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WELCOME TO OUR
“DEFECT PREVENTION” ISSUE

With so many ways to make a bad casting,
it’s no wonder that metal casters have taken
a leadership position in the manufacturing
world by building quality—in from the start.
Unlike other manufacturing processes that
rely heavily on final inspection as a primary
means of ensuring quality, foundries
understand better than others that you can’t
wait until the casting is machined to test it.

Over the past ten years, the foundry production floor has literally
been upended with important changes, all designed to produce
higher quality parts, at less cost—with reduced scrap. Six Sigma
principles, robotic workcells, Additive Manufacturing, and Smart
Technologies are all being deployed to deliver higher quality
castings with repeatable processes. Today, everyone on the
foundry floor is involved in the prevention of defects and this work
is never, ever done.

This issue is devoted to this subject because it’s something
that you can’t talk about enough. We hope you find the defect
prevention ideas in this issue (that range from binders and

the mixing process, melting, analysis, materials, and molding)
techniques you can use today.

| would like to thank all of our contributors in this issue for

their insightful articles. Special thanks to Innovative Casting
Technologies, Dualtech Foundry’s Laboratory Manager Scott Gill
for appearing on the cover of this issue. As always, thank you for
reading our 13th issue of Simple Solutions That Work!

oy | mare

Jack Palmer

President, Palmer Manufacturing & Supply, Inc.
jack@palmermfg.com
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REDUCING
CORE DEFECTS

* What kind of finish is required?

* Production rates; high runner or

\ job shop?

3 w | » Can core off-gas adversely

= g4 affect the castings?

e % JERRY SENK
. " President * |s shake out of the cores going
EQUIPMENT MANUFACTURERS INTERNATIONAL, INC. [EER(GCReENEE g\ s VIl
ARTICLE TAKEAWAYS: * What are the environmental
impacts?

Better Cores = Better Castings

The core cost is usually the main
driver to process selection, but all
Existing equipment improvements.can minimize defects the variables listed above are inputs

Five considerations for core quality

New casting products may require new core production process to cost comparisons.

Since the first castings were poured, foundry men have
been working to eliminate scrap castings and improve o3
product quality. This article will concentrate in one
area of reducing casting defects and scrap by outlining
five important considerations for reliable sand core
production.

There are many different sand core processes that metal
casters can utilize. These can include; cold box (isocure),
shell, warm box, inorganic, no-bake, among others. Any of
these core processes can be used for just about any alloy.
Selection is typically based on the size of the core, the
production rate required, casting finish, tooling and capital
investment.

1. CORE PROCESS

Many times, the process will be defined based on the
existing core process the foundry is familiar with, but as
foundries add new castings to their portfolio; customer
specifications may dictate a new core making process, or
any of these considerations may impact the core process
choice:
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2. TOOLING DESIGN

Tooling design is a critical
consideration for accurately

filled and well-defined cores that
can meet the casting process
requirements. Tooling can be made
from a variety of materials; from a
wood and resin coated core box
for low production, aluminum can
be used in cold box, inorganic or
no bake cores, to iron/steel boxes
that are used in medium to high
production core runs, or shell, hot
or warm box considerations.

Minimizing core defects and
improving reliability begins with
tooling design. The filling and
curing analysis can be done with
trial and error, plain old experience,
or with commercial simulation
software. Success at launching
new tooling usually requires a
combination of these steps.

Tooling typically uses vents, which
can be holes, screened, slotted,

or other mesh-like materials that
allow the air to escape during

blow. Although critical to both
parts, filling is the first most
important requirement that must
be established. Experienced tooling
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engineers will know where vents
are needed. Rules of thumb are
typically twice the vents in the
cope than the drag in horizontally
parted tooling scenarios. Never put
a vent directly below a blow tube.

Tool mounting and change out
should be considered up front,
especially with a new machine

or a retrofit. Any quick-change
mounting features (automatic

or manually interfaced) need

to be reliable, easily accessible,
and safe. Considerations for
cleaning, tool loading, gassing and
exhaust connection, picker fingers
adjustments, and loose piece
connections are all important in the
design and planning.

Even the best designed tooling
will need some periodic attention
during production. Intermediate
blowing off of the parting line,
vent cleaning, or parting line spray
are important. With any new core
box, the core room operator must
remember that patience and
perseverance pay off in the end.
Every core machine and tool has
nuances that cannot be planned

in advance. Just about every tool
will require some modifications and
only through patient trial and error
will the tooling engineer be able

to deliver consistent, high quality
cores.

3. CORE MACHINE AND
ANCILLARY SYSTEMS

There are many core machine
solutions to choose from;
development or prototype
machines, semi-automatic, to
complete core machine cells using
robotic handling systems.

A first step to determine the
proper core machine solution is to
understand the size and complexity
of the core. Larger cores can be
lightened with mandrels or loose
piece. One-piece cores are most
desirable, however multi-piece
cores may be required depending
on the core complexity. Each
machine must be considered for
total cost of ownership, including
a thorough review of initial capital

Continued on next page




costs, productivity, labor rates,
materials, utilities, preventative
maintenance, and competency of
the core room operators.

When analyzing core machine
requirements, you must consider
the entirety of the core production,
the number of cores per tool (or
core box), the number of cores per
year, and operating hours. With
this basic data in hand, an analysis
of production times and potential
improvements can be made that
will help to identify the correct size
(blow capacity and box size) to
meet the foundry’s needs for today
and the future.

4. RECORD KEEPING

What's critical and often forgotten,
is careful recordkeeping of the
sand, resin and machinery settings
when a quality core is produced.
The long list of variables that

go into making a quality core is
amazingly complex, and easily
forgotten. Ensure the attention to
record keeping is as detailed as the
attention to all other processes.

Keeping track of the system
parameters is an excellent practice
that should begin with the first
trials of any core box. The tendency
to change several inputs at one

time (blow,

gas, exhaust,
etc) should be
resisted. The best
methodology is
to change one
parameter at a
time. Document
and record each
setting until you
have picked a
consistent set of
parameters for
good core production.

Another way to help eliminate core
defects between different core
products (or SKU’s) and different
core boxes is to utilize the core
machine’s Programmable Logic
Controllers (PLC’s) with recipe
functionality. This is a relatively
easy add-on feature for modern
core machines that use PLC and
Human Machine Interface (HMI) to
control the operation of the core
machine. Since many foundries
rely on older relay-based core
machines, this can be a costly add-
on.

Using recipe functions is a great
alternative to operator set-

up and adjustments. The HMI

and PLC can control the core
machine automatically without the
operator having to effect manual
adjustments. Once this matrix is
complete and proven operational,
the core machine operator only
has to enter the SKU information
into the HMI and the machine

will take over from there. A more
advanced step can use RFID chips
mounted on the tooling with a
machine mounted reader, then
the recipe adjustments are made
automatically; without chance for
operator error.

By using accurately recorded
process data along with

current instrument and controls
technology, the core room
operators can deliver higher
quality cores with less likelihood of
defects.

5. CLEANLINESS AND OVERALL
MAINTENANCE

The most often overlooked process
variable is ensuring cleanliness

of the tool and the core machine
before and during production.
Cleaning the vents and parting
lines, blowing off the cope or gas
sealing areas is an important step in
process. Pattern spray applications
can also be critical, as foundries
have become accustomed to

using compressed air blow-off

to aid in this step. But with the
implementation of the “silica rule”,
this may create added challenges
to any core room operation.
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Modern core machines are
routinely supplied with a full
enclosure, fast acting containment
windows, and automatic high-
pressure tool cleaning functionality.
The automatic tool cleaning
function adds an additional

level of safety by keeping the
operator away from the automatic
movements of the core machine.
A properly ventilated enclosure
will help improve the core room
environmental conditions by
minimizing catalyst (amine, methyl
formate, SO2, and CO2).

It is equally important to conduct
routine cleaning of the core
machine itself. The sand magazine,
inlet hoppers, slide gates or
butterfly valves should be cleaned
at the end of each shift. Blow and
exhaust screens will require some
preventative maintenance to keep
them in good operating order. Seals
on the tables, gas plates and blow
plate sealing surfaces should be
routinely inspected and replaced.
Even the machines alignment of
pins, bushings or other locating
features needs routine inspection
and adjustment.

Excess sand build-up around the
moving parts of the core machine
will cause process and operational
errors that can affect the quality

of core, and lead to premature
wear of guide rods, rollers and
bushings. Some core processes
may even require frequent cleaning
throughout each shift, such as
loose piece slides. In these cases,
it’s helpful to record the number

of cycles between cleaning and
create some process steps that
consider what cleaning steps may
be required. This data can be made
part of any receipt function as a
process step requiring cleaning

and may be a key contributor to
improved core quality.

SUMMARY

Eliminating bad cores from

the casting defect scenario is
not difficult. It does take close
monitoring and requires a well
thought out and thorough action
plan that includes checklists

for recordkeeping for each job.

Initiating simple process changes,

maintenance procedures, and

—
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understanding new core machine
and its supporting systems can
help deliver consistent core quality.
Making good quality cores is a
combination of many factors.
Simple changes can dramatically
improve the foundry’s profitability,
employee safety, and workplace
environment.

Contact:

JERRY SENK

j_senk@emi-inc.com
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THE USE OF PRE-CAST
MONOFORM LINERS (DROP
IN LINERS) IN LADLES
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STEVEN HARKER =
Technical Director ACETARC
ACETARC ENGINEERING CO. Ltd

ARTICLE TAKEAWAYS:

Clear communications between the foundry, the refractory supplier and the
ladle manufacturer will lead to best results

Just because it was done like that in the past, doesnh’t mean it still has to be
done that way

Secondary benefits can be an important consideration during the total
working life of a ladle

n the 80's Acetarc casting and bottom pour ladles were
made to comply with British standards. These standards
were last revised in 1960, so if you wanted a treatment
ladle, of any type, motor drive, or anything specific to suit
your own particular requirements, you were pretty much in
the hands of the ladle manufacturer. The situation is more
so today with the standard being left far behind in practical
terms, but at least | hope that | can claim that our design
decisions are backed up by both decades of experience
and feedback from foundries.

Back then when it came to standard However, there was a period

lip-pour or bottom pouring ladles, in the mid 1980’s when this

it was all laid out what the shell adherence to standards, that
dimensions were for a given were increasingly less relevant,
capacity, spout size, lining thickness led to situations when the client
and many other details. Ladle found the capacity of a new ladle

manufacturers didn’t have to design  was not what was expected.
the ladles, they were, well, standard. Castable refractory concrete

There was no customization, no linings were becoming popular
adaptation to the design to make and the then usual method of
it fit in better with your foundry's using firebrick linings was starting

working practices. to be superseded.

Clarifying and achieving your ladle’s
working capacity needs is critical to
the process.

Back then ladles designed in-line
with the standards were expected
to have a firebrick lining of, say,
1-1/2” (38mm) thick. However,

with a castable refractory lining it
was more likely to be 3” (75mm)
thick for the same capacity ladle.
Conseqguently, the working capacity
of the ladles was reduced.

This made it more important to
clarify all specifications at the ladle
design stage, including internal shell
dimensions, recommended lining
allowance and the working capacity
of the molten metal for a given
freeboard. Just asking, for example,
a 2 t capacity lip-pour ladle was

no longer adequate. The British
standards are still used as a base
guide, but current ladle designs
have moved past these standards
to reflect both current foundry
working practices and advances in
refractory technology.

Today, the way we see it, if a
foundry wants to adjust anything

to suit their specific requirements
then they can, as long as it is safe
to do so. It’s a system that has
worked well and today, at the
guotation stage, thanks to advances
in CAD, the foundry is likely to get
an accurate GA drawing with a
shaded isometric view, rather than a
generic quotation drawing with the
dimensions changed. Effectively a
picture and not just a 2-D drawing
of the ladle. This makes it far easier
for everybody to visualize what they
are getting.
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We know that most foundries, if
given the choice, want something
designed for their specific
requirements. The one size fits all
philosophy doesn’t work in most
cases. Working practices shouldn’t
have to adapt to suit the equipment,
when the equipment can be made
to suit the working practices.

There have never been any

hard guidelines for the castable
refractory thickness, but a good rule
of thumb is 10% of the top diameter.
For example, if the ladle top
diameter is @30” (J762mm) then
the castable lining thickness should
be 3” (76mm). With very large or
small ladles there is some flexibility.
The castable lining really needs

to be at least 27 (50mm) thick for
installation and integrity purposes.
Likewise, at the opposite end, if

the lining is up to, say, 8” thick,
increasing it to 10” just to adhere to
the 10% guideline is not necessary
unless there is a reason for doing so.

Cast refractory concrete linings
initially did not always perform
as well as expected, especially
regarding the life of the lining
and maintenance required. As
many foundries at that time still
used cupola melting, a common
method of preheating the ladle
was by filling it with the first tap
from the cupola, letting it sit for
10 minutes and then pig out the
metal. Leaving aside the poor
efficiency of such a practice,
Firebricks could cope with that
sort of thermal shock treatment
but castable refractories, for
several reasons, could not.
Clearly these new types of linings
needed their own techniques
when it comes to using and
maintaining them.

What we quickly learned was that
it was important to pay much
more attention to how the ladle
design can be made to work with
the refractory lining, especially

to incorporate details that can

help the ladle be turned around
quickly when it comes to replacing
the lining. Correct pre-heating

is important to minimize casting
defects and to maximize the life
of the refractory, but so is ladle
design.

One of the drawbacks of the
castable refractory is that it

can require a lot of effort to be
removed when it comes to the
end of its working life. Detachable
base sections and loose bottom
plates on ladles greatly help, but it
can take up to 24 hours or longer
to remove and replace the lining.
Often with the use of mechanical
“peckers” that can damage the
ladle shell. Then the new lining
has to be correctly dried which
can take a further 24-48 hours
before the ladle can be put onto
pre-heat prior to going back into
operation. This assumes that all the
work is done at the foundry. If you

Continued on next page




send the ladle away to a specialist
company to have this done, then
you can be adding days or even

weeks to the ladle turnaround time.

Therefore, one of the refractory
developments that is most
interesting is the pre-cast liner,
also known as drop-in liner or
monoform pot, for iron and steel
ladles.

Several refractory companies have
developed and are expanding this
concept. As a ladle manufacturer,
we have to be aware of these
advances and see if the ladle
designs need to adapt.

The process is similar in principle
to the Foseco insural liners, but is
for use with molten iron and steel.

Typically, a base of lining powder
is placed in the ladle and then the
monoform pot is placed into the
ladle shell and centrally positioned.
The space between the pot and
the ladle shell is back-filled with
lining powder, which is vibrated
down to compact it. This lining
powder acts as a safety lining and
also often allows the use of ladles
that are not specifically designed
for the monoform pot to be used.

The top of the ladle is capped

off with a refractory layer to seal

it and stop the powder from

falling out when the ladle is tilted.
Typically the ladle will have either a
detachable steel flat ring or plates
to hold the pot in place when the
ladle is rotated.

It is better to design the ladle

from the outset to be used with a
monoform pot, but you don’t have
to always get a new ladle if you are
thinking of using them.

This monoform pot should last as
long as a castable refractory (it’s
basically the same material).

To replace, it is a simple case of
removing the ring or plates and
then inverting the ladle. A few

blows on the base of the ladle are
usually enough to have the pot and
the powder drop out, with the pot
in one piece. The ladle can then

be cleaned out and relined with

a new pot in a matter of hours.
This process is far more efficient
and reduces replacement time to
4-8 hours depending on the ladle
size and type. Compared to 24-36
hours if completed in house, or 2-3
weeks if the ladle was previously
shipped out to a specialist
refractory company. This quick
turnaround of ladles can greatly
assist a foundry’s production by
removing a potential bottleneck

if they have a limited number of
ladles available.

Use of the monoform pots can also
reduce the risk of white vibration
finger for the operative who has to
wreck out the old lining. A few taps
to the base of the ladle is far better
than several hours with a jack
hammer or pneumatic chisel.

From the ladle design point of
view, the use of the pre-cast pots
presents a number of possibilities.
It is easier to adapt the ladle shell
to suit an available pot size. And,
when it comes to treatment ladles,
teapot spouts, or odd shaped
ladles, using a pre-cast liner can
greatly simplify matters. Both when
it comes to fabricating the ladle
and when installing/replacing the
lining.

FOR EXAMPLE:

We’'ve been supplying teapot spout
treatment ladles to EJ since 2003.
Initially these ladles were supplied
with a multi-piece lining former
and the lining of these ladles was
a major undertaking. We were
made aware around 2013-14 that
EJ had adapted these ladles for
use with a monoform pot liner.

We supplied an additional teapot
spout treatment ladle to EJ in 2016
and this incorporated a number

of changes to make it easier to use
with the monoform liner.

For the new EJ Elmira facility, we
worked closely with EJ to design
the ladles to match their very
specific requirements and the ladles
were effectively designed around
the monoform liner that they
intended to use. The experience
that EJ Ardmore had gained with
the use of the pre-cast liners, clearly
made them the choice for their new
facility. The EJ Elmira ladle shape
was complex, with two extended
spouts and the use of a pre-cast
monoform liner, greatly simplified
the lining of the ladles.

I'd like to leave the last word to
Brian Gorton of Weir Minerals. When
asked about the advantages of

the drop-in liners, he provided this
feedback:

Less impact work on the
operator - removal of exposure
to vibration from lining cleaning
and knock out (HAVS).

Safer working environment-
Reduced exposure to dust, noise
and working in confined

spaces.

* Improved control of ladle lining
and maintenance costs.

Increased availability of ladles for
production planning.

* Production is no longer affected
by a lack of ladles available.

* No damage to ladle shell after
being knocked out by a
mechanical method.

* No repair costs.

* No need to strip casting
mechanisms off and replace
them once the ladle is returned.

Quick turn around on knockouts
and relines.

Contact:

STEVEN HARKER

steven.harker@acetarc.co.uk
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GRAIN REFINEMENT AND THERMAL
ANALYSIS OF LIQUID ALUMINUM;
DON’T HURT YOUR MELT!

a dirty furnace, turbulent transfer,
air aspiration from the pouring

basin of the mold and a bad gating
SOLUTIONS design. Each day the environment
FONDERIE :

in the foundry can change, affecting
the process parameters like the
mold thermography, pickup of

FRANCOIS AUDET moisture by the melt, reoxydation
SOLUTIONS FONDERIE and the fading of properties like
ARTICLE TAKEAWAYS: the grain refinement or nucleation
potential. Why do you need to
Grain refining/cleaning flux additions to liquid aluminum prevent degas more today than yesterday?
casting defects Let’s record the process data to
Grain refiner additions without measuring the melt properties is understand and discuss as a team.
counter-productive What's happening on the shop floor

Thermal analysis measures the solidification properties of your today that is causing more scrap
liquid aluminum than 6 months ago? With data, we'll

have the first step accomplished to
prevent defects scientifically and
win higher value jobs.

You might not need to add grain refiner at all - let’s use data-driven decisions!

MEASURE YOUR MELT by your spectrometer might not
PROPERTIES: be active in the form you need it THERMAL ANALYSIS OF

Variations of your melt properties to be to perform effective grain ~ ALUMINUM-SILICON ALLOYS:

need to be minimized and measured efining; thermal analysis willlet Ay thermal analysis systems are not
from shift to shift if you want to you know about that. The goal the same. Make sure to ask how the
grow your business into higher value 1S to always start with the same ¢ qigification events are calculated

casting jobs or just decrease your quality melt. during your demonstration of a
cost of operation. After that, we know our efforts thermal analysis system to confirm
The Reduced Pressure Test (RPT) for melt properties control are Conti

. . T ontinued on next page
density gives a melt quality index: often wasted around the world by pag

a mixed value of the hydrogen and
oxide content of your melt that
contribute to porosity formation.
The spectrometer tells you the
chemical presence % of a given
element in the liquid alloy. A thermal
analysis system measures the
solidification properties of the shop-
floor alloy within 8 minutes; is what
your casting simulation software
uses? Are the chemical elements
measured by the spectrometer
available to participate in the
solidification events as measured

by the thermal analysis system? For
example, the titanium % value given

Figure 1. A liquid aluminum sample being taken for thermal analysis of its so-
lidification properties with the SF system. The thermocouple is surrounded by
liquid metal.




its repeatability, for instance.
Figure 1 shows a liquid aluminum
356 sample being taken for thermal
analysis. Among the different
solidification characteristics, we
look at the liquidus, the mushy
zone, the critical fraction solid,
the eutectic, the late phases
(MgSi, MgCuAl), the solidus and
many more based on applications
requirement. During the
solidification, each event releases
or absorbs energy. Your thermal
analysis system should measure
the relative energy of each event
by integrating the cooling curve.
This method gives better accuracy
and repeatability than comparing
curves or only using temperature
points, but requires a new
generation system.

For example, a lack of nuclei in the
melt strongly affects the energy
necessary to start the solidification.
As a consequence, we're seeing a
recalescence on the liquidus. The
addition of grain refiner increases
the nucleation potential of the
melt, which eases the start of
solidification. However, how do you
know when and how much grain
refiner you should add to the melt?
Is it good or bad for the castings
you make and the raw material you
use to melt? What's the efficiency
of your melt treatment and the
fading of their effect over time?
Does your operator understand
why he’s doing it?

The industry recognizes several
solidification events for which
thermal analysis is great and faster
to measure, like grain refinement
and eutectic modification level in
aluminum 356. In 2020, advanced
thermal systems allow you to
measure solidification events easily
in a repeatable and accurate way
by the shop-floor operator, right
next to the furnace; no need for
the lab technician. Of course,

we’ll measure grain size using

Furmace 1 Fumacs 2 Fumacg 4

Furmigce 3

Alcry, M5B 140N Fairgini Sl

Grain refinement Modification

0.10 Good —0.04 Weak

Figure 2. The furnace operator interface of a user-friendly thermal analysis sys-
tem for grain refinement and modification level evaluation in aluminium A356.
The other melt properties are recorded and used to close the loop with the

casting simulation software.

metallography like the Barker
method follows. Still, your thermal
analysis system should be able

to provide you with an answer

as accurate to run your foundry
operations within 8 minutes.

CASE STUDY -
REAL COST SAVINGS:

The furnace operator doesn’t need
to understand the cooling curve

of the thermal analysis sample.

He only needs the solidification
property data of the last melt
sample to take action. Like he often
needs the RPT density value in
order to confirm his melt has the
target cleanliness. (Figure 2)

Now the operator or flux injector
machine knows when any grain
refining/cleaning flux should be
added, if any, and how much of it
in case the melt would need some.
The quality manager will make sure
to extract the cooling curve and
the critical fraction properties that
lead to sound castings and export
the data for the mold filling and
solidification simulations. Now the
loop between the simulated alloy
properties used by your software
and the shop-floor data of the
alloy is more accurate; let’s avoid
garbage in and garbage out.

For many years, a foundry

procedure was to add between O.1
to 0.5% of grain refiner to the melt.
Finally, we could add only 0.05%
and the fading effect occurred 3

to 4 hours later, for that particular
casting job and foundry equipment
and environment on that shift, it
was enough to have optimal quality
versus cost of operation. Trust
your datal The liquid aluminum
properties will change from day

to day and often from batch to
batch. Let’'s measure how the
solidification events are affected
during the casting process in order
to make a justified action per
casting job requirement. Then we’ll
have a good, stable melt to cast
more and more difficult castings.
We will better understand how to
prevent defects. For example, what
is the fault of an off-target melt
quality or the fault of a bad gating
design? Indeed, the party is just
getting started; don’t hurt the melt
between the furnace and the last
point to solidify in the casting.

Contact:

FRANCOIS AUDET

francois.audet@solutionsfonderie.com




SEF MELT ANALYZER

Thermal analysis system designed for
accuracy, repeatability and ease of use.

* Measure your melt properties
* Treat the melt based on data
* Record the data for diagnostic

* Produce consistent casting

Easy tool for the operator included
GO No Go

‘ 0.10Goop! | W —0.30 Low |

MM Martigny

We’re the exclusive distributor for Canada and the USA.

Grain refining and deoxidizing flux
- Affigral, Double actions!

Skimming, covering and deoxidizing
- Elimoxal, Multi-actions flux!

Exothermic slagging-off flux
- Ecremal, keep the furnace clean!

Large choice of non-ferrous products

Aluminum, magnesium, copper

S www.solutionsfonderie.com



DEFECT PREVENTION IN
MOLTEN METAL PROCESSING

issue as part of our filtered launder
transfer system so that these
Q M“I-TE“ METAI. contaminants are filtered out of the
EQUIPMENT INNOVATIONS process, effectively eliminating the
root cause early in the process. By
filtering the metal using ceramic
foam filters that can be selected
JEFF KELLER based on the specifics of the alloy
Y (61=16) and the potential contaminants, we
LR . MOLTEN METAL EQUIPMENT INNOVATIONS can be sure that we are sending

ARTICLE TAKEAWAYS: cleah metal dpwnstream to the
casting machine.

LOOK AT EACH STEP

: It is always tempting to skip ahead
« Defect-free outcomes require a system approach in life, and in the world of molten

« Defect prevention is a multilevel proposition, start at. the beginning

* Introduce quality improvements at the optimal point in the process

metals, this is always a mistake.

. . Following along with the process
The old adage that metal casting is a blend of art and from our example above, it would
science certainly rings true. At virtually every stage of the be easy to think that we've solved
process there are opportunities to create what will ultimately our problem and can now skip
become a defect in the part you are making. down to the end of the process.

While it may be that we have

In many cases, the defect may have START AT THE BEGINNING indeed_ solved the problem, it is
been created much earlier in the Ultimately, we will see the defect rr;ore !Ee[{y th”elre areto;k:er prt?cless
process than where it ultimately in the final product. We will be steps that will impact the meta
manifests itself, which is a recipe for 4t of spec with a material or lo? ? way that fjaﬂ felﬂtTOdL;Ci_a
spending extra money on what is dimension or have porosity that e ehctt.bA ﬁoo tﬁxamri el © tt 'S
alread_y a bad paft. If it were simple orovides a leak path or leads to ?mg ‘ e doc\jN e tme al gets
to avoid doing this, we'd all be structural concerns. The key to ransterred downs reamr

; ; ) A . to th t
doing it, and no one would generate  offactive elimination of the defect © the hex

any scrap and all of us would have s +5 determine at what point is it
extra cash coming out of our ears. ¢ (rring and why. For that reason,
So, like most things it is a question we have to start at the beginning

of focusing on the right elements of the process in order to eliminate
of the process so that we can root causes and avoid the
eliminate defects when and where  qtontial for compounding effects
they are most likely to occur and downstream. An example of this
then maintain the process across would be an alloy that includes

time and production runs. By way of contaminants that are getting
lessons learned having worked on through to the final stages of the
this for many years, here are some process. If you are only focused
concepts and examples that | hope on the end of the process, you

can be of value and applied more can waste lots of time and money
broadly to situations specific to trying to fix the problem when
your operations. the root cause is far upstream. MMEI Filtered Launder Transfer

System with Rotary Degasser

We have been able to address this
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points in the process. It has been
our experience that if we do not

do all we can to eliminate the
exposure of the metal to the air,

or to introduce turbulence in the
process, we will once again increase
the likelihood of defects that won'’t
be discovered until later on in the
process. By using a launder transfer
pump that allows the metal to be
transferred in a sub-surface manner
we can control this aspect of the
process and avoid the likelihood

of oxidation, which will create new
quality issues for us downstream
not to mention metal loss that will
be very costly. Combining a filter
with the launder transfer pump

and then a well-designed launder
that virtually eliminates oxidation,
we can see how each step of the
process becomes equally important
in the goal of delivering clean

metal to the mold and avoiding
compounding problems given the
multilevel processes common to all
of our operations.

WHY SEQUENCE IS IMPORTANT

In our operations there are decisions
as to how to sequence steps

and where to introduce quality
impacting processes. Where to filter,
where to degas and when and if

to apply additives are all questions
that need to be addressed in
relation to the potential for certain
types of defects. Sticking with our
example of using a filtered launder
transfer pump to transfer metal
either to a holding furnace, crucible
or more directly to the point of
casting, the sequence of where we
introduce quality-focused activities
is key. A good example would be an
in-line process where as part of the
transfer process we can introduce

a degassing process so that we can
eliminate unwanted trapped gasses
that can be a source of porosity

as the last process step prior to

the metal being delivered to the
casting machine. This allows us

to eliminate yet another potential

cause of defects by minimizing
the time during which the metal
can be exposed to new sources of
hydrogen or other non-desirable
gasses that can lead to porosity
defects.

LOOK AT THE WHOLE SYSTEM

Similar to our earlier discussion
as to why it’s vital to start at the
beginning, if follows that we have
to take the whole system into
consideration. In many foundry
environments, we have to work
with what we already have from
a space and layout perspective.
The reality is that there are
always competing objectives,
and so at times we are forced to
compromise. If capital was never
an issue, we could just replace any
of the system elements we don’t
like and upgrade or start over. In
most cases we don’t have this
luxury and so we need to identify
the parts of the system that are
fixed in place and determine how
to overcome issues they may
present. This is where experience
really pays off, as over time we
tend to see similar systems and
can more effectively identify
potential areas of defect creation
and work to eliminate them. In
the case of our filtered launder
transfer system, one of the key
impacts will be elevations and
how high we will need to raise
the metal level to accomplish

the transfer in the manner that
will result in the greatest overall
benefit to the process and the
financial results. While we have
come a long way in this area,
there are still some limitations,
and so understanding this early
on is a big advantage. The overall
amount of metal flow will also

be an important consideration at
this point in the process. |deally
we want to maximize the flow
while preserving the benefits

of the filtered metal that flows

MMEI Filtered Launder Transfer System
with Rotary Degasser: Cutaway view

quiescently over the launder. The
interrelationship between these
various factors we need to consider
to make the process defect free
keeps all of us on our toes and
highlights other basic elements of
good process like communication,
timely feedback and effective
measurement tools.

SUMMARY

While our example focuses on a
process with which | am familiar, the
concepts can be applied broadly
within our industry. Any time we
are adding value to a process or
part that already has a defect, we
are compounding a bad situation
and will see scrap increase and cash
flow decrease. It is vital to look at
the entire process prior to drilling
into the necessary level of technical
detail required to prevent complex
defects. In the case of molten

metal and the casting process the
variables can be nearly limitless,
emphasizing the need for a robust
process that builds on previous
experience. Companies committed to
continuous improvement with good
documentation processes will get
to root cause, see defect rates and
scrap decrease and thrive as they
build forward.

Contact:

JEFF KELLER

jeff.keller@mmei-inc.com




A) MOLTEN METAL

EQUIPMENT INNOVATIONS

INNOVATORS IN ALUMINUM
PUMPING SYSTEM PERFORMANCE

« Circulation Pumps

« Launder Transfer Pumps

« Degassing/Flux Injection Equipment
- Scrap Submergence Systems

« Pump & Ladle Preheating Stations
« Smart Pump Technology
 Hydrogen Analyzers

« Control Systems

- Spare Parts & Service

« Graphite Machining

Global performance makes a world of difference.
Proven to deliver more metal flow,
efficient transfer & higher yields.

MMEI-INC.com s

15510 Old State Road, Middlefield, Ohio 44062
Phone: +1 (440) 632-9119 Email: info@mmei-inc.com




Foundry
Advanced Clay
Technologies

BRINGING MINERAL, REFRACTORY, AND
SUSTAINABLE PROCESS TECHNOLOGY
SOLUTIONS TO THE FOUNDRY INDUSTRY
FOR OVER 20 YEARS

We provide a thorough review of Technology Partnerships
your entire Green Sand System
including disposal to landfills of {
sand, clay and carbons (from RAND YORK

dust collection) to.complete _a Rand York Minerals produces
waste sand analysis. From this high quality chromite sand for
data, we provide solutions to foundry, steel, and industrial
minimize losses. applications, and is a developer of
mineral application technologies.
Visit our website and tell us ‘ ﬁ
about your refractory or foundry EILDON Refractories Limited
matel’ia| Cha”eﬂges USing the World Minerals & Refractories
online form and we will respond Eildon Refractories produces
quickly Isotherm Insulating Bricks, a

specifically engineered high
refractory for large casting risers
where solidification control is
critical.

www.FoundryClay.com (904) 377-0329 FOLLOW':};'




TURBINE 30 TON STEEL

CASE STUDY

EILDON
Warld M

JOE HOWDEN

efractories Limited
vinerals & Refractories

EILDON REFRACTORIES Ltd.

ARTICLE TAKEAWAYS:

¢ Challenges in producing a 30 ton casting

» Solving burn on / sand frit problems below the feeders

. Preventing erosion associated with running metal through sleeves

Producing large steel castings can test any foundry’s
materials, systems, and equipment to their limits. The
effects of pouring temperature, pouring time and
turbulence have a huge effect on as-cast quality. When this
is coupled with aspiration, undesirable oxygen activities
within the melt and large changes in section thicknesses
can produce both slag, inclusions and tearing defects.

Our philosophy is that in a
perfect world the ideal situation
for casting is: solidification time
zZero, pouring time zero, ingate
velocity zero. This is obviously
impossible, but it does create

a very firm direction, i.e., that
everything in the process

that increases these values is
undesirable.

Turbine cases often present the
ultimate challenge, not only are
they pressure vessels, which
have to meet high integrity
quality requirements and often
have a huge surface area to
weight ratio while exhibiting very

significant changes in section
thickness between the body and
the flange.

CASE STUDY

Our customer was producing a
15 ton finished weight turbine
casing, which with feeders,
padding and ingating system
took the liguid cast weight to
approximately 33 tons. Initially,
they were using a fibre board

feeder lining and tapper padding,

the wall of the casing up to the
flange to achieve the required
soundness. This method created
a number of problems:

1. Their largest furnace could
only produce 30 tons and their
largest ladle had a capacity of
30 tons. This meant they needed
to use two furnaces and two
ladles, which not only added

to costs, but complicated the
metal handling and pouring
enormously.

2. They had a burn on / sand
frit problem below the feeders
caused by overheating of the
fibre board feeder lining , which
in turn gave them a cutting
problem, in that if they tried to
cut the feeders too close to the
flange, the flame was deflected
by the burnt-on sand and cut
into the flange.

3. The padding on the inner wall
of the body virtually doubled the
wall thickness as it approached
the flange, which resulted in a
lot of extra machining, but it also
meant that they were machining
into the centre line of the cast
wall section, exposing centre line
type defects.

4. The ingating system and their
experience with severe erosion
associated with running metal
through sleeves meant that they
were unwilling to fill the mold
through the thin section at the
bottom. Unfortunately, this led to
some dead spots / slag traps in
this area.



PRODUCT SOLUTION
BACKGROUND

Isotherm tile feeder linings:
Isotherm is a lightweight ceramic
bonded insulation material which
has no binder and is fired at 1350
°C. This means there is no gas
produced during casting and
allows them to be placed very
close or even on the casting
surface without causing any
defects or sand burn on. They
also have a Modulus Extension
Factor of 1.52 compared to the
typical 1.2 MEF performance of
fibre board on large feeders. This
means that isotherm feeders are
typically 45% smaller than the
equivalent fibreboard feeder.

NEW CASTING METHOD

Through the use of our software,
discussion and calculation, we
were able to reduce the cast
weight to approximately 28.5 tons,
by making the following changes.

DEFECT
PREVENTION

FEEDER NECK BURN ON
ASSOCIATED WITH
FIBREBOARD FEEDER
LININGS

1. Resizing the 6 main fibreboard
feeders with isotherm feeders
saved 300kgs/ feeder = 1800kgs.

2. This also resulted in much
cleaner feeder necks avoiding
flame deflection and cutting
damage.

3. Removal of the inside wall
padding = 1700 kgs. This was
done by placing ingates in
the bottom of the casting and
creating two small isotherm
feeders at the ingates, which
avoids both shrinkages due
to ingating and erosion/burn
on in this area. The weight of
these feeders was absorbed
by simplification of the gating
system.

4. In order to remove the
padding it necessitated a line of
chills along the inner wall to meet
the integrity standard required.
However, this also avoided any
risk of machining into the centre
line area and the associated
defects, while reducing
machining time by approximately
3 hours.

Continued on next page
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CONCLUSION

From the foundry’s perspective, the cast weight reduction achieved by
the project made it possible for the foundry to use just one ladle and
one furnace, which in turn not only solved the handling and pouring
problems, but also resulted in a big energy and metal saving. When
this is combined with the benefits of reduced machining and the ability
to cut feeders very close to the flange, reducing arc air and grinding
results in significant time reductions in the finishing process.

From our perspective, the new method and gating changes not only
met the customers requirements, but clearly demonstrated the benefits
of reducing pouring time -20% super heat temperature -15 °C and
ingate velocity by 25%. The proof of the technical benefits can be seen
clearly in the as-cast surface of the casting.

Inttferm Fewder
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Contact:
USA
ROB STEELE

Foundry Advanced Clay
Technologies (FA.CT.)
rsteele@foundryclay.com

JOE HOWDEN
Eildon Refractories Ltd.
joehowden@gmail.com
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DEFECT PREVENTION
WITH A WORLD CLASS

MELT SHOP

The
Schaefer Group, Inc

RICHIE HUMPHREY

National Sales Manager
THE SCHAEFER GROURP, INC.

ARTICLE TAKEAWAYS:

Regular maintenance and documentation of your furnaces is key.

Filter your metal either with a box filter or an.inline filter to reduce inclusions

Filtration has many benefits and should be the first thing you look at to correct

inclusions and some hydrogen issues.

One of the best ways to optimize defect prevention is to
offer your casting process world-class melt quality. So many
companies have lost focus on what is the most important
element in the casting process, the quality of melt they have in

the dip well.

| go into foundries all over the
country and see that so many have
forgotten how important taking care
of the furnaces, fluxing/cleaning

the melt and keeping the furnaces
sealed are to make a defect-free
part.

A world-class melt operation has a
very low scrap rate at the casting
process because of melt quality and
reducing oxides due to the care they
take in cleaning the melt/holding
furnaces. This is the source or “Head
of the Stream” where everything
else down-stream is a direct result
of what comes out of the “Head of
the Stream.” As | have said so many
times, it's hard to make a good part

with bad/dirty metal.

So many foundries today have
maintenance responsible for the
furnaces and they only show up
when there is a problem. Foundries
don’t regularly check and follow-
up to understand if procedures

are being followed. | came from a
foundry that put the furnaces first
and that was easily recognized in
the very low scrap rate at the die
casting process. All this effort put
into the foundation of the process
was greatly seen in the bottom line
every year when we sat down to
crunch numbers.

The investment in additional
employees that will ensure the

furnaces are properly cleaned,
cleaned on time and skimmed, is far
more cost effective than the dollars
that are thrown out the door because
of high scrap rates and major furnace
repairs almost quarterly or on some
occasions, monthly. | see this time
and again in my travels.

Here are a few processes you should
be following to make a “World Class
Melt Shop.”

How does your facility compare?

1. How often do you flux and clean
your melt furnaces? | cleaned mine
every 12 hours.

2. How often do you flux and clean
your dip wells/holders? | cleaned
mine every 12 hours.

3. How often do you skim your
dipwell/at the casting machine? |
skimmed mine once per hour.

4. How often do you check the
temperature in your dipwells with a
handheld “Certified Calibrated Unit”
to confirm your thermocouple in
your dipwell is reading correctly? |
checked 3 times in a 12-hour shift.

5. How often do you check the
temperature in your melt furnace
with the same hand held unit? |
checked 3 times per shift.

6. If you have a manager of the
melting operation, how often do they,
as manager, go out and take a look
at all the furnaces, open the door,
look inside to see if they have been
cleaned? | looked at least once per
day.

Continued on next page




Exhibit A: 4-Month-0Old Lining Stated:
They Cleaned It Every Day.

| posted a sheet at the charge

door of the furnace and when the
operator cleaned it each shift, they
noted the time and signed that it
had been cleaned. Since | looked

at them daily, | knew by looking at
the time it was last cleaned what
the furnace should look like when |
inspected. What | observed needed
to match the timeline of when it
was last cleaned, or | would hold the
person accountable and resolve that
before the furnace could get out of
hand. Following these procedures
religiously lead to no major furnace
repair issues.

Here are three examples of
everything | have been discussing.
Exhibit A: The manager took what
he was being told by his team as
accurate. | called the manager and
he walked up to the furnace and
opened the door; what he saw made
him speechless. This is why a “World
Class Melt Shop” has a manager that
checks the furnace daily to confirm
that processes are being followed.

In Exhibit B and C, you can see the
effects of proper maintenance after
3 years as compared to new.

You are probably saying there is

no way we can do this, and this

is crazy to work this hard on the
metal and furnaces. Well... we did

it where | came from and 30 years
later, we were still pressed hard to
make sure this was done every shift.
Why you say? The proof is in the
bottom line. Every year we had very
low, unrealistic scrap rates to most,

Exhibit B: Furnace Lining 3 Years Old
Cleaned Properly

but to us it was normal to look at
numbers like that monthly/yearly.

With all this being said, aluminum
foundries should rethink the
direction they are heading (what

is not working) and bring back the
melt furnace tenders and melt shop
managers.

Additional Ways of
Preventing Defects and
Providing “World Class
Metal” is Filtering Your
Metal.

WHY SHOULD I FILTER MY
ALUMINUM?

Whether you are a die caster,
permanent mold or sand foundry
the question is always going to
come up... Should | filter the metal,
degas or both? So let's put this to
bed right now. If you are a foundry
and are trying to obtain a specific
gravity of, lets say, 2.62, chances are
you are going to degas to get you
there (depending upon the alloy).
If your customer's specifications
demand it, then you had better
degas.

If your machining end is
experiencing hard spots then you
need to filter. If your cut castings are
showing signs of porosity you may
not have to degas. Let me explain.

If your dies are vented correctly
then well dispersed hydrogen will
go out the vents in the die when

Exhibit C: New Furnace Lining

the die cast machine slams shut.
However, if you have inclusions in
your metal you may trap hydrogen
in a particular area of the part and
that is your porosity issue, not the
hydrogen.

In some rare cases where you are

in a very high, humid area, then you
could end up with a large amount
of hydrogen in the metal that
filtration may not take care of. If you
are casting above 1300 degrees F.
(which as a die caster you should
never do) you can be absorbing
more hydrogen into the metal. If,

as a foundry, you are above 1400
degrees F, then you are acting like a
wick and really pulling the hydrogen
into the metal.

There are several other reasons
hydrogen and inclusions can be
finding their way into your castings.
If you tap metal into a transfer ladle,
then pour it into a holding furnace,
and then ladle it into the shot hole,
you have just committed three

very turbulent acts with the molten
aluminum. These molten metal
pours will pick up more inclusions,
and trap more air and hydrogen in
the aluminum. This might cause you
to have to degas and filter. | have
seen companies actually raise the
temperature of the metal to get
better fluidity into the die on hard to
cast parts. If they just tried filtration
first, they may not have had to raise
the temperature as much, or at all.
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Figure 1:
Grit box filter for a dip well

Figure 2:

We feel everyone should filter their metal either with a box
filter (Figure 1) or an in-line filter (Figure 2). With the possible
exception of electric melter (and even those if your are
returning scrap metal into them or making aircraft quality
parts), every furnace made to melt aluminum will produce
some inclusions. Furnaces that have flames touching the bath
or solids on a hearth will absorb more hydrogen and products
of combustion than those furnaces where the flame never
touches the bath of aluminum or the scrap, ingots or sows.

Filtration has the following benefits:

1. Filtration increases fluidity, possibly allowing you to reduce
your casting temperature, which is better for molds and dies.

2. Helps reduce hydrogen trapped by inclusions.

3.1t will reduce hard spot 90% of your inclusions 25 microns
or greater and the more clogged the filter becomes the more
finite the filtration.

4. If you design the filter into the furnace from the start it can
be put in to make it easy to change.

5. Filters are good for 1-1.5 million
pounds before they clog, depending
upon how dirty the metal is coming
into them.

6. Inexpensive way of reducing
scrap!

Filtration should be one of the

first things you look at to correct
inclusions and some hydrogen
issues. | can think of no better way
to prevent defects than to supply
your casting process with the most
pristine/cleanest metal to run parts
in their process.

In-line 8 grit filter for a machine side melter or launder system

Contact:

RICHIE HUMPHREY

Richie.Humphrey@theschaefergroup.com
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Save time cleaning and
extend the life of your

refractory lining with
the right SGI Flux!
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Does your furnace Does your drop pan
look like this? look like this?

The Schaefer Group can provide the proper SGI Flux
recommendations for your applications, as well as the techniques
and training of your furnace tenders.
SGI Benefits Include:
* Reduced Melt Loss * Improved Melt Efficiency
* Reduction of Inclusions * Less Furnace Cleaning Time

* Improved Fluidity * Lower Hydrogen

Contact a Schaefer Group representative for a complete list of
tools available to properly maintain your furnace.

The
schaefer Group, Inc.

PROFITABLY CASTING YOUR BOTTOM LINE!

For more information on SGI Flux, Furnaces, Refractory or
System Integration & Service Visit:

THESCHAEFERGROUP.COM



Cutting planes
find internal problems

Feeding zone
analysis for riser design

* All Site Licenses
- Easiest to Use
- Fastest Results

* Integrated Gating/
Riser Design

 Stunning Graphics
 Lowest Cost to Buy & Use

 Combined Thermal/
Volumetric Calculations

inite
sofutions

orporated

THE PRACTICAL SIMULATION SOLUTION www.finitesolutions.com

Finite Solutions Inc. has spent over 30 years
developing the world’s most practical simulation
solution. We use simulation to help CREATE an
effective rigging system, not just to test an existing
design. Results from an unrigged simulation of the
casting are used directly to design efficient gating and
risering, both for shrinking alloys and for graphitic irons.
Methods are confirmed using CFD-based fluid flow
analysis and combined thermal/volumetric solidification
calculations. We provide the most accurate analysis, in
the least amount of time, all at the lowest cost.

Want to learn more about our

casting simulation software?

Contact David Schmidt by calling 262.644.0785 or
reach out via email at dave@finitesolutions.com.



PREDICTING AND ELIMINATING
DEFECTS IN INVESTMENT CASTINGS
USING COMPUTER SIMULATION

"o All that is required for the initial
I"Itﬂ simulation is a casting model, normally
provided by the customer in the STL

b file format, and basic process details
S[Il"lm"s such as casting alloy, shell material/
orporated thickness, pouring temperature and
shell pre-heat temperature. Our
example of a commercial part is an

impeller casting. Unrigged simulation
results are shown in Figure 1.

* " DAVID C. SCHMIDT

Vice President
F. FINITE SOLUTIONS, INC.

ARTICLE TAKEAWAYS: Once the unrigged simulation is

« ~ Computer simulations make good rigging design fast, thorough and highly accurate [ikeelaglellS\tcEtellleliile:\ulelaNeEIENE
converted to thermal modulus
information, and feeding zones are
determined. In this case, two zones
are predicted; one on the top and
INTRODUCTION one on the bottom of the casting.

) . . . . By plotting the higher modulus
Computer simulation makes it possible to synthesize elements areas, we can find the preferred gate

of good rigging design into a general method that is fast, attachment points. The feeding zones
thorough and highly accurate. And, because of the automation and last points to freeze on each zone
involved, this tool allows new foundry engineers to effectively  are shownin Figures 2 and 3.

design casting process methods.

e Learn about the 5 steps in the design process

Figure 1: STL model of an impeller
The design process consists of these steps: casting. ‘Naked’ simulation results,

* Simulation of the ‘Naked’ Casting without filling.

* Gate Sizing and Feeding Design
¢ Rigging Geometry Creation

» Verification via CFD/Solidification Simulation

‘NAKED’ SIMULATION

The first step in the rigging process is to run
a simulation of the part ‘naked’; without any
rigging system. Simulation shows the effects
of part geometry on the overall solidification.
Filling analysis is typically not done, providing
extremely rapid results, and can point out
preferred gate locations which promote
directional solidification.
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Last point to
freeze on the
zone

Figure 2: Feeding Zone #1

Last point to
freeze on the

zZone

Figure 3: Feeding Zone #2

GATE AND FEEDER BAR DESIGN

Gate and Feeder Bar sizes for each feeding zone are
calculated using the thermal modulus. This takes into
account not only casting alloy and shell material, but
also the solidification dynamics of the specific situation,
including the use of insulating materials such as
Kaowool or Fiberfrax wrapping.

Guidelines for gate and feeder bar sizing are given in
Figure 4.

Once we know the maximum modulus in the feeding
zone, we can calculate the appropriate size for a
tapered gate, as well as feeder bar dimensions that will
adequately feed that part of the casting. This calculation

Gate and Feeder Bar Sizing

«  From the Riser Design Wizard, calculate the maximum modulus of
the feeding zone

*  The 2-D modulus of the casting end of the gate will be equal to the
maximum mndulun.

* The 2-D modulus of the feeder bar end of the gate will be 1.2 times
the maximum modulus,

*  The 2-D modulus of the feeder bar will ALSO be 1.2 times the
maximum modulus.

* For a square cross-section, the modulus is the edge length/4.

Figure 4: Gate and Feeder Bar Sizing

is done in the Riser Design Wizard, which was originally
developed to calculate cylindrical risers for the sand-
casting process. However, it provides good information
for investment castings, too. An example of the wizard
screen is shown in Figure 5.

Risar Calculator
Dsersingn for Riser 1 J

[aERA

Cating Volume rz ouin
CALCULATOR
i L e Diemetes | e biight Baved |
e Flises Mo f . h on Giver Disnetee |
= : I {1 D HeghtandRead | oy Citioduin |
* MHoSkeve ibts Moz -
3 incresave Factor Cake. Aciusl | Calc. Diameter ard |
™ Inlstng Skeeve Modakin Bassd on Fﬁiﬂﬁmmm
. I st anedl
L e Mo Do _ eqdbodds |
Flrn Dhaaerestint o000 A Acbasl Fasr Voluse .00 cun
Flien Himgtd 0000 ©»  RegeedRmeVoure 0000 cun
ichaal Roer Moduka 0000 n v Efficency Facto 10 EE K
Heght : Thameter Fato jooon " Use Wiodames
Cancel « Back [ ot > I Finish | Help

Figure 5: Modulus data is used to size both the tapered gate
and the feeder bar.

Continued on next page




MODELING THE RIGGING SYSTEM

Gate and feeder bar calculations take only a few
minutes to perform. Rigging components can
be created in CAD or in the simulation software
itself. Items that will be used for more than

one casting, such as a standard size of pouring
cup, can be created in a component format,
and re-used as needed, saving considerable
time in the model creation phase. If a library

of gating components is developed and used,
the entire rigging design process, from loading
the unrigged model to having a fully rigged
geometry ready for verification simulation, can
be as short as 30 minutes or so.

DESIGN VERIFICATION USING CFD AND
SOLIDIFICATION ANALYSIS

With the rigging system in place, a full
Computational Fluid Dynamics (CFD) analysis
is performed to predict and visualize mold
filling. This also provides the most accurate
temperature distribution in the casting and
mold, which provides the best solidification
analysis. In addition to temperature analysis,
CFD can provide velocity information. It is
important to keep metal stream velocities low
during filling, to minimize chances for splashing
and re-oxidation defects.

Filling analysis is automatically followed up with
solidification analysis, using a combined thermal
and volumetric calculation. This technique not
only predicts poor directional solidification but
provides the most accurate analysis of macro-
shrinkage due to lack of volumetric feeding
from the rigging system.

In many cases, the design portion of the
analysis can be done in an hour or less.
Verification simulations, using full CFD
analysis, can be done typically in about two
hours to overnight, depending on computer
processor speed and available memory,
casting complexity and materials cast. In
general, thinner walled castings require more
computation time, and materials with higher
thermal conductivities, such as aluminum and
copper, will also take longer to simulate, all
things being equal.

One of the things that feeding zone analysis
does NOT tell us is the effect of metal flow. In
this example, the foundry decided to invert the
casting and gate on the top of the solid boss,
hoping that the filling process would create

Figure 6: Initial rigging design and Material Density plot, showing areas
of poor feeding.

Figure 7: Improved feeding by inverting the casting, adding multiple
gates on the flange.

temperature gradients for directional solidification. The initial
design is shown in Figure 6.

Unfortunately, filling did not have the desired effect, and there
were isolated areas in each vane. The foundry then flipped the
casting over and provided multiple gates into the top flange. The
revised model and results are shown in Figure 7.

This example shows clearly why it is important to verify the
rigging design with a full simulation, including fluid flow analysis.
It is impossible for ‘rules of thumb’ to take into account all the
variables and dynamics of a process as complicated as the filling
and solidification of castings. However, those rules can help us
get to a good rigging design much more quickly than by

simple trial and error.

Contact:

DAVID C. SCHMIDT

dave@finitesolutions.com
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S KEYS TO REDUCING
CASTING DEFECTS THROUGH
REFRACTORY COATINGS

5 KEYS TO REDUCING CASTING

DEFECTS THROUGH REFRACTORY
2 International LLE

* Selection of Coating

Member of (R Group * Coating Preparation
* Quality Control
STANLEY FOREHAND + Proper Application Techniques
Field Technical Service Manager * Proper Drying of Coating Deposit

HA INTERNATIONAL
ARTICLE TAKEAWAYS:

Refractory Coatings are one of the products utilized to produce quality
castings

Controlled processes lead to better understanding of what is changing
in foundries

Learn the 5 keys to reducing casting defects through refractory coating

Microscopic View of Applied Refractory
n an industry that has been around for many centuries with a Coating

wealth of knowledge and experience, we still today find ourselves
when analyzing casting defects asking, “what changed?” This is
because we understand that our industry is process dependent

KEY #1: SELECTION OF COATING
Choose the right refractory blend for
your application. A refractory coating

and controlling those processes is key to success. Refractory is a protective material, applied to
coatings are one of the products that we utilize to produce quality  a core or mold surface, to enhance
castings. Although usage is small in comparison, these products the surface finish of the casting and
are applied at the mold/metal interface which is critical when it reduce defects that occur at the

. ) . sand-metal interface. They accomplish
comes to defects. Crushes, inclusions, scabs, expansion, gas, metal . - L .
this by filling voids, increasing the

penetration, misruns and rough surface defects can all be affected | ofractoriness of the mold or core,
by refractory coating practices. Therefore, how do we control this improving sand peel, and controlling
aspect of our foundry operations? what is happening in the mold.

The refractory component is the

Typical Refractories Utilized workhorse of the

Foundry Type Metal Poured Casting Wall Refractories coating. Coating

: Thickness — : suppliers utilize
Nonferrous Aluminum All Eraph!te, Mica, Ceramic, Tale a wide range of
Nonferrous Cnpp{-er-based alloys A_II . G.r.aphute., zurm_n_ i : : refractories and
Iron Ductile and Gray Iron Light - Medium Silica, Mica, Olivine, Mullite, Graphite, Ceramic, .

Talc-Magnesite can Cu_Stomlze

Iron Ductile and Gray Iron Heawvy Mullite, Zircon, Magnesite, Alumina, Silica | acoating tO.
Steel Carbon Steel All silica, Mullite, Zircon, Alumina your foundries
Steel Stainless Al Zircon, Alumina needs. Open
Steal Manganese All Olivine, Magnesite, Alumina conversation with

Source: Foundry Management and Technology; October 21 Continued on next page




your supplier is key to getting the
right coating for the job.

KEY #2: COATING PREPARATION
We must understand a fundamental
truth that a coating is only as good
as the core or mold surface upon
which it is applied. The goal is still
to get the right amount of properly
prepared coating on the core or
mold every time. Coatings contain

multiple components and are slurries,

not solutions. They typically are
shipped as a heavy slurry to avoid
settling and shipping a large carrier
component. These factors make
mixing until homogenized very
critical to the process. Suppliers
have formulized steps to help in this
area, but the foundry must still do
their part to insure a well-mixed,
homogeneous product is being used
in production.

« Utilize the right size mixer to get
good mixing without shearing.

* Assure movement without dead
spots while avoiding air entrapment
or vortex.

ey

Figure 1: Baume

* Choose the proper blade and
proper rotation to move the coating
around and across dip tanks.

* Coating tank design is also
critical. Stainless steel construction,
round or rounded corners, baffles,
2:1to 3:1tank to blade diameter, and
mixer off set and placement are key.

* Document the coating
preparation process.

Whatever type of mixing and tank
design your foundry has decided
on utilizing, make sure the coating
is well mixed before placing into
service and then properly mixed
while being used. This is a major
source of coating variation in the
foundries of today.

KEY #3: QUALITY CONTROL.

Once the coating is mixed and
diluted to the operating parameters,
it must be controlled. There are
several test methods available to
the foundry and new technology

is being developed around those
methods every day. We are seeing

L
4

Figure 2: Flow Cup

more automation and real time testing
that take out some of the operator
variation but the fundamental tests
are the same. You should incorporate
at least 3 of the following into

your control plan. Foundries are
multivariable so our test methods
have to be multivariable if we want to
get a true picture of what is changing.
Checking multiple properties of the
coating is key.

1. Baume - Figure 1

2. Flow Cup - Figure 2

3. Brookfield Viscosity

4. Density (weight per gallon)

5.% Solids

6. Wet or Dry Mil Deposit Thickness

KEY #4: PROPER APPLICATION
Technigue. Remember the goal is

to get the right amount of properly
prepared coating on the core or mold
every time. Whether you are dipping,
spraying, brushing or flow coating,

it is important to minimize variation
in technique. Concentrate on several
key parameters for each method. All
of the following process parameters

Figure 3: Brookfield Viscosity

PLOOLOBL D2 IT MY N B OC
WET FiLM THICKMESE GAUGE

L % & B L £

B T0 65 60 55 50 45 40 2

Figure 4: Density (weight per gallon)

Figure 5: % Solids

Figure 6: Wet Mil Thickness




can impact coating deposit, coating
penetration and the resultant barrier
layer that is established at the mold
metal interface.

Two of the main issues associated
with brush application are inconsistent
coating thickness and brush marks.
Inconsistent coating thickness can
result in potential metal penetration,
erosion, and gas

defects. Brush marks
can result in poor
surface finish and
rough surfaces on the
casting. Using a good
quality brush or swab
with proper viscosity
coating will fix these

Key Application Process Parameters

Dip Brush
= Immersion time = Speed of Brushing
*  Immersion depth *  Re-brushing
= (Coating consistency =  Brush Condition
=  Temperature * (Coating Consistency
*  Drain cycle =  Core / Mold Integrity
= Core integrity
= Core temperature

Spray Flow Coat
®*  Fluid Pressure *  Residence Time
*  Atomization »  Coating Velocity
= Coating Consistency *  Coating Consistency
= Operator Technigue = Coating Stability
*  Equipment Condition =  Temperature
* Core/Mold Integrity = Core / Mold Integrity

Many foundries have incorporated
robotic dipping into the process
where the casting mix will allow it.
Operator training is critical where
robotics are not possible. The
elimination of tear drops, runs and
drips, and heavy coating deposits will
reduce the resulting casting defects
associated with these issues. Baume,
viscosity, and mixing controls are
essential. Prevention measure should
also be in place to minimize sand
contamination in the coating dip
tanks. This will result in sand inclusion
defects and rough surfaces on the
castings.

The spray process presents different
challenges. Properly adjusted

spray equipment will help control
the deposit on the core or mold
surface. Most operators will adjust
the equipment to their touch but the
deposit must stay the same. Over
atomization of the coating, too low
a pump pressure, and spray distance
can all have adverse effects on
performance. In this application you
are relying on the gun pressure, gun
distance and coating consistency
(Baume) to work the coating into the
surface and form the desired barrier.
Standardizing these factors is crucial
to consistent casting results.

issues. Also avoid
re-brushing an area
after the initial coat
has matted but not
completely dried.

The final application
method is flow
coating. Just like in the previous
applications, coating consistency
and properties are important and will
control how the coating flows over the
core or mold surface. It is important
to create a smooth flow from the
wand tip. Coat from top to bottom
and move at such a pace to get a
good consistent deposit in one pass.
If you have to go back over missed
areas the deposit across the face you
are coating will not be consistent.
This can cause multiple casting
issues at the mold metal interface:
penetration, surface finish, core set
issues, heat transfer and others.
Sand contamination in catch basins
is also an issue with this application
technigue resulting in inclusion type
defects.

Many variables can affect the
application. Regardless of application
type, best practice is to document

the standard process for coating
application. A standardized process
with ensure consistent performance of
your coating.

KEY #5: PROPER DRYING OF
COATING DEPOSIT

All coatings have a carrier component
that is designed to get the refractory
component onto the surface and
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in between the sand gains. Once
this is accomplished, the water or
solvent carrier must be removed
from the process by some type

of drying method. There are time,
temperature, and air movement
components to this process and all
are equally important. Drying oven
temperatures must be controlled
along with air flow through the
ovens. Dwell time in the ovens
adequate to remove all the water
is a must. Timing of light off is
important when using alcohol
coatings. Lighting off too early can
result in blistering and poor casting
finish. Lighting off too late can
result in residual alcohol left in the
core/mold or too deep of coating
penetration. Do not just assume that
dry is dry and how you get there is
not important.

SUMMARY

Refractory Coatings are one of the
products that we utilize to produce
quality castings. We do that by
getting the right amount of properly
prepared coating on the core or
mold every time. Following these

5 keys will help us accomplish that
task.

» Selection of Coating

» Coating Preparation

* Quality Control

* Proper Application Techniques

* Proper Drying of Coating Deposit

Better controlled processes lead
to better understanding of what

is changing in our foundries.
Partnering with a quality coating
supplier with open communication
about issues will also be beneficial.

This enables us to work together

to address issues with sound
judgement, factual data and proven
methods to correct the casting
defects as they arise - and they will!
Control your process - don'’t let it
control you.

Contact:

STANLEY FOREHAND

Stan.Forehand@ha-international.com
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We don’t make the casting...WE MAKE IT BETTER!

International LLEC

Member of [RI& Group

WWW.HA-INTERNATIONAL.COM 800.323.6863




ELIMINATE GAS
POROSITY DEFECTS

Palmer PAS5000
Porosity Analysis System
Automatic RPT Testing & Analysis

» Foundry floor tough with laboratory accuracy
* Automatic control of vacuum and analysis
* Eliminates operator influence (no more judgement calls)
» Repeatable and accurate
+ Automatic recording of data
+ Multiple options for test data management
* Meets OEM and guality system reguirements
» Eliminate gas porosity defects

READ MORE

Palmer PAS3000
Porosity Analysis System
Accurate Analysis of RPT Samples

» Reduces production and labor costs
* No need to saw and polish RPT samples - Safer, cheaper
and more accurate!
» Enclosed for foundry floor operation
» Automatic calculation of density
) » Automatic data collection
;’_,,— » Results in just a few seconds

y READ MORE

soasrsase — PALIIES

www.palmermfg.com MANUFACTURING & SUPPLY, INC.




STOP MAKING EXCUSES.
PREVENTING GAS POROSITY IN
YOUR CASTINGS IS SIMPLE!

BRAD HOHENSTEIN &)

President - Porosity Solutions
Course Instructor - The Foundry Way
Learning Center

ARTICLE TAKEAWAYS:
¢ Eliminate gas porosity with sound degassing techniques
* Use RPT testing to develop and control the degassing process

¢ Avoid the common degassing mistakes

t is frustrating to see so many aluminum foundries struggle
with hydrogen (gas) porosity in their castings, when it is one of
the easiest defect to prevent.

Elimination of hydrogen porosity in aluminum castings is simple. All it takes
is proper foundry degassing techniques and proper implementation of
degassing controls. Unfortunately, many foundry floor personnel lack the
basic understanding of hydrogen porosity and the process controls required
to prevent it. The goal of this article is to impart this knowledge in a simple,
down-to-earth manner which can be used to develop a foundry degassing
procedure for eliminating gas porosity as a casting defect in your foundry.

» Hydrogen (gas) Porosity
; in a Casting

HYDROGEN IN THE MELT

There is a continuous reaction
between air and molten aluminum.
The oxygen in the air reacts with the
molten aluminum to form aluminum
oxides which manifests as the surface
skin on the melt. This surface skin or
oxide layer is also called dross and
typically skimmed from the surface
prior to pouring. The hydrogen in the
air reacts with the molten aluminum
to separate from the oxygen and
become dispersed throughout the
melt. Key points to understand
concerning the reaction between
molten aluminum and air are:

e For all practical purposes, it is
impossible to stop the oxygen and
hydrogen from combining with the
molten aluminum. Whenever molten
aluminum contacts air, there will be
oxides and hydrogen in the melt.

* Higher humidity results in

higher concentrations of hydrogen
throughout the melt. This means that
effective degassing may take longer
on high humidity days as there is
more hydrogen to remove from the
molten aluminum.

* The hotter the molten aluminum,
the faster hydrogen is absorbed into
the melt. For 300 series alloys such
as 356, it is best, if possible, to melt
and pour at temperatures under
1400° F (760° C) as the solubility of
hydrogen in the molten aluminum
increases exponentially above

1400 degrees. The effect of a high
melt temperature could be that a
degassing time which is normally 15
minutes at 1350° F could become 45
minutes at 1450° F.
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DEGASSING MEDIA -
ARGON VS NITROGEN

The two most common inert gasses
used for degassing molten aluminum
are nitrogen and argon. Other gasses
used in the past, such as chlorine

and Sulfur Hexafluoride (SF6),

while effective, have been limited or
banned from use do to greenhouse
gas effects and safety issues. That
stated, there are foundries that

use both chlorine and SF6 when
combined in low concentrations with
either nitrogen or argon. Before using
such a mixture, it is advised to consult
with experts and local regulatory
officials. In this article, we will discuss
only the degassing properties of pure
nitrogen and pure argon.

Both nitrogen and argon can be
effectively used for degassing. They
work by being dispersed into the melt
using either a refractory based lance
or rotary inert degasser (RID). Once
the argon or nitrogen gas is bubbled
into the melt, the gas attaches to the
hydrogen in the melt and carries it
to the surface where it is burned off.
If the degassing process is effective,
you can literally see flames at the
surface of the melt.

The key advantage of degassing with
nitrogen is the raw material cost.
However, nitrogen is less effective
than argon for removing hydrogen
from the melt. Both will do the

job, but given the same degassing
equipment, the degassing time
required with argon will be less than
when using nitrogen. To determine
whether to use argon or nitrogen,
the foundry should perform a cost
evaluation comparing material cost,
degassing time, labor, and production
output. In most cases argon wins
this battle as the labor savings

and increased output using argon
typically outweighs the savings in
material costs using nitrogen as the
inert degassing media.

DEGASSING EQUIPMENT
LANCE VS RID

The key to effective degassing is
creating an extremely fine bubble
distribution with your degassing

tool. Distributing small inert bubbles
throughout the melt are much more
effective at carrying hydrogen to

the surface than large bubbles
confined to one area of the crucible.
The entire reason for using a Rotary
Inert Degasser (RID) is to chop up
the inert gas bubbles and distribute
them across the melt. When this is
understood, it becomes clear that
using a RID is more effective than
using a lance. However, there are
many cases in which a RID cannot be
used. For example, a small crucible

in which a RID won't fit or a furnace
with restricted overhead access which
restricts RID access. No need to
panic. A lance can get the job done. It
will take longer than with a RID and,
if used on a larger crucible (500 Ibs
or more), it may need to be moved a
couple of times during the degassing
process. If a lance must be used,

try to select a lance with a diffuser
head rather than just a straight
opening. The diffuser head dispenses
the inert gas through
several small openings
creating smaller
bubbles and greater
inert gas coverage in
the melt. Some lance
manufacturers use a
straight tube made
of graphite or

refractory

material. The

tube is then

pluggedonthe
bottom end Mitrogen
with 1/8” holes gilg;ﬂfﬁi:’mew
drilled around  throughout the

melt carry the

the base hydragen gas ™~ [
to facilitate gi‘ffrﬁ:nm
distribution

of inert gas

bubbles.

Combination industrial
air ragulator and
lubricator system

The photo above shows an argon
lance in a small crucible with
hydrogen flames burning at the
surface. To effectively degas this
crucible, the foundry had to move
the lance several times during the
20-minute degas session.

The photo below displays a drawing
of a Palmer Manufacturing RID unit in
a crucible. Note the effective bubble
distribution throughout the melt.

RPT ANALYSIS OF THE MELT

Knowing the relative hydrogen levels
in your melt is essential to both

Continued on next page
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The traditional method of measuring
an RPT vacuum sample is to cut the
sample and compare to the chart

developing your initial degassing
procedure and controlling the day
to day degassing process. The most
effective and simple way to do this
is with the Reduced Pressure Test
(RPT).

The RPT test works by taking a small
sample of the melt and solidifying

it under a controlled vacuum (a

RPT machine) and then measuring
the density of the sample. The

entire test takes about 8 minutes, 7
minutes under vacuum and about
30 seconds to get the density result.
Many aluminum foundries use the
RPT test but not in the best way. The
traditional way to measure the RPT
sample was by cutting the sample
on a saw, sanding the surface, and
comparing to a chart. This method is

time consuming, operator dependent,

and has too much variation in the
results. Measuring the density of the
vacuum cast sample is much quicker
and extremely accurate. Just set a
target density by alloy, measure the
sample, and it is either good or bad.
For example, the book density of
356 alloy is 2.67 g/cc. In this case,
most foundries would set a target of
sample density 2.58. This means if
the vacuum sample measured 2.58
or higher, it is okay to cast and would

The more accurate and faster method
is to measure the entire vacuum
sample density using a Porosity
Analysis System.

result in a gas porosity free part. If the
vacuum sample density measured 2.57
or lower, additional degassing would
be required. New porosity analysis
equipment on the market make
measuring the density of the vacuum
cast sample simple. Just solidify using
the RPT vacuum. The sample can then
be measured with the data recorded
in just a few seconds. There are even
advanced porosity analysis systems on
the market, which combine automated
vacuum, density measurements, and
data collection into one all-inclusive
unit.

CONSIDERATIONS IN DEVELOPMENT
OF DEGASSING PROCEDURE

Whether developing or refining your
degassing process, RPT testing should
be used to guide your decisions. The
following are some common issues

| have witnessed over the years in
foundry degassing practices.

+ Determine a separate degassing
time for each size furnace. Many
foundries will have a standard
degassing procedure used across

all furnaces and ladles. This is not
good practice. For example, one
foundry that | visited had a 10-minute
degassing procedure which worked
fine in their 500 lb crucible but not
so good in their 2000 Ib crucible. A
quick check of RPT samples from
each furnaced showed a density of
2.64 in the smaller crucible and 2.49
in the larger crucible. Of course, this
resulted in porosity free castings from
the 500 Ib crucible while castings
from the 2000 lb crucible contained

gas porosity throughout the parts.
Increasing the degassing in the 2000
lb crucible until the density measured
over 2.60 solved this issue resulting in
good parts from both crucibles.

* Theinert gas flow should be very
low. The prevailing thinking seems

to be that if a little inert gas is good,
then a lot of inert gas must be better.
A good inert gas flow results in a
slow bubbling of the inert gas across
the surface of the melt. Large rolling
bubbles are no good. In fact, they are
detrimental as the rolling metal folds
oxides and air back into the melt.

* Another common mistake is to
spin the RID shaft as fast as possible
to distribute a wider swath of bubbles.
Unfortunately, when the RID shaft
spins too fast it creates a vortex
around the shaft sucking the surface
metal and air down into the melt. The
speed should be set to a point just
below the start of the vortex, typically
around 300 rpm or less. If you see
molten aluminum sucking down
around the shaft, back off the speed a
little.

* Develop a target density for each
alloy and casting process. Start with
the book density of the alloy. A good
starting point for a porosity free target
is about 10 points less than the book
density. For example, the book density
of 356 alloy is 2.67. In most cases a
vacuum sample density of 2.57 will be
sufficient to yield a gas porosity free
part. However, solidification rate will
affect the result. A permanent mold
or die casting will solidify relatively
quick so a density of 2.50 may be
sufficient. A sand casting with no
chills will solidify much slower and
may require a target number of 2.60
or higher to vield a gas free part. Best
practice corelates the RPT results to
the casting. This allows for adjustment
of the target density, if required.

Contact:

BRAD HOHENSTEIN

blh@porositysolutions.com
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SD PRINTING

NEW ENGLAND
FOUNDRY

TECHNOLOGIES

WILLIAM SHAMBLEY

President

NEW ENGLAND FOUNDRY TECHNOLOGIES

ARTICLE TAKEAWAYS:

Expanded design freedom doesn’t fix bad geometry

You’ll have the least defects if you adopt the 3D printing process that
fits most directly into your existing foundry process

The wrong materials selection can lead to defects every time

Not all applications will require the same settings, even on the same

printer and materials

One of the most commonly heard reasons that foundries
have put off adopting 3D printing, in any format, is

the misperception that “it doesn’t work.” Well, this
misperception is sort of like running around barefoot,
swinging a tree branch and declaring that footwear
doesn’t work either. You don’t want to wear super
insulated duck boots for a summer marathon run, and you
can’t reliably wear stiletto heels while fishing for striped

bass on a jetty.

You have to run the right printing
process, use the right kind of
materials, and use all the right
settings to get defect free castings
out of any process. Doing a little up-
front simulation work to make sure
the casting and rigging are set up
right before you even start picking

a 3D printing process is an even
better idea.

So here’s 4 rules of thumb

to help you prevent defects
when using 3D printing in your
foundry:

1. Know your casting - good
casting design is good 3D
printing casting design.
Expanded design freedom
doesn’t magically fix bad
geometry. Take time to run a
naked simulation of the casting
before you design the tooling to
analyze for predicted shrinkage
or porosity defects. Tools like

SOLIDCast exist substantially to
help us understand our castings
better and prevent all manners of
defects right at the outset. Use 3D
printing to build rigging for all kinds
of interesting solutions after you've
decided where the problems are.

2. Match your processes - the
various 3D printing processes match
up better to some casting processes
than others. These days, there are
mountains of information available
from the AFS, manufacturers of 3D
printing systems, universities, service
providers, etc. There are charts

to help you decide which process

to use based on part complexity,
number of parts in a run, existence
of tooling, and part size. To keep it
really simple, try this: What process
fits into your daily operation? If you
blow cores, you can use core boxes
printed out of plastic or metal.
Investment casting? You can print
waxes on several printers, based

on your surface finish, ash, shell

and speed requirements. Ramming
green sand, no-bake, etc. with hand
or machine? Yes, you can 3D print
plastic or metal tooling on a variety
of systems - some with more hand
work than others. Or print sand
cores. Or synthetic sand cores. Or
print molds. You'll have the least
defects if you adopt the 3D printing
process that fits most directly into
your existing foundry process. Unless
you're really ready to take a leap
forward. Then go with something like
the SLM Solutions equipment and
print fully dense metal parts directly
from CAD.

Continued on next page




3. Know your printer materials -
Most 3D printing processes can run
a range of materials these days.
Lower cost systems like those by
Lulzbot and Ultimaker work well with
a range of PLA, PC, ABS plastics,
and even with some highly flexible
rubber filaments. Higher-end printers
like those from Stacker expand that
range of plastics, as well as speed
and build envelope. Top shelf printers
like the pellet fed systems from Titan
3D Robotics can use an extremely
wide range of engineering plastics,
even high temperature materials and
carbon fiber reinforced filaments.

Among the tooling grade materials
there are softer plastics for extrusion
style printers like PLA which are low
cost, print quickly, and work well in
most environments. Harder materials
such as PEKK and PEEK or glass/
fiber filled resins cost more, and

are more tricky to print, but can be
machined or polished to a smoother
surface, resulting in much better
casting quality and longer tooling
life.

3D printers have come a long way
past plastic extruders, and direct
metal printers like the SLM can
print metal tooling for continuous
green sand, DISA or diecasting lines,
applications which would never be
considered with polymer-based
tooling. Care should be taken in
these cases not to pick 3D printing
materials that are harder than the
rest of the tool, as sometimes this
can lead to premature tool wear.

Materials to make investment
casting waxes are available for
extrusion processes as well as
Binderjet and DLP/SLA. A metal
caster faces process tradeoffs
between speed, surface quality,
accuracy and cost. Consultation
with the manufacturer about
specific materials is your best bet
to match printed waxes to your
current shell materials. The wrong
materials selection can lead to
defects every time.

Sand printers have materials
choices as well these days. Furan
binder on silica sand is still the most
common combination but ceramic
and synthetic sand options are
widely used as well. These options
can become quite useful solutions
for projects with complex cores.
The accuracy of sand printing

has progressed to the point that
foundries are now using 3D printed
sand cores to eliminate dimensional
defects formerly associated with
manual assembly. Just like with
standard no bake sand casting,
making the right selection of sand
and resin will help prevent casting
defects.

4. Know your settings - all
manufactures have claims, and

all systems have realities. Build
settings like scaling and tool

comp get applied differently from
one style of printer to the other.
Part orientation, style of support
structures, wall thickness all varies.
Are you going to be adding a high
build primer? Sanding down the
ridges? Assembling lots of pieces
with threaded inserts? Not all
applications will require the same
settings, even on the same printer
and materials. You wouldn’t buy a
half million-dollar CNC machine and
only put one tool in the rack, would
you?

While there is not room in this
article to get into all the details
but properly set up parts in
the build volume and dialing

in the settings is one discipline
that has a major impact on

3D printed part defects.
Experienced operators make a
world of difference. Investing

in training is a great way to get
started but using the technology
as much as possible helps your
whole team approach the next
problem with more savvy. |
always advocate for having
folks do projects that they are
invested in (hence all my 3D
printed fishing lures and garage
organizers). Experimentation in
non-critical path projects is a
great way to learn new ways to
apply the tools.

There are so many foundries
using 3D printing now that
uttering “it doesn’t work” is
tantamount to saying, “I like

my head in the sand pile!”
Educating yourself on when to
use which materials, in which
3D printing process, and making
sure that all the settings are
dialed in right will substantially
reduce costly defects. Just
make sure you’re making a good
casting at the very beginning of
the workflow.

Contact:
WILL SHAMBLEY

will@nefoundrytech.com
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ARTICLE TAKEAWAYS:

- Automating molding systems reduces variations

» RFID technologies eliminate human intervention

A wise man once said, “With so many ways to make a
bad casting, it’'s amazing we can ever make a good one.”

While there are many areas for
fingers to point once a casting
runs into problems; the area we are
going to address is the mixing and
molding operation.

As lean manufacturing
practitioners, we understand that
anything the customer doesn’t
value is waste. Therefore, our
entire goal is to produce mixing
and molding equipment that
eliminates waste in pursuit of
delivering more high quality
castings, at the lowest price,
delivered when they are needed.

Automating systems to reduce
human intervention to enhance
quality control are not new to

the foundry floor. Robotic cells,
automatic pouring ladles, carousel
molding systems, and transfer cars
are all pretty common automation
systems being deployed today.

MOLDING AUTOMATION

Automating the mixing and
molding process with a carousel
and a rollover has been the
industry standard, until recently.
The Universal Molding Machine
(UMM) is a revolutionary molding
system that takes the place of

a traditional compaction table,
carousel and rollover. Having
fewer components in the process
reduces variability, making it easier
to achieve casting quality goals.

In this new automated system, the
patterns are bolted to adjustable
tooling frames that are easily
changed out on the machine. The
tooling frame accepts molds on
top and bottom to accommodate
match plates and can accept
multiple boxes at a time when
running smaller castings
depending on the machine size

selected. The base machine runs
two tooling frames at a time for a
minimum of four different patterns
and two different molds.

As any foundryman will tell you,
molding process consistency will
make it easier to achieve casting
quality while getting the sand out
of the box quickly will drive casting
productivity.

Casting quality and consistency
will dramatically improve since
many of the difficult to control
variables are removed from the
molding process. The elimination
of these defects reduces rework
and scrap rates, and cleaning room
time.

GREEN SAND TO NO-BAKE
COVERSION

Additionally, this technology is
uniguely designed for green sand
or no-bake tooling. Green sand
molding has always required
operators capable of being

part scientist and part artist,

with an attention to detail and
experience requiring significant
tribal knowledge involved in the
individual foundry process. As

the modern workforce continues
to evolve, it becomes increasing
difficult for foundries to find and
retain qualified green sand molders
with these attributes. Employees
that can produce a consistently
high quality, defect free end
product in the green sand process
are in extremely short supply.

Continued on next page




When converting from a green
sand molding system to the UMM
process, the foundry will benefit
from the elimination of the need
for this operator expertise, as
well as many of the daily casting
defects and issues commonly
associated with green sand
molding.

This system reduces how many
times a mold is touched by
human hands, which reduces the
chances to create defects. Maybe
your operation doesn’t need

over 500 molds a day to meet
your production needs, but this
system will allow the foundry to
get the molding done in a fraction
of the day and then make your
employees available to manage
another process for the remainder
of the day.

RFID IN THE COREROOM

Adjusting settings, recalling
recipes, and documentation of
recipe changes all require costly
human intervention. And, when
not performed correctly, result in
costly human errors. RFID (radio
frequency identification tags)
represent a major break-through
in foundry production, to reduce
time for recipe management,

the prevention of costly errors
and enhance quality control.
Unlike other key manufacturing
breakthroughs, RFID can be
deployed on specific equipment
for a particular process or can be
deployed plant-wide. Users have
the ability to expand automation a
little at a time, making this ideal for
both small and large foundries

While RFID technologies can be
deployed on the molding line,
perhaps one of the easiest places
to introduce a foundry to RFID

is in the core room. The process
is not difficult, as a tag is simply
fastened to the bottom of each
core box. The tags (compliant
with ISO 18000-3, ISO 15693, and

ISO 14443 standards) each have a
unigue identification number that is
read when the box is presented to
the CoreMaker. During the set-up
procedure, the worker enters the
settings for that particular core box
into the machine’s programmable
logic controller (PLC). Once the
setting is determined, the worker
saves it permanently to that recipe.

This equipment allows foundries
to compete with lower prices from
offshore foundries because it can
truly guarantee quality. The quality
control is built into the machine
with the RFID tags and therefore,
reduces human handling.

RFID technology runs on
core machines with and
without tooling mounted
directly to the machine and
removed after blowing and
gassing.

To begin coremaking, the RFID
interrogator built into the
coremaker bench, reads the
tag’'s number, and transmits that
information to the PLC. Then, the

computer retrieves the settings
for that core. The worker presses

one more button to begin the
coremaking process, and the core
box is moved into the core blower.
The computer instructs the blower
accordingly and injects sand and
chemicals before purging the box.

The ability to make higher quality
cores is the biggest advantage of
RFID. Anytime you allow a worker
to manually change recipes, your
core’s condition can be expected
to change. Excessive amine
catalyst material can weaken

a core after metal is poured.
RFID ensures that the core is
guaranteed to be made with the
proper settings. Higher quality
cores mean higher quality parts.

The foundry floor is undergoing a
transformation like never before
with continuous improvement
being the name of the game to
produce better castings, in less
time—guaranteed.

Some of the excepts in the article
first appeared in Cast Metal &
Diecasting Times.

Contact:

JACK PALMER

jack@palmermfg.com
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“The combination of reduced costs, increased productivity,
reduced floor space requirements, and reduced staffing
levels has made the Palmer Flip Molding Machine a very
profitable addition to our foundry.”

Jack Laugle, President,
i @ *ﬁ Innovative Casting Technologies

HOW IT WORKS

Matchplate wooden box or cope/drag
box is mounted onto tooling frame: filled,
compacted, struck off, indexed & inverted

® Completed mold is simply rolled out and
the next mold is started a few seconds
later

® Universal Molding Machine can use cope/
drag, matchplate, green sand, no-bake,
shell, metal, wood, or plastic tooling

® Flip Molding Machine uses copy/drag
tooling

FEATURES
* Up to 25 Molds/HR with 1 operator

« Up to 40 Molds/HR with 2 operators
+ Up to 65 Molds/HR with 2-3 operators

® Sizes: 12x12 4/4 up to 72x72 36/36

® Cores and molds can be produced singly
or in multiples

®* NO ROLLOVER NEEDED
®* Patent Pending
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ARTICLE TAKEAWAYS:

¢ Defects are not free

¢ Processes for preventing defects

¢ Understanding all of the variables

The proverb, “An ounce of prevention is worth a pound
of cure”, applies to defects in the permanent mold casting
industry. Defects, as defined by the foundry industry, are
variances from a desired outcome.

The cost of scrapping a casting is
extremely high when compared to
preventing the defect. Hence, it is
better to take measures to prevent
the defect as early as possible. The
further down the manufacturing
process, the more costly the defect

becomes. Automotive casting
defects can be found in the
following phases of the casting
cycle:

* In the dip well
* At the casting machine

* In the workcell

» After heat treatment
* During machining

* During assembly

* By the customer

As one can deduce, it is much

less costly to detect a defect at

the casting machine than for the
customer to experience a failure.
Defects are not free. When a defect
OCCUrs a person was paid to make
it. Poor guality begets poor quality
and lowers productivity throughout
the process and if the defective
casting goes to the customer it
could lead to loss of the account

or even the closing of the foundry.
It is always better to prevent a
defect rather than detect one.

This principle can be expressed
graphically:

Casting defects can be caused by:

 Inadequate training/lack of
knowledge

* Poor communication

+ Failure to document the problem/
omission




* Varying from published casting
procedures for the casting

» Accidental

A good method for preventing
defects is to:

+ |dentify the defect/state the
problem

» Get the facts
» Research for missing facts
» Test a trial solution

* Document and communicate the
findings

» Develop a solution/take action

 Document and communicate the
results

This process allows foundry
engineers to use critical analysis to
determine the cause and a solution
for the defect. Defect prevention

is not just the responsibility of

the foundry engineer. Prevention
activities should be planned into the
responsibilities of each person in the
casting process.

Identify the defect/state the
problem - A correct, concise,
complete statement of the defect/
problem is mandatory for reducing
the defect occurrence. For example,
part number 123 has a consistent
misrun in cavity two.

Get the facts - The facts or data
should come from the job process
documentation and production
logs. Always ask Where? When?
How? How often? Why? Who? Data
acquisition software is the preferred
method for getting the facts as it
eliminates human error.

At minimum the following variables
should be documented:

* Metal temperature

* Die temperature

* Die shut time

* Die open time

» Total cycle time

 Tilt speed

* Hydrogen level in metal
* Mold coating thickness
» Alloy composition

» Metal cleanliness

Research for missing facts - look for
areas that are not in the production
log or in the molders head. Quite
often the machine operator knows
what caused the defect.

Test a trial solution - many foundry
engineers start the defect reduction
process at this step and attempt to
solve the problem without knowing
the exact reason for the casting
defect. Only change one casting
parameter at a time. If the foundry
engineer changes two or more
parameters of the process and the
defect is eliminated one cannot be
sure which of the changes had the
desired effect.

Restate the problem/Take action -
Once you have done your research
and tested a trial solution it is
possible to restate the problem in
a way that will lead to a solution.
Some foundry engineers skip all the
preceding steps and skip directly
to take action. This can be very
expensive. Making a change in a
process is the last step in process
control, not the first.

DEFECT

PREVENTION

Remember, process control is
an engineering discipline that
deals with the mechanisms
and algorithms for maintaining
the output of the casting
process within a desired range.
The foundry engineer must
communicate to the casting
buyer what the capabilities of
the permanent mold process
are. They must both understand
in advance what defects are
acceptable and what justifies
rejection.

Methodology for process
control:

« Understand the process -
before attempting to control
the casting process the
foundry engineer must
understand the process and
how it works.

ldentify operating

parameters - once the
process is understood,
operating parameters (see

list above) and other variables
specific to the process must be
identified for its control.

Identify hazardous conditions
- tilt pour permanent mold
casting machines move in
many axes and at extremely
high pressure. A thorough risk
assessment must be a part of
the process design.

Identify measurables (see list
above)

ldentify points of
measurement - once the
measurables are identified,

it is important to locate where
they will be measured so that
the system can be properly

Continued on next page




controlled. For example, where
to place a thermocouple in a
die so that it gives the relevant
tool temperature.

* Select measurement
methods - selecting the
proper measuring device
specific to the casting process
will ensure that the system
will be accurate, stable, and
cost effective. Tilt pour casting
machine signal types include:

- Electric

- Pneumatic

Hydraulic
- Light
- Radio waves

- Ultrasonic

Select control method - in
order to control the casting
parameters, selecting the
proper control method is
critical in controlling the
casting process effectively.

In the tilt pour process these
method include:

On/off

Proportional

Integral

- Derivative

Select control system - most
permanent mold casting

cells utilize local control, but a
distributive can be utilized.

» Set control limits -
understanding the operating
parameters gives the foundry
engineers the ability to define
the limits of the measurable
parameters in the casting
process.

* Define control logic - most
tiltpour casting machines use
some form of ladder logic
and in some cases must
communicate with other
machine languages such as
robots or CNC.

Create redundancy - even the
best control will have failures.

It is important to design

a redundancy system to avoid
catastrophic failures or create an
unsafe condition.

Define a fail-safe - fail-safes
allow the casting machine to
return to a safe state after a
control breakdown. In a tilt pour
casting machine these include:

- Spring to center hydraulic
valves

- Normally closed water and air
valves

In line hydraulic velocity fuses

Motor protection

Lock out tag out

« Define lead/lag criteria -
depending on the conditions
within the casting work cell,
there may be lag times
associated with peripheral
equipment such as ladlers,
casting extraction devices,
conveyors, and saws. Setting
lead/lag times compensates
for this effect and can reduce
the possibility of creating a
defect.

* Investigate effects of changes
before/after - as noted above,
investigating casting process
changes in the control system,
unforeseen problems can be
identified and corrected before
casting defects are created.

* Integrate and test with other
systems - the proper integration
of a casting process with the
goal of eliminating defects in
a work cell environment avoids
conflicts between multiple systems
with improved defect reduction,
safety, cost and profitability.

The single best way to prevent
defects is to keep the casting process
in control. The benefits of controlling
or automating the casting process
are not only defect reduction, but it
also increases worker safety.

Contact:

JOHN HALL

jhall@cmhmfg.com
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BETTER SAND
REDUCES DEFECTS
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ARTICLE TAKEAWAYS:

* The difference between Dilute and Dense Phase in conveying and sand impact

¢ Where sand degradation occurs prior to production

*— How to reduce sand velocities to reduce defects and operating costs

Conducting a survey among
foundry management would

no doubt discover a common

goal of satisfying the customers’
expectations with a quality
product. In other words, castings
that meet specifications and will
not turn into problems later during
the machining or assembly process
into the final products. Stated
simply, castings without defects.

Castings without defects are

the result of meeting quality
control requirements with certain
procedures in place which are
strictly adhered to.

Studying defects prevention, we
can find a number of definitions
which all contribute to the desired
outcome and can point us in the
right direction.

How do you define Defects
Prevention? Let’s see who says
what:

- Corrective and preventive
actions (Galin); or

- The activities involved in
identifying defects or potential
defects and preventing them from
being introduced into a product
(Zahran); or

- A program focusing on those
process areas that are the
greatest sources of trouble
whether methods, technology,
procedures or training
(Humphrey); or

As summarized by the world
famous quality guru Dr. W.
Edwards Deming:

- It's what is needed in
improvement of the process,

by reduction of variation or by
change of level or both. Study of
the sources of product, upstream,
gives powerful leverage on
improvement.

Sources and causes of defects in

the final casting vary all over the

map but for the sake of simplicity
today we will limit our discussion
to sand because “Sand Matters!”

Of course discovering a defect

is only the beginning of the process
with the next step being what to
do about it. You can simply accept
the fact that you are faced with a
defect, try to repair it and continue
production without consideration
of cost, or you can spend time and
effort to discover the root cause
and work on eliminating it, which
may require a more detailed analysis
of the entire process, including the
production equipment.

Some time ago a foundry reported

a caved-in roof over the pouring
area as a result of about 15 tons

of collected sand dropping from

a leak in the sand conveying

pipeline running above the roof.
When maintenance checked out

the situation it was found that the
core room operators occasionally
experienced sand shortages but did
not think any more of it. Recognizing
that something was different from
normal operations would be the first
step in working on preventing the
defect but considering the options
of fixing or eliminating the defect
should have been the next step. The
“fix” selected was to plug the leaky
pipeline by welding a patch plate
over the leak and no further analysis
was attempted. A more desirable and
effective process would have been
to question why did the pipeline
develop a leak? Could it be that

the layout of the piping run needed
improvement? Could it be that the air
pressure and volume settings of the
pneumatic conveying system were
adjusted incorrectly? Could it be that
the capacity of the system required
to provide sufficient sand to the core
room was increased from the original
design tonnage?

Short of reviewing all the applicable
reasons for the defect the patched
pipeline will probably hold up for a
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time and then develop another leak
and then we are back to “repair and
go on.”

Every foundry has to move
tremendous amounts of sand as
part of the daily operations and to

handle such amounts effectively can

sometimes grow into an ongoing
major material handling battle. Belt
conveyors and elevators have been
used many times to transfer sand
but today pneumatic conveyors
are probably widely accepted as a
more practical means to distribute
sand in the foundry. Depending on
what type of pneumatic conveying
system is used can have a great
influence on the quality of sand
delivered to the production line
when considering sand grain
degradation, dust generation and
life expectancy of the piping.

In general, all conventional
pneumatic conveying systems
can be divided into two broad

categories, Dilute Phase and Dense
Phase conveying. Dilute Phase
generally works by vacuum or low
pressure air of up to 20 psig and
velocities in the pipeline of 4000
FPM and higher, while Dense Phase
works by medium pressure air of 10
- 60 psig and pipeline velocities of
2800 - 5000 FPM.

Sand grain degradation in the piping

caused by excessive velocities in
the piping results in more dust or
higher AFS numbers for the sand
which in turn, if not separated prior
to binder coating, requires higher
amounts of resin for chemically
bonded sands and the subsequent
effects of higher resin percentage
on mold/core performance in

the casting process. Similarly

the higher velocities also cause
increased wear of the pipeline and
bends with resultant increased
downtimes and maintenance costs.
A typical example is the filling of
sand silos from bulk delivery trucks.
Every foundry is familiar with

the associated problems of such
systems, mainly due to the delivery
in dilute phase (low air pressure but
very high velocity), which definitely
is not recommended for sand.

Recalling another pneumatic

sand conveying project, shortly
after the brand new installation

was completed and production
started frantic telephone calls from
the customer reported that after
just a few days of operation the
pipeline developed several leaks
and sand was being sprayed all over
the production equipment in the
foundry. Of course, the first impulse
guestion was “how can that be?” As
it turned out the customer installed
all the sand piping runs but pressing
production requirements did not
allow the additional time to also
install and connect the transporter
pressure vessel to push the sand
through the pipeline. Instead the
sand delivery truck was connected
directly to the sand piping and
sand was blown directly from the
sand truck to the receiving hoppers
in the plant. Since all sand trucks
unload and deliver sand in dilute

phase, it quickly became clear that
the much higher velocities of the
truck delivery system far exceeded
the design capacity of the piping
system causing pipeline leaks
already after a very short time.

To put up with the heavy wear
properties of sand it is usually only
transported by using pressure
vessels whose sizes are matched
to the conveying capacities. The
prevalent thinking is that high
conveying capacities require large
pressure vessels in order that

the frequency of actuation of

the different components in the
system are not too high and they,
therefore, have sufficient service
life.

In these systems the sand is
pushed through the conveying
pipeline in slugs which are formed
in accordance with the frictional
relationship between the sand

and the wall of the conveying pipe
and the permeability of the sand,
without any mechanical assistance
in the pressure vessel itself.

These conveyors are costly to
manufacture and incorporate
relatively many components

and the electrical controls are
also costly. The normally used
level probes, functioning as
capacitive switches, can cause
malfunctioning when there are
fluctuations in the sand moisture
content and temperature.

Defects prevention, relative to
sand and the resulting quality of
castings, has therefore become

a popular topic and was the
driving force to conduct sufficient
research and development of
appropriate equipment to prevent
certain sand related casting
problems. What would it mean to
foundries if the casting defects
caused by poor sand qualities
could be reduced or eliminated?
What would it mean to have a
reliable sand transfer system and
reduced maintenance costs?

Continued on next page




True to the various definitions of
defects prevention mentioned
above, it was soon realized that a
totally different approach to the
elimination of the problems of
current sand transfer systems was
necessary rather than build on
existing technology. The driving
force for the development of a
better and more efficient sand
transfer system was to eliminate
the inherent defects of the “old
systems” and provide a system that
can be “install and forget.”

To start, an investigation of
different sizes of pressure vessels
or blow tanks was initiated, which
showed that small units with

a fast sequence of operation

and short cycle times not only
offered advantages with respect
to size and cost, but also with
respect to energy requirements.

A new conveying system was
subsequently developed, as an
extension of the Dense Phase
concept, operating between 15-90
psig air pressure, sand velocities in
the pipeline of only 100 to 450 FPM
and using up to 45 percent less
compressed air than conventional
Dense Phase systems. This meant
that sand velocities in the piping
were as much as 6 to 10 times
lower than in conventional Dilute
and Dense Phase systems, pipeline
wear was drastically reduced, sand
degradation practically eliminated
and operating costs slashed to the
bone.

A major difference between the
newly developed conveying system
and the conventional conveying
systems was the reduction in

cycle time for the batch operation.
Because of the comparatively large
size of the pressure vessels of
conventional systems, a complete
cycle included the approximately
90 seconds fill time required to
refill the pressure vessel with sand,
which took up a large portion of
the overall cycle and temporarily
stopped the flow of sand in the
pipeline. The newly developed
conveying system utilized a much
smaller pressure vessel with a

total cycle time for fill and blow of only about
14 seconds, resulting in an almost continuous
flow of sand into the pipeline. The required
individual cycle functions were also simplified
so that fewer control components are needed,
resulting in additional cost savings.

The advantages of a pneumatic sand conveying
system with proper defects prevention built-in: _

1.

2. You don’t need boosters! Again, this

3. Much lower velocities!

You don’t need fluidization! This means:

- 40% lower compressed air consumption
- fewer parts to install and maintain

less compressor energy required

lower operating cost

- standard schedule 40 pipe can be used
- no need for heavy duty pipe

means:

- lower compressed air
consumption and
elimination of the extra
booster piping and fittings

- smaller dust
collectors

- reduced installation
labor

- fewer parts to install

- minimal
maintenance

- aless complicated
system

Translating into:

- considerable less
pipeline wear!

- fewer costly repairs

- less waste of
compressed air;
(leaks in the pipe
line waste a lot of
compressed air)

And what can we expect regarding
sand quality with a system designed

to prevent problems because of sand
defects? To determine the feasibility of
such a system a number of tests were
performed to assure consistency of
results. Shown below is typical test data
and proof that recognizing problems in
a process or equipment and systematic
follow-up to eliminate defects is realistic
and brings desired results.

Lower sand degradation
because of lower velocities!
Resulting in:

- less dust generation

- less waste material

- savings in resin
consumption (excessive
dust in the sand soaks up
resin like crazy)

- more efficient operation

- improved house cleaning Contact:

JIM GAULDIN

jim.gauldin@palmermfg.com
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Efficient Sand Transfer

Easy Internal Parts Repair or Replacement
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ARTICLE TAKEAWAYS:

An efficient cooling method can increase foundry production volumes

Automatic systems can help to ensure an accurate control on process

parameters

A test-rig and CFD analysis are helpful to obtain an effective casting cooling

The increasing demand of customers pushes suppliers
to research and develop new casting processes and

technologies.

CASTING COOLING

One of the main issues in the foundry field is the casting cooling time.

An efficient casting cooling method allows foundries to increase their

T1

LOC

TEMPERATURE

T2 F5

T1: Pouring Temperature

production volumes, also through a
properly designed material handling
system and a tailored-made plant
arrangement. In order to gain a
reliable and flexible process it is
necessary to have a fine-tuning step
and adjustment of casting cooling
parameters. Regardless the casting
process, the cooling method must
be able to ensure the performance
along the casting cooling curve.

In the metal casting processes, the
solidification is a phenomenon that
controls several properties of the
final product. In this scenario, the
cooling curves control the quality
of the castings. One of the most
important parts of the cooling curve
is the cooling rate, which affects
the microstructure and properties
of the castings. During the local
solidification time, the material is
completely converted from liquid to
solid. In alloys, solidification will not
occur at a given temperature value,

DATA PACK TEMPERATURE AQUISITION

T2: Freezing Temperature
FS: Freezing Start

FE: Freezing End

L5T: Lecal Solidification Time
T5T: Total Solidification Time
LCE: Liquid Cooling Curve
SCC: Solid Cooling Curve

TEMPERATURE

5CC

S,

LCC: Liquid Cooling Curve
SCC; Solid Cooling Curve

_Lec A: Cooling Tunnel Entrance

o

TIME

Figure 1: Metal casting, typical cooling curve

TIME

Figure 2: Cooling curves for aluminum casting




but in a range that depends on
their composition.

After solidification is over, solid
cooling (ref. SCC in the Figure

1) occurs at different rates.

Figure 2 shows the cooling
curves obtained on aluminum
castings for reference. The

curves were obtained with a data
pack (data logger) wired to an
aluminum casting with a set of
thermocouples. The data logger
stores the temperature trend from
the casting pouring until the end
of the cooling stage. The missing
area is due to the disconnection of
the data pack before manipulator
loads the casting on the steel

belt conveyor. Figure 2 shows
again two cooling curves: a liquid
cooling curve (LCC) and a solid
cooling curve (SCC). The point
“A” represents the beginning of
the forced air cooling when the
castings enter the castings cooler
conveyor. The main purpose of the

present article is to discuss the
solid cooling curve (SCC).

CASTING COOLING
TECHNOLOGIES

The most common technologies
to perform the casting cooling
process downstream the molding
line are:

» Cooling drums
* Vibrating coolers
* Steel belt coolers

The steel belt coolers have multiple
advantages compared to the other
conventional technologies:

* Smooth castings handling with
no vibrations, dust or noise.

* No relative motion between
material and belt, thus no wear.

* Flexible layout arrangement,
including greater inclined ramps
for material lifting.

* No heavy foundations are
required.

DEFECT

PREVENTION

» Castings indexing according to
foundry needs.

Moreover, an automated system
performs a dynamic control on the
process parameters, such as:

* The temperature of the
castings, through a set of optical
pyrometers at different points
along the transportation.

* The casting ID in order to adjust
the air flow rate and the steel
belt speed, according to the
casting type.

HEAT TRANSFER METHODS

In order to reduce the cooling
time, the thermal energy has to
be efficiently removed from the
castings.

One of the most critical factors in
the casting cooling process is the
heat exchange method adopted
to cool the castings down. In
a parallel-flow pattern, also
referred to as “co-current” flow,
both the airflow and the castings
enter the cooling tunnel

1. Co-Current Air Flow Inlet

2. Counter-Current Air Flow Inlet
3. Air Flow Outlet

4, Cross Flow

5. Tunnel held under negative pressure

at the same point and
then moves together in
the same direction. This
method is not as effective
because there is a large
temperature gradient at
the inlet of the cooling
tunnel and the cooling
medium cannot reach

a given temperature to
maximize the overall
efficiency of the cooling
process.

Counter-flow pattern,
also referred to as
“counter-current” flow, is
by far the most common
arrangement for heat
exchange. It occurs when

Figure 3: Typical combination of heat exchange methods

Continued on next page




the airflow and the castings enter
the cooling tunnel at opposite
points and flow in opposite
directions. The temperature
gradient at the inlet of the cooling
tunnel is smaller, thus reducing
thermal stress of the castings,
while the overall efficiency of the
cooling process is maximized.

According to layout and space
constraints, it is possible to adopt
a combination of both heat
exchange arrangements: parallel-
flow and counter-flow.

In addition to the co-current

and counter-current air flows,

a further cooling air flow, also
referred to as “cross flow”, enters
the system through some slots on
the belt pans. Thus, the cooling
rate performance is enhanced.

In this way, cooling air not only
flows around the castings, but also
passes through them, resulting in a
more effective cooling.

Figure 3 shows a typical
configuration of the cooling tunnel
held under negative pressure.

A stream of cooling air flows at
controlled speed to avoid thermal
shocks to the castings. Ambient air
is forced to enter the extremities
of the cooling tunnel and then it is
sucked from the central hood.

CFD MODEL

In order to perform an efficient
casting cooling process, the
thermal properties both of

air and of castings have to be
thoroughly investigated. Thus,

a CFD (Computational Fluid
Dynamics) approach is required
to implement the casting cooling
simulation model. Starting from
the casting 3D model, a calculation
grid (mesh) is generated. Then,
both the thermal properties and

3D CASTING

CFD MODEL

L1500
&B32

E=0.90 TA: 3I2.9 ALAM: OFF

EXPERIMENTAL TEST

Z00H 10FF

Figure 4: Experimental and Analytical results

the boundary conditions are

set in the pre-process ambient

of a dedicated CFD software.

As a result, the cooling curve is
finally obtained through the post-
process along with further process
parameters: e.g. air speed and

pressure drop in the cooling tunnel,

castings and air temperature. In
order to validate the above CFD
analysis, an experimental test
campaign can be carried out if the
reference castings are available.

EXPERIMENTAL TESTS

Thanks to a specific test-rig
equipped with a cooling tunnel
prototype, it is possible to validate
and adjust the theoretical curve
obtained from the CFD analysis. A
set of thermocouples welded on
the tested casting is connected

to a data acquisition system.

It is possible to monitor the
temperature trend of that casting
during the heating stage in the
oven, until the end of the cooling
process.

The thermocouples positions are
defined according both to clients
input and to critical cooling areas
highlighted by the CFD analysis.

Figure 4 shows a comparison
between the experimental results
and the analytical once obtained
through the CFD analysis.

Contact:
GAETANO CORAGGIO

gaetano.coraggio@magaldi.com




The Magaldi Casting Cooler - MCC® - is an automated
system for the transportation and cooling of castings
downstream the molding lines and it can be also a
valuable workstation for degating operation, avoiding the
need for a further conveyor.

The MCC® system is based on the well-proven Superbelt®
technology with more than 1500 applications worldwide
that overcome the drawbacks of the competing systems.

Custom-made technical solutions can be studied to solve
specific problems for any severe applications.

¢ High mechanical dependability.

e Efficient casting cooling.

® Absence of vibration, dust and noise, making the
MCC® a perfect working table for degating and
sorting operations.

e Flexible layout arrangement, including inclined
ramp for material lifting.

¢ No heavy foundations required.

* Low power consumption, low spare parts
requirements.

e Fully integrated supervision system, for automatic
and optimized operation (MISS®).

www.magaldi.com

370 Great SW Pkwy SW Suite B,
Atlanta, GA 30336, United States
Phone: 800 620 6921
Email: magaldiusa@magaldi.com
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ARE YOU A MANUFACTURER OF METAL,
PLASTIC, OR COMPOSITE PARTS?

If so, we encourage you to contribute as an
author in our next issue of The Part Buyers
Authority, an industry online publication.
Featured authors are positioned as the topic
expert in your 2-page article. As an additional
benefit, competitors to you cannot contribute

in the same publication to provide you with

dedicated space to your expertise.

Our sole focus of The Part Buyers Authority is to provide technical
information to assist anyone that designs, specifies or purchases metal,
plastic or composite parts. Specifically we will address the changing

technologies that affect the many ways that parts can be manufactured.

The Part Buyers Authority is sent to our list of 15,000 procurement and
engineering professionals several times a year on topics of interest to

buyers of parts.

SPACE IS LIMITED IN EACH ISSUE...

To contribute, please call 937-436-2648 or
email Grow@PartBuyersAuthority.com
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BIENVENIDOS A NUESTRA EDICION
“PREDICCION DE DEFECTOS”

Con tantas maneras de sacar una pieza
defectuosa, no sorprende gque la industria
metalmecanica lleve el liderazgo en el
mundo en la construccién de calidad,
desde el comienzo. A diferencia de otros
procesos de manufactura, que se apoyan
mayormente en la inspeccién final como
método principal de asegurar la calidad, las
fundiciones comprenden mejor que el resto,
gue uno no puede esperar a mecanizar la pieza para su evaluacion.

A lo largo de los ultimos diez afos, la planta de fundicidn sufrié
una transformacion revolucionando los disefios para producir
piezas mejores y mas complejas a un menor costo y con menos
rechazos. Con principios Six Sigma, celdas de trabajo robotizadas,
fabricacién aditiva y tecnologias inteligentes, todos ellos
contribuyen a lograr mejores piezas con procesos repetibles. Hoy,
todos en la planta de fundicidn estan involucrados en la prevencion
de defectos y este trabajo es permanente.

Esta edicidon estd dedicada a esta tarea ya que es un tema del
gue nunca puede hablarse demasiado. Esperamos que entre las
ideas de prevencion de defectos (que abarcan ligantes y proceso
de mezclado, fusion del metal, analisis, materiales y moldeo),
encuentre técnicas que pueda aplicar hoy mismo.

Me gustaria agradecer a todos nuestros colaboradores que
aportaron sus enriquecedores articulos a esta edicién. Un
agradecimiento especial a Scott Gil, gerente de laboratorio de la
Fundicion Dualtek - Innovative Casting Technologies, por aparecer
en la portada de este nimero. Como siempre, igracias por leer
nuestra 13ava edicion de Soluciones Simples que Funcionan!

ichy |t

Jack Palmer

Presidente, Palmer Manufacturing & Supply, Inc.
jack@palmermfg.com
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MENOS DEFECTOS
EN CORAZONES

« LQué tipo de terminacion
superficial se necesita en la pieza?

* Volumen de produccion: éseries
grandes o trabajos a demanda?

A
A w » (Puede el Desgaseo del corazén
= ) *" afectar de manera adversa a la

| JERRY SENK oo

-_.'-

ieza?
i‘ I Presidente P . ) o
EQUIPMENT MANUFACTURERS INTERNATIONAL, INC. i ¢Habra restriccion alguna para
Tl quitar los corazones con shake-out?
PUNTOS SOBRESALIENTES DEL ARTICULO

Mejores Corazones = Mejores Piezas

» (Cudl es el impacto ambiental?

El costo del corazon suele ser el
Cinco consideraciones para mejor calidad del corazén impulsor principal en la eleccion
del proceso, pero todas las

variables listadas intervienen en la
Nuevas piezas fundidas pueden necesitar nuevos procesos de produccién de comparacion de costos.

corazones

Mejoras en el equipamiento existente pueden minimizar defectos

Desde gue se cold la primera pieza fundida, los
fundidores han estado trabajando en la eliminacion del .Y
scrap o piezas rechazadas y en la mejora de las piezas
fundidas. Este articulo se enfocara en un area

de reduccion de defectos y rechazos en las piezas
fundidas al delinear cinco consideraciones . _ -
importantes para una produccion de corazones : <7 At
de arena confiable. : “4

;
Hay numerosos procesos de produccion de corazones J g i '* : |
que los fundidores pueden elegir utilizar. Entre ellos estan:
caja fria (Isocure), arena de Shell, caja tibia, inorganica,
autofraguante, entre otros. Cualquiera de estos procesos
puede utilizarse casi para cualquier aleacion. Su eleccion
se basa tipicamente en el tamafio del corazon, volumen
de produccion, terminacion superficial de la pieza fundida,
herramental e inversion de capital.

1. PROCESO DE CORAZONADO

Muchas veces este proceso se define en base al
proceso de produccion de corazones con el que la
fundicion esté familiarizada, pero a medida que las
fundiciones incorporan nuevas piezas a su porfolio; las
especificaciones del cliente pueden imponer un nuevo
meétodo de fabricacion de corazones, o algunas de

las siguientes consideraciones podrian impactar en la
eleccion:




PREVENCION

DE DEFECTOS

2. DISENO DEL HERRAMENTAL

TEI disefio del herramental es un
factor critico para lograr corazones
gue llenen correctamente,

tengan una geometria bien
definida y puedan satisfacer los
requerimientos del proceso de
fundicion. Los herramentales
pueden ser de diversos materiales:
desde cajas de madera cubiertas
en resina para producciones
pequeas, puede usarse aluminio
para corazones de caja fria,
inorganicos o autofraguantes, hasta
cajas de hierro /acero utilizadas
para series de medianas a grandes,
o por consideraciones del proceso
de Shell o caja caliente o tibia.

Para minimizar defectos y mejorar
la confiabilidad de los corazones
debemos comenzar por el disefo
del herramental. El analisis del
llenado y su curado puede hacerse
por prueba y error, por simple
experiencia o con software de
simulacion comercial. El éxito

al lanzar un nuevo herramental
generalmente requiere de una
combinacion de los tres pasos.

Normalmente el herramental
tendra venteos, que pueden ser
agujeros, ranuras, mallas u otros
materiales mallados que permitan
que el aire escape durante el
soplado. Aungue ambas etapas

son criticas, el llenado es el primer
requerimiento importante por
establecer. Ingenieros de disefio
experimentados sabran donde se
necesitan los venteos. Como regla
general, tipicamente se colocan

el doble de venteos en el “sobre”
(molde superior) que en el “bajero”
(molde inferior) en moldes de
particion horizontal. Nunca cologue
un venteo directamente por debajo
de un tubo de soplado.

Desde el inicio deben considerarse
el montaje y remocion del
herramental, especialmente

CcON una Mmagquinaria nueva o un
reacondicionamiento. Cualquier
caracteristica de cambio rapido
(ya sea con interfaz automatica

o manual) necesita ser confiable,
de facil acceso y seguro. Es
importante considerar su limpieza,
carga del herramental, conexiones
para gaseo y venteos, ajustes
finos y conexiones de las piezas
moviles; todos estos son aspectos
importantes en el disefio y
planificacion.

Incluso el herramental con el
mejor diseflo va a precisar algunas
atenciones periddicas durante

la produccion. Es importante
soplar la linea de particion, limpiar
los venteos o rociar la linea de
particion con espray. Con cada
nueva caja de corazones, el

operador debe tener presente
gue al final la paciencia y la
perseverancia siempre dan frutos.
Cada corazonera y su herramental
presenta pequenos inconvenientes
qgue no pueden preverse. Casi
todo herramental va a necesitar
algun ajuste o modificacion y

sélo mediante prueba y error

con paciencia, el ingeniero podra
conseguir entregar corazones de
calidad consistente.

3. MAQUINA CORAZONERA Y
EQUIPOS AUXILIARES

Hay para elegir muchas variantes
de corazoneras; desde prototipos o
equipos en desarrollo, corazoneras
semiautomaticas hasta celdas
completas usando sistemas de
manipulacion robotizada.

Un primer paso para determinar
la corazonera apropiada es
comprender el tamafo vy
complejidad del corazon.
Corazones grandes pueden
alivianarse con mandriles o piezas
moviles. Lo mas deseable es
tener corazones de una pieza, sin
embargo, puede que se necesiten
corazones de multiples piezas
dependiendo de la complejidad
del corazon. Para cada equipo
debe considerarse el costo total de
propiedad, incluyendo un analisis

continda en la pagina siguiente...




concienzudo de capital inicial,
tasas de productividad, coste
de trabajo, materiales, servicios,
mantenimiento preventivo y
capacitaciéon de los operadores.

Al analizar los requerimientos de
una corazonera, debe considerar

la totalidad de la produccion

de corazones, la cantidad de
corazones por herramental (o por
caja de corazones), la cantidad
anual de corazones vy las horas de
operacion. Con estos datos basicos
a mano puede hacerse un analisis
de los tiempos de produccion y las
mejoras potenciales que ayudaran
a identificar el tamafio correcto
(tamafo de caja y capacidad

de soplado) que satisfaga las
necesidades presentes y futuras de
la fundicion.

4. MANTENIMIENTO DE
REGISTROS

Algo critico que a menudo se
olvida es el registro cuidadoso

de los pardmetros de maquina y
datos de arena vy resina al producir
un corazon de buena calidad. La
vasta lista de variables involucradas
en la fabricacion de un corazdén

es asombrosamente compleja y
facilmente olvidada. Asegurese
que la atencion a los detalles del
proceso de corazonado es tan
minuciosa como con los otros
procesos.

Mantener registros de los
parametros de proceso es una
practica excelente que deberia
comenzar con las pruebas de cada

caja de corazones.
Debe resistirse

la tendencia a
cambiar varias
variables al mismo
tiempo (soplido,
gaseo, venteo,
etc.). La mejor
metodologia

es cambiar un
parametro a la
vez. Documente

y registre cada
cambio hasta que
haya encontrado
un conjunto de
parametros consistente para una
buena produccidon de corazones.

Otro modo de ayudar a eliminar
los defectos en corazones de
diferentes productos vy diferentes
cajas (distintas piezas en almacén
“SKU”) es utilizar los controladores
l0gicos programables de

la maquina (PLCs) con la
funcionalidad de recetas. Es una
caracteristica relativamente facil
de afadir a equipos con PLC e
interfaz Hombre Maquina (HMI)
para controlar la operacion de

la corazonera. Como muchas
fundiciones se apoyan en sus
equipos relativamente afnejos, esta

caracteristica podria ser costosa de

anadir.

El uso de la funcion de recetas

es una gran alternativa para el
ajuste de parametros del operador.
La interfaz HMI y controles PLC
pueden operar automaticamente
la corazonera sin ajustes manuales
del operador. Una vez cargada

la informacion y demostrada su
funcionalidad, el operador de la
corazonera solo debe ingresar la
informacion del SKU en la interfaz
HMI y el equipo se encarga. Un
paso Mas avanzado es utilizar
identificadores de radiofrecuencia
RFID montados en el herramental
con un lector también montado
en el equipo, entonces los ajustes
de la receta se hacen de manera
automatica; sin lugar para errores
del operador.

Al utilizar datos precisos
almacenados junto con

la tecnologia actual en
instrumentacion y control, los
operadores de las corazoneras
pueden entregar corazones de alta
calidad con baja posibilidad de
defectos.

5. LIMPIEZA Y MANTENIMIENTO
GENERAL

La variable de proceso gque mas
se pasa por alto es asegurarnos
de la limpieza de la maquina y

su herramental antes y durante
la produccion. Limpieza de los
venteos v lineas de particion,
soplado del “sobre” o sellado

de areas con gas, todos son
pasos importantes del proceso.
El rociado de espray sobre el
patron puede también ser critico,
ya que las fundiciones se han
acostumbrado a utilizar soplador
de aire comprimido para ayudar
en este paso. Pero a partir de la
implementacion de la regulacion
de Silice, se agregaron desafios a la
operacion.
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Las corazoneras modernas
generalmente se entregan de
completamente cerradas, con
ventanas de accionamiento rapido
y funcionalidades de limpieza
automatica a alta presion del
herramental. La funcién de
limpieza automatica afade un
nivel de seguridad adicional
manteniendo al operador fuera
de los movimientos automaticos
del equipo. Un confinamiento
apropiadamente ventilado
ayudara a mejorar las condiciones
ambientales del sector de
corazonado al minimizar los
catalizadores (aminas, formato de
metilo, SO2 y CO2).

lgualmente importante es realizar
limpiezas diarias de la propia
corazonera. El cargador de arena,
tolvas de entrada, compuertas
deslizantes o valvulas mariposa
deben ser limpiadas al final

de cada turno. Los tamices de
soplado y venteo necesitaran

un poco de mantenimiento
preventivo para mantenerlas en
buen funcionamiento. Deben
inspeccionarse peridodicamente
sellos en las mesas y platinas de
gas y reemplazarse cuando sea
necesario. Incluso la alineacion
de pins, cojinetes y cualquier
caracteristica de ubicacion debe
ser inspeccionada vy ajustada de
manera rutinaria.

Sl la arena en exceso se acumula
en las partes moviles del equipo,
se produciran errores en el
proceso gque podrian afectar la
calidad del corazdn y pueden dar
lugar a desgaste prematuro de
varillas guia, cojinetes y rodillos.
Algunos procesos de produccion
de corazones pueden requerir
limpiezas frecuentes incluso dentro
de cada turno de trabajo, como

los portaobjetos de piezas sueltas
o postizos. En estos casos, es Uutil
registrar la cantidad de ciclos entre
limpiezas y crear algun programa
del proceso tomando en cuenta la
limpieza requerida. Estos datos del
proceso de limpieza pueden ser
incluidos en algun registro y podria
ser un contribuyente clave para

mejorar la calidad de los corazones. de las nuevas corazoneras y sus

RESUMEN

Quitar a los corazones del arco
de posibles promotores de
defectos no es dificil. Si requiere
un monitoreo cuidadoso y un
plan de accion bien pensado que
incluya planillas de verificacion
para guardar registro de

cada trabajo. Dar comienzo a
peguefos cambios de proceso,
procedimientos de mantenimiento
y comprender el funcionamiento

equipamientos auxiliares, ayuda

a entregar corazones de calidad
consistente. Hacer corazones de
buena calidad es una combinacion
de varios factores. Simples cambios
pueden mejorar dramaticamente

la rentabilidad de la fundicion, la
seguridad de los empleados vy el
ambiente de trabajo.

Contacto:

JERRY SENK

j_senk@emi-inc.com
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ACETARC

Fundada en 1967, nos
especializamos en el disefio y
fabricacién de todo tipo de

cucharas para fundicién.

« Cucharas robustas para fundicion
- Safe Pour (Colada Segura, cero daino)
- Operadas a bateria

+ Unidades de colado por la base con
control remoto por radio

* Precalentadores y Secadores de
Cucharas

TEL: +44 (0) 1535 607323
sales@acetarc.co.uk

www.acetarc.co.uk




UTILIZACION DE REVESTIMIENTOS
PREMOLDEADOS (MONOFORMA
PRE-CAST) EN CUCHARAS.

STEVEN HARKER
Technical Director

)

ACETARC

ACETARC ENGINEERING CO. Ltd
PUNTOS SOBRESALIENTES DEL ARTICULO

* Los mejores resultados se obtienen fruto de una clara comunicacion entre la
fundicion, su proveedor de refractario y el fabricante de la cuchara

Solamente porque algo se hizo asi en el pasado, no significa que deba seguir

haciéndose asi

Los beneficios secundarios pueden ser una consideracion importante a lo largo
de la vida util total de trabajo de una cuchara

En los aflos 80 las cucharas y las cucharas de colado

por la base inferior Acetarc se hacian para satisfacer los
estandares britanicos. Estos estandares fueron revisados
por ultima vez en 1960, de manera que, si precisaba una
cuchara de tratamiento, de cualquier tipo, una cuchara
motorizada o cualquier caracteristica especifica que se
acomode a los requerimientos particulares de su fundicion,
usted se encontraba mas bien en manos del fabricante de
la cuchara. La situacidn es aun mas marcada hoy, con el
estandar que ha quedado lejos en términos practicos, pero al
menos puedo afirmar gque nuestras decisiones de disefo se
basan tanto en nuestras décadas de experiencia como de la
retroalimentacion de las fundiciones.

En aguel entonces, cuando nos
referiamos a las cucharas de
vertido superior o por la base
inferior, estaban dispuestas ya las
dimensiones de la carcasa para una
dada capacidad, tamafio de pico,
espesor del revestimiento y muchos
otros detalles. Los fabricantes de
cucharas no tenian que disefar

las cucharas, ya que ellas eran,
estandar. No habfa adaptacion

a medida del cliente, para que

su disefio encajara mejor con las

practicas de su fundicion.

Sin embargo, hubo un periodo
a mediados de la década del
1980 en el que esta fidelidad a
los estandares, que cada vez
eran menos relevantes, llevo a
situaciones en donde el cliente
encontraba que la capacidad
de la cuchara nueva no era la
gue esperaba. Comenzaban
a hacerse populares los
revestimientos refractarios

de concreto por moldeo vy el

método de colocacion de ladrillos
refractarios iba dejandose de lado.

Clarificar y alcanzar la capacidad de
trabajo necesaria de su cuchara es
critica para el proceso.

En aquel entonces las cucharas
disefadas, en lineamiento con el
estandar, hacian una prevision

para un revestimiento de ladrillos
refractarios, que tendria un espesor
de unos 38mm. Sin embargo, el
refractario moldeado solia tener un
espesor de unos 75mm para una
cuchara de la misma capacidad.

En consecuencia, se reducia la
capacidad de trabajo de la cuchara.

Esto hizo que se volviera mas
importante la claridad en todas
las especificaciones en la etapa de
disefio de la cuchara; incluyendo:
las dimensiones del armazon
interno, la holgura recomendada
para el revestimiento y la capacidad
de metal liguido para un dado
borde libre de seguridad. Ya no
era suficiente pedir una cuchara
de volcado superior de 2t. Los
estandares britanicos se utilizan
todavia como guia base, pero los
disefios actuales han sobrepasado
estos lineamientos para reflejar
tanto las practicas habituales

de trabajo de la fundicidon como
los avances en tecnologia de
refractarios.

Actualmente, nosotros vemos

que, si una fundicion quiere
ajustar cualquier parametro para
adecuarlo a sus requerimientos
particulares, puede hacerlo,
siempre que sea seguro. Es un
sistema gue ha funcionado bien

v hoy, en la etapa de cotizacion,
gracias a los avances en CAD, la
fundicion tendra probablemente
un plano de disposicidon general en
vista isométrica en lugar de una
cotizacion genérica con cambios en
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las dimensiones. Una imagen tipo
fotografia y no un plano 2D de la
cuchara. Esto hace mucho mas facil
que todo el mundo visualice lo que
va a obtener.

Sabemos que la mayoria de las
fundiciones, si le dan a elegir,
prefiere algo disefado para sus
requerimientos especificos. La
filosofia de talla universal no
funciona en la mayoria de los casos.
las practicas de trabajo no deberian
adaptarse al equipo, cuando el
equipo puede adecuarse a las
practicas de trabajo.

Nunca ha habido un lineamiento fijo
para el espesor de los refractarios
moldeables, pero una buena regla
empirica es 10% del didmetro
superior. Por ejemplo, si el didametro
superior de la cuchara es de @30”
(@762mm) entonces el espesor

del recubrimiento moldeable debe
ser 3” (76mm). Con cada cuchara
pequefa o grande hay algo de
flexibilidad. El recubrimiento
refractario debe tener un espesor
de al menos 2” (50mm) a fines de
una buena instalacion e integridad
del mismo. Y, de manera similar en
el extremo opuesto, si el espesor
de refractario es de, digamos, unas
8”, aumentarlo a 10” solamente

para seguir el lineamiento del
10% no seria necesario, a menos
gue hubiera alguna razon para
hacerlo.

Los recubrimientos moldeados
de concreto refractario
inicialmente no siempre tuvieron
el comportamiento esperado,
especialmente en lo que respecta
a la vida util del revestimiento

y el mantenimiento requerido.
Como muchas fundiciones
entonces utilizaban un crisol
para fundir, un método comun
de precalentamiento de la
cuchara era llenarlo con el
primer pinchazo al crisol, dejarlo
estar unos 10 minutos v luego
lingotear el metal. Dejando de
lado la baja eficiencia de dicha
practica, los ladrillos refractarios
podian resistir el chogue térmico
pero los refractarios moldeados,
por varias razones, no podian.
Claramente estos nuevos
revestimientos necesitaban

Sus propias técnicas de uso y
mantenimiento.

Lo que rapidamente aprendimos
fue que era importante prestar
mucha mas atencién al disefio
de la cuchara para gue pudiera
trabajar con el revestimiento,

especialmente, incorporar detalles
gue puedan ayudar a que la
cuchara rote rapidamente cuando
llega el momento de reemplazar
el revestimiento. Un precalentado
correcto es sustancial para
minimizar los defectos de colado
y maximizar la vida del refractario,
pero también lo es el propio
disefio de la cuchara.

Uno de los inconvenientes del
refractario moldeable es que
puede necesitar mucho esfuerzo
cuando llega al fin de su vida util.
Ayuda tener secciones de la base
desmontables vy placas inferiores
moviles, pero puede llevar 24
horas o mas quitar el refractario

y reemplazarlo. A menudo el uso
de “picadores” mecanicos que
pueden dafar la estructura de la
cuchara. Luego debe dejarse secar
correctamente al revestimiento

y esto puede tomar unas 24-48
horas antes de que se pueda
poner la cuchara a precalentar
para usar en la operacion
nuevamente. Estamos suponiendo
gue todas estas tareas se hacen
en la misma fundicion. Si debe
enviar la cuchara a una companhia
especializada debe sumarle dias o
incluso semanas hasta tenerla de

vuelta.

Por lo que uno

de los desarrollos
mas interesantes
de los refractarios
es el revestimiento
premoldeado
“pre-cast”, también
conocido como
vasija monoforma o
pot, para cucharas
de hierro vy acero.

Muchas compafiias
de refractarios
estan desarrollando
y expandiendo este
concepto. Como
fabricantes de
cucharas, tenemos
que estar al tanto
de estos avances y

continda en la
pdgina siguiente...
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ver si el disefio de la cuchara debe
adaptarse.

El proceso es similar en principio
a los revestimientos insural de
Foseco, pero es para utilizar con
hierro y aceros fundidos.

Generalmente, se coloca una base
de polvo refractario en la cuchara
vy luego se coloca la monoforma
en la carcasa y se lo posiciona en
el centro. El espacio que queda
entre esta vasija premoldeada vy
la carcasa de la cuchara se rellena
con polvo refractario, el cual se
va compactando por vibracion.
Este polvo del revestimiento
actua como un recubrimiento de
seguridad y a menudo permite el
uso de cucharas gue no fueron
disefadas especificamente para
esta monoforma.

Se da terminacion a la parte
superior de la cuchara con una
capa de refractario para sellarlo y
evitar que el polvo caiga al inclinar
la cuchara. Normalmente la
cuchara tendra o bien un aro plano
o placas de acero desmontables
para mantener a la monoforma en
su lugar cuando se rota la cuchara.

Es mejor diseflar la cuchara desde
el vamos para ser usada con un
pot monoforma, pero no siempre
es necesario conseguir una
cuchara nueva si piensa en utilizar
monoformas premoldeadas.

La monoforma deberia durar tanto
como un refractario moldeable.
(Basicamente es el mismo
material).

Reemplazarlas, es tan simple como
quitar el aro o placas y luego dar
vuelta la cuchara. Unos pocos
soplidos en la base de la cuchara
son generalmente suficientes

para que salgan los polvos vy la
monoforma, ésta ultima en una
sola pieza. Luego puede limpiarse
la cuchara y volver a recubrir

con un nuevo pot en cuestion de
horas. Este proceso es por lejos
mas eficiente y reduce el tiempo
de reemplazo a 4 - 8 horas,
dependiendo del tipo y tamafio de
cuchara. Comparado con 24-36

horas si se cambia en la misma
fundicion y unas 2 6 3 semanas

si la cuchara se debia enviar a
una empresa especialista en
refractarios. Este rapido recambio
de cucharas puede ayudar en
gran medida a la produccion de
la fundicion evitando un potencial
cuello de botella si tienen un
numero limitado de cucharas
disponibles.

El uso de la monoforma puede
también reducir el riesgo de

la enfermedad ocupacional de
dedo blanco por vibracion para

el operador que debe destrozar

el viejo recubrimiento. Unos

pocos golpecitos en la base de la
cuchara es mucho mejor que varias
horas con un martillo o taladro
neumatico.

Desde el punto de vista del disefio
de la cuchara, la utilizacion de
pots premoldeados presenta un
abanico de posibilidades. Es mas
sencillo adaptar la carcasa de la
cuchara para adaptarse a una
preforma disponible. Y cuando se
trata de cucharas de tratamiento,
con vertido tipo tetera o cucharas
de geometria extrafa, el uso de un
revestimiento premoldeado puede
simplificar las cosas en buena
medida. Tanto al fabricar la cuchara
como al instalar/reemplazar el
refractario.

POR EJEMPLO:

Hemos suministrado cucharas

de tratamiento tipo tetera para

EJ desde el 2003. Inicialmente,
las cucharas se entregaban con
un formador del revestimiento

de piezas multiples y revestir

con refractario esas cucharas era
una tarea mayuscula. Alrededor
del ano 2013-14 nos enteramos

de que EJ habia adaptado estas
cucharas para usarlas con una
monoforma en forma de vasija
para el recubrimiento refractario.
Proveimos una cuchara tipo tetera
adicional en 2016 para EJ y en esta
cuchara incorporamos algunos
cambios para que su uso con la
monoforma fuera mas sencillo.

Para la nueva planta de EJ, en
Elmira, trabajamos codo a codo
con EJ para disefar las cucharas
en funcién de sus especificos
requerimientos. Efectivamente
diseflamos sus cucharas en base
al refractario monoforma que
pretendian utilizar. La experiencia
adqguirida en EJ Ardmore, les hizo
ver claramente la eleccion para su
nueva planta. La cuchara para EJ
en Elmira tenfa una forma compleja,
con dos boquillas extendidas

y el uso de una monoforma
premoldeada les simplificaba en
gran medida el revestimiento de
estas cucharas.

Me gustaria dejar las palabras finales
a Brian Gorton de Weir Minerals. Al
consultarle acerca de las ventajas
de los revestimientos preforma, me
devolvio estos comentarios:

* Menos trabajo de impacto para

el operador - se quita la exposicion
a la vibracion de la limpieza y
remocion del revestimiento (HAVS -
Sindrome de Vibraciones al sistema
Mano-Brazo).

 Ambiente de trabajo mas seguro-
Menor exposicion al polvo, ruido y
trabajo en espacio confinado.

* Mejor control del revestimiento
refractario y de los costos de
mantenimiento.

* Mayor cantidad de cucharas
disponibles para la produccion.

* Ya no se afecta a la produccion
por falta de cucharas disponibles.

* No se dafa la carcasa de la
cuchara luego del golpeado
mecanico (knock out).

* Sin costos de reparacion.

* Sin necesidad de quitar
mecanismos de colado y volver a
colocarlos al recibir de vuelta la
cuchara.

» Plazos breves para recambio del
revestimiento refractario.

Contacto:

STEVEN HARKER

steven.harker@acetarc.co.uk
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AFINO DE GRANO Y ANALISIS
TERMICO DEL ALUMINIO LIQUIDO;
INO DANE A SU METAL LiQUIDO!

las propiedades del bafio fundido
a menudo se desperdician en

SOLUTIONS todo el mundo por un horno

sucio, transferencia turbulenta,
FONDERIE aspiracion de aire del basin de
colado y de un sistema de canales
de alimentacion mal disefiado. Cada

FRANCOIS AUDET dia puede cambiar el ambiente en
SOLUTIONS FONDERIE la fundicion, afectando parametros
L de proceso como termografia del
PUNTOS SOBRESALIENTES DEL ARTICULO mo|de] atrapamiento de humedad

en el bafo metalico, reoxidacion
y atenuamiento del nivel de
refinamiento de grano o de su

« Anadir afinadores de grano/fundentes al bafio de.aluminio liquido previene
defectos en las piezas fundidas;

Adiciones de afinador de grano sin medir las propiedades del bafio es con- potencial de nucleacion. ¢Por qué
traproducente; necesita desgasificar mas hoy que
El andlisis térmico mide las propiedades de la solidificacion de su aluminio antes? Recolectemos datos de .
liquido; proceso para comprender y discutir
3 4 ALNF ! : 2 como equipo. ¢Qué sucede en la
Podria no necesitar afiadir refinador: itomemos decisiones basadas en datos! planta que provoca mas rechazos

gue hace 6 meses? Con datos,
MEDICION DE PROPIEDADES DEL ejemplo, el valor de % de Titanio  tendremos el primer paso cumplido

BANO: entregado por su espectrometro  para prevenir defectos de manera
Es necesario medir y minimizar las podria no encontrarse activo en cientifica y para conseguir trabajos
variaciones de propiedades de su la forma que usted lo necesita; en piezas de mayor valor.
bano de metal de turno en turno, si el analisis térmico le permitira  ANALISIS TERMICO DE ALUMINIO
quiere hacer crecer su negocio con  conocer eso. El objetivo es A356:
piezas de mejor valor o solamente siempre comenzar con un bano )
para bajar el costo de su operacion. de la misma calidad. Todos los sistemas de analisis

. ) . ) térmico no son lo mismo. Asegurese
La olens_@ad obtemola con el ensayo  AUn mas, conocemos que de preguntar como se calculan los
de presion reducida (Reduced nuestros esfuerzos para controlar
Pressure Test "RPT") proporciona continda en la pdgina siguiente...

un indice de calidad del bano;

un valor mixto de contenido de
hidrogeno y dxidos en su bafo

que contribuye a la formacion de
porosidad. El espectrometro le dice
la presencia porcentual % de algun
elemento quimico en la aleacion. Un
sistema de analisis térmico como

el de Solutions Fonderie mide las
propiedades de solidificacion de

la aleacion en planta en menos

de 8 minutos; ¢Es el que utiliza

su software de simulacion? dLos
elementos que medimos por el
espectrometro estan disponibles
para pa rticipar en los eventos de Figura 1: Se esta tomando una muestra de aluminio liquido para el andlisis
solidificacion como se mide en un térmico de sus propiedades de solidificacién con el sistema SF. La termocupla
sistema de analisis térmico? Por estd rodeada por el metal liquido.
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eventos de solidificacion durante
su demostracion de un sistema

de analisis térmico para confirmar
su repetibilidad, por ejemplo.

La Figura 1 muestra de aluminio
liguido A356 tomada de un analisis
térmico usando el sistema SF.
Entre las diversas caracteristicas
de solidificacion, observamos el
liguidus, zona pastosa, la fraccion
solida critica, el eutéctico, las

fases tardias (MgSi, MgCuAl), el
solidus y varios mas basados en
los requerimientos de la aplicacion.
Durante la solidificacion, cada
evento libera o absorbe energia.

Por ejemplo, una escasez de
nucleos en el bafo afecta
fuertemente la energia necesaria
para iniciar la solidificacion. Como
consecuencia, vemos recalescencia
en el liquidus. El afadido de un
refinador de grano aumenta

el potencial de nucleacion del
bafo lo cual facilita el arranque

de la solidificacion. Pero ¢cComo
sabe cuando y cuanto anadir de
refinador de grano al bafio de
metal? éEs bueno o malo para las
piezas que hace y para la materia
prima que utiliza para fundir? ¢Cual
es la eficiencia del tratamiento de
su bano? ¢Cuanto se atenua su
efecto con el paso del tiempo? éSu
operador comprende los que estd
haciendo y por qué?

La industria reconoce varios
eventos de solidificacion, para los
cuales el analisis térmico es rapido
y efectivo para medirlos, como
afino de grano y modificacion

del nivel de eutéctico en aluminio
356. En 2020, los sistemas de
analisis térmico avanzado permiten
medir facilmente los eventos de
solidificacion de manera precisa

y repetitiva. Esto puede hacerlo

el operador de planta, al lado del
horno; sin necesidad de un técnico
del laboratorio. Por supuesto,
mediremos luego el tamafo de
grano utilizando metalografia
como el método Barker. Aun asi, su
sistema de analisis térmico puede
proveer en menos de 8 minutos
una medicidn con la precision que
suU operacion necesita.

Fumace 1

Fumacs 2

Aliery, 3581

Grain refinement

0.10 Good

Furmigce 3 Fumacg 4

Modification

-0.04 Weak

Figura 2. Interfaz amigable del sistema de analisis térmico para el operador del
horno para afino de grano y evaluacion del nivel de modificacion para aluminio
A356. Las otras propiedades del bano se registran y se utilizan para cerrar el lazo
de analisis del caso con el software de simulacion.

CASO DE ESTUDIO - REAL
AHORRO DE COSTOS:

El operador del horno no
necesita comprender la curva

de enfriamiento de la muestra
del analisis térmico. Solamente
necesita los datos de propiedades
de solidificacion de la ultima
muestra fundida para tomar
medidas. Como cuando precisa
el valor de densidad del RPT para
confirmar que el bafo alcanzd su
objetivo de limpieza. (Figura 2)

Ahora el operador (o la maguina
de inyeccion de fundente) sabe
cuando se debe agregar un
refinador de grano /fundente de
limpieza, si fuera necesario, y en
ese caso cuanto necesita el bano.
El gerente de calidad se asegurara
de extraer la curva de enfriamiento
y las propiedades de las fracciones
criticas que llevan a tener buenas
piezas coladas. Y exportara los
datos para las simulaciones de
llenado y solidificacion. Ahora

las propiedades para nuestra
aleacion utilizadas en el software
de simulacion y los datos de

la aleacion en planta son mas
exactos; evitemos el meter datos
basura para obtener simulaciones
sin valor.

Durante muchos afos, el
procedimiento de la fundicion
era afadir entre 0,1% vy 0,5%

de afinador de grano al bafo.
Finalmente, pudimos afadir sélo

0,05% vy el efecto de envejecido
ocurrio de 3 a 4 horas después.
Para esa pieza en particular y

ese equipo de fundicion y las
condiciones ambientales en ese
turno, esa cantidad fue suficiente
para obtener una calidad éptima
versus costos de operacion.
iConfie en sus datos! La calidad del
aluminio liguido cambiara dia a dia
y a menudo, lote a lote. Midamos
como se afectan los eventos de
solidificacion durante el proceso
de colado para tomar las acciones
justificadas por los requerimientos
de cada trabajo. Luego tendremos
un buen y estable bafo liquido
para colar piezas cada vez mas
complejas. Comprenderemos
mejor como prevenir defectos.

Por ejemplo: éfue la culpa de

un lote de aluminio de calidad
fuera de estandar o fue culpa de
un mal diseflo de los canales de
alimentaciéon? A decir verdad, esto
recién empieza; no dafie su metal
fundido en el camino desde que lo
saca del horno y hasta que termina
de solidificar dentro del molde.

Contacto:

FRANCOIS AUDET

francois.audet@solutionsfonderie.com




Q) ANALIZADOR DEL
< BANO METALICO

Sistema de analisis térmico preciso,
con repetibilidad y facil de utilizar

* Mida las propiedades de su metal liquido

* Trate al bafno en base a los datos
* Registre los datos para diagnostico

* Produzca piezas fundidas de calidad
consistente

Incluye herramienta facil para el operador
GO No Go

‘ 0.10 coob! ' Il —0.30 Low

MO Mmartigny ot T

de grano
- Affigral, jDoble accion!

Amplia seleccion de productos
no ferrosos
- Aluminio, magnesio, cobre

Descoriadores, cobertores y
desoxidantes
- Elimoxal, jFlux multiaccion!

Amplia gama de productos no-ferrosos
Aluminio, magnesio, cobre

SF www.solutionsfonderie.com




PREVENCION DE DEFECTOS EN
PROCESOS CON METAL LIQUIDO

@

JEFF KELLER
CEO
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« La prevencion de Defectos tiene multiples niveles, comience por el principio

MOLTEN METAL

EQUIPMENT INNOVATIONS

MOLTEN METAL EQUIPMENT INNOVATIONS

* Introduzca mejoras de la calidad en los puntos éptimos del proceso

¢ Resultados libres de Defectos requieren-de un enfoque sistematico

EI viejo dicho que la fundicion es tanto arte como ciencia
suena a que es verdad. En casi cada una de las etapas del
proceso hay oportunidades para crear lo que en el Ultimo de
los casos se convertird en un defecto en la pieza que esta

fundiendo.

En muchos casos, el defecto pudo
crearse aguas arriba del proceso

en el gue finalmente se manifiesta,
lo cual es una receta para gastar
dinero en una pieza que ya esta
defectuosa. Si fuera simple evitar
esto, lo estariamos haciendo

y ninguno de nosotros tendria
rechazos y nos estaria saliendo
dinero de las orejas. De manera
gue, como en la mayoria de los
casos, es cuestion de focalizarse

en los elementos correctos del
proceso de modo de eliminar los
defectos cuando es mas probable
gue aparezcan y en los lugares

gue ocurririan y luego mantener

el proceso y dejar correr la
produccion. Al haber trabajado
tantos aflos en esta industria,
algunas lecciones hemos aprendido
y agui estadn algunos ejemplos y
conceptos que espero sean de valor
y puedan aplicarse a las situaciones
especificas de sus operaciones.

EMPIECE POR EL PRINCIPIO

En ultimo caso, encontraremos

el defecto en el producto final.
Estaremos por fuera del rango
de especificaciones o tendremos
porosidad que lleve a una grieta
O nos traiga preocupaciones
estructurales. La clave para
eliminar efectivamente el defecto
es determinar en qué punto
ocurre y por qué. Por esa razon,
tenemos que comenzar al inicio
del proceso para eliminar las
causas rafz y evitar sus efectos
potenciales aguas abajo en los
procesos posteriores. Un ejemplo
de esto seria una aleacion que
incluye contaminantes que
pasan a las etapas finales del
proceso. Si usted solamente
analiza el final del proceso,
puede desperdiciar cantidad

de tiempo y dinero intentando
solucionar el problema cuando la
causa estd aguas arriba. Hemos
sido capaces de encargarnos de

este inconveniente como parte de
nuestro sistema de transferencia
launder con filtro de modo que
estos contaminantes se filtran hacia
fuera del proceso eliminando de
manera efectiva la causa raiz en el
proceso. Al filtrar el metal usando
filtros de espuma ceramica, que
puede seleccionarse en base a las
especificaciones de la aleacion y
sus potenciales contaminantes,
podemos asegurarnos que estamos
mandando metal limpio mas
adelante en la maquina de colado.

OBSERVE CADA PASO

Siempre es tentador adelantarse
algln paso y en el mundo de los
metales fundidos, esto es siempre
un error. Siguiendo el proceso del
ejemplo de arriba, seria facil pensar
gue hemos resuelto el problema

y que podemos enfocarnos
directamente en el final del proceso.
Mientras podria ser cierto que lo
hemos resulto, es mas probable
que los otros pasos del proceso
impactaran al metal en modos que
pueden reintroducir un defecto.

Un buen ejemplo podria ser cdmo
se transfiere el metal al punto
siguiente del proceso. En nuestra
experiencia, si no hacemos todo

lo que podemos por evitar la
exposicion del metal liquido

al aire, o la introduccion
de turbulencia ’
en

Sistema de Transferencia Launder
MMEI Filtrada con Desgasificador Rotatorio
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el proceso, volvemos a aumentar
la probabilidad de defectos que
no se descubriran hasta mas
tarde en el proceso. Al utilizar
una bomba de transferencia con
sistema launder que permite
transferir el metal de manera
subsuperficial, podemos controlar
este aspecto del proceso y evitar
la probabilidad de oxidacion que a
SuU vez nos traerd inconvenientes de
calidad, y ni mencionar la costosa
pérdida de metal resultante. Al
combinar un filtro con una bomba
de transferencia launder y luego
un bien disefado recinto launder,
gue eliminara casi completamente
la oxidacion, es que podemos ver
coOmo cada paso del proceso se
vuelve igualmente importante al
buscar lograr que entre un metal
limpio al molde y evitar que se
agraven los inconvenientes dados
los procesos multinivel de todas
nuestras operaciones.

POR QUE ES IMPORTANTE LA
SECUENCIA

En nuestras operaciones hay
decisiones acerca de como
secuenciar los pasos y donde
introducir procesos que impacten
la calidad. Donde filtrar, donde
desgasificar y cudndo vy si es
necesario anadir aditivos, son
todos interrogantes que necesitan
encararse para estudiar el potencial
para ciertos tipos de defectos.
Siguiendo con nuestro ejemplo de
utilizar una bomba tipo launder
con filtro para transferir el metal ya
sea a un horno de mantenimiento,
cuchara o mas directamente al
punto de colado, la secuencia
donde introducir actividades
enfocadas en la calidad es clave.
Un buen ejemplo seria un proceso
en-linea, donde como parte del
proceso de transferencia podemos
introducir un desgasificado de
modo de poder eliminar gases
indeseados atrapados que puedan
ser fuente de porosidad, como
Ultimo proceso anterior a que se
entregue el metal a la maquina de
colado. Esto nos permite eliminar
otra cusa potencial mas de defectos
al minimizar el tiempo durante el
cual puede estar expuesto el metal

a nuevas fuentes de hidrogeno
o de otros gases no deseables
gue pueden llevar a defectos de
porosidad.

OBSERVE EL SISTEMA
COMPLETO

Como en nuestra discusion
anterior acerca de por qué hay
gue comenzar por el principio,

se desprende que tenemos que
tomar en consideracion el sistema
completo. En muchos ambientes
de fundicion, tenemos que trabajar
con lo que tenemos respecto a la
distribucion de equipamiento en
el espacio (layout). La realidad
es que siempre hay objetivos

gue compiten entre si, de modo
gue a veces estamos forzados

a encontrar soluciones de
compromiso. Sila inversion nunca
fuera un problema, podriamos
simplemente reemplazar
cualguiera de los elementos del
sistema que no nos gusten y
reemplazarlos o modernizarlos.
En la mayor parte de los casos no
podemos darnos este lujo y por
lo tanto necesitamos identificar
las partes del sistema que
tenemos fijas y determinar cémo
sobrellevar los inconvenientes
que pudieran presentar. Aqui

es donde la experiencia da sus
frutos, ya que a lo largo del tiempo
tendemos a ver sistemas similares
y podemos identificar mas
eficientemente areas potenciales
de creacion de defectos vy trabajar
para eliminarlos. En el caso de
nuestro sistema de transferencia
launder con filtro cerdmico, uno
de los impactos clave seran

las elevaciones y qué tan alto
necesitaremos elevar el nivel

de metal para transferirlo de
manera que resultard en mayor
beneficio global del proceso vy

de los resultados financieros.
Aungue hemos recorrido un

largo camino en esta area, aun
hay limitaciones y comprender
esto tempranamente es una gran
ventaja. El caudal total de metal
fluyendo serd una consideracion
importante en este punto del
proceso. |dealmente querriamos
maximizar el caudal y a la vez

Sistema de Transferencia Launder MME/
Filtrada con Desgasificador Rotatorio
(Vista de Corte)

mantener los beneficios del metal
filtrado que fluye tranguilamente
sobre el launder. Debemos
considerar las interrelaciones entre
estos varios factores y estar alerta
para lograr un proceso libre de
defectos. Esto nos resalta otros
elementos basicos de un buen
proceso cComo comunicacion,
oportuna retroalimentacion e
instrumentos de medicion efectivos.

RESUMEN

Aungue en nuestro ejemplo
analizamos un proceso que me

es muy familiar, estos conceptos
pueden aplicarse ampliamente
dentro de nuestra industria. Cada
vez que le agregamos valor o
procesamaos una pieza que ya tiene
un defecto estamos agravando una
mala situacion y veremos aumentar
los rechazos y disminuir el flujo

de efectivo. Es vital observar el
proceso completo antes de ponerse
a extraer datos con el nivel de detalle
necesario para prevenir defectos
complejos. En el caso de la fusion de
metal vy los procesos de fundicién,

la cantidad de variables son casi
ilimitadas enfatizando la necesidad
de un proceso robusto que se
cimiente en las experiencias pasadas.
Las empresas comprometidas

con la mejora continua, con buena
documentacion de sus procesos,
gue encuentran la causa raiz, veran
disminuir sus tasas de defectos y
rechazos y progresaran sobre base
firme hacia el futuro.

Contacto:
E JEFF KELLER
jeff.keller@mmei-inc.com
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EQUIPMENT INNOVATIONS

INNOVADORES EN PERFORMANCE DE
SISTEMAS DE BOMBEO DE ALUMINIO

Bombas de Circulacion

Bombas de Transferencia Launder

» Equipamiento para Desgaseo/ Inyeccion de Fundente

Sistemas para sumergir Scrap

- Estaciones de precalentado de Bomba & Cuchara

Tecnologia de Bomba Inteligente
* Analizadores de Hidrdgeno

» Sistemas de Control

» Repuestos & Servicio Técnico

» Mecanizado de Grafito

Global performance logra un mundo de diferencia.
Mayor caudal de metal, Transferencia eficiente &
mejores rendimientos comprobados.

MMEI-INC.com B ¥

15510 Old State Road, Middlefield, Ohio 44062
Phone: +1 (440) 632-9119 Email: info@mmei-inc.com



Foundry

Advanced Clay
Technologies

BERINDANDO SOLUCIONES EN MINERALES,
REFRACTARIOS Y PROCESOS TECNOLOGICOS
SOSTENIBLES PARA LA INDUSTRIA DE LA
FUNDICION POR MAS DE 20 ANOS

Brindamos un estudio minucioso
de su sistema de arena en verde
incluyendo desde disposicion

en vertederos de arena, arcilla

y carbono (de los colectores de
polvos), hasta analisis completo
de la arena de residuo. A partir
de estos datos, damos soluciones
para minimizar pérdidas.

Visite nuestra pagina web y
cuéntenos los desafios que
presentan su refractario o
material de fundicion mediante
nuestro formulario on-line y
responderemos rapidamente.

www.FoundryClay.com (904) 377-0329

Socios Tecnoldgicos

™

RAND YORK

Rand York Minerals produce
arena de cromita de alta calidad
para fundicion, siderurgia y otras
aplicaciones industriales. Es
desarrollador de tecnologias de
aplicacion de minerales.

EILDON Refractories Limited

World Minerals & Refractories
Eildon Refractories produce
ladrillos aislantes Isotherm, un
alto refractario especificamente
diseAado para grandes montantes

en piezas fundidas donde el control
de la solidificacion es critico.

FOLLOW ' in




CASO DE ESTUDIO TURBINA
DE 30 TON DE ACERO
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JOE HOWDEN

EILDON Refractories Limited

1

WELOHNS O - IRE JCTOT

EILDON REFRACTORIES Ltd.
PUNTOS SOBRESALIENTES DEL ARTICULO

Desafios al colar una pieza de 30 ton

Resolucion de problemas de quemadoy/ fritas de arena en la zona bajo los
montantes

Prevencion de la erosidn asociada al pasaje de metal a través de los montantes

I_a produccion de piezas grandes de acero puede poner a
prueba los limites de los materiales, sistemas y equipos de
cualquier fundicion. La temperatura de colado, su duracion
y si hay o no turbulencia, son factores que tienen un gran
impacto en la calidad de la pieza fundida. Cuando a esto
se le suma “aspiracion” (actividad no deseada del oxigeno
dentro del metal liquido) y grandes variaciones de espesor
en diferentes sectores de la pieza, se pueden producir
defectos tanto de escoria e inclusiones como grietas.

Entonces nuestra filosofia es, que
en un mundo perfecto la situacion
ideal para colar metal es: tiempo
de solidificacion, tiempo de colado
igual a cero, velocidad de entrada
a la pieza igual a cero. Esto es
obviamente imposible, pero nos
encamina en una direccion firme,
es decir, todo lo gue hace que
estos valores de proceso crezcan
es indeseable.

Los casos que involucran turbinas
ofrecen el mayor desafio, no

solo son recipientes a presion,

lo cual implica satisfacer altos
requerimientos de calidad en
cuanto a su integridad y a menudo

tienen una gran area superficial
en comparacion con su radio, a la
vez gue presentan cambios muy
marcados en espesor entre las
secciones del cuerpo vy su brida.

CASO DE ESTUDIO

Nuestro cliente estaba
produciendo una carcasa de
turbina que terminada pesabals
ton, la cual al sumarle el sistema de
alimentacion y montantes tipo pad
llevaba el peso de metal liquido a
unas 33 ton. Inicialmente usaban
un revestimiento de placas de fibra
y pads (sobreespesor de relleno)
para la zona de la alimentacion,

y de la pared hasta la zona de
la brida para lograr la robustez
requerida. Este método creaba
algunos problemas:

1. El mayor de los hornos
solamente podia producir 30

ton y la cuchara mayor tenia una
capacidad de 30 ton. Esto hacia
que tuvieran que utilizar dos
hornos y dos cucharas, lo cual no
solamente incrementaba el costo,
sino que también complicaba
enormemente la manipulacion del
metal liquido y su colado.

2. Tuvieron un problema de fritura
/ quemado de arena en la zona
inferior de los montantes causada
por el sobrecalentamiento del
revestimiento de fibra en la zona
de la alimentacion, lo cual a su
vez trajo un problema de cortado
ya que, si intentaban cortar los
montantes demasiado cerca de la
brida, la llama era desviada por la
arena quemada vy el corte iba a la
brida.

3. El recubrimiento de pads en la
pared interna del cuerpo hacia
gue virtualmente se duplicara

el espesor de pared cuando se
aproximaba a la brida lo que
resultaba en mucho mecanizado
extra, pero eso también implicaba
mecanizar en la linea central de la
seccion de la pared, exponiéndose
a defectos tipicos de la linea
central.

4. El sistema de canales de
alimentaciéon y su experiencia

con erosion severa asociada al
paso del metal liguido a través de
manguitos hizo que no guisieran
llenar el molde a través de la
seccion delgada en la base inferior.




Desafortunadamente esto llevo a
algunas zonas muertas / con escoria

atrapada en esa area.

ANTECEDENTES DEL PRODUCTO
SOLUCION

Recubrimiento del montante con
ceramicos Isotherm. Isotherm es un
material ceramico aislante de bajo
peso que no necesita ligante y hace
ignicion a 1350 °C. esto significa
gue no se producen gases durante
el colado y permite que puedan
colocarse muy cerca o incluso sobre
la superficie de la pieza colada sin
causar ningun defecto ni arena
guemada. También tienen un factor
de extension de Modulus (MEF) de
1,52 en comparacion con el tipico
1,2 MEF de las placas fibrosas en
montantes grandes. Esto significa
que los mangos isotherm son
tipicamente un 45% mas pequeos
gue su equivalente de placa fibrosa.

NUEVO METODO DE COLADO

Mediante el uso de nuestro
software, discutiendo y calculando
pudimos reducir el peso de la pieza
colada hasta llevarlo a unas 28,5
ton aproximadamente, al hacer los
siguientes cambios:

PREVENCION
DE DEFECTOS

FEEDER NECK BURN ON
ASSOCIATED WITH
FIBREBOARD FEEDER
LININGS

1. Redimensionamiento de las

6 mangas de placa fibrosa con
mangas isotherm ahorrd 300kg/
manga = 1800kg

2. Esto también resultd en cuellos
de montante mas limpios evitando
la deflexion de la llama y dafios al
cortar.

3. Remocion de los pads en

pared interna = 1700 kg Se realizd
colocando canales de entrada

en la parte inferior de la pieza y
creando dos montantes pequehos
isotherm en las entradas, lo cual
evitd tanto las contracciones como
la erosidn/quemado en esta area.
El peso de estos montantes se
absorbid al simplificar el sistema
de alimentacion.

4. Para poder remover los pads se
necesitd una hilera de enfriadores
a lo largo de la pared interna

para cumplir con el standard de
integridad requerido. Sin embargo,
esto también evitd cualquier riesgo
de mecanizar dentro del drea de

la Iinea central y sus defectos
asociados, se redujo también el
tiempo de mecanizado en aprox. 3
horas.

continda en la pagina siguiente...
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CONCLUSION

Desde el punto de vista de la fundicion, la reduccion en el peso lograda
por el proyecto no solo hizo posible que la fundicidn utilizara un Unico
horno y una Unica cuchara, lo cual ademas de resolver inconvenientes

de manipulacion y colado trajo aparejado un gran ahorro en energia y
metal. Cuando a esto le sumamos el beneficio de menor mecanizado y

la posibilidad de cortar los montantes muy cerca de la brida, reducir los
cortes por arco y el desbarbado, da por resultado ahorros significativos de
tiempo en el proceso de acabado.

Desde nuestro punto de vista el nuevo método y los cambios en la
alimentacion de la pieza no soélo cumplio los requerimientos del cliente,
sino gque también demostrd claramente los beneficios de reducir el
tiempo de colado -20% temperatura sobrecalentado -15 °C vy la velocidad
en el atague un 25%. La prueba de los beneficios técnicos puede verse
observando la terminacién superficial de la pieza recién colada.

Inttferm Fewder
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Contacto:
USA

ROB STEELE

Foundry Advanced Clay
Technologies (FA.CT.)
rsteele@foundryclay.com

JOE HOWDEN
Eildon Refractories Ltd.
joehowden@gmail.com
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Schaefer Group, Inc
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National Sales Manager
THE SCHAEFER GROUP, INC.

PUNTOS SOBRESALIENTES DEL ARTICULO

Realizar mantenimiento de sus hornos regularmente y registrarlo es crucial.

Filtre su metal ya sea con un filtro caja o uno en linea para minimizar las

inclusiones

Filtrar tiene muchos beneficios y debe ser lo primero que observe para
corregir problemas de inclusiones y algunos de hidrogeno.

Una de las mejores maneras de optimizar la prevencion de
defectos es ofrecerle a su pieza fundida un metal liquido de
calidad de nivel mundial. Tantas companias han perdido el
foco de lo que es mas importante en el proceso de fundicion,
la calidad del metal que tienen en el horno.

Visito fundiciones a lo largo y

ancho del pais y veo que muchos
han olvidado lo importante que es
cuidar bien de los hornos, limpiar/
afadir fundentes al baflo y mantener
los hornos sellados, para lograr una
pieza libre de defectos.

Fundir metal con calidad mundial
significa tener una tasa muy baja de
rechazos de piezas fundidas debido
a la buena calidad de la aleacion vy su
baja cantidad de dxidos producto de
la limpieza de los hornos de fusion/
mantenimiento. Esta es la fuente

o “Naciente del Rio” donde todo lo
gue sucede aguas abajo es resultado
directo de lo que salid de dicha
naciente. Como he dicho tantas
veces, es dificil sacar una buena
pieza con un metal sucio/malo.

Tantas fundiciones tienen un
responsable de mantenimiento de
los hornos y solamente aparece
cuando hay un problema. las
fundiciones no hacen controles
regulares para verificar que se
sigan los procedimientos. Vengo
de una fundicion que priorizaba los
hornos y se la reconocia facilmente
por la baja tasa de rechazos al
sacar piezas inyectadas. Todo este
esfuerzo puesto al inicio del proceso
se vefa claramente al sentarnos a
hacer los numeros del balance.

La inversion en empleados
adicionales que se aseguren gue los
hornos estén limpios, se limpien a
tiempo vy que se haga desescoriado,
tiene una mejor relaciéon costo
beneficio que el dinero tirado en
hacer piezas defectuosas y en
reparaciones hechas a los hornos.

En mis viajes veo una y otra vez
fundiciones que tienen gque hacer
mantenimiento a los hornos cada
trimestre y, hasta cada mes.

Aqui hay algunos procesos que
deberia seguir para tener una
“Fundicién de Clase Mundial”.

¢Cémo se compara su fundiciéon?

1. éQué tan a menudo afade
fundentes y limpia su bafio? Yo lo
limpiaba cada 12 horas.

2. {¢{Cada cuanto afadia fundentes/
limpiaba sus fosas u hornos de
mantenimiento? Yo lo limpiaba cada
12 horas.

3. ¢Cada cuanto quita la escoria
sobrenadante de su maquina de
fundicion o cuba? Yo desescoriaba a
cada hora.

4. (Cada cudnto chegueaba la
temperatura del bafo del horno de
mantenimiento con una unidad de
mano con “Calibracién Certificada”
para confirmar que la lectura de la
termocupla sumergida es exacta? Lo
hacia 3 veces en un turno de 12 horas.

5. ¢Cada cuanto chequeaba la
temperatura del horno de fusion con
la misma unidad de mano? Lo hacia 3
veces por turno.

6. Sitiene un gerente de
operaciones, ¢cada cuanto sale esta
persona, como gerente a mirar los
hornos, abrir la puerta y verificar que
hayan sido limpiados? Lo hacia una
vez al dia.

Cologué una hoja en la puerta de
carga del horno y cuando el operador
de cada turno la limpiaba, anotaba

el horario y firmalba para registrar
que habia sido limpiada. Como

continda en la pagina siguiente...




Muestra A: Revestimiento de 4-Meses
que dicen limpiar a diario.

yo la miraba diariamente, sabia
como debia lucir al inspeccionarla
viendo el horario en que se habia
limpiado. Lo que observaba debia
correlacionarse con el horario
registrado caso contrario lo resolvia
con la persona responsable, antes
de que el horno se saliera de
control. Seguir religiosamente estos
procedimientos llevd a no tener
reparaciones de importancia en el
horno.

Aqgui hay tres ejemplos de todo lo
qgue hemos discutido. Muestra A: El
gerente tomo por cierto lo que su
equipo de trabajo le decia. Llamé
al gerente junto al horno, abri la
puerta y le mostré. Lo que vio lo
dejo sin palabras. Por esto llamo yo
a una fundiciéon que el responsable
de planta mira a diario el horno
una “Fundicion de Clase Mundial”,
verificando que se hayan seguido
los procedimientos. En las muestras
By C, puede ver los efectos de un
mantenimiento apropiado luego

de 3 afos al compararlo con uno
nuevo.

Probablemente esté pensando que
no hay manera de que podamos
hacer esto y que es una locura
trabajar asi de duro en el horno y

el metal. Bueno....... Lo haciamos

en la fundicién de la que vengo

y 30 aflos después, seguimos
presionando para que el trabajo se
haga como es debido cada turno. Se
preguntaran el porqué. La prueba
estd en el balance financiero. Cada
ano tuvimos tasas de rechazos
asombrosamente bajas para
muchos, pero para Nosotros era
normal mantener esos bajos valores
cada mes/cada afio.

Muestra B: Revestimiento de 3 afnos de
horno limpiado apropiadamente

Dicho esto, las fundiciones de
aluminio deberian repensar la
direccion que estan tomando (que
no esta funcionando) y retornar a
los horneros y fundidores de planta.

Otra Manera de Prevenir
Defectos y Entregar un
“Metal de Nivel Mundial”
es Filtrarlo.

¢POR QUE DEBERIA FILTRAR MI
ALUMINIO?

Ya sea que inyecte, cuele en
molde permanente o en arena, la
pregunta que siempre surge es:
cdeberia filtrar el metal, desgasearlo
0 ambos? Terminemos con este
asunto ahora mismo. Si usted
funde aluminio para obtenerlo
con una gravedad especifica de,
digamos, 2,62, es probable que
va a desgasificar para llegar a ello
(dependiendo de la aleacidn). Si
las especificaciones de su cliente
lo demandan, mejor que haga
desgasificado.

Si al final del mecanizado estan
encontrando zonas duras, entonces
necesita filtrar. Si al cortar las
piezas se ven signos de porosidad
podria ser que no sea necesario
desgasificar. Déjeme explicar. Si
sus moldes estan correctamente
venteados, el hidrogeno disperso
saldra entonces por los venteos
cuando se cierra la maquina de
colado. Pero, si tiene inclusiones en
su metal, puede atrapar hidrogeno
en un area particular de la pieza y
ese es su problema de porosidad,
no el hidrogeno.

Muestra C: Revestimiento nuevo del
horno

En algunos raros casos cuando
se encuentre en una zona muy
humeda, podria terminar con una
gran cantidad de hidrogeno en el
metal de la que el filtrado no se
encarga. Si cuela por encima de
los 1300 ¢F (7042C), (que como
inyector es algo que nunca debiera
hacer), puede estar absorbiendo
mas hidrogeno en el metal. Si,
como fundidor, se encuentra

por encima de 1400 2F (76020),
entonces estd actuando como
esponja, llevando al hidrogeno
dentro del metal.

Hay varias razones mas por las

que las inclusiones y el hidrogeno
pueden encontrar el camino hasta
su pieza. Sipincha el hornoy

pasa el metal a su cuchara de
transferencia, luego lo vuelca a un
horno de mantenimiento y luego
con una cuchara lo vuelca en el
orificio de colado, usted acaba de
cometer tres actos turbulentos con
su aluminio liquido. Estos vuelques
de metal atraparan aire e hidrogeno
en el aluminio e inclusiones.

Esto podria provocar que tenga
que desgasear V filtrar. He visto
companfias que de hecho elevan la
temperatura del aluminio para lograr
una mejor colabilidad y fluidez en
piezas dificiles. Si sélo hubieran
intentado filtrar primero podrian no
tener que subir tanto la temperatura
o incluso nada.

Nos parece que todos debieran
filtrar su metal ya sea con un filtro
tipo caja (Fig. 1) o (Fig. 2). Con
la posible excepcion de fusion
eléctrica (e incluso ellos si estan
fundiendo piezas de retorno o
haciendo piezas de calidad para




PREVENCION

DE DEFECTOS

Figura 1:
Filtro caja de gravilla para inmersion en fosa

Figura 2:

la industria aeronautica), todo horno fabricado para producir
aluminio producira algunas inclusiones. Hornos gue tienen
llamas tocando el bafio ¢ sdlidos sobre una solera absorberan
mas hidrogeno y productos de combustion que aguellos
hornos donde la llama nunca toca el bafio de aluminio o las
piezas de retorno o los lingotes.

El filtrado tiene los siguientes beneficios:

1. El filtrado aumenta la fluidez posiblemente permitiéndole
reducir la temperatura de colado que es mejor para los moldes.

2. Ayuda a reducir el hidrogeno que atrapan las inclusiones.

3. Reducird el 90% de todas sus inclusiones de 25 micrones o
mas y cudnto mas se vaya taponando el filtro, mas fina sera la
filtracion.

4. Sitoma en cuenta el filtro al momento de disefar el horno,
puede diseflarse de manera que sea muy facil cambiarlo.

5. Los filtros filtran 1-1,5 millones de libras con buen resultado
antes de taponarse, dependiendo de qué tan sucio esté el
metal entrante.

6. iManera barata de reducir el scrap!

El Filtrado deberia ser una de las
primeras cosas que mira al corregir
temas de hidrogeno e inclusiones.
No puedo pensar una mejor manera
de prevenir defectos gue alimentar
al proceso con el metal mas limpio/
inmaculado para alimentar las
piezas.

Filtro de gravilla N°8 en linea para sistema launder o al lado de maquina

Contacto:

RICHIE HUMPHREY

Richie.Humphrey@theschaefergroup.com
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iAhorre tiempo‘é

limpieza y extienda la vida
util de su refractario con
el fundente SGI correcto!

J 'r

r

iSu horno se ve asi? iSu bandeja de
escoria se ve asi?

The Schaefer Group puede darle las recomendaciones del
fundente SGI Flux apropiado para su operacion, asi como también
|las indicaciones y entrenamiento para sus horneros.

Algunos beneficios de SGI
* Menores pérdidas de calor  « Mejora la eficiencia de la Fusion

* Reduccién de las inclusiones  « Menos tiempo de limpieza del horno

* Mejor Fluidez * Menor nivel de hidrégeno

Contacte a un representante de Schaefer Group para una lista
completa de herramientas disponibles para realizar un
mantenimiento adecuado de su horno.

The
Schaefer Group, Inc.

i COLANDO EL BENEFICIO EN SU BALANCE!

Para mayor informacion acerca de SGI Flux, Hornos, Refractarios
o integracion de servicios & Servicios, visite:

THESCHAEFERGROUP.COM



Cortar planos
Encontrar problemas internos

Analisis de la zona de

alimentacion para
disefio de los montantes

- Todas Licencias de Sitio
« El mas facil de usar
- Los resultados mas veloces

« Diseiio integrado de
Ataques/Montantes

« Graficos deslumbrantes

 Costo mas hajo para Comprar
& Usar

 Calculos Térmicos/
Volumétricos combinados

inite
solutions

orporated

LA SOLUCION PRACTICA EN SIMULACION

T0D0S LOS
SOFTWARE DE

SIMULACION
SON IGUALES..

cNO=2?
FALSO

Finite Solutions inc. lleva mas de 30 aiios
desarrollando la solucién de simulacion mas practica
en el mundo. Utilizamos la simulacion para ayudar

a CREAR un sistema de alimentacion efectivo, no
solamente para evaluar un disefio ya existente. Los
resultados de una simulacién de la pieza sola se utilizan
para disefar el sistema de canales y los montantes,
tanto para aleaciones que contraen, como también
para hierros grafiticos. Los métodos se confirman con
un analisis fluidodinamico basado en CFD y en calculos
térmicos/volumétricos de combinados de solidificacion.
Entregamos el analisis mas preciso, en la menor
cantidad de tiempo, todo al costo mas bajo.

<¢Quiere conocer mas acerca de nuestro software de
simulacion?

Contacte a David Schmidt [lamando al 262.644.0785
o0 envie un correo a dave@finitesolutions.com.

www.finitesolutions.com
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