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Introduction

Understanding the fundamentals of injection molding is essential for manufacturers seeking efficient
production and high-quality products. Two critical aspects in this domain are measuring the size of an
injection molding machine and understanding what packing entails within the molding process.
Accurate measurement ensures the right equipment is selected for specific applications, while
packing influences the final product’s quality and structural integrity. This article explores these
topics in detail, providing insights valuable to engineers, manufacturers, and industry stakeholders.

What Two Measures Are Used In Rating The Size Of An
Injection Molding Machine?

1. Clamping Force

The first and most prominent measure used to rate an injection molding machine is clamping force. It
is expressed in tons and indicates the maximum force the machine’s clamping unit can exert to hold
the mold halves together during injection.

e Definition: Clamping force refers to the maximum force the machine can generate to keep the
mold closed against the pressure of the injected molten material.

e Measurement Units: Tons (US Tons, Metric Tons). Typically, machines are rated from 10 tons
to over 3000 tons depending on application requirements.

e Importance: Ensures the mold remains closed under high injection pressures, preventing
defects such as flash, warping, or part ejection issues.

» Application: Larger parts or molds with high cavity counts demand higher clamping force for
effective operation.

2. Shot Size (Injection Capacity)

The second key measure is shot size, which relates to the maximum volume (or weight) of material



that the machine can inject in a single cycle.

Definition: Shot size is the volume or weight of plastic material the machine can inject into the
mold in one cycle, typically expressed in grams or cubic centimeters (cc).

Measurement Units: Grams (g), cubic centimeters (cc), or ounces (0z).

Importance: Ensures the machine can produce parts of the desired size and volume without
overloading or underperforming.

Application: For small components, machines with low shot capacities suffice. Large parts or
multiple cavity molds require machines with larger shot capacities.

Understanding the Relationship Between Clamping
Force and Shot Size

While these two measures are distinct, they are interconnected in ensuring efficient molding
operations:

» Balance: A machine with high clamping force but insufficient shot capacity may be unsuitable
for larger parts, whereas a high shot size with low clamping force could lead to mold opening or
flashing.

e Selection Criteria: Engineers determine optimal machine specifications based on the
material’s injection pressure, part size, and mold complexity.

Additional Factors in Rating Injection Molding
Machines

Though clamping force and shot size are primary, other factors influence machine rating and
selection:

* Injection Pressure: The pressure required to inject the molten material into the mold,
affecting the choice of machine based on material viscosity.

» Platen Size: The size of the platens determines the maximum mold size that can be
accommodated.

¢ Number of Stations: For multi-material or multi-component molding, machines with multiple
stations are rated differently based on their capabilities.



What Is Packing?

Definition of Packing in Injection Molding

Packing refers to the phase in the injection molding process where additional material is injected into
the mold after the initial shot to compensate for material shrinkage and to ensure the final part is
properly filled and dimensionally accurate.

e Timing: Occurs after the main injection phase and is crucial in achieving high-quality,
dimensionally stable parts.

e Purpose: To apply pressure that compensates for volumetric shrinkage as the molten plastic
cools and solidifies, reducing voids, sink marks, and internal stresses.

How Packing Works in the Molding Cycle

The injection molding cycle comprises several stages:

1. Filling: Molten plastic is injected into the mold cavity to fill it completely.

2. Packing: After initial filling, additional material is injected under pressure to pack the mold
cavity, ensuring the part is fully dense.

3. Cooling: The part cools and solidifies within the mold.

4. Ejection: The finished part is ejected from the mold cavity.

Importance of Packing

Packing plays a pivotal role in determining the quality of the final product:
e Dimensional Accuracy: Proper packing ensures parts meet precise dimensions and
tolerances.
e Minimizing Defects: Adequate packing reduces sink marks, voids, and internal stresses.

* Material Density: Ensures the part has the desired density and mechanical properties.



Controlling Packing Pressure and Time

Effective packing involves fine-tuning several parameters:

e Packing Pressure: The pressure applied during the packing phase, typically measured in MPa
or psi.

e Packing Time: Duration for which packing pressure is maintained, influencing the degree of
compaction.

» Balance: Excessive packing pressure or time can cause internal stresses or warping, while
insufficient packing may lead to sink marks or incomplete filling.

Conclusion

In summary, the rating of an injection molding machine primarily hinges on two measures: clamping
force and shot size. These parameters ensure the machine can effectively handle the mold size, part
complexity, and volume requirements. Proper understanding and selection based on these measures
are crucial for optimizing production efficiency and product quality.

On the other hand, packing is a vital process stage that ensures the final product is dense,
dimensionally accurate, and free of defects. It involves injecting additional material after the initial fill
to compensate for shrinkage as the part cools. Mastery over packing parameters—pressure and
time—can significantly influence the mechanical properties and aesthetic qualities of the molded
parts.

For manufacturers and engineers, a thorough grasp of these concepts aids in selecting suitable
equipment, optimizing process parameters, and achieving high-quality, cost-effective production.
Whether designing new molds or troubleshooting existing processes, understanding these
fundamental measures and concepts is essential for success in the injection molding industry.

Frequently Asked Questions

What are the two primary measures used to rate the size of
an injection molding machine?

The two primary measures are clamping force (measured in tons) and shot size capacity (the
maximum volume of material the machine can inject in a single cycle).

Why is clamping force important when rating an injection
molding machine?

Clamping force is crucial because it ensures the mold remains closed under pressure during injection,
preventing defects like flash and ensuring product quality.



How does shot size influence the selection of an injection
molding machine?

Shot size determines the maximum amount of material the machine can inject per cycle, affecting its
suitability for producing larger or smaller parts.

What is 'packing’' in the context of injection molding?

Packing is the process of applying additional pressure after the initial injection to compensate for
material shrinkage and ensure the mold is properly filled and parts are dimensionally accurate.

How does packing improve the quality of injection-molded
parts?

Packing helps minimize internal voids and sink marks by maintaining pressure, ensuring the part is
fully filled and has the desired mechanical properties.

Additional Resources

Injection Molding Machine Size & Packing: An Expert Overview

Understanding the intricacies of manufacturing equipment and processes is crucial for professionals in
the plastics industry. Two fundamental concepts often encountered are the measures used to rate the
size of an injection molding machine and the concept of packing within the context of molding and
packaging. This comprehensive guide aims to demystify these topics, providing clarity through
detailed explanations, technical insights, and practical considerations.

What Two Measures Are Used in Rating the Size of an
Injection Molding Machine?

When selecting an injection molding machine, one of the most critical factors is understanding how its
size is rated. The size determines the machine's capacity, throughput, and suitability for specific
production requirements. Traditionally, two primary measures are employed to evaluate and specify
the size of an injection molding machine: clamping force and shot size.

1. Clamping Force: The Primary Size Indicator

Definition and Importance



Clamping force, sometimes referred to as clamping tonnage, is the maximum force exerted by the
machine's platens to hold the mold halves together during injection. It is expressed in tons, with
common ranges from 20 tons to several thousand tons, depending on the scale of operation.

Why Clamping Force Matters

- Mold Size and Complexity: Larger molds, especially those with multiple cavities or complex
geometries, require higher clamping forces to prevent mold separation during injection under high
pressure.

- Part Size and Thickness: Thicker or larger parts necessitate more force to maintain mold integrity.
- Material and Process Conditions: Some materials and high-pressure injection processes demand
increased clamping capacity to ensure quality and safety.

How Clamping Force Is Calculated
A general rule of thumb for calculating the required clamping force is:

\[ \text{Clamping Force} \geq \text{Projected Area of the Part} \times \text{Flow Stress of Material}
\times Safety Factor\]

However, manufacturers typically specify the clamping force based on the mold's projected area and
the material's injection pressure.

Practical Application

For example, if the projected area of the mold (the area where the material is injected) is 200 cm? and
the maximum injection pressure is 800 bar (approximately 80 MPa), then:

\[
\text{Clamping Force} \approx \text{Projected Area} \times \text{Injection Pressure}

\]

\[

\approx 200\, \text{cm} "2 \times 80\, \text{MPa} \approx 200 \times 10" {-4}\, \text{m} "2 \times
80 \times 1076\, \text{Pa} = 1,600\, \text{kN}

\]

Since 1 ton = 9.8 kN, the required clamping force would be approximately:

\[
\frac{1,600\, \text{kN}}{9.8} \approx 163\, \text{tons}
\]

Thus, a machine with at least 170-ton capacity would be suitable.

Types of Clamping Systems

- Toggle Type: Commonly used in smaller to medium-sized machines, offering high speed and
precision.

- Hydraulic Type: Suitable for larger machines requiring high force and flexibility.
- Hydromechanical: Combines features for specific applications.



2. Shot Size: The Material Capacity Measure

Definition and Significance

Shot size refers to the maximum volume or weight of the molten plastic that the machine's barrel can
inject in a single cycle. It essentially indicates the material capacity of the machine and is expressed
in grams or cubic centimeters (cc).

Why Shot Size Is Critical

- Production Volume: Ensures the machine can produce parts in the desired quantity without frequent
reloading.

- Part Size Compatibility: The shot size must be sufficient to fill the mold cavity completely but not so
large as to cause waste or processing issues.

- Material Handling: Larger shot sizes are necessary for big parts or high-volume production runs.

Calculating Shot Size
Shot size depends on the part volume and density:

\[
\text{Shot Size (grams)} = \text{Part Volume (cc)} \times \text{Density (g/cc)}

\]

For example, if a part has a volume of 50 cc and is made of a material with a density of 1.2 g/cc:

\[
50\, \text{cc} \times 1.2\, \text{g/cc} = 60\, \text{grams}
\]

The machine selected should have a shot capacity exceeding this weight to allow for process
variability and runner system volume.

Implications for Machine Selection

- Smaller shot sizes (under 50 grams) are typical for precision components and small parts.

- Medium shot sizes (50-200 grams) suit a broad range of applications.

- Large shot sizes (over 200 grams) are used for substantial, complex, or high-volume parts.
Balancing Clamping Force and Shot Size

While both measures are essential, they are interconnected. A machine with high clamping force but

small shot capacity may be unsuitable for large parts, and vice versa. Manufacturers often specify
both to guide users toward appropriate equipment.



What Is Packing?

Having explored how injection molding machines are rated, it is equally important to understand
packing, a critical phase in the molding process that directly affects part quality, dimensional stability,
and productivity.

Definition of Packing in Injection Molding

Packing refers to the stage immediately after the initial injection phase, where additional material is
pushed into the mold cavity to compensate for material shrinkage as it cools and solidifies. This
process involves maintaining or increasing pressure within the mold to ensure the final part
dimensions are accurate and free of defects such as sink marks, voids, or warping.

The Role of Packing in the Molding Cycle

In the injection molding cycle, packing serves multiple purposes:

- Compensate for Shrinkage: As molten plastic cools, it shrinks. Packing applies pressure to counteract
this shrinkage, maintaining part integrity.

- Improve Surface Finish and Dimensional Accuracy: Proper packing ensures the molded part matches
the intended specifications.

- Reduce Internal Stresses: Controlled packing minimizes residual stresses that can cause warping or
cracking.

- Control Part Weight and Density: Ensures consistent part weight, especially critical in high-precision
applications.

How Packing Works in Practice

The packing phase involves a pressure profile, which is carefully controlled through the injection
molding machine's process parameters:

- Packing Pressure: The maximum pressure applied during packing, typically ranging from a few
hundred to several thousand bar.

- Packing Time: Duration for which the packing pressure is maintained, often ranging from a fraction
of a second to several seconds.

- Ramp Rate: The rate at which packing pressure is increased to reach the set point, influencing part
quality.



Typical Process

1. Initial Injection: Molten plastic is injected into the mold cavity.

2. Packing Phase Initiation: After the cavity is filled, the machine applies high pressure to pack
additional material into the mold.

3. Pressure Holding: The pressure is maintained for a predetermined time to allow the part to cool
uniformly and prevent sink marks.

4. Decompression and Ejection: Once the cycle completes, the pressure is released, and the part is
ejected.

Factors Influencing Packing Parameters

Proper packing requires careful balancing influenced by:

- Material Properties: Viscosity, shrinkage rate, and thermal characteristics.
- Part Design: Wall thickness, ribbing, and overall geometry.

- Mold Design: Venting, cooling channels, and mold material.

- Process Conditions: Temperature, injection speed, and cycle time.

Manufacturers use sophisticated control systems to optimize packing profiles, ensuring high-quality
parts with minimal defects.

Common Packing Techniques and Strategies

- Constant Packing: Maintains a fixed pressure throughout the packing phase.

- Ramp Packing: Gradually increases pressure, reducing internal stresses.

- Step Packing: Alternates between different pressure levels for optimal results.

- Back Pressure Control: Adjusts the pressure during the injection to influence melt quality and
packing efficiency.

Best Practices

- Use the minimum packing pressure necessary to prevent defects.

- Fine-tune packing time based on part size and material.

- Monitor cavity pressure to detect issues like air traps or insufficient packing.

- Employ process simulation tools for complex parts to determine optimal parameters.



Conclusion

A thorough understanding of the measures used to rate the size of an injection molding machine and
the concept of packing is essential for optimizing manufacturing processes. Clamping force and shot
size are the two fundamental parameters that define the machine's capacity and suitability for
specific applications. Clamping force ensures the mold's integrity during high-pressure injection, while
shot size guarantees the machine can produce the desired parts efficiently.

Packing, on the other hand, is a vital phase that influences part quality, dimensional stability, and
overall process efficiency. Mastery of packing techniques and parameters enables manufacturers to
produce high-quality, consistent parts while minimizing waste and defects.

Together, these concepts form the backbone of efficient, high-precision injection molding operations,
guiding equipment selection, process design, and quality control strategies. For professionals and
enthusiasts alike, mastering these principles is a step toward achieving manufacturing excellence.
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