THERMOFQRMING

Five Big Advances to Track
in Thin-Gauge Thermoforming

High speeds, automation, smarter process control,
integrated vision systems, and better decoration
techniques are becoming more common among

practitioners of the ‘black art’ of thermoforming.

At last October’s K 2019 show in Germany, an engineer from a large U.S.-based thermoformer Fully-
asked why injection molding technology seemed to be so far ahead of thermoforming. While ther?nu(::onr":ltifl(gj

By Conor Carlin itis true that injection molded parts are produced at very high tolerances system with
Illig North America and thermoformed parts typically have some deviation, recent develop- _robotic
ments suggest thermoforming is not so far behind its injection cousins stacking and

where technology advances are concerned. High speeds, automation, smarter process con- aut;::::\;ciﬁcgi
trol, integrated vision systems, and better decoration techniques are becoming more station.

common among practitioners of the “black art” of thermoforming. In fact, it might be time
to retire that label.

This article highlights five areas of thin-gauge thermoforming where advances in
technology are occurring at a fast pace, looking at the interplay of plastic materials, metal
tooling, and production equipment. It is not meant to be comprehensive, and adoption
is not uniform around the world. Like any specialized topic, the deeper you dig, the more
details you find. There is a wide variety of applications in thermoforming that covers both
heavy-gauge and thin-gauge processes.
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AUTOMATION I: PART HANDLING

It is safe to say that when most thermoformers are asked about
automation, they typically think of end-of-line solutions
related to part removal. It is not, however, a one-size-fits-all
answer. From simple A/B stacking mechanisms to robotic pal-
letizing systems, there are a lot of ways for thermoformers to
move parts. Perhaps the most common automation approach is
to use a two-axis handling system where formed parts are
clamped and broken from the web as part of the basic stacking
system, then transferred via linear drives
to a conveyor belt. The parameters for
the stacking movements are set through
a teach-in mode. Through optimization,
speeds up to 40 cycles/min are possible
with standard up-stacking motions.
Other options include 180° or 90° rota-
tions to create A/B stacks.

Once parts are stacked, they can be moved to final packing
stations, which can be as simple as automated sleeving systems
or as complex as fully articulated robotic arms that place entire
stacks into pre-erected boxes. Of course, these machines are
typically not “core” to the thermoforming process itself, but the
ability to integrate downstream equipment is key to delivering
a holistic solution. Signal exchange from the main machine to
the automation equipment is relatively simple. Gerhard Zdebor
of Austria-based HOT&T Consulting explains the connectivity:
“The downstream component receives a signal from the ther-
moforming machine when the stacks need to be moved. On
the other side, the thermoforming machine receives a signal
from the automation in case of any

malfunction. Because of the high

Automation means
more than just parts
handling. Consider
inspection and quality
control, as well.

Thin-Gauge Thermoforming

or parts where high precision demands increased quality inspec-
tion and related costs, are manufactured on high-speed thermo-
forming lines with integrated cameras and rejection stations. In
a globalized economy where commoditization is rampant, espe-
cially in packaging, it is not easy to justify investments that can
adversely affect cost structures. Containers of thermoformed
parts have been arriving on the West Coast from Asia for many
years. Of course, not every product warrants perfection and “good
enough” really is the standard for most disposable or single-use
containers (the recyclability of which is
another subject entirely). But when food
safety or surgical requirements are involved,
the game changes.

Up until recently, it was assumed that
costs would outweigh the benefits of vision
inspection systems in thermoforming.

A true accounting of costs will include
quality—e.g., reject rates, part failure, scrap rates. What is more
difficult to measure, however, is reputational cost associated
with bad lots. What is the cost of part failure on automated
filling lines for baby food? Inspection systems provide greater
awareness and visibility. That information, as a process-control
tool, highlights where problems are. Reject rates most certainly
increase initially, but the percentage of quality parts goes up
over time. Identifying imperfections or flaws in parameters
such as concentricity, flange thickness, and sidewall accuracy
before parts are packed and shipped can substantially insure
the bottom line. High-speed lines with up to 1400 cups/min can
separate, convey, inspect, and restack parts.

IMPROVED PRODUCTIVITY:

volumes, it is important to build in a
safety or buffer zone when the auto-
mation is stopped so that the thermo-
forming machine can continue
to produce.”

The labor savings associated with
automation are well-understood in

SOFTWARE & PROCESS
CONTROL

At best, software is a productivity-
enhancing tool. At worst, it creates
additional work and frustration for
users. Generally speaking, we have to
adapt our behaviors when we adopt

many industries. The economics
vary across countries, regions, and
market segments. Labor costs are
perhaps the biggest driver of invest-
ment, but low-value-added items
can restrict a CFOs willingness to
implement automation.

AUTOMATION II: INSPECTION

& QUALITY CONTROL

Automation is more than just parts
handling, however. High-quality parts,
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In-mold labeling for thermoforming offers
high-quality decoration in a modular
system, reducing costs and floorspace
associated with downstream equipment.

new software. Part of that K 2019
show conversation involved ele-
ments of process control, specifically
a closed-loop system whereby
changes in sheet temperature or
plug-assist force lead to automatic
adjustments in machine parameters.
This can be categorized as software
that improves how the machine oper-
ates, or making the machine more
intelligent. Dynamic optimization of
machine settings takes this a step
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. Demands from recyclers are driving increased adoption of
: packages where different materials can be easily separated.

further. After the operator enters the product data (part dimen-
sions, material type and thickness), the machine can automati-
cally calculate heating and forming parameters.

Creating networks between machines and manufacturing
execution systems (MES) is a known best practice and is getting
more attention under the rubric of Industry 4.0. With 1-ms control
for input parameters now possible, exporting data to csv files can
create a surfeit of data. Yet separating the signal from the noise is a
critical first step in assessing data. The advent of “Big Data” means
that we have a lot more information available, but not necessarily
more time in which to analyze it. This has important implications
for operators and staff, too, as training in data science becomes
more relevant. Remote access or remote monitoring of equip-
ment, recording and archiving of machine or tool settings, order
management, and FDA- or GMP-compliant time-stamped data sets
for audit purposes are some of the new functions and benefits
of connected systems. These can be categorized as software that
improves the productivity of the user.

Infrared scanning of sheet, either spot-based or line-based, has
been used intermittently for at least 15 years, but with the arrival of
improved data visualization tools, the technology is finding greater
acceptance. There is, however, an alternative school of thought that
calculates plug-assist or pre-stretcher power control—i.e., force
required—with a central recording of the material’s surface temper-
ature across the entire sheet width. In order to keep process times
constant, valve actions are monitored and, when necessary, the

QUESTIONS ABOUT THERMOFORMING?
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process parameters will automatically adjust
to compensate for switching time.

The vast majority of machinery today runs
on servo-driven platforms, primarily in chain
indexing, press movements, and part-removal
systems. A servo drive generates energy
during braking since it works like a generator.
Usually, this braking energy is discharged to
the surroundings as heat. Feed-back drive
technology means the energy generated by
the brakes flows into the intermediate circuit
storage (battery). The drive controllers are
connected to this circuit, allowing the energy
to be used for a different servo drive.

MATERIALS MATTER:

TOOLING TECHNOLOGY

Tool cost and turnaround time are often
touted as key benefits of the thermoforming
process, in both heavy- and thin-gauge sectors. It is still common
practice for some thermoformers to manufacture their own tooling
in-house. Before delving into actual tool technology, it is important
to note that toolmakers have benefited from advances in CNC tech-
nology. Gone are the old manual lathes and Bridgeport presses.

American, German, and Japanese equipment dominate the
machine-tool sector. Lights-out automation allows greater flexibility
in scheduling and reduces the need for operator oversight. Surface
finishing has been improved, adding further time and labor savings
for tool shops. From the extrusion sector, changes in CPET and CPLA
material formulations have led to new tools that eschew oil-heated
dual-stage molds in favor of electrically heated single-stage molds.

Major developments in tooling technology can be catego-
rized as follows: choice of materials, air flow, and water flow. The
increased use and acceptance of aluminum has helped to boost
speeds through better temperature management and weight reduc-
tion, leading to faster machine movements. Cooling is up to 7x
faster with aluminum tools. The use of closed water systems with
minimum seals, corrosion-resistant materials, and optimized water
pressure enable a wide temperature window with reduced conden-
sation, a “no sweat” effect. With trim-in-place tooling in particular,
independent clamp-ring pressure and individual downholder
cooling allow highly precise and repeatable parts.

Tim Douglas, scientific technician at PinnPack Packaging,
Oxnard, Calif., sees important benefits in experimenting with tool
coatings. “From simple hard anodizing to PTFE coatings that allow
release of undercuts for stripping, coatings help to increase tool life
and prevent wear,” he says. “Some of the higher-end coatings from
Endura Coatings or Sun Coating Co. add material-specific protec-
tion. When running CPET, for example, there are coatings for the
plugs and the cavities for better release and reduced friction.” All of
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these are FDA-, NSF- and USDA-safe.

Improved air-flow management, including air-save tech-
nology for faster filling and venting, and locating valves closer to
the cavities, also help to increase production speeds. Tools can be
outfitted with sensors to monitor strain, pressure, temperature.
The newest tools from Germany are now being equipped with
user-friendly NFC or RFID tags for full life-cycle documentation,
alerting operators to maintenance requirements.

INTEGRATED DECORATION
The use of pre-printed sheet in thermoforming has been mas-
tered for at least 25 years. A-B and A-B-A configurations, hinged
clamshells, and candy striping can be run on most equipment
today. Distortion printing can be effectively modeled in com-
puter simulation tools such as T-Sim before going into produc-
tion, where little more than sensor eyes are required to detect
specific areas of the sheet. Secondary processes such as labeling,
dry-offset printing, and digital

The advent Of Big printing offer high speeds, but
Data means that they represent additional cap-
we have a lot more
information avail- .
key attribute of thermo-
able, but not neces- Akey

sar'ily more time in forming is the ability to use

which to analyze it.

ital spending while increasing
the system’s footprint.

materials to form parts with

100% barrier protection, usually
in a structure like PP/EVOH/PP.
Adding decoration to barrier films creates new avenues for part

designers and product marketers, especially in mass-customiza-
tion environments like supermarkets or specialty food stores.
In-mold labeling for thermoforming (IML-T) offers considerable
weight-reduction opportunities versus molded parts. Because the
label is integrated into the forming process, IML-T reduces capital
expenditures and floorspace, while providing a wider range of
graphic options associated with label printing. And because the
material is not preprinted, there is no gas emission from print
colors during heating, and the skeletal sheet can be easily granu-
lated for reuse without contamination.

The latest developments in IML-T now include the ability to
make labels from polymer substrate, paper, or even cardboard.
Recycling concerns—especially sortation—are driving the need
for packages that can be easily separated when using two or
more materials.
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