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Our products have these features that insure a student's
comprehension of the injection molding process......

Instructor's Materials:

1.  Instructor's Manual
A.  On left side of page is the instructor's manual
B.  On right side of  page is the student's manual.

2. Overheads which are used to go with the lessons.

3. Certification exams, which ensures that the student has learned the material, and can
perform the necessary tasks when out on the plant floor.

4.  Two-day Train-the-Trainer seminar for your instructor to learn how to use this proven
training system.  From that point on, all your training can be done at your plant and by your
trainer.

Student's Materials:

1. Each student  receives a student's manual. The manuals are written in an easy to
understand format.  The lessons cover the machines, the molds and the process.

2. Certificate of Completion is given to the student upon completion of the Injection Molding
Processing Training.  Some major companies require completion of our
training program for employee promotions.

Special Features for Learning:

1. Classroom setting for maximum learning.

2. Self-tests, which help the student and instructor gage how well the material is
being learned.

3. Hands-on exercises.

4. Pre, post and certification tests

5. Glossary of terms used in the injection molding process

Please review this sample of our
 Injection Molding Processing Manual



SAMPLE

Discuss:

Emphasize:

Instructor's Notes:

Point Out:
That there are over eighty different injection molding machine

manufacturers in the world.
That there are many different ways to control the machine.

Tells what needs to be
pointed out for the page
on the right.

Sample of the Instructor's Manual,
continued on left side of the next page.

You can also add your own
notes to these pages.
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SAMPLE

Lesson Five:
Operating Controls

There are many different types of injection molding machines used
in the manufacturing world. This lesson will cover the major control
functions that are common to all of them.

Each machine has some form of electronic control device used to
regulate the order of operations in its cycle. Most of the movements
of the machine are powered by hydraulics. The first two objectives
of this lesson will discuss the interaction of the machine and the
injection controls. The remaining objectives will cover the specific
controls used to set the major variables of time, temperature,
pressure, and distance.

Lesson Five: Operating Controls 1

Sample of the Student's Manual.



SAMPLE

Discuss:

Emphasize:

Instructor's Notes:

Point Out:
The glossary of terms for this lesson.

Each objective and its importance.

Overhead 1 - Objectives

Tells which slide
to use on the
overhead projector.

Tells what needs to be
pointed out for the page on
the right.

Tells what needs to be
discussed for the page on
the right.

Sample of the Instructor's Manual,
continued on left side of the next page.
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Objectives of Lesson Five

1. To learn about the different types of machine
control technology.

2. To begin to understand the basics of injection
end hydraulics.

3. To learn about the pressure controls
available on the molding machine.

4. To find out what cycle timers are used to
control the molding machine.

5. To learn about the temperature controls for
the machine and the mold.

6. To find out how speed and distance settings
affect the process.

SAMPLE
Sample of the Student's Manual.
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SAMPLE

Discuss:

Emphasize:

Instructor's Notes:

Point Out:

That a molding technician should work on a variety of machine controls.

How many different control systems there are on your machines.

No slide
for page on the
right page.

Tells what needs to be
emphasized for the page on
the right.

Sample of the Instructor's Manual
continued on left side of the next page.
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Objective One

The Controls

Early molding machines use simple mechanical devices to control
time, temperature, pressure, and distance. Modern control systems
use high speed computers to monitor the machine and make
adjustments to the machine's settings. Many shops have a combination
of old and new machines. Molding technicians need to know how
to use control devices on any machine.

SAMPLE

Lesson Five: Operating Controls 3

Sample of the Student's Manual.



SAMPLE

Discuss:

Emphasize:

Instructor's Notes:

Point Out:

Overhead 2 - Figure 1

Machines in your shop that use older control systems.

The reliability and accuracy of older control systems.
How the figure differs from limit switch boxes on your machines.

Last sample page of the Instructor's Manaul

Tells which slide
to use on the
overhead projector

Tells what needs to be
discussed for the page on
the right.

The Molding Process4



SAMPLE

Mechanical Controls

Older machines have mechanical relays and timers to control the
sequence of operations within the cycle. The position control of the
screw and clamping units is set with limit switches. A limit switch
is a switch that is triggered by contact with the device that it is
controlling. They are normally attached directly to the component
they are controlling. Limit switches on the clamp-end of the
machine, for example, are typically used to control events that
depend on the position of the clamp (Figure 1). Pressure control
valves are located near the pressure source or, preferably, clustered
in a manifold block.

Figure 1 – Clamp End Limit Switch Box
(Courtesy of Husky)

The Molding Process4

Sample of the Student's Manual.



SAMPLE

Solid State Controls

Many of the machines used in production today are equipped with
solid state controls. They are often characterized by thumb turn or
dial set controls (Figure 2). Cycle times, distances, and pressures
can all be set in small, finite increments. Strokes for both the
injection and clamp ends of the machine are set with limit switches
clustered in a box or on a rack.

Figure 2 – Solid State Controls
(Courtesy of Boy Machines)

The Molding Process5

Sample of the Student's Manual.



SAMPLE

Microprocessor Controls

Microprocessor based machines have programmable sequence
controls (Figure 3). The machine settings are stored in the control
system's memory and can be saved for future setups. The machine
functions are often controlled by a single button, while all of the
molding variables are digitally entered and displayed on an LED or
CRT screen, where they can be read by the technician.

Figure 3 – Microprocessor Control Panel
(Courtesy of Cincinnati Milacron)

Lesson Five: Operating Controls 6

Sample of the Student's Manual.
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SAMPLE

Strokes are measured by linear potentiometers (Figure 4) that
convert distances into electrical signals. These signals are sent to the
microprocessor where they are displayed on the monitor.

Figure 4 – Linear Potentiometer
(Courtesy of DME)

Process Control

The term process control refers to the control of the variables that
affect the molding process and the quality of the molded parts. These
variables include injection pressure, back pressure, barrel
temperature, and various other machine functions. The process
control functions can either be open loop or closed loop controlled.

The Molding Process7

Sample of the Student's Manual.



Lesson Five: Operating Controls

SAMPLE

Open Loop Control

After the variables are manually set on an open loop control system,
there is no automatic feedback from the machine to alter the settings.
If problems start to occur with the parts being made, the operator
must manually adjust the settings to correct the problem.

Closed Loop Control

To control the process more accurately, some newer machines have
closed loop controls built into their hydraulic injection system. A
servo-valve controls the pressure and speed of the hydraulic oil
going into the injection cylinder. Transducers sense changes in this
process, and the controller automatically adjusts the servo-valve to
maintain repeatable performance. The operator must still set the
controls to make a good part. The closed loop control system only
attempts to keep the process output stable.

Lesson Five: Operating Controls 8

Sample of the Student's Manual.
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SAMPLE

Exercise One
Machine Listing

To understand the controls used on the equipment in
your shop, make a complete machine listing using the
following format.

* List mechanical, solid state, or microprocessor.

______________________________ ________
Instructor Date

Machine Machine Clamp Types of Open/Closed
Number Manufacturer Tonnage Controls* Loop

The Molding Process9

Sample of the Student's Manual.



Lesson Five: Operating Controls

SAMPLE

Objective Two

Injection End Hydraulics

High pressures are required to close the clamp, rotate the screw, and
inject the plastic. The hydraulic system on the molding machine
provides the high pressures and controls to accomplish these
functions.

Hydraulic Pump

The heart of the hydraulic system is the pump. One common type of
pump used for hydraulics is the sliding vane pump. The diagram in
Figure 5 shows two sliding vane type hydraulic pumps. The vanes
catch the oil in a large volume on the inlet side, and squeeze it into
a small volume on the outlet side, creating the high pressure. If both
pumps rotate at the same speed, the larger one will pump more fluid.
This is the case for the first and second stage pumps that feed the
injection cylinder.

Lesson Five: Operating Controls 10

Sample of the Student's Manual.
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The Molding Process11

SAMPLE

Figure 5 – Two Hydraulic Pumps with Different Capacities

In understanding hydraulics, it is important to understand the
difference between speed, volume, and pressure. In Figure 5, both
pumps could be operating at the same pressure even though the
larger pump puts out more volume. In fact, it is possible for a smaller
pump to operate at higher pressure than a larger one. The pressure
depends on the torque of the pump shaft and how the pressure relief
valves are set.

Sample of the Student's Manual.



Back to
Reservoir

Oil In Oil Out

Relief Set
1500 psi

Back to
Reservoir

Oil In Oil Out

Relief Set
1000 psi

Pressure Relief Valves

In Figure 6, we see a set of pumps that are the same size, but operate
at different pressures because of the relief valve settings. The relief
valve opens automatically when the relief pressure is reached. The
relief valve returns some of the outlet fluid to the inlet side of the
pump. Most machine hydraulic systems are capable of generating
2,000 psi.

Lesson Five: Operating Controls 12

SAMPLEFigure 6 – Two Hydraulic Pumps Running at Different Pressures

Sample of the Student's Manual.
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Machine Location of Pumps Number of
Number Pumps

Exercise Two
Pumps

On several machines, describe where the pumps are
located and how many there are on each machine.

______________________________ ________
Instructor Date

The Molding Process13

Sample of the Student's Manual.



Lesson Five: Operating Controls

SAMPLE

Objective Three

Pressure Controls

Injection molding equipment utilizes two different pressure controls
to get the plastic into the cavity, and to hold it there while it cools.
These controls are known as first and second stage injection
pressure. The pressures are generated by the first and second stage
pumps. When the machine is idling, the output from these two
pumps is diverted, under low pressure, back to the reservoir
(Figure 7).

Lesson Five: Operating Controls 14

Sample of the Student's Manual.



The Molding Process

SAMPLEFigure 7 – Injection End Hydraulic Schematic

Screw/Ram

Injection Cylinder

Back Pressure
Relief Valve

Back Pressure
Directional Valve

1st Stage Back
Pressure Relief

Valve

1st Stage
Directional

Valve

High Volume
Pump

(1st Stage)

2nd Stage Back
Pressure Relief

Valve

2nd Stage
Directional

Valve

Oil Reservoir

Note: Both pumps are discharging at low pressure back to the
reservoir.

Low Volume
Pump

(2nd Stage)

The Molding Process15
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Lesson Five: Operating Controls

SAMPLE

On some machines these pressures are set by pressure control valves
located at a central hydraulic control pod (Figure 8). On other
machines the injection pressures are set directly on the control
panel.

Figure 8 – Hydraulic Control Station

Injection
Speed

Screw
Speed

Speed Control
Valves

Relief
Valves

Gauges

Injection #2
Pressure

Injection #1
Pressure

Back
Pressure

Clamp Lock
Pressure

Clamp Low
Pressure

Clamp Low
Hold

Pressure

Lesson Five: Operating Controls 16

Sample of the Student's Manual.



The Molding Process

SAMPLE

First Stage Injection Pressure

The major purpose of the first stage injection pressure is to fill the
cavity rapidly. Injection is accomplished by pumping oil into the
injection cylinder behind the screw/ram (Figure 9). The high volume
first stage pump is used because it can generate the fast injection
speeds that are needed. The second stage pump is used at the same
time.

Other names for first stage pressure include "boost pressure" and
"injection high pressure." This last name is a bit misleading as first
stage pressure can be set higher or lower than second stage. Most
machines are capable of reaching 20,000 psi injection pressure.

The Molding Process17

Sample of the Student's Manual.



Lesson Five: Operating Controls

SAMPLEFigure 9 – First Stage Injection

Screw/Ram

Injection Cylinder

Back Pressure
Relief Valve

High Volume
Pump

(1st Stage)

2nd Stage Back
Pressure Relief

Valve

2nd Stage
Directional

Valve

Oil Reservoir

Back Pressure
Directional Valve

1st Stage
Directional

Valve

1st Stage Back
Pressure Relief

Valve

Note: The directional valves for both pumps are diverting high
pressure oil to the injection cylinder.

Low Volume
Pump

(2nd Stage)

Lesson Five: Operating Controls 18

Sample of the Student's Manual.
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Second Stage Injection Pressure

The second stage pump is a low volume pump. After the first stage
pressure causes the screw to inject the plastic, only the low volume,
second stage pressure is needed to hold it in the cavity. Incorporating
second stage pressure into the machine was originally done to save
energy.

The first and second stage pumps are used together to inject the
plastic. When the machine is switched to second stage, the first stage
pump output is shut off by closing the first stage directional valve.
This diverts the oil from the pump back to the reservoir. The lower
volume, second stage pump is then left holding pressure on the
plastic by itself (Figure 10). Second stage pressure, therefore, is
sometimes called "holding pressure."

The second stage pump has the same pressure capacity of 20,000 psi
as the first stage pump. The only difference is their volume capacity.
Shop practices vary, but second stage pressures are commonly set
10% to 20% lower than first stage pressure. This is the standard
practice when the transfer from first to second stage pressure is
based on time.

The Molding Process19

Sample of the Student's Manual.



Lesson Five: Operating Controls

SAMPLEFigure 10 – Second Stage Injection

Screw/Ram

Injection Cylinder

Back Pressure
Relief Valve

2nd Stage Back
Pressure Relief

Valve

2nd Stage
Directional

Valve

Oil Reservoir

Back Pressure
Directional Valve

1st Stage
Directional

Valve

1st Stage Back
Pressure Relief

Valve

Note: The screw/ram is being held forward under second
stage  pressure.

High Volume
Pump

(1st Stage)
Low Volume

Pump
(2nd Stage)

Lesson Five: Operating Controls 20

Sample of the Student's Manual.
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SAMPLE

Self Test

1. Stroke settings on machines with solid state controls are
usually made in conjunction with:
_____a. linear potentiometers
_____b. mechanical relays
_____c. limit switches

2. Process controllers that monitor feedback information and
make automatic corrections are referred to as:
_____a. open loop
_____b. closed loop

3. When looking at the hydraulic pumps on injection molding
machines, the larger pumps usually generate:
_____a. greater volume
_____b. greater pressure

4. First stage pressure is always set higher than second stage
pressure.
_____a. true
_____b. false

5. Increasing back pressure causes the screw recovery time to:
_____a. increase
_____b. decrease

Sample of a Self Test
at the end of each lesson

Sample of the Student's Manual.



Lesson Five: Operating Controls

SAMPLE

Lesson 5 - Overhead 29
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Sample of an Overhead
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The Molding Process

SAMPLE

Sample Module One - The Molding Process - Post-Test

Module One - The Molding Process

Directions: Select the best answer for each question and place a check mark beside
the letter. Only choose one answer for each question.

1. The clamp force of a molding machine is specified by the:
_____a.highest pressure the platens can withstand
_____b.maximum force the clamp can produce
_____c.heaviest mold it can handle
_____d.maximum force available on each tie bar

2. The nozzle tip has the potential to freeze off because:
_____a. it sticks out of the end of the barrel
_____b. it is in contact with the mold
_____c. it has no heater band of its own
_____d. it is controlled with a rheostat

3. When a single toggle clamp is adjusted properly the main lock-up linkage is pushed:
_____a.well past parallel
_____b.just past parallel
_____c.parallel
_____d.not quite parallel

4. Which control is used to adjust the oil flow rate into the hydraulic injection cylinder?
_____a.injection speed
_____b.back pressure
_____c.first stage pressure
_____d.screw speed

5. The typical molding machine is capable of injection pressures up to:
_____a.500 psi
_____b.2,000 psi
_____c.20,000 psi
_____d.50,000 psi




