
The automotive industry has delivered advances enabling cars to assist the operator 

in braking to avoid collisions, safely maintain a lane on the highway, even automate 

operations such as parallel parking. Eventually, your car will drive 

itself. Similar to these automotive innovations, iMFLUX believes the 

injection molding industry’s journey to autonomous molding can be 

accelerated by leveraging the built-in advantages of what we call the “Green Curve,” 

where controlling the filling process by actual plastic pressure unlocks the ability to 

deliver many truly autonomous features.

 Gene Altonen
iMFLUX

The iMFLUX low-pressure 
process “breaks the rules,” 
such as molding thick-to-thin-
to-thick in this PP demo part. 
This application requires 
automatic control software 
and sensors that provide 
absolutely constant filling 
pressure, with no hesitation, 
or else the 0.030-in.-diam.  
x 3-in.-long “filament”  
portion would freeze off.

Advancing 
‘Autonomous Molding’ 
with a Uniform-Low-Pressure Process

A new low-pressure injection molding process has aroused interest among 
molders and machine suppliers. In his second article on iMFLUX, the 
inventor of the process explains how it is evolving to accelerate the overall 
industry goal of self-correcting molding processes that can compensate 
for common causes of variation to maintain consistent part quality.
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Plastics processors today encounter many barriers to an auton-

omous injection molding operation. This is because the levers that 

control the stability of the operation are often varying in ways that 

are either difficult, or in some cases impossible, for the processor to 

control. Overcoming these challenges requires: 1) a robust process 

that can withstand the normal variations 

in materials, mold, machine, and envi-

ronment; and 2) a control system that can 

intelligently adapt to the variations that 

are outside the normal range of variation.

This is not a wishful fantasy. As 

discussed below, a process has been 

developed—and continues to evolve—

that can self-correct for variations of 

up to ±50 MFI units in viscosity, random blocked cavities, leaky 

check rings, faulty heater bands, and worn screws or barrels—

not something a conventional Scientific Molding process can 

accomplish.

ABOUT iMFLUX
iMFLUX, a wholly owned subsidiary of the Procter & Gamble Co., 

developed a proprietary control system that enables a new way 

to injection mold plastic parts. P&G formed iMFLUX in 2013, 

establishing it in a 200,000 ft2 facility in Hamilton, Ohio. After 

several years of operating quietly within P&G’s molding opera-

tions and with a select few external part-

ners, iMFLUX recently unveiled the new 

technology to the world. The company is 

partnering with molders, machine 

builders, material suppliers and educa-

tors to expand adoption of and innova-

tion with this new processing tech-

nology, referred to as the “Green Curve.”

For an introduction to the process by 

this author, see “A New Way to Mold Better 

Parts Faster and Easier,” March 2018. 

 
ABOUT THE iMFLUX GREEN CURVE
The Green Curve works by filling and 

packing the mold using a low and con-

stant plastic pressure. The key to making the process work is a 

proprietary control system that eliminates flow hesitations, 

packs the part as it fills, and reduces pressure loss within the 

mold. This allows plastic to flow much slower than conven-

tional processing techniques, and results in a process with 

lower pressure, shorter cycle time, and the ability to adapt in 

real time as molding conditions vary. Advantages include 

improvements in OEE (overall equipment efficiency), greater 

material-selection flexibility, improved quality, ability to 

reduce clamp tonnage, lightweighting part designs, and flex-

ibility in running sustainable materials —especially highly 

variable recycled materials. Figure 1 shows how the Green 

Curve compares with a typical decoupled molding process in 

which control of the filling stage is separated from packing and 

holding stages.

To repeat the most important point: 

iMFLUX controls the filling process by 

maintaining plastic pressure at a lower and 

more constant pressure. In so doing, the 

process is inherently less susceptible to 

variations that shut down a conventional 

process, referred to here as the “Blue Curve.” 

The reason the process is so robust is that 

it actively controls plastic pressure during 

molding, which is the number-one factor impacting the quality and 

consistency of an injection molded plastic part. This overcomes 

the inconsistency of conventionally controlled processing where 

screw velocity is maintained constant, but plastic pressure varies as 

material and molding conditions change. When it comes to autono-

mous molding, the Green Curve is steering the process based on 

what really matters—plastic pressure—a massive advantage.

iMFLUX can adapt the process to handle variations, even varia-

tions well outside of the normal range, much easier than can be 

achieved with a conventional process. This is possible because the 

Green Curve is a simple process—essentially pressure and time. 

On the Blue Curve, adapting to changes requires modifying several 

variables—injection velocity, transfer position (or cavity pressure), 

holding pressure, and holding time. What’s more, the holding time 

itself must accommodate variations that have complex interactions.

On the Green Curve, adjustments are limited essentially to 

plastic pressure (how much pressure is driving the plastic into    

Low, constant 
pressure in the 
Green Curve 
saves time by 
eliminating 
pack and hold 
stages. iMFLUX 
software 
adjusts  
in real time.

 Blue Curve  Green Curve

Can your process self-
correct for large viscosity 
swings, blocked cavities, 
a leaky check ring, faulty 

heater bands, or worn 
screw and barrel?

Tfill Tpack-hold Tcool

 Tfill-pack-hold-cool (1) Tcool(2)

Much 
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Pressure

95% Full 95% Full

Adapts Real-Time

Faster 
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FIG 1  Injection on Green vs. Blue Curve

QUESTIONS ABOUT INJECTION MOLDING?

Find articles at the Injection Molding Zone.
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the mold) and time (how long is this pressure applied). The 

simplicity of the process enables iMFLUX to create highly 

advanced control algorithms that can handle variations well 

beyond what is practical on the conventional Blue Curve.

ADJUSTING FOR VISCOSITY SHIFTS
The ability to reliably process variable materials is one of the 

industry’s biggest needs, since processors are being asked to run 

more and more recycled and lower-cost materials. Often these 

materials have varying viscosity, making them very difficult to 

handle. The conventional molding Blue Curve is set up to run 

parts at a static set of process conditions; and even relatively small 

material variations require process adjustments to maintain part 

quality. Recent advances in technology have made it easier to 

manage material variations on the Blue Curve; yet that process is 

still inherently unstable due to its sensitivity to transfer position 

and pressure. The Green Curve is much less susceptible to such 

changes, since it has no transfer position and adjusts in real time to 

variations in material rheology.

Blocked Cavities. A traditional molding process is set to inject a certain 

volume of plastic into a mold, regardless of the ability of the mold to 

accept this volume. This can create issues if a gate becomes blocked, or 

if a part is not ejected completely, leaving nowhere for the plastic to 

go. Depending on the number of mold cavities and cavity volumes, 

this will result in bad parts and 

potential damage to the mold.

The Green Curve works differently, 

since it is continuously controlling 

the process and monitoring plastic 

pressure. If a mold cavity becomes 

blocked, the system immediately 

recognizes this change and profiles 

the injection velocity to match what 

is needed for the current state of the 

mold. Not only does this prevent tool 

damage, the process actually makes 

good-quality parts in the remaining 

cavities. Similar to automated braking 

on your car, the system understands 

when to slow the movement of the 

screw to optimally fill the cavity. This feature is particularly helpful 

with multicavity molds where the processor needs to keep a mold 

running at less than full cavitation. In this case, the mold cavities 

can simply be turned off without the need to develop a new modified 

process. This is not possible on the conventional Blue Curve. 

In this study, mold 
cavities were 
progressively shut 
off in a 16-cavity 
deodorant-cap 
mold. No process 
adjustments were 
made. Blue Curve part 
weights immediately 
increased, and the 
mold could not run 
with fewer than 12 
cavities. The Green 
Curve process ran 
good parts with any 
number of cavities.  Runs good parts all the way down to a single cavity running
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  Process flashes & cannot run fewer than 12 cavities

FIG 2  Progressive Blocked-Cavity Study

INITIAL PART WEIGHT

Jomar’s TechnoDrive 65 PET  
Versatile IBM Machine
Specifically built to process PET but  
can also run HDPE, PP, and other materials.
Perfect for PET bottles with thick walls  
such as perfume, cosmetics, mascara, etc.

•  Easy to switch resins
•  Built-in nozzle heaters
•  Jomar radial piston motor for plastifier
•  High efficiency main motor
• Proportional hydraulic valves  
     for press
• Digital displacement  
   transducers

Visit us at the K Show, Hall 14 Stand  A32
jomarcorp.com 

info@jomarcorp.com 
609-646-8000

Every machine customized  
for your requirements.
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Figure 2 shows results of a study using a 16-cavity deodorant 

cap mold, in which cavities were progressively shut off. No process 

adjustments were made. The conventional Blue Curve part 

weights immediately began to increase, and the mold could not be 

run with fewer than 12 cavities. The Green Curve process could run 

good parts no matter how many cavities were shut off.

Leaky Check Rings & Worn Barrels. Consistent check-ring func-

tioning is necessary with traditional velocity-based process control 

to maintain a consistent polymer volume at transfer. Even small 

variations can cause big issues with part quality. On the Green 

Curve, a leaking check ring has virtually no impact on the process, 

since the process is completely reliant on plastic pressure with 

real-time feedback. If the check ring leaks, iMFLUX simply acceler-

MOLDERS,
TRANSFORM YOUR 
OPERATIONS

Don’t wait until 2020. New inventory at low prices in-stock!

www.absoluterobot.com

Are you facing:
• Shortage of trained workers?
• Pressure to speed up production?
• Tight budgets that limit your options?

Affordable servo robots from ARI transform 
molding machines into automated cells for 
increased profitability. We automate injection 
molding machines from 30 to 3,300 tons.

ates the screw to compensate for the leakage. The Blue Curve relies 

on static process settings and cannot make dynamic adjustments 

for inconsistent check-ring performance. On the Green Curve, as 

long as the press can build plastic pressure, a completely repeat-

able process can be obtained. This is true whether the repeatability 

issues are consistent shot-to-shot or sporadic in nature. To achieve 

truly autonomous molding, the process must be able to adapt to 

these kinds of common variations, or it cannot be effective in 

achieving a stable, repeatable process.

LATEST STEPS TOWARD AUTONOMOUS MOLDING
An advanced feature released by iMFLUX earlier this year, called 

Auto-Viscosity Adjust (AVA), enables the Green Curve to manage 

even larger variations than the base iMFLUX technology. The new 

feature can handle viscosity shifts of ±50 MFI or more. AVA works by 

detecting viscosity changes, then modifying filling pressure to 

achieve the same filling time shot-to-shot (Fig. 3). Similar to cruise 

control in your car, the process adjusts in real time without needing 

operator input. This is true regardless of the source of variation, 

which can include regrind variation, percentage of regrind, colorant 

changes, moisture level of the material, or temperature variation. 

Basically, if the machine can melt it, the Green Curve can process it.

To illustrate the capability of the Auto-Viscosity Adjust feature, 

iMFLUX performed a running conversion from a virgin ABS to a 

lower quality reprocessed ABS. No process adjustments were made 

to the conventional Blue Curve process or to the iMFLUX Green 

Curve process throughout the run. The AVA feature substantially 

outperformed the conventional molding process for dimensional 

consistency, thus demonstrating its ability to dynamically adjust 

to large material variations. Aesthetic improvements were also 

observed throughout the run, resulting from continuous optimi-

New Auto-Viscosity Adjust software controls plastic 
pressure to achieve a target fill time.

 Base Process   Increased Viscosity   Decreased Viscosity

FIG 3  Auto-Viscosity Adjust-Plastic Pressure
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pressure to a predetermined threshold, followed by metering the 

shot into the mold (Fig. 5). This feature is only possible when 

controlling the process using plastic melt pressure, enabling the 

system to accurately determine that the check ring has seated 

and that the target compression of the melt has been achieved.

zation of filling pressure provided by the AVA technology. Figure 4 

provides an overview of the study.

Another feature just released enables the control system to 

compensate for material density shifts, even shot-to-shot. Called 

Precision Shot, the technology works by first building shot 

In this study, a standard Scientific Molding process and 
a standard iMFLUX process were established using virgin 
ABS to mold standard ASTM test samples. While running 
under stable conditions, a reprocessed ABS was added at 
the machine hopper. No process adjustments were made.

FIG 4  Auto-Viscosity Adjust vs. Conventional Decoupled Process
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Prevent Mold Crash Damage
Select the Right In-Mold Sensor

engineering, inc. www.smartflow-usa.com

VERSASWITCH ™ 
Core Pull Switch verifies core 
position. (Optional mounting bracket 
shown.)

SMARTLOCK ® 
Slide Retainer & Limit Switch holds 
slides retracted and confirms slide 
position.

GLOBAL THINSWITCH
Liquid-Resistant Ejector Plate Return for 
molds with 3mm, 4mm and 3/16" rest buttons

THINSWITCH ® and 
LIQUID-RESISTANT THINSWITCH 
Ejector Plate Return Switches for molds with 
3/16" rest buttons

Ask your SMARTFLOW distributor for details

WHAT’S NEXT?
iMFLUX has a strong innovation pipeline that will enable molding 

machines to make intelligent decisions on behalf of the operator, 

ultimately leading to an autonomous molding operation. This vision 

includes strengthening data-acquisition capabilities, adding learning 

algorithms to the software, and automating time-consuming and 

complicated steps such as establishing a process window and intel-

ligently bringing a process up from a cold start or temporary stop. 

iMFLUX also continues to develop “soft” sensor technology, which 

derives critical process information without the need for a physical 

sensor, thus keeping the technology simple and efficient to implement.

WHAT DO MOLDERS & OTHER EXPERTS SAY?
“We truly believe the technology behind iMFLUX will drive a step 

change in the way injection molding is done. This is why we have 

been a partner and have systems running on large programs in 

Europe and North America, as well as 

development systems in our 

Innovation Center” –Kevin Hedspeth, 

CTO, Technimark, Asheboro, N.C.

 “iMFLUX has proved to be a 

valuable asset to our injection 

molding operations. We recently 

inherited a transfer tool from one 

of our customers that was under a 

strict time deadline. Initial sampling 

with standard decoupled processes 

were yielding scrap rates of 20-25%. 

Utilizing IMFLUX’s Auto-Viscosity 

Adjust software, we were not only 

able to improve cycle time by 15%, 

With new Precision Shot software, melt pressure is measured in the machine 
nozzle after the check ring. This enables detecting and automatically 
compensating for changes in the rise of pressure that may result from wear 
of the check ring, screw or barrel, or changes in material density.

Initiation 
Pressure

Initiation 
Pressure

Time

Screw 
Position

Melt Pressure 
at Nozzle

Zero point to track screw travel Change in screw position 
at initiation pressure

FIG 5 Precision Shot: Establishing Screw Travel Based on Plastic Pressure
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the iMFLUX core technology, and leads the iMFLUX R&D organization. 
Gene has spent his entire 29-year Procter & Gamble career developing 
new packaging solutions, including numerous injection molding tech-
nology innovations. Prior to the iMFLUX launch, Gene was a Research 
Fellow, leading major technology developments in the Injection Molding 
Capability organization within P&G. He holds more than 50 patents and 
has at least 50 patent applications pending. For more information about 
iMFLUX, contact 513-973-2042; info@imflux.com; imflux.com.

but also reduce part weight and reduce scrap rate to less than 

1%. It was a significant win for both us and our customer.” –

Glen Fish, CEO, Revere Plastics Systems LLC, Novi, Mich.

“The benefits we have seen with iMFLUX have been a reduc-

tion in cycle time of existing molds and also the ability with 

new tools to increase cavitation by up to 50%, which allows us 

to free up injection molding capacity and production space for 

other activities.” –Christopher Hay, CEO, Hayco, Hong Kong

“The Green Curve has proved invaluable in our effort to 

establish more processes using sustainable resins. Not only 

have we been able to increase our percent of regrind used, but 

we are seeing more consistency than ever before.” –Brandon 

Meadors, engineering manager, Clarios, Milwaukee

“Over six years ago, our early joint research with iMFLUX 

identified a number of interesting advantages over conven-

tional molding practices, but also identified a number of 

challenges. What has been exciting to see is iMFLUX’s ability 

to take these challenges and turn them into strengths. Today 

iMFLUX has emerged as a method and a highly advanced 

control system that is providing a much needed alternative to 

the way the industry currently thinks of injection molding.” 

–John Beaumont, president, Beaumont Technologies Inc., AIM 

Institute, Erie, Pa.

“We are excited to be able to offer iMFLUX integrated solu-

tions, and with Milacron’s M-Powered IoT portal we will be able to 

quickly install iMFLUX technology and offer technology updates as 

they become available.” — Glenn Anderson, sr. v.p., Commercial-APPT 

Americas, Milacron, Batavia, Ohio

“We have customers running iMFLUX in a wide variety of appli-

cations, machine sizes, types and resins. Our joint iMFLUX-Milacron 

customers have seen many benefits, including, cycle savings, energy 

savings, scrap reduction, reduced tonnage and tighter and more consis-

tent part dimensions. As molders, part designers, and mold builders 

become more familiar with the constant low-pressure filling, even more 

significant advantages will be seen as more complex part geometries are 

developed to take advantage of the iMFLUX process capabilities that are 

simply too difficult to achieve with the decoupled molding process.” — 

Andy Stirn, director NPD & product management, Milacron, Batavia, Ohio   
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