


Controlling Cavity Filling

SAMPLE

Objective Two

Injection Speed through the Gate

The gate area is usually the first zone that may require a slow fill speed.
Excessive speed through the gate can cause jetting, blush, or localized splay.

Excessive Speed through the Gate

The gate can often contribute to molding problems because of its design. The
gate is often half the thickness or less of the part wall. As the plastic flow front
enters the cavity, it needs time to expand against the cavity walls. If it is going
very fast, it will shoot right by the walls. This is illustrated in Figure 5.

In extreme cases this can cause jetting, where the plastic shoots clear across the
cavity and then back fills in a folded, "worm-track" pattern. In less severe cases,
the plastic shoots past the cavity walls before it can press against them to form
a quality surface. The poor surface finish near the gate shows as gate splay or
as the milder defect, blush.
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Lesson Five: Injection Speed Profiling Case Studies

SAMPLE

Figure 5 – Excessive Speed through the Gate

Normal Fountain Flow

Plastics normally exhibit fountain flow behavior through the runners and cavity
walls. Fountain flow is where plastic near the wall becomes oriented and freezes
without sliding along the wall. The material in the center of the flow pushes
forward and outward to freeze against the next section of wall. There is no
plastic slippage against the wall with normal fountain flow. This can be
demonstrated by lightly adhering a piece of tissue paper onto a mold cavity wall.
When plastic is shot into the mold, the tissue paper is not blown to the end of
the cavity, as one might expect. Instead it is pressed into place and molded intact
into the part wall, as seen in Figure 6.
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Controlling Cavity Filling

SAMPLE

Figure 6 – Ideal Flow through the Gate

If the plastic is blasted through the gate too quickly, the melt front will not be able
to reestablish an ideal flow front immediately. If a piece of tissue paper is put into
the cavity near this gate, it will be pushed forward until fountain flow is
established. This principle shows the relationship between surface disturbances
at the gate and excessive melt velocity.
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Lesson Five: Injection Speed Profiling Case Studies

SAMPLE

Exercise One
Machine Operation Exercise

Tissue Paper Test

Objectives:
To demonstrate, with the tissue paper test, the principles of fountain
flow behavior versus jetting as the plastic flow front passes along
the walls of the cavity.

Requirements:
The ideal mold to use for this exercise would have a relatively small
gate leading into a large flat cavity. This will allow for easily
induced jetting and for the placement of a piece of tissue paper
onto the cavity wall. This activity may be used simply as a
demonstration or as a full exercise.

Instructions:
As a demonstration tool, the molding cycle only need be broken
for a few seconds to apply a piece of tissue paper to the wall of the
cavity. Cycle the machine once and observe the results of the tissue
paper molded into the part.

As an exercise, mold a short series of parts each with a piece of
tissue paper in the cavity. Increase the injection speed each successful
cycle, and observe whether the tissue is molded in place, pushed
further into the cavity, or wrinkled up into a clump.
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Controlling Cavity Filling

SAMPLE

Molding Job Information:

Machine Number: _________________________

Part Name: _________________________

Part Number: _________________________

Plastic Material: _________________________

Plastic Grade: _________________________

Procedures:

1. Cut out a piece of tissue paper that will fit flat into the
cavity near the gate.

2. Apply the tissue paper to the cavity wall. (Static cling may
hold the tissue, if not, use a drop of oil or grease to hold
the tissue to the cavity wall.)

3. Cycle the machine at the regular settings and observe the
location and condition of the tissue paper that was molded
into the part. Record your observations.

4. Determine which injection speed zone matches the flow
front position as it passes through the gate.

5. Apply another piece of tissue paper to the cavity. Increase
the injection speed in the gate zone and recycle the
machine. (An increase in injection speed in the zone
following the gate zone may be needed to show a change
in the filling effects.)

6. Continue to increase the injection speed in the appropriate
zones until the position and condition of the tissue paper
have been affected noticeably.

7. Record all of your observations.
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Lesson Five: Injection Speed Profiling Case Studies

SAMPLE

Observations:
1. Was a normal fountain flow effect evident at the original

machine settings? How is this determined?

__________________________________________

__________________________________________

__________________________________________

2. At what point, if any, was the tissue dislodged or folded?
Did this accompany any type of surface defect in the
plastic near the gate?

__________________________________________

__________________________________________

__________________________________________

__________________________________________

______________________________ ________________
Instructor Date

Injection Speed Injection Speed Position or Condition
(Gate Zone) (Zone after Gate) of Tissue Paper
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SAMPLE

Effects of Gate Design on Cavity Filling

The velocity of the flow front naturally increases as it passes through a restrictive
gate. This contributes to the disruption of the normal fountain flow, as seen in
the previous figures. Problems of flow through the gate are compounded by
poorly designed gates. This includes excessively small gates or gates located
opposite a long, unrestrictive cavity wall. In these cases, it is especially
important to reduce the injection speed through the gate area to optimize the
surface condition of the part near the gate.

Setting the Speed Profiler

Speed changes do not take effect instantly because of the inertia of the screw.
The starting point of the slower speed zone, therefore, should be set when the
melt front is still a short distance in front of the gate. A faster fill rate can be set
at some distance after the melt front has passed through the gate and has
reestablished a continuous melt front. These stroke positions can be seen in
Figure 7.

Figure 7 – Filling Pattern Strategy for a Test Bar

An actual speed profiling pattern for this part can be seen in Figure 8. Here, a
five-zone controller has been set with five uniform zone widths. Each zone is set
with a respective injection speed in inches/second.
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Lesson Five: Injection Speed Profiling Case Studies

SAMPLEFigure 8 – Speed Profiling Pattern for the Test Bar

Injection Setup

Shot Size - 5.8 Inches

Transfer Point - .12 Inches

Injection Speed in./sec % Shot

     Zone #1 4.0 80

     Zone #2 1.0 60

     Zone #3 5.0 40

     Zone #4 5.0 20

     Zone #5 2.5 Transfer

_ _ _ Velocity Set Points
Velocity Trace

Fill

Transition
Point
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Controlling Cavity Filling

SAMPLE

Exercise Two
Machine Operation Exercise

Speed Profiling through the Gate Area

Objectives:
To optimize the flow rate through the gate area, and at the end of
flow, in order to minimize the overall fill time while avoiding any
flow defects.

Instructions:
This is an interactive exercise for determining the optimal injection
speed profile through the gate area of a mold. A cold runner mold
needs to be selected. Preferably, choose a mold that has had
problems with jetting or gate blush. The profiling sequence will be
easiest to visualize if you limit yourself to the use of no more than
five speed zones.

Molding Job Information:
Machine Number: _________________________

Part Name: _________________________

Number of Cavities: ________________________

Shot Stroke Length: ________________________ inches

Shot Stroke to Gate: ________________________ inches

Calculation or Short Shot Development:
Determine the shot stroke length that correlates with flow front
position when it reaches the gate. Record it below.

Gate screw stroke position = ________ inches
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SAMPLE

Procedure:
1. Record the injection speed profile settings and the resulting

fill time that were last used to run this job. They will be
used as a reference point. Also, as the procedure progresses,
record any surface defects that occur and the cause of
those defects.

2. Set the length of the first speed zone so that the flow front
will be just short of the gate when the second speed zone
is entered. You may want to start with the same injection
speed for the zone at which the previous job had run.

3. Set the length of the second speed zone to end when the
melt front has passed the gate a moderate distance. Set an
initially low injection speed for this zone.

4. Set the length of the third zone to fill the rest of the cavity
up to a point just short of the cavity fill point. Start with
the same injection speed that was used for the bulk of the
part from the previous settings. Any other speed profiling
characteristics may be retained.

5. Set the last speed zone to start before the endpoint of fill.
Set the initial injection speed for the last zone to a
moderate to low level.

6. The speed zone ranges should now be fairly well optimized.
Now you should attempt to maximize the speed in each
zone. Start by raising the injection speed in the gate zone
(zone 2). Continue to raise the speed until some visual
surface defect occurs near the gate, then reduce the speed
back to an acceptable level.

7. Attempt to maximize the speed of the last zone. If burn
marks appear, reduce that speed back to an acceptable
level.
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8. Now attempt to maximize the injection speed in the
other (fast fill) zones.

9. Finally, the speeds or speed zones through the gate and
near the end of fill may need to be adjusted again. This
is because the extra inertia generated from the increased
speeds in the fast fill zones may now be affecting these
areas.

10. When the trial procedure is complete, record the final
speed profiling settings and the fill time in the chart titled
"New Speed Profile Settings."

Original Speed Profile Settings

Original fill time =  _______ (sec)

Zone Zone Size Injection Speed
Number (% or Length) (in./sec)

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

18     Controlling Cavity Filling
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SAMPLE

Zone Zone Size Injection Speed
Number (% or Length) (in./sec)

1.

2.

3.

4.

5.

Lesson Five: Injection Speed Profiling Case Studies       19
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Zone Suface Defect Injection Speed
Number (Describe) (in./sec)

1.

2.

3.

4.

5.

New Speed Profile Settings

Fill time  = _______ (sec)

Defect Occurrence
When Maximum Zone Speed Is Exceeded



Controlling Cavity Filling

SAMPLE

Conclusions:
1. Discuss the fill related defects that occurred during this

procedure and the circumstances under which they
occurred.

__________________________________________

__________________________________________

__________________________________________

2. How does the final injection speed profile from this trial
procedure differ from the original settings?

__________________________________________

__________________________________________

__________________________________________

__________________________________________

3. How much was the fill time reduced with this procedure?
Calculate how much time would be saved over a week's
worth of 24 hour a day production. Is this a significant
amount of time savings given the time it took to complete
this procedure?

__________________________________________

__________________________________________

__________________________________________

__________________________________________

______________________________ ________________
Instructor Date
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SAMPLE

Self Test

1. The highest possible filling speeds should be utilized when injection speed
profiling because they cause:
_____ a. the least severe defects
_____ b. less viscosity variation
_____ c. major reductions in packing time

2. A given mold has excessively shallow vents. This mold will probably
require speed reduction in this location:
_____ a. near the end of fill
_____ b. all across the part
_____ c. when flowing through the gate

3. Which one of the following patterns is most typical of a five-zone speed
profile being used for a thin walled part in a hot runner mold? (The order
of speeds is from the beginning of fill to the end.)
_____ a. fast, fast, medium, medium, slow
_____ b. slow, medium, fast, medium, slow
_____ c. medium, fast, fast, fast, medium

4. A gate location opposite a long cavity expanse tends to cause this molding
defect:
_____ a. blush
_____ b. burn marks
_____ c. jetting
_____ d. splay

5. A piece of tissue paper is placed in a mold cavity wall well past the gate.
What will probably happen to the tissue paper during injection if the
injection speed is set relatively high?
_____ a. it will ball up
_____ b. it will be pushed to the end of the cavity
_____ c. it will be molded flat into the surface of the part

Sample of the Student's Manual.
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Controlling Cavity Filling

Instructor's Notes:

Lesson Five:
Injection Speed Profiling Case Studies

Introduction
Since this lesson involves case studies, it is exercise intensive. The exercises
are large and detailed, and may take a long time to complete.When students
have successfully completed these exercises, they will have a solid knowledge
of cavity filling, and be able to apply that knowledge.

The text builds on the previous technical material by applying the material
flow principles to actual cases. The class lectures will probably be split
between presenting the specific processing techniques and preparing the class
for the exercises.

Like the previous lessons, demonstrations can be used in addition to, or in
some cases instead of, the exercises. If the students are to become competent
as process developers or as process technicians, they will need to do the
exercises. These exercises not only develop molding skills, but provide
experience in the reading and interpretation of process graphics concerning
injection speed profiles.

This tells you specifics on how this lesson
should be handled and what to expect
from the students.

Bulleted items are what needs to be
covered in the lesson.

The Instructor's Manual contains space to add notes for the
presentation. We strongly suggest that instructors add notes
that are relevant to each class. The notes should also include
specific information relative to the manufacturing operations
of the plant.
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Lesson Five – Instructor's Manual

Instructor's Notes:

Slow Speed with No Speed Profiling
It is worth noting that it is sometimes possible to slow the screw down before
the end of fill on older machines with no speed profiling capabilities. This is
the case when the first to second stage transfer is made based on screw
position. In this case, if the transfer is made earlier in the stroke, the screw will
start to slow down earlier because it will be under the slower second stage
velocity. This technique can have the same effect as reducing the last injection
speed zone.

Elimination of Burn Marks
Critical to the understanding of the problem of burn marks is understanding
that gases heat significantly when compressed. This may or may not be
obvious to the student. If you have an air compressor running in your shop, it
may be possible to demonstrate the heat produced during compression by
measuring the head temperature of the compressor.

Emphasize that burn marks can be eliminated simply by reducing the injection
speed at the end of fill to allow the air in the cavity to vent. This scenario can
even be used to solve a problem caused by inadequate venting.

Gives ideas on how you can help the
students understand a specific problem
and then eliminate it.

Headings in the Student's Manual.
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Lesson 5 - Overhead 2

Controlling Cavity Filling

Sample of an Overhead

®Polymer Training Resources
S Y S T E M S  F O R  P R O D U C T I V I T Y

Plastic Flow

Fast Speed –
Early Slow Down

Fast Speed –
Early Slow Down

Figure 1 – Reduced Speed at End of Fill in a Test Bar
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Sample Controlling Cavity Filling Post-Test

Controlling Cavity Filling Post-Test

Directions: Circle the best answer for each of the following questions.

1. The "filling with velocity" mode is based on the principle of separating the:
a.  filling from the cooling
b.  packing from the holding
c.  packing from the cooling
d.  filling from the packing

2. Which one of the following parameters will not be under full control if the fill
pressure high limit is set too low?

a.  injection speed
b.  packing pressure
c.  holding time
d.  transition point

3. Variations in the fill rate on an open loop controlled machine are most commonly
caused by variations in the:

a.  melt viscosity
b.  cycle time
c.  mold temperature
d.  hydraulic system

4. The easiest and most common way to monitor fill rate variations on an open loop
controller is to monitor this variable.

a.  injection velocity
b.  fill time
c.  cushion size
d.  fill pressure

5. Which one of the following molding defects is most commonly due to the effects of
retained orientation?

a.  warpage
b.  splay
c.   delamination
d.  flow marks




