[image: image1.jpg]


      

STRUCTURAL FOAM MOLDING

HISTORY

Structural foam molding was introduced in the 1960s and used initially on a limited basis.  The original low-pressure, multi-nozzle technology was developed by Union Carbide.  Early applications focused on replacing wood, metal and concrete used to make large, structural parts.  Some markets where the technology gained initial acceptance were material handling, building and construction and automotive.

In the 1970s, structural foam molders enjoyed success in the booming business machines markets – housings for electronics equipment, telecommunications equipment, medical equipment, computers, copiers, printers etc.  These molders were pioneers in converting such equipment from metals to plastic.

However, in the 1980s as the electronics industry continued to advance and products continued to get smaller, OEMs began to switch from thick-walled, painted structural foam parts to thin-walled, molded-in-color injection molded parts.  The structural foam industry languished in the 1980s. Corporate consolidation continued through the 1990s among both custom and proprietary structural foam molders.

Recently, Structural foam molding has enjoyed a Renaissance.  While the market is nowhere near as large as the market for straight injection molding, the structural foam market is growing at a more rapid clip.

PROCESS OVERVIEW

Structural foam molding involves the incorporation of blowing, or foaming, agents into a plastic material to create a cellular structure in the molded part.  The foaming agent, such as nitrogen, is mixed with the polymer melt and short shot through multiple nozzles into the mold in volume less than required to mold a solid part.  Injection pressure and the expanding gas/polymer mixture act to fill the mold.  When the melt touches the cool surface of the mold it forms an almost solid skin.  In the inner core of the part the foaming gas expands to form a cellular structure.

The process utilizes low-pressure machines that allow for the use of aluminum, rather than steel, tooling.  Parts made with this process are characterized by thick, strong, rigid walls.  The cellular structure inherent in the parts provide a high strength-to-weight ratio.

The machines typically have large platens and shot sizes, measured in pounds, as opposed to ounces.  It is typical to run more than one mold in a machine at one time, creating manufacturing efficiencies.

Some of the classical advantages of the process are:

+ Large parts with high degree of strength and rigidity

+ 15-30% less part weight than solid plastic part of the same size

+ Low part stress and warp, and the absence of sink marks

+ Low cost tooling

+ Wide design engineering latitude resulting in some complex parts

+ Excellent part-to-part repeatability and dimensional stability

Classical disadvantages of the process are:

+ Long cycle time

+ Poor surface finish

+ Heavy parts

PROCESS DETAIL

The major elements of a multiple nozzle molding system consist of a two-stage extruder, shot accumulator, hot runner modular manifold and multiple injection nozzles with individual shut off rods and controls.  Conventional thermoplastic injection molding resin enters the extruder through the material hopper and is melted by the first stage of the screw.  A mixing or blister section provides high backpressure just before the gas introduction area. A physically inert foaming agent such as nitrogen is injected into the polymer and travels downstream to a dynamic mixing section.  The polymer and foaming agent are mixed under a high backpressure to form a homogeneous mixture of gas and polymer. The gas is dissolved into the polymer and forms a combination of single-phase solution and microscopic gas bubbles.  The foam/polymer mix is pumped into one or more injection accumulators and held under pressure in order to prevent foaming (cell growth) until injected into the molds. 

The most important features of the process are a modular building block hot runner manifold and multiple injection nozzles that are located on the back of the nozzle platen.  Each injection nozzle has its own individual temperature and hydraulic controls for opening and closing functions.

Nozzles can be located anywhere on the platen by use of the modular hot runner manifolds and nozzle locating holes, provided on 6” x 6” centers to literally fill the platen with molds.  Multiple nozzles are used to fill the part in order to reduce flow lengths and fill hard to reach areas of the part.  Multiple molds mounted on the machine can be filled individually and sequentially with multiple nozzles. 

Generally, molds are filled sequentially for maximum process and part weight control.  The accumulator is filled with enough material for all parts.  The nozzles in each mold cavity open sequentially and material is injected to short shoot each cavity.  After the short shot, nozzles in that cavity close and foam expansion takes place.  The expanding foam cells provide final filling, including pack and hold pressures.  The internal cell pressure during cooling eliminates sink marks.
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Machine components

1. Variable speed electric motor and gear reducer for efficient screw rotation.

2. Two-stage extruder screw and barrel with N2 gas port and dynamic mixers.

3. Purge valve for color and material change.

4. Shut off/non return valve

5. Injection accumulator with plunger.

6. Injection hydraulic cylinder.

7. Gas over oil accumulator system with proportional valves for rapid injection.

8. Hot runner modular manifold system.

9. Multiple injection nozzles with individual controls.

10. Multiple molds can be filled sequentially.

Foaming agents

The multi-nozzle structural foam process permits the use of low cost physical foaming agents such as nitrogen.  Nitrogen is inert and has no effect on the polymer properties and will not leave toxic residue on the parts or molds.  Nitrogen is FDA approved and is injected directly into the barrel making it easy to control.

Chemical blow agents (CBAs) release gas during thermal decomposition and can leave a residue on the part, which in some cases can cause corrosion of the mold.  CBAs are considerably more expensive if used in place of N2.  In some cases, low percentages (0.3%) of endothermal CBAs are used with N2 as a nucleating agent to reduce cell size and improve uniformity.





Blowing agents - Nitrogen

· Nitrogen is the preferred blowing agent
· Lowest cost – approximately $.005/lb.
· Injected directly into extruder barrel
· Simple to increase/decrease during machine operation

· Leaves no residue on part or mold

· FDA approved

· No adverse effect on polymer

· Average nitrogen usage is 0.1 scf/lb. of polymer

· Example: at 2,000 lbs./hr. extruder output, nitrogen usage is 200 scf/hr.

Chemical Blowing Agents

· CBAs release gas during thermal decomposition

· Usually preblended with polymer

· Higher cost

· Can leave residue or cause mold corrosion

· Newer endothermal blowing agents are safer

· Used with N2 to reduce cell size and improve uniformity

· Typical usage without nitrogen is 1-3%

· Typical usage as a nucleating agent with nitrogen is 0.3%

Sequential injection benefits

Sequential injection, made possible by the use of multiple nozzles, offers the process some of the greatest benefits.  The use of sequential injection first began in the late 1970s for molding thin wall window shutters to increase machine capacity. During sequential injection, each part is filled independently and in sequential order even if the machine has only one accumulator.

Multiple nozzle sequential injection permits each mold cavity to be filled individually with different shot sizes and at three different injection speeds per cavity. Machines have been designed with as many as 12 shot sequences, each with different shot sizes and speed profiles. In this system, 12 different molds can be installed on one multi-nozzle machine platen at the same time.  Some of the cavities could have multiple nozzles and other cavities only one nozzle.  The shot size for each cavity is entered into the microprocessor along with individual injection speed profiles.  The first cavity is filled to shot size and its nozzles are closed.  Immediately or after a slight time delay, the nozzles in cavity #2 open and shot #2 takes place.  The process repeats until all cavities have been filled sequentially.  Each sequential shot can have three independent shot speeds and material can be added or subtracted from each shot without affecting the other cavities.

Sequential injection of large parts

Sequential filling of each mold cavity can increase machine molding capacity by 50% or more.  This is particularly useful when molding parts with large projected areas or multiple large parts in the same cycle. This is accomplished by filling one part at a time and then delaying the next shot until cavity pressure in the first shot drops off.  During this dwell time the peak cavity pressure will drop off by more than 50% within the first 5 seconds.

Another benefit to large part molding is sequential filling within the same part to reduce clamp tonnage requirements and part weight.  This technique is sometimes referred to as wave filling, where nozzles are opened or closed sequentially across the same part.  This in turn reduces total cavity pressure and eliminates weld lines between nozzles

Sequential injection advantages

· Multiple parts are shot sequentially in the same cycle

· Independent shot size control for each part

· Three speed profile for each shot

· Accurate control of shot weight and part quality

· Clamp tonnage requirements can be reduced by 50% or more with multiple parts

· Sequential filling of large parts to reduce clamp tonnage and weld lines







