Process M onitoring Guiddinesfor the MuCdl® Process

Monitoring of the injection molding process through cavity pressure Sensors is a common
practice ininjection molding. The most common gpplication isto use pressure monitoring at
or near the end of fill asan indicator of aconsistent process. In some cases, acombination of
pressure at the gate and pressure at the end of fill are used.

The genera agpplication of the technology consists of establishing a pressure profile that
equates to an acceptable part. This pressure profileisthen used as a control mechanism for
accepting or rejecting apart in rea time. If the pressure profile for the part in themold is
within a predetermined range of the control curve, the part is judged to be acceptable and the
normal part removal process applies. If the pressure curveis outside of the acceptable range,
the part isrgected.

Discussion:

A series of studies have indicated the same monitoring techniques can be applied to the
MuCedll process. However, there are two specific issues that need to be considered when
implementing cavity pressure monitoring. First, thetypical cavity pressure curve for the
MuCdl processis much different than that for solid molding. Graph 1 showsatypical cavity
pressure curve for the MuCell process.

Graph 1: Cavity Pressure Profiles for the MuCell Process
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As can be seen from Graph 1, the typical cavity pressure curve with the MuCell process shows
agate pressure that rises quickly until transfer from the injection phase to avery short
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pack/hold phase. The gate pressure then decreases rapidly to avauethat is closeto that of the
end of fill. At the sametime, theend of fill pressurerisesrelatively dowly reaching astable
pressurejust below that of the gate.

In Graph 2, this can be contrasted with an end of fill cavity pressure curve for asolid process.
As can be seen, the solid cavity pressure continues to increase through the pack/hold phase
and then decreases rapidly at the end of hold pressure.

Graph 2: End of Fill Cavity Pressure MuCdll vs Solid
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In addition, the end of cavity pressure for asolid process can be as much as 10 times the end
of cavity pressure for the MuCell process. Therefore the pressure transducers should be
specified with a pressure range appropriate for the process.

Graph 3 shows the comparison of cavity pressure at the end of fill vs part weight. Ascan be
seen, changesto part weight caused by changes to the injection molding processresult in
changesto the cavity pressure at the end of fill. Specifically cavity pressureisdirectly
proportiona to part weight. Therefore, monitoring cavity pressure at the end of fill will
directly indicate changes to part weight and therefore changes to the MuCell process.
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Graph 3: End Of Fill Cavity Pressure vs Part Weight
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There is one exception to the statement above. This exception is achange in the process
driven by achangeto the SCF level. AsSCF leve increases, polymer melt density decreases
which resultsin adecrease in part weight but cavity pressure remains constant due to a higher

level of resdua pressureinthecells.

Graph 4 showsthis behavior. ProcessM6 and M7 areidentical except for SCF level. M7 isat
0.25% nitrogen as opposed to 0.15% for M6. The higher SCF levd resultsin alower part
weight due to the changein met density but the cavity pressure remains unchanged asthe
residual pressureinthe cdlsishigher. Thisisascompared to process M8 which has the same
part weight as M7 but at alower SCF level, 0.15%. In this case, both the part weight and the

cavity pressure react as expected when compared to M6, both decrease.

Graph 4. Glass Filled PA6 with the MuCell Process.
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Based on this effect of changing SCF levd, it is necessary to monitor both pesk cavity
pressure at the end of fill aswell as % SCF to fully monitor the MuCell process.

I mplementation Procedure:

Here are the basic concepts for implementing in- mold process monitoring with cavity
pressure transducers.
1) Identify the end of fill location for the mold
2) Locate apressure transducer, either direct mount or behind an gector pin, in this
location
3) Establish an end of fill pressure profile that corresponds to the desired molded part
a For the MuCdll process, part acceptanceistypicaly at agiven target weight
reduction
4) Determine the correct tolerance for the end of fill peak cavity pressure that represents
the desired find part
5) Inpardlé to the pesk cavity pressure, monitor total % SCF by charting SCF flow rate
and SCF injector open time
a Thesevauesare available for monitoring through the SCF ddlivery system.

Summary:

Studies were conducted eva uating the use of cavity pressure sensors to monitor the MuCell
process and more specifically the ability to monitor changesin the MuCell process. The
results of this study show that the process can be monitored through:
e A pressuretransducer at or near the end of fill can be used in conjunction with %SCF
to indicate changes to parts being produced with the MuCell Process
a. Pressure transducers and amplifiers need to be specified based on end of fill
cavity pressures of lessthan 1000 psi.
¢ % SCFismonitored by tracking SCF flow rate and SCF dosing time
¢ Injection molding machine parameters such as peak injection pressure, injection
pressure at transfer, fill time and cushion are not good indicators of changesto the
MuCell process

Contact:
For additiona information or questions contact:
Levi Kishbaugh at |.kishbaugh@trexe.com
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