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Melt-Temperature Measurement Shows
New Potential for Monitoring & Control
Unique melt-measurement system provides new types of data
for quality and process control. A new version is coming soon.
As reported recently, efforts continue on a number of fronts

NEW SYSTEM COMING SOON

to solve the long-standing “mystery” of melt-temperature

The latest iteration of Durina’s melt-temperature technology is the
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measurement in injection molding (see July

Melt Profiler VII system. It consists of a small box of electronics—a

Close-Up). One of those pursuing this goal

data-acquisition device that accepts input from up to seven sen-

is Md Plastics, which has been continuously

sors. One of these is the Temp-Sense Melt Sensor, installed flush

developing an injection process-monitoring and control

with the inner wall of the nozzle body or end cap. It can also take

system based on the unique Temp-Sense Melt Sensor. This

data from other temperature sensors in locations such as the water

bimetallic micro-bead sensor responds to both temperature and

manifold, resin hopper and mold cavity. The unit comes with pro-

pressure, and thus measures the total thermal energy or “work”

prietary software that takes melt-temperature measurements 157

imparted to the melt during processing (see Oct.’15 Close-Up for

times/sec and calculates three key metrics used to predict part

details). For the sake of simplicity, the system software reports

quality. These metrics are unique to the Melt Profiler system:

measurement results as temperature in degrees F or C, though
it is in fact more complex than that. The results are said to be

• Viscosity rise integral (Vr) is the area under the temperature (or

far more precise and consistent than previous methods of melt-

melt thermal energy, “work”) curve from start of injection to the

temperature measurement—and they are taken in real time

peak of the curve. This is said to correlate with the melt density. In
the new system under development (see
below), this will be changed to the integral
under the entire filling curve, which Durina
says will be more suited to process control.
• Max temperature (Te) is the maximum
temperature measured during the cycle and
usually occurs at max packing pressure.
• Power factor (Pf) is the area under the com-
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A small polyethersulfone medical part showed only 0.005-g (0.45%) weight variance
between a good part (l.) and a near-full part (center), but the area under the curve of
thermal energy imparted during injection showed an easily observable 11% difference.

plete curve of fill, pack, hold and cool. This
variable can be adjusted to capture more or
less data to suit the shape of the thermal curve.
In the graphic output provided by the Melt

during injection, without any interruption of the process. Up to

Profiler system, the curve of the screw-recovery portion of the process

now, it has been difficult or impossible to obtain such real-time

also can be used to identify issues such as screw and/or barrel wear,

melt thermal measurement. Now, according to Michael Durina,

heater failures, lot-to-lot material variations, and check-valve slippage.

president of Md Plastics, this new technology enables novel
uses of melt thermal data for process analysis, troubleshooting,

QUESTIONS ABOUT INJECTION MOLDING?

and control. “It will provide information molders have never
been able to see before.”
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Currently, detailed display of process results requires a laptop
to be plugged into the data-acquisition device. (A small handheld
display is also available.) Durina says the next iteration of the Melt

Two Key Melt Thermal Variables
Measured by the Melt Profiler

FIG 1

Profiler system, due to be released this fall, will have its own dedi-
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cated touchscreen display. It also will use a microprocessor with
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less than 1 millisec cycle time, allowing the system to calculate
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on the market, Durina claims. This will enable the Melt Profiler
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system to evolve beyond process monitoring to real-time control.
The new process control (shown in beta at K 2019) is called
Melt-IQ. The user sets up the unit by performing a brief trial run
of a part, so that the unit “learns” the shape of the curve as the
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and display results faster than any current machine controller
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“fingerprint” of a good part. The software uses the total fill integral

499

(Pf) and the peak reading (Te) during injection to signal the transfer

498

from fill to pack/hold. No screw-position sensor is necessary, and
the new system is not affected by variances in the closing of the
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nonreturn valve, since it measures only the thermodynamic output

496

of the process. An alarm can be actuated if the peak and integral
values stray beyond set limits, or if injection time exceeds a limit.

CASE HISTORIES REVEAL POTENTIAL
Three case histories illustrate how use of the Melt Profiler system
can allow measurements of melt temperature or thermal energy to
be used in new ways. Two cases involve TE Connectivity, a large

Max. Te

Viscosity
Integral (Vr)
Injection Start
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Two of the key parameters measured by the Melt
Profiler are the viscosity rise integral (Vr), the area
under the curve of temperature or melt thermal
energy from the start of injection to the peak of
the curve, or Te, which is the second key variable.

Swiss-based, multinational producer of connectors, sensors,
switches, relays, contactors and other electrical products. In one

FIG 2

case, the company was molding a small electrical part in poly-
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of fill with Power factor (Pf):

504

• Good part: weight 1.110 g; Pf 453.06.

503

• Slight underfill: weight 1.105 g; Pf 402.75.

502

• Short shot: weight 1.090 g; Pf 251.72.
The machine had no way to sense the minuscule weight difference
between a good and bad part. As shown here, minute differences
in Pf. In this case, there is only a 0.005 g (0.4%) difference in

498

(11.1%) difference in Pf. Based on the Melt Profiler data for this part,

497

the molder set the alarm range for Pf between 436 and 465.

496

molded of nylon 66 on a brand-new, high-tech injection press.
Over a run of 100 cycles, the molder saw large differences in peak
pressure to fill—standard deviation was about 415 psi, and the
min/max difference was 2162 psi vs. an average of 12,225 psi—but
the machine’s controls managed to achieve consistent part weight
nonetheless. “You can see how hard the machine had to work,”
says Durina, pointing to the swings in injection pressure and in
packing pressure, which varied as much as 20% from the average.
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Power Factor (Pf)
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In a second case, TE Connectivity ran a test on a part being

Max. Te

501

in part weight are reflected in real time by noticeable differences
weight between a good part and a near-full part, but there is a 50.31
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ethersulfone. It used the Melt Profiler system to correlate degree

Third Key Melt Thermal Variable

Screw Recovery

Injection Start

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77
Time, 0.01-sec Increments

The third key parameter measured by the Melt Profiler
is the power factor (Pf), the integral of the melttemperature curve over the complete cycle from injection
to packing and cooling. Depending on the shape of the
curve for a particular mold, the system can record only
the melt thermal energy above a set cutoff point, in
order to focus on the regions where variation can occur.
PTonline.com
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Despite making good

FIG 3

parts, the process variations
the molder. Use of the Melt
Profiler identified significant
differences in temperature
or heat content at injection
start. There appeared to be
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were a matter of concern to

a long-term cyclic pattern
as well. The main thermal
influence on the melt before
injection is the screw’s plasticating of the melt. Durina
says other Melt Profiler
data—fill integral (Vr) and
Te—indicated fluctuations
in melt viscosity at the start
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Evidence of Nonreturn Valve Slippage

involves a PP consumergoods part made at large
Midwest molder. The
problem here was short
shots, and the Melt Profiler
revealed the answer. As
NRV Slippage

shown in the graph on this
page, the initial rise in melt
temperature/heat content
at the start of injection

1

76 151 226 301 376 451 526 601 676 751 826
Time, 0.1-sec Increments

This Melt Profiler curve clearly reveals the cause of
short shots in one molding job: The “hiccup” near the
start of the injection-temperature curve is a telltale
symptom of nonreturn valve slippage.

of injection, which he attributes to inconsistent plasticating, one of the deficiencies he and
others have long observed with so-called “general-purpose” screws.
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A third example

displays a “hiccup” before
continuing its rise to Te.
“That’s your nonreturn
valve slipping before
it fully closes,” Durina
concludes. He adds that he
has never seen a conven-

tional machine-control display that identified the culprit so clearly.
Durina says there are around 30 Melt Profiler systems of various

Although no definitive solution was reached in this case, the Melt

generations in the field, used primarily in medical and electronics

Profiler system was able to predict that more or less pressure would

molds. However, one molder of childrens’ car seats is archiving

be needed to fill the next shot based on the results of the last one.

Melt Profiler data on every shot for product-liability protection.
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