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Avoiding Unplanned Downtimes

Condition-Based Predictive Maintenance on Injection Molding Machines

Maintenance personnel have to ensure a high availability of the manufacturing systems and at the same time

reduce the costs for maintenance work and the stocking of spare parts. With the increased networking of

production systems and systematic use of machine data, Industry4.0 is opening up new opportunities. At

K2016, Engel has presented a first solution for condition-based predictive maintenance of critical components

in injection molding machines.

njection molding machines in operation

have until now been something of a
black box. The condition of process and
quality critical machine components is
unknown to the machine operator. To
prevent unpleasant surprises, some man-
ufacturers exchange wear components
on a regular basis. This policy avoids
unplanned downtimes, minimizes the
downtime necessary for exchange and
prevents collateral damage to the ancil-
lary equipment parts. However, the plant
operator has to take into account some
serious disadvantages. Since the ex-
change is performed earlier than is actu-
ally necessary, the maintenance costs are
higher and availability is reduced.

The new e-connect.monitor solution
developed by Engel Austria GmbH, head-
quartered in Schwertberg, Austria, on the
other hand, allows the useful life of the
machine components to be fully exploit-
ed and downtimes to be precisely

To assess the condition of the plastication
screw, it no longer needs to be removed.
e-connect.monitor looks into the interior of
the melt cylinder and makes the condition of
the screw transparent (© Engel)

planned. The system does this by check-
ing the condition of the process-critical
components during operation and reli-
ably determining their remaining useful
life. The availability of the plant increases
and the maintenance costs are reduced.
With the new solution, Engel is expand-
ing its “inject4.0” program in the smart
service field, and passing another mile-

L1 stone on the road to the

intelligent factory. The sys-
tem is currently the only one
on the market that permits
condition-based predictive maintenance
of injection molding machines compo-
nents. In a first step, Engel presented two
modules of the new solution at K2016:
one for monitoring plastication screws
and one for online monitoring of ball-
screw drives.

Exploiting the Full Useful Life of Screws

Plastication screws in the injection mold-
ing machines are subject to severe me-
chanical loading. Though the material,
surface treatment and geometry of the
screws are precisely matched to the
plastics to be processed, they are sub-
ject to wear and have a shorter useful life
than the machine. To assess their condi-
tion, it was necessary to remove them in
a lengthy, complicated process. That
means interrupting production, cooling

Fig. 1. The new
measurement sys-
tem can be easily
installed externally
on the melt cylinder,
as here at Praher
Plastics Austria on a
tiebarless machine
with 5000 kN clamp-
ing force (©E&ngel)
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the machine, demounting the flange and
pulling the screw. With large injection
molding machines, this procedure re-
quires a production interruption of up to
two complete work days.

To reduce this work, Engel has devel-
oped a measurement system based on
state-of-the-art sensor technology that
can be very easily installed externally on
the melt cylinder (Fig.1). It works with ul-
trasound and therefore does not need di-
rect contact with the screw. The sound
waves and their reflections can pass un-
hindered through the cylinder wall and
plastic melt. It measures the clearance be-
tween the screw flight and the inner wall
of the melt cylinder, which increases as
the manufacturing time progresses, and
must not exceed a particular value (Fig.2).
The tolerance value depends on the re-
quirements of the injection molded part,
the material used and the surface finish of
the screw. In general, abrasion of the
screw flight is the type of wear that most
impacts the quality of the injection mold-
ing process.

Clearance between cylinder and screw

Screw root
surface
|
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Fig. 2. The clearance

— T,,.,. between the screw

flight and melt
cylinder (cylinder
wall: top) is mea-
sured by ultrasound.
The periodic drops
in the curve corre-
spond to the screw
profile. The screw
flights and the screw
root surface can be

seen (source:Engel)

L

Recording time

The measurement is performed by an
Engel service engineer, which directly as-
sesses the quality of the measurement
signals locally and terminates the mea-
surements as soon as valid data are avail-
able (Fig.3). In total, gathering the data
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only takes a few minutes. The measure-
ment results are transmitted to Engel via
a secure data connection, where they are
automatically evaluated and interpreted
using specially developed mathematical
models. In future, the results of the »
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Fig.3. The data
collection - at
Schofer in this case,
on an Engel
duo16050/1700 with
a135mm screw -
only takes few min-
utes. The measure-
ment results are
evaluated automati-
cally ©Eengel

evaluation will be available online to the
processor via the e-connect customer
portal. If the condition of the screw is
checked at regular intervals, the system
can calculate the remaining screw life
within a defined time period based on
the abrasion.

The time interval for the measure-
ment depends on the type of application.
The decisive factor is the material to be
processed. Glass-fiber-filled grades, for
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example, generally result in wear much
faster than, e.g., a standard polypropyl-
ene, and therefore require shorter inter-
vals. Other factors that influence wear in-
clude the cycle time.

The prediction of the remaining use-
ful life permits the machine operator to
exchange the screw at an optimum point
in time. He can order the new screw in
good time, and time the delivery precise-
ly to the planned exchange schedule. In
this manner, e-connect.monitor shortens
the downtime, and makes in-house spare
parts stocks unnecessary. In the long
term, the regular condition monitoring
even supports process optimization, be-
cause the evaluation of the wear parame-
ters allows critical process settings that
speed up the wear of particular compo-
nents to be recognized and mitigated
with suitable process modifications.

Fig. 6. “If we can predict the remaining useful

life of our screws with e-connect.monitor,
there is a win-win situation for Engel and us,”
says Josef Froschl, Production Manager at
Schofer (© Schofer)

Fig. 4. The six-way backwash valves of ABS
are produced in large quantities at Praher,
which is why the state of the screw is regularly
checked (©Engel)

Fig. 5. “If there are problems in the process,

we can rapidly eliminate wear as a cause
thanks to the regular screw control,” says
Wilhelm Raber, Head of Injection Molding and
Manufacturing at Praher Plastics Austria

(© Praher)

Practically Proven even before
Market Launch

Like many of Engel’s products and solu-
tions, the new e-connect.monitor is
based on the system supplier’s close co-
operation with its customers. Long be-
fore market launch, Engel had already
tested the system in practical use and fur-
ther optimized it. The development part-
ners include Praher Plastics Austria GmbH
and Schofer GmbH, both with their head-
quarters close to Engel’s main plant in
Schwertberg, Austria.

One of Praher's important business
fields is the manufacture of challenging
swimming pool valves, fittings and acces-
sories from ABS, PVC, PP, PP-GF and PVDF.
The screw module of the predictive main-

© Carl Hanser Verlag, Munich  Kunststoffe international 11/2016

© Carl Hanser Verlag, Miinchen. Der Nachdruck, auch auszugsweise, ist nicht gestattet und muss vom Verlag schriftlich genehmigt werden.



tenance system was installed on different
Engel machines, including a 5000kN tie-
barless machine with a 90mm screw,
with which six-way backwash valves of
ABS are produced for sand filter systems
in swimming pools and wastewater treat-
ment systems (Fig.4). The valves must op-
erate reliably in very harsh conditions. In
addition, the part makes severe demands
on the precision of the injection molding
machine because of the variations in wall
thickness.

The valves are produced in large
quantities, and the state of the screw
must therefore be regularly checked.
“Previously, we had to remove the screw
in a very lengthy process involving long
machine downtimes,” reports Wilhelm
Raber, Head of Injection Molding Tech-
nology and Manufacturing at Praher
(Fig.5). “Now the measurement only takes
15 minutes, and we don't have to shut
down the machine. That means we can
take a look at the screw more often and
have more security.” As part of the devel-
opment cooperation with Engel, the
screw condition was first recorded every
eight weeks for a year. “If problems occur
in the process, we can now eliminate
wear as the cause because of the short in-
spection intervals,” says Raber. “That can
greatly speed up the troubleshooting
process.”

Focused on the automotive industry,
Schofer specializes in particularly high
quality surfaces, processing a wide range
of materials, from ABS, through PP and PA
to PMMA and PC. “We are only a few min-
utes’ drive from Engel, and therefore en-
joy particularly fast spare parts service,”
says Josef Froschl, Production Manager at
Schofer (rig.6). The main critical factor for
the plant availability at Schofer is the fact
that very individual screw geometries are
required. “For special dimensions, we oc-
casionally have to produce the screw in-
dividually. If we can now predict the re-
maining useful life of our screws with
e-connect.monitor, we have a win-win
situation. Both Engel and we can plan
better. In addition, we prevent stressful
situations due to unplanned plant down-
times.”

Both the test users Praher and Schéfer
have also announced that they want to
regularly check the conditions of the
screws using the e-connect.monitor
module even after the conclusion of the
test series. They will also continue to work
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Fig. 7. Using a math-
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Remaining useful life

closely together with Engel as develop-
ment partner for the new solution.

Keeping an Eye on the Condition
of Spindles Online

The predictive maintenance system is not
only suitable for wear parts, but can also
support the monitoring of other critical
core components of an injection molding
machine. In addition to the screw mod-
ule, Engel presented a module for ball
screw drives (spindles), which lie at the
heart of an electrical injection molding
machine. They convert axial movements
into radial and vice versa. Since several
spindles are in operation per machine,
and the failure of a single one shuts down
the complete production line, the condi-
tion of the ball screw drives, unlike that of
the plastication screws, is monitored con-
tinuously.

Different methods are available for
this: Among other things, temperatures,
frequencies and performance data are
determined and analyzed. These data are
combined to a damage indicator using a
clustering algorithm in order to obtain a
reliable statement about the condition of
the spindles (Fig.7). This damage indicator
is inversely proportional to remaining
useful life. The higher the damage indica-
tor the shorter is the remaining useful life
of the spindle. By connecting to the
e-connect customer portal, the system
will be able to directly notify the user in
future if a spindle reaches a critical condi-
tion. On request, the software can be pro-
grammed so that the alarm signal auto-
matically triggers a spare parts order and
books a service engineer.
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Smart Processes for More Productivity,
Efficiency and Quality

The aim of Industry4.0 is to achieve the
intelligent factory, in which all manufac-
turing machines and their components
communicate with one another and con-
tinually optimize themselves. As a conse-
quence, the productivity, efficiency, qual-
ity and flexibility of production will be
significantly improved. It focuses on three
areas: machine, production and service.
For all these three areas, Engel already has
a wide spectrum of products and solu-
tions under the name inject4.0 in its pro-
gram, and continues to develop them. In
the field of “smart-service” Engel, with
e-connect.monitor, achieves sustained
added value for its customers with imme-
diate effect. Both of the modules that are
presented at K have been registered for a
patent. Other modules are planned. m
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