers installed on the
external surfaces of a steel mold. The beams
propagate to the cavity interface. Before
the melt arrives at the transducer’s position,
ultrasonic energy is totally reflected at this
interface. After the melt’s arrival, part of the
beam energy is transmitted into the melt, in-
dicating the arrival. A sensor can monitor
the gap caused by the shrinkage of the part
away from the mold wall, as well as measure
the speed of the gap’s development. Ultra-
sonic waveforms show echoes in the solidify-
ing parts, which can be used to obtain tem-
perature profiles across the melt and to study
cooling efficiency.

Sink Marks

Different processing conditions can cause
product problems or defects. An example is a
sink mark. Sink marks are an indentation on
the surface of a molded part that usually oc-
cur when there is a significant local change in
wall thickness. Examples include ribs, bosses,
and undercuts. Sink marks are caused by ther-
mal contraction of the melt during cooling
in the mold. Since the volumetric shrinkage
of plastics from melt to solid can be about
25% and their compressibility is smaller (per-
haps 15%), it is possible to pack out a mold.
This action can prevent sink marks during
the pressurization phase only. Some compen-
sating flow is necessary to eliminate the sink
marks entirely. If it is impossible to use a high
enough holding pressure to do so, a lower
holding pressure may reduce the marks to an
acceptable level.

By analyzing flow as a combination of vis-
cous fluid flow and heat transfer, one can
hope to understand what is happening in the
mold (Chap. 7). The object is to flow plastic
through the thin sections and into the thick
sections. With a very slow rate, the pressure
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drop will be high because of the high heat loss.
In the extreme case the plastic can freeze off.
With a high holding pressure, there will 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
sections will not remain molten long enough
for the thick sections such as a boss to be
adequately packed out.

Mold Descriptions

Molds are a very important part of the in-
jection molding process, as summarized in
Fig. 1-14. There are many different mold de-
signs used to produce all the thousands of dif-
ferent shapes and sizes of products. Examples
of a few mold designs are shown in Figs. 4-4
to 4-9.

In the past, when someone purchased an
IMM and had made a low estimate of the to-
tal cost to set up an operation with its auxil-
iary equipment, to reduce expenses the mold
was skimped. The result most of the time was
a disaster, because products did not meet per-
formance requirements or, worse, the cost
of molding a quality product went up. The
message here is that you get what you pay
for.

Molds are of many different designs to
meet different product requirements. There
are molds that can have common assembly
and operating parts so that the tool’s cavity
or cavities can receive different cavity inserts.
Molds can themselves be highly sophisticated
and expensive pieces of machinery. They can
comprise many parts requiring high-quality
metals and precision machining. To take the
greatest advantage of these investments, the
mold may incorporate many cavities, adding
further to its complexity. Many molds have
been reengineered as standardized products
that can be used with different cavities, run-
ner systems, cooling lines, unscrewing mech-
anisms, etc.

For over a century it has been easy for
those familiar with the engineering (and art)
of mold making to obtain the molds they de-
sired. In the past, however, molds were not as
complicated as they are now, and in the future
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Fig. 4-4 Cavity blocks for pipc clbow are made of prchardened stainless stecl; molded clbow is seen
in lower right corner.

Fig. 4-5 Husky’s mold in its 800-ton IMM fabricates plastic drums.

DNA Genotek Inc.  Exhibit 2029 Page 34
Spectrum Solutions LLC v. DNA Genotek Inc.  IPR2023-01424



228 4 Molds to Products

Fig. 47 Mold cavity with three sets of handles for plastic bags.
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Fig. 4-8 Three views showing flexible insert-type bottle caps made using a simple mold. It permits
ejecting parts directly out of the mold without any complex mold movement.
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Fig. 49 This 96-cavity mold from Husky produces preforms for stretched injection blow molding

containers (Chap. 15).

their specification will require even more so-
phistication. One must either hire qualified
persons, who may be difficult to find, or train
them in house as described throughout this
book. See especially the section on Software
and Database Programs.

Mold Basics

The function of a mold is twofold: impart-
ing the desired shape to the plasticized melt
and solidifying the injected molded product
(cooling for thermoplastics and heating for
thermoset plastics). It basically has two sets
of components: (1) the cavities and cores and
(2) the base in which the cavities and cores are
mounted. Figures 4-10 and 4-11 and Table 4-2
show typicallayouts and descriptions of prod-
ucts to be molded thatinclude the cavities and
cores. Figure 1.11 provides an example of the
pressure loading of a plastic melt. Melt moves
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from injection unit (plasticator), though the
mold passageways (sprue, runner, and gate),
and into the two cavities.

The mold has two basic parts to contain
the cavities and cores. They are the station-
ary mold half on the side where the plastic
is injected, and a moving half on the closing
or ejector side of the machine. The separa-
tion between the two mold halves is called
the parting line. In some cases, the cavity is
partly in the stationary and partly in the mov-
ing section. The term “mold half” does not
mean that the two are dimensionally equal in
width.

The size and weight of the molded parts
limit the number of cavities in the mold and
also determine the machinery capacity re-
quired. In the case of large molded parts,
such as an auto radiator grille or a one-piece
bucket chair, the large exterior dimensions
of a single-cavity mold require a correspond-
ingly large clearance between the machine
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Fig. 4-10 General configuration of a mold.

tie-rods. In turn, the machine tie-rod clear-
ances limit the number of cavities that can be
installed in a multicavity mold.

It is important to design a mold that will
safely absorb the forces of clamping, injec-
tion, and ejection. Furthermore, the flow con-
ditions of the plastic path must be adequately
proportioned in order to obtain uniformity of
product quality in cycle after cycle. Finally,

-

effective heat absorption from the plastic
by the mold has to be incorporated for a con-
trolled rate of solidification prior to removal
from the molds.

The mold designer should become thor-
oughly familiar with the processing informa-
tion on the plastic material for which the mold
is being built. (See Chap. 6 for information on
material processing,.)

LOCATING RING

SPRUE BUSHING

FRONT CLAMPING PLATE
FRONT CAVITY PLATE-"A"
LEADER PINS

LEADER PIN BUSHINGS

REAR CAVITY
PLATE -"8"

SUPPORT PLATE
CaviTY

EJECTOR RETAINER PLATE
STRIPPER PLATE

WIOTH
RETURN PIN
EJECTOR PLATE

KNOCK OUT PINS
STRIPPER PINS

REAR CLAMPING PLATE
SPRUE PULLER
SUPPORTING PILLAR
STOP PIN

Fig. 4-11 Exploded view of a mold base.
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Table 4-2 Functions of the injection mold

Mold Component Function Performed
Mold base Hold cavity or cavities in fixed, correct position relative
to machine nozzle.
Guide pins Maintain proper alignment of two halves of mold.
Sprue bushing (sprue) Provide means of entry into mold interior.
Runners Convey molten plastic from sprue to cavities.

Gates
Cavity (female) and force (male)
Water channels

Side (actuated by cams, gears, or
hydraulic cylinders)

Control flow into cavities.
Control size, shape, and surface texture of molded article.
Control temperature of mold surfaces, to chill plastic to
rigid state.
Form side holes, slots, undercuts,
threaded sections.

Vents

Ejector mechanism (pins, blades,
stripper plate)

Ejector return pins

Allow escape of trapped air and gas.
Eject rigid molded article from cavity or force.

Return ejector pins to retracted position as mold closes

for next cycle.

The mold determines the size, shape, di-
mensions, finish, and often the physical prop-
erties of the final product. It is filled through
a central feed channel, called the sprue. The
sprue, which is located in the sprue bushing,
is tapered to facilitate mold release. In single-
cavity molds, the sprue usually feeds the poly-
mer directly into the mold cavity, whereas in
multicavity molds it feeds the polymer melt
to a runner system (cold or hot), which leads
into each mold cavity through a gate.

The moldis aligned with the injection cylin-
der by means of a ring in the stationary mold
half, into which the cylinder nozzle seats. The
locating ring surrounds the sprue bushing and
is used for locating the mold in the press
platen concentrically with the machine noz-
zle. The opening into which the ring fits is
made to a tolerance of —0.000 and +0.002 in.
(—0.000 and +0.005 cm). The ring itself is
made 0.010 in. (0.025 ¢cm) smaller than the
opening, providing a clearance of 0.005 in.
(0.013 cm) per side. A clearance above this
amount may cause misalignment with the
nozzle, which in turn would entrap part of the
sprue, causing the sprue to stick on the wrong
side. The sprue bushing on the locating ring
end has a spherical radius of % or % in. (1.27
or 1.91 cm) to fit the machine nozzle radius.
The hole through the length of the sprue has
a 1 in/ft taper of 1°111" on each side. This
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hole must have a good reamed and polished
finish to prevent sprue sticking.

The parting line is formed by cavity plates
A and B. Cavity plate A retains the cavity
inserts and supports the leader pins, which
maintain the alignment of cavity halves dur-
ing operation. These guide pins are prefer-
ably mounted in the stationary mold half to
ensure that the molded product(s) will fall
out of the mold during ejection without being
fouled. One of the four leader pins is offset by
about 2 in. (0.48 cm) to eliminate the chance
of improper assembly of the two halves.

The alignment of mold halves is usually ac-
complished using leader pins. Many moldma-
kers use tolerances of £0.0008 to +0.0013 in.
(£0.0020 to +0.0033 cm) from side pin to
bushing. Tighter tolerances of +0.0004 to
+£0.0008 in. (£0.0010 to +0.0020 cm) provide
more accurate alignment and less wear. On
ejector systems, a minimum of four leader
pins and bushings are used to prevent cocking
of the plate, which reduces wear and prevents
seizing.

Mating with plate A is plate B, which
holds the opposite half of the cavity or the
core and contains the leader-pin bushings for
guiding the leader pins. The core establishes
the inside configuration of a part. Plate B
has its own backup or support plate. The
B backup plate is frequently supported by
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pillars against the U-shaped structure known
as the ejector housing. The housing, consist-
ing of the rear clamping plate and spacer
blocks, is bolted to the B backup plate, ei-
ther as separate parts or as a welded unit.
This U-shaped structure provides the space
for the ejector plate to perform the ejection
stroke, also known as the stripper stroke. The
ejector plate, ejector retainer, and pins are
supported by the return pins. When in an un-
activated position, the ejection plate rests on
stop pins. When the ejection system has to
be heavy because of required large ejection
forces, additional supporting means are pro-
vided by mounting more leader pins in the
rear clamping plate and the bushing in the
ejector plate.

The overall height of the mold should cor-
respond to the open space in between the
machine platens. In the moving mold half,
spacers are used to create space for the
ejector system, which consists of two ejec-
tor plates with ejector pins. The open space
should be such as to permit the ejector pins
to complete their ejection stroke. Note that
the mold height, or die height, in the usual
horizontal operating machine is the horizon-
tal dimension of the mold. When the mold is
removed and placed upright on a workbench,
its mold height is vertical.

All the mold plates (excluding the ejec-
tor parts) and spacer blocks are ground to
a thickness tolerance of £0.001 in. Conceiv-
ably, a combination of tolerances could build
up to cause an unevenness at the four cor-
ners. If great enough, such a condition would
damage a platen when under full ram pres-
sure. It is advisable to check the uniformity
of all four corners prior to preparing the base
to receive cavities.

Both mold halves are provided with cool-
ing channels filled with coolant to carry away
the heat delivered to the mold by the hot ther-
moplastic polymer melt. For thermosets, elec-
tric heaters are located in the mold.

When the mold opens, molding and sprue
are carried on the moving mold half; subse-
quently, the central ejector is activated, caus-
ing the ejector plates to move forward, so
that the ejector pins push the article out of
the mold. Ejector pins have a tendency to
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produce a very slight flash line, which in some
areas of a part may be objectionable; there-
fore, their location and the amount of recess
formed by them in the part should be agreed
on with the product designer.

In the smallest injection molding machines,
the mold may be completely demountable,
and while being filled is held in a simple
vise. This can be vertically or horizontally act-
ing to suit the cylinder; some cylinders are
downstroking and some horizontally acting.
With a horizontally acting cylinder and ver-
tical clamp, the runners and sprue bushing
are in the same plane; and often, because
the pressures involved are not very great, the
hardened sprue bushing is replaced by a sim-
ple runner cut into one or both halves of the
mold.

With the larger horizontal clamping ma-
chines, thought should always be given to
whether a horizontal or a vertical flash line
is either possible or desirable. In Fig. 4-12 a
vertical flash line is shown, whereas Figs. 4-10
and 4-11 depict the more common horizon-
tal flash line. With a mold having a vertical
flash line, sometimes called a positive mold, it
can be seen that material cannot escape from

Vertical flash line

\\v
.

Fig.4-12 Mold designed with a vertical flash line,
typical of a compression mold (also called a pos-
itive mold system), where the aligned male and
female mold parts meet.
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the parting line of the mold until consider-
able opening movement has taken place. If
an overfull shot were to be made, the mold
would not flash, although the shot weight
might be too great.

This design also has the advantage that
oversize moldings can be made with a rel-
atively small mold locking force. If the cor-
rect amount of material is injected into the
mold, it may open slightly (a few thousandths
of an inch), but no material escapes; as the
molding cools, the mold closes again, thus
compression-molding the part. This positive
mold is the principal type used in compres-
sion molding. It is also the design used with
certain structural-foam moldings and in com-
bining injection molding with compression.

Mold Optimization

A mold is a controllable, usually complex
mechanical device that must also be an effi-
cient heat exchanger. Hot melt, under pres-
sure, moves rapidly through the mold. Air is
released from the mold cavity or cavities to
eliminate melt burning, voids in the part, and
other defects that would degrade the molded
product’s performance. In order to solidify
the hot melt, water or some other medium
circulates in the mold to cool thermoplastics
or heat thermoset plastics. Various actions,
such as sliders and unscrewing mechanisms,
can be used to operate the mold. CAD and
CAE programs are available that can aid in
mold design and in setting up the complete
fabricating process. These programs include
melt flow, part solidification, and the meeting
of performance requirements.

Optimizing the injection molding process
to reach higher productivity requires care-
ful examination of individual components.
Compromises in the performance of any one
of these can adversely affect productivity.
Specifically, overall performance is related
to designing the mold for maximum produc-
tivity and specifying the machine to obtain
maximum output. Machine tools are one of
the major investments of the plastics industry.
Since its beginnings, the plastics industry has
relied heavily on the human skills and experi-
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ence of moldmakers, and the establishment of
strong loyalties, for a good moldmaker means
a smooth-running business, and a bad one
ruin (1, 7).

A mold is a highly sophisticated piece of
machining. It comprises many parts requir-
ing high-quality steels. It also includes cooling
channels and possibly hot runner channels for
the hot feed of molten plastic. In many cases,
it will also contain a number of moving parts,
such as ejector pins and moving cores.

To capitalize on the advantages of injec-
tion molding, the mold tool may incorporate
many cavities, adding further to its complex-
ity. All these parts must function efficiently
and smoothly, at high temperature and very
high pressure, in a reciprocating machine that
may well cycle several times a minute or even
more, over long production runs.

Many of these mold elements have been
preengineered or standardized and can be in-
corporated in most tools, whereas the base
of the mold may be cast metal. Machined or
spark-eroded (EDM) cavities are cut into it.
Standard mold sets have been extensively de-
veloped, and a solution frequently used for
a multicavity mold is first to locate just one
cavity on the tool, and then to machine the
remaining cavities from the data gained from
this first cavity.

Historical information and present activ-
ity show that the quality of machine tools
used is absolutely critical to the efficiency of
molding and the injection molding business.
A significant factor in recent years has been
the introduction of CNC (computer numeri-
cal control) systems for machining all kinds
of tools for molding plastics. Although the
skill and experience of the toolmaker remain
an essential factor, the CNC program gives
one precise control over all machining oper-
ations. Many of these are lengthy and repeti-
tive, which makes them ideal for computeri-
zation.

A further advantage of the computerized
control of machine tools is that it allows
the whole moldmaking process to be inte-
grated into the product and mold design.
Thus, the actual computer tape or disk con-
taining the design data can subsequently be
fed into the machine tool control system to
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give instructions for the detailed work to be
done (Chap. 9).

The arrival of CAD (computer-aided de-
sign) has had a further benefit in that it
brings together all the expertise contribut-
ing to the manufacture of molded parts (ma-
terials science, product design, moldmaking,
and production). In the past, such experts
made their contributions individually. This
could produce a situation in which most of
the work of current experts consists in cor-
recting for the mistakes of previous ones.
Within the CAD, computer-aided manufac-
turing (CAM), computer-aided engineering
(CAE), and CNC disciplines, all such experts
make their contributions together, virtually
at the same time and certainly prior to final-
ized design. :

For maximum productivity, a mold is usu-
ally required to operate with the fastest cycle
time 24 h/day, 7 days a week. To accomplish
this goal, the mold designer must address
such areas as cooling, material selection, ejec-
tion, access for maintenance, balanced filling
of cavities, and the mold’s compatibility with
the IMM that will be running it. Compromise
in any of these areas will reduce the produc-
tivity of amold. This chapter will review in de-
tail the different aspects of moldmaking that
are briefly introduced here.

Mold cooling is vital for faster cycles and
uniform shrinkage. Cooling is distributed to
and from each core and cavity at uniform
temperature and pressure to ensure consist-
ent part filling, weight shrinkage, and stren-
gth. Optimum cooling is achieved through the
turbulent flow of liquid in the channels lo-
cated as close to the molding surface as pos-
sible.

Mold material selection is equally impor-
tant. As an example, hardened tool steels
such as H13,S7, A2, and SS420 can be used to
ensure good wear and toughness characteris-
tics. Beryllium copper (BeCu) is used in areas
where improved heat transfer would reduce
overall cycle time, for example, on gate in-
serts and core caps. Stainless steel mold plates
prevent corrosion and fouling of both wa-
ter and air lines, thereby improving cooling,
reducing maintenance, and extending mold
life.
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The ejection system can be a major source
of wear in a mold. Air ejection of parts is a
method often overlooked; a variety of parts
ranging from small medicine cups to large in-
dustrial containers have been air-ejected. Be-
cause there is no mechanical contact, parts
can be ejected warmer and cycle time im-
proved. Also, with fewer moving parts, less
wear resulits.

The alignment of individual cores and cav-
ities is necessary because leader pins do not
have tight enough tolerances. For example,
thin-wall containers requiring concentricity
accuracies of +0.0005 in. (0.0013 cm) and
technical parts with stepped parting lines
must be protected. When the mold closes,
both require individual alignment.

Wear in a mold can be minimized, but it
cannot be avoided. Maintenance personnel
should be consulted during mold design to
ensure easy service and accessibility while the
mold is in the IMM. Downtime and expense
due to wear can be reduced by making wear
items inexpensive and easily replaceable.

In addition to the hot runner, components
such as nozzle bands and tips can be re-
placed when the mold is in the machine by
pulling the cavity plate away from the core
plate. Downtime for hot runners can also be
minimized by using long-life heater bands
and manifold heaters. The hot runner system
must be reliable and easy to control.

Core and cavity alignment is important.
All locations in the mold plates for cores
and cavities are usually held to £0.0002 in.
(0.00051 cm). This accuracy ensures the in-
terchangeability of cores and cavities within
the plates. Interchangeability can also reduce
spare parts inventory.

Computer Systems

This review of mold designs will present
basic information on the interactions and in-
tegration needed to produce useful molds
meeting product requirements. In turn, this
information will be useful in understand-
ing the computer operations in mold design
described in Chap. 9. Various demands on
the mold industry have moved away from
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production on a strict order basis, whereby
manufacturers produce molds according to
exact defined parameters submitted by cus-
tomers, to more of a partnership basis.
A moldmaker now becomes involved in a
project from the beginning, acting more as a
consultant who supports a client throughout
all stages of a project.

Taking this into consideration, we see that
a moldmaker is not only requested to pro-
duce molds, but also has to design the parts
according to the requirements of a customer.
Furthermore, a moldmaker, in addition to
his or her specific technical knowledge, must
be acquainted with various plastics and the
relevant injection molding technologies that
will be used. Usually, the moldmaker has to
undertake detailed discussions with the cus-
tomer and material supplier to decide on
the most relevant parameters with regard to
tolerances, etc., prior to starting the design
process.

An additional need in recent years, to
be competitive in the international market
where new products have to be presented on
shorter time scales, has made the use of com-
puters indispensable. The application of com-
puter systems such as CAD, CAM, or CAE
in the mold industry nowadays is a basic re-
quirement. More and more companies are
requiring the transfer of design and geom-
etry data by the use of these systems. To
work profitably for customers in many areas,
it is necessary to install a complete network
that directly links computer-generated design
data to the numerically controlled produc-
tion metal-cutting machinery. The CAD sys-
tem should have two- and three-dimensional
capabilities to advance all relevant design
activities.

A powerful computer system enables one
to react quickly to clients’ requirements,
especially in terms of changes in design and
savings in time and money. Specific software
automatically produces the data for CNC pro-
gramming and forms the connection between
design and production departments. The
CAM portion of a computer-automated sys-
tem converts design data into numerical con-
trol data used by CNC machines, which will
mill and/or erode the shapes onto the parts.
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Inevitably, the use of computer systems re-
quires the adjustment of mechanical equip-
ment according to the rapidly progressive
CNC technology. It becomes an integral part
of the system.

Mold Types

There are many different types of molds,
designed to meet many different prod-
uct requirements (1, 7, 179, 256). Indus-
try generally identifies six basic types for
use with thermoplastics. These types are
(1) the cold-runner two-plate mold; (2) the
cold-runner three-plate mold; (3) the hot-
runner mold; (4) the insulated hot-runner
mold; (5) the hot-manifold mold; and (6) the
stacked mold. Figures 4-13 and 4-14 il-
lustrate these six basic types of injection
molds.

A two-plate mold consists of two plates
with the cavity and cores mounted in either
plate. The plates are fastened to the press
platens, and the moving half of the mold usu-
ally contains the ejector mechanism and run-
ner system. All basic designs for injection
molds have this design concept. A two-plate
mold is the most logical type of tool to use
for parts that require large gates. This cold-
runner system results in the sprue, runners,
and gates solidifying with the cavity plastic
material.

The three-plate mold is made up of three
plates: (1) the stationary or runner plate,
which is attached to the stationary platen and
usually contains the sprue and half of the run-
ner; (2) the middle or cavity plate, which con-
tains half of the runner and gate and is al-
lowed to float when the mold is open; and
(3) the movable or force plate, which con-
tains the molded part and ejector system for
the removal of the molded part (Fig. 4-15).
When the press starts to open, the middle
plate and movable plate move together, thus
releasing the sprue runner system and degat-
ing the molded part. This type of cold-runner
mold design makes it possible to segregate
the runner system and the part when the mold
opens. The die design makes it possible to use
center-pinpoint gating.
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Fig. 4-13 Types of molds, illustrating cold-runner two-plate, cold-runner three-plate, and hot-runner

mold for thermoplastics.

In the hot-runner mold, the runners are
kept hot in order to keep the molten plasticin
a fluid state at all times. In effect, thisis a “run-
nerless” molding process and is sometimes
called that. In such molds, the runner is con-
tained in a plate of its own. Hot-runner molds
are similar to three-plate injection molds, ex-
cept that the runner section of the mold is not
opened during the molding cycle. The heated
runner plate is insulated from the rest of the
cooled mold. The remainder of the mold is a
standard two-plate die.

Runnerless molding has several advan-
tages over conventional cold-runner-type
molding. There are no molded side products
(gates, runners, or sprues) to be disposed of or

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

reused, and there is no separating of the gate
from the part. The cycle time is only as long as
is required for the molded part to be cooled
and ejected from the mold. In this system,
a uniform melt temperature can be attained
from the injection cylinder to the mold cav-
ities. Shot size capacity and clamp tonnage
required in the injection molding machine
are decreased by the size of the sprue and
runners.

The insulated hot-runner mold is a varia-
tion of the hot-runner mold (Figs. 4-16 and
4-17). In this type of molding, the outer sur-
face of the material in the runner acts as
an insulator for the molten material to pass
through. In the insulated mold, the molding
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Fig. 4-14 An insulated-runner, a hot-manifold, and a stacked mold.

material remains molten by retaining its own
heat. Sometimes, a torpedo and hot probe are
added for more flexibility. This type of mold
isideal for multicavity center-gated parts. The
diameter of the runner is almost twice that in
a cold-runner system.

The hot manifold is a variation of the hot-
runner mold. In the hot-manifold die, the run-
ner, and not the runner plate, is heated. This is
done by using electric-cartridge-insert probes
in sprue, runners, and gates.

Basically, a stacked mold is a multiple two-
plate mold, with the molds placed one on top
of the other (Figs. 4-18 and 4-19). This con-
struction can also be used with three-plate,
hot-runner, and insulated hot-runner molds.
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A stacked two-mold construction doubles the
output from a single press, and requires no
more clamping force on the mold if a du-
plicate set of cavities is used or the maxi-
mum clamping cross-sectional area is not ex-
ceeded. The machine will require additional
shot capacity. Stacked molds are also being
used with more than two plates.

Molds For Thermosets

Many mold designs can process thermoset
(TS) plastics. A major exception is the insu-
lated mold. By understanding what happens
with TSs when compared to thermoplastics
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Fig. 4-15 Schematic showing movement of a three-plate mold.

(TPs), one can design a mold specifically for
TSs. Throughout this book, as stated in the
beginning, most of the discussion here per-
tains to TPs. When TSs are involved, they will
be identified as such, as, for example, later in
this chapter when the discussion focuses on
hot runners.
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In most literature worldwide, when dis-
cussing plastics, it is rare that TSs are in-
cluded, particularly in regard to injection
molding and molds. This situation is not un-
representative, since over 85% (by weight)
of all plastics used in all plastics industries
are TPs. To date, very few TSs go through

Exhibit 2029 Page 46
IPR2023-01424



240

’
A )

R
%7

Al

,
%
)

f?/

7NN

7
S

NN N
@§-\

"I IIIIS

N

N
W 7/7

Fig.4-16 Insulated hot-runner mold with runner
removed for easy startup.

Fig. 417 An aggregate of solidified insulated
runners with lids attached, removed from its mold
(supported on a can).
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Fig. 4-19 Example of a stacked mold.

injection molding machines; perhaps over
90% are TPs. Most TSs are processed in
compression molding, transfer molding, resin
transfer molding, reinforced plastics (RP)
spray-up, and other RP molding equipment
1,7).

As explained in Chap. 6 (with more de-
tails), the TSs are melted, and after they
are injected into the mold, higher tempera-
tures are applied in the mold to solidify or
cure (chemically cross-link) the plastics. With
sprues and runners subjected to higher heat,
they also solidify. This scrap TS material can-
not be recycled, since once a TS solidifies, it
cannot be resoftened for injection molding.

Fig. 4-18 Stacked mold in the open position with rack-and-pinion gears operating the stripper plates.
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However, it can be granulated and used as
filler in different plastics, particularly TSs. In
contrast, TPs after being injected into the
mold are simply cooled to solidify them.

Thus, the terminology of melts in the mold
is in some respects reversed for a TS. With
a TP one refers to a cold runner when the
TP solidifies; if it remains liquid, one refers
to a hot runner. With TSs, when the runner
solidifies, it is a hot runner; but if it remains
in a melt phase, it is a cold runner. So the
behavior of a TP cold runner is like that of a
hot runner for a TS, whereas a TP hot runner
is like a cold runner for a TS.

Mold Classifications

The injection molding mold normally is de-
scribed by a variety of different criteria that
include the following:

® Number of cavities

® Material
Steel-hardened
Stainless steel
Prehardened steel
Hardened steel
Beryllium copper
Aluminum
Epoxy steel

® Surface finish
Polish
Chrome plate
Electroless nickel
EDM
Sandblast
Photoetch
Impingement

® Parting line
Regular
Irregular
Two-plate mold
Three-plate mold
Stack mold

® Method of manufacture
Machined
Hobbed
Gravity cast
Pressure cast
Electroplated
EDM (spart erosion)
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® Runner system
Hot runner
Insulated runner

® Gating
Edge
Restricted (pinpoint)
Submarine
Sprue
Ring
Diaphragm
Tab
Flash
Fan
Multiple

® FEjection
Knockout pins
Stripper ring
Stripper plate
Unscrewing
Cam
Jiggler pins
Removable insert
Hydraulic core pull
Pneumatic core pull

Following these criteria, we may describe
a typical mold as follows: a four-cavity, ma-
chined, hardened steel, chrome-plated, hot-
runner, stripper-plate, tumbler mold.

Plastic Melt Behaviors

The design of molding is governed first
by its intended function, and second by the
specific limitations of the injection molding
process. The properties of the plastic to be
used and the engineering aspects of the mold
design are added factors.

Consequently, the designing of injection
moldings requires not only a thorough knowl-
edge of plastics properties, but also sound in-
sight into the problems of injection molding
and mold design. For this reason, close coop-
eration among the experienced product de-
signer, raw-material supplier, processor, and
mold designer is a prerequisite for a prod-
uct that satisfies the particular requirements
of its function and the injection molding pro-
cess and that can be produced economically.
(Other sections of this book underscore the
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importance of this interdependence of mate-
rials, molder, etc.)

Although the injection molding process
offers a wide degree of freedom of design,
optimum results can be obtained only if the
product designer takes the numerous pro-
cessing factors into account and realizes that
design will greatly influence eventual mold
construction.

The properties of a plastic part basically
depend on how the part is made. Two parts
having identical dimensions and made from
the same material but molded under different
conditions will usually be different parts, with
different stress, shrinkage, etc. This means
that they will behave differently in service.
Thus, the way the plastic flows into the mold
and is treated in the mold is of paramount
importance in determining the quality of the
part.

Cavities are filled from the gate outward.
Imaginary lines from the gate to the far sides
of the cavities indicate the flow directions.
Imaginary lines orthogonal to the flow direc-
tions indicate the cross-flow directions. It is
important to know these directions because
the product properties will vary with the di-
rection, especially in fiber-filled plastics.

Material flows into the cavity because of
the pressure gradient applied. As the mate-
rial reaches the more remote parts of the cav-
ity, the gradient is reduced because of the in-
creased flow length and because the cooling
material is becoming more viscous. Eventu-
ally, it will freeze and cease to move. If the
cavity has not filled by the time this hap-
pens, a short shot, or incomplete part, results.
Clearly, the thickness of the part, pressure
gradient, and material viscosity will control
the distance of material flow.

Weld and meld lines are created wherever
flow fronts meet. They are significant because
the properties in the weld- and meld-line re-
gions differ significantly from those in the
rest of the part. Because these lines are usu-
ally significantly weaker, they become likely
points of part failure. Weld lines are created
where two flow fronts from opposite direc-
tions meet. Meld lines are created where two
flow fronts from different but not opposite
directions met. Weld lines are weaker than
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meld lines. When flow fronts meet, the skill-
ful designer will trade off for melding, rather
than welding. He or she will also try to ensure
that weld and meld lines occur in noncritical
regions. These precautions will minimize the
risk of part failure.

Whether or not a certain part can be made
by injection molding depends first of all on
the flow properties of the plastic. Thus, as
far as size and shape are concerned, the de-
signer is often faced with certain limitations.
Even under optimum molding conditions,
very long flow paths, large surfaces, or exces-
sively thin sections may result in short shots.

The extent to which mold cavity dimen-
sions should be larger than the required
product dimensions will depend on the to-
tal shrinkage of the plastic. For crystalline
plastics, total shrinkage may be taken to
be the sum of mold shrinkage and after-
shrinkage.

Mold shrinkage is the difference between
the dimensions of the mold cavity and mold-
ing immediately after injection molding and
cooling in air. The degree of mold shrinkage
depends on the plastic type, processing condi-
tions as they relate to the flow of the melt, and
product shape. Moreover, there is a differ-
ence between shrinkage in the flow direction
of the plastic and shrinkage across that direc-
tion. This difference may be substantial, par-
ticularily in the case of glass-fiber-reinforced
plastics.

The design of a molding must satisfy the
functional requirements of the final product,
but full allowance must be made for the spe-
cific nature of the injection molding process.
Curved, grooved, or corrugated surfaces are
preferred to flat ones, as the latter are al-
ways liable to warp. Warping of flat surfaces
can be prevented by means of ribs, but these
ribs have a tendency to show up on the other
side of the wall as light sink marks. Corners
must be rounded, to reduce the risk of notch
sensitivity and stress concentrations. Also,
rounded corners offer less flow resistance.

In the design of injection moldings, wall
thickness should be kept as thin and uni-
form as possible. This ensures (1) minimum
plastic consumption, (2) minimum cycle time
resulting from shorter solidification time,

Exhibit 2029 Page 49

IPR2023-01424



4 Molds to Products

(3) uniform shrinkage throughout the mold-
ing, (4) uniform mold filling, and (5) mini-
mum risk of internal stresses.

When the design requires differences in
wall thickness, the transitions must be grad-
ual. As a general rule, reinforcing ribs must
be thinner than the wall they reinforce (about
two-thirds of the wall thickness), and their
height must not exceed about three times the
wall thickness. Wall thickness is governed by
not only the functional requirements in ser-
vice, but also the size of the molding and,
more important, the length of the flow path.

The flow of the plastic melt in the mold de-
pends on various factors: plastic used, tem-
perature, mold temperature, length and di-
ameter of sprue and runners, gate type, etc.
Together, these factors determine a certain
minimum wall thickness. It is understand-
able that for easy-flow, low-viscosity injection
molding materials, the minimum wall thick-
ness that can be filled is smaller than for
stiffer-flowing materials having higher viscos-
ity (lower melt index).

Factors differ for practically each different
design and plastic, so that an exact specifi-
cation of minimum wall thickness in relation
to flow path is not easily given. However,
there is a certain relationship between wall
thickness and length of flow path that can be
used for most plastics. The length of flow path
attainable is proportional to the square of the
wall thickness ratio in the range of 0.020 to
0.080 in. of thickness. Thus, if a plastic melt
has a flow path of 4 in. with 0.040-in. wall
thickness, an increase in the wall thickness to
0.060 in. will increase its flow path to

2
(%%) x 4 =9in.

Typical flow-path-to-cavity-thickness ra-
tios of general-purpose grades of thermoplas-
tics, based on a cavity thickness of 0.1 in.
(2.54 mm) and conventional molding tech-
niques, are given in Table 4-3.

As the material flows through the mold, its
condition in the cavity is determined to a ma-
jor degree by the injection pressure that com-
presses it into the desired shape. The effec-
tive pressure that exerts the densifying force
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Table 4-3 Approximate maximum flow-
path-to-thickness ratio of thermoplastics
ABS 175:1
Acetal 140 : 1
Acrylic 130-150: 1
Nylon 150:1
Polycarbonate 100:1
Polyethylene

Low-density 275-300:1

High-density 225-250:1
Polypropylene 250-275:1
Polystyrene 200-250:1
Polyvinyl chloride, rigid 100:1

on the molded product is the component that
can be recorded in the cavity by a transducer
placed, for example, under the head of an in-
jection pin. This cavity pressure component is
part of the total injection pressure indicated
on the hydraulic machine pressure gauge mi-
nus all the pressure drops of the numerous
passages (Fig. 1-11).

Cold-Slug Well

When we consider the heating condition
between the nozzle and sprue bushing, we
find a nozzle heated to about the same tem-
perature as the front of the cylinder contact-
ing a relatively cool sprue bushing. As a re-
sult, the temperature at the nozzle tip is lower
than the required melt temperature. There is
a gradual rise in temperature, for about 0.5 to
1 in. into the nozzle, to the normal melt tem-
perature. The TP material lying in the nozzle
zone that is not fully up to temperature does
not have good flow properties; therefore, if it
entered a cavity, it would produce defective
parts.

To overcome this situation, a well is pro-
vided as an extension of the sprue to receive
the cool material, thus preventing it from
entering into the runner system (Fig. 4-20).
The well is equal in diameter to the sprue at
the parting line and is about 1 to 1.5 times the
diameter in depth. These sizes may vary con-
siderably, but the important thing is to have
the inside of the nozzle of such shape and so
heated that the volume of cool material is less
than the cold-slug well.
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Fig. 420 Schematic of a thermoplastic cold run-

ner with cold-slug wells (on ends of runner) and
without wells.

In some materials, it is desirable also to
have smaller cold-slug wells at the end of
the runners or even their branches, to pre-
vent any of the runner-cooled material from
getting into the cavity.

A cold slug also performs the function of
providing the means of extracting the sprue
from its bushing, thereby acting as a retainer
for the sprue with runners on the moving half
of the mold. During stripping, a pin, which is
attached to the stripper plate and also forms
the bottom of the well, moves to eject the
sprue with runners from the mold. If you are
not sure that these wells are unnecessary, plan
to leave appropriate space for their inclusion
at a later date.

Melt Orientation

Orientation in plastics refers to alignment
of its plastic (polymer) chains, whether they
are stretched (stressed) or not. High resid-
ual stress is not a prerequisite for orienta-
tion. Polymer chains have a preferred re-
laxed state. If they are not frozen so stiff
that they cannot move, it is their nature to
randomly coil up into a fuzz-ball configura-
tion (see Fig. 4-21(a)). When polymer melt is
pushed through runners gates and moid cav-
ities, these fuzz-balls distort from the stretch-
ing and shearing forces. This distortion cre-
ates alignment of chains parallel to each
other, as shown in Fig. 4-21(b). This paral-
lel alignment creates strong and weak direc-
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tions (anisotropy) in a molded part. The situ-
ation is somewhat similar to the way the grain
in a piece of wood influences how easy it is
to break the wood in the grain direction vs.
cross-grain [see Fig. 4-21(c)]. Polymers are
strong in the orientated direction because
the atom-to-atom bonds (such as carbon-to-
carbon in ABS) are much stronger than the
weak forces attracting neighboring chains.
For example, an orientated specimen, broken
across the flow direction, can have twice the
impact strength of a nonoriented one. Sim-
ilarly, it is possible for the broken-with-flow
strength impact to be only 10% of the broken-
across-flow value on a strongly oriented spec-
imen.

Injection molded parts are not uniformly
oriented. The degree of orientation varies
considerably through the cross section from
the surface of the part to the core. It
also varies from the gate to the dead end.
How pronounced these variations are also
depends on the molding conditions—more

% RELAXED POLYMER

ORIENTED FROM
FLOW

(a)

(b)

MAGNIFIED

€mo~c 00’0000000000c 500 srm@

()

Fig. 4-21 Plastic molecular orientation.

Exhibit 2029  Page 51

IPR2023-01424



4 Molds to Products

precisely, the point-to-point flow, tempera-
ture, and pressure conditions at every loca-
tion in the mold. It follows from this that
certain mechanical properties sensitive to ori-
entation will vary point to point in the molded
part. The exact distribution of orientation will
determine which properties are affected.

Birefringence All plastics do not ex-
hibit orientation to the same degree. Con-
sider molding a rectangular plaque of clear
polystyrene 2 in. (5.1 cm) wide, 6 in. (15.3 cm)
long, 0.090 in. (0.229 cm) thick, and gated on
the 2-in. end. If the molding were held be-
tween crossed Polaroid filters, a colored pat-
tern would be seen. This property is called
birefringence and used to measure orienta-
tion. The material front that flows past the
gate is randomized and freezes in that con-
dition on the walls of the cavity. This section
is totally unorientated. However, one end of
the molecule is anchored to the wall, and the
flow of other material past it pulls the other
end of the molecule in its direction, giving a
maximum amount of orientation. As the part
cools, the orientation is frozen at the walls.
The center of the section remains warm for
the longest time, allowing Brownian motion
to disorient many of its molecules. Therefore,
the center section is the least oriented. This
is shown by birefringence patterns.

This behavior can be easily demonstrated
by milling off one-third (0.030 in. or 0.076 cm)
of the thickness. Then one remaining sec-
tion is highly oriented and the center section,
which has been exposed by the milling, is less
oriented. If the milled piece is heated, the
stretched carbon—carbon linkages should re-
turn to their normal position. Because the ori-
ented section has the carbon—carbon linkages
lined up more in one direction than they are
in the less oriented sections, that part should
shrink more. In effect, then, it would be act-
ing like a bimetallic unit, one side shrinking
more than the other, and the piece should
bend over. This is what happens.

As the amount of orientation depends on
the flow and the forces that aid or prevent
the motion of the molecular segments, it is
easy to see what conditions can affect orien-
tation. Anything that increases the mobility
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of the segments decreases orientation. There-
fore, higher material temperatures, higher
mold temperatures, and slower cooling de-
crease orientation. Pressure on the material
limits mobility. Thus, low injection pressures
and a short ram forward time decrease ori-
entation. The use of a thicker part would
decrease orientation because a longer time
would be needed for the center portion to
cool with increasing thickness. We shall now
examine some practical situations involving
orientation.

Practical applications Consider molding
a lid or cover 6 in. (15.24 cm) in diameter in
a polyolefin. See Fig. 4-22. The shrinkage in
the direction of flow is 0.019 in./in. (0.049 cm),
whereas the shrinkage perpendicular to flow
is 0.012 in./in. (0.030 cm). The difference is
caused by the different numbers of carbon—
carbon linkages in the direction of and per-
pendicular to the flow.

Consider a 60° segment of the cover
immediately upon molding. Each side will
be 3.000 in. (7.620 cm) long. Upon cool-
ing, the two sides in the direction of flow
will have shrunk to 2.962 in., and the seg-
ments perpendicular to flow will now be
2.976 in. (7.559 cm). A simple trigonometric
calculation shows that the central angle is
now 60°28'. The full 360° circle is now 362°48'.

3.000 in:
BEFORE SHRINKAGE

SHRINKAGE
0.018 in/in In direction of fiow

0.012 in/in perpendicular to the
direction of flow

'(—— 2.976 in.——')‘

AFTER SHRINKAGE

Fig.4-22 Warping of center-gated polypropylene
cover caused by different shrinkage perpendicular
and parallel to the direction of flow.
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PLASTIC CAP

METAL INSERT

<

Fig. 423 Effect of orientation on a plastic cap
molded with a molded insert. Gating at point A
will give the cap strength along the walls. Gate B
provides strength in the hoop direction.

Obviously, the extra material has to go some-
where. Ifit cannot lie in a plane, it will warp. If
the thickness of the material and the ribbing
provided enough strength, the part might not
visibly warp, but it would be highly stressed.
The way to minimize such warp or stress is
to mold under those conditions that give the
least orientation. Multiple gating also is ef-
fective, as is redesigning the cover.

Gate location affects the amount and direc-
tion of orientation. Figure 4-23 shows a cap
with a metal insert that was used as a pro-
tective guard over the fuse mechanism of a
shell. The dimensions were controlled by a
brass cap, which it replaced. The plastic was
molded over a threaded metal insert origi-
nally gated at point A. After some time in the
field, cracking developed around the metal
insert. The main strength was in the direction
of flow rather than in the hoop (circumferen-
tial) direction. Because the thickness of the
material could not be increased, the effects of
orientation were used by changing the mold
and regating at point B. The material flowed
in the hoop direction and gave the maxi-
mum strength there. This slight difference
was enough to prevent failure in the field.

Consider gating a deep polyolefin box
(Fig. 4-24) using the thinnest possible wall
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Fig. 4-24 Effect of gate location on a deep
molded PE box.

section. Gating the box in the center (A)
would give severe radial distortion for the
same reasons illustrated in Fig. 4-22. It would
be further complicated by the difference in
flow length from the gate to point X and from
the gate to point Y. The wall would have to be
heavy enough to overcome this stress. Gating
it diagonally with two gates (B) would give a
radial twist, for the same reasons. It would be
much less distorted than the center gate de-
sign and allow thinner walls for a stable part.
It would, however, require a three-plate mold
for the gating.

It would seem logical to gate on the edge
of the Y portion, as shown in (C). This would
be true for a relatively shallow box. With a
deep box, however, the material flows around
the sides faster than over the top, and air is
entrapped somewhere on the top, where it
cannot easily be eliminated by venting. This
still is not the best method of gating. The pre-
ferred method is shown in (D), where there
are two gates on the top end of the box.
This arrangement gives maximum linear flow
without air entrapment and produces a part
with the least amount of warp. In most in-
stances, indeed, a satisfactory part could be
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molded with one gate located on the top end.
Another possibility is to place two submarine
gates near the top. For large parts, it is some-
times necessary to multiple-gate to ensure
even orientation patterns and flow lengths.
The main problems encountered in that case
are air entrapment and weld lines.

Warpage is the result of unequal stress in
the molded part when the stress is strong
enough to strain or distort the piece. Warping
can be caused by the nature of the material,
poor part design, poor mold design, and in-
correct molding conditions.

Properties Molecular orientation can be
accidental or deliberate. Accidental orien-
tations may be acceptable; however, exces-
sive frozen-in stress can be extremely dam-
aging if parts are subject to environmental
stress cracking or crazing in the presence of
chemicals, heat, etc. Initially, the molecules
are relaxed; molecules in amorphous regions
are in random coils, those in crystalline re-
gions relatively straight and folded (Chap. 6).
During processing, the molecules tend to be
more orientated than relaxed, particularly
when sheared, as during injection molding.
After heat and pressure are applied and the
melt goes through restrictions (molds), the
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molecules tend to be stretched and aligned
in parallel form [Fig. 4-21(b)]. The result is
a change in directional properties and di-
mensions. The amount of change depends on
the type of thermoplastic, amount of restric-
tion, and, most important, its rate of cool-
ing. The faster the rate, the more retention
there is of the frozen orientation. After pro-
cessing, parts can be subject to stress relax-
ation, with changes in performance and di-
mensions. With certain plastics and processes,
the change is insignificant. If changes are sig-
nificant, one must take action to change the
processing conditions, particularly increasing
the cooling rate.

By deliberate stretching, the molecular
chains of a plastic are drawn in the direction
of the stretching, and the inherent strengths
of the chains are more nearly realized than
they are in their naturally relaxed configu-
rations. Stretching can take place with heat
during or after processing. Products can be
drawn in one direction (uniaxially) or in
two perpendicular directions (biaxially), in
which case many properties significantly in-
crease uniaxially or biaxially (Table 4-4 and
Fig. 4-25). Film was used for the measure-
ments reported in Table 4-5, since that makes
it easier to evaluate orientation properties.

Table 4-4 Effects of orientation on polypropylene films

Stretch (%)
Property None 200 400 600 900
Tensile strength, psi 5,600 8,400 14,000 22,000 23,000
MPa 38.6 58.0 96.6 152.0 159.0
Elongation at break, % 500 250 115 40 40
Uniaxial Balanced
Property As Cast Orientation Orientation
Tensile strength, psi (MPa)
MD 5,700 (39.3) 8,000 (55.2) 26,000 (180)
TD 3,200 (22.1) 40,000 (276) 22,000 (152)
Modulus of elasticity, psi
MD 96,000 (660) 150,000 (1,030) 340,000 (2,350)
TD 98,000 (680) 400,000 (2,760) 330,000 (2,280)
Elongation at break, %
MD 425 300 80
D 300 40 65
MD = Machine direction.
TD = Transverse direction and that of uniaxial orientation.
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Table 4-5 Effect of molecular orientation on the impact properties of

polypropylene films
ASTM Tensile Impact Strength (ft-1b/sq in.)
Material Room Temp. —20°F (—-29°C)
Unoriented PP 40 0
Oriented PP Above test limit 500

High-Energy Fatigue Impact [55-1b (24.9-kg) weight at 50-in. (127-cm) Height]

Material Number of Drops to Failure
Steel 12
Unoriented PP
41 x 10° psi tensile 1
Oriented PP
28 x 10° psi, 32% elongation 130
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Fig. 4-25 Effect of orientation on the properties of plastics.
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Molecular orientation results in increased
stiffness, strength, and toughness (Table 4-5),
as well as liquid resistance to liquid and gas
permeation, crazing, microcracks, and other
faults in the direction or plane of orientation.
The orientation of fibers in reinforced plastics
causes similar improvements. Orientation, in
effect, provides a means of tailoring and im-
proving the properties of plastics.

Considering a fiber or thread of nylon-
66, which is an unoriented glassy polymer,
we observe that its modulus of elasticity is
about 2,000 MPa (300,000 psi). Above Tg,
its elastic modulus drops even lower, be-
cause small stresses will readily straighten the
kinked molecular chains. However, once it
is extended and has its molecules oriented
in the direction of the stress, larger stresses
are required to produce added strain. The
elastic modulus increases. The next step is to
cool the nylon below its 7, without removing
the stress, retaining its molecular orientation.
The nylon becomes rigid with a much higher
elastic modulus in the tension direction (15 to
20x10% MPa, or 2 to 3 x 10° psi). This is nearly
20 times the elastic modulus of the unori-
ented nylon-66 glassy polymer. The stress for
any elastic extension must work against the
rigid backbone of the nylon molecule and not
simply unkink molecules. This procedure has
been commonly used in the commercial pro-
duction of manmade fibers since the 1930s.
The major process taking advantage of ori-
entation with injection molding is injection-
stretched blow molding (Chap. 15).
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Cavity Melt Flow

This section shows how plastic melt flows
into the mold cavity. It describes the action
occurring where the melt covers the cavity
surface and its effect, together with that of
core orientation, on the performance of the
molded products. It also helps us figure out
some useful generalizations on how molding
variables affect orientation patterns within
the part. The information is generally appli-
cable to plastic behavior; when a specific plas-
tic is described it will be ABS.

Figure 4-26 shows the cross section of a
mold cavity where the flow proceeds from
left to right. We are looking at a cross sec-
tion of the part thickness—typically, 0.100 in.
thick. The boundary between the advancing
melt and still-empty portion of the cavity is
called the melt front. This melt front is a
stretching membrane of polymer, like a bal-
loon or bubble. Note that the direction of
stretching at the front occurs at right angles to
the main flow direction. This stretching cre-
ates considerable orientation of the polymer
molecules. The melt front rolls out like a bull-
dozer tread onto the surface of the relatively
cold mold, creating a zone of surface orienta-
tion on the part. There is no evidence, under
normal molding behavior, that the melt slides
along the cold surface.

Behind the melt front more polymer is
flowing—in a sense, to keep the advancing
melt front “inflated.” In this zone, orienta-
tion is caused by the shearing of one polymer
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Fig. 4-26 Cavity melt flow model looking at part thickness.
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layer over another, which is a consequence
of the unavoidable velocity difference result-
ing from the centerline flowing faster than
the edges. This shearing flow creates another
band of high orientation just under the sur-
face layer that came from the stretching front.
One edge of this band is hung up on the frozen
surface layer, whereas the other edge is try-
ing to go along with the main flow. Finally,
the core of the part is also oriented to some
degree due to shearing and velocity grada-
tions; the orientation gradually diminishes to
nothing at the centerline. Thus, cavity flows
defines three layers of orientation: surface,
subsurface, and core.

Molding variables affect the intensity and
relative distribution of the layers because
they can influence the two phases of cavity
filling. In phase I the melt actually flows into
the cavity; phase Il involves packing and cool-
ing. Orientation is generated from stretching
and shearing during phase I. However, when
flow ceases, the stretching and shearing forces
essentially disappear, and the polymer orien-
tation can relax out to various degrees. How
much relaxation takes place depends on melt
temperature, mold temperature, and packing
pressure. The net orientation retained in the
part is the difference between what was gen-
erated during flow minus what relaxed out
before the melt cooled down to the freezing
temperature.

Fill Rates

Fast fill tends to put more orientation on
the part surface and less in the core. This is
so because ABS shear-thins—mostly near the
mold wall where the shear is maximum. As
a result, the core plug-flows, or slips along
under the shear-thinned subsurface layer.
This mechanism reduces shear in the core to
minimize orientation in the bulk of the part.

Conversely, slow fill minimizes surface ori-
entation and for several reasons allows the
core to be more highly oriented than with fast
fill (Fig. 4-27). With slow fill there is less shear
thinning in the subsurface layer, and the mold
has more time to cool the melt while it is flow-
ing into the cavity. These circumstances cause
a less locally intense, more evenly distributed

DNA Genotek Inc.
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Fig. 4-27 Effect of fill rate.

orientation through the whole cross section
of the part. So fill speed plays a large part
in determining where in the part cross sec-
tion the orientation is located: heavily con-
centrated in a thin layer at the surface, or
spread out over the whole core. Fill rate can
have additional effects because this variable
interacts with melt temperature and packing
pressure. Fast fill will cause the melt temper-
ature to rise because of shear heating; slow
fill can result in the mold actually cooling the
melt. Fast fill also allows better transfer of
packing pressure to the melt in the mold, pro-
vided that there is a cushion present.

Melt Temperature

Hotter melt yields less orientation in ABS
than cold melt for a number of reasons. Hot-
ter melt is less viscous, so the stretching
and shearing forces that generate orientation
are reduced. Hotter melt also freezes more
slowly and allows more time for melt relax-
ation (orientation decay) after flow ceases
and before the part sets up. Figure 4-28 shows
the combined response of fill rate and melt
temperature on surface and core orientation.

Mold Temperature

Generally, mold temperature has a weaker
influence on orientation than fill rate or melt
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temperature. There is little evidence that
mold temperature has much effect on sur-
face orientation. A hotter mold does tend
to reduce core orientation because the melt
freezes more slowly, allowing more time for
orientation relaxation (7) (Fig. 4-29).

Packing Pressure

If a cushion is present and injection hold
time is sufficient, increased packing pressure
generally increases orientation for two rea-
sons. Creeping flow can occur during packing
to compensate for the cooling and shrinking
melt in the cavity (5). This slow creeping flow
creates core orientation, particularly near the
gate. Higher pressures also can reduce melt
relaxation, so that more of the fill-induced
orientation is retained (Fig. 4-30).

Mold Geometry
The geometry of the mold cavity can also
influence the cause and effect links.

¢ Foragiveninjectionrate (ram travel or vol-
umetric flow through the sprue), the local

ORIENTATION —
8
7

MOLD TEMP ——

Fig. 4-29 Effect of mold temperature on orien-
tation.
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PACKING ——

Fig. 4-30 Effect of packing pressure on orienta-
tion.

melt front velocity (MFV) will be higher
for a thin part than a thick one. Thus, lo-
cal downstream variations in a part’s wall
thickness cause MFVs to change just as if
the ram speed were being varied through-
out the shot.

® A part with two gates can have one-half the
local MFV of a part with one gate.

® Undersize runners and gates create more
shear heating, and thus higher melt tem-
peratures.

e Thick parts cool more slowly than thin
ones, providing more opportunity for re-
laxation of core orientation.

¢ The greater the distance from the gate, the
lower the local packing pressure.

e Small perturbation in cavity surface geom-
etry can also have curious but important
effects on part surface properties, such as
electroplate adhesion and paint soak.

Flash Guide

While the cause of flash may seem elemen-
tary, its cure is not. Understanding temper-
ature, cavity pressure, and timing is a good
start on a long-term fix. Basically flash is
caused when the pressure of the plastic melt
is greater than the clamp holding pressure.
The basic problem can be with the plastic,
IMM, controls, and/or mold. The viscosity of
the plastic can have a lot to do with flash. Less
viscous melt will seep into the slightest crack
at the parting line and act as wedge to force
the mold halves apart. An important aspect is
temperature, since it directly effects viscosity.
The higher it goes, the more fluid the melt; the
lower, the more viscous.

The external pressure must be sufficient
to fill the cavity, compress the melt, and
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Fig. 4-31 Plastic melt does not flow uniformly through the diaphragm of the plate mold (a) in the
compensation phase, but spreads in a branching pattern (b).

compensate (by packing) for the melt’s
shrinkage which may be just a few percent
or for certain plastics as much as 25%, as it
goes from liquid melt to solid (Chap. 4).

Molding Variables vs. Performance

As described throughout this book, there
are variables during molding that influence
product performance (Chap. 8; Chap. 11, sub-
section on Plastic Material and Equipment
Variables; etc.). The information presented
here shows how melt flow variables influence
product properties in the context of this chap-
ter’s concern with manufacturing techniques.
A flow analysis can be made to aid designers
and moldmakers in obtaining a good mold
(Chaps. 5, 7, 8, and 9). Of paramount im-
portance is controlling the fill pattern of the
molding so that parts can be produced reli-
ably and economically. A good fill pattern for
amolding is usuaily one that is unidirectional,
thus giving rise to a unidirectional and con-
sistent molecular orientation in the molded
product. This approach helps avoid warpage
problems caused by differential orientation,
an effect best exemplified by the warpage

Fig. 4-32

that occurs in thin center-gated disks. In this
case, all the radials are oriented parallel to the
flow direction, with the circumferences trans-
verse to the flow direction. The difference in
the amounts of shrinkage manifests itself in
warpage of the disk.

In order to achieve a controlled fill pat-
tern, the mold designer must select the num-
ber and location of gates that will result in
the desired pattern. Flow analysis can help
by allowing the designer to try multiple op-
tions for gate locations and evaluate the im-
pact on the molding process. This analysis
often can be conducted with the product de-
signer to achieve the best balance of gate
locations for cosmetic and molding consider-
ations. Figures 4-31 to 4-38 show various flow
patterns, orientation patterns, and effects on
property performance. (See also Chaps. 4
and 8.)

In the practical world of mold design, there
are many instances where design tradeoffs
must be made in order to achieve a success-
ful overall design. Although naturally bal-
anced runner systems are certainly desirable,
they may lead to problems in mold cooling
or increased cost due to excessive runner-
to-part weight ratios. Additionally, there are

Flow paths are determined by part shape and gate location. Flow fronts that meet head on

will weld together, forming a so-called weld line. Parallel fronts tend to blend, usually resulting in a less

distinct weld line with a stronger bond.
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Fig. 4-33 Example of flow with weld lines in a
type of telephone handset where the gate was lo-
cated at the top center of the handle.

many cases, such as parts requiring multiple
gates or family molds, in which balanced run-
ners cannot be used. Flow analysis tools al-
low successful designs of runners to balance
for pressure, temperature, or a combination
of both.

Shot-To-Shot Variation

During injection molding, shot-to-shot
variations can occur. Major causes of incon-
sistency are worn nonreturn valves, bad seat-
ing of a nonreturn valve, a broken valve ring,
aworn barrel in the valve area, or a poor heat
profile. To identify the cause, one follows a
logical procedure. Any problem caused by
the valve will cause the screw to rotate in
the reverse direction during injection. To lo-

"]
\—____’
¢« = »
ﬁ
STRESS PARALLEL TO ORIENTATION
STRESS PERPENDICULAR TO ORIENTATION

Fig. 4-34 Effect of orientation on strength. The
highest tensile strength is in the direction parallel
to the orientation.
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cate the trouble, one must pull and inspect
the valve, and check the outer diameter (OD)
of the ring for wear. The inspector looks for
a broken valve stud (caused by cold startup
when the screw is full of plastic), bad seating
of the ring or ball [angles of the ring inner
diameter (ID) and seat must be different, in
order to ensure proper shutoff action at the
ID of the ring], and a broken ring. One checks
the dimensions of the valve and compares
them with those determined before using the
machine.

A poor heat profile for crystalline resins
can cause unmelted material to be caught be-
tween the ring and seat, holding the valve
open and allowing leakage. A change in the
heat profile or the machine’s plasticizing ca-
pacity is not sufficient to correct the problem.
For any resin, if the problem does not occur
with every shot, the cause may be improper
adjustment or damaged barrel heat controls.

Nonuniform melt density could be caused
by nonuniform feeding to the screw and/or
the regrind blend, which could have a differ-
ent bulk density. Increasing the back pressure
may help. This throughput condition, the res-
idence time of the plastic in the barrel, and
the barrel heat profile are all important in ob-
taining the best melt quality. The heat quality
is the most important parameter and varies
from resin to resin, as well as with different
cycle times and shot sizes. As the following
example shows, a screw operating under two
different conditions will produce different
results.

Consider a screw with a 2-in. (5.1-cm) di-
ameter, 20/1 L/D, and 20-oz (0.57-kg) melt
screw capacity. With a 15-sec cycle and shot
size of 2 oz, it operates as follows:

20 oz (screw capacity) + 2 oz = 10 cycles
15-sec cycle = 4 cycles/min
10 cycles + 4
= 2.5 min of residence time, from the
time plastic starts through the screw
until it enters the mold.
Another set of requirements uses a 6-0z
(0.17-kg) shot size with the same 15-sec cycle:
20 oz + 6 = 3.33 cycles
3.33 cycles + 4 = 0.83 min of residence time
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Fig. 4-35

In the second case, a higher rate of melting
will be required, with the probability that the
screw will be inadequate for the melt, and
problems will develop.

The inventory in a screw will run between
1% and 2 times the maximum shot size rat-
ing in polystyrene. With other resins, calcu-
late the differences in density to arrive at the
maximum shot size and expected inventory.

Cavities
Cavity Melt Flow Analyses

The purpose of flow analysis is to gain a
comprehensive understanding of the mold
filling process. There are more and less so-

phisticated software models that provide de-
tailed information concerning the influence

DNA Genotek Inc.
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Effect of molding conditions on the gloss of an ABC plastic.

of mold filling conditions on the distribution
flow patterns and flow vectors, shear stresses,
frozen skins, temperatures, pressures, and
other variables; the less sophisticated pro-
vide fewer variables, but they may be the only
ones required. From these data, conclusions
regarding expected tolerances as well as part
quality strength, appearance, weld lines, etc.
can be drawn. The likelihood of warping sur-
face, blemishes, and strength reduction due
to high shear stress can be anticipated. From
this analysis, the best and practical mold fill-
ing conditions can be selected.

Cavity Melt Fountain Flow

The melt pattern entering the cavity forms
a fountain (stretching balloon) (Fig. 6-41).
The stretching, oriented outer surface of the
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Fig. 4-36 Example of locating a gate to obtain
the required performance of a retainer-molded
product that is subject to being flexed in service:
(a) Edge-gated retainer. (b) Center-gated retainer.
(c) Left retainer and middle retainer (between fin-
gers), which were edge-gated, did not fail on re-
peated flexing, but the center-gated retainer on the
right side failed on initial flexing.
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melt front covers the inside wall of the cav-
ity. The melt that follows mainly fills within
the fountain flow. The result is a nonuniform
orientation in the cross section of the molded
part; however, the part may still meet per-
formance requirements. The degree of bal-
looning or bubble formation is controllable
so that specific desired properties can be
obtained.

Cavity Evaluation

Once the plastic has been selected and the
design of the product finalized, a decision
must be made as to whether a single- or a
multiple-cavity mold should be used. Points
to be taken into consideration include:

1. Number of moldings and period of de-
livery

2. Quality control requirements (dimen-
sional tolerances, etc.)

3. Cost of the moldings

4. Polymer used (influencing location and
type of gate)

5. Shape and dimensions of molding (in-
fluencing position of mold parting line and
mold release)

6. Injection molding machine (determin-
ing shot capacity, plasticizing capacity, and
mold release)

Itis logical that the decision will aim to en-
sure economy of production; however, there
should be a sufficient guarantee of the qual-
ity of the product. Advantages and disadvan-
tages must be weighed carefully.

Advantages of single-cavity molds are:

1. Their simple and compact construction,
leading to lower cost and quicker construc-
tion then for multicavity molds.

2. That the shape and dimensions of mold-
ings are always identical. In multiple-cavity
molds, it can be extremely difficult to make
intricate cavities exactly alike. Consequently,
if technical articles are to be produced within
very close dimensional tolerances, a single-
cavity mold often may be preferred.
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3. Their better process control, since pro-
cessing conditions need only be adjusted to
suit one molding.

4. That single-cavity molds allow greater
latitude in design, for both product and ma-
terial. The technical requirements regarding
gating system, ejector system, cooling system,
and mold parting line can, in the majority of
cases, be met without compromise.

The complexity of multiple-cavity molds
not only makes such molds expensive, but

x 1 x 3-in. (0.85 x 1.27 x 7.62-cm) specimen].

also increases the risk of faults in fully auto-
matic operation. Moreover, it is often very
difficult to set up a cooling system that pro-
vides effective cavity cooling without impair-
ing the mold’s operating reliability. This gen-
erally causes longer molding cycles.
Nevertheless, for long production runs,
multiple-cavity molds are often the more
profitable type (Fig. 4-39). (Most molds pro-
duced are multicavity). If large numbers of
products must be molded in a short period of
time, the use of multiple-cavity molds offers
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Fig. 4-39 Husky IM system’s two-cavity mold with square lock design for a 5 USG pail (910 g).

distinct advantages. If very small articles must
be molded and no suitable machine is avail-
able, a multiple-cavity mold is the only possi-
bility.

As a starting point, the number of cavi-
ties must be established. This is usually de-
termined by the customer, who balances the
investment in the tooling against part cost.
From the molder’s point of view, the number
of cavities can be determined as follows:

1. The maximum number of mold cavities
follows from the ratio of the shot weight S
and to the molding weight W including sprue
and runners. S is generally taken to be 80% of
the shot capacity of the machine. If Sis 200 g
and W 50 g, the maximum number of mold
cavities is

S 200
W~ 50

2. Additionally, the number of cavities is
governed by the plasticizing capacity P of the
machine and estimated number of shots per
minute, X. If P is 18 kg/h = 300 g/min and X
is 2, the number of cavities is

P 300
XxW™ 2x50
In this example, the mold shouid not con-
tain more than three cavities.

DNA Genotek Inc.
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Other factors also affect the number of
mold cavities, and the location of the mold
cavities is also subject to restrictions. One
limitation is that the distance between the
outer cavities and primary sprue must not be
so long that the plastic melt loses so much
heat in the runners that it is no longer suffi-
ciently fluid to fill the outer cavities properly.
Speed of filling tends to minimize this, pro-
vided that the melt viscosity and runner cross
section are adequate, and the gates are not
too restrictive.

The layout of the mold, dictated by prod-
uct design, may also restrict the number of
cavities, so that the capacity of the IMM can-
not be fully used. For instance, if side actions
are used, the cavities must, of necessity, be
situated in one or more parallel rows.

One of the most important aspects of
multiple-cavity mold design is the layout of
the feed to the cavities. The cavities should
be so arranged around the primary sprue
that each receives its full and equal share of
the total pressure available, through its own
runner system (so-called balanced runner
system). This requires the shortest possible
distance between cavities and primary sprue,
equal runner and gate dimensions, and uni-
form cooling. When practical, a correct ar-
rangement of cavities will avoid differences
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Fig. 4-40 Multicavity family mold with different
size cavities.

in product dimensions, stress buildup, mold
release problems, flash, etc.

Multiple-cavity molds preferably should
contain cavities of identical shape. In prin-
ciple, different parts of an article should not
be produced by means of one multiple-cavity
mold, although this is sometimes done for
reasons of economy. In that case, the largest
cavities, as in a family mold (Fig. 4-40), should
be nearest to the sprue, and the runner and
gate dimensions should be checked by test
molding. If necessary, corrections should be
made by balancing the feed to each cavity
first by using appropriate runner sizes; this
subject will be discussed later. Figure 4-41
shows balanced and unbalanced cavity lay-

er o
lenn. Cavity

P
A"
Fa

Fig. 4-41 Examples of cavity layout in multicav-
ity molds. Right views show balanced systems. Left
views show unbalanced systems except for top left,
which is balanced.
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outs. The lower left layout in Fig. 4-41 has
three runners, which divide and balance the
cavities. This arrangement provides a flow
pattern with cold-slug wells at the ends of
the runners that serve to trap partly cooled
plastic before it enters the cavities.

It is not good practice (although it is very
often done) to have cavities of greatly differ-
ing size in a single mold. Many so-called fam-
ily molds require this, and almost without ex-
ception they cause difficulties. It may be that
some of the moldings warp, whereas others
show excessive frozen-in strain, and any at-
tempt at balancing for melt flow and cooling
the cavities leads to long and tedious trials.

Machine Size

A consideration for the optimum number
of cavities is the size of the IMM in which
the mold will be run. Of course, the ideal ap-
proach is to design the mold to meet part and
cost requirements that will dictate the num-
ber of cavities, etc. and, in turn, determine the
size of the machine that will “fit around the
mold.” Often, however, this approach cannot
be used, since the machine(s) to be used al-
ready exists and must be used. Obviously, the
mold must physically fit between the tie-bars
of the machine. The machine must also have
adequate clamping pressure and a sufficient
daylight opening for opening the mold and
removing the part(s).

Plasticizing Capacity

Another consideration is the maximum
amount of plastic required to fill the mold,
including any runner system with a sprue that
solidifies. The amount is usually 50% of ma-
chine shot capacity, or at most 60 to 70%, to
ensure proper plasticizing action.

Economics
The economic decision could be the most

important consideration in selecting the op-
timum number of cavities. For example, for
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small volumes, anything more than a single-
cavity mold is not economically justifiable. At
the other extreme, very high volumes of prod-
uct call for large numbers of cavities. Molds
are normally built in multiples that result in
a balanced cavity layout, 1, 2, 4, 8, 16, 32, 64,
or 128 cavities being most usual. A general
rule is that each time the number of cavities
is doubled, the additional cavity cost is ap-
proximately 65% of the preceding cavity cost.
Typically, the additional costs for a greater
number of cavities must be balanced against
manufacturing costs over a given length of
time, three years being the average.

Here is a simplified guide formula that
can help you determine the most economical
number of cavities to put into various molds:

. . { OQRT
E No. ties =4/ ———
conomic No. Cavities 5SC

where Q = total number of parts to be

produced (1) for the life of the
tooling or (2) for the market life
of the plastic part, whichever
is lowest

R = hourly rate of molding machine

T = cycle time (sec)

E = efficiency of molding machine,
(percent) (normally 83%)

C = estimated cost per cavity

S = number of seconds per hour

= 3,600

For example, a certain part has an estimated
market of 480,000 parts/year for an estimated
marketable life of 5 years. Cycle time is 45 sec.
Machine burden or cost rate has a very low
value of $4.25/h. The estimated cost of each
cavity is $1,100. Then we have

\/2,400,000 x$425 %45 _ e o

0.83 x 3,600 x $1,100

Cavity Draft

On most molded parts, there are features
that must be cut into the surface of the mold
perpendicular to the molding parting line. To
properly release the part from the tool, such
indentations almost always include a taper;
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the usual amount to start with is %o. This is
called a cavity draft, or draft in the direction
of the mold.

The amount of draft required will depend
on factors such as the type of plastic be-
ing processed, processing conditions, surface
finish, etc. As an example, a highly polished
surface will require less than an unpolished
mold. Any surface texture will increase the
needed draft at least 1° per side for every
0.001-in. (0.003-cm) depth of texture. Spe-
cial mold cavity action can be used instead,
as when the cavity side is moved slightly par-
allel to the wall direction when the part is to
ejected. With elastomeric (rubbery) material,
ejection may not require a draft (Fig. 4-8).

Cavity Packing

Plastic is a compressible fluid. Therefore it
holds pressure and shrinks as it cools, requir-
ing decisions to be made about the amount
of overpacking necessary to minimize prob-
lems that occur when the plastic melt cools
and shrinks, such as developing undue frozen
stresses or causing flash. There is a tradeoff
between overpacking and shrink, arrived at
with a certain amount of guesswork based
on experience. Computer programs are avail-
able that provide greater insight into the com-
pressibility of plastic materials, so one is able
to make better decisions.

Cavity Surface

The surface of the mold cavity reproduces
its condition on a molded part. A significant
advantage of the molding processes is the fact
that different surface polishes and textures
can be molded into the part. No secondary
surface-finishing operations are required un-
less special finishes are required such as plat-
ing, hot stamping, etc. (Chap. 10). High-gloss,
dull, matte, textured, etc. surfaces on parts (as
well as combinations of them) are feasible.

Surface finish Tooling surfaces such as
mold cavities require meeting certain surface
finish requirements. Some times it is difficult
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to specify the finish required except with
qualitative terms (dull, vapor-honed satin,
shiny, etc.). In the past, standards such as
the SPI (originally SPI-SPE) Mold Standard
Finish (with six different finish surfaces) and
ANSI Standard B46.1 Surface Texture (re-
quiring extremely accurate surface measure-
ments) were used. In view of the inadequa-
cies of the old standards, SPI eventually is-
sued a worldwide Mold Finish Standard. It
has four distinct categories: A is the highest
polish, having a diamond finish, B is a paper
finish, Cis a stone finish, and D is a blast finish.
Each of the categories has three grades, with
1 being the best or highest and 3 the lowest.
This standard lists only the final step in the
mold benching: polishing. The mold surface
must first be properly prepared removing ma-
chining marking, marks, etc.

Surface texturing ‘Texturing means creat-
ing a pattern on a mold cavity surface that
can be reproduced on the molded part. It
can be done by cutting or by etching (chem-
ical removal, or controlled corrosion). Tool
texturing was initially used as a method to
minimize the effect of flow lines, sink marks,
and other flaws or functional needs on parts,
but soon became a regular part of fabricated-
part design. Since texturing can influence the
type of cavity material used (type of steel,
beryllium—copper, etc.), it is important in the
initial stages of mold design to specify what
texturing is to be done so no problems de-
velop when the surface is to be treated.

Plaques are used to identify the different
available surfaces. Tooling issues are numer-
ous, such as steel type and hardness, surface
finish requirements, metal removal for spec-
ified patterns, and mold cavity design. Be-
cause the process incorporates many hand-
applied techniques, access to the surfaces that
are to be decorated is crucial, and areas with
restricted access should be discussed in the
mold design stage. Adjustment of the cavity
dimensions may be necessary to compensate
for the metal removal that occurs during etch-
ing. Knife-edge inserts and cams are of par-
ticular concern.

The decorating options available are nu-
merous and elaborate. As an example, there
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ismicrotexturing using a mechanical abrasion
process, commonly referred to as sandblast-
ing, where usually glass or aluminum oxide
is impacted against the surface of the tool,
leaving a lightly scarred steel surface. The ap-
pearances that are available are limited to
matte textures and some stripes. However,
their real value is the ability to reduce gloss
levels. Graphic designs such as company lo-
gos and written or pictorial information may
be etched into tooling surfaces where me-
chanical means may not be suitable.

Hobbing Hobbingis a technique in which
a master model in hardened steel is used
to sink a model shape into a heated mild
steel mold cavity such as beryllium copper.
This hob is larger than the finished plastic
molded product. After hobbing, the metal
cavity shrinks as it cools to the required size.

Clamping Forces

The clamping force required to keep the
mold closed during injection must exceed the
force given by the product of the live cavity
pressure and the total projected area of all
impressions and runners. The projected area
can be defined as the area of the shadow cast
by the molded part cavity when it is held
under a light source, with the shadow falling
on a plane surface parallel to the parting line.

With cold-runner systems for thermoplas-
tics (or so-called hot-runner systems for ther-
mosets), the projected areas of runners and
sprue are included with the cavity(s). When
hot-runner systems are used for thermoplas-
tics (cold-runner for thermosets), the force
to move the melt in the runner does not push
apart the molds at the parting line; instead, it
floats within the mold.

As an example, if the total projected area
is 132 sq in. and a pressure of 5,000 psi is
required in the cavity(s), based on the plas-
tics being processed, the clamping force re-
quired is

Minimum clamping force

= projected area x plastic pressure cavity
= 132 sq in. x 5,000 psi = 660,000 1b
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Table 4-6 Examples of clamping pressures required for PE, PP, and PS
based on flow path length and section thickness

Clamping Pressure Required

Average Component
Section Thickness

(psi or kgf/cm? of Projected Area)
at Ratio of Flow Path Length to Section Thickness

in. mm 200:1 150:1 125:1 100:1 50:1
0.04 — 9,960 9,000 7,200 4,500
1.02 — 706 633 506 316
0.06 12,000 8,500 6,000 4,500 3,000
1.52 844 598 422 316 211
0.08 9,000 6,000 4500 3,800 2,500
2.03 633 422 316 267 176
0.01 7,000 4,500 3,500 3,000 2,500
2.54 492 316 246 211 176
0.12 5,000 4,000 3,100 3,000 2,500
3.05 352 281 218 21 176
0.14 4,500 3,500 3,100 3,000 2,500
3.56 316 246 218 21 176
or ity. Thick sections require greater clamping
660.000Ib force than thin sections because the plastic
= m— = 330 tons melt in a thick section stays semifluid for a

Consider including a safety factor of about
10 to 20% to ensure sufficient clamping pres-
sure, particularly when one is not familiar
with the operation. Thus, the standard IMM
maximum clamping force could be 330, 375,
or 400 tons. A guide to the clamping pressure
requirement for polyolefins and polystyrenes
based on flow pathlength is givenin Table 4-6.

For a true hydraulic fluid such as water, the
clamping force required for each square inch
of projected area would be equal to the unit
pressure applied by the injection plunger.
However, owing to the partial hardening of
the plastic as it flows through the sprue and
runners and into the cavity, the actual pres-
sure exerted by the plastic within the cavity
is much less than the applied plunger pres-
sure. For this reason, an applied pressure of
20,000 psi would seldom require a clamping
force of more than 5 or 6 tons/sq in. of pro-
jected area of the plastic shot (2,000 psi =
1 ton/sq in.).

For a given plunger pressure, the actual
pressure developed within the cavity varies
directly with the thickness of the molded
section, and inversely with the melt viscos-
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longer time during the cavity-filling injection
stroke. Similarly, a higher stock temperature,
a hotter mold, larger gates, or faster injection
will require a higher clamping pressure. As a
general rule, good molding practice requires
about 3 tons of clamp for each square inch of
projected area of the molded shot.

By proper mold design and careful adjust-
ment of molding conditions, it is sometimes
possible to mold satisfactory parts with as
little as 1 ton of clamp per square inch of pro-
jected area. However, it is unwise to attempt
to operate a mold on this basis, as the range
of permissible molding conditions would be
seriously limited, and a long flow cavity fill
could not be achieved.

It is also important to avoid applying too
much clamping force to the mold. If a small
moldisinstalledin a large machine and closed
under full clamp, the mold can actually sink
into the machine platens. Also, if the area of
mold steel in contact at the parting line is in-
sufficient, the mold may be crushed under the
excessively high clamping force. Steel molds
will begin to crush when the unit clamp pres-
sure exceeds 10 tons/sq in. of contact area.
In less severe cases, the mold components
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may be distorted, or may fracture prema-
turely from fatigue.

Whereas the projected area determines the
clamping force required, the weight or vol-
ume of the molded shot determines the ca-
pacity of the injection machine in which the
mold must be operated. Note that the shot
weight or shot volume includes the weight of
the sprue and runners, except in hot-runner
molds. Capacities of injection machines are
commonly rated in ounces of polystyrene that
can be injected by one full stroke of the in-
jection plunger.

The calculated projection, on a plane per-
pendicular to the mold clamping force, of
the total surface area of the moldings must
not exceed the machine’s maximum permis-
sible molding area to be subjected to injec-
tion pressure. Machinery manufacturers usu-
ally provide this information.

Contact Area at Parting Line

Another item that requires attention is the
contact area of the spacer blocks (7). The
stress on these areas should be such as to
prevent the embedding of these blocks into
the plates, which would decrease the volume
available for the ejection system. The safe
tonnage that a mold base will take as far as
spacer blocks are concerned can be calcu-
lated in this way. Let us take a 97 x 117 in.
(25.1 x 30.2-cm) standard mold base made
of low-carbon steel. The weakest section of
the spacer bar is at the clamping slot. For
this size mold base, the width of the block
is 1% in. and the width of the clamping slot
2 in. The area will be 1 in. minus 3 in., or
%—36— in.x11 % in. x 2, since there are two blocks.
Then we have:

Area x allowable stress = compressive force

The allowable stress for low-carbon steel is
25,000 psi. Thus,

13, 7. .

I3 in. x llg in. x 2 x 25,000 psi
= 482,000 1b = 241 tons

Higher-strength steel throughout the base
can double or even triple the ability to ab-
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sorb the compressive force. The addition of
supporting pillars will also increase the com-
pressive force in proportion to the area that
they provide. Thus, two 2-in.-diameter pillars
would add the following force:

Area of a 2-in.-diameter pillar
= 3.14sq.in. x 2 = 6.28 sq. in.
6.28 x 25,000 = 157,000 Ib = 78.5 tons

The embedding problem may still arise, espe-
cially when changes are made in supporting
bar dimensions or supporting blocks.

Sprue-Runner-Gate Systems

The sprue is the channel, cut in the station-
ary platen, that transports the melt from the
plasticizing unit through to the runner system
or direct through a sprue to the cavity (7, 103,
198, 348). The runner system basically trans-
ports the melt from the sprue to the gate and
the gate transports the melt into the cavity.
Complete systems of these melt flow systems
are shown in Figs. 1-11,4-10,4-41, and 4-42. If
there is no runner system and the plastic melt
is transported directly from the sprue to the
cavity, the sprue is known as a direct sprue
gate.

The sprue, which forms the transition from
the hot molten thermoplastic melt to the con-
siderably cooler mold, is part of the flow
length of the plastics and has to be of such
dimension that the pressure drop is mini-
mal and its ability to deliver material to the
extreme “out” position is not impaired. The
starting point for sprue size determination is
the main runner, and the outlet of the sprue
should not be smaller than the runner di-
ameter at the meeting section. Thus, a }—‘-in.-
(0.64-cm)-diameter runner would call for a
%-in.—(O.SG-cm)-diameter “0O” opening, for
an average sprue length of 2 to 3 in. (5.1 to
7.6 cm). It has been established experimen-
tally that for shots of 6 cu in. up to 20 cu in.
(983 cu cm up to 327.7 cu cm), the -in.
(0.56-cm) O dimension will satisfy the need
for a low pressure drop. For larger shots, a
%—in. (0.71-cm) O opening would be indi-
cated.
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Fig.4-42 (a) Effect of length of runner bends: example for ideal runner with R = 1 D to } D. For sharp
corners the effective length is 25L; for a chamfer with # = 1 D it is 2.5L. (b) Balanced-spoke runner

layout (left) and H-runner layout (right).

The material processing data give a range
of runner sizes for each material. The smaller
sizes can be applied for cases in which the
length of runners does not exceed 2 in.
(5.1 cm) and the volume of material is less
than 15 cu in. (245.8 cu cm). For economic
reasons, it is preferable to keep the runners
on the smaller end, since that not only re-
duces the amount of regrind, but also accel-
erates the freezing of the gate, thus affecting
cycle time. The pressure drop must be kept in
mind. It becomes a matter of proportioning
runners in relation to the spacing of cavities,
wall thickness of parts, length of cavities, and
corresponding gate sizes.

Basically, the distance from the injector
(melt plasticator) of the injection machine to
the mold cavity(s) should be as short as possi-
ble. However, different factors must be con-
sidered that could require longer distances.
One factor, discussed earlier, is the number of
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cavities. Another factor relates to mold side
actions that require longer runners. It is very
important to allow sufficient space for cool-
ing channels.

Perhaps the least-understood and least
well applied factor is the inclusion of cool-
ing channels for heat transfer from the
plastic melt to the cooling liquid (for ther-
moplastics). Usually, insufficient space is al-
lowed between cavities, particularly in mold-
ing the crystalline polymers (polyethylene,
polypropylene, nylon, etc.) General infor-
mation on cooling is reviewed later in this
chapter.

Sprues
Insingle-cavity molds, the sprue usually en-

ters directly into the cavity, in which case the
sprue diameter at the point of cavity entry
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should be approximately twice the thickness
of the molded article at that point. Insuffi-
cient diameter of the sprue gate can cause
excessive frictional heating and/or delamina-
tion of the plastic at the gate area, as well as
wear of the metal.

Too large a sprue diameter requires a pro-
longed molding cycle, to allow the plastic
sprue sufficient time to cool for removal. In
all direct-sprue-gated cavities, an internal wa-
ter fountain should be installed in the mold
to cool the mold surface directly opposite the
gate. All plastic injected into the mold im-
pinges on this surface and causes a hot spot
on the metal cavity wall.

In three-plate and hot-runner molds, the
main sprue is designed as described above.
The smaller sprues (also known as “sub-
sprues”), which convey plastic from the run-
ners to the cavities in such molds, are de-
signed to converge toward the gates.

The sprue area has been the location of
more than its share of problems in the in-
jection molding process. The cause of most
of these problems is the great temperature
difference (about 300°F) between the noz-
zle and sprue. The nozzle is a transfer system
and must maintain a temperature to keep the
plastic in the liquid state, whereas the sprue
is part of the mold-fill system and maintains
a temperature conducive to solidifying the
plastic.

The devices applied in the area of the
sprue do not address a graduated temper-
ature change between nozzle and sprue.
Among the more frequent problems are
nozzle freeze-off, materials degradation, and
nonuniform melt. These problems are aggra-
vated when the materials are highly crys-
talline or temperature-sensitive. The usual
approach to solving sprue problems is to de-
sign tools that minimize the length and size
of the sprue, use a heated sprue, or eliminate
the sprue altogether.

Efforts to overcome the temperature dif-
ference between nozzle and sprue have
concentrated on the nozzle, resulting in a va-
riety of devices and modified types of noz-
zles (an example is shown in Fig. 4-43). When
the fill difference is overcome by adding heat
to the nozzle, severe problems can exist:
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Fig. 4-43 Heated sprue bushing eliminates trim-

ming and sprue scrap and reduces molding cycle
for thermoplastics.

burned spots, knit lines, gas trapping, weak-
ened parts, color change, streaking, black
specks, blemishes, and increased scrap. The
alternative of running with cooler temper-
atures leads to almost an equal generation
of scrap, in this case related to cold spots
in the melt. There are knit lines and surface
blemishes, and, in addition, sticking sprues,
plugged gates (especially using pin gates),
and nozzle freeze-off. This situation tempts
the operator to resort to crude on-the-spot
remedies to keep production going. Among
the more extreme have been cardboard insu-
lators, long pieces of brass rod—even ham-
mers and a torch.

To dispense with the sprue when using
hot or insulated runner molds or to feed di-
rectly into the mold cavity, extended nozzles
can be useful. They are suitable for single-
impression work and, in the form of a mani-
fold nozzle, for multiimpression work as well.

Sprue bushings provide an interface be-
tween the injection-machine nozzle and the
runner system in the mold, and their design
will vary greatly with the type of mold and
injection machine required for a particular
molding job. Sprue bushings are generally
preengineered catalogue items, and it is usu-
ally a good idea to examine a large number
of designs from various manufacturers be-
fore deciding on a bushing for a particular
mold.

Runner Systems

Cavities should be placed so that (1) the
runner is short and, if possible, free of bends,
and (2) the supply of material to each cavity
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is balanced. This means that the runners must
be practically identical in both shape and size
(length as well as the gate size). This becomes
especially important for precision parts.

A balanced supply ensures that any change
made in any one of the molding parameters
will affect all cavities to the same extent. It
is good practice to use a runner plate of the
same grade of steel as the cavities, which has
a surface machined to 50 rms (root mean
square). In some applications, especially in
cases of low usage of a mold, there is a ten-
dency to machine the runner in the cavity
plate instead. If a cavity protrudes on one side
above the plate, a runner plate on that side is
a must. Runner systems will vary in size and
shape.

The surface finish of the runner system
should be as good as that in the cavity, for ex-
ample, machined to 50 rms. A good surface
finish not only keeps the pressure drop low,
but also prevents the tendency of the runner
to stick to either half of the mold. Such stick-
ing would aggravate the high stressin the area
of the gate.

The runners in multicavity molds must
be large enough to convey the plastic melt
rapidly to the gates without excessive chilling
by the relatively cool mold for thermoplas-
tics. Runner cross sections that are too small
require higher injection pressure and more
time tofill the cavities. Large runners produce
a better finish on the molded parts and min-
imize weld lines, flow lines, sink marks, and
internal stresses. However, excessively large
runners should be avoided, for the following
reasons:

1. Large runners require longer to chill,
thus prolonging the operating cycle.

2. The increased weight of a large runner
system subtracts from the available machine
capacity, in terms of not only the ounces per
stroke that can be injected into the cavities,
but also the plasticizing capacity of the heat-
ing cylinder in pounds per hour.

3. Large runners produce more scrap,
which must be ground and reprocessed, re-
sulting in higher operating cost and an in-
creased possibility of contamination.
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Fig. 4-44 Different shapes of runners.

4. In two-plate molds containing more
than eight cavities, the projected area of the
runner system adds significantly to the pro-
jected area of the cavities, thus reducing the
effective clamping force available.

Note that these objections do not apply to
hot-runner or runnerless molds.

Various shapes of runners are used (Fig.
4-44). A full round (i.e., circular cross section)
runner is always preferred over any other
cross-sectional shape, as it provides the min-
imum contact surface of the hot plastic with
the cool mold. The layer of plastic in con-
tact with the metal mold chills rapidly, so that
only the material in the central core continues
to flow rapidly. A full-round runner requires
machining both halves of the mold, so the
two semicircular portions are aligned when
the mold is closed.

There are, however, many mold designs
that make it desirable to incorporate the run-
ner in one plate only. In that case, a trape-
zoidal cross section is used. If the trapezoid
can be cut so that it would exactly accom-
modate a fully round runner of the desired
diameter, and has sides tapered at 5 to 15°
from vertical above the halfway line, that will
be almost as good as the round runner.

Thermoplastic cold-runner systems De-
signing the smallest adequate runner sys-
tem will maximize efficiency in both raw-
materials use and energy consumption in
molding. At the same time, runner size
is constrained by the amount of pressure
drop and injection capacity of the machine.
Molders often seen unaware of the need to
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balance these two equally important consid-
erations.

Since molding a runner system does cost
money, it makes sense to minimize the
amount of nonsalable material molded into
the runner. Even though the runner system
will probably be reground and recycled, it is
still important to keep its weight and size to
an absolute minimum because some plastics
tend to degrade during repetitive processing.
A properly designed runner will help not only
reduce costs, but also preserve part quality.

Traditionally, there have been a number of
misconceptions about proper runner design,
many of which are still prevalent in molding
shops. In the past, many injection molders
and tool builders felt that the larger the run-
ner, the faster the melt would be conveyed
to the cavity. They also believed that the low-
est possible pressure loss through the runner
system to the cavity would be the most de-
sirable. Runners were commonly machined
into the mold with these objectives in mind.
However, it is, in fact, important to select the
minimum runner size that will adequately do
the job with the material being used.

Consider two runner systems designed for
nylon, for example. A traditional runner
might weigh 50 g, whereas a well-planned,
smaller yet adequate runner would weigh
(say)20 g. Assume the mold produces 750,000
shots/year. At an electrical cost of 5¢/kWh
and energy requirement of 350 Btu/Ib to plas-
ticate nylon, the cost of molding the extra
material in the overweight runner system is
about $300/year. The latter figure assumes
close to 100% mechanical and electrical effi-
ciency. Given the actual efficiency factors typ-
ical of molding machines, however, an added
cost of $1,000 per mold per year with a poorly
designed runner is not unlikely. Multiply this
amount by the number of machines in your
shop, and you will have an idea of how much
energy and money can be wasted by not care-
fully considering runner size.

Although properly sizing a runner to a
given part and mold layout is a relatively
simple task, it is often overlooked because
the basic principles are not widely under-
stood. For one thing, few processors are com-
fortable with using the straightforward arith-
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metical calculations involved. Also, the rules
of runner design can be easily neglected in
the rush to commit a part design to the tool-
maker. Lack of familiarity with the rules of
optimum runner design undoubtedly leads
processors to think there is some mystery in-
volved, which is not the case.

There are techniques for computing the
minimum runner size required to convey melt
at the proper rate and pressure loss to achieve
optimum molded part quality. As a result,
runner design has evolved from pure guess-
work into an engineering discipline based
on fundamental plastic flow principles. The
molder who neglects the opportunity to en-
gineer his or her runner systems is likely to
miss a major opportunity to lower costs and
improve productivity.

The computations are based on a key rheo-
logical property of the material to be molded.
This property is the material’s shear rate vs. its
melt viscosity at several commonly encoun-
tered melt temperatures for the material.
Usually, this information is available from
your resin supplier, and it is frequently dis-
played in molding manuals for individual ma-
terials. Figure 4-45 provides an example of
such data.

Since no single calculation will do the job,
it is necessary to start with a reasonable run-
ner size, estimated on the basis of prior ex-
perience, that can then be refined with the
aid of calculations. Initial considerations in-
clude the part weight and configuration and
its performance or appearance requirements.
For example, it is desirable when molding ny-
lon to fill the part within 2 to 3 sec. In fact,
the same is true of the majority of injection-
molded parts made from crystalline ther-
moplastics, though not necessarily for amor-
phous resins.

Engineering a runner system requires an
understanding of the pressure drop of the
plastic as it passes through a channel. This
pressure drop is controlled primarily by the
volumetric flow rate or injection speed, melt
viscosity, and channel dimensions. Although
it is possible to reduce the melt viscosity by
increasing the melt temperature—hence re-
ducing the pressure drop—most injection
molding materials have an “ideal” melt

Exhibit 2029 Page 73
IPR2023-01424



4 Molds to Products 267
1
_ 1
K]
s Nylon 66
€ o1 ylon
g 536 F
N ——
BH ——t————
> 001 Y A e
3 854 F
8 5712F
5
0.001
0.0001
001 0.1 1 10 100 1,000 10,000 100.000)
Shear Rate, sec”'

Fig. 4-45

Viscosity curve, typical of those available from most plastic material suppliers. Such curves

can also be determined by the user with proper equipment; see Chap. 12. This information is essential

to calculating the optimum runner diameter.

temperature that provides fast cycles and op-
timum part quality. Thus, runner engineering
should start by assuming an ideal melt tem-
perature. This temperature can be found in
the resin supplier’s molding manual.

The other assumption that must be made
initially is the amount of pressure drop that
can be tolerated. The IMM is usually capable
of delivering 20,000 psi (138 MPa) of pres-
sure. Since common sense forbids designing
amold to demand the absolute pressure limit
of the machine, the mold should be designed
so that the pressure required is somewhat less
that the machine’s capacity. A good value to
assume is 10,000 to 15,000 psi (69 to 103 MPa).
For the example shown here, a 15,000-psi in-
jection pressure is assumed.

Unless the part design is unusual—such as
long, thin parts—or experience dictates oth-
erwise, a pressure of 5,000 psi (34 MPa) is
usually adequate to fill and pack out most
parts. This means, in our example, that the
runner system can be designed for a 10,000-
psi pressure drop. How is this done? The
starting point is our hypothetical eight-cavity,
balanced-runner layout, shown in Fig. 4-46.
We assume that all runners are the full-round
type, material specific gravity is 1.0, and part
weight is 15 g. For eight cavities together,
the total amounts to 120 g or 7.31 cu in.

DNA Genotek Inc.
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(120 cu cm). Lengths of the primary, sec-
ondary, and tertiary runners are shown in the
figure. We also assume a typical fill or injec-
tion time of 3 sec. The foregoing are all fixed
parameters; what remains to be determined is
the optimum runner diameter. To start with,
we estimate the diameters as shown, going
by prior experience and typical industry prac-
tice.

Runner volume V is calculated as follows:

V =nar’L
where r = runner radius
L =length
Thus,
Primary runner: V,, = 7(0.125)*(10)

= 0.49cuin.
Terti

Runner <3

Secondary

Primary __ %  Runner
Runner l

i
25
s

Sprue

Fig. 4-46 Example of 8-cavity mold runner sys-
tem.
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Secondary runner: V; = 7(0.100)?(12)
= 0.38cuin.
Tertiary runner: V; = (0.075)*(8)

= 0.14cuin.
Total shot volume (runner + parts)

= 73140494038 +0.14
= 8.32cuin. (136.3 cu cm)

Since the flow splits at the intersection of
the sprue and primary runner into two identi-
cal halves of the runner system, we need only
calculate the pressure loss through one half
of the mold. The volume of melt that must be
conducted through the primary runner in this
half of the system is 4.16 cu in (68.2 cu cm).
Given our specified 3-sec fill time, the desired
flow rate is 1.39 cu in./sec (22.8 cu cm/sec).
This is the volumetric flow rate Q.

Now the shear rate S, can be calculated

40 4(139)
~ 7(0.125)3

The melt viscosity at this shear rate and the
specified melt temperature must be read from
a chart similar to Fig. 4-31. For this hypothet-
ical example, the apparent melt viscosity is
u = 0.016 Ib-sec/in. (poise).

Next, we calculate the shear stress S;

S = uS, = (0.016)(906) = 14.5 psi

Finally, the pressure drop P through that
runner segment is calculated:
_&@2L)  14.5(2)(5)

P r 0125

Now the next runner segment must be con-
sidered. The total volumetric flow through
each secondary runner is 4.16 cu in. minus the
volume in the primary runner, so the runner
flow after it is

4.16 - 0.25

2
(Remember that the flow splits in half again
atthe secondary runner.) The volumetric flow

rate in each secondary runner segment is

1.95/3 or 0.65 cu in./sec. Thus,
4(0.65) -1
Sr = ———7"- =827
20100y ~ 527 see

The melt viscosity at the shear rate is 0.017

= 906 sec™!

A
nr3

= 1,160 psi

=195 cuin.

DNA Genotek Inc.
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poise. Therefore,
Ss = (0.017)(827) = 14.0
_ 1920 _ .
P = 0100 = 840 psi

The volumetric flow through each tertiary
runner can be calculated by subtracting the
volumes of primary and secondary runners,
or simply by adding together the total ter-
tiary runner volume and total part volume
and dividing by eight cavities:

0.14 +7.31

8
The volumetric flow rate is thus 0.93/3 or
0.31 cuin./sec, and

4(0.31) )
S = ——7= =936
"= 2 (0.075) se¢

The viscosity corresponding to this shear rate
is 0.016 poise, and

Ss = (0.016)(936) = 15.0
15

0.075

The total pressure loss from the sprue to
each gate is the sum of the pressure losses
through each segment:
Pressure loss (total) = 1,160 + 840 + 400

= 2,400 psi (16.54 MPa)

=0.93 cuin. (15.24 cu cm)

P= =400psi (2.76 MPa)

This preliminary calculation shows that much
smaller channels can be designed to ac-
commodate a 10,000-psi (68.9-MPa) pressure
loss. By repeating the calculations for pro-
gressively smaller runner diameters until we
reach the targeted pressure loss, we even-
tually obtain the assumed runner diameters
shown in Fig. 4-46.

In calculating and recalculating optimum
runner diameters, the question may arise as to
what is the appropriate relationship between
the diameters of primary, secondary, and ter-
tiary runners. In fact, there is no hard and fast
rule for this, and the choice is somewhat ar-
bitrary. It is logical, however, that since each
successive stage of the runner system carries
less melt than the previous stage, the succes-
sive runner diameters normally run smaller.

At times, it is necessary to build molds
where the number of cavities is not two, or
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it is not possible to balance the cavity lay-
out for equal flow distances to all cavities.
Although this type of design presents no par-
ticular problem in molding parts with loose
tolerances, the effect on dimensions and part
quality must be considered carefully when
designing runner systems for critical parts.
The primary objective in the latter case is
to design a runner system so that all cavi-
ties fill at the same rate. This is necessary to
ensure that they cool at the same rate and
provide uniform shrinkage; surface gloss can
also be affected. Molders will frequently try
to balance the fill rates of individual cavi-
ties by changing the gate size. While this has
some utility, it is a relatively ineffective way
of making up for unbalanced runner layouts.
The land length of the gate is too short to
make any significant difference in pressure
drop from one cavity to another. It is much
better to vary the runner diameters and con-
trol fill rate.

Figure 4-47 shows an actual six-cavity mold
that was used to make a large automotive
part, in which the sprue was offset from the
center of the runner system. Since we want
all the cavities to fill at the same rate, what
is required is a computation of the runner di-
ameters that will provide the same pressure
drop from the sprue bushing to the gate of
each cavity. Clearly, since the runner lengths
are different for each pair of cavities, differ-
ent runner diameters will be required as well.
As shown by a previous equation, pressure
drop is proportional to runner length, so it is
evident that the longer runner segments will
need to be slightly wider. Figure 4-47 shows
the actual lengths and diameters for each seg-
ment of the runner system. Note that the to-
tal pressure drops into the various cavities
are similar though not identical; it is often
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impractical (and unnecessary) to exactly bal-
ance the pressure drop into each cavity. In
this case, it was considered impractical to go
smaller than % in. for the diameter of the sec-
ondary runners closest to the sprue in order to
raise the pressure drop there to a level closer
to that of the other secondary runners. In ac-
tuality, the parts all filled uniformly, despite
some degree of disparity in the pressure drop
leading into the cavities.

Figure 4-48 illustrates an extreme case of
how runner diameter, not gate size, can be
used to balance flow and pressure drop in
an unbalanced cavity layout. Here again, we
have an actual 10-cavity family mold, which
produced dissimilar parts ranging in size from
2 in. (5.1 cm) in diameter by 1 in. (2.54 cm)
long to 1 in. (0.64 cm) in diameter by 1 in.
(1.27 cm) long. Nonetheless, as the numbers
in the drawing show, it was possible to bal-
ance the pressure drops into the cavities quite
closely.

The principles used in calculating the op-
timum diameter of the final runner segments
of a three-plate mold with multiple drops into
the cavity are the same as those discussed
above. However, for most three-plate molds
with multiple drops, it is frequently difficult
to design them so that an equal volume of
melt passes through each drop. For circu-
lar parts with tight tolerances, it is nonethe-
less highly desirable that the part fill equally
from each gate in order to minimize out-
of-roundness. The answer is to use the pro-
cedures already described to calculate the
pressure loss through each drop and size the
runner drop accordingly. Since the drops are
usually tapered, the diameter is not constant.
The difficulty can be circumvented by using
the diameter at half the length as a basis for
this calculation.

Oiam: 0.250 . Diam:.125 1n. Diam: 0.250 in.
A Pinto Cawity: AP into cavity: AP into canty:
8200 pst 7000 psi 8100 psi

Sprue 2m.
< +
‘ 9in. K 8% n.
Diam: 0.300 in. T yin, Diam. 0.280 . '
Diam.
0.300 in

Fig. 4-47 Example of 6-cavity mold runner system.
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Fig. 4-48 Example of 10-cavity mold runner system for an automotive part (P, = pressure drop in

cavity and P, = total pressure drop).

Sucker pins in the drop area will obviously
influence the pressure loss and can provide
additional restrictions to help equalize flow
into each drop. Both the length and diame-
ter of the sucker pin can be used to regulate
the flow. However, it is seldom necessary to
calculate the pressure loss across a sucker pin
exactly; a reasonable assumption will usually
prove adequate.

For those who cannot go through the cal-
culations, industry-recommended runner di-
ameters for different plastics are provided in
Table 4-7.

Thermoplastic hot-runner systems There
is nothing new about the runnerless mold-
ing process. Tools for this type of molding
have been in use since the 1940s, with most
of the activity starting during the early 1960s.
Yet because of certain problems these molds
have encountered (drooling, freeze-off, leak-
age, high maintenance, and others), runner-
less molding has been used with some irreg-

ularity. However, new design concepts and
tool-building methods have overcome these

Table 4-7 Recommended TP cold-runner
diameters for use if runner size is not
calculated

Diameter
Material in. mm
ABS, SAN 0.187-0.375 4.7-9.5
Acetal 0.125-0.375 3.1-95
Acrylic 0.312-0.375 7.5-9.5
Cellulosics 0.187-0.375 4.7-95
Tonomer 0.093-0.375 2.3-9.5
Nylon 0.062-0.375 1.5-9.5
Polycarbonate 0.187-0.375 4.7-9.5
Polyester 0.187-0.375 4.7-9.5
Polyethylene 0.062-0.375 1.5-9.5
Polypropylene 0.187-0.375 4.7-95
PPO 0.250-0.375 6.3-9.5
Polysulfone 0.250-0.375 6.3-9.5
Polystyrene 0.125-0.375 3.1-95
PVC 0.125-0.375 3.1-9.5
DNA Genotek Inc.  Exhibit 2029 Page 77
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MANIFOLD HEATER

MANIFOLD PLATE

SFRUE
INSULATOR

_ MANIFOLD BACKING
PLATE

NOZZLE INSULATOR

_ SPRUE HEATER

PRUE
BUSHING

—————— MANIFOLD

Fig. 4-49 Example of cartridge-heated hot-runner system with terminology.

objections, and today’s tools for runnerless
molding are highly efficient and relatively
fault-free.

The term “runnerless” refers to the fact
that the runner system in the mold maintains
the plastic resin in a molten state. This mate-
rial does not cool and solidify, as in a conven-
tional two- or three-plate mold, and is not
ejected with the molded part. It is a logical
choice for any high-speed operation in which
scrap cannot be reused.

There are two design approaches for tools
used in runnerless molding: the insulated run-
ner and hot runner. Insulated-runner molds
have oversize passages formed in the mold
plate. The passages are of sufficient size that,
under conditions of operation, the insulating
effect of the plastic combined with the heat
applied with each shot maintains an open
flow path. Runner insulation is provided by a
layer of chilled plastic that forms on the run-
ner wall.

Hot-runner molds, which are the more
popular of the two types, are generally built in
two styles. The first is characterized by inter-
nally heated flow passages, the heat furnished
by a probe or torpedo located in the passages.
This system takes advantage of the insulating
qualities of the plastics to avoid heat transfer
to the rest of the mold.

DNA Genotek Inc.
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The second, more popular system consists
of a cartridge-heated manifold with interior
flow passages. The manifold is designed with
various insulating features to separate it from
the rest of the mold, thus preventing heat
transfer (Figs. 4-49 and 4-50).

Of the two basic systems, the insulated
runner has seen less attention in recent
years. Although the insulated-runner molds
are generally less complicated in design and
less costly to build than hot runners, they
also have a number of limitations, including
freeze-up at the gates, fast cycles required to
maintain the melt state, long startup periods
to stabilize melt temperature and flow, and
problems in uniform mold filling. The pre-
dominant style of hot runners in industry to-
day is the externally heated manifold type.

A great deal of interest has centered on
hot-runner molds since the plastics industry
improved the distribution of heat and level
of temperature control. Furthermore, the in-
dustry has developed numerous components
that enhance the design and construction of
hot-runner molds. These standard compo-
nents include a variety of cartridge-, band-, or
coil-heated machine nozzles, sprue bushings
(Fig. 4-51), manifolds, and probes; heat pipes;
gate shutoff devices; and electronic con-
trollers for various heating elements. Because
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Fig. 4-50 Example of a hot manifold used in a stack mold that delivers melt to 48 cavities on each side

(total 96 cavities).

of this interest, the remainder of this section
will focus on hot-runner molds.

The design of hot-runner molds should
take into account the thermal expansion of
various mold components; this applies mainly
to the center distances between the nozzles,
supports, set bolts, and centering points. The
bendsin the hot runners to the nozzles should
be generously radiused to prevent dead cor-
ners. In the design, each nozzle contains a
capillary to act as a valve to prevent plastic
leakage. Heating elements positioned around
the nozzles provide proper temperature con-
trol. When thick-walled articles are molded,
the long after-pressure time may necessitate

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

the use of nozzles with needle valves, as cap-
illaries tend to freeze up rather quickly.
Heater loading in hot-runner manifolds is:

1. For general-purpose materials (poly-
styrene, polyolefins, etc.)

15 to 20 W/cu in. of manifold
(0.92 to 1.22 W/cu cm)

2. For high-temperature thermoplastics
(nylon, etc.)

20 to 30 W/cu in. of manifold
(1.22 to 1.83 W/cu cm)
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Fig. 4-51

Heater loading in the gate torpedo for in-
sulated runner molds is 35 W.

Advantages and disadvantages A major
advantage of hot runners (for thermoplastics)
is that they reduce or eliminate scrap. Unlike
cold-runner systems in which plastic solidi-
fies in the runner and is ejected with the part,
plastic remains melted in the heated runner,
ready for the next injection cycle. A major
portion of the cycle time for a plastic part is
cooling time, which is the amount of time it
takes the plastic to set prior to mold open and
ejection. In a cold-runner mold, the thickest
wall section is often found in the cold runner,
and the molding cycle may wait until the run-

DNA Genotek Inc.
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Example of Mold Masters hot sprue.

ner is solid enough to be ejected. Whether
it is freefall or by sprue picker, the elimina-
tion of the runner results in a reduction in the
cooling portion of the cycle, thus reducing the
overall cycle time. Cycle time can be reduced
by as much as 50%.

The elimination of the cold runner means
less recovery time is required, since the injec-
tion unit does not have to plasticate the cold
runner. If the runner made up 30% of the shot
weight, this would reduce the recovery time
proportionally. If recovery time hindered the
overall cycle previously, this would also re-
duce cycle time.

The reduction of the overall shot weight
also means that injection time is reduced,
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since the same injection rate needs to be
maintained for required fill rates. Also, the
resin’s flow path is much shorter.

The elimination of the runner-plate move-
ment reduces the clamp motion, since the
stroke is shortened and runner stripper plates
controlled by shoulder bolts are not required.
With shoulder-bolt ejection, the stroke needs
to be profiled to ensure that the shock load-
ing is controlled. Elimination of this action
allows full clamp speed to be incorporated,
again reducing cycle time.

Mold-open dwell time is reduced, since the
system does not have to wait for the ejection
of the runner, further reducing cycle time.
The elimination of the cold runner reduces
the amount of plasticating required by the
injection unit, which in turn reduces the en-
ergy consumed per part. The hot-runner ap-
proach eliminates the need for a sprue picker
and grinder, which also require energy and
personnel to operate.

A reduction in shot size and elimina-
tion of the runner mean a shorter injection
stroke and less pressure is needed to fill the
mold, all adding up to additional energy sav-
ings. The reduction in pressure loss during
fill is achieved with the use of heated flow
channels.

As the resin flows through the cold run-
ner, a solid layer sets up on the channel wall,
restricts flow, and requires greater injection
pressures from the machine to help overcome
losses. The higher pressure at the injection
end of the runner is required to achieve the
needed pressure to overcome the gate restric-
tion, flow losses, and cavity filling. Keeping
the resin molten in the hot runner reduces the
pressure drop to each cavity, since the flow is
less obstructed.

The flow length found in a hot-runner sys-
tem also tends to be shorter, further reducing
the pressure losses found in a cold-runner sys-
tem. Reductions of peak injection pressure
from 1,250 to 700 psi (8.6 to 4.8 MPa) oil pres-
sure have been realized.

The hot-runner system provides a balanced
flow to each cavity, resulting in consistent part
weight from cavity to cavity. Balanced flow
also produces fewer rejects.

Reduced injection pressure means less
stress in the part, providing better structural

DNA Genotek Inc.
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quality. A reduction in pressure results in eas-
ier filling of the cavities, which reduces the
deflection in both the platens and mold, re-
ducing the amount of flash, again improving
quality.

Although we tout the benefits of hot-
runner technology and recognize that noth-
ing on earth is perfect [see one definition of
perfect in Reference 6], it is important to un-
derstand that the technology increases the
cost of a mold and the extra expense needs
to be justified by the application. On aver-
age, a hot-runner system adds 10 to 15% to
a mold’s cost, but sometimes it could double
the mold’s cost.

Such higher cost can best be justified for
high-volume production, the molding of ex-
pensive plastics, and high-quality molding
where gate vestige should be minimal. Parts
made with hot-runner systems can weigh less
than 1 g or as much as 160 kg (350 Ib) and
can have extremely large volumes (e.g., like a
big trash container). As engineering plastics
becomes more sophisticated and expensive,
there will be more of a need for hot-runner
systems to eliminate or significantly reduce
the waste of plastics or build up their resi-
dence time.

Retrofits Molds using cold-runner tech-
nology offer opportunities to improve prof-
itability with hot runners. If a conversion to
hot runners provided cycle savings of only
10% for a 40-machine plant, this would free
up four machines, or it could increase the rev-
enue from the plant by 10% without adding
any new machines. The elimination of a cold
runner, as previously mentioned, can also re-
duce energy consumption and mold mainte-
nance, eliminate granulator and sprue picker,
and improve part quality and the efficiency of
cavities.

In some cases, complete conversions from
cold- to hot-runner systems are precluded
by existing mold design. However, a com-
bination hot-cold runner could be imple-
mented, providing many of the same advan-
tages.

The hot-runner conversion can be made on
both two- and three-plate cold-runner molds.
The conversion can be either to a full hot
runner or a hot—cold combination. The latter
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would have a hot runner feed a smaller cold
runner, providing many of the benefits of hot
runners.

The degree of conversion can only be de-
termined after the existing mold design is
reviewed. This helps to ensure that a hot-
runner conversion is viable and determine
what modifications need to be made. In some
cases, the complexity of the mold or part may
not allow direct gating with a hot runner. This
situation may require an approach that em-
ploys a hot—cold runner system.

A hot—cold runner system is one in which
a hot runner feeding a cold runner, which in
turn feeds the cavities. This approach sub-
stantially reduces the runner weight and can
provide a more balanced delivery of resin.
The elimination of the sprue and thick feed
runners offers the advantages of smaller shot
size, reduced injection pressure, and possible
cycle savings.

A hot—cold combination may also require
sucker pins and sucker-pin motion to eject
the runner. This can be determined after
the mold design is reviewed. The following
should be weighed when you consider a con-
version:

® Cavity material. The existing cavity may
need to be modified to accommodate the
hot-runner nozzle tip. The existing mate-
rial may not be reworkable; new cavities
or gate inserts may be required.

® Gating style. The gating required by the
part needs to be reviewed to ensure it
can be accommodated. The existing cavity
must provide space to install a hot-runner
probe. The location of the gate may need
to be changed if insufficient space or cool-
ing exists. The type of resin will also be a
factor in the gating style, as some are more
degradable than others.

® Gate cooling. The addition of the hot tip
into the cavity requires a close look at
the cooling in and around the gate to en-
sure that the desired thermal equilibrium
can be achieved to produce consistent-
quality gates.

® Shut height. The hot-runner system may
add to the shut height of the mold. This
needs to be considered along with conver-
sion constraints.

DNA Genotek Inc.
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® Plate movement. Many two- and three-
plate molds use stripper bolts to generate
the ejection force and plate motion during
clamp open. The conversion may eliminate
the need for this by using the machine ejec-
tor plate.

® Machine sequence. The change from a cold
runner to a hot runner eliminates the cold
sprue. The operating sequence on many ex-
isting injection molding machines is to in-
ject, hold, recover, and then decompress.
Recovering with back pressure keeps the
resin in the manifold under pressure. The
screw decompressing afterward tends to
decompress the resin in the barrel, not that
in the hot runner. This type of sequencing
may cause a variation in gate quality.

Computer-aided designs There are dif-
ferent ways of designing hot-runner sys-
tems. Hot-runner manifold systems are di-
vided into externally heated and internally
heated systems on the basis of their method
of design. Expanding on this previously re-
viewed subject, we note that internally heated
systems have melt flowing over or along
the heated mandrel. The dimensions of the
melt channel in this case generally can-
not be clearly defined, since the width of
the gap in the ring channel depends on
the thermodynamic boundary conditions. In
externally heated systems, the melt flows
through a tube to the individual hot-channel
nozzles (Fig. 4-52). Since the runner di-
mensions are precisely defined, the pres-
sure loss in an externally heated system
can be easily calculated using an appropri-
ate CAD software program. An example
is that developed by the Plastics Technol-
ogy Group at U-GH Paderborn in coopera-
tion with Gunther Heibkanaltechnik GmbH
Frankenberg/Eder, Germany (7).

Recognize that there is a distinction bet-
ween naturally balanced and unbalanced hot-
runner systems. A naturally balanced hot-
runner manifold is characterized by flow
channels of the same geometry (channel
lengths, diameters) and, consequently, the
same rate of melt flow from each of the
nozzles. In an unbalanced system, the flow
lengths to the nozzles are different, and they
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Fig. 4-52 Husky 96-cavity hot-runner mold manufactured via CAD/CAM/CAE and used in a stacked

mold system.

can have different diameters. The following
points have to be taken into account in the
rheological design of a runner system:

¢ The pressure loss in the runner system must
be as low as possible.

® So as to avoid dwell-time problems like
plate-out, it is advisable that a particular
limiting shear rate not be exceeded. The
relevant limiting values for various materi-
als are arrived at by experience.

e In systematic design, the channel diame-
ters have upper (plate-out problems) and
lower (pressure loss too great) limits. For
this reason, the diameter that is specified
cannot always be the one that is best rheo-
logically.

¢ The hot-runner system should be built in
the most systematic way possible and also
be usable in different molds (development
of modular systems).

In this connection, it should be mentioned
that the thermal and mechanical layout also
must be built into the systematic overview.
Each hot-runner system can, in principle,
be designed so that the lengths of all flow
channels to a set of cavities are the same. Be-
cause the flow lengths are necessarily long,
there is certainly a large loss of pressure in the
hot-runner system. To reduce pressure loss,
the best policy is to specify large diameters
and short flow lengths to individual injection
points. Such a design procedure results in an

DNA Genotek Inc.
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unsymmetrical system. In order to balance it
for a particular operating point, one possibil-
ity is to adjust the channel diameters so that,
at the operating point, the manifold behaves
like a balanced system with small pressure
loss.

However, determination of the corre-
sponding channel diameters takes quite some
time, since flow impedances over the various
flow lengths have to be calculated. This effort
can be reduced by means of a dedicated com-
puter program for the calculation of pressure
loss and balancing of hot-runner systems.
The program developed by U-GH Paderborn
provides answers to questions such as the fol-
lowing:

e What does the volume-flow distribution of
an unbalanced system look like?

® How much pressure loss is there in the run-
ner system, and where do the greatest pres-
sure losses occur?

e How must the channel diameters of an un-
balanced system be modified to provide a
balanced system at the operating point?

® How does a balanced system behave if
some of the cavities are defective and the
corresponding nozzles blocked?

® How does a balanced system behave if the
operating point is changed (injection rate,
melt temperature, material)?

Not all materials or all parts are equally
adaptable to runnerless molding, so each case
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must be judged individually. Here is a check-
list of considerations:

1. Material. Has it been processed by run-
nerless molding before? What does the ma-
terials supplier recommend? Not all of the
thermoplastics have been molded via runner-
less techniques, and the major problems are
encountered with heat-sensitive materials, in
which the time-temperature relationship can
be a problem. However, with today’s technol-
ogy, even the acrylonitriles and polyethylene
terephthalate are being run successfully on
hot-runner molds.

2. Part. Is the part weight sufficient? With
current technology, a very small part may
not require sufficient material to be purged
through the nozzle tip, and degradation may
occur from excessive residence time in the
heated channel. Does the part require a run-
ner? Forinstance, in the case of a family mold,
it might be desirable to leave the parts to-
gether on a runner system until they reach
the assembly station.

3. Process. Is the viscosity of the material
(nylon, e.g.) such that a positive, drool-free
shutoff is required?

4. Volume. Does the run justify the addi-
tional expense of a hot-runner system? Al-
though there is no firm figure on how much
more runnerless molding will cost than cold-
runner molds, the tooling cost could run 5
to 7% more for standard tooling and appli-
cations and substantially more for nonstan-
dard tooling. The additional mold cost must
be compared with the anticipated savings in
machine hours, scrap, etc.

To clarify a point, the term “runneriess
mold” is a misnomer. With the exception of
a mold with a single cavity that is fed directly
from the machine nozzle, all injection molds
have a runner system. This term originated in
the use of insulated or heated runner chan-
nels in which the resin does not cool and so-
lidify. No plastic is ejected from the runner
channel when the mold is opened and the
mold part ejected. Thus, the term runnerless
is indicative of the absence of scrap from the
runner system; a more accurate expression
would be “runnerless molding.”

DNA Genotek Inc.
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Gates

The gate is given a smaller cross section
than the runner so that the molding can
be easily degated (separated from the run-
ners). The positioning and dimensioning of
gates are critical, and sometimes the gates
must be modified after initial trials with the
mold. Feeding into the center of one side of a
long narrow molding almost always results in
distortion, the molding being distorted con-
cave to the feed. In a multicavity mold, some-
times the cavities closest to the sprue fill first
and the farther cavities later in the cycle. This
condition can result in sink marks or shorts in
the outer cavities. It is corrected by increasing
the size of some gates so that the simultane-
ous filling of all cavities will result.

The location of the gate must be given
careful consideration, if the required prop-
erties and appearance of the molding are to
be achieved. In addition, the location of the
gate affects mold construction. The gate must
be located in such a way that rapid and uni-
form mold filling is ensured. In principle, the
gate will be located at the thickest part of the
molding, preferably at a spot where the func-
tion and appearance of the molding are not
impaired. In this respect, it should be noted
that large-diameter gates require mechani-
cal degating after ejection and always leave
a mark on the product. It is for this reason
that in small or shallow moldings, the gate is
sometimes located on the inside. However,
this necessitates mold release from the direc-
tion of the stationary mold half, which inter-
feres with effective cooling and generally in-
creases mold cost.

Furthermore, the location of the gate must
be such that weld lines are avoided. Weld
lines reduce the strength and spoil the ap-
pearance of the molding, particularly in the
case of glass-fiber-reinforced plastics.

Also, the gate must be so located that
the air present in the mold cavity can escape
during injection. If this requirement is not ful-
filled, either short or burnt spots on the mold-
ing will be the result.

During the mold filling, thermoplastics
show a certain degree of molecular orien-
tation in the flow direction of the melt (as
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Fig. 4-53 Single-gate flow pattern.

previously reviewed), which affects the prop-
erties of the molding. Important factors in
this respect are the location and type of the
gate (Figs. 4-53 and 4-54).

The flow is largely governed by the shape
and dimensions of the article and the loca-
tion and size of the gate(s). A good flow will
ensure uniform mold filling and prevent the
formation of layers. Jetting of the plastic into
the mold cavity may give rise to surface de-
fects, flow lines, variations in structure, and
air entrapment. This flow effect may occur if
a fairly large cavity is filled through a narrow
gate, especially if a plastic of low melt viscos-
ity is used.

Jetting can be prevented by enlarging the
gate or locating the gate in such a way that
the flow is directed against a cavity wall.

The hot plastic melt entering the cavity so-
lidifies immediately upon contact with the
relatively cold cavity wall. The solid outer
layer thus formed will remain in situ and
forms a tube through which the melt flows

on to fill the rest of the cavity (Fig. 4-55).
This accounts for the fact that a rough cav-
ity wall adds only marginally to flow resis-
tance during mold filling. Practice has shown
that only very rough cavity walls (i.e., sand-
blasted surfaces) add considerably to flow re-
sistance.

For gate type and location, the points
where two plastic flow faces meet must also
be taken into consideration. If in these places
flow comes to a standstill, which may be the
case for flow around a core, premature cool-
ing of the interfaces may cause weak weld
lines. Although in practice sufficient strength
may be obtained in such cases by good mold-
ing venting, high injection speed, and proper
polymer and mold temperatures, the weld
line can only be eliminated entirely by ring
gating. Partial improvement is provided by a
design in which the weld line has been shifted
to a tab on the molding. This tab must be re-
moved later, a step that involves additional
cost, unless it is included in the design.

Fig. 4-54
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Multiple-gate flow pattern.
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Fig. 4-55 Examples of different gate types.

Weld lines may also be formed at places
where the plastic flow slows down, for exam-
ple, at a place where wall thickness increases
suddenly. In grid-shaped articles, weld lines
are mostly inevitable. By correct gate loca-
tion, the plastic flows may be arranged so
as to meet on an intersection, in which case
the plastic continues to flow, so that better

DNA Genotek Inc.

Spectrum Solutions LLC

strength is obtained than if the weld line were
situated on a bar between two intersections.

The following gate types are usually em-
ployed, and each has its own advantage for
application (Fig. 4-55):

1. Direct gate. For single-cavity molds
where the sprue feeds material directly into
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Fig. 4-56 Example of a pinpoint gate tip.

the cavity, a direct gate is applied. A stan-
dard bushing, bushing for an extended nozzle,
or heated bushing may be used. Good rapid
mold filling occurs.

2. Pinpoint gate. Generally used in three-
plate and hot-runner mold construction, this
provides rapid freeze-off and easy separation
of the runner from the part (Fig. 4-56). The
size of such gates may be as great as % in.,
provided that the part will not be distorted
during gate breaking and separation. A fur-
ther advantage of pinpoint gating is that it can
easily provide multiple gating to a cavity (for
thin-walled parts), should such a move be de-
sired for part symmetry or balancing the flow.
It also lends itself to automatic press opera-
tion if the runner system and parts are ar-
ranged for easy dropoff. For a smooth and
close breakoff, it is best to have the press
opening at its highest speed at the moment
when the plates causing the gate to snap are
separating.

3. Submarine (tunnel) gate. Often used in
multicavity molds, this type degates automat-
ically, so it is particularly suitable for au-
tomatic operation. For multiple cavities, an
angular gate entrance requires special care
in machining during moldmaking, in order to
ensure uniformity of the gate opening and
consistency in the angular approach for a
balanced runner system. The angle of ap-
proach is determined by the rigidity of ma-
terial during ejection and the strength of the
cavity at the parting line affected by the gate
(Fig. 4-57). A flexible material will tolerate
a greater angle of entrance than a rigid one.
The rigid material may tend to shear off and
leave the gate in place, thus defeating its in-
tended purpose. On the other hand, the larger
angle will give greater strength to the cavity,

DNA Genotek Inc.
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Fig. 4-57 Example of a tunnel gate.

whereas a smaller angle may yield a cleaner
shearing surface.

4. Tab gate. This gate is used in cases where
it is desirable to transfer the stress generated
in the gate to an auxiliary tab, which is re-
moved in a postmolding operation. Flat and
thin parts require this type of gate.

5. Edge gating. Edge gating is carried out at
the side or by overlapping the part. It is com-
monly employed for parts that are machine-
attended by an operator. Normally, it is pos-
sible to remove the complete shot with one
hand and in a rapid manner. The parts are
separated from the runner system by hand
with the aid of side cutters or, if an appear-
ance requirement demands it, by such auxil-
iary means as sanders, millers, grinders, etc.
‘When degating is performed with the aid of
auxiliary equipment, it becomes necessary to
construct holding devices.

6. Fin or flash gate. This gate is used when
the danger of part warpage and dimensional
change exists. It is especially suitable for flat
parts of considerable area [over 3x3 in. (7.6 x
7.6 cm)].

7. Diaphragm-and-ring gate. This gate is
used mainly for cylindrical and round parts
in which concentricity is an important dimen-
sional requirement and a weld line is objec-
tionable (Fig. 4-58).
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8. Internal ring gate. This gate is suit-
able for tube-shaped articles in single-cavity
molds.

9. Four-point gate (cross gate). This is also
used for tube-shaped articles and offers easy
degating. Disadvantages are possible weld
lines and the fact that perfect roundness is
unlikely.

10. Hot-probe gate. This may also be called
an insulated runner gate and is used in run-
nerless molding. In this type of molding, the
molten plastic material is delivered to the
mold through heated runners, thus minimiz-
ing finishing and scrap costs.

Gates should always be made small at the
start; they can easily be made larger but can-
not so easily be reduced in size. Gate dimen-
sions are important. Since the pressure drop
in a system is proportional to the length of the
channel, the land length of the gate should be
as short as possible, but the strength of the
metal may be a limiting factor, as may its ma-
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chining method (with EDM, a razor edge can
be used). On the average, 0.040 to 0.060 in.
(0.10 to 0.15 cm) is a suitable length. The
cross-sectional area for thin wall parts gen-
erally has a width and height of 50 to 100%
of the runner cross section. (An example of
a gate for thicker walls is shown in Fig. 4-59.)
Equations are available for determining gate
sizes of different shapes based on the plastic
shear rate and volumetric flow rate.

When cavities are of different shot weights,
the gate size of one cavity may be established
arbitrarily as follows:

¢ For round gates:

W 1/4
b =d (Wj)

® For rectangular gates (if we assume gate
width is constant):

Wy \ 13
th=~8h Wl

where d; = gate diameter of the first
cavity (in. or cm)
d, = gate diameter of the second
cavity (in. or cm)
11 = depth of gate in first cavity
(in. or cm)
t; = depth of gate in second
cavity (in. or cm)
Wi = weight of first cavity
component (oz or g)
W, = weight of second cavity
component (oz or g)

0.016R
Parting line

Land—e —=—
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4 |
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Fig. 4-59 Example of gate detail requirements.
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Selecting hot-runner gates Hot runners
offer a number of different gating styles, de-
pending on plastic selection and the part de-
sign:

1. Valve gating uses a valve stem to pro-
duce mechanical shutoff at the gate, as op-
posed to pneumatic activation. With valve
gating the gate size is normally larger and al-
lows easier fill, creates less molded-in stress,
allows for quick color changes, and is less
likely to plug.

2. Hot tip is the most common style. It
places a heated probe at the gate, supplying
sufficient heat to keep the cold slug close to
melt temperature and remelt it prior to injec-
tion.

3. Thermal gates deliver the plastic to the
vicinity of the part and usually leave a cold
sprue.

4. Edge gating allows gating on the side of
a part, similar to a tunnel or submarine cold-
runner gate. This type of gate shears itself off,
leaving only a small mark.

Because the plastic structure characteris-
tics of plastics vary considerably according to
their crystallinity, thermoplastics are classi-
fied into the two main categories of crystalline
and amorphous (Chap. 6). In the liquid phase,
all are considered to be amorphous. Crys-
talline materials, during solidification, attain
a degree of crystallization that is dependent
on the processing parameters (time, pres-
sure, and temperature) and that has a major
effect on physical properties (100). Amor-
phous materials do not crystallize during so-
lidification under any processing conditions.
Figure 4-60 shows that in a crystalline ma-
terial, the change between solid and liquid
phases is sudden and easily discernible. In an
amorphous polymer, the phase change is not
so readily apparent, as the material remains
in a softened state over a wide temperature
range.

The temperature window available for
processing crystalline thermoplastics is then
much narrower than for amorphous mate-
rials. This can be calculated from Table 4-8,
where the various molding parameters of
amorphous and crystalline plastics are com-
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TC: Crystalline melting point
TG: Amorphous glass transition
temp
TL: Temperature material
completely liquid
Fig. 4-60 Example of differences in the process-
ing temperatures of crystalline and amorphous
plastics.

pared, including mold, average melting, and
processing temperatures. The range below
the processing temperature over which the
plastic remains a liquid is determined by
subtracting the average melting tempera-
ture from the hot-runner processing temper-
ature. For example, let TD = (hot processing
temperature-average melting temperature).
Then for ABS we have TD=250°C-—
110°C = 140°C, and so on:

Amorphous

ABS: TD = 140°C
SAN: TD = 140°C
PSU: TD = 115°C

Crystalline

PA 6: TD = 30°C
POM: TD = 10°C
PPS: TD == 40°C

This temperature difference isimportant in
determining the style of gate, as it affects the
rate of heat transfer required to optimize fill-
ing conditions under the shortest possible cy-
cle time. The gate is a necessary evil. If it were
possible, molding without gates would yield
significantly better parts. The important ac-
tion of the gate, as reviewed, is that it opens to
let the plastic melt squeeze through and into
the cavity. It closes once the cavity is prop-
erly filled. It must not only permit enough
material to enter and fill the cavity, but also
must remain open long enough to allow extra
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Fig. 4-61 Example of a hot-runner gate: 1, hot-
runner nozzle; 2, heating element; 3, nozzle seal;
4, melt flow channel; 5, air gap insulation; 6, mold
cooling; 7, mold cavity; 8, gate; 9, mold steel;
10, thermocouple (in copper pocket); T1, hot run-
ner (processing) temperature; T2, gate-area tem-
perature; T3, mold temperature.

plastic to accommodate shrinkage. (For ex-
ample, nylon 6/6 has a volume contraction of
about 8%.)

The opening and closing of the gate are,
one way or another, thermally controlled.
This includes mechanical shutoff gating, or
valve gating, which is successful only because
heatis transferred out of the pin, lowering the
gate temperature. The thermal control of gate
solidification is difficult and time-dependent.
Figure 4-61 shows that the greatest upward
pressure on the temperature occurs in the
gate area identified as T2 in the nozzle. The
nozzle is electrically heated and controlied,
with its temperature set at the processing
temperature. The mold cavity walls are set
at a lower temperature (T3) and must not
be affected by the heated nozzle, but ther-
mally controlled by means of sufficient mold
cooling.

In Fig. 4-62, consider the gate area to be
in a state of thermal equilibrium, with no
flow through the gate. In this example, the
steady-state temperature of T2 is TS. It can
be maintained at a specific level by provid-
ing a constant flow of heat from the nozzle to
the mold cooling channel. It is the function
of mold cooling to control the rate of heat
transfer from not only the plastic, but also
the hot-runner nozzle.

DNA Genotek Inc.
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In the steady-state condition, the nozzle is
the only heat source to the gate area that el-
evates TS above the mold temperature T3.
This is represented by ATN in Fig. 4-62. The
thermal gradient between two locations can
be expressed by the following equation:

QoL

AT =—
KA

where Q = rate of heat flow
K = thermal conductivity

A = cross-sectional area
L = length of the heat-flow path

Under steady-state conditions, Q, L, and
the gate diameter are constant. Therefore,
the thermal gradient between the gate TS and
nozzle T1 is a function of the following:

1. Mold-to-nozzle contact area. To maxi-
mize thermal separation, the contact area A
must be minimized.

2. Thermal conductivity of nozzle seals and
nozzle tips. For a large thermal gradient, the
thermal conductivity K of the seal or tip must
be low. The gate material should have a high
K to give adequate heat flow from the ma-
terial in the gate. This results in short cycle
times.

As plastic begins to flow, rheological influ-
ences destroy thermal equilibrium. First, as
the thermoplastic is forced through the gate,
its velocity increases, causing a corresponding
rise in both shear rate and kinetic energy; the
smaller the gate, the greater these increases.
Some of this kinetic energy is transformed
into heat, which raises the local gate area tem-
perature T2.

Second, T2 increases because of contact
with the hot polymer melt flowing from the
nozzle runner channel. Therefore, the tem-
perature rise is a function of flow rate and
velocity, as well as the diameter of the gate.

These two transient rheological influences
create a rise in gate temperature T2 by an
amount TA. The total increase in the gate
temperature occurring during injection must
not place T2 above the point at which thermal
degradation could occur. Also, the tempera-
ture must not drop so far below the point at
which the gate becomes plugged that normal
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Fig. 4-62 Example of a process diagram showing processing conditions of crystalline and amorphous

plastics in the gate area with temperature changes.

injection pressures cannot easily remove the
plug with the next shot.

Selecting processing conditions for hot-
runner gates A careful study of the gate-
temperature-vs.-time graph (Fig. 4-62) makes
it clear that different gating techniques are re-
quired to process amorphous and crystalline
plastics. It shows that ATN(C) > ATN(A).
A steady transfer of heat takes place be-
tween the hot-runner nozzle and mold cool-
ing (129). This action establishes an elevated
steady-state gate temperature (TS = T3 +
ATN). It is essential that the hot-runner noz-

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

zle end supply more heat to the gate area for
crystalline than amorphous types, giving crys-
talline much higher steady-state gate temper-
atures, that is, TS(C) > TS(A). Figure 4-62
also shows that ATA(C) « ATA(A). Thus,
additional heat is added to the gate via rhe-
ological influences, during injection, raising
T2 by ATA. It is therefore essential that gate
cooling for amorphous plastics be highly effi-
cient, in order to dissipate the high heat gen-
erated during injection.

With poor cooling during this phase of
molding, cycle times may be unacceptably
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Valve gate 'C’

- Amorphous materials, fast cycle

- Cold steady state gate temperature
-In general: TD>100

- Examples: SAN, ABS, PS

Sprue gate'E’

- With valve pin: valve gate ‘E'

~ Amorphous or crystalline materials

- Elevated steady state gate tempera-
ture

-In general: 100>TD>50

- Examples: PETP, PBTP, PC,

I:iot gate

- With valve pin: hot valve gate

- Crystalline materials

- Hot steady state gate temperature
- In general: TD<50

- Examples: PA 6, POM, PEEK

TD = Processing temp-avg melting
temp

Fig. 4-63 Examples of heat transfer situations of the sprue gate.

lengthy. It is possible that no solidification
will occur in the gate, resulting in stringing
or drooling. However, if cooling in the gate
area is too powerful for crystalline plastic, it
is possible that the gate will freeze off prema-
turely, resulting in short shots and inadequate
packing.

Gate size is also an important considera-
tion. Small gates generate more heat, solid-
ify more quickly, and are easier to degate.
This is advantageous in the processing of
amorphous plastic because of the low ATN
and high ATA required during injection.
Conversely, the required high ATN and low
ATN necessitate a larger gate diameter for
crystalline plastics. The example in Fig. 4-63
shows a hot gate specifically designed for the
processing of crystalline plastics. Its rather
massive nozzle end conducts heat away from
the nozzle directly into the immediate gating
area and provides the advantageous elevated

DNA Genotek Inc.
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temperature environment at the gate, that is,
alarge ATN.

Valve gate C (Fig. 4-63) was designed for
the fast cycle processing of amorphous mate-
rials. Heat transfer from the nozzle tip is min-
imized by maintaining a plastic film around
the nozzle tip, providing excellent thermal in-
sulation between nozzle and gate steel. The
absence of metal-to-metal contact results in
the quick gate solidification required for dis-
sipating a large ATA.

Many more gating methods, as explained
by Mold Masters, Ltd., are available in the
hot-runner industry. Another example is the
sprue gate E (Fig. 4-63). These different ver-
sions provide suitable thermal behavior in the
gate area to satisfy the wide range of process-
ing requirements. In addition, the large quan-
tity of gating methods allows the end user to
select the style of gate mark that remains on
the part. It is important to appreciate that
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if the incorrect gate as well as other hot-
runner components is used, processing prob-
lems usually exist that make it difficult to
mold parts or extend the cycle time. Many of
the past and present problems for mold de-
signers of hot-runner systems have involved
their inability to recognize that there are
gates (etc.) which can only function certain
ways.

Gate summary

Mold gate blush This is associated with
melt fracture around the gate from stresses
caused by process conditions or mold geom-
etry. It is a blemish or disturbance in the
gate area. To eliminate or reduce this prob-
lem, raise melt temperature, reduce injection
speed, check gate for sharp edges, enlarge
gate, and check that the runner system has
a cold-slug well.

Mold gate, diaphragm A gate used in
molding annular or turbular parts. The gate
forms a solid web across the opening of the
part. It is also called a disk gate.

Mold gate, direct A gate that has the
same cross section as that of the runner.

Mold gate, fan An opening between the
runner and mold that has the shape of a fan.
This shape helps reduce stress concentrations
in the gate area by spreading the opening over
a wider area.

Mold gate, flash This is usually a long,
shallow rectangular gate extending from a
runner that runs parallel to an edge of a
molded part along the flash or parting line
of the mold.

Mold gate location The location of the
gate must be given careful consideration, if
the required properties and appearance of
the molding are to be met. In addition, the lo-
cation of the gate affects mold construction.
The gate must be located in such a way that
rapid and uniform mold filling is ensured. The
gate must be so located that the air present in
the mold cavity can escape during injection. If

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

287

this requirement is not fulfilled, either short
or burnt spots on the molding will be pro-
duced.

The gate should be located at the thick-
est part of the molding, preferably at a spot
where the function and appearance of the
molding are not impaired. However, the
large-diameter gates require mechanical de-
gating after ejection and always leave a mark
on the product. With small or shallow mold-
ings, the gate is sometimes located on the in-
side. However, this necessitates mold release
from the direction of the stationary mold half,
which interferes with effective cooling and
generally increases mold cost.

Mold gate mark A surface discontinuity
on a molded part caused by the gate through
which material enters the cavity.

Mold gate, pinpoint A restricted orifice,
0.030 in. (0.76 mm) or less in diameter,
through which melt flows. This small gate
minimizes the size of the mark left on the
molded part. The gate breaks clean when the
part is ejected. Sometimes referred to as a
restricted gate.

Mold gate, restricted See Pinpoint gate.

Mold gate, ring Used on cylindrical
shapes, this gate encircles the core to per-
mit the melt to move around the core sym-
metrically before filling the cavity, prevent-
ing weld line. There are external and internal
ring gates in respect to the cavity.

Mold gate scar Most mold designs start
out using a small gate(s). If the gate size is
too large, scars in the gate area can occur.
However, larger sizes permit faster fill and
cycle time.

Mold gate size Gate size has a tremen-
dous effect on the success or failure of at-
tempts to produce high-quality parts eco-
nomically. Plastic is a viscous liquid. The
cooler the plastic, the more viscous it be-
comes. The more viscous it becomes, the
more difficult it is to move it though very
small gates. High injection pressure is then
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Fig. 4-64 Mold gate strains that can develop.

needed. The higher the injection pressure,
the smaller the total area of the mold must
be; otherwise, the pressure will result in flash
(for TP and TS plastics).

Gate size is usually the critical factor that
dictates the final mold-filling speed. Reduc-
ing melt viscosity by raising the melt tempera-
ture increases the mold filling rate, since there
is less pressure drop across the gate. How-
ever, this can increase cycle time, since the
heat put into the material must be removed in
the mold. Although decreasing mold temper-
ature helps achieve faster cycle times, it also
requires additional injection pressure, which
affects the clamp tonnage (depending on the
projected filling area of a mold).

Mold gate, spider Refers to multigating
of a part through a system of radial runners
from the sprue.

Mold gate strain Figure 4-64 shows the
effects of gating methods on molding strains.

Mold gate, submarine A type of edge
gating where the opening from the runner
into the mold is located below the parting
line or mold surface. In the more conventual
edge gating (as well as others), the opening
is machined into the surface of the mold on
the parting line. With submarine gates, the
molded part is cut (by the mold) from the
runner system on ejection from the mold. It
is also called a tunnel gate.

Mold gate, tab A small removable tab
of approximately the same thickness as the
molded part, usually located perpendicular
to the item. It is used as a site for edge gating
location on parts with large flat sections. It
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also can be used as a site for gating, so that if
any unacceptable blemishes appear, they will
be on the tab, which is cut off (Fig. 4-64).

Mold gate types Figure 4-65 illustrates
some gates with special descriptions; for ad-
ditional gate illustrations, refer to Fig. 4-55.

Mold gate, valve VGs are used in injec-
tion molds and provide a wider processing
window of operation and better product qual-
ity, eliminate gate freezing, and are cost-
effective. Although it has been problematic,
the VG is a matured device providing con-
sistently reliable and productive processing
of products ranging from commodity items
to highly specialized components. A VG is a
type of hot-runner gating system that uses a
valve, usually a pin, to mechanically open and
close the gate orifice. An actuating mecha-
nism coordinates the movement of the pin
with the molding cycle. To begin injection,
the pin is retracted, opening the valve. After
injection, the pin moves forward to close the
valve for part cooling and ejection. The pin
and its actuation mechanism are usually an
integral part of the hot-runner nozzle. A wide
variety of approaches to actuating the valve
have been developed, including springs, ad-
justable air cushions, mechanical cams, pneu-
matic and hydraulic pistons, and designs that
harness the injection pressure in the melt to
actuate the valve(s).

Indemanding molding applications that re-
quire packing plastic into molds to provide
precise part weight and tolerances, the pin is
actually driven into semisolidified gates. As
long as the temperature is accurately con-
trolled in the gate area, the gate is prop-
erly sized, and the closing is properly timed,

Exhibit 2029 Page 95
IPR2023-01424



4 Molds to Products

289

eleeXo X0

SIDE GATE

Part '\ Gate Part

!lﬁunnﬂr
Straight Edge |
Gate

Fan
Qate

FAN GATE DOUBLE SIDE GATE

RING GATE DIAPHRAGM GATE SPRUE GATE
Part -L ~Gate
iﬂum“ f' Runner
’- Submarine
Gate

- Land

CT:@

CF

}Sprue

Runner 5 [ Runner

Tab~, ek P’“X 1 ~Gata ﬂ . Part
Tab Pin Point é Center ’
Gate Gate Gate

Fig. 4-65 Schematics of gates with cavities.

the valve will be closed by the action of the
pin pushing through the soft core of plastic.
This will close the gate precisely, without the
risk of pin or gate damage. Regardless of the
material used in any VG processing applica-
tion, the gate must never be allowed to solid-
ify (freeze) before the valve is mechanically
closed. Otherwise, gate cosmetics will suffer
and the gate itself may be damaged. The clos-
ing of the pin must always be accomplished
above the melting point of a crystalline plas-
tic, or well above the softening point of an
amorphous plastic.

Correcting Mold Filling Imbalances in
Geometrically Balanced Runner Systems

Flowimbalances in geometrically balanced
runner systems have historically been at-
tributed to variations in mold temperature
and/or mold deflection. Through a series of
molding trials and finite-element analysis, it
has been proven that these imbalances re-
sult from nonsymmetrical shear distribution
across the runner during injection. The resul-
tant variations between cavities during mold-
ing include pressure, melt temperature, and
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mechanical properties of the molded parts.
These effects can be significant, particularly
when fine tolerances and tighter quality con-
trol are required. They further complicate
the process settings, material, runner layout,
and runner diameter. Hot-runner molds ex-
perience the same laminar flow and high-
shear conditions as cold-runner molds. In ad-
dition the outer surfaces of the hot runner are
heated by the runner manifold system, which
can create additional variations across the
flow channel. The following information (90)
is a 1999 abstract on this subject by John P.
Beaumont (Beaumont Runner Technologies,
5091 Station Rd., Erie, PA 16563, tel. 814-899-
6390, www.meltflipper.com).

This review identifies an important means
to expose the mold gremlin that has haunted
the molding industry for decades. With the
simple five-step process described, a mold-
builder can clearly distinguish the source of
variations found in a new or older mold. This
can potentially eliminate the traditional time-
consuming and costly process of repeatedly
modifying gate, runner, and cavity sizes. The
method described for diagnosing mold varia-
tions depends on the ability to recognize the
multiple flows that exist in what was once
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thought to be a naturally balanced runner
system.

Shear-induced flow imbalances, developed
in all multicavity molds utilizing the industry-
standard naturally balanced runner systems,
were not even identified or explained until
late in 1997. These flow imbalances can be
significant and now have been found to be
the largest contributor to product variation
between cavities. The understanding of this
phenomena has not only led to the develop-
ment of the Melt Flipper but has also pro-
vided a means for molders and moldbuilders
to more clearly anticipate cavity to cavity
variations and isolate their cause. The tech-
nique for isolating mold variations that is pre-
sented begins by isolating the cause of part
variations into the two broad categories: ex-
ternal or internal to the mold.

External-to-mold influences on product
variations can be expected to result primar-
ily from variations in the plastic materials or
the process. Such influences can be isolated
by comparing parts produced within the same
cavity over an extended run, or from run to
run. If the external-to-mold factors (material
and process) were identical, a part produced
within a given cavity should be identical ev-
ery time it is molded. The exception would be
effects of mold wear on cavity or gate geom-
etry that might occur over time. Variations
in material can result from variations in the
material as provided by the supplier or to
the blending of regrind or other additives by
the molder. Material variations can include
factors such as molecular weight, molecular-
weight distribution, and variations in additive
percentages and distribution.

Potential process variations that can occur
are almost too numerous to mention. Some
of the more obvious include material dry-
ing, melt temperature, injection rates, pack
pressure, pack time, mold coolant tempera-
ture, and flow rate. Additional variations be-
tween shots can be tied to atmospheric con-
ditions (temperature and humidity) and the
human inconsistencies introduced by the op-
erator. The sensitivity of part size, weight,
and mechanical properties is effected by so
many variables that it is unreasonable to ex-
pect exact duplication of a part from shot to
shot.
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Internal-to-mold variations is generally
those attributable to the moldbuilder. These
can be found by comparing the parts pro-
duced from different cavities within a single
shot. Differences in parts produced within a
single shot are clearly distinguishable from
the shot-to-shot variations created by the ex-
ternal influences. Averaging the variations
occurring between a given cavity over two
or three shots virtually eliminates the poten-
tial variations due to temporary clogging of
a gate by an unmelted pellet, to contami-
nants, etc.

The variations created within a given shot
can be further broken down into three sub-
categories. Despite the geometrical balance,
in what have traditionally been referred to
as naturally balanced runner systems, it has
been found that these runners can introduce
a significant variation into the melt condi-
tions delivered to the various cavities within
a multicavity mold. These variations can in-
clude the subcategories of melt temperature,
pressure, and material properties. What must
be recognized is that conventional geometri-
cally balanced runners actually create multi-
ple flows much like the old tree-branching-
type runner. These in turn produce multiple
families of parts in the mold. There are nor-
mally two flows in an 8-cavity mold, fourin a
16-cavity, eight in a 32-cavity, etc.

It is important to be able to identify the
different flows that exist in a geometrically
balanced runner. The flow fed by the outer
laminates of the primary runner is typically
the dominating flow. Parts produced from this
flow are typically larger and heavier. In a
mold with two flows, the outer branching flow
is fed by the center laminates of the primary
runner. If there are more than two flows, asin
a 16- or 32-cavity mold, only the dominating
flow is obvious. The remaining flows are all
fed from inner laminates of the primary run-
ner, and it becomes less obvious which will
progressively become subordinate flows. The
numbering of these flows is therefore more
arbitrary. In a mold with parting-line injec-
tion, a typical 4-cavity mold will have two
flows, an 8-cavity mold will have four flows, a
16-cavity will have eight flows, etc.

Once the flow-induced variations have
been identified, one can isolate the variations
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produced by the physical makeup of the
mold. These are variations that would occur
within a given shot, and they can be com-
pared. As parts within a given flow and given
shot should be identical, any measurable dif-
ferences between parts can only result from
variations in the physical makeup of the mold
and the cooling of the mold. These part vari-
ations can be caused by the runner layout;
differences in the size of cavities and gates,
in runner lengths, and in runner diameters;
venting, etc.

Variations between cavities within a given
shot can also be caused by variations in the
cooling between the different cavities. This
variation would result from the circuit net-
working or water flow rate. The network
could cause different amounts of water to be
delivered to each cavity or the accumulation
of heat in the water as it flows through the cir-
cuit. The largest effects of cooling differences
between cavities occur during packing and
cooling phases of the molding cycle. These
effects might include surface finish, shrink,
and warp. This conclusion comes from studies
that show that mold temperature has a mini-
mal effect on mold-filling imbalances. There-
fore variations in mold temperature would
have a minimum impact on the weights of
samples molded from partially filled cavities
(no packing stage). These partially molded
parts are formed with only a filling phase.
The shear-induced flow imbalance and di-
mensional variations in the mold steel are
therefore the only possible causes of any vari-
ation in weights.

The best method for isolating variations in-
troduced within the mold is to compare the
weight of short-shot-molded parts from each
cavity. An additional benefit of the short-shot
method is that it helps separate out any cool-
ing variations between cavities. If there is an
imbalance created by any variations in the
mold, it will be clearly evident. For exam-
ple, an imbalance that causes a cavity to fill
20% sooner than another cavity will be evi-
dent by comparing the weight of short-shot-
molded parts from each cavity. The leading
part should be approximately 20% heavier. If
on the other hand you allow the cavities to fill
completely and fully pack out, the difference
between parts will be masked by the smaller
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difference in cavity weights and thereby more
difficult toisolate. In the fully packed-out cav-
ity, the leading flow will fill the first cavity and
the remaining flows will eventually fill their
cavities one by one. The parts will then be
packed out under a high pressure. When the
parts are then weighed and compared, their
difference will be minimized and may be less
than 0.2%.

Hot-runner molds complicate the task of
isolating molding problems, as variations be-
tween parts, both shot to shot and within
a given shot, can be introduced by tem-
perature variations in the manifold and hot
drops. Temperature variations between the
drops and along the manifolds would result
in variations between cavities during a sin-
gle shot. This has been characterized earlier
as an internal-to-mold variation. However,
the temperature within these same regions
(drops and manifold) can drift with time,
which will cause shot-to-shot variations. This
has been characterized earlier as an external-
to-mold variation. Therefore the hot man-
ifold introduces both internal-to-mold and
external-to-mold variation. This combined
effect makes it more difficult to isolate the
variations created by steel dimensions and
shear-induced flow imbalances.

Isolating Mold Variations
in Multicavity Molds

Studies were performed on over twenty
molds to evaluate the best technique for iso-
lating cavity-to-cavity variations in multicav-
ity molds. These studies were based on data
collected from current production molds and
several test molds from Pennsylvania State
University’s plastics processing lab in Erie.
The simple five-step process was developed
from these studies, for which much of the de-
tailed procedure and data have been docu-
mented. The following procedure assumes a
geometrically balanced runner design.

Step 1 concerns mold samples. For a given
mold, the plastic material should be con-
ditioned per supplier specification and the
process established per normal procedure. If
there is no history of running the mold, con-
sider finding the fill rate by generating a curve
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of relative viscosity vs. relative shear rate, us-
ing your molding machine, as described by
John Bozzeli (117). This method identifies the
injection molding velocity from the lowest
pressure to fill. Having established a reason-
able process for this mold, reduce the screw
feed and set the hold pressure and hold time
to the minimum value that the process con-
troller permits (zero where possible). Screw
feed should be reduced until the best-filling
cavity in the mold is about 80% full. That
cavity will reduce the potential of hesitation
effects or venting issues from masking the im-
balance. The original injection rate should re-
main constant.

Step 2 involves collecting all the molded
parts from a single shot and weighing them
individually. This can be done immediately,
as the samples do not need to be conditioned.

Step 3 involves identifying the parts mold-
ed from flow 1 (4 parts in molds with eight or
more cavities. 2 parts in a four-cavity mold).
Contrast the weights of these parts with each
other to determine the variation resulting
from dimensional differences in the mold
steel.

Step 4 involves identifying each of the
other flows and repeating step 3. This will iso-
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late the effect of the dimensional variations
in the mold steel on each of these flow groups.

Step 5 involves identifying the parts mold-
ed from flow 1 and determining their average
weight. Contrast this with the average weight
of the four parts molded from flow 2. The dif-
ference is due to the shear-induced variation
created within the runner. This variation is
independent of dimensional difference in the
mold steel.

Detailed studies on several molds indicate
that it is best to contrast weights of parts
when the best-filling cavities (flow 1) are be-
tween 80 to 90% full. The actual percentage
is dependent on the part geometry, gating,
and venting. However, for simplicity, it is sug-
gested to contrast the part weight between
the various cavities when the best-filling cav-
ities are 80% full. There will be some cases
where this may be difficult due to the require-
ment of ejecting the molded part.

Mold Components
The following information is a guide re-

garding some of the many components in
molds (Figs. 4-10, 4-11, and 4-66). Also the
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reader is referred to the section on Preengi-
neered Molds at end of this chapter, which
also addresses components. In the large
single-cavity molds, the entire cavity and core
plates usually form the mold cavity. In smaller
and multiple-cavity molds, core and cavity in-
serts are mounted on or in the various plates
of the mold base. When various components
are mounted on a plate, the plate may be
called a yoke or chase. A simple method is to
mount a cavity directly to the clamping plate
with screws and dowels. Generally, two dowel
pins are used, spaced far enough apart to pre-
vent any twisting of the mating mold cavities.
Two or more cap screws hold the cavity spac-
ing firmly to the clamping plates.

More often, cavity blocks are retained in
pockets machined in the mold plates. There
are types such as the window pocket, window
pocket with counterbore, blind pocket, chan-
nel shape, and circular pockets. Cavity blocks
that are in square or rectangular pockets will
not turn during the molding process. Blocks
mounted in circular pockets must be locked
to keep them from turning. Sprue bushings
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are locked to keep the runners in the sprue
bushing and runner plate aligned. Ejector
pins that eject at an irregular surface of the
part must also be keyed. Figure 4-67(a) illus-
trates a method of locking sprues, circular
blocks, pins, etc., using a dowel pin as a key.
Figure 4-67(b) shows a square piece of key
stock used as the locking device. This type is
not used to lock sprue bushings. Figure 4-68
illustrates the use of the pointed set screw as
alock.

Ejector Systems

The conventional mold ejector system
moves between the clamp plate and support
plate in a space provided (Figs. 4-69 and 4-70).
The ejector plate and pin plate are guided by
return pins that ride on bearing surfaces in
the support plate and core plate. The ejector
plate carrying the ejector pins must move
freely in the mold. In order to reduce undue
friction, clearance is provided in the support
plate, core, or cavity blocks to within 21 to
3timesthe pindiameter of the parting surface.
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The number and location of the ejector
pins are determined by the size and shape of
the piece part. Most mold bases use four or
more return pins, one of which is offset so the
ejector unit can be assembled into the mold in
only one position. The clearance holes in the
support plate, core plate, and core block are
drilled larger than the diameter of the ejec-
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Fig. 4-69 Example of ejector system used in a
two-plate mold.
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Fig. 4-70 Example of ejector system used in a
three-plate mold.

tor pins. The same clearance is provided for
the sprue puller pin. The holes in the ejec-
tor retainer plate are drilled larger than the
diameter of the ejector pins. The ejector re-
tainer plate is counterbored larger than the
diameter of the head of the ejector pin. This
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counterbore is deeper than the height of the
pin head. Minimum clearance should be pro-
vided between the rail and side of the ejec-
tor unit. If pillars are used, the holes drilled
through the ejector unit should allow 0.06 in.
(0.15 cm) of clearance per side. Pillar sup-
ports are machined higher than the height of
the parallels.

Sticking in a mold often is related to the
elasticity of steel. When the injection pres-
sure is applied to the molten plastic, the steel
of the mold deforms. When the pressure is
relieved, the steel will return to its original
position and then act as a clamp on the plas-
tic. Additionally, packing causes sticking by
increasing even more the adhesive forces be-
tween the plastic and mold. Very often, a
reduction of the injection pressure and/or
the injection forward time will eliminate the
problem. Packing is also common in mul-
ticavity molds where the individual cavities
do not fill equally. One cavity will seal off
first, and the material intended for that cav-
ity will be forced into other cavities, causing
ovetfilling.

Ejector mechanisms Ejector pins are
made either from H-11 or a nitriding steel.
They have a surface hardness of 70 to 80 Rc,
to a depth of 0.004 to 0.007 in. (0.010 to
0.018 cm). The inside core is tough. The
heads are forged and annealed for maximum
strength, and they are honed to a fine fin-
ish. They come in fractional and letter-size
diameters, each being available in a 0.005-in.
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View of ejector (KO) pins, ejector plates, and stripper pin and sleeve.

(0.013-cm) oversized pin. They are used when
the knockout holes in the cavity or core are
worn and flash occurs around the pins. The
right side of Fig. 4-71 shows the way a knock-
out pin (L) is mounted. The ejector plate is
drilled and countersunk. The pins are held
in by screwing the ejector retainer plate (J)
to the ejector plate (G). The ejector pins,
ejector sleeves, sprue puller, and return pins
are all located in this plate. This construc-
tion facilitates assembly of the mold because
the pins can be entered one by one into the
cavity plate. It is often difficult to assemble
large molds with a great number of ejector
pins if the construction does not allow the
pins to be inserted individually. This construc-
tion also makes it possible to remove one or
two knockout pins without removing all of
them.

There is nearly always a slight misalign-
ment between the holes and cavity plate and
the ejector plate. Therefore, it is important to
leave a clearance of from 611 to 512 in. (0.04 to
0.08 cm) around the heads of the pins and at
least 0.002-in. (0.005-cm) clearance at K. This
will permit the pins on the counterbore to find
their proper location when the mold is assem-
bled. Return pins should be used only to re-
turn the knockout plates, not to guide them.
The knockout plates should be on their own
leader pins and bushings. Chamfers at point I
are helpful for easy insertion of the pins. The
holes for the ejector pins should be relieved
to within a fraction of an inch of the face of the
cavity or core to facilitate the alignment and
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operation of the pins. The top of the knockout
pins will leave a circle on the molded parts.

Ejector sleeves Ejector sleeves, labeled E
in Fig. 4-71, are preferred when molded parts
have to be stripped off round cores. They are
subjected to severe stress and wear, so their
inside and outside surfaces must be hard and
finely polished. If they are not sufficiently
hard and are of different hardness, scoring of
both the cavity and core may take place. Ad-
ditionally, both the cavity and core must be of
a different hardness from the ejector sleeve.
Two parts of equal hardness, regardless of
how hard they are, will scour. The lower por-
tion of the sleeve should be drawn to obtain
maximum toughness, whereas the upper part
should be left hard for the full length of the
ejector movement.

The outside diameter of the sleeve should
be about 0.001 to 0.002 in. (0.0025 to
0.0050 cm) smaller than the hole in the cav-
ity. An equal clearance between the core and
sleeve should be maintained for a distance
C. The inside diameter of the sleeve should
be about 61—4 to % in. larger than the core, le-
aving a clearance as indicated by D. The core
(A) should be dimensioned so that the por-
tion that extends into the molded article (dis-
tance B) is at least é in. smaller in diam-
eter than the lower part. If this is not done,
the reciprocating movement of the sleeve will
damage the fine finish of the core. Distance C
should be at least 3 in. (0.95 cm) longer than
the entire movement of the ejector plate. If
the clearance extends too far, the shoulder
and end of the core may be damaged when
the sleeve is retracted. It is also important to
leave a clearance of é in. (0.040 cm) around
the outside of the sleeve. This clearance, how-
ever, should not extend too far, because it
is necessary to have a bearing at least % in.
(1.27 cm) long at the cavity.

Early ejector units A typical mold base
accessory from DME that provides an early
ejector return unit is shown in Fig. 4-72.
Whenever a mechanically operated cam slide
passes over an ejector pin, the ejector plate
must be returned early (before the mold is
closed); otherwise, the returning cam will

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

4 Molds to Products

slide and hit the ejector pins with mold dam-
age. This is not the case if the machine or
mold has air or hydraulically operated knock-
out plates. To prevent this problem in other
types of molds, an early ejector return unit
can be used. The unit consists of a bushing,
post with slidable cam fingers, and cam ac-
tuating pin. The bushing is installed in the B
plate, the post is attached to the ejector plate,
and the cam actuating pin is installed in the
A plate.

In operation, the early return of the ejector
plate is accomplished while the press is clos-
ing, by the cam actuating pin pushing against
the projecting cams on the post (and thus re-
turning the ejector plate) until the cams are
released into a matching countersink, which
happens when the ejector plate is fully back.
The cam pin then passes on through as the
mold continues to close. Timing is regulated
by adjusting the length of the pin.

Ejector Pin Strength

Breakage of small-diameter ejector pins is
common, especially when certain materials
are molded into parts with confined configu-
rations. Besides producing defective molded
parts, broken pin ends can sometimes dam-
age cavity walls or elongate ejector pin holes.
Ejector-pinfailures not repaired immediately
may cause progressive overloading and fail-
ure of remaining pins. In addition to the mod-
est costs of replacement pins, the total costs of
broken ejector pins include molding machine
downtime, extra setup time, and toolroom re-
pair time (7,589).

Ejector-pin breakage is categorized here
either as within the ejector housing area, or as
parting-line-area breakage—that is, inward
from molded-part contact. Ejector-housing-
area failures are usually buckling failures that
take place upon ejection initiation, whereas
line failures may be due to either buckling or
deflection. Close examination of these kinds
of ejector-pin failures usually reveals condi-
tions to which slender-column formulas can
be applied.

Slender-column formulas, developed by
Leonard Euler (Swiss mathematician, 1707-
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MOLD CLOSED IN
MOLDING POSITION

MOLD FULL OPEN
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FROM C'BORE IN BUSHING ALLOWING
EJECTOR PLATE TO MOVE FORWARD

VIEW 3

MOLD CLOSING
EARLY EJECTOR
RETURN CAM
FINGERS HAVE
JUST CONTACTED
ACTUATOR PIN

Fig. 4-72 Examples of a positive early ejector
systems.

1783) and found in most machine and tooling
handbooks as well as strength-of-materials
textbooks, have seldom been applied to mold
design. Ejector-pin analysis during mold de-
sign can, in many cases, prevent expensive
repairs and rework. Likewise, formula analy-
sis of ejector-pin conditions in existing high-
breakage molds may reveal simpler, more
effective, and less costly remedies and im-
provements.

High ejection forces on ejector pins may be
due to, but not limited to, the following:

® The use of stiff materials that have a par-

DNA Genotek Inc.
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MOLD CONTINUES CLOSING -
LIECTOR PLATE HAS BEEN
PUSHED ALL THE WAY BACK

cam
T

BUSHI

>TUATOR PIN TO SLIP BY.
MOLD CONTINUES CLOSING
UNTIL COMPLETELY CLOSED
AS IN VIEW |
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VIEW 2

PRESS K.0. ROD HAS

VIEW 4

RO INTO COUNTERBORE
NG ALLOWING

NGERS HAVE SLIPPED |

system and operating sequence for lighter ejector

ticularly strong tendency to cling to mold
walls, such as polycarbonate

¢ Tendencies of soft elastomeric materials
to compress and expand due to ejector
pin forces, especially in molded rib sec-
tions

¢ Insufficient draft

o Configuration constraints such as under-
cuts, deep ribs and posts, and extensive
coring

® Such molding conditions as overpacking
due to increased pressures or temperatures

¢ Insufficient size of ejector pins

¢ Insufficient number of ejector pins
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Euler first published his critical-load for-
mula for columns in 1759. It is usually ex-
pressed in the following form:

mn2EI _ mnlEA

F = el
r (I/k)?
where F = collapsing load on the column
in pounds

I = length of the column in inches
A= area of the section in square
inches
k = least radius of gyration =1/A
E = modulus of elasticity = 30
million psi (20.7 GPa)
I = least moment of inertia of the
section
m = a constant depending on the end
conditions of the column
(see Fig. 4-73)

Euler’s formula is strictly applicable to
long and slender columns, for which the buck-
ling action predominates over the direct com-
pression action, and thus makes no allowance
for compressive stress. The slenderness ratio
is defined as the ratio of the length I to the
radius of gyration £.

When the slenderness ratio exceeds a value
of 100 for a midsteel column, failure by buck-
ling can be expected. Columns of stiffer and
more brittle materials will buckle at lower
slenderness ratios.

The constant factor m in Euler’s critical-
load formula clearly shows that the failure
of a column depends on the configuration of
the column ends. Figure 4-73 shows simplified

F F F T
2 %%
% % %
m=1 m= Y m=2 m=4
Fig. 4-73 Types of end connections for columns.
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Fig. 4-74 Moments of inertia and radii of gyra-
tion.

schematic column types and their theoretical
curves of flexure. These four types are:

® Both ends pivoted or hinged (m=1)

® One end fixed and the other free (m= }—‘)

® One end fixed and the other pivoted
(m=2)

® Both ends fixed (m=4)

Figure 4-74 shows cross sections of the
three most common ejector-pin configura-
tions, which include the round ejector pin,
modified half-round pin, and ejector blade.
Formulas for each respective moment of in-
ertia I and radius of gyration k are given for
convenience.

With the above formulas, the buckling
force F can be calculated for an ejector-pin
configuration. This force should exceed a cal-
culated load to punch through or shear the
molded part; a safety factor of 4 is recom-
mended.

Ejector-housing applications Figure 4-75
illustrates typical housing applications of the
two most common column end types: one

FIXED END FIXED END
PIVOTING |fll |/ /
END\ [ FIXED END

N Y

Fig. 4-75 Determination of column length with
one end fixed and one end pivoted (left) and with
both ends fixed (right).
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Table 4-9 Slenderness ratio (I/k) of round ejector pins

1/ k at Diameter (in.)
Column
Length (in.) 0.031 0.047 0.0625 0.078 0.083 0.125 0.1875
1.0 128 85 64 51 43 32 21
1.5 192 128 96 77 64 48 32
1.75 224 149 112 90 75 56 37
2.0 256 171 128 102 85 64 43
2.25 288 192 144 115 96 72 48
2.5 320 213 160 128 107 80 53
3.0 384 256 192 154 128 96 64
3.25 416 277 206 166 139 104 69

end fixed and the other end pivoted (loose
bevel head), and both ends fixed. A fixed
end may allow axial movement, although the
pin shank is surrounded. The illustrations
in Fig. 4-75 show the interpretations in es-
tablishment of lengths for calculation pur-
poses.

Table 4-9 lists values of slimness ratios
(I/k) for small-nominal-diameter ejector-
pin applications of typical column lengths.
Table 4-10 shows ejector-blade values for
comparison. [The slimness ratio for a blade
depends on column length and thickness, but
not width A (see Fig. 4-74)].

Figure 4-76 A shows a typical mold prob-
lem that usually occurs due to the difficulty
of drilling small-diameter holes through thick
plates and mold inserts. Figure 4-76B through
D illustrate possible solutions.

Most failures within the ejector-plate sec-
tion occur because the slenderness ratio of
susceptible ejector pins exceeds 100 in the
mold-open, ejector-plate-back configuration.

Table 4-10 Slenderness ratio (I/k) of ejector
blades

I/ k at Thickness (in.)
Column
Length (in.) 0.030 0.050 0.080 0.125
1.0 115 69 43 28
1.5 173 104 65 42
1.75 202 121 76 48
2.0 231 139 87 55
2.25 260 156 97 62
2.5 288 173 108 69
3.0 346 208 130 83
3.25 375 225 141 90

DNA Genotek Inc.
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The prudent mold designer devises ways to
reduce or limit the slenderness ratio.

Parting-line applications Ejector-pin da-
mage at the mold parting line is likely due
to the following conditions, which are usually
characterized by an m value of only 0.25 (see
Fig. 4-73):

o The slenderness ratio exceeding a value of
100 before stiff ejection forces cease, as in
a long core with reverse draft

¢ The mold closing on part or surface flash
(with critical force) when the ejector plate
is fully forward and the slenderness value
above 100

71 7]
Al 8
L L J-r—]]
NapmNa

SPRING i
¢ \BUSHING/ >
— ,

Fig. 4-76 Example problem and possible solu-
tions.
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e Ejector-plate deflection, possibly due to
numerous ejector pins, insufficient lubrica-
tion, tight fits, and/or weakness due to sup-
port post holes or other causes

e Insufficient return-pin size, number, and
locations; most applicable to modular
quick-change mold-insert units and home-
made mold bases

e Short shots or breaking of the molded part,
causing uneven loading of ejector pins and
possible tilting/binding of the remaining
part

Design solutions to these problems often
require using the most and largest-diameter
ejector pins possible. Some other solutionsin-
clude limiting the slenderness ratio to a value
of less than 100 by restricting the ejection
stroke, or increasing the draft or stepping the
wall section.

Sprue Pullers

Common designs of sprue pullers can be
used. Avoid any that restrict the flow of the
plastic. A 5°-reverse-taper sprue puller, as
shown in Fig. 4-77, works well.

Side Actions

Holes and undercuts produced in the
molded piece part at an angle other than par-

q Undercut Ring

Sprue Runner

Runner

%,
2

Z  Knock-out
Pin
“Z" Puller Attached to Knock-out Plate

Bushing

Reverse Taper

Knock-out
Pin

Front View End View

Fig. 4-77 Examples of sprue pullers.
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Fig. 4-78 Side-action mold fabricating car door
handles.

allel to the press movement make it impossi-
ble to eject by the conventional ejection sys-
tem. Hydraulic cylinders that are mounted
to the mold base pull out these core pins
before the mold opens at the parting line
(Figs. 4-78 to 4-81). Keys or T slots keep the

Fig. 4-79 Side-action mold fabricating pipe fit-
ting.
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SpEafalPy

Fig. 4-80 Side action in a mold that is a “slide
within a slide.”

core pins in position. Extremely long, unsup-
ported, small core pins can be piloted in the
plunger, whereas larger core pins are butted
against the plunger.

Angle Pins

Angle pins are also used to pull out core
pins. Angle pins use the normal movement
of the molding machine to remove the core
pin as the mold opens at the parting line. Mo-
torized racks and pinions are used to unscrew
threaded cores. Figure 4-82 shows the use of
an angle pin with the mold in the closed posi-
tion. The lock that is at an angle of 5° greater
than the angle of the angle pin butts against
the back surface of the slide. This positive
locking device is used to ensure that the core
pinisin the proper position and keeps the pin
from retracting as the material is injected into
the mold. As the mold opens, the piece part
stays with the movable portion of the mold.

301

(a)

T

~—— ANGLE PIN
—SLIDE
/~CORE PIN

T PIECE PART

Fig.4-82 Example of an angle pin with (a) mold
closed and (b) mold open.

The angle pin forces the slide to move toward
the outer edge of the mold, pulling the core
pin from the piece part. Once the core pin is
free of the piece part, ejector pins push the
piece part from the plunger in the conven-
tional manner (Fig. 4-82). The slide is kept

Cam Pin

/
Clamping t S : /
Fiio /upoef Cavity ‘ /E?::k
.'Earuus\er i \ » g‘:’e
k Slide
Runner
Blocks 0
N e A
N
WN _
I ‘ Lower Slide
! ‘ Carvty Piate
| |
7
o I\ A
Pin
K.O. Pins
Fig. 4-81 Mold includes side core action.
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against the stop by spring tension. This keeps
the hole in the slide in proper alignment for
the angle pin when the mold is to be closed.

Cam Blocks

Another method of pulling out side core
pins by using the normal movement of the
press is accomplished by employing cam
blocks. As the mold closes, the angle on the
cam block engages the angle on the slide,
forcing the slide to move in toward the plun-
ger. The cam also acts as a lock. As the mold
opens, compression springs move the slide
away from the plunger, pulling the core pin.
The stop limits the travel of the slide. Figure
4-83 shows the type of construction used for
very short travel with the spring located in
the slide. Figure 4-84 is an example used for
longer travel with the compression spring
mounted externally. The angle of the cam
block varies from 15 to 35°.

Stripper-Plate Ejection

Stripper-plate ejection is generally used
when ejector-pin marks would be objection-

- TRAVEL

Fig. 4-84 Cam blocks used for open travel in a
longer mold.
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RN R DRI
Fig.4-85 Stripper-pl
sition.

NN

ate ejection in the closed po-

able on the piece parts and maximum ejection
surface is required. Stripper plates are used
on single- and multiple-cavity molds. An an-
gle of approximately 5° is machined in the
stripper plate and on the plunger, as shown
in Figs. 4-85 and 4-86. This prevents scoring of
the plunger as the stripper plate movesin and
out over the plunger. The illustration shows
two methods of keeping the stripper plate
from coming completely off the plungers and
out of the mold. The view at A shows the use
of a stripper bolt to limit the travel of the
stripper plate. That at B shows the return pin
held to the stripper plate by a screw. This al-
lows the stripper plate and ejector plate to op-
erate as a unit. In more complicated designs,
pull rods mounted in the stationary portion
of the mold are used to activate the stripper
plate.

External-Positive-Return Systems

With large mold bases, which typically
have both bigger and heavier ejector sys-
tems, Toggle-Loks by DME are used to en-
sure early positive ejection return. These as-
semblies are externally mounted on the side
of the mold, as shown in Fig. 4-87. The lever
is mounted to the stationary side of the mold
with arms and joints located on the mov-
able side connecting to the ejector plates. The
arms and joints are positioned so that when
the ejector system actuated forward, the arms
pivot inward, occupying the space vacated by
the retracting lever. Before the mold reaches
the fully closed position, the angle on the
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HYDRAULIC
CYLINDER

CLAMP EJECTOR
PLATE

HOUSING
Fig. 4-86 Stripper-plate ejection in the open position.

lever contacts the radius on the pivot arm,
applies pressure through the joint, and subse-
quently returns the ejector system to its fully
retracted position.

Cam Actuation

A cam-actuated stripper plate on multi-
cavity single-face and stack molds for lid ap-
plications is offered by Husky as an alter-
native to conventional mechanical linkage
and hydraulically actuated methods. Unlike
mechanically linked methods, the cam is de-
signed to disengage from the rollers to pre-
vent mold damage if the mold is accidentally
opened too far. No readjustment of the cam
is required before closing the mold, as it is

MOUNT AND
COVER PLATE

2 JOINT

3 ARMm

4) SHOULDER
SCREW

o

S Leven
Fig. 4-87 External-positive-return system.
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STATIONARY
PLATEN

STRIPPER PLATE
EJECTOR ROD

designed to reengage automatically. The cam
profileis shaped to optimize the stripper plate
stroke and speed profile, resulting in reduced
part hangup and increased uptime (Fig. 4-88).

The stripper plate cam mechanism consists
of a simple L-shaped cam and two cam fol-
lower rollers. A spring-loaded assembly is
built into the core backing plate to retract the
stripper plate. Each stripper plate contains
four cam mechanisms and spring assemblies
to prevent cocking.

The core plate cam follower lifts the cam
to begin the stripper plate’s forward motion
as the mold opens. The cam rollers stay in
contact with the cam, ensuring smooth for-
ward and retract motions with no “slapping”
of the stripper plate to the core plate, even at
maximum clamp speeds.

Sprue Bushing and Locating Ring

Figure 4-89 shows some of the dimensions
found on standard sprue bushings used in in-
jection molds. Figure 4-90 illustrates one type
of locating ring. The locating ring fits over the
sprue bushing and positions the mold on the
platen of the press, thus aligning the injection
nozzle with the sprue bushing.

Ring and Bar Ejection

The principle of the ring ejector (ring
knockout) is similar to that of stripper-plate
ejection. To avoid the use of a large stripper
plate, each plunger is provided with an indi-
vidual ejector ring. The construction shown in
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Fig. 4-88 Cam-actuated stripper plate for lid mold.

Fig. 4-91 is used to remove round piece parts
from the plungers. The bar ejector, of similar
construction, is used to eject piece parts from
rectangular or straight walled plungers.

Top-and-Bottom Ejection

Some automatic molds are constructed
with two ejector systems: a top and bottom
unit. Both units ensure positive ejection of
the piece parts, thus enabling the unload-
ing devices to remove the parts mechanically.
Figure 4-92 illustrates the use of the top and
bottom ejection system. A spring-loaded top
ejection unit is used on a six-cavity compres-
sion mold to produce the article shown in
Fig. 4-92. The bottom ejector unit consists of
a single ejector pin for each cavity. The top

172" OR 3/4" TAPER PER FOOT
Y lesz‘oR 174" R

/2" OR 3/4"
SPHERICAL
RADIUS

TO SUIT.
MoLD

Fig. 4-89 Typical sprue bushing.
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of the ejector pin is counterbored to accom-
modate a hexagon brass insert. As the mold
opens and the plunger is moving out of the
cavity, the top ejector pins hold the piece part
in the cavity until the plunger is pulled out of
the piece part, leaving the part in the cavity.

N

NN

Fig. 4-90 Typical locating ring.
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Fig. 4-91 Stripper-ring ejection.

Once the press has opened sufficiently to al-
low removal of the part, the bottom ejector
unit is activated and the bottom ejector pin
pushes on the brass insert and the piece part,
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removing it from the cavity. The bottom ejec-
tor pin raises the piece part out of the cavity
far enough for easy removal and keeps the pin
in position for easy loading of the hexagon in-
serts for the next cycle.

Inserts

The word “insert” has two different mean-
ings in mold construction and molding oper-
ations. The first has to do with parts that are
difficult to machine as an integral part of the
cavity or plunger. These parts are machined
separately from steel or the same material as
the plunger or cavity and installed (inserted)
in the proper position, where they become
part of the molding unit. Often they are re-
ferred to as cavity or core inserts. This type
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Fig. 492 Top-and-bottom ejection.
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Fig. 4-93 Insert with blade ejector.

of insert is also used when the replacement
of damaged or broken sections of the mold
might be necessary. Sometimes, these inserts
are used when minor changesin the piece part
are made. They are also used in the formation
of narrow slots to produce support ribs on the
piece part.

The second kind of inserts are not part of
the mold itself, but a separate piece, loaded
(inserted) into the mold and becoming part
of the finished molded piece after the mate-
rial is cured or hardened around the insert in
the molding process. Such inserts are used to
provide greater strength in certain portions of
the piece part, and to furnish external and in-
ternal threaded sections for later assembling
purposes; they are also used as bearing sur-
faces and contacts in molding electrical con-
nectors and subassemblies. Inserts of this type
are generally made from brass, copper, alu-
minum, or steel. Silver and other precious
metals are used for contacts in the electronics
field.

Integral inserts Figure 4-93 illustrates the
typical construction of an insert to mold a
thin wall section below the parting line, using
a blade ejector. Figure 4-94 is an example of
the use of an insert in the formation of ribs on
the piece part, where blade ejectors are used.

&\\F\\\S&&\\Q‘Tm

NN 22

1 [

-BLADE

=

Fig. 4-94 Insert forms ribs.
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Fig. 4-95 Insert forms recess.

INSERT

Fig. 4-97 Insert to form a long, thin wall.

Figure 4-95 is an example of an insert used to
form a recess at the bottom of a deep cavity.
Figure 4-96 shows how an insert is used in
producing sharp corners at the cavity wall and
narrow slots. Figure 4-97 shows the formation
of long, thin wall sections by using an insert in
the cavity. Figure 4-98 depicts an insert that
contains engraving. Figure 4-99 illustrates the
use of an insert for irregular detail on a round
cavity or plunger. Figure 4-100 shows a typical
core pin insert used in a cavity or plunger.

Loaded inserts Figure 4-101 illustrates
several methods for holding inserts during

ENGRAVING INSERT

Fig. 4-98 Insert for engraving.
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/r—INSERT

Fig.4-99 Insert for irregular detail on round cav-
ity.

CORE PIN
INSERT

Fig. 4100 Core pin insert.

the molding operation. Some sort of pro-
vision is made so that the insert will inter-
lock with the material and be held firmly in
the finished molded article. Common secur-
ing devices include knurling of round stock,
seal grooving of projections, drilling of holes,
and undercutting. The type oflocking method
used depends on the shape and size of the
insert, and where it is located in the piece
part.

Side Guide Slides

Figure 4-102 shows the sequence as sliding
guides mold ballpoint pen barrels.

Ejector Blades

When the molded part has deep ribs ex-
tending into the cavity, ejector blades can be

— INSERT INSERT

5 _u
7

PIN— _SLEEVE

EJECTOR

Fig. 4101 Example of loaded inserts.

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

307

built into the bottom of the cavity. The blade
push the ribs from the cavity and assure that
the part will not prematurely eject from the
core (Fig. 4-103).

Mold Venting

Every mold contains air that must be re-
moved or displaced as the mold is being
filled with a plastic material. This air must
be allowed to escape freely during injection
(Fig. 4-104). At high injection speeds, insuffi-
cient mold venting may produce a consider-
able compression of the air, with consequent
slow mold filling, premature plastic pressure
buildup, and, in extreme cases, burning of the
plastic (brown streaks on the molding).

Venting is done by small gaps, or vents
(dimensions shown in Fig. 4-105) provided in
the mold parting lines, or other small chan-
nels in the mold [i.e., around ejector pins
(Fig. 4-106), cores, etc.]. Vents must be pro-
vided at the end of the flow path(s). A
center-gated mold cavity, for instance, must
be vented all around, whereas in an edge-
gated cavity the vents must be provided at
the point where the flow path is expected to
end (generally the cavity end). In gate design,
and even in article design, allowance should
be made for mold venting.

Vacuum venting of molds has not yet found
widespread acceptance in the injection mold-
ing of thermoplastics. However, in view of the
present trend toward higher injection speeds,
it is most probable that in the future, vacuum
molds will be generally used to prevent vent-
ing problems.

To overcome the trapping of air or gas in
a cavity, in locations that are difficult to vent
effectively, molds may be designed such that
all cavity vents feed into a space that is sealed
from the outside of the mold (when closed) by
an O-ring seal, and is connected to a vacuum
reservoir through a vacuum line containing
a solenoid-operated valve. In operation, as
soon as the mold is closed and the transfer
plunger enters the pot, the aforementioned
solenoid valve is automatically opened, caus-
ing the cavities to vent rapidly into the vac-
uum reservoir before the molding compound
has entered or filled the cavities. Two benefits

Exhibit 2029 Page 114
IPR2023-01424



308 4 Molds to Products

(b)

(d

Fig. 4-102 Sequence of five views as the mold opens using sliding guides.
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Fig. 4-102 (Continued)

result: First, the material, finding it unneces-
sary to “push” the air from the cavity through
the vents, enters with a minimum of back
pressure and thus fills the cavity more rapidly,
leading to faster cures. Second, not only is
there essentially no trapped air, and there-
fore no voids in the part, but such minute
quantities of air as may be present are readily
absorbed into solution in the molding com-
pound because of the molding pressure.

STRIPPER PART
PLATE RIB

EJECTOR

BLADE PLATE
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Fig. 4-104 Example of air trapped in the mold
cavity.

In venting some parts, even the most
minute flash may be objectionable—as with
gears. Although the depth of venting spec-
ified for each material is obtained after ex-
tensive testing by suppliers of raw materi-
als, one must remember, in addition to the
measured depth, to consider the peaks and
valleys from the surface roughness of ma-
chining. This roughness measurement plus
the “micrometer depth” should be consid-
ered as the value indicated in the tabulation.
In the case of gears and similar parts, it may
be advisable to adopt the following proce-
dure for venting: (1) vent the runner system
thoroughly, (2) vent all ejector pins as indi-
cated on the material processing data sheet,
(3) water-blast mating surfaces at the parting
line with 200-grit silicon carbide abrasive, and

Fig. 4-103 Ejector-blade system.
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(a)
A 0.003"
B 0.125"
C 0.500° Most Thermoplastics

T D 0.100"  Except Nylon and Acetal
A A 0.0015"
B 0.125"
C 0.500" Nylon, Acetal and Pet
D 0.100"
D Plastic Part
s Feed Runner
(b) Relief Slots to

Continuous Vent
0015 - .003'/
Depth
Cavity Edge
Relief to Atmosphere

Only if Required
.0015" Deep x1/4® Wide

Atmosphere .015" - .030" Deep

Fig. 4-105 Mold venting approaches. (a) A method of venting TPs. For most TPs except nylon and
acetal, A = 0.003 in., B = 0.125 in., C = 0.500 in., D = 0.010 in. For nylon, acetal, and PET, A =
0.0015 in., B = 0.125 in., C = 0.500 in., D = 0.010 in. (b) A method used particularly with TS plastics,

but also with TPs.

(4) polish the vent in the direction of flow. (It
is also important to polish the cavity in the di-
rection of melt flow—to eliminate problems
on parts such as rough surface, sticking in the
mold, etc.)

As an example, sticking can occur particu-
larly in a deep container cavity. After the cav-
ity separates from the core, the atmospheric
pressure may make it difficult, if not impos-
sible, to remove the part. To overcome this
difficulty, a vent pin is used, which is held
in its normally closed position by a spring

DNA Genotek Inc.
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(Fig. 4-107). When the material is injected,
the pressure of the material on the head of
the pin forces it tightly closed. When the part
is to be ejected, the pin will move up when
the knockout system is activated, venting the
interface between the core and plastic. Ad-
ditionally, air can be used to help blast the
part off. In that instance, the plastic part acts
like the piston of an air cylinder. Often, this
provides enough force for ejection.

Vents are more important in thermosets
than thermoplastics. First of all, runners
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Fig. 4-106 Method of venting knockout pins.

CAVITY

PLASTIC

[ ]

Fig. 4-107 Use of a venting pin to break the vac-
uum on the core. The pin is held closed by a spring;
the pressure of the material on the head of the pin
forces it tightly closed.
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should be vented prior to approaching the
gate. The vents should be the full width of
the runner and 0.005 in. (0.013 cm) deep.
The circumference of the cavity should be
vented, and the vents should be spaced about
1 in. apart and be 0.25 in. (0.64 cm) wide and
0.003 to 0.007 in. (0.008 to 0.018 cm) deep,
depending on the flow characteristics of the
material.

A softer material would call for a lower
value. Knockout pins should be as large
as possible, and in most cases they should
have 0.002-in.-(0.005-cm)-deep flats—three
or four of them ground on the circumfer-
ence of the diameter, with the grinding lines
parallel to the length of the pins. The grind
should be with a fine-grit wheel. The end of
the pin should have the corner broken by
0.005 in. (0.013 cm) so that if any flash is
formed, it will adhere to the part.

Occasionally, itis necessary to place knock-
out pins at the vent slots to ensure that the
flash from the vents is physically removed,
thereby assuring open vents for the follow-
ing shot.
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Venting by Water Transfer Waterline ven-
ting is a technique based on negative-pre-
ssure coolant technology. (Mold coolant is
being pulled, not pushed, through the coolant
system, producing a negative pressure in the
coolant system.) One easy way to vent into
a waterline is through ejector pins. The only
twist to this method is that the ejector pin runs
through a waterline, and the molding gases
vent into the coolant rather than the atmo-
sphere. Coolant does not leak into the cavity,
because it is under atmospheric pressure.

Two distinct advantages are unique to this
method:

1. The pin passes right through the coolant.
This prevents it from overheating, which can
lead to a buildup of gummy deposits that ex-
udes from the overheated plastic. The gummy
deposits, in turn, tend to plug up the vent and
make the problem even worse: The increased
compression of gases further heats the pin, re-
sulting in even more gummy deposits. If the
pin is kept cool, the problem does not even
begin.

2. Placement of venting pins (and just plain
pins, for that matter) has one less constraint:
The location of water channels no longer dic-
tates that a pin cannot be placed there. (The
reverse, of course, is also true: The location
of a critical pin no longer means that a water
channel cannot be put there.)

Before we leave the subject of vented ejec-
tor pins, here is another way to easily provide
more venting: Vent the entire circumference
of the pin. The tip of the pin is ground down
to the proper vent depth and land, and then
a pickup groove is ground around the base of
the vent. This vents back to the atmosphere
or coolant via a few large flats ground in the
major outer diameter of the pins. This vent
provides a great deal more venting area than
a number of small flats and is easier to ma-
chine.

Porous metal provides another method of
venting into the coolant. The chief advantage
of this method is that a tremendous venting
area is gained.

Figure 4-108 illustrates the primary con-
cepts of the technique. It is particularly ad-
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L]
water and gases out by vacuum

Fig.4-108 Porous metal can be used to provide a
very large venting area. The gases exhaust into the
coolant. The key to the process is that the porous
metal is directly cooled by the water behind it,
which keeps it from overheating (porous metal has
very low heat conductivity) and plugging with hot
plastic. Coolant does not leak out, because it is
held at subatmospheric pressure.

vantageous to install the vent at the top of
a core such as the one shown, but it may be
used in virtually any place where it can be at-
tached in the mold and there is a waterline
nearby.

Pressed metal, of course, will leave a tex-
ture on the plastic, but usually it can be lo-
cated either where it is not seen or where it
does not matter; or it can be blended into a
texture on the rest of the mold. Also, very
finely woven porous metal is available that
leaves only a very faint texture on the plastic.

Nor is improved venting per se the only
benefit. Many new mold constructions are
possible, such as gating a part, as shown in
Fig. 4-108. Normally, this mold design would
not be feasible because a bad turn would re-
sult at the top of the part. In this particular
case, the tool would typically be designed as
a three-plate mold, with its concomitant ex-
pense and complications. Many other unique
designs are now possible with these tech-
niques that reduce tool cost and improve
molding efficiency and/or part appearance.

The water-transfer process was designed
primarily to cool long, thin cores, such as
those for pen barrels, that leave a hole in
either end. The process is illustrated in Fig.
4-109. Coolant passes from one half of
the mold to the other half, right through
the part, when the mold is closed. When
the mold is open, the supply to the mold
is shut off, and both ends are subject to
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/_ vent

connector valve
; closed

.

Fig. 4-109 Water-transfer mold shown closed
with coolant passing through the product. Before
the mold opens, both valves shift and coolant is
evacuated from the mold. Venting occurs at the
tip of the core.

supply
valve
open

Logic Seal

subatmospheric pressure that evacuates the
remaining coolant so that none leaks into the
tool. Note that the design in Fig. 4-109 results
in a parting-line vent at the end of the part
opposite the gate, just where it is needed. In
this case, once again, the gases vent into the
coolant rather than the atmosphere.

With this type of construction, which is typ-
ical of water-transfer applications, it is in fact
extremely difficult not to vent as well as cool
the part, since this would require virtually
perfect mating between the tip of the core and
the cavity. Obviously, if venting does need to
be added, it would require very little effort
to grind an adequate venting clearance in the
tip of the core.

Molds for Thermoset Plastics

Molds used to produce injection-molded
thermoset (TS) plastic parts have been made
from at least the 1940s. Although the level of
technology has advanced considerably since
that time, only a few specialized moldmak-
ers have a command of these techniques.
[As previously reviewed, over 90% of all
injection-molded plastics process thermo-
plastics (TPs).] The conditions for designing
molds and molding TSs are similar to those
for TPs. The major difference with TSs is that
after entering the mold, higher temperatures
are used to solidify the plastics through chem-
ical cross-linking (Chap. 6).
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During the plasticating process, TSs ini-
tially react in a manner similar to TPs; with
increasing temperature, they become more
fluid. Prior to cross-linking, they pass through
alow-viscosity phase. This phase normally oc-
curs upon contact of the molding compound
with the hot mold surface during the filling
process. During the several seconds required
for the TS to solidify as a result of the cross-
linking reaction, it can penetrate cracks only
a few hundredths of a millimeter in width, as
if it were water. This situation is opposite to
that of TPs, which solidify in less than a sec-
ond upon contact with the cavity wall.

During the curing stage, TSs pass through a
density minimum (a maximum in specific vol-
ume). Initially, the TS expands with increas-
ing temperature and then shrinks as the main
reaction starts. The result can be that during
the holding pressure phase, TS is forced into
the parting line, cracks in the mold cavity, or
even back into the sprue bushing at a pres-
sure considerably above the maximum injec-
tion pressure.

All TSs generally contain a high percent-
age of fillers. Depending on the type of filler
(glass fiber, calcium carbonate, wood flour,
etc.) and the amount included, melt flow
properties significantly change, as well as
shrinkage and warpage of the molded part.
Also, many TSs release gases (water vapor,
formaldehyde, etc.) such as the phenolics. (TS
polyesters do not release these volatiles.) The
gases can interfere with the filling of cavities
and part performance.

Mold Construction

As with the different TPs, there are rules
and guidelines to follow when working with
TSs. Some of these conditions will be re-
viewed. As an example, in order to reduce
flash that unavoidably forms when process-
ing TSs, the mold must be constructed to be
extremely rigid. All fits in the vicinity of cavi-
ties must have very close tolerances (clear-
ance around ejectors of 0.01 to 0.02 mm).
Flash only a few hundredths of a millimeter
in thickness can readily be removed by means
of blasting in automatic deflashing machines,
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whereas flash having a thickness of a few
tenths of a millimeter requires manual trim-
ming or machining.

Thermoset parts are not yet fully cured
upon ejection and are still brittle. It is thus
necessary to use a large number of ejector
pins in order to prevent damage to the part
upon ejection. Ejectors are required espe-
cially behind all ribs, bosses, and the like. An
old rule of thumb says that a thermoset mold
requires twice as many ejectors as a thermo-
plastic one.

Guides for the injection pressure to be
used in determining the IMM clamping force
are available from material suppliers. As an
example, phenolic, amino, and epoxy plas-
tics have a cavity pressure of 300 to 400 bar
(4,350 to 5,800 psi) and flash land pressure
of 500 to 600 bar (7,250 to 8,700 psi). With
TS (unsaturated) polyester plastics, the cavity
pressure is 100 to 300 bar (1,450 to 4,350 psi),
and the flash land pressure 400 to 500 bar
(5,800 to 7,250 psi). The low values apply to
heavy-walled parts and for short flow paths
in molds with flash lands. (Flash lands are re-
gions around the cavities of molds.)

The installed heating capacity should be
20 to 30 W/kg of mold weight in order
to achieve an acceptance heatup time and
provide for stable temperature control. The
heaters should be distributed uniformly
throughout the mold. When using electric
resistance heaters, placement of the heating
circuits and heaters should be thoroughly in-
vestigated, for example, by means of a com-
puter simulation. In large molds, between 8
and 16 control circuits are used today. Sealed
high-performance rod heaters should be con-
sidered state of the art.

In order to permit stable temperature con-
trol, thermocouples should be located a dis-
tance of 12 to 15 mm from heater rod wells.
They must not, however, extend to within the
immediate vicinity of the mold cavities in or-
der that the cyclic temperature variations at
the cavity surface do not interfere with the
controller.

For economic reasons, large molds are of-
ten heated with steam, since this form of en-
ergy is lower in cost than electricity. Ther-
moset molds should be thermally insulated
all around to the greatest extent possible in
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order to reduce energy consumption and pre-
vent heating of the molding machine.

Cold-Runner Systems

In the past decade, the cold-runner tech-
nique has advanced significantly and is find-
ing a wide field of applications. As previously
mentioned (see the section entitled “Runner
Systems™), with TS cold runners the amount
of plasticlost in the form of the sprue and run-
ner, as well as the cycle time, can be reduced.
This is particularly true with multiple-cavity
molds. Cold runners are generally used with
easy-flowing TSs (phenolics, polyesters, and
aminos).

Injection—Compression Moldings

This technique, also called coining, is a very
economical process for molding TS parts.
Very high-quality parts can be produced au-
tomatically. See the section on Injection—
Compression Molding (Coining) in Chap. 15.

Mold Cooling
Overview

Controlled cooling channels are essential
in a mold for TPs and require special at-
tention in mold design. The cooling medium
must be in turbulent flow, rather than lami-
nar flow, in order to transfer heat out of the
molded part at an adequate rate. The coolant
is usually water, but can be any liquid or gas
(such as air) that can absorb heat and transfer
it efficiently away from its source. Coolants
are used in molds, chillers, etc. Water is one
of the most effective and low-cost coolants. It
may be mixed with an antifreeze such as ethy-
lene glycol for operation below the freezing
point.

Channels (passageways) are located within
the body of the mold through which the cool-
ing and/or heating medium can be circulated.
With TS plastics, heating is required and can
be accomplished by circulating steam, hot oil,
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or other heated fluid. However, the usual
method involves inserting electrical heating
elements (calrods) or probes in the mold
rather than using the channels.

A laminar (nonturbulent) flow is not de-
sirable in a coolant system, which requires a
nonlaminar flow so that the fluid moves in all
different directions in the mold cooling chan-
nels. With turbulence, more heat will be re-
moved, since as the fluid on the inside surface
of the channel is heated, it moves away and
is replaced by cooler fluid. With laminar flow
the hot fluid would build up on the wall and
act as an insulator.

Baffles can be used in the water chan-
nels to divert or restrict the flow to a de-
sired path. They aiso aid in developing turbu-
lence. These cooling baffles (ribs, plugs, etc.)
provide more uniform cooling action within
the mold. Other devices for that purpose in-
clude bubblers (channel space). Inserted into
a mold cavity, they facilitate water flow.

Reynolds number The Reynolds number
is used to determine whether the coolant will
be turbulence. Also called N, or Damkihler
number V (DaV), it is a dimensionless num-
ber that is significant in the design of any
system in which the effect of viscosity is im-
portant in controlling the velocities or the
flow pattern of a fluid. It is equal to the density
of a fluid, times its velocity, times a character-
isticlength, divided by the fluid viscosity. This
ratio is used to determine whether the flow
of a fluid through a channel or passage, such
as in a mold, is laminar (streamlined) or tur-

315
Design Considerations

One of the most important aspects of mold
design is the provision of suitable and ade-
quate cooling arrangements. In all injection
molding, even though it may involve a heated
mold, an essential purpose of the mold is to
cool the molten plastic. If a mold had no
means of cooling and was insulated to pre-
vent any escape of heat by conduction, con-
vection, or radiation, it would quickly reach
the temperature of the material being molded
and no longer fulfill its function.

The cooling system is an essential mold
feature, requiring special attention in mold
design. It should ensure rapid and uniform
cooling of the molding. In the design of mold
components and the layout of guides and
ejectors, allowances should be made for the
proper size and positioning of the cooling sys-
tem.

Rapid cooling improves process eco-
nomics, whereas uniform cooling improves
product quality by preventing differential
shrinkage, internal stresses, and mold release
problems, as well as shortening the molding
cycle. Rapid and uniform cooling is achieved
by a sufficient number of properly located
cooling channels. The location of these chan-
nels should be consistent with the shape of the
molding and as close to the cavity wall as al-
lowed by the strength and rigidity of the mold.

Increasing the depth of the cooling lines
from the molding surface reduces the heat-
transfer efficiency, and too wide a pitch gives
a nonuniform mold surface temperature
(Figs. 4-110 and 4-111). Straight-drilled lines

—
@L

Recommended depth and pitch
d = Diameter of Water Line = 7/16 to 9/16 inch
D= Depth of Water Line = d to 2d

P = Pitch = 3d to 5d

Fig. 4110 Recommended depth and pitch of mold cooling channels. The depth D should be of 1
diameter for steel, 1% for beryllium copper, and 2 for aluminum.
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Guide for channeling. (a) Proper
channeling: x > % y represents the shortest dis-
tance from channel to cavity and y the greatest dis-
tance from channel to cavity. (b) Improper chan-
neling: x < 1 y. Here x is the shortest distance from
channel to cavity, and y the greatest distance from
channel to cavity.

Fig. 4-111

are preferred to bubblers. When it is neces-
sary to use bubblers, they should be designed
so that the cross-sectional area remains con-
stant for the entire circuit. For tube bubblers,
areas on both sides of the tube should be
equal. Materials with higher thermal conduc-
tivity should be used if all the heat cannot be
removed with a steel mold. Examples of lay-

(a)

PLUG BAFFLE
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outs usually employed for cooling systems are
shown in Fig. 4-112.

The desired location of the heating—
cooling passages is in the mold inserts them-
selves; they should be located close to where
most of the heat has to be dissipated—that is,
where most of the material is located.

The inclusion of fluid passages in the A
and B plates, as well as in their supporting
plates, adds to the ability to control cavity
temperature, but not to the extent that one
might expect. Because steel surfaces always
have some heat-insulating film, the contact
between them is never such as to induce the
best conductivity. This has been verified in
practice by interposing a sheet of soft cop-
per or brass between the B plate and its
supporting plate on the core side, and check-
ing for temperature while all other conditions
remained the same. The average drop in tem-
perature was found to be 25°F (14°C), and
the core came close to the temperature of the

4

PLUG
AR R ey 1]—! PLUG
e s =) PLUG
PLUG

Fig. 4-112 Examples of cavity cooling systems.
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cavity. Prior to this change, the core was run-
ning considerably hotter than the cavity; this
made it possible to reduce the cycle time by
30%. When a core consists of numerous thin
sections that are difficult to arrange for indi-
vidual control, the addition of a good heat
conductor between plates may accomplish
the desired result, provided that there are
enough passages in the plates to make good
heat exchange possible.

Fluid passages for effective mold and part
cooling should be placed to cover most of
the molding surface and to be close to the
mold face. However, the distance between
the mold face and fluid passage opening has
to be large enough to resist distortion or flex-
ing of the metal under injection pressures.
The inlets and outlets for each cavity should
be connected in parallel to their source of
supply, thereby ensuring uniform heat trans-
fer. The dimensions of the fluid passages
should be such so as to create a turbulent flow,
since turbulent flow will dissipate about three
times as many Btu’s per hour as laminar flow.

Assuming that a satisfactory cavity cool-
ing-heating system has been provided, we
now have to concern ourselves with thermally
isolating the mold insert from the mold base.
One practical way to do so is to provide circu-
lating passages in the supporting plates and to
maintain temperatures in them that will en-
able the cavity inserts to perform their func-
tion properly (i.e., consistently dissipate the
heat introduced by the molded part).

Even though the specification is for
straight, smooth, and dimensionally correct
openings, the cores making them will require
special attention to temperature control. The
nature of cores is such that material shrinking
over them produces intimate contact, and the
bulk of the heat from the plastic is conducted
into them. This condition necessitates an ef-
ficient way for dissipating the heat from the
cores.

Cavity and core temperature control is also
important to the proper functioning of the
mold base. If cores are permitted to exceed
the temperature of the cavities, the heat of
the cores will ultimately transfer to the plate
containing them. The B plates also hold the
bushings for the leader pins. It frequently oc-
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curs that there is a difference of 30°F (17°C)
between mold halves. What would this mean
for a 24-in. (61-cm) mold base? The expan-
sion of the hotter side will be

Expansion = coeff. of linear expansion
x length of mold
x temperature difference

Using a handbook, we find the coefficient of
linear expansion for steel. Substituting, we
have

Expansion = 6.33 x 107® x 24 in. x 30°F
= 0.0046 in. (0.0117 cm)

This expansion will cause binding, mis-
alignment, difficulty in mold opening and
closing, and, in the long run, excessive wear
on the components that work together.

Another mold component that is affected
by the temperature of the mold halves at
the parting line is the stripper plate. In most
cases, the stripper plate is near—or at—room
temperature. For the majority of cases, the
temperature difference in the stripper plate
is compensated for by having an adequate
clearance between plate, pin periphery, and
pinhead to allow them to move freely to what-
ever position conditions dictate. There are
cases, however, in which this clearance pro-
vision does not apply. For example, when
sleeve ejection is needed and the core over
which the sleeve slides is attached to the rear
clamping plate, temperature control of the
clamping plate and stripper plate becomes a
necessity. Another way to approximate the
desired condition is to insulate the clamping
plate with a material such as transite board
[about0.51in. (1.27 cm) thick], and let the steel
of the base absorb enough heat to permit free
working of the sleeves over the core pins.

It is best to calculate the elongation of
plates under the particular condition and to
decide on the basis of the calculation what
action should be taken.

Basic Principles of Heat Flow

Heat flows from a body of higher temper-
ature to one of a Jower temperature. It is the

Exhibit 2029 Page 124
IPR2023-01424



318

temperature difference—and not the temper-
atures themselves—that determines the flow
of heat. The greater the difference in temper-
atures between two bodies, the greater the
rate of heat flow between them. Heat can be
transferred from one medium to another in
three ways: radiation, conduction, and con-
vection.

In the molding process of thermoplastics,
we are not concerned with radiation heat,
except for some postmolding operations in-
volving stress relieving, straightening, or sim-
ilar operations. In those operations, some
source of infrared heat is utilized for the rapid
change of temperature of defined areas.

Conduction of heat is of vital importance
to the molding operation. The mold mate-
rial performs the job of conducting the heat
from the plastic to the mold and its circu-
lating lines. For a short time—that is, while
the plastic is solidifying—the heat is flowing
from the plastic material through the mold;
from there, it is carried away by a circulat-
ing medium. After temperature equilibrium
is attained, heat flows in the reverse direction
in order to maintain the temperature of the
molded part at the desired level.

Extensive tests of various substances have
led to verification of a formula for calculat-
ing the heat to be transferred by conduction
in order to maintain certain temperature con-
ditions (2). This formula is

KAT(t; — 83)

H= 7

where A= area of the cavity in contact

with the molding material

T = time, in hours, from the instant
the plastic enters the cavity until
the time ejection starts (that is,
cycle time per shot)

t, = temperature of the injection
plastic

t; = temperature of the circulating
medium

L = distance from the face of the
mold to the start of the hole in
which the circulation of the
medium takes place

The quantity H in the above formula is the
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Table 4-11 Values of the thermal conductivity
K for different materials at 212°F (100°C)

K(Btu/ft-"F-h)

Metals Other Materials
Stainless steel 10  Polystyrene 0.07
Tool steel (H 13) 12 Polypropylene 0.07
Tool steel (P-20) 21  Air 0.14
Beryllium copper 62 Nylon 0.14
Kirksite 62  Polyethylene 0.18
Brass (60-40) 70 Water 0.39
Aluminum 100
Copper (pure) 222

heat in Btu conducted through a substance
(mold) with a surface area A in square feet,
during a time T in hours, when the difference
in temperature is ©, — #; in °F, the length or
thickness through the substance (mold) is L
in feet, and K is the thermal conductivity of
the substance, expressed in Btu per hour, per
square foot, per °F, per foot of length.

The conductivity K, which is related to
the molding conditions, changes in particu-
lar with the temperature at which conduction
takes place. Most of the materials of interest
to the plastics processor have been tested at
100°C (212°F). Values for K at that temper-
ature are listed in Table 4-11.

The value of K might be viewed as a con-
sideration for cavity material selection, but
in most cases the selection is made for per-
formance over a large number of pieces, in-
tegrity of shape, and controllability of fabri-
cation, and the resulting value of K must be
accepted. However, one must keep the K of
the selected material in mind while design-
ing the heat-transfer system. The cooling ar-
rangement will be more elaborate for a ma-
terial with a low K value than for a material
of higher K.

The K value can be used most advanta-
geously for small-size deep cores where a
straight and uniform opening is needed. For
this application, it can be calculated whether
a beryllium copper pin or a steel pin with a
copper core will be more effective in conduct-
ing the heat away. The area exposed to the
plastic material times the K value will pro-
vide a comparative figure for the preferred
selection, since all other factors are common.
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For example, a %-in.-(0.95-cm)-diameter
pinin a 1.5-in.-(3.81-cm)-deep cored hole will
have for beryllium copper a value of

Area x K =3} x3.14 x 1.5 x 62 = 109

For a steel pin with a £-in.-(0.79-cm)-
diameter copper insert, the corresponding
value is

15—6 x 3.14 x 1.5 x 222 = 326

The relative heat conduction using beryl-
lium copper, 109, against that using the steel
pin inserted with a copper rod, 326, points
to the decided advantage of the latter. It is
assumed that during insertion of the copper,
intimate contact with the steel is established.

The distance L to the circulating-fluid
opening is determined by strength considera-
tions, namely, by the need to limit the deflec-
tion and by the possibility of thermal fatigue.
L can be calculated by viewing the situation
shown in Fig. 4-113 as a beam fixed at both
ends with a load in the middle. Using a hand-
book (under “Beams, Stresses in”), we find
that the stress in the middle is

_w_wp
T8z 8Z

where W = load on 1 sq in. of hole opening
= 20,000 psi (1,378 MPs)
| = length of beam = D = 0.4375
Z = section modulus
bd> bI? 22917
6 6 6

1
b=tmi5 =%

d=1L
S = safe load stress = 10,000 psi
WD 20,000 x 0.4375

Z: —
8S 8 x 10,000
=0.1094
Substituting 0.1094 for Z, we have

2

0.1094 = 200

I? =0.2862

L =0.535

Most circulating holes are many inches
long, and so the chances of a drill “running
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N

Fig. 4-113 Coolant-hole distance from molding
surface.

out” exist; therefore, it would be more prac-
tical to take the distance L as % to % in. (1.43
to 1.59 cm) for H-type steels and % in. for
steels that are not formulated for thermal
fatigue.

The next step is to take account of the heat
transfer by convection. Heat transfer by con-
vection takes place when a medium, be it lig-
uid or gas, moves from one place to another
and carries heat with it; thus, the water or syn-
thetic oil moved by a mold circulator through
the circulating passages in the mold convects
heat for maintaining a desired temperature.
Heat is taken on or given off by the circulating
medium according to the basic heat equation

H=MS(; - )T

Here H is the heat content in Btu, and M is
the weight of material that circulates in time
T hours and produces a temperature differ-
ence of T, — T; in °F between the inlet and
outlet of the mold, respectively. S is the spe-
cific heat of the circulating medium. 7 is the
duration of the curing cycle. This basic heat
formula can be expressed in terms related to
mold design requirements.

Substituting the appropriate values for M,
we have

M = volume x specific gravity
volume = Q = area of passage x velocity
x duration of flow (curing cycle)
=AxVxT;
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where A=0.7854 x [(1)?, (£)% (£))]
=[0.073,0.118, 0.217] sq in.
V = velocity of fluid in ft/sec

Ty = time in hours during curing
Thus
M= AxV x Ty x specific gravity

For a given passage opening in the mold
and given cycle time, the only element that is
controllable is the velocity of the circulating
fluid. It has been established that within a cer-
tain range of velocities, the heat transfer is de-
cidedly improved. This is the range in which
turbulent flow takes place as contrasted with
predominantly laminar flow. Turbulent flow
is most effective in heat transfer because of
the transverse movement of the liquid par-
ticles. In laminar flow, the liquid particles
arrange themselves in parallel layers with ve-
locities at their highest in the center and de-
creasing in parabolic shape as they approach
the wall of the passage; thus, the layer next
to the wall is moving very slowly, with little
capacity to pick up heat.

Reynolds number The flow conditions
in passages, whether laminar or turbulent,
are characterized by a ratio known as the
Reynolds number. The formula for the
Reynolds number is

7,740VD  3,160Q
= or
n Dn

where V = fluid velocity, ft/sec
D = diameter of passage, in.
n = kinematic viscosity,
centistokes
= 1.3 for water at 50°F
(see Table 4-12)
Q = flow rates, gpm (cu. m/min)

R

A Reynold’s number of 2,000 or less yields
laminar flow; turbulence sets in at values
of 3,500 to 5,500 or even higher. Between
2,000 and 3,500, there is a transition stage.
Viscosity appears in the formula for the
Reynold’s number, and because viscosity
changes with temperature, we have to re-
late the flow to a specific water tempera-
ture to establish the flow rate and range of

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

4 Molds to Products

Table 4-12 Kinematic viscosity of water

Water Kinematic
Temperature (°F) Viscosity (cS)

32 1.79
50 1.30
68.4 1.00

100 0.68

150 043

212 0.28

Reynold numbers. For 50°F (10°C) entrance
water and a T%-in.-(l.ll—cm)-diameter open-
ing, the minimum flow rate for turbulent flow
will be

31600
R= 3,500 = 0.4375 x 1.3
O = 3,500 x 0.4375 x 1.3
S 3,160

0.63 gpm (0.0024 cu m/min)

For a Reynolds number of 5,500, we will
have an average flow rate of
5,500 x 0.4375 x 1.3
3,160
1.00 gpm (0.0038 cu m/min)

Qavg =

Il

By substituting in the formula the %- or
2-in. (0.32- or 0.95-cm) pipe hole size, we
can figure the corresponding flows. For %-in.
(0.32-cm) pipe hole size [§}-in. (0.87-cm) di-
ameter], the values of flow rate are

Omin = 0.5 gpm
Qavg = 0.75 gpm

For 2-in. (0.95-cm) pipe hole size [2-in.
(1.51-cm) diameter], the values are

Omin = 0.855 gpm
Qan =134 gpm

At a Reynolds number of 3,500, the heat
conduction is 1.5 times that for laminar flow;
at 5,500, it is almost 3 times better.

For water temperatures above 50°F (10°C),
the corresponding viscosity will be substi-
tuted in the formula, and a new flow rate will
be obtained.

When the flow in each line approaches the
values shown, a decided improvement in heat
conduction will result.
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heat 4
conductor

Heat Transler

Fig. 4-114 Schematic of a heat pipe.

Heat Transfer by Heat Pipes

A heat pipe is a means of heat transfer
thatis capable of transmitting thermal energy
at near-isothermal conditions and near-sonic
velocity. The heat pipe consists of a tabular
structure closed at both ends and containing
a working fluid (Fig. 4-114). For heat to be
transferred from one end of the structure to
the other, the working liquid is vaporized; the
vapors travel to and condense at the oppo-
site end, and the condensate returns to the
working liquid at the other end of the pipe.
The heat-transfer ability of saturated vapor is
many times greater than that of solid metallic
material.

Heat pipes can be used to either remove
or add heat. The smaller heat pipes, which
can be used to operate against gravity, are
equipped with thick homogeneous wicks and
have higher thermal resistance, so that the
heat transfer will not be quite as fast as in
the case of gravity-positioned pipes. Even
with the higher thermal resistance, these heat
pipes still have a very high heat-transfer rate
in comparison with solid metals.

Heat Balance of Halves

Some products are so shaped that the heat
from the plastics is equally absorbed by each
mold half. The vast majority of parts, how-
ever, have a core of some depth and a cav-
ity that surrounds the core. In this type of
mold, the heat absorption of each half is
different.
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Mold Connection for Fluid

Mold temperature connections should be
placed away from the operator side and
recessed wherever feasible so that danger
of damaging them is eliminated. Whenever
quick-disconnect couplings are used, care
should be taken to see that the openings in
the fittings will not restrict the flow to the
mold and to ensure that the proper velocity
for turbulent flow is maintained.

Cooling Time

In addition to mold, raw material, and ma-
chine costs, the cost of injection molded ar-
ticles depends on the molding cycle. A large
part of the cycle is accounted for by the time
required to cool the molding to mold release
temperature. This time depends on the heat
of the molding.

In principle, the molding may be released
from the mold as soon as its outer layer is
sufficiently rigid, at a temperature called the
mold release temperature. The inside of the
molding will often still be considerably hotter
than the outer part. Minimum cooling time
required to reach mold release temperature
is governed by:

1. Wall thickness of the molding

2. Difference between polymer and mold
temperatures

3. Difference between mold release tem-
perature of the article and mold temperature

The minimum cooling time may be esti-
mated from the following equation (4):

-2, 2T

2w °

§= (T -1,

where S = minimum cooling time (sec)
t = thickness of molding (in. or cm)

a = thermal diffusivity of material
(sq in./sec or sq cm/sec)

T; = ejection temperature of molding
(often the heat distortion
temperature is used)

(°F or °C)
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Fig.4-115 Effect of mold temperature on cooling
time.

T;, = mold temperature (°F or °C)
T; = cylinder temperature (°F or °C)

Based on this formula, Fig. 4-115 illustrates
the effect of mold temperature on cooling
time.

Cooling with Melt Pulses

Rather than having the coolant continually
running, one may have it flow only after the
melt fills the cavity(s). Solenoid-controlled
valves placed in the incoming coolant line are
used to open or shut off the coolant. Thus
when the melt enters the mold, it is not sub-
jected to a fast cooling shock.

According to proponents of pulse cooling,
conventional continuous-coolant-flow mold
temperature control generates stable tem-
perature gradients and thus stable isotherms
(surface of constant temperature in the cool-
ing channels). Although heat travels quickly
from the plastic to the metal to the coolant,
the mass of steel between the channels is un-
der utilized for heat absorption. Pulse cool-
ing, because it is not continuous, eliminates
the steady isotherms that segregate a conven-
tional cooled mold. Heat from the part is ab-
sorbed not only by the cooling channels, but
also by the large mass of steel on the shop side
of the mold. When the fill stage is complete,
coolant circulates quickly, removing excess
heat and quickly bringing the mold and part
back to minimum temperature. This cyclic
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process is targeted to reduce cycle time 6 to
10%, lessen molded-in stress, reduce scrap,
and reduce energy use.

Flood Cooling

This system, used particularly in blow-
molding molds, involves internal flooding in
a confined open chest that surrounds the
mold cavity, rather than using drilled holes
(Fig. 4-116) (Chap. 15). However, drilled
holes can also be used or combined with the
flooding action.

Spiral Cooling

In this method of mold cooling, the cooling
medium flows through a spiral cavity in the
body of the mold.

Cooling Rates

The plastic melt cooling rate is usually the
final control among the variables associated
with the final plastic product performance.
This variable influences factors such as melt
flow rate, residual stress, and degree of orien-
tation. Appropriate heating and cooling rates
for amorphous and crystalline plastics differ.
If they are not properly controlled, product
performance will be suboptimal or even un-
acceptable.

Cooling Temperatures

Lowering coolant temperature below the
required level is often supposed to speed up
heat removal; actually, the reverse is often
true. Lowering the temperature reduces wa-
ter chiller capacity. If possible, avoid tem-
peratures below 40°F (4°C), since at such
temperature ethylene glycol (EG) has to be
added to the water to prevent freezing. Going
lower requires more EG, making the solution
more viscous, increasing the required pump-
ing power, and thus increasing the operating
cost.
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Fig. 4-116 Flood cooling: a baffle cooling system used in blow molding.

Cooling Flow Meters

Devices can be put inline with the supply
and return water to measure the temperature,
pressure, and flow rate of water through the
mold. As an example, the rotometer is a water
flow meter that can be installed in the wa-
ter line. Flow is through a vertical transpar-
ent tube marked with a scale. A ball-shaped
float (or other device) is inside the tube. It

DNA Genotek Inc.
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moves up and down according to the water
flow rate. (There are also airflow cooling me-
ters to monitor airflow around the molds.)

Undercuts
Ordinarily, when the mold is separated

into two or more sections, the part can
be removed. However, certain geometrical
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Sliding Shutoff

Opening

Side View of Part

Fig. 4-117 Eliminating undercut side cores by using a sliding shutoff system.

considerations must be met. First, the part
must have no undercut sections that will lock
if it is pulled from the mold.

If such a shape is essential to function,
a much more complicated mold is required
in which a portion of the mold is retracted
to permit the undercut to be removed. This
complicates the molding procedure and the
mold, and may result in higher costs as well
as a poorer-quality part. The part will usu-
ally have some surfaces that are nearly par-
allel and perpendicular to the opening sur-
face of the mold (referred to as the parting
line), and pulling the part against these sur-
faces could result in sticking and drag that
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
design. Moldings made from flexible plas-
tic with small undercuts often allow forced
mold release; that is, during mold opening the

molding distorts sufficiently, because of its
flexibility, to jump free of the undercut. This
method is not recommended without experi-
ence. Insuch cases, a certain degree of perma-
nent deformation may have to be accepted.
Generously rounded corners are a must if this
method of mold release is used.

For rigid plastics and large undercuts, use
must be made of movable or rotating side
cores, which obviously influence mold con-
struction. Screw threads are an example of an
undercut frequently met. To eliminate under-
cuts, consider tapering a wall so that a sliding
shutoff can be used (Fig. 4-117).

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, pneumatically, or electromechanically:

1. Molds with side cores (Figs. 4-118 to
4-120 and 4-4)

Fig. 4-118 Schematic of mold with mechanically actuated side cores.
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Bottom core

Fig. 4-119 Schematic of mold with side-core ac-
tions (battery case molded of PP).

2. Molds with wedges (Figs. 4-4 and 4-120)

3. Molds with rotating cores (Figs. 4-121 to
4-125)

4. Molds with loose cores or inserts

The choice of a method, or of a combi-
nation of these methods, is governed by not
only the shape of the article and the proper-
ties of the polymer (flexibility, rigidity, shrink-
age, etc.), but also the standards of quality
to be met by the article (35). For articles
with an external screw thread, for instance,
either method 1 or 3 can be used. However, if
method 1is used, the mold parting line shows,
which may be undesirable for aesthetic or de-
signreasons. The method used should depend
on the use of the article.
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Fig. 4-120
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Fig.4-121 Mold with rotating core that operates
during mold opening and closing. The drive gear
rotates via the worm shaft, which in turn transmits
rotation to the geared core. The core unscrews the
threaded molded product.

Mold Shrinkages and Tolerances

By shrinkage or tolerance is meant the di-
mensions to which a cavity and core should
be fabricated in order to produce a product
of desired shape and size (see Chap. 5, sec-
tion on Molding Tolerances; Chap. 15, sec-
tion on Micro Injection Molding). The usual
way to decide on the amount of shrinkage
is to consult data supplied by the material
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Mold with wedge side-core action.
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Fig. 4-122 Cores are positioned in rows as seen
in this cutaway view of a closed mold frame. Each
core resides within a gear that, when engaged by
one of the parallel racks, causes the core to rotate
and unscrew the molded caps.

manufacturer. The supplier’s information is
obtained from a test bar molded according to
an ASTM standard (Chap. 12). The test bar
is molded at a specific pressure, mold tem-
perature, melt temperature, and cure time.
The thickness of the test bar is normally % in.
(0.32 cm). However, molded parts are very
rarely produced under conditions and sizes
that are the same as or even similar to those
used for test bars.

4 Molds to Products

Fig.4-124 Rack-and-pinion unscrewing mold for
tamper-evident closures incorporates 12 rotating-
core cavities.

Fig.4-123 Cap-unscrewing mold that has a rotating action for removal of molded caps. When the mold
opens, the pin extending to the right side of the mold follows a guide plate and provides the rotating

action for ejection.
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Fig. 4-125 Industrial container lid mold. Rack-and-pinion mechanism rotates a core section for the

threaded inspection hole in the lid.

For precision parts with close tolerance di-
mensions, shrinkage information from test
bars as furnished by material suppliers can be
inadequate, but useful as a guide. We must be-
come familiar with the factors that influence
shrinkage so that we may arrive at more exact
dimensions for a specific part. (See Chap. 8 on
process effects.) According to compiled data,
shrinkage is a function of mold temperature,
part thickness, injection pressure, and melt
temperature.

Shrinkage is influenced by cavity pressure
to a very large degree. Depending on the
pressure in the cavity alone, the shrinkage
may vary as much as 100%.

Part thickness will cause a change in shrink-
age. A thicker piece [} in. (0.32 cm) or
more] will have a shrinkage value on the high
side of the data, whereas a thin one [% in.
(0.13 cm) or less] will have a lower shrinkage
value.

The mold and melt temperature also in-
fluence shrinkage. A cooler mold will result

DNA Genotek Inc.
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in less shrinkage, whereas a hotter melt will
cause more shrinkage, compared to the sup-
plier’s information.

The longer the time in the cavity, the closer
the part comes to mold dimensions, which
means a lessening of shrinkage.

Openings in the part will cause a varia-
tion in shrinkage from section to section be-
cause the cores making these openings act
as temporary cooling blocks, which prevent a
change in dimension while the part is solidi-
fying. A relatively large gate size will permit
higher cavity-pressure buildup, which brings
about lower shrinkage.

The shrinkage problem can be categorized
as follows:

1. Amorphous materials with a shrinkage
of 0.008 in./in. or less have readily predict-
able shrinkage, which is not difficult to adjust
with molding parameters such as cavity pres-
sure and mold or melt temperature or, as a
last resort, with the cycle.
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NOMOGRAPH IN St UNITS

Part
Thickness Gate Area
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.035 i I area of 4.5 mm2(.0072
10 sq. in.) (Gate: 1.5 mm
8- 030 3 (.06 in.) thick x 3 mm
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- [ mm/mm (.020 in./in.),
4 /'020 10 15 the estimated mold
3 shrinkage at a mold
2 015 201~ temperature of 93°C
—30  (200°F).
1.5 a0
- 60 Important: See the detailed
1.0 .010 80 |- discussion of molding
0.8 - 100 :{on_(tiitli.ons useg. ’
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compositions in the text.
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for “DELRIN" 500, 500 CL,
(1 900 and 8010.
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Fig. 4-126 Estimating mold shrinkage for DuPont Delrin acetal plastics.

2. Parts made of crystalline materials with
high shrinkage (above 0.010 in./in.), but
which are symmetrical and suitable for cen-
ter gating, will also have a readily predictable
shrinkage, adjustable with molding parame-
ters.

3. Parts made of materials with a high
shrinkage rate that are symmetrical but
cannot be center-gated may approximate a
center-gate condition if multiple gating close
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to the center (three, four, or six gates) is pos-
sible. In this case, the prediction of shrinkage
is somewhat more difficult but still presents
a chance of success.

4. The major problem exists with materials
that have a high shrinkage rate (about 0.015
to 0.035 in./in.). In most of these cases, the
material suppliers either show nomographs
(see Fig. 4-126 and Chap. 6) in which all con-
tributing factors are drawn and coordinated
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to supply reasonably close shrinkage in-
formation, or they point to examples with
actual shrinkage information and molding
parameters that can be used for compara-
tive interpolation. With most high-shrinkage
crystalline materials (e.g., nylon, polyethy-
lene, and acetal), when the material is edge-
or side-gated, a larger shrinkage occurs in the
direction of flow and a smaller one perpendic-
ular to it. (See Chap. 6 regarding amorphous
and crystalline plastics.)

If, upon review of the shrinkage informa-
tion, there is still doubt about whether the
precision dimensions will be attained, then
there is one way left for establishing accurate
shrinkage data: prototyping. In this method,
a single cavity is built, and the critical dimen-
sions are so calculated that they will allow
for correction after testing, by providing for
metal removal (machining). The test sample
should be run for at least half an hour and un-
der the same conditions as a production run.
Only the last half-dozen pieces from the run
should be used for dimensioning.

It is best to make the measurements after a
24-h period at room temperature. However,
with crystalline thermoplastics, such as acetal,
nylon, thermoplastic polyester, polyethylene,
and polypropylene, the shrinkage may con-
tinue for days, weeks, months, or even a year.
The shrinkage noted 1 h after molding may
be only 75 to 95% of the total.

The reason for postmolding shrinkage is
that there is a molecular rearrangement and
stress relaxation going on until equilibrium is
attained, at which point shrinkage stops; both
the molecular rearrangement and stresses
are brought about by molding conditions.
The conditions that are most favorable for
reaching the ultimate shrinkage in the short-
est time are high mold temperature and a low
rate of freezing. Each material has its own
rate of postmolding shrinkage as a function
of time. Curves showing the rate of shrinkage
as a function of time for different mold tem-
peratures and part thicknesses are available
from material suppliers.

The upper range of mold temperature
(shown in material-processing data sheets,
Chap. 6) is most conducive to stopping
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shrinkage in the shortest time after part re-
moval from the mold. Slow heat removal
from the part is also desirable. Thin parts,
which by their nature have a relatively fast
heat-removal rate, consequently have a rel-
atively long shrinkage stabilization time. It
is to be emphasized that the problem of
postmolding shrinkage exists principally with
crystalline or semicrystalline thermoplastics.

The configuration of a product’s end use
and assembly will determine to what degree
postmolding shrinkage will be a factor and
what steps have to be taken to overcome a
potential problem.

Onsome critical parts, an annealing (stress-
relieving) operation may be necessary to off-
set possible dimensional changes. Remember
that each crystalline material has a different
postmolding shrinkage stabilization time.

Shrinkage vs. Cycle Time

Reducing the cycle time on injection ma-
chines means not only greater part output,
but also, in some cases, less total capital in-
vestment in tooling and manpower for a given
job. One important way to achieve such sav-
ings is to optimize cycles by properly sizing a
tool based on realistic shrinkage rates for the
material being run.

Although this sounds like a simple con-
cept, its implementation often requires con-
siderable experience. It also demands a will-
ingness to take more time before production
startup to employ the traditional engineering
method of “trial and error.” Itis not for mold-
ers who are working within tight capital con-
straints. Generally, its payoff is only worth-
while for those high-volume jobs where the
fast cycling characteristics of crystalline engi-
neering thermoplastics is encountered.

The basic idea is simple: Before going into
actual production, you try to cycle a part as
fast as possible commensurate with quality
requirements, measure the material shrink-
age at the optimum cycle, and size your tool
accordingly. There are several ways to ap-
proach this situation.

Almost all plastic material data sheets list
shrinkage values, calculated for an average
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conservative molding cycle. They are only of
marginal practical use, since it is usually pos-
sible to speed up cycles. And because shrink-
age goes up as cycle time goes down—owing
to faster cooling—every cycle time below a
certain “conservative” value quoted on the
data sheet yields a specific shrinkage value.
There are other factors: mold design, method
of cooling, wall thickness, and more. How-
ever, it is wrong just to depend on published
data for sizing your tool, unless you plan to
run the part at the exact same cycle suggested
by the resin supplier for a specific wall thick-
ness.

For all trials, a starting point must be es-
tablished. A rough rule of thumb is that
for crystalline materials such as nylon and
acetal, shrinkage will run at about 0.015
and 0.020 in./in., respectively, for an average
% in. of wall thickness, at a conservative cycle
time of 45 sec. Except for wall thickness, over-
all part size is not much of a limiting factor.
With this in mind, Du Pont’s Technical Ser-
vices Laboratory, in Wilmington, Delaware,
developed a nomograph, including a num-
ber of variables in the molding process, that
will provide some refined information on
shrinkage for a select number of materials
(Fig. 4-126). Such a nomograph—along with
experience with certain parts and resins—can
be helpful in arriving at a starting point in siz-
ing the tool.

From then on, it is mostly trial and error,
but careful analysis of part design and op-
timum cycles also is very important. There
are no tables you can use to determine mean-
ingful “typical” shrinkage values at very fast

4 Molds to Products

cycles. You must determine them yourself
at different cycle times. Following are two
actual cases, illustrating several possible ap-
proaches.

Acetal part In this case, we were deal-
ing with a flat part with precise hole-to-hole
openings and a slide area that must be held
open and flat. The resin was acetal with a
shrinkage range from 0.02 to 0.035 in./in. The
objective for the molder was to size the cav-
ity so that a minimum cycle could be attained
at proper dimensions. Typical cycles for this
material might range from 30 to 60 sec. How-
ever, in order for the part to run at optimum
cycle, mold shrinkage had to be chosen care-
fully for the part to stay in dimensions at very
fast cycles.

When the cycle is longer than average
for this material, shrinkage on such a part
as described above will normally be about
0.02 in./in. at a cycle of about 60 sec, allow-
ing for a long time of cooling. If the part is to
be molded as quickly as possible, shrinkage
increases to about 0.035 in./in. for a 30-sec
cycle. (See Table 4-13).

In this case, the molder was in a position
to use the fastest cycles. His prototype tool
was sophisticated enough to run at various
cycles, including the 30-sec rate. The molder
then cut his production tool to 0.035 in./in.—
after having established this figure as accu-
rate for a 30-sec cycle in trials—and the parts
were all on-size and acceptable. However,
that also meant that the cycle could not be
slowed down, or parts would tend to become
oversized.

Table 4-13  Acetal flat part with precise hole-to-hole openings

Long Cycle: 60 sec,

Short Cycle: 30 sec,  Short Cycle: 30 sec,

Low Shrinkage Low Shrinkage High Shrinkage

Core pin spacing, in. 7.142 7.142 7.253
Required hole spacing, in. 7.0 +£0.015 7.0+ 0.015 7.0+£0.015
Corresponding hole spacing, in. 7.0 6.892 7.0
Designed mold

shrinkage, in./in. 0.020 0.020 0.035
Actual mold

shrinkage, in./in. 0.020 0.035 0.035
Resin is a grade of Delrin acetal with a 0.15-in. nominal wall thickness.
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Table 4-14 Nylon® doughnut-shaped product
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Long Cycle: 45 sec,

Short Cycle: 25 sec,>  Short Cycle: 25 sec,

Low Shrinkage Low Shrinkage High Shrinkage

Core diameter, in. 1.629 1.629 1.652
Cavity diameter, in. 2.036 2.036 2.065
Corresponding part size:

ID, in. 1.6 1.577 1.6

OD, in. 2.0 1.971 2.0
Designed mold

shrinkage, in./in. 0.018 0.018 0.032
Actual mold

shrinkage, in./in. 0.018 0.032 0.032

¢ Resin is a toughened nylon, Zytel ST 801 with a 0.2-in. nominal wall thickness.

b Part is undersized.

Nylon part Inthis case, the part was circu-
lar with a 2-in. (5.08-cm) outer diameter and
inner diameter of 1.6 in. (4.06 cm), leaving
a wall thickness of 0.2 in. (0.51 cm). Let us
assume that the tolerance requirements on
the inner diameter are such that the part
must be held within 0.006 in. (0.015 cm).
Therefore, the inner diameter dimension is
1.6 £0.003 in. (4.06 £ 0.0076 cm). Tolerance
on the 2-in. outer diameter dimension is
somewhat wider: 4= 0.005 in. (0.013 cm).

The resin used is a toughened nylon. The
range of mold shrinkages applicable to this
resin and part could be as low as 0.018 in./in.
or as high as 0.032 in./in., depending on the
molding cycle.

In order to achieve the lower shrinkage,
0.018 in./in., the cycle would have to be fairly
long, about 45 sec. On the other hand, at a 25-
sec cycle—well within the capability of this
particular resin—shrinkage could be as high
as 0.032 in./in. (see Table 4-14). Therefore,
the molder must choose the cycle time first,
then determine the shrinkage at that cycle.

For instance, should the molder choose to
run the fastest cycle, 25 sec, she would have
to cut her mold for a 0.032-in./in. shrinkage.
This, of course, assumes that there are no ar-
tificial limitations to achieving the fast cycle:
lack of screw plasticating capacity, mechani-
cal function of the mold, slow machine func-
tion, or improper cooling. The other consider-
ation is the inability to predict the shrinkage
value accurately at the given cycle time. Ide-
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ally, the molder would have experience with
similar type parts; thus, she would be able to
predict shrinkage at a specific cycle without
trial and error methods.

Unfortunately, in most cases this is impos-
sible. The part may be new, and the molder
may have to go through a series of tests to es-
tablish the optimum cycle and corresponding
shrinkage in order to size her tool properly.
There are several approaches she can use.

With this particular part, the molder solved
the shrinkage problem at the prototype tool
stage. A prototype cavity, properly cored,
that runs automatically at various cyclesis the
most reliable means of arriving at the mini-
mum cycle. Such a cavity provides highly re-
liable data, provided the cooling for the pro-
totype equals that on the production tool.

Cooling of the prototype tool is impor-
tant. The more information you need from
your prototype tool, the more sophisticated
it must be—a simple Kirksite tool will not
do for any extensive evaluation. A proto-
type tool probably should be made of P-20
steel, the same steel used for many produc-
tion tools. The only difference is that the pro-
totype tool is unhardened—vs. 55 Rockwell
C for production tools—permitting machin-
ing ease. Although all this evaluation work
is costly, a good prototype can save money
in the long run; apart from optimizing cy-
cles, with a tool that closely approximates the
production tool, problems such as molded-in
stresses due to improper gating or unequal
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rate of cooling can be detected and solved
before full production startup. If, by proper
choice of the shrinkage, you are able to cut
20 sec off a 60-sec cycle, this means a 33%
productivity improvement.

A second, similar approach involves con-
structing a so-called lead cavity for the pro-
duction mold. (For instance, on a four-cavity
tool you would cut only one cavity for trial
runs.) The part is then molded at various cy-
cles to determine the shrinkage. This infor-
mation can be translated into sizing the re-
maining cavities. The advantage is that this
lead cavity will be designed to operate as a
production tool, and all information learned
is fully applicable to the other cavities.

Often, insufficient time is allowed for con-
structing the production tool, so the use of
a lead cavity is impossible. In that case, se-
rious thought should be given to the advis-
ability of slowing down the initial develop-
ment work. The time and money invested to
develop cycle-shrinkage information can be
amply rewarded, in higher productivity for
the life of the part.

A third possible approach is to size the
core piece for maximum shrinkage and size
the cavity section of the production mold for
minimum shrinkage. Referring to the circu-
lar part described above, we assume that the
inner diameter will shrink 0.032 in./in. Apply-
ing this figure to the 1.6-in. (4.06-cm) inner
diameter indicates that the core size should
be cut to 1.652 in. (4.196 cm). If the cavity is
sized to minimum shrinkage, 0.018 in./in., its
size should be 2.036 in. (5.17 cm). With this
technique, it is possible to remove steel from
the core and cavity after the mold has been
fully tested and the actual rate of shrinkage at
a given cycle has been established. Although
this is a somewhat time-consuming approach,
it is by far less costly and time-consuming
than other methods described previously.

A fourth approach would be to choose a
reasonable shrinkage value, based on avail-
able data similar to Fig. 4-126, and cut both
core and cavity to that value and cycle the part
accordingly. For example, we might choose
a shrinkage of 0.026 in./in. and pick a cycle
time also in the midrange. If there are sur-
prises, as can happen with any new part, the

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

4 Molds to Products

cycle and shrinkage can be adjusted in mold-
ing to achieve the required part size. In this
particular case, good cycle information is not
available from the prototype tool. It is possi-
ble to produce parts to the required size at the
given cycle, but there is no way of knowing
whether this cycle represents the full poten-
tial of the resin and tool. It would make more
sense economically to cut both cores and cav-
ity to achieve the final part dimension at a fast
cycle rather than at a middle value. The cav-
ity work is rather easy to accomplish, since it
only entails increasing its size by cutting steel.
The cores would have to be remachined from
scratch because they must be larger.

Shrinkage can vary with cycle time, so that
final part dimensions depend on the precise
cycle time for a mold. Therefore, before you
size your tool, determine how fast you can ef-
fectively run the part. Find out the shrinkage
at that cycle. Based on these findings, your
final tool dimensions will then be keyed to
production at optimum cycle time.

In some cases, of course, a too rapid cycle
can interfere with some secondary operation,
such as an operator assembly procedure re-
quired at every ejection. This situation would
require that the molder go the other way, re-
sizing the cavity to slow down the cycle.

As a molder, you have to be aware of po-
tential quality defects caused by fast cycles.
For example, very fast cycles may prevent
thick sections from fully packing out, result-
ing in voids. Before you decide to push a cycle
time to its limit, you must decide if part qual-
ity will suffer. Good candidates for minimum
cycle times are usually thin-walled parts and
those with uniform wall thickness.

Ejection of Molded Products

Adherence of parts on the injection half re-
quires the placing of cores and other retain-
ing devices on the moving half of the mold so
that there is no chance of parts hanging up in
the cavity. Even a slight tendency to stick in
any portion of the cavity will cause warpage,
stresses, and dimensional distortion of parts.
Such a tendency may indicate a need for ad-
ditional taper, polish lines in the direction
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of withdrawal, or manipulation of the mold
temperature.

In dimensioning the cavity and core, close
attention is to be given to ensuring the
unstressed retention of the part on the ejec-
tion side. This is normally accomplished by
the plastic shrinking tightly over the cores
and adhering to them. In such cases, it is de-
sirable to have a rougher surface on the core
than in the cavities. In some configurations, it
becomes desirable to provide narrow under-
cuts 0.002 to 0.005 in. (0.0051 to 0.0127 cm)
deep in the area of the ejection pins.

All surfaces in line with the mold opening
direction, such as sidewalls, etc., must have a
certain draft to facilitate ejection of the mold-
ing from the mold. Insufficient draft can cause
deformation or damage. The draft required
for mold release is primarily dependent on
the depth of the cavity: the deeper the cavity,
the more draft necessary. In the determina-
tion of the draft required, shrinkage (which
differs for each plastic) must also be taken
into account. If metal inserts are used, shrink-
age can have an adverse effect on mold re-
lease, which can be prevented by using more
draft.

Another factor affecting mold release is
the rigidity of the molding; rigid moldings re-
quire less draft than more fiexible ones. In
general it is recommended that a minimum
draft of one degree be used. For small mold-
ings, a draft of one-half to one degree may
be sufficient in some cases, whereas for large
moldings drafts up to three degrees may be
required.

The ejection of a molding is generally by
ejector pins, which are commercially avail-
able in various designs and qualities, or by
strips, bushings, plates, or rings (Fig. 4-127).
The choice of ejector system is largely gov-
erned by article shape, and by the rigidity
or flexibility of the plastic used. Whatever
ejector system is chosen, ejection must never
cause damage to, or permanent deformation
of, the molding. The mold preferably should
be fitted with ejectors at those spots around
which the molding is expected to shrink (i.e.,
around cores or male plugs).

The force required to strip a molding off a
male core may be determined approximately
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Fig. 4-127 Stripper-ring ejection.

from
_S,xExAxu

(g -5y

where P = ejection force required
(Ibf or kgf)

E = elastic modulus (Ibf/sq in. or
kgf/sq cm)

A = total area of contact between
molding and mold faces in line
of draw (sq in. or sq cm)

u = coefficient of friction between
plastic and steel

d = diameter of circle circumference
equal to perimeter of molding
surrounding male core (in.
or cm)

t = thickness of molding (in. or cm)

y = Poisson’s ratio of the plastic

S; = (thermal contraction of plastic
across diameter d) = (coefficient
of thermal expansion) x
(temperature difference between
softening point and ejection
temperature) x d (in. or cm)

At high mold temperatures, allowance
must be made for thermal expansion of the
mold platens. These platens will expand more
than those of the ejector mechanism. It is
recommended that the ejectors be provided
with a cylindrical head, and they should be
mounted with some clearance to allow the
correction of possible variations in center dis-
tances during machine operation.
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Ejection of articles with large cylindrical
or flat surfaces may sometimes be hampered,
as such surfaces tend to create a vacuum be-
tween the articles and cavity wall. In such
cases, mold release may be improved and the
vacuum broken by an air ejection system op-
erated by air valves or channels, in the mold
and valve stem, operating independently or
in conjunction with ejector pins.

Related to an ejector is a sprue puller,
which is a device used to pull (draw) a molded
sprue out of the sprue bushing. It is generally
a straight round pin with the end machined in
the form of an undercut. There are different
methods in general use for providing an an-
chor to pull the sprue. The sprue lock pinis lo-
cated where the small depression at the mold
entrance meets the runners. It is fastened to
the knockout or ejector mechanism and runs
through the movable part of the mold in di-
rect line with the mold entrance.

Mold Release Agents

A mold release agent, also called a part-
ing agent, is a substance, such as silicone,
put upon an interior mold cavity surface
and/or added to a molding compound, to fa-
cilitate removal of the molded product from
the mold. Note that using certain agents, in-
cluding silicone, can cause bonding problems
if parts are to be decorated in a secondary
operation, or may interfere with electrical
circuits.

Mold Materials of Construction

Choices of material range from computer-
generated plastic tooling to specialty alloys or
even pure carbide. Everyone from purchas-
ing agents to shop personnel must consider
the ramifications of tool materials. They in-
clude factors such as construction, hardness,
corrosion resistance, wear resistance, product
design, productivity, output rate, tool mainte-
nance cost, and life. One may consider the
softest tool that will do the job because it
is usually the least expensive to build, but
that requires special/careful handling and still
have limited life. There are also basic ques-
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tions that have to be answered in advance of
any specifications of tool materials.

The chief materials of construction are var-
ious grades of steels. Others include beryl-
lium copper alloy, brass, aluminum, kirksite,
sintered metal, steel-filled epoxy plastic, and
flexible plastic. As a guide to life expectancy
consider P-20 steel for one million parts, QC-
7 aluminum for 250,000, sintered metal for
100,000, and filled epoxy plastic for 50 to 200
(1, 140, 143, 179, 209, 295, 525, 526, 508, 588).

Steels

Commonly used is P 20 steel, a high grade
of forged tool steel relatively free of de-
fects and prehardened. It can be textured or
polished to almost any desired finish and is
a tough mold material. H-13 is usually the
next most popular mold steel used. Stainless
steel, such as 420 SS, is the best choice for
optimum polishing and corrosion resistance.
Other steels and materials are used to meet
specific requirements, such as copper alloys
for fast cooling, aluminum for extended mold
life and low cost, etc. (404).

Different characteristics and performances
identify steels. As an example, higher hard-
ness of steel improves wear, dent, and
scratch resistance and polishability, but low-
ers machinability and weldability. High sulfur
content degrades the stainless qualities and
polishability of the steel. Hardness, as a mea-
sure of the internal state of stress of the steel,
has an adverse effect on weldability, fracture
toughness, and dimensional stability.

The steel used in the manufacture of a
mold base varies, depending on the require-
ments of the application. (As an example,
polyvinyl chloride requires stainless steel to
eliminate corrosion.) The structural sections
of the mold base are usually made from
medium carbon (SAE 1030) or AISI-4130-
type steels. Among the steels selected for
cavity and core plates are P-20- and H-13-
type steels, as well as stainless steel (T-420)
(Table 4-16).

The available spectrum of modern tool
steel offers properties in numerous combi-
nations and to widely differing degrees. For-
tunately, the needs of the vast majority of
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Table 4-15 SPI Moldmakers Division quotation guide

THE MOLDMAKERS DIVISION

THE SOCIETY OF THE PLASTICS INDUSTRY, INC.
3150 Des Plaines Avenue (River Road), Des Plaines, lil. 60018, Telephone: 312/297-6150

TO FROM QUOTE NO.
DATE
DELIVERY REQ
Gentlemen:
Please submit your quotation for a mold as per following specificati and drawing
COMPANY NAME
Name 1. B/P No. Rev. No. No. Cav.
of 2. B/P No. Rev. No. No. Cav.
Partls 3. 8/P No. Rev. No. No. Cav.
No. of Cavitles: Design Charges: Price: Delivery:
Type of Mold: O Injection [0 Compression [ Transfer {3 Other (specify)
Mold C: i Speclal F Material
0 Standard O Leader Pins & Bushings in K.O. Bar Cavities Cores
0 3 Plate O Spring Loaded K.O. Bar 0 Tool Steel a
0 Stripper £J inserts Molded in Place O Beryl. Copper ju}
O Hot Runner 0O Spring Loaded Plate D Stee! Sinkings w]

O Insulated Runner

0 Other (Specify) 0 Accelerated K.O.

D Knockout Bar on Stationary Side

O Other (Specify)

O Positive K.0. Return Press
Mold Base Stee! O Hyd. Operated K.O. Bar Clamp Tons
am G Parting Line Locks Make/Model
0 # 0 Double Ejection
an O Other (Specify)}
Hardness Finish
Cavitles Cores Cavitles Cores Cavities Core
0 Hardened a O  SPE/SPI a O Inserts a
O Pre-Hard 0  Mach. Finish =] O  Retalner Plates o
O Other {Specify) 8 ?hr?me Plate g g Other Plates o
exture Bubblers [w]
Covitieg  l2cton Cores [ Other (Specify) O Other (Specify)
0 KO Pins a Side Action Type of Gate
O Blade K.O. O  Cavitles Cores
O Sleeve (m] O Angle Pin =] J Edge
O Stripper a O Hydraulic Cyl. [m} 0 Center Sprue
a  Air (] 0 Air Cyl. ] 0 Sub-Gate
{0 Special Lifts a O Positive Lock a O Pin Point
{1 Unscrewing (Auto) m] a am a O Other (Specify)
O Removable Inserts (Hand) 3 O  K.O. Activated Spring Ld. O
0 Other (Specify) 0  Other (Specify) o
Design by: O Moldmaker ([J Customer
Type of Design: O Detailed Design (3 Layout Only
Limit Switches: O Supplied by O Mounted by Moldmaker
Engraving: O Yes 0O No
Approximate Mold Size:

Heaters Supplied By: O Moldmak

O C

Duplicating Casts By: OMoldmaker [JCustomer

Mold Function Try-Out By: O Moidmaker ([J Customer
Tooling Model/s or Master/s By: (0 Moldmaker (O Customer
Try-Out Material Supplled By: O Moldmaker O Customer

Terms subject to Purchase Agreement. This quotation holds for 30 days.
Special Instructions:

el T repry

pry

The prices quoted are on the basis of plece part print, ord

any change in the final design, prices are subject to change.

or supplied. Should there be

8y Title
Distribution: Use of this 3 part torm is recommended as follows: 1) White and yellow - sent with request to quote.
Pink - mainiained in active file. 2) White original - with Yeliow - n s active file.

tool-steel users can be satisfied with a rela-
tively small number of these steels, the most
widely used of which have been given the
identifying numbers of the American Iron
and Steel Institute (AISI).

With reengineered molds and components,
manufacturers can provide performance and

DNA G
Spectrum Solutions LLC

capabilities based on mold design require-
ments. It is important in the process of mold
purchasing to develop professional forms
that detail special mold design features, as
well as steel types, heat treatments, and
surface finish requirements. Sample forms
have been developed (Table 4-15). The
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Fig. 4-128 Anticipated range of changes in heat
treatment of various mold steels.

information presented in Fig. 4-128 and
Tables 4-16 through 4-21 characterizes ma-
terials that are useful in work with preengi-
neered molds and components, as well as
your own mold.

Tool steels (or mold steels) may be defined
as highly alloyed steels. The chemistry and
method of manufacture determine the use of
the final product. As high-performance alloys
such as cobalt, vanadium, and chromium be-
come more difficult and more expensive to
obtain, it is safe to say that the quality of the

4 Molds to Products

product and better usage will be the key to
the future of mold steels.

Proper materials selection and proper
combination of alloys in varying percentages
are required for finished tools. Characteris-
tics of machinability, wear, shock, and anti-
galling properties, resistance to corrosion,
and, of course, hardenability are directly at-
tributable to alloy type and content.

Combining the chemistry of alloys with
the best melting, rolling, and annealing tech-
niques allows steel mills to consistently pro-
duce fine-quality tool steels. Tool steels are
electric-furnace-melted and, when beneficial,
vacuum-degassed on pouring. Detailed an-
nealing procedures produce structures that
also enhance fine quality. This quality is
of vital importance to the moldmaker, who
must produce molds of the highest caliber
repetitively.

The following is an indication of where
most common mold steels and beryllium cop-
per find application in injection molds, along
with comments on each material’s particular
strengths or weaknesses.

Type 4130, 4140 The type most commonly
used in a prehardened state at a hardness of

Table 4-16 Examples of steel applications in molds

Type of Steel Typical Uses in Injection Molds
413074140 General mold baseplates
P-20 High-grade mold baseplates, hot-runner manifolds, large cavities
and cores, gibs, slides, interlocks
4414 SS, 420 Best-grade mold baseplates (no plating required),
SS (prehardened) large cores, cavities, and inserts
P5,P6 Hobbed cavities
01 Gibs, slides, wear plates
06 Gibs, slides, wear plates, stripper rings
H-13 Cavities, cores, inserts, ejector pins, and sleeves (nitrided)
S7 Cavities, cores, inserts, stripper rings
A2 Small inserts in high-wear areas
A6 Cavities, cores, inserts for high-wear areas
Al10 Excellent for high-wear areas, gibs, interlocks, wedge locks, wedges
D2 Cavities, cores, runner, and gate inserts for abrasive plastics
420 SS Best all-around cavity, core, and insert steel; best polishability
440C SS Small- to medium-size cavities, cores, inserts, stripper rings
250, 350 Highest toughness for cavities, cores, small unsupported inserts
455M SS High toughness for cavities, cores, inserts
M2 Small core pins, ejector pins, ejector blades (up to g—in. diameter)
ASP 30 Best high-strength steel for tail, unsupported cores, and core pins
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Table 4-17 Identification of steels by AISI-SAE designations

AISI-SAE
Steels Designations® Amount of Alloy

Carbon 10XX Plain with 1.00% maximum Mn

11XX Resulfurized

12XX Resulfurized and rephosphorized

15XX Plan with 1.00 to 1.65% Mn
Manganese 13XX 1.65% Mn
Nickel 23XX 3.50% Ni

25XX 5.00% Ni
Nickel-chromium 31XX 1.25% Ni; 0.65 to 0.80% Cr

32XX 1.75 Ni; 1.07% Cr

33XX 3.50% Ni; 1.50 to 1.57% Cr

34XX 3.00% Ni; 0.77% Cr
Molybdenum 40XX 0.20 or 0.25% Mo

44XX 0.40 or 0.52% Mo
Chromium-molybdenum 41XX 0.50, 0.80, or 0.95% Cr; 0.12, 0.20, 0.25, or

0.30% Mo

Nickel-chromium-molybdenum 43XX 1.82% Ni; 0.50 or 0.80% Cr; 0.25% Mo

47XX 1.05% Ni; 0.45% Cr; 0.20 or 0.35% Mo

81XX 0.30% Ni; 0.40% Cr; 0.12% Mo

86XX 0.55% Ni; 0.50% Cr; 0.20% Mo

87XX 0.55% Ni; 0.50% Cr; 0.25% Mo

88XX 0.55% Ni; 0.50% Cr; 0.35% Mo

93XX 3.25% Ni; 1.20% Cr; 0.12% Mo

94XX 0.45% Ni; 0.40% Cr; 0.12% Mo

97XX 0.55% Ni; 0.20% Cr; 0.20% Mo

98XX 1.00% Ni; 0.80% Cr; 0.25% Mo
Nickel-molybdenum 46XX 0.85 or 1.82% Ni; 0.20 or 0.25% Mo

48XX 3.50% Ni; 0.25% Mo
Chromium 50XX 0.27, 0.40, 0.50, or 0.65% Cr

51XX 0.80, 0.87,0.92, 0.95, 1.00, or 1.05% Cr
Chromium with 1.00% C min 50XXX 0.50% Cr

SIXXX 1.02% Cr

52XXX 1.45% Cr
Chromium-vanadium 61XX 0.60, 0.80, or 0.95% Cr; 0.10 or 0.15% V minimum
Tungsten—chromium 72XX 0.75% Cr; 1.75% W
Silicon-manganese 92XX 0.00 or 0.65% Cr; 0.65, 0.82, or 0.85% Mn;

1.40 or 2.00% Si

@ The first two digits denote the type of steel, and the second two digits the carbon percentage.

30to 36 Rcforload- or pressure-bearing mold
base plates, such as cavity and core retainer
plates, or extralarge cavities and cores, which
have no special surface-quality require-
ments.

Type P-20 This type is the same as 4130/
4140; however, its cleaner manufacturing re-
quirement results in a more homogeneous
microstructure and, thus, good polishabil-
ity. It is used for large cavities and cores

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

requiring good polish, and for hot-runner
manifolds.

Type 414 SS / 420 SS prehardened This
type is most commonly used at a hardness
of 30 to 35 Rc; it is excellent for large cavities
and cores that require a good polished finish
and corrosion resistance. It is also very good
for cavity and core retainer mold base plates,
providing toughness and corrosion resistance
without a need for plating.
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Table 4-18 Materials used in molds, arranged in decreasing order of surface hardness

Suitable for Material Class Suitable for
High-pressure
Low- thermosets ¢ Carbides
pressure Phenolics Steel, nitriding
thermosets Ureas Steel, carburizing
Thermoplastics SMC Diallylls Steel, water-hardening
glass-filled BMC Melamines Steel, oil-hardening Thermo-)
Alkyds Steel, air-hardening plastics
Nickel, cobalt alloy unfilled
Steel, prehardened 44 Re
\ Beryllium, copper Blow
Steel, prehardened 28 Rc molds
Aluminum bronze
Proto- Structural Steel, low alloy & carbon
type foams Kirksite (zinc alloy) Vacuum-
injection Aluminum, alloy forming
molds Brass sheets
TP resins Casting Sprayed metal TP
of liquid Epoxy, metal-filled resins

resins

Silicone, rubber

P-5 and P-6 Carburizing steel available
in an annealed condition. It is easy to hob
and/or machine for making cavities, and can
be carburized to a depth of 60 mils and case
hardness of 58 to 61 RD. Its relatively soft
core (15 to 30 Rc) lowers the overall com-
pressive strength, which is a key quality in
modern mold-steel requirements. In the long
run, it is often more economical to pay for the
higher mold manufacturing cost of ED-Med
tool steel cavities of the through-hardened
type, rather than using the hobbing process,
because of the much longer life expectancy.

01 Oil-hardened Available in an annealed
condition, this material is capable of attaining
a maximum of 62 Rc hardness. It is excellent
for gibs, slides, wear plates, and the like, but
not recommended for cavity or core compo-
nents or mold base plates.

06 Oil-hardened This type has the same
applications as 01, but provides better
machinability and especially good wear char-
acteristics in applications with metal-to-
metal contact, because of the presence of free
graphite in its microstructure.

H-13 Air-hardened One of the most use-
ful steels for moldmaking, this material pro-
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vides good all-around steel qualities for cav-
ities and cores, as well as inserts.

S-7 Air-hardened This is the same as
H-13, but provides the often required higher
hardness of 54 to 56 Rc. Extreme care is re-
quired in the heat-treating process; to pre-
vent cracking in the quench, a double draw
is highly recommended. It is very important
also that a hardness of 55 Rc be achieved
accurately, because of this steel’s very sharp
breakoff point in impact strength or tough-
ness (highest at 55 Rc, lowest at 57 to
58 Re).

Types A2, A6, A1Qair-hardened Medium-
alloy tool steels available in an annealed con-
dition. A2 is the most abrasion-resistant steel
of this group under molding conditions, be-
cause of its higher chrome content. A10 has
remarkable wear and nonseizing qualities in
metal-to-metal contact applications, because
of its free graphite content. All three are
easy to machine and very high in compres-
sive strength. Welding, however, can create
cracking problems.

D2 Air-hardened This material is in a
class by itself with respect to excellent abra-
sion resistance and is recommended for
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Table 4-21 Effects of alloying materials
Element  Symbol Description
Aluminum Al Combines with nickel and titanium to form an intermetallic compound, which
precipitates on aging and provides strength and hardness. Also used
as a deoxidizer and to produce fine grain size.
Carbon C  Very influential in controlling hardness, depth of hardness, and strength.

Chromium Cr

A carbide-forming element that contributes strongly to hardenability

and abrasion and wear resistance. Additional amounts of chromium, greater
than are needed for carbide formation, remain in solution and enhance

Combines with free sulfur to form discrete sulfide inclusions and improve

it increases hardenability by decreasing the required quenching rate. It is

Promotes hardenability in mold steels. The elevated tempering requirement

increases the steel’s strength at higher operating temperatures and provides
more complete relief of residual stresses for greater dimensional stability.

steels, nickel combines with aluminum and titanium to form an intermetallic
compound that increases hardness and strength on aging. Larger amounts of

combining with nickel and/or aluminum to form an intermetallic compound,

corrosion resistance.

Cobalt Co  Anelement added to the maraging steels to improve strength.

Manganese Mn
hot workability. It is also a deoxidizing agent. In larger quantities,
the principal element used to obtain quenching by air cooling,
which minimizes distortion.

Molybdenum Mo

Nickel Ni  Usually added to improve hardenability of low-alloy steels. In maraging
nickel also assist in corrosion resistance.

Silicon Si  Principal function is as a deoxidizing agent during melting. In higher
quantities, it retards tempering, thus allowing higher tempering
and operating temperatures (hot hardness).

Titanium Ti  Found in maraging steels, where it acts as a potent strengthener by
which precipitates on aging.

Tungsten W Increases hardness, strength, and toughness.

Vanadium \'%

A strong carbide-forming element, which is usually added to control

grain size and increase wear resistance.

severe molding conditions, such as when glass
or mineral fillers are used. It is not recom-
mended for welding and is somewhat sensi-
tive to cracking, owing to its low toughness.

Types 420 and 440C stainless These are
good choices for corrosion resistance when
corrosive plastics are used, or moisture or
humidity could affect cavity surface finish
or cooling-channel corrosion. Type 440C is
somewhat better in wear resistance and com-
pressive strength, owing to its higher hard-
ness, whereas 420 SS represents the true mold
cavity steel with good to very good all-around
qualities and exceptionally high and consis-
tent polishability, provided that it is manu-
factured by vacuum degassing and/or elec-
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troslag remelting. Its low thermal conductiv-
ity compared with other mold steels is only a
minor factor in the first few days or weeks of
processing a new mold. As soon as corrosion
inside cooling channels takes hold, the ther-
mal conductivity of other mold steels, with
respect to cooling-channel effectiveness, will
be worse than that of stainless steels.

Maraging types 250, 350, 440M These are
excellent mold cavity and insert steels. They
are by far the best performers when tough-
ness is the priority, as in cases of very thin
cross sections or small, fragile, and unsup-
ported cavity or core inserts. Their resistance
to cracking could, in the long life of the mold,
be a crucial factor in mold-repair expenses,
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offsetting the much higher initial price of
these steels (five to ten times that of other
tool steels). Dimensional stability and sim-
plicity of heat-treating these steels are valu-
able considerations for the moldmaker.

M2 and ASP 30 high-speed steels Prob-
ably the most useful of all the many high-
speed steels for moldmaking, M2 is by far
the most useful steel for good-quality, long-
lasting round core pins or blade ejectors,
and is also readily available. ASP 30 is an
advanced-generation steel manufactured by
Uddeholm, using a new powder-metallurgy
process. Its extremely high density gives it re-
markable rigidity, which can be very impor-
tant in resisting the deflection of tall, unsup-
ported cores.

Soft tools In general soft tooling can be
anything other than the usual steels used in
production molds. It includes materials such
as cast or machined aluminum grades, cast
plastics (epoxy, silicone, etc.), cast rubbers,
and cast zincs. Soft tools are the least ex-
pensive, and the most flexible in application.
They are usually faster to fabricate, but have
limited lives compared to steel molds. Today’s
choices range from computer-generated plas-
tic molds to specialty alloys or even pure car-
bide. However, each of them has limitations
in durability and capabilities.

These molds can last a fairly long time if
they are properly prepared and maintained.
Steel wear-resistant edge plates can be used
to extend their life expectancy. Preventative
maintenance, such as cleaning, is very impor-
tant. To clean, use a mold cleaner designed to
loosen normal parting line and vent residue.
The cleaning fluid should be compatible with
the tooling material (197).

Heat Treating

As progress has been made in the quality
of tool steels and mold construction, so have
advances in heat treating. Knowledge has ex-
panded, and the development of new equip-
ment such as vacuum furnaces, fluid-bed fur-
naces, and finer tempering facilities has made
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the heat-treating operation much more of a
science than ever before.

Many times this procedure appears to be
taken for granted, yet it is one of the most
important. In investigative analysis, 70% of
all tool failures are related to heat treating,
and it is not always the fault of the hardener.
Of greater concern is the fact that one-half of
these failures are due to poor surface condi-
tions, the bane of all molders.

Requirements to be Met by Mold Steel

Machinability Molds are usually formed
by the machining of steel blocks. In view of
the high cost, the steel must possess good
machinability, which depends on the compo-
sition and structure of the steel as supplied.

Ability to harden In general, the harden-
ing of small molds or mold components does
not present great problems. However, hard-
ening of large and complicated molds may
cause deformation, dimensional variances, or
even cracks, if in the selection of the tool steel
insufficient allowance was made for the hard-
ening treatment, machining techniques, and
dimensions of the mold components (size and
shape). The material must be capable of be-
ing hardened without any risk. Depending
on the hardening process, the following steel
grades may be used: oil-hardened steel, air-
hardened steel, pre-heat-treated steel, case-
hardened steel, and nitrided steel.

Ability to take a polish 'The surface finish
of the molding is first and foremost governed
by the mold cavity finish. A cavity polished
to a mirror finish produces a glossy molding
surface and assists polymer flow in the mold.
Polishing ability depends on the hardness,
purity, and structure of the tool steel used.
High-carbide steel grades are hard to polish
to a mirror finish and thus require additional
labor.

Corrosion resistance If corrosive plastics
are processed, proper corrosion resistance of
the mold steel is a must. Even the slightest
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corrosion of the mold cavity will interfere
with mold release and surface finish on
molded product.

Aluminum

Compared to steel, aluminum is usually
considered by molders to be too soft, with
limited durability and shortcomings relative
to compressive strength, reparability, and sur-
face finish. However, current grades have
overcome these concerns. In many cases
good design practices can compensate for
these limitations. With the automobile indus-
try driving everything as far as large molds
are concerned, production expectations have
come down dramatically. It is common to see
aluminum plate molds that have run any-
where from 500,000 to one million parts. Be-
cause the thermal conductivity of Alis higher
than that of steel, the cycle time is reduced.
From a handling and operating approach, the
lighter-weight Al providesabouta3:1 weight
advantage. Other advantages include lower-
cost and much faster machining than tool
steel. (1, 259, 263, 320).

Beryllium—Copper

BeCu is used in molds to provide relatively
fast heat transfer. There are two basic families
of BeCu alloy: those with high heat conduc-
tivity and those with high strength. The heat
conductivity of the former is about 10 times
greater than those of stainless steels and tool
steels. It is double that of aluminum alloys
such as alloy 7075, and higher than that of
others.

BeCu alloys have higher hardness and
strength than aluminum. When heat-treated,
they are the strongest of all copper-based al-
loys. They are not usually recommended for
high-production molds, because of their rel-
atively low wear resistance, toughness, and
compressive strength, compared with tool
steel. They do, however, have a special place
in moldmaking when economy in cavity man-
ufacturing and injection molding cycle time
(the latter minimized by BeCu’s high thermal
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conductivity) are of the utmost importance.
However, one must take into consideration
that, over the lifetime of a mold, periodic cav-
ity replacement costs can become a great dis-
advantage.

Kirksite

In processes where pressures are low and
short runs are anticipated (usually in the
thousands), kirksite molds can be used. Be-
cause the material pours so well, it is gen-
erally cast, and type-A kirksite is usually
used. Since the pouring temperatures are
low [800°F (427°C) for kirksite as compared
to 3,000°F (1,650°C) for steel and 2,000°F
(1,093°C) for beryllium—copper castings], it
is possible to cast copper tubing cooling lines
directly into place in kirksite.

More important, the low casting tempera-
tures (and retention of fluidity for a relatively
long period of time) enable kirksite to pick up
fine detail from the pattern over a very large
casting area. This means that kirksite molds
will reproduce pattern detail in the molded
parts (it falls somewhere between aluminum
and beryllium—copper in this regard) and thus
has found application when fine patterns such
as wood grains are required (e.g., furniture
parts). Shrinkage is about 0.008 in./in.

Kirksite is lower in cost than most other
metals and machines well. It is nonmagnetic
and therefore may need clamping for grind-
ing. It has a tendency to load grinding wheels
badly. Kirksite is also heavier than aluminum
and only slightly lower in weight than steel
or beryllium copper. It is not as strong as ei-
ther of those other metals and therefore will
require heavier wall sections, making it more
difficult to handle. Cycles with kirksite molds
are usually shorter than with steel, but longer
than with aluminum molds.

Brass

This alloy of copper and zinc is used in the
manufacture of molds, dies, instruments, etc.
One of its desired and excellent properties is
good heat transfer.
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Etching Cavity Surfaces

Etching, also called photoetching, chemi-
cal blanking, or chemical machining, is a con-
trolled chemical process that depends on the
action of an acid or alkali, depending on the
type of material (plastic, metal, etc.), that uni-
formly attacks all exposed areas of the prod-
uct. A mask or protective coating is used on
those surfaces that are not to be etched.

As an example, a wide variety of molded
parts can be produced with a pattern or
textured surface reproduced from a mold
photoetching. Attractive patterns range from
leather and wood grain to line patterns with
varying directions and depths. Basically, the
required pattern is transferred to the mold by
a photographic process. The pattern is then
etched to the required depth by the applica-
tion of an appropriate acid, under closely con-
trolled conditions. It can be performed either
on complete tools/molds or on specific areas.

Factors that influence results on the differ-
ent tool steels (H13, 420, etc.) are: (1) grades,
annealing, and hardening; (2) flame harden-
ing, welding, EDM, etc.; (3) grain flow direc-
tion of the tool steel; (4) variations in tool
steel and cleanliness; and (5) material size. If
nitriding is to be used, it must be done af-
ter etching. Flame hardening prior to etch-
ing should be avoided, since the pattern will
be etched differently in the flame-hardened
zone. Welded steel can usually be etched if the
same steel is used in the weld. Poor etching
occurs on surfaces marred by residual traces
of spark machining, grind, or polish. Steels
with a clean microstructure and low sulfur
content give the most accurate and consistent
pattern.

Machining Safety

Any machining process that generates air-
borne, respirable particles is cause of con-
cern, regardless of the material being ma-
chined. OSHA publishes guidelines for the
amount of exposure to respirable particles
workers should not exceed. The list includes
stainless steel, H13, P20, and many alloying
elements (including chromium, vanadium,
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nickel, copper, molybdenum, and beryllium).
To be hazardous, these particles must be
smaller than 10 um, and thus are not visible to
the naked eye. The large, easily visible parti-
cles or chips generated in most machining op-
erations do not represent an inhalation haz-
ard (Chap. 2, section on Safety; Chapter 10,
section on Machining).

Moldmaker Directory

In this age of specialization, the purchas-
ing community has found it increasingly dif-
ficult to locate the right source for the job.
As an assist, the Moldmakers Section of the
SPI provides industry an updated directory
of its members and their special capabilities.
The SPI moldmaker members are in con-
stant contact with the plastics industry and
its ever-changing technology. The directory
lists moldmakers as contract or custom ser-
vices and in turn by type of process mold,
such as injection molding and blow molding.

Mold Material Selection Software

Different software programs are available
from different sources, usually material pro-
ducers. An example is the PLA-Ace software
package from Daido Steel Co., Tokyo, Japan.
It provides the basic information that encom-
pass selections that include a mold base, cav-
ity, and core pin(s). In addition it provides
different inputs such as type of plastic being
processed, plastic content (glass fiber, flame-
retardant, etc.), cavity texture or finish, com-
parative wear and hardness capabilities, mini-
mum mold thickness, corner radius, existence
of ribs, product category (electronic, auto,
etc.), product type (panel, TV chassis, etc.),
and cause of mold defects due to improper
material selection both for Daido’s tool steels
and for those of other suppliers. Such soft-
ware can help processors and tool shops with
limited experience select the optimum ma-
terial (Chap. 9, section on Computer Soft-
ware). It also serves as a useful tutorial tool
for trainees (175).
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Fabrication of Components

Mold cavity and core inserts are fabricated
by a wide variety of methods (293, 520).
To date, however, conventional machining of
the cavity and core inserts accounts for the
most widely employed method of fabrication.
The term machining is used here to denote
milling, duplicating, drilling, boring, turning,
grinding, and cutting.

The first step after selection of the cavity
and core material is to cut the raw material
to the approximate size. This is normally ac-
complished with either vertical or horizon-
tal power sawing equipment. The next oper-
ation is to square, true, and size the inserts.
Normally, this stage of fabrication is carried
out in the material’s soft or annealed stage if
hardened steels are being utilized for the final
product. Round inserts generally are trued
and sized on turning equipment, which in-
cludes lathes and cylindrical grinders. Square
and rectangular blocks are milled when the
hardness of the raw material allows them to
be. Final sizing of prehardened or hardened
blocks is completed on surface grinders.

In this preliminary stage of fabrication, the
heels required for retention in through pock-
ets are established, or screw holes are in-
stalled for inserts that will fit into blind pock-
ets. Although in these preliminary stages it
appears that not much progress is being made
on the cavities and cores, squaring is one
of the most important steps in mold manu-
facture. Available from mold suppliers are
tool steel inserts that have been sized from
0.005 to 0.015 oversize for square or rectangu-
lar blocks, with round inserts furnished with
heels. Considerable savings of in-house labor
are possible by utilizing these inserts, which
are generally available in P-20, H-13, and 420
stainless steel.

One of the next operations to be carried
out on the inserts is installation of the mold
temperature control circuits. Square and rect-
angular blocks normally have water, steam,
or oil channels drilled directly into them,
with other lines connecting to form internal
loops. Frequently, internal water channels are
blocked with threadless brass pressure plugs
to direct the flow of the temperature control
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fluid. Generally, only one inlet and one outlet
are used per insert, with the remaining chan-
nels blocked using brass or steel pipe plugs.
Conventional drilling equipment is normally
utilized for this operation, with gun drilling
used for deep holes where accuracy of loca-
tion is required. Great care must be taken
in this operation, as nothing dampens the en-
thusiasm of the moldmaker more than hitting
a water line with a screw hole.

As modern molds require greater sophis-
tication in temperature control to meet the
challenges presented by today’s design engi-
neers, programs have been developed and are
commercially available from suppliers to ac-
curately predict the amount and placement
of temperature-control channels. Generally,
the core will be required to remove approx-
imately 67% of the heat generated in the
injection molding process. This requirement
presents one of the greatest challenges to the
moldmaker, as less space usually is available
in the core than in the cavity.

A generation ago, the standard of the in-
dustry was the reliable Bridgeport, with the
skill of the journeyman moldmaker coax-
ing accuracy from the equipment. Today, the
standard is the NC, CNC, or DNC milling,
drilling, duplicating, EDM, and grinding ma-
chines. Often, tapes are generated by the
mold designer, a practice made possible by
the wide acceptance of CAD/CAM equip-
ment in even the smallest of operations. The
addition of CAD/CAM equipment has made
the skilled craftsman more productive and
more valuable.

Accuracy of modern equipment or skill
of the journeyman moldmaker is required
for the machining operations that now will
be incorporated in the cavity and core in-
serts. Depending on subsequent machining
operations, the knockout (ejector) pin holes
may be located and established at this time.
Perhaps one of the greatest values in mold-
making today is the off-the-shelf availability
of high-precision ejector pins. Nitrided hot-
work ejector pins, constructed from superior-
quality thermal stock H-13 steel, are avail-
able in the shoulder or straight type with
an outside diameter hardness in the 65 to
74 Rc range. Ejector pins, both imperial and
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metric, starting at % (0.046) in. and ranging
to 1 in., are available in every popular frac-
tion, letter, and millimeter size required by
the moldmaker. Should requirements dictate
nonstandard sizes, such pins also can be built
by the component supplier as a special. For
purposes of future replacement, the use of
standard, off-the-shelf components is highly
recommended and frequently demanded by
most tool engineers.

Hobbing

Cavities are formed by methods other than
machining. After machining, hobbing ranks
as the next most common method. Hobbing
consists of forcing a hardened negative pat-
tern into the cavity stock under extremely
high pressure. The obtainable cavity depth is
limited to a certain fraction of the hob diam-
eter. Hobs frequently are constructed from
steels such as S-1, S-4, A-2, A-6, and D-2.
The master hob must contain the polish and
precise detail desired in the finished cavity, as
the process faithfully reproduces the master
hob’s characteristics in the cavities.

The next operation after the hobbing itself
is to cut the outside of the cavity blank to the
desired size, install any required water pas-
sages and gate details, harden, and then final-
polish. Molds that contain high cavitation are
the most viable candidates. The closure in-
dustry takes great advantage of this process
because it uses many such molds.

Cast Cavities

Cast cavities have certain advantages not
obtainable with either machining or hobbing.
The advantage of cast cavities is that large
amounts of excess stock do not have to be
removed by machining. A variety of cavity
materials are suitable for casting, including
steel, beryllium copper, kirksite, aluminum,
and others. In the casting process, a pattern
must be constructed that not only incorpo-
rates the features of the desired cavity config-
uration, but also the shrinkage of the casting
material, as well as that of the plastic which
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is to be molded. As it is almost always less
expensive to machine a pattern than the fi-
nal cavity, fabrication economics favor this
process in larger cavities. The prototyping of
large automotive parts is frequently done in
cast kirksite molds. Because the melting point
of kirksite is relatively low, patterns can be
built from wood or plaster. Another advan-
tage is that in some materials, water lines
can be cast internally. As with many specialty
processes, the casting of cavities is best per-
formed by companies specializing in this pro-
cess. Steels that are cast include AISI 1020,
1040, 4130, 4340, and 8630, as well as S-7 and
stainless steel.

Electroforming

Electroforming is a process in which metal
is deposited on a master in a plating bath.
Many companies engaged in electroforming
use proprietary processes, which are closely
guarded. In one method of forming cavities,
the master is constructed of plastic and coated
with silver to provide a conductive coating.
The coated master then is placed in a plating
tank and nickel or nickel-cobalt is deposited
to the desired thickness, which can approach
% in. (0.64 cm). With this method, a hardness
of up to 46 Rc is obtainable. The nickel shell
then is backed up with copper to a thickness
sufficient to allow for machining a fiat sur-
face, to enable the cavity to be mounted into
a cavity pocket.

The electroforming process is used for the
production of single or small numbers of cav-
ities, in contrast with hobbing. Some deep
cavities are formed by this process instead of
swaging, including long slender components
such as ballpoint pen barrels.

Electric-Discharge Machining

Electric-discharge machining (EDM) is
another widely utilized method of produc-
ing cavity and core stock. Electrodes fab-
ricated from materials that are electrically
conductive are turned, milled, ground, and
developed in a large variety of shapes, which
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duplicate the configuration of the stock to be
removed. The electrode materials, selected
for their ability to be economically fabricated
while producing the desired wear charac-
teristics, include graphite, copper, tungsten,
copper—tungsten, and other electrically con-
ductive materials.

The use of EDM in the production of molds
for plastics is firmly established. Develop-
ment of the process has produced significant
refinements in operating technique, produc-
tivity, and accuracy, while widening the versa-
tility of the process. Wire EDM has emerged
as an efficient and economical alternative
to conventional machining. Special forms of
EDM can now be used to polish tool cavities,
produce undercuts, and make conical holes
from cylindrical electrodes.

EDM, also called spark erosion, is a
method involving electrical discharges be-
tween a graphite or copper anode and a cath-
ode of tool steel or other tooling material in
a dielectric medium. The discharges are con-
trolled in such a way that erosion of the tool or
workpiece takes place. During the operation,
the anode works itself down into the work-
piece, which thus acquires the same contours
as the former. The dielectric flushing liquid is
ionized during the course of the discharges.
The positively charged ions strike the cath-
ode, whereupon the temperature in the out-
ermost layer of the steel rises so high (18,000
to 90,000°F) as to cause the steel there to melt
or vaporize, forming tiny drops of molten
metal that are flushed out as chippings into
the dielectric. The craters (and occasionally
also chippings that have not separated com-
pletely) are easily recognized in a cross sec-
tion of a machined surface.

Four main factors need to guide the choice
of operating parameters for an EDM opera-
tion on tool steel:

e The stock-removal rate

e The resultant surface finish
e Electrode wear

e The effects on the tool steel

The influence of the EDM operation on the
surface properties of the machined material
can, in unfavorable circumstances, jeopardize
the working performance of the tool. In such
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cases, it may be necessary to subordinate the
first three factors, when you are choosing ma-
chining parameters, in order to optimize the
fourth.

Tooling

Tool is a general term that includes molds,
mandrel, jigs, fixtures, punch dies, etc. for
shaping and fabricating parts. Special tools
are used to maintain the tooling. As an ex-
ample, brass tooling is used to clear or re-
move melted plastic during processing that
may be trapped in the hopper throat when
melt bridges, sticks to a screw, etc. The brass
does not damage the steel, as steel or other
metals would. Beryllium tools are sometimes
used, but they are harder than brass.

Polishing

Molds usually require a high polish.
Though the operation seemingly is gentle,
polishing can damage the steel unless it is
properly done (369). A common defect is
orange-peel, a wavy effect that results when
the metal is stretched beyond its yield point
by overpolishing and takes a permanent set.
Attempts to improve the situation by further
vigorous polishing only make matters worse;
eventually, the small particles will break away
from the surface. The more complicated the
mold, the greater the problem.

Hard carburized or nitrided surfaces are
much less prone to the problem. Orange-peel
results from exceeding the yield point of the
steel. The harder the steel, the higher the
yield point and therefore the less chance of
orange-peel.

The surest way to avoid orange-peel is to
polish the mold by hand. With powered pol-
ishing equipment, it is easier to exceed the
yield point of the metal. If power polishing is
done, use light passes to avoid overstressing.

Orange-peel surfaces usually can be sal-
vaged by the following procedure: Remove
the defective surface with a very fine-grit
stone; stress-relieve the mold; restone; and
diamond-polish. If orange-peel recurs after

Exhibit 2029 Page 154

IPR2023-01424



348

this treatment, increase the surface hardness
by nitriding with a case depth of no more than
0.005 in. and repolish the surface.

A large part of mold cost (typically 5 to
30%) is polishing cost. An experienced pol-
isher can polish from 2 to 5 sq in./h (12.9 to
32.3 sq cm/h). Certain shops can at least dou-
ble this rate if they have the equipment.

Polishing is rarely done for appearance
alone. It is done to either obtain a desired
surface effect on the part, facilitate the ejec-
tion of the product from the mold, or prepare
the mold for another operation such as etch-
ing or plating. If a part is to be plated, it is
important to remember that plating does not
hide any flaws—it accentuates them. There-
fore, on critical plated-part jobs, the mold pol-
ish must be better than for nonplated parts.

Another purpose of polishing is to remove
the weak top layer of metal. It may be weak
from the stresses induced by machining or
from the annealing effect of the heat gener-
ated in cutting. When it is not removed, this
layer very often breaks down, showing a pit-
ted surface that looks corroded.

The techniques used to get a good and
fast polish are basically simple, but they must
be followed carefully to avoid problems. The
first rule is to make sure the part is as smooth
as possible before polishing. If electrical-
discharge machining is used, the final pass
should be made with a new electrode at the
lowest amperage. If the partis cast or hobbed,
the master should have a finish with half the
roughness of the desired mold finish.

‘When the mold is machined, the last cut
should be made at twice the normal speed,
the slowest automatic feed, and a depth of
0.001 in. (0.0025 cm). No lubricant should
be used in this last machining, but the cut-
ting tool should be freshly sharpened, and
the edges honed after sharpening. The clear-
ance angle of the tool should be from 6 to
9deg, and if a milling cutter or reamer is used,
it should have a minimum of four flutes. A
steady stream of dry air must be aimed at the
cutting tool to move the chips away from the
cutting edge.

Polishing a mold begins when the designer
puts the finishing information on the draw-
ing. Such terms as “mirror finish” and “high

DNA Genotek Inc.
Spectrum Solutions LLC v. DNA Genotek Inc.

4 Molds to Products

Minimum cost/sq in
@
e 8 8 ¢t

(=3

| ]
0 5 10 15 20 25 30

Roughness (microinch}

Fig. 4-129 Cost of polishing mold steels.

polish” are ambiguous. The only meaningful
way is to use an accepted standard to describe
what has to be polished and to what level.
It is also important that the designer spec-
ify a level of polish no higher than is actu-
ally needed for the job, because going from
just one level of average roughness to an-
other greatly increases the cost of the mold.
Figure 4-129 illustrates the cost of polishing
as a function of the roughness of the finish.

Roughness is given as the arithmetical
average in microinches. A microinch is one-
millionth of an inch (10%) and is the stan-
dard term used in the United States. Some-
times written as MU inch or uin., it is equal
to 0.0254 micron. A micron, one-millionth of
a meter (10~° meter), is the standard term in
countries that use the metric system. It is of-
ten written as micrometer or «m and is equal
to 39.37 win.

SPI Finish Numbers

There are several ways to specify a cer-
tain level of roughness. One common and im-
portant standard is the SPI-SPE Mold Fin-
ish Comparison Kit. It consists of six steel
disks finished to various polish levels and cov-
ered with protective plastic caps processed
in molds with those finishes. One disk has a
roughness of 0 to 3 pin., another a rough-
ness of 15 uin., and all the others are coarser.
Because 15-uin. roughness is acceptable in
fewer than 10% of all jobs, the result is that
the disk with zero to 3-uin. roughness—the
highest level of polish—must be selected in
almost all other cases.

A no. 6 finish is achieved with 24-grit dry
blast at 100 psi from a distance of 3 in. A
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Table 4-22 Diamond compound specifications

Diamond Particle Approximate
Compound Finish Size (pin.) Mesh Color

1-8M Super 0-2 14,000 Ivory
3-T™M Very high 2-4 8,000 Yellow
6-48M Mirror 4-8 3,000 Orange
9-6M High 8-12 1,800 Green

15-5M Fine 12-22 1,200 Blue

30-4H Lapped 22-36 600 Red

no. 5 finish is achieved with 240-grit dry blast
at 100 psi from 5 in. A no. 4 finish is the
achieved with a 280-grit abrasive stone. A
no. 3 finish is achieved with a 320-grit abra-
sive cloth. A no. 2 finish is obtained when the
final phase of polishing is completed using
1,200-grit diamond (up to 15-um diamonds).
The highest finish is the SPI no. 1 finish, re-
sulting from 8,000-grit diamond (0- to 3-um
diamond range).

Another standard that has come into gen-
eral use is the specifying of a finish as pro-
duced by a polishing compound containing
diamond particles within a certain microinch
range (Table 4-22). It is not a perfect system,
but works in most cases.

A npear-perfect system is the American
Standard Association’s standard ASA B 46.1.
This corresponds to the Canadian standard
CSA B 95 and British standard BS 1134. For
a definition of the terms used in ASA B 46.1
and how to apply them to mold drawings, see
Figs. 4-130 through 4-132. The use of this stan-
dard in specifying finishes leaves no room
for disputes about what is called for, and
since all quotes apply to the same standard,
the polishing costs tend to be more uniform.
The biggest drawback to its use is that many
tool shops do not have the necessary test
equipment.

WAVE WIDTH [Aw)

RCUGHNESS WIDTH {Ar) %

= ;/’//’ .
P

<
/%-’/ 2 //
=
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Fig. 4-130 Terms used in Standard ASA B 46.1
for measuring mold surface roughness.
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The term “roughness cutoff width” refers
to the distance the instrument checks to ob-
tain the roughness values (which do not in-
clude the wave values). This distance should
be long enough to measure all the irregular-
ities except the waves. The standard values
specified are 0.003, 0.010, 0.030, 0.100, 0.300,
and 1 in. If no value is specified, then 0.030 in.
is assumed. The metric equivalents are 0.075,
0.250, 0.750, and 7.5 mm.

To determine the wave width and height,
both of which are caused by the cyclic in-
stability of the machine doing the cutting,
it is necessary to measure at least one wave
width, which sometimes is as much as 1.5 in.,
or 40 mm. The wave height is measured as
the maximum peak-to-valley distance. When
only one value is specified for a particular
characteristic, it should always be taken as
the maximum.

Both the moldmaker and the designer
should be aware of the types of finishes that
can be obtained using various manufacturing
methods. Table 4-23 contains a list of these
methods.

Hand Benching

The first step in mold finishing normally in-
volves the use of both hand tools and power-
assisted grinders to prepare the surfaces to
be polished. Depending on the last machin-
ing operation and roughness of the remaining
stock, the moldmaker will select the method
of preparing the surface in the quickest man-
ner possible. Typical hand tools include files
and diemaker rifflers. The files range from
20 to 80 teeth/in. and will assist in remov-
ing stock quickly and accurately. Rifflers are
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Fig. 4-131 Symbols use on mold drawings to indicate the lay pattern for polishing mold cavities, etc.

available in a wide range of shapes to fit into
any conceivable contour found on a mold and
have from 20 to 220 teeth/in.

Power-assisted tools include electric, pneu-
matic, and ultrasonic machines, which can be
equipped with a wide variety of tool hold-
ers. Rotary pneumatic and electric grinders,
with the tool mounted either directly or in
a flexible shaft, are extremely popular with
the moldmaker for rapidly removing large
amounts of stock. With the grinding or cutting
medium mounted in a 90° or straight tool, de-
pending on the surface, the moldmaker will
start with the coarser medium and work the
surface progressively to the finer medium.
The finishing process can best be described as
one where each preceding operation imparts
finer and finer scratches on the surface. The
initial stages are perhaps the most important

w
R (microinch}) Aw
\ 0001 9500 ROUGHNESS-WIDTH
0.030 CUTOFF
; / Lay
(o 00005 =— Ar

Fig. 4-132 Method of describing roughness at
a given point on a mold surface. Symbols, see
Fig. 4-130.
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in the finishing state. Spending too little time
in this phase normally will be detrimental to
the final surface finish.

A variety of cutting tools, from carbide ro-
tary cutters, abrasive drum, band, cartridge,
tapered cone, and disk to flap wheels, are
used to reduce the roughness of the surface
in the quest for the desired mold surface fin-
ish. The use of abrasive stones, either worked
by hand or in conjunction with reciprocat-
ing power tools, normally is the next phase
in mold finishing. These stones are a combi-
nation of grit particles suspended in a bond-
ing agent. For general-purpose stoning, sili-
con carbide is available in type-A stones for
steel hardness under 40 Rc and type-B stones
for higher hardness. Most stones are available
in square, rectangular, triangular, and round
shapes in grits of 150, 240, 320, 400, and 600.
Other stones consist of aluminum oxide in
type E for working EDM surfaces, type M
that has oil impregnated for additional lubri-
cation, and type F for added flexibility or re-
duced breakage of thin stones.

Direction of Benching

The next step normally consists in using
abrasive sheets or disks to continue smooth-
ing of the mold surface. All the finished work
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Table 4-23 Surface roughness produced by various manufacturing methods

Roughness Roughness
Process Height (uin.) Process Height (uin.)

Flame cutting 250-2,000 Lapping 1-32
Snagging 125-2,000 Superfinishing 1-32
Sawing 63-2,000 Polishing 1-32
Drilling 63-500 Sand casting 250-2,000
EDM & CM 32-1,000 Ceramic casting 32-250
Milling 161,000 Investment casting 32-250
Turning 16~1,000 Pressure casting 32-125
Boring 16-1,000 Forging 63-500
Reaming 16-250 Diecasting 16-250
Tumbling 2-63 Injection molding 2-63
Grinding 2-125 Stamping 16-250
Honing 2-63

is carried out in the direction of the scratches
installed in the line of draw or ejection. Ma-
chine, file, stone, or abrasive marks installed
perpendicular to the direction of draw are
detrimental to removal of the part from ei-
ther the cavity or core, and must be avoided.
At this point, the desired mold surface finish
may have been achieved, or the piece parts
grit-blasted, and finishing is considered com-
plete. These finishes may be acceptable for
nonfunctional core surfaces in which ejection
does not pose a problem.

Ultrasonic Tools

The latest aid for mold finishing has been
the introduction of ultrasonic finishing and
polishing systems. The ultrasonic controls de-
liver strokes that can be adjusted between
10 and 30 pwm at speeds up to 22,000 cycles
per minute. This action eliminates costly hand
finishing and is extremely effective in polish-
ing deep narrow ribs that have been EDM-
installed. These devices, along with diamond
files, ruby or abrasive stones, and wood laps,
have made the work of the mold polisher
much more pleasant.

Textured Cavities
Texturing can add another dimension to a

molded part. For example, the term “ cam-
era case finish” has been used to describe a
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textured surface finish that is desirable in cer-
tain situations. A surface thatis to be textured
should be worked up to a 320-grit (SPI no. 3)
finish. A technician then applies the selected
pattern to the mold surface. In this process,
acid will be applied to the area where mold
material will be dissolved; therefore, wax or
other resistant coating is applied to the sur-
face that will remain on the cavity. Selective
texturing on a cavity will require that acid-
resistant material be applied to areas of no
texturing to guard against attack by the acid.
The depth of the texturing will be a function
of the mold material, its chemical resistance,
the type and concentration of the acid, and
time. As with many other processes, the qual-
ity of the finished part depends on the per-
son performing the task, who must frequently
check the depth of the texture to ensure that
the desired effect is achieved. When the op-
erator is satisfied with the texture depth, the
acid is neutralized, and the wax resist re-
moved.

Patterns of Different Textures

Almost any pattern imaginable is possible.
Most texture sources have a wide range of
standard patterns, and molded plaques are
available to show the final results. The de-
signer must be careful to allow sufficient draft
on the cavity walls for proper release of the
plastic from the textured surfaces. First, the
draft angles must be at least the minimum
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acceptable for the plastic that will be molded.
Then, from 1 to 1%0 of draft per 0.001 in.
(0.00025 cm) of texture depth must be al-
lowed, to enable proper release of the tex-
tured plastic part. When special directional
patterns, which may run perpendicular to the
parting line, or low-shrinkage, less flexible
materials are to be molded, greater draft an-
gles will be required for release.

Mold Steels

Most steels used in plastic molds texture
well. Many P-20, 0-1, A-6, S-7, H-13, and
420 stainless steel cavities have been textured
successfully. It is imperative to use the same
cavity material and have the texturing com-
pleted at the same time for textured parts
that will be joined later in assembly. The tex-
turing of cavities is useful in concealing flow
lines, sink marks, and gate blushes on molded
parts, in addition to being aesthetically
pleasing.

Conditions Required for Polishing

Cleanliness is a crucial factor in improving
the productivity of the polishing department,
and standards should apply both to the work-
piece and to the surrounding area. Between
each polishing step, the workpiece must be
cleaned thoroughly with soft tissue, soft rags,
or a soft brush, and kerosene. An effective
tool for keeping the workpiece free of metal
particles and dust is a vacuum cleaner—as
long as its brush is not used for general clean-
ing and is kept free of dust. Kerosene may
also be used to thin the diamond compound
when it dries.

In each step of polishing, the lay (direction
of polishing) should be chosen. All traces of
the previous lay must be completely removed
before the next step is begun. Changing the
lay makes it very easy to determine visually
when the marks from the previous step have
been completely removed.

The best polishing units are the flexible-
shaft units. These incorporate Tlﬁ—hp universal
motors with speeds up to 14,000 rpm. The
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speed control can be of the rheostat, carbon-
pile, or electronic type. A standard shaft is
39 in. long, and a standard handpiece has a
chuck that can accommodate shanks up to
% in. in diameter.

The first polishing step is a lapping oper-
ation, and a no. 15-5M blue diamond com-
pound (12- to 22-um range and a mesh of ap-
proximately 1,200) can be used. To hold the
lap, which is round, }- and 2-in. (1.27- and
1.91-cm) nylon bob holders are employed.
Spring-loaded mandrels allow the handpiece
to be slightly tilted and slight contours pol-
ished without fear of damage to the work-
piece.

Short pieces of i- and 1-in. (0.64- and
1.27-cm) brass nipples, with the outside cut
down to fit the bobs, or round pieces of cast
iron, with holes drilled through the centers,
can be used as laps. The laps must fit snugly
into the bob holders so that the handpiece
can be lifted off the work without dropping
the lap.

In areas inaccessible for lapping, a 600-grit
silicon carbide stone may be used, but the
work area has to be kept wet with kerosene.
On areas that have been EDMed, a hard scale
is left on the surface, resin-bonded stones do
a better job than silicon carbide ones. If the
EDMing was properly done, however, noth-
ing coarser than a 600-grit stone should be
used.

The next steps are all done with hard-
bristle (not brass or steel-wire) brushes on
%-in.—diameter mandrels. Successively finer-
grit diamond, starting with no. 15-5M, then
no. 6-48 M, 3-7M, and finally 1-8M, can be
employed until the desired finish is achieved.
A different brush should be used for each
grade of compound.

The last step involves using a soft brush and
the last grade of diamond compound used in
the preceding step and covering the work-
piece with a protective spray. Mold spray
should also be used when the piece is left
overnight, because itis not unusual for a piece
of steel to start rusting within a matter of
hours.

Sometimes, when a moldmaker has sent a
mold in for polishing before it has been prop-
erly machine-finished, the polisher starts with
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stones as coarse as 100 grit in order to avoid
sending the mold out for another setup. That
is nearly always a serious mistake and will
cost a lot of extra time.

When it is decided that the polisher must
remove this excess roughness, he or she
should use a no. 2 riffler or file instead of a
stone. The only time a stone coarser than 600
grit should be used is when the mold has al-
ready been hardened. This itself is a very bad
practice, since it is much easier to polish a soft
mold.

Sometimes, an inexperienced polisher
makes orange-peel and pit marks on the sur-
face. These defects are caused by the metal
flowing and tearing under heat and stresses
beyond its elastic limit. The cure is to repeat
the previous step.

The most reliable guide to efficient polish-
ing is to use a grit half the size of that used
in the previous step. For instance, if a piece
has been polished with a no. 6 diamond com-
pound, then the next one used should be a
no. 3 diamond.

There is rarely any need for further polish-
ing after the mold is properly heat-treated.
The brown coating left by heat treating does
not affect the finish, but it does give a lot of
rust protection. Even though the shine may
be gone, the finish is still the same, and no
further work is needed.

As reviewed throughout this book, the co-
mplete operation has to be examined initially.
Tight tolerances of all types can be met, in-
cluding those for polishing, but at consid-
erable cost. Unfortunately, some designers
have a tendency to impose tight tolerances
when they are not required. This is particu-
larly true for polishing. Complex molds can
be designed to permit a practical approach in
polishing so that performance requirements
of the molded part can be met at the lowest
cost.

Platings, Coatings, and Heat Treatments

Different surface treatments are used to
protect the processing tool (mold, etc.)
against conditions such as abrasion and cor-
rosion due to their contact with the melt. An
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example is physical vapor deposition (PVD)
used to optimize the surface properties in a
layer up to 10 mm deep that has little effect
on the contour of part. PVD coatings lead
to an insignificant though usually discernible
roughening of the surface. Tools that have
been machine-finished can therefore be im-
proved. No expensive posttreatment is nece-
ssary. In this vacuum-chamber [1072 to 1074
mbar (1 to 0.01 Pa)] process, metals are con-
verted to a gaseous state by the introduction
of thermal energy (electron beam or arc) or
kinetic energy (atomization). They condense
on the surface being coated.

When molding corrosive reacting plastics
such as CPVC parts of the mold cavity,
cores, insets, etc. (also in dies), the metal
surfaces can be subjected to corrosion and
pitting. Certain steels such as stainless steel
can provide a degree of protection. Hard
coatings such as PVD TiN, TiCN, TiAiN,
etc. are extremely corrosion-resistant and
provide excellent abrasion resistance. They
also enhance molded-part release. Differ-
ent coating systems are used to protect the
metal cavity’s polished surface and/or ex-
tend its useful life, depending on the plastic
being processed. They boost lubricity while
avoiding melt adhesion problems.

More prevalent are chromium-based ma-
terials that can be applied at rather low
temperatures to provide resistance to cor-
rosion, abrasion, and/or erosion if needed.
These include pure Cr, CtN (chromium ni-
tride), and CrC (chromium carbide). Some
coating methods such as PVD and chemi-
cal vapor deposition (CVD) subject the mold
steels to excessively high temperatures that
reduce steel hardness. Systems have been de-
veloped with PVD and CVD [plasma CVD
(PCVD)] that operate at lower temperatures
of 200 to 400°C (392 to 752°F). Popular is the
so-called nitrided coating; itis actually a hard-
ened nitride casing (nitrogen is absorbed into
the surface of the steel).

Molders can be faced with sweating (mois-
ture condensation) on their chilled mold sur-
faces, particularly during the summer months.
This can lead to corrosion and rust, and in
turn to poor finishes and inferior parts. In ad-
dition, rust on guide pins can cause damage
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Table 4-24 Mold surface plating and coating treatments

Process Material

Applied to

Purpose

Coating by impingement, Tungsten disulfide Any metal

molecularly bound
Coating by impingement, Graphite
organically bound

Electrolyte plating Hard chrome

Any metal

Steel, nickel,
copper alloys

Reduce friction and metal-to-metal
wear with dry film; nonmigrating
Reduce sticking of plastics to
mold surface; can migrate
Protect polish, reduce wear and
corrosion (except for chlorine
or fluorine plastics)

Gold Nickel, brass Corrosion only
Nickel Steel and copper Resist corrosion except
alloys sulfur-bearing
compounds, improve bond under
chrome, build up and repair worn
or undersized molds
Electroless plating Nickel Steel Protect nonmolding surfaces
from rusting
Phosphor nickel ~ Steel and copper Resist wear and corrosion
Nitriding Nitrogen gas or = Certain steel Improve corrosion resistance,
ammonia alloys reduce wear and galling;
alternative to chrome and nickel
plating
Liquid nitriding Patented bath All ferrous alloys Improve lubricity and
minimize galling
Anodizing Electrolytic Aluminum Harden surface, improve wear and
oxidizing corrosion resistance

to the mold. By keeping the air in the plant,
or around the mold, dry, you can not only
improve part quality, but also increase your
production rate.

Surface treatments used on molds are gen-
erally plated, coated, and/or heat-treated
to resist wear, corrosion, and release prob-
lems. Treatments such as those reviewed in
Table 4-24 that reduce wear are especially
helpful in gates, runners, ejector pins, core
pins, inserts, and cavity areas opposite the
gate. Other treatments resist the corrosion
damage inflicted by chemicals such as hy-
drochloric acid when processing PVC, am-
monia with acetals, and oxidation caused by
interaction between molds and moisture in
the plant atmosphere. Release problems re-
quire treatments that decrease friction and
increase lubricity in mold cavities.

No single mold treatment is ideal for solv-
ing all these problems. The molder must de-
termine which mold problems are causing the
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greatest loss of productivity (or could cause
loss) and then select the mold treatments that
will be most effective in solving the problems.

Plating and coating affect only the surface
of a mold or component, while heat-treating
generally will affect the physical properties
of the entire mold. Treatments such as car-
burizing and nitriding are considered to be
surface treatments, and although heat is ap-
plied in these processes, they are not consid-
ered to be heat treatments. Heat-treating is
more often the province of the steel manu-
facturer and moldmaker than of the molder.
However, stress relieving is a heat treatment
that the molder can perform.

Some mold wear cannot be prevented. This
wear should be observed, acknowledged, and
dealt with at intervals in the mold’s useful
life; otherwise, the mold might be allowed
to wear past the point of economical repair.
Periodic checks of how platings and coatings
are holding up will allow the molder to have
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a mold resurfaced before damage is done to
the substrate.

When a poorly finished mold is being used
for the first time, its surface is actually be-
ing reworked by heat, pressure, and plas-
tic. Fragmented metal is pulled out of the
metal fissures, and plastic forced into them.
While the fissures are plugged with plastic,
the molder may actually be molding plas-
tic against plastic. Breaking in a poorly fin-
ished mold can be haphazard without proper
presurfacing. If the underlying mold surface
is unsound (and no prior treatment was used
although required), a thin layer of metal
plating, particularly chrome plating, will not
make it sound. A poorly prepared surface
makes for poor adhesion between the treat-
ment and the base metal.

Most molders or moldmakers will not find
it practical to do very much surface treatment
for themselves. Few of the plating, coating,
and lubricating treatments lend themselves
to being done in a molding shop. With few
exceptions, treatments involve processes and
chemicals that should not be used anywhere
near an injection machine (because of corro-
siveness), and they are best handled by cus-
tom plating and treating shops that specialize
in their use.

The distinction between platings and coat-
ings is not entirely clear. Generally, thin lay-
ers of metals applied to the surface of mold
components are considered platings. The ap-
plication of alloys, fluorocarbons, or fluo-
ropolymers (such as TFE) or dry lubricants
is considered a coating.

The effectiveness of a surface treatment
depends on not only the material being ap-
plied, but also the process by which it is ap-
plied. For any plating or coating to stick to the
surface of a mold component, it has to bond
to the surface some way. The bonding may
be relatively superficial, or it may be accom-
plished by a chemical (molecular) bond. The
nature and strength of the bond directly af-
fect the endurance and wear characteristics of
the plating or coating. The experience of the
plater is an important factor in applications
where cut-and-dried or standard procedures
have not been developed.
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Nickel

Electroless nickel plating deposits up to
0.001 in. of nickel uniformly on all prop-
erly prepared surfaces. The term electroless
is used to describe a chemical composition—
deposition process that does not use elec-
trodes to accomplish the plating. Plating by
the use of electrodes is called electrode-
position. Electroless nickel provides a good
protective treatment for mold components,
including the holes for the heating media.
It prevents corrosion; also, any steel sur-
face that is exposed to water, PVC, or other
corrosive materials or fumes benefits from
this minimal plating protection. Electroless
nickel has the characteristic of depositing to
the same depth on all surfaces, which elimi-
nates many of the problems associated with
other metallic platings. Grooves, slots, and
blind holes will receive the same thickness
of plating as the rest of the part. This allows
close tolerances to be maintained.

The surface hardness of electroless nickel
is 48 Rockwell C, and the hardness can be
increased by baking to 68 Rockwell C. Plated
components will withstand temperatures of
700°F (371°C).

Chrome

Cromium is a hard, brittle, tensile-stressed
metal that has good corrosion resistance on
most materials. As it becomes thicker, it de-
velops a pattern of tiny cracks because the
stresses become greater than the strength of
the coating. These cracks form a pattern that
interlaces and sometimes extends to the base
metal. A corrosive liquid or gas could pene-
trate to the base metal. This action can be pre-
vented in three ways: A nickel undercoat can
be applied to provide a corrosion-resistant
barrier; the chrome plating can be applied
only to a maximum thickness; or a thin dense
chrome can be substituted.

Hard chrome can be deposited in a rather
broad range of hardnesses, depending on
plating-bath parameters. Average hardness is
in the range of 66 to 70 Rockwell C. A deposit
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of over 0.001 in. (0.0025 cm) thickness is es-
sential before chromium will assume its true
hardness characteristics when used over un-
hardened base metals. Over a hardened base,
however, this thickness is not necessary be-
cause of the substantial backing provided.
Precise control of thickness tolerances can
be achieved in a particular type of chrome
plating generally referred to as thin, dense
chrome. This kind of plating provides excel-
lent resistance to abrasion, erosion, galling,
cavitation, and corrosion wear.

Adhesion between a chrome layer and the
base metal is achieved by a molecular bond.
The bond strength is less on highly alloyed
steels and on some nonferrous metals; how-
ever, bonds in excess of 35,000 psi tensile
strength are common. Although it is often
said that the chromium layer will reproduce
faithfully every defect in the base material,
actually, as the chrome deposit thickens, it
will level imperfections. For smooth chrome
plating, the base material should be at least
as smooth as the expected chrome. Imperfec-
tions can be ground or polished after plating
to erase them.

In some instances, cracks in the base mate-
rial that are not visible through normal in-
spection techniques may become apparent
only after plating. This phenomenon is at-
tributed to the fact that grinding of steel of-
ten causes a surface flow of material, which
spreads over cracks and flaws. However, this
cover is dissolved during the preplating treat-
ment, and the cracks become apparent as the
coating thickness increases. The deposited
layer of chromium, although extremely thick,
will not bridge a large crack.

With electrodeposition, the current distri-
bution over different areas of a component
greatly varies, depending on its geometrical
shape. Elevations and peaks, as well as areas
directly facing the anodes, receive a higher
current density than depressions, recesses,
and areas away from the anodes that do not
directly face the anodes. The variation in cur-
rent density over different areas produces a
corresponding variation in the thickness of
the deposited metal.

Hard chrome plating is recommended to
protect polished surfaces against scuffing and
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to provide a smooth release surface that will
minimize sticking of the parts in the mold.
Some precautions are necessary. Hydrochlo-
ric acid created in the injection molding of
PVC will attack chrome. Chrome that is
stressed and cracked under adverse condi-
tions will permit erosion from water and gas
penetration into the steel. To deal with hy-
drogen embrittlement created when hydro-
gen is absorbed by steel during the plating
process, chrome-plated components should
be stress-relieved within a half hour of com-
pletion of the plating. To protect against
galling, chrome should not be permitted to
rub against chrome or nickel.

Although it is not uncommon for a mold
to be sampled in the machine under pressure
before plating, this is an undesirable practice.
The effects of moisture on the steel can cause
chrome plating to strip later. Carelessness can
alsoresultinscratching an unplated mold. Di-
mensional checks can readily be made out-
side the press, using wax or other sampling
materials. Chrome can be stripped from a
mold after sampling in order to make essen-
tial changes. Periodic checks after a chrome-
plated mold is in full production are desirable
to find evidence of wear, which will show up
first in the mold corners and high flow ar-
eas. A simple check can be made by swab-
bing a copper sulfate solution in the mold ar-
eas. If the copper starts to form a plating on
the surface, the chrome is gone and must be
replaced.

Nitriding and Carburizing

Steels also are nitrided and carburized
to improve the surface hardness, thus mak-
ing the surface more wear-resistant. Nitrid-
ing will penetrate the surface from 0.003 to
0.020 in. (0.008 to 0.051 cm), depending on
the steel, and can result in hardnesses of 65
to 70 Rc. Another process for imparting a sur-
face hardness is carburizing. In this process,
carbon is introduced into the surface of the
cavity or core steel, and the inserts are heated
to above the steel’s transformation tempera-
ture range while in contact with a carbona-
ceous material. This process frequently is
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followed by a quenching operation to impart
the hardness case. Hardness as high as 64 Rc
and a depth of 0.030 in. are possible with this
process.

Other Plating Treatments

Numerous metals other than chromium
and nickel have been used at one time or
another to coat the components of plastics
molds. Gold plating can be used to create a
protective surface for PVC and some fluoro-
carbon materials. It prevents tarnishing, dis-
coloration, and oxidation of the mold surface.
Gold will protect the original finish and pro-
vide a hydrogen barrier. Fifty millionths of an
inch of gold plating [0.00005 in. (0.0013 cm)]
is adequate or the purpose. Gold can also be
used as a primer under polished chrome. Plat-
inum and silver have also been used to plate
molds, and they share with gold the notable
drawback of high cost.

Coating Treatments

Composites of ultrahard titanium carbides
distributed throughout a steel or alloy ma-
trix are used very effectively for coating. The
carbides are very fine and smooth, and the
coatings are applied by sintering, a process
in which the component to be coated is pre-
heated to sintering temperature, then im-
mersed in the coating powder, withdrawn,
and heated to a higher temperature to fuse
the sintered coating to the component.

Flexibility in selecting and controlling the
composition of the matrix alloy makes it pos-
sible to tailor the qualities of the alloy accord-
ing to the requirements of the application.
When heat-treatable-matrix alloys are used,
the composite can be annealed and heat-
treated, permitting conventional machining
before hardening to 55 to 70 Rockwell C.

Standard alloy matrices have been de-
veloped with quench-hardenable tool steel,
high-chromium stainless steels, high-nickel
alloys, and age-hardenable alloys. Special al-
loys can be formulated for even the most cor-
rosive conditions.
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These types of coatings are effective in
combating the severe wear that occurs with
abrasive plastic compounds. Ceramic-metal
composites provide the hardness and abra-
sion resistance to withstand wear by the most
damaging glass-fiber-, mineral-, or ferrite-
filled compounds. With the right metal-
matrix selection, resistance to corrosion and
heat is also obtained.

Treatments are available via a chemical
process that utilizes thermal expansion and
contraction to lock PTFE (fluoropolymer)
particles into a hard electrodeposited sur-
face such as chromium. Surfaces treated by
the process are reported to have the sliding,
low-friction, nonstick properties of PTFE,
along with the hardness, thermal conductiv-
ity, and damage resistance of chrome. Core
rods and other internal mold components
benefit from this surface treatment. The pro-
cess builds a thickness of 0.002 in. of elec-
trodeposited chromium on component sur-
faces and is available for ferrous, copper, and
aluminum-alloy parts (Table 4-25).

Impregnation processes are available that
provide continuous lubrication to metal parts
by impregnating fluoropolymers into the sur-
face pores of the metal. Reduced friction,
wear, and corrosion are reported as benefits,
along with improved plastics flow and release
characteristics.

Impregnation is applied to mold cavities,
runners, core pins, and ejector pins, en-
abling easier ejection of parts and minimizing
the need for release agents for most hard-
setting thermoplastics. Pin galling and metal-
to-metal sliding friction on core and ejector
pins are also eliminated.

Titanium carbonitride is the material most
commonly applied to provide wear resistance
to tools and wear parts made from tool steels.
The coating can often be applied in a layer
thick enough to allow a stock for a surface-
finishing operation after coating. The coat-
ing inhibits galling and results in a favorable
coefficient of friction. The process protects
against wear from abrasive fillers and corro-
sion from unreacted polymers that release
acids. The coating is said to be 99% dense,
that is, to have virtually no porosity, and is
inert to acids.

Exhibit 2029 Page 164
IPR2023-01424



358

Table 4-25 Coatings

4 Molds to Products

Material Method of application
Chromium Plating
Nickel Plating

Electroless nickel Solution treatment

Nedox electroless

nickel ferrous alloys
Tufram TFE
aluminum alloys

TFE ceramic

250°C bake
Tungsten silicide
Tungsten carbide

Solution treatment followed by TFE impregnation; used on copper and
Deep anodizing process followed by TFE impregnation; used on aluminum
Spray and bake application; used for all die materials that can withstand

Solution treatment; used on steel and ferrous alloys
Explosion impact or flame spray with plasma arc; used for all high-melting

metals to improve abrasion resistance

Aluminum oxide

Plasma flame spray; used for extreme abrasion resistance; used on steel dies

but usually limited to small dies because of expansion problems;
works best on 18-8 stainless

PTFE

Spray and bake application; used for low-friction and low-adhesion

application; poor abrasion resistance

Polyimide, aramid

Straight organic coatings with high softening points (450 to 500°C), which

are applied by spray and baked;
low-friction characteristics against some resins (e.g., PVC); moderate

abrasion resistance
Filled polyimide,
aramid

Aramid and polyimide systems containing TFE and other fluorocarbon resins
to improve the friction properties

Note that the processes used for harden-
ing screws and barrels are not necessarily
the same as those applicable to mold com-
ponents. A spin-casting process is used to
coat the inside of barrels under heat, after
which the barrels are rebored. The outsides of
screws are hardened with gas or ion nitriding.
Screws are also hardened by plasma-welding
a bead of stellite on the screw surface, which
is then ground to the desired shape and fin-
ish. The processes used on mold components
are different in part because brittle tool steel
cannot be twisted like a screw.

Heat Treatments

Most mold steels are subjected to heat
treatment in some form to obtain the hard-
ness necessary for their intended use. The
routine heat-treating that is part of the mold-
making process is not normally performed by
molders, unless they also run their own mold-
making shop.
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Exceptional wear resistance of mold sur-
faces can be accomplished by carburizing or
nitriding; both processes are also known as
case hardening, which refers to the fact that
the surface layer of the material being treated
is made considerably harder than the interior.
The depth of penetration of the treatments
can vary from a few thousandths up to one-
sixteenth of an inch.

Carburizing is accomplished by heating
steel to between 1,600 and 1,850°F (871 and
1,010°C) in the presence of a solid carbona-
ceous material, a carbon-rich atmosphere, or
liquid salts. Nitriding consists of subjecting
parts to the action of ammonia gas at tem-
peratures of 950 to 1,000°F (510 to 538°C) or
to contact with nitrogenous materials in or-
der to impregnate the surface with nitrogen.

These treatments can produce skin hard-
nesses considerably above the maximum
hardness obtainable in heat-treated tool
steels and provide excellent resistance
to abrasion. General guidelines for heat-
treating are readily available, but specific
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heat-treating data must always be obtained
from the supplier of a particular grade of
steel.

Anyone dealing with mold steels should be
aware of potential sources of stress that can
be detrimental to the life and usefulness of
the finished tool. These sources of stresses
may be a result of tool design, heat-treating,
machining, grinding, EDMing, welding or
brazing, or anything else that contributes to
heating of the steel in a nonuniform manner.
Heat-treating a mold always introduces risks
of distortion and cracking; permanent linear
movements in steel during heat treatment are
to be expected. It is impossible to predict ac-
curately the extent or direction of movement,
since chemical composition, mass, geometry,
design, and heat-treating techniques all affect
the final dimensions of a mold.

Carburizing temperatures and hardening
temperatures, which vary with the type of
steel being used, are provided in technical
data furnished by steel producers. Care must
be taken during heat-treating to protect the
mold surface against oxidation. This is done
by packing the mold into spent cast-iron
chips or pitch coke, heating in a controlled-
atmosphere furnace, or heating in a vacuum
furnace.

After the mold is heated to the hardening
temperature, it is either quenched in a liquid
such as oil or allowed to cool in air, depending
on the analysis of the steel. High-alloy steels
harden sufficiently when cooled in air from
the hardening temperature.

A mold can benefit greatly from periodic
stress relieving, a form of heat treatment
highly recommended by metallurgists. This
process can extend the life of questionable
mold sections, even though they may not yet
have exhibited cracks. The stress-relieving
process consists of heating parts of the mold
in question to the same temperature or just
below the temperature at which the mold sec-
tions were tempered originally. The plating
must be stripped before this annealing op-
eration, since the stress-relief temperature is
usually above the plating stability point.

Experience is the only available teacher to
suggest the desired interval for this opera-
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tion. Expensive mold sections clearly merit
this form of preventive care, on the premise
that an ounce of prevention is worth a pound
of cure. Mold components with sharp or
nearly sharp fillets and cores with a high ra-
tio of length to cross section are vulnerable to
cracking and therefore will require the most
frequent stress relief.

There are practical limits to the use of
mold treatments to solve molding problems.
It makes more sense, for example, to replace
$3 nitrided ejector pins than to spend great
sums of money increasing their wear resis-
tance further. Indeed, pins may break, no
matter how much their surfaces are hard-
ened, more often than they wear out. Fur-
thermore, a pin nitrided to 70 Rockwell C
will cause the hole around it to wear before
the pin does. The solution to that problem
is to ream the hole out and install an over-
size pin. Judicious use of the various forms of
plating, coating, and heat-treating processes
available to today’s molder will go a long way
toward maximizing mold life and productiv-
ity. Well-treated molds, closely observed for
wear and diligently maintained, are likely to
provide the molder with fast, long, and prof-
itable operation.

Cleaning Molds and Machine Parts
Overview

Removal of residual plastics from molds
and machine parts by pulling off or mechan-
ical separation with a knife is the easiest
method of cleaning a mold. In most cases,
mechanical cleaning is confined to uncompli-
cated molds (or screws) and the use of no-
problem plastics. As soon as surface condi-
tioning by chemical or thermal posttreatment
is necessary, the relevant regulations against
air and water pollution and for accident pre-
vention, as well as the applicable threshold
limit values, have to be observed. All plas-
tics, both thermoplastics and thermosets, can
be thermally moved.

Thermogravimetry provides graphs plot-
ting the decomposition of plastics. TPs
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disintegrate at temperatures between 300 and
400°C, a 100% loss of weight occurring within
a very short period of time. With TSs, weight
loss, characteristic of the decomposition pro-
cess, can start between 300 and 400°C (98).

A variety of methods are used to carry
out thermal decomposition in mold cleaning
(Table 4-26). The conventional methods of
flaming or treatment of the molds in oven
chambers have to take into account pollu-
tants that occur. Substantial overheating can
occur when flammable components of plas-
tics burn up in an oxygen-containing atmo-
sphere upon reaching their flash point. Mold
damage is frequently attributed to these
rather uncontrollable reactions of exother-
mic combustion. Even authentic chrome—
nickel steel grades may be at risk under such
conditions due to carbonization.

Open solvent -baths are used for mold
cleaning. Solvents used in closed systems are
only appropriate under economic conditions
where the required cleaning results are not
obtainable with any other method. Some
molds may justify the use of solvents; how-
ever, cleaning in an oil bath yields equally
good results in most cases. Solvents should be
selected individually for the various plastics.
Losses due to evaporation and reprocessing
of at least 10% must be expected even with
closed systems.

Cleaning in an oil bath involves the im-
mersing and heating of the molds within a
closed container. The oil used can consist
of a synthetic mixture of isomeric diben-
zyl toluenes. The equipment used consists
of electrically heatable stainless steel tanks
adapted to the mold geometries. To reduce
the oil oxidation and improve aging behav-
ior, the cleaning process is carried out under
a nitrogen blanket.

Manual Cleaning

Cleaning of machine parts by hand, ei-
ther by mechanical removal of the hardened
plastic layers or melting off with the aid of
an acetylene torch, is the most elaborate
method, but is still practiced in many small
firms. Mechanical damage and/or local heat
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deformation of the mold are the risks of this
method. In addition, the quality of cleaning
is very dependent on the skill and reliability
of the workers carrying it out. If we consider
the high wage costs and secondary costs, this
is the most expensive method, but it requires
almost no investment.

Oven Cleaning

Both vacuum and conventional ovens are
stillin general use for pyrolysis-type cleaning.
Generally, the advantages of ovens lie in their
relatively low capital equipment cost and
convenience in handling large loads. Ovens,
however, operate on a very long cleaning cy-
cle, and significant postcleaning operations
are required to remove residual carbon. This
is normally a manual operation on critical
hardware. Glass bead cleaning is used on
hardware in which precise maintenance or di-
mensional tolerance is nonessential.

Vacuum ovens tend to require high main-
tenance, especially on the pumps and seals,
and in some cases, special provisions are
made when handling certain plastics that re-
quire collecting vapors and/or residue re-
leased from the molds or dies (different types
of filters or scrubbers are used).

In the case of both types of ovens, com-
plex assembled hardware is normally bro-
ken down prior to cleaning. When the dis-
assembly of parts is not possible, dual-cycle
cleaning with disassembly between cycles is
frequently required. This practice obviously
increases both operating costs and turn-
around time.

Finally, nonuniform heating creates stress
and can be preferentially destructive to
metallurgical properties induced by prior
heat treatment. This consideration becomes
more important with the increased use of
precipitation-hardened stainless steels where
dramatic changes in hardness occur over a
relatively small temperature differential.

Solvent Cleaning

Solvent cleaning of hardware can be ac-
complished with acid or alkaline chemicals,
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such as ethylene glycol and organic agents,
and by organic or inorganic ultrasonic clean-
ing. Conventional solvent baths require the
complete breakdown of complex hardware
prior to cleaning, often resulting in mechani-
cal damage to the hardware. Acid or alkaline
cleaning is slow at best and frequently corro-
sive to hardware. Although equipment costs
are low, chemical costs are high. Sludge re-
moval and disposal are both labor-sensitive
and an increasing environmental problem.
Organic solvents can be effective; however,
environmental considerations restrict their
use, and recycling equipment is necessary due
to environmental pollution controls.

Triethylene Glycol Cleaning

This TEG -method is very suitable for
parts contaminated with polyester and ny-
lon, since the boiling point of TEG is about
285°C at normal pressure, for example, in
a water-cooled, but open, reflux condenser.
The intensely bubbly bath removes the plastic
even inside hollow cavities if they have inlet
openings.

Postcleaning

A nitric acid postcleaning is necessary as
a supplement to solvent cleaning processes
if the carbonized plastics residues, additives,
and pigments are not sufficiently removed
from the workpieces. Depending on the parts
to be cleaned and the adhering plastics, this
may also be done by alkaline postcleaning in
the same, or other similar, apparatus. Twenty-
five to 30% strongly alkaline stripper is dis-
solved in water, and the parts to be cleaned
are treated in this for approximately 2 h at
up to 80°C. This type of acid or alkaline post-
treatment must always be succeeded by neu-
tralization in one or two stages, the last stage
of which must be boiling out in pure water.

Salt Bath Cleaning

For a long time, molds to be cleaned have
been immersed in baths of molten salt in
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which the plastic melts and burns. The sim-
plest salt for this is molten sodium nitrite or
mixtures of this with smaller quantities of
other salts. Salt baths operate primarily on
the basis of thermal oxidative decomposition
of the polymer. There can be chemical cor-
rosion associated with this cleaning method,
and surface defects created by thermal shock
during the water rinsing of salt from hardware
at an elevated temperature. It is not normally
considered for new or replacement installa-
tions, because of environmental and safety
considerations. Other disadvantages include
high operating costs (since the system must be
left on even when not in use), high replace-
ment costs of salt, and sludging and disposal
problems associated with spent salt.

Ultrasonic Solvent Cleaning

Ultrasonic solvent cleaning will normally
improve solvent bath cleaning dramatically.
However, corrosion, disposal problems, and
expensive chemical costs still remain. Also,
equipment costs rise significantly when ultra-
sonic cleaning is required. It is used most suc-
cessfully as a postcleaning process for the re-
moval of inorganic residues from a thermal
cleaning system.

Fluidized-Bed Cleaning

Fluidized-bed cleaning, introduced in the
late 1960s, has for most applications become
the option of choice. Absolute temperature
control and thermal uniformity permit clean-
ing of complex critical hardware with mini-
mal risk of distortion or metallurgical dam-
age. Also, the average cleaning cycle is an
order of magnitude shorter than that for
ovens, due to the superior heat-transfer char-
acteristics of the fluid bed.

Vacuum Pyrolysis Cleaning

Only vacuum pyrolysis provides good-
quality, pollution-free cleaning of molds for
almost all plastics, without additional chemi-
cals. Apart from the vacuum pyrolysis oven,
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only electricity and water are used. The parts
to be cleaned are laid in a basket or hung
in a frame, with the largest opening directed
downward. The loaded vacuum autoclave is
evacuated to 50 to 10 mbar and heated ini-
tially to 50 to 100°C above the melting tem-
perature of the plastic. More than 90% of the
plastic runs from the molds into a vessel con-
nected below, where the polymer hardens.

The actual cleaning process is for less than
10% of the originally adhering plastic. Af-
ter removal of most of the plastic, the heater
is adjusted to vacuum pyrolysis tempera-
ture: between 370 and 520°C depending on
the plastic. When this temperature has been
reached, the residues remaining on the mold
surfaces are pyrolyzed under vacuum. The
same occurs with the plastics residues inside
the mold.

Strength Requirements for Molds

The forces involved with the molding op-
eration are compressive; they are exerted by
the clamping ram and internal melt pressure.
Forces exist inside a cavity as a result of in-
jecting the plastic material under pressure. If
we inspect the stationary platens of injection
machines in an operating plant, we will find
that a number of them have indentations and
impressions. These are a result of projections
from the mold base and, in some cases, of
the mold base being too small for the clamp-
ing force, thus causing a concentrated stress
in the platen that brings about the flow of the
platen metal. The platen impressions are dan-
gerous because they reduce the contact area
for the mold, thereby increasing the poten-
tial for further indentation. These indenta-
tions, if permitted to increase in number, may
ultimately cause cracking of a platen, which
would not only take the press out of opera-
tion, but also require a large and expensive
replacement.

Practically all presses have provisions for
reducing the clamp tonnage, but the prob-
lem is to recognize the danger and lim-
its within which it is safe to concentrate a
load on the platen. Most platens are made
of cast steel with a yield strength of about
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25 tons/sq in. Allowing a safety factor of 7,
we have a permissible load of 3.5 tons/sq in.
(0.54 tons/sq cm). With this information, we
are able to calculate the minimum number of
square inches a certain press size will safely
accommodate or to determine to what ton-
nage to reduce the clamp in order to protect
the platen against damage.

A mold 10 in. x 12 in. (25.4 x 30.5 cm) is
to be placed in a 500-ton press. First, we will
establish the minimum area of mold base
needed to safely absorb the clamp force

500 tons = area x 3.5 (permissible stress)
500

35

The mold in question is 10 in. x 12 in. =
120 sq in. (774 sq cm). This shows that the
mold should be operated with a reduced ton-
nage, calculated as follows:

area = = 143 sq in. (923 sq cm)

Tonnage = (area — locating-hole area)
x 3.5 (permissible stress)
=(120—-12.5) x 3.5
= 107.5 x 3.5 = 376 tons

To protect press platens against damage, it
is advisable to check the contact area of the
mold and platen to see that the safe permis-
sible load is not exceeded.

Stress Level in Steel

When we examine the great variety and
complexity of plastic parts, we realize that the
molds in which they are produced are even
more complex. A great many factors should
be remembered when a design layout for a
mold is made, but none is more important
than maintaining a low stress level in the steel
of all the components of the cavity and core.
Highly stressed parts mean short tool life.

Heavy and high-speed cuts during metal
removal, severe grinding action, and (to a
much lesser degree) electric discharge ma-
chining all produce some amount of stress in
various tool steels. Stress relieving will mini-
mize the danger of failure.

Molds that are built for long life and high
activity are heat-treated either initially or
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whenever the intermediate hardness of the
cavities begins to affect the quality of the
product unfavorably. From a heat-treatment
standpoint, the tool designer should be on the
lookout for the following:

1. The parts should be so shaped that they
will heat and cool as uniformly as possible.
A part that may heat so that a temperature
difference exists between two points will pro-
duce a harmful strain when quenched.

2. A balanced section will heat and cool
more uniformly than an unbalanced one, thus
guaranteeing a much lower stress level.

3. Holes may be used to reduce the mass
of metal in one area to offset the lower mass
in an adjacent point.

4. Sharp angles and corners are a most
common error that, with a little effort, could
be minimized. Sharp corners and angles are
points of high stress concentration. When a
rectangular insert is being made for the cav-
ity, the sharp corner in the plastic will most
likely tolerate a radius of 0.020 in. (0.051 cm).
If this is not permissible, the insert portion
thatis even with the cavity can be made larger
and have a generous radius; the portion that
is molding can be of whatever shape is re-
quired.

5. A thin section will cool faster than a
thick one during quenching and will set up
stresses. A larger radius or an even taper in
the transition area will minimize stresses.

6. For whatever purpose they are in-
tended, blind holes should be eliminated. A
through hole makes for greater uniformity
in cooling and eliminates the stress concen-
tration from the sharp corner at the bot-
tom of the hole. Junctions of holes, such as
might be planned for fluid circulation, should
be avoided in favor of drilled-through holes,
since the intersection of holes will act to raise
stress.

The designer should be aware that the best
choice in material coupled with the best effort
of the heat treater cannot overcome faulty de-
sign. When layouts for the cavity and core are
made, an outline of the components should be
presented to a heat treater for a recommen-
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dation of design modification that will lead
to parts with low-level stresses. This matter
deserves serious consideration. An order to
the heat treater should specify: “To be stress-
relieved if heat-treating steps will not reduce
stress.”

Pillar Supports

The construction of a mold base usually in-
corporates the U-shaped ejection housing. If
the span between the arms of the U is long
enough, the forces of injection can cause a
sizable deflection in the plates that are sup-
ported by the ejector housing. Such a deflec-
tion will cause flashing of parts. To overcome
this problem, the span between supports is
reduced by placing pillar supports at certain
spacings so that the deflection is negligible.

For the determination of pillars and their
spacing, the beam formula can be applied. For
this purpose, we consider a lé-in.-thick plate
(Fig. 4-133) as beam-supported at a 8.5-in.
centers with a uniform load. For this load-
ing system, we consult a handbook (under
“Stresses of Beams at the Center”) to find
the stress (7):

w
St t ter=—— =§
Tess at center = ——
where W = the load that the plate can
support

L = the length between supports
= 8.5 in. (Fig. 4-133)
Z = the section modulus (a property
of the cross section that
represents resistance to flexure)

M
|
A
/ 1 ws
[l
1 :,a g 1/2 —on

Fig. 4-133 Schematic for pillar requirements.
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In the handbook (under “Section Modu-
lus”), we find the following formula:

7 b_d2 _ b_B_2 _ 15 x 1.8752
6 6 6
in which
d=B=1.875
b=15
7 15 x63.52 _ 880

S is the allowable safe stress, and the value
suggested by the mold base manufacturer is
12,000 psi (82.7 MPa). Referring to Fig. 4-133
and using the formula for §, we obtain

W =85
12,000 = o535
12,000 x 8 x 8.8
W= 8.5

=99,2751b (45,071 kg)

where W = the permissible load on the
support plate

When the mold is closed, the cavities will
exert a concentrated pressure on the support
plate. For this condition, a safe concentrated
stress in compression of 7,000 psi (48.3 MPa)
is allowed. The compression formula from
the handbook is

5=~
A

where S = 7,000 psi allowable stress

P =W =99275
Thus,
_ P 99275
S 7,000
=14.13sqin. (91.16 sq cm)

Therefore, the total area of the back of
the cavities can be only 14.13 sq in. If one
row of support pillars is added, the dimen-
sion L is 4.25 in. (10.80 cm) in the load for-
mula, thus doubling the load capacity of the
plate and also the permissible cavity area
to 28.26 sq in. (18232 sq cm), and at the
same time maintaining the allowable stress of
7,000 psi (48.2 MPa). Increasing the number
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of rows of pillar supports decreases the dis-
tance between the resting points of the beam,
thereby increasing the area for the concen-
trated pressure of the cavities.

Steel and Size of Mold Base

The size and type of mold base are de-
termined by placement of the cavities, the
method of feeding the cavities, the ejection
employed, the type of pockets desired, tem-
perature control, type of cam action, or any
unusual factor that becomes necessary for a
specific part. A layout of these and the other
elements so far established will indicate the
type and overall size of the mold base.

Taking a four-cavity mold as an example,
we obtain the outside width and length of the
cavities. To the width of the cavities, we add
1.75 in. (4.45 cm) per side, so that they are
placed close to support blocks of the ejec-
tor housing. On the end, we add an addi-
tional inch for the return pins, giving a total of
2.75 in. (6.99 cm) per end. These overall di-
mensions are checked against standard avail-
able mold bases, and the selection is made to
satisfy the outline of the layout.

There are normally three grades of steel
employed in mold bases, as follows:

1. The lowest-priced steel grade in a mold
base is a medium carbon type with tensile
strength of 55 to 75 x 10% psi (0.38 to 0.52x
10° MPa). This grade is suitable for appli-
cation when the cavities are in themselves
strong enough to withstand the conditions of
application. The main function of a mold base
in the preceding case is to keep the two halves
aligned and the ejection side rigid enough to
permit ease of ejection on a cycle of two or
more times a minute. When the cavities are
mounted in a cut-through plate, care must be
exerted that the surrounding frame is thick
and wide enough to safeguard the guiding
features of the halves. When blind pockets
are employed, this steel is suitable for a ma-
jority of applications.

2. The next higher grade of steel employed
for basesis an AISI-type 4130, heat-treated to
a hardness of 300 Bhn with a tensile strength
of 126 to 155 x 103 psi (0.868 to 1.070 MPa).
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This grade is usually considered for cases
where the cavities are constructed in sections,
and it is the function of the plates to retain
these sections without allowing them to sep-
arate under the forces of injection pressures.
It is also applied in cases where cooling lines
and other machining requirements weaken
the cavity plate to a point whereby a material
with higher physical properties is prescribed.

3. There are occasions when it is desir-
able to machine cavities into the cavity plates
instead of fabricating cavities and inserting
them into mold-base plates. This may be the
case for a product with a yearly activity of
less than 10,000 pieces and configuration that
is relatively easy to machine from a mold-
base plate. For such application, the mold-
base cavity plates may be specified to be an
AISI 4135 steel heat-treated to 300 Bhn with
a physical strength of 129 to 155 x 10% psi
(0.889 to 1.070 MPa). 1t is a suitable steel for
polishing and higher-hardness heat-treating
if necessary.

Deformation of Mold

The function of a mold is to receive molten
plastic material from the plasticator (injec-
tion unit) ranging in temperature from 350
to 900°F (177 to 482°C) at pressures between
4,000 and 20,000 psi (27.6 to 137.8 MPa). In
the injection process, the plastic comes from
a heated nozzle and passes through a sprue
bushing into feed lines (runners) to a gate
into a cavity. The cavities are maintained at
temperatures generally ranging from 30 to
350°F (-1 to 177°C) for thermoplastics and
250 to 600°F (121 to 316°C) for thermosets,
at which solidification takes place. They are
provided with a means for controlling the
temperature.

At the end of the injection stroke, and dur-
ing after-filling, pressure is built up in the
mold cavity. This pressure, which depends
on the type of molding and plastic, is gen-
erally one-third to one-half of the injection
pressure set on the machine. In normal cases,
the pressure in the mold cavity will be up to
4,000 to 8,000 psi (27.6 to 55.1 MPa). How-
ever, in exceptional instances it may rise to
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15,000 psi (103.4 MPa) in certain mold com-
ponents, usually when close dimensional tol-
erances need to be held. The consequences
of such pressures must be appreciated. They
cause elastic deformations, such as bending
of cavity retainer plates and cores, that are
virtually unavoidable.

The use of a sturdy construction (suffi-
ciently thick cavity retainer plates, and sup-
port pillars in the open gap for the ejector
system) may reduce elastic deformation to an
acceptable level. Such possibilities are, how-
ever, often restricted, since light construc-
tion is required for efficient cooling, neces-
sary spaces for guide pins and ejector system,
etc. Elastic deformation of weak or insuffi-
ciently solid mold components may result in:

1. Differences in wall thickness with con-
sequent excessive dimensional variations, as
well as insufficient dimensional stability and
rigidity of the molding.

2. Nonuniform melt flow in the mold. In
the case of thin-walled moldings, this may
give rise to flow lines, weld lines, internal
stresses, or even trapped air.

3. In weak molds, the bearing surfaces
or other components being forced apart by
the plastic pressure, causing flash formation
that may interfere with proper mold release.
Moreover, the subsequent deflashing opera-
tion is a considerable cost-raising factor.

4. Faulty operation of the ejector system
and guide pins. It is even possible that the
mold will jam.

The general principles of molding are sim-
ilar regardless of the type of press employed.
All presses must meet the basic elements of
molding: time, temperature, and pressure, the
range of temperatures and pressures depend-
ing on the type of plastic material. The plastic
is held in the cavity for a prescribed time until
full solidification takes place; at this point, the
mold opens, exposing the part to the ejection
or removal action.

Mold Filling

The effect of mold dimensions and
resin viscosity on pressure requirements is
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expressed as follows:

_Pr
o= K

or
p=KnQ

where Q = volumetric rate of mold fill
(cuin./sec or cu cm/sec)
p = pressure at mold entrance
(Ibf/sq in. or kgf/sq cm)
n = resin viscosity (Ibf sec/sq in.
or kgf sec/sq cm)
K = mold flow resistance factor

For the end-gated rectangular cavity sec-
tion fillout,

For the end-gated annular cavity section fill-
out,

1L
T nD,3

For the end-gated cylindrical cavity section
fillout,

128(L+4D.)
K= —n——
m D}
In these equations,

L = mold cavity length (in. or cm)
W = mold cavity width (in. or cm)
t = mold cavity thickness (in. or cm)
D,, = mean diameter of annulus mold
cavity (in. or cm)
D, = mean diameter of cylindrical mold
cavity (in. or cm)

From the above, it may be seen that a con-
stant flow rate and resin viscosity:

1. The pressure required to fill is directly
proportional to the mold length.

2. The pressure required to fill is inversely
proportional to cavity width or diameter.

3. The pressure required to fill is inversely
proportional to the cube of the mold thick-
ness.

The pressure required to fill radial fill pat-
terns (i.e., center-gated) is exponential in the
radius.
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The pressure required is proportional to
the resin viscosity and is reduced by an in-
crease in temperature and/or shear rate as
the following equations indicate:

Shear rate for rectangular section
__%¢ sec™!
B3(W+1)
Shear rate for annular section
= %0
t2(w Dy +1)
Shear rate for cylindrical section
320
T nD3

sec™!

Thus, shear rate is increased and resin vis-
cosity decreased by a decrease in mold cav-
ity dimensions (i.e., an effect opposite to that
which such cavity dimensions have on the
mold flow resistance factor K)

Deflection of Mold Side Walls

Rectangular cavities The maximum de-
flection commonly allowed in such molds is
0.005 to 0.01 in. (0.13 to 0.25 mm), depend-
ing on the size of the tool. Of this, 0.004
to 0.008 in. (0.1 to 0.2 mm) may be due to
clearances between the blocks of the buildup
mold and elongation of the bolster or register
faces. For stress design purposes, therefore,
a maximum deflection of 0.001 to 0.002 in.
(0.025 to 0.05 mm) is usually taken. The
approximate thickness of the side wall re-
quired may be calculated from the following
formulas:

_ Cpd*
~ Ef3

or

.| Cpd*

=
Ey

where y = deflection of side walls (in. or cm)
C = constant (see Table 4-27)
p = maximum cavity pressure (Ibf/sq
in. or kgf/sq cm)
d = total depth of cavity wall (in.
or cm)
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Table 4-27 Constant C used in
calculating deflection of mold side walls

Ratio of Length to Depth of

Cavity Wall C
1:1 0.044
2:1 0.111
3:1 0.134
4:1 0.140
5:1 0.142

E = modulus of elasticity for steel
(30 x 100 Ibf/sq in. or
2.1 x 10° kgf/sq cm)
t = thickness of cavity wall (in. orcm)

Cylindrical cavities 'The increase in radius
due to the internal pressure of the injected
material can be determined approximately as
follows:

rn= % [(R? + ) (R —r*)] + m}

where r; = increase of radius (in. or cm)
r = original inside radius (in. or cm)
R = original outside radius
(in. or cm)
m = Poisson’s ratio (0.25 for steel)

The strength requirements for the two con-
figurations are satisfactorily met. In all the
calculations, it was taken for granted that the
ram pressure was applied to the cavities only.
This was accomplished by having the cavity
insert protrude above the A or B plate about
0.005 in. (0.013 cm).

Let us now assume that for some valid rea-
son, a two-cavity mold is ordered, and the
press in which it is to be run is still the 200-
ton size. In this case, the width of the cavity
face would be unchanged except that cavity
inserts would be mounted flush with A and B
plates so that the plates would absorb part of
the force.

The problem of mounting a cavity will
be favorably met in either a machined-
through picture-frame pocket or blind
pocket, whichever is more suitable from the
standpoint of mold temperature control, as
well as other considerations. Based purely
on strength considerations, the calculated di-
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mensions will incorporate in the cavity itself
the ability to safely absorb all the forces to
which it may be subjected during molding.

During injection of the fluid plastic into the
cavity, we find pressures existing there be-
tween 4,000 and 10,000 psi (27.6 to 69 MPa)
close to the point of exit from the gate. As the
flow approaches the outside extreme point,
these pressures may be 2,000 psi (13.8 MPa).
The difference in readings between those of
the pressure gauge and 2,000 psi at the end
of flow is found in the pressure drops com-
ing from the screw acting as a plunger, the
nozzle, the sprue bushing, the runners, the
gate, and resistance to flow within the cav-
ity. The average pressure in the cavity may
be 4,000 to 10,000 psi. Even the lower pres-
sures in a cavity will cause a sizable deflec-
tion in a cavity wall unless it is made heavy
enough to keep such deflection within ac-
ceptable values. The following takes place
in the cavity: The projected area of the side
wall times the pressure in the cavity creates
a force that will bring about a movement of
the side wall of, say, 0.003 in. (0.0076 cm).
After the material is cooled and the inside
pressure drops to a negligible value, we have
a force from the deflected steel tending to
return to zero deflection. This force is com-
parable to that which caused the original
deflection.

If the part is made of a thickness that will
shrink 0.003 in. in the cavity, then the steel
will merely go back to its original position
without any ill effects on the operation. If,
however, the plastic will only shrink 0.001 in.
(0.0025 cm), the steel pushes into the plastic
by 0.002 in. (0.0051 cm), causing difficulty in
mold opening, possibly marring the surface,
and adversely influencing the dimensions and
properties of the plastic. Last but not least,
the large forces involved will gradually cause
the movement of cores with respect to cav-
ities, with additional complications and ulti-
mately mold damage.

The problem of mold deflection must be
solved in a way that will eliminate these diffi-
culties. A cavity must be looked on as a very
high-pressure vessel in these considerations.
Some of the formulas related to the subject
are found in Raymond J. Rark and Warren G.
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Fig. 4-134 Factors to use in determining deflection in a mold cavity.

Young, Formulas for Stress and Strain (New
York: McGraw Hill, 1975).

These formulas have been modified and re-
arranged here to suit conditions that exist in
molds. The formula for deflection in a cavity
without the restraining effect of top and/or
bottom is

pacy

d = 7
A cavity with restraining effect in which the
bottom is either an integral part of the cav-
ity or is so interlocked that it will act as an
integral part of the unit shows this deflection:

pac;

= deflection

d = deflection

where p = average pressure in the
cavity (psi)
a = half the width of a part as
viewed from the top
¢; and ¢; = factors from Fig. 4-134 (equal
ton x a)
E = modulus of elasticity for steel
[30 x 109 psi (0.21 x 10 MPa)]

The factor c¢; is applicable only in cases
when the depth of the cavity is equal to a.
For greater depths, there is a gradual transi-
tion to the deflection that exists in the case of
an unrestrained bottom or top. The distance
at which the ¢ condition will be reached is

\flnstricted deflection
restrained deflection

In practice, the requirements for creating
equivalent conditions that will correspond to
an integral solid bottom or top are:
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1. The cavity insert must have metal-to-
metal contact with its retainer; that is, the
outer diameter of the insert and inner di-
ameter of the retainer must be exactly the
same and, when assembled, result in a light
press fit.

2. The body of the cavity and bottom or
top must be so interlocked that there is no
chance that the insert will move with respect
to its retainer.

3. The clamping pressure should be 25%
higher than would be the case if there were
no deflection problem.

Let us take an example: The average cavity
pressure is 6,000 psi (41.4 MPa) and the con-
struction will be of the restraining type, and
we suppose

Part depth = 8.5 in. (21.6 cm)
Average diameter = 8.0 in. (20.3 cm)
Wall thickness = 0.070 in. (0.178 cm)
Shrinkage = 0.020 in./in.

The total shrinkage on the part will be
about 0.0014 in. (0.0036 cm), but when the
pressure in the cavity is decaying, it may
be only half that amount, or 0.0007 in.
(0.0018 cm). If we allow for a maximum de-
flection in the center of the cavity of 0.0006 in.
(0.0015 cm), there should be no ill effects on
part performance. If the cavity is constructed
of sections, no plastic material will flow be-
tween sections at selected defiection. Thus,
the mold should work properly.
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Fig. 4-135

Cavity for a product when average
pressure is 6,000 psi (41 MPa).

Therefore,

__pacy 6,000 x 4 x ¢

& = = = 0.00

1T 30 x 106 0006
30 x 10° x 0.0006 18

2= —¢o0x4 207

From the curve in Fig. 4-134 we find n = 2.4.
The outside cavity dimension willbe n x a =
2.4x4 =9.6,givingawall of 5.6 in. (14.2 cm).
Since water lines will be incorporated and
cause a decrease in strength, we willadd 11 in.
(3.81 cm) for 1-in. baffled lines and % in. for
%-in. lines. In this case, the addition will be
1% in., and new thickness 7.1 in. This will be
satisfactory for the 4-in. depth of cavity, and
since the cavity is 8 in. in diameter, we will
arrange the core end of the mold for inter-
locking and restricting action. Thus, the 4-in.
distance from each end will satisfy the depth-
restricting requirement. (See Fig. 4-135.)

Eyebolt Holes

Eyebolt holes are normally on the side of
the clamping slots and should be provided on
both halves opposite each other; they should
be placed in areas where balanced lifting of
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the mold base is possible. Holes should also
be tapped on surfaces perpendicular to the
slots.

The forged steel eyebolts have a safe load-
carrying capacity as listed:

lin.  2,6001b
2in.  6,0001b
lin. 11,000 Ib

For safety reasons, only forged steel eye-
bolts should be specified, preferably those
with a shoulder for better stability.

Quick Mold Change

As reviewed in other chapters (Chap. 2,
etc.), completely automated quick mold
change (QMC) devices are being used. The
cost is usually higher than that of an IMM,;
however, it pays for itself quickly when
required. QMC, with microprocessor con-
trols, provides cost-effective approaches to
plantwide automation. Different designs are
used, such as overhead or side loading/
unloading platforms (Figs. 4-136 through
4-138).

The concept is best suited to processors
with relatively short production runs and fre-
quent mold changes. In such operations, the
benefits of QMC are many: increased produc-
tivity, reduced inventory, increased schedul-
ing flexibility, and more efficient processing.

Mold-changing time is wasted time. In the
all-out effort to trim waste, increase produc-
tivity, and reduce inventories, quick mold
changing will play an important role. Today,
systematic mold changing is a novelty; in a
few years, mold-changing systems, including
fully automatic changers, will be much more
common.

Systematic procedures to expedite mold
change can take many forms: from fully au-
tomated mold conveying devices to the addi-
tion of an extra overhead crane. Regardless
ofhowitisaccomplished, QMC means reduc-
ing mold changing time to roughly 1 to 10 min
and facilitating nearly instantaneous startup
on the new mold.

QMC goals are achieved by standardiz-
ing the construction of molds and machine

Exhibit 2029 Page 178

IPR2023-01424



372

4 Molds to Products

Fig. 4-136 Quick mold change system using a single robotized crane to service multiple IMMs from

an inventory of 200 molds.

mounting, raising operator training levels
and awareness, and increasing reliance on
microprocessor-based controls.

The software stores information regard-
ing molding cycle times and temperatures
for individual molds, platen spacing for each
mold change, and orchestration of the mold
changing devices. Increasingly important in

software and controls will be ease of pro-
gramming and the ability to change programs
quickly, more microprocessor storage capa-
bilities, and reliable self-diagnostics.
Completely automated systems contain
(1) mold conveyors that propel the molds in
and out of position on motorized rollers, and
(2) mold carriers thatindex on a track parailel

Fig. 4-137 Quick mold change device beside the IMM.
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Clamp unit

——

Mold carrier

Preheated mold

: Mold carrier track

Fig. 4-138 Schematic of a fully automated quick mold change device: production interrupted for 1 to

2 min.

to the IMM to align the mold conveyors and
clamp unit. They can also convey molds to
and from the machines from a central mold
storage area.

Basically, when the microprocessor-based
control signals the end of a mold produc-
tion run, the movable platen indexes to a
preset position for mold removal. Automatic
mold clamps are deactivated, releasing the
old mold. Mold clamps or straps connect to
lock together mold halves. The mold con-
veyor removes the old mold.

Computer control resets platens for the
new mold, and the carrier table aligns the
preheated new mold with the clamp unit.
As the new mold is inserted by mold con-
veyors, automatic mold positioners center
the mold within seconds. Automatic clamps
are activated by the control system, and
new molding-cycle information stored in the
microprocessor initiates the next production
cycle. Estimated downtime between old- and
new-mold shot is 2 min with a highly sophis-
ticated QMC.

Even at the design stage of a machine,
consideration must be given to whether or
not frequent mold change will be required.
Above all, if the future customer wants JIT
(just-in-time) production, it must also be pos-
sible to manufacture small numbers econom-
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ically. In this situation, quick mold change de-
vices require careful consideration.

Practical schemes that can be found for
changing molds more or less automatically
come in many forms, since individual require-
ments and boundary conditions always have
a large influence. The most important points
relevant to the design and overhead costs of
an automatic mold change system are (1) the
direction of insertion (or removal) of the
mold vertically or horizontally; (2) the range
of machine clamping forces to be covered by
the automatic mold change system, (3) ma-
chine layout, machine accessibility, and mat-
erial flow; (4) the number of molds per ma-
chine; (5) the mold-related batch size; (6) the
ability of the customer to accept the prod-
uct delivery and time requirement to be met,
such as JIT; and (7) the off-load schedule for
the IMM (time allowed for a mold change).

The current efforts at standardization of
mold clamping and coupling represent an
important step. They should make decisions
about automatic mold change easier for fab-
ricators. Systems that have been installed so
far costrelatively little. Increasing acceptance
of snap-fit rapid clamping systems should in-
duce many injection machine manufactur-
ers to alter platen dimensions and distances
between tie-bars.
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The general agreement of machine design
in favor of an extensive horizontal exchange
system, independent of manufacturer, is not
expected soon because of the far-reaching
changes to IMMs that are required. Because
more difficult requirements are associated
with automatic mold change than the adap-
tation of robots, the IMM manufacturers and
their trading partners are likely to meet only
specialty customer requirements for the im-
mediate future.

Mold Protection

A tool that has received all the necessary
attention and care from the designer and
moldmaker should be handled with extreme
care so that the expanded effort is fully pro-
tected. Any protruding parts should be pro-
tected against damage in transfer. The mold
surfaces, especially cavities and cores, should
be covered with a protective coating against
surface corrosion. The coating should be eas-
ily removable before the molding operation
starts.

The protection of mold surface applies
equally to the time after a run, when the mold
is ready to be removed from the press and
stored for the next run. In some areas where
the atmosphere is highly corrosive, the mold
must be protected while in the press for antic-
ipated operation. This is especially important
over a long holiday weekend of 72 h or more.
Commercial coatings are available for this
purpose; before they are used, however, they
should be carefully evaluated for their ability
to protect the area involved. Also, vacuum
containers are used after molds are properly
dried.

Automatic Systems

When an IMM is converted to automatic
molding, its operator is dispatched to other
tasks, or assigned to stay close to multi-
ple machines. Closed loops and various de-
vices take over the operator’s two principal
tasks: part removal and minor machine ad-
justments. When parts, are removed automat-
ically, it is necessary to ensure automatically
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that they have, in fact, been removed. Thus,
the need exists for mold protection: The part
(or sprue or runner) that lingers in the mold
or hangs up while exiting is a potential source
of mold damage.

If a robot or automatic part-removal sys-
tem moves in between the platens and re-
moves the parts, there usually is no fur-
ther concern about mold protection, because
these devices are fitted with sensors that will
signal a shutdown if the parts elude their
grasp. When the parts are merely ejected and
dropped, there are two general approaches:
a mold-protection circuit built into the ma-
chine controls, and an assortment of add-on
devices that either detect any parts that have
not been ejected or record their departure.

Today’s IMMs have built-in mold protec-
tion at varying levels of sophistication. It is
part of the low-pressure closing portion of
the cycle. If ejection has not been successfully
performed, the mold cannot close completely
in the low-pressure mode. Various combina-
tions of pressure, position, and time readings
react to reopen the platens. An alarm may
then be sounded, or a “try again” cycle ini-
tiated, reclosing to determine if the partial
close succeeded in dislodging the offender,
sometimes preceded by ejection-system
pulsing.

Built-in mold protection has become more
effective because of the increased sophistica-
tion in hydraulics, control systems, and such
discrete components as optical encoders. As
would be expected, there are subtle differ-
ences between the various OEM systems.

Heavy Molds

With large molds that require large ma-
chines such as 2,000 tons and above, the need
for changes in the normal operations and pro-
cedures used with smaller machines is appar-
ent. A key difference lies in the installation
and support of the large molds in the ma-
chine. Generally, each mold installation de-
pends on the experience and skill of the per-
sonnel involved.

Injection molds have traditionally been at-
tached to the molding machine with friction
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clamps. These clamps are bolted directly to
the platens and, in turn, press the mold
against the platen, holding it there by fric-
tional force. As the size and weight of molds
have increased in recent years, some produc-
tion runs have been able to use other clamp-
ing methods, such as hydraulically actuated
clamps or direct bolting of mold halves to
the platens. Whatever mode of attachment
is used, it must be adequate to keep the mold
from falling or being pulled off the platen
(179).

To determine the required number of mold
clamps, it is necessary to analyze the forces
that might allow a mold to fall and the com-
ponents in place to resist those forces. The
two major forces are gravity (vertical) and
machine mold-opening force (horizontal).

The dependence on frictional forces to sup-
port molds against gravity is plagued with un-
certainties, and the required number of mold
clamps is influenced by numerous factors, in-
cluding:

® Weight of the mold half

o Coefficient of friction, as affected by the
presence of oil or lubricants on the mold
and/or platens

® Clamp bolt torque levels

® Clamp bolt diameter

® Distance of clamp bolt (location in clamp
slot) from mold

® Parallelism of mold clamps

® Presence or lack of (1) a recessed locat-
ing ring in the stationary mold half, and
(2) ejector return rods tied to the machine
ejector return on the moving mold half

® Presence or lack of additional support sys-
tems

® The margin of variability engineered into
the system (the safety factor)

The most significant of the above factors
in the estimation of clamp holding power are
the friction coefficient, bolt torque level, bolt
diameter, and location of bolt in the clamp
slot. The coefficient of friction between the
various clamping surfaces with a large mold
clamp has been determined to be about 0.07.

The next significant parameter in the es-
timation of holding power is the torque ap-
plied to the clamp bolts. When torque is ap-
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plied manually, a conservative estimate of
bolt torque is 200 ft-1b (2,770 kg-cm) [100-1b
(45.4-kg) force applied with a 2-ft (61-cm)
wrench]. Measurements were made on tor-
que applied with a %-in.-drive pneumatic im-
pact wrench for up to 15 sec. Although the
rated capacity was 750 ft-Ib (10,390 kg-cm),
the average actual torque measured was
381 ft-Ib (5,280 kg-cm) with a three-sigma
variation (three standard deviations from the
mean) as low as 283 ft-1b (3,920 kg-cm).

Therefore, measurement of the final
torque level should be tested and determined
with aninstrumented torque wrench. In many
cases, this is cumbersome or impossible to do.
If it cannot be measured, we use the conser-
vative assumption of 280 ft-1b (3,880 kg-cm)
for the specific wrench. The larger the diam-
eter of the bolt, the less delivered force oc-
curs at a given torque level. The design of a
typical friction clamp required for the 4,000-
ton machine platens has a 1%-in. (3.2-cm) bolt
diameter, which would deliver only 80% of
the force of a 1-in. (2.5-cm) bolt at the same
torque level. The distance of the bolt from
the nose of the clamp can vary from about
2 to 6 in. (5.1 to 15.2 cm). The larger the dis-
tance, the less holding force is generated at a
given torque level.

The presence of a recessed locating ring in
the mold half, which mates against a project-
ing ring mounted in the platen in the nozzle
area, can serve as an additional support of the
stationary mold half against slippage.

Similarly, attaching mold ejector return
rods to the machine ejector return provides
additional support for the moving mold half,
but this is not a universal design feature. The
parallelism of the mold clamp to the platen is
also a necessary requirement for proper mold
support.

Accurate determination of the mold-
to-platen clamping forces involves rather
lengthy equations and requires test data on
the friction coefficients within the system be-
ing considered. However, the process can be
simplified with reasonable confidence by uti-
lizing “typical” friction values and applying a
conservative safety factor to compensate for
the uncertainties. Only the horizontal clamp-
opening force (vs. the shear force of the
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Fig. 4-139 Bottom friction clamp must prevent
slippage at points A, B, and C in order to hold the
mold securely.

bottom bolts) is considered, because of the
uncertainties surrounding the variety of mold
and clamp designs that might allow any mold
slippage to exceed the clearance between the
top clamps and top of the mold.

A typical bottom clamp arrangement is
shown in Fig. 4-139. For the mold to slip
downward, slippage must occur at surfaces
A, B, and C. Through static analysis of this
arrangement, if we assume the coefficients of
friction at the three surfaces are the same,
these simplified equations can be developed:

Bolt weight:
F, = T/(KD)

where Fj, = bolt force (1b)

T = bolt torque (in.-1b)

K = a geometric and friction
factor relating the bolt
threads and head/washer
friction, and the thread
design (a typical textbook
value is 0.2; ours was 0.13)

D = bolt diameter (in.)

Weight capable of being supported by bot-
tom clamps:

VVb = nb(2uFb)/F

where W, = weight supported by
frictional forces (pounds)
np = number of lower clamps
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u = coefficient of friction at
surfaces A, B, C (a typical
textbook value is 0.15; ours
was 0.07)

F, = bolt force (Ib)

S = safety factor

In a typical top clamp arrangement, for the
mold to slip downward, slippage must occur
only at surfaces B and D. If we assume that
the coefficient of friction at these two surfaces
is the same, these simplified equations can be
developed:

Bolt force is calculated the same way as
with the bottom clamp.

Weight capable of being supported by top
clamp:

W; = n,(2uFp) X/(YS)

where W, = weight supported by
frictional forces (1b)

n; = number of upper clamps

u = coefficient of friction at
surfaces B, D (a textbook
value is 0.15; ours was 0.07)

F, = bolt force (ib)

X = distance from clamp foot
centerline to bolt
centerline (in.)

Y = distance from clamp foot
centerline to end of clamp
nose (in.)

S = safety factor

Total weight supported by frictional forces:

Wr=W,+ W,
= npQuFy)/ S + n,2uF,) X/(YS)
= (2uFy/S)(np + n, X/ Y)

where F, = T/(K D) as noted above.

For example, in the hypothetical case of
an 8,000-1b mold half using four clamps on
the mold top and four clamps on the bot-
tom, torque being applied manually, and bolts
located farthest from the mold: 7' was es-
timated at 2,400 in.-lb; D=1.25 in.; np=4;
n,=4; X=2.25in.; Y=11.75 in. For the pur-
pose of analysis, we will assume that S=1.
Two cases will be presented: (1) for typical
textbook values for K and u, for 0.2 and 0.15,
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respectively, and (2) for measured values of
K and u, 0.13 and 0.07, respectively.

Case (1):
Fy, = (2,400)/[(0.2)(1.25)]
= 9,600-1b (4,358-kg) force
Wr = (2 x 0.15 x 9,600/1)
x (4 +4 x2.25/11.75)
= 13,726 1b (8,232 kg)

Case (2):
F, = (2,400)/[(0.13)(1.25)}
= 14,769-1b (6,705-kg) force
Wr = (2 x 0.07 x 14,769/1)

x (4 + 4 x 2.25/11.75)
= 9,854 1b (4,474 kg)

Since the actual mold half weighed 8,000 1b
(3,630kg), the safety factor was 1.7 using text-
book values and 1.2 using the measured val-
ues. This obviously underlines the need for
using large safety factors when depending on
frictional holding forces.

If the mold half is directly bolted to the
machine platen, the vertical support mecha-
nism is no longer totally that of friction, but
includes the shear resistance of the bolts sup-
porting the weight. This is usually true only
for the bottom bolts and/or side bolts, and
only if their vertical clearance to the top of the
slots does not exceed that between the top
bolts and top of the mold. In other words,
the lower supporting bolts still cannot allow
the top of the mold to slip below the top
bolts.

In the above case, the four bottom 1};-
in.-(3.2-cm)-diameter bolts could support the
weight of 13 tons with a safety factor of 6.
It is obvious that this is strongly preferred
over using friction clamps. It is best to design
or adapt molds for direct bolting whenever
possible.

Selection of the proper safety factor is
very important and will depend on the spe-
cific molding operation. If an operator must
routinely place part of his or her body be-
tween the mold halves, this factor must be
high, because of the uncertainties of frictional
forces. A popular safety factor for designing
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material-handling equipment, such as hoists
or cranes, is 5.

As mold sizes increase in each dimen-
sion, their weights increase exponentially.
Depending on the combination of mold ge-
ometry and mold clamp design, the num-
ber of required clamps for a mold half can
soon reach values of 15, 20, or even 40. This,
of course, can be impractical and often im-
possible to achieve. Alternative methods of
mold support are then required. In addition,
with large machines where operators will be
required to enter the space between mold
halves for part removal or other tasks, it is
best that the mold not be supported by fric-
tion clamps alone. Thus, molds should be sup-
ported by two additional systems, namely, a
jack block and an overhead support system.

The jack block support system entails bolt-
ing two 63 x 10-in. (16.5 x 25.4-cm) steel
blocks to each platen with 1%-in. (3.2-cm)
bolts at a level below the bottom of the mold.
Each block has a vertically adjustable 2-in.-
(5.1-cm)-diameter screw that can be raised up
to 20 in. (50.8 cm) to contact the clamped or
bolted mold half. This positive vertical sup-
port system effectively prevents a mold half
weighing up to 15 tons from slipping.

The overhead support system involves
bolting two 5-in.-(12.7-cm)-thick overhead
rigging arms with two 13-in.-(3.8-cm)-
diameter bolts each to the top of each platen.
The arms are slotted and can swivel so that a
chain assembly can be attached almost verti-
cally from an eyebolt in each arm to eyebolts
in each mold half. This system is designed to
suspend a mold half weighing up to 15 tons
and will prevent any significant vertical
movement should the mold clamps and jack
blocks be insufficient support for any reason.

Large injection machines can have sub-
stantial designed-in maximum breakaway
or mold-opening forces. As an example, a
4,000-ton machine has an available maximum
breakaway force of 160 tons. Although nor-
mally such maximum forces are not reached,
it is, nonetheless, possible to do so in trying
to overcome the various forces developed be-
tween the part and core of deep-draw parts.
If an insufficient number of clamps or bolts
is used, the mold half can be pulled off the
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machine platen. Depending on the mold de-
sign, it could fall to the floor. Although this
does not pose the same risk to personnel,
since the operator(s) would be outside the
machine at this time, it is of concern for the
cost and downtime to repair the mold.

For the industry-standard friction clamp
with a 1}-in. (3.2-cm) bolt, calculations show
that for a safety factor of 2 in the worst-
case situation (bolt located furthest from the
clamp nose), some 30 clamps per mold half
would be required to withstand the full 160-
ton opening force of the 4,000-ton machine.
This is impractical and, in most cases, impos-
sible to implement. A solution is to work with
the machine control software so that a max-
imum opening force of only 80 tons can be
achieved. Therefore, the minimum number
of mold clamps per mold half is specified as
15. Should additional opening force be nec-
essary, a new mold clamp design would be
required.

If the mold half is direct-bolted to the ma-
chine platen, a significant improvement oc-
curs. In this case, only 10 1%-in. bolts will
withstand the full 160-ton force with a safety
factor of 5.

The above standards for mold mounting
are supplemented by a series of operat-
ing procedures designed to ensure safe and
proper handling of large injection molds prior
to, during, and after being used in the molding
operation. These are:

1. Mold acceptance. A checklist that in-
cludes minimum design standards that must
be met or adapted prior to installation of any
mold.

2. Premold installation. A checklist aimed
at preparing the machine to receive the mold.

3. Mold transportation. A procedure for
moving the mold by overhead crane.

4. Mold clamping. A detailed method of
determining the minimum number of mold
clamps per mold half, minimum torque re-
quirements, and methods of applying the
latter.

5. Jack block support. Details of initial in-
stallation and adapting to any mold installa-
tion.
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6. Overhead support. Details of initial in-
stallation and adapting to any mold installa-
tion.

7. Mold installation. Step-by-step proce-
dures for installing molds, which refer to most
of the above procedures.

8. Mold removal. Step-by-step procedures
for removing molds, which refer to the above
procedures.

Preengineered Molds

Within the industry, some manufacturers
have developed mold standardization pro-
grams. In choosing the number of cavities
per mold, consideration should be given to
the standard molds available. There are ben-
efits to mold standardization; for example,
(1) high-quality manufacturing techniques
result in consistent quality and reduced mold
cost; (2) there is improved delivery time, with
only the core and cavity having to be ma-
chined, as other components can be inven-
toried by the manufacturer of the preengi-
neered parts; and (3) mold performance can
be closely predicted, based on the past expe-
rience of the manufacturer or molder. Thus,
you can obtain the required dimensional ac-
curacy, close tolerance, high-quality steels,
and interchangeability. (See the section on
mold components above and also the Termi-
nology section at the end of this chapter.)

Table 4-28 provides information on some
of the manufacturers that produce preengi-
neered mold components (Fig. 4-140). Some
of these companies specialize in specific
components, such as Mold-Masters Ltd—
hot-runner systems; Incoe—special gate con-
trols to automatically control resin flow into
the cavity(s); Master Unit Die Products
(MUD)—quick-change cavity mold; Logic
Devices—mold-venting devices; and 3M—
custom-molded cavities.

Certain companies, such as Husky, have
extensive preengineered mold capability, but
can also package a mold around a complete
IMM with all types of parts-handling equip-
ment, such as robots. (See Chap. 10 on parts-
handling systems.) Husky is a major world
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Table 4-28 Manufacturers of preengineered  manufacturer of IMMs, specializing in pro-

mold bases and components ducing the complete injection molding line
ABA Tool & Die Co., Manchester, CT (mold, machine, parts-handling, etc.), with
Alliance Mold Co., Inc., Rochester, NY components that operate at very fast rates
Bermer Tool & Die Co., Southbridge, MA producing'quality PrOdUCtS- I?'M'E Com-
Chromalloy Div., Sintercast, West Nyack, NY pany provides the industry with almost all
Columbia Engineering, Red Lion, PA types of preengineered mold bases and com-
D-M-E, Milicron, Madison Heights, MI ponents. Some D-M-E Milicron products will
Erico Products, Solon, OH be reviewed later in this chapter to give ex-
Ethyl/VCA Marland, Inc., Pittsfield, MA amples of what is available. Manufacturers

Fast Heat Element Mfg., Elmhurst, IL
G-W/Carborundum, Bethel, VT
Husky Injection Molding Systems Ltd., Bolton,

each have their own booklets or manuals de-
scribing their products and how one best can
simplify and operate their molds with tight

Ontario

IMS Co., Cleveland, OH control. _

Incoe Corp., Troy, MI Preengineered mold components provide
Industrial Heater, New York, NY the same important economic and technical
ITT-Vulcan Electric, Kezar Falls, ME advantages as standard mold bases: dimen-
Kona Corp., Gloucester, MA sional accuracy, interchangeability, availabil-
Logic Devices, Bethel, CT ity, etc. These components can be divided into
3M Custom Molded Products, St. Paul, MN various categories, including basic mold com-

Master Unit Die Products, Inc., Greenville, M1
Mold-Base Industries, Inc., Harrisburg, PA
Mold Masters Ltd., Toronto, Canada

National Tool & Mfg., Kenilworth, NJ

ponents, alignment and registry components,
heating and cooling items, and specialty com-
ponents (Fig. 4-140).

Newark Die Co., Springfield, NJ B_asic mo_ld components include itf:ms such
Parker-Hannifin, Quick-Coupling Div., as ejector pins and sleeves, used to eject plas-

Elyria, OH tics parts from the mold; leader pins and
Sno-Trik, Solon, OH bushings, used to maintain mold alignment
Stilson Div., Stocker & Yale, Roseville, MI when the mold is removed from the press;
Value Molding Corp., Loveland, CO sprue bushings, installed in the mold to accept

the plastic melt from the molding machine
—_— Locating Ring
_‘/ﬁ_ - Sprue Bushing

77, 77 7 77 777 7}«——Front Clamping Plate
N
%ﬁ&\@ _

*——Clamp Slot
+——Front Cav. Retainer Pl
Water Channels

/—Guwdc Pin
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Fig. 4-140 Preengineered standard mold.
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nozzle; locating rings, installed in the station-
ary half of the mold to locate the machine
nozzle with the sprue bushing; and support
pillars, used to increase the capacity of the
mold to support the projected area of the cav-
ities, runner, and sprue.

Alignment and registry components in-
clude tabular dowels, used in mold base
assemblies to accurately align the B plate,
support plate, and ejector housing; and
round and rectangular tapered interlocks,
used when very accurate registration of mold
halves, mold plates, or individual cavities and
cores is required.

Preengineered heating items include com-
ponents such as helical tabular heaters, used
for heating IMM nozzles; band heaters, de-
signed for heating mold plates, probes, injec-
tion cylinders, and nozzles; and thermocou-
ples, used to monitor temperatures.

Cooling components include a variety of
brass items for controlling water tempera-
ture and flow within the mold. These com-
ponents take various forms, such as bub-
bler tubes; cascade water junctions; plug
baffles; pressure plugs; diverting plugs and
rods; and Jiffy-Matic connectors (plug-and-
socket components used to provide quick
connect/disconnect of water lines).

Standardized Mold Base Assemblies

Of the thousands of standardized mold
base assemblies offered by D-M-E, the most
popular is the A series (Fig. 4-141). This most
frequently used assembly is available in dif-
ferent sizes (Fig. 4-142) from 77 x 7} in. to
232 x 35} in. Ithas been preengineered in co-
operation with experienced mold designers
to accommodate the widest variety of injec-
tion molding applications. The A series mold
base suits most plastics part requirements,
simplifies mold design, increases moldmak-
ing productivity, and gives the molder the
most economical, high-performance mold
construction. It permits through-pocket ma-
chining for cavity and core inserts in the cav-
ity retainer plates, reducing mold machining
time and costs.

DNA Genotek Inc.
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The B series mold bases are a modification
of the A series design made with the same
steels, interchangeable component parts, and
precision manufacturing (Fig. 4-141). The
fundamental difference is its two-plate design
vs. the four-plate assembly provided in the A
series. The B series mold base uses the cavity
retainer plates for a dual purpose, eliminat-
ing the need for a separate top clamping plate
and support plate. Multiple-cavity molds de-
signed as part of the B series require that the
cavities and cores be inserts into blind pock-
ets machined into the cavity retainer plates.
The B series is sometimes specified for single-
cavity plastics molds where the cavity and
core are machined directly in the cavity re-
tainer plate, or overall mold height is critical.

For applications requiring stripper plates
for part ejection, the D-M-E X series mold
bases can be used (Fig. 4-141). Two versions
of this mold base are available: the six-plate
series, with a support plate, and the five-plate
series, without a support plate.

Another variation of the standard A series
mold base is called the AX series (Fig. 4-141).
The AX base is basically an A series type with
a floating plate (X plate) added between the
cavity plates. This type of assembly is used
when it is desirable to have the floating plate
remain with the upper half of the assembly,
for example, when runners are top-mounted.
Another group of mold bases is designated
the T series (Fig. 4-141). These bases are used
for top-runner molds that require two float-
ing plates (X-1, the runner stripper plate, and
X-2, the cavity plate) to remain with the up-
per or stationary half of the assembly.

In addition to the standard mold bases de-
scribed above, there are designed and en-
gineered custom mold bases available for
specific molding machines. These custom-
designed bases include a variety of configura-
tions, including the shuttle type and universal
type with adapter plates.

Mold base component parts, such as cavity
retainer sets, mold plates, die blocks, spacer
blocks, and ejector housing, are available for
those cases in which standard assemblies can-
not be used (Fig. 4-143). The broad line of
standard mold base component parts avail-
able from different companies permits the
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Fig. 4-141 Preengineered standard DME mold bases.

design and construction of custom mold as-
semblies, while retaining the important ad-
vantages of interchangeability. Plates and
components for large mold assemblies are
also available, providing the benefits of stan-
dardization for large tooling applications as
well.
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Specialty Mold Components

Specialty components are those that have
been engineered to improve the performance
of particular mold functions. These func-
tions can be as straightforward as return-
ing the ejector assembly early in time or as
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Fig. 4-142 Examples of DME standard A series mold bases.
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Cavity Insert Blocks and Rounds

Cavity Insert Blocks are stocked in over 90 standard
sizes, from 3" x 3" t0 6" x 8”; % to 4% thick. They are
available in your choice of D-M-E No. 3 (P-20 type) or
No. 5 (H-13 type) steel. The more popular sizes are
also'available in D-M-E No. 6 (T-420 type) stainless
steel.

Cavity Insert Rounds are available in 41 standard
sizes, from one to four inches in diameter, % to 3%
long. They are stocked in both D-M-E No. 3 and No. §
cavity steels.

Die Blocks and Plates — No. 5 Steel

Available in over 300 standard sizes from 7% x 7% to
23% x 35%; 1% to 117% thick (depending on length and
width). They are supplied in milled condition, with
approximately .060" stock allowance.

Extra Thick Mold and Die Blocks

Available in D-M-E No. 1, No. 2 or No. 3 Steel, in over
100 standard sizes, from 14% X 17% to 23% x 35'%; 6%
to 11% thick. These blocks are supplied in milled con-
dition with approximately .060" stock allowance.

Mold Plates and Plate ltems

Mold Plates are available in over 400 standard sizes,
from6” x 7”to 23% x 35'% in D-M-ENo. 1, No. 2 orNo.
3 Steel. They are finish ground top and bottom to a
thickness tolerance of plus or minus .001” with all
edges finished square and parailel.

A wide range of other mold piate items as

Spacer Blocks

Piain, Slotted and Angle Spacers are all made from
D-M-E No. 1 Steel. Riser height (C dimension) is fin-
ish ground to plus or minus .001”.

Ejector Housings

Rigid one-piece construction is made from D-M-E
No. 1 Steel. Available in over 150 standard sizes,
corresponding to D-M-E Standard “A"” Series Mold
Bases. The riser height (C dimension) is finish ground
to plus or minus .001”.

-
-
-

Fig. 4-143 Mold base DME component parts.
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sophisticated as a runnerless molding system.
The important point is that all these devices
have been standardized for installation in a
variety of molding applications, and as a re-
sult, they do not have to be designed and
built from scratch by individual mold design-
ers and moldmakers.

Accelerated ejectors use arack-and-pinion
mechanism to provide up to —g in. (1.59 cm) of
additional ejector stroke. Their simple, linear
movement can be used to increase the speed
and stroke of ejector pins, ejector sleeves,
or entire ejector assemblies. The flanges and
rounded corners on these units facilitate in-
stallation within the ejector assembly. The
rectangular cross section of the racks pre-
vents them from rotating. Included with each
unit is a bumper stud that assures the positive
return of the racks when the ejector assem-
bly is fully returned. Accelerated ejectors are
available in two sizes (small or regular) and
two types (pin or bumper). The pin-type units
are used for individual ejector pin accelera-
tion (one unit per pin). Bumper-type units are
used for accelerating the entire upper ejector
assembly in a dual-ejector assembly mold (a
minimum of four units are normally used in
this application).

Accelerated knockouts are simple in de-
sign, using a pivot-type motion for acceler-
ated ejection; the mechanical advantage is
1:1. The simplicity of design permits acceler-
ated knockouts to be either inserted into the
ejector plate or top-mounted, depending on
the space available for the ejector movement.

The Jiffy Latch-Lok (D-M-E) provides
new freedom in design to float plates mechan-
ically. There is no need for electric switches,
pneumatic controls, or timing devices with
delicate adjustments. The action of the Latch-
Lok is positive. Once properly installed, it
eliminates the possibility of smashing the
mold, because there are no adjustments that
can change or connections that can be acci-
dentally knocked off. The Jiffy Latch-Lok is
available in sizes for regular or heavy-duty
operation. It also comes in regular and 90°
(right-angle) designs to provide maximum in-
stallation flexibility.

The slide retainer provides a compact and
economical means of slide retention that

DNA Genotek Inc.
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makes obsolete the cumbersome external
spring or hydraulic methods. Its simple and
positive operation makes it equally suitable
for new tooling design or retrofitting existing
molds. Available in three sizes with increasing
weight-holding capacities, the slide retainers
can be used individually or in multiples for
larger or heavier slides. Generally mounted
behind and below the slide, the slide retainer
is a compact unit that is entirely contained
within the mold. Interference with machine
tie-bars or safety gates is not a problem. It
can even be installed completely underneath
the slide if space is limited.

As the mold opens, the dowel pin installed
in the slide positively locks into the retainer
until disengaged by the mold’s closing action.
The small spring placed crosswise in the re-
tainer maintains the gripping force required
to keep the dowel pin in the socket when the
mold is open. The slide retainer is designed
with a generous lead-in at the socket opening
so the dowel pin will enter the socket even
if there is a slight misalignment between the
retainer and pin. This investment-cast unit in-
cludes an integral protective cover over the
spring, preventing foreign objects from inter-
fering with the spring’s action.

The pneumatically controlled and oper-
ated Jiffy-Jector (D-M-E) is a compact, pow-
erful device for positively ejecting runners
from three-plate molds. It moves the runner
system away from the X-1 plate and then,
with a short positive stroke and blast of com-
pressed air, ejects the runner system down
and out of the mold, thereby ending hangup
problems. The basic requirement for proper
operation of the Jiffy-Jector is that the runner
system has a clear, unobstructed path out of
the mold. It is adaptable to most three-plate
molds and can be designed into new molds or
retrofitted to existing molds.

The collapsible core is a major improve-
ment for molding plastic parts requiring cer-
tain complex parts (Fig. 4-144). It provides
a means to mold internal threads, undercuts
(as in tamper-proof bottle caps, etc.), pro-
trusions, cutouts, etc. There are more than
a dozen patents approved on the design of
collapsible cores. Many of these designs will
never see the market due to the complexity of
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MOLDED CAP
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Fig. 4-144 Standard DME collapsible core.

the parts or high tooling cost. However, there
are two designs in production in the United
States, commonly known as a standard col-
lapsible core and collapsible minicore. The
standard type, more often called a collapsi-
ble core, is the oldest and most popular, dat-
ing back to the 1950s. It is designed to mold
circular parts with 360 undercuts. Its assem-
bly consists of three parts: a center pin, col-
lapsible core, and sleeve. The center pin is a
precision-ground shaft with a taper on one
end and flange at the other. It is of D-6 tool
steel hardened to 60 to 62 Rockwell C. The
collapsible core is basically a hollow cylinder
with 12 matching slots parallel to the cylinder
axis changing part of the cylinder into match-
ing segments. These vertical segments are the
flexing segments that form the undercut. It
is made of 0 to 1 tool steel that is hardened
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to 56 to 58 C. The collapsing sleeve is made
of 52100 steel, hardened to 50 to 54 C. The
center pin expands the flexing segments of
the core and provides cooling of the molding
length. The collapsible core forms the under-
cut with the expanded flexing segments and
releases the part for ejection with segmentsin
a collapsed position. The sleeve functions as
a backup unit to collapse the core segments
if segments fail to collapse on their own.
The collapsible minicore was designed for
a less than 1-in. (2.54-cm) closure. It has a
center pin with three narrow, noncollapsing
segments, a core body with three wide flex-
ing segments attached to a common base,
and a positive collapsible sleeve. The center
pin’s function is to expand the collapsing seg-
ments of the core and provide cooling to the
core segments. The core’s function is to form
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the undercut with the expanded flexing seg-
ments and to release the part for ejection with
the segments in the collapsed position. The
sleeve functions as a backup to collapse the
core segments if segments fail to collapse on
their own.

Collapsible and Expandable Core Molds

There are both collapsible and expand-
able core systems (Collapsible Cores; see also
Specialty Mold Components). The Roehr
Tool Corp. (Hudson, MA) patented expand-
able cavity was designed to mold external
details. In certain mold applications it elim-
inates slides, external unscrewing thread de-
vices, etc. This device provides another means
to simplify molding external threads, grooves,
undercuts, or any other type of surface im-
pression. Instead of collapsing radially in-
wards (as in their patented collapsible core
design), the core’s metal segments flower out-
wards (away from the axis) (Fig. 4-145) (173).

Expandable core systems can be used to
provide mold design flexibility and process-

"A” Side Striker

Coaling Channel

Molded Pant, Luer Cap
Expandable Cavity

Center Pin

Ejector Sleeve

MOLD OPEN

Fig. 4-145
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ing advantages, particularly when molding
certain complex parts. The expandable cav-
ity was basically designed to mold external
details. In certain mold applications it pro-
vides closer cavity-to-cavity locations, elim-
inates space consuming slides, external un-
screwing thread devices, etc. This component
provides another means to simplify molding
external threads, grooves, undercuts, or any
other type of surface impression.

The resulting reduced mold construction
benefits the injection molding process in var-
ious ways that range from mold and product
cost reductions to improved product perfor-
mance. A major advantage is the reduction
in molding cycle time, arising because the
heat-transfer mold space is reduced and its
behavior easier to predict. When compared
with a similar conventional-size mold, the ex-
pandable device permits incorporating more
cavities.

Roehr Tool Corp. has designed and man-
ufactured special tools for precision plastic
injection molding since 1964, when it intro-
duced the collapsible core device that is used
worldwide with marketing by D-M-E, part

MOLD CLOSED
Expandable core device in the open and closed positions.
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of the Milacron Plastics Technology Group.
Roehr introduced the expandable core de-
vice during the early 1980s.

Prototyping
Overview

In the past the traditional prototype was
one or two engineering models of a product
fabricated, usually at high cost, using stan-
dard machining techniques and equipment.
In order to machine an engineering proto-
type, it has often been necessary to strike a
compromise between the desired production
material and that material’s machining char-
acteristics. The result is, at any rate, an exact
model of the part that can be used to evalu-
ate cosmetic appeal and potential fit prob-
lems. However, owing to its high cost and
possible material compromise, it is not usu-
ally suited to any type of destructive property
testing. Except in the simplest cases, parts ma-
chined from bar or block stock do not give the
same test results as parts produced in a pro-
totype or production mold. Also, parts pro-
duced in prototype tooling can reveal many
potential molding problems before the fabri-
cation of a production mold—problems that
would never show up in a machined model.

Prototype molding provides a powerful
and cost-effective tool for a designer to use
when questions about a new product or po-
tential new material arise. Questions about
a part or material that arise early in the de-
sign process can be answered most definitely
and cost-effectively in a prototype mold. Al-
though the cost of a prototype mold insert
set is a function of each part’s individual de-
sign and requirements, it usually will run be-
tween 10 and 30% of the cost of the produc-
tion mold. Another way to look at the cost
of prototype tooling is to compare the infor-
mation and data that it will provide with the
information and data that a top-notch design
staff can provide for the same cost.

Questions that require good hard answers
do not always lend themselves to traditional
analytical engineering solutions: questions
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concerning cosmetic qualities, such as finish,
sink marks, witness lines from parting planes
or slides, ejector pin marks, knit or weld lines,
and different styles of texturing; questions
concerning the moldability of a part, such
as flow-through thin sections, the location of
gates and vents, flow into bosses or around
pins, the location of the parting plane, and po-
tential ejection problems; and questions con-
cerning product quality and reliability, such
as shrinkage, mechanical strength of bosses
and knit or weld lines, pullout resistance of
molded-in inserts, electrical properties, and
component fit or mating subassemblies.

The majority of the data provided from
parts molded in a prototype mold can be
obtained in no other more reliable or cost-
effective manner. Although it is possible by
using specialized computer programs to pre-
dict a materials flow path, or the location of
gates, vents, knit or weld lines, or the effects
of parting-plane location, with a good degree
of accuracy, these programs have limitations.
The highly complex parts that would benefit
most by the use of these programs now over-
whelm most of them; on simpler parts, the
programs are not cost-effective vs. a proto-
type mold for the data provided.

Any part data provided from prototype
tooling can also be obtained from parts pro-
duced in a production tool, but this is not a
cost-effective route to follow.

Stereolithography

This is a process of creating three-dimen-
sional plastic parts from CAD/CAM/CAE
data combining four technologies: laser, opti-
cal scanning, chemistry, and software. The net
effect is that complex models can be made
in hours without tooling. The process takes
CAD data and automatically produces a hard
plastic model in a matter of hours instead of
days, weeks, or longer. The model is three-
dimensional and includes any design features
that can be created, defined, and stored by
most CAD systems in use. The basic concept
starts with a design; the part design created
on the CAD system is downloaded to the
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sterolithography apparatus with its control
unit (384, 393). The control unit then directs
a fine laser beam onto the surface of liquid
photocurable plastic. An elevator table in the
plastic vat rests just below the surface. When
the 0.015-in.-(0.4-mm)-diameter laser beam
hits the liquid plastic surface, it solidifies a
layer 0.005 to 0.030 in. (0.1 to 0.8 mm) thick
at the point of impingement.

After a part slice at one depth has been
made by scanning the laser beam back and
forth in the shape of the model to be de-
veloped, the elevator platform on which the
model is being constructed drops by a pro-
grammed amount. Another layer or “slice”
is then created on top of the first in the same
manner. The process continues until the com-
plete model has been constructed. Thus, the
pattern is built from the bottom up. After
laser processing, the model is then raised
above the liquid level by the elevator ta-
ble. The part is stripped from the table and
taken to a special oven for final curing. The
main advantage of this process is the speed at
which a computer-generated design may be
turned into a three-dimensional model that
may be held, viewed, studied, and compared
before a commitment to steps leading to pro-
duction.

Rapid Tooling

As a result of ever-increasing advances in
product design and the shortening of this pro-
cess due to technology and market pressure,
prototyping houses, mold makers, and tool-
rooms have experienced a mounting urgency
to shorten lead times. Various rapid tooling
(RT) program methods have been successful
in offering fast toolings.

They are 3-D models suitable for use in the
preliminary evaluation of form, design, per-
formance, and material processing of molds,
products, etc. When properly used, an auto-
matic RT system can accelerate product de-
velopment and improve product quality and
time to the market. RT is the forming of
3-D parts (to date principally for injection
molding) from the design concept to produc-
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tion, using computer-controlled laser beams
to produce layers of the final part, whether
simple or complex. Models can be made of
plastics (cast epoxy, copper-nylon, etc.), met-
als [steel (including sprayed steel), hard al-
loys, copper-based alloys, powdered metals,
etc.], or other materials (MIT’s starch and
sugar, etc.). With powder-metal molds, such
models can be used as inserts in a mold ready
to produce prototype parts. RP processes
work from models to quickly generate tool-
ing suitable for production of up to millions
of parts (1, 7, 167, 260, 384, 414, 521, 524,
564).

Different CAD and advanced machining
techniques provide faster manufacture of
precision molds. There are various stereo-
lithography systems that produce 3-D rapid
prototypes in plastic, using a moving
laser beam. Another example is the MIT
(Massachusetts Institute of Technology)
three-dimensional printing (3DP) process in
which a 3-D metal mold (die, etc.) is created
layer by layer using powdered metal (300- or
400-series stainless steel, tool steel, bronze,
nickel alloys, titanium, etc.). Each layer is
inkjet-printed with a plastic binder. The print
head generates and deposits micron-sized
droplets of a proprietary water-based plas-
tic that binds the powder together. Once the
layup is completed, the part is removed and
placed in a sintering oven. It goes through
three cycles where the plastic is burned off,
the metal powder is sintered together, and
the part is solidified by infiltrating with an-
other material tofill the voids, such as a lower-
melting-point metal or a plastic (epoxy, etc.).
The total time is 50 h. The shape is accurate
within 0.005 in. (0.0127 cm) plus 0.002 in./in.
(cm/cm) and may be acceptable for proto-
typing. The tool can be machined to tighter
tolerances and polishing. This process per-
mits creation of any type of internal voids
such as cooling lines that conform to the part
shape.

The first factor in the RT is data. If you
do not have all the data and the customer is
still thinking about adding a rib, taking away
an undercut, etc., you are not going to have
a chance. It has been discovered you really
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need to stress to the client the importance
of making all of their styling and structural
changes before they go to tooling. Where a
client is not in a position to make final de-
sign commitments, a RT can still be made,
though then it is an additional expense. In
that case the client can use the preliminary
tool for visual observations to help in making
final design decisions (115).

Buying Molds
Introduction

Mold prices and delivery deadlines are
always the critical points in production plan-
ning and sales negotiation. The price of the
mold has a major effect on the unit price
of the part to be produced. Other factors
having a decisive effect on successful sales
are the exact calculation and rapid launch-
ing of new products onto the market. These
requirements put the moldmaker under con-
stant pressure (7).

The moldmaker is forced to limit intensive
activities to the essential, that is, to the ma-
chining of cores and cavities. Everything else
must be achieved in the simplest manner pos-
sible. The most economical way is to use stan-
dard elements.

Even during the stages of mold calcula-
tion and planning, standard elements at fixed
prices should be considered. Today, standard
elements are used to a large extent as bases
for molds and dies, as well as for connections
to machines and other equipment and special
purposes. The use of standard elements helps
to keep one within the bounds of production
capacities, minimize calculation and produc-
tion risks, and simplify the procurement of
spare parts. The possibility of buying stan-
dardized elements on short notice consid-
erably reduces stock keeping and shutdown
times of production facilities.

Moldmaking today is moving toward more
specialization. Various machine operators at
milling, lathe, EDM, or jig grinding machines
manufacture parts of the finished mold sep-
arately. At the final stage, all these parts are
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brought together and assembled by the mold-
maker. The latter has the overall responsibil-
ity for the functioning of the mold, which is
also a result of teamwork. Standard elements
are designed exactly for this type of manufac-
turing process.

In principle, almost all molds consist of the
same basic elements: mold plates for the in-
serts, intermediate plates for supporting the
cores and inserts in the mold plate on the ejec-
tor side, risers to limit the working distance
of the ejector plates, and clamping plates to
clamp the mold to the machine.

Studies have shown that the total hours
required for mold production involve 25%
mold construction, 20% additional work on
the mold, and 55% contour of parts. At least
25% of the required capacity can be saved by
using standard elements. In addition, special
machining requirements can also be handled
by the manufacturer of standard elements. In
total, this adds up to some 40% of the capac-
ity required for the production of a mold.

A moldmaking shop that replaces rough
machining capacity by specialized machining
capacity for the production of contour parts
utilizes manpower and machines more effi-
ciently. Calculations can be made with lower
hourly rates, since the rate of utilization is
better.

Mass production of standard elements for
molds on large, highly efficient special ma-
chinery guarantees high quality and risk-free
purchase because of fixed prices and reliable
delivery dates.

Industry Guide

As in many major industries, various com-
mercial and administrative practices have de-
veloped over the years that play an important
role in the conduct of day-to-day business.
These arrangements, generally expressed in
the proposal, acknowledgment, and contract
forms of individual companies, have been
viewed as constituting “customs of the trade.”
An example is Table 4-29, which provides a
guide to the events that usually occur in pro-
ducing a mold.
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Table 4-29 Time guide to produce a mold; numbered columns represent weeks
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The Moldmakers Division of SPI has a bul-
letin on moldmaking as part of its continuing
effort to improve service to molders. It is in-
tended to assist buyers seeking guidance in
mold procurement. It points out the various
difficulties that can result unless thorough un-
derstanding and communication are estab-
lished between the mold buyer (molder) and
moldmaker. Table 4-15 provides a guide for
mold quotation.

Purchase Order

Once the decision has been reached to
place an order with a mold builder, it is com-
mon practice to place the purchase order and
its number by phone with a followup in writ-
ing. It is not good practice to use only tele-
phone orders, which often lead to misunder-
standings and unneeded delays. The order
should include:

The mold specification sheet

Total price

Firm date of shipping (not ASAP)

Terms of payment

An acknowledgement copy
The acknowledgement copy of the purchase
order should be received within seven days of

the date when the order was placed. This will
confirm to the buyer that the mold builder

DNA Genotek Inc.
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agrees to the specifications and conditions of
the order or his or her exceptions to them.

To help ensure that the mold project stays
on schedule, some mold builders have charts
that show important milestones in mold con-
struction. These milestones are the start and
completion of:

Design

Models and hobs
Cavities

Cores and inserts
Mold base

Mold polish
Mold assembly

An example of a detailed mold progress re-
port listing these milestones is shown in Ta-
ble 4-30.

Table 4-31 provides a general mold pro-
gress report. The amount of detailed infor-
mation required and frequency of the re-
port are usually agreed on when the order is
placed.

Mold Design

It is good practice to request a prelimi-
nary layout of the mold while it is being de-
signed. To avoid delays, the layout should
be reviewed and returned promptly with
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Table 4-30 Detailed mold progress report

Part Name

COMPANY NAME
Address

+MOLD PROCRESS REPORT+

P.0. Number Job Number

Customer

Attention of:

Scheduled Detivery: Original _ /_ /__ Date of Report _/_ /_

Current _ /__/__ Report by:

391

[ R

DESIGN MODEL /H08S CAVITIES CmES/INSERTS' MOLD BASE PCLISH ASSEMBLY
Estimated A i _/_ A A e
Completion | o omplete | % complete | % complete | % complete | % complete | % complete |% complete
Week
1. _/
2. _/_
3. T/
W, _/—
s. /.
6. _/—
./
8. _/_
9. —/_
10. =/~
1. —/_
12, 7/~
13, —/—
1, —/—
15. —/—
6. —/—
Table 4-31 General mold progress report

T0: Date: __/ /

308 NMMBER YOUR P.0. MMBER

OESCRIPTION:

SCHEDWLED DELIVERY: Original Date: _/ / _

Current Oate: ___/_/
COMMENTS: As of this date, the mold is X complete.
Signed:
Title:
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Table 4-32 Mold design checklist

4 Molds to Products

1. —— Was latest issue part drawing used?
2. —— Will mold fit press for which intended? Are press ejectors specified?
3. —— Are daylight and stroke of press sufficient for travel and ejection?
4. —— Are reverse views correct?
5. —— Are one guide pin and one return pin offset?
6. —— Do guide pins enter before any part of mold?
7. —— Can mold be assembled and disassembled easily?
8. —— Has allowable draft been indicated?
9. —— Are plastic material and shrinkage factor specified?
10. —— Are mold plates heavy enough?
11. —— Are mold parts to be hardened clearly specified?
12. —— Are sufficient support pillars located and specified?
13. —— Are waterlines, steam lines, thermocouple holes, or cartridge holes
shown and specified?
14. —— Does water in/out location clear press tie-bars and clamp locations?
15. —— Is ejector travel sufficient?
16. —— Are stop buttons under ejector bar specified?
17. —— Are ejector pins sufficient? Specified?
18. —— Is the steel type for mold parts specified?
19. —— Have eyebolt holes been provided?
20. — If stripper type, does stripper plate ride on guide pins for full stroke?
21. —— Do loose mold parts fit one way only? (Make foolproof.)
22. —— Will molded part stay on ejector side of mold?
23. —— Can molded part be ejected properly?
24. —— Have trademarks and cavity numbers been specified?
25. —— Has engraving been specified?
26. —— Has mold identification been specified?
27. —— Has plating or special finish been specified?
28. —— Is there provision for clamping mold in press?
29. —— Are runners, gates, and vents shown and specified?

any questions or comments. Questions you
should consider with a preliminary layout
are:

1. Will the mold fit the intended press, not
only between the tie bars, but also between
the minimum and maximum mold height?

2. Are press ejector holes shown?
3. Is sufficient ejection stroke provided?

4. Are there enough ejector pins, and are
they placed properly?

5. Will the part stay on the ejection side of
the mold?

6. Is there sufficient temperature control?

7. On side-draw molds, is there enough
stroke to permit part ejection?

8. Is the cavity outline the reverse of the
part?

DNA Genotek Inc.
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9. Is there sufficient mold base steel sup-
porting the cavities and cores on all sides?

As soon as the mold design is complete, two
copies should be sent to the mold buyer: one
for the buyer’s file, the other to be returned to
the mold builder with an approval signature.
A design checklist is shown in Table 4-32.

Production of Molds

Most companies that produce injection
molds are small- and medium-sized opera-
tions. Moldmaking shops range in size from
a few individuals up to a maximum of about
200 employees. The exact number of shops
and their size is not known, since many are
not listed as moldmakers because they oper-
ate within another company or are classified
under another part of the industry.
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The design departments of these compa-
nies are usually small; a scheduling depart-
ment is often found only in the earliest stage
of existence or not at all. A consequence is
that, even for more complex molds, the de-
sign is often documented only in assembly
drawings. Detailing and complete dimension-
ing of allindividual components are often dis-
pensed with for reasons of time and capac-
ity. Inadequate planning at the design stage
leads to considerably increased expenses dur-
ing the production stage. Only the know-how
of the personnel in the moldmaking shop
and the absence of a distributed, industrial
production process permit functionally rele-
vant dimensions to be taken from assembly
drawings and molds to be made without in-
dividual part drawings and work schedules.
This leads to increased expenses for modifi-
cations during production and the risk that
the drawings are not even corrected to in-
corporate these changes. This state of affairs
results in further problems when producing
replacement molds at the end of the service
life of the original mold.

Mold Storage

During both short- and long-term storage
(from hours to months or longer), steel molds
must be protected from water and humid-
ity. Unprotected steel can almost immedi-
ately begin to corrode, resulting in damaged
molds that will require repolishing, regrind-
ing, and/or repair at least of the surface. The
result is cost in both labor and machine down-
time. It is most cost-effective to protect the
molds. There are excellent rust protectants on
the market that operate for different time pe-
riods. However, most of these anticorrosion
treatments must be completely removed be-
fore using the molds. Some may require spe-
cial cleaners, including toxic solvents. Some
operations dry off the mold and enclose it in
an air-evacuated container.

Computer-Aided Mold and Product Design

Mold designers and builders can benefit
from the use of CAD, CAM, and CAE tech-
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niques (Chap. 9). Computer programs permit
analyzing the flow of plastics into cavities,
designing mold cooling systems, determining
mechanical stress in the molded product, etc.
(175). These programs can simplify the de-
sign of molds with lower stress levels, less
warpage, shorter cycle time, etc.

Additional aids such as lists of components
used repeatedly are employed only rarely, al-
though the range of components used and
construction of the mold are well suited to
such aids. The use of standard mold com-
ponents represents an exception in this re-
gard. Today, the extensive range of products
offered by manufacturers of standard mold
components is already employed whenever
possible. In this way, the efforts of design
and scheduling can be focused on product-
specific shapes and dimensions. The use of
CAD systems in conjunction with a standard
mold component database can improve this
situation even further.

CAD systems are found occasionally in
the moldmaking industry. After an appropri-
ate familiarization period, design work can
be completed more quickly, but it is not in
the preparation of drawings by means of
a CAD system that the decisive advantage
for moldmaking is most likely to be found.
Only a complete CAD/CAM solution will
permit the full economic benefits to be re-
alized in the production of molds. Individ-
ual yet noteworthy examples already show
today that in moldmaking, mold components
can be produced in an industrial manner with
a degree of automation ranging from mini-
mal operator involvement to fully automatic
production. In order to achieve this in gen-
eral, however, it is necessary to depart from
the currently encountered organizational and
production structures.

Production Control Systems

The manufacture of a product, especially
when carried out on an industrial scale, is sub-
jectto arange of requirements, the fulfillment
of which is decisive to success of the market.
They basically involve: (1) efficiency of the
production process, (2) manufactured quality
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and performance, and (3) meeting delivery
dates. In many plants, economic efficiency has
always been the decisive factor in the startup
of a product, but other factors have to be
considered, such as ensuring that just-in-time
(JIT) delivery occurs, the product is saleable,
etc. A production planning and control (PPC)
system has to cope with these requirements.
General PPC systems are offered within the
scope of commercial electronic data pro-
cessing (EDP) programs for the operational
sequences (Chap. 9).

A vital step in the design of a product is
to determine if it will be capable of perform-
ing the task for which it is being designed,
and what safety factor is available. This re-
quires analysis and/or testing. The key area
on which most analysis is focused is the me-
chanical load-bearing function for both ten-
sile and compressive stresses. Valuable design
equations are available in standard texts on
designing with plastics and reinforced plas-
tics, and the mechanics of materials can of-
ten be applied, depending on the product ge-
ometry. Such calculations can yield excellent
predictions of short-term (dynamic) load-
ing capabilities, as well as long-term (creep-
related) approximations (Chap. 12). A key
factor is to anticipate the extremes of tem-
perature that can be encountered, especially
high temperatures. Generous safety factors
may be required in order to compensate for
a variety of factors that can reduce the al-
lowable load under extreme operating condi-
tions (18).

Computer Monitoring of Information

Monitoring the available information on
a fabricating machine is critical to improv-
ing its productivity. The value of such mon-
itoring depends on the speed and ease with
which data about a machine’s performance
can be integrated with the other information
to provide a basis for control decisions. Trans-
ducers, servo controls, and other devices can
provide the data needed for diagnostics and
production monitoring, increasing the ma-
chine’s productivity. This information can
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then be provided through the factory net-
work (Chap. 9).

Productivity and People

People are needed to operate the plant effi-
ciently. Machines, process controls, upstream
and downstream equipment, design of parts,
material handling, and all the technical and
organizational elements in the plant (Fig. 1.1)
can only operate efficiently if people set the
plant into its correct pattern.

The recipe for productivity in any com-
pany includes a list of ingredients: research
and development, new technologies, updated
machinery, automated systems, and modern
facilities, to name a few. But the one ingre-
dient that ties the recipe together is people;
none of the other factors has much impact
without the right individuals. Without people
who can do the research, who know the tech-
nologies, and who can use the machinery, you
are not going to be productive no matter how
large your capital expenditures are.

Management controls are only as good as
the input they receive. To operate efficiently,
one must understand how to obtain the max-
imum performance for each individual oper-
ation and—what is very important—to inte-
grate the steps properly through planning. In
that way, molded products that meet perfor-
mance requirements at the lowest costs are
produced.

Productivity and people interrelate with
training. Throughout this book advice on
training is provided particularly in Chap. 1
(Training Programs), Chap. 2 (Molding Op-
eration Training Program), Chap. 9 (Soft-
ware and Database Programs), and Chap. 12
(Training and People).

Value Analyses

Immediately after the molded product
goes into production, the next step (a very
important one) is to use the value engineer-
ing analysis approach: Produce parts that will
meet the same performance requirements
but are molded at a lower cost. There has to
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be room to reduce costs. If you do not take
this approach, your competitors are sure to
do so (Fig. 1-1).

Reevaluate all the parameters used in part
design. Use less plastic, or use a lower-cost
plastic with similar processing costs; or, very
important, use a plastic with a higher cost
that processes much faster, resulting in a to-
tal lower cost. Check hardware performance
and all the other parameters described in this
book.

The trouble with value analysis (VA) is that
it sounds too good to be true. Thus, too many
people give it little more than lip service. But
it is good, and it is true. VA is like money
in the bank and very often that is the prob-
lem. Many VA programs are set up to pro-
vide guaranteed savings rather than earn a
maximum return on investment. Or to phrase
it another way, VA is an organized study of
function—but with some programs a little
more organized than others.

Value analysis is the most effective, all-
purpose technique in your professional tool
kit. It is not exclusively a cost-cutting dis-
cipline. With VA, you literally can do it
all: reduce costs, enhance quality, and boost
productivity.

Value analysis sounds too easy. Like sports,
singing, and writing, we all think VA is some-
thing we are naturally good at. Not so. For
real results, VA (like the other three) de-
mands hard, disciplined work. It must be
a systematic, formal effort, endorsed and
strongly supported by top management.

Here is a fast self-test, which is published
by Purchasing Magazine annually to help you
determine whether your department in fact
has a working VA program. The questions
are:

1. Is your top management committed to
VAZ? Is there a written statement spelling out
that commitment?

2. Does the person who heads up your pro-
gram have any formal VA training?

3. Do your VA teams include people from
a variety of departments and disciplines?

4. Have key members of your VA teams
received any formal value analysis training?
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5. How are VA projects or targets chosen?

6. Are progress reports made on team
meetings?

7. Is the emphasis consistently focused on
function?

8. Is there a VA manual? If not, is there a
VA section in the purchasing manual?

9. What VA targets or goals have been set
over the past several years? What were actual
results?

10. Do you look for VA-oriented suppli-
ers?

11. Is supplier VA help encouraged? Are
suppliers included on VA teams? Are they
rewarded for their contributions?

12. Is your program a continuing effort,
or is it a crash cost-cutting response to bad
times?

Zero Defects

All targets in any area of industries world-
wide, that includes the plastics industry, are
for zero defects. From the concept to the pro-
duction of a product, different actions can be
taken to ensure meeting the target or com-
ing as close to it as possible. Zero defects can
equate to the ultimate performance for any
molder or supplier in terms of quality or pro-
ducing a product to meet design performance
requirements at the lowest cost.

This is unlikely to be achieved by the usual
quality control procedures, since QC analysis
is usually only made after production and in-
herently is based on the acceptance of a cer-
tain level of failure. Therefore, if a quality
standard is to be really effective, it must start
earlier than the production shop. Everyone
from top management to those in production
must think quality and realize that any accep-
tance of a second-best attitude is not permis-
sible (Chaps. 12 and 13).

Terminology

Adapterplate The plate holding the mold
to the molding machine press or platen.
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Back draft A term sometimes used to de-
scribe a detail of a molding that is smaller
than the normal mouth opening of the mold.
The opposite is a mold undercut.

Backing plate A plate used to support
cavity blocks, guide pins, bushings, and simi-
lar mold parts.

Bluing A mild blemish in the form of a
blue oxide film which occurs on the polished
surface of a mold as a result of the use of
abnormally high mold temperatures.

Bluing off Checking the accuracy of mold
cutoff surfaces by putting a thin coating of
Prussian blue on one half and checking the
blue transfer to the other half. Other tech-
niques used include carbon paper, shims, etc.

Bolting pattern, mold to platen The SPI
standards specify the location and size of
tapped holes in the stationary and moving
platens for the attachment of molds.

Bottom plate Part of the mold containing
the heel radius and pushups (ejection mech-
anism). It is used to join the lower section of
the mold to the platen.

Breathing Also called mold bumping,
dwell pause, dwell, gassing, and degassing. It
is a pause in the application of mold pressure
to allow the escape of gases formed by cer-
tain plastics during the heating process; also
to remove any entrapped air. This on—off-
on pressure action occurs just prior to having
the mold completely closed. Materials that
require breathing include many TS plastics,
and TS elastomers and rubbers during vul-
canization.

Cambar The stationary angled bar or rod
used to mechanically operate the slides on a
mold for side-action core pulls.

Cavity The space between matched
molds that encloses the molded part. It is
the depression in the mold that forms the
outer surface of the molded part. There can
be single or multiple cavities in one mold.
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Cavity chase An enclosure of any shape,
used (1) to shrink-fit parts of a mold cavity in
place, (2) to prevent spreading or distortion
in hobbing, or (3) enclose an assembly of two
or more parts of a split cavity block.

Cavity, compression A male cavity de-
signed as a plug that fits into the female cavity
so that the mold action during closing pro-
vides hydraulic pressure loading. The tight-
fitting male plug acts as a hydraulic ram.

Cavity, debossed A cavity with depressed
(indented) lettering or designs producing
bossed impressions on the molded part.

Cavity deposit Plastic buildup on a cav-
ity’s surface due to plate-out of the plastic;
usually attributed to the use of certain addi-
tives.

Cavity duplicate plate A removable plate
that retains cavities; used where two-plate op-
eration is necessary for loading inserts.

Cavity, etched A cavity whose surface
has been treated with an acid, leaving re-
lief to form the desired design texture on the
molded part.

Cavity ejector Any of various mechanical
means used to eject the molded part from the
cavity.

Cavity, female The indented half of a
mold designed to receive the male half.

Cavity grit blasting Steel grit or sand is
blown onto the cavity wall to produce a rough
surface. This surface treatment may be re-
quired to permit air to leave the mold dur-
ing molding and/or provide a desired surface
finish on the part.

Cavity hobbing Forming single or multi-
ple mold cavities by forcing a hob into a rel-
atively soft steel blank. A master model in
hardened steel is used to sink the shape of
the cavity into a heated mild steel such as
beryllium copper. The hob is larger than the
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finished plastic molded part, because after
hobbing, the metal shrinks during cooling.

Cavity honing Using a fine-grained whet-
stone or equivalent to obtain precise accuracy
of surface finish.

Cavity land A region in a gate configura-
tions that controls melt flow.

Cavity, male Also called plunger. The ex-
tended half of a mold designed to match the
female half.

Cavity pressure The cavity pressure can
be recorded via a transducer located, for ex-
ample, in the cavity near the gate. It can plot
a profile that records different information
such as filling, packing, and holding pressures.

Cavity register Angle faces on the mold
that match when the mold halves are closed,
to ensure their correct alignment.

Cavity retainer plate Any of the plates
that hold the inserted cavities in a mold.
These plates are at the mold parting line and
usually contain the guide pins and bushings
that line up the two halves of the mold.

Cavity side part In the United States, the
stationary part of an IMM. In the UK., the
side of the injection mold that is adjacent to
the nozzle.

Cavity, split A cavity made in sections.

Cavity, split-ring A mold in which a split
cavity block is assembled in a chase to permit
the forming of undercuts in a molded part.
It is ejected from the mold along with the
molded part(s) and then separated.

Cavity unit Cavity insert(s) designed for
quick interchangeability with other cavity
insert(s).

Cavity venting Shallow channel(s) or
minute hole(s) in the cavity and/or in the
mold parting line to allow air and other gases
that may form during processing to escape.
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Chase See Cavity chase.

Chase floating A mold member, free to
move, that fits over a cavity or a lower plug,
and into which an upper plug telescopes.

Chrome plating Also called chromium
plating or Cr plating. An electrolytic pro-
cess that deposits a hard, semigray film of
chromium metal onto properly prepared sur-
faces of materials (mold cavity, plastic parts,
etc.). Chrome-plated surfaces are frequently
used where resistance to corrosion or abra-
sion is needed, as in molds and other tools.
When it is used as a plastic coating, decora-
tive effects are obtained.

Chunk An open-face mold.

Cold molding A properly prepared com-
pound is shaped at room temperature in
a mold and subsequently cured by heating
(baking) in an oven.

Cold slug The first thermoplastic melt to
enter an IMM cold-runner mold; so called be-
cause in passing through the sprue orifice it is
cooled below the effective molding temper-
ature. Usually a well in the runner system is
used to unload the cold slug.

Cold-slug well The space or cutout in the
runner system (e.g., opposite the sprue travel
of the melt in the mold) to trap the cold slug
so that it enters the cavity.

Compression flashring The ring of excess
melt that escapes from the cavity into the
clearance between the force male plug and
the vertical or horizontal wall of the female
cavity in a positive or semipositive mold.

Compression force Also called the
punch, plunger, or ram. The male half of
the mold that enters the cavity and exerts
pressure on the plastic, causing it to flow.

Compression mold A typical two-part
mold that has a female cavity with a match-
ing male plug cavity that fits into it. In the
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closed position, the molding material is com-
pressed in the space between the mating cav-
ities. With the usual TS plastic used, flash
occurs. This type of mold is used for injection—
compression molding (coining).

Compression mold, positive A compres-
sion mold designed to apply a constant pres-
sure to the part being molded, the thickness
of the part being determined by the amount
of charge. The mold is designed to trap all the
molding material when it closes.

Compression mold, semipositive A com-
bination of positive and (vertical or horizon-
tal) flash compression mold. It operates as a
flash mold until within a short distance of the
final closure, when the force plug telescopes
within the chase to exert a positive pressure
on the charge during the final closing of the
mold.

Compression plastic material well Space
provided in the male cavity to handle the bulk
of the material being loaded in the female
cavity.

Compression shear edge A telescoping
shear edge located around the periphery of
the mold cavity for RP materials (SMC, etc.).
Its functions are to seal off the mold when
closed, release or vent air and gases from the
mold cavity, and/or permit the cavity half of
the mold to slide over the core half so the
required pressure can be applied to the ma-
terial. To control part dimensions, it is impor-
tant to control the size (weight and volume)
of the material charge.

Core A channel in a mold for circulation
of a heat-transfer medium. It is part of a com-
plex mold that molds undercut parts. Cores
are usually withdrawn to one side before the
main sections of the mold open. They have
passages for heat transfer to the melt in the
cavity.

Cored mold A mold incorporating ducts
which permit the passage of heating and cool-
ing fluids.
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Core pin A pin used to mold a hole in the
molded part.

Core-pulling sequence The SPI recom-
mended core-pulling sequences are as fol-
lows: (1) sequence A (clamping required only
with mechanical ejector) with reset ejector,
core-in, clamp close, inject, clamp open (con-
tinue), and eject; (2) sequence B with clamp
close, cores-in, inject, cores-out, clamp open,
and eject; (3) sequence C (can only be used
in hydraulic ejection) with lamp close, inject,
clamp open, cores-out, eject, and cores-in;
and sequence D (requires interlock to ensure
cores are in proper position prior to injection
or ejection) with clamp close during cores-
in, inject, clamp open during cores-out, and
eject.

Core, side Also called side draw pin or
cam pin action. Projections that are used to
core a hole (or other shape) in a direction
other than the line of closing of a mold. It is
withdrawn before the part is ejected and/or
prior to the mold opening.

Deflashing Removal of flash from a plas-
tic product, usually a molding. Several dif-
ferent methods are employed, including low
temperature (cryogenic).

Deflashing, cryogenic Deflashing parts,
particularly when small and numerous, can
be done efficiently using cryogenic tum-
blers and shot blast. Liquid nitrogen [at
—320°F (—196°C)] or dry ice is used. After
chilling, the parts can be blasted, usually
with a plastic, while tumbling in a basket
sealed in an enclosed chamber. The tumbler
air-moving system can be sprayed at about
225 psi (1.6 MPa). Advantage of this pro-
cedure includes accuracy, repeatable deflash-
ing, and reduced finishing costs.

Deflashing, pressure  blasting This
method utilizes a stream of small pellets,
usually crushed fruit pits or other particles
that are not as hard as the plastic being de-
flashed, thrown at high speed at the molded
parts, which are tumbling over a continuous
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moving belt or in a perforated container or
basket.

Deflashing, wheelabrator Deflashing
molded and other parts by bombarding with
small particles at high air velocity.

Degating Separating the molded part
from the runner system, automatically or
manually, in or out of the mold.

Dehumidification If you use chilled wa-
ter as a heat-transfer medium to reduce the
cycle time, then during high-humidity peri-
ods you may have to deal with condensa-
tion forming on the surface of the mold,
which usually causes imperfections on the
molded part. Remedies include the use of
an enclosure filed with dehumidified air, and
the application of a high-velocity dry air-
stream.

Die-slide molding A patented process
from Japan Steel Works for injection molding
two halves of a hollow part in cavities on op-
posite sides of a single mold. After the mold
opens, a slide plate on the stationary platen
aligns the two parts and a second injection
joins the parts.

Dished A term used to describe a molded
surface having a shallow depression.

Double-shot molding A method for in-
corporating two colors or two different plas-
tics in a part, using an IMM with two plastica-
tors. The part molded first becomes an insert
for the second shot. Alternative processes in-
clude injection blow molding and compres-
sion molding.

Dowel Also called mold pin or retaining
pin. A metal pin located in one half of a mold
that enters a corresponding hole in the other
half so that, upon closure of the mold, the two
halves become correctly aligned.

Dowel bushing A hardened steel bushing
lining a dowel hole.
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Dwell A pausein pressurization just prior
to the mold completely closing. It is the time
between when the injection screw ram is fully
forward, holding pressure on the plasticin the
cavity, and the time the ram retracts.

Ejection mark A surface mark on the
part caused by the ejector pin when it pushes
the part out of the mold cavity. It may need
to be located where it is acceptable.

Feed bushing A hardened steel bushing
in an injection mold that forms a seal between
the mold and the injection unit.

Film insert molding A method that starts
with a cut film, which is decorated and/or la-
beled, thermoformed to shape, and then in-
serted in the mold.

Flash mold A mold whose land surface
permits the escape of excess molding mate-
rial and has no trimming action. Such a mold
relies upon back pressure to seal it and put
the part under pressure.

Flash groove A groove ground in the
parting-line land to allow the escape of ex-
cess plastic during the molding process.

Flashline A raisedline evident on the sur-
face of a molding and formed at a junction of
mold faces, as at the parting line, after the
removal of the excess flash. It is usually re-
moved by high-speed buffing or grinding.

Flashtrap A molded-in lip or blind recess
on a part that is used for trapping excess melt
(flash).

Frozen layer Plastic melt begins to freeze
(solidify) as it starts filling an injection mold
cavity. The frozen layer can easily vary in
thickness as the mold fills, producing dif-
ferent frictional shear forces. As a result,
flow (filling) and solidification (TP cooling)
should be evaluated together.

Grid The array of channel shaped sup-
porting members within a mold.
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Hold-down groove A small groove cut
into the side wall of the mold cavity surface to
assist in holding the molded part in the cavity
while the mold opens.

Inching Reduction in the rate of mold
closing travel just before the mating mold sur-
faces touch each other.

Knife-edge A projection from the mold
surface that has a narrow included angle.
Knife-edges are undesirable because they are
susceptible to breakage and/or wear under
molding pressures.

Land An area where the faces of a closed
injection mold come into contact with one
another.

Latch A mechanical device to hold to-
gether two members of a mold.

Latch plate A plate that retains a remov-
able core to hold an insert carrying pins on
the upper part of the mold.

Leader pins and bushings Also called
guide pins. Pins (usually four) to maintain the
proper alignment of the male plug and female
cavity as the mold closes. One of the pins is
not symmetrically placed, so that the mold
halves can only be aligned one way, elimi-
nating misalignment. Hardened steel pins fit
closely into hardened steel bushings.

Lift A complete set of moldings produced
in a single operation of an IMM. The output
rate may be expressed as the number of lifts
per hour.

Loading well A volume in the top of a
cavity, usually for molding bulky compounds.
Its size is dependent on the material’s bulk
factor.

Locating ring Also called register ring. A
ring that serves to align the nozzle of an injec-
tion cylinder with the entrance of the mold’s
sprue bushing.
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Lubricant A substance applied on or
injected into molds to eliminate or reduce
friction and/or prevent adhesion of its com-
ponent parts.

Manifold A runner system in a mold,
which can have its own insulated heating
and/or cooling section, to control the melt
and make it ready for injection into the cavity.

Meld line Similar to a weld line, except
the melt flow fronts move in parallel rather
than meet head on (perpendicular). See Weld
line.

Melt extractor A device, such as a
spreader (torpedo), which is placed in a plas-
ticizing system for the purpose of separating
fully plasticated melt from partially molten
plastic.

Mold base standards The SPI continually
updates its publication on designing plastic
molded parts entitled Standards and Prac-
tices of Plastics Molders. It is useful to de-
signers, purchasing agents, custom molders,
processors, etc. It includes engineering and
technical guidelines commonly used by mold-
ers for injection, compression, and trans-
fer molding processes; lists tolerance speci-
fications for plastic materials in metric and
English units; and provides a glossary of
terms. It reviews important commercial and
administrative practices for purchasers to
consider when specifying and purchasing
molded parts. These customs of the trade in-
clude mold type, safety considerations, main-
tenance requirements, contract obligations,
charges and costs, inspection limitations, stor-
age, disposal, proper packing and shipping,
and claims for defects.

Mold, controlled-density A mold with a
variable-volume cavity incorporating either
a movable wall or a plug-type section in the
wall. After filling the cavity with melt, the cav-
ity is compressed by the movable wall or plug.
With foam molding, controlled solid skins
with core are achieved. This is a modification
of the injection—compression technique.
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Mold cooler partitioned A large-di-
ameter hole drilled into the mold (usually
the core) and partitioned by a metal plate
extending to near the bottom end of the
channel. Water is introduced near the top of
one side of the partition and removed on the
other side. This device is like a bubbler.

Mold cooling Cooling of the mold (for
thermoplastics) is an essential mold feature
and requires special attention in mold design.
The cooling system should ensure rapid and
uniform cooling of the molding. In the de-
sign of mold components and layout of guides
and ejectors, allowance should be made for
the proper size and positioning of the cooling
system. Rapid cooling improves process eco-
nomics, whereas uniform cooling improves
product quality by preventing differential
shrinkage, iniernal stresses, and mold release
problems. In addition, uniform cooling en-
sures a shorter molding cycle.

Mold-cooling and -heating channels Pas-
sageways (usually drilled holes) located
within the body of the mold through which
a turbulent fluid (cooling medium) can be
circulated to control the temperature on the
mold cavity surface. They may also be used
for heating a mold by circulating heated flu-
ids (oil, steam, etc.), as in the molding of
thermoset and some thermoplastic materi-
als. (Heating can also be accomplished us-
ing electric heaters in the mold body.) There
are applications where the press platens are
heated and in turn heat the mold or (more
often) directly heat flat plastic-laminated ma-
terial such as thermoset decorative panels,
printed circuitboard panels, reinforced plas-
tic building panels, etc.

Mold-cooling channel bubbler A device
inserted into a mold cavity, such as a rib or
core, that allows water to flow deep inside the
hole into which it is inserted and to discharge
through the open end of the hole. Uniform
cooling of the mold and isolated mold sec-
tions can be achieved in this matter.

Mold-cooling flooding Molds, particu-
larly for blow molding, can use a box-type
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enclosure next to the cavity wall rather than
pipe passageways. This flood-type turbulent
mold-cooling system is less expensive and
provides adequate cooling.

Mold cooling, spiral method A method
of cooling injection molds or similar molds
in which the cooling medium flows through
a spiral cavity in the body of the mold. The
cooling medium is introduced at the center
of the spiral, near the sprue section, because
more heat is localized in this section.

Mold cooling time In addition to the
mold, plastic material, and machine costs, the
final cost to mold a part depends on the mold-
ing cycle. A large part of this cycle, up to
80%, is due to the time required to cool the
molding. This time depends on the heat of
the molding. The minimum cycle time, there-
fore, is governed by the time taken to cool.
The injected plastic is cooled rapidly by its
contact with the cavity wall, but since plastics
are poor heat conductors, the solidified outer
layer retards heat transfer from the center of
the molding. Most of the cooling time is thus
required to cool this center. Often, the mold-
ing may be released from the mold as soon as
its outer layer is sufficiently rigid. This tem-
perature is called the mold-release tempera-
ture. The inside of the molding will often still
be considerably hotter. The minimum cooling
time required to reach mold-release temper-
ature is governed by the wall thickness of the
molding, the difference between the polymer
and mold temperatures, and that between the
mold-release temperature of the article and
mold temperature.

Mold-cooling vacuum Rather than push-
ing liquid coolant through a mold, pulling the
coolant can provide advantages such as elim-
inating water leaks and reaching complicated
cavity surface areas to provide cooling action
by using waterline venting.

Mold cut-off Also called shutoff or flash
land. The part of the mold land that isolates
the molding.
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Mold, deep draw A mold having a core
that is appreciably longer than the wall thick-
ness.

Mold deformation After the molding
pressure stroke and during any afterfill, pres-
sure is built up in the mold cavity. During in-
jection molding this pressure is generally one-
third to one-half of the pressure in the IMM
plasticator. Such pressure can cause elastic
deformation such as bending of the cavity re-
tainer plates and cores, ejector and guide pins,
etc. To reduce this action, sturdy construction
of the mold is required. This conflicts with the
desire to minimize the amount of mold ma-
terial for efficient cooling.

Mold degating Separating the molded
part from the runner system, automatically
or manually, in or out of the mold.

Mold design Computers are used in many
designs. Views, cross sections, projections,
changes in size and color, and mechanical and
thermal analyses are then easily made.

Mold, duplicating A mold made by cast-
ing over (duplicating) another product by
mechanical reproduction using cutting tools
that are guided by a master, proportional in
size to the desired finished products.

Molded edge An edge that is not physi-
cally altered after molding (with fiber rein-
forcements) for use in final form, particularly
one that does not have fiber ends along its
length.

Molded net A means of describing a
molded part which requires no additional
processing to meet dimensional require-
ments.

Molded Parts Buyers Guide This guide
has been prepared by the Molders Divi-
sion of the SPI. It contains important points
that purchasers have traditionally considered
in specifying and purchasing plastic parts.
As in every major fabricating industry, vari-
ous commercial and administrative practices
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have developed over the years that play an
important role in the conduct of day-to-day
business. These arrangements, generally ex-
pressed in the proposal, acknowledgement,
and contract forms of the individual molding
companies, have been viewed as constituting
“customs of the trade.” This informative man-
ual is designed to identify and explain these
customs.

Mold efficiency In a multimold blow-
ing system, the percentage of the total
turnaround time of the mold actually re-
quired for forming, cooling, and ejection of
the blown part.

Mold ejection A device or system fit-
ted to (usually) the moving platen of a ma-
chine for operating the molding ejector(s) to
remove molded parts. It may be operated
mechanically (e.g., with springs), hydrauli-
cally, pneumatically, or electrically. It oper-
ates in sequence with the clamping close pre-
position, a provision in the clamping unit that
actuates the ejection action. Typical means
are knockout pins, stripper plates or rings, un-
screwing, cams, removable inserts, or bush-
ings. The choice of ejector system is largely
governed by the article shape and by the
rigidity or flexibility of the plastic used. The
mold should preferably be fitted with ejectors
at those spots around which the molding is ex-
pected to shrink (e.g., around cores). At high
mold temperatures, allowance must be made
for thermal expansion of the mold platens.
These platens will expand more than the
plates of the ejector mechanism. It is there-
fore recommended that the ejectors be pro-
vided with a cylindrical head and mounted
with some clearance to allow the correction
of possible variations in center distances dur-
ing machine operation. The ejection of arti-
cles with large cylindrical or flat surfaces may
sometimes be hampered by the creation of
a vacuum between the article and the cavity
wall. In such cases, release may be improved
and the vacuum broken by an air ejection
system.

Mold ejection mark See Ejection mark.
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Mold ejector pin A rod or sleeve that
pushes a molding off a core or out of a cavity
mold. It is attached to an ejector bar or plate.
It is also called a knockout pin.

Mold ejector plate See Mold ejector pin.

Mold ejector ram A small hydraulic, me-
chanical, or electrical ram fitted to a mold-
ing press for the purpose of operating ejector

pin(s).

Mold ejector retainer plate A retainer in
which one or more ejector pins are assem-
bled.

Mold ejector return pin One of the pro-
jections that push the ejector assembly back
as the mold closes. It is also called a surface
pin, return pin, safety pin, or position push-
back.

Mold ejector rod or bar A bar that actu-
ates the ejector assembly when the mold is
opened.

Mold ejector sleeve A bushing-type ejec-
tor.

Mold ejector spider A system where part
of an ejector mechanism operates the ejector

pin(s).

Mold, elastomeric Elastic or stretchable
mold made of rubber (elastomer), rather than
the usual steel, so that complex shaped parts
can be removed without mold side actions,
etc. Usually used for casting plastics. They can
be stretched to remove cured parts having
undercuts, etc.

Mold, family Sometimes called a combi-
nation mold. A multicavity mold where each
of the cavities forms one component part of
the assembled finished product. The term is
also often applied to molds where parts from
different customers are grouped together in
one mold for economy of production.
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Mold feed bushing The hardened steel
bushing in an injection mold that forms a seal
between the mold and injection nozzle.

Mold flash A thin surplus web of plas-
tic material, usually occurring with thermoset
plastics, attached to a molding along the part-
ing lines, fins at holes or openings, etc. With
most moldings, it must be removed before the
parts are acceptable.

Mold flash groove By this term, we mean
a groove ground in the parting-line land to
allow the escape of excess material during the
molding operation, particularly compression
molding.

Mold flash line See Flash line.

Mold flash ridge The part of a flash com-
pression mold through which the excess ma-
terial escapes until the mold is closed.

Mold flash ring, vertical or horizontal The
clearance between the force plug and the ver-
tical or horizontal wall of the compression
molding cavity in a positive or semipositive
mold; also, the ring of excess material that
escapes from the cavity into this clearance
space.

Mold force That portion of a mold which
forms the interior of the part; sometimes
called a core or plunger. In compression
molding, the downward-acting mold half,
usually the male half.

Mold force plate The plate that carries
the plunger (force plug) of a compression
mold and the guide pins or brushings. Since it
is usually drilled for hot water or steam lines,
it is also called the hot or steam plate.

Mold force plug The male half of a com-
pression mold that enters the cavity, exerting
pressure on the plastic and causing it to flow.
It is also called a core, plunger, or ram.

Mold, French A two-piece mold forirreg-
ular shapes—tall, top-heavy, leaning to one
side, or with extremely fine detail.
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Mold gate The orifice through which the
melt enters the mold cavity. It can have a va-
riety of configurations, depending on product
design.

Mold grid An array of channel-shaped
mold-supporting members.

Mold half One of the two basic parts to
a mold. Each part is called a mold half, but
that usually does not mean that the mold is
divided dimensionally into two equal halves.

Mold, hand Also called portable or loose
mold. A small mold that is removed by hand
from the press for the purpose of stripping
molded parts and/or reloading (plastic and/or
inserts).

Mold heated-manifold A mold in which
the portion (the manifold) that contains the
runner system has its own heating elements,
which keep the molding material in a melted
state for injection into the cavities, from
which the manifold in insulated.

Mold heat-transfer device A device that
transfers localized heat to a heat sink in order
to improve mold cooling, or heat from a heat
source to a localized area such as hot sprue
bushings.

Mold height The overall thickness of the
mold between the platens of the molding ma-
chine. It is the height when the mold sits on
a table. Thus, in a conventional IMM in op-
eration, is the horizontal dimension between
the platens.

Mold hobbing A technique in which a
master model in hardened steelis used to sink
the shape of a mold cavity into a softer ma-
terial such as heated mild steel on beryllium
copper. The hob is larger than the finished
plastic part. After hobbing, the metal shrinks
as it cools.

Mold hold-down groove See Hold-down
groove.
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Mold, hollow A mold that permits melted
plastic to be applied to its inside surface to
form hollow-shaped parts.

Mold inching See Inching.

Molding The forming or shaping of a
plastic or reinforced plastic into a solid mass
of prescribed shape and size by the applica-
tion of pressure (zero on up) and in most pro-
cesses heat for a given time.

Molding compounds Plastic material in
varying forms (pellet, granulation, or gunk)
consisting of plastics, filler, pigment, rein-
forcement, plasticizer, and/or other ingredi-
ents ready for molding. It is also called dry
blend, molding powder, bulk molding com-
pound, and sheet molding compound.

Molding cycle (1) The period of time re-
quired for the complete sequence of oper-
ations on a molding press to produce one
set of moldings. (2) The operations neces-
sary to produce a set of moldings, without
reference to the time. The sequence of oper-
ation (manual, semiautomatic, or automatic)
is (a) close and clamp the mold, (b) inject
the mold, (c) hold mold closed under pres-
sure while plastic cools or cures, (d) open the
mold, and (e) eject the part.

Molding index The result of a test used
with thermoset molding powder in which
a standard flash-type cup mold under pre-
scribed conditions is used. The molding index
is the total minimum force required to close
the mold (ASTM D 731).

Mold, interchangeable The SPIand other
organizations have published standards in
regard to mounting molds in the IMMs. The
obvious advantage of these standards is that
they easily allow molds to be designed to run
on more than one brand of machines.

Molding pressure The pressure applied
either directly or indirectly to the ram action
of an injection machine, compression press,
transfer press, etc. to force the melt to com-
pletely fill the mold cavity.
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Molding pressure, contact A method of
molding or laminating in which the pressure,
usually less than 70 kPa (10 psi), is only
slightly more than necessary to hold the mate-
rials together during molding. It is also called
contact molding especially in connection with
reinforced plastics.

Molding pressure, high In a molding or
laminating process, a pressure greater than
1,400 kPa (200 psi), but commonly 7 to
13.8 MPa (1 to 2 ksi). Most often used in con-
nection with reinforced plastics.

Molding pressure,low The range of pres-
sures from 2,760 kPa (400 psi) down to and
including pressure obtained by the mere con-
tact of the plies or material. Most often used
in connection with reinforced plastics.

Molding pressure required The unit pres-
sure applied to the molding material in the
mold. The area is calculated from the pro-
jected area taken at right angles under pres-
sure during complete closing of the mold, in-
cluding areas of runners that solidify. The unit
pressure is calculated by dividing the total ap-
plied force by this projected area and is ex-
pressed in psi or Pa.

To determine the pressure required on a
mold that has a specific projected area based
on the plastic to be used, the pressure re-
quired on the melt is determined (either from
past experience or from the material sup-
plier). This pressure (in psi or Pa) is mul-
tiplied by the total area. The result is total
clamping force required. This force provides
a guide to the clamp tonnage needed in the
IMM; to be safe it is best to have 10% more
available.

Molding, short An incomplete molding
due to a short shot (insufficient plastic to fill
the mold).

Molding, structural-web This low-pre-
ssure foam molding method bridges the gap
between structural foam molding and injec-
tion molding. The surface of the part does
not have the characteristic swirl pattern of
the former method. Structural-web molding
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can produce very large, lightweight parts with
smooth surfaces like conventional injection-
molded parts.

Molding, two-shell A technique to pro-
duce hollow parts by molding (injection, com-
pression, blow molding, rotational molding,
etc.) two halves with mating flanges or the
equivalent, and then assembling them by var-
ious techniques.

Mold insert That part of a mold cavity or
force which forms undercut or raised portions
of a molded product.

Mold knockout bar A bar that holds and
actuates ejector pin(s) in a mold.

Mold land (1) In an extrusion die (some-
times called mold or tool), the surface par-
allel to the flow of material. (2) In a two-
piece mold, a platform built up to the split
line. (3) The portion of a mold that provides
the separation (cutoff) of the flash from the
molded part. (4) The bearing surface of a
mold by which excess material escapes. (5) In
a semipositive or flash mold, the horizontal
bearing surface. (6) The nozzle region of a
nozzle used in injection molding. (7) One of
the parallel parts of a gate. (8) The bearing
surface along the top of the flights of a screw
in a plasticator.

Mold land area The whole area of con-
tact, perpendicular to the direction of ap-
plication of pressure, of the seating faces of
a mold (those faces that come into contact
when the mold is closed).

Mold land force A force with a shoulder
that sits on a land in a landed positive mold.
It is also called a landed plunger.

Mold latch See Latch.

Mold latch plate A plate used for retain-
ing a removable mold core of large diameter,
or for holding insert-carrying pins on the up-
per part of a mold. Release of the pins or core
is effected by moving the latch plate.
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Mold leader pin and bushing The mating
mold components used to align and guide the
two halves of the mold as it opens and closes
in the machine. Hardened steel leader pins
are also called guide pins. The pins fit closely
into hardened steel bushings.

Mold loading well The top area of a com-
pression mold cavity, the size of which is dic-
tated by the bulk factor of the molding com-
pound. High-bulk-factor materials require
deeper wells than low types.

Mold locating ring This is a ring that
serves to align the nozzle of an injection cylin-
der with the entrance of the sprue bushing,
and the mold with the machine platen. It is
also called a register ring.

Mold locking force Refers to the force
exerted in the locking mechanism of the ma-
chine that keeps the mold closed during in-
jection.

Mold locking mechanism A hydraulic
cylinder or toggle mechanism to close the
mold and keep it in the closed position during
injection.

Mold lubricant See Lubricant.

Mold manifold The configuration of pip-
ing in a block of metal that takes a single-
channel flow of melt from a machine (ex-
truder, injection, etc.) and divides it into
various flow channels to feed more than one
outlet.

Mold manifold, nozzle A series of injec-
tion nozzles mounted on a common manifold,
each nozzle positioned so as to feed a single
cavity in the mold. Such manifolds are used
to eliminate runners in molds such as cup-
shaped articles, when it is desired to gate the
cavities at the centers of the bottoms.

Mold manifold shutoff valve A valve used
to shut off plastic flow, usually mounted in the
manifold.
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Mold, mounting dimensions The SPI
Injection Molding Division provides a guide-
line bulletin that recommends interchange-
able mold mounting dimensions for various-
size injection molding machines. It includes
platen bolting patterns, tap hold threads,
knockout pin locations, and sizes of nozzles
and locating rings.

Mold number or mark The number as-
signed to each mold or set of molds for identi-
fication purposes. It is usually placed in a un-
obtrusive area such as that part of a container
mold that forms the base of the container.

Mold orifice groove A small groove used
in molds to allow material to flow freely to
prevent weld lines and low density, and to
dispose of excess material.

Mold parallel to the draw The axis of the
cored position (hole) or insert is parallel to
the up and down movement of the mold as it
opens and closes.

Mold parting line A line established on a
three-dimensional model from which a mold
is to be prepared, to indicate where the mold
is to be split into two halves (sections) or sev-
eral components.

Mold pillar support The general con-
struction of a mold base usually incorporates
the U-shaped ejection housing. If the span be-
tween the arms of the U is long enough, the
forces of molding can cause a sizable deflec-
tion in the plates that are supported by the
ejector housing. Such a deflection will cause
flashing of parts. To overcome this problem,
the span between supports is reduced by plac-
ing pillar supports at certain spacings so that
deflection is eliminated or negligible.

Mold pin (1) Mold dowel pin. (2) Mold
ejector pin. (3) Mold leader pin. (4) Mold re-
turn pin. (5) Mold side draw pin. (6) Mold
sprue draw pin.

Mold, porous A mold made up of bonded
or fused aggregate (powdered metal, coarse
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pellets, etc.) such that the resulting mass con-
tains numerous open interstices of regular
or irregular size, allowing either air or lig-
uids to pass through the mass of the mold.
Such molds are used particularly in thermo-
forming.

Mold, positive (1) A mold designed to
trap all the molding material when it closes.
(2) A projecting mold over which the part
is thermoformed. This type is often referred
to as a male mold. (3) A compression mold
designed with vertical shutoff.

Mold pot To embed a component or as-
sembly in liquid plastic, using a shell, can, or
case that remains an integral part of the prod-
uct after the plasticis cured. (2) A chamber to
hold and heat molding material for a transfer
mold.

Mold pot plunger A plunger used to force
softened molding material into the closed
cavity of a transfer mold.

Mold, preengineered Standardized mold
components, such as ejector pins, guide pins,
bolts, etc., and complete standardized mold
assemblies have been commercially available
since 1943. Advantages include exceptional
quality control on materials used, low cost,
quick delivery, interchangeability, and pro-
motion of standardization.

Mold pressure pad One of the reinforce-
ments of hardened steel distributed around
the dead area in the faces of a mold to help
the mold land absorb the final pressure of
closing without collapsing.

Mold production and handling Different
standards and practices of plastic molders
are reviewed in the SPI Molders Division
Guide bulletin. It includes the following:
(1) mold maintenance, repair, and/or replace-
ment; (2) molds on consignment; (3) mold
drawing; (4) mold usage; (5) mold storage;
(6) mold removal; and (7) amortization and
insurance.
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Mold, reentrant A mold containing an
undercut that tends to resist withdrawal of
the molded part.

Mold restrictor ring A ring-shaped part
protruding from the torpedo surface that pro-
vides an increase of pressure in the mold to
improve the welding of two melt streams.

Mold retainer pin (1) A pin on which an
insert is placed in the mold and located prior
to molding. (2) One of the pins that return the
ejector mechanism to the molding position.

Mold retainer plate The plate on which
demountable pieces, such as mold cavities,
ejector pins, guide pins, and bushings, are
mounted during molding; it is usually drilled
for water or steam.

Mold retainer plate nest A retainer plate
with a depressed area for cavity blocks used
in injection molding.

Mold rod guide A rod that guides the
platens but takes no clamp force.

Mold, rotary Also called rotary press. A
type of injection molding, blow molding,
compression molding, etc. utilizing multiple
mold cavities mounted on a rotating platen
or table. This process is not to be confused
with rotational molding.

Mold, rotational Molds are manufac-
tured from electroformed nickel, vapor-
deposited nickel, and cast aluminum. The
thickness of the molded parts is controlled by
heat sinks fabricated into the tool. The tool
must be temperature-controlled so it will cure
the plastic within it.

Mold runner A groove or channel of any
size, shape, and depth, through which the
melt flows to the cavity(ies); this is the chan-
nel that connects the sprue to the gate. The
term runner system is sometimes applied to
all the material in the form of sprues, run-
ners, and gates between the machine nozzle
and cavity(ies). There are different types of
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runners. The most popular are cold runners
and hot runners, used with thermoplastic and
thermoset plastics; others include insulated
and stacked. With TP, in a cold runner the
melt solidifies when the part solidifies; in the
hot runner, it remains liquid. TS plastic ex-
periences the reverse: With a hot runner, the
melt in the runner solidifies, and with a cold
runner, it remains a melt.

Mold runner, balanced In a multicavity
mold, the runners are said to be balanced
when the linear distances of melt flow from
the sprue through the runner network to the
gates of all the cavities are of equal length.

Mold runner, cold, for thermoplastic The
sprue, runner(s), and gate(s) of the TP melt,
like the melt in the cavity(ies), all solidify by
the cooling action of the mold. This mold de-
sign produces solidified sprue and runner(s)
that are usually granulated and recycled.

Mold runner, cold, for thermoset Such a
runner provides for injection directly into the
cavity from the gate. The runner manifold
section is cooled to maintain plastic in a melt
stage. The cavity and core plates are heated
(to solidify plastic) to normal molding tem-
perature and insulated from the cooler man-
ifold section. This mold design eliminates TS
scrap loss from sprue and runner(s), as in a
hot-runner system for thermoplastics.

Mold runner, hot, for thermoplastic The
sprue and runner(s) are insulated from the
chilled cavities and remain hot, so that
the runner never cools in normal cycle opera-
tion. Runners are not ejected with the molded
part(s). Thus, the next shot is from the gate
rather than the machine nozzle. An insulated
runner is a type of hot runner.

Mold runner, hot, for thermoset The
sprue, runner(s), and gate(s) of the TS melt,
like the melt in the cavity(ies), all solidify by
the heating action of the mold. This mold de-
sign produces solidified sprue and runner(s)
that can be granulated and recycled at least
as plastic filler.
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Mold runner, insulated An oversized run-
ner passage formed like a conventional cold
runner for thermoplastic. Runner insulation
is provided by a layer of chilled plastic that
forms on the runner wall. The passages in the
mold plate are of sufficient size that, under
conditions of operation, the insulating effect
of the plastic combined with the heat applied
with each shot maintains an open path.

Mold runner, internal A hidden flow
channel to facilitate the filling of a part.

Mold, runnerless injection molding A
runner system in the mold that maintains the
plastic resin in a molten state; therefore, no
runners are ejected with the molded part, (see
Mold runner, hot, for thermoplastic) or for
thermoset plastic (see Mold runner, cold, for
thermoset). See also Mold, sprueless.

Mold runner, unbalanced A runner in a
multicavity mold where the distances from
the sprue to the cavities are different.

Moldseam A line formed by a mold com-
ponent such as removable members in a cav-
ity, cam slides, etc. The prominence of the
line depends on the accuracy with which the
mating parts are matched. Usually, the line
formed by the mold halves is called the mold
parting line.

Mold, semipositive As the two halves of
a semipositive thermoset compression mold
begin to close, the mold acts much like a
flash mold. The excess material is allowed to
escape around the loose-fitted plunger and
cavity. As the plunger telescopes further into
the cavity, the mold becomes a positive mold
with very little clearance, and full pressure
is exerted on the material, producing a part
of maximum density. This type of mold com-
bines to advantage the free flow of material in
a flash mold and the capability of producing
dense parts in a positive mold.

Mold shrinkage Not the shrinkage of the
mold, but the shrinkage that a molded part
undergoes when it is removed from the mold
and cooled to room temperature (“molded-
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part shrinkage” would be a more appropriate
phrase).

Mold, Siamese blow A colloquial term
applied to the technique of blow molding two
or more parts of a product in a single blow and
then cutting them apart. Multiple cavities are
used.

Moldside bar A loose piece used to carry
one or more molding pins and operated from
outside the mold.

Mold side coring Any of the projections
used to core a hole in a direction other than
the line of closing of a mold, and that must
be withdrawn before the part is ejected from
the mold. Also called side draw pin and side
action mold. Figure 4-81 shows a cam pin ac-
tion; it could have other mechanisms, such as
a hydraulic cylinder. This figure also shows a
puller pin for producing a sprue with a hollow
section.

Mold spacer, insulating An insulator
sheet placed between mold and platens to re-
strict heat transfer from mold to platens.

Mold spacer, parallel (1) One of the par-
allel support spacers placed between the
mold and press plate or clamping plate. Also
called risers. They take up space to allow a
short mold to meet the machine minimum
daylight opening. (2) A spacer placed be-
tween the hot plate and press platen to pre-
vent the middle section of the mold from
bending under pressure. (3) A pressure pad
between the hot plates of a mold to control
height when closed and to prevent crushing
the parts of the mold when land area is inad-
equate.

Mold spherical diameter In a rotational
molding process, the distance from the center
of rotation, along a straight line at 45° to the
vertical or horizontal, to the extremities of
the mold swing.

Mold, split-ring A mold in which a split
cavity block is assembled in a chase to permit
the forming of undercuts in a molded piece.
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These parts are ejected from the mold and
then separated from the molded piece. Also
called split mold.

Mold, spring box A type of compression
mold equipped with a spacing fork that pre-
vents the loss of bottom-loaded inserts or fine
details and that is removed after partial com-
pression.

Mold sprue A tapered orifice in an in-
jection or transfer mold through which plas-
tic melt flows from the nozzle to the part-
ing line, molded piece, or runner. The name
sprue is also used for the plastic formed in this
orifice.

Mold sprue bushing A hardened steel in-
sert in an injection mold that contains the ta-
pered sprue hole and has a suitable seat for
the nozzle of the injection cylinder. Itis some-
times called an adapter.

Mold sprue bushing, heated A mold el-
ement that contains a heating element to
keep the plastic melt hot within the bush-
ing. The bushing is inserted into the mold to
provide a hot channel between the molding
machine’s nozzle and the mold cavity. Like
the nozzle thermocouple temperature pro-
file, the temperature profile in a heated sprue
must be controlled for accurate closed-loop
temperature control of thermoplastics and
thermosets, particularly the former.

Mold sprue ejector pin When the under-
cut occurs on the cavity block retainer plate,
this pin is called the sprue ejector pin.

Mold sprue gate A passageway through
which melt flows from the nozzle of a molding
machine to the cavity.

Mold, sprueless A mold in which the
sprue-and-runner system is insulated from
the mold.

Mold sprue lock or puller In injection
molding thermoplastics, this is the portion of
the melt that is held in the cold slug well by
an undercut; it is used to pull the sprue out of
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the bushing as the mold is opened. The sprue
lock itself is pushed out of the mold by an
ejector pin. When the undercut occurs on the
cavity block retainer plate, this pin is called
the sprue ejector pin.

Mold sprue puller A slotted pin used to
remove a sprue from a sprue bushing.

Mold, stack A two-level mold, two sets
of cavities stacked one above the other, for
molding more parts per cycle. It is also called
a three-plate mold, since a third or interme-
diate movable plate is used to make possible
center or offset gating of each cavity on the
two levels.

Mold, stacked four-level A four-face
stack mold, capable of molding parts on four
levels.

Mold, steam plate A mounting plate for
compression thermoset molds, cored for cir-
culation of steam.

Moldstop A metal partinserted between
mold halves to control the thickness of a
press-molded part. Not arecommended prac-
tice, because the plastic will receive less pres-
sure, which can result in lower density and
voids in the part.

Mold strength requirements The forces
involved in the molding operation are com-
pressive; they are exerted by the clamping
ram and the internal melt pressure.

Mold stripper plate A plate that strips a
molded piece from core pins or force plugs.
The stripper plate is set into operation by the
opening of the mold.

Mold temperature The final mold tem-
perature is usually determined by the gate
size and the processor’s desire to attain short
cycles. The smaller the gate, the higher the
melt temperature must be in order to get
melt through the gate. Therefore, the mold
temperature is usually set low to remove the
heat quickly from the melt and thus achieve
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short cycles. However, the colder the mold
is, the quicker the plastic that first contacts
the mold sets up (hardens). To prevent a part
from cooling before the injection cycle has
been completed, higher injection speeds and
pressures are generally used.

Mold thickness There are minimum and
maximum heights (thicknesses) of a mold
that can be accommodated by the clamp end.
Of the two figures, the maximum is more crit-
ical in case there is not sufficient machine
clamping daylight opening. If the mold mini-
mum thickness is less than the minimum day-
light opening, spacer blocks are used to make
up the difference.

Mold thread plug, ring, or core A part of
a split mold that shapes a thread and must be
unscrewed from the finished piece. Its pur-
pose is to eliminate parting lines across the
threads.

Mold types The mold is identified de-
scriptively by a combination of terms such
as the following: injection molding, compres-
sion molding, blow molding, reaction injec-
tion molding, rotational molding, and mold
construction.

Mold unit A mold designed for quick
changing of interchangeable cavity parts.

Mold variables Variations in mold con-
ditions have a direct effect on part quality.
Important factors are: mold temperature,
mold venting, mold closing speed, mold sur-
face condition (wear or damage), and mold
accessories (core slides, neck inserts, etc.).
The production of defective parts can be
greatly reduced by recognizing the interre-
lationships of process and material variations
as well as properly analyzing problems to pro-
vide timely, accurate solutions.

Mold wiper Ininjection molding,adevice
that enters between the opened mold halves
during the ejection cycle, engages the molded
piece, and lifts or shoves it from the mold. The
wiper movement is interlocked with the mold
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