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Statement of Policy

Release for Publication
Oof
Conference Papers

An SPE Conference is a forum for discussion of contributions to the scientific and
engineering knowledge of plastics. Conference pre-prints aid communications
between speakers and audience, encouraging meaningful discussion. They are not
a substitute for publication.

Selected conference papers and discussions are added to the literature through
publication by the Society, as in the PLASTIC ENGINEERING or POLYMER
ENGINEERING AND SCIENCE. Others are released for publication elsewhere
in accordance with the following policy.

1. All papers submitted to and accepted by the Society for presentation at one
of its conferences becomes the property of the Society of Plastic Engineers,
Inc., and all publication rights are reserved by the Society.

2. By two weeks after the close of the Conference at which the papers are
presented, the Society shall make known to the authors those papers selected to
be considered for publication. All other papers are released to their authors
with the stipulation that if they are published elsewhere, accompanying credit
shall be given the Society and the Conference at which they were presented.

3. The Society shall not grant previous or simultaneous publishing rights to any of
the papers it intends to publish.

4. The Society shall not be responsible for statements or opinions advanced in
publications, reports, and papers or in discussions at its meetings unless
specifically approved by the Council.

5. An abstract not to exceed one-third the original of any paper presented at a
conference may be published without further permission from the Society
provided accompanying credit is given to the Society of Plastic Engineers and
the specific Conference.
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CLONING-THE IMPACT ON
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The Webster Dictionary defines “to
clone” as: “One that appears to be a
copy of an original form.”

The basic goal in molding thermoset
materials is to optimize the process
to increase quality and efficiency
while lowering production costs. A
simple formula that is a daily
struggle!

Discussions about moving a mold
from machine to machine have been
going on for eternity. Moving the
mold is not the problem. Optimizing
the process, in a timely manner is
the challenge. Is there a real need
to be able to do this? Is it done often
enough to warrant any attention?
What would the advantages be to
having this capability?
Versatility in scheduling.
Consistent results.
Reduced QC inspections.
Reduced set-up time.
Reduced scrap.
More time for Preventive
Maintenance.

Often enough it is difficult to analyze
the cause of a defect on molded
parts. Finding a suitable remedy can
be a very time consuming process.
Also add-in potential inconsistencies
in the molding machine, and
efficiency levels become extremely
low.

In order to clone molding machines it
is important to know what are the
causes of inconsistencies. Also,
what performance characteristics are
important to mold a high quality
thermoset part.

THERMOSETS 2000 RETEC
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What then is important in an
injection molding machine that
influences performance?

ACCURACY

Accuracy can be defined as the
maximum amount by which the

result differs from the true value.

The accuracy of a machine is based
on the three measured parameters:

Pressures

» Pack

» Hold

> Back Pressure

» Mold Protection

» Tonnage

Speeds

» Injection

> Extruder

Times

» Pack

» Hold

» Screw Recovery

» Clamp

» Eject

PRESSURES

Pressures on the injection side of the
process are related to moving the
material from the injection unit into
the mold. The backpressure affects
the material flow between the screw
and the barrel. It also assures that
the material is filling the area in front
of the screw consistently. The
injection pressure is the amount of
pressure needed to start the material
flowing and keep the fill rate into the
mold consistent. The holding
pressure is the final stage of
preparing the material for
crosslinking and curing. The hold
pressure is used to control the
material shrinkage and stress.
Pressures associated with the clamp




can cause premature mold wear and
damage. The clamp pressure also
has a direct impact on how the tool
lets air escape and releases the
material gases.

Molding problems associated with
pressure inconsistencies are:

Pack/Hold Pressure
Unfilled Parts
Sink Marks
Cracks Near Sharp Edges, and Cores
Cracks due to Shrinkage
Dull Spots
Glass Fiber Streaks
Flow Lines
Flash Inconsistency

Back Pressure
Porosity
Blisters
Sink Marks
Glass Fiber Streaks
Color Steaks
Flow Lines
Flash

Mold Protection
Damaged Mold Lands
Damaged Vents

Clamp Pressure
Venting Inconsistency
Injection/Compression problems
Sinks
Flash Inconsistency
Dull Surfaces

SPEEDS
The speed of injection has direct
impact on the crosslinking, curing

and surface appearance of the parts.

The speed of material preparation

THERMOSETS 2000 RETEC
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can impact the part strength and
cycle times. The problems that will
occur with speed inconsistencies
are:

Injection Speed
Premature Cross Linking
Unfilled Parts
Surface Blemishes
Blistering
Cracks
Sink Marks
Burn Marks
White Streaks

Extruder Speed
Overheating Material/Curing
Unfilled Parts
Surface Blemishes
Sink Marks
(lass Degradation

TIMES

The timers are the controlling factors
on the pressures and speeds of the
molding process. If the times are
inconsistent the parts will have
defects. The defects that can occur
with timer inconsistencies are:

Pack/Hold Pressure Time
Parts not filled out completely
Sink marks after ejection
Blistering
Crack near gates, sharp edges or
restricted areas.
Cracks due to shrinkage
Sink marks near gates or thick walls
Dull Spots
(lass Fiber Streaks over entire part
Flow Lines
Inconsistent flash

Recovery Time
Parts not completely filled out



Sink Marks
White Marks
Burn Marks
Moisture Streaks

Clamp Time (Including Venting and
Injection/Compression
Parts not completely filled out.
Sink Marks.
Blistering
Burn Marks
Flash Inconsistency

Ejection Time
Ejector Marks
Gate Cutter Inconsistencies

REPEATABILITY
Repeatability is the degree of
agreement between repeated
results. The parameters that are
measured for repeatability are the
following:

Times

» Cycle

» Mold Close

» Mold Open

> Fill

» Recovery

Pressures

» Fill

» Pack

> Hold

» Back Pressure

Many molding machines have

difficulty with repeatability from cycle
to cycle. What happens, then when

the mold is moved to a different
machine?

The goal, therefore is to insure that
the machine performance
characteristics are accurate and
repeatable.
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HOW DO YOU ACHIEVE
ACCURACY &
REPEATABILITY?

T I I I IT 1=
o B =

L J=g =] =] f o fo]
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e

The main factor in injection molding
machines that influences the
accuracy and repeatability of the
press is the resolution and response
time. How fast the machine can
respond to the inputs and feedback
will determine the level of accuracy
and the repeatability of the machine
functions. The responses of the
machine are based on the resolution
and scan time of the control.

RESOLUTION
The resolution of the control
depends on the microprocessor
speed and the type of feedback
devices that are used.
5-YEAR-OLD TECHNOLOGY
386 Control
Analog Stroke Devices
» 12.00 inch stroke
12 BITS = 4,095 INCREMENTS
Therefore,
1 BIT = 0.00073 INCH
» 3000 PSI Inj Pressure
12 BITS = 4,095 INCREMENTS
Therefore,
1 BIT =0.733 PSI
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2 YEAR OLD TECHNOLOGY Different machine functions are
486 Control driven by different speed
Analog Stroke Devices microprocessors. As an example, a
» 12.00 inch stroke processor that has a scan rate of 17
14 BITS = 16,384 INCREMENTS milliseconds handles the clamp open
Therefore, and close, injection and extruder run.
1 BIT =0.0029 INCH Another processor with a scan rate
» 3000 PSI Inj Pressure of 2 milliseconds handles switch
14 BITS = 16,384 INCREMENTS points and critical events. A third
Therefore, processor controls all of the closed
1 BIT =0.200 PSI loop functions making corrections
YEAR 2000 TECHNOLOGY around deviation from setpoint and
Pentium || Processor actual.
Digital Stroke Devices
» 12 inch stroke Third Party consultants such as
Resolution = 0.0014 INCH Hunkar Laboratories have developed
» 3000 PSI Inj Pressure criteria for machine performance.
Resolution = 0.150 PSI They have a quality classification
system that defines what tolerances
SCAN TIME should be expected from a machine.
The other aspect of a machine’s Machines are segregated from
response is the scan time. Most excellent-Class 1 to barely running-
modern machines use multiple Class 9.
microprocessors working
simultaneously. The scan time can ACCEPTABLE TOLERANCES. FOR GUALITY CLASS GLASSIFIGATION
. . . PARAME TER CLASST CLASS2Z CLASS CLASS4 CLASSS CLASSS CLASS7 CLASSS CLASSY
bg defined as the time it takes for the ive m u % @ o3 4 % o o
microprocessor to go through one wiect Tk s 0 0y e o7 o 0 e W
. . CLAW CLOSED SEC .10 .12 A4 A7 21 25 .30 .36 .43
complete cycle of looking at inputs Frrett I S A - 1
. . CAVITY PRESS PSI 15.00 18.00 21.80 25.92 31.10 37.32 44.79 5375 64.50
and delivering outputs. W e i 400 B s eot s ed We s e
BACK PRESS PSI 5.00 6.00 7.20 8.64 10.37 1244 14.93  17.92 21.50
RAM STROKE N .05 .06 .07 .09 .10 12 15 .18 21
MOLD A TEWP ¥ 3.00 3.0 &.32 5.18 6.22 T.48 8.96 10.75  12.90
MOLD B TENP F 3.00 3.60 4.32 5.18 6.22 7.48 8.9 10.75 12.90
QIL TEMP F 3.00 3.60 4.32 5.18 6.22 7.46 B.96 10.75  12.90
DEW POINT v .0 .01 .01 .02 .02 .02 .03 .04 .04
TEWP 1 F 2.00 2.40 2.88 3.46 4.5 4.98 5.97 T.47 8.60
PRI A AR TEWP 2 F 2.00 2.40 2.88 3.46 4.15 4.98 5.97 7.17 8.60
{ Eveur Derect Scan : Tei 1 30 0 e i v i sw Tar ee
Response el e SR
~Scan time i ety
MICL Soan ; The molding machine performance
i #8creen nputs 3 .
{#NonCaltical | levels are tested for how tight the

machine holds tolerance levels. The
tighter the tolerances are held the
lower the class ranking.

1 » Monitois afl Closed Loop iteme
| Digital; Le. o duift

. gh Resolution 14bits

i« Monitors every 1 nillisecond
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WHAT ARE MACHINE
MANUFACTURERS DOING TO
CLOSE THE LOOP ON
PERFORMANCE?

True 100% cloning may never be
reached due to the variability of
hydraulic drive systems.
Nevertheless, manufacturers on a
daily basis are turning out the next
closest clone.

In 1994, the Product Validation
Department at Cincinnati Milacron
created a software program that
eliminates human judgement from
the initial machine setup and runoff.
Machines that are of a given size are
“near clones”. This Machine
Validation Tool, “MVT" calculates
and inputs initial hydraulic tuning
values. These values have been
developed based on an extensive
database of test that have been
determined to deliver the optimum
level of performance for a given
machine model.

In the past, the results of the initial
setup and runoff of a machine were
determined by the individual doing
the work. This is why the market
currently has thousands of older
machines each with their own unique
and sometimes quirky personalities.
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The MVT system is based on
performing three types of tests on
the machine parameters and tuning
values.
Test 1: Accuracy

Compares average to the
specified range.
Test 2: Repeatability

Compares standard deviation
to a Cpk constant generated by the
Product Validation Department.
Test 3: Hunkar Class One
Requirements.

Each machine’s test results are
archived and are used for future re-
calibration and re-certification of the
machine in the field by service
technicians.

The MVT process virtually eliminates
new machine start up problems
because the testing that is done
during the run-off immediately
detects out-of-limit conditions. With
an extensive database of test

results, causes of test failures can be
quickly pinpointed and corrected,
without delaying machine lead times.

After taking the human factor out of
the initial machine setup, the range
of machine parameters was
tightened up dramatically.



