Options For Simulating Filling Process

Injection Speed 

Filling by injection time means that the program calculates the total flow rate required to fill the model in the specified time.  Filling by flow rate means that the analysis program calculates the injection time required to fill the model at the specified total flow rate.

With a single injection node, the total flow rate is through that node.  With multiple injection nodes, the program calculates the flow through each injection node on the basis that these nodes have equal pressure.  The flow through each of the nodes therefore sums to the total flow rate.

Fill by Injection Time 

When you specified filling by injection time, and enter a time, the analysis program calculates and writes to screen a flow rate.  For example:

Enter Injection time(sec)
3
Mold temperature:
40.00
°C
Melt temperature:
260.00
°C
Injection Time:

3.00
sec
Total Volume:

216.09
cm3
Flow rate:

72.03 
cm3/s

Fill by Flow Rate

When you specify filling by flow rate, and enter a flow rate, the system calculates and writes to screen an injection time.  For example:

Enter Flow rate(cm3/s)
70
Mold temperature:
40.00 
° C
Melt temperature:
260.00 
°  C
Injection Time:

3.09 
sec
Total Volume:

216.09 
cm3
Flow rate:

70.00 
cm3/s

Machine Limits

Maximum Injection Pressure

Injection pressure is limited by the capacity of the injection-molding machine.  The option enables you to simulate the limit (‘cap') placed on maximum injection pressure by the molding pressure.  

Note that injection pressure and, therefore, flow rate is automatically limited when either the ‘capped' value is reached, or when the constant pressure mode limit is reached. Which ever occurs first.

Maximum Clamp Tonnage

The clamp tonnage is the force required to hold the two halves of the mold closed during the injection process. It is a function of an element is the area of the 'shadow’ which fall on the parting plane of the mold from a light beam along the clap force axis.

Programmed Injection Sequence

By default, the analysis program maintains a constant flow rate throughout filling so that 100% volume is filled at 100% flow rate.  This option enables you to specify an injection sequence were the flow rate changes with time during filling.  That is, you can regulate flow rate through a model that is difficult to fill.  Three methods are available.

· %Flow Rate - percentage Shot Volume is used to directly specify the flow rate at all shot volumes.

· Time-Ram Position Is used to specify a flow rate based on ram diameter of the injection molding machine and plots of ram forward movement over time.

· Time-Ram Position Cubic Spine is used to specify a flow rate similar to Time-Ram Position but with a smoother gradient.

Programmed Injection 

%Flow Rate - %Shot Volume

This mode of the option enables you to specify reduced flow rates at selected percentages to fill.  For example:

Default



Programmed Injection

%SHOT VOL.
%NOMINAL
%SHOT VOL.>

%NOMINAL



FLOW RATE



FLOW RATE

100
100

20



80



50



30

100

NOTE: Each flow rate is that which exists up tot he shot volume specified on the same line.  That is (in the example), from the start of injection up to 20% the flow rate is 80%; then from shot volume 20% up to 50% the flow rate is 30% and so on.

Regardless of the programmed injection sequence specified, flow rate is automatically reduced by whichever of the following occurs first:

· Clamp tonnage limit exceeded

· Maximum injection pressure limit exceeded 

Time - ram Position

This approach can be used when ram diameter is known and plots are available of ram position forward movement over time during injection cycle.  Although more accurate than calculations based on percentage, flow rate, and shot volume, the stepped nature of the plots may influence the results. 

Clock time is the elapsed time before the ram starts to move forward, as shown on the plot from the machine and accumulated time at selected points along the plot.

Ram Position: the position of the ram as shown on the plot that coincides with the time entries.

Ram Diameter: the diameter of the ram in the particular molding machine.

Time-Ram Position Cubic Spline

This approach is used when the accuracy required is greater than that possible from the stepped nature of the Time-Ram position (Mode 2 of programmed injection) plots.  The cubic spline results in a smooth curve through the incremental points, which represent the ram position at various times.

Clock Time: is the elapsed time in seconds before the ram starts to move forward, as shown on the plot from the machine, and accumulated time at selected points along the plot.

Ram Position: the position of the ram as shown on the plot that coincides with the time entries.

Ram Diameter: the diameter of the ram in the particular molding machine.

A.2.1 Mold Filling - Pressure to Fill

Pressure to Fill

Figure A-1(a) shows a simple instrumented die used for testing in our laboratory. A runner feeds a fan gate so that flow into the die has a uniformly straight flow front. The die is fitted with three pressure transducers (PT1,PT2, and PT3). Figure A-1(b) shows some typical traces produced from this mold.

[image: image1.png]



· Figure A-1 Pressure vs. Time Traces from molding Machine

The most striking aspect of these traces is that at the instant the ram stops moving forward, the cavity are not filled. This is evidenced by the fact that PT3 has not at this time recorded a measurement. However, a short time later the pressure at PT3 rises, indicating that the with the ram stationary, the cavity continues to fill. These effects are due to the compressibility of the melt. Figure A-2 illustrates this concept. 

. As the ram starts to move forward, the melt in the barrel is compressed and there is little or no flow into the cavity (Figure A-2a). Flow into the cavity increases as the ram continues to move forward (Figure A-2b). When the ram stops (Figure A-2c), the cavity is not filled. Final filling is achieved with the ram stationary and the flow due to expansion of the compressed melt (Figure A-2d)

Anyone who has used a caulking gun to apply sealant will have noticed the above effect. It takes a few squeezes on the trigger to compress the material before it starts to emerge from the nozzle. After you stop squeezing, the material continues to flow from the nozzle.

[image: image2.png]Ram position

5 “Time (sec)

| rime st whidmet eaches PT3
Time at which ramstops




· Figure A-2 Effect of Compressibility on Cavity Filling

From Figure A-1 and A-2, it is clear that a 'pressure to fill' is difficult to define. Should we take pressure to fill when the ram stops? When the cavity fills?

This problem became apparent many years ago when we began verifying our flow analysis software. A 'pressure to fill' was defined by using an injection molding machine and the following procedure:

1) Set the pressure control valve, flow control valve and injection timer to high values.

2) Set shot volume to just fill the cavity when the ram is bottomed.

3) Set the injection timer to required time to fill.

4) Adjust flow control valve until machine is just making filled parts.

Pressure to fill from flow analysis is therefore based on this definition of pressure to fill.













